Journal of Exploratory Research in Pharmacology 2023 vol. 000(000) | 000-000  Epub
DOI: 10.14218/JERP.2023.00050

Check for
updates

Exploring the Potential of Dietary Phytochemicals in Cancer
Prevention: A Comprehensive Review

Sunny Rathee ®, Umesh K. Patil ® and Sanjay K. Jain"

Pharmaceutics Research Laboratory, Department of Pharmaceutical Sciences, Dr Harisingh Gour University, Sagar, MP, India

Received: June 01, 2023 | Revised: August 12,2023 | Accepted: September 14, 2023 | Published online: February 06, 2024

Abstract

Cancer is a significant global health issue and a primary cause of death. Extensive research has led to the development of vari-
ous anticancer medications, driven by an improved knowledge and comprehension of the molecular pathways involved in
cancer growth. However, there is a need for new approaches to enhance the effectiveness of existing cancer therapies. Dietary
phytochemicals have gained increasing attention due to their potential role in tumor prevention. These bioactive compounds
derived from plants exhibit a wide range of beneficial effects on human health, including their ability to inhibit carcinogenesis
and promote anticancer activities. Examples of dietary phytochemicals with promising properties include vitamin D, vitamin
E, lycopene, fisetin, genistein, epigallocatechin gallate, crocetin, curcumin, cyanidins, and gingerol. These compounds often ex-
ert their effects by regulating interconnected molecular pathways associated with cancer development and progression. Some
of these pathways include the apoptosis pathway, cyclooxygenase-2 pathway, ATP-dependent chromatin remodeling path-
way, DNA methylation-epigenetic pathway, Hedgehog signaling pathway, signal transducer and activator of transcription
protein-3 pathway, tumor angiogenesis inhibition pathway, and Wnt pathway. This comprehensive review aims to summarize
the current knowledge on the role of dietary phytochemicals in tumor prevention, highlighting their mechanisms of action and

potential therapeutic applications.

Introduction

Cancer is a global health concern affecting both developed and de-
veloping countries. In 2021, there were approximately 21 million
new cancer cases reported worldwide, and it is projected that this
number will rise to 27.6 million by 2030.! Despite its widespread
prevalence, the treatment of cancer remains challenging, yielding
only partially satisfactory outcomes. The current therapeutic op-
tions for cancer typically involve surgical removal of the tumor
and radiation therapy to target the localized cancer cells. Systemic
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chemotherapy is often administered as a maintenance treatment
after surgery and radiation.?

Chemotherapy relies on various drugs to combat cancer, includ-
ing antimetabolites like methotrexate, DNA-interactive medica-
tions such as cisplatin and doxorubicin, antitubulin medications
like taxanes, as well as hormone-based treatments. However,
chemotherapy has notable drawbacks. These include the risk of
cancer recurrence, the development of drug resistance, and adverse
effects on healthy tissues that are not directly targeted, ultimately
impacting the patient’s quality of life.’ For thousands of years,
natural herbs have been utilized for their healing properties and
preventive measures against various ailments. Plants, particular-
ly those used in gourmet cuisine, offer a rich source of bioactive
components. Among these components, plant-based phytochemi-
cals and their derivatives have shown promise in enhancing the
response rates and minimizing side effects in cancer patients. Ex-
tensive research has focused on dietary phytochemicals, shedding
light on their chemical and biological functionalities that benefit
human health. The underlying mechanisms by which dietary phy-
tochemicals exert their effects have been thoroughly investigated,
employing various in vitro methods such as cellular, molecular,
and genomic trial systems, as well as in vivo approaches utilizing
transgenic and knockout animal models.

Phytochemicals possess the ability to combat free radicals upon
entry into cells, while also generating signals in response to chemi-
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cal or electrophilic stress. These signals activate proteins associat-
ed with diverse cellular signaling pathways, further contributing to
their beneficial effects. The activation of the Nrf2-Keap1 complex,
which involves the Kelch-like ECH-associated protein 1 (Keapl)
and nuclear factor erythroid-2 (NF-E2)-related factor 2 (Nrf2),
plays a crucial role in the following cellular defense mechanisms.*
Consequently, these molecules work to safeguard healthy cells
from reactive oxygen species (ROS), reactive nitrogen species,
and potentially harmful metabolites of carcinogenic compounds.
Furthermore, they exhibit various methods to inhibit the growth
of preneoplastic or neoplastic cells, including the modulation of
cytochrome c (Cyt c)/caspases organization, cell cycle arrest, and
interference with the nuclear factor-kappa B (NF-kB), Janus ki-
nase (JAK)-signal transducer, and signal transducer and activator
of transcription protein (STAT) signaling pathways.>~7 It is crucial
to acknowledge that advanced or metastatic malignancies, char-
acterized by significant genetic mutations, loss of heterozygosity,
and epigenetic modifications, often exhibit high resistance to con-
ventional cancer treatments such as chemotherapy and radiation
therapy. Consequently, dietary phytochemicals alone may not be
sufficient to elicit a response in such cases. In recent years, the
pursuit of effective strategies for cancer prevention has led to a
growing interest in the potential role of dietary phytochemicals.
Several phytochemicals derived from edible plants have been re-
ported to possess the ability to interfere with specific steps of the
carcinogenic process. Numerous studies have demonstrated that
phytochemicals can act as chemopreventive agents against hu-
man cancer by modulating the cancer cell cycle, inhibiting tumor
growth, and inducing apoptosis.? Phytochemicals, naturally occur-
ring compounds found in various plant-based foods, have garnered
attention for their diverse biological activities and potential health
benefits. Emerging research suggests that these compounds pos-
sess unique properties that may contribute to reducing the risk of
cancer development and progression. By targeting crucial cellular
processes and pathways involved in carcinogenesis, dietary phyto-
chemicals hold promise as an intriguing avenue for bolstering can-
cer prevention efforts. This article delves into the compelling ra-
tionale behind investigating the impact of dietary phytochemicals
on cancer prevention, highlighting key studies that provide insight
into their mechanisms of action and their potential to revolutionize
approaches to cancer risk reduction.

Dietary phytoconstituents used in cancer treatment

In the field of cancer research and treatment, scientists are continu-
ally exploring various compounds derived from plants that hold po-
tential to prevent and combat cancer. These compounds, known as
phytoconstituents, encompass a diverse range of substances found
in fruits, vegetables, herbs, and other botanical sources. They exhibit
bioactive properties that have garnered significant attention for their
possible role in cancer prevention and treatment.

Flavonoids, phenolics, and other nonflavonoid polyphenols are
prominent groups of phytoconstituents that have been extensively
studied for their anticancer effects. These compounds are widely
distributed in nature and can be obtained from various plant sourc-
es. They possess diverse molecular structures and mechanisms of
action that contribute to their potential health benefits. Among the
notable phytoconstituents, the role of mushroom-derived vitamin
D in cancer treatment has gained considerable interest. Mush-
rooms, particularly certain types like shiitake and maitake, are a
natural source of vitamin D, which has shown promise in inhibit-
ing the growth of cancer cells and modulating immune responses.
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Another phytoconstituent, vitamin E derived from plant oils,
has demonstrated potential in cancer treatment. Vitamin E exhibits
antioxidant properties that help protect cells from damage caused
by free radicals. This natural compound has been studied for its
ability to inhibit the growth of cancer cells and reduce the risk of
certain cancers. Lycopene, a phytochemical abundant in tomatoes,
has attracted attention for its potential in cancer prevention. Stud-
ies have suggested that lycopene possesses antioxidant properties
and may help protect against various types of cancer, including
prostate, lung, and stomach cancers. Fisetin, found in strawberries
and apples, has shown promise as a potential cancer-preventive
compound. This flavonoid exhibits antioxidant and anti-inflamma-
tory effects and has been investigated for its ability to induce cell
death in cancer cells and inhibit tumor growth. Genistein, derived
from soybeans, has been extensively studied for its potential health
benefits, including its role in cancer prevention. This isoflavone
compound has been found to possess anti-inflammatory and anti-
oxidant properties, as well as the ability to inhibit cancer cell pro-
liferation and induce cell death. Epigallocatechin gallate (EGCG),
a catechin found in green tea, has been the subject of numerous
studies exploring its potential health effects, including cancer pre-
vention. EGCG exhibits antioxidant and anti-inflammatory prop-
erties and has shown promise in inhibiting the growth of cancer
cells and suppressing tumor formation. Crocetin, derived from saf-
fron, has garnered attention for its potential therapeutic properties.
Studies have suggested that crocetin possesses anticancer effects,
including inhibiting the proliferation of cancer cells and inducing
apoptosis. Curcumin, a compound found in turmeric, has been
extensively investigated for its potential as an anticancer agent.
Curcumin exhibits anti-inflammatory, antioxidant, and antican-
cer properties, and research has shown its ability to inhibit tumor
growth, prevent metastasis, and induce cell death in various cancer
types. Cyanidin, an antioxidant compound found in red berries, has
been studied for its potential role in preventing cancer. Cyanidin
exhibits antioxidant and anti-inflammatory properties that contrib-
ute to its potential cancer-preventive effects. Gingerol, a bioactive
compound present in ginger, has been identified as a promising
anticancer compound. Gingerol possesses antioxidant, anti-in-
flammatory, and anticancer properties, and research suggests its
ability to inhibit cancer cell proliferation and induce cell death. A
wide range of phytochemicals are employed in cancer treatment,
and several of them will be explored in this discussion (Table 1).

Role of mushroom-derived vitamin D in cancer treatment

The synthesis of vitamin D in vertebrate species is known to occur
in the skin upon exposure to ultraviolet B light.? Interestingly, mush-
rooms that have been exposed to light can also serve as a source of
vitamin D. Vitamin D has been associated with breast cancer, colon
cancer, ovarian cancer, and pancreatic cancer, either directly or indi-
rectly.'” The exact mechanism of action is still not fully understood,
but the vitamin D receptor (VDR) appears to play a significant role
in the treatment of various disorders.!! Mutations in the VDR gene
have been linked to an increased risk of breast cancer, suggesting
that VDR may act as a mediator in breast cancer development and
making it a potential target for cancer prevention.?

There are two physiologically significant forms of vitamin D:
vitamin D2 (ergocalciferol) and vitamin D3. Vitamin D3 is pro-
duced in the skin after exposure to ultraviolet B light from the sun
or other artificial sources.!? Extensive research has shown that
vitamin D plays a crucial role in cancer management. Polymor-
phisms in the VDR gene have been associated with an elevated risk
of breast cancer. Studies using VDR knockout and wild-type mice
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Table 1. Dietary phytoconstituents and their role in cancer prevention

S. no. Phytoconstituent Food Sources Potential Role in Cancer
1. Flavonoids Various fruits, Inhibition of cancer cell growth and proliferation, antioxidant and
vegetables, and grains anti-inflammatory effects
2. Phenolics and other Various plant sources Anticancer activity, inhibition of tumor growth, Apoptosis induction, and
Non-flavonoids immune system modulation
3. Mushroom-Derived Mushrooms, particularly Inhibition of cancer cell growth, modulation of Immune responses
vitamin D Shiitake and maitake
4, Plant Oil-Derived Plant oils Antioxidant properties, inhibition of cancer cell Growth, and reduced
Vitamin E cancer risk
5. Lycopene Tomatoes Antioxidant effects, protection against various cancers, including
prostate, lung, and stomach cancers
Fisetin Strawberries and apples Induction of cell death in cancer cells, inhibition of tumor growth
7. Genistein Soybeans Anti-inflammatory and antioxidant effects, inhibition of cancer cell
proliferation, and apoptosis
8. Epigallocatechin Green tea Antioxidant and anti-inflammatory effects, Inhibition of cancer cell
Gallate (EGCG) growth and tumor formation
9. Crocetin Saffron Inhibition of cancer cell proliferation and induction of apoptosis
10. Curcumin Turmeric Anti-inflammatory, antioxidant, and anticancer effects, inhibition of
tumor growth, and metastasis
11. Cyanidin Red berries Antioxidant and anti-inflammatory effects, potential cancer prevention
12. Gingerol Ginger Antioxidant, anti-inflammatory, and anticancer properties, inhibition of

cancer cell proliferation

EGCG, epigallocatechin gallate.

have demonstrated that low vitamin D intake or deletion of the
VDR gene in prostate environments can increase the likelihood of
early procarcinogenic events.!® Furthermore, vitamin D3 is highly
effective in reducing PTEN promoter methylation. It has also been
linked to PTEN induction, down-regulation of DNA methyltrans-
ferase, and up-regulation of p21 following vitamin D3 treatments,
suggesting a complex regulatory mechanism involving the DNA
methylation machinery.'*

The potential of plant oil-derived vitamin E in cancer treatment

Vitamin E, a fat-soluble antioxidant, is abundantly present in vari-
ous food sources, including wheat germ oil, sunflower oil, and
safflower oil. It encompasses a family of compounds known as
tocopherols and tocotrienols.'> Among these, o-tocopherol is con-
sidered the most bioactive form and exhibits its effects by inhibit-
ing the formation of ROS.'® Tocopherols and tocotrienols possess
antioxidant properties that are believed to contribute to their poten-
tial antitumor activity.

In particular, tocotrienols have been found to exhibit superior
bioactivity. In vitro studies have demonstrated that both tocophe-
rols and tocotrienols possess antiproliferative, pro-apoptotic, and
cyclooxygenase-2 (COX-2) inhibitory properties.!” In 2022, Ra-
nasinghe et al.'® investigated the hypomethylated forms of tocot-
rienols and highlighted their significant in vitro and in vivo me-
tabolism, as well as their effectiveness in cytoprotection, cancer
prevention, and even chemotherapy activities. Furthermore, the
use of vitamin E has been explored in mitigating the cytotoxic ef-
fects of cigarette smoke extract on mouse embryonic lung cells.
This suggests the potential of vitamin E in preventing or reversing
the detrimental impact of certain environmental factors. Overall,
plant oil-derived vitamin E, with its various forms and antioxidant
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properties, holds promise in the realm of cancer treatment and pre-
vention. Further research is warranted to fully elucidate its mecha-
nisms of action and therapeutic applications.

In a recent comprehensive review by Wu et al.!® published
in 2020, the involvement of cellular signaling pathways, includ-
ing NF-xB, STAT3, and COX-2, in inflammation and cancer was
examined. Additionally, the impact of various vitamins on breast
cancer risk was investigated. While the meta-analysis and meta-
regression study revealed a significant decrease in breast cancer
risk associated with dietary vitamin E, vitamin A, and total vitamin
E intake, these results did not remain statistically significant when
cohort study data was combined.

Tocotrienols, a subgroup of vitamin E compounds, have shown
superior anticancer capabilities compared to tocopherols. This is
attributed to their unsaturated isoprenoid side chain, which inhibits
protein kinase B (AKT) and extracellular signal-regulated kinase
(ERK) activation, as well as blocking the ErbB2 pathway, known
to promote pancreatic cancer cell growth.5¢ Furthermore, tocot-
rienols have been observed to limit NF-kB activity in pancreatic
cancer cell lines and specifically inhibit the HMG-CoA reductase
pathway through posttranslational degradation. In cellular studies,
tocotrienols have demonstrated the ability to decrease AKT and
ERK MAP kinase activation, along with the downstream media-
tor ribosomal protein S6 kinase (RSK). By targeting critical cell
survival and proliferative signaling pathways, such as those medi-
ated by PI3-kinase/AKT and ERK/MAP kinases, tocotrienols ef-
fectively decrease apoptosis in pancreatic cancer cells.

To enhance the anticancer response, synergistic approaches in-
volving the combination of tocotrienols with other drugs that ex-
hibit complementary anticancer mechanisms have been explored.
This includes the combination of tocotrienols with cancer chemo-
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therapy, statins, receptor tyrosine kinase inhibitors, and COX-2 in-
hibitors. These strategies aim to optimize the therapeutic efficacy
by leveraging the distinctive modes of action of each component.
In conclusion, tocotrienols hold great promise as potent anticancer
agents. Their unique molecular structure and ability to modulate
critical signaling pathways contribute to their effectiveness in in-
hibiting cancer cell growth. Continued research and exploration of
combination therapies involving tocotrienols are crucial for further
understanding their full potential in cancer treatment.

Lycopene

Lycopene, a vibrant red pigment and phytochemical, is abundantly
present in tomatoes, red carrots, watermelons, and red papayas.?’
Extensive research has highlighted the use of lycopene in the treat-
ment of cancer specifically, prostate cancer and its remarkable
antioxidant activity. While lycopene is poorly soluble in water, it
readily dissolves in organic solvents. Its anticancer properties are
attributed to the activation of cancer-fighting enzymes, particularly
phase II detoxifying enzymes.?!

The inhibitory effects on the growth of human cancer cells and
their ability to suppress insulin-like growth factor-I have been
well-documented. Various studies have extensively explored the
role of lycopene in the prevention and treatment of endometrial
cancer and other malignancies.?? Lycopene has demonstrated in-
hibitory effects on breast cancer cells, endometrial cancer cells,
prostate cancer cells, and colon cancer cells.

In animal studies, the administration of whole-dried tomato pow-
der rich in lycopene to rats with xenografted prostate tumors resulted
in slower tumor growth. This finding highlights the potential effec-
tiveness of lycopene in managing prostate tumors.?* It is important
to note that further research is necessary to understand the mecha-
nisms underlying lycopene’s anticancer effects and to determine the
optimal dosage for different types of cancer. Nevertheless, the prom-
ising findings thus far suggest that lycopene holds great potential as
a valuable component in the fight against cancer.

In conclusion, lycopene, predominantly found in tomatoes, of-
fers exciting prospects in the field of cancer treatment and pre-
vention. Its potent antioxidant properties and impact on crucial
cellular processes make it a compelling phytochemical. By incor-
porating lycopene-rich foods, like tomatoes, into one’s diet, indi-
viduals can potentially harness the numerous health benefits as-
sociated with lycopene and contribute to their overall well-being.

Fisetin

Fisetin, a flavone present in various plants including Acaciagreg-
gii, Acacia berlandieri, parrot trees, strawberries, apples, persim-
mons, grapes, onions, and cucumbers, has gained attention for its
potential anti-aging, anti-inflammatory, and anticarcinogenesis
properties.>* Studies have demonstrated that fisetin modulates pro-
tein kinase and lipid kinase pathways, acts as a strong antioxidant,
and exhibits protective effects against oxidative stress in human
retinal pigment epithelial cells.*® Moreover, fisetin has shown
promising results in inhibiting signaling pathways involved in
lung cancer and Wnt signaling, as well as reducing NF-«kB lev-
els.?® With its ability to induce stress-induced cell death and reduce
hydrogen peroxide-induced cell death, fisetin holds potential as a
natural compound for cancer prevention and treatment.

Genistein

Genistein, a naturally occurring isoflavone found in various plants
including lupine, fava beans, soybeans, kudzu, psoralea, flemin-
giavestita, and coffee, offers a range of potential health benefits.

Rathee S. et al: Dietary phytochemicals in cancer prevention

With its anthelmintic and antioxidant properties, genistein has
been shown to exhibit anti-angiogenic effects by inhibiting the
growth of new blood vessels. Moreover, it has been found to have
the potential to prevent uncontrolled cell growth associated with
cancer. The primary mode of action of genistein is through the in-
hibition of enzymes that regulate cell division and cell survival,
specifically targeting growth factors. Acting as a tyrosine kinase
inhibitor, it also blocks DNA topoisomerase II activity.2® Notably,
genistein has demonstrated efficacy in the treatment of leukemia in
both in vitro and in vivo studies.

In the context of breast cancer, genistein interacts with estrogen
receptors (ERs). By competing with 17-estradiol (estrogen) for
binding to the ER, genistein exhibits a higher affinity for the re-
ceptor. This mechanism has been found to modulate mammary cell
proliferation, DNA replication, and cell division. It is important to
note that genistein’s effects on estrogen-dependent breast cancer
can vary depending on the presence or absence of an estrogen an-
tagonist. In some cases, genistein has been shown to accelerate the
growth of certain ERs and the progression of estrogen-dependent
breast cancer.?” Understanding the potential benefits and complex-
ities of genistein’s interactions with ERs is crucial in harnessing its
therapeutic potential for cancer prevention and treatment. Further
research is warranted to elucidate the precise mechanisms and op-
timize their use in clinical settings.

EGCG

EGCQG is a catechin and the most abundant polyphenol found in
green tea. Scientific evidence suggests that EGCG may have thera-
peutic potential in the treatment of various types of cancers, in-
cluding bladder, brain, prostate, and cervical malignancies. Studies
conducted by Yang et al.? have investigated the molecular mecha-
nisms and targets of tea components, including EGCG, in cancer
prevention. One significant finding is that EGCG can bind to and
inhibit the anti-apoptotic protein Bcl-xL, which is involved in
the survival of both cancer cells and normal cells. This inhibition
has been observed in multiple mechanistic studies. Furthermore,
EGCG has demonstrated promising effects in preclinical studies.
For instance, in mouse models with chemically induced colonic
premalignant lesions, EGCG has been shown to reduce the devel-
opment of such lesions.?? Additionally, EGCG has been found to
prevent hepatocyte growth factor-induced cell proliferation in co-
lon cancer cells.

EGCG exerts its anticancer effects through the modulation of
various cellular signaling pathways. It has been shown to inhibit
mitogen-activated protein kinase (MAPK), cyclin-dependent ki-
nases, growth factor-related cell signaling, activator protein 1, and
NF-kB.? Moreover, EGCG has demonstrated inhibitory effects
on topoisomerase I and matrix metalloproteinases, which are im-
portant factors involved in cancer progression. It is important to
note that while the research on EGCG is promising, further studies
are needed to determine the optimal dosage, formulation, and ef-
ficacy in humans. Additionally, the bioavailability of EGCG can
be limited, which may affect its therapeutic potential. Neverthe-
less, EGCG from green tea shows potential as a natural compound
for cancer treatment, and ongoing research aims to explore its full
range of benefits.

Crocetin

Saffron, derived from the dried stigmas of the Crocus sativus L.
plant, has gained attention as a potential herbal ingredient for can-
cer treatment, particularly hepatocellular carcinoma. Extensive
studies have investigated saffron and its ethanolic extracts in vari-
ous cancer types, including lung cancer, pancreatic cancer, skin
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carcinoma, colorectal cancer, and breast cancer. One of the key
components of saffron, crocetin, has shown promising effects in
inhibiting the growth of cancer cells through multiple mechanisms.
It has been found to prevent the production of nucleic acids, boost
the immune system, trigger apoptosis (programmed cell death),
and block the signaling of growth factors.3® Additionally, crocetin
effectively inhibits the release of nitric oxide, reduces the produc-
tion of pro-inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-0) and interleukin (IL)-1, and decreases intracellular
ROS. It also activates NF-«xB, a transcription factor involved in
immune response and inflammation, while blocking the effects
of lipopolysaccharide (LPS). These findings suggest that crocetin
from saffron has the potential to be an effective therapeutic agent
in cancer treatment. However, further research is needed to fully
understand its mechanisms of action, optimal dosage, and potential
side effects. Clinical studies are also required to evaluate its effi-
cacy and safety in human cancer patients. In conclusion, saffron,
particularly its constituent crocetin, holds promise as a natural
herbal ingredient for cancer treatment. Its ability to inhibit cancer
cell growth, modulate the immune response, and reduce inflamma-
tion highlights its potential therapeutic value. Nevertheless, more
research is necessary to establish its effectiveness and ensure its
safe use in clinical settings.

Curcumin

Turmeric, a spice derived from the Curcuma longa L. plant and a
member of the ginger family, has been used for centuries in Indian
traditional medicine. Within turmeric, curcumin has garnered sig-
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nificant interest for its potential anticancer properties, particularly
in lung metastases, colon cancer, and breast cancer.?! Researchers
studying cancer have been intrigued by curcumin’s ability to in-
duce apoptosis selectively in cancer cells without harming healthy
cells. One of its mechanisms involves interfering with NF-kB, a
protein associated with inflammation and cancer.

Curcumin has also shown promise as a novel mammalian tar-
get of rapamycin (mTOR) inhibitor by separating Raptor from
mTOR and inhibiting mTOR complex 1.2% Tt exerts its effects
through the regulation of various cell signaling pathways in-
volved in cell proliferation (e.g., cyclin D1, c-myc), cell survival
[e.g., B cell lymphoma 2 (Bcl-2), Bel-xL, cFLIP, XIAP, c-IAP1],
caspase activation (e.g., caspase-8, 3, 9), tumor suppression
(e.g., p53, p21), death receptor (e.g., DR4, DRS), and key signal-
ing molecules (e.g., INK, Akt, AMPK). Curcumin also exhib-
its anti-invasive properties by suppressing COX-2 and MMP-2
expression, modulating EGFR gene expression, and inhibiting
cell growth through Akt/mTOR signaling, ultimately preventing
p65 cell invasion (Fig. 1). Moreover, curcumin has demonstrated
anti-inflammatory effects. It increases IL-10 levels in the mucosa
of individuals with inflammatory bowel disease, inhibits the ac-
tivation of p38 MAPK, and decreases IL-1f and matrix metal-
loproteinase-3. Furthermore, studies have shown that curcumin
possesses antioxidant properties, contributing to its overall po-
tential as an anticancer agent.

In clinical trials, curcumin is nontoxic to human subjects even
at high oral doses of up to 12 g/day. However, the outcomes have
been inconsistent, as the efficacy of curcumin in certain clinical
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settings has been disputed. For example, the initial clinical trial
failed to demonstrate cognitive decline improvement, possibly
due to unexpected results in the placebo group. Nevertheless, the
overall potential of curcumin as an anticancer compound and its
multifaceted properties warrant further research and exploration.

In conclusion, curcumin, the bioactive compound found in tur-
meric, exhibits promising anticancer properties through its effects
on various signaling pathways involved in cell survival, prolifera-
tion, and inflammation. While more studies are needed to deter-
mine its clinical efficacy and optimal dosage, curcumin holds great
potential as a natural anticancer agent. Its widespread availability
and low toxicity make it an attractive avenue for further investiga-
tion in cancer prevention and treatment strategies. The mechanism
underlying the anticancer potentials of some lead phytochemicals,
i.e.phosphatidylinositol-3-kinase (PI3K)/Akt/mTOR pathway in
cancer is shown in Figure 1.

Cyanidin

Cyanidin is a natural compound that can be extracted from various
red berries, such as grapes, blackberries, cranberries, and raspber-
ries, as well as red vegetables like red cabbage and red onions. It
possesses potent antioxidant and free radical scavenging proper-
ties, which have been associated with a potential reduction in the
risk of cancer development. Studies have indicated that cyanidin
can inhibit the proliferation of colon cancer cells and suppress the
expression of genes involved in the production of iNOS and COX-
2 enzymes.*? Another investigation demonstrated that cyanidin-
3-glucoside (C3G) blocked the activation of the Fyn kinase signal-
ing pathway. It also attenuates the activation of AP-1 and NF-B, as
well as the phosphorylation of MEK, MKK4, Akt, and MAPKs,
suggesting its chemopreventive potential.** In breast cancer cells
exposed to ethanol, C3G was found to inhibit the activation of the
ErbB2/cSrc/FAK pathway, potentially reducing the risk of metas-
tasis.®

Moreover, cyanidin and its derivatives have demonstrated sig-
nificant anti-proliferative effects and induced cell death in a highly
tumorigenic rat esophagus cell line. However, their effects were
not observed in a moderately tumorigenic line (RE-149).* Cyani-
din has also been shown to inhibit COX-2 expression and PGE2
secretion caused by UVB radiation in epidermal skin cells. This
effect is mediated through the inhibition of NF-B and AP-1, which
are regulated by MAPK signaling pathways. Cyanidin’s targets
for inhibiting UVB-induced COX-2 expression include MKK-4,
MEK1, and Raf-1.34 In terms of drug interactions, cyanidin and its
derivatives have been identified as potential inhibitors of BCRP
(breast cancer resistance protein) while showing minimal effects
on multidrug resistance protein 1 (MDR1). Cyanidin-3-galactoside
and cyanidin-3-glucoside, specifically, are substrates of BCRP.3*
It is important to note that further research is required to fully un-
derstand the mechanisms and potential therapeutic applications
of cyanidin in cancer prevention and treatment. Nevertheless, the
antioxidant and anti-proliferative properties of cyanidin make it a
promising compound for exploring its role in reducing the risk of
cancer and promoting overall health.

Gingerol

Gingerol, the compound responsible for the characteristic spicy
flavor of ginger, has gained attention for its potential anticancer
properties. Several studies have explored the medicinal applica-
tions of gingerol and highlighted its antioxidant, anti-inflammato-
ry, and antitumor-promoting activities.>> In a recent 2021 review
by Bischoff et al.,?5 the mechanisms underlying the use of gingerol
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as a medicinal agent were outlined. Gingerol has been found to
reduce the expression of iNOS and TNF-a by inhibiting IB phos-
phorylation and preventing the nuclear translocation of NF-B. This
indicates its potential to modulate inflammatory responses. More-
over, gingerol has demonstrated the ability to induce apoptosis in
leukemia cells through the mitochondrial pathway. Treatment with
gingerol resulted in significantly higher levels of ROS compared
with control groups, leading to apoptosis.

In addition to its apoptotic effects, gingerol and its deriva-
tive, 6-shogaol, have shown anti-invasive properties against hu-
man hepatocarcinoma cells. These compounds exert their effects
by controlling the expression of MMP-9 and TIMP-1, which are
involved in the invasive behavior of cancer cells. Furthermore,
6-shogaol has been found to regulate urokinase-type plasminogen
activity, further contributing to its anti-invasive effects.’! While
gingerol holds promise as an anticancer agent, further research is
needed to fully understand its mechanisms of action and its poten-
tial applications in cancer treatment. Nonetheless, the antioxidant,
anti-inflammatory, and antitumor properties of gingerol make it an
intriguing compound worthy of exploration in the field of cancer
research.

Mechanism of action of various dietary phytochemicals

Dietary phytochemicals have emerged as influential orchestrators
in the intricate molecular dance that dictates the fate of tumori-
genic events. Their remarkable abilities to modulate key molecular
pathways reveal their profound impact on cancer development and
progression. Through intricate mechanisms, these phytochemicals
exert their influence on critical pathways such as COX-2, ATM-
dependent chromatin remodeling, Hedgehog pathway, STAT3,
DNA methylation and epigenetic regulation, Wnt pathway, and tu-
mor angiogenesis, collectively redefining the boundaries of cancer
prevention strategies. The COX-2 pathway, known for its role in
inflammation and tumorigenesis, becomes a focal point for dietary
phytochemicals. These compounds exhibit an innate ability to in-
hibit COX-2 expression, dampening the inflammatory cascade that
fuels cancer development. Furthermore, their engagement with the
ATM-dependent chromatin remodeling pathway intricately re-
structures the chromatin landscape, curbing genetic anomalies and
fortifying DNA integrity. The Hedgehog pathway, a regulator of
cellular proliferation and differentiation, succumbs to the strate-
gic influences of phytochemicals. These natural agents skillfully
disrupt the pathway’s aberrant activation, thwarting uncontrolled
cell growth and hindering tumorigenesis at its inception. Mean-
while, the STAT3 pathway, a conductor of cellular signaling and
survival, falls under the spell of dietary phytochemicals. These
compounds intercede to inhibit aberrant STAT3 activation, stifling
cancer cell survival and proliferation. The epigenetic realm, gov-
erned by DNA methylation and chromatin modifications, finds its
equilibrium altered by dietary phytochemicals. These compounds
engage in a delicate dance with DNA methyltransferases, inhibit-
ing hypermethylation events that can drive tumor formation. This
dynamic interplay extends to the Wnt pathway, a regulator of cell
fate determination, where phytochemicals emerge as influential
choreographers, orchestrating a symphony that directs cell differ-
entiation away from tumorigenic paths. In the complex tapestry of
tumorigenic events, angiogenesis assumes paramount importance.
Dietary phytochemicals, even the vigilant guardians, intervene
in the tumor angiogenesis process. Their potency is reflected in
their ability to disrupt angiogenic signaling pathways, quelling
the formation of new blood vessels that sustain growing tumors.
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Table 2. Dietary phytochemical mechanisms for cancer prevention and treatment
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Examples of dietary

Sno. Pathways Mechanism of cancer prevention and disease treatment .
phytochemicals
1. Apoptosis Dietary phytochemicals activate pro-apoptotic pathways, triggering programmed Curcumin, resveratrol
induction cell death in cancer cells. They modulate apoptotic regulators, disrupting the
balance between pro- and anti-apoptotic proteins, thereby promoting cell death.
2. COX-2 inhibition  Dietary phytochemicals inhibit the activity of COX-2 enzyme, reducing the Curcumin, quercetin,

production of inflammatory mediators and prostaglandins. This curtails chronic
inflammation, a hallmark of cancer development.

resveratrol

Sulforaphane, EGCG

Curcumin,
resveratrol, EGCG

Curcumin,
quercetin, EGCG

Curcumin, EGCG,
sulforaphane

EGCG, curcumin

Resveratrol, curcumin,
green tea polyphenols,

3. ATM-dependent  Phytochemicals influence the ATM pathway, promoting DNA repair and stability
chromatin through chromatin remodeling. This mitigates genetic anomalies and reinforces
remodeling genome integrity.

4. Hedgehog Dietary compounds disrupt the Hedgehog signaling pathway, hindering its
pathway abnormal activation. This curbs uncontrolled cell proliferation and differentiation,
modulation characteristic of cancer cells.

5. STAT3 pathway Phytochemicals inhibit the STAT3 pathway, curbing its oncogenic signaling
suppression that promotes cell survival, proliferation, and immune evasion.

6. DNA methylation Dietary phytochemicals influence DNA methylation patterns, modulating gene
and epigenetic expression through epigenetic mechanisms. This controls the expression of genes
regulation involved in tumorigenesis.

7. Wnt pathway Phytochemicals modulate the Wnt pathway, striking a balance between its activity
modulation for normal cellular functions and its avoidance of cancer-promoting roles.

8. Tumor Dietary compounds hinder the process of tumor angiogenesis by targeting
angiogenesis signaling pathways that support the formation of new blood vessels to feed
inhibition growing tumors.

quercetin

ATM, ataxia telangiectasia mutated; COX-2, cyclooxygenase-2; DNA, deoxyribonucleic acid; EGCG, epigallocatechin gallate; STAT3, signal transducer and activator of transcription

3; Wnt, wingless-related integration site.

This multifaceted intervention strikes at the heart of tumorigenic
nourishment. Collectively, the comprehensive influence of dietary
phytochemicals on molecular pathways intricately links their role
in the prevention of tumorigenic events. As we continue to un-
ravel the complexity of cancer development, these phytochemicals
stand as dynamic protagonists, navigating the intricate pathways
of cellular transformation and steering them toward a trajectory of
prevention. Their influence extends far beyond the plate, shaping
a landscape where the synergy between science and nature paves
the way for innovative cancer prevention strategies. The dietary
phytochemical mechanisms for cancer prevention and treatment
are summarized in Table 2.

Dietary phytochemicals inducing apoptosis mechanism

Inducing apoptosis, or programmed cell death, is an essential
mechanism for controlling cell growth and preventing the devel-
opment and progression of cancer. Several of the dietary phyto-
constituents mentioned above have been found to induce apoptosis
in cancer cells through various mechanisms. Here are some ex-
amples: Curcumin, derived from turmeric, has been extensively
studied for its ability to induce apoptosis in cancer cells. It can
modulate multiple signaling pathways involved in cell survival
and apoptosis, including the activation of caspases, which are key
enzymes responsible for initiating the apoptotic process. Curcumin
also affects the expression of pro-apoptotic and anti-apoptotic pro-
teins, leading to the induction of apoptosis in cancer cells.

Fisetin, found in strawberries and apples, has been shown to
induce apoptosis in various cancer cell lines. It activates caspases
and promotes DNA fragmentation, both of which are characteristic
features of apoptotic cell death. Fisetin also modulates multiple
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signaling pathways, including the PI3K/Akt and NF-«kB pathways,
to induce apoptosis and inhibit cancer cell survival.

Genistein, derived from soybeans, has been found to induce
apoptosis in cancer cells through various mechanisms. It can reg-
ulate the expression of proteins involved in apoptosis, including
Bcl-2 family members, caspases, and death receptors. Genistein
also inhibits signaling pathways that promote cell survival, such
as the PI3K/Akt pathway, leading to the induction of apoptosis in
cancer cells.

Curcumin, fisetin, and genistein, along with other dietary phy-
toconstituents, have also been found to modulate the expression
of pro-apoptotic and anti-apoptotic proteins, regulate the release
of apoptotic factors from mitochondria, and activate caspases,
thereby initiating the apoptotic cascade. Dietary phytochemicals
inducing apoptosis mechanisms are described in Figure 2.

Role of COX-2 and dietary phytochemicals in cellular processes

COX-2 is an enzyme that plays a significant role in various cel-
lular processes, including inflammation, cell proliferation, and
angiogenesis. Dysregulation of COX-2 has been implicated in the
development and progression of cancer. Several dietary phytocon-
stituents mentioned above have been found to modulate the activ-
ity of COX-2 and its associated cellular processes.’® Here are some
examples: Curcumin, derived from turmeric, has been shown to in-
hibit the activity of COX-2. It exerts its anti-inflammatory effects
by suppressing the expression of COX-2 and reducing the produc-
tion of pro-inflammatory prostaglandins. Curcumin’s inhibition of
COX-2 contributes to its potential in preventing chronic inflam-
mation, which is closely linked to cancer development. Gingerol,
present in ginger, has also been found to inhibit COX-2 activity.
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Fig. 2. Dietary phytochemicals inducing apoptosis mechanism. ATM, ataxia telangiectasia mutated; ATP, adenosine triphosphate; Caspase 8, cysteine-
aspartic acid protease 8; EGCG, epigallocatechin gallate; FADD, Fas-associated death domain; FASL, Fas ligand; ROS, reactive oxygen species; TRAIL, Tumor

necrosis factor—related apoptosis-inducing ligand.

It suppresses the expression of COX-2 and inhibits the produc-
tion of prostaglandins, thereby exerting anti-inflammatory effects.
Gingerol’s ability to modulate COX-2 activity may contribute to
its potential to reduce inflammation-associated cancer risk.
Resveratrol, found in grapes and red wine, has been shown to
downregulate the expression of COX-2. By inhibiting COX-2, res-
veratrol can reduce inflammation and inhibit the proliferation of
cancer cells. It has also been reported to suppress the production of
prostaglandins, thereby attenuating inflammation-induced cancer
progression. It is important to note that the regulation of COX-2
by dietary phytoconstituents is complex and can involve multi-
ple molecular mechanisms. These phytochemicals may interfere
with the expression of COX-2 at the transcriptional level, inhibit
its enzymatic activity, or modulate signaling pathways associated
with COX-2 expression. By targeting COX-2, these phytoconstitu-
ents have the potential to influence cellular processes involved in
cancer development and progression.3” However, it is crucial to
consider that the impact of dietary phytoconstituents on COX-2
activity may vary depending on factors such as concentration, bio-
availability, and interactions with other cellular components.3®

Mechanism, function, and influence of dietary phytoconstitu-
ents on ATP-dependent chromatin remodeling

ATP-dependent chromatin remodeling plays a crucial role in regu-
lating gene expression and chromatin structure, and several dietary
phytoconstituents have been found to modulate this process. Here,
we will discuss the mechanism of ATP-dependent chromatin re-
modeling and the potential influence of dietary phytoconstituents
on this process.’ As mentioned earlier, ATP-dependent chromatin
remodeling complexes contain ATPase subunits that utilize the en-
ergy from ATP hydrolysis to remodel chromatin structure. These

complexes can slide, evict, or reposition nucleosomes, thereby al-
tering the accessibility of DNA to transcription factors and other
regulatory proteins.*

Certain dietary phytoconstituents have been shown to affect
ATP-dependent chromatin remodeling. For example, curcumin,
derived from turmeric, has been found to influence chromatin re-
modeling processes. It has been reported to inhibit the activity of
ATP-dependent chromatin remodeling complexes, leading to al-
tered chromatin structure and gene expression patterns. By modu-
lating chromatin remodeling, curcumin can potentially impact cel-
lular processes involved in cancer development and other diseases.

Resveratrol, found in grapes and red wine, is another dietary
phytoconstituent that has been associated with ATP-dependent
chromatin remodeling. Resveratrol has been reported to activate
certain ATP-dependent chromatin remodeling complexes, leading
to changes in chromatin structure and gene expression. These ef-
fects may contribute to the potential health benefits of resveratrol,
including its anti-inflammatory and anticancer properties.*!

It is important to note that the influence of dietary phytocon-
stituents on ATP-dependent chromatin remodeling is still an area
of active research, and the specific mechanisms by which these
phytochemicals modulate this process are not yet fully understood.
The effects may vary depending on the concentration, bioavailabil-
ity, and interactions with other cellular components.

Moreover, the impact of dietary phytoconstituents on ATP-
dependent chromatin remodeling is likely to be context-specific,
influenced by the specific cell type, genetic background, and the
presence of other co-factors or regulatory molecules. Further re-
search is needed to unravel the precise mechanisms and functional
implications of dietary phytoconstituents on ATP-dependent chro-
matin remodeling and to better understand their potential roles in
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health and disease.*?

In summary, ATP-dependent chromatin remodeling is a vital
mechanism that allows cells to modulate chromatin structure, mak-
ing it more accessible for DNA repair processes. By utilizing ATP
hydrolysis, chromatin remodeling complexes play a crucial role
in maintaining genome integrity and facilitating DNA repair. The
understanding of the genetics, genomes, and mechanisms under-
lying ATP-dependent chromatin remodeling has been extensively
reviewed.*?

Influence of dietary phytoconstituents on DNA methylation and
epigenetic regulation

DNA methylation is an epigenetic modification that plays a crucial
role in gene expression regulation and cellular processes.* It in-
volves the addition of a methyl group to the DNA molecule, typi-
cally occurring at cytosine residues in a CpG dinucleotide context.
DNA methylation patterns can be influenced by various factors,
including environmental exposure and dietary components. In re-
cent years, several dietary phytoconstituents have gained attention
for their potential role in modulating DNA methylation and epige-
netic regulation, particularly in the context of cancer prevention
and treatment.

Mushroom-derived vitamin D has been studied for its potential
in cancer treatment. Vitamin D has been found to regulate DNA
methylation patterns, influencing the expression of genes involved
in cellular processes and immune function. By modulating DNA
methylation, vitamin D may contribute to the regulation of cancer-
related pathways and exert anticancer effects.

Plant oil-derived vitamin E has been investigated for its poten-
tial in cancer treatment. Vitamin E compounds have been shown to
modulate DNA methylation patterns and gene expression, poten-
tially influencing cellular processes associated with cancer devel-
opment and progression.

Lycopene, a phytochemical abundant in tomatoes, has been
studied for its cancer-prevention properties. Lycopene has been re-
ported to affect DNA methylation patterns, potentially modulating
the expression of genes involved in cell cycle control, apoptosis,
and DNA repair.

Fisetin, found in strawberries and apples, has shown potential
in cancer prevention. It has been found to influence DNA meth-
ylation patterns and modulate the expression of genes involved in
cell cycle regulation and apoptosis, suggesting its role in cancer
prevention.

Genistein, derived from soybeans, has been investigated for its
potential health benefits and cancer prevention properties. Gen-
istein has been shown to affect DNA methylation patterns and gene
expression, potentially regulating pathways involved in cancer de-
velopment and progression.

Epigallocatechin gallate (EGCG), a major catechin found in
green tea, has been extensively studied for its potential health ef-
fects, including cancer prevention. EGCG has been reported to
modulate DNA methylation patterns, affecting the expression of
genes involved in cell cycle regulation, apoptosis, and DNA repair.
Crocetin, a compound found in saffron, has shown potential as a
therapeutic compound. It has been found to modulate DNA meth-
ylation patterns, potentially influencing genes involved in inflam-
mation, cell proliferation, and apoptosis. Curcumin, derived from
turmeric, has been extensively studied for its potential as an anti-
cancer compound. Curcumin has been reported to influence DNA
methylation patterns, regulating the expression of genes involved
in cell cycle control, apoptosis, and inflammation.

Cyanidin, an antioxidant compound found in red berries, has
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been associated with potential health benefits. While its impact on
DNA methylation is less explored, its antioxidant properties may
contribute to overall cellular health and potentially influence epi-
genetic processes.

Gingerol, present in ginger, has shown promise as an anticancer
compound. While its specific effects on DNA methylation are not
extensively studied, its anti-inflammatory and antioxidant proper-
ties may have indirect effects on epigenetic regulation.**

In summary, DNA methylation and epigenetic regulation are
crucial mechanisms in gene expression control and cellular pro-
cesses. Several dietary phytoconstituents, including those men-
tioned above, have been found to modulate DNA methylation
patterns and influence gene expression. Understanding the role of
these dietary phytoconstituents in epigenetic regulation provides
insights into their potential for cancer prevention and treatment
strategies.*

Effect of dietary phytoconstituents on the Hedgehog signaling
pathway

The Hedgehog signaling pathway is a highly conserved and es-
sential signaling pathway involved in various cellular processes
during development and tissue homeostasis. Dysregulation of this
pathway has been associated with the development of several can-
cers. Alongside the understanding of the Hedgehog pathway, there
is growing interest in the potential role of dietary phytoconstituents
in modulating its activity for cancer prevention and treatment.*®

The Hedgehog pathway is initiated by the binding of Hedge-
hog ligands (Sonic, Indian, or Desert Hedgehog) to their receptor,
Patched (PTCHI1), relieving its inhibition on the transmembrane
protein Smoothened (SMO). Activation of SMO triggers a series
of downstream events leading to the activation of the glioma-as-
sociated oncogene (GLI) transcription factors. Activated GLI pro-
teins translocate to the nucleus, where they modulate the expres-
sion of target genes involved in cell proliferation, differentiation,
and survival.

Mushroom-derived vitamin D has been investigated for its role
in cancer treatment. Vitamin D has been shown to interact with
the Hedgehog pathway by modulating the expression of GLI pro-
teins and inhibiting their transcriptional activity. This interaction
suggests that vitamin D may exert anticancer effects by interfer-
ing with Hedgehog signaling. Plant oil-derived vitamin E has also
been studied for its potential in cancer treatment. Vitamin E com-
pounds have been reported to influence the Hedgehog pathway by
regulating the expression of Hedgehog ligands and downstream
target genes. These effects suggest that vitamin E may play a role
in modulating the Hedgehog pathway’s activity and its associated
cellular processes.

Lycopene, a phytochemical found abundantly in tomatoes, has
shown promise in cancer prevention. Studies have suggested that
lycopene can inhibit the activation of the Hedgehog pathway by
suppressing the expression of Hedgehog ligands and downstream
target genes. This inhibition may contribute to the anticancer ef-
fects attributed to lycopene. Fisetin, derived from strawberries
and apples, has demonstrated potential in cancer prevention. It has
been found to inhibit the Hedgehog pathway by targeting SMO and
GLI proteins, leading to the suppression of Hedgehog signaling
and its downstream effects on cell proliferation and survival. Gen-
istein, a phytoestrogen present in soybeans, has been investigated
for its potential health benefits and cancer prevention properties.
Genistein has been reported to inhibit the Hedgehog pathway by
suppressing the expression of Hedgehog ligands and downstream
target genes. This inhibition suggests a potential role for genistein
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in modulating the Hedgehog pathway and its associated cellular
processes.

Epigallocatechin gallate (EGCG), a major catechin found in
green tea, has been extensively studied for its potential health ef-
fects, including cancer prevention. EGCG has been reported to in-
hibit the Hedgehog pathway by targeting SMO and GLI proteins,
thereby modulating Hedgehog signaling and its downstream ef-
fects on cell growth and survival.Crocetin, a compound found in
saffron, has demonstrated potential as a therapeutic compound.
Although its interaction with the Hedgehog pathway is not exten-
sively studied, crocetin has shown inhibitory effects on Hedgehog
signaling-related proteins, suggesting its potential involvement in
modulating this pathway. Curcumin, derived from turmeric, has
shown promise as an anticancer compound. Curcumin has been
reported to inhibit the Hedgehog pathway by suppressing the ex-
pression of Hedgehog ligands and downstream target genes. These
effects suggest that curcumin may interfere with the Hedgehog
pathway’s activity, contributing to its anticancer properties.’

Relationship between dietary phytochemicals and STAT3 path-
way

The JAK-STAT pathway plays a crucial role in various cellular
processes, including cell growth, differentiation, immune respons-
es, and inflammation. While the specific involvement of the JAK-
STAT pathway may vary among different dietary phytoconstitu-
ents, several of them have been found to modulate this signaling
pathway, thereby influencing cancer prevention and treatment.

Genistein, derived from soybeans, has been shown to affect the
JAK-STAT pathway. It can inhibit the activation of STAT proteins,
which are key components of the pathway. By inhibiting the JAK-
STAT signaling cascade, genistein can interfere with the growth
and survival of cancer cells.

Curcumin, found in turmeric, also affects the JAK-STAT path-
way. It has been found to inhibit the activation of JAK and STAT
proteins, thereby reducing the proliferation and survival of cancer
cells. Curcumin’s ability to modulate this pathway contributes to
its potential anticancer effects.

EGCQG, a catechin present in green tea, has been shown to in-
hibit the JAK-STAT pathway in cancer cells. It can suppress the
activation of STAT proteins, leading to the inhibition of tumor
cell growth and the induction of apoptosis. Furthermore, the JAK-
STAT pathway has been implicated in the anti-inflammatory ef-
fects of certain dietary phytoconstituents. Compounds such as gin-
gerol from ginger and resveratrol from grapes have been shown to
inhibit the activation of the JAK-STAT pathway, thereby reducing
inflammation and potentially influencing cancer development and
progression. It is important to note that the modulation of the JAK-
STAT pathway by dietary phytoconstituents may vary depending
on the specific compound, cancer type, and cellular context.”

Inhibition of tumor angiogenesis by dietary phytoconstituents

Tumor angiogenesis, the formation of new blood vessels to supply
nutrients and oxygen to cancer cells, is a critical process for tumor
growth and metastasis. Inhibiting tumor angiogenesis has emerged
as a promising therapeutic strategy in cancer treatment. Interest-
ingly, several dietary phytoconstituents have been investigated for
their potential to modulate tumor angiogenesis and thereby play a
role in cancer prevention and treatment.

Mushroom-derived vitamin D has been studied for its poten-
tial role in cancer treatment, including its influence on tumor an-
giogenesis. Vitamin D has been found to affect the expression of
angiogenesis-related factors, such as vascular endothelial growth
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factor (VEGF), which plays a key role in promoting the growth
of blood vessels. By regulating angiogenic factors, vitamin D
may help inhibit tumor angiogenesis and hinder cancer progres-
sion.*” Plant oil-derived vitamin E has also been explored for its
anticancer properties, including its potential to inhibit tumor an-
giogenesis. Vitamin E compounds have been shown to modulate
the expression of angiogenic factors and inhibit the proliferation
of endothelial cells, which are essential for the formation of new
blood vessels. These effects suggest that vitamin E may contribute
to the inhibition of tumor angiogenesis and limit cancer growth.

Lycopene, a phytochemical abundant in tomatoes, has been in-
vestigated for its cancer-preventive effects. Studies have suggested
that lycopene can inhibit angiogenesis by suppressing the expres-
sion of VEGF and other angiogenic factors. This anti-angiogenic
activity of lycopene may contribute to its potential in preventing
cancer development and progression.

Fisetin, found in strawberries and apples, has shown promise
in cancer prevention, including its effects on tumor angiogenesis.
Fisetin has been reported to inhibit the expression of angiogenic
factors and disrupt the signaling pathways involved in angiogene-
sis. These effects indicate that fisetin may possess anti-angiogenic
properties, which could be valuable in suppressing tumor growth
and metastasis.

Genistein, derived from soybeans, has been extensively studied
for its potential health benefits and cancer prevention properties.
Genistein has been shown to inhibit tumor angiogenesis by inter-
fering with the signaling pathways involved in angiogenesis and
modulating the expression of angiogenic factors. These anti-angi-
ogenic effects of genistein contribute to its potential in preventing
and treating cancer.

Epigallocatechin gallate (EGCG), a major catechin found in
green tea, has been widely studied for its health effects, includ-
ing its anticancer properties. EGCG has been reported to inhibit
angiogenesis by targeting key signaling pathways and suppressing
the expression of angiogenic factors. This anti-angiogenic activity
may contribute to the cancer-preventive effects of EGCG.

Crocetin, a compound found in saffron, has demonstrated po-
tential as a therapeutic compound in cancer treatment. While its
specific effects on tumor angiogenesis are less explored, crocetin
has shown inhibitory effects on angiogenic factors and neovascu-
larization processes, indicating its potential role in suppressing
tumor angiogenesis.

Curcumin, derived from turmeric, has been extensively studied
for its anticancer properties. Curcumin has been reported to in-
hibit tumor angiogenesis by targeting multiple signaling pathways
involved in angiogenesis and modulating the expression of angio-
genic factors. These effects contribute to curcumin’s potential as
an anti-angiogenic agent in cancer prevention and treatment.

Cyanidin, an antioxidant compound found in red berries, and
gingerol, present in ginger, have shown promising anticancer prop-
erties. While their specific effects on tumor angiogenesis are not
extensively studied, their antioxidant and anti-inflammatory prop-
erties may indirectly influence angiogenic processes and contrib-
ute to overall anticancer effects.*?

Role of the Wnt pathway in cellular processes and influence of
dietary phytoconstituents

The intricate interplay between dietary phytochemicals and the
Wnt pathway in the context of cancer prevention warrants further
clarification, as it stands as a pivotal regulatory mechanism that
shapes the landscape of tumorigenesis. The Wnt pathway, known
for its role in cell proliferation, differentiation, and embryonic de-
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velopment, emerges as a central protagonist in the broader nar-
rative of dietary phytochemicals’ influence on cancer prevention.
Dietary phytochemicals exhibit a remarkable capacity to engage
with the Wnt pathway, both as mediators and as correctors of its
activity. Numerous studies have described their ability to modu-
late the expression of key components within the Wnt pathway,
steering it away from the tumorigenic course. For instance, certain
phytochemicals have been shown to inhibit the aberrant activa-
tion of Wnt signaling, which is frequently implicated in the un-
controlled proliferation of cancer cells. By curbing the excessive
signaling cascade, dietary phytochemicals intervene in the cellular
decision-making process, preventing cells from adopting a cancer-
promoting identity. Moreover, the relationship between dietary
phytochemicals and the Wnt pathway extends beyond mere inhibi-
tion. Phytochemicals often exhibit a dual role, not only dampen-
ing the overactive pathway but also fostering the activation of the
canonical Wnt signaling when required for normal cellular func-
tions, such as tissue regeneration. This nuanced modulation high-
lights the exquisite adaptability of dietary compounds in ensuring
the pathway’s equilibrium and safeguarding against tumorigenic
perturbations. In essence, dietary phytochemicals emerge as dy-
namic custodians of the Wnt pathway, engaging in a delicate dance
that corrects imbalances while preserving its vital role in healthy
cellular processes. By deciphering and elucidating this intricate
relationship, researchers can provide a more comprehensive un-
derstanding of how dietary interventions may orchestrate cancer
prevention through the strategic modulation of the Wnt pathway.
Mushroom-derived vitamin D has been investigated for its poten-
tial in cancer treatment, and it has been shown to interact with the
Wnt pathway. Studies have indicated that vitamin D can inhibit the
activity of the Wnt pathway, thereby suppressing the proliferation
and survival of cancer cells. This suggests that mushroom-derived
vitamin D may exert its anticancer effects, at least in part, through
the modulation of the Wnt signaling pathway.*® Plant oil-derived
vitamin E has also been explored for its anticancer properties, in-
cluding its potential involvement in the Wnt pathway. While more
research is needed, studies have suggested that vitamin E may
modulate the activity of the Wnt pathway and its downstream sign-
aling components. This modulation could potentially influence
cell proliferation, differentiation, and apoptosis, all of which are
regulated by the Wnt pathway. Lycopene, a phytochemical abun-
dant in tomatoes, has been extensively studied for its potential in
cancer prevention. It has been found that lycopene can inhibit the
activation of the Wnt pathway by interfering with the expression
of Wnt ligands and downstream target genes. This inhibition of the
Wnt pathway may contribute to the anticancer effects attributed to
lycopene. Fisetin, derived from strawberries and apples, has dem-
onstrated potential in cancer prevention. Studies have suggested
that fisetin can inhibit the Wnt pathway by modulating the expres-
sion and activity of Wnt ligands and their receptors. This inhibition
may interfere with the proliferation and survival of cancer cells,
thereby contributing to its potential as a cancer-preventive agent.
Genistein, a phytoestrogen found in soybeans, has been extensive-
ly investigated for its potential health benefits and cancer preven-
tion properties. It has been reported that genistein can modulate
the Wnt pathway by affecting the expression and activity of Wnt
ligands and their downstream targets. This modulation may con-
tribute to the anticancer effects associated with genistein. EGCG,
a major catechin found in green tea, has been widely studied for
its health effects, including its potential role in cancer prevention.
It has been reported that EGCG can inhibit the Wnt pathway by
regulating the expression and activity of Wnt ligands and their re-
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ceptors. This inhibition may interfere with the proliferation and
survival of cancer cells, contributing to the potential cancer-pre-
ventive effects of EGCG. Crocetin, a compound found in saffron,
has shown potential as a therapeutic compound in cancer treat-
ment. While its specific effects on the Wnt pathway are less ex-
plored, crocetin has been reported to modulate the expression and
activity of Wnt ligands and their downstream targets. This modula-
tion may influence cell proliferation and differentiation, which are
regulated by the Wnt pathway. Curcumin, derived from turmeric,
has been extensively studied for its anticancer properties. It has
been reported that curcumin can inhibit the Wnt pathway by in-
terfering with the expression and activity of Wnt ligands and their
downstream targets. This inhibition may contribute to the anti-
cancer effects associated with curcumin. Cyanidin, an antioxidant
compound found in red berries, and gingerol, present in ginger,
have shown promising anticancer properties. While their specific
effects on the Wnt pathway are not extensively studied, their anti-
oxidant and anti-inflammatory properties may indirectly influence
Whnt signaling and contribute to overall anticancer effects.>” The
role of Wnt pathway in cellular processes and influence of dietary
phytoconstituents is described in Figure 3.

Future prospects

As we continue to unravel the complex interplay between di-
etary phytochemicals and cancer prevention, several avenues of
research beckon for exploration. One promising avenue lies in
personalized nutrition and tailored interventions. Harnessing the
power of dietary phytochemicals may involve identifying individ-
uals who could derive the most significant benefit from specific
compounds based on their genetic makeup, lifestyle, and risk fac-
tors. Precision nutrition may provide a means to optimize the use
of phytochemicals as a complementary approach to existing cancer
prevention strategies, thereby reducing the global cancer burden.
Furthermore, the development of innovative delivery systems for
phytochemicals is a frontier that warrants attention. Formulations
that enhance the bioavailability and stability of these compounds
could open doors to more effective preventive strategies. Nanoen-
capsulation, targeted delivery, and controlled release technologies
offer the potential to optimize the pharmacokinetics of phyto-
chemicals, ensuring their presence and activity at the tumor site.
Research in this direction could revolutionize the practical applica-
tion of dietary phytochemicals in cancer prevention. In the era of
‘omics’ technologies, integrating genomics, proteomics, metabo-
lomics, and epigenomics into the study of dietary phytochemicals
and cancer prevention presents an exciting opportunity. A systems
biology approach could provide a comprehensive understanding of
how phytochemicals interact with the intricate molecular networks
underlying carcinogenesis. Unraveling the intricate web of interac-
tions between phytochemicals and the host’s biological systems
may lead to the identification of novel targets and the development
of multitargeted strategies for cancer prevention. Lastly, continued
efforts in clinical research are essential to bridge the gap between
preclinical findings and real-world applications. Well-designed
clinical trials that assess the efficacy and safety of phytochemical-
based interventions in diverse populations are critical. These trials
should also explore potential synergistic effects with conventional
therapies. By generating robust clinical evidence, we can move
closer to the integration of dietary phytochemicals into standard
cancer prevention and treatment protocols. In summary, the future
of exploring dietary phytochemicals in cancer prevention is a dy-
namic and promising field. With advances in personalized nutri-
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Fig. 3. Role of the Wnt pathway in cellular processes and influence of dietary phytoconstituents. APC, adenomatous polyposis coli; DKK-1, Dickkopf-1;
GSK-3B, glycogen synthase kinase-3 beta; LEF, leflunomide; LRP, low-density lipoprotein receptor-related protein; RSV, resveratrol; SIRT1, silent information
regulator-1; TCF, T-cell factor; Wif-1, Wnt inhibitory factor 1; Wnt, wingless/integrated related integration site.

tion, innovative delivery systems, ‘omics’ technologies, and robust
clinical research, the potential for dietary phytochemicals to make
a significant impact on reducing the global cancer burden is both
tantalizing and within reach. As we continue to unearth the secrets
of these natural compounds, we stand at the brink of a new era
in the fight against cancer, offering hope to countless individuals
worldwide.

Conclusion

In the realm of cancer prevention, the significance of dietary phy-
tochemicals as potent allies cannot be overstated. The impressive
array of mushroom-derived vitamin D, plant-derived vitamin E,
lycopene, fisetin, genistin, epigallocatechin gallate, crocetin, cur-
cumin, cynarin, and gingerol has emerged as a beacon of hope in
the ongoing quest to thwart the development and progression of
various cancers. The culmination of rigorous scientific research
has unequivocally highlighted their exceptional potency, attrib-
uting their effectiveness to a multitude of mechanisms targeting
cancer cells at their core. From halting uncontrolled cell growth to
modulating inflammation and oxidative stress, these phytochemi-
cals have proven their mettle in battling cancer through multifacet-
ed approaches. As we stand at the intersection of scientific innova-
tion and natural solutions, these findings resonate with a promise
that extends beyond conventional paradigms, offering novel av-
enues for proactive cancer prevention strategies. The future holds
the potential for harnessing the power of these dietary champions
not only to enhance our understanding of cancer biology but also

12

to empower individuals in taking charge of their health and well-
being through informed dietary choices.

In conclusion, the discussed dietary phytoconstituents have
shown promising potential in cancer prevention and treatment
through various mechanisms of action. These phytochemicals, in-
cluding mushroom-derived vitamin D, plant oil-derived vitamin E,
lycopene, fisetin, genistein, EGCG, crocetin, curcumin, cyanidin,
and gingerol, have been investigated for their effects on different
pathways and cellular processes involved in cancer development
and progression. The Wnt signaling pathway, a crucial pathway
involved in embryonic development and cell proliferation, has
been implicated in cancer when dysregulated. Several of the men-
tioned dietary phytoconstituents have been found to modulate the
Wnt pathway. Mushroom-derived vitamin D, for example, has
been shown to inhibit the activity of the Wnt pathway, suppress-
ing the proliferation and survival of cancer cells. Plant oil-derived
vitamin E has been reported to modulate the Wnt pathway and
its downstream signaling components, potentially influencing cell
proliferation, differentiation, and apoptosis. Lycopene, abundantly
found in tomatoes, has been studied for its ability to inhibit the
activation of the Wnt pathway by interfering with the expression of
Wnt ligands and downstream target genes. Fisetin from strawber-
ries and apples has also demonstrated inhibitory effects on the Wnt
pathway by modulating the expression and activity of Wnt ligands
and receptors. Genistein from soybeans and EGCG from green tea
have been investigated for their effects on the Wnt pathway, with
studies suggesting their ability to affect the expression and activ-
ity of Wnt ligands and downstream targets. These phytochemicals
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may contribute to their anticancer effects through the modulation
of the Wnt pathway. Crocetin from saffron and curcumin from tur-
meric have shown potential as anticancer compounds. Although
their specific effects on the Wnt pathway are less explored, they
have been reported to interfere with the expression and activity of
Whnt ligands and downstream targets, potentially influencing cell
proliferation and differentiation. Additionally, cyanidin from red
berries and gingerol from ginger, while less studied for their ef-
fects on the Wnt pathway, possess antioxidant and anti-inflamma-
tory properties, which may indirectly influence Wnt signaling and
contribute to their overall anticancer effects.

Despite the promising potential of dietary phytochemicals in
revolutionizing cancer prevention strategies, significant obstacles
continue to impede their widespread adoption. A prevailing resist-
ance rooted in several factors hampers the seamless integration
of these natural compounds into mainstream healthcare practices.
A key challenge lies in the intricate complexities of translating
laboratory findings to real-world scenarios, with concerns about
standardized dosages and optimal delivery methods often clouding
the path forward. Additionally, the lack of comprehensive clinical
trials and robust long-term studies raises skepticism regarding the
efficacy and safety of phytochemical interventions. Moreover, the
dominance of conventional medical approaches and the hesitance
to deviate from established norms perpetuates reluctance toward
embracing alternative preventive measures. Furthermore, the in-
fluence of commercial interests and the marketing of pharmaceuti-
cal solutions can overshadow the potential of dietary interventions,
fostering a climate where natural solutions are viewed with skepti-
cism. As we navigate these barriers, a holistic approach that amal-
gamates rigorous scientific scrutiny, education, and cultural shifts
is essential to surmounting the resistance and fostering a broader
understanding of the transformative role that dietary phytochemi-
cals can play in the realm of cancer prevention.
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