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Review 

The Relationship Between Dietary Factors and Skin 

Cancer Development: Clinical Relevance 

Homer S. Black 

Department of Dermatology, Baylor College of Medicine, Houston, Texas 77030; hblack@bcm.edu 

Simple Summary: Skin cancer accounts for more than all other malignancies combined and, as such, 

imposes significant medical, financial, and societal costs. Experimental studies have shown that 

dietary fat level modulates skin cancer expression. A type of fat known as Omega-6 fa�y acid, 

exacerbates skin cancer expression as levels increase. Contrary to this finding, a type of fa�y acid, 

known as Omega-3, has been shown to inhibit skin cancer expression. Clinically it was shown that 

reducing fat-intake significantly reduces the risk for Actinic Keratosis (pre-malignant lesions) and 

after a year on the low-fat diet, significantly reduced the number of basal and squamous cell 

carcinomas. Experimental studies with systemically administered antioxidants have sometimes been 

contradictory and even resulted in deleterious effects. Dietary supplements of antioxidants are no 

longer recommended for the public to prevent cancer. 

Abstract: Globally, skin cancer accounts for more than all other malignancies combined. Skin cancer 

imposes a significant financial and societal burden. UVR exposure is responsible for 90% of skin 

cancer and is a major source of exogenous free radicals. The free radical theory of aging and cancer 

led to the investigation of polyunsaturated lipids, antioxidants (including synthetic phenols, 

polyphenols, flavonoids) and ß-carotene as potential modulators of UVR-carcinogenesis. 

Experimentally, both dietary lipids and antioxidants modified the tumor latent period and 

multiplicity. Increasing levels of omega-6 fa�y acids exacerbated UVR-carcinogenesis in a near linear 

fashion. However, omega-3 fa�y acid inhibited UVR-carcinogenesis. Both types of lipids exhibit the 

same level of saturation. Thus, the inhibition of UVR-carcinogenesis by omega-3 fa�y acid must rest 

with differential metabolic intermediates that each generate, both tumor-promoting and immune-

modulating. Clinically, a low-fat dietary intervention trial has shown that reduced fat intake 

significantly reduces the occurrence of nonmelanoma skin cancer. Dietary supplementation of 

antioxidants and ß-carotene into the complex milieu of the cell with its own intricate and complex 

free radical defense system has resulted in detrimental responses and antioxidant dietary 

supplements, as well as ß-carotene, are no longer recommended for the public as a means to prevent 

cancer.  

Keywords: UVR; carcinogenesis; nonmelanoma skin cancer; Melanoma; Lipids; Omega-3/Omega-6 

fa�y acids; antioxidants; carotenoids 

 

1. Introduction 

Cancer is the second leading cause of death, both globally and in the U.S. [1,2]. The economic 

and societal burden of cancer is great, accounting for 1.8% of the gross domestic product (GDP) in 

the US and 1.07% of the European Union GDP in 2017 [3,4]. Total number of procedures for skin 

cancer increased by 76.9% from 1,158,298 in 1992 to 2,048,517 in 2006 [5]. In 2012, 5.4 million cases of 

NMSC were treated in 3.3 million people in the US. More patients are diagnosed with skin cancer in 

the US than all other malignancies combined, with an annual cost of treatment of ~ 8.1 billion, about 

4,444.8 billion for NMSC and 3.5 billion for melanoma. [5,6]. Furthermore, metabolic disease 
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involving altered glucose metabolism, e.g., Type 2 Diabetes, is a known risk factor for many forms of 

cancer, including skin cancer [7,8]. Near epidemic increases in diabetes, with increased risk for skin 

cancer, suggests that these two diseases will present an even greater global health challenge in the 

future.  

The supposition that diet could influence cancer was recognized by early physicians who 

advocated “fames cura”, or a starvation diet, as treatment for cancer [9]. These early medical 

practitioners surmised that cancer, as well as other human diseases, proceeded from the diet the 

patient consumed. Although such a clinical approach to cancer treatment was gradually abandoned 

as it was generally ineffective, as practiced, and it became obvious that several metabolic 

abnormalities resulted from this treatment, e.g., severe malnutrition, cachexia, and death. These 

conditions were compatible with the thesis that cancer’s lethality resulted from depleting the host of 

essential nutrients [10]. Thus, the early recognition that diet was an important aspect of cancer 

development narrowed the search for dietary constituents that played a significant role in neoplastic 

development and posited the idea that these constituents might be manipulated to prevent cancer 

development. These ideas came further into focus with the development of the free-radical theory of 

aging and cancer and the dietary recommendations posed by Harmon that (1) dietary reduction of 

vulnerable free radical targets such as polyunsaturated fats and (2) supplement the diet with one or 

more free radical reaction inhibitors [11,12]. It has become clear that these tenets must be reassessed 

[13]. This review addresses both lipid and antioxidant roles in skin cancer prevention - first their 

experimental basis for involvement, followed by clinical studies and their relevance.         

2. Lipids 

2.1. Experimental 

Whereas the first report, in 1930, that dietary fat enhanced coal tar-induced skin tumors in mice 

[14], about 90% of all human skin cancers are induced by solar ultraviolet radiation (UVR) [15]. Nine 

years after this initial finding of chemically induced skin carcinogenesis, it was reported that dietary 

fat had an exacerbating effect on UVR-induced skin carcinogenesis [16]. Due to the intervention of 

World War II, this thread of investigation into UVR carcinogenesis was dropped and was not 

resumed until the 1980’s. In 1983 it was shown that increasing the level of dietary omega-6 

polyunsaturated fa�y acids (corn oil, ~66% linoleic acid) exacerbated UVR carcinogenic expression, 

with respect to both tumor latency and multiplicity, and in a near linear fashion with regard to lipid 

concentration [17,18]. Importantly, when animals were fed a diet containing 4% corn oil that was 

partially hydrogenated (60%), tumor latency was markedly lengthened, and tumor multiplicity 

reduced when compared to the normal 4% corn oil diet. Hydrogenation reduced the level of linoleic 

acid (LA), an essential fa�y acid (EFA) and suggested that the effect on UVR carcinogenesis was a 

function of LA concentration. Indeed, Ip et al. [19] had demonstrated that LA content of diets had a 

direct relationship to mammary tumor incidence and yield, suggesting that LA was not only a 

potentiator, but perhaps a requirement for effective expression of carcinogenesis. Further, Reeve et 

al. [20] reported that feeding a diet supplying totally saturated sunflower oil (hydrogenated) 

completely blocked the UVR carcinogenic response, whereas those animals receiving the 

polyunsaturated sunflower oil (approximately 65% LA) exhibited 100% tumor incidence. 

There are two known EFA that are required by humans and animals, Linoleic acid and Alpha-

Linolenic Acid (ALA). The la�er undergoes a series of desaturation and elongation reactions that 

yield omega-3 FA, long chain polyunsaturated eicosapentaenoic (EPA) and docosahexaenoic (DHA) 

acids. Orengo et. al. [21], employing a semi-defined diet containing menhaden oil (27% omega-3 FA) 

were first to demonstrate that a dietary source of omega-3 FA, when compared to omega-6 FA diets 

(corn oil), inhibited UVR carcinogenesis as manifested in significant longer tumor latent period and 

lower tumor multiplicity, as depicted in Table 1. After feeding the menhaden oil diets for two weeks, 

edema was markedly decreased and animals twice the level of UVR to evoke a comparable level of 

erythema, compared to corn oil fed animals. 
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Table 1. Influence of Omega-6 and Omega-3 Fatty Acids on UVR-carcinogenesis. Comparison of Groups 1, 2 

and 3 show an approximate linear relationship of lipid level and tumor latency and multiplicity. Comparison of 

Groups 3 vs 5 and 4 vs 6 depict a dramatic inhibitory effect on UVR-carcinogenesis by omega (ϖ)-3 fatty acids. 

 
Reeve et al. [20] speculated that the lack of eicosanoid precursors, as occurs in EFA, i.e., LA 

deficiency, might prevent the establishment UVR-induction of the immunosuppressed state. When 

animals were fed saturated fat diets, no tumors developed, but when returned to a normal diet 

containing LA, alleviating tumor suppression, rapid outgrowth of skin tumors occurred. Indeed, 

Chung, et al. [22] had shown that suppressor T-cell function was PGE2 dependent and had correlated 

the abrogation of UVR-induced suppression of contact hypersensitivity, an immune response sharing 

pathways with tumor rejection, with prostaglandin synthesis. Henderson et al., [23] examined PGE2 

levels after two weeks feeding omega-6 and omega-3 dietary sources and found that plasma PGE2 

levels in the corn oil group were approximately 6-fold greater than those in the menhaden oil group. 

Cutaneous levels were approximately 2.5-fold greater in the corn oil fed group. Free radicals are 

known to activate Phospholipase A2 that results in the release of Arachidonic acid (AA) from cell 

membrane phospholipids. AA, when metabolized through the cyclooxygenase pathway yields 

proinflammatory prostaglandins where EPA results in less inflammatory prostaglandins. Orengo et. 

al. [24], in a randomized dose-response study, found that animals receiving Celecoxib, a 

cyclooxygenase 2 inhibitor, at human dose equivalents, exhibited significantly lengthened tumor 

latency and reduced tumor multiplicity. In this regard, the levels of inflammatory biomarkers in the 

plasma and skin of UVR-animals receiving high-fat diets were markedly increased, compared to 

control diets [25]. The biomarkers included tumor necrosis factor-alpha, cyclooxygenase-2, PGE2, 

interleukin-1beta, interleukin-6, as well as proliferating cell nuclear antigen and cell survival signals 

(phosphatidylinositol-3-kinase and p-Akt-Ser. The pronounced exacerbation of the UVR-induced 

inflammatory responses in the skin of animals fed the high-fat diet provides further evidence that a 

high-fat diet may increase susceptibility to inflammation associated with the risk of skin cancer.  

 Utsumi, et al.,[26] obtained ESR spectra using a surface resonator and L-band ESR spectrometer. 

The surface resonator was a�ached to the skin of griseofulvin (GF)-induced protoporphyria mice that 

had been administered a systemic light probe. Upon irradiation with a tungsten lamp (mostly visible 

light) the decay rates of the signals (an indication of Reactive Oxygen Species (ROS)) formation, 

significantly increased in the GF-fed mice, but it had li�le effect on this parameter in non-irradiated 

control animals. Conversely, when the light was switched off, there was rapid deceleration of the 

decay rate to the original level [27]. The in vivo radical detection in the skin should be invaluable for 

examination of ROS and other free radicals that initiate damaging oxidative reactions. Oxidative 

stress is a consequence of excessive ROS production and manifests a link to increased risk of skin 

cancer [28]. Indeed, it has been demonstrated that levels of one marker (5-hydroxymethyl-2’-

deoxyuridine) of oxidative damage to DNA in the plasma increased as dietary fat levels (corn oil) 

increased from 3% to 15% [29].     

Further investigations into potential pathophysiologic parameters that resulted after feeding 

animals omega-6 and omega-3 dietary sources revealed that epidermal, plasma and Red Blood Cell 

(RBC) membrane FA composition exhibited marked differences, although these changes were not 

accompanied with drastic effects upon membrane fragility    [30]. Epidermal capacity to metabolize 

Arachidonic acid (AA) through the cyclooxygenase pathway, and thus formation of PGE2, was 

 GROUP LIPID SOURCE /% TUMOR LATENCY 

(wks.) 

TUMOR MULTIPLICITY 

1 0.75% Corn oil, ϖ-6 22.30 1.23 

2 2.0 % Corn oil, ϖ-6 21.20 1.75 

3 4.0% Corn Oil, ϖ-6 20.50 2.10 

4 12% Corn oil, ϖ-6 19.20 2.50 

5 4.0% Menhaden 

oil, ϖ-3 

23.21 0.31 

6 12.00% Menhaden 

oil, ϖ-3 

26.14 0.23 
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closely related to omega-6 FA intake. Animals fed the omega-3 FA exhibited markedly lower plasma 

PGE2 levels, even when the diet was supplemented with omega-6 FA. Importantly, UVR exposed 

animals receiving the omega-3 FA source demonstrated a reduced (~30%) response to inflammatory 

stimulus and a greater (4.5-fold) delayed type hypersensitivity (DTH) to dinitrochlorobenzene 

(DNCB) than animals fed the omega-6 source. The influence of omega-3 FA on immune 

responsiveness was confirmed when dietary EPA was shown to prevent systemic 

immunosuppression in UVR-radiated mice. [31]. 

Additional evidence for the role of omega-3 FA in carcinogenesis was obtained in studies 

employing a transgenic mouse model designated fat-1 {32]. The transgenic mice can produce omega-

3 FA from omega-6 FA, i.e., they have received a gene encoding an omega-3 FA desaturase that 

converts omega-6 FA to omega-3 FA. This results in an abundance of omega-3 and reduced omega-6 

FA. It was shown that a dramatic reduction in melanoma formation and growth occurred when fat-1 

mice were injected with B16 melanoma cells, compared to their non-transgenic li�ermates [33]. The 

levels of omega-3 FA and metabolite PGE3, (a less inflammatory PG than PGE2) were much higher in 

the transgenic animals, and the omega-6/omega-3 FA ratio was much lower    

Level of dietary omega-6 FA potentiates immune suppression in UVR treated mice [34,35]. 

Animals, when fed low fat or high fat, 0.75% or 12% corn oil respectively, and sensitized to DNCB, 

expressed significant DTH suppression in the high fat group – even before UVR. Although both 

groups exhibited UVR-induced suppression of this response, the high fat group was totally 

suppressed after three weeks of UVR, whereas the low-fat group exhibited reactivity through eight 

weeks. Splenic T-lymphocyte (Thy 1.2+) population had declined by about 50% at time of UVR 

termination (11 weeks) whereas dietary lipid exerted no apparent influence upon this T-cell 

population. However, after six weeks of UVR, I-J+ cells (a marker shown to be acquired adaptively 

by suppressor T lymphocytes) began to increase and by week 15 had increased by about 65% in the 

high-fat group – twice the % increase that occurred in the low-fat group. When UVR-induced tumors 

were transplanted to recipient animals receiving various periods of UVR (0, 6, 11 weeks), no 

significant differences in median tumor rejection times between the dietary groups occurred at 0 and 

6 weeks. However, after 11 weeks of UVR, the low-fat group exhibited a median tumor rejection time 

that was comparable to that of non-irradiated animals. Median tumor rejection time for the high-fat 

group was 63 days, significantly longer than that of the low-fat group (~20 days). These data clearly 

demonstrate that the level of dietary fat (omega-6 FA) potentiates immune suppression in UVR 

exposed animals and is compatible with the thesis that immune suppression may account for the 

exacerbation of carcinogenic expression elicited by high fat dietary levels. 

Earlier studies had suggested that the primary effect of dietary lipid (66% LA) in the carcinogenic 

continuum occurred during the post-initiation phase [20]. To determine the segment along the 

carcinogenic continuum at which dietary lipid exerts its principal effect, animals were placed on 

defined isocaloric diets containing either 0.75%, 4%, 12% corn oil or 4% and 12% menhaden oil as 

sources of omega-6 or omega-3 FA [36]. The animals received an 11-week course of UVR. Upon 

termination of UVR, some groups were crossed-over to either low fat, high-fat, omega-6 or omega-3 

FA diets. The first tumors appeared in week 14. When animals were fed high-fat corn oil diets during 

initiation and crossed to low fat corn oil diets immediately post UVR, tumor incidence curves were 

not significantly different from animals fed the low-fat diet throughout the study. When animals were 

fed the low-fat diet and crossed to high-fat, the tumor incidence curves were not significantly 

different from that of animals fed the high-fat diet throughout the study. Crossing menhaden oil diets 

to high corn oil post UVR resulted in exacerbation of carcinogenic expression like that when crossing 

low corn oil to high corn diets. However, when crossing from high corn oil to menhaden oil did not 

result in the ameliorating effect on tumor multiplicity as seen when crossing from high to low corn 

oil diets or when menhaden oil was fed throughout the study. This suggests that menhaden oil either 

exerts its anti-carcinogenic effect during the UVR initiation stage or that promotion events had 

progressed beyond the point where dietary intervention could alter the course of carcinogenic 

expression. Nevertheless, this study demonstrated that high dietary lipid (omega-6) level enhances 
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UVR-induced skin carcinogenesis, with respect to both tumor latent period and tumor multiplicity 

and that this lipid-induced exacerbation of carcinogenesis occurs at the post-initiation, or promotion 

stage of carcinogenesis. Importantly modification of diet to a low lipid level (omega-6) after UVR 

initiation negates the enhancement of a high level of this dietary source. This forms the rationale and 

impetus for development of clinical intervention. Diet and dietary factors are variables that must be 

controlled in UVR carcinogenesis protocols [37]. 

Conclusions from the experimental studies may be summarized as: 

 Increasing levels of dietary omega-6 FA exacerbate UVR-carcinogenesis, both with respect to 

shorter tumor latent period and greater tumor multiplicity.  

 Hydrogenation of the EFA, LA, decreases the level of exacerbation of UVR-carcinogenesis, 

apparently by lowering the level of LA. 

 Dietary omega-3 FA markedly inhibit UVR-carcinogenesis. 

 Plasma levels of PGE2, a cyclooxygenase intermediate and pro-inflammatory prostaglandin, 

increase in near linear fashion with increasing levels of omega-6 FA. Dietary omega -3 FA 

dramatically reduce PGE2 levels.  

 High levels of omega-6 FA enhance cutaneous inflammatory response and suppress immune 

responses. 

 Omega-6 FA exert its primary effect on UVR-carcinogenesis in the post-initiation, or 

promotion/progression stage of the carcinogenic continuum, whereas omega-3 FA exerts its 

primary effect during initiation, and across the carcinogenic continuum.   

2.2. Clinical Studies 

2.2.1. Dietary Fat Level 

Clinical studies e.g., case-control and prospective cohort studies, had failed to find a relationship 

with skin cancer incidence with dietary fat intake [38–42]. On the other hand, Thind [43], in an 

international study, found a positive association of dietary fat with skin cancer incidence. Analytical 

epidemiological studies have provided the principal evidence associating dietary factors with cancer, 

but these associations have not always proved to be clinically pertinent [43,45]. Whereas the 

experimental studies from cross-over feeding studies, even after exposure to a carcinogenic dose of 

UVR, has provided the rationale for low-fat dietary intervention to reduce skin cancer incidence. The 

high prevalence of skin cancer and the relative risk of skin patients developing subsequent skin 

cancers within two years [46], made it practical to initiate a low-fat dietary intervention. One hundred 

and thirty-three skin cancer (basal and squamous cell carcinoma) patients were recruited to the two-

year study, of which 115 successfully completed. Of those patients completing, fifty-eight patients 

were assigned to the control arm of the study in which no dietary changes were introduced. The fifty-

seven patients assigned to the intervention arm learned how to adopt low-fat eating habits to their 

food preferences and were assigned a “fat gram goal” that defined the grams of fat that would 

provide 20% of calories from fat. Baseline and follow-up dietary data were compiled from 7-day food 

records, from which 4 days were selected for analysis. Food records were verified for types of food, 

quantities, and methods of preparation. Nutrient analyses were performed using the Minnesota 

Nutrition Data System, NMSC were diagnosed by dermatologists who were blinded to the patient’s 

group assignment. NMSC were confirmed by a dermatopathologist. Stability of body weight and 

calorie intake were required to prevent any confounding effects due to these variables. Patients in the 

intervention group consumed higher levels of complex carbohydrates to compensate for the 

reduction in fat calories. Patients in the intervention group reduced their percentage of fat calories 

from 39% to 21% (47% reduction of fat calories) and maintained this level for the remainder of the 

study. There were no significant differences in total caloric intake, or body weight, between the 

control and intervention groups. The potential for low-fat intervention became apparent after only 

78 patients had completed the study [47]. A significant difference in number of actinic keratosis 

(premalignant lesions) between control and intervention groups occurred after 8-12 months. Patients 

in the control group (high fat) were diagnosed with new keratosis four times as often as those in the 
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intervention group and were found to be at 4.7 times greater risk of having one or more actinic 

keratoses during the two-year study than patients in the low-fat intervention group. The effect of 

reduction in the percentage of fat calories on NMSC occurrence was observed after 101 patients had 

completed the study [48], and became even stronger after all 115 patients had completed [49]. No 

changes between the two groups were seen until 16 months, at which time the cumulative skin 

cancers per patient plateaued in the intervention group while the numbers in the control group 

continued to increase. When skin cancer occurrence was examined in 8-month intervals across the 2-

year study, skin cancer occurrence in the intervention group was significantly less in the last 8-month 

period than in the control group. This was reflected as a significant improvement in the intervention 

group – the control and intervention group each had 9 with NMSC in the first eight-month period 

whereas the control group had 9 patients with NMSC in the last 8-month period and the intervention 

group had one (p< 0.05). Data are depicted in Table 2. 

Table 2. Effect of Low-Fat Diet on Incidence and Occurrence of NMSC. * Last eight-month period of the 2-year 

study. ** First vs last eight-month period of study. 

Treatment No. BCC: SCC NMSC/Patient* Patients with   

MSC* 

Improvement** 

Control 58  0.26 9       9     9 NS 

   52:1      P>0.01       P>0.02  

Interventio

n 

57  0.02 1 9     1    

    P>0.05 

 

After results from the previous intervention trial had been published, a large Randomized 

Controlled Dietary Modification Trial concluded that a low-fat dietary intervention had no effect on 

NMSC [42]. There are several limitations in the study protocol that could result in this null finding. 

For example: 

(1) The study involved only post-menopausal women as compared to both genders in the 

Intervention trial. 

(2) It relied on the Food Frequency Questionnaire (FFQ) to assess dietary intake. Participants were 

assessed at baseline and at one year and thereafter 33% of participants were assessed each year. 

On this basis, each participant completed a FFQ every three years. Dietary recall over such long 

assessment periods is notoriously inaccurate. The intervention trial dietary assessment in the 

intervention trial were compiled from 7-day food records and verified by a dietician. 

(3) Participants self-reported medical outcomes by completing questionnaires every six months. All 

participants in the intervention trial were assessed every four months by dermatologists. 

(4) Perhaps more importantly, pertaining to the null result, was the failure to reduce the fat level to 

the 20% target. The study reported a long-term difference (eight years) in the percentage of 

energy from total fat, versus the comparison group, of 8.1 %. The intervention trial reported a 

47% reduction at month four that was maintained through month 24. 

2.2.2. Type of Dietary Fat 

Western diets may contain 15-20 times more LA than ALA (both EFA). Metabolic competition 

for shared enzymatic pathways, from whence the omega-3 FA, EPA and DHA, are derived, results 

in greater levels of AA than EPA and DHA. Consequently, under certain conditions, supplementation 

with EPA and DHA may be essential for maintenance of good health [50]. Interest in the health 

benefits of omega-3 FA resulted from reports that these FA were associated with low incidence of 

ischemic heart disease, as well as other inflammatory symptoms, in Greenlandic Eskimos [51,52]. 

Encouraged by animal studies in which omega-3 FA strongly inhibited inflammatory responses, i.e., 

erythema and edema, a short-term supplementation study of mixed omega-3 FA (EPA + DHA} was 

undertaken by Orengo et. al. [53]. After four weeks there was a small, but significant increase in the 

Minimum Erythema Dose (MED). Serum triglyceride levels had decreased by 40 mg/dl. Rhodes et al. 
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[54] undertook a second study a second study to examine the effect of omega-3 FA 

supplementation on UVR-induced erythema and lipid peroxidation. 

The la�er study employed a 3g/day of mixed omega-3 FA that was administered over 3-6 

months. The MED to UVB rose progressively with increasing time of supplementation and had more 

than doubled in month six. The increase in MED was accompanied by an increase in epidermal 

omega-3 composition and increased susceptibility to lipid peroxidation. The increased MED returned 

to baseline 2 ½ months after cessation of supplementation. A double-blind randomized study, in 

which participants received 4 g/daily EPA or oleic acid (OA) for three months, examined early 

genotoxic markers [55]. The skin content of EPA showed an 8-fold rise from baseline; sunburn 

sensitivity was reduced in the EPA supplemented group, rising from a UVR-induced erythemal 

threshold from 36 mJ/cm2 at baseline to 49 mJ/cm2 at 3 months; UVR-induced skin p53 fell by half at 

24 hour post-exposure to UVR; and susceptibility of peripheral blood lymphocytes to ex vivo UVR 

exhibited a 24% reduction of tail moment (DNA strand breaks in the Comet assay) in the EPA 

supplemented group; No significant changes in any of the parameters were observed in the Oleic 

acid supplemented group. Nor were there consistent alterations in basal and UVR-exposed skin in 

content of the antioxidants, glutathione, vitamins E and C, or lipid peroxidation (contrary to the 

previous study) in the EPA supplemented group. Protection to these UVR-induced genotoxic 

markers by EPA suggests that longer term supplementation might reduce skin cancer in humans. 

Aside from these early genotoxic markers, several studies have examined eicosanoid 

intermediates and the influence of omega-3 FA on inflammatory PG and cytokines. Pupe et. al. [56] 

examined the effect of EPA, a precursor of eicosanoid biosynthesis, on the UVR response of normal 

human keratinocytes, as a prerequisite to investigate the FA’s immune modulating action on the UVR 

response in skin. EPA treatment and UVR exposure were both shown to produce higher levels of 

tumor necrosis factor-α (TNF-α), and IL-1α expression. EPA treatment resulted in lipid peroxidation 

and in decreased PGE2 and IL-6 secretion after UVR exposure. Oleic acid treatment produced none 

of these responses in non-UVR-exposed keratinocytes. Shahbakhti et al, [57], in a double-blind 

randomized study, supplemented human participants with 4 g/daily of ethyl ester of EPA or oleic 

acid for three months. Skin biopsies and suction blister fluid, as well as plasma, were taken from 

unexposed and UVR-exposed precipitants and assayed for PGE2 and pro-inflammatory cytokines, 

Interleukin-1ß, TNF-α, Interleukin-6, and Interleukin-8. There was, again, a significant rise in the 

MED in EPA supplemented participants. At baseline, and before supplementation, 3X Med UVR 

increased blister fluid TNF-α, IL-6, IL-8 and PGE2 at 16 hours post-exposure. No significant changes 

occurred in baseline or in UVR-induced skin levels in cytokines after supplementation with either 

EPA or OA, although UVR-induction of PGE2 was abolished after EPA supplementation. Nor were 

there changes in plasma cytokine and PGE2 levels. Thus, there was no evidence that reduction in the 

sunburn response by EPA was mediated by the pro-inflammatory cytokines examined, although the 

abrogation of UVR-generated PGE2 certainly appears to play a role. Whereas there was no systemic 

effect of EPA on TNF-α or IL-8, when fibroblast and keratinocyte cell lines were supplemented with 

EPA, DHA, or OA, EPA and DHA were shown to reduce basal secretion of IL-8 in keratinocytes by 

66% and 63%, respectively, with a similar pa�ern in occurring in fibroblasts [58]. UVR-induced levels 

were reduced by ~65% 48 hours after exposure. Further, secretion by keratinocytes was reduced by 

54% and 42% by EPA and DHA, respectively. In summary, both EPA and DHA inhibit the production 

of TNF-α-induced IL-8 in skin cells and may play a role in the photoprotective, anti-inflammatory, 

and immunoresponsive effects manifested by these FA. In fact, a small double-blind, randomized 

intervention trial examined the impact of oral omega-3 FA on UVR suppression of cell-mediated 

immunity that was assessed through the nickel contact hypersensitivity (CHS) response [59]. The 

study involved 79 female volunteers who were nickel allergic (only ~15%of women in the general 

population exhibit CHS to this metal). Volunteers took 5 g/day of mixed omega-3 FA or consumed a 

control lipid (glyceryl tricoprylate, a medium-chain triglyceride that contains 4 fa�y acids (caproic, 

caprylic, capric, and lauric acids in a 2:55:42:1 ratio), for three months. After supplementation, nickel 

was applied to three pre-exposed sites on three consecutive days, to UVR (solar simulated radiation, 
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SSR) and to unexposed control sites, Nickel CHS responses were quantified 72 hours later and SSR-

induced immunosuppression calculated. SSR dose-related suppression of nickel CHS response was 

observed in both supplemented groups. Although not statistically significant, a UVR dose-dependent 

increase in the percentage of photo-immune suppression                                            

of the nickel CHS response, that reached 43%, was observed at the highest SSR dose used. 

Immunosuppression was 50% lower after active supplementation compared with the control at an 

SSR dose of 3.8 J/cm2, whereas immunosuppression induced by the highest SSR dose (7.6 J/cm2) 

showed li�le influence of omega-3 FA. Because the dose-response for some protective effects of 

omega-3 FA are unknown, higher supplemental doses remain to be explored, but it should be noted 

that RBC omega-3 FA was four times higher in the supplemented group compared to control. Overall, 

these data provide further evidence that increased oral omega-3 FA intake could provide protection 

from the cutaneous immunosuppression that occurs during short exposures to solar UVR.  

Observational studies have failed to provide clear evidence that dietary omega-3 FA reduce the 

risk for NMSC, albeit direct evidence from experimental, and promising evidence from cell culture 

and clinical studies make it important that the potential of omega-3 FA as a preventive nutrient to 

NMSC be fully explored. The direct way to address this issue is through intervention trials with 

populations with high, and known, risk for NMSC. It has been proposed that a study design, such as 

the low-fat intervention trial occurrence in NMSC patients [47,60]. Certain caveats must be 

considered, i.e., unlike the animal studies in which omega-6 and omega-3 FA were the sole source of 

dietary fat, this will not be the case in human studies. Thus, the relative omega-6/omega-3 FA ratios 

will determine response, and careful monitoring is essential as it has been shown that SCC risk is 

increased when AA level of RBC membranes is highest [61]. AA is the precursor for LA, an omega-6 

FA. Diets must be carefully monitored to ensure that any potential benefit of omega-3 FA 

supplementation is not diminished by increased omega-6 FA intake. Dietary assessment and protocol 

compliance should be indexed to omega=6/omega-3 ratios that can be determined by RBC membrane 

composition, although the omega-3 index is recommended as a be�er metric [62]. One further caveat 

that may make such an intervention trial problematic is that experimental data indicate that the effect 

of omega-3 FA on UVR-carcinogenesis occurs in the initiation stage and throughout the carcinogenic 

continuum. Omega-3 FA suppress the UVR-mediated immune suppression that allows tumor 

outgrowth. Thus, although such a study has not been undertaken, an intervention may influence the 

time of response, suggesting that the follow-up period of such a study may have to be extended. 

As noted, observational studies have failed to provide clear evidence that dietary omega-3 FA 

reduce the risk for NMSC. A population-based case-control study showed a consistent tendency for 

a lower risk of SCC with higher intakes of omega-3 FA [62]. Further, there was a tendency toward 

decreased risk of SCC with increased intake of diets with high omega-3/omega-6 FA ratios. A 

prospective study examined plasma omega-3 and omega-6 FA levels and risk of BCC and SCC [63].  

Plasma EPA concentrations and omega-3/omega-6 ratios showed a significant inverse association with 

SCC occurrence and these associations were stronger among participants with a prior history of skin 

cancer. Total omega-6 FA was also inversely associated with BCC when analyzed in a multivariate 

model. Confoundingly, both LA and ALA FA were also inversely associated with BCC occurrence, 

although when these FA were analyzed as continuous variables, there was no evidence of linear or 

non-linear associations. Although this study provides support for reduced NMSC occurrence with 

high concentrations of omega-3 FA, the results depended on how the data were analytically 

modelled. Another population-based prospective study by this group of investigators found that 

intake of AA was associated with increased SCC incidence whereas total omega-6 FA was associated 

with reduced BCC [64]. Overall, their data did not support an association of these FA and BCC or SCC 

risk. On the other hand, in a hospital-based case-control study, the FA composition of RBC in newly 

diagnosed BCC patients found that LA and AA were significantly higher in BCC patients [61]. 

Omega-3 FA was significantly lower and omega-6 FA was significantly higher in BCC patients than 

in controls. Total PUFA and omega-6/omega-3 PUFA ratios were significantly higher in BCC patients. 

A mendelian Randomization analysis [66] found that an increase in genetically predicted levels of 
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LA and ALA was associated with a reduced BCC risk – a result in agreement with that of reference 

[63]. Higher levels of AA and EPA were associated with an increase in BCC risk. A two-sample 

Mendelian carcinoma study found a direct link between the susceptibility of BCC and PUFA and 

their degree of unsaturation [67]. It was posited that modifying one’s diet, specifically focusing on 

the intake of PUFAs, and metabolic profiling for these parameters, may be an effective strategy for 

preventing BCC.  Associations between fat intake and risk of SSC, BCC, and malignant melanoma 

(MM) were also examined within two prospective studies – the Nurses’ Health Study (NHS) and the 

Health Professionals Follow-up Study (HPFS) [68]. Higher PUFA intake was associated with the risk 

of SCC and BCC. Higher omega-6 FA was associated with higher risk of BCC, SCC, and MM. Omega-

3 FA was associated with risk of BCC, but not SCC and MM. The mixed results of these studies 

illustrate the need for a direct dietary intervention trial. 

Organ transplant recipients are at a very high risk of developing skin cancer, compared to the 

general population. The feasibility of omega-3 FA supplementation to reduce skin cancer among lung 

transplant recipients was investigated from the outpatient clinic of an Australian hospital [69]. 

Participants were randomly assigned to receive either mixed omega-3 FA or olive oil (control) for 12 

months. After 12 months plasma EPA levels increased substantially in the intervention group, six 

patients developed NMSC compared to 11 in the control group. A second study of kidney or liver 

transplant recipients were evaluated via a food frequency questionnaire and the PUFA intakes were 

ranked as low, medium, or high [70]. Transplant recipients with a high total long chain omega-3 FA, 

compared to low intakes exhibited substantially lower SCC risk and those with high ALA intakes 

exhibited significantly fewer BCC. Thus, high intakes of long-chain omega-3 FA and ALA may reduce 

risks of SCC and BCC, respectively. 

Finally, an experimental study with omega-3 FA is described here as it potentially has clinical 

relevance in PUVA therapy [71]. 8-methoxypsoralen (8-MOP) and UVA (PUVA) therapy has. been 

shown to be carcinogenic. Animals received dietary omega-3 FA or omega-6 FA sources. After two 

weeks, the animals were treated topically with 8-MOP and then exposed to UVA. Mice receiving the 

omega-3 FA source exhibited a marked decrease in inflammatory response and more rapid repair. 

The effects on PUVA tumorigenesis were examined in long-term studies in which animals were 

treated topically 3X/week with 8-MOP, after which they were exposed to UVA. Omega-3 FA 

supplementation markedly ameliorated the course of PUVA toxicity but did not impede the course 

of PUVA tumorigenesis. In this regard, it is known that experimental PUVA tumorigenesis does not 

exhibit time-dose reciprocity, i.e., cumulative dose, per se, is not an accurate index of tumorigenic risk. 

In fact, this has been suggested as an explanation for differences between European and American 

studies of the risk associated with PUVA therapy [72]. Thus, taking advantage of the effect of omega-

3 FA on reduction of PUVA toxicity, omega-3 FA supplementation might be used in conjunction with 

PUVA therapy to allow a more aggressive PUVA therapy in the American protocol while reducing 

the risk skin cancer from PUVA therapy alone.  

 

Conclusions from clinical studies (human and human cultured cells may be summarized as follows: 

 A direct link exists between PUFA intake and degree of unsaturation and susceptibility to 

BCC. 

 Omega-3 FA supplementation significantly increases the erythema threshold to UVR. 

 Omega-3 FA modulate a number of cytokines (in human cells in vitro) and eicosanoids that 

mediate inflammatory and immune responses. 

 Omega-3 FA inhibit certain genotoxic markers of UVR-induced DNA damage, e.g., UVR- 

induced cutaneous p53. 

 Omega-3 FA abrogate UVR-induced immunosuppression of cell mediated immunity assessed 

as nickel CHS 

 Omega-3 FA reduce the risk of SCC and BCC in organ transplant patients. 

3. Antioxidants 
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3.1. Experimental 

3.1.1 Phenolic Compounds 

A dietary cocktail of antioxidants was shown to play a pivotal role in both inhibition of the 

primary event(s) involved in UVR mediated skin tumor induction and the subsequent development 

of precancerous lesions into tumors [73]. Not only was tumor occurrence dramatically reduced, but 

the severity of those tumors that did develop were of markedly less severity than those of non-

supplemented controls. The antioxidant cocktail consisted of 2% (w/w) of the diet and was composed 

of 1.2% ascorbic acid, 0.5% butylated hydroxytoluene (BHT), 0.2% DL-Alpha tocopherol, and 0.1% 

glutathione. This antioxidant mixture was also examined in regard to their effects, with respect to 

unsaturated lipid level, upon lipid peroxidation and UVR carcinogenesis [74]. Antioxidant 

supplementation produced an inhibitory effect, both in regard to tumor latency and multiplicity, 

almost equal to the degree of exacerbation of carcinogenesis evoked by increasing unsaturated FA 

levels. The antioxidants dramatically inhibited lipid peroxidative reactions. These data strongly 

suggested that free radical reactions, specifically lipid peroxidation, play a part in the UVR-

carcinogenic response. Subsequently, it was shown that BHT was the active principle in the 

antioxidant cocktail [75]. Vitamins C and E and glutathione were without effect at the levels in the 

cocktail [75,76]. BHT supplementation, alone, provided the level of photoprotection as that of the 

cocktail. 

De Rios et. al., [77] reported that BHT provided marked systemic protection against UVR-

mediated erythema in hairless mice. BHT also provided diminished, but statistically significant, 

photoprotection when applied topically. Vitamins C and E, nor glutathione, provided negligible 

protection when administered at the concentrations of the Cocktail. Not only does BHT 

supplementation result in a 2-fold increase in the level of UVR required to produce a MED, but it also 

markedly inhibited UVR-induction of epidermal ornithine decarboxylase (ODC) [78]. ODC 

induction, whereas lacking specificity for tumor promotion, is an early event closely associated with 

the process and was thought to be a necessary component of skin tumor formation. The la�er is 

supported by the fact that BHT did not have a similar result in inhibition of 12-0-

tetradecanolyphorbol-13-acetate (TPA)-induced ODC. Data from this study suggested that dietary 

BHT inhibition of ODC induction was a response related directly to the degree of UVR insult rather 

than a general effect upon the processes associated with carcinogenic promotion. These studies 

suggested that BHT might act through diminution of UVR reaching critical epidermal target sites. 

Thus, efforts were undertaken to understand the mechanism(s) of the BHT-mediated UVR 

photoprotection. It was shown that BHT supplementation resulted in increased epidermal spectral 

absorption [79]. As the absorption maximum of BHT lies within the VR region of the electromagnetic 

spectrum, its protective effect of photic energy against erythema and carcinogenesis might result 

from effective dose of UVR reaching respective target sites. It had been shown that BHT is rapidly 

metabolized in the rodent and that minimal levels occur in skin [80,81]. From forward sca�ering 

scans, obtained over a range of 250-400 nm and based upon BHT concentrations in the epidermis, a 

dose reduction factor (DRF) of 2 for BHT was calculated -in agreement with the protective effect of 

BHT on erythema and of a magnitude that could significantly prolong the onset of UVR-induced skin 

cancer. Nevertheless, the data indicated that the maximum levels of BHT accruing skin would only 

absorb about 1% of the incident UVR, suggesting that BHT produces its effect indirectly. Additional 

studies were undertaken to determine whether the photoprotective properties of BHT to skin might 

result from the alteration of epidermal parameters that could account for the DRF [82]. None of the 

major anabolic parameters examined, i.e., there was no indication that BHT elevated DNA synthesis; 

BHT did not affect radiolabeled leucine incorporation (protein synthesis0 in UV-irradiated epidermis; 

there were no effects of BHT on cell labeling index; and no significant change in epidermal layers. It 

was suggested that catabolic processes, normal oxidative events leading to keratin stabilization and 

altering the optical properties of the stratum corneum (SC), might be involved. To explore the 

contribution SC might contribute to BHT’s photoprotection, SC was examined from animals receiving 

the BHT supplement and non-supplemented controls [83]. Spectral transmission from both groups 
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revealed that SC transmission, recorded between 280-320 nm, was approximately 65% greater in 

controls compared to that from BHT supplemented animals. Further, when the SC was stripped and 

the animals irradiated, BHT provided the usual inhibition of ODC induction in non-stripped animals, 

but ODC activity in BHT-treated, tape stripped animals was restored to levels that did not 

significantly differ from controls. This protective effect of SC in BHT supplemented animals could 

not be a�ributed to BHT-induced change of physical dimensions, as neither the thickness of the SC 

nor the number of SC layers differed from controls. BHT might alter the optical properties of SC and 

not alter the physical dimensions by eliciting its photoprotective properties via its antioxidant 

properties. It is possible that during normal SC maturation (oxidation) sul�ydryl moieties are 

protected from oxidation, resulting in fewer disulfide cross-links. The degree of cross-linking is 

known to alter x-ray diffraction pa�erns of keratin [84} and it would be expected that optical 

properties would be altered as well. Oxidation of two sul�ydryl groups to a disulfide bond in the 

stabilization of keratin generates a molecule of water and increased sensitivity of hydrated skin to 

sunlight is well documented. The degree of SC hydration markedly affects its transmission 

characteristics [85,86]. In summary, it has been demonstrated that a major component of BHT’s 

protective effect resides in the SC and that the changes affected by this antioxidant appear to be 

related to chemical properties of SC rather than changes in physical parameters. 

BHT is but one compound of a class of organic chemicals, the phenols, that demonstrate 

antioxidant properties. On the basis of structural characteristics, the phenolic compounds butylated 

hydroxyanisole (BHA), propyl gallate, and vanillin were compared to BHT for anti-.UVR-induced 

carcinogenesis [87]. Of the four phenols tested, only BHT conveyed significant inhibition of both 

tumor latency and tumor multiplicity, increasing tumor latency 5.2 weeks and reducing multiplicity 

by 60%. Vanillin reduced tumor multiplicity by 48% but had no significant effect on tumor latency. 

BHA and propyl gallate were without effect. ODC was assayed to determine whether it might serve 

as a rapid screen for anti-carcinogenic phenols. Both BHT and BHA significantly inhibited ODC 

induction whereas propyl gallate and vanillin were without effect. The conclusion drawn from these 

data is that neither antioxidant or lipophilic properties, nor the tert-butyl moiety common to both 

BHT and BHA are sufficient determinants (although BHT has two tert-butyl moieties that may 

account for its distribution to skin) of anti-UVR-induced carcinogenesis. Nor is ODC induction an 

indicator of such activity. 

BHT is widely used as a food preservative and in the cosmetic industry. The Food and Drug 

Agency (FDA) has classified BHT as “generally recognized as safe” (GRAS) when used in an 

appropriate manner. The International Agency for Research on Cancer (IARC) has evaluated the 

literature on BHT’s potential role in carcinogenicity and found no clear evidence that BHT affects 

carcinogenicity in animals and there were no data for humans [89]. Williams et al., [89] reviewed 

experimental studies on carcinogenesis in regard to cancer hazard assessment of exposure to humans 

and concluded that BHT did not pose a cancer hazard and that it may be anti-carcinogenic at current 

levels of food additive use. Due to the low concentration found in cosmetic formulations, it was 

concluded that BHT is safe as used in the US [90]. At the low concentrations used in cosmetic products 

BHT is poorly absorbed through the skin with most remaining on the surface, thus, producing no 

systemic effects. However, there were two early reports that raised concern. The first by Olsen et. al. 

[91] that reported on hepatocellular neoplasms in rats induced by BHT. The second reported on the 

enhancement of lung tumor formation in mice by butylated hydroxytoluene: dose-time relationships 

and cell kinetics [92]. A number of studies have reported BHT-induced carcinogenicity at different 

organ sites and have been evaluated in the IARC monograph [88]. 

When any chemical is introduced into a biological system, physiological effects occur. BHT 

induces hepatomegaly in the hairless mice, although there appears to be no pathology associated 

with this condition (e.g., fa�y liver etc., but note ref. 91) [93]. Accompanying the induced 

hepatomegaly, induction of hepatic Phase I and II microsomal detoxification enzymes (mixed 

function oxidases) occurred. The enzymes influence the mutagenic frequency of a range of chemicals. 

Thus, a modified Ames test was employed to assess the influence of the antioxidant supplement on 
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activation of N-2-fluorenylacetamide (2-FAA) that is a potent hepatocarcinogen [94]. Animals were 

maintained on their respective diet supplemented with the antioxidant cocktail (of which BHT was 

the active component) for 38 weeks, administered the 2-FAA and one week later a microsomal 

fraction (S-9) was prepared and used to test for activation in the Ames mutagenicity test. Antioxidant 

significantly increased the mutation frequency (3-fold). These data suggested that beneficial 

modification of BHT to UVR-carcinogenesis may actually predispose an individual to another 

carcinogenic agent. Consequently, it may be necessary to develop an algorithm for each antioxidant 

supplement based upon the benefit to be derived for NMSC and the potential risks to each individual 

to other forms of cancer [13]. 

Conclusions from Experimental Studies: 

 BHT dramatically inhibits UVR-carcinogenesis, both in regard to tumor latency period and 

tumor multiplicity and reduces the severity of those tumors that do develop.  

 Inhibition of carcinogenesis occurs through a mechanism of dose diminution by altering the 

chemical characteristics of the stratum corneum. 

 BHT provides marked systemic protection against UVR-mediated erythema in hairless mice. 

BHT also provides statistically significant protection when administered topically. 

 BHT inhibits the UVR induction of ODC 

 Several structurally related phenols were evaluated for anti-UVR-carcinogenesis, but only BHT 

conveyed significant inhibition of both tumor latency and tumor multiplicity. 

 BHT supplementation may predispose the host to chemical carcinogenesis by inducing hepatic 

phase I and II microsomal detoxification/activation enzymes. 

 Clinical Relevance: 

 Human data is scarce and assessments of BHT and human risk have found that BHT levels in 

food stuff pose no risk and may even lower the carcinogenic risk. There appears to be no risk 

involved in the levels of BHT used in cosmetics. 

 However, in view of experimental studies of BHT’s promotion or induction of carcinogenesis at 

various organ sites and the capacity to induce activation of pro-carcinogens, and potential 

endocrine disrupters, the intake of BHT should be approached with caution [95]. 

3.1.2. Polyphenols 

Polyphenols are a diverse group of approximately 8,000 phytochemicals that exhibit antioxidant 

properties. They are generally classified as Flavonoids, that constitute ~60% of polyphenols; phenolic 

acids; lignans; stilbenes; and some miscellaneous polyphenols [96]. Polyphenols are strong 

antioxidants, neutralizing radical reactions by donating a hydrogen atom or electron. Thus, 

polyphenols suppress the generation of free radicals by inhibiting the active free radical species or 

deactivating the precursors of free radicals. They also act as direct free radical scavengers of lipid 

peroxidation by acting as chair-breakers of the peroxidation chain reactions. 

(1) Anthocyanins 

Anthocyanins are widely dispersed in the Plant Kingdom and are responsible for the red, blue, 

and purple colors of fruits and vegetables. They are usually glycosylated with sugars and identified 

as cyanidin, delphinidin, peonidin, pelargonidin and malvidin [97]. Potential antitumor effects are 

reported to be based on a wide variety of biological activities including antioxidant; anti-

inflammation; anti-mutagenesis; induction of differentiation; inhibiting proliferation by modulating 

signal transduction pathways, inducing cell cycle arrest and stimulating apoptosis or autophagy of 

cancer cells; anti-invasion; and anti-metastasis [98]. The treatment of highly malignant melanoma 

B16-F-10 cells with berry extracts containing anthocyanins reduced cell proliferation by 30-38%, 

compared to controls [99], Mulberry anthocyanins reduced the levels of Ras, P13K, phosphor-Akt, 

and NF-ĸß in B16-F-1 melanoma cells and showed that the anthocyanins inhibited the metastasis of 

these cells in vivo [100]. The photoprotective effects of delphinidin were demonstrated in human 

HaCaT keratinocytes and the skin of SKH-1 mice [101]. The anthocyanin inhibited UVR-mediated 

lipid peroxidation; protected against a decrease in cell viability; induction of apoptosis; a decrease in 
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proliferating cell nuclear antigen expression; an increase in 8-OHdG, an increase in poly (ADP-ribose) 

polymerase; and a number of other markers. Topical application to SKH-1 mouse skin inhibited UVR-

mediated apoptosis and markers of DNA damage, suggesting that the anthocyanin inhibited UVR-

mediated oxidative stress, reduced DNA damage, and thus protected the cells from UVR-induced 

apoptosis. After an extensive review of the use of flavonoids in skin cancer prevention and treatment, 

it has been proposed that these agents can play a beneficial role as systemic chemopreventives to 

UVR-mediated skin cancer and topically as adjuvants to sunscreens and cosmetic products as anti-

cancer therapy [102]. 

(2) Phenolic acids:  

Epigallocatechin gallate (EGCG) is a major catechin in green tea (GT) and is a powerful 

antioxidant and anti-tumor agent. Several proteins have been identified as direct interactors with 

EGCG and that are involved in cell proliferation, survival, and metastatic spread.[103]. Inhibitory 

effects of green tea catechins are the result from the targeting of genes and proteins on 

Ras/extracellular signal regulated kinases MAPK and P13K/Akt. These are receptor tyrosine kinase-

related downstream pathways that are constitutively activated in tumor cells. Studies of chemically 

induced carcinogenesis have shown that green tea consumption protects against a number of cancers, 

including skin [104]. Flavonoids are effective immunomodulators as they modulate cell growth, 

induce apoptosis, and reduce ROS production, thus suggesting their benefit in skin cancer prevention 

and treatment [105106]. Green tea, when fed in drinking water of mice, afforded significant protection 

against UVR-induced skin carcinogenesis [104]. GT catechins and its derivatives also inhibited P450-

dependent mixed function oxidases in skin, thus exhibiting antimutagenic effects and showed 

substantial anti-tumorigenesis effects in bioassay systems [106]. 

Inhibition of UVR-carcinogenesis by GT is mediated, partly, through the rapid repair of DNA 

that, in turn, is mediated through the induction of IL-12 [107,108]. EGCG was found to be most 

effective in protecting against UVR-induced suppression of CHS. Topical treatment inhibited the 

induction of inflammation, probably through reduction of PGE2.  On the other hand, Gensler et. al. 

[109] reported that systemic administration of EGCG, at concentrations employed, did not reduce 

occurrence of UVR-induced skin cancer, but topical application reduced the incidence significantly 

(62%) through a mechanism distinct from inhibition of photo-immunosuppression. 

Epidemiological and clinical studies have reported varying responses of green tea and cancer 

incidence with some studies showing inverse relationships and some reporting increased risks, 

depending upon cancer site [110]. Other flavonoids and phenolic acids found in green tea extracts 

that show anti-cancer properties include quercetin [111], ellagic [112], and gallic acids [109].                                       

Resveratrol is a Stilbene, with antioxidant properties that is derived primarily from red grape 

skin and seed concentrate, that has shown promise as an anti-cancer agent [113]. It affects all 

carcinogenic stages, i.e., initiation, promotion, and progression, as well as induced apoptosis [114]. 

Dietary supplementation of Resveratrol is target-organ specific with respect to its anti-carcinogenic 

effect and clinical trials have generally been ambiguous and some even detrimental [114].  

Resveratrol imparts strong chemopreventive effects against UVR exposure-mediated skin 

carcinogenesis [115]. The inhibition of carcinogenesis occurred whether the skin was pre-or post-

treated with Resveratrol. The chemopreventive effects of stilbene may, at least in part, be mediated 

via modulations in Survivin (an anti-apoptotic protein), and other associated events, e.g., interactions 

with phase I and II enzymes both in vitro and in vivo. These interactions may be beneficial or harmful. 

Indeed, individuals taking drugs whose efficacy is highly specific and cytochrome P450 enzyme-

dependent, could be particularly affected, as well as those individuals exposed to environmental 

carcinogens. Therefore, caution should be taken when using supplemental resveratrol doses for 

health benefits, such as chemoprevention [116]. 

Curcumin, a polyphenol found in turmeric, has been shown to exhibit anti-cancer properties in 

both preclinical and clinical studies [117]. Human clinical trials found no toxicity when administered 

at doses to 10g/day. Curcumin exhibits anti-cancer potential by suppressing proliferation of tumor 

cells; down-regulation of transcription factors, e.g., NF-kappa ß; down-regulation of expression of 
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COX- 2, LOX, NOS (and is thus, a potent anti-inflammatory); cell surface adhesion molecules; and 

protein tyrosine and threonine/threonine kinases. Evidence exists that curcumin suppresses the 

initiation, promotion, and metastatic stages of carcinogenesis. Topical application of curcumin caused 

delay in tumor appearance, multiplicity, and size of tumors that did develop in UVR-irradiated 

hairless mice [118]. The protective effect was accompanied by downregulation of cell proliferative 

controls, apoptosis, transcription factor NF-kß, and inflammatory responses. Similar results were 

obtained when curcumin was administered systemically [119]. Curcumin inhibited UVR-

carcinogenesis whether administered systemically or topically.  

Gallic acid, a predominant polyphenol, has been shown to inhibit two-stage chemically induced 

carcinogenesis in skin [120] and inhibits SCC through targeting heat shock protein HSP90AB1, the 

most efficient target to repress metastasis and invasion [121]. Gallic acid has also been shown to 

inhibit carcinogenesis in vitro in cancerous cell lines [122]. The inhibitory effect on cancer cell growth 

is mediated via the modulation of genes which encode for cell cycle, metastasis, angiogenesis and 

apoptosis. Gallic acid also inhibits the activation of NF-κB and Akt signaling pathways along with 

the activity of COX, ribonucleotide reductase and GSH. Moreover, gallic acid activates ATM kinase 

signaling pathways to prevent the processes of carcinogenesis. 

Ferulic acid (FA), found in coffee and cereal grains, down regulates NF-kß, COX-2, and VEGF 

expression in 7,12-dimethylbenzen(a)anthracene-induced oral (hamster buccal pouch} 

carcinogenesis [123]. Administration of FA to two osteosarcoma cell lines resulted in inhibition of cell 

proliferation and induced apoptosis [124]. Importantly, FA inhibited P13K/Akt activation. When the 

cells were transfected with adenoviruses expressing active Pkt, the anti-proliferative and pro-

apoptosis of FA were reverted, suggesting that FA inhibits cell proliferation and induces apoptosis 

via inhibiting the P13K/Akt pathway. Human keratinocyte HaCaT cells were exposed to UVR and 

FA. Ferulic acid inhibited UVR-induced cytotoxicity, apoptosis, and cyclobutene pyrimidine dimer 

formation.[125]. FA also a�enuated the mRNA levels of apoptosis -regulatory genes (p53-p21 and c-

fos), the protein levels of p53, and the secretion of cytokines IL-6 and TNF-α. Proliferating cell nuclear 

antigen and replication protein A genes were also blocked. When Swiss Mice were chronically 

exposed to UVR, after FA was intraperitoneally or topically administered, significant reduced 

incidence of tumor volume and weight resulted [126]. FA treatment inhibited UVR-induced oxidative 

damage. 

It is interesting to note that Homer, in his Illiad, recorded, as early as 700 B.C., the use of a 

soothing, healing “Ambrosia” to warriors wounded in ba�le. [127]. Although the compounders of 

this “ambrosia” were secretive as to its composition, it is almost certain that it was constituted from 

polyphenol, camphor, menthol (from mint plants) and olive oil (rich in polyphenols) containing plant 

preparations. Indeed, the bark extract of Pinus Maritima (PBE), from that region and rich in 

polyphenols, phenolic acids, and a mixture of flavonoids, was examined for skin cancer preventive 

activity that was evaluated in two different experimental animal tumor models induced by UVR and 

combination of UVR with 7,12-dimethylbenz[a] anthracene [128]. Animals ingested the PBE in 

drinking water. PBE exhibited potent NMSC preventive, anticancer activity. The chemopreventive 

action was demonstrated by the late appearance of the first skin papilloma/tumors, the reduced 

number of skin tumors per animal, the reduced percentage of animals bearing skin tumors and the 

prolongation of animal viability. 

(3) Vitamins C and E: 

Nobel Laurate, Linus Pauling, popularized vitamin C supplementation with publication of his 

international best-selling book, Vitamin C and the Common Cold. The Linus Pauling Institute has 

concluded that, thus far, there are insufficient data to suggest a link between vitamin C status and 

the risk of developing a given type of cancer [129].  

Pauling et al. [77] examined vitamins C and E at levels found in the cocktail mix [73] and did not 

see significant inhibition of UVR-induced skin tumors. However, when L- ascorbic acid was 

supplemented at very high dose levels (up to 10% of the diet (w/w))/day), statistically significant 
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decreases in the incidence of dermal neoplasms (papilloma and SCC) occurred and there was a delay 

in the onset of malignant lesions [130]. 

Vitamin E has been shown to reduce the incidence of UVR-induced skin cancer in mice [131]. 

Supplementation with 100 or 200 IU of dl-alpha-tocopheryl acetate/ kg diet led to 46% and 19% 

reduction in tumor incidence in UVR exposed mice, respectively. Reason for the lower rate of tumor 

incidence in the 200 IU supplemented animals was that 40% of the animals died after 31 weeks post 

the first UVR treatment. Thus, oral supplementation of vitamin E inhibited photocarcinogenesis, but 

at doses that were toxic. It was also shown that topical application of vitamin E (dl-α-tocopherol) 

reduces UVR -induced cancer formation and an immunosuppression that prevents the host from 

rejecting antigenic UVR-induced tumors [132]. Topical application of thermostable esters of vitamin 

E, i.e., alpha-tocopheryl acetate and alpha-tocopheryl succinate did not inhibit photocarcinogenesis 

and actually enhanced carcinogenesis [133]. Nor did these esters prevent the UVR-induction of 

immune susceptibility. Burke [134,135] reports that when high concentrations of the nonesterified, 

optimal isomer, of vitamins C and E are applied topically, significant inhibition of acute erythema 

and tanning occur, as well as chronic UVR photoaging and skin cancer. Such an approach could result 

in more effective and beneficial cosmeceutical formulations. 

Although the utilization of vitamin C as a form of anti-cancer therapy has been advanced, 

preclinical studies have resulted in contradictory results as to the rationale for such an approach [136]. 

However, in a small clinical trial, intravenous infusions of 75 g vitamin C, 3X weekly increased serum 

Vitamin C from micromolar to millimolar levels and increased overall survival from 8.3 months to 

16 months when added to gemcitabine + nab-paclitaxel chemotherapy regimen in stage IV pancreatic 

cancer patients [137]. Infusion of Vitamin C prolonged overall and progression free survival without 

detriment to quality of life or added toxicity (Clinical Trials.gov No. NCT02905578).Miscellaneous 

antioxidants has shown that 

Glutathione is a major endogenous antioxidant. N-Acetylcysteine (NAC) is a stable form of l-

cysteine that is necessary to produce glutathione. NAC has been reported to protect melanocytes 

against oxidative stress damage and to delay the onset of UVR-induced melanoma in mice [138]. 

However, NAC supplementation has been shown to increase melanoma metastasis in experimental 

animals [139]. a consequence of the differential role that ROS plays in the early and late stages of 

cancer [140]. NAC, alone, or in combination with Vitamin C, has been reported to modulate UVR-

induced skin tumors in hairless mice [141].   

Elevated oxidative stress (OS), and mitochondrial dysfunction, have been identified as key 

hallmarks of aging. Prior studies demonstrated that deficiency of the intracellular antioxidant 

glutathione (GSH) could play a role and reported that supplementing GlyNAC (combination of 

glycine and N-acetylcysteine [NAC]) in aged mice improved GSH deficiency, OS, mitochondrial 

fa�y-acid oxidation (MFO), and insulin resistance (IR) [142]. GlyNAC supplementation in mice 

increased the length of life by correcting glutathione deficiency, oxidative stress, mitochondrial 

dysfunction, abnormalities in mitophagy and nutrient sensing, and genomic damage. To test whether 

GlyNAC supplementation in aged adults could improve GSH deficiency, OS, mitochondrial 

dysfunction, IR, physical function, and aging hallmarks, a placebo-controlled randomized clinical 

trial demonstrated that when GlyNAC was provided to T2DM patients, GlyNAC improved 

mitochondrial dysfunction, insulin resistance, improved glutathione synthesis, and lowered 

oxidative stress. [143]. GlyNAC approaches the requirements for the catalytic antioxidant posited by 

Brownlee [144]. It would endogenously regenerate glutathione and restore and maintain the cell’s 

redox balance. 

As UVR is an accumulative carcinogenic agent, NMSC occurs later in life. About 95% of BCC 

occurs after the age of 40 and 75-80% of SCC occurs in men older than 60 years of age [145]. Thus, 

NMSC exhibits a long latent period and is generally a disorder of the aged. UVR carcinogenesis 

shares many of the pathophysiologic markers of aging, particularly that of OS. If GlyNAC is effective 

in diminishing aging markers, and if it circumvents the detrimental effects of NAC on melanoma, it 

should also reduce the risk of NMSC. It may be a promising avenue for future research. 
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Carbon 60 (C60), or Buckminsterfullerene, or sometimes referred to as a “Bucky ball” because of 

its resemblance to a soccer ball, exhibits high stability, high reactivity, and is known as a powerful 

antioxidant [146]. Using a pig skin model, it was demonstrated that C60 dispersions in 

transcutol/isopropyl myristate were suitable for transdermal delivery [147]. Basic cosmetic 

formulations with transcutol/isopropyl myristate, without harsh organic solvents, show a high 

potential for delivery of C60 for biopharmaceutical and cosmetics applications [148]. 

Polyvinylpyrrolidone entrapped C60 provided prominent cytoprotective effects against 

intermi�ently repeated UVA radiation induced injuries and suppressed intracellular superoxide 

radicals in human keratinocytes [149]. There was also suppression of apoptosis (does it boost 

metastasis?). Growth experiments with water-soluble C60 fullerenes were performed on groups of 

mice and was found to efficiently inhibit the growth of transplanted malignant tumors [150]. As with 

other antioxidants, C60 exhibits a dual ability, it can act as a radical scavenger or as an oxygen radical 

generator and must be administered in a manner that achieves the beneficial result. However, as 

more safety and therapeutic data is accrued, it has the potential to play a significant role in 

dermatology. 

As noted earlier, a number of clinical trials, primarily observational studies of case-control 

designs, have reported lower antioxidant levels being inversely associated with cancer risk. These 

include skin, However, when intervention trials (the gold standard) reported adverse effects of 

antioxidant therapy with the same antioxidants, the safety and effectiveness of antioxidant 

supplementation was questioned. A review and meta-analysis reported a significant (16%) increase 

in the all-cause mortality of trial participants receiving ß-carotene and vitamins A and C treatments 

[151]. An adverse side effect of high vitamin C supplement intake has been associated with an 

increased risk of cardiovascular disease (CVD) mortality in diabetic postmenopausal women [152]. 

A water-soluble analog of vitamin E, Trolox, has been shown to increase melanoma metastasis in 

experimental animals [137]. A small clinical study, in which subjects were supplemented with 

vitamin E found that the antioxidant significantly reduced skin malondialdehyde levels but did not 

affect other measures of oxidative stress in human skin [153]. Antioxidant supplementation was 

reported to negate some of the health-promoting effects of physical exercise [154]. When vitamins C 

and E were supplemented to T2DM patients, blocking the exercise-dependent formation of ROS, the 

health-promoting effects of physical exercise, i.e., by promoting insulin sensitivity and the 

antioxidant defense, were negated. The disappointing and conflicting results of large doses of 

vitamins C and E and ß-carotene should not be too surprising Supplementing the highly complex 

and intricate natural antioxidant defense system with a high level of one antioxidant may alter the 

stoichiometry of the antioxidant pathways and push the pathway from an antioxidant to a pro-

oxidant state or through other pro-oxidant paths [72,155] As a result of these reports on adverse 

effects of antioxidant supplementation on cancer risk and incidence, the World Cancer 

Fund/American Institute for Cancer Research withdrew recommendations for dietary antioxidant 

supplementation as a means for cancer prevention [156].  

Reports of ambiguous and adverse effects of antioxidants should not deter efforts to seek 

endogenously metabolized agents that maintain the redox balance and thus have the potential to 

prevent cancer. It may require a reassessment of our current methods and the development of new 

algorithms for safety testing and overall risk/benefit analyses, weigh, , weighing the risk of one form 

of cancer to other forms and adverse pathophysiological responses [13]. The application of new 

methods must be developed to determine when antioxidant therapy must cease to avoid 

antioxidant/ROS inhibition, leading to cancer de-velopment and metastasis. In this regard, a recent 

report describes a mitochondria targeting nanoparticle that delivers an antioxidant directly to 

mitochondria, the major source of endogenous ROS [157]. The perfection of these targeting systems 

hold promise for targeted antioxidant therapy. In addition, the timing of antioxidant therapy is 

important to the oxidative stress/ROS link to cancer. The reduction of ROS and oxidative stress, 

however, remains a fertile avenue of investigation to preventing and ameliorating conditions that are 

linked to skin cancer.  
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Conclusions from Experimental Studies:  

• Photoprotective effects of Anthocyanins have been demonstrated in human HaCaT 

keratinocyte cells and skin of SKH-1 mice. 

• The treatment of highly malignant B16-F-10 melanoma cells with berry extracts (containing 

anthocyanins) reduced cell proliferation by one-third and inhibited the me-tastasis of these cells in 

vivo. 

• Among the polyphenols, anthocyanins have shown several anti-tumor effects, e.g., 

antioxidant, anti-inflammatory, anti-mutagenic, inhibiting proliferation through modulation of 

signal transduction pathways, inducing cell cycle arrest and stimu-lating apoptosis, and anti-

metastasis. 

• Photoprotective effects have been shown for phenolic acids, including Epigallocatechin 

(EGCG), quercetin, ellagic, and gallic acids, – all strong antioxidants and an-ti-tumor agents and 

constituents of green tea (GT) catechins.  

• ECGC protects against UVR-induced suppression of Contact Hypersensitivity. 

• Topical application of EGCG significantly reduced (by two thirds) the incidence of UVR-

induced skin cancer. 

 effects of Anthocyanins have been demonstrated in human HaCaT keratinocyte cells and skin 

of SKH-1 mice. 

 The treatment of highly malignant B16-F-10 melanoma cells with berry extracts (containing 

anthocyanins) reduced cell proliferation by one-third and inhibited the metastasis of these cells 

in vivo. 

 Among the polyphenols, anthocyanins have shown several anti-tumor effects, e.g., antioxidant, 

anti-inflammatory, anti-mutagenic, inhibiting proliferation through modulation of signal 

transduction pathways, inducing cell cycle arrest and stimulating apoptosis, and anti-

metastasis. 

 Photoprotective effects have been shown for phenolic acids, including Epigallocatechin (EGCG), 

quercetin, ellagic, and gallic acids, – all strong antioxidants and anti-tumor agents and 

constituents of green tea (GT) catechins.  

 ECGC protects against UVR-induced suppression of Contact Hypersensitivity. 

 Topical application of EGCG significantly reduced (by two thirds) the incidence of UVR-induced 

skin cancer.  

 GT, when fed in drinking water, afforded significant protection against UVR-induced skin 

carcinogenesis through a mechanism distinct from inhibition of photo-immunosuppression. 

 Resveratrol, a stilbene with antioxidant properties, has shown promise as an anti-cancer agent. 

It affects all carcinogenic stages, i.e., initiation, promotion, progression and induces apoptosis.  

 Resveratrol provides strong protective effects against UVR-mediated skin carcinogenesis. 

 Curcumin, a polyphenol found in turmeric, inhibits UVR-carcinogenesis whether administered 

systemically or topically. 

 Gallic acid inhibits two-stage chemically induced carcinogenesis in skin and inhibits SCC 

through targeting heat shock protein that represses metastasis and invasion. 

 Ferulic acid inhibits UVR-induced cytotoxicity, apoptosis, and cyclobutene pyrimidine dimer 

formation in human HaCaT human keratinocytes. 

 Systemically or topically administered Ferulic acid to chronically UVR exposed mice resulted in 

reduced tumor volume and weight.  

 Vitamin C, at very high doses, resulted in significant decreases in papilloma and SCC in UVR-

radiated mice, as well as a delay in onset of malignant lesions. 

 Topical application of vitamin E inhibits UVR-induced skin cancer formation and 

immunosuppression. 

 High concentrations of the nonesterified, optimal isomers of vitamin C and E, applied topically, 

resulted in significant inhibition of acute erythema and tanning as well as chronic UVR-

mediated aging and skin cancer.  
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 N—Acetylcysteine (NAC), alone, or in combination with vitamin C, modulates UVR-induced 

skin tumors in mice. 

 NAC supplementation increases melanoma metastasis in animals – a consequence of the 

differential role that OS plays in the early and late stages of cancer. 

 Glycine added to NAC (GlyNAC) supplements improved glutathione synthesis and reduced 

OS.  

 Carbon 60 (C60) is a powerful antioxidant (100 to 1000-fold greater antioxidant capacity than 

other antioxidants), provides protective effects against UVA radiation injuries, suppresses 

superoxide radical formation, and suppresses apoptosis. 

Clinical relevance: 

 Epidemiological and clinical studies of GT polyphenols have reported varying responses with 

regard to cancer incidence, with some studies showing an inverse relationship and some 

reporting increased risks. 

 Resveratrol has shown promise as an anti-cancer agent. It affects all carcinogenic stages. 

 Resveratrol is target-site specific and clinical trials have been ambiguous. Some trials have 

reported detrimental effects. Caution is advised when supplements are taken for 

chemoprevention.  

 Most observational studies examining vitamin C intake in relation to cancer incidence have 

found no association. 

 Randomized controlled trials have reported no effect of vitamin C supplementation on cancer 

risk. 

 High vitamin C intake has been associated with increased cardiovascular disease mortality in 

diabetic postmenopausal women. 

 High dose, intravenous vitamin C infusions have doubled overall survival of pancreatic patients 

when used as co-therapy with gemcitabine + nab-paclitaxel. 

 Vitamin E has been shown to significantly reduce malondialdehyde levels but does not affect 

other measures of OS in human skin.  

 Conflicting reports of benefits and risks of antioxidant supplementation has led the World 

Cancer Research Fund/American Institute for Cancer Research to conclude “A general 

recommendation to consume supplements for cancer prevention might have unexpected adverse effects” 

and thus, “Dietary supplements are not recommended for cancer prevention.”  

The rationale upon which the antioxidant theory of disease is based rests with the assertion that 

oxidants assault and degrade essential biological molecules that result in aging cancer, and other 

disorders that can be directly related to oxidant insult [11]. The free radicals, both endogenous and 

exogenous in origin, that are involved in skin cancer are primarily reactive oxygen species (ROS) that 

result in Oxidative Stress (OS), and lipid radicals resulting from lipid peroxidative reactions. 

Antioxidants are chemicals that inhibit oxidative insult. The second tenet of the free radical theory of 

disease was to add one or more antioxidants to the diet [11,12]. Both experimental and clinical data 

now suggest that reassessment of this recommendation be tempered by the observations that, under 

certain conditions, an antioxidant may act as a pro-oxidant that results in a carcinogenic state [28,72]. 

Topically applied antioxidants may play a beneficial role as adjuvants to sunscreens and 

cosmeceuticals but suffer from the limitations of topical efficacy.  

4. Carotenoids 

a. Experimental 

Epstein examined the potential influence of intraperitoneally injected β-carotene on UVR-

induced tumor formation in the hairless mouse [158]. The carotenoid was found to exert a limited, 

but protective, effect with regard to time of tumor appearance and tumor growth. In mixed 

chemical/UVR carcinogenic protocols, oral administration of β-carotene or canthaxanthin was found 

to delay the appearance of skin tumors [159]. Employing a UVR-carcinogenic protocol and the Skh-

Hr-1 hairless mouse model, it was determined that canthaxanthin, but not β-carotene or phytoene, 
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could slow the development of subsequent tumors if administered immediately after development 

of the primary tumor, indicating an effect upon the promotion stage of UVR carcinogenesis [160]. 

Nevertheless, phytoene, when administered (injected intraperitoneally) for ten weeks prior to 

exposure to a single, large, tumor-initiating fluence of UVR, was photoprotective. Mathews-Roth and 

Pathak [161] demonstrated a protective effect to sunburn with phytoene in guinea pig skin. Phytoene 

is the triene precursor to β-carotene and absorbs strongly in the UVB range of the electromagnetic 

spectrum.  

Additional studies confirmed that oral (dietary) administration of 0.1% (w/w) of either β-

carotene or canthaxanthin, for six weeks prior to exposure to a single, tumor-initiating UVR dose, 

and then continuing carotenoid administration during the progression stage of carcinogenesis, could 

significantly prevent the development of skin tumors [162]. β-carotene, when administered only 

before UV exposure, provided no significant protection. Thus, in this study, it was inferred that 

photoprotection resulted only when the carotenoid was administered during the progression phase 

of tumor development. Subsequently, in a somewhat complicated protocol (complicated from the 

standpoint that animals received the varying levels of carotenoids in different “run-in” feeding 

periods ranging from 4 days to one month and that animal ages at the time of irradiation ranged from 

8 to 20 weeks), the investigators found that both canthaxanthin and β-carotene provided significant 

photoprotection to carcinogenesis when the pigment was administered throughout the course of the 

study and at a level of 0.07% (w/w) in the diet [163]. Lower levels did not provide significant 

protection. Employing the C3H/HeN mouse model in an UVR-carcinogenic protocol, a diet 

supplemented with 1% (w/w) canthaxanthin significantly reduced the average skin tumor burden, 

although the tumor latent period was unaffected [164,165]. At this point, there seemed to be 

overwhelming experimental evidence to substantiate the anti-UV-carcinogenic potential of β-

carotene. 

However, in 1998, it was reported that ß-carotene supplementation not only failed to provide 

protection against UVR-carcinogenesis but resulted in significant exacerbation. Exacerbation by 

astaxanthin was observed, but not by lycopene [166]. 

Matrix analyses experimental variables in those studies showing photo-protection or 

exacerbation. indicated that animal age, carotenoid dose, or type of diet were the most probable 

causes of the divergent responses to β-carotene. No significant differences in the tumor latent period 

occurred in young animals (2.5 months of age) fed the semi-defined diet, regardless of β-carotene 

dose (either 0.07% or 0.3% (w/w) of diet) Nevertheless, tumor multiplicity was significantly increased 

at each higher dose of the carotenoid. Both young and older animals were equally responsive to 

exacerbation of UV-carcinogenesis with respect to this tumor parameter [167]. Animal age was not 

an adequate determinant of carcinogenic response to β-carotene. 

It seemed logical that the presence and interactions with other dietary factors in the closed-

formula diet, and the lack thereof in the semi-defined diet, might be responsible for the disparate 

influence of β-carotene on UVR-carcinogenesis. An explanation of the two types of rations employed 

in the β-carotene studies is warranted. Commercial rodent rations are examples of closed-formula 

diets [168]. They are composed of feedstuffs such as milled grains, alfalfa, and so forth. The 

composition of these diets will vary with season, regional locale of source, and market prices. Thus, 

the specific composition of each lot will vary, making it impossible to quantitatively duplicate. It was 

this type of ration that was employed in earlier studies in which photo-protection was observed. 

Semi-defined diets are those formulated from refined foodstuffs, e.g., corn starch, refined oils, casein, 

and defined vitamin and mineral supplements. It is this type of diet that was employed where 

exacerbation of UVR-carcinogenesis was observed. Care was taken in this study to ensure that 

comparable levels of the carotenoid were consumed in both diets and none of the effects, or lack 

thereof, on carcinogenic expression could be a�ributed to differential carotenoid intake [169]. Here, 

it is worth pointing out that the 0.07% β-carotene supplementation in the mouse is equivalent to 

human consumption, on a body weight basis, to ~160-fold higher levels than that employed in many 

clinical trials (50 mg/day per ~75 kg body weight). The practical relevance of employing a higher dose 
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of the carotenoid, even if effective as a photoprotectant, would be questionable. Nevertheless, it is 

apparent from these studies that dietary components, such as other carotenoids, their isomers, or 

some unidentified phytochemicals, are present in the closed-formula ration that are absent in the 

semi-defined diet, and which potentiate the carcinogenic response to β-carotene. Moreover, β-

carotene has been shown to exhibit either limited antioxidant protection or to behave as a pro-oxidant 

under oxidative stress conditions [155]. The possible molecular mechanisms and the role of oxygen 

concentration have been discussed [170]. Some of these mechanisms suggest a role for the interaction 

of vitamin C with carotenoid radicals. There was no listed vitamin C content in the commercial 

closed-formula ration in those studies in which β-carotene had provided photoprotection or in those 

in which no effects of the carotenoid were observed [168]. In previous studies, it was proposed that 

either a lack of adequate levels of vitamin C in smokers or an excess of vitamin C could 

stoichiometrically drive the proposed repair mechanism to a pro-oxidant state that, in turn, would 

block the effective antioxidant activity of vitamin E. 

Addressing this issue, hairless mice were fed β-carotene-supplemented semi-defined diets 

containing varying levels of vitamins C and E (either increasing their concentrations or reducing them 

to reflect levels found in closed-formula rations) and subjected to a UVR-carcinogenic protocol. The 

addition of high levels of vitamin E (10-fold) or vitamin C (six-fold) did not ameliorate the 

exacerbated effects of β-carotene on carcinogenesis, nor did the complete removal of vitamin C from 

the diet have an effect. However, by reducing the level of vitamin E in the semi-defined diet to that 

present in the closed-formula ration, there was a significant (nearly two-fold) increase of exacerbation 

of UVR-carcinogenesis [171]. β-carotene supplementation of the semi-defined diet, at the lower level 

of vitamin E, significantly (p = 0.0065) increased tumor multiplicity nearly six-fold. These data suggest 

that β-carotene and vitamin E interact to partially ameliorate the pro-carcinogenic influence of the 

former. The data with vitamins C and E supplementation also suggest that antioxidant 

supplementation would have a limited range of upregulation in healthy, well-nourished animals. 

A schema for UVR-induced cutaneous free radical quenching, based on one electron reduction 

potentials, is depicted in the FIGURE. In this schema, UVR produces a radical in skin that is repaired 

by tocopherol to form a tocopherol radical cation. This radical cation is repaired by ß-carotene and 

forms the carotenoid radical cation. The1radical cation is, itself, a strong oxidant and if left unrepaired 

could result in cellular damage leading to exacerbation of carcinogenesis in the semi-defined diet-fed 

animals. Based on electron transfer potential, ascorbate (vitamin C) should repair the ß-carotene 

radical cation. However, as noted, the removal of vitamin C or a 6-fold increase in vitamin C level to 

the semi-defined diet had no effect upon the ß-carotene-induced exacerbation of UVR carcinogenesis 

(171).   Thus, ascorbate does not repair the carotenoid radical cation. The question remains of how 

the carotene radical cation, itself a strong oxidant, is repaired in the closed-formula diets. It may be 

isomers of the carotenoid, other carotenoids, other phytochemicals, or a combination of a broad array 

of these ingredients. This mechanism might explain the divergent results obtained from the two diets 

[171,172].  
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Figure 1. SCHEMA FOR THE REPAIR OF UVR-INDUCED CUTANEOUS FREE. RADICALS BASED ON 

ONE ELECTRON REDUCTION POTENTIALS.  

b. Clinical: 

It had been assumed that NMSC risk could be ameliorated by β-carotene, based upon its known 

strong singlet oxygen quenching and antioxidant properties [170,173]; its effect upon human 

erythema [174], and its effect in photosensitivity diseases [175]. Indeed, a case-control study found 

that the incidence of NMSC was inversely related to the level of serum β-carotene [176]. However, in 

a controlled clinical trial in which 50 mg of oral β-carotene was administered daily, there were no 

significant differences in any of the primary endpoints after five years [177]. The amount of β-carotene 

administered in this study increased the plasma carotenoid levels nearly 10-fold above that of 

controls. A second randomized trial in Australia examined the influence of 30 mg/day 

supplementation of β-carotene on the incidence of basal and squamous cell carcinomas over a four-

year period [178]. A small, but statistically insignificant, increase (1508 vs 1146/100,000; 1.315 (0.84–

2.19) in the incidence of squamous cell carcinoma was observed with β-carotene supplementation. 

The investigators concluded that there were no beneficial or detrimental effects on skin cancer rates 

as a result of β-carotene supplementation. Further evaluations from nested case-control studies 

showed that β-carotene supplementation had no effect on any of the controlled patient subgroups, 

i.e., numbers of previous skin cancers, age, gender, smoking, skin type or baseline plasma β-carotene 

levels [179,180]. Interestingly, those persons who were in the highest quartile of the initial plasma β-

carotene level had the lowest risk of death from all causes, but β-carotene supplementation did not 

affect mortality. 

Few studies have examined the influence of β-carotene on the occurrence of melanoma skin 

cancer. Nevertheless, in three case-control studies, no association was found between blood 

carotenoid levels and the risk of melanoma [181–183]. In one of these studies the risk of melanoma 

among men and women in the three highest quartiles of β-carotene intake actually increased by 40–

50%, albeit neither the risk for the fourth quartile nor the test for trend was statistically significant. A 

side note of interest is that β-carotene supplementation (50 mg/day for 36 months) has been reported 

to have beneficial effects in dysplastic nevus syndrome, producing a statistically significant 

retardation in the size of dysplastic nevi on some body sites. β-Carotene did not have a significant 

effect on the average number of newly developed nevi [184]. A meta-analysis of randomized 

controlled trials found that β-carotene supplementation had no effect on the incidence of melanoma 

(RR, 098; 95% CI, 0.65–1.46) nor upon NMSC risk (RR, 0.99; 95% CI, 0.93–1.05) [185].  

Astaxanthin, a xanthophyll carotenoid, is a very effective free radical scavenger and quencher 

of reactive oxygen and nitrogen species. This carotenoid has been shown to significantly decrease 

tumor size in a xenograft model and has potent in vivo and in vitro inhibiting effects on melanoma 
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tumor growth and metastasis (cell migration). Astaxanthin inhibits migration of melanoma cells 

through suppression of metalloproteinases (MPP) [186].  

At this point, there seemed to be convincing epidemiological evidence (association) for the 

cancer-preventive effect of β-carotene. Although intervention clinical trials failed to show a beneficial 

effect, it was both surprising and disturbing when results from the eight-year intervention trial of the 

Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (known as the ATBC trial) reported an 

18% increase in the incidence of lung cancer in male smokers who were administered 20 mg/day of a 

β-carotene supplement, compared to non-supplemented controls [187]. Previously, five intervention 

trials had been undertaken. Except for a trial in which β-carotene had been co-administered with 

selenium and α-tocopherol, none of these provided evidence of a protective effect of β-carotene [188]. 

A second lung cancer chemoprevention trial, the β-carotene and retinol efficacy trial (known as 

CARET), sought to determine whether the combination of β-carotene, with its presumed antioxidant 

effects, and the tumor-suppressing molecular actions of vitamin A could reduce the incidence of lung 

cancer in high-risk populations [189]. Participants in the intervention arm of the study received 30 

mg/day of β-carotene plus 25,000 IU daily of retinol. β-carotene plus retinol was associated with an 

increased incidence of lung cancer among the entire cohort of 18,314 smokers, former smokers and 

asbestos-exposed participants (RR, 1.28; 95% CI, 1.04–1.57; p = 0.02). In view of the ATBC trial results 

and consideration of the safety of participants in the CARET trial, the intervention was halted about 

21 months early. This pre�y much signaled the end of β-carotene clinical trials [190]. However, very 

high doses (75–150 mg/day) of β-carotene continue to be used to treat skin photosensitivity. This is 

discussed by Bayerl [191] who points out both the criticisms of the ATBC and CARET trials and 

suggests that the use of β-carotene should be discussed with patients only after weighing the 

risk/benefit ratio. 

The IARC [188] has recommended that “Until further insight is gained, beta-carotene should not be 

recommended for use in cancer prevention in the general population and it should not be assumed that beta-

carotene is responsible for the cancer protecting effects of diets rich in carotenoid containing fruits and 

vegetables’” 

(a) Conclusions from Experimental Studies: 

 Phytoene protects against sunburn in guinea pig skin. 

 Eary studies, in which animals were fed closed-formula rations, ß-carotene, canthaxanthin and 

phytoene were shown to have anti-tumor activity. 

 Later studies, employing a semi-defined ration, ß-carotene was found to exacerbate UVR-

carcinogenesis. 

 Differences between the two responses to UVR was found to be diet related. 

 Based upon one electron rate constants between ß-carotene, vitamins E and C, ß-carotene is 

highly reactive with peroxyl radicals that result with the formation of a carotenoid radical cation 

(this radical is a strong oxidizing agent, itself) that is repaired by vitamin E to form a vitamin E 

radical cation that would be repaired by vitamin C to form the vitamin C radical cation. The 

vitamin C radical cation would either be cleared or repaired by some other phytochemical found 

in closed-formular rations, but not in semi-defined diets. It also must be remembered that mice 

synthesize their own vitamin C, unlike humans who must have a dietary source. When vitamin 

C was either eliminated from the semi-defined diet or increased 6-fold, ß-carotene exacerbation 

of UVR carcinogenesis was not affected. Nor did 10-fold increases in vitamin E affect 

exacerbation. However, when vitamin E levels were reduced, there was augmentation of ß-

carotene exacerbation of UVR carcinogenesis. These data do not support a role for vitamin C in 

ß-carotene radical cation repair but do suggest a vitamin E and ß-carotene interaction.  

 Astaxanthin has been shown to significantly decrease tumor size in a xenograft model and has 

potent in vivo and in vitro inhibiting effects on melanoma tumor growth and metastasis (cell 

migration).   

(b) Clinical Relevance: 
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 Epidemiological studies have provided persuasive evidence for an association for cancer-

preventive effects with ß-carotene. 

 ß-carotene modestly protects against UVA and UVB -induced erythema. 

 A controlled clinical trial found that ß-carotene supplementation had no effect on BCC or SCC 

occurrence. 

 A randomized trial in Australia found that ß-carotene did not significantly affect the incidence 

of BCC or SCC over a four-year period, although an increase in SCC (1508 vs 1145/100,000) was 

observed. 

 Three case-controlled studies found no association between blood carotenoid levels and risk of 

melanoma. 

 A meta-analysis of randomized controlled trials found that ß-carotene had no effect on the 

incidence of melanoma. 

 The ATBC trial reported that an 18% increase in the incidence of lung cancer in male smokers 

administered 20mg/day of ß-carotene occurred. 

 The CARET trial found that patients administered 30 mg/day of ß-carotene plus 25,000 IU of 

retinol was associated with an increased incidence of lung cancer among the cohort of 18, 314. 

 The IARC recommended that ß-carotene should not be used in cancer prevention until further 

insight is gained. Nor should it be assumed that ß-carotene is responsible for the cancer-

protecting effects of diets rich in carotenoid containing fruits and vegetables.  

5. Conclusions 

The second tenet posited in the free radical theory of aging and cancer, i.e., “add one or more 

antioxidants to the diet to diminish the effects of free radicals and reduce the risk of cancer” has resulted in a 

monumental number of studies of systemic antioxidants. So much so, that dietary antioxidants have 

come to be regarded as a panacea for maintenance of good health. A large international industry has 

developed to meet consumer demand for these dietary supplements. Unfortunately, this industry is 

unregulated and commercialization and over-the-counter purchases risk introducing potential health 

risks. Although a number of antioxidants, including synthetic phenols, polyphenols (including 

flavonoids) NAC, and GlyNAC, and some carotenoids have been shown to modulate experimental 

UVR-carcinogenesis, supplementing a highly complex and intricate natural antioxidant defense 

system with a high level of one type of antioxidant may alter the stoichiometry of the antioxidant 

pathways – driving the reaction from an antioxidant to a pro-oxidant or pro-carcinogenic state. It 

must also be recognized that when any chemical is introduced into a biological system, physiological 

effects occur. Systemically administered antioxidants are processed in the liver and induce hepatic 

Phase I and II microsomal Phase I and II microsomal detoxification enzymes (mixed function 

oxidases). These enzymes influence the mutagenic frequency of a range of chemicals and may activate 

pro-carcinogens that act at other target sites. In addition, the timing of antioxidant therapy 

(supplementation) is important to the oxidative stress/ROS link to cancer. Early antioxidant 

supplementation may be effective in reducing ROS-induced malignant transformation, proliferation, 

and progression of carcinogenesis, but late supplementation in the carcinogenic continuum reduces 

ROS, suppresses apoptosis, and boosts metastasis. These factors could account for the conflicting and 

detrimental results from antioxidant supplementation studies. Consequently, the World Cancer 

Research Fund/American Institute for Cancer Research concluded “A general recommendation to 

consume supplements for cancer prevention might have unexpected adverse effects” and thus, “Dietary 

supplements are not recommended for cancer prevention.” However, topically applied antioxidants 

may play a beneficial role as adjuvants to sunscreens and cosmeceuticals but suffer from the 

limitations of topical application efficacy manifested by other photo-protectants. Caution is 

warranted with strong antioxidants, such as C60, that has a high permeation through skin, so that 

concentrations are employed that avoid the risks associated with systemically administered 

antioxidants. Nevertheless, the perfection of new antioxidant delivery systems hold promise for 
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targeted antioxidant therapy and the reduction of ROS and oxidative stress remains a fertile avenue 

of investigation for preventing and ameliorating conditions that are linked to skin cancer.     
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