1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mol Nutr Food Res. Author manuscript; available in PMC 2017 June 01.

-, HHS Public Access
«

Published in final edited form as:
Mol Nutr Food Res. 2016 June ; 60(6): 1374-1382. doi:10.1002/mnfr.201501026.

Dietary proanthocyanidins inhibit UV radiation-induced skin
tumor development through functional activation of the immune
system

Santosh K. Katiyar1:2:3
1Departments of Dermatology and Environmental Health Sciences, University of Alabama at
Birmingham, Birmingham, AL, USA

2Comprehensive Cancer Center and Nutrition Obesity Research Center, University of Alabama at
Birmingham, Birmingham, AL, USA

3Birmingham Veterans Affairs Medical Center, Birmingham, AL, USA

Abstract

The incidence of skin cancer is equivalent to the incidence of malignancies in all other organs
combined. The main risk factor for this disease is overexposure of the skin to solar ultraviolet
(UV) radiation. UV irradiation induces inflammation, oxidative stress, DNA damage and
suppression of the immune system in the skin, which together contribute to carcinogenesis. The
use of dietary phytochemicals shows great promise as a complementary and alternative strategy
for skin cancer prevention. Grape seed proanthocyanidins (GSPs) have been tested extensively for
their anti-skin cancer effect using /n vivo animal models. Supplementation of an AIN76A control
diet with GSPs (0.2% and 0.5%, w/w) significantly inhibits UV radiation-induced skin tumor
development as well as malignant transformation of papillomas to carcinoma in mice. The
inhibition of UVB-induced skin tumor development by GSPs is mediated through inter-related
mechanisms of action including: (4 inhibition of inflammation, (//) rapid repair of damaged DNA,
and (/7i) stimulation of immune system. Additionally, the chemopreventive effects of GSPs involve
DNA repair-dependent functional activation of antigen presenting cells and stimulation of CD8*
effector T cells. These effects of GSPs could be useful in attenuation of the adverse effects of UV
radiation and may have health benefits in humans.
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1 Introduction

Cutaneous malignancies, including melanoma and non-melanoma, are common in fair-
skinned individuals and particularly Caucasians. Skin cancer is a major burden on the
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health-care system due in part to its high incidence and in part due to the cost of treatment.
The incidence of cutaneous malignancy is equivalent to that of malignancies in all other
organs combined [1] and more than 2.00 million new cases of skin cancers are diagnosed
each year in the USA. As many cases of skin cancers are not registered in national registries,
the number of skin cancers may be higher. The cost of treating skin cancers in the USA is >
$3.0 billion annually [2]. Solar ultraviolet (UV) radiation has been implicated in the
pathogenesis of various skin diseases, including melanoma and non-melanoma skin cancers,
through clinical, laboratory and epidemiological studies. Both overexposure and chronic UV
irradiation of the skin have been shown to induce inflammation, oxidative stress, DNA
damage and suppression of the immune system which, together, underlie the development of
skin cancers. The cumulative effects of UV exposure on the skin have been identified as a
critical factor for disease initiation, including photoaging and skin cancer [3]. Many of the
drugs that have been developed to treat cancer are not suitable for chemoprevention due to
toxicities and the development of resistance over time; thus, alternative strategies are
needed. Such chemopreventive strategies can include the use of agents that can block, retard
or reverse the processes that contribute to cancer risk. It is clear from the adverse effects of
UV radiation that any agent or phytochemical which can block or inhibit UV radiation
(UVR)-induced inflammation, oxidative stress, and DNA damage as well as stimulate the
immune system would be an ideal agent for the prevention of skin cancer. There has been
considerable interest in the use of plant-based products (phytochemicals) and particularly
those that are widely distributed in plant foods (dietary phytochemicals) to prevent the risk
of skin cancers. These phytochemicals occur in fresh fruits, vegetables, seeds, nuts, flowers
and bark. For more than two decades, research has focused on the identification and
screening of phytochemicals, particularly dietary phytochemicals, for the prevention of UV
radiation-induced skin cancer risk using /n vitro and in vivo animal models. The most
studied phytochemicals are green tea polyphenols, proanthocyanidins from grape seeds,
silymarin from milk thistle, curcumin and resveratrol, all of which have been shown to
possess substantial anti-skin carcinogenic activities [4—8]. This review article summarizes
the chemopreventive effects of proanthocyanidins from grape seeds against UVR-induced
skin cancer risk that have been described based on the use of /n vitroand in vivo model
systems with a focus on the elucidation of their effects on the various molecular events that
contribute to the process of photocarcinogenesis.

2. Grape seed proanthocyanidins (GSPs): chemical composition and

source

The seeds of grapes (Vitis vinifera) are a byproduct of the industrial production of grape
juice and wine. Seeds are a potent source of proanthocyanidins or procyanidins, which are a
class of phenolic compounds and acquire the form of oligomers or polyhydroxy flavan-3-ol
units. The author has played a lead role in the evaluation of the chemopreventive effects of
dietary GSPs against photocarcinogenesis and the chemical composition of GSPs used in his
laboratory is as follows: 89% total proanthocyanidins, which are present in the form of
dimers (6.6%), trimers (5.0%), tetramers (2.9%) and oligomers (74.8%) of monomeric
catechins, such as (+)-catechins and (+)-epicatechins. Monomeric flavanols are detected at
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the level of 6.6% in the GSPs [9—11]. This product is available commercially through
Kikkoman Corporation, Japan, and other commercial vendors as well.

3 Dietary GSPs prevent UVR-induced skin tumor development and their
progression to carcinomas in mice

The anti-photocarcinogenic effects of GSPs have been studied extensively in the author’s
laboratory using /in vitroand in vivo animal models [7]. In animal models, the GSPs are
administered as a dietary supplement in which the GSPs are incorporated into an AIN76A
control diet, which is available commercially.

The effect of dietary GSPs on photocarcinogenesis was evaluated using the SKH-1 hairless
mouse model. These /n vivo animal experiments indicate that dietary GSPs (0.2 and 0.5%,
wi/w) prevents the risk of photocarcinogenesis in a dose-dependent manner [7]. The risk was
evaluated in terms of the percentage of mice with tumors, tumor multiplicity and size of the
growing tumors in UVB-exposed mice provided the GSPs-supplemented diet as compared to
UVB-exposed mice that received the un-supplemented control diet. The process of
carcinogenesis can be subdivided into distinct stages. To determine whether the GSPs act
during the initiation stage and/or the promotion stage of carcinogenesis, three different
protocols were used in which GSPs were given only at the initiation stage; only at the
promotional stage of tumor development, 7.e., GSPs were given seven days after continuous
UVB exposures; or throughout photocarcinogenesis protocol, /.e., a complete
photocarcinogenesis protocol in which dietary GSPs were given from the beginning till the
end of the photocarcinogenesis protocol, as detailed earlier [7]. Similar dose-dependent
effects of GSPs on the percentage of mice with tumors, tumor multiplicity and size of the
tumors in UVB-irradiated mice were observed using all three protocols, which show
chemopreventive efficacy of GSPs.

The development of carcinomas requires the malignant transformation of benign papillomas.
To determine the effects of GSPs on this process, the studies of photocarcinogenesis in the
presence and absence of dietary GSPs were continued for 30 weeks. The results showed that
dietary GSPs significantly inhibited malignant transformation of papillomas to carcinomas
in mice [7]. The exact mechanism of this inhibitory effect is not known. It is known that
transformation of benign papillomas to carcinomas requires additional genetic and
epigenetic changes in the tumor cells, which can be achieved through the use of free radical-
generating agents or genotoxic substances [12—14]. The continuous exposure to UV
radiation would provide the free radical stimulation and/or genetic/epigenetic instability.
Thus, the ability of the GSPs to prevent the transformation of papillomas to carcinomas
suggests that the GSPs might prevent UVB-induced free radical-mediated enhancement of
genetic/epigenetic instability.

4 Mechanisms of action of GSPs: Molecular and cellular targets

4.1 Anti-inflammatory effects of GSPs

The characteristic effects of chronic and sustained exposure to UV radiation on the
generation of inflammatory responses and inflammatory mediators have been implicated in
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skin diseases, including the risk of skin tumor development. UV-induces inflammatory
biomarkers, such as erythema, edema and hyperplastic responses and these are considered to
play crucial roles in skin tumor promotion [15]. UV radiation induces overexpression of
cyclooxygenase-2 (COX-2) and a subsequent increase in the production of prostaglandin
(PG) metabolites in the skin and this is a characteristic response of skin cells to either acute
or chronic exposure to UV radiation. COX-2 is a rate-limiting enzyme for the generation of
PG metabolites from arachidonic acid [16], and COX-2 expression has been linked to the
pathophysiology of both inflammation and cancer [17]. Overexpression of COX-2 in
chronically UVB-irradiated skin, as well as in UVB-induced premalignant lesions and
squamous- and basal-cell carcinomas of the skin, has been reported in several studies [18,
19]. Mechanistic studies have revealed that dietary intake of GSPs resulted in significant
inhibition of UV radiation-induced COX-2 expression and prostaglandin metabolites
production in mouse skin as well as inhibition of other inflammatory mediators, such as
infiltration of leukocytes and myeloperoxidase induction [20].

The concept that GSPs act, at least in part, by ameliorating the UVB-induced inflammatory
responses is further suggested by the finding of lower levels of pro-inflammatory cytokines,
such as TNF-q, interleukin (IL)-1p and IL-6, in the UVB-exposed skin of mice that received
GSPs treatment than the UVB-exposed skin of control mice. As elevated levels of
proinflammatory cytokines have been implicated in skin cancer risk [15, 21, 22], the higher
levels of pro-inflammatory cytokines in the untreated mice would be expected to contribute
to the tumor promotion process and thus the development of skin tumors would be expected
to occur earlier and progress more rapidly. This trend was observed in those mice that were
not given GSPs in the diet [20]. The dietary administration of GSPs significantly inhibited
UVB-induced expression of proinflammatory cytokines in skin tumors as well as mouse skin
and this may have further contributed to inhibition of skin tumor initiation, growth and
development.

4.2 Dietary GSPs stimulate repair of damaged DNA in UV-exposed skin: Role of the
xeroderma pigmentosum complementation group A (XPA)

It is well established that UV irradiation induces DNA damage in the skin and that a
predominant characteristic of this damage is the formation of cyclobutane pyrimidine dimers
(CPD). The UV-induced formation of CPDs has been recognized as a molecular trigger of
initiation of skin cancer (23-25). Moreover, reduction or repair of CPDs through the
application of DNA repair enzymes reduces the risk of UV-induced skin tumor development
(25, 26). There are several UV-induced DNA repair mechanisms but nucleotide excision
repair (NER) has been identified as the most important DNA repair pathway in mammalian
cells (27). The xeroderma pigmentosum complementation group A (XPA) gene encodes a
protein that plays a key role in the NER pathway (28). The importance of the ability to repair
UV-induced DNA damage, and specifically the role of XPA and the NER pathways, is
indicated by the early occurrence and high incidence of skin cancer on sunlight-exposed skin
in patients with XPA-deficiency (29). To investigate the possible cause of prevention of
photocarcinogenesis by dietary GSPs, Vaid and colleagues [30] studied the effect of dietary
GSPs (0.5%, w/w) on UVB-induced DNA damage in the mouse skin and the animals were
sacrificed either immediately after UV exposure or 48 h after UVB exposure. The levels of
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CPDs in skin samples were then measured using immunohistochemical or immune-
cytochemical analyses. Of importance, there was no difference in the levels of CPDs
immediately after UV exposure of the skin in the groups of mice whether treated or not
treated with GSPs, which eliminates the speculation that dietary GSPs might act, at least in
part, through a filtering effect on UV radiation. In the skin samples collected at 48 h after
UVB exposure, the number of CPD-positive cells was significantly lower (£<0.001) in the
mice receiving dietary GSPs as compared to the mice that were exposed to UVB but did not
receive GSPs in the diet. This observation was further verified by analysis of genomic DNA
in skin samples obtained from different treatment groups in the same study [30].

The finding that treatment with GSPs enhances the repair of UVB-induced DNA damage in
the form CPDs prompted further studies to determine whether the repair of UV-induced
CPDs by GSPs is mediated through induction of genes encoding components of the NER
pathway. Real-time PCR data revealed that treatment of mice with GSPs stimulates the
levels of NER genes (e.g., XPA, XPC, and DDB?Z, etc.) in UVB-exposed skin of mice as
compared to the levels in the UVB-exposed skin of mice that were not fed GSPs [30]. This
indicates that this effect of GSPs on NER genes may contribute in the rapid repair of
damaged DNA in mouse skin. In a complementary approach, the effect of GSPs on UVB-
induced DNA damage was compared in human XPA-deficient cells obtained from patients
suffering from XP disease and XPA-proficient cells from normal healthy persons [30]. The
XPA complementation type represents the most severe phenotype, because the XPA gene is
the most crucial component in the repair process and, thus, cells lacking the X~A gene are
deficient in NER (29). Vaid and colleagues [30] demonstrated that treatment of GSPs was
able to repair UV-induced CPDs in XPA-proficient cells but was not able to repair CPDs in
XPA-deficient cells. These observations indicate that repair of UV-induced DNA damage by
GSPs is mediated through the XPA-dependent mechanism. Importantly, XPA has been
shown to be part of the core incision complex of the NER system [31]. These findings have
important implications for the chemoprevention of skin cancer by GSPs, and identify a new
mechanism by which GSPs prevent UV-induced skin tumor development in animal models.

4.3 Dietary GSPs prevent UV radiation-induced suppression of immune system

The immunosuppressive effect of UV radiation, particularly the UVB (290-320 nm)
spectrum, is well known, and UVB-induced suppression of the immune system has been
implicated in the risk of non-melanoma skin cancers, including both squamous cell
carcinoma (SCC) and basal cell carcinoma (BCC) [32, 33]. The role of the
immunosuppressive effect of UV radiation on skin cancer risk is supported by several
observations concerning the incidence of skin cancer in immunosuppressed individuals.
Chronically immunosuppressed patients living in regions of intense sun exposure experience
an exceptionally high risk of skin cancer [34] and the incidence of skin cancers has been
found to be increased among organ transplant recipients. This increased risk of skin cancer
in transplant patient is associated with long-term immunosuppressive therapy [35—38]. In
animals, it has been found that an enhanced immune response is associated with a lower risk
of skin tumor development on chronic UV exposure [39]. These observations can be
interpreted as suggesting that protection from UV radiation-induced immunosuppression
may be an important strategy in the management of skin cancer.
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To determine whether dietary GSPs inhibit photocarcinogenesis in mice by preventing UVB-
induced suppression of the immune system, a contact hypersensitivity (CHS) model has
been used. CHS is considered to be a prototypic T-cell mediated immune response. It
represents a delayed-type hypersensitivity response and is induced by epicutaneous
application of a skin contact sensitizer, such as 2, 4-dinitrofluorobenzene. The
chemopreventive effect of dietary GSPs on UVB-induced immunosuppression was evaluated
using the CHS in inbred C3H/HeN mice [40, 41]. The CHS response was first assessed in
mice that did not receive a GSPs-supplemented diet and that were UVB (180 mJ/cm?)
irradiated as compared with mice that were not UVB irradiated. The significantly lower
(P<0.001) CHS response in the mice that were UVB-irradiated, confirmed the
immunosuppressive effect of the UV radiation. The provision of dietary GSPs by
supplementation of the AIN76A control diet (0.5% or 1.0% GSPs, w/w) resulted in
significant amelioration (A<0.001) of the UVB-induced suppression of CHS response [40].
The results of this study not only indicated that supplementation of the diet with GSPs is
capable of protecting mice from UVB-induced immunosuppression but also provided
evidence that dietary GSPs can protect the animals from UVB-induced immunosuppression
for some time after the consumption of GSPs has ceased.

4.4 Dietary GSPs stimulate the functional activity of antigen presenting cells of the skin in
UV-irradiated skin

The primary and major antigen-presenting cells in the skin are the epidermal Langerhans
cells (LC). UV-induced photodamage of LC is considered to be an important mediator of
UV-induced immune suppression [42, 43]. There also is evidence indicating that DNA repair
mechanisms are related directly to the functional activity of LCs in the stimulation of T cells
and the induction of immune responses [44, 45]. For example, a decrease in CPD-positive
LCs is correlated with an overall increase in LC function as assessed by induction of CHS
response and the production of IFNy by T cells [44]. As described above, the repair or
removal of CPDs in UV-exposed skin requires a functional NER mechanism and can be
inhibited by mutation of the XPA4 gene [30, 44]. Vaid and colleagues [46] have demonstrated
that dietary GSPs prevent UV-induced suppression of the CHS response to 2, 4-
dinitrofluorobenzene in wild-type mice but this effect of GSPs was not observed in XPA-
deficient mice, implicating the involvement of X24 or NER mechanisms in the prevention
of UV-induced immunosuppression by GSPs. The authors have further verified these
observation using bone marrow-derived dendritic cells (BM-DC). For this purpose, BM-DC
from GSPs-treated or untreated mice were exposed to UV radiation. The cells were
harvested immediately or 24 h after UV irradiation and CPD-positive cells detected using
immune-cytostaining [46]. Treatment of UV-irradiated BM-DC with GSPs resulted in repair
of CPDs; however, GSPs were not able to repair UV-induced DNA damage in the DCs
obtained from XPA-deficient mice. Additionally, dietary GSPs were found to enhance the
repair of UV-induced DNA damage in the form of CPDs in epidermal DCs in wild-type
mice, but this effect of GSPs was not observed in the epidermal DCs of UV-exposed skin of
XPA-deficient mice [46]. These pre-clinical observations suggest that GSPs-mediated DNA
repair in DCs is mediated through an effect on XPA and that this is an important contributing
mechanism in their prevention of UV-induced immunosuppression. The role of XPA in the
repair of UV-induced DNA damage also has been shown by Li and colleagues [47].
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The chemopreventive effects of GSPs on the dysregulation of immune responses in UVR-
induced immunosuppression have been studied extensively [40, 48, 49]. Dietary GSPs have
been shown to inhibit the UVR-induced suppression of the CHS response to contact
sensitizer through the enhanced production of 1L-12 in the UV-exposed mouse skin. IL-12
has been recognized as a cytokine which has the ability to repair UV-induced formation of
CPDs and the mechanisms underlying the effects of IL-12 on DNA repair have been
discussed extensively previously [40, 48, 49]. The secretion or production of specific
cytokines by DCs plays a major role in their ability to stimulate specific populations of T
cells and, hence, to shape the immune response. DCs can produce both IL-12
(immunostimulatory) and IL-10 (immunosuppressive) cytokines under different conditions
[50—53]. UV-irradiation has been shown to suppress the production of IL-12 while
increasing the levels of I1L-10 in the skin [54—56]. The reduction in the production of IL-12
by the DCs after UV exposure may be a mechanism by which UV radiation stimulates the
development of tolerogenic DCs [57, 58]. Dietary GSPs enhanced the production of IL-12
and IFNy while reducing the levels of IL-10 in DCs obtained from UVB-exposed wild-type
mice. However, this ameliorating effect of GSPs was not found in the DCs obtained from
UVB-exposed XPA-deficient mice. These findings suggest that GSPs can restore regulated
production of IL-12 and IL-10 in UV-irradiated DCs, and it would be anticipated that this
would contribute to the ability of GSPs to restore the function of DCs in terms of their
ability to activate T-cell subpopulations. In similar experiments carried out under identical
conditions, GSPs enhanced the function of DCs in terms of their ability to enhance the
proliferative capacity of effector T cells. GSPs also enhanced the production of IFNy while
suppressing the levels of IL-10 and IL-4 by the DCs, which further verifies that dietary GSPs
enhance the functional activity of DCs. In contrast, GSPs failed to activate DCs obtained
from UV-exposed XPA-deficient mice [46]. These outcomes suggest that GSPs prevent
UVB-induced immunosuppression by the repair of CPDs in DCs that is associated with the
restoration of the functional activation of UVB-irradiated DCs.

4.5 Dietary GSPs and T-cell activation

In parallel, the roles of GSPs on T-cell development in UV-irradiated mice have been
assessed using adoptive transfer experiments. This approach allowed efforts to identify the
T-cell subpopulations responsible for the transfer of the GSPs-induced prevention of
immune suppression. Donor C3H/HeN mice (inbred) that were provided dietary GSPs or the
control diet were irradiated with UVB and sensitized with contact sensitizer as detailed by
Vaid and colleagues [46]. CD8* T cells were then positively selected from the regional
lymph nodes using the MACS system. These purified CD8* T cells were injected /v, into
naive mice and the recipient mice were then challenged immediately by application of 2, 4-
dinitrofluorobenzene [49]. Those naive mice which have received CD8™ effector T cells
from GSPs-treated, UVB-exposed donor mice showed a greater CHS response than the
naive mice that had received cells from UVB-exposed mice that had not been treated with
GSPs. This suggests that (/) the prevention of UVB-induced immunosuppression by GSPs is
transferable to naive mice by CD8* T cells, and (/) treatment of mice with GSPs results in
activation and development of the CD8" T-cell subpopulation and that these cells play a role
in the higher CHS response in the GSPs-treated UVB-irradiated mice [49]. In parallel, the
role of CD4* T cells was examined and the results indicated that the GSPs prevention of
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UVB-induced suppression was also associated with diminishment of the development of
regulatory CD4* T cells. There are conflicting opinions as to whether the CD8" or the CD4*
T-cell subpopulation mediates the CHS response. Studies by Hauser [59] and Kondo et al.
[60] suggest that CD4* T cells are the critical effector cells in the CHS response, whereas
other investigators [61—64] provide evidence that CD8™ T cells are involved.

4.6 Cytokine profile of the effector T cells in response to UVB and GSPs treatment in mice

An alternative approach to analysis of the T-cell mediated immune responses is analysis of
the cytokine profiles. The functional activation of CD8* T cells by dietary GSPs was
determined by analyzing the levels of Th1l and Th2 cytokine profiles [49]. The levels of
IFNy (>5-fold) and IL-2 (8-fold) were considerably higher in the supernatants of CD8* T
cells prepared from the GSPs- treated, UVB-exposed mice than in the supernatants of cells
from mice that were exposed to UVB but not treated with GSPs. In contrast, Th2 cytokines
were hardly detectable in the supernatants of CD8" T cells obtained either from the GSPs-
treated, UVB-exposed mice or the CD8* T cells from the mice that were exposed to UVB
but not treated with GSPs. The significantly higher levels of Thl cytokines in the mice that
were treated with GSPs suggests that the activation of CD8" T cells by the dietary GSPs
may play a significant role in the immune response in the GSPs-treated, UVB-exposed mice.
Thus, the studies by Vaid and colleagues [49] indicate that the CD8" T cells are the critical
effector cells, a finding that is in accordance with the findings of other investigators [62, 64].
This property of GSPs can be used as an alternative strategy for augmentation of the
induction of CD8™ effector T cells and suppression of the development of CD4* regulatory
T cells, which may lead to the prevention of skin cancer risk.

5 Bioavailability and toxicity of dietary GSPs

The attempts have been made to determine the bioavailability of GSPs /in vivo models.
Studies revealed that proanthocyanidins are not absorbed as such in the gut [65], but they
were detected in the form of monomers and dimers in human plasma [66, 67]. The
distribution of grape seed flavanols and their metabolites was studied in rat after 1 and 2 h of
an acute intake of GSPs using LC-ESI-TOF/MS. Flavanols and their metabolites were
detected in plasma, liver and maternal placenta [68]. Serra et al [69] studied the
bioavailability of GSPs after a long term consumption of GSPs using rats as a model.
Glucuronidated conjugates and methyl glucuronidated conjugates were the main flavanols
metabolites quantified in plasma. Dimers were also detected in free form in plasma. Similar
studies were also conducted by Prasain et al [70] in rats wherein the metabolites of GSPs
were identified and detected using LC-MS/MS operating in the multiple reaction monitoring
mode. Monomeric catechins and their methylated metabolites, and proanthocyanidins up to
trimers were detected in blood samples. The (+)-catechins and (-)-epicatechin monomers
were also identified in the brain. These observation suggest that GSPs catechins cross the
blood brain barrier. These studies indicate the bioavailability of GSPs in its metabolite forms
and they may be responsible for the anti-cancer effects.

During long-term animal experiments, there were no apparent sign of toxicities or adverse
health effects of dietary GSPs were noted in animals in terms of their normal body growth
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and development or abnormal behavior [7]. Further, the genotoxic nature of GSPs has not
been reported.

6 Dietary GSPs: prospects in prevention of skin cancer in humans

As the incidence and risk of UVR-induced skin cancer is on the rise and the available
options for its treatment and prevention are limited, new strategies are urgently needed to
control this malignancy. Dietary phytochemicals can be considered as complementary and
alternative approach for the prevention and treatment of skin cancers based on evidence of
lack of toxicity and demonstrated anti-cancer activities. An understanding of the
mechanisms of action of phytochemicals also is of importance due to the world-wide interest
on the use of naturally occurring dietary supplements as chemopreventive agents or as
complementary and alternative medicine for this purpose. Studies have revealed that dietary
GSPs has the ability to inhibit UVR-induced adverse effects, such as inflammatory
mediators, DNA damage and suppression of immune system. Based on these characteristics
of GSPs, it is suggested that regular intake of GSPs as a dietary supplement may help to
reduce the risk of skin cancer in humans and in particular those individuals who have fair
skin and frequently exposed to UV sunlight. The simple and easy way to consume this
product on regular basis is in the form of pills or dietary supplement available commercially.
Based on the exposure frequency, exposure time and intensity of UVR at the time of
exposure, the quantity or amount of GSPs consumption need to be adjusted. Alternatively,
the supplementation of the sunscreens or skin care lotions with GSPs may provide an
effective strategy for the prevention of UV light induced adverse effects in humans.
Moreover, the use of GSPs in combination with already available cancer therapeutic drugs
may offer an enhanced ability to simultaneously target other cancer-related targets thereby
improving their efficacy. As summarized in this review and the accompanying Figure-1,
GSPs possess adequate anti-skin cancer properties and has well-defined molecular and
cellular targets that are responsible for its chemopreventive effects.
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COX-2 cyclooxygenase-2

CPD cyclobutane pyrimidine dimers

DC dendritic cells

GSPs grape seed proanthocyanidins
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Figurel.
Exposure of the skin to UVR causes DNA damage in antigen presenting cells (e.g., LC/DC)

of the skin in terms of formation of CPDs and also enhances the expression levels of
inflammatory mediators, such as of COX-2/PGEy,, efc.. These events lead to the suppression
of immune system. Regular intake of dietary GSPs stimulates the repair of CPDs in LC/DC
in UV-exposed skin which leads to the functional activation of DCs and stimulation of CD8*
effector T cells. GSPs treatment also reduce the expression of inflammatory mediators
responsible for the suppression of immune reactions and thus protect the immune system.
Together, these mechanisms of action of the GSPs enhance or stimulate the immune system
in mice, which ultimately protects them from UVR-induced skin cancer risk. CPD,
cyclobutane pyrimidine dimers; LC, Langerhans cells, DC, dendritic cells.
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