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Breast cancer is the most aggressive and rapidly growing cancer worldwide. It is classified into several
subtypes among which triple negative breast cancer (TNBC) is the most aggressive. Oncogene regulation
leads to increased signal activity in the cells and contributes to the tumorigenic phenotype. Such signals
generate a large number of proteins that provoke cell growth and inhibit cell death. Transcription factors,
such as miR-27a, NF-kB, and FOXM1, are proteins that are conserved across species, abundantly found
in the nucleus, bind to DNA, and enforce specific target genes. Oncogenic transcription factors arising
from mutation accompanying aberrant gene expression transfer signals to the nucleus and interrupts
transcription patterns and stimulation of oncogenic transcription factors consistent with cell cycle
regulation, apoptosis, proliferation, and cell differentiation. This review gives a detailed framework
about the treatment opportunities and highlights the importance of few transcription factors which may
act as an important biomarker specifically for TNBC.
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and has great life expectancy afterwards, but the treatment often combines surgery with chemotherapy
and/or hormone therapy. This creates a need for more effective and less toxic therapeutic and preventive

printed on 2/11/2023 1:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

strategies for breast cancers as well as strategies to overcome increasing resistance to hormonal and
targeted therapy. This chapter focuses on chemopreventative and anti-cancer activities of different
bioactive compounds obtained from dietary sources, herbal approach, and use of natural compounds such
as diindolylmethane, biochanin A, curcumin, Epigallocatechin Gallate, genistein, lycopene, shikonin,
sulforaphane, and resveratol. Understanding the pathophysiology of action of these compounds and
their potential preventive and therapeutic effects on cancer may provide a rationale for further studies.
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Breast cancer is an aggressive and primary cause of death among women globally. Triple negative breast
cancer (TNBC) is one of the sub types of breast cancer. TNBC lacks the expression of progesterone
receptor (PR), estrogen receptor (ER), and human epidermal factor 2 (HER2), which leads to poor
diagnosis resulting in lack of targeted therapies. On the other hand, natural products are also cost efficient,
non-toxic, and abundantly available in nature. Natural products have also been reported to exert various
pharmacological activities including cardioprotective, anti-diabetic, antimicrobial, anti-inflammatory,
etc. In this chapter, summarization of 12 well known natural products such as chebulinic acid, maslinic
acid, apigenin, piperlongumine, Liquiritigenin, berberine, icariin, bufalin, which are targeted against
TNBC through regulation of different pathways, and their mechanism are briefly explained. These natural
products are already used to treat various diseases at the preclinical level and also have shown to have
effective anti-tumor effect and can act as potent anti-TNBC agents.
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Colorectal cancer (CRC) is one of the common types of cancer affecting humans. The treatment of CRC
involves surgery and chemotherapy. CRC treatment using the conventional chemotherapeutics has a
negative burden on the patient’s health as a result of high toxicity, occurrence of side effects, and drug
resistance. Therefore, there is a pressing need to discover more effective and efficient approaches and drugs
for treating CRC. This chapter will shed more light on the conventional treatment of colorectal cancer.
This chapter discusses the natural products that have anti-CRC effects such as the polyphenols (curcumin,
resveratrol), irinotecan, Ganoderma lucidum, cannabinoids, flavonoids, and terpenes. Furthermore, this
chapter also highlights the importance of combination chemotherapy (conventional therapy and natural
products) in treating CRC. It is believed that this area of research could be a promising approach to
minimize side effects and drug resistance linked to the conventional chemotherapy.
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Colorectal cancer (CRC) is one of the causes of cancer-related mortalities across the globe. Epidemiological
studies reveal the risk factors for CRC are genetic and environmental factors. The current therapeutic
methods for CRC are associated with side effects and drug resistance. Gut microbiome therapy is one of
the recent approaches for the prevention of CRC, reducing its progression and improving the effectiveness
of colorectal cancer treatment by modulating the gut microbiome. The use of phytoconstituents is another
approach. These compounds increase the gene expression of the cell cycle inhibitors and protein levels.
This chapter summarizes the role of the gut microbiome and modification of the gut microbiota to improve
treatment efficacy and minimize adverse effects of CRC therapies. Natural candidates like gut microbes
and plant-derived bioactive components demonstrate their efficacy in appropriate in vivo models and
clinical studies, which may lead to the discovery of alternative therapies for colorectal cancer.
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Colorectal cancer (CRC) is intently connected to the malignancies and mortalities worldwide. Surgery
and chemotherapy are the current clinical treatments for CRC. However, new and productive drugs are
instantly required to overcome the occurrence of side effects and emergence of drug resistance. Natural
products possess apoptogenic activities and anti-cancer effects against CRC as many natural compounds
are well tolerated by the patients and do not cause toxic effects even at high doses. The current research
aims to display anti-CRC effects of natural products based on chemical structure such as alkaloids,
terpenoids, polysaccharides, polyphenols, and unsaturated fatty acids. Furthermore, drugs derived
from natural products used clinically for the treatment of CRC are discussed. This work also highlights
natural products with marine origin as a candidate drugs for CRC. This work highlights the importance
of natural products as promising sources of lead anti-colorectal medicine.

Chapter 7
Natural Products Possess Bioactive Agents Investigated for Their Anticancer Potential: Medicinal
Importance of Natural PrOQUCTS ........cooeiriiriiiiiiiiiiecnect ettt 153
Kanchi Ravi Padma, Sri Padmavati Mahila Visva Vidyalayam (Women’s) University, India
Kanchi Ravi Don, Shree Balaji Dental College and Hospital, Bharath Institute of Higher
Education and Research, India

Cancer is regarded as a deadly disease and characterized as one of largest problems among the universal
population. Worldwide, the population insists on a positive approach for curing the disease. However,
plant resources are found to possess multiple phytochemicals which revealed promising effects for
various cancer maladies. Over 60% of drugs are obtained from natural source only. Therapy for common
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cancer involves radiotherapy or chemotherapy, which alters the physical condition of the individual with
diverse side effects and ultimately drains the immunity of the individual. Several available drugs are
also unable to cure cancer completely, but recent advancement in utilization of plant-based compounds
revealed greater beneficial efficacy in management of cancerous cell growth. Therefore, this chapter
portrays the bioactive compounds obtained from natural sources and how these traditional medicines
act as drug candidates against cancer.
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The occurrence of tumor cells is generally governed by the cluster of cells known as cancer stem
cells, which are based on the informative model of cancer tissue consisting of stem cells that do have
characteristics like auto-renewal activity and also provide intrinsic mechanisms for survival which are
responsible for resistance against tumor cells to most of the drugs used in chemotherapy to cure cancer.
During the course of therapy, it is difficult to eliminate CSCs due to which recurrence of tumor and
metastasis develops inside the cell. Ongoing studies provide significant information on the particular
phenotypic characteristics of cancer stem cells from different tumor types, as well as the signaling
system and molecules that undergo auto-renewal and drug resistance. NPs (natural products), which
are derivative of botanicals and food sources, may alter important signalling pathways that are involved
in the perpetuation of CSC phenotypic traits. The chapter deals with the use of plant products to cure
CSCs and their functioning.
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Cancer is the second world’s deadliest disease. Despite substantial advancements in medical technology
for cancer therapies, cancer mortality remains greater than projected, and cancer treatment requires
additional study. The research carried out in natural products is due to the presence of bioactive
compounds, unique structures, and mechanistic actions. Prevention of drug resistance in chemotherapy
is predominant in the usage of anticancer drugs. Clinical chemotherapeutic medicines work by causing
cancer cells to die, the majority of which is apoptotic. Another way to combat drug resistance in cancer
therapy is circumventing apoptosis by targeting non-apoptotic cell death. The authors discussed in this
chapter both apoptotic and non-apoptotic cell death.
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Fungi from marine environments are promising sources of therapeutics against cancer due to the production
of various metabolites which contribute against the cancer cell growth and development. Various marine
fungal metabolites have been studied against breast and cervical cancer which are the most common
causes of death in women. Scopararane I from marine sediment fungi Eutypella sp. FS46 showed better
activity against MCF 7. Alterporriol L from marine fungus Alternaria sp. induced cancer cell apoptosis
by altering the reactive oxygen species and mitochondrial membrane potential. Apoptosis-inducing
metabolite NMKD7 from marine sponge fungal symbiont Monascus sp. reported significant anticancer
activity against breast cancer. Neoechinulin A and physcion produced by Microsporum sp. exhibited
anticancer activity against cervical cancer by altering expressions of p53, caspase-9, etc. This review gives
insight about the various marine fungal metabolites with potential anticancer activity against cervical
and breast cancer and evidences it as a promising source of anticancer therapeutics.
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Liver cancer, which s fifth most common malignancy worldwide, is caused by drugs, chemicals, pollutants,
and infections from parasites, etc. WHO estimates about three quarters of the world’s population currently
use herbs to cure various diseases, including liver cancer, which show that the medicinal plants have a
very important place in the health of humans. Many experimental studies have been conducted to find
the plants and their formulations for treatment of liver cancer. Many medicinal plants showed antiviral
activity, antihepatotoxicity activity, stimulation of liver regeneration, and anticancer activity. Furthermore,
many bioactive compounds in plants could protect the liver by antiproliferative activity. In this chapter,
the authors review diverse medicinal plants and their bioactive compounds used in therapeutic and
management intervention against liver cancer.
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Breast cancer (BC) is the most prevalent malignancy in women. The main treatment for BC is surgery
and chemotherapy. Generally, the chemotherapeutic drugs used for treatment cause numerous side effects.
Substances derived from natural products have proven to exhibit anti-cancer effects without causing side
effects. For instance, biochannin A found in cabbage and cauliflower reduced the growth of estrogen
dependent MCF 7 cells. Another example is curcumin present in turmeric exhibits anti-proliferative and
inhibitory effect against BC. The active compound of Nigella sativa is thymoquinone. The oil extracted
from Nigella sativa reduced blood pressure. Nigella sativa exerts anti-pyritic, anti-inflammatory, and
anti-microbial activity. Thymoquinone is found in seeds of Nigella sativa. Thymoquinone is a promising
anti-neoplastic, anti-carcinogenic, anti-proliferative agent. In this chapter, the authors emphasize the
anticancer potential of Nigella sativa and its derivatives and the mechanism of action against BC.
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Flavonoids, defined as plant-derived secondary metabolites, have been widely found in nature with more
than 10,000 different species, since their discovery. They are divided into subclasses based on the oxidative
state of the ring, such as flavones, flavonols, flavanones, isoflavones, flavandiols, dihydroflavonols, and
anthocyanidins. They are promising compounds with a wide variety of biological activities including
antioxidant, antitumor, antigen-toxicity properties. Furthermore, flavonoids are seen as promising tools
in the development of new drug assets, and they have been the subject of studies for the development
of high-efficiency formulations for the treatment of a variety of future-threatening diseases. Molecular
modeling studies play an important role in identifying the most stable molecular configurations and
conformations of these molecules. This chapter focuses on the structural and functional properties of
flavonoids, their biological activities, bioavailability, use in cancer, use in the development of new drugs,
and molecular modeling studies on these molecules.

Chapter 14

Flavonoids: Bioactive Compunds With Anti-Cancer Properties ..........cccccevceereeneeneeneeneenecneeneenn 297
Mona Luciana Gdldtanu, Titu Maiorescu University, Romania
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Flavonoids are a group of over 2000 phenolic compounds with many therapeutic properties. They are based
on the flavan (2-phenyl-benzopyran) core and can be found in a free state or as glycosides. Flavonoids
are presented in the vegetal world mainly as yellow, but also red, purple, blue, or brown pigments of
the petals, leaves, stems, and fruits. This group of bioactive compounds is known for the inhibition of
tumors. The chapter summarizes the most important flavonoids with anti-cancer properties, describing
their chemical structure, their prevalence among medicinal plants, and their mechanism of action, based
on the recent in vivo and in vitro studies.
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Flavonoids are biologically active phytochemicals that are naturally found in the everyday diet. They are
bio-active polyphenolic compounds that have profound effects in inhibiting the growth and development
of tumors. They are found to exert anti-tumor effects by acting in several ways: they modulate ROS
production, regulate cancer cell proliferation, induce apoptosis, suppress the expression of pro-inflammatory
cytokines with simultaneous increase in the expression of anti-inflammatory cytokines, and inhibit proto-
oncogenes. Moreover, flavonoids eliminate the deleterious side effects of anti-cancer chemotherapeutic
regimen. Thus, flavonoids can be used as a potential anti-cancer natural compound that not only achieves
anti-cancer efficacy but also improves the survival and life expectancy of cancer patients.
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The diverse nature of chemotherapeutic agents obtained from natural compounds has led to the
uncovering of several novel anti-cancer mechanisms, which are crucial for their spectrum of activity.
Alkaloids are a class of organic compounds that have contributed to developing drugs used to treat a
wide array of illnesses. Several alkaloids extracted from natural sources have demonstrated anti-cancer
properties against various types of cancer when tested using cell culture, preclinical, and clinical studies.
Chemotherapeutic compounds obtained and synthesized from natural sources of alkaloids might be the
best possible solution for reducing the harmful side effects of currently utilized anti-cancer products.
The chapter provides a thorough and critical assessment of naturally occurring alkaloids with anti-cancer
properties and an overview of some of the alkaloid-containing natural compounds that have demonstrated
significant anti-proliferative activity and progressed to preclinical and/or clinical trials in the context of
future drug development for cancer therapy.

Chapter 17
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Every year nearly 9.6 million people die from cancer worldwide. One third of cancer deaths are due
to behavioural and dietary risks and lack of physical activity. Lectins are powerful oral and parental
immunogens and some of their physiological effects are intricately linked to interference with immune
function. Lectins are produced by wide range of living organisms from microbes to mammals. They
function as both allergens and heamagglutinins. Various lectins have been identified which are associated
with different types of cancers. Because of this property, they are currently employed as therapeutic
agents in cancer treatment.
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The purpose of this chapter is to reveal the important properties of some anticancer antioxidants. Cancer
can be defined as a disease caused by very different cell types and organs of the human body and
characterized by very fast growth and the ability to metastasize to other organs. Cancer cells typically
exhibit higher levels of basal ROS than normal cells, mainly due to their increased metabolism, oncogene
activation, and mitochondrial dysfunction. Antioxidant system is a form of defense against high ROS
production in cells. Quercetin plays an important role in the prevention and treatment of many types of
cancers. Resveratrol is considered a potential candidate for the prevention and treatment of many types
of cancer. Antioxidants such as CAPE, Quercetin Resveratrol, which have antioxidant properties and
destroy ROS, may be a promising treatment strategy in cancer. Antioxidants are thought of as popular
natural remedies that are used by the majority of people and have few side effects. However, even with
the available data, more experimental and clinical studies are needed.

Chapter 19

A Natural Bioactive Compound Lycopene and Its Role on Cancer Related to Oxidative Stress........ 424
Fatma Ozsel Ozcan Arag, Hali¢c University, Turkey
Ozan Aldemir, Ege University, Turkey
Ozlem Ates Duru, Nisantast University, Turkey

The inequality between the production of free radicals and reactive oxygen species, and their elimination
by protective mechanisms, is defined as oxidative stress, which destroys cell components by creating
various forms of free radicals that influence the pathogenesis of many diseases, such as cancer. Natural
preservatives such as phytochemicals inhibit the production of free radicals and maintain oxidative
balance. Lycopene, which has the high antioxidant ability, is one of these phytochemicals that reduces
oxidative stress markers. Studies show a connection between a lycopene-rich diet in the prevention
of oxidative stress harm. Lycopene is believed to minimize the risk of cardiovascular disease, cancer,
metabolic syndrome, and obesity. In this chapter, the biochemical, structural, chemical, biological, and
oxidative stress mechanisms of lycopene are evaluated, and the role of lycopene on cancer is discussed.
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Breast cancer is the most common malignant disease in women worldwide. Despite much technological
progress, the current clinical therapy’s lack of specificity leads to reduced therapeutic efficiency and
serious systemic side effects. In recent years, nanotechnology applications for cancer treatments have
attracted a lot of attention because of their advantages in tumor targeting, prolonged blood circulation
time, and enhanced accumulation of drugs in tumors. Many liposomal and polymeric-based formulations
have been developed to treat breast cancer and showed significantly higher efficiency than free drugs in
clinical trials. The versatility of nanoparticles allows for the delivery of multiple active agents with the
ability to target various types of cancer. Nanotechnology is a promising field that is expected to introduce
new strategies to positively impact the survival rates and quality of life of breast cancer patients. This
chapter presents the advantages and disadvantages of nanotechnology applications in breast cancer.

Chapter 21
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Plant-based natural products provide a strong background to evaluate, predict the novel class of compounds
having anti-cancer properties, as well as to explore their potential mechanism mechanisms of action.
Due to the huge cost and time utilization in the traditional drug development approaches, bioinformatics
plays a major role to facilitate drug discovery with less cost and time strategies. Several bioinformatics-
based approaches being used recently to screen as well as to characterize the potential plant-based
compounds can be used to treat several types of cancer. Some of the computational approaches are target
identification, screening of compounds molecular docking, molecular dynamics simulations, QSAR
analysis, pharmacophore modeling, and ADMET (absorption, distribution, metabolism, excretion, and
toxicity). This chapter describes specific computational methods being used currently to screen and
characterize different plant-based anti-cancer molecules by taking examples from the recent literature
and discussing their advantages and limitations.
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Preface

Cells are the structural and functional unit of the human body. Cells grow and multiply through cell
division when cells become old or get damaged in a normal condition. In certain circumstances, this
process of cell division is disturbed, leading to abnormal or damaged cells growth. These cells that grow
uncontrollably and spread to other body parts are called tumors (lumps of tissue), leading to cancer. The
tumors can be cancerous or non-cancerous. When cancerous tumors spread to the nearby cells or tissues,
they can even travel to various parts of the body that are very distant. This process is called metastasis.
However, when the cells don’t spread to any parts of the body, they instead grow uncontrollably at a single
site leading to solid tumors is the malignant tumors. At the same time, benign tumors (non-cancerous)
don’t invade nearby cells or spread. Sometimes these tumors can be life-threatening based on the site
affected, like tumors in the brain. When the benign tumors are removed from the body through surgery,
they usually don’t grow back, but cancerous tumors spread even after surgery. Normal cells grow when
they receive signals, and they don’t invade spread to other parts of the body, but the cancer cells grow
without any response from the signalling system. And also, cancer cells ignore the apoptosis process
(programmed cell death), hide from the immune system, influence various changes in the chromosomes
(deletion, insertion, or duplications), and utilize more nutrients than the normal cells.

Cancer is a genetic disorder that is caused due to the changes in genes that control the functions of
cells (cells growth and multiplication). Genetic changes that lead to cancer include DNA damage by
exposure to Ultraviolet rays, genetic inheritance from the parents, and errors during cell division. Gen-
erally, the human body’s immune system eliminates the damaged DNA before turning cancerous. But
the cancerous cells hide from the immune system, or the body’s ability to determine the defective DNA
goes down as age increases. This is the reason why aged people are more prone to cancer. Three main
types of genes responsible for genetic changes in cancer are proto-oncogenes, tumor suppressor genes,
and DNA repair genes. Proto-oncogenes are usually involved in average cell growth. Still, these genes
get altered or become more active than normal, leading to cancer-causing genes allowing the cells to
grow and multiply when necessary. Tumor suppressor genes are involved in regulating cell growth and
division. Alteration in the tumor suppressor genes leads to an uncontrolled manner. DNA repair genes
mainly focus on fixing the DNA damage. Cells with the mutations lead to multiple mutations in nearby
genes, leading to chromosome duplication and deletion. Together all these genetic changes lead to cancer.
The current treatment methods are include surgery, radiotherapy and chemotherapy. Chemotherapeutic
drugs effective against cancer cells but due to the serious side effects.

Nature provides an abundant source of diverse biological molecules. Only few natural products have
been identified, isolated, and developed into commercial product that plays a significant role in cancer
therapy. Apart from cancer therapy, natural products possess variety of beneficial effects including anti-
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diabetic, antioxidant, cardioptective, hepatoprotective, antidepressant, neuproportective, nephroprotective
and antiproliferative property. This area of research provides strong evidence for identifying biologically
active compounds with novel mechanisms of action and unique structures. Plant compounds possessing
anti-tumour activity generally belongs to alkaloids, anthracyclines, isoprenoids, polyketides, peptides,
enediynes. Taxol, camptothecin and vinblastine, phytochemicals like sulforaophane, phenethyl isothio-
cyanate, and resveratrol are natural products used in cancer treatment. They act by various mechanisms
like apoptosis, DNA cleavage by topoisomerase I, inhibition of key enzymes involved in signal transduc-
tion, inhibiting tumor induced angiogenesis.

Vinblastine, commonly used to treat cancers like lymphoma is obtained from Catharanthus roseus.
The compounds are eco-friendly with the anti-tumor property. The plant Nathapodytes foetida produces
Camptotechin was used to treat colon cancer and is also reported to possess activity against ovarian,
uterine and lung cancer. Commercially it is marketed as Camptosar and Campto. Taxol, a diterpene
alkaloid is a very prominent anti-tumor molecule. It is isolated initially from P. citricarpa, Taxomyces
adranae. Taxol is approved for the treatment of ovarian and breast cancer. It reached a sale of 1.6 bil-
lion dollars in 2005. An analogue of taxol, docetaxel, sold 3 billion dollars in 2009. It also possesses
antifungal properties.

The shikonin (naphthoquinone pigment) a herbal medicine produced by the plant Lithospermum
erythrorhizon, is studied for its anti-tumor activity in lung cancer mice. Genistine, indole-3-carbinol,
curcumin, and lycopene also inhibit cancer cells. They act through multiple cellular signaling pathways,
cell death by bringing on apoptosis without causing damage to the normal cells.

From ancient days, podophyllotoxins are used in the treatment of skin cancer. It reversibly binds to
tubulin, etoposide and teniposide; the active compounds of podophyllotoxins induces DNA cleavage by
inhibiting topoisomerase II. Paclitaxel obtained from Taxus breyifolia is used in the traditional medicine
system for treating cancer. They promote the polymerization of tubulin heterodimers and suppress the
microtubule’s dynamic changes resulting in mitotic arrest, thus controlling the multiplication of the cancer
cells. This bioactive molecule is isolated from the ornamental tree of china Camprotheca acuminata.
It acts by binding to the topoisomerase I — DNA resulting in a stable ternary complex, thus preventing
DNA relegation and causing DNA damage resulting in apoptosis.

The FDA approves this drug to treat thyroid cancer, medullary cancer, follicular thyroid cancer. When
treated along with paclitaxel/ carboplatin, this drug is proven to be more effective in treating ovarian
cancer. High throughput screening, combinatorial chemistry should aid in providing more insights in
identifying the anti-tumor compounds. Combinatorial chemistry yields minor modifications of the
present-day drugs and requires more information on natural products and on which to build. The phar-
maceutical industry’s success depends on both high throughput screening and combinatorial chemistry
for genuine product discovery, proteomics, metagenomics, metabolomics and structure-function drug
design, recombinant DNA methodology. All these together could provide exciting technologies for the
new natural product-based drug delivery and the tremendous development of anti-tumor compounds.

Luteolin is a flavonoid that attenuates cognitive dysfunction induced by chronic cerebral hypoperfu-
sion through the modulation of The PI3K/Akt Pathway in rats. It possess anutitumor activity against
colorectal cancer by modulating the Wnt/p-catenin signaling. Luteolin induces apoptosis by inducing
the Bax, caspase 3 and downregulating Bcl2. Luteolin Confers Cerebroprotection after Subarachnoid
Hemorrhage by Suppression of NLPR3 Inflammasome Activation through Nrf2-Dependent Pathway.
Vernodalin is a Sesquiterapene compound that showed antidiabetic activity in Sterptozotocin induced
diabatetes in rats. It also showed to induce apoptosis in breast cancer cells. In addition, it modulates the
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FOXO signlaing to suppress the tumor in MCF-7 cells and in Rat model. In this book comprised of 21
chapters and each chapter have unique information about natural products as cancer therapeutics.

Chapter 1 depicts about the bout the treatment opportunities and highlights the importance of few
oncogenic transcription factors which may act as an important biomarker specifically for Triple Nega-
tive Breast cancer (TNBC).

Chapter 2 depicts about the chemopreventative and anti-cancer activities of different bioactive com-
pounds obtained from dietary sources, herbal approach and use of natural compounds such as diindolyl-
methane, biochanin A, curcumin, Epigallocatechin Gallate, genistein, lycopene, shikonin, sulforaphane
and resveratol. Understanding the pathophysiology of action of these compounds and their potential
preventive and therapeutic effects on cancer.

Chapter 3 depicts the summarization of 12 well known natural products such as chebulinic acid,
maslinic acid, apigenin, piperlongumine, Liquiritigenin, berberine, icariin, bufalin which are targeted
against TNBC through regulation of different pathways and their mechanism is briefly explained. These,
natural products are already used to treat various diseases at the preclinical level and also has shown to
have effective anti-tumor effect and can act as potent anti TNBC agent.

Chapter 4 depicts the natural products that have anti-colorectal cancer effects such as the polyphenols
(curcumin, resveratrol), irinotecan, Ganoderma lucidum, cannabinoids, flavonoids and terpenes. Further-
more, this chapter also highlights the importance of combination chemotherapy (conventional therapy
and natural products) in treating colorectal cancer. It is believed that this area of research could be a
promising approach to minimize side effects and drug resistance linked to the conventional chemotherapy.

Chpater 5 depicts the ole of the gut microbiome and modification of the gut microbiota to improve
treatment efficacy and minimize adverse effects of colorectal cancer therapies. Natural candidates like
gut microbes and plant-derived bioactive components demonstrate their efficacy in appropriate in vivo
models and clinical studies, which may lead to the discovery of alternative therapy for colorectal cancer.

Chapter 6 depicts to display anti-colorectal cancer effects of natural products based on chemical
structure such as alkaloids, terpenoids, polysaccharides, polyphenols and unsaturated fatty acids. Fur-
thermore, drugs derived from natural products used clinically for the treatment of colorectal cancer
are discussed. This work also highlights natural products with marine origin as a candidate drugs for
colorectal cancer. This work highlights the importance of natural products as promising sources of lead
anti-colorectal medicine.

Chapter 7 depicts the bioactive compounds obtained from natural sources and how these traditional
medicines acts as drug candidates against the devastating cancer disease worldwide.

Chapter 8 depicts the use of plant products to cure Cancer Stem Cells (CSC) and their functioning.
During the course of therapy, it is difficult to eliminate CSCs due to which recurrence of tumor and
metastasis develops inside the cell. On-going studies provide significant information on the particular
phenotypic characteristics of cancer stem cells from different tumor types, as well as the signaling system
and molecules that undergo auto-renewal and drug resistance. Natural products), which are derivative of
botanicals and food sources, may alter important signalling pathways that are involved in the perpetua-
tion of CSC phenotypic traits.

Chapter 9 depicts the research carried out in natural products is due to the presence of bioactive
compounds, unique structures, and mechanistic actions. Prevention of drug resistance in chemotherapy
is predominant in the usage of anticancer drugs. Clinical chemotherapeutic medicines work by causing
cancer cells to die, the majority of which is apoptotic. Another way to combat drug resistance in cancer
therapy is circumventing apoptosis by targeting non-apoptotic cell death.
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Chapter 10 depicts the brief insight about the various marine fungal metabolites (Alterporriol L and
Scopararane I) with potential anticancer activity against cervical and breast cancer and evidences it as
a promising source of anticancer therapeutics.

Chapter 11 depicts diverse medicinal plants and their bioactive compounds that used in therapeutic
and management intervention against liver cancer.

Chapter 12 depicts to emphasize the anticancer potential of Nigella sativa and its derivative Thymo-
quinone and the mechanism of action against breast cancer.

Chapter 13 depicts the structural and functional properties of flavonoids, their biological activities,
bioavailability, use in cancer, use in the development of new drugs, and molecular modeling studies on
these molecules.

Chapter 14 summarize the most important flavonoids with anti-cancer properties, describing their
chemical structure, their prevalence among medicinal plants, and their mechanism of action, based on
the recent in vivo and in vitro studies.

Chapter 15 depicts that the flavonoids can be used as a potential anti-cancer natural compound that
not only achieve anti-cancer efficacy but also improve the survival and life expectancy of cancer patients.

Chapter 16 depicts the critical assessment of naturally occurring alkaloids with anticancer proper-
ties, and an overview of some of the alkaloid-containing natural compounds that have demonstrated
significant anti-proliferative activity and progressed to preclinical and/or clinical trials in the context of
future drug development for cancer therapy.

Chapter 17 depicts that the Lectins are powerful oral and parental immunogens and some of their
physiological effects are intricately linked to interference with immune function. Lectins are produced
by wide range of living organisms from microbes to mammals. They function as both allergens and
heamagglutinins. The chapter summarizes that the Lectins as an therapeutic agent against cancer.

Chapter 18 depicts that the cancer cells typically exhibit higher levels of basal ROS than normal
cells, mainly due to their increased metabolism, oncogene activation, and mitochondrial dysfunction.
Antioxidant system is a form of defense against high ROS production in cells. The chapter summarizes
the CAPE, Quercetin Resveratrol, which have antioxidant properties and destroy ROS, may be a prom-
ising treatment strategy in cancer.

Chapter 19 depicts that the Lycopene is believed to minimize the risk of cardiovascular disease, cancer,
metabolic syndrome, and obesity. In this chapter, the biochemical, structural, chemical, biological, and
oxidative stress mechanisms of lycopene are evaluated and the role of lycopene on cancer is discussed.

Chapter 20 depicts that the Nanotechnology is a promising field that is expected to be new strategies
to positively impact the survival rates and quality of life of breast cancer patients. This chapter presents
the advantages and disadvantages of nanotechnology applications in breast cancer.

Chapter 21 describes specific computational methods is being used currently to screen and char-
acterize different plant-based anti-cancer molecules by taking examples from the recent literature and
discussing their advantage and limitations.

In this book, we documented the natural products and their derivates on various cancers in detail. This
book will cover the audience of undergraduate, postgraduate, research scholars, scientists and faculty
members, and medical practioners.

Ashok Kumar Pandurangan

Suresh Kumar Anandasadagopan

Fahad A. Alhumaydhi
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ABSTRACT

Breast cancer is the most aggressive and rapidly growing cancer worldwide. It is classified into several
subtypes among which triple negative breast cancer (TNBC) is the most aggressive. Oncogene regulation
leads to increased signal activity in the cells and contributes to the tumorigenic phenotype. Such signals
generate a large number of proteins that provoke cell growth and inhibit cell death. Transcription fac-
tors, such as miR-27a, NF-xB, and FOXM, are proteins that are conserved across species, abundantly
found in the nucleus, bind to DNA, and enforce specific target genes. Oncogenic transcription factors
arising from mutation accompanying aberrant gene expression transfer signals to the nucleus and inter-
rupts transcription patterns and stimulation of oncogenic transcription factors consistent with cell cycle
regulation, apoptosis, proliferation, and cell differentiation. This review gives a detailed framework
about the treatment opportunities and highlights the importance of few transcription factors which may
act as an important biomarker specifically for TNBC.
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INTRODUCTION

Breast cancer (BC) is a malignant tumor that occurs in the breast cells. This starts in the breast tissues
and travels primarily across the lymphatic system. It is reported mostly in women. BC is a type of cancer
in which breast cells proliferate and grow out of control (Corso et al., 2020). The type of BC relies on
which breast cells transform into cancer. BC is one of the highly prevalent malignancies and one of the
top ten cancers worldwide (Ferlay et al., 2010).

Generally, BC may start in various sections of the breast. The breast consists of three primary parts:
lobules, ducts and connective tissue. Lobule, where glands produce milk, ducts are tubes that deliver the
milk to the nipple and the connective tissue (which is made up of fibrous and fatty tissue) covers and
binds all of this together (Woolas et al., 2020). The majority of BCs begin in the ducts or lobules. BC
cells spread outside the breast through blood and lymphatic vessels. If BC progresses to other areas of
the body, it is said that it has metastasized (Pandurangan and Mustafa, 2018; To et al., 2020).

Based on recent reports the survival rate of BC is given to be (Lerebours and Lidereau, 2002):

Stage 0 — 100%
Stage I - 100%
Stage 11 - 93%
Stage 111 — 72%
Stage IV - 22%

BC is initially classified into 2 groups - malignant which is non-cancerous and benign which is highly
dangerous and cancerous [Miller et al., 2019). Further BC is divided into several types:

Invasive Ductal Carcinoma.

Invasive Lobular Carcinoma.

Ductal Carcinoma in situ (DCIS)
Lobular Carcinoma in situ (LCIS)
Inflammatory Breast Cancer (IBC)
Metastatic Breast Cancer (MBC)
Triple Negative Breast Cancer (TNBC)

Breast Cancer Effects

When BC is metastasized, it affects several other regions or organs of the body. Few among the drastic
effects of BC which is organ system specific are as follows:

i.  Integumentary (skin) system:
In addition to the breast changes by themselves, BC can also affect the skin around the breast. It
might be extremely itchy and could become dry and cracked. Many women often report dimpling of

skin over their breasts, which appears like orange peel drops. Breast tissue thickening is also common
in BC patients [Waks and Winer, 2019).
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ii.  Immune and Excretory Systems:

During the later stages of BC, tumor spreads to the lymph nodes. Arm pits are some of the first ar-
eas to be affected. It is because of their close proximity to the breasts. Tumors metastasize through the
lymphatic system to the lungs and the liver (Foulkes et al., 2010; Waks and Winer, 2019).

Nervous system:
BC can also spread to the brain eventually acting as the host to various neurological effects, including:

blurry or double vision
seizures

mobility issues
memory loss

speech difficulties

However, in this review, TNBC, its treatment and the various oncogenic transcription factors related
to it are further detailed and discussed. In addition, we listed out few natural agents that target the tran-
scription factor that is dysregulated in TNBC.

Triple Negative Breast Cancer (TNBC)

TNBC is characterized by tumors that do not express receptor of estrogen (ER), progesterone receptor
(PR) and the human epidermal growth factor receptor (HER)-2 genes. In contrast to the hormone receptor
positive and ERBB2+ BCs, TNBC is a form of cancer with biological aggressiveness, poor prognosis
and lacks potential therapy (Pandurangan and Mustafa, 2018). Certain important feature of TNBC is
mentioned in Table 1. Latest approaches demonstrate that TNBC have a clinical path more severe than
other types of BC, but the adverse effect is ephemeral (Foulkes et al., 2010).

TNBC is very often said to be similar to the sub group of Basal like BC which can better be defined
through microarray gene-expression data analysis (Sgrlie et al,, 2001). This subtype encompasses a
heterogeneous group of tumors characterized by lack of or low levels of estrogen receptor expression,
very low HER2 prevalence which is typically found in basal or myoepithelial cells of the breast. There
is still no internationally accepted definition for these tumors owing to the reason that a majority of
basal-like cancers are also triple-negative and also a majority of TNBCs (approximately 80%) are also
basal-like BCs (Foulkes et al., 2010); Weigelt et al., 2010). Hence, triple-negative and basal-like BCs
are remarkably heterogeneous at the genetic level. Amplification of various genetic regions has been
reported, however, the ubiquity of each of these amplified regions is low (Paroni et al., 2020).

TNBC is a significant clinical concern as this type of cancer does not respond to endocrine therapy
or therapies directed at the human type 2 epidermal growth factor receptor (HER2) and other selective
agents. In TNBC, the risk of metastasis is similar to any other BC subtypes (Foulkes et al., 2010). How-
ever, TNBC is correlated with a low relapse time and its early visceral metastases is attributed as the chief
cause of death in patients. Recent researches show that cumulative incidence curves are representative of
recurrence rates. In order to assess more precisely the timing of recurrence for both the subgroups, the
annual risk rate of distant recurrence was estimated at 6-month intervals (Dent et al., 2007). In patients
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Table 1. Certain important characteristic features of TNBC

Characteristic Features

TNBC

Histological Type

Ductual Carcinoma

Resemblance

Basal like Breast Cancer

Histological grade

More often Grade III, sometimes Grade II

Metastatic Potential

Sporadic

Prognosis

Intermediate in first 5 years

Relapse

Rare after 10 years of diagnosis

Gene Expression Profile

More often Basal like, sometimes claudin type

Estrogen Receptor Negative
Progesterone Receptor Negative
HER-2 gene Negative
Cyclin E Frequently Positive
CKS5 or CK17 Frequently Positive

Hormone or Endocrine Therapy

Not Possible

Chemotherapy treatment

Possible but there is no concord

Other known effective agents

Platinum salts, PARP inhibitor, Antiangiogenic agents.

with TNBC, the risk of recurrence increased sharply from the date of diagnosis, peaked at 1 to 3 years,
and decreased rapidly thereafter. On the other hand, in patients with several other cancers, there seemed
to be a steady risk of recurrence over the entire period (Dent et al., 2007; Collett et al., 2005). Based on
the statistical analysis, the mean age of diagnosis was significantly younger for the triple-negative group
when compared to other BC groups. Patients with TNBC were highly probable to have grade III tumors
and the mean tumor size seemed to be significantly bigger in the triple-negative group than in the other
sub-types (Livasy et al., 2006). Women with TNBC were more likely to die within 5 years of diagnosis.
After adaptation for age, tumor size, grade, nodal status, tamoxifen therapy and chemotherapy, the risk
of BC death remained higher for the TNBC group up to 5 years after detection (Dent et al., 2007). Ideal
therapeutic approach for TNBC is likely to include a combination of targeting the host through an accurate
knowledge of pharmacogenetics and cancer oriented molecular biology like the transcription factors.
Relying on the attempts to couple molecular biology of TNBC along with drug mechanism, numerous
compounds have been tested. These include polymerase inhibitors (ADPribose), taxanes, antiangiogenic
agents, EGFR inhibitors, platinating agents and Src-Abl inhibitors and also various transcription factors
(Sitterding et al., 2008).

Current Approaches for TNBC Treatment and their Difficulties
Chemotherapy is still the primary treatment for TNBC till date. Recent finding reflects the intrinsically
adverse prognosis associated with the disease. TNBC patients do not benefit from endocrine or trastu-

zumab therapy, and have an even worse outcome after chemotherapy than patients with BCs of several
other subtypes (Carey et al., 2006).
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Currently available treatments include a number of chemotherapeutic agents, such as ixabepilone,
anthracyclines, taxanes, platinum agents, as well as selected biological agents like anti-EGFR drugs. It has
already been demonstrated that regimes based on anthracyclines and taxanes such as taxan-fluorouracil-
doxorubicin-cyclophosphamide (T-FAC) protocol is used in MD Anderson studies. Similarly, doxorubicin-
cyclophosphamide-taxane used in the National Surgical Adjuvant Breast and Bowel Project (NSABP)
studies demonstrated significantly higher response rates in TNBC patients (Kim et al., 2009). Even with
this elevated response rate, this subgroup has a much shorter disease-free survival and overall survival
rate. Researchers these days have focused on enhancing the drug selection of existing chemotherapeutic
agents. From a biological perspective, DNA-damaging agents (such as platinating agents) are of high
importance on the basis of the BRCA 1 pathway as they accomplish DNA repair dysfunction, thereby
proving increased susceptibility rates of the DNA-damaging agents (Rouzier ef al., 2005). As per recent
research, Neoadjuvant studies involving pre-operative chemotherapy suggests that this treatment is very
effective in TNBC patients who exhibit complete pathological response and therefore an outstanding
outcome is observed. However, on the other hand, the outcome for majority of women who still have
residual disease after treatment is relatively poor.

Strategies to Battle TNBC

An optimal therapeutic approach for TNBC requires a combination of detailed understanding of the
pharmacogenetics of the host and targeting the molecular biology of the tumor, especially focusing on
the various transcription factors involved. Based on this concept, several drugs have been tested against
TNBC [Carey et al., 2007). CALGB 40603 is a neoadjuvant trial primarily tailored for people with
TNBC that tackles two very important concerns (Hayes et al., 2007). It involves the incorporation of a
platinating agent or an antiangiogenic treatment or both being applied along with the conventional che-
motherapy. The role of EGFR in basal-like BC continues to be another pivotal aspect in focus. Vascular
endothelial growth factor receptor-2 small-molecule tyrosine kinase inhibitor sunitinib has been studied
in advanced settings where patients are randomly selected to sunitinib versus standard treatments. Cer-
tain novel agents of interest include the multi-target dasatinib of Src-Abl inhibitor (Carey et al., 2007).
Polymerases (ADP-ribose) are molecules that are crucially involved in non-homologous DNA repair.
They are also the main means of double-strand DNA repair when the desired homologous recombina-
tion process is damaged, which tends to happen when the BRCA1 pathway is faulty. Hereditary and a
minimum subset of intermittent basal-like BC is believed to have defective BRCA1 pathways. This leads
to multiple phase II trials of poly (ADP-ribose) polymerase inhibitors alone and in tandem with DNA
modifying agents for both BRCA1 carriers and TNBC. In addition to the choice of medications based
on an intuitive knowledge of the molecular biology of TNBC, the production of companion predictive
markers will potentially maximize clinical effectiveness (Arslan et al., 2009).

Some of the chemotherapeutic and biological agents that seem most promising for their implications
in TNBC treatment are as follows:

Platinum Derived Compounds
Platinum compounds induce their effects by forming covalent, bi-functional, inter-and intra-strand,

cross-linked adducts. Covalent binding to other subcellular components also occurs, including proteins,
lipids, RNA and mitochondrial DNA. However, the scientific consensus is that the primary mode of
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cell killing is cell DNA destruction. Inter-strand cross-links induced by platinum compounds as well
as other bi-functional alkylating agents present a significant block to replication forks leading to DNA
double-strand breaks and replication lesions. DNA-damaging agents, such as platinating agents, are
of great concern as a therapeutic alternative for TNBC based on the BRCA1 pathway and DNA repair
dysfunction (DeVita et al., 2005). The reasonable use of platinum compounds in the treatment of TNBC
depends on the outcomes of BRCA 1-defective tumors.

Antiangiogenic Therapy

Angiogenesis is a main mechanism for tumor development. The advancement of drugs that target cellular
pathways engaged in neoangiogenesis is currently one of the research priorities. Targeting and inhibiting
the formation of blood vessels disrupts the environment that the tumor cells create in order to receive the
oxygen and nutrients needed for survival and maintain connection with each other. In vitro experiments
indicate that vessels formed in the tumor settings are unstable and have altered morphology, which in turn
makes it impossible for cytotoxic therapy to reach the tumor and facilitates trans-endothelial migration
of tumor cells that causes metastases (Vidula et al., 2020).

Bevacizumab

Bevacizumab is a humanized monoclonal anti-vescular endothelial growth factor antibody. The clinical
role of bevacizumab is troublesome for all BCs types and not better for TNBC either. Across all prospec-
tive clinical trials identified for bevacizumab, there is no clear evidence that this anti-angiogenic agent
has any unique properties in treating TNBC (O’Shaughnessy et al., 2009).

EGFR Antagonists

Expression of the Epidermal Growth Factor Receptor (EGFR) is seen in approximately 45-70% of TNBC
[Hynes and Lane, 2005). The suppression of this target is also used as a therapeutic strategy. Cetuximab
(Merck Serono), a chimeric monoclonal antibody against EGFR, is now being tested in a metastatic
TNBC setting. In a recent approach, two findings of the phase II trials upon treatment with cetuximab
were presented. In the first study, 74 BC patients randomly received irinotecan and carboplatin (ICb)
with or without cetuximab. This research indicated a slightly greater response of around 49% for a type
of TNBC. In the second study, patients with TNBC were randomly assigned to receive either cetuximab
in monotherapy or in combination with carboplatin. Many other clinical trials are currently evaluating the
effectiveness the monoclonal antibody (cetuximab) and also a tyrosine kinase inhibitor. Unfortunately,
this form of procedure is currently under review only (Carey et al., 2012).

POLY (ADP-RIBOSE) POLYMERASE INHIBITORS (PARP)

PARP inhibitor signals the presence of DNA damage and facilitates the repair of DNA by base excision
repair. Inhibition of PARP during the cell cycle S-phase causes DNA single-strand breaks which result in
the arrest of the replication fork leading to DNA double-strand breaks. These lesions are usually repaired
by HR but, in the absence of functional BRCA1 or BRCAZ2, this mechanism is impaired and the faults
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may be corrected by error-prone mechanisms such as non-homologous end-joining and single-strand
annealing (Bryant et al., 2005). These changes will cause complex chromatid re-arrangements, resulting
in cell cycle arrest at the G2 / M cell cycle checkpoint and apoptosis thereafter. Recent studies in mouse
models (In vivo) suggest that the accuracy of platinum compounds with PARP1 inhibitors helps to im-
prove treatment response. It also induces the prolonged recurrence of free survival and overall survival
rates. Data from pre-clinical and clinical trials show that PARP inhibitors have anti-tumor effects where
one of the pathways for tumor growth is a faulty DNA-repair mechanism. In addition, PARP inhibitors
also help in promoting the treatment response when combined with classical chemotherapeutic agents
that induce DNA damage (Bernstein et al., 2002).

Androgen Receptor Targeted Therapy

Recent research focuses on the Androgen Receptor (AR). Cluster analysis of 99 specimens through a
tissue microarray (TMA) was performed and the investigation revealed that there were a number of
additional genes that were up-regulated which were similar to those seen in the ER-positive BC cases
(Doane et al., 2006). Downstream expression analysis conducted on ER and PR negative tumors reported
that they were similar to the ER positive subtype. Besides, these patients also exhibited AR as opposed
to ER. However, the challenge with the use of targeted AR drugs is that if TNBC cases represents 20%
of the disease population and if 10% of that is positive for AR, then this represents only 2% of the total
cases of the BC population (Barton VN etal., 2015; Doane et al., 2006).

Neoadjuvant Treatments for TNBC

Neoadjuvant chemotherapy facilitates improvement in future treatment and also aids in combination
treatments. Neoadjuvant therapy strategy has in general a very high pathological response rate against
TNBC than the other forms of BCs. However, more than half of the TNBC patients don’t really have a
complete pathological response and display very poor prognosis (Di Leo et al., 2011). The lack of drug
targeting receptors for TNBC has made the improvement of the available interventions a significant
medical need. The regular use of neoadjuvant anthracycline / taxane combinations in TNBC is currently
complemented by current investigations along-side their use with other types of agents. Neoadjuvant
treatment identifies therapeutic intervention prior to surgery (Sikov et al., 2010). The objective of neo-
adjuvant therapy in BC was primarily focused to limit the size of unresectable tumors, thereby enabling
surgery. In addition, neoadjuvant therapy in surgical removal of tumors allows greater breast retention
and reduced need for mastectomy. Currently, anthracycline / taxane chemotherapy regimens have been
regularly used in the neoadjuvant setup in TNBC treatment. Clinical trials of many novel targeted neo-
adjuvant therapies for TNBC are currently underway (Martin et al., 2010).

Role of Transcription Factor in BC

Transcription factors are proteins associated with the process of transcribing DNA into RNA that fur-
ther promote gene expression. Transcription factors include a large number of proteins, except for RNA
polymerase, which initiate and regulate gene transcription. A unique aspect of transcription factors is
that they have DNA-binding domains that give them the ability to bind to specific DNA sequences called
promoter sequences (Thiery et al., 2009). Certain transcription factors bind to the DNA promoter sequence
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near the transcription start site and help form the transcription initiation complex. Transcription factors
also bind to regulatory sequences, like the enhancer sequences, and either promotes or suppresses the
transcription of the relevant gene. These regulatory sequences may be thousands of base pairs upstream
or downstream of the gene being transcribed. Regulation of transcription is the most important form of
gene control (Iorio et al., 2012).

Oncogenic transcription factors are gene expression promoters and their activity contributes one way
or the other to tumorigenesis. They are generally classified into three classes in the BCs: steroid recep-
tors, latent cytoplasmic factors and resident nuclear transcription factors (Pandurangan and Mustafa,
2018). The over-activity of these oncogenic transcription factors helps in the survival of BC cells. The
molecular signaling pathways influence these oncogenes, and have diverse associations with each other
as well. As a result, diagnosis and clinical outcomes are getting delayed. Subsequently through time,
learning about oncogenes, their proteins and their functions may lead to more selective and more effec-
tive treatment regimens (Osborne et al., 2005).

Oncogenic transcription factors arising from mutation or overexpression owing to gene expression,
transfer signals to the nucleus and interrupt the transcription sequence. Activation of oncogenic tran-
scription factors is consistent with cell cycle regulation, apoptosis, proliferation and cell differentiation
(Iorio et al., 2012). Oncogenic transcription factor is reported to be essential in BC carcinogenesis and
therefore is considered a potential target for BC therapeutic strategies. Certain key Oncogenic Transcrip-
tion Factors and their regulation in particular to TNBC are discussed.

NF-kB (Nuclear Factor of Kappa Light Chain Enhancer of Activated B-cell)

NF-kB are small family of inducible transcription factors that play an important role in almost all mam-
malian cells. NF-xB is a cytoplasmic transcription factor, which upon induction translocates to the
nucleus and remains in its active form (Perkins, 2000). Based on the previous studies it is identified that
NF-«B was reported to be activated in majority of oestrogen receptor negative BCs. Suppression of NF-
kB causes abnormal localization of many proteins such as Rel B, CRel, P*°, P32 and P% (Figure 1). This
manipulation can cause disruption of balance between cell survival and cell death (Karin and Lin, 2002).

There are two major signaling pathways associated with NF-kB - classical (Canonical) and alternative
(non- Canonical) pathway. The pathways are based on the signal induced phosphorylation and degradation
of certain inhibitory molecules (Pandurangan and Mustafa, 2018). Further the activity of the pathway
depends on signal activated kinase, identification of inhibitory and NF-kB molecules eventually aiding
the translocation of NF-kB to the nucleus (Chua et al., 2007). Based on recent studies, activation of NF-
kB is required for the promotion of Epithelial Mesenchymal transition (EMT). EMT is a mechanism that
leads to the progression of BC. ZEB-1 and ZEB-2 transcription factor inhibits E-cadherin expression
and further lead to the progression of EMT (Huber et al., 2004).

The classical pathway leads to the development of cancer. NF-xB is located in the cytoplasm until
a virus, bacteria, IL-1 or TNF-a encounter the cell. Classical transcription activator of NF-kB is p®and
p>® which are hetrodimer proteins. p* is bound to inhibitory kB (IkB). Upon phosphorylation of IxB by
Serine Kinase, IkB leads to degradation thereby releasing p® to the nucleus through importin protein.
However, p* remains in the cytoplasm and prepares itself to bind to the next p% to form an active tran-
scription factor. Another protein A20 inhibits further activation of NF-kB by binding to TNF-a and IL-1.
Targeting NF-kB to treat TNBC is a promising strategy (Rayet et al., 1999). Overall, NF-xB exhibits an
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Figure 1. Classical pathway of NF-kB which leads to the development of cancer
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essential role in tumor development and progression in TNBC and may be used as a potential biomarker
and therapeutic target.

FOXMI (Fork-Head Box Protein M1)

FOXM1 controls the expression of cell-cycle-related genes that are necessary for DNA replication and
mitosis progression. In line with its role in proliferation, increased level of FOXM1 has been revealed
in a variety of human tumor entities. It is mainly represented for metastasis and angiogenesis. Upregula-
tion of FOXMI leads to the initiation of oncogenesis. FOXMI is one of the regulators for BC invasion
through regulating MMP in the transcription level (Lai et al., 1990). FOXM1 chemical inhibitors have
been identified to restrict the spread and induce apoptosis in cancer cells in vitro, suggesting that FOXM1
inhibitors may be effective anticancer therapeutic agents.

FOXML1 is primarily present in the cytoplasm during the late G1 and S stages, but it is observed to
be phosphorylated and translocated to the nucleus before the cells reach the G2 / M stage. The activation
of the MAPK/ Raf / MEK pathway is essential for the nuclear transformation of the FOXM1 protein.
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Figure 2. Potential therapy for TNBC is suggested by its strong dependence on CDK7 transcriptional
kinase and the kinase-regulating gene cluster
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In line with its role in fostering proliferation, increased expression of FOXM1 has previously been
documented in a number of human tumors, mainly in BC. FOXM1 depletion induces a certain type of
cell death called mitotic catastrophe that often occurs during mitosis due to a deviant G, checkpoint
regulation (Gemenetzidis et al., 2010).

A recent study on FOXMI denotes that, it could represent a potential prognostic breast tumor marker
that could be used in multi-marker BC boards. Interestingly, it is observed that there exists a positive
association between FOXM1 expression and HER2, posing FOXM1 as a new drug target for HER2 re-
sistant breast tumors. This suggested that FOXM 1 inhibitors are used in the treatment of cancers (Bektas
et al., 2008). More experiments are ongoing to examine the possible relationship between FOXM1 and
HER?2, in particular whether FOXM1 specifically stimulates the HER2 promoter.

CDKY7 (Cyclin Dependent Protein Kinase 7)

Cyclin-dependent kinase 7(CDK7) is an enzyme encoded by cyclin-dependent protein kinase (CDK)
family of genes. Though, CDK7, is not a transcription factor category of genes, we interested to include
in this chapter since it is critical in TNBC. Published reports revealed that CRISPR/Cas9-mediated gene
editing states that TNBC cells shows selective dependency on CDK?7 regulation. It was also proved that
CDK7 activity is critical for the expression of a set of genes essential for TNBC. A covalent CDK7
inhibitor blocks tumor growth in patient derived xenografts of TNBC (Franco et al., 2015).

Inhibition of CDK7 uncovered an “Achilles cluster” of genes in the TNBC transcriptional system
which is likely to be responsible for making these cells selectively immune to THZ1 therapy. These
genes have been identified by their overexpression in TNBC cells when compared with the ER / PR+
cells. These cells are also found to be sensitive to THZ1 and their intervention in transcriptional regula-
tion & signaling (Figure 2) is considerably overexpressed in TNBC cells. This group includes putative
oncogenes that are improperly regulated in TNBC and are key factors contributing to the tumorigenicity
of TNBC (Hnisz et al., 2015).

TNBC cells are unique in their reliance on this CDK transcription and undergo apoptotic cell death
upon CDKY7 inhibition. The “Achilles cluster” of TNBC-specific genes is particularly prone to CDK7
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Figure 3. Mechanistic action of miR-27A in regulating cell signal pathway

inhibition and is often associated with super-enhancers (Franco et al., 2015). This new approach suggests
that CDK7 mediates transcriptional dependency on a critical gene cluster in TNBC and its inhibition
could be a useful therapy for encountering this challenging cancer (Lovén et al., 2013).

MicroRNA-27a (miR-27a)

MicroRNAs (miRNA / miR) are a family of small, endogenous, non-coding, single-stranded regula-
tory RNAs that bind to the 30-untranslated region (30-UTR) of complementary sequences. They also
downregulate the translation of target mRNAs as post-transcriptional regulators. Deregulation miRNAs
are involved in wide range cellular processes in TNBC. They mainly function as tumor suppressors
depending on their cellular target associated with tumor initiation, promotion, malignant conversion,
and metastases (Tang et al., 2014).

MicroRNA-27a (miR-27a), transcribed by the miR-27a gene, has been shown to affect several types
of solid tumors. This emphasizes its role as a promising biomarker or drug target for therapeutic ap-
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plication. Studies reveal that miR-27a has long been known as an oncomiR for BC. Overexpression of
miR-27a is associated with endothelial proliferation of the stem of BC related cells. This new approach
reveals that it can also control the specificity of protein transcription factors and the G2-M checkpoint
in the MDAMB-231 TNBC cell line. Hence, they influence cell proliferation and apoptosis (Figure 3).
IR mediated apoptosis is closely linked to cell cycle arrest, and thus, miR-27a is closely likely to be in-
volved in radiosensitivity control of TNBC cells (Ling et al., 2020). Altered microRNA (miRNA / miR)
expression controls the activity and progression of tumors in TNBC cells. Recent studies have shown that
miR-27a enhanced the survival of TNBC cells following irradiation. Thus, miR-27a inhibited radiation-
induced apoptosis in TNBC cells by caspase regulation and Bcl-2 expression (Gottardo et al., 2007).

Expression levels of PTEN and phosphorylate protein kinase B in MDA-MB-231 and MDA-MB-468
cells have been changed over miR-27a regulation. Luciferase assay showed that miR-27a regulated PTEN
and BAX expression by binding to 3’-untranslated regions (Mertens-Talcott et al., 2007). Lastly, miR-
27a plays a crucial role in TNBC growth and progression and thus may be used as a possibl biomarker
to assess radiotherapy responses and disease predictions.

MiR-27a can regulate RAS/MAPK/ERK pathway to activate key genes such as c-myc. It plays an
important role in progression and promoting cancer invasion. MiR-27a can regulate AKT pathway to
activate the survival signal of tumor cells. MiR-27a leads to aberrant activation of Wnt/p-catenin pathway
to promote the proliferation and survival of cancer cells.

Effectiveness of Natural Agents in Treating BCs

Advanced chemotherapeutic agents used to treat various cancer forms have also reported for consecutive
systemic toxicities. Hence, a new trend of practicing traditional chemotherapy is being considered. In
the recent times, combination chemotherapy involving the use of a variety of chemotherapeutic agents
against different biochemical/molecular targets has been able to achieve promising results by enhanc-
ing the efficacy and also reducing the ill-effects of the drugs. Therefore, an increase in research interest
towards acquiring drug alternatives of natural origin possessing low toxic effects is being emphasized in
recent times (Hasanpourghadi ez al., 2018; Anandasadagopan et al., 2020; Sivaprakasam et al., 2020).
The prime agendas in incorporating natural compounds as chemotherapeutic agents include: (i) allevi-
ate chemotherapeutic resistance and (ii) enhance the therapeutic window of using natural products as
chemotherapeutic drugs (Wang et al., 2012). Various studies have supposedly shown that numerous plant
extracts like matairesinol, curcumin, resveratrol and extracts of Claviceps purpurea and Solanum nigrum
effectively curb drug resistance and act as chemoprotective agents when administered in combination
with the existing chemical anti-cancer drugs (Lin ef al., 2020).

Natural Agents Against Various Transcription Factors

Curcumin

The most important ingredient and a polyphenolic compound harboring umpteen medicinal properties
is curcumin. It’s also known to possess anti-cancer activity against various cancers. A detailed study
revealed that curcumin potentially induced apoptosis in BC cells via regulating expressions of apoptotic

genes and its associated proteins (Wang ez al., 2016). Another study highlighted the antiproliferative effect
of curcumin by the downregulation of an important transcription factor in cell proliferation - NF-xB in
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both BT-483 and MDA-MB- 231 cell lines (Liu ez al., 2009). The invasion and adhesion along with the
metastatic traversing of the MCF-7 cells was effectively inhibited by curcumin through the activation of
NF-«B. This further lead to suppressed urokinase type plasminogen activator expression (Zong et al.,
2012). In a similar manner, many studies have proven curcumin to be a potential anti-tumor component
as it effectively impacts the NF-xB signaling pathway (Bachmeier et al., 2008; Lin et al., 2004).

Genistein

Among the various compounds that can be extracted from soy products, Genistein is the most potent
isoflavone. It is known to possess anti-tumor properties against many cancer forms (Banerjee ez al., 2008;
Messing et al., 2012). Its structural resemblance to estradiol (E2) enables its binding and activation of
both ERa and ERf thereby exhibiting estrogenic effects. This results in reduced risk of BC occurrence
in the soy consuming population. Experiments on MCF10A (human breast epithelial) cells revealed that
genistein effectively blocked the ERK associated phosphorylation of p65. This further leads to hindered
NF-«B transcriptional activity along with the downregulated expression of TPA-associated COX-2 gene.
Therefore, Genistein is considered to be a potential chemotherapeutic agent against BCs. Furthermore, it
is also proven that genistein is a potential ER modulator like raloxifene and tamoxifen, which are among
the commonly used drugs to prevent and treat BCs (Mitra and Dash, 2018).

Shikonin

Studies on Shikonin, predominantly present in the root extracts of Lithospermum erythrorhizon, have
shown that it exhibits many biological effects inclusive of anticancer, wound healing, anti-inflammatory,
antiviral like properties. Shikonin is known to induce apoptosis via NF-xB pathway suppression, caspase-3
activation and modifications in the Bax & Bcl-2 apoptosis-related genes (Dash et al., 2017). Another
study has demonstrated the role of Shikonin in the suppression of NF-«xB pathway via inhibiting IxB- «
phosphorylation and p65 downregulation (Duru et al., 2014).

Rosmarinic Acid

Rosmarinic acid (RA)is akey polyphenolic compound isolated from the spice herb rosemary (Rosmarinus
officinalis). It possess eminent anti-cancerous properties against breast and many other cancers (Yesil-
Celiktas etal., 2010). RA has demonstrated apoptotic effects on BC cells single-handedly (Lietal., 2018)
and has also shown to augment the apoptotic effect of the chemotherapeutic agent Adriamycin (Huang
et al., 2018). Another such study highlights the role of RA in the NF-xB pathway where it effectively
diminishes interleukin-8 (IL-8) levels eventually inhibiting bone metastasis in breast cancers (Wang et
al., 2012). Experiments on MDA-MB-468 cells have shown that RA triggers BNIP3, a proapoptotic gene
through intrinsic and extrinsic caspase-independent apoptosis pathways. RA facilitates cell cycle arrest
in the S-phase as it potentially suppresses BIRCS and triggers BNIP3, TNF and GADD45A. Similarly,
in the MDA-MB-231 cell line, RA was seen to upregulate TNFRSF25, BNIP3 & HRK and downregulate
TNFRSF11B (Messeha et al., 2020).
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Tocotrienols

Tocopherols and Tocotrienols are important fractions with structural similarities belonging to the vitamin
E family, yet various studies prove that only tocotrienols possess anti-cancer properties. The anti-tumor
mechanism of action of a Tocotrienol-Enriched Fraction (TEF) and a Tocotrienol-Rich Fraction (TRF)
extracted from palm oil were experimented on MCF-7 cells and MDA-MB-231 cells. Also, the effects
of analogues of vitamin E (a—, 8— & y—tocotrienols and a-tocopherol) were tested on the above said
cell lines. They revealed the fact that they displayed anti-proliferative effects via apoptosis induction.
They effectively cleaved the DNA repair protein poly (ADP-ribose) polymerase which in-turn inhibited
the Nuclear Factor kappa-B (NF-«kB) signalling pathway leading to apoptosis (Loganathan et al., 2013).

Lambertianic acid

A natural compound of significance extracted from the Pinus koraiensis is Lambertianic Acid (LA) which
possesses anti-cancer effects against many cancer forms. A recent study conducted on MDA-MB-231
cells signifies that LA exerts cytotoxic effects on MDA-MB-231 cells. It enhances the sub-G1 popula-
tion, induces cell cycle arrest at the G2/M phase and down-regulates FOXM1, XIAP, CyclinB1, Bcl-2,
p-AKT & pro Caspase3. It was also found to up-regulate p-ACC (acetyl-CoA carboxylase pathway) and
p-AMPK (AMP-activated protein kinase) pathways. It was also found that LA effectively interrupted
the AKT - FOXMI1 binding thereby highlighting the fact that the MDA-MB- 231 cells experienced
LA-induced apoptosis (Lee et al., 2018).

Moracin D

Moracin D is a 2-arylbenzofuran flavonoid that can be extracted from Morus alba. They are rich sources
ofisoprenylated flavonoids, Diels-Alder adduct compounds, stilbenes, 2-arylbenzopyrans and coumarins
like compounds. They exhibit antioxidant and anti-inflammatory properties and is hence used to treat
heart diseases, cough and diabetes like conditions. It has also shown to display cytotoxicity in MDA-
MB231 cells via increasing the sub-G1 population, cleaving of PARP and down-regulating cyclin D1,
pro-caspase 3, XIAP and Bcl-2 expressions. Recent finding also proves that Moracin D significantly
inhibited FOXM1, Wnt3a and p-catenin expressions thereby effectively leading to apoptotic cell death
(Hwang et al., 2018).

Maslinic acid

Maslinic acid (MA) is a natural triterpene which harbors anti-cancer properties. Various researches prove
that it effectively regulates metabolism, cell growth and apoptosis in various cancer forms like BC (Alam
et al., 2017), colorectal cancer (Yoo et al., 2015), hepatocellular cancer (Ku et al., 2015) and gastric
cancer (Lee et al., 2015). A study conducted on Maslinic acid has shown that it enhances the anti-cancer
ability of conventional chemotherapeutic compounds or inverses tumor cell’s chemoresistance towards
conventional chemotherapeutic agents (Yu et al., 2015). Another such study on human docetaxel-resistant
MDA-MB-231 cells emphasized that MA effectively reversed the resistance to DOC when used as a
combination therapy by increasing the accumulation of cellular DOC (Wang et al., 2020).
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Casticin

Casticin, an extract from the medicinal plant Vitex trifolia (L.), (family: Verbenaceae) of Chinese origin
has shown to harbor anti-cancer property. It targets the FOXO3a/FOXOM 1/survivin signalling pathway
in the cancer cells. A study conducted on MDA-MB-231 cells demonstrated that casticin hindered the
phosphorylation of FOXO3a in the cytoplasm, along with the inhibition of two FOXO3a downstream
proteins of immense importance, namely survivin and FOXM1 (Liu et al., 2014).

Vernodalin

The seed extracts of a member of the Asteraceae family - Centratherum anthelminticum (L.) kuntze,
commonly known as the black or bitter cumin, is an abundant source of vernodalin. Studies on BC cell
lines have shown the anti-tumor activity of vernodalin as it targets FOXO3a which in-turn affects the
expression of the transcription factor FOXM1 (Arya et al., 2012; Looi et al., 2013). Increased FOXO3a
accumulation in the nucleus along with the up-regulation of Bim followed by Bax activation, facilitated
induction of apoptosis upon vernodalin administration in both MDA-MB-231 and MCF-7 cell lines
(Sadagopan et al., 2015).

Wogonin

Wogonin is a flavone of immense importance that can be extracted from the Chinese medicinal plant
Scutellaria baicalensis Georgi, commonly known by the name Huang-Qin. When tested, wogonin seemed
to express cytotoxic effects against many tumor cell-lines (in-vitro analysis) and also prevented tumor
progression in mouse models (in-vivo analysis) (Li-Weber, 2009). Similar studies were performed on
human subjects with breast carcinoma in advanced stages (clinical trials) where wogonin exhibited no
or little cytotoxicity on normal cells (Perez et al., 2010; Rugo et al., 2007; Wang et al., 2006). CDK7 is
an important component of the transcription factor TFIIH facilitating transcription initiation. It enables
Ser5 residue phosphorylation in the carboxy-terminal domain’s heptad repeats in the RNA polymerase
IT (RNAPII) (Wang and Fischer, 2008; Shapiro, 2006]. Upon wogonin treatment, the level of RNA syn-
thesis was drastically reduced. Subsequent accelerated downregulation of Mcl-1 which is a short-lived
anti-apoptotic protein myeloid cell leukemia 1, was also observed which eventually leads to apoptosis
in tumor cells (Polier et al., 2011).

Triptolide

An important bioactive component from the extract of Tripterygium wilfordii Hook F is triptolide which
possess anti-cancer, anti-inflammatory, antifertility, immunosuppressive and anti-cystogenesis like prop-
erties (Zhou et al., 2012). Studies report triptolide to be a novel sect of transcriptional factor inhibitors
as they distinctly down-regulated RNA polymerase II (RNAPII)-dependent transcription (Titov et al.,
2011). Cancer cell lines upon treatment with triptolide effectively hindered the hyperphosphorylation
of Rpb1 in the Ser-5 residue, thereby lowering the expression of Cdk7 and its associated siRNA. This
eventually facilitates the degradation of both the total RNAPII and the RNAPII bound to the promoters
of the transcribed genes like the polr2a, hif-1a, vegf and myc genes (Manzo et al., 2012).
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Betulinic acid

3B-hydroxy-lup-20 commonly known as betulinic acid is a lupane-type pentacyclic triterpenoid saponin
extracted from the barks of Betula pendula. It is found to express enormous beneficial properties such
as immunomodulatory, anti-angiogenic, anti-inflammatory and anti-cancerous potential against varied
cancers, breast carcinoma included (Tiwari et al., 2014; Zhang et al., 2016). Studies conducted on MDA-
MB-231 reveal the hindered mRNA expressions leading to low levels of Spl, Sp3 and Sp4 proteins,
thereby triggering apoptosis eventually (Li et al., 2014; Mertens-Talcott et al., 2013). Another study in
similarity, highlighted the inhibitory effects of betulinic acid on MDA-MB-453 and BT474. Here, the
expression of Yin Yang 1 (YY1), a gene which is Sp-regulated was predominantly down-regulated by
the activation of CB1 and CB2 (Cannabinoid type) receptors. Similarly, a prominent upstream ErbB2
regulator was also found to be down-regulated (Liu et al., 2012). A recent study on T47D and MCF-7
cell lines reported that betulinic acid played a crucial role in triggering apoptotic cell death in a p53-
independent manner (Shi et al., 2010).

Pomogranate Polyphenols

Polyphenolic compounds extracted from the peels and juice of the pomegranate fruit have proven to
inhibit aromatase activity involved in the progression of BCs (Kim et al., 2002; Sreeja et al., 2011). It
has been reported from various studies that the transcription factor miRNA 27a kindled an increased
Specificity protein (Sp) expression in the BC cells by down-regulating the expression of a Sp-repressor
-ZBTB10. This causes cell survival and progression. However, upon pomegranate extract treatment, the
MDA-MB-231 and BT474 cells accounted for decreased Sp (Sp1, Sp3, and Sp4) levels and increased
ZBTB10 expressions because of the down-regulation of miRNA 27a (Banerjee et al., 2012).

CONCLUSION

BC is considered to be one among the most prevalent ten cancers occurring globally and is related to
varied range of genetic mutations. An increased proportion of various oncogenes and other genes related
with tumor suppression affect the associated transcription factors which supposedly play an important
role in the control of cell cycle, invasion and cell death. This proves the fact that they act as potential
targets for cancer therapies. In comparison to the chemically synthesized drugs, various biologically active
compounds of natural origin seem to possess desirable traits. Structures with lead specificity and cancer
cell sensitizing ability when combination therapy is used, without causing much harm to the surround-
ing normal cells are few of the notable traits. Hence, curcumin, genistein, vernodalin, wogonin, etc are
few among the biologically active natural compounds used in traditional medicines for decades which
are being extensively studied in recent times by the pharmaceutical realm in order to obtain sustainable
novel drugs against various diseased conditions. A better understanding of the structural properties
of such compounds of natural origin and elucidation of its mode of action in relation to its molecular
(transcriptional factors) and cellular (signaling pathways) aspects may pave way for novel drugs with
better capabilities against various cancers.
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Chapter 2

Natural Products and Their
Bioactive Compounds as
Breast Cancer Therapeutics

Monika Rezacova
University Hospital Southampton, UK

ABSTRACT

Breast cancer is one of the most common types of cancer in the Western world. It is cancer that is curable
and has great life expectancy afterwards, but the treatment often combines surgery with chemotherapy
and/or hormone therapy. This creates a need for more effective and less toxic therapeutic and preventive
strategies for breast cancers as well as strategies to overcome increasing resistance to hormonal and
targeted therapy. This chapter focuses on chemopreventative and anti-cancer activities of different bio-
active compounds obtained from dietary sources, herbal approach, and use of natural compounds such
as diindolylmethane, biochanin A, curcumin, Epigallocatechin Gallate, genistein, lycopene, shikonin,
sulforaphane, and resveratol. Understanding the pathophysiology of action of these compounds and
their potential preventive and therapeutic effects on cancer may provide a rationale for further studies.

INTRODUCTION

Cancer ranks as a leading cause of death in many countries around the world. According to estimates
from the World Health Organization (WHO) in 2019, (WHO, 2020) cancer is the first or second leading
cause of death before the age of 70 years in 112 of 183 countries and ranks third or fourth in a further
23 countries. In 2020, there were 2.3 million women diagnosed with breast cancer and 685 000 deaths
globally. As of the end of 2020, there were 7.8 million women alive who were diagnosed with breast
cancer in the past 5 years, making it the world’s most prevalent cancer. Improvements in survival fol-
lowing diagnosis of breast cancer began in the 1980s in countries with early detection programmes
combined with different modes of treatment to eradicate invasive disease. (De Santis et al., 2015) Breast
cancer has ranked number one cancer among Indian females with age adjusted rate as high as 25.8 per
100,000 women and mortality 12.7 per 100,000 women. Data reports from various latest national cancer
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registries were compared for incidence, mortality rates. The age adjusted incidence rate of carcinoma of
the breast was found as high as 41 per 100,000 women for Delhi, followed by Chennai (37.9), Bangalore
(34.4) and Thiruvananthapuram District (33.7) (Nandakumaret al., 2005; Swaminathan et al., 2009).

Breast cancer treatment can be highly effective, achieving survival probabilities of 90% or higher,
particularly when the disease is identified early. Treatment generally consists of surgery and radiation
therapy for control of the disease in the breast, lymph nodes and surrounding areas (locoregional control)
and systemic therapy to treat and/or reduce the risk of metastasis. The systemic treatment of breast cancer
in general has come a long way in delivering more targeted hormone/chemo therapy. The advancement
is due to better understanding and research into the pathophysiology of breast cancer and we can now
influence the pathway with non-surgical treatment. Surgery, chemotherapy, radiotherapy, and hormone
therapy are the most frequently used methods of treatment for breast cancer. However traditional treat-
ment with chemotherapeutic drugs has faced the development of drug resistance, the occurrence of side
effects, and reoccurrence of the disease which indicates that these drugs have limited efficacy. Scien-
tists are turning to agents with more efficacy, such as natural compounds for treatment and prevention.
Selected natural compounds, promote apoptosis and inhibit metastasis, preventing cancer growth. As a
result, these compounds have the potential to suppress breast cancer progression, thus increasing patient
survival rates and decreasing the number of related deaths. This chapter provides overview of natural
compounds that have displayed, anti-cancer effects on breast cancer cells in various studies. These natural
compounds inhibit the development of breast cancer, suppress the growth of cancer cells, and promote
cell death. (Li et al., 2017)

TRADITIONAL TREATMENT OPTIONS OF BREAST CANCER

The treatment of breast cancer has evolved rapidly over the years. From simple surgery, it has now moved
to a multidisciplinary approach involving surgeons, clinical and medical oncologists and radiologists,
breast care nurses, etc.

Due to the underlying and still advancing knowledge of breast cancer, we have a wide range of treat-
ment consisting of (Moo et al., 2018):

surgery
radiotherapy
chemotherapy
hormone therapy
immunotherapy
targeted therapy.

These methods of treatment are often used in combination and targeted towards the specific pathol-
ogy of a patient (usually as a result of core biopsy), taking into consideration other factors (for example,
staging, comorbidities and patient’s wishes). There are several predictive tools to aid the clinical decision
towards chemotherapy.

These modalities of treatment are not risk free and are often associated with multiple side effects.
The reduction of side effects might be a key to successful and less harmful treatment of breast cancer.
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Another hurdle is created by increasing the number of chemotherapy-resistant breast tumours, where
further research is needed to try and affect sensitivity of cancer to drug therapy.

In recent years, much research has been focused on chemopreventive and anticancer activities of
different bioactive compounds obtained from dietary sources, herbal approaches and use of natural
compounds (such as diindolylmethane, biochanin A, curcumin, Epigallocatechin Gallate, genistein,
lycopene, shikonin, sulforaphane and resveratol). (Subramaniam et al., 2019) Some of these compounds
show great potential and are likely to play an important role in enhancing survival rates in the future.

NATURAL PRODUCTS AND THEIR BIOACTIVE COMPOUNDS:
TREATMENT OPTIONS OF BREAST CANCER

Breast cancer has an increasing rate of incidence worldwide. Although the survival rate is very good,
there is a large number of exogenous and endogenous factors that can influence the incidence of breast
cancer and/or its response to treatment. The treatment of breast cancer traditionally consists of at least
one, but usually a mixture, of the following modalities that bring about various side effects — surgery,
chemotherapy, radiotherapy, and hormone therapy immunotherapy. A lot of research is now focused on
the most targeted and less harmful way of treatment, as well as chemoprotective agents (Sharma et al.,
2010). Much of the anticancer medication has been derived and developed from plant-based ingredients
and this field has shown a massive potential. Natural products and their derivates have been explored
in many different ways, focusing on the treatment of breast cancer as well as its prevention. Some re-
cent studies have suggested the benefit of dietary natural compounds in the prevention of breast cancer
(Grosso et al., 2017). There is also an improved response to conventional treatment when using some
of the natural products.

Mechanisms of action of studied phytochemicals suggest either direct targeting of specific molecules
or indirect stabilisation of conjugates and, therefore, affecting metabolic pathways. In 2013, it has been
reported that some herbal compounds could be used alongside chemotherapy to prevent side effects.
(Liao et al., 2013) It has been proved that phytochemicals can act as alteration agents in the cell cycle,
initiator and apoptosis and re-activator of tumour-supressing genes. This effect is usually achieved by
targeting specific metabolic pathways, transcription factors, kinases or growth factor receptors.

A comparison of synthetic drugs and natural compounds favoured natural compounds in chemopre-
vention by expressing less side effects and toxicity. (Aung et al., 2017)

A lot of research has been carried out in the alteration of aromatase expression and cyclooxygenases
(especially COX-2) pathways (Khan et al.,2011) as there is an association between unaltered pathway and
worse prognosis or metastatic disease in mice. A number of phytochemicals such as curcumin, ginsetin,
lycopene, and apigenin have been directly reported to inhibit biosynthesis of metabolic products such as
prostaglandins and leukotrienes and, therefore, have been considered as the potent therapeutic agents in
breast cancer chemoprevention. Further research showed some positive effects of phytochemicals in the
modulation of extrinsic and intrinsic pathways of apoptosis. (Rahman et al., 2021) Targeting proteins that
have a direct effect in apoptotic pathways is considered very promising in future anticancer treatment.
Another method is targeting the inhibition of growth factors stimulating cancer cells.
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3,3'-DIINDOLYLMETHANE (DIM)

3,3’-Diindolylmethane (DIM) is a natural compound converted in a highly acidic environment from
indole-3-cabinol. Indole-3-canbinol occurs naturally in the cabbage family of vegetable such as broc-
coli, cauliflower or cabbage. The conversion is initiated by high HCI concentration and low pH in the
stomach following digestion.

DIM can be considered an anti-initiating agent through its ability to stimulate cellular detoxification
pathways. DIM is reported to modulate aryl hydrocarbon receptor (AhR), as evidenced in multiple breast
cancer cell lines. (Chen et al., 1998) AhR is a ubiquitous cytoplasmic receptor that, when activated and
transported to the nucleus, promotes transcription of genes that stimulate the expression of detoxification
enzymes, including the phase I cytochrome P450 (CYP) family. Cellular responses to AhR signaling
can either promote or diminish inflammation. DIM has an affinity to bind to the AhR. (Jellinck et al.,
1993) Modulation of AhR by DIM treatment has also been shown to stimulate the Nrf2-mediated phase
IT response, which enhances excretion of genotoxins and induces a significant antioxidant response.
(Banerjee et al., 2011) Through the activation of AhR and Nrf2 signaling pathways, DIM effectively
increases detoxification and reduces inflammatory signaling, blocking what could otherwise be cancer-
initiating events. Furthermore, modulation of AhR by DIM inhibited the growth of mammary gland
cell cancer, an action suggested as a mechanism of crosstalk between estrogen receptor o and AhR.
(Schlezinger et al., 2006)

The influence of DIM on the AhR results in a change in gene activity that reduces the induction and
activity of the enzyme cyclooxygenase-2. (Degner et al., 2009) Evidence from mammary cell lines has
demonstrated the role of DIM in reducing oxidative stress by stimulating the phosphorylation of BRCA1
(Fan et al., 2009). Further, DIM has a demonstrated role in reducing cyclooxygenase-2—induced inflam-
mation in mammary cell lines. (Degner et al., 2009) In advanced stages of tumor development, DIM has
been shown in tumor cell line models to inhibit the expression of genes involved in angiogenesis and
energy metabolism, including those involved in the induction of surviving (Rahman et al., 2006) and
hypoxia-inducible factor-1. Ribyetal.2008)

The effects of DIM on transcription and proliferation are mediated by estrogen receptor a and are
evident at a concentration of 1uM.(Wang et al., 2006) However, in the notable absence of estradiol,
concentrations of DIM at 10pM have been shown to activate estrogen receptor a signaling pathways
in human breast cancer cell lines in vitro, increasing cellular proliferation in an estradiol-independent
manner, yet an opposite effect (growth arrest) can be demonstrated when higher concentrations of DIM
(50pM) are provided. In estrogen-dependent and estrogen-independent breast cancer cell lines (MCF-7
and MDA-MB-231, respectively), DIM has been observed to arrest proliferation, possibly through ar-
rest of de novo cell lipogenesis or induction of Wnt signaling pathways. (Saati, Archer, 2011) DIM may
also act as an aromatase inhibitor. It was efficient at decreasing aromatase expression in MCF-7 cells
and also upregulated CYP19 expression, which encodes aromatase and synthesizes estrogens in MDA-
MB-231 cells. (Licznerska et al., 2013)

In combination with Taxotere, a concentration of 40pM DIM resulted in a 78% inhibition of growth
and a decreased invasive capacity of the aggressive breast cancer cell line MDA-MB-231; these find-
ings were associated with decreased activation of FoxM1. MDA-MB-231 cells express higher levels
of FoxM1 than MCF-7 breast cancer cells. Cells treated with DIM showed reduced FoxM1 mRNA
levels. Downregulation of FoxM1 expression induced the growth-inhibitory effect of DIM, suggesting
a mechanistic role of FoxM1 and a regulatory role of DIM. (Ahmad et al., 2011)
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More recently, DIM has been demonstrated to protect against ionizing radiation through activation of
the protein kinase ataxia telangiectasia mutated (ATM), which regulates responses to DNA damage and
oxidative stress as well as cell survival signaling through nuclear factor-kB (NF-kB). (Fan et al., 2013)

BIOCHANIN A

Biochanin A is red clover isoflavone which has shown great potential in cancer treatment. It has been
proven in lab conditions that biochanin A is able to block aromatase enzymes and therefore affect cell
growth. In ER negative breast cancer patients, this compound has also shown an ability to reduce mRNA
expression. (Moon et al., 2008)

Biochanin A metabolises into genistein which has the potential to suppress promoter 1.3/II activation
and functions as an aromatase inhibitor. The reason for the usage of biochanin A instead of its metabo-
lite genistein was better tolerance reported by patients. Biochanin A has a positive effect on expression
of tumour suppressor genes in ER positive breast cancer. This effect has better induction of expression
when compared to genistein itself.

Further studies showed biochanin A affecting signalling pathways and invasive enzyme expression,
as well as decreasing the growth of oestrogen-dependent tumours. Although these results look very
promising, further research has to be done into other pathways of breast cancer progression. The effect
of biochanin A is different in breast cancer types, therefore further studies are required to understand
bioavailability and look for optimal therapeutic regimes taking into account the different types of breast
cancer. At present, the most experimental studies are focused on ER positive breast cancer and further
research is required into ER negative and triple negative breast cancer (Chen et al., 2015).

GENISTEIN AND OTHER SOY ISOFLAVONES

Genistein is isoflavone from soy and also metabolite of biochanin A. It has proved to be a very potent
dietary component in decreasing the incidence of various cancer types. It has been known and trialled
as a chemopreventive agent for various cancers (e.g. bladder cancer). (Messina, Wood, 2008)

The compound overcomes cancer drug resistance and suppresses the recurrence of cancers. (Fanetal.,
2013) It also reduces tumorigenesis of cancers that require estrogen. Genistein induces cell differentia-
tion and inactivation of the epidermal growth factor signaling pathway (Zhang et al., 2015). In addition,
it has anti-oxidation, anti-proliferation, anti-cancer activities; it also promotes apoptosis and suppresses
angiogenesis and metastasis. Genistein is thought to modulate gene transcription by regulating epigenetic
activities (Latocha et al., 2014). Furthermore, it suppresses topoisomerase I and Il and DNA polymerase
II, and it downregulates genes encoding cyclins, such as B1, D1, CDK-1, and Weel. Genistein inhibits
expression of Bcl-2, IAP, XIAP, and survivin, which are inhibitors of apoptosis. Moreover, for cancer
cells, it increases expression of p53, p21, p27, and p16 and suppresses tyrosine kinases, thus inhibiting
cell survival and cancer progression. (Xie et al., 2014)

Genistein downregulates global DNA methylation levels, DNA methyltransferase (DNMT) activity,
and DNMTT1 expression levels (Xie et al., 2014). It interacts with the catalytic domain of DNMT1 and
thereby suppresses the binding of hemi-methylated DNA to the catalytic domain of DNMT1. In addition,
genistein reduces DNA methylation in the promoter area of various tumor suppressor genes by upregu-
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lation of their mRNA expressions (Xie et al., 2014). It also reduces breast cancer stem cells (BCSCs)
and breast cancer stem-like cells by downregulating the Hedgehog-Glil signaling pathway. Blocking
of this pathway reduces CSC survival by lowering of the proteins, SMO and/or Glil. Downregulation
of the Hedgehog-Glil signaling pathway and ALDHI is associated with a decrease of the stemness of
BCSCs. Thus, by decreasing the expression of these BCSCs, which are involved in drug resistance, cancer
relapse, and metastasis, genistein prevents a primary cause of cancer, making it an effective preventive
agent for breast cancer (Fan et al., 2013).

Genistein suppresses breast cancer cell growth and stimulates apoptosis by promoting the inactivation
of IGF-1R and p-Akt. Moreover, it decreases the Bcl-2/Bax ratio, suggesting that it can prevent BrCa
progression (Liu et al., 2016). It promotes differentiation of BCSCs by interacting with ER+ cancer
cells. In addition, for T47D cells, genistein decreases the expression of MMP-2, MMP-3, MMP-13,
MMP-15, TIMP-1, TIMP-2, and TIMP-3. Thus, it prevents BrCa angiogenesis and metastasis. In clini-
cal practice, this compound has the potential to increase survival rates of patients with breast cancer
(Latocha et al., 2014).

Some studies suggested that genistein causes an increase of regulation of BRCA1 and BRCA2 mRNA
expressions in adult ovariectomised rats. On the other hand, the use of genistein in non-active BRCA1
mice showed a reduction of tumour size by 50%. This indicates a great potential of genistein in the ab-
sence of active BRCA1. (Shim et al., 2007)

The biggest pitfall reported by multiple studies is the low oral bioavailability of genistein. More
research will be necessary before the recommendation of genistein in breast cancer therapy.

CURCUMIN

Curcumin is polyphenolic compound and active ingredient of turmeric. It has historically, and in research,
a vast spectrum of medical use including the prevention/treatment of breast cancer.

For breast cancer cells, curcumin has a wide range of effects. Either alone or in combination with other
natural compounds or chemotherapeutics, hinders tumorigenesis and cancer cell growth. For instance,
curcumin reduces proliferation of human BrCa cells by preventing the activation of nuclear factor kap-
paB, which is associated with cancer cell survival, cell growth, and metastasis. Furthermore, in BT-474
and SK-BR-3 cells, CUR downregulates MAPK, and NF-xB. (Bimonte et al., 2015)

Curcumin reduces paclitaxel-induced NF-kB by inhibiting the activation of IkBa kinase and through
IxBa phosphorylation and degradation. It also downregulates the expression of anti-apoptotic proteins,
such as BCL-xL and BCL-2; proliferative proteins, such as cyclin-D1 and c-Myc; and metastatic proteins,
such as vascular endothelial growth factor and intercellular adhesion molecule-1. (Aggarwal et al., 2005)

Curcumin reduces expression of the inflammatory cytokines, CXCL1 and —2, which results in a de-
crease in breast cancer metastasis. Moreover, in breast cancer metastasis is regulated by the expression
of a variety of miRNAs, including miR181b, which diminishes the expression of CXCL1 and —2 by
binding to their 3’-UTRs.This is relevant to its anticancer activity against breast cancer cells (Kronski
et al., 2014).

Curcumin enhances the expression of Nrf2, a regulator of antioxidant defense systems in breast cancer
cells and decreases expression of the Flap endonuclease 1 (Fenl) protein, a DNA-repair nuclease. Ad-
ditionally, it causes Nrf2 translocation from the cytoplasm to the nucleus and suppresses Fenl-induced
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activity through reduced recruitment of Nrf2 to the Fenl promoter. Curcumin reduces the proliferation
of BrCa cells, providing a new strategy for the inhibition of tumor growth. (Chen et al., 2014)

As it stands, curcumin has great potential in breast cancer treatment. However, similar to the previous
compounds, the main issue remains with bioavailability. Further research is required into an increase of
bioavailability or to look for more suitable analogues.

EPIGALLOCATECHIN GALLATE

Epigallocatechin gallate (EGCGQG) is a phenolic catechin derived from green tea and which has multiple
known health benefits.

Anti-tumorigenic activities attributed to exposure to EGCG include inhibition of cell proliferation
and tumor growth, induction of apoptosis and cell cycle arrest, (Lu et al., 2002) inhibition of invasion
and metastasis, (Lee et al., 2007) and suppression of angiogenesis. (Cao, Cao, 1999) Treatment with
EGCQG reduced the growth of MCF-7 implanted breast tumors in athymic nude mice by 40% (Liao et
al., 2015), and it has been reported that catechin inhibited the proliferation of human breast cancer cells
in vitro. (Belguise et al., 2007) However, the underlying mechanisms are still not entirely clear.

Previous study has reported that EGCG upregulates the expression of microRNA (i.e. miR-210) by
binding HIF-1a, resulting in reduced cell proliferation and anchorage-independent growth. (Wang et
al., 2011) EGCG induced nuclear accumulation and transcriptional activity of nuclear factor erythroid
2-related factor 2 (NRF2), as well as binding of NRF2 to the antioxidant response element sequence
located at the target gene promoters in human MCF10A breast epithelial cells. (Thomson et al., 2016)

During several trials, EGCG showed to have no effect on aromatase activity. However, from further
studies, there are some suggestions of increased sensitivity to ionizing radiation protection against toxic
adverse effects of chemotherapy and radiotherapy. In combination with standard treatment, EGCG has
a significant effect on the bioavailability of tamoxifen, 5-fluorouracil and doxorubicin. While trialling
with other anticancer medication, there were reports of interactions with EGCG. Further clinical research
is required into this problematic. (Luo et al., 2010)

LYCOPENE

Lycopene is red carotene pigment that naturally occurs in tomatoes, carrots, watermelons, papayas and
cherries. It belongs to the tetra terpenoids group and is a very potent antioxidant. As such, it has an effect
on DNA repair mechanism, control of cell cycle, and apoptosis in breast cancer cells.

It was observed that lycopene upregulates the expression of GSTP1 and has the ability to demethyl-
ate GSTP1 promoter in MDA-MB-468 cell line; however, the scenario is not similar in MCF-7 breast
cancer cells. The expressions of other genes such as RARS2 and HIN1 remained unaltered by lycopene
treatment in MCF-7 and MDA-MB-468 breast cancer cells (King-Batoon et al., 2008). In addition, ly-
copene can induce cell apoptosis and exert antitumor effects by regulating cell growth factor signaling
pathways and thereby activate cell cycle arrest. Lycopene was also found to suppress cyclin D1 with the
upregulation of p21 and also sustained the activation of the ERK1/2. The antiproliferative mechanism
of lycopene in MCF-7 cell linesis regulation of the expression of p53 and Bax and thereby reduced the
cell proliferation and increased apoptosis. (Peng et al., 2017)
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The mechanisms of lycopene in case of ER subtypes still remain controversial, where one group
reported the negative correlation of lycopene and other carotenoids with ER negative subtypes, (Zhang
et al., 2012) while other groups demonstrated that consumption of carotenoids like lycopene could
diminish the risk of the ER negative subtypes. (Eliassen et al., 2012) Therefore, more studies are still
necessary to elucidate chemopreventive mechanism of lycopene in other pathways as well as in different
breast cancer subtypes.

Acting as an antioxidant, there are studies to support the daily use of naturally occurring lycopene
in prostate cancer. However, the health benefits of lycopene and its use in chemoprevention are yet to
be studied.

SHIKONIN

Shikonin is a compound isolated from the root of the perennial plant Lithospermum erythrorhizon that
is native to Japan, Korea and China. It has been used in traditional medicine for its anticancer, anti-
inflammatory, wound healing, antiviral and other medical effects.

In breast cancer pathway, shikonin was found to inhibit estrogen stimulated cell growth and initiates
ER ubiquitination which in turn activates ER degradation in ER-positive breast cells. (Yao, Zhou, 2010)
Shikonin inhibits pS2 and c-myc and estrogen responsive gene promoters in breast cancer cell and also
make protection against estrogen induced DNA damage by triggering the Nrf2 pathway (Yao etal., 2010).

In ER-positive breast cancer cell, shikonin induces apoptosis with the characteristics of necroptosis
(Han et al., 2007) and also decreases the expressions of steroid sulfatase genes.

Furthermore, shikonin also increases the chemosensitivity of taxol in ER-negative human breast cells,
inducing the cell cycle arrest at the G2/M phase, and also inhibits the activation of ERK, Akt, and p70S6
kinases, which are the major player of cancer drug resistance. (Li et al., 2014)

Studies showed that shikonin decreases tamoxifen resistance by inducing uc.57 in MCF-7R breast
cancer cells that inhibits PI3K/Akt and MAPK signaling pathways through downregulating BCL11A.
(Zhang et al., 2017)

As with the other natural compounds, the bioavailability of shikonin is an issue. Furthermore, there is
an extensive metabolising process of shikonin, leaving only a limited amount of active substance. Further
research is required as it is believed shikonin can have great potential in the treatment of breast cancer.

SULFORAPHANE

Sulforaphane (SFN) is an isothiocyanate commonly found in broccoli, water cress, cabbage, and kale.
It has been proven to be able to inhibit proliferation, angiogenesis and metastasis as well as induce cell
cycle arrest and apoptosis in breast cancer. (Kuran et al., 2020)

Studies showed that SFN exerts chemopreventive action by inducing cell cycle arrest at G2/M phase
through increasing the expression cyclin B1 and activates the poly(ADP-ribose) polymerase 1 and cas-
pase family proteins followed by apoptosis in human breast cancer cell lines. (Jackson, Singletary, 2004)
SEN inhibits tubulin polymerization in breast cancer cells.(Jackson et al., 2004)

It has been demonstrated that SFN enhanced the sensitivity of tamoxifen by epigenetic reactivation
of ERa in ERa-negative breast cancer. (Li, Meeran, 2017) Furthermore SFN inhibits the expression of

34

printed on 2/11/2023 1:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

Natural Products and Their Bioactive Compounds as Breast Cancer Therapeutics

nuclear factor kappa B and COX-2 through blocking of signaling pathways mediated by ERK1/2-IKK-«
and NAK-IKK- g. (Kim et al., 2014)

SEN has proven to have a chemopreventive effect on breast tissue and this is dose dependent. In low
doses, SFN has great bioavailability, but this is significantly reduced with an increase in dose. (Hanlon
et al., 2008) SFN is very well tolerated and did not demonstrate any toxicity even at the levels that need
to be achieved for desired effectivity. All this make SFN a very powerful drug with great potential;
however, further studies and trials are required to ensure effectiveness of treatment/chemoprevention.

RESVERATROL

Resveratrol (RES) (trans-3,4’,5-trihydroxystilbene) is a polyphenolic compound usually found in grapes
that has shown antiaging, anti-inflammatory, and chemopreventive effects through various pathways.
(Horgan et al., 2019)

RES induces cell cycle arrest and causes apoptosis of tumor cells. RES also downregulates the ex-
pression of tumor-derived nitric oxide synthase, functions as an antioxidant, and prevents DNA damage;
it also reduces tumor growth. (Carter et al., 2014)

In triple-negative breast cancer cell lines, MDA-MB-231 and MDA-MB-231/PacR, RES prevents
cell growth, promotes senescence, downregulates the expression of survivin, and initiates apoptosis.
In promoting apoptosis, it activates caspase 7 .(Sprouse, Herbert, 2014) Moreover, RES reduces cell
viability, glucose consumption, and the ATP content in MCF-7 cells; it also suppresses PFK. In this
manner, RES reduces the survival and proliferation of these cells. (Gomez et al., 2013)

In breast cancer cells, RES modulates apoptotic and cell cycle machinery by regulating tumor-
suppressive miRNAs. By modulating miRNAs, RES demonstrates its anticancer and anti-proliferative
properties against breast cancer. (Venkatadri et al., 2016) Furthermore, in MCF-7 cells, RES enhances
the expression of ASPP1, a protein activator of p53 that stimulates apoptosis. RES also upregulates BAX
and p21. Its modulation of Bcl-2 inhibits cancer progression. RES increases p53 expression, reduces
procaspase 8, and activates caspases 7 and 9. In addition, RES induces cell cycle arrest in the S phase
and raises p-Chk2 levels. RES reduces the active form of CDK2 and blocks CDK7 activity. (Shi et al.,
2011; Casanova et al., 2012)

Although resveratrol has shown great potential in breast cancer treatment by multiple pathways
activity, the main issue remains its bioavailability. The chemopreventive site of resveratrol is yet to be
investigated by future research and trials.

Other Natural Compound with Potential
A great deal of research is being conducted to look into more natural compounds and chemicals. As

such, there is optimism that a chemopreventive potential of natural compounds will be found. Some
promising results have been shown with the following compounds

Silibinin (Binienda et al., 2020)

Silibinin is a flavonolignan found in milk thistle (Silybum marianum). It has ability to provoke autophagic
cell death in breast cancer cells by downregulating the Bcl-2 expression and upregulation of Atg12-Atg5
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Table 1. Less common natural compounds and their effect

Natural compound Effect

can treat triple negative breast cancer, reducing side effects of

curcumin, resveratrol (Shindikar et al., 2016)
standard treatment

blocks uncontrolled cell growth and can inhibit the migratory

EGCG (Braicu et al,, 2013) behaviour of triple-negative breast cancer

Carnosol (Al Dhaheri et al., 2014) blocks cell cycle at G2 phase and increases ROS-dependent

apoptosis and beclin-1-independent autophagy

formation and enhancing beclin-1 expression. Silibinin reduces expression of ER« causing cytotoxicity
and inhibits COX-2 expression in breast cancer cells. It also increases efficacy of cisplatin and paclitaxel
sensitise the chemoresistant breast cancer cells.

Rutin (Elsayed et al., 2017)

Rutin is a quercetin 3-O-f-d-rutinoside is a citrus flavonoid glycoside found in many plants including
buckwheat. It promotes apoptosis in breast cancer cells and restores chemosensitivity in HER2 negative/
triple negative breast cancer.

Emodin (lIwanowycz et al., 2016)

Emodin is a compound of the anthraquinone family, that can be isolated from rhubarb, buckthorn, and
Japanese knotweed. It inhibits HER-2/neu tyrosine kinase activity as well as activates apoptosis through
disruption of mitochondrial signalling pathway.

Rosmarinic acid (Juskowiak et al., 2018)

Rosmarinic acid is a phytocompound derived from rosemary. It inhibits breast cancer cell prolifera-
tion through reducing the COX-2 expression, AP-1 activation, and antagonises the ERK1/2 activation.
Rosmarinic acid also suppresses interleukin-8 (IL-8) in the NF-«B pathway and therefore inhibits bone
metastasis.

These studies are very limited, but some of the natural compounds have shown great potential in the
future management/treatment and even prevention of breast cancer and would warrant more studies.

NATURAL COMPOUND IN COMBINATION WITH
TRADITIONAL BREAST CANCER TREATMENT

The traditional treatment of breast cancer has recently been facing more hurdles with well-known drug
toxicity and increasing drug/treatment resistance. Many adverse reactions to chemotherapy or radio-
therapy became part of the treatment. However, due to the increased incidence of breast cancer cases
and improvement in survival, we have to deal with more poor responses to therapy. Particularly in these
cases, the natural compounds showed great potential as many of them can increase efficacy of certain
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chemotherapeutics, or alter multidrug resistance in patients. Much improvement has been noted in the
severity of side effects of the traditional treatment. The following table shows examples of synergic use
of standard therapy and natural compound.

Table 2. Overview of natural compounds used with standard treatment

Natural compound Standard therapy Effect
genistein doxorubicin Synergic (Xue et al., 2014)
equol tamoxifen improves efficacy (Charalambous et al. 2013)
Pomegranate extract tamoxifen increases cell death and enhances inhibition of cell viability
DIM paclitaxel induces appoptosis (McGuire et al., 2006)
rosemary extract tamoxifen, transtuzumab, palitaxel increases activity (Gonzalez-Vallinas et al., 2014)
CONCLUSION

A promising effect has been shown by majority of above mentioned natural compounds. Chemoresistance
or multi-drug resistance has become more of an issue inrecent years. The resistance towards chemotherapy
can be caused by changes to ATP-binding cassette (ABC) transporters that pump anticancer drugs out
of the cells. Much research has been done into chemoresistance. Multiple natural compounds showed
great potential in fighting against chemoresistance and improving the response to traditional drugs, i.e.,
p-elemene, DIM. More research is yet to be conducted to assess pathways in which these compounds
can affect multi-drug resistance (Xu et al., 2012).

Triple negative breast cancer is one of the most aggressive subtypes of breast cancer. It has limited
treatment options due to the lack of therapeutic target. Immunotherapy has shown some great results,
but more research will have to be conducted. As the targeted therapy proved to be the most effective,
more research has been done into looking for potential targets in the therapy of triple negative breast
cancer. A number of natural compounds have been investigated and initial results seem promising, at
least for some of them.

Although this section of the chapter highlighted the most promising pathways of natural compounds,
the majority of them have multiple mechanisms of action. Some of the compounds have also shown great
function while in use with standard therapy. Taking all this into consideration, natural compounds have
a very promising future in cancer treatment. However, bioavailability of these compounds is a common
issue and will need to be addressed. Further research is yet to be done into this problem, but natural
compounds are shown to have a very promising future in breast cancer management (Nobili et al., 2009).
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ABSTRACT

Breast cancer is an aggressive and primary cause of death among women globally. Triple negative breast
cancer (TNBC) is one of the sub types of breast cancer. TNBC lacks the expression of progesterone recep-
tor (PR), estrogen receptor (ER), and human epidermal factor 2 (HER2), which leads to poor diagnosis
resulting in lack of targeted therapies. On the other hand, natural products are also cost efficient, non-
toxic, and abundantly available in nature. Natural products have also been reported to exert various
pharmacological activities including cardioprotective, anti-diabetic, antimicrobial, anti-inflammatory,
etc. In this chapter, summarization of 12 well known natural products such as chebulinic acid, maslinic
acid, apigenin, piperlongumine, Liquiritigenin, berberine, icariin, bufalin, which are targeted against
TNBC through regulation of different pathways, and their mechanism are briefly explained. These natural
products are already used to treat various diseases at the preclinical level and also have shown to have
effective anti-tumor effect and can act as potent anti-TNBC agents.
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INTRODUCTION

Breast cancer is incessant and primary cause of death among women globally (Maurya et al., 2020).
In 2018, around 2,088,849 women were affected which is about 11.6% of all cancer and among which
626,679 women died which is 6.6 percentage of all cancer deaths among women (Bray et al., 2018). In-
dividuals in developed countries, diagnosed with breast cancer have high survival rate than breast cancer
individuals in developing countries (Green and Raina, 2008). The number of breast cancer patients are
two time higher in South East Asia than that of in United States. (Parkin et al., 2005). Globally, India
alone accounts for 2.7% of risk of developing breast cancer along with 1.5 percentage of death risk
(Monica et al., 2020). In USA, breast cancer is more observed in women whose age is in the range of
60-69 (DeSantis et al., 2019). In India, women residing in urban areas, of age between 40-45 were more
prone to breast cancer, while in rural areas women of age between 60-65 were more prone to breast
cancer (Chauhan et al., 2011) along with report of 26% of Northern India women diagnosed with breast
cancer were below 35 years (Agarwal et al., 2007).

Breast cancer has various subtypes based on the presence or absence of progesterone receptor (PR),
estrogen receptor (ER), and human epidermal growth factor-2 (HER2). Triple negative breast cancer
(TNBC) is a class of breast cancer where the expression of PR, ER, and over expression of HER?2 is ab-
sent (Dawood, 2010). Due to absence of receptors, TNBC is aggressive in nature and often leads to poor
diagnosis resulting in lack of targeted therapies (Mersin et al., 2008). TNBC contributes approximately
10 percent of all the breast cancer (De-la-Cruz-Ku et al., 2020). Individuals with TNBC has low survival
rate when compared to non-TNBC (Onitilo et al., 2009). Women under the age of 40 are more prone to
TNBC. There is a two-fold higher risk of TNBC in women under the age of 40 when compared to women
over age of 50 (Trivers et al., 2009). It is reported that in India, TNBC is more common and has higher
incidence when compared to western population (Sandhu et al., 2016). Based on differentiation stages
and expression of cell marks, TNBC are classified into three sub groups which is molecular apocrine,
claudin low and basal like cells. The molecular apocrine subgroup is found in progressive stages and
most differentiated subgroup accounting for 0.5 to 4 percentage of TNBC with characteristics such as
absence of ER, PR and HER?2 with presence of androgen receptor. Basal like subgroup accounts for 75
percentage of TNBC which lacks DNA repair and overexpression of EGFR (Ma et al., 2010). Claudin
subgroup of TNBC consists of poorly differentiated mesenchymal stem cells along with characteristics
of CD**/CD** and upregulation of mesenchymal markers that played an important role in tumour return
(Kwon, 2013). TNBC are further classified into six subtypes based on gene expression, which are basal
like 1 (BL1), basal like 2 (BL2), immunomodulatory (IM), mesenchymal (M), mesenchymal stem like
(MSL), luminal androgen receptor (LAR) which is characterized based on androgen receptor signaling
(Hubalek et al., 2017; Lehmann et al., 2011)

In basal like TNBC cells, it was observed that over expression of EGFR was associated with invasion,
proliferation and vascular formation of cancer (Williams et al., 2015). Tumour proliferation is regulated
by MAPK pathway which when abnormally activated can provide the ability of TNBC cells to prolifer-
ate and resist apoptosis (Kim et al., 2016). Phosphatidylionsitol 3 kinase pathway (PI3K/ AKT pathway)
is mostly targeted for the treatment of TNBC (Delaloge and DeForcevillie, 2017). In normal condition,
PI3K pathway initiate cell cycle progression (Goncalves et al., 2018). Under abnormal condition, PI3K
pathway is activated aberrantly which in turn activates cascade of response that initiates cell growth
to proliferation to cell survival (Pandurangan, 2013). PI3K pathway often communicates with MAPK
pathway to perform their role efficiently (Juvekar et al., 2012). PI3K pathway also initiates cell migration
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(Khan et al., 2019). Other signaling pathways such as DNA repair is also dysregulated in TNBC (Murai
et al., 2012). Wnt / B- catenin signaling pathway is also targeted to treat TNBC cells. Wnt signaling
pathway is found to be activated in TNBC cells which is both Wnt receptor FZD7 and Wnt co-receptor
LRP6 are found to be upregulated in TNBC cells (King et al., 2012).

As TNBC lacks receptors, the cells don’t respond to hormonal therapies or HER?2 targeted drug
therapies. So, the individuals diagnosed with TNBC are treated by chemotherapy and radiotherapy. The
chemotherapeutic drugs that are used against TNBC such as adriamycin, epirubicin causes severe side
effects such as hypercalcaemia, alopecia, infertility (Yip et al., 2014). When the individual is treated with
surgery and radiation therapy, tissue necrosis, pericarditis, rib facture can occur as side effects (Mitra et
al., 2018). Furthermore, chemotherapy leads to decrease in both white blood cells and red blood cells
which results in side effects such as infection and anemia. Fatigue, diarrhea, constipation, change in
skin colour and hormonal changes are some more side effects caused due to chemotherapy (Mitra et al.,
2018). This urges to find an alternative therapy that can target and kill TNBC cells without causing any
side effects and also is active at lower dosage (Kalimutho et al., 2015). Natural products can be used as
alternative therapies for targeting TNBC cells as they are no or less toxic and cost efficient. The objec-
tive of the article is to discuss various natural products and their level of efficiency against TNBC cells.

NATURAL PRODUCTS

Natural products as therapeutic drug has more advantageous than the convention therapy. They are
less toxic, cost efficient and the source is abundantly available. Natural products are used for various
disorders and are classified into two broad sub groups which is flavonoid and alkaloids (Laraia et al.,
2017). The natural products have already been used as therapeutic drugs and proven to be efficient as
antidiabetic (Binh et al., 2020; Aziz et al., 2017), cardioprotective (Patrignani et al., 2021; Hemmati
et al., 2017), antimicrobial (J6zsa et al., 2020; Pandurangan et al., 2016), anti-inflammatory (Saied et
al., 2020), hepatoprotective (Meng et al., 2020; Tzankova et al., 2017), nephroprotective (Mahmod et
al., 2020; Giribabu et al., 2017), and neuroprotective (Wei et al., 2020). Few natural products that are
targeted against TNBC are listed below (Fig. 1).

Chebulinic acid

Chebulinic acid is a hydrolysable polyphonol which is present more in medicinal plants such as phyl-
lanthus emblica, Terminalia arborea and Terminalia chebula (Yi et al., 2009). Chebulinic acid is also
present abundantly in plant foods which is used in traditional Indian medicine, such as “triphala” that
has dried fruits in powdered form of three different plants whose major constituent is chebulinic acid
(Shanmuganathan et al., 2018). Shi et al., (2008) reported that pure form of chebulinic acid inhibits
cancer cell growth both in-vitro and in-vivo. The cytotoxicity of chebulinic acid induced DNA damage
and inhibited DNA gyrase activity (Khan et al., 2018). Chebulinic acid also have anti-angiogenic effect
(Lu et al., 2012), anti-tumour effect against colorectal carcinoma and retinoblastoma cell lines (Reddy et
al., 2009) and anti-migration effect which inhibits migration of smooth muscle cells (Song et al., 2017).
Chebulinic acid targets SODI1 in cancer therapy which is found upregulated in most of the cancer (Papa
et al., 2014) and found in higher level in breast cancer and lung cancer individuals (Gomez et al., 2019).
Inhibition of SODI1 induces apoptosis in cancer cells (Li et la., 2019).
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Sharma et al., (2020) reported that increased level of Chebulinic acid induced cell death in a caspase
independent manner, in MDA-MB-231 breast cancer cells and also reduced proliferative and metastatic
characteristics of triple negative breast cancer. Chebulinic acid inhibited MMP9, reduced the expression
of N-cadherin and negatively regulated mesenchymal characteristics of MDA-MB-231 cells. Chebulinic
acid promoted S phase growth arrest. Chebulinic acid reduced the activity of SOD1 inducing cell death.
Downregulation of SOD1 enhances cellular ROS leading to induction of autophagy. The ability of Che-
bulinic acid to promote apoptosis in triple negative breast cancer cells can result in additional benefit
when used with chemotherapeutic drugs that leads to reduced toxicity, reduced does of chemotherapeutic
drugs resulting in lower level of side effects and reduced overall cost.

Maslinic acid

Olives which is easily available and safe for human body, is associated with low occurrence of Breast
cancer (Bosetti et al., 2003). Olive also reduced the risk of coronary disease (Keys et al., 1984). Maslinic
acid, a phytochemical compound present in the skin of olives Possess efficient anticancer activity (Reyes
et al., 2006). Maslinic acid is also cardioprotective (Nieto et al., 2013), anti-inflammatory (Marquez
Martin et al., 2006), anti-oxidant (Montilla et al., 2003), and anti-hypertensive (Rodriguez-Rodriguez et
al., 2006). In adenoid cystic carcinoma, Maslinic acid altered Ca2p that evoked p28 signaling pathway
resulting in apoptosis (Wu et al., 2011). Maslinic acid enhanced caspase dependent apoptosis pathway
that results in inhibition of tumour growth in pancreatic cancer (Li et al., 2010). Maslinic acid showed
proapoptotic in B16F10 Melanoma cell lines (Parra et al., 2011).

Jain et al., (2020) reported that Maslinic acid inhibited cell proliferation in MDA-MB-468 and MDA-
MB-231cells within 24hlurs of treatment with concentration about 25muM. Maslinic acid also revoked
migratory and adhesive ability of cancer cells. Maslinic acid induced GO/G1 cell cycle arrest. Maslinic
acid increased the expression of CDK4 thus arresting the cells in G1 phase and decreased the expression
of CDK 2. It also increased the expression of Bax and decreased the expression of Bcl-2 which results in
increased Bax/Bcl2 ratio which makes cells susceptible to apoptosis. MAPK/ERK is a supporting factor
for cell survival as well as functions as pro apoptotic factor. Maslinic acid also downregulates survivin
confirming the mechanism of apoptotic action which was caspase 3 independent pathway involving
MAPK/ERK signaling mechanisms. Also, the loss of electro-potential gradient of mitochondria triggered
the caspase independent process and maslinic acid inhibited ROS production resulting in decreased cell
proliferation rate leading to cell death.

Apigenin

Apigenin, a dietary flavone found highly in celery and parsley. It has proven to be a potential sensitizer
to doxorubicin in breast cancer (Seo et al., 2017). Apigenin has the ability to induce intrinsic apoptotic
pathway involving caspase 9 dependent mechanism (Seo et al., 2015). Sugar bound glycoside form of
Apigenin is found in plants (Jiang et al., 2016) that has shown anti-inflammatory activity (Hostetler et
al., 2012). Apigenin has higher affinity to heterologous ribonuclear protein A2/B1 (hnRNPA2) which is
an RNA binding protein that regulates mRNA stability and alternate splicing (Glisovic et al., 2008) and
it is an oncogenic driver which is found highly upregulated in breast cancer (Klinge et al., 2019). Doxo-
rubicin causes cell death through DNA damage by breaking double strand that leads to phosphorylation
of histone H2AX (Rogakou et al., 1998). DNA damage activates caspase 9 dependent intrinsic pathway
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(Norbury et al., 2004) which in turn activates caspase 3 results in cell death (Yang et al., 2001). When
failed to activate caspase 3 the cancer cell acquires resistant to doxorubicin (Hembruff et al., 2008). Over
expression of ATP binding cassette (ABC) efflux transporters such as ABCC1, ABCC4, ABCB1 and
ABCG2 contributes to doxorubicin in triple negative breast cancer. (Gao et al., 2016; Kochel et al., 2017).

Sudhakaran et al., (2020) reported that, Apigenin increased cytotoxicity of doxorubicin causing cell
death. Apigenin reduced growth and viability of MDA-MB-231cells. Apigenin also reduced the expres-
sion of ABCC4 but did not show any effect on SLC22A16 doxorubicin influx transporter. Reduction of
ABCC4 and expression of ABCG2 mRNA in triple negative breast cancer required hnRNPA2, while
expression of ABCB1 and ABCC1 was hnRNPA?2 independent. Apigenin also reduced HIF-1a level
in MD-AMB-231 cells. Thus, hnRNPA?2 plays an important role in Apigenin mediated sensitization of
MDA-MB-231cells, a TNBC to doxorubicin that enhances the activation of intrinsic apoptotic pathway
by triggering caspase 3 activity.

Piperlongumine

Piperlongumine, a bioactive alkaloid which is present in fruit of long pepper plant is commonly used as
spice and traditional medicine to treat various ailments (Prasad et al., 2016) and selectively kills breast
cancer cells (Jin et al., 2014). Cancer cells are sensitive to oxidative stress as they have more ROS (Wang
et al., 2008) and the cytotoxicity activity of Piperlongumine is reason for the oxidative stress due to
increased level of hydrogen peroxide in Piperlongumine treated cancer cell (Huang et al., 2016). Piper-
longumine inhibits JAK2- STAT3 pathways (Chen et al., 2019), NF-kB (Niu et al., 2015), PI3K/Akt
signaling pathway (Shrivastava et al., 2014) and activates proapoptotic C/EBP homologous protein (Jin
et al., 2014).The loss of epithelial properties such as cellular adhesion and acquisition of mesenchymal
Properties which results in motile and invasive cells is known as epithelial to mesenchymal transition
which migrates to distant tissues and develop into new tumour with greater genetic and phenotypic het-
erogeneity (Almendro et al., 2014). Expression of matrix metalloproteineases (MMP) upregulates EMT
activation, invasion and metastasis in breast cancer cells (Radisky et al., 2010).

Delaney et al., (2020) reported that, Piperlongumine treated MDA-MB-231 TNBC cells showed sup-
pressed metastatic activity both in-vitro and in-vivo and altered the expression of EMT. Piperlongumine
also inhibited migration and invasion of MDA-MB-231 cells. Piperlongumine at low concentration
suppressed the expression of MMP2 and MMP9 which aids cancer cells to invade surrounding tissues.
In piperlongumine treated MDA-MB-231 cancer cell, the expression of EMT promoting transcription
factor ZEB1 and slug was decreased along with Increased expression of E-cadherin which is an adhesion
molecule and an epithelial marker. Piperlongumine also suppress TGF beta signaling pathway which
plays an important role in stimulation of EMT, upregulation of MMP2 and MMP9 and cancer progres-
sion. IL-6 which is responsible for aggressive nature of mda-mb-231 cancer cells and induces EMT is
expressed low in piperlongumine treated cancer cell due to decreased expression of ZEB1, the regulator
of IL-6. The decreased expression of metastatic promoting such as IL-6, MMP2, MMP9 and Increased
expression of metastasis suppressing molecule such as E-cadherin was dependent on piperlongumine.
Thus, the anti-metastatic effect of piperlongumine on TNBC cells make them more sensitive to chemo-
therapeutic and ionizing agents.
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Liquiritigenin

Liquiritigenin, extracted from Glycyrrhizae radix, is a natural flavonoid which exhibits various biological
activity such as anti-oxidant (Zhang et al., 2020), anti-inflammatory (Lee et al., 2020), and anti tumour
activity (Wangetal., 2014). Liquiritigenin has inhibited cell proliferation, invasion, migration and epithe-
lial to mesenchymal transition in colorectal cancer cells (Meng et al., 2019). Liquiritigenin also reduces
angiogenesis, tumor growth (Liu et al., 2011) and also enhances cisplatin mediated inhibitory effect
(Shi et al., 2015). BRACI protein is a tumour suppressor Which is important for DNA damage repair
and transcriptional regulation (Ali et al., 2017). BRAC1 mutation or promoter methylation is closely
associated with high risk of sporadic breast cancer (Su et al., 2018) especially TNBC (Zhu et al., 2015).
When BRACI is suppressed, it resulted in malignant cell behavior leading to reduced apoptosis, faster
cell proliferation, migration and invasion (Romagnolo et al., 2015). Therefore, inhibition of BRAC1
mutation or promoter methylation can prevent occurrence of breast cancer.

Liang et al., (2020) reported that, liquiritigenin decreased cell viability and colony formation of
MDA-MB-231 and BT549 cells athigh concentration. Liquiritigenin inhibited cell proliferation, invasion,
migration and increased apoptosis and caspase 3 activity in MDA-MB-231 and BT549 triple negative
breast cancer cells. Liquiritigenin increased the mRNA and protein expression of BRAC1 and upregulated
p21 and growth arrest and DNA damage inducible 45 alpha (GADD45A) gene and decreased cellular
DNA methyltransferase (DNMT) activity along with decreased expression of DNMT1, DNMT3a and
DNMT3b which is alone responsible for inactivation of BRACI1 and also reduced BRAC1 promoter
methylation. Liquiritigenin treated breast cancer cell upregulated E-cadherin as well as downregulated
N-cadherin and MMP-9. Thus, liquiritigenin downregulates DNMT and enhance BRAC1 protein expres-
sion aiding in treatment of TNBC cells.

Berberine

Berberine, an organic heteropentacyclic compound and isoquinoline alkaloid extracted from coptis chi-
nensis and cortex phellodendri chinensis. It is widely used to treat diarrhea caused due to gastroenteritis.
Berberine is characterized as odourless yellow crystalline powder with alkaloid bitterness and is poorly
soluble in water (Feng etal.,2019). Berberine performs various biological activity such as anti-pathogenic
(Kong et al., 2012), anti-diabetic (Chang et al., 2015), cerebrovascular protection (Wang et al., 2012),
blood lipid regulation (Dong et al., 2013) and importantly acts as anti-inflammatory (Zhang et al., 2014).
Berberine has also shown anti-tumor effect (Li et al., 2018) such as inducing apoptosis, autophagy (Wang
et al., 2010), ROS formation (Xie et al., 2015) and cell cycle arrest (Zhuo et al., 2017). Berberine also
regulates NLRP3 inflammasome pathway (Jiang et al., 2017). Inflammation is highly associates with
tumor initiation, progression, metastasis and interaction with environment (Zitvogel et al., 2012). Pro-
inflammatory mediators such as cytokines, chemokines, transcriptional factor from cancer cells play an
important role in regulating signaling pathway and processes involved in oncogenesis. Thus, regulating
inflammatory pathway can aid in prevention of triple negative breast cancer (Hussain et al., 2007). The
NOD like receptor family pyrin containing domain 3 (NLRP3) which consists of NLRP3 oligomers and
apoptosis associated speck like (ASC) adapter protein which plays an important role in innate immune
pathway by activation of caspase 1 which in turn activates IL-1p and IL-18 resulting in induction of
pyroptosis and malignant transformation (Kantono et al., 2017). It is also involved in the development
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of various inflammatory disorders such as Inflammatory bowel disease (Nunes et al., 2013), pancreatitis
(Antonucci et al., 2015) and increase the risk of cancer (Karki et al., 2017).

Yao et al., (2019) reported that, berberine reduced the cell viability with increase in LDH leakage
indicating the cytotoxicity level of berberine in MDA-MB-231 cells within 48 hours. Berberine also
inhibited cell migration and colony formation in MDA-MB-231. The Secretion of pro Inflammatory
cytokines such as IL-lalpha, IL-1p, IL-6 and TNF- alpha was reduced in berberine treated MDA-
MB-231 cells resulting in inhibition of maturation of cells. Berberine also downregulated the expression
of mRNA and proteins involved in inflammasome cascade. P2X7 which is essential for cell triggering
NLRP3 inflammasome pathway and cancer cell invasion associated with metastasis is downregulated in
berberine treated MDA-MB231 triple negative breast cancer cells. In Berberine treated MDA-MB-231
cells, the expression of mRNA and protein of nod like receptor protein (NLRP3), ASC, and pro caspase
1 were downregulated along with decreased activity of caspase 1 and expression of IL-16 and IL-18
at low level. Thus, berberine acts as effective anti-tumor agent by preventing TNBC proliferation and
metastasis through inhibition of NLRP3 inflammasome pathway.

Icariin

Icariin which is extracted from Herba epimedii, is a prenylated flavonol glycoside (Pan et al., 2007).
Icariin has shown numerous pharmacological action which includes antidepressant, cardiovascular
protective, osteogenic and immunomodulatory actions (Xu et al., 2007). Icariin has also proven to be
an effective NF-xB inhibitor to improve fanconi anemia hematopoietic stem cell function (Su et al.,
2018). Icariin also have shown anticancer activity in gastric, lung and prostate cancer cells (Geng et al.,
2014). NF-xB is an important B cell specific transcription factor that regulates cell proliferation, inhibits
apoptosis, increases cell migration and invasion and also regulates metastasis and angiogenesis (Zhang et
al., 2017). Oxidative stress, DNA damage results die to activation of NF- Kappa B (Karin et al., 2005).
The activity of NF-kB is observed in various types of cancer including breast cancer, colorectal cancer
(Staudt et al., 2010). NF-xB plays an important role in cancer development, on activation of NF-kB, it
induces metastatic activation through epithelial to mesenchymal transition (Karagiannis et al., 2017).
NF-kB enchants cancer cell migration and invasion through induction of MMP2 and MMP9 (Huang et
al., 2001). NF- B also regulates proliferation of regulatory T cells and transcription of PD-L1 (Maeda
et al., 2018). Thus, inhibiting NF-kappa B prevent TNBC occurrence.

Song et al., (2020) reported that, icariin inhibited cell proliferation and viability of MDAMB231
and murine breast cancer 41T cell line in time and dose dependent manner. Icariin caused cell death in
MDA-MB-231 and 41T cells by upregulating Bax along with suppression of Bcl2 and ROS formation
through alteration in mitochondrial membrane potential, leading to activation of mitochondrial mediated
apoptotic pathway. Icariin treated MDA-MB-231 cells inhibited NF-kappa B pathway by upregulation
of SIRT6 which is a specific histone H3 lysine 9 (H3k9) deacetylase and aid in gene suppression that
leads to inhibition of metastasis and invasion. Icariin also enhanced the expression of E-cadherin. Thus,
icariin prevents TNBC cell proliferation through inhibition of NF-kB signaling pathway and inducing
mitochondrial mediated apoptosis.
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Curcumol

Curcumol, a natural compound which has various therapeutic and beneficial effect and is extracted from
curcuma longa plant (Li et al.,2019). The anti-tumour activity is a contribution of various other activities
exerted by Curcumol such as anti-inflammatory, anti-oxidant, pro apoptotic, anti-cell adhesion activity
and its role in cell cycle arrest (Wei et al., 2019; Li et al., 2018). Curcumol also inhibits the migration
and invasion activity of breast cancer cell by regulating NF-kB dependent expression of MMP9 by block-
ing JNK/AKT signaling pathway (Ning et al., 2016). Curcumol treated MDA-MB-231 cells inhibited
proliferation and induced apoptosis by activation of tumor suppressor protein p73 and pro apoptotic
protein PUMA (Huang et al., 2017). Curcumol also deactivated pro survival signaling such as ERK and
Akt which was induced pro apoptotic effect in non-small cell lung cancer and nasopharyngeal carcinoma
(Cai et al., 2017). Tumor cells during their metastasis, they detach from their primary site, invade blood
vessels and proliferate in distal organs (Hu et al., 2020). On losing interaction with extracellular matrix
or neighboring cells, the tumor cells might undergo anchorage dependent programmed cell death and
the process is referred as anoikis (Ishikawa et al., 2015). Cytoskeleton disruption accompanied by cell
matrix dissociation, induces anoikis which releases pro apoptotic factor such as Bim or death factors such
as Fas from sequestered state (Paoli et al., 2013). Tumor cells can acquire resistance to anoikis either
by gene mutation or over expression of anti-apoptotic proteins (Kim et al., 2012). Anoikis resistance of
tumor cells help them to escape from apoptosis and allows anchorage independent cell growth (Paoli et
al., 2013). Thus, anoikis resistance is one of the important features of cancer metastasis (Wang et al.,
2009) and also it upregulates genes involved in epithelial to mesenchymal transition such as Zeb1 and
Skp2 which acts as indicator of anoikis resistance (Takeyama et al., 2010). Skp2 is a F-box protein and E3
ubiquitin ligase (Zhang et al., 2016), besides anoikis resistance, it also promotes invasion and metastasis
in several cancer types (Zhang et al., 2018). YAP1 could regulate cell ploidy and tumorigenesis through
Skp2 and affect the anoikis process in various cancer types (Zhang et al., 2017).

Recently, Li et al., (2020) reported that Curcumol suppressed the viability of attached and suspended
IV2-1 TNBC cells. Curcumol inhibited cell migration and invasion of TNBC cells and the expression of
genes related to EMT such as vimentin, Zeb1 was decreased. Curcumol also induced apoptosis in IV2-1
cells. In IV 2-1 cells, expression of Skp2 was high and Bim was low on suspension culture condition.
When the IV2-1 cells were treated with Curcumol, it inhibited the anoikis resistance by downregulating
Skp2 and downstream effectors in suspended condition. Curcumol can inhibit Skp2 on both mRNA and
protein level through regulation of YAP1/TEAD4 signaling. Curcumol treated IV2-1 cells promoted
phosphorylation of YAP1 and decreased the expression of YAP1 protein. Thus, Curcumol is an effective
Skp2 targeted therapy that suppress anoikis resistance and metastasis and prevented tumor development
in TNBC cells.

Celastrol

Celastrol which is found in the roots of a Chinese herb Tripterygyium wilfordi and is a natural phyto-
chemical that acts as anti-cancer agent in various cancer types by exerting proapoptotic, anti-angiogenic,
anti-metastatic and anti-inflammatory (Kashyap et al., 2018). Anti-metastatic ability of celastrol was
observed in ovarian cancer (Wang et al., 2017), chondrosarcoma (Wu et al., 2017) and osteosarcoma
(Yuetal., 2016). Celastrol suppress the mTOR pathway and inhibited breast cancer cell growth, both in
vivo and in vitro (Li et al., 2018). Celastrol also Inhibits the growth of breast cancer cell by regulating
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estrogen receptor alpha (Jang et al., 2011). Celastrol induces apoptosis and increase the level of ROS
formation and Inhibits cell viability in breat cancer cells (Kim et al., 2013). Celastrol also induce ROS
production and mitochondrial dysfunction and inactivates PI3K pathway and protein kinase B pathway
resulting in apoptosis of TNBC cells (Shrivastava et al., 2015). Interleukin-6 which is a multifunctional
cytokine that controls cells growth, angiogenesis, and other progression in various cancer types (Taher
et al., 2018). IL-6 also serves as negative prognosticator in breast cancer cells (Kniipfer et al., 2007).
IL-6 is important for the growth of TNBC cells and is found in high level (Hartman et al., 2013). NF-kB
regulates the expression of IL-6 through binding sites within the IL-6 promoter area and this mechanism
plays an important role in breast cancer progression (Okamoto et al., 2016). Inhibition of IL-6 can reduce
the metastatic capacity of cancer cells (Jayatilaka et al., 2017) and cell viability, colony formation can
also be inhibited (Fu et al., 2018). Inhibition of NF-kB/IL-6 signaling pathway can suppress migration
and angiogenesis of TNBC cells (Liang et al., 2020).

Yan et al., (2020) reported that Celastrol at the concentration of 2 or 5 pM inhibited cell viability of
MDA-MB-231 and MDA-MB-468 TNBC cells within 24 hours. Celastrol also suppressed the migra-
tion and invasion of TNBC cells with its anti-metastatic ability. IL-6 is expressed in high level in breast
cancer cells and it’s is found to be higher in MDA-MB-231 compared to MDA-MB-468 TNBC cells.
Celastrol decreased the expression of IL-6 and thus blocked migration and invasion of TNBC cells.
Celastrol induced accumulation of IkB-a through phosphorylation of IKB-alpha that leads to reduction
of p65 which results in inhibition of activation of NF-«xB signaling pathway, due to which the expression
of IL-6 was decreased. Thus, Celastrol can act as novel agent to treat TNBC by inhibiting migration and
invasion through blocking NF-xB/IL-6 signaling pathway.

Bufalin

Bufalin is a cardiotonic steroid which is obtained from the venom of toad that exerts various pharmacologi-
cal functions such as blood pressure stimulation, pain relief and anti-inflammation (Calderén-Montafio
et al., 2014). Toad skin and toad skin extract are used as traditional medicine in China and also used in
cancer treatment (Qi et al., 2010). Bufalin is also used to treat various cancer types including breast can-
cer (Lan et al., 2019). Bufalin can effectively inhibit cell proliferation, metastasis, invasion and induced
apoptosis and promote cell cycle arrest in cancer cells (Wang et al., 2018; Feng et al., 2018). And also,
bufalin exerts their functions without causing any side effects (Takai et al., 2012). The normal cell mark-
ers are present in a small portion in cancer cells which is known as cancer stem cells [CSCs] (Creighton
et al., 2009). The cancer stem cells (CSCs) possess low sensitivity and higher resistance towards drug
and irradiation (Pavlopoulou et al., 2016). Cancer stem cells are the reason for recurrence and metastasis
of cancer cells (Peitzsch et al., 2017). Therefore, targeting CSCs and non- CSCs can effectively inhibit
cancer cell growth. Y-box 2 (SOX2) is a transcription factor sex determining region which is found to be
highly expressed in TNBC cells which results in poorer differentiation and less survival rate of individu-
als (Yao et al., 2018). SOX2 can acts as tumor promoter by regulating cell proliferation and metastasis
(Liu et al., 2018). The expression of octamer binding transcription factor 4 (OCT4) is also found cancer
cell and is associated with poorer prognosis of TNBC post-surgery (Zhang et al., 2018).

Chen et al., (2020) reported that bufalin promoted G2/M cell cycle arrest and induced apoptosis in
MDA-MB-231 and HCC1937 TNBC cells. Bufalin also induced apoptosis in TNBC cells. Bufalin treated
TNBC cells inhibited cell proliferation by promoting G2/S cell cycle arrest and decreasing the entry of
cells into G1/GO phase. Bufalin treated MDA-MB-231 and HCC1937 TNBC cells had reduced ability

53

printed on 2/11/2023 1:06 AMvia . Al use subject to https://ww.ebsco.conlterns-of-use



The Molecular Mechanisms Involved in Suppressing Triple Negative Breast Cancer Using Natural Agents

Figure 1.

OH
HO,
Ho o OH
OH
P o,
o
e OH
HO.
0 \A:é/'l/o
HO' Q o f
HO N
OH
HO'
HO.
o OH

o

Chebulinic acid

(0] (0] _N
O
N = O\ |
| CHy O,
o/ 3
O\

Piperlongumine

©/0H i

Liquiritigenin Icariin OH

Celastrol

to form spheroids. Bufalin also reduced the expression of SOX2 and OCT4 at mRNA level. Bufalin also
reduced the self-renewal ability of TNBC cells. Thus, bufalin can acts as therapeutic agent for TNBC
through SOX2/0CT4 pathway.

CONCLUSION

Triple negative breast cancer is one other destructive form that is difficult to treat due to the lack of key
receptors. There are lot of research is undergoing by researchers from all over the world. Natural products
are an alternative medicine that is available cheap and potent. We here in report that natural products
such as Bufalin, Curcumol, Berberine, Celastrol, chebulinic acid, maslinic acid, apigenin, piperlongu-
mine, Liquiritigenin, and icariin were potentially inhibiting the proliferation of TNBC cells. In addition,
they try to inhibit the key signaling mechanism and induce apoptosis. We conclude that, these natural
products are effective in preclinical level and it should be tested in clinical setting.
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Table 1. List of natural products and their mechanism of action against TNBC

S.No

Name of the
natural product

Cancer model

Mechanism of action

References

Chebulinic acid

MDA-MB-231 TNBC cells.

o Induced cell death in a caspase dependent manner.
e Reduced proliferation and metastatic.

e Reduced MMP9, N-cadherin expression.

® S phase cell cycle arrest.

e Downregulated SOD1 and induced autophagy.

Sharma et al., 2020.

Maslinic acid

MDA-MB-231 TNBC cells and MDA-
MB-468 TNBC cells.

e Inhibits cell proliferation

 Inhibits migration and suppresses adhesive ability

© Induce GO/G1 cell cycle arrest

o Increased expression of CDK4, Bax

® Decreased the expression of CDK2, Bcl2 and induce apoptosis
which is caspase 3 independent pathway involving MAPK/ERK
signaling mechanism.

Jain et al., 2020.

Apigenin

MDA-MB-231 TNBC cells.

 Increased cytotoxicity of doxorubicin

© Reduced the growth and viability of cells

© Reduced the expression of ABCC4

© Reduced HIF-alpha protein level

o Enhanced the activation of intrinsic apoptotic pathway by
triggering caspase 3 activity

Sudhakaran et al., 2020.

Piperlongumine

MDA-MB-231 TNBC cells.

e Suppresses the metastatic activity of TNBC cells.

o Alter the expression of EMT

o Inhibited migration and invasion of cells

® Suppresses the expression of MMP2 and MMP9

e Decreased the expression of ZEB1 and slug and increased
E-cadherin expression and also suppressed TGF beta signaling
pathway

o IL-6 was expressed at lower level

Delaney et al., 2020.

Liquiritigenin

MDA-MB-231 TNBC cells and
BT549 cells.

e Decreased cell viability and colony formation

o Inhibited cell proliferation, invasion, migration and increased
apoptosis and caspase 3 activity

o Increased the expression of BRAC1 and upregulates p21 and
GADD45

e Decreased DNMT activity

e Upregulates E-cadherin and downregulates N-cadherin and
MMP9

Liang et al., 2020.

Berberine

MDA-MB-231 TNBC cells.

® Reduced cell viability and induced high cytotoxicity level

o Inhibited cell migration and colony formation

o Downregulated T2X7 expression

o Downregulated the expression of NLRP3, ASC and pro caspase
1

o IL-1 beta and IL-18 was expressed at lower level.

Yao et al., 2019.

Icariin

MDA-MB-231 TNBC cells and
murine breast cancer 41T cell line.

 Inhibited cell proliferation and viability

o Upregulated Bax and suppressed Bcl2 and ROS formation
leading to activation of mitochondrial mediated apoptotic
pathway

© Inhibited NF-kappaB pathway by upregulating SIRT6 leading
to inhibition of metastasis and invasion of cells

o Enhanced the expression of E-cadherin

Song et al., 2020.

Curcumol

IV2-1 TNBC cells.

o Suppress the viability of attached and suspended cells

o Inhibited cell migration and invasion and expression of genes
related to EMT

o Induced apoptosis

o Inhibited anoikis resistance of cell by downregulating Skp2

o Inhibited Skp2 through regulation of YAP1/TEAD4 signaling.

Lietal., 2020

Celastrol

MDA-MB231 cells and MDA-
MB-468 cells.

o Inhibited cell viability of cancer cells within 24 hours

o Suppress the migration and invasion of cells

e Decreased the expression of IL-6

o Induced accumulation of IKB-alpha leading to reduction of p65
level which inhibited the activation of NF-kB signaling pathway.

Yan et al., 2020.

Bufalin

MDA-MB-231 cells and HCC1937
TNBC cells.

o Promoted G2/M cell cycle arrest

© Induced apoptosis

o Inhibited cell proliferation by promoting G2/S cell cycle arrest
and decreasing the entry of cells in to G1/GO phase

© Reduced the expression of SOX2 and OCT4

© Reduced the self-renewal and spheroids forming ability.

Chen et al., 2020.
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ABSTRACT

Colorectal cancer (CRC) is one of the common types of cancer affecting humans. The treatment of CRC
involves surgery and chemotherapy. CRC treatment using the conventional chemotherapeutics has a
negative burden on the patient’s health as a result of high toxicity, occurrence of side effects, and drug
resistance. Therefore, there is a pressing need to discover more effective and efficient approaches and
drugs for treating CRC. This chapter will shed more light on the conventional treatment of colorectal
cancer. This chapter discusses the natural products that have anti-CRC effects such as the polyphenols
(curcumin, resveratrol), irinotecan, Ganoderma lucidum, cannabinoids, flavonoids, and terpenes.
Furthermore, this chapter also highlights the importance of combination chemotherapy (conventional
therapy and natural products) in treating CRC. It is believed that this area of research could be a prom-
ising approach to minimize side effects and drug resistance linked to the conventional chemotherapy.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth leading cause of cancer-related deaths worldwide and the third
most occurring type of cancer (followed after lung and breast) (Ferlay ef al., 2015). Statistics from
GLOBOCAN in 2012 revealed 1.6 million new cases of CRC and about 694,000 deaths were recorded
annually from CRC (Ferlay et al., 2015). CRC occurrence and progression are dependent on multiple
factors ranging from age, gender, family history, region and personal history (Peng et al., 2018; Shen et
al., 2018). Lichtenstein et al. (2000) reported that CRC is susceptible to inheritance with an estimation
risk of 12-35% linked to genetic factors. CRC development can be closely linked to genetic changes
which include microsatellite instability (MSI), KRAS, BRAS and PIK3CA mutations (Ogino et al., 2011).
Wasserman and colleagues revealed that loss of SMAD4 is a marker for CRC patients (Wasserman et
al., 2019). Other studies have revealed that obesity and smoking are risk factors for CRC (Ogino et al.,
2013; Suzuki et al., 2014). However, the risk of CRC can be minimal with proper dietary pattern and
lifestyle (Peters et al., 2015). Jeffrey and Williams (2005) reported that carcinogens challenge daily DNA
repair mechanism through multiple ways which include diet. Studies have shown that calcium intake is
inversely correlated to CRC risk (Zhang et al., 2016; Yang et al., 2019). Calcium helps in modulating T
cell function which in turn helps in the preventing CRC (Zhang et al., 2016). Jayasekara and colleagues
revealed that alcohol intake increased the risk of CRC by causing KRAS mutation (Jayasekara et al., 2017).

Natural products have manifested great biological activities against tumor development even in
high-risk population. For instance, Yuan and colleagues revealed that in a high-risk population of breast
cancer among Chinese women as a result of genetic disposition, intake of green tea leads to a risk reduc-
tion for breast cancer in the population (Yuan et al., 2005). In a similar study, it was reported that the
consumption of decaffeinated green tea extracts reduced the risk of breast cancer (Samavat et al., 2017).
Therefore, in this chapter, we focus on the application of natural products and combination therapy in
colorectal cancer treatment.

CONVENTIONAL TREATMENT OF COLORECTAL CANCER

Conventional treatment of CRC is basically surgery and chemotherapy. At early stage of CRC, surgi-
cal resection is commonly used to remove the tumors. Metastatic form of CRC occurs as a result of
late detection of colorectal tumor, fast development of colorectal tumor and partial surgical removal of
colorectal tumors. In the metastatic form of CRC, the principal therapeutic approach is chemotherapy.
The classification of chemotherapeutic agents is based on their actions on DNA replication inhibitors
and mitosis inhibitors (Lindskog et al., 2014). Chemotherapeutic drugs include alkylating agents, anti-
tumor antibiotics, antimetabolites and so on. The commonly used chemotherapeutic agents to combat
CRC are the oxaliplatin (platinum derivatives), capecitamine, 5-fluorouracil (5-FU) (antimetabolites)
and irinotecan. The front-line chemotherapeutic treatment of advanced CRC involves the use of 5-FU
with leucovorin singly or in combination with oxaliplatin (de Gramont et al., 2000). Similarly, Douil-
lard et al. (2000) also revealed from their experiment that the chemotherapeutic treatment of metastatic
CRC involves 5-FU or the combination of 5-FU with irinotecan. A possible way of improving the treat-
ment and delaying the adverse effects is the use of combinational therapy (Bastos et al., 2010). Drug
resistance and toxicity are associated with the use of chemotherapy. Combination therapy manifests a
better result when compared to monotherapy (Nautiyal et al., 2011). Chemotherapeutic drugs affect both
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tumor cells and healthy cells. This might lead to serious side effects in CRC patients. Chemotherapeutic
drugs destroy not only the tumor cells, but also erythrocytes, leucocytes, and hair follicle cells (Gerber,
2008). Side effects differ depending on chemotherapeutic drugs. Side effects associated with 5-FU in-
clude vomiting, nausea, diarrhea, headaches, skin pruritus, myelosuppression, anemia, cardiotoxicity,
anxiety and hair loss (O’ Connor, 2015). Side effects associated with oxaliplatin include neuropathy, loss
of hearing, nausea, vomiting, neutropenia, low level of potassium in the body, and renal failure (Ehrsson
et al., 2002). As aresult of the numerous adverse side effects caused by chemotherapeutic drugs, drug’s
efficacy is limited. Therefore, this chapter reviews the effectiveness of natural products in treating CRC
and also the combination of natural products with the conventional chemotherapeutics in treating CRC.
This can improve the quality of life of CRC patients and also improve the efficacy of CRC treatment.

NATURAL PRODUCTS IN COLORECTAL CANCER THERAPY

Natural products are bioactive substances present in plants (carotenoids, flavonoids, terpenoids), mush-
rooms and bacteria. Natural products might exhibit chemopreventive effects on DNA (Nobili ez al., 2009).
Natural products are the origin of many of the current anti-cancer drugs, such as irinotecan, vincristine
and paclitaxel, and products derived from plants. Newman and Cragg (2016) reported that about 50%
of the anti-cancer drugs are directly or indirectly linked to natural products. Pan and colleagues reported
that some natural compounds can regulate signaling pathways and control gene expressions associated
with cell differentiation and apoptosis (Pan et al. 2011). Although, natural products are beneficial due
to their pharmacological activities. However, some products can be toxic and have an adverse effect on
the body. The use of conventional chemotherapy in colorectal cancer has revealed some limitations and
current research includes using combined therapy which involves the use of conventional chemothera-
peutics together with a natural compound or multiple natural products. Singh and colleagues reported
that the use of combined therapy is more effective than the conventional chemotherapy (Singh et al.,
2013). Housman et al. (2014) reported that the use of combined therapy, that includes conventional
therapeutics and a natural product, reduces the resistance to anticancer drugs because the combined
therapy targets many metabolic pathways. Natural products can be classified according to their function,
chemical structures and pathway of action. Considering chemical structures, natural products can be
classified as terpenes, carotenoids, phenolic compounds (flavonoids, tannins, coumarins resveratrol),
alkaloids, organosulphates and polysaccharides. Natural products have provided a novel approach to
cancer therapy. The paragraphs below summarized natural products studies relating to CRC.

Ganoderma lucidum

Ganoderma lucidum (GL) is one of the mushrooms used in Asian countries, generally called ‘Reishi’
in Japan and ‘Ling Zhi’ in China. Accumulating evidence revealed that GL has a remarkable benefit
in preventing and treating different types of cancer, especially colorectal cancer (Lu et al., 2001). GL
has anti-inflammatory and immunomodulating effects (Chang et al., 2014). The bioactive components
in GL with anti-tumor activity are two groups of compounds which are polysaccharide (GLP) and
lanostaine-type triterpene (GLT). The polysaccharides contain glycan and glyprotein while the triterpene
contains ganoderic acid, ganoderic alcohol with its derivative (Boh, 2013). Some studies revealed that
the main function of the polysaccharide in GL is to activate neutrophil, dendritic cell, lymphocytes and
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the natural killer cell (Zhu et al., 2007; Hua et al., 2007). Some other studies also revealed that GLP has
anti-inflammatory, hypoglycemic and anti-tumor effects and its use leads to reduction in oxidative DNA
damage and inhibition of the formation of reactive oxygen species (ROS) (Sliva, 2003; Chang et al.,
2014). Studies revealed that triterpene component of GL aid the inhibition of farnesyl protein transferase
activity and also inhibit Sa-reductase activity (Lee et al., 1998; Liu et al., 2006), GLT also suppresses
the proliferation of HT-29 colon carcinoma cells. In a paper by Lu and group, mice were injected with
dimethyhydrazine (DMH) for a period of 10weeks to induce colon cancer. After the development of
colon cancer, rats were then fed with water-soluble fraction of GL for 10 weeks. The early changes seen
in the development of colon cancer is the formation of aberrant foci of crypts. In this study, the number
of the aberrant crypts reduced in the GL group revealing the therapeutic role of GL in colorectal cancer
(Lu et al., 2001). GL also reveal a protective effect against the formation of aberrant cyst when used as
combination therapy with anti-cancer drug 5-FU. In another manuscript by Watanabe and group, rats
were given azoxymethane (carcinogenic compound) subcutaneously once a week for a period of three
weeks and then 5-FU (anti-cancer drug) was given intraperitoneally three times in a five-day interval. A
group of mice received 5-FU in combination with GL, and it was observed that though 5-FU decreased
the formation of aberrant cyst, more reduction was observed in the group with combination of 5-FU
and GL, in the study, intestinal injury was caused by 5-FU and was later corrected by GL (Watanabe et
al.,2013).

Irinotecan and SN38

Irinotecan (CPT-11) plays the role of DNA topoisomerase I inhibitor that stops DNA replication and
obstructs RNA synthesis (Font et al., 2002). CPT-11 has interesting antitumor properties against meta-
static CRC (mCRC). Irinotecan can be used alone as a conventional treatment against CRC but studies
have revealed that it has better anti-tumor effect when combined with 5-fluorouracil (5-FU) for mCRC
treatment (Rougier et al., 1997; Douillard et al., 2000). Another alkaloid is SN38, it is an antineoplastic
drug. Itis an irinotecan analog. Al-Kasspooles and group reported that it has an inhibitory effect against
malignant cell growth (Al-Kasspooles et al., 2013). SN38 helps in inhibiting vascular endothelial growth
factor (VEGF) and also aids the inhibition glioma cells’ angiogenic activity. Studies have shown that
despite the antitumor effect of CPT-11 and SN28, both have been linked to toxicity such as neutropenia
and diarrhea (Hamano et al., 2019; lihara et al., 2019).

Curcumin

Curcumin is well-known for its chemopreventive properties. Tong and colleagues revealed that curcumin
has an anti-inflammatory and anti-tumoral activity (Tong et al., 2016). Johnson and Mukhtar reported
that in vitro studies of tumor cells in breast, liver and colon revealed that curcumin has antitumor effects
(Johnson and Mukhtar, 2007). Camacho-Barquero and group reported that curcumin exhibits inflamma-
tory activity by limiting the production of TNF-a and IL-6 (Camacho-Barquero et al., 2007). In addition,
curcumin might induce pro-apoptotic proteins’ synthesis (such as Bax, Bak, Noxa) and impede anti-
apoptotic proteins (such as Bcl-2, Bel-xL) (Chen et al., 2011). It also helps to stop metastases development
by reducing VEGF and matrix metalloproteases (Durko and Malecka-Panas, 2014). Curcumin improves
the effectiveness of conventional chemotherapy. Patel and group revealed that curcumin improves the
effects of 5-fluorouracil (5-FU) and oxaliplatin in balancing growth inhibition of colon cancer cells by
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regulating EGFR and IGF-1R (Patel et al., 2008). Another study also revealed that the use of combina-
tion therapy that includes curcumin and bevacizumab helps in the inhibition of tumor growth (Yue et
al., 2016). Finally, Curcumin when used in association with FOLFOX chemotherapy, inhibits cancer
cells and prevents colorectal and liver metastases (James et al., 2015).

Resveratrol

Resveratrol is normally synthesized by plants as a result of pathogens attack by bacteria or fungi. It
usually occurs in many plants such as peanuts, grapes, blueberries, and raspberries. Previous studies
revealed that resveratrol plays a role in organism lifecycle regulation by acting as silent information
regulation 2 homolog 1 (SIRT1), and also downregulates cyclooxygenase inflammation mediator en-
zyme, it has inhibitory potential against different types of cancer, which include breast cancer, gastric
cancer, hepatocellular carcinoma and leukemia (Puissant et al., 2010; Bishayee et al., 2010). Resveratrol
can also be used in combination with other chemotherapy molecules like 5-FU, mitomycin, oxaliplatin,
curcumin and other natural products. Fulda and Debatin reported that resveratrol stimulates HCT116
(tumor cell line) and p53-deficient HCT116 colorectal carcinoma cell line leading to apoptosis in both
lines (Fulda and Debatin, 2004). The use of 5-FU in CRC patients causes cytotoxic oxidative stress, and
when resveratrol is used in combination with 5-FU, it aids the stimulation of SW620 and HT-29 cell
lines (Santandreu et al., 2011), which helps in reducing the stress. Resveratrol is very effective when
used with other chemotherapeutic agents at a dose of about 1g (Patel ef al., 2010).

Cannabinoids

Cannabinoids are obtained from the plant called cannabis (Cannabis sativa). This plant contains three
bioactive components which include flavonoids, terpenoids and cannabinoids (Chakravarti et al., 2014).
Cannabinoids have a therapeutic potential for cancer and studies confirming this claim have been shown
in experimental models of CRC, brain tumor, breast cancer, melanoma and prostate cancer (Velasco
et al., 2016). Studies in animal models have revealed that cannabinoids have antitumor effects in vivo
and in vitro by different mechanisms such as inducing apoptosis in cancer cells, proliferation inhibition
(Hermanson and Marnett, 2011; Pisanti et al., 2013). The apoptosis induction by cannabinoids is achieved
through the upregulation of stress related genes (ATF-4, TRB3), ROS accumulation, proapoptotic pro-
teins (BAX, caspase 3/9) activation and cell cycle arrests (Borelli ef al., 2014). As reported by Velasco
and colleagues, another mechanism of apoptosis induction is the ceramide enhanced production via the
mitochondria pathway (Valesco et al., 2005). In this pathway, proapoptotic proteins are released into the
cytosol binding together with cytochrome c, Apaf-1 and procaspase 9 to form the apoptosome leading
to morphological and biochemical changes observed in apoptosis (Elmore, 2007). Cannabinoids aids
the inhibition of proliferation and tumor growth. Studies revealed that the treatment of CRC cell lines
with A°- tetrahydrocannabinol which is the most active component of cannabis leads to inhibition of
RAS-MAPK and PI3k-AKT pathways through the activation of CB-1 receptor (Velasco et al., 2005).
The importance of cannabinoids in treating CRC includes the upregulation of estrogen receptors, pro-
inflammatory markers reduction, antiangiogenic effects and mitotic catastrophe.
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Flavonoids

Flavonoids are mostly present in plant stems, leaves, seed and flowers. They are abundant in fruits and
vegetables products including red wine, tea, coffee and some medicinal herbs (Nimptsch et al., 2016).
Studies have shown that flavonoids have many beneficial effects in diseases like cancers, Alzheimer’s
diseases and atherosclerosis (Castaneda-Ovando et al., 2009). Flavonoids possess antioxidants properties,
reduce proliferation of cancer cells, inhibit angiogenesis and enhance apoptosis (Lambert et al., 2005).
Flavonoids have the potential to alter cellular enzymatic functions such as cyclo-oxygenase (COX),
lipoxygenase and xanthine oxidase, thus having a protective role in CRC (Metodiewa et al., 1997). Fla-
vonoids are classified into many subtypes depending on their chemical structure; the subtypes include
flavanonols, flavanols, neoflavanoids, isoflavones flavones, anthocyanins, flavanones and chalcones
(Panche et al., 2016). The therapeutic effect of each of the subtypes and their molecular mechanism in
CRC are discussed below.

Flavones

Flavones are mostly found in plants usually as glucosides. Flavones have different subclasses. In relation
to CRC, the most investigated among flavones are luteolin, apigenin and tangeritin. Rossi and colleagues
performed a case control study; 1,953 cases of CRC in comparison with 4,154 patients having acute
non-neoplastic diseases. They investigated the association between different subtypes of flavonoids
consumption with CRC. In this study, it was reported that flavones intake leads to reduction in CRC
risk with an odd ratio of 0.78 in the group receiving flavones (Rossi et al., 2006). In animal models,
Ashokkumar and Sudhandiran performed an experiment investigating the effects of luteolin in Balb/c
mice after azoxymethane was used to induce colon cancer. Luteolin reduced the number of aberrant crypt
foci (ACF), so diminishing the lipid peroxidation. Azoxymethane induces CRC by inhibiting antioxidant
enzymes such as SOD (superoxide dismutase), GPx (glutathione peroxidase), CAT (catalase) and GR
(glutathione reductase). However, luteolin enhances the antioxidants’ enzymes activity (SOD, GPx,
GR and CAT). In this study, it was reported that luteolin has chemopreventive properties against CRC
(Ashokkumar and Sudhandiran, 2008). Leonardi and group also performed a study using rats. In the
study, Azoxymethane (AOM) was used to induce CRC in the rats. Results in the study revealed that 0.1%
apigenin diet decreased the number ACF and increased apoptosis of CRC cells (Leonardi ef al., 2010).

Flavonols

Flavonols belong to a flavonoids’ subgroup and are mostly found in fruits and vegetables, playing a role
in defense against UV radiation and infection from pathogen. The most investigated among flavonols’
subclasses are fisetin, myricetin, kaempferol, and quercetin. Other sources of flavonols are tea, onion,
tomato, apple, lettuce and grape. In a clinical study by Farsad-Naeimi and colleagues, 37 CRC patients
that were undergoing chemotherapy were registered in the study. It was reported that fisetin (100 mg)
ameliorates the inflammatory condition in CRC patients, which underlines its antitumor properties
(Farsad-Naeimi et al., 2018). An in vitro study by Hosokawa and group revealed that quercetin reduced
the growth of COLO320 DM cells (colon cancer cell line) by halting cell in G /S boundary and influence
the synthesis of cell-cycle related 17-kDa proteins (Hosokawa et al., 1990). In a similar study, Ranel-
letti and colleagues revealed that quercetin reduces p21-ras K- H-, and N-ras proteins CRC cell lines
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and colorectal tumors (Ranelletti ef al., 2000). Raja et al. (2017) also performed a study to investigate
the cytotoxic activity of quercetin on colonic cancer cells. It was reported in this study that quercetin
partially inhibits COX-2 enzyme which in turn results in ROS accumulation and also induced cancer
cells’ activity (H-29, HCT15) via caspase-3 activation. Quercetin can also be used in combination with
other chemotherapy. An observational study by Cruz-Correa and group revealed that combined therapy,
that includes quercetin and curcumin, could decrease adenomatous polyps number and size in patients
with familial adenomatous polyposis (Cruz-Correa et al., 2006). Studies have also shown that quercetin,
when used with aspirin or NSAIDs, reduced colon cancer risk (Simons et al., 2009; Kyle et al., 2010).

Flavanones

Flavanones are mostly found in citrus fruits. Reports have revealed that flavanones have anti-inflamma-
tory, anticarcinogenic, antihypertensive and antioxidants properties (Tripoli et al., 2007). Investigated
subclasses of flavanones include hesperetin, naringenin, rutinosides and neohesperidosides. In vivo and
in vitro studies have shown the inhibition of low-density lipoprotein oxidation and (HMG)-COA reduc-
tase after treatment with hesperetin (Bok ef al., 1999). In a similar study, Aranganatha and colleagues
performed an experiment investigating the effect of hesperetin on male colon cancer-induced Wistar
rats (DMH). It was found that hesperetin decreased the number of ACF formed and also improved tissue
lipid peroxidation. It was also revealed that hesperetin regulates xenobiotic-metabolizing (Aranganathan
et al., 2009a; 2009b). In another study, it was reported that hesperetin reduces cell proliferation, inhibits
angiogenesis and reduces COX-2 mRNA expression, which in turn results in apoptosis in male Wistar
rats (Nalini et al., 2012). In addition, another study revealed that naringenin reduces the growth of colon
cancer cells in rats (Kuo, 1996). In fact, it was demonstrated that a nanocarrier (naringerin encapsulated
soluthin-maltodextrin-based nanocarrier) improves the chemotherapeutic efficacy of naringenin against
CRC (Chaurasia et al., 2017).

Flavanols

Flavanols are mostly found in plants. The main subclass associated with CRC is the flavan-3-ols, and it
is mainly found in tea (Cassidy et al., 2010). Cocoa is also rich in flavanols. Flavanols have a positive
impact on health; they are effective antioxidant possessing anticarcinogenic properties. They have a thera-
peutic effect against viruses and microbes and also protect from cardiovascular diseases. They have also
shown therapeutic effects on CRC. (Aron and Kennedy, 2008). In a study where 34,651 postmenopausal
women were registered, and followed-up from 1986 to 1998 including 635 colon cancer and 132 rectal
cancer cases, it was revealed that the consumption of catechin (flavan-3-ol) reduced the incidence rate
of rectal cancer (odd ratio, 0.55), but had no effect on colon cancer (odd ratio, 1.10) (Arts et al., 2002).
Randomized clinical trial studies revealed that daily consumption of 0.9-1.5g green tea for a period of
12 months reduces the colorectal adenoma risk (Shimizu et al., 2008; Shin et al., 2018). Previous studies
have also revealed the anticarcinogenic effects of cocoa. Cocoa alters many carcinogenic pathways by
inhibiting proliferation and inducing apoptosis in animal models (Martin et al., 2013). An in vivo study
also revealed the inhibition of colon cancer by cocoa-rich diet (12%). Wistar rats were induced with AOM
and coca-rich diet prevented oxidative stress and inhibited cell proliferation through apoptosis. The diet
also reduced NF-kB levels and pro-inflammatory enzymes (COX-2) in the colon (Rodriguez-Ramiro ef
al., 2013). Asano and colleagues reported that epigallocatechin gallate (EPCG, type of catechin) also
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possesses preventive properties against cancer (Asano et al., 1996). Results from a study revealed that
treating mice with EGCG significantly reduced cell growth (58%) and proliferation (27%) of xenocrafts
of colon cancer, when the experimental group was compared with the control group (Jung et al., 2001).
Chen and group also suggested that EGCG suppresses Wnt/p-catenin pathway and angiogenesis (Chen
et al., 2017). Combination therapy of flavanols, in a study that included 36 patients with resected colon
cancer and 51 patients after polypectomy, it was revealed that the combination of flavonoid mixture
including daily intake of 20 mg apigenin and 20 mg EGCG reduced the neoplasia recurrence rate in
resected colon treatment patients (47% in control, 7% in treated patients) (Hoensch et al., 2008).

Anthocyanidins

Anthocyanidins are plants pigment. They are naturally found in grapes such as red and merlot grapes
and berries such as blackberries, blueberries, strawberries, cranberries and raspberries. Anthocyani-
dins are structurally stable and have anti-inflammatory, antiviral and anti-cancer activities. The most
investigated anthocyanidins include cyanidin, peonidin, malvidin and delphinidin. In a clinical study,
a total of 1,953 patients (1,225 colon cancer; 728 rectal cancers) were followed-up for four years after
dietary intervention of different subclass of flavonoids. It was reported that a significant reduction in
the risk of CRC was observed in three subclasses of flavonoids (flavons, flavonols and anthocyanins)
(Rossi et al., 2006). In a study by Cooke et al. (2006), a group of ApcMin mouse models of intestinal
carcinogenesis was supplemented with a mixture of cyanidin-3-glucoside and anthocyanin berries extract
which comprises 15 components such as glucose, arabinose, galactose, cyanidin, peonidin, malvidin
and delphinidin (mirtoselect). Another group of ApcMin mice were given only cyaniding-3-glucoside.
It was reported that both mirtoselect and cyanin-3-glucoside improve the small intestine functions, but
anthocyanidine appears to be more efficient than the cyanin-3-glucoside. Acai (Euterpe oleracea) which
is a good source of anthocyanin, prevents colon cancer. Studies have revealed that 2.5% and 5% acai
powder inhibits CRC development and induces apoptosis in DMH and AOM-induced CRC in animal
models (Fragoso et al., 2013; Romualdo et al., 2015).

Terpenes

Terpenes are natural products that showed potential in preventing cancer. They are constituents of es-
sential oils and mostly found in tea, citrus fruits and cannabis. In vivo and in vitro studies have revealed
the antiproliferative role that terpenoids play in different type of cancers, including CRC (Huang et al.,
2012). Terpenoids are oxidized terpenes and are classified as mono, di, oligo and polyterpenes. The
therapeutic effects of the different classes of terpenoids are discussed below.

Monoterpenes

Monoterpenes are mostly found in citrus fruits, lemon grass, ginger, aromatic herb oils, nutmeg, oregano
and citronella oil. Mostly investigated monoterpenes include d-limonene, carvacrol, d-carvone and gera-
niol. D-limonene chemotherapeutic effect against CRC is linked to apoptosis induction and the regulation
of polyamine metabolism. Jia et al. (2013) revealed that d-limonene induces apoptosis in LS174T colon
cancer cells by increasing Bax/Bcl2 ratio, and also upregulating caspase-3, caspase-9 and cytochrome-c.
Kawamori and colleagues performed an in vivo study to investigate the effect of d-limonene on F344
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rats after inducing the rats with AOM. D-limonene was added to the drinking water. It was observed
that d-limonene reduces the number of aberrant crypt foci (ACF) and also regulates the activity of
ornithine decarboxylase (ODC), which suggests the chemopreventive nature of d-limonene. Likewise,
previous studies also reported the chemopreventive effects of carvacrol against colon cancer. In fact, it
was revealed that carvacrol has the potential to enhance endogenous antioxidants (SOD, CAT and GSH),
ACEF reduction and oxidative stress attenuation (Arigesevan and Sudhandiran, 2015; Sivaranjani et al.,
2016). D-carvone potential to regulate oxidative stress revealed its uniqueness in CRC therapy. In an in
vivo study by Vinothkumar and group, CRC was induced in rats via DMH and d-carvone supplement
effectively inhibited the DMH effect to induce pre-neoplastic colon injury (Vinothkumar et al., 2013).
Geraniol has also been shown to possess an anti-proliferative effect against CRC cell lines. The effect
of geraniol with dose range between 100 and 500 uM was assessed in Caco?2 cells and it was revealed
that the concentration of 400 uM inhibited 70% cell growth. Reduction in the activity of ornithine de-
carboxylase (ODC) in addition to the increase in the activity of S-Adenosylmethionine Decarboxylase
(AdoMetDC) in colon cancer cells suggests its potential to induce intracellular polyamine degradation
pathway which in turn induced apoptosis (Carnesecchi et al., 2001). As regards combination therapy,
Carnesecchi and colleagues furthered the study by investigating the anti-proliferative effect of the mixture
of geraniol (400 uM) and 5-FU. It was revealed that the mixture of both (400 uM geraniol and 5-FU)
exerts an anti-proliferative effect that doubles the effect obtained when 5-FU was used alone. In facts,
it was revealed that geraniol improved the transport of 5-FU and also inhibited intestinal hydrolases
expression and therefore halting the differentiation of cancer cells (Carnesecchi et al., 2002).

Sesquiterpenes

They are mostly found in higher plants, marine organisms and fungi. Most investigated sesquiterpenes
include the isobutyroplenolin, arnicolide D, costunolide and zerumbone. Huang et al. (2014) reported
that isobutyroplenolin and arnicolide D inhibit cell proliferation and cause apoptosis in HT-29 (colon
cancer cells) via NF-kB inhibition and increase in the production of ROS. In another study, Tanaka et al.
(1995) reported that costunolide reduced the number of ACF, as well as the activity of ODC in AOM-
induced CRC in rats. It was also reported that supplement of zerumbone to AOM+DSS administered in
rats lowers NF-kB and heme oxygenase (HO)-1 expression, and this can be linked to its anti-proliferative
properties (Kim et al., 2009).

Diterpenes

Diterpenes can be found in plants, bacteria, fungi and other animals. Investigated diterpenes include
andrographolide, carnosol, pseudolaric acid, triptolide and kahweol. Studies have revealed that androgra-
pholide has a cytotoxic effect on different cell lines which include melanoma, leukaemia, breast cancer
and colon cancer (Rajagopal et al., 2003; Nanduri ef al., 2004). Shi and colleagues reported that colon
cancer cell line with androgapholide influence p53, p16 and p21 expression which in turn leads to the
delay in G1-S phase (Shi et al., 2008). A study revealed that daily supplementation of andrographolide
at two different doses (250mg/kg, 500mg/kg) reduced ACF and also the cell proliferation marker PCNA
in AOM-rats’ colon (Al-Henhena et al., 2014). Pseudolaric acid B is a type of diterpene that is found at
the bark of the tree Pseudolarix kaempferi Gordon and it is mostly used in anticancer research because
of its cytotoxic effects against different type of cancer cells (Pan et al., 1990). Ko and colleagues revealed
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that pseudolaric acid B causes cytotoxicity in HT29 cells through DNA fragmentation, G2/M phase ar-
rest, and cyclins modulation (Ko et al., 2007). Carnosol causes mitochondrial mediated apoptosis via
the generation of ROS. It also increases the expression of p53. Moran and group studied the effect of
carnosol on adenoma formation in a C57BL/6J/Min+ (Min/+) mouse model, which has a mutation in
APC (adenomatus polyposis gene) gene. It was reported that carnosol supplementation reduced tumor
multiplicity by 44% (Moran et al., 2005). Triptolide is a diterpenoid that is found in Tripterygium wil-
fordii (a Chinese medicinal herb). It was revealed that SW114 colon cancer cells treated with triptolide
decrease NO and PGE2 production and down-regulation of iNOS, and COX2 (Tong et al., 2007). In
combination therapy, the use of triptolide with oxaliplatin has antitumor effects on colon cancer. In a
specific study, a nude mouse model affected with tumor was treated with triptolide and oxaliplatin.
Results reported a significant decrease in the tumor size compared to those treated with either triptolide
or oxaliplatin (Liu ef al.,, 2014).

Tetraterpenoids

Tetraterpenoids are generally found in fruits and vegetables, especially in tomatoes and carrots. Most
investigated tetraterpenoids include lycopene and f-carotene. Scolastici et al. (2007) reported that tetra-
terpenoids protect vital biomolecules (DNA, enzymes, protein), which in turn prevent cancer initiation.
The treatment of HT-29 and HCT-16 cells with lycopene is associated with a decrease in cell growth.
In a study conducted by Dias and colleagues, it was reported that lycopene supplements decrease the
ACF, PCNA and p53 and therefore induce apoptosis in rats exposed to DMH (Dias et al., 2010). In a
similar study by Tang et al (2008), it was reported that lycopene causes cytotoxic reaction on HT-29
cells by down-regulating Akt signaling pathway and thus induces apoptosis. Other studies have shown
that p-carotene supplements inhibit tumor progression in AOM-induced rats by reducing aberrant crypt
formation (Choi et al., 2006; William et al., 2009).

CONCLUSION

This chapter summarizes previously published works on natural products found in plants and other
sources, and their chemopreventive properties and anti-tumor effects against CRC. Natural products have
antioxidant (chemoprotective) and prooxidant (pro-apoptotic) properties, which confirms its antiprolifera-
tive actions. Conventional chemotherapy poses many burdens on patient’s health, but the use of natural
products in combination has been shown to reduce the toxic issue by conventional chemotherapeutic
agents, such as 5-FU or oxaliplatin. Combining natural products with the conventional chemotherapy
seems to be a promising approach in reducing the risk of CRC because combined therapy targets multiple
signaling pathways. Also, there is dearth of information about clinical trials involving the use of natural
products against CRC. Therefore, more studies are needed.
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Table 1. Summary of natural products and their effects on CRC

Compounds Mode of Action/Effects References
Ganoderma lucidum Reduction in oxidative DNA damage and inhibition of the formation of reactive oxygen )
i Sliva, 2003; Chang et al., 2014.
species (ROS).
Irinotecan DNA replication and obstructs RNA synthesis Font et al., 2002.
SN 38 Inhibiting vascular endothelial growth factor (VEGF) and angiogenic activity of glioma
Al-Kasspooles et al., 2013.
cells.
Curcumin Reduce the production of TNF-a and IL-6. It also induces pro-apoptotic proteins (Bax, Camacho-Barquero et al., 2007; Chen
Bak, Noxa) and impede anti-apoptotic proteins (Bcl-2, Bel-xL) etal., 2011.
Resveratrol Downregulates cyclooxygenase inflammation mediator enzyme Puissant et al., 2010
Cannabinoids apoptosis in cancer cells, proliferation regulation and angiogenesis Hermanson and Marnett, 2011
Flavonoids
Flavones Luteolin Reduction in the number of aberrant crypt foci (ACF) and lipid peroxidation Ashokkumar and Sudhandiran, 2008
Apigenin Decrease in the number ACF and increase apoptosis of CRC cells Leonardi et al., 2010
Flavonols Fisetin Induces apoptosis Farsad-Naeimi er al., 2018
Quercetin Reduces the growth of colon cancer cell by halting cell in G /S boundary, reduces p21- | Hosokawa et al., 1990; Ranelletti et
ras K- H-, and N-ras proteins CRC cell lines and colorectal tumors. al., 2000
Flavanones Hesperetin Inhibition of low-density lipoprotein oxidation and (HMG)-COA reductase, decreased Bok et al., 1999; Aranganathan et al.,
the number of ACF formed and also improved tissue lipid peroxidation. 2009a; 2009b
Naringenin Inhibits cell proliferation Kuo, 1996.
Flavanols Catechin Inhibits cell proliferation and induces apoptosis Martin ez al., 2013
Epigallocatechin gallate Suppresses Wnt/p-catenin pathway and angiogenesis Chen et al., 2017
Anthocyanidins Cyanidin-3-glucoside (C3G) | Reduces adenoma number Cooke et al., 2006
Agai powder/pulp (AP)* Reduction in number of invasive tumor and multiplicity, reduction in the number of ACF | Fragoso et al., 2013
Isoflavones Soy Isoflavones Reduction in ACF and expression of COX-2 Min et al., 2010
Genistein Reduced tumor number, enhanced enterocyte migration rate, and adherens junction .
i . L . Javid et al., 2005
proteins (E-cadherin and b-catenin), increased the expression of ERb
Calycosin Reduced tumor growth via ERB-mediated regulation of the IGF-1R, PI3K/Akt signaling
. i Zhao et al., 2016
pathways and of miR-95 expression
Terpenes
Monoterpenes D-limonene Increases caspase-3, -9 and Bax/Bcl2 and also reduction in ACF, AgNOR count. Kawamori et al., 1996
Perillyl alcohol Down-regulation of ras and p34, cyclin D1 and E, Cdk4, Cdk2 which in turn leads to
. Bardon et al., 2002
growth arrest in the G1 phase.
Carvacrol Upregulation of SOD, catalase, GSH and downregulation of NO, iNOS, IL-1p. . .
. Arigesavan and Sudhandiran, 2015
Reduction of ACF
D-Carvone Regulate oxidative stress and reduces ACF Vinothkumar et al., 2013
Geraniol Induce intracellular polyamine degradation pathway which in turn induced apoptosis Carnesecchi et al., 2001
Sesquiterpenes Isobutyroplenolin and . . o X .
L Induction of apoptosis and inhibition of cell proliferation Huang et al., 2014
Arnicolide
Costunolide Reduction in the number of ACF and in the activity of ODC Tanaka et al., 1995
Zerumbone Lowering NF-kB and heme oxygenase (HO)-1 expression which in turn leads to X
o i (Kim er al., 2009
inhibition of cell proliferation
Diterpenes Andrographolide Influences p53, p16 and p21 expression which in turn leads to delay in G1-S phase Shi et al., 2008
Pseudolaric acid Causes DNA fragmentation, G2/M phase arrest and cyclins modulation Ko et al., 2007
Carnosol Causes mitochondrial mediated apoptosis via the generation of ROS. Increases the
i Moran et al., 2005
expression of p53.
Triptolide Decreases NO and PGE2 production and down-regulation of iNOS and COX2 Tong et al., 2007
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ABSTRACT

Colorectal cancer (CRC) is one of the causes of cancer-related mortalities across the globe. Epidemiological
studies reveal the risk factors for CRC are genetic and environmental factors. The current therapeutic
methods for CRC are associated with side effects and drug resistance. Gut microbiome therapy is one of
the recent approaches for the prevention of CRC, reducing its progression and improving the effective-
ness of colorectal cancer treatment by modulating the gut microbiome. The use of phytoconstituents is
another approach. These compounds increase the gene expression of the cell cycle inhibitors and protein
levels. This chapter summarizes the role of the gut microbiome and modification of the gut microbiota
to improve treatment efficacy and minimize adverse effects of CRC therapies. Natural candidates like
gut microbes and plant-derived bioactive components demonstrate their efficacy in appropriate in vivo
models and clinical studies, which may lead to the discovery of alternative therapies for colorectal cancer.
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Figure 1. Stages of Colorectal cancer (Courtesy by biorender.com)
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INTRODUCTION

Carcinogenesis is a multistage process consisting of initiation, promotion, and progression phases
involving sequential generations of cells that exhibit continuous disturbance of cellular and molecular
signal cascades (Rajamanickam & Agarwal, 2008). Cancer is a disease in which some cells of the body
proliferate uncontrollably, multiplies incessantly, form tumor, spread to other regions of the body, and
encourages growth of blood vessels to obtain nutrients. A tumor can be of two types, malignant and
benign. Malignant tumors are more dangerous that can easily metastasize by entering into the blood
circulation or lymphatic system. Whereas, a benign tumor can grow but restricted to one area and will
not spread (Pandurangan et al., 2016). These changes are caused by both genetic and environmental
factors and usually take years to develop.

There are more than 120 different types of cancers. Among them colorectal cancer (CRC) is one of
the most common types of cancers in humans and is closely linked to the global cancer-related mortali-
ties worldwide. Figure 1 shows the stages of colorectal cancer. Signs and symptoms of the disease may
include blood in the stools, changes in bowl movement, weight loss and fatigue.

Prevention of CRC usually depends on screening methods to diagnose adenomatous polyps which
are precursor lesions to colon cancer. The present treatment for colon cancer is generally based on using
cytotoxic drugs, radiotherapy, chemotherapy, and surgery. Apart from these treatments, natural products
are also used for the treatment and control of colon cancer progression (Aiello et al., 2019).

Intestinal dysbiosis plays an important role in CRC development. The gut microbiota contain a large
population of microorganisms that interact directly with host intestinal cells and can affect immunity
and metabolic activities in the gastrointestinal tract (Guinane & Cotter, 2013). Significant changes in
composition and quantity of specific bacteria can be detected in patients with CRC and might use as
biomarkers for disease screening, prognosis and to predict its response to treatment (Villéger et al.,
2018). Different approaches including prebiotics, probiotics, postbiotics, antibiotics, and fecal micro-
biota transplantation (FMT) have been used to implement gut microbiome (KaZzmierczak-Siedlecka et
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al., 2021). These approaches show promising results, arbitrarily by correcting microbiome composition,
regulate innate immune system, preventing pathogen colonization and exerting selective cytotoxicity
against tumor cells (Fong et al., 2020).

Throughout history, natural products or herbal drugs have played important role in the treatment of
human ailments. The crucial role played by natural products from medicinal plants in the discovery and
development of novel anti-colon cancer agents (Benarba & Pandiella, 2018). Historically, plants have
been rich sources of natural product drug discovery, and in the anticancer area. Plant-derived product,
such as vincristine, etoposide, paclitaxel, docetaxel, topotecan, and irinotecan, are among the most ef-
fective cancer chemotherapeutics currently available (Cragg & Pezzuto, 2016).

The potential of natural compounds such as flavonoids, anthocyanins, alkaloids, carotenoids, and
terpenoids for cancer prevention has been widely investigated (Camara et al., 2021). So many shreds of
evidence supporting that moderate consumption of fruits and vegetables are correlated with decreased
risk of CRC (Liang & Binns, 2009). Some natural compounds have the ability to modulate signalling
pathways as well as to regulate the expression of genes involved in cell cycle regulation, differentiation,
and apoptosis. As wellbeing useful in the prevention, some of these molecules could be also helpful for
the treatment of CRC (Redondo-blanco, 2017). There is a resurgence of interest in natural products such
as medicinal plants and their extracts as an alternative solution to curing CRC (Graziani et al., 2018).

The study of nutrition’s influence in the cancer process spans a wide range of topics. As research
progresses, it is increasingly obvious that nutrition plays a significant role in cancer. Colorectal cancer
outcomes may be influenced by nutrients. (Donaldson, 2004). (Du & Fang, 2015). Selenium, folic acid,
vitamin B-12, vitamin D, and Vitamin C (ascorbic acid) have all been suggested as potential agents for
preventing colorectal cancer in a cancer prevention diet. Some studies, however, concluded that these
nutrients had no effect on the incidence of colorectal cancer. The supplemental nutrient dose, the time
required to notice the effects, and confounding circumstances throughout the trial could all have an im-
pact on the role of nutrients in colorectal cancer prevention (Du & Fang, 2015). At the higher quintiles,
vitamin B6 and vitamin B12 consumption protects against colon cancer. At all levels of consumption,
dietary vitamins E and C are significantly protective against colon cancer, with a dose-response impact.
Some dietary micronutrients with antioxidant qualities (vitamins C and E) and those involved in DNA
methylation, synthesis, and repair (folate, vitamins B6 and B12) may have a role in lowering colorec-
tal cancer risk (Kune & Watson, 2006). In various genetic models of bowel cancer, vitamin D and its
equivalents diminish the growth of colon cancer xenografts and suppress carcinogenesis. In agreement,
treatment with vitamin D3 and calcium has been demonstrated to inhibit dietary initiation of colon cancer
in mice, a model of sporadic colon cancer (Muzny et al., 2012). Vitamin D suppresses Wnt signalling.
1,25D3 increases Vitamin D receptor (VDR)/B-catenin interaction in tumour cells, inhibiting -catenin
nuclear translocation. (Klampfer, 2014).

The current therapies available are not sufficiently effective and their efficacy is limited by the side
effects of the drugs and/or the development of resistance. Therefore gut microbiome therapy and use of
plant natural products have received great attention for colon cancer prevention owing to their various
health benefits, noticeable lack of toxicity and side effects.
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COLORECTAL CANCER (CRC)
Aetiology

According to the data from GLOBOCAN in 2012, there were 1.6 million new cases of CRC and 694,000
people that die from CRC every year (Huang et al., 2019). Recent data of GLOBOCAN 2020 estimates,
19.3 million new cancer cases and almost 10.0 million cancer deaths occurred worldwide in 2020, with
an estimated 10% diagnosed as colorectal cancer and nearly 9.4% of cancer deaths are due to CRC.
World Health Organization (WHO) in 2019 estimated cancer is the first or second leading cause of
death before the age of 70 years. In 2020, out of 36 different cancers, 732,210 (3.8%) numbers of new
cases and 339,022 (3.4%) deaths are due to CRC. CRC is the third commonest neoplasm in both men
and women (Sung et al., 2021). CRC is increasingly being diagnosed by colonoscopy nowadays, both at
an early stage and advanced stage. Colorectal cancer (CRC) is one of the most common cancers. CRC
is now ranked third in occurrence and second in mortality rate among all other cancers globally. CRC,
which is also known as bowel cancer, colon cancer or rectal cancer is the development of cancer from
the colon. The progression of colorectal cancer is caused by a multiple factors, such as age, diet, obesity,
smoking, family history, gender, region, and personal history are the major risk factors to cause the CRC
(Huang et al., 2019). Signs and symptoms may include blood in the stool, a change in bowel movement,
weight loss, and fatigue. Colon or rectum is located at the lower end of the digestive tract. Early-stage
colon cancer starts as non-cancerous polyps. It does not show any symptoms then it can be detected by
screening. This is a very common type of preventable cancer. Generally, in CRC 71% are in the colon
and 29% are in the rectum. From 2008 to 2014, the incidence of CRC decreased slightly in men (2.2%
per year) but remained stable in women. The mortality rate of CRC was decreased up to 1.8% per year
among men and 1.4% per year among women from 1999 to 2015. Nearly 70% of CRC occurs in the
average risk individuals, 25% of the patients are with a family history of CRC and about 10% are with
hereditary colorectal cancer syndromes (Ahmed, 2020).

Risk Factors for CRC

Both genetic and environmental factors play an important part in the aetiology of colorectal cancer. In
most western populations, the average lifetime risk factors for colorectal cancer range is 3-5% (Kuipers
et al., 2015). Most of the colon cancers about 95% are considered sporadic, which means the genetic
changes develop by chance after a person is born, and also there is no risk of passing these genetic
changes onto one’s children. However, some of the following factors are responsible for the risk to get
colorectal cancer in persons those include, age, race, gender, family history of colorectal cancer, rare
inherited conditions, physical inactivity and obesity, food/diet and smoking and alcohol consumption.

Age, Race, and Gender
Age factor is one of the risks of colorectal cancer in which it increases as people get older. Majority of
colorectal cancer occur in people older than 50 years. The CRC in people of age group 50 to 79 years and

40 -49 years group are more frequent to get the colorectal cancer of stage III and stage IV (Steele et al.,
2014). It has been suggested that the average age at the time of diagnosis for men is 68, for women is 72.
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Food/Diet

Diet has been a popular subject for colorectal cancer research. Dietary fibers are open for future prospects.
Several authors have asserted a protective role for calcium, vitamin D, and other dietary factors such
as foliate, vitamin B6, magnesium, garlic, omega-3-fatty acids. On the other hand, frequent consump-
tion of red meat and fat has been associated with increased risk for the development of colon cancer
(Hadjipetrou et al., 2017).

Obesity

Obesity is one of the relative risk for colorectal cancer, depending on the country. Colorectal cancer
risk is more in male with obese as compared to obese female (Bardou et al., 2013). Body mass index
(BMI) is important for healthy person and diseased person and for CRC, each 2kg/m? increase weight
accounted for a 7% of chance of getting high-risk colorectal cancer (Tandon et al., 2015)

Family History of Colorectal Cancer

Most colorectal cancers are found in people with a family history of colorectal cancer as many as 1 in 3
people who develop colorectal cancer have other family members who have had it, people, with a history
of colon cancer in the first degree of relative (parent, sibling, or child) are at increased risk (Henrikson
et al., 2015).

Smoking and Alcohol Consumption

Several shreds of evidence show that 12% of deaths are attributed to smoking, evidence also demonstrates
an earlier average age of onset of colorectal cancer among men and also alcohol consumption is a factor
in the onset of colorectal cancer at an younger age (Haggar & Boushey, 2009).

TYPES OF COLORECTAL CANCER AND MOLECULAR CHARACTERISTICS

Several types of CRC are known, the most common one is adenocarcinoma. Others include carcinoid
tumors, gastrointestinal stromal tumors, and colorectal lymphoma. Hereditary colorectal cancers (several
generations of a family have had colorectal cancer) include hereditary non-polyposis colorectal cancer
(HNPCC) and familial adenomatous polyposis (FAP).

The major cause for colorectal cancer is probably the genes that are affected by cancer-causing muta-
tions, their normal functions, and their carcinogenic effects when mutated (Ahmed, 2020). Understand-
ing of the molecular genetic processes occurring in cancer depends on the identification of both high
and low-penetrance mutations (De’angelis et al., 2018). This facilitates the development of therapeutic
drugs and preventive strategies. In addition to that, gene-gene and gene-environment interactions have
a significant influence on susceptibility to colorectal cancer.

There is a definitive genetic etiology for approximately one-third of most of the familial cases of CRC
(Hisamuddin & Yang, 2006). Formation of precursor lesions in the form of either adenoma or hamartoma
is the characteristic of these genetic predispositions to CRC (Chapelle, 2004).
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An adenoma is derived from cells of the colonic epithelium and hamartoma from cells of the stroma.
However, both lesions pose an increased risk for CRC. The majority of the genes involved in hereditary
CRC syndromes are tumor suppressor genes (TSGs), and mutations in these genes are transmitted in the
germline. The primary cause for the two major types of familial predisposition to adenoma formation:
FAP and HNPCC are the mutations in the adenomatous polyposis coli (APC) and mismatch repair (MMR)
genes respectively. Familial predisposition to hamartoma formation is also called juvenile polyposis syn-
drome (JPS) and contains many sub-types. The following Table 1 has the summary of various hereditary
colorectal cancer and polyposis syndromes with regard to the mechanisms of action of the respective
TSGs responsible for the various hereditary colorectal cancer syndromes (Kinzler & Vogelstein, 1998).

Diagnostics of Colorectal Cancer

Most of the tumors are localized in the rectum (37%), and sigmoidal (31%), being less frequent in as-
cending colon (9%), cecum (8%), descending colon (5%), transverse colon (4%), hepatic angle (4%),
and splenic angle (2%).

Endoscopy

For the diagnosis of colorectal cancer, colonoscopy is the best method of choice. Colonoscopy identi-
fication of advanced lesions is relatively straightforward, but early colorectal cancers might appear as
very subtle mucosal lesions.

Imaging

CT colonography is used as acomplementary imaging method for the diagnosis of polyposis and colorectal
cancer. Imaging methods are mostly used for accurate locoregional (done by MRI) and distant staging.

Laboratory Methods of Diagnosis for CRC

In addition to obtaining a complete blood count, the elevated baseline carcino-embryonic antigen
concentrations are determined at the time of diagnosis. An elevated baseline is associated with worse
prognosis, and concentrations that do not normalise in the post-operative phase which might indicate
as residual disease (Paulus, 2020).

Therapeutic Actions Toward Colorectal Cancer

Surgery

Stage 0 cancer can be treated by removing cancer cells by colonoscopy. For stage I, II and III cancer,
it is necessary to perform surgery by using radical colectomy, the laparoscopic approach is to be con-
sidered a safe and traditional open approach for colorectal cancer. In patients with stage III colorectal

cancer receive the complimentary chemotherapy after surgery for 6 to 8 months, in order to improve the
symptoms and prolonged survival (Xu et al., 2020).
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Table 1. Summary of various hereditary colorectal cancer and polyposis syndromes

Risk of

Syndrome Genes Inheritance CRC Mechanism Reference
Adenomatous polyposis syndrome
Familial (Kinzler et al., 1991)
adenomfellous APC AD 1 Germline mutations in the APC gene. (Nishisho I'et al,
polyposis 1992)
(FAP) (Groden et al., 1991)
Attenuated FAP APC AD >90% Mutations in the APC transcript (extreme 5’ or 3’ terminus) (Soravia et al., 1998)
Transversion mutation (T to A) in nucleotide position 3920 of (Steven I. Laken
The APCI11307K | APC the APC coding region and consequent substitution of amino o ’
X AD ~10% X K h X . X . Gloria M. Petersen,
mutation 11307K acid lysine (K) residue for an isoleucine (I) residue in 1307 1997)
position of the APC protein.
The absence of critical function of MMR genes leads to the
accumulation of errors in repeated DNA sequences called
microsatellites. HNPCC patients exhibit microsatellite (Papadopoulos &
Hereditary hMLH1 instability (MSI). Mutations in the MMR genes leads to apadop
. . L Lindblom, 1997)
nonpolyposis hMSH2 inactivation of downstream genes due to MSI. There are some (Markowitz et al
colorectal hMSH6 AD 0.8 of the target genes exhibiting cell proliferation regulation like 1995) v
cancer or Lynch hPMS1 type II receptor for transforming growth factor p (TGF-p RII), (Souza et al., 1996)
syndrome hPMS2 the receptor for insulin-like growth factor II (IGFIIR), and (Rampino e;al 1997)
BAX that is involved in the control of apoptosis. Inactivation P ”
of these genes leads to a derangement in cell proliferation and
subsequent tumor formation.
. hMLH1
Muir-Torre hMSH? AD 0.8 Same as Lynch syndrome (Irfan et al., 2006)
MY H-associated The MYH gene functions in base excision repair (BER) and
s MYH AR 1 bi-allelic mutations leads to the phenotype, now called MYH- (Sieber et al., 2003)
polyposis X .
associate polyposis (MAP).
Hamartomatous (juvenile) polyposis syndrome
(Hemminki et al.,
1998)
Peutz-Jeghers LKB1/ AD 04 In more than half of the patients with PJS, germ-line mutations ﬁiimn?ri W
syndrome (PJS) STK11 : of the LKB1/STK11, a serine-threonine kinase gene are found. . i )
Friedel, S Loff, R
Jeschke, O Miiller, W
Back, 1998)
Juvenile polyposis SMAD4 10%— Mutation in the following three genes have been linked to (Olschwang et al
ool POWPOSIS | gMPRIA AD 0% IPS, the TGF-p signalling genes SMADA and BMPRIA, and | | goc’ getal,
PTEN ? PTEN, a tumor suppressor gene with phosphatase activity.
Cowden PTEN AD No Mutations in PTEN (Marsh et al., 1999)
syndrome change
Bannayan-
Riley-Ruvalcaba PTEN AD 10%-40 Mutations in PTEN (Marsh et al., 1999)
syndrome
Others
Turcot’s APC
syndrome (FAR hMLHI AD 1 Associated with MMR mutations. (Soravia et al., 1998)
variant) hMSH2
Hereditary
mixed polyposis Unknown AD 0.3 Unknown (Irfan et al., 2006)
syndrome

AD=Autosomal dominant; AR=Autosomal recessive
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Radiotherapy for Colorectal Cancer

A several historical trials have shown that the benefit of pre-operative radiotherapy while opposed to
post-operative radiotherapy, which reduces the risk of local recurrence. The absolute risk reduction is
achieved by preoperative radiotherapy that depends on the clinical stage and quality of surgery (Paulus,
2020).

Chemotherapy

Adjuvant chemotherapy for patients with stage II and stage III colon cancer shows benefit for patients
after surgery (Varghese, 2015). The chemotherapeutic drugs such as 5-Fluorouracil (5-FU), Irinotecan,
Oxaliplatin, Trifluridine and Tipiracil (Lonsurf) are used to treat the colorectal cancer (Goyle & Mara-
veyas, 2006).

Immunotherapy

It is a new mode of cancer treatment and has the most promising role in gastrointestinal malignancies.
T-cell mediated immune suppression is one of the main hyper-progression and about 65% of patients
with colorectal cancer get benefit from nivolumab (monoclonal antibodies) (Golshani & Zhang, 2020).
Ablation for Colorectal Cancer

Radiofrequency ablation induces coagulation necrosis of tumor tissue by generating heat and it is one of
the effective methods with patients of about 1-5% complications. The interstitial brachytherapy, as well
as locoregional therapies, plays prominent role in local tumor control, extensive cytoreduction with low
morbidity and mortality (Seidensticker et al., 2018).

Side Effects of Cancer Treatment

Hair loss

Most common side effect in patients with cancer after chemotherapy treatment seen in 2-4 weeks of
initial chemotherapy.

Mucositis
Opportunistic fungal infection can occur from mouth to anus usually after chemotherapy (5-FU, etc.)
Hand-foot syndrome (Chemotherapy-induced acral erythema)

There is reddening, swelling, numbness and desquamation on palms of the hands and soles of the feet
occur after chemotherapy, it can develop during the treatment with capecitabine or 5-FU.
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Neuropathy

Nerve damage is common side effects of oxaliplatin, and the symptoms include numbness, tangling and
pain in hands and feet.

Diarrhoea

It is the most common side effect with many of chemotherapeutic drugs especially for irinotecan.
Other side effects include mouth sores, nausea and vomiting, nail changes, skin changes and allergic
or sensitive reactions (American cancer society cancer.org).

NATURAL CANDIDATES

In this chapter two types of natural candidates for the CRC treatment and their mechanism of action are
discussed. First one is the gut microbiome therapy that includes different microorganisms of the intestine,
their harmful and beneficial effects, use of these microbes in the diagnosis and treatment of colorectal
cancer. Second therapy being the plant secondary metabolites like terpenoids, alkaloids and flavonoids,
are the natural candidates used for the CRC treatment which have tested for anti-cancer property, their
structures and mechanisms are discussed.

Biotherapy for Colorectal Cancer on the Basis of the Gut Microbiome

Intestinal dysbiosis plays a vital role in the CRC development (Wieczorska & Stec, 2019). The gut
microbiota contains a large population of microorganisms that interact directly with host intestinal cells
and it can affect the immunity and metabolic activities in the gastrointestinal tract (Chen, 2018). This
composition is influenced by maternal colonization, diet, environmental exposures, and antimicrobial
therapies. Significant changes in composition and quantity of specific bacteria can be detected in patients
with CRC and might use as biomarkers for disease screening, prognosis and to predict its response to
treatment (Sekirov et al., 2010). The experimental evidence shows that, the gut microbiome of healthy
individuals is remarkably different from that of patients with CRC suggests that the microbiota can serve
as biomarkers for CRC detection. The stool samples from 30 healthy and CRC patients identified six
different bacterial populations, or operational taxonomic units (OTUs) that were associated with CRCs.
In addition, considering other risk factors such as age and body mass index (BMI), the use of these bio-
markers considerably improved the ability to discriminate between healthy and cancer patients (Chen,
2018). Mainly the gut microbiota consists of strict anaerobes, which dominate the facultative anaerobes
and aerobes. Human gut microbiota is dominated by Bacteroidetes and Firmicutes, while Proteobacteria,
Verrucomicrobia, Actinobacteria, Fusobacteria and Cyanobacteria are less in number.

Number of bacterial species present in the human gut may vary widely from different studies, but
generally, it has been accepted that it contains 500 to 1,000 species (Sekirov et al., 2010). Table 2 con-
tains harmful bacterial species in CRC patients and the mechanism to elevate tumor progression and
Table 3 has information about useful species of bacteria and their role in preventing CRC. Late CRC
samples (stage III and stage IV) generally display higher richness levels than early CRC samples do
(stage I and stage II).
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Table 2. Harmful bacterial species in CRC patients and the mechanism to elevate tumor progression

. . Occurrence in .
Genus/Species Animal model colon CRC Mechanism

Increases expression of pro-inflammatory cytokines.
Fusobacterium nucleatum . . Increases tumor growth by triggering c-JUN/JNK and
Gram negative APC(Min/+) mice 87.13% STAT3 signaling pathways (Sénchez-Alcoholado et al.,

2020) (Ren et al., 2021)
Bacte.rotdes fragilis Gram Mice and human 58.3% Toxin activates Wnt and NF-kB signalling pathway (C. Lin
negative et al., 2019).
Escherichia coli Gram Human 5539 Colibactin toxin causes DNA cross links and ds DNA
negative = breaks (Choudhry, 2021).
Hellc?bacter pylori Gram Human 41% Increases inflammatory cytokines (Ren et al., 2021).
negative
Streptococcus gallolytics. . g Expression of COX-2 Inflammatory, immune response
Gram positive Human-Rodent 20-40% (Torres-Maravilla et al., 2021).
Clostridium septicum Increases TLR4-mediated inflammatory response in
Gram positive Human- Rodent 40% macrophages (Jahani-Sherafat et al., 2018).
Enterococ.cy s faecalis Human- Rodent 50.8% ROS production and DNA damage (Ren et al., 2021)
Gram positive
Camphy lob.acterje] unt APC(Min/+) mice 41-60% Genotoxin, induce dsDNA breaks (Ren et al., 2021).
Gram negative.

Table 3. Beneficial species of bacteria and their role in preventing CRC

Bacterial Species

Animal model

Mechanism

Lactobacillus acidophilus, L.
plantarum, L. casei, L. lactis, L.

Antitumor effect due to reduced expression of CXCR-4, decrease in
the levels of TNF-a, IL-6, increase in the levels of superoxide and

Gram positive

butyricum, L. salivarius, L. reuteri, L. glll‘;j:nMouse and catalase. Increases serum levels of IFN-y and IL-10 and the number

bulgaricus. of CD4* and CD8* cells (Fong et al., 2020) (Torres-Maravilla et al.,

Gram positive 2021).

Lactobacillus rhamnosus Decrease the expression of Th17 cells and secretion of IL-23 and
Human IL-7 via inhibition of STAT3 and NF-kB signalling (Sénchez-

Alcoholado et al., 2020).

Bifidobacterum infantis. B. breve, B.
bifidum.
Gram positive

Rodent- human

Interact with TLRs, able to activate intestinal dendritic cells, leading
to the expression of Fox3+ regulatory T cells and IL-10 release
(Torres-Maravilla et al., 2021).

Clostridium butyricum
Gram positive

Rodent/ human

Decrease in tumor size, decreased amounts of Th2 and Th17,
inhibition of CD4+ and CD8+ T lymphocytes, decrease in NF-kB
and IL-22 (C. Lin et al., 2019).

Megasphaera massiliensis
Gram negative

Rodents

Increased levels of the SCFA pentanoate and butyrate, inhibition
of histone deacetylases (HDACsS), increase in effector cytokines in
CD8+ T cells (Luu et al., 2021).

The gut microbiota produces various metabolites such as short-chain fatty acids (SCFAs), poly-
phenols, vitamins, tryptophan catabolites and polyamines that may harm or benefit the host (Sanchez-
Alcoholado et al., 2020). The SCFAs pentanoate and butyrate elevate the anti-tumor activity of cytotoxic
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T lymphocytes (CTLs) and chimeric antigen receptor (CAR) T cells through epigenetic and metabolic
reprogramming. In vitro treatment of CTLs and CAR T cells with butyrate and pentanoate enhance the
function of the mechanistic target of rapamycin (mTOR) as a central cellular metabolic sensor, and pre-
vent the activity of class I histone deacetylase (Luu et al., 2021). Probiotics provide anti-inflammatory
factors to enrich the immune-stimulating function, produce antioxidants, anti-cancer compounds, SCFs,
and boost intestinal barrier function. Probiotics prevent carcinogenesis by decreasing cyclooxygenase-2
expression (Fong et al., 2020).

Different approaches including prebiotics, probiotics, postbiotics, antibiotics, and fecal microbiota
transplantation (FMT) have been used to implement gut microbiome. These approaches show promising
results, arbitrarily by correcting microbiome composition, regulate the innate immune system, prevent-
ing pathogen colonization and exerting selective cytotoxicity against tumor cells along with this, they
are accompanied by risks and contentions that can probably introduce clinical complications (Fong et
al., 2020). Also the combination of specific gut microbes and therapeutic agents, like immunotherapy,
is synergistic in the natural treatment of CRC (Wieczorska & Stec, 2019).

There is hope for the prevention of colorectal cancer, reducing the risk of its progression, and improv-
ing the effectiveness of colorectal cancer treatment, by modulating the gut microbiome by changing the
diet, minimizing broad-spectrum antibiotics, and using probiotics and prebiotics (Wieczorska & Stec,
2019). Modification of the gut microbiota is a promising approach to improve treatment efficacy and
minimize adverse effects of CRC therapies (Figure 2). Future research strategies should look into the
ideal ways to modulate the gut microbiota and to evaluate its short-term and long-term uses through
clinical trials (Aarnoutse et al., 2017).

Figure 2. Pictorial Illustration of Impact of Phytochemicals and the Gut-microbiome on Colorectal
cancer (Courtesy by biorender.com)
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Phytochemicals Used as Natural Candidates Against Colorectal Cancer

Natural candidates from plants have a wide variety of biological applications including anti-inflammatory,
antiviral, anti-cancer, anti-bacterial, anti-fungal, etc. and have been classified into major groups based
on their chemical structure namely, terpenoids, alkaloids, phenolics, and flavonoids (Buchanan et.al.,
2015). Natural products are used to treat many types of cancer directly or indirectly through various
drugs. In this chapter, the authors have listed (Table 4) several natural candidates of plant origin that
were checked against CRC, their chemical structure and mechanism of action.

Andrographolide on CRC

Andrographolide is the bioactive component of the plant Andrographis paniculata (Acanthaceae), and
it is a diterpenoid. Andrographolide has anti-inflammatory and anti-cancer properties and the reports
have shown that it suppresses NF-kB activation and DNA binding activity (Zhu et al., 2013) (Huang et
al., 2019). It may also induce the cell cycle arrest at GO/G1 phase and stimulates lymphocyte prolifera-
tion and activation. Hedgehog signalling pathway (Hh) is triggered in colorectal cancer and there are
reports on therapeutic effect of andrographolide against CRC. This compound induces antiproliferative
effect on HCT-116 cells in a dose dependent and time dependent manner and induces apoptosis through
downregulating Hh pathways in CRC. The cytotoxic effect of andrographolide on HCT-116 cells was
estimated by MTT assay (Khan et al., 2020). In addition, it has been shown that andrographolide will
inhibit human colorectal carcinoma LoVo cell growth by G1-S phase arrest and increased expression
of p53, p21 and p16 (L. Lin et al., 2014) (Chao et al., 2013).

Berberine on CRC

Berberine (BBR) is anisoquinoline quaternary alkaloid isolated from Rhizoma coptidis (Ranunculaceae).
It possesses diverse bioactivities, including antidiarrheal, antibacterial, anti-inflammatory, antidiabetic
and antihyperlipidemic effects. Recent studies have shown that BBR exhibits inhibitory effects on a
variety of cancers, such as lymphoma, breast, and colorectal cancer. Berberine shows inhibitory effect
on the growth of human colorectal adenocarcinoma (LoVo) cells in vitro and in vivo in a time- and
dose-dependent manner. BBR inhibits the LoVo cell growth by suppressing cyclin B1, cdc2, and cdc25¢
proteins. Hence the study supports that BBR can induce cell cycle arrest and apoptosis and may be useful
as an alternative therapy for colorectal carcinoma (Cai et al., 2013).

Resveratrol on CRC

Resveratrol is a polyphenol compound extracted from the roots of the medicinal plant Polygonum cus-
pidatum (Polygonaceae) (Buhrmann et al., 2017). This is synthesized as a defence molecule in plants
against pathogens like bacteria and fungi. Other plants, such as peanuts, cranberries, grapes, and red wine
are rich sources of resveratrol (Huang et al., 2019). Research has shown that resveratrol exerts apoptotic
and anti-proliferative effects on CRC by inducing Fas redistribution and inhibiting Wnt signalling. This
is going to inhibit invasion and metastasis of CRC. Using Metastasis Associated Lung Adenocarcinoma
Transcript 1 (MALT1) and cell lines LoVo and HCT116, the inhibition of Wnt/p-catenin signalling (Ji
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et al., 2013). This finding provides evidence to support future use of resveratrol in prevention and treat-
ment of CRC.

Curcumin on CRC

Curcumin is present in turmeric plant, is a hydrophobic polyphenol, the rhizome of the herb Curcuma
longa (Zingiberaceae) and has a great potential property of suppressing inflammation and inhibiting
the growth of neoplastic cells. Many studies have proven that curcumin could be used as a therapeutic
agent for CRC through affecting numerous target molecules. Curcumin inhibit proliferation of cancer
cells and induce apoptosis by the activation of caspase-3 and mitochondria-mediated pathway in a time
and dose dependent manner. It also promotes the expression of Bax, cytochrome C, p53 and p21 but
inhibits the expression of Bcl-2 (Su et al., 2006). Both survivin and insulin like growth factor-1 (IGF-1)
could lead to inhibition of apoptosis and prolonged survival of colon cancer cells by suppressing the
mitochondria-mediated pathway. Curcumin downregulates the expression of survivin and IGF-1 by
activating the expression of p53 and reducing tumor necrosis factor-a (TNF-a) levels, leading to activa-
tion of apoptotic signal (Li et al., 2015) (Manna et al., 2020). These observations suggest that curcumin
may have a possible therapeutic potential in colon cancer patients.

Epigallocatechin Gallate on CRC

Green tea is a globally very popular beverage made from Camellia sinensis (Theaceae) leaves. In many
Asian countries green tea is used as a traditional medicine to improve blood circulation, digestion and
wound healing. While regular intake of green tea consumption is multiple health benefits, treatment
with its principle extract has been shown to reduce formation of metachronous colorectal adenomas. A
major green tea polyphenol, epigallocatechin-3-gallate (EGCG), has been identified as a potent anti-
tumorigenic compound. EGCG can inhibit formation of CRC cancer stem cells (CSC) and subsequently
contribute to sensitization against chemotherapeutic agents. Conventional therapeutic drugs are some-
what effective at targeting cancer cells, these agents fail to eliminate CSCs. Considering the safety and
anti-cancer profile of natural compounds such as EGCG polyphenolic agents may provide a safe and
cost-effective strategy for targeting CSCs and in reducing chemoresistance and tumor recurrence in CRC
patients (Yuan et al., 2008). The effect of EGCG on the proliferation of HCT-116 and SW-480 human
colon cancer cells studied by MTS assay using phenazine methosulfate (PMS) and observed cell cycle
distribution and apoptotic effects. EGCG is proved as most potent antiproliferative agent, and it induces
cell cycle arrest in the G1 phase and cell apoptosis. In addition to that EGCG enhances the effects of
ginseng compounds during the inhibition of colon cancer cell growth (Du et al., 2012). This observation
indicates that green tea could be an effective cancer preventive agent.

Luteolin on CRC

Luteolin is a flavone found in vegetables and fruits such as broccoli, parsley, celery, onion leaves, pep-
pers, cabbages, carrots, apples, and celery (Pandurangan & Esa, 2014), and has beneficial properties
including antiinflammatory, anti-allergic, anticancer, and antioxidant activity. It also inhibits cell inva-
sion, metastasis, transformation, and angiogenesis by inhibiting transcription factors, kinase modifica-
tion and cell cycle arrest and apoptosis. Epigenetic modifications may underlie the anticancer activity
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Table 4. The plant natural candidates and their mechanism of actions against CRC cells

triggered in colorectal cancer.

Natural Compounds Structure ™Mechanism of action References

Andrographolide Suppresses NF- «B activation and DNA | (Zhu et al., 2013).
binding activity. (Huang et al..
Hedgehog signalling pathway (Hh) is | 2019)

(Khan et al., 2020)

Inhibits NF- B and downregulates Bcl-2

Downregulate B-catenin/Tcf
transcriptional activity in SW480

Inhibit human colorectal carcinoma
LoVo cell growth by G1—S phase arrest i
and increased expression of p53, p21 and | (I.. Lin et al.,
plée 2014). (Chao et
al., 2013).
Quercetin Suppression of the expression of both | (Zhang et al_,
cells CACO-2 and SW-620. 2015)

(Li et al., 2015).
(Park et al., 2005)

Berberine

Inhibitory effect on the growth of human
colorectal adenocarcinoma (ILLoVo) cells
by cyclin B1,
cdc25c¢ proteins.

suppressing cde2, and

(Cai et al., 2013)

Resveratrol

Apoptotic and anti-proliferative effects
on CRC by inducing Fas redistribution
and inhibiting Wnt s

ignalling.
Inhibit Wnt/B-catenin signalling activity
in the cell lines HCT116 and LLoVo.

(Buhrmann et al.,
2017)
Ji et al., 2013)

Curcumin

Induce apoptosis by the activation of

caspase-3 and mitochondria-mediated
pathway.
Enhances the ecxpression of Bax,

cytochrome C, p53 and p21. Inhibits the
cxpression of  Bcl-2 and TNF-o.

(Su et al., 2006)
(Li et al., 2015)
(Manna et al.,
2020)>

Epigallocatechin
gallate

Potent antiproliferative agent, studied in
HCT-116 and SW-480 human colon
cancer cells and it induces cell cycle
arrest in the G 1 phase and cell apoptosis.
Enhances the effects of ginseng
compounds during the inhibition of colon
cancer cell growth.

(Du et al., 2012)

lines.
Downregulates Akt signaling pathway

Luteolin Activates the Nrf2 pathway by (Pandurangan &
downregulating DNA methyltransferase | Esa. 2014)
(DNMT) and histone deacetylase
(HDAC) expression.
Modifies Wnt/B-catenin signalling.

Procyanidin Inhibit the PI3k/PKB, and also induces | (Toden et al.,
apoptosis in HT 29 and HCT116 cell | 2018)

(Choy et al., 2016)

Tripolinolate A

Shows anti-proliferative effect on CRC
cells, HCT-15 and SW620, and arrest cell
cycle at G2 /M phase in SW620 cells.

(CHEN et

2017)

al.,

increasing p19 and p27 and by decreasing
CDK1 and CDK 2 at synthetic phase and
G2 or mitotic phase of the cell

Kahweol HO Suppress the viability of HT-29 cell via | (Choi et al., 2015)
caspase-3 expression.
Attenuate the expression of HSP-70.
Indigocarpan oH Shows an anti-proliferative effect by | (Mahajan et al.,
55— . Lo .| Increasing p53, p21 and by decreasing [ 2016)
) 3 A Cyclin B1 and Cyclin D1 in LS174T cells
i at G2 and Mitotic Phase of a cell.
Sulforaphane Suppression of cell viability in the cell
Ong N lines H (Hao, 2019)
<|:H3 S | Induces the HCT116 CRC cell cycle | (Gwon et al.,
arrest at G2and M phase by increasing | 2020)
CDKZ2, cyclin A and B expression levels
at lower level of cdc25C and CDK1T-29
and SW480.
L__| Methylferulate CHs Induces the anti-proliferative effect on | (Abaza et al.,
CRC cells like SW1116 and SW837 by | 2016)
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of luteolin. Recently, Zao et al. demonstrated that luteolin epigenetically activates the Nrf2 pathway
by downregulating DNA methyltransferase (DNMT) and histone deacetylase (HDAC) expression.this
investigation reported the apoptotic effects of luteolin on human colon cancer cells and elucidating the
underlying mechanism involving DNA demethylase, ten-eleven translocation (TET) of the Nrf2 promoter
and the relationship between Nrf2 and p53, a tumor suppressor (Kang et al., 2019). Luteolin also reduce
oxidative stress, modifies Wnt/p-catenin signalling (Pandurangan & Esa, 2014). There are evidences
about the anti-colon cancer effect of luteolin that potentially controls CRC in multiple aspects and can
be considered as a natural candidate to treat CRC.

Quercetin on CRC

Quercetin is an important dietary polyphenol found in red onions, apples, berries, citrus fruits tea, and
wine. It plays a role in preventing colon cancer through anti-oxidant, anti-inflammatory, antiprolifera-
tive, and pro-apoptotic mechanisms. The inhibitory effect of colon cancer cells is influenced by the
supplementation of quercetin to the cell lines such as CACO-2 and SW-620 showed the most efficient
suppression of the expression of both cells (CACO-2 and SW-620) (Zhang et al., 2015). Quercetin also
inhibits NF- kB and downregulates Bcl-2 (Li et al., 2015). Another study reports about quercetin that
it reduces nuclear B-catenin and Tcf-4 proteins to downregulate B-catenin/Tcf transcriptional activity in
SW480 in a concentration dependent manner. Similarly it inhibits the elevated b-catenin/ Tcf signaling
by wild b-catenin gene transfection in HEK293 cells (Park et al., 2005).

Procyanidins on CRC

Proanthocyanidin is a polymer of flavan-3-ol or flavan 3, 4-diol molecules and an important part of hu-
man diet found in fruits like apple, maritime pine bark, cinnamon, aronia fruit, cocoa beans, grape seed,
grape skin, cocoa and red wines of Vitis vinifera. However, bilberry, cranberry, black currant, green tea,
black tea, are the other sources of procyanidins. The procyanidins inhibit the PI3k/PKB, and also induced
apoptosis in colon cancer. Proanthocyanidin treatment performed in both MSS (microsatellite stable)
and MSI (microsatellite unstable) by performing an assay on HT 29 (MSS) and HCT116 (MSI) cell
lines. Significantly cellular growth inhibited in both cells by treatment with proanthocyanidins (Toden
etal., 2018). Choy et al., showed the effect of procyanidines on human CRC cells by inducing apoptosis
and cell cycle arrest, downregulating the Akt signaling pathway. Thus, the fruit and vegetables rich in
procyanidins could help to reduce the growth of colon cancer cells (Choy et al., 2016).

Tripolinolate A on CRC
Tripolinolate A (TLA) is derived from halophytic plant Tripolium vulgare and has significant in vitro
activity against proliferation of colorectal cancer HCT-15 and SW620 cells. TLA induced apoptosis in

the CRC SW620 cells and significantly arrested cell cycle at G2/M phase. (CHEN et al., 2017)

Kahweol on CRC

Kahweol is a fat soluble diterpene molecule isolated from Arabica coffee beans and has antioxidant,
anti-inflammatory, and antitumor activities. There are reports about morphological changes and cytotoxic
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effect of kahweol in HT-29 cells of colorectal cancer, studied by carrying LDH and MTT assay. Kahweol
significantly suppressed the viability of HT-29 cell via caspase-3expression, is a pro-apoptotic factor,
and decreased the expression of anti-apoptotic factors like Bcl-2 and phosphorylated Akt and mediates
apoptosis. The kahweol attenuate the expression of HSP-70, a heat shock protein that plays a crucial role
in kahweol-induced cytotoxicity in H-29 cells. These reports demonstrate that kahweol inhibits CRC by
apoptosis process and suppressing HSP70 expression (Choi et al., 2015).

Sulforaphane on CRC

Sulforaphane is a polyphenol, derivative of isothiocyanate found mainly in cruciferous vegetables like
broccoli, cabbage, cauliflower, bok choy, kohlrabi, mustard, turnip, radish etc. Sulforaphane showed
numerous properties such as, antioxidant, anti-inflammation, anti-tumor, anti-microbial and it promotes
apoptosis, also shows epigenetic modulation through histone deacetylase inhibition and microRNA
modulation (Nandini et al., 2020). Sulforaphane showed the dose dependent suppression of cell viability
in the cell lines HT-29 and SW480 of CRC by arresting cell cycle at GO/G1 phase. The apoptosis rate
of SW480 cells were higher than HT-29 (Hao, 2019). Sulforaphane also induces the HCT116 CRC cell
cycle arrest at G2and M phase by increasing CDK2, cyclin A and B expression levels at lower level
of cdc25C and CDK1 (Liu et al., 2016). Sulforaphane also influence proliferation and mitochondrial
function of colorectal cancer cells through nuclear factor erythroid 2-related factor 2 (Nrf2) mediated
signalling pathway and p53 axis, studied in HCT116 cell lines (Gwon et al., 2020).

Indigocarpan on CRC

Indigocarpan is also known as pterocarpan, one of the flavone glycoside isolated from Indigofera aspal-
athoides plant. In human colorectal cancer LS174T cells, indigocarpan shows antiproliferative activity
by increasing p53, p21VAF! and cleaving caspase-3 levels, and decreasing PCNA, cyclin D1, cyclin B1
protein levels. It also shows time dependent apoptosis on LS174T cells. Indigocarpan decreases the
LS174T cells at their G2 and M phase. Indigocarpan has strong antioxidant, antiproliferative and anti-
carcinogenic property indicating its potential to inhibit CRC (Mahajan et al., 2016).

Methylferulate on CRC

Methyl ferulate (MF) is a polyphenol identified in Tamarix aucheriana. Methylferulate is well known for
its anti-proliferation, anti-oxidation, and apoptosis. It also inhibits the NF-kB DNA-binding activity in
CRC and showed a dose dependent antiproliferation of CRC, arrest the cell cycle at S and G2/M phases,
induces anti-proliferative effect on CRC cell lines like SW1116 and SW837 by upregulating the cyclin
dependent kinase inhibitors such as p19, p21, and p27, and downregulating cyclin-dependent kinases
such as CDK1 and CDK2 (Abaza et al., 2016).

CONCLUSION

Colorectal cancer is closely linked to the global cancer-related mortalities worldwide. The present
treatment for colon cancer is generally based on using cytotoxic drugs, radiotherapy, chemotherapy,
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and surgery, with several side effects. The gut microbiota contain a large population of microorganisms
that interact directly with host intestinal cells and it can affect the immunity and metabolic activities
in the gastrointestinal tract. Different approaches including prebiotics, probiotics, postbiotics, and fe-
cal microbiota transplantation (FMT) have been used to implement gut microbiome. Modification of
the gut microbiota is a promising approach to improve treatment efficacy and minimize adverse effects
of CRC therapies. The potential of natural compounds such as flavonoids, alkaloids, or terpenoids for
cancer prevention that are used have been widely investigated. So many shreds of evidence supporting
that moderate consumption of fruits and vegetables are correlated with decreased risk of CRC. The
current therapies available are not sufficiently effective and their efficacy is limited by the side effects
of the drugs and/or the development of resistance. Therefore gut microbiome therapy and use of plant
natural products have received great attention for colon cancer prevention owing to their various health
benefits, noticeable lack of toxicity and side effects.
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ABSTRACT

Colorectal cancer (CRC) is intently connected to the malignancies and mortalities worldwide. Surgery
and chemotherapy are the current clinical treatments for CRC. However, new and productive drugs are
instantly required to overcome the occurrence of side effects and emergence of drug resistance. Natural
products possess apoptogenic activities and anti-cancer effects against CRC as many natural compounds
are well tolerated by the patients and do not cause toxic effects even at high doses. The current research
aims to display anti-CRC effects of natural products based on chemical structure such as alkaloids,
terpenoids, polysaccharides, polyphenols, and unsaturated fatty acids. Furthermore, drugs derived
from natural products used clinically for the treatment of CRC are discussed. This work also highlights
natural products with marine origin as a candidate drugs for CRC. This work highlights the importance
of natural products as promising sources of lead anti-colorectal medicine.

1. INTRODUCTION

Colorectal cancer (CRC) is the world’s third most frequent cancer (after lung and breast cancer) and
the fourth-largest cause of cancer death. According to GLOBOCAN data from 2012, 1.6 million new
instances of CRC are diagnosed each year, with 694,000 people dying from the disease (Bray et al.,
2018). CRC is most common in people over the age of 50 (Krejci et al., 2021). Colorectal cancer is
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caused by a complex combination of factors, the most important of which are age, family history, gender,
geographic location, and personal history (Le Peng et al., 2018; Shen et al., 2018; Center et al., 2009).
Smoking and obesity have been identified as risk factors for CRC in previous research. Dietary habits
are also a significant influence on CRC. Calcium consumption has been demonstrated to be inversely
linked to the risk of CRC; calcium plays a role in CRC immunological prophylaxis by influencing T
cell activity (Zhang, X et al., 2016; Keum et al., 2014; Yang et al., 2019). According to MPE (molecu-
lar pathological epidemiology) studies, aspirin can reduce the risk of PTGS2-positive CRC and patient
death, but not the risk of PTGS2-negative CRC (Benelli et al., 2018). Surgery and chemotherapy are the
most common therapies for CRC. Chemotherapeutics can kill cancer cells by generating DNA damage
or activating numerous signaling pathways, such as cell cycle arrest, global translation inhibition, DNA
repair, and so on (Woods et al., 2013). However, as numerous research have demonstrated, including
MPE studies, the treatment success of chemotherapeutic medicines in CRC patients differs depending on
the cancer subtype. The main difficulties linked with chemotherapy are cytotoxicity, drug resistance, and
unpleasant reactions. Many effective lead compounds for the discovery of novel medications have come
from complex and diverse natural sources. Many natural products have shown to be effective in fighting
inflammation, viruses, germs, tumors, and other diseases (Oliveira et al., 2017; Miyata et al., 2007).

Colorectal cancer (CRC) being one of the most frequent diseases in humans, and it is intimately
linked to global cancer-related deaths. Surgery and chemotherapy are the most common clinical treat-
ments for CRC. However, due to the appearance of side effects and the introduction of new medication
resistance, new and more effective medications for CRC treatment are urgently needed. An increasing
number of natural items have been shown in trials to have effective anti-CRC properties and may be
used as an alternative to chemotherapy in the treatment of CRC. Many natural substances decrease tu-
mor growth by triggering cell cycle arrest or death in CRC cells, resulting in tumor growth inhibition.
A so-called innovative application of natural chemicals is a so-called Combination therapy that entails
the simultaneous administration of two or more chemicals, such as conventional chemotherapeutics and
one or more natural medicines. Even at high concentrations, many natural compounds are well tolerated
by patients and do not cause hazardous effects. The interaction of traditional chemotherapeutics with
natural products adds a new wrinkle to cancer research and treatment. It could be a promising strategy
for achieving gains while limiting the negative effects of traditional chemotherapy. In this chapter, we
describe anti-CRC natural products from various sources based on chemical structures such as alkaloids,
polysaccharides, polyphenols, terpenoid, and unsaturated fatty acids, and address natural product-derived
medications utilized therapeutically for colorectal cancer treatment. Furthermore, natural products with
marine origin as a candidate drugs for CRC is also discussed.

2. NATURAL PRODUCTS AS A TREATMENT FOR COLORECTAL CANCER

The use of natural product derived medication for the treatment of infectious disease has made a significant
contribution to human health such as penicillin for the treatment of infectious diseases (Rammelkamp
etal., 1943), streptomycin for long-term treatment of tuberculosis (Bondarev et al., 1980), a potent anti-
inflammatory plant extract paeoniflorin (Zhang, L et al., 2008), the natural plant-derived anti-HIV drug
patentiflorin (Zhang, H et al., 2017), cyclosporine which has immunomodulatory properties (Kahan,
1989), lovastatin which has a hypolipidemic effect (Rosenson & Tangney, 1998).
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Patients will have better treatment outcomes and a higher quality of life if they use natural items
that are well tolerated and have low toxicity. Many chemotherapeutic medicines have been discovered
by looking for possible molecules in plants, animals, and microbes, including marine species, and they
have been found to have anti-cancer properties against a range of cancers (Singh et al., 2008; Li & Lou.,
2018; Angulo et al., 2017; Sharma et al., 2018; Mao et al., 2017).

Natural product-derived medicines have extensive application prospects for the treatment of CRC,
according to accumulating evidence from earlier investigations (Johnson & Mukhtar., 2007; Benarba &
Pandiella., 2018; Aires et al., 2013). Another study describes the many varieties of fruit and vegetables
on proximal and distal colon cancer risk. Proximal colon cancer risk and rectal cancer do not appear to
be linked to the consumption of total fruit and vegetable except for brassica vegetables. Consumption
of carrots, pumpkin, and apples was found to reduce the incidence of distal colon cancer (Annema et
al., 2011).

The use of probiotics and prebiotics to alter the gut microbiota, either alone or in combination ap-
pears to be an effective chemopreventive strategy that could have a good impact on inflammation and
CRC. Antioxidant supplements alone may not be the greatest therapeutic option; instead, a conventional
treatment combined with natural chemicals that activate multiple signal pathways may strengthen the
effect of the drug’s effective concentration while minimising side effects. Polysaccharides from Gano-
derma lucidum extract can boost immunity, while triterpenes from Ganoderma lucidum can boost the
production of reactive oxygen species (ROS) in chemotherapeutic agent doxorubicin (Wang et al., 2013;
Yue et al., 2008).

Recent research has emphasized the relevance of a combination approach, with some studies claiming
that this therapy is more effective than utilizing traditional chemotherapeutic drugs (Singh et al., 2013).
The Chou-Talalay combination index can be used to identify whether the combined strategy in the treat-
ment of malignancies is synergistic (increased), antagonistic (reduced), or additive (identical) to their
effect on independent administration (Chou & Talalay.,1984). By substituting a well-tolerated natural
chemical for a portion of traditional chemotherapeutic medication, the resultant consequence could be
a reduction in the patient’s toxic burden with a predetermined outcome (Redondo-Blanco et al., 2017).

3. NATURAL COMPOUNDS AS ANTI-CRC DRUGS

Natural products, such as alkaloids, polysaccharides, polyphenols, diterpenoids, and unsaturated fatty
acids, have become fruitful sources of new anticancer drugs, and about 50% of currently used anticancer
drugs are derived directly or indirectly from natural products (Qiao et al., 2020). Many contemporary
anticancer medications are derived from natural sources, such as irinotecan, vincristine, etoposide, and
paclitaxel. Streptomyces produces actinomycin D and mitomycin C, while bleomycin is the first marine
chemical (Nobili et al., 2009). The continuous discovery of such products has opened up a novel direction
for cancer prevention and therapy; the natural product-based drugs used clinically for CRC treatment
are discussed and are summarized in Table 1.
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3.1. Alkaloids
3.1.1. Irinotecan (CPT-11)

Irinotecan is a water-soluble camptothecin derivative that slows DNA replication and RNA synthesis
by inhibiting DNA topoisomerase I (Font et al., 2002). CPT-11 has been proven to have an interesting
anticancer efficacy against metastatic colorectal cancer, despite its use as first-line therapy or second-line
therapy following fluorouracil treatment failure (mCRC). CPT-11 has been used as a standard treatment
for CRC all over the world, and clinical trials have shown that when combined with 5-fluorouracil (5-FU)/
formyltetrahydrofolate (CF) for the treatment of advanced mCRC, CPT-11 has a superior anti-tumour
impact (Douillard et al., 2000; Conti et al., 1996; Rougier et al., 1997).

3.1.2. SN38

SN38, the active analogue of irinotecan, has been shown to limit the growth of a range of malignant cells
(Al-Kasspooles et al.,2013). The reduction of vascular endothelial growth factor (VEGF) and hypoxia-
inducible factor 1 alpha expression is primarily responsible for SN38’s antiangiogenic effect. SN38 has
two inhibitory effects: it inhibits endothelial cell proliferation and lumen creation, as well as glioma cell
angiogenic activity. At a dosage of 0.01 M, Kamiyama H discovered that SN38 can specifically block
three-dimensional tubular structure development and endothelial cell proliferation (Kamiyama et al.,
2005). Even though CPT-11 and SN38 have broad anti-tumour effectiveness against a variety of cancers,
CPT-11 and its analogues are associated with considerable toxicity, including cholinergic syndrome,
neutropenia, and delayed diarrhea (Iihara et al., 2019; Hamano et al., 2019; Saliba et al., 1998).

3.2. Polyphenols
3.2.1. Resveratrol

Resveratrol is a polyphenolic chemical produced by plants in response to pathogens such as bacteria or
fungi; it is abundant in peanuts, grapes, and red wine. Previous research suggests that resveratrol func-
tions as the silent information regulation 2 homolog 1 (SIRT1) in the regulation of organisms’ average
life cycles, and that it has potent inhibitory effects on hepatocellular carcinoma, breast cancer, gastric
cancer, leukaemia, and other tumour cells (Puissant etal., 2010; Nakagawa et al., 2001; Mouchiroud et al.,
2010; Bishayee et al.,2010; Rao et al., 2009). Resveratrol has been demonstrated to have anti-proliferative
and apoptotic effects on CRC cells by inducing Fas translocation and inhibiting Wnt signalling (Ji et al.,
2013). The grape seed extract was found to inhibit the PI3K pathway, causing apoptosis and suppressing
the survival of CaCo-2 cells by Engelbrecht et al. (Engelbrecht et al., 2007).

3.2.2. Curcumin

Curcumin, a phenolic phytochemical produced from the rhizome of Curcuma longa, has anti-cancer
properties as well as growth inhibitory properties in cancer cells. Curcumin reduces cancer cell prolifera-
tion and promotes death in cancer cells via p21-mediated cell cycle arrest, according to several studies.
Cancer cells lacking p21 are more susceptible to apoptosis in response to many cytotoxic treatments.
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The goal of this work was to see if p21 status influenced curcumin-induced cytotoxicity in cultures of
HCT-116 human colon cancer cells. In an MTT cell viability assay, curcumin killed wild-type HCT-116
cells in a dose- and time-dependent manner. Furthermore, curcumin had an equal cytotoxic effect in
both p21 (4+/4) and p21(-/-) HCT-116 cells, demonstrating that curcumin-induced cytotoxicity was not
p21-dependent. Primary cultures of human dermal fibroblasts were less responsive to lower dosages of
curcumin than HCT-116 colon cancer cells, implying a degree of selectivity towards cancer cells. Cell
death in curcumin-treated cultures of p21(+/+) and p21(-/-) HCT-116 cells was related to a reduction
in pro-caspase-3 and PARP-1 cleavage, both of which are indicative of apoptosis, according to Western
blot analysis (Ruan et al., 2019).

3.3. Polysaccharides

3.3.1. PSK (Krestin)

PSK (Krestin) is a protein-bound polysaccharide K isolated from Coriolus Versicolor with a molecular
weight of 100 kDa and a protein concentration of 18-38%. PSK dramatically reduced mortality associ-
ated with dextran sodium sulfate-induced colitis and suppressed the development of CRC, according to
Tsutsumi et al. implying that it has dual anti-inflammatory and anti-CRC properties. PSK’s anti-cancer
activity is mediated through many routes, including recovery from immunosuppression generated by
TGF- and anti-tumour immune responses, and improved chemotherapy efficacy by inducing apoptosis
and blocking cancer cell metastasis (Maehara et al., 2012; Tsutsumi et al., 2011).

3.3.2. Fucoidan

Fucoidan is a sulfated polysaccharide isolated from brown seaweeds that have been shown to have a va-
riety of biological functions (Ikeguchi et al., 2011). Fucoidan promotes apoptosis in HT-29 and HCT116
cells, according to a prior study (Kim et al., 2010). Low-molecular-weight fucoidan has been shown to
have strong effectiveness against CRC in people in double-blind, randomised clinical trials with few
adverse effects (Tsai et al., 2017).

3.4. Unsaturated Fatty Acids

Polyunsaturated fatty acids (PUFAs) are abundant in marine microalgae (> 80%), primarily eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) (Go et al., 2016). EPA and DHA are beneficial
against CRC, breast cancer, and pre-existing adenocarcinoma because they block essential angiogenic
factors such as platelet growth factor, VEGF, and endothelial cell growth factor. The growth of CRC
cells has been demonstrated to be inhibited by DHA and EPA (in the form of acid and phospholipids),
and PUFAs have been found to have a larger growth-inhibitory impact in the HT-29 cell line than in the
Caco-2 and DLD-1 cell lines (Nauroth et al., 2010; Hossain et al., 2008) .

3.5. Terpenoids

Andrographolide is a diterpenoid that is the main bioactive component of the plant Andrographis panicu-
lata, which has been used for thousands of years in Asia as traditional herbal medicine. Andrographolide
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has been shown to inhibit NF-kB activation and DNA binding activity (Zhu et al., 2013; Hidalgo et al.,
2005), and as a result, it has a variety of biological actions, including anti-inflammatory (Shen et al.,
2013; Lee et al., 2011) and anti-cancer characteristics (Chao et al., 2013; Wang et al., 2016). By binding
andrographolide to the BAX protein and upregulating BAX expression, a combination treatment of an-
drographolide and 5-FU can trigger apoptosis in HCT116 cells (Xu et al., 2015). Xu et al. demonstrated
the safety and efficacy of a combination of andrographolides and capecitabine in elderly individuals
with locally advanced CRC.

3.6. Cannabinoids

For millennia, Chinese medicine has relied on the benefits of cannabis (Cannabis sativa) to alleviate
pain and hallucinations. Flavonoids, terpenoids, and more than 60 types of cannabinoids are among
the bioactive compounds found in this plant (Chakravarti et al., 2014; Ware et al., 2003). Cannabinoids
are routinely utilized in the palliative treatment of cancer patients who are undergoing chemotherapy
(Martinez-Martinez et al., 2015). Research, however, suggests that cannabinoids could be used in anti-
cancer therapy as well (Hermanson & Marnett, 2011). Cannabinoids have anticancer effects in vitro and
in vivo in animal models through a variety of mechanisms, including inducing apoptosis in tumour cells,
inhibiting proliferation and angiogenesis, and inhibiting tumor cell migration (Cianchi et al., 2008; 1zzo
et al., 2009; Aviello et al., 2012; Pisanti et al., 2013). The psychoactive D9-tetrahydrocannabinol (D9-
THC), which inhibits tumor growth as well as several other cannabinoids, is the main bioactive molecule
in this plant. D9-THC and other naturally occurring cannabinoids, synthetic cannabinoid agonists, and
endocannabinoids have in vitro anticancer effects in lung, glioma, thyroid epithelioma, lymphoma, skin
cancer, uterine carcinoma, breast cancer, prostate carcinoma, pancreatic carcinoma, and neuroblastoma,
according to several preclinical studies (Sarfaraz et al., 2008).

3.7. Allylsulfates

Allylsulfates, which are found in garlic, onion, and shallot, as well as chive and leek (Alliaceae), are the
second group of organosulfates. Diallyl trisulfide (DTS), which reduces proliferation and causes death
in human colon cancer cells (HCT-15 and DLD-1) by oxidative alteration of beta-tubulin (Hosono et al.,
2005), is one of the most important bioactive chemicals in this group of vegetables. In a mouse CT-26
cell also implant model in vivo, diallyl trisulfide reduces the formation of mice colon tumors (Wu et al.,
2011). In human primary CRC cells, it also causes apoptosis and promotes the generation of reactive
oxygen species (ROS) (Yu et al., 2012).

Drinking herbal tea may lower the incidence of distal colon cancer due to its antiproliferative and
anti-angiogenic properties. Melissa officinalis (MO) hot water extract had the greatest anticancer effect
on CRC cells. Since, MO reduced cell proliferation, induced cell cycle arrest at the G2/M phase, trig-
gered caspase-dependent apoptotic cell death, and inhibited cell migration ability by modulating the
epithelial-mesenchymal transition in HCT116 CRC cells, implying that the practice of drinking herbal
tea inhibits the growth of CRC (Kuo et al., 2020). Graviola, either alone or in combination with Cran-
berry, might be utilized as a natural anti-proliferative agent and hence as an anti-tumor agent against
colorectal cancer cells. Furthermore, the cytotoxic impact of Graviola and/or Cranberry was tested on
colorectal cancer cell lines (Caco2) as Graviola and/or Cranberry caused Caco-2 cell cycle arrest at the
G2/M phase and stopped cells from entering the mitotic phase (El-Khashab et al., 2019).
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3.8. Ganoderma Lucidum (Fungus)

Ganoderma lucidum (GLC) is the type of mushroom used in japan, china and several other Asian regions
due to its significant anti-inflammatory and immunomodulatory effects. GLC also finds its use in cancer
therapeutics. Bioactive components found in GLC are polysaccharides and triterpenoids. Anti-tumor and
immunotherapeutic activities have been discovered in the GLC extract. Increased expression of NKG2D
and natural cytotoxicity receptors has been found to boost NK cell cytotoxicity. (NCR), enhanced intra-
cellular MAPK phosphorylation and perforin promotes the secretion of granulysin, which could explain
the possibility of the chemical basis of GLC extract’s anticancer actions in humans. In several human
tumour cell lines, Ganoderma lucidum causes cell cycle arrest and apoptosis. The constant activation of
transcription factors AP-1 and nuclear factor kappa B is one of the features of highly metastatic tumour
cells (NFkB). GLC has been demonstrated to block these factors, resulting in the suppression of uroki-
nase plasminogen activator (uUPA) and its uPAR receptor expression. Anti-inflammatory, hypoglycemic,
anti-tumor, and immunostimulatory polysaccharides derived from Ganoderma lucidum (GLP) limit
the generation of reactive oxygen species (ROS) and reduce oxidative DNA damage. Polysaccharides
increased caspase-8, caspase-3, and Fas in HCT116, causing apoptosis (Liang et al., 2014). GLP also
reactivated mutant p53 in the HT29 and SW480 colorectal lines, either alone or in combination with 5-FU
(Jiang et al., 2017). GLC contains almost 200 pharmacologically potent triterpenoids, some of which
are known as ganoderic acids. Farnesyl protein transferases, which are required for the activation of the
Ras oncoprotein responsible for cell transformation, are inhibited by ganoderic acids A and C (Chang et
al., 2014; Sliva, 2003; Miyazaki et al., 1981; Lee et al., 1998). In the colon carcinoma xenograft model,
the triterpene extract (GLT) lowers the proliferation of human HT-29 colon carcinoma cells and slows
tumour growth. This action is linked to cell cycle arrest at the GO/G1 phase transition and apoptosis
induction. In cell lines in the xenograft model, GLT causes the development of autophagous vacuoles
and enhances the expression of Beclin-1 and LC-3 proteins. Inhibition of p38 MAPK (mitogen-activated
p38 protein kinase) causes autophagy (Thyagarajan et al., 2010).

3.9. Flavonoids

Flavonoids are the most prevalent class of bioactive molecules found in plants, and they are critical to
their morphology and function. Flavonoids are pigment elements found in plant stems, leaves, flowers,
and seeds. They help plants grow and reproduce, as well as protect them from UV rays and microbial
illnesses. Flavonoids are powerful antioxidants that can protect cells from the development of cancer.
They also have phytoestrogenic, anti-diabetic, anti-inflammatory, antibacterial, and antiviral properties
(Kumar & Pandey., 2013). Some flavonoid compounds are listed below

3.9.1. Epigallocatechin

Epigallocatechin-3-gallate (EGCG) is the main representative of polyphenols found in green tea, and its
anticancer effects have been validated by numerous in vitro, in vivo, and clinical experiments. EGCG
inhibits a number of important signalling pathways. It inhibits CRC cell proliferation and migration by
blocking the TF/VIIa/PAR2 signalling pathway (Protease-Activated Receptor 2), which promotes ERK1/2
phosphorylation and, ultimately, the activation of proinflammatory NF-kB. Reduced NF-kB transcription
factor activity increases caspase-7 expression while decreasing MMP-9 (matrix metalloproteinase 9)
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expression. EGCG also acts as an epigenetic regulator, assisting in the degradation of DNMT3A (DNA
methyltransferase 3A) and HDAC (histone deacetylases) via the ubiquitination process in colorectal cells
susceptible to methylation (Singh et al., 2011; Zhou et al., 2012; Khan et al., 2015).

3.9.2. Apigenin

Apigenin (40, 5, 7-trihydroxyflavone) is a flavone present in several foods, including Chinese cabbage,
parsley, paprika, garlic, and celery. In vitro, it has chemopreventive and cytostatic characteristics, low-
ers angiogenesis, inhibits colorectal cell proliferation, cell arrest, and promotes apoptosis (Engelmann
et al., 2002). Apigenin enhances the expression of proapoptotic proteins NAG-1 and p53, as well as
the cell cycle inhibitor p21, in colorectal cells in vivo and in vitro, reducing the burden and number of
intestinal tumours (Zhong et al., 2010). Apigenin is an ABC receptor inhibitor that promotes the efflux
of a chemotherapeutic drug in colorectal epithelial cells, hence increasing its bioavailability (Katayama
et al., 2007). CD26 is a membrane protein that controls growth and metastasis pathways and is typically
downregulated in several forms of cancer, including CRC. Apigenin boosts the number and activity of
CD26 in the colorectal lines HT- 29 and HRT-18. Apigenin was reported to enhance CD26 activity when
combined with irinotecan (Lefort et al., 2011).

3.9.3. Chrysin

Another polyphenolic flavone found in honey, propolis, chamomile, and martyrs (Passiflora caerulea)
is chrysin (5, 7-dihydroxyflavone). Chrysin has anti-tumor properties in a variety of tumour lines and
appears to be a natural chemopreventive drug. In HCT116, DLD-1, and SW837 cells, chrysin causes
cell apoptosis. This chemical also stimulates TNF and AHR signalling pathways and upregulates Tumor
necrosis factor (Tnf) “a” and “b” genes (Ronnekleiv-Kelly et al. 2016). A study on the colorectal line
SW480 found that chrysin causes a cell cycle halt at the G2/M transition and that combining it with
apigenin doubled the impact and slowed tumour development (Wang et al., 2004). Chrysin also protects
cells against induced cisplatin toxicity in vivo in a mouse model, which is linked to oxidative stress sup-
pression via p38MAPK, p53, and apoptosis (Khan, R et al., 2012).

3.9.4. Kaempferol

Propolis, grapefruit, black tea, and broccoli all contain kaempferol, a flavonol. Kaempferol showed
anticancer efficacy in colorectal tumour lines. Kaempferol increases apoptosis and CDK2, CDK4, and
Cdc2 activity in the HT-29 cell line, resulting in cell cycle arrest in the G1 and G2/M phases (H. Lee et
al., 2014; Cho et al., 2013). In the HT-29 cell line, kaempferol increased chromatin condensation, DNA
fragmentation, and the number of early apoptotic cells. It also enhanced cleaved caspase-9, caspase-3,
and caspase-7 levels. These methods suggest that kaempferol induces HT-29 cell apoptosis via processes
linked with the activation of cell surface death receptors and the mitochondrial pathway (S. Lee et al.,
2014). It also promotes apoptosis in SW480 and DLD-1 colorectal cell lines, with TRAIL co-treatment
producing a greater effect (TNF-associated apoptosis-inducing ligand, apoptosis-inducing ligand), and
kaempferol sensitises cells to TRAIL treatment (Yoshida et al., 2008).
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3.9.5. Quercetin

Quercetin is a common flavonol found in apples, onions, and a variety of other vegetables and fruits.
Quercetin reduces the production of RASA1 (RAS p21 protein activator) and hence prevents RAS activa-
tion in human colon cancer cells Colo-205, Colo-320HSR, Colo-201, LS-174, and WiDr (Ranelletti et
al., 2000). Similarly, quercetin and kaempferol sensitise SW-620, HT-29 (both synergistic effects), and
Caco-2 (additive effect) cells to TRAIL, leading them to die (Psahoulia et al., 2007). Overexpression of
COX-2 and enhanced production of reactive oxygen species (ROS) were reported in quercetin-treated
HT?29 cells (Raja et al., 2017). In an experimental in vivo metastasis model, quercetin also significantly
reduced lung metastasis of colon cancer CT26 cells. Quercetin inhibited CT26 cell migration and invasion
viaregulating the production of matrix metalloproteinases (MMPs) and tissue inhibitor of metalloprotein-
ases (TIMPs). As a result, quercetin may be an effective treatment for metastatic CRC (Kee et al., 2016).

3.10. Terpenes

Terpenes are a class of chemical molecules that are ingredients of essential oils. Terpenes are volatile
smells found in the leaves, fruits, flowers, rhizomes, and roots of plants. Terpenoids are oxidised terpenes
such as limonene, vitamin A, b-carotene, and steroids. Individual terpenes are discussed more below.

3.10.1. Geraniol

Geraniol is best recognised as an essential oil component; it can be found in rose oil, palmarosa oil
(Cymbopogon martinii, palmarosa), or citronella oil, and it is also present in geraniums (Pelargonium).
Geraniol is a possible chemopreventive agent in the diet. Its chemopreventive activity was tested in male
Wistar rats with colon tumours generated by dimethylhydrazine in vivo. The number of total aberrant
crypt foci in the distal colon reduced dramatically, whereas the level of apoptosis in the distal colon
increased significantly (Vieira et al., 2011). Geraniol boosted apoptosis in the Caco-2 cell line in vitro
when combined with 5-FU. Combining 5-FU with xenografts of the TC118 cell line resulted in tumour
reductions of up to 83 percent (Carnesecchi et al., 2004).

3.10.2. Artesunate

Artesunate is a sesquiterpene artemisinin derivative discovered in the traditional Chinese wormwood
annual plant (Artemisia annua), which is used to cure fever and rheumatism. Artemisinin, the main active
ingredient, was found and isolated in the 1970s and has historically been used to treat malaria because
it increases reactive oxygen species (ROS) in the Plasmodium parasite. The other substances aren’t on
the WHO list. Clinical research data is currently scarce. Artesunate also has antiproliferative properties,
making it a potential anticancer agent. Artesunate is cytotoxic to HCT116 colorectal cancer cells, caus-
ing cell cycle arrest in the G1 phase via decreasing cyclin D1 expression and raising p21 expression. In
co-therapy with oxaliplatin, artesunate produces higher ROS of artesunate on tumour immunosuppres-
sion, which is the main source of inefficient tumour treatment. (Liu et al., 2011; Meshnick et al., 2002).
Another study sought to evaluate the effect of artesunate on tumour immunosuppression, which is the
primary cause of unsuccessful tumour treatment.
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3.11. Ginko biloba

The extract of Ginkgo biloba includes more than 60 biologically active compounds, the most important
of which are turpentines, flavonoids, carboxylic acids, and L-ascorbic acid. Ginkgo biloba EGb 761
extract suppresses HT-29 cell line development, and its action may be connected to increased caspase-3
activity, enhanced p53 expression, and decreased bcl-2 expression (Chen et al., 2011). EGb was also
examined in Phase Il clinical trials in combination with 5-FU, and the study’s authors would advocate this
method as second-line treatment in patients with metastatic CRC (Hauns et al., 2001). On the contrary,
the National Toxicology Program conducted a 2-year gavage study on one Ginkgo biloba leaf extract in
2013 and determined that there was high evidence of carcinogenic activity in mice based on increased
incidence of hepatocellular carcinoma and hepatoblastoma (National Toxicology Program, 2013).

Table 1. Natural compounds and their derivatives as anti-CRC drugs

Natural products Source Chemical class Mechanism
SN-38 Camptotheca acuminata (bark) | Alkaloids Anti-proliferation
Resveratrol Peanuts,. blueberries, grapes, Polyphenol Apoptosis, anti- proliferation

mulberries.

Curcumin Curcuma longa(turmeric) Polyphenol Apoptosis, anti-angiogenesis, cell cycle arrest
PSK Trametes versicolor(fungi) Polysaccharides Apoptosis, anti- proliferation
Fucoidan Brown seaweed Polysaccharides Apoptosis, anti- proliferation
Andrographolide Andrographis paniculata Diterpenoid Apoptosis, anti-proliferation, cell cycle arrest
Cannabidiol Cannabis sativa Cannabinoids (/:\h:(:;(t)ors)ir:,\/;:ttii-\/;rzflfiefg;ri(:: oxidative damage,
Diallyl trisulfide Garlic Allylsulfates Apoptosis, anti- proliferation
Everolimus Bacterial Macrolide Anti-Angiogenesis, Anti-Metastasis
Trofulven Fungi Sesquiterpene Anti-Proliferation
Epothilone D Bacterial Macrolide Anti-Proliferation
Mitomycin C Streptomyces Ethyleneimines Anti-Proliferation, Cell cycle arrest

printed on 2/11/2023 1:06 AMvia .

4. NATURAL PRODUCT-BASED DRUGS FOR COMBINATION CHEMOTHERAPY

CRC that has spread throughout the body is known as metastatic CRC (Winawer et al., 1997; Horita
et al., 2012; R. Lee et al., 2019; Ellebaek et al., 2012). Irinotecan treatment has been shown in earlier
clinical trials to significantly improve survival rates and decrease the occurrence of adverse events in
patients with advanced mCRC (Cunningham et al., 1998). Irinotecan has been considered as a standard
chemotherapeutic agent since then, particularly in patients with advanced mCRC who had failed to
respond to 5-FU treatment in the early stages of the disease. Irinotecan is the backbone of combination
chemotherapies for metastatic CRC, including FOLFIRI (levoleucovorin (LV) and 5-FU with irinotecan),
IROX (irinotecan plus oxaliplatin) and XELIRI (capecitabine plus irinotecan).
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4.1. FOLIFRI

One of the current standard chemotherapy regimens for advanced CRC is FOLFIRI, a combination
therapy comprising of levoleucovorin, 5-FU, and irinotecan., In the study by Tournigand et al, the ob-
jective response rate obtained with FOLFIRI as the first-line therapy (consisting of 200 mg/m?2 1-LV or
400 mg/m?2 dI-LV as a 2 h infusion, and 180 mg/ m2 irinotecan administered as a 90-minute infusion in
500 mL of 5% dextrose, followed by 400 mg/m2 FU and a 46 -h infusion of 2400 mg/ m2 FU for two
cycles, with the dose being increased to 3000 mg/m2 from cycle 3 in case of no toxicity, repeated every
2 weeks) was 56%.Sastre J et al. have administered the FOLFIRI regimen to Patients with advanced CRC
who had failed treatment with 5-FU or FOLFOX (oxaliplatin and fluorouracil plus formyltetrahydrofo-
late) were given the FOLFIRI regimen, and the results were satisfactory: 8.3 per cent complete response
rate, 20.8 per cent partial efficiency, and 29 per cent objective efficiency. Mucositis, nausea, vomiting,
and gastrointestinal toxicity are the most common side effects of FOLFIRI therapy (Tournigand et al.,
2004; Sastre et al., 2003). When used in conjunction with FOLFIRI, antibody-based medicines like
panitumumab and bevacizumab have been found to improve the safety and efficacy of mCRC treatment
(Xie et al., 2014; Liu et al., 2015; Holch et al., 2019).

4.2. IROX

Oxaliplatin (OXA), a platinum-based medication, creates a cross-link with DNA, preventing it from
replicating and transcribing (Woynarowski et al., 1998). In vitro investigations have revealed that OXA
suppresses the development of colorectal cancer cell lines resistant to cisplatin and carboplatin (Rixe et
al., 1996). Several clinical phase I/II studies (Wasserman et al., 1999; Goldwasser et al.,2000; Bajetta et
al., 2004; Timotheadou et al., 2005) have demonstrated the efficacy of IROX (irinotecan plus OXA) in
the treatment of CRC. Following the failure of 5-FU therapy, Haller et al. found that IROX therapy (85
mg/m2 OXA, intravenous infusion for 120 minutes, and 200 mg/m?2 irinotecan, intravenous infusion for
30 min or 90 min every three weeks) is more effective than irinotecan alone (Haller et al., 2008). IROX
treatment, however, was associated with a higher incidence of grade 3—4 diarrhoea (28 per cent against
23 per cent) and severe neuropathy (5 per cent versus O per cent) as compared to irinotecan alone (So-
brero et al., 2009). The incidence of vomiting, diarrhoea, nausea and febrile neutropenia in individuals
treated with IROX was shown to be considerably higher than in those treated with FOLFOX (Goldberg
et al., 2004). IROX is recommended whenever patients are intolerant to 5-FU, demonstrating that it is a
viable second-line treatment option for these advanced CRC patients.

4.3. XELIRI

In the treatment of CRC, capecitabine, a highly potent oral fluoropyrimidine, is a promising alterna-
tive to 5-FU (Patt et al., 2007). Capecitabine has a higher response rate and better safety than 5-FU/LV
(Rea et al., 2005; Shin et al., 2008). Recent clinical trials have indicated that the XELIRI combination
(capecitabine plus irinotecan) as a second-line treatment for patients with advanced CRC has definite
efficacy and safety (Hoff et al., 2001; Van Cutsem et al., 2001). In 2018, Xu et al. conducted a clinical
phase III trial (NCT01996306) with a modified XELIRI (mXELIRI)-AXEPT regimen. mXELIRI (200
mg/m?2 irinotecan intravenously on day 1, plus 800 mg/m?2 capecitabine orally twice daily on days 1-14,
repeated every 21 days) has been reported to have highly satisfactory results when compared to FOL-
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FIRI: the median survival time of patients in the mXELIRI group was 16.8 months, while the median
survival time of those in the FOLFIRI group was 15.4 months, with a lower probability of neutropenia
which indicates mXELIRI can be used as a potential substitute for FOLFIRI, and as a routine second-line
therapy for mCRC patients, hence giving a new treatment option for mCRC patients (Xu et al., 2018).

5. ACTION MECHANISM OF NATURAL PRODUCTS
BASED DRUGS ON CRC TREATMENT

Natural product-derived medicines have been increasingly employed for cancer therapy in recent years
because of their diverse sources, improved bioactivities, and reduced toxicity. Natural product-derived
medicines can have anticancer effects by inhibiting proliferation, invasion, apoptosis, autophagy and
angiogenesis, all of which are common in human malignancies. Here, the main function of natural
product-based drugs against CRC with a mechanism based foundation is generalized.

5.1. Proliferation

In proliferation based regulation, checkpoints closely govern the cell cycle to ensure that cells repro-
duce in sequential and appropriately orientated stages; the dysregulation of the cell cycle can result in
aberrant growth of cancer cells. Many natural compounds have been found to limit cancer cell growth
by regulating mitosis and the cell cycle, making them valuable potential alternatives for chemotherapy
medicines (Amin et al., 2015).

5.2. Adhesion

Adhesion, migration, invasion of cancer cells, and degradation of the extracellular matrix (ECM) surround-
ing the target organ are all part of the metastasis process which is one of the most severe characteristics
of cancer, and it influences the prognosis and clinical stage of the illness. TGF-/Smad and JAK2/STAT3
signaling pathways are activated during tumor development, progression, and metastasis (Ondrouskova
etal., 2016; Lin et al., 2019; Liu et al., 2014; Wang et al., 2014).

5.3. Apoptosis

Cell division or cell death maintains the cell mechanism. Cells commit suicide when they are no longer
required by initiating an intracellular death mechanism. This process is known as programmed cell death
or apoptosis. Apoptosis is classified into two pathways such as intrinsic and extrinsic. The intrinsic route
or mitochondrial pathway can initiate the caspase cascade, which results in apoptosis via the release of
cytochrome C while the extrinsic route starts apoptosis by activating cell death receptors (DRs) on the
cell surface, such as FasL/CD95 L and TRAIL (Kroemer et al., 2007; Fulda et al., 2006).

5.4. Autophagy

Autophagy, also known as type II programmed cell death, is a conserved catabolic process that uses
autophagosomes to remove excess long-lived proteins, damaged organelles, and invading infections.
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Table 2. Natural products with anti-proliferative effect on colorectal cancer cells

Compound Mechanism
Lawsonaringenin Downregulate -catenin and c-Myc
Ribonucleic acid fraction Increase p21 and p27, decrease Cyclin D1 and Cyclin A
Ent-kaur-2-one-16f,17-dihydroxy-acetone- ketal Increase p21, decrease Cyclin D, CDK2 and CDK4
Extracts of Iberis amara Decrease Cyclin A2, Cyclin D3, CDK2, CDK4 and CDK6
Kahweol Decrease Cyclin D1
Indigocarpan Increase p21, decrease Cyclin B1 and Cyclin D1
Sulforaphane Increase CDK1, CDK2, Cyclin B and WEEI, decrease cdc 25C and cyclin A
Methylferulate Increase p19 and p27, decrease CDK1 and CDK2
Yuanhuacine Increase p21

Autophagy can be triggered in response to a variety of cellular stressors, such as hypoxia, endoplasmic
reticulum stress, ROS deposition, and pharmacological stimulation (He et al., 2009; Yorimitsu et al.,
2007; Yang et al., 2019).

5.5. Angiogenesis

Angiogenesis is another natural physiological process that involves endothelial cell migration and mor-
phogenesis during revascularization and delivers oxygen and nutrients to tissues. Extracellular factors
such as interleukin-8 (IL-8), tumor necrosis factor (TNF), and platelet-derived growth factor (PDGF)
are also involved in the process of angiogenesis, as are VEGF and its receptor. Conferone, an active
compound derived from Ferula plants, has been found to limit HT-29 cells’ angiogenic potential by
controlling the production of VEGF and the growth factors angiopoietin-1 and -2.(Bielenberg et al.,
2015; Cheraghi et al., 2016; Sun, 2012).

Some natural products regulating proliferative, invasive, apoptotic and autophagy mechanisms on
CRC are tabulated as:

6. MARINE-DERIVED ANTI-COLORECTAL CANCER NATURAL PRODUCTS

Secondary metabolites from the largely unexplored marine environments have proven to be significant
sources of potential medicines. Marine populations serve as a repository for novel bioactive metabolites
with a wide range of chemical configurations. Advanced technology and extensive research on marine
natural products have led to the discovery of anew generation of anticancer drugs currently used in clinical
trials. Marine has a lot of potential for discovering novel things that can help with cancer prevention and
treatment. Given the enormous potential of marine natural product scaffolds, there is a growing interest
in leveraging their diversity and complexity for rational drug development (Newman & Cragg, 2014).
The Caribbean sponge (Cryptotethya crypta) was the first marine organism to be chemically studied
in-depth (Bergmann & Feeney, 1950) and substantial phytochemical research on pure chemicals from
this organism was conducted between 1950 and 1960, prior to the discovery of cytosine arabinoside
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Table 3. Natural products with anti-migration and anti-invasion effect on colorectal cancer cells

Compound Mechanism
a-Hederin Suppress EMT and JAK2/STAT3
Tea Polysaccharide Decrease Cyclin D1, MMP-2 and MMP-9
Curcumin Inhibit FAK/Src, STAT3, Erk and Akt pathways
Esculetin Target Axin2/Ecadherin axis
Luteolin Inhibit CREB1 and block EMT
Cairicoside E Inhibit the EMT through down-regulation of AQPS5 and suppression of p-Smad2/3
Resveratrol Inhibit FAK activity

(ara-C) (Schwartsmann, 2000; Bergmann & Feeney, 1951; Bergmann & BURKE, 1955). In addition,
some marine organisms have been studied for cancer control (Fsulkner, 2000; Faulkner, 2000), includ-
ing microflora (bacteria, actinobacteria, cyanobacteria, and fungi), microalgae, macroalgae (seaweeds)
(Sithranga Boopathy & Kathiresan, 2010), invertebrate animals (Rinehart, 2000) sponges, soft corals,
sea fans, sea hares, nudibranchs, bryozoans, tunicates, and others (White et al., 2014). Alkaloids, carot-
enoids, terpenoids, anthraquinones, pentapeptide, quinonoids are some potential secondary metabolites
obtained from marine natural products that exhibited anti-oxidant, anti-tumor activities.

Calothixins, salternamide A, 6-bromoisatin, peridinin, sepholenol, sepholenone, physcion, caldoramide,
mazamine-A derived from natural sources are some examples that have proven effective in inducing
apoptosis, cell cycle arrest, anti-proliferation. Basic information of some marine-derived anti-colorectal
cancer natural products is given as:

7. ROLE OF MICROBIAL PRODUCTS IN
SUPPRESSING COLORECTAL CANCER

7.1. Butyrate

Butyrate suppresses CRC invasion and proliferation while also promoting cancer cell death. Colon
bacteria create short-chain fatty acids (SCFA) such as acetic acid, propionic acid, and butyric acid by
breaking down undigested food fibres and starches (van de Wouw et al., 2018). SCFA’s aerobic glycolysis
supplies colon cells with their primary energy source (Wang et al., 2019), as well as contributing to the
host intestine’s immunity and metabolism. SCFA content reduces considerably in CRC patients’ plasma,
indicating that a drop in SCFA promotes CRC growth (Yusuf et al., 2018).

Butyrate is the most researched short-chain fatty acid, and it is primarily produced by two families
of human colon firmicutes, ruminococcaceae and lachnospiraceae, via glycolysis from hydrocarbons
(Louis et al., 2017). Butyrate suppresses cancer cell multiplication while causing cell death as a histone
deacetylase (HDAC) inhibitor (Medina et al., 1997). Butyrate is oxidised by mitochondria in normal
colon cells and converted to energy via the tricarboxylic acid cycle (TCA cycle) or cytosolic acyl-
coenzyme A. (CoA). Cancer cells can change their metabolic modes even when exposed to oxygen, and
they prefer to use the glycolytic pathway rather than the oxidative phosphorylation (OXPHOS) pathway
to convert absorbed glucose into lactate (Koppenol et al., 2011). The Warburg effect pathway has been
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Table 4. Natural products inducing apoptosis in colorectal cancer cells

Compound Mechanism
Zerumbone Induce ROS, activate caspase-3/8/9 and downgregulate Bcl2
Alkylresorcinols Decrease Bcl2 and XIAP, increase PUMA, cytochrome C, cleaved caspase-9 and -3
Quercetrin Upregulate Bax, caspase-9, caspase-3 and Apaf-1
Pteisolic acid G Downregualte NF-kB p65 activity, stimulate p53 and promote ROS production

Oblongifolin C and guttiferone K Increase cleavage of caspase-3, PARP and JNK phosphorylation and enhance cellular

ROS production
Increase caspase-3, caspase-9, cleavage of pro-caspase-3 and pro-caspase-9, PARP and
Cardol
ROS
Cuminaldehyde Activate caspase-3 and -9
BG-4 Reduce Bcl-2, increase Bax and caspase-3
Deoxyelephantopin Activate caspase-3 and PARP cleavage
Isoledene Increase ROS, caspase-8, -9 and -3, upregulate Bid, Bim and cytochrome C, downregulate
Bcl-2, Bel-W, survivn, xIAP and HSPs pro-survival proteins
Gambogic acid Activation of JNK signaling pathway
Hederagenin Increase ROS, up regulate Bax and decrease Bcl-2, Bcl-xL, procaspase-9, procaspase-3,
PARP and surviving
. . Increase death receptor DRS, decrease cFLIP, cleavage of PARP, caspase-3, caspase-8,
Goniothalamin -
caspase-9, Bid, Bax and Bcl2
Procyanidins Activate caspase-8
. Up regulate TNFRSF10A, TNF, TNFSF8, CRADD, FADD, TRADD, caspase-3, -7 and
Oplopantriol A 3
Maslinic Acid Activate caspase-3 and caspase-8
Calotroposid A Increase caspase-8
Propolis cinnamic acid derivatives Regulate TRAIL/DR4/5 and/or FasL/Fas death-signaling loops and increase miR-143
Mertensene Activate caspase-3 and PARP cleavage and increase TRADD

2-(Pro-1-ynyl)-5-(5,6-dihydroxypenta-

1,3diynyl) Thiophene ROS-Mediated INK Activation

Upregulate cleaved caspase-3, -9 and the ratio of Bax/Bcl-2, block the NF-xB signaling

Riccardin D

pathway
Icariin Suppress the NF-xB activity
Oxymatrine Activate PI3K/AKT/mTOR pathway

identified as a major feature of carcinoma cells; malignant colon cells prefer glucose to butyrate as their
preferred energy source. As a result, malignant colon cells collect a lot of butyrate, which is an inhibitor
of HDAC (Eslami et al., 2019). Butyrate can directly reach the nucleus, inhibiting histone deacetylase 1
and lowering short-chain acyl CoA dehydrogenase (SCAD) levels, which is the key step in mitochondrial
butyrate oxidation catalysis (M Astbury et al., 2012). This inhibits CRC growth by reducing butyrate
auto-oxidation in CRC cells (Han et al., 2018) and allowing butyrate to accumulate in carcinoma cells.
This explains why tumour cells are more sensitive to HDAC inhibitors than non-transformed cells
(Dashwood et al., 2003).
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Table 5. Natural products regulating autophagy on colorectal cancer cells

Compound Mechanism
Thymoquinone Activate JNK and P38 and MOMP
Peiminine Repress the phosphorylation of Mtor
Tanshinones Induce LC3B-Ilaccumulation

Epigallocatechin gallate Induce LC3-Ilaccumulation

Cardamonin Increase p5S3/INK
Isothiocyanates Decrease the phosphorylation of Akt and mTOR
Salvianolic Acid B Suppress Akt/mTOR pathway

7.2. Ursodeoxycholic Acid (UDCA)

Ursodeoxycholic acid (UDCA) suppress CRC by modulating inflammatory response and enhancing im-
mune surveillance. Bile acids (BAs) are cholesterol-derived bile acids that are carried into the intestine
by bile and help the intestine absorb fat. The ‘traditional’ mechanism produces two major BAs in the
human liver: cholic acid (CA) and chenodeoxycholic acid (CDCA) (Dawson & Karpen, 2015). More
than 90% of intestinal BAs are reabsorbed in the ileum and subsequently transferred to the liver via the
portal vein, where hepatocytes digest them and secrete them back into the bile (Lin & Kohli, 2018).
Unabsorbed BAs are converted into hydrophobic secondary bile salts by bacteria in the gut, such as
Clostridium, Enterococcus, Bifidobacterium, and Lactobacillus. Gut bacteria, for example, convert CA
to deoxycholic acid (DCA) and CDCA to lithocholic acid (LCA) (de Buy Wenniger & Beuers, 2010;
Molinero et al., 2019; Ferrell et al., 2019). Clostridium species, including Clostridium absonum and
Clostridium baratii, produce UDCA, which is a secondary bile acid. It shares a molecular structure with
DCA, however unlike the hydrophobic bile acid DCA, UDCA has been shown to reduce the risk of co-
lon cancer (Khare et al., 2008; Im & Martinez, 2004). Patients with colorectal adenoma who have been
using UDCA for a long time are less likely to recur after the adenoma has been removed, and colonic

Table 6. Basic information for marine-derived anti-colorectal cancer natural products

Natural products Marine organisms Chemical class Mechanism Celltype/cell lines
Calothrixins Calothrix sp. Quinonoid Anti- proliferation HCT116
Salternamide A Streptomyces sp. Alkaloid Cell cycle arrest HCT116
6-bromoisatin Dicathais orbita Isatin Apoptosis, Anti- proliferation HT-29
Peridinin Gonyaulax polyedra Carotenoid Apoptosis, Cell cycle arrest DLD-1
Sipholenone A Siphonochalina sp. Triterpenoid Cell cycle arrest CaCo-2, HT-29
Sipholenol A Siphonochalina sp. Triterpenoid Anti-proliferation, cell cycle arrest | CaCo-2, HT-29
Sipholenol L Siphonochalina sp. Triterpenoid Anti-proliferation, cell cycle arrest | HT-29
Physcion Penicillium janthinellum Anthraquinone Apoptosis HCT116
Caldoramide Caldora penicillata Pentapeptide Unknown HCT116
Manzamine A Acanthostrongylophora sp. Alkaloid Apoptosis HCT116
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epithelial proliferation is greatly reduced (Serfaty et al., 2003). The recurrence rate of atypical adenoma
can also be reduced greatly with UDCA (Alberts et al., 2005). UDCA inhibits CRC in numerous ways,
including increasing the hydrophilicity of the bile pool, lowering the concentration of hydrophobic BA
(Ridlon & Bajaj, 2015), and regulating oxidative stress in colon cancer cells and CSC (Kim et al., 2017).

Furthermore, UDCA increases colonic MHC expression, which improves tumour immune surveil-
lance (Rigas et al., 1994), reduces cox-2 in CRC, and inhibits NF-kappaB (NF-B) activated IL-1, as
well as deoxycholic acid-induced A and AP-1 in human CRC cells (Shah et al., 2006). However, several
researches have revealed that UDCA has little effect on CRC prevention (Pearson et al., 2019). Further-
more, high dosages of oral UDCA have been associated to an increased risk of CRC (Eaton et al., 2011).
The effects of UDCA on CRC is still debatable, and more research is needed to verify its effectiveness.

7.3. Niacin

Niacininhibits colonic inflammation and carcinogenesis viaacting on G protein-coupled receptors (GRA)
and prostaglandin receptors. Vitamin B is created by the intestinal microbiota, such as Lactobacillus
acidophilus, in addition to being absorbed from the diet. Niacin, also known as nicotinic acid or vitamin
B3, is a coenzyme precursor that includes nicotinamide adenine dinucleotide (NAD) and nicotinamide
adenine dinucleotide phosphate (NADP) and is required for cell viability (Peterson et al., 2020). Niacin
is thought to have anti-inflammatory properties in addition to its hypolipidemic actions (Zeman et al.,
2016). Niacin activates GPR109a, which improves the anti-inflammatory actions of colonic macrophages
and dendritic cells, allowing them to differentiate into Treg cells and IL-10-producing T cells. Animal
studies suggest that niacin can protect mice against colitis and colon cancer by activating GPR109a,
albeit the exact molecular mechanism is unknown (Singh, N et al., 2014). Some studies have shown that
niacin protects the intestinal mucosa by lowering TNF- levels via GPR109a (Salem & Wadie, 2017),
while others have proposed that niacin protects the intestinal mucosa by mediating the release of pros-
taglandin D2 via GPR109a (Li et al., 2017). CSCs have a role in tumour development and maintenance;
they are chemically resistant and have self-replenishing, multipotency, adaptability, and diversification
properties. The removal of CSC could improve patient survival rates (Kharkar, 2017).

Niacin has also been demonstrated to have effects on tumour stem cells, with low dosages encourag-
ing cell proliferation and large doses causing cell death in colon CSCs (Sen et al., 2017). However, no
research into the mechanism of this phenomenon has been done so far. There are still many questions about
whether niacin can prevent CRC and how it protects the intestinal mucosa from inflammation and CRC.

8. CONCLUSION

Natural products have been proven to have undeniable benefits and could be used to treat cancer. We
highlighted the recently investigated natural items that have been employed or show significant promise
for use in the treatment of CRC. The most serious issues with CRC treatment are drug resistance and
side effects. Some natural products have been used with traditional chemotherapeutic medicines, such
as 5-FU, to increase the cancer cells’ susceptibility to conventional therapy, so enhancing the combined
impact; this is a novel treatment technique for CRC. However, as more natural products are discovered,
isolating novel active chemicals based on the finding of traditional natural products from terrestrial
animals, plants, or microorganisms has become increasingly difficult. For example, a rising number of
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known natural products are being identified regularly, obstructing the discovery of novel substances. As
a result, finding new structural compounds is still a huge task.
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ABSTRACT

Cancer is regarded as a deadly disease and characterized as one of largest problems among the universal
population. Worldwide, the population insists on a positive approach for curing the disease. However,
plant resources are found to possess multiple phytochemicals which revealed promising effects for vari-
ous cancer maladies. Over 60% of drugs are obtained from natural source only. Therapy for common
cancer involves radiotherapy or chemotherapy, which alters the physical condition of the individual with
diverse side effects and ultimately drains the immunity of the individual. Several available drugs are
also unable to cure cancer completely, but recent advancement in utilization of plant-based compounds
revealed greater beneficial efficacy in management of cancerous cell growth. Therefore, this chapter
portrays the bioactive compounds obtained from natural sources and how these traditional medicines
act as drug candidates against cancer.

1. INTRODUCTION
Natural products obtained from diverse plant resources have contributed a dominant function in therapy

for various maladies. Among them, cancer is in second place and regarded as the most deadliest devas-
tating malady in both developing as well as developed countries. (Lin et al., 2019; Siegel et al., 2020).
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Due to acceptance of insalubrious lifestyles such as drinking alcohol, smoking eating junk foods with
high calorific value, no proper sleep at time, lack of exercise all connected with triggering the incidence
of cancer (Jemal et al., 2011). The fundamental cause for increasing deaths around the world which is
predictable to be approximately twenty one million by 2030 is none other than cancer (American Cancer
Society 2016 and Siegel et al., 2020). (Shown in Table-1)

Among the 100,000 populace in India, the cancer occurrence rate were measured based on their an-
nual average rate (AAR) in males and females (NCRP-ICMR 2013). The cumulative risk is among 0-75
age group. However, population based incidence of cancer globally as well as in India collected either
from GLOBOCAN statistics/American cancer society provides us a distinct vision on increased rates
of mortality. We have provided a broad overview global rate of cancer incidence rate which is regarded
as contemporary burden and further also revealed the statistics of cancer in India alone in (graph 1)

Nonetheless, proliferation of cells in uncontrolled manner results in genetic instabilities and varia-
tions inside tissues, cells which transform normal cells to malignant cells. Although, several drugs are
available for treatment for different types of cancers such as vinblastine (lymphoma, bladder), metho-
trexate (breast, bladder, cervix carcinoma), cisplastin, cyclophoshamide, paclitaxel, vincristine (ovarian
carcinoma), doxorubicin (lung cancer) etc. Administrations of drugs for prolong duration leads to other
side effects. Although, plants possess several bioactive agents which is regarded as gift of nature and
helps to cure various ailments including cancer. However, several literature reports have depicted the
medicinal importance of plant products (Aung 2017 and Tariq 2017). In our article, primary focus is on
plant products which has rich bioactive phyto-constituents such as alkaloids, terpenes, flavonoids, lignans,
taxanes, vitamins, minerals along with other primary as well as secondary metabolites. Nevertheless,
we also displayed the molecular mechanism of action in inactivation of oncogenes, tumor suppressor
genes. However, further docking studies would help researcher to study the protein-ligand interactions
in order to combat the deadly disease.

2. BIOLOGICAL SCREENING FOR PLANT DERIVED SUBSTANCES

Medicinal plants are nature’s gift which possesses several bioactive compounds established as an
inexhaustible resource for the production of new effectual drugs, pharmacophores and chemotypes
(Veeresham 2012). Today usage of herbs for therapeutic purpose has spread universally (Koparde
2020). From decades, natural plants with medicinal importance have been depicted to show significant
role in therapy and inhibition of various pathogenic diseases (Yuan 2016). Furthermore, herbal plants
like Digitalis purpurea, Digitalis lanata, Camptotheca acuminata Decne., Artemisia annua L., Gingko
biloba L., Curcuma longa L., Podophyllum peltatum L., Papaver somniferum L., Taxus brevifolia, Taxus
baccata, Combretum caffrum, Euphorbia peplus, etc. From micro algae resources Spirulina platensis,
cyanobacterial strain Lyngbya boulloni, Nostoc, Nodularia, and Anabaena (Vora“cova, 2017). Marine
macroalage, Chlorella vulgaris and Chlorella ellipsoidea (Cha 2008) are revealed to possess abundant
bioactive constituents which are utilized for treatment of various ailments. Discovery of plant, marine
and other related bioactive compounds at present utilized as pharmaceutical agents, remarkably used
for therapy of cancer (Cragg 2016). (Shown in Figure 1)
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Table 1. Estimated New Cases and Deaths for all cancers (GLOBOCAN Statistics 2020)

Percentage in

Percentage in all

Site of Cancer Estimated New Cases all sites Estimated deaths sites
Lung 2,206,771 11.4 1,796,144 18.0
Colon 1,148,515 6.0 576,858 5.8
Female breast 1,261,419 11.7 684,996 6.9
Non melanoma of skin 1,198,073 6.2 63,731 0.6
Liver 905,677 4.7 830,180 8.3
Rectum 732,210 3.8 339,022 3.4
Prostate 1,414,259 7.3 375,304 3.8
Stomach 1,089,103 5.6 768,793 7.7
Vagina 17,908 0.1 7995 0.1
Mesothelioma 30,870 0.2 26,278 0.3
Kaposi Sarcoma 34,270 0.2 15,086 0.2
Testis 74,458 0.4 9334 0.1
Hodgkin Lymphoma 83,087 0.4 23,376 0.2
Anus 50,865 0.3 19,293 0.2
Vulva 45,240 0.2 17,427 0.2
Gall bladder 115,949 0.6 84,695 0.9
Brain, Nervous System 308,102 1.6 251,329 2.5
Multiple Myeloma 176,404 0.9 117,077 1.2
Nasopharynx 133,354 0.7 80,008 0.8
Oropharynx 98,412 0.5 48,143 0.5
Salivary glands 53,583 0.3 22,778 0.2
Hypopharynx 84,254 0.4 38,599 04
Pancreas 495,773 2.6 466,003 4.7
Leukemia 474,519 25 311,594 2.5
Esophagus 604,100 3.1 544,076 5.5
Thyroid 586,202 3.0 43,646 0.4
Bladder 573,278 3.0 212,536 2.1
Cervix uteri 604,127 3.1 341,831 34
Lip, Oral cavity 377,713 2.0 177,757 1.8
Penis 36,068 0.2 13,211 0.1
Ovary 313,959 1.6 207,252 2.1
Melanoma of Skin 324,635 1.7 57,043 0.6
Corpus Uteri 417,367 22 97,370 1.0
All sites total 16,070,527 8,668,765

printed on 2/11/2023 1:06 AMvia .

Al'l use subject to https://ww. ebsco.conitermns-of-use

155



EBSCChost -

Natural Products Possess Bioactive Agents Investigated for Their Anticancer Potential

Figure 1.
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3. PROMISING POTENTIAL OF PLANT DERIVED BIOACTIVE AGENTS

Ever since primordial decades the importance of medicinal plants have been acknowledged and consumed
to improve health. These plant based products are the main resource for preparation of medicines for
several maladies (Sakarkar ef al., 2011). Traditional plants possess secondary metabolites which possess
bioactive compounds such as alkaloids, terpenoids, and phenolics (Kabera et al., 2014; Delgoda and
Murray, 2017). However, isolation of bioactive compounds from plant species is been carried out every
year in order to exploit latest cytotoxic secondary metabolites which has the potential to combat against
cancer. Medicinal plant products derived from plant sources have been examined to possess enormous
promising bioactive phytochemicals from ancient times. (Samuelsson, 2004; Chin et al.,2006). However,
many plant derived compounds have been legitimately subscribed for medicinal therapy (Balunas and
Kinghorn, 2005). The list of some important plant derived compounds having significant medicinal
value is depicted in Table 2.
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Figure 2. Plant derived compounds with bioactive substances for cancer treatment
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4. NATURAL PRODUCTS WITH PHARMACOLOGICAL INTERVENTIONS

The bioactive compounds obtained from plant sources either from, fruit, leaves, vegetables acts as
potential chemopreventive agents against the deadly disease like cancer (Gullett et al., 2010). These
compounds have the capability to intrude the biomolecules by either inhibiting, or reversing the tu-
morigenesis process (Cragg 2016) and thereby refraining the threat of recurrence of cancer (Pan et
al., 2015). The unique ability of these compounds action is to impede carcinogenic agents, enhancing
the aptitude of the DNA repair system or directly showing impact particularly against those cells that
carry DNA alterations by mitigating speed of cell cycle or interrupting the proliferation of tumor cells
to next stage of metastasis (de Melo 2018). These bioactive agents particularly targets on those early
stages of transformation along with advanced stage of various cancer types (Kotecha 2016). However,
the main constituents present in these plant sources are phyto-constituents which inhibit the progression
of cancer either directly or indirectly. Furthermore, direct mode of action involves arrest of cell cycle,
autophagocytosis and chromatin condensation. The indirect mechanism involves augmentation of phase
II detoxification enzymes, transposing the unfavourable epigenetic regulations along with transforming
expression of miRNA, altering the gut biota and proper balance of inflammation responses (Koh 2020).
Thus, phytochemicals have greater contribution in assailing/ generation of oxidative stress which indirectly
results in degradation of DNA. The antioxidant action helps in mitigation of cancer cell progression
(Kiokias 2018). (Shown in Figure 23)

5. MECHANISM OF PHYTOCHEMICALS ACTIONS AGAINST CANCER

Plant based products such as fruits, spices, herbs and vegetables are rich in phytochemicals which support
in health promotion and prevent diseases (Gonzalez-Vallinas 2013). However, several literature reports
have stated that consumption of fruits, vegetables and green leaves have shown beneficial impact in re-
covery from different types of cancer (Lee 2011). For instance, we have shown in (Table-3 and figure-4)
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Table 2. List of plant derived bioactive compounds against different kinds of cancer
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Table 2. Continued
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Table 2. Continued
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Table 3. Phytochemicals from plant products triggered ROS mechanism and arrest of cell cycle

Bioactive agents

Plant products

Investigated in In-vitro cells

References

p-Methoxycinnamic acid

Turmeric, rice bran, brown rice

HCT-116

Gunasekaran et al., 2015

Piperine Piper nigrum, Piper longum HRT-18 Yaffe et al., 2013
Curcumin Curcuma longa HCT-16 ‘Watson et al., 2010
Quercetin Red wine, nuts, fruits and HT-29 Raja et al., 2017
vegetables

.. Parsley,onions, wheat sprouts, .
Apigenin fruits and vegetables HCT-15 Banerjee et al., 2015
Resveratrol Red wine, Grapes, mulberries COLO201 Miki et al., 2012
Artocarpin Artocarpus heterophyllus HT-29 Sun et al., 2017
Patulin Pears, Mold, apple and peaches | HCT-116 Kwon et al., 2012

about various phytochemicals exerting chemopreventive effects through triggering reactive oxygen
species (ROS) mechanism which in turn induced cell damage along with cell cycle arrest and apoptosis
(Fung 2010). These phyto-constituents are rich in bioactive compounds such as alkaloids, flavonoids,
stilbenes (resveratrol), tannins, phenolics and cumarins (Tailor et al., 2012).

However, secondary metabolites obtained from the plant products are rich in bioactive compounds
and connected with alteration in cell cycle. Furthermore, these phytoconstituents inhibits growth of
cells at several check points. Nevertheless, activates receptor mediated as well as apoptotic signalling

Figure 3. Phytochemicals mediated redox sensitive mechanism resulting in cancerous cell cycle arrest
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pathways which instigated reactive oxygen species and thereby activating cascade of caspases which
ultimately resulted in death of cancer cells.

6. CONCLUSION

Our current article provided awareness as well as broad insights on the anticancer actions of herbal plants
with greater medicinal values. From ancient decades, medicinal plants served as significant resources
for the treatment of diverse kinds of disorders and diseases, including various types of cancer. These
medicinal plants have bioactive compounds and with help of recent advancements in technologies assist
against various cancer diseases. However, several literature reports have demonstrated the efficacy of
herbal plants in curation of various ailments in their preclinical studies. Thus, further research need to
be exerted on naturally active substances and study the protein-ligand interactions with computer aided
drug designing. Later, in vivo trials on experimental models help us to study the pharmacokinetic and
pharmcodynamic actions. Hence, natural compound have abundant medicinal importance and prove to
be effective drug against various maladies including cancer. However, it is considered that plant com-
pounds possess manifold phytochemicals which might exert potential effects on contrast to the same
phytoconstituent taken separately. Thus, co-amalgamation anticancer phytoconstituents can even provide
us more effectual therapeutic agents for cancer.
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ABSTRACT

The occurrence of tumor cells is generally governed by the cluster of cells known as cancer stem cells,
which are based on the informative model of cancer tissue consisting of stem cells that do have char-
acteristics like auto-renewal activity and also provide intrinsic mechanisms for survival which are
responsible for resistance against tumor cells to most of the drugs used in chemotherapy to cure cancer.
During the course of therapy, it is difficult to eliminate CSCs due to which recurrence of tumor and
metastasis develops inside the cell. Ongoing studies provide significant information on the particular
phenotypic characteristics of cancer stem cells from different tumor types, as well as the signaling sys-
tem and molecules that undergo auto-renewal and drug resistance. NPs (natural products), which are
derivative of botanicals and food sources, may alter important signalling pathways that are involved
in the perpetuation of CSC phenotypic traits. The chapter deals with the use of plant products to cure
CSCs and their functioning.

INTRODUCTION

In recent year’s various diagnostic and treatment technologies like radiotherapy, antineoplastic and che-
motherapeutic drugs not only have made many solid tumors cure possible but also have given a new ray
of hope to those people who are diagnosed with cancer. Although in numerous cases of cancer patients,
the prognosis remains bleak because of the MDR (multiple drug resistance) and the high cancer recur-
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rence rate visualized after the initial treatments of chemotherapy. Specifically, the cancers that affect
patient multiple organ systems, i.e., metastatic cancer, are very difficult to treat, and sometimes complete
or partial surgical resection of patients multiple tissues is required. Possibly CSCs (cancer stem cells)
will explain the shortcomings that exist in the established treatments like chemotherapy. Usually, these
cancer stem cells are the small tumor cells population having the ability to form phenotypically diverse
tumors, which can differentiate and self-renew (Ahmed et al., 2013).

CSCs are described as the TICs (tumor-initiating cells) group that might have stem cell-like features.
However, it is not very much clear whether the tumor cell’s plasticity allows other cells to turn into the
stem cell and attain the ability to restate heterogeneous tumors. In the late 90s, it was Bonnet and Dick
who first identified the CSCs’ role in tumor formation (Bonnet and Dick, 1997). In their research stud-
ies, they have revealed that the subpopulation of CD34+/CD38" cells (from acute myeloid leukemia)
forms tumors in immunodeficient NOD (nonobese diabetic)/SCID (severe combined immunodeficiency)
mice with greater effectiveness than the subpopulation of CD38/CD34+ cells. Because of the ability of
cancer stem cells to divide unequally allows them to differentiate and self-renew to produce dissimilar
tumors that contain multiple phenotypes were also recognized. After this research, the cancer stem
cells hypothesis was carefully verified. The results suggest that these cancer stem cells play a vital role
in the growth of tumors for various cancers (Marchand and Pinho, 2021). Which includes colorectal
carcinoma (O’Brien et al., 2007), hepatocellular carcinoma (Suetsugu et al., 2006), breast carcinoma
(Liu et al., 2021), neck squamous cell carcinoma (Picon and Guddati, 2021), lung carcinoma (Paterson
et al., 2021), pancreatic carcinoma (Li et al., 2009), glioblastoma (Patrawala et al., 2005), and ovarian
adenocarcinoma (Szotek et 1., 2006) are among the others. According to the CSC (cancer stem cells)
hypothesis model, the recurrence of cancer after the treatment is because of the higher CSCs resistance
towards the cellular toxins. Whereas the current treatments have the ability to successfully remove the
bulk portion of the tumor mass, but due to its ability, the remaining CSCs form fully developed new
tumors from the few left cells or even from the one left cell.

These cancer stem cells are thought to show resistance to different treatments via a number of cellular
mechanisms like the detoxifying enzymes, quiescence, and drug efflux pumps (Zhang et al., 2017). Ac-
cording to the reports, the higher CSCs population within the tumor was found subsequently linked to
MDR (multiple drug resistance) and poor diagnosis for cancer suffering individuals (Lee et al., 2011).
CSCs are assumed to start the development of metastatic tumors by undergoing epithelial-mesenchymal
transition, migrating to different organs, and finally reattaching by MET.

Various currently used methods for cancer treatments have been found unsatisfactory in abolishing
the cancer stem cell populations from many types of cancer. A CD133* glioma (a tumor type that occurs
in the spinal cord and brain) CSCs were found to show a higher degree of resistance to radiation therapy
than their counterparts CD133 (Bao et al., 2006). In a similar way, the resistance was shown by breast
cancer stem cells also to radiotherapy treatments (Li et al., 2008). Likewise, in residual breast cancer
tumors, the CSC population was found to significantly increase after chemotherapy treatments, almost
doubling the residual cancer cells tumorigenic potential in immunodeficient SCID (severe combined
immunodeficiency) mice (Li et al., 2008).

Generally, a treatment that targets the specific surface markers or molecules is expected to fail in
eliminating the CSCs, because of the many activated survival pathways in cancer stem cells along with
the cancer stem cells markers uncertainty across the various organ tissue types. Thus various treatments
that are capable of decreasing the populations of CSC will need the development of new multi-targeted,
diverse, and novel methodologies for the treatment of cancer patients. But still, due to the various, poorly
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understood CSCs characteristics, the finding of therapies targeting the CSC will possibly be the outcome
of opportunistic screening of known or new compounds against the populations of CSC.

Therefore natural products can play a crucial role in discovering the novel treatments needed due to
the difficulty of treating the CSCs. NPs (natural products) are rich sources of active compounds; that’s
why they are very important for the pharmaceutical industry. NPs value in medicine because of their
capability to affect various signaling pathways simultaneously and produces minimal or negligible side
or toxic effects. Because of the success of these natural compounds, particularly in the area of cancer
treatments, has attracted scientists to examine the effect of various natural products on cancer stem
cells. Figure 1 briefly describes how natural products (NPs) can be utilized in targeting cancer stem
cells (CSCs). In this book chapter, a brief description of some selected NPs that have the ability to target
CSCs is provided.

CSCS THERAPEUTIC IMPLICATIONS IN TREATING CANCER

The main factor that may contribute to the recurrence of tumors is because of the failure to assess the
response of CSC in cancer patients receiving the chemotherapeutic drugs as recommended by many
retrospective studies challenging the current RECIST guidelines for analyzing the clinical trial effec-
tiveness of the cancer therapeutics (Eisenhauer ey al., 2009). Criteria like the tumor size, progression
time, and progression-free survival for assessing the efficacy of therapeutic drugs will be challenged for
not reflecting the patient result accurately. Because of it, this new guideline was proposed for assessing
and standardizing the response criteria in well-established stem cell-related malignancies (Savona et
al., 2015). To inactivate the cytotoxic drugs, CSCs have many intrinsic drug resistance mechanisms,
which lead to the recurrence of the tumor (Scioli et al., 2021). Most chemotherapeutic drugs affect the
differentiated tumor cell’s apoptotic response, thus conferring the cancer stem cells with an existence
advantage with even better proliferative potential (Zheng et al., 2010). Thus the tumor cells re-populate
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with the lineage-dependent phenotypic and genotypic modifications, including MDR (multiple drug
resistance), which make CT (chemotherapeutic) drugs ineffective, resulting in rapid progression of the
disease and inferior prognoses (Yokoyama et al., 1999).

Moreover, the hypoxic stability of cancer stem cells supports them to survive even in the adverse
microenvironments that even challenge the accessibility of drugs to that niche and result in MDR. Sup-
pose cancer stem cell response is really a crucial criterion for evaluating cancer treatment. In that case,
there are no therapeutic medications are available for clinical use which precisely targets the cancer
stem cells. The main complication in developing the cancer stem cells specific drugs is CSCs genotypic
variability as well as the genomic instability of HP (hyper-plastic progeny), which makes the karyotyp-
ing of tumor cells extremely challenging (Grichnik, 2006). But these CSC self-renewal programs can
be effectively targeted by using natural products ahead of cell differentiation programs that hinder the
growth of multiple drug resistance-associated mutations during the tumor development, which may
lead to refractory reply to patient treatment (Angeloni et al., 2015). A natural product has shown favor-
able effects in alerting the cancer stem cells to chemotherapeutics by targeting the signaling pathways
that control the cell’s differentiation and self-renewal properties of cancer types (Nautiyal et al., 2011).
Therefore, in combination with the chemotherapeutic drugs, these natural products can form a potent
dual-target drug therapy against the tumor cells and CSCs.

DRUG RESISTANCE IN CSCS

Generally, it is not obligatory to define cancer stem cells with respect to chemotherapy treatments; resis-
tance to the drug is correlated with cancer stem cell populations. It has been observed that drug resistance
is directly proportional to an increment in the number of cells retaining CSC markers (Li et al., 2021).
Resistance to particular chemotherapeutic compounds involved in cancer cell lines is usually raised by
exposure of cells to constantly high doses of a specific drug or by subjecting them to repeated cycles of
clinically admissible dosage, which is generally followed by media free from the drug that imitates the
treatment which is received by patients (Li et al., 2021). The improvement of cancer stem cells following
chemotherapy treatments observed in both clinical as well as in vitro studies has vast implications on the
future treatment of cancer as well as on drug discovery. Without the targeted killing capacity of CSCs,
patients will possibly face the problem of reappearance of tumors after chemotherapy. There is a number
of properties and proteins that are thought to be involved in providing drug resistance against CSC and
are therefore useful for ideal targets in future chemotherapy or chemo-drug discovery processes. It is
normally observed that non-cancerous stem cells possess many properties that provide drug resistance
to cancer stem cells, and further, it results in undesirable after-effects on healthy cells and tissues.

ABC TRANSPORTERS

ABC (ATP-binding cassette) transporters are a very crucial class of membrane-linked transporter that
are actively involved in the protection of noncancerous stem cells in the entire human system. The sig-
nificant role of these protein classes is to pump out harmful substances before their toxic effects cause’
death of cells. These pumps are involved in the removal of diverse toxic compounds, including chemo-
therapeutic drugs. ABC transporters expression point out CSC phenotypes in various different tissues
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and is also involved in the development of multiple drug resistance (MDR), specifically of cancer stem
cells (Moitra, 2015). There are some members like ABCB5, ABCG2, and ABCBI1 that belong to the
family of ABC transporter, which seems to be vastly expressed in CSCs, but still, they are not limited
to proteins. These proteins and their expressions act as a biochemical marker for cancer stem cells, but
due to the absence of proper antibodies, its detection becomes impractical. While the ability of the side
population to exclude the Hoescht 33342 (a fluorescent stain) is due to the ABC transporters (more pre-
cisely ABCG2) making isolation of side population as an indirect procedure of cancer stem cell culture
supported by expression of ABC transporter (Moitra et al., 2011).

The discovery of different types of ABC transporter proteins multiple times in relation to chemo-
therapy resistance leads to confusion in classifying them. For example, proteins that resist breast cancer
include transporter ABCG2 because of its ability to confer MDR against breast tumor cells. Many cancer
models, which include K-562 myeloid leukemia and adenocarcinoma MCF7 breast cells, express ABCG2
protein, which provides drug resistance to the affected cells (Nakanishi et al., 2006). The cell lines were
subjected to chemotherapies, and the selection of resistance cell lines was made based on the experiment
that included various drugs. ABCB1 is also designated by other names like multidrug resistance protein
1, P-glycoprotein 1, and CD243. ABCBI1 is useful for the influx of different types of chemotherapeutic
compounds like vinca alkaloids, anthracyclines, and taxanes, making it a suitable multiple drug resistance
protein. Reduced expression of ABCB1 protein increases chemotherapeutic sensitivity of colon-rectal
cancer stem cells additionally to multiple drug resistance cell lines of different ancestry (Katayama et al.,
2014). The processes by which ABC transporters can be targeted provide an alternative way of resistance
against cancer cell lines and help in strengthening traditional methods of chemotherapy.

ALDH ENZYMES

Another mechanism that cancer stem cells utilize in order to possess multiple drug resistance is the rapid
consumption of chemotherapeutic substances. It is already well reported that the activity of the ALDH
enzyme act as a biochemical marker that is used to diagnose cancer stem cells. ALDH enzymes oxidize
aldehyde groups of chemotherapeutic drugs, further helping in the metabolization and detoxification of
cells. ALDH enzymes are significantly involved in the process of differentiation of normal and malig-
nant cells. It was reported that there was a loss in multiple drug resistance when ALDH" activity was
inhibited in the case of breast cancer (Croker and Allan, 2012).

Further, by applying di-ethyl-amino-benzaldehyde ALDH activity was inhibited, which resulted in
strengthening the response of cancer stem cells against radiation therapy. By inhibiting the enzyme activ-
ity of ALDH from tumor cells, the metabolization of chemotherapeutic substances within the affected
cells occurs at a very slow rate that would be useful for proper treatment. Cellular toxic substances which
are not considered as a substrate for ALDH enzymes or decrease their enzyme activity may be useful
in inducing apoptosis in cancer stem cells and can provide a ray of hope for future treatment (Croker
and Allan, 2012).
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PRO-SURVIVAL SIGNALING AND STEM CELL MAINTENANCE

Cancer Stem Cells seize pro-survival signaling mechanisms and proteins responsible for the maintenance
of normal stem cells. In a similar manner, cancer stem cells have the ability to resist cellular stress and
destroy differentiated cancerous cells. It is reported that targets induced by rapamycin and activator of
transcription 3 and signal transducer help in the proliferation and maintenance of normal and cancerous
cells. While the activation process of PTEN and successive inhibition of STAT3 and mTOR results in
a rapid decline in cancer stem cell viability and drug resistance against tumor cells (Zhou et al., 2007).

It is reported that various stem cell proteins that are responsible for maintaining healthy cells are also
up-regulated stem cells. These groups of proteins include Wnt, Hedgehog, and Notch. These proteins
are involved in the maintenance of stem cell-like activity of cancer stem cells and trigger the expression
of different transcription factors associated with stem cells, for example, Oct4 and Nanog factors (Co-
chrane et al., 2015). Maintenance proteins of cancer stem cells are involved in the asymmetric division,
further allowing them to endure severe stress conditions. Dysfunctioning of these pathways leads to
facilitating progressive cancer stem cells differentiation responsible for reduced tumor viability against
chemotherapeutic substances, providing an effective target to combat both types of tumors, so-called
benign and malignant (Cochrane et al., 2015).

QUIESCENCE

Cell quiescence is generally referred to by attenuated mitotic divisions within the different populations
of cells. Quiescence is a significant characteristic of healthy stem cells, which helps them to endure in a
state of dormancy and is responsible for the reduction in DNA mutation rate for a longer period of time
(Shen et al., 2021). While still there is a controversy about whether or not chemotherapeutic drugs have
reduced effect on the dormant cell, an experiment performed to break the dormancy of these cancer stem
cells resulted in higher sensitivity against chemotherapeutic agents (Borst, 2012). The process behind the
MDR resistance is based on the assumption of declined metabolism related to cancerous cells, disconti-
nuity of cell cycle, and absence of DNA replication hinder chemotherapeutic agents. Cancer stem cells
that are under quiescent phase not only affect MDR but also allow the cells to maintain a dormant stage
at the location of the injury or move across the human body for a longer period of time before adhering
and starting the initiation of tumors. The process of targeting the quiescence phase of cancer stem cells
will lead to the efficacious treatment of current therapeutic methods against CSCs (Borst, 2012).

NATURAL PRODUCTS AS CSC PATHWAYS MODULATORS
Modulation of the ABC Transporters

It has been reported that NPs is directly involved in activity assay related to cancer stem cell, or it has
been proven that their activity targets the cancer stem cell renewal process. Various different types of
phytochemicals such as carotenoids, lycopene, violaxanthin, capsanthin, capsorubin, lutein, antherax-
anthin, and flavonoids and different traditional Chinese herbal medicine exhibit ABCB1 and ABCG2
modulating effect (Eichhorn and Efferth, 2012). The secondary metabolite allixin, which is purified from
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garlic, exhibits anti-tumor promoting effects, preventing the process of development of skin tumor by
activating tissue plasminogen activator in DMBA initiated mice. Numerous plant secondary metabo-
lites such as polyphenol, triterpenes, and flavonoids, and several different phytochemicals were tested
in membrane-based transport preventive assays of ABCG2. The non-flavonoid plant-based secondary
metabolite such as berberine, limonin, ursolic acid, sinapic acid, and oleanolic acid displayed inhibition
of the ABCG2 mediated pathway. Various other flavonoids such as laricitrin, quercitrin, chrysoeriol,
myricetin, pinocembrin, tamarixetin, tricetin, and tricetin were also described as potent inhibitors of
ABCG?2 transporter (Tan et al., 2013).

Interestingly, tetrahydrocannabinol acts as a potent inhibitor of ABCG2 with an IC50 of 1.7pM
concentration. The investigation related to the interaction between the ABCG?2 transporter and different
bisbenzylisoquinoline alkaloids was carried out (Tain et al., 2013). Using the BCRP model of cells, the
researcher was able to describe that the alkaloids, basically liensinine and dauricine, act as a substrate
for ABCG?2, verifying their results by the technique of molecular docking. Based on accumulation of
these substances and interaction with the substrate at ABCG2 may provide a cause for excretion of dau-
ricine and liensinine. The antagonist activity of these substances against ABCG?2 could be applicable in
chemosensitizing cancer stem cells to the lethal effect of different CTs (Tain et al., 2013).

Iso-thiocyanates

Vegetables belonging to the Brassicaceae family, such as sprouts, Cauliflower, and broccoli, constitute
iso-thiocyanates which include sulforaphane, that is hydrolyzed by enzymatic action from glucosinolates
(Kaiser et al., 2021). Alteration in the phosphorylation process of different types of kinases, including
their substrates such as JNK, GSK3, and PKC by dietary isothiocyanate and sulforaphane, was observed
(Forster et al., 2014). Sulforaphane was also involved in the treatment of breast cancer cells and was
linked with a decrement of AKT, B-catenin, and phospho-GSK3p (Li et al., 2010). Sulforaphane was
reported to have potential chemopreventative properties, as observed in the case of cancers in animal
cell models. It was observed that sulforaphane is responsible for abrogating the resistance of pancreatic
cancer stem cells to TRAIL ligand by hampering with TRAIL-activated NF-«xB signaling process (Kal-
lifatidis et al., 2009). Hence, their study proved that a combination of TRAIL and sulforaphane would
provide a possible strategy for the useful treatment of pancreatic cancer stem cells. Sulforaphane has
also involved down-regulating NF-kB factor activity in colon and prostate cells suffering from cancer. It
has been observed that there was suppression in gene expression of WNT-9a that occurred in ApcMin/+
mouse adenomas treated with sulforaphane (Khor et al., 2006).

Salinomycin

Salinomycin is an antibiotic extracted from the bacteria Streptomyces albus that has been effectively
utilized to kill cancer stem cells in various forms of human cancer, mostly by disrupting the function
of the ABC drug transporter WNT pathway and different types of cancer stem cell pathways. Till now,
it is unclear that by which process salinomycin destroys cancer stem cells, but it was observed that sa-
linomycin, in conjunction with other cytotoxic drugs, was much efficient in eliminating human cancer
cells in mice xenograft than the cytotoxic drug alone (Kai et al., 2015). This technique supports the idea
of efficient treatment of cancer by targeting different types of cell populations suffering from cancer,
including cancer stem cells and progenitors, which are differentiated.
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Polyphenols

Chemo preventative activity against different kinds of cancer was observed in extracts of green tea hav-
ing a high content of polyphenolic catechins, which includes epigallocatechin-3-gallate (EGCG). It has
been already proved that EGCG has inhibitory action against NF-kB activity, MAPK pathway, activator
protein 1, and EGFR- singling with reduced expression, etc. (Miyata et al., 2018). Several approaches
of EGCG are possibly associated with functional inhibition of WNT. EGCG is responsible for hamper-
ing WNT signaling by the process of stabilization mRNA of WNT inhibitor HMG-box transcription
factor 1 (HBP1), resulting in reduced proliferation of cancer cells of the human breast (Kawasaki et
al., 2008). Other researches prove that EGCG activates endogenous WNT protein, which acts as an
inhibitor of SFRP1 in hepato-blastomas (Godeke et al., 2013). A transgenic model of EGCG-treated
mice ApcMin/+ from which adenomas cells were isolated, which is known to be the best model for
studying colon cancer in humans, showed repression in the genesis of tumors as proven by the nuclear
movement of B-catenin, low level of pAKT | and decreased in size of adenoma affected tissues. EGCG
was reported to be involved in hampering the chaperon activity of HSP 90 in pancreatic cancerous tis-
sue, thereby reducing AKT signaling (Li et al., 2009). EGCG is supposed to regulate NF-xB activity in
a negative course of action by hindering its ATP or IL1f activation process. Shh gene regulation and
Hedgehog signaling system are being examined as potential targets of EGCG. However, a number of
research prove the effectiveness of EGCG to especially modulate CSCs in different forms of cancer.
(D’Angelo et al., 2014). Eid et al. studied the cellular toxicity of different plant metabolites, including
phenolics compound (EGCG, thymol); terpenoids (menthol, aromadendrene, sitosterol, and carotenes),
and alkaloids (glaucine, sanguinarine, and harmine) were examined alone or in conjugation with the
cellular to toxic steroidal saponin digitonin in CEM/ ADR5000, Caco-2, CCRF-CEM, and MCF-7 cells.
Digitonin, in conjunction with different metabolites like terpenoids, phenolic acid, and alkaloids and
showed synergistic therapeutic activity in multiple drug resistance cells like CEM/ADRS5000, expressing
a higher level of ABCB1 proteins (Eid et al., 2012).

Isoflavones

In recent studies conducted by researchers, it was observed the intake of dietary soya iso-flavones like
genistein had lowered the possibility of breast cancer in humans (Verheus et al., 2007). The soya iso-
flavonegenistein acts as a potent ant proliferative agent due to its chemical properties against different
types of cancer. Isoflavones from soya were effective against the phosphorylation of AKT and FOXO3a,
up-regulating GSK3p expression, which leads to advancement in phosphorylation reaction of fcatenin
in cancerous cells of the prostate (Sarkar et al., 2009). It was reported that genistein reduces -catenin
mediated expression of WNT target genes in mammary epithelial tissue cells by increasing the expression
level of E-cadherin (Su and Simmen, 2009). It was also observed that suppression of tumor formation
in breast cancer cells of humans by the effect of soya iso-flavonegenistein and blueberry polyphenols
exhibiting the possibility of diet-regulated targeting of cancer stem cells progenitor. Ning et al. examined
genistein activity and observed specified action against ovarian cancer stem cells mediated low expres-
sion of FOXM1 (Ning et al., 2014).
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Sulforaphane

It was reported that there was no expression of B-catenin in human cervical carcinoma HelLa and HepG2
cells, although it is still unclear whether there is a direct effect on cancer stem cells or not till now (Park
etal., 2007). Sulforaphane has been demonstrated to hamper the expression of the AKT pathway in vari-
ous different types of cancer that include different organs ovary, prostate, and colon-rectal cancers, and
it was described that PI3K/AKT pathway helps in the regulation of breast cancer stem cells by advocat-
ing downstream process related to f-catenin through phosphorylation of GSK3p (Korkaya et al., 2009).
A research carried out on NOD/SCID mouse cultured with tumor cells determined from sulforaphane
treated xenografts showed no tumor re-growth up to thirty-three days. On the other hand, control tumor
cells rapidly generated a large number of tumors (Li et al., 2010). This process was generally linked
with a low expression level of WNT/B-catenin in the auto-renewal pathway due to sulforaphane-treated
breast cancer tissue.

Vinca alkaloids

Vinorelbine, an important vinca alkaloid, is generally prescribed as an efficient metabolite for treat-
ing breast cancer cells (Liu et al., 2008). A patient suffering from colorectal carcinomas treated with
vinorelbine its screen was obtained. However, when examined, remission of tumors and reoccurrence
of cancer cells due to high proliferative rate and overexpression of cancer cell markers BM1, NANOG,
CD44, DRS, and CD133. It was reported that mTOR signaling and Notch transmission pathway might
cause these effects (Liu et al., 2008).

Curcumin

Curcumin is a secondary metabolite that has been examined for its anticancer activity. It is polyphenol
generally extracted from turmeric, a spice that is broadly utilized in the Indian subcontinent and in dif-
ferent Middle-East Asian meals. Curcumin has been reported to have anti-inflammatory activity and
enhance the death of cancerous tissue (Kakarala et al., 2010). It has been involved in different medical
tests describing its effectiveness at higher concentrations and its effectiveness to counter pancreatic can-
cerous cells in individuals despite its least assimilability (Kakarala et al., 2010). The anti-tumor forming
characteristics described by curcumin have led to the examination of potential targeted cancer stem cells.

Curcumin helps in inhibiting the genesis of breast cancer in vitro by fifty percent and hundred percent
applying 5 micromoles and 10 micromoles concentrations, accordingly describing the capacity of cur-
cumin to block Cancer cells’ capability to go through EMT (Kakarala et al., 2010). A similar counterpart
of curcumin, named GO-Y 030, was involved in inducing programmed cell death, reducing tumorsphere
production, and blocking STAT3 phosphorylation in Aldehyde dehydrogenase*/ prominin-1 colon cancer
stem cells when applied at 2 to 5 micromoles concentrations. The capability of this compound to attack
tumor-forming cells was further shown by the use of the NOD/SCID mouse system. When GO-Y030
is provided in 50 mg kg! through retroperitoneal injection, the tumor size in xenograft implantation of
10° cancer stem cells was reduced by approximately fifty-eight percent (Lin et al., 2011). Curcumin also
acts as a supplement to the presently persisting chemotherapy process. Curcumin can be further utilized
when given in conjunction with FOLFOX, a frequently suggested mixture of leucovorin Ca*?, fluoro-
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uracil, and Eloxatin was effective in reducing the sustainability in EMT of colon cancer stem cells up
to some degree as compared with FOLFOX (Li et al., 2021).

Although curcumin acts as a potent anticancer compound and has widely been applied in numerous
medical tests against carcinoma, it has many defects that are similar to resveratrol. Specifically, the
advanced metabolization and secretion of curcumin with its hydrophobic nature result in decreased bio-
logical availability, which has been further described by the mice system as a model (Pan et al., 1999).
A number of drug delivery techniques have been applied to enhance the bio-availability of curcumin
which include the application of adjuvants that interfere with metabolic activities, the process of encap-
sulating in liposomes, use of nanoparticles, and application of different suitable structural counterparts
(Aggarwal and Sung, 2009).

Parthenolide

Parthenolide falls under the lactones category sesquiterpene of the class germacranolide, which is
found in nature in very few plants (Tanacetum parthenium). The researchers examined the mode of ac-
tion of parthenolide against cancer stem cells which were originated AML and CML (Guzman et al.,
2007). Parthenolide triggered programmed cell death in blast crisis CML and acute myeloid leukemia
cells while up to some extent in hematopoietic cells (Hellsten et al., 2011). While in NOD (nonobese
diabetic)/SCID (severe combined immunodeficiency) mice, this showed exclusive targeting of stem
cells and AML progenitor in comparison to different CT medication, cytarabine. Blockage of NF-xB
(protein complex), a pro-apoptotic activator of gene p53, and also increased ROS were several factors
responsible for parthenolide action against these cancer stem cells. Fungal compound, Galiellalactone,
which can be extracted from the class of ascomycetes. A researcher has observed that galiellalactone
blocks cancer stem cells such as ALDH* LNCaP and DU 145 cancer cell proliferation process, and tumor
removal in mouse xenografts occurs by targeting JAK-STAT (signaling pathway) phosphorylation of
STAT?3 (Hellsten et al., 2011).

Berberine

Berberine is a secondary metabolite (alkaloid) which is an isoform of quinoline that generally occurs in
different parts of medicinal plants. Berberine has been used from ancient times in Ayurvedic medicine
due to its anti-inflammatory properties, and this metabolite has been reported to induce a gradual pro-
cess of apoptosis, initiated by ROS species production, in different types of carcinoma (Meeran et al.,
2008). The process of programmed cell death initiated by berberine moves through an obligate pathway
which is caspase-9 dependent and generally involved in hampering the integrity of the mitochondrial
membrane. Unlike many other compounds, the usage rate of berberine is very less for the human body,
restricting its potential application as a potent drug to treat various types of cancer. This limiting factor
can be removed by liposomal mediated targeting as an advanced drug dispensing technique (Ma et al.,
2013). This dispensing technique involves encapsulation of berberine compound into liposomes which
are then used to deliver the substances exactly to the mitochondria of CD44*/CD24  breast cancer cells.
Further, by applying this technique, 1-50 micromoles of berberine compound potentially produce dose-
dependent programmed cell death in breast cancer tissues. Further, the drug induced the expression
of the pro-apoptotic factor Bax and triggered caspase 9 and 3, causing apoptosis in cancer stem cells
isolated from MCF-7 mammospheres.
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Additionally, berberine also inhibits the activity of ABC transporters capable of providing multiple
drug resistance in cancer stem cells (Jang et al., 2021). Minimizing chances of multiple drug resistance,
specifically in CSCs, makes berberine an alternative source of cytotoxic agents that provide resistance to
cancerous cells. A female mice model system in which MCF-7 breast cancerous cells were injected and
subsequently treated with different doses of berberine formulations showed synergistic properties. An
amalgam of berberine liposomes amount 10 mg/kg with 10 mg/kg of taxol liposomes proved efficient
in decreasing the tumor size in these model mice by eighty-five percent in contrast to the control after
the period of twenty-one days (Ma et al., 2013). Therefore, berberine could be utilized in targeting CSCs
or in supplement with other traditional CT (chemotherapeutic) agents.

Quercetin

Quercetin, a flavonol that commonly occurs in different types of medicinal plants. Itis aflavonol. Quercetin
acts as an anti-inflammatory and anti-oxidant agent generally involved in induction apoptosis in different
kinds of malignant cancerous cells. Quercetin has been involved in a blockage of many singling processes
linked with the genesis and sustainment of different human carcinoma, which includes low regulation
of P-53, inhibition of enzyme activity of tyrosine kinase, inhibition of HSP proteins, and further involve
inactivating type second estrogen receptors regulation process (Lamson and Brignall, 2000). Quercetin
has gained significant importance as a drug for targeting CSC. Quercetin has not only showed to block
the proliferation of prominin-1 colon cancer cells at a minute concentration of 75 micromoles, but also it
is involved in developing the sensitiveness of cancerous tissues to adriamycin. Generally, it was reported
that when quercetin 50 micromoles given in combination with adriamycin dosages were found efficient at
blocking cancer cells proliferation in vitro condition than adriamycin dosages thrice concentrated devoid
of quercetin metabolite (Atashpour et al., 2015). This research describes the important role of quercetin
and other secondary metabolites, which together act with chemotherapeutics agents applied to eliminate
cancer cells. The low concentration of chemotherapeutic drugs in combination with different natural
compounds like quercetin may provide less off-target toxicity while also helping induce programmed
cell death in cancer stem cells, hence improving patient outcomes, reducing risk factors involved cancer
recurrence, and prevention of metastasis. Many cancer stem cell models have been used as a target by
induced quercetin activity that includes CD44+/CD133+ prostate cancer stem cells. At a 20 micromoles
amount, quercetin reduces the sustainability of prostate tumor cells cultured in a non-adhering vessel as
well as reduces migration, invasiveness, and colony producing potent of CD44+/ prominin-1 prostate
cancer stem cells (Tang et al., 2010). In important research, quercetin showed a synergetic effect with
epi-gallocatechin gallate, catechin generally occurs in beverages, synergistically maximizing its impact
on prostate cancer cells. As it is observed in the case of different NP’s, however, quercetin is poorly
soluble, poorly permeable, and has reduced bioavailability (Cai et al., 2013). In high general concentra-
tion of quercetin generally triggers a biochemical response in supplement with these problems further
drug delivery technique to enhance lifetime concentration of these substances at neoplasm.

Polyynes
Falcarindiol and falcarinol are secondary metabolites generally found in parsley, carrot, and Oplopanaxhor-

ridus, which are generally associated with ginseng. In a research, it was described that falcarindiol could
stop GSK3p (enzyme) in an ATP uptake in a non-competitive way (Yoshida et al., 2013). Falcarinol and
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its related compounds act as a potential inhibitor of BCRP, i.e., ABCG2 (Tan et al., 2013). The action of
these organic metabolites against cancer stem cells signifies a bright future in advanced cancer studies.

CONCLUSION

The conventional system of chemotherapy includes radiation therapy and the usage of synthetic drugs,
which were effective against various forms of tumor cell types, but it doesn’t perform well against Cancer
stem — cell specialized targets that cause tumor reoccurrence and metastasis. Many natural products that
are usually found in various foodstuffs have shown the capability to regulate the pathways responsible
for cancer stem cell activity and inhibition. Therefore, natural products should be explored and properly
screened as potent chemotherapeutic agents, as supplementary treatments for drugs already in use based
on their clinical efficacy, and cancer-preventing compounds with a special focus on their capacity to
target cancer stem cells. Furthermore, limited bioavailability and increased metabolic activity of these
natural products, drug discovery process together with continuous efforts to generate strong formulations
and other delivery techniques should be taken into consideration.
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