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Human skin is continuously subjected to environmental stresses, as well as extrinsic and intrinsic noxious agents.
Although skin adopts various molecular mechanisms to maintain homeostasis, excessive and repeated stresses can
overwhelm these systems, leading to serious cutaneous damage, including both melanoma and non-melanoma skin
cancers. Phytochemicals present in the diet possess the desirable effects of protecting the skin from damaging free
radicals as well as other benefits. Dietary phytochemicals appear to be effective in preventing skin cancer and are
inexpensive, widely available, and well tolerated. Multiple in vitro and in vivo studies have demonstrated the significant
anti-inflammatory, antioxidant, and anti-angiogenic characteristics of dietary phytochemicals against skin malignancy.
Moreover, dietary phytochemicals affect multiple important cellular processes including cell cycle, angiogenesis, and
metastasis to control skin cancer progression. Herein, we discuss the advantages of key dietary phytochemicals in whole
fruits and vegetables, their bioavailability, and underlying molecular mechanisms for preventing skin cancer. Current
challenges and future prospects for research are also reviewed. To date, most of the chemoprevention investigations have
been conducted preclinically, and additional clinical trials are required to conform and validate the preclinical results in
humans.
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| 1. Introduction
1.1. Structure of Skin

Skin represents the largest barrier of the human body to external insults. Histologically, skin is divided into three distinct
layers, namely, epidermis, dermis, and hypodermis [ (Figure 1). In general, skin provides protection from external
pressures, serves as a source of percutaneous absorption, and has a significant role in thermoregulation. It is also
responsible for the synthesis of macromolecules and aesthetics. The hypodermis consists of subcutaneous fatty tissue
along with connective tissue. The dermis exhibits vascularity, neuronal ending, receptors (touch, nociception, and
proprioception), hair, and glands. The extracellular matrix of the dermis contains connective tissue rich in collagen and
elastin. The epidermis is the outer skin layer which is in direct contact with the atmosphere 2. Approximately 80% of
epidermal cells are keratinocytes. Due to its contact with the external environment, these cells undergo continuous wear
and tear with constant replacement by newer keratinocytes from the basal epidermal layer. The separation between the
epidermis and dermis is through the basement membrane &l Other specialized cells in the epidermis include melanocytes
(melanin producing), Merkel cells (sensory), and Langerhans cells (immune role). All the cells of the skin perform complex
functions, working to achieve and maintain constant homeostasis against various internal and external stimuli. In the case
of damage to the skin cells, connective tissue, and other macromolecules, normal processes are dysregulated and give
rise to various diseases, including mycoses, inflammatory diseases, and neoplasms [LIZI5],
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Figure 1. The human skin showing the layers of the epidermis and main structures of the dermis.
1.2. Skin Carcinogenesis

Neoplastic development and progression in the skin is a process consisting of three phases: initiation, followed by
promotion and progression of tumor cells (Eigure 2). The etiology of initiation may be either exogenous (chemicals, virus,
ultraviolet (UV) radiation) or endogenous factors (inflammation). Damage caused by these factors to skin cells is
irreparable when cells that cannot regain normal function advance to neoplastic progression [&. Most ultraviolet B (UVB)
radiation induces DNA damage that occurs as a transition from C to T or CC to TT in various genes including tumor
suppressor gene p53 4. Ultraviolet A (UVA) radiation causes mutations via 8-oxodG. These are present as transitions
from AT to CG in various genes that regulate cell cycle, apoptosis, and genomic stability (p53) (&l Genetic mutation and
continuous exposure to UV radiation leads to the advancement of initiated cells into the promotion stage & Cells in the
initiation stage replicate more vigorously and have less of a tendency to undergo apoptosis [&. Actinic keratosis (AK) is an

example of a precancerous lesion in humans that exhibits extensive mutations when compared with normal human skin
cells 10,
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Figure 2. The molecular mechanism of skin cancer progression.

Basal cell carcinoma (BCC), as well as squamous cell carcinoma (SCC), constitute the majority of non-melanoma skin
cancers (NMSCs), with Caucasians being affected the most. Both arise from the cancerous transformation of normal
keratinocytes 48 Rogers et al. have estimated that approximately two million procedures in about 1.3 million individuals
were carried out in 2012, and has increased in recent years 4. Individuals usually develop invasive NMSCs in later
stages of life due to its long latent period, even if the tumor-initiating mutations occurred during childhood. The incidence
is less common at a younger age 22l and it is more frequent in men 13!, As the fifth most expensive cancer, NMSCs
account for the expenditure of billions of dollars in health care and treatment 14!, Usually, patients diagnosed with NMSC
die from secondary tumors in the lungs, prostate, or colon resulting from distant metastasis 12, Therefore, early diagnosis
and prompt treatment is highly recommended.



In the United States, most of the reported cases of BCC account for >3 million patients annually 112 BCCs exhibit a
slower growth rate with a rare chance of metastasis 1€, though it does have a tendency to invade surrounding tissues 4.
In the US, SCC remains the second most prevalent skin cancer, accounting for 0.2-0.4 million cases each year. SCC has
more of a tendency to metastasize, exhibiting a rate of approximately 4%. The annual number of deaths from metastatic
disease is approximately 3000 [RS18I19]  The mortality rate increases in certain cases such as that of
immunocompromised individuals 29, Several studies have explored the transformation mechanism from normal
keratinocytes to AK and finally, to SCC. It is believed that a greater period of latency occurs in SCC because AK is
resistant to increases in harmful mutations that lead to SCC 19,

The current treatment for NMSCs includes complete eradication of the lesion while preserving the structural and functional
architecture of the skin. Current treatment modalities involve surgical intervention including excision, curettage and
electrodessication, cryosurgery, micrographic surgery, radiotherapy, and photodynamic therapy. Surgical procedures, such
as the Mohs procedure, are preferred to other methods in cases of low-risk lesions 2. However, the chance of
recurrence is high with surgical procedures lacking a complete histological evaluation of the tumor to ensure its entire
excision [22,

| 2. Dietary Phytochemicals for Skin Cancer Therapy

Dietary phytochemicals are present in plant-based food and exhibit certain nutritional and medicinal value, particularly in
preventing various ailments and promotion of human health. Dietary phytochemicals are usually plant secondary
metabolites and help proper functioning of human body. Studies have reported approximately 25,000 phytonutrients
belonging to different classes of phytochemicals like polyphenols, phenolic acids, flavonoids, diarylalkanoids, carotenoids,
lignans, anthocyanins, coumarins, terpenes, and sterols. In addition to various commonly-consumed vegetables and
fruits, food items like nuts, beans, tea, and whole grains also contain significant amounts of phytonutrients. Owing to their
inherent antioxidative characteristics, these phytonutrients contribute to enhance cardiovascular health, manage the
diabetes, and offer cancer chemoprevention 231241251 Although most dietary phytochemicals do not act like drugs for
treating diseases, researchers suggests that their intake can be correlated to a number of positive health outcomes
including reduced risk of cancer 2411281, |n this review we have covered various classes of dietary phytochemicals mainly in
the context of their beneficial role against skin cancer. Our aim is to briefly introduce various aspects of dietary
phytochemicals, highlighting their major sources, chemical classes, and major benefits in skin malignancy.

| 3. Role of Whole Fruits and Vegetables in Skin Cancer Prevention

Fruits and vegetables have high nutrient content. Whole fruits can be fresh, dried, canned, or frozen. Dieticians
recommend that fruits should be ingested whole or in 100% pure juice form, which preserves their nutrient-dense nature
27, studies have shown that fruits contain various phytonutrients with anti-carcinogenic, anti-mutagenic, antioxidant, and
anti-inflammatory properties 28129130131 Here, we discuss the benefits whole fruits and vegetables in the context of skin
cancer. This section includes multiple in vitro and in vivo studies on the effects of whole fruit and fruit extracts against skin
cancer (Figure 5).
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Figure 5. Whole fruit and vegetable products contribute to the prevention of skin carcinogenesis by regulating a broad
range of cell signaling pathways. Arrows and dark green text indicate activation and/or upregulation, and red lines with a
blunt end and red text indicate inhibition and/or downregulation.



4. Limitation, Safety Consideration, and Future Prospects of Dietary
Phytochemicals

Dietary phytochemicals have experienced many challenges including low bioavailability. In our daily diet, we consume a
significant amount of these phytochemicals. They are readily digested and eliminated by our body, resulting in a short-
lived pharmacologic window B2, Researchers are striving to develop new approaches that will increase the stability of
dietary phytochemicals. Noteworthy strategies include the development of a stable dosage form of dietary
phytochemicals, such as microparticles or nanoparticles, exhibiting increased stability and antioxidant properties 2. Igbal
et al. demonstrated that EGCG showed increased stability and high absorption in the intestine when green tea extract was
coated with chitosan 4. Yadav et al. observed enhanced stability and antioxidant activity of bovine serum albumin-coated
catechin and epicatechin nanoparticles 22!,

The absence of target specificity is another important challenge for dietary phytochemicals in cancer treatment. It has
been shown that phytochemicals exert pleiotropic effects at the cellular level, whereas cancer cells activate other cell
signals resulting from the failure of targeted therapy B8, Scientists strive to utilize alternative strategies for managing
these obstacles, including novel formulations for targeted delivery of phytochemicals, formulating semi-synthetic
derivatives and analogs of phytochemicals, and development of novel drug delivery systems to enhance the
effectiveness, protective characteristics, bioavailability, and pharmacokinetics of phytochemicals in humans BZE8], Fyrther
studies are needed to meet the challenges of topical skin cancer formulations which include skin penetration, optimum
drug concentration, stability, dosing strategy, and sustained drug release following topical application.

| 5. Conclusions

Dietary phytochemicals have several advantages for skin cancer prevention because they are readily available, cost-
effective, and well tolerated. The use of dietary phytochemicals have an inverse relationship with skin cancer B49, They
are natural antioxidants, elevating the levels of antioxidant enzymes, CDKs, cyclins, p53, p21, and Bax. Moreover, they
scavenge ROS, and decrease various molecular targets including EGFR, Notch-1, ERK, MAPK, NF-kB, STAT, B-catenin,
PI3K, AKt, and mTOR ©1H249  pietary phytochemicals can also inhibit the proliferation of established skin cancer cells
by arresting the cell cycle, preventing metastasis and angiogenesis, suppressing EMT, regulating epigenetic alterations,
and downregulating MMPs and COX-2 enzymes. Further investigation, including short-term human studies, may be
beneficial in assessing the human relevance of the preclinical data. Moreover, skin cancer chemoprevention investigations
involving whole fruits and vegetables are required in the humans who are at high risk, such as individuals with
compromised immunity. Preclinical studies in models of high-risk skin carcinogenesis may show beneficial effects.
Furthermore, whole fruits and vegetables may also be combined with existing therapeutic strategies for the better
management of skin cancer.
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