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Pterostilbene is a naturally occurring analog of resveratrol with many health benefits.

These health benefits are associated with its antioxidant activity, anti-inflammatory

effects, and chemopreventive effects attributed to its unique structure. The skin can-

cer chemopreventive potential of pterostilbene is supported by a variety of mechanistic

studies confirming the anti-inflammatory effects in skin cancer models. Molecular bio-

logical studies have identified that pterostilbene targets pleotropic signaling pathways,

including those involved in mitogenesis, cell cycle regulation, and apoptosis. Recently,

pterostilbene has been reported to induce autophagy in cancer and normal cells.

Through autophagy induction, the inflammatory-related skin diseases can be attenu-

ated. This finding suggests the potential use of pterostilbene in the treatment and pre-

vention of skin disorders via alleviating inflammatory responses by autophagy induction.

This review summarizes the protective and therapeutic benefits of pterostilbene in skin

diseases from the viewpoint of its antioxidant, anti-inflammatory, and autophagy-

inducing effects. Novel underlying mechanisms regarding these effects are discussed.
artment of Occupational and Environmental Medicine, National Cheng Kung University
aiwan. Ying-Jan Wang, Department of Environmental and Occupational Health, College of
138 Sheng-Li Road, Tainan 70428, Taiwan.
et.net (B.-J. Wang), yjwang@mail.ncku.edu.tw (Y.-J. Wang).
s work.

inistration, Taiwan. Published by Elsevier Taiwan LLC. This is an open access article under the CC

/licenses/by-nc-nd/4.0/).

mailto:pochih.wang@msa.hinet.net
mailto:yjwang@mail.ncku.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfda.2016.10.022&domain=pdf
www.sciencedirect.com/science/journal/10219498
http://dx.doi.org/10.1016/j.jfda.2016.10.022
http://dx.doi.org/10.1016/j.jfda.2016.10.022
http://dx.doi.org/10.1016/j.jfda.2016.10.022
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.jfda-online.com


j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 5 ( 2 0 1 7 ) 1 2 5e1 3 3126
We proposed that pterostilbene, a promising natural product, can be used as a preventive

and therapeutic agent for inflammation-related skin disorders through induction of

autophagy.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pterostilbene (trans-3,5-dimethoxy-4-hydroxystilbene) is a

chemical classified as a stilbene, that is produced naturally by

a variety of plants, predominantly found in blueberries,

several types of grapes, and tree wood. These plants secrete

stilbenes in response to environmental challenges such as

microbial infection or excessive ultraviolet exposure [1]. One

of the best characterized stilbenes, resveratrol, is known to be

an antioxidant, antiaging compound, and anti-inflammatory

agent. Pterostilbene is structurally similar to resveratrol;

however, pterostilbene exhibits better bioavailability due to

the presence of twomethoxy groups, which leads to increased

lipophilic and oral absorption, as well as the potential for

higher cellular uptake and a longer half-life than resveratrol

[2]. In animal studies, pterostilbene was shown to have 80%

bioavailability compared with 20% for resveratrol making it

potentially advantageous as a therapeutic agent [3]. Research

regarding pterostilbene attracted more attention, when it was

shown to have better antiproliferative effects in cultured cells

than resveratrol. Subsequently, the anti-inflammatory,

-obesity, and -oxidant properties were reported. More

recently, clinical trials have been conducted to evaluate the

potential of pterostilbene in treating or preventing cardiac

diseases [4]. Thus, pterostilbene may have numerous pre-

ventive/therapeutic properties as well as market prospects in

a variety of human diseases including neurological, cardio-

vascular, metabolic, cancerous, and skin disorders.

In general, autophagy is a mechanism of cellular self-

consumption for the recycling of intracellular “cargo” such

as damaged proteins and organelles. Basal autophagy helps

maintain homeostasis, while additional autophagy is induced

in response to many different forms of stress including

nutrient, oxygen and growth factor deprivation, and chemo-

therapeutics, in turn serving as a cell-survival mechanism [5].

Autophagic defects have been implicated in various diseases

and health states, including neurodegeneration, aging, infec-

tious disease, skin disease, and cancer [6]. However, the role of

autophagy in human diseases is complicated and controver-

sial. For example; in cancer research, autophagy could act as a

cytoprotective mechanism by degrading the cytotoxic sub-

stances for energy reuse. Nonetheless, when the damage is

irreversible and beyond the level that cells can endure, auto-

phagy may also play a role as death executioner [6]. Our pre-

vious reports showed that combined treatment with

irradiation and chemotherapeutic agents induced both auto-

phagy and apoptosis in several cancerous cells, where auto-

phagy played a more prodeath role than a prosurvival role

[7e9]. Interestingly, one of our previous reports also
demonstrated that pterostilbene effectively inhibits the

growth of sensitive and chemoresistant human bladder can-

cer cells by inducing cell cycle arrest, autophagy, and

apoptosis. Inhibition of pterostilbene-induced autophagy

enhanced the apoptotic effects in cancer cells, indicating a

prosurvival role of autophagy [10]. The relationship between

autophagy and apoptosis is complex and varies between cell

types and the specific stresses placed upon the cell [11].

Similar stimuli can induce autophagy, apoptosis, or both

because several signals are shared between them.

Pterostilbene has been reported to be an effective chemo-

preventive agent against many cancers by several groups,

including ours [12e14]. For example, we have demonstrated

that pterostilbene exerts a potent effect in preventing azoxy-

methane (AOM)-induced colon tumorigenesis via suppression

of multiple signal transduction pathways, including the

downregulation of inflammatory inducible nitric oxide synthase

(iNOS) and cyclooxygenase 2 (COX-2) gene expression [13]. In

addition, pretreatment with pterostilbene significantly

reduced tumor multiplicity, tumor volume, and burden in

urethane-induced lung carcinogenesis in mice. We demon-

strated that the pterostilbene-mediated chemopreventive ef-

fects in vivowere a result of the inhibition of epidermal growth

factor receptor its downstream pathways, leading to delayed

cell cycle progression and the induction of apoptosis and

autophagy during urethane-induced lung tumorigenesis [12].

Actually, our group was the first group to report the induction

of autophagy in cancer cells by pterostilbene, and to reveal the

prosurvival role of autophagy through the inhibition of

apoptosis [10]. More recently, pterostilbene was shown to

inhibit oxidized low-density lipoprotein-induced apoptosis in

vascular endothelial cells through the induction of autophagy.

The authors indicated that pterostilbene promoted autophagy

via a rapid elevation in intracellular calcium concentration

and subsequent (5'adenylic acid-activated protein kinase)

AMPK activation, which in turn inhibited mammalian target

of rapamycin (mTOR), a potent inhibitor of autophagy [15].

These findings provide a possibility that pterostilbene could

serve as a potential candidate for developing a class of auto-

phagy regulators as treatment for autophagy-related diseases.

In a recent review article, the authors highlighted the sig-

nificance of autophagy regulation in skin disease [16]. They

discussed the roles of autophagy in apoptosis, differentiation,

inflammation, and the immune response, trying to reveal the

possible involvement of autophagy in skin aging and other

skin disorders. Because autophagy routinely plays a double-

edged sword role in various conditions, its functions in skin

homeostasis and its potential application as a therapeutic

target for skin diseases remain to be clarified. Interestingly,
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pterostilbene has recently been demonstrated to effectively

protect hairless mice against UVB radiation-induced skin

damage and carcinogenesis [16]. In view of the potentially

beneficial effects, our current review article summarizes the

underlying mechanisms and pathways regarding anti-

inflammation and chemopreventive effects by pterostilbene

in the current literature. We also try to put forward a view-

point that autophagy induction is a novel mechanism modu-

lating the pterostilbene-induced protective effects against

skin diseases.We attempt to highlight the possible underlying

mechanisms and pathways reflecting the therapeutic poten-

tial of pterostilbene in skin diseases, based on the findings of

recent studies. A more profound understanding of the pro-

tective mechanisms of pterostilbene through the induction of

autophagy will contribute to the development of prevention

and intervention strategies against different human diseases.
2. Anticancer and autophagy-inducing
mechanisms of pterostilbene

Numerous studies have been conducted to evaluate the anti-

cancer effects of pterostilbene and have suggested that pter-

ostilbene inhibits cancer cell growth by inducing apoptosis,

necrosis, and autophagy. In addition, pterostilbene inhibits

adhesion, invasion, and metastasis in various cancer cells [2].

The molecular mechanisms of the anticancer effects of pter-

ostilbene are discussed in some remarkable reviews written

by McCormack and McFadden [2] and Kosuru et al [4]. Readers

are encouraged to refer to them. For the remaining portion of

this section listed below, we provide information on the novel

anticancer mechanisms of pterostilbene regarding Janus ki-

nase/signal transducers 3 (JAK/Stat3), AMPK signaling, epige-

netic modulation, and autophagy.

(1) A recent study conducted by Liu et al [17] indicated that

pterostilbene treatment resulted in inhibition of osteo-

sarcoma cell viability and a reduction in tumor cell

adhesion, migration and mitochondrial membrane po-

tential, but also resulted in increases in the apoptotic

index and in the level of reactive oxygen species (ROS).

Pterostilbene was observed to directly inhibit the

phosphorylation of JAK2 and the downstream activa-

tion of Stat3, leading to the upregulation of mitochon-

drial apoptotic-related proteins and cyclin-dependent

kinase inhibitors such as p21 and p27. This study sug-

gested that inhibition of JAK2/Stat3 signaling is a novel

mechanism of action for pterostilbene during thera-

peutic intervention in osteosarcoma cancers [17].

(2) It becomes increasingly interesting that metabolic

pathways may be altered during tumorigenesis and

tumor progression. One aspect for metabolic reprog-

ramming in cancer is the alteration of lipid metabolism

[18]. Fatty acid synthase is a key enzyme for lipogenesis

and is often highly expressed in human cancers such as

prostate cancer. Activation ofAMPKcanalter lipogenesis

by phosphorylating and inhibiting acetyl-CoA carbox-

ylase, thereby blocking the commitment of acetyl-CoA to

lipogenesis [18]. Therefore, the use of AMPK activators of

key lipogenic enzymes may represent a promising
therapeutic strategy for prostate cancer. In Lin et al's [19]
study, AMPK is activated by pterostilbene to decrease the

activity and/or expression of the lipogenic enzymes fatty

acid synthase and acetyl-CoA carboxylase, leading to

growth inhibition in p53-positive and p53-negative

prostate cancer cells. This study suggested that pter-

ostilbene has beneficial activities similar to those asso-

ciated with low-energy mimickers, and these might be

related to certain uncharacterized direct actions of

pterostilbene on cancer cells.

(3) In addition to protein level, pterostilbene is thought to

elicit anticancer effects by targeting genes with onco-

genic function for de novo methylation and silencing,

resulting in inactivation of related signaling pathways

[20]. Lubecka et al [20] determined, for the first time, the

genome-wide landscapes of DNA methylation with

stilbenoids treatment. They found that stilbenoids

target methylation genes with oncogenic and pro-

metastatic functions, such as mastermind-like protein

2, the activator of the NOTCH pathway. Suppression of

mastermind-like protein 2 results in inactivation of

NOTCH signaling, which is important in breast cancer

development and oncogenic functions. The study pro-

vided novel insight into the epigenetic-anticancer stra-

tegies of pterostilbene [20].

(4) The role of autophagy in tumorigenesis is complex and

likely tissue- and genetic context-dependent. Auto-

phagy provides a barrier against malignant trans-

formation and is required for anti-cancer

immunosurveillance. Conversely, autophagy promotes

tumor progression and thereby resistance to cancer

therapy [21]. Importantly, high levels of autophagic ac-

tivity can lead to cell death and cooperation with

apoptosis. Thus, autophagy modulation has been pro-

posed as both a cancer therapeutic and preventative

strategy. If autophagy promotes cell survival, auto-

phagy inhibitors may provide benefits to synergize with

anticancer drugs, whereas triggering autophagy may

also help the therapeutic outcomewhenever autophagy

supports cell death [22]. Autophagy is a tightly regulated

pathway. mTOR negatively regulates the activation of

autophagy that it interacts with Atg13, and then re-

duces its affinity for Atg1/ULK1 and Atg1/ULK1 activity.

By contrast, upon the induction of autophagy, Atg1/

ULK1 kinase and its complex components translocate to

the preautophagosomal structure, leading to the

recruitment of the class III PI3K complex (includes

Vps34, Vps15, Atg6/Beclin-1, and Atg14). At the step of

autophagosome formation, elongation and closure of

the isolation membrane requires two protein conjuga-

tion systems, the Atg12eAtg5eAtg16 complex and the

Atg8/LC3-PE complex. Atg8 is then processed by the

protease Atg4 and is conjugated with PE by the Atg7 and

Atg3 (E2-like) enzymes [6]. The activation of several

proteins such as ULK1 and Atg13 are activated by AMPK,

which is crucial for autophagy initiation. Autophago-

somes are then conjugated with lysosomes to form

autolysosomes and subsequently degrade macromo-

lecular cargos to generate ATP, fatty acids, or amino

acids for cell survival [21].
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http://dx.doi.org/10.1016/j.jfda.2016.10.022


Figure 1 e Possible regulation mechanisms of

pterostilbene on autophagy in cancer cells. Pterostilbene

significantly inhibited cell proliferation, induced cell cycle

arrest, and prosurvival autophagy in bladder and breast

cancer cells. ANK-199, the pterostilbene derivative,

induced autophagic cell death in oral cancer cells. In

contrast, pterostilbene induced cell death concomitant

with autophagosome accumulation and defective

autophagy observed in HL60, A375 melanoma, A549 lung,

MCF7 breast, and HT29 colon cancer cells.

mTOR ¼ mechanistic target of rapamycin.
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The studies regarding pterostilbene-induced autophagy in

cancer cells have attracted more and more attention recently

(Figure 1). For example, in terms of the protective effect of

autophagy, we previously reported that pterostilbene signifi-

cantly inhibited cell proliferation in chemosensitive and

chemoresistant bladder cancer cells through cell cycle arrest

and apoptosis. Meanwhile, pterostilbene-induced protective

autophagy in bladder cancer cells evidenced by the finding

that inhibition of autophagy enhanced cell death in response

to pterostilbene [10]. Consistently, pterostilbene has been re-

ported to induce the accumulation of autophagic vacuoles in

various cancer types. Chen et al [23] investigated

pterostilbene-induced cell death by apoptosis and cyto-

protective autophagy in triple negative breast cancer. Simi-

larly, Wang et al [24] found that pterostilbene could evidently

inhibit the growth of breast cancer cells via inducing both

apoptosis and cell cycle arrest and promoted the reduction of

b-catenin levels and the downregulation of genes regulated by

the Wnt signaling pathway. The pterostilbene-triggered

autophagy in those cases seems to be cyto-protective, indi-

cating that the combination of autophagy inhibitors and

pterostilbene with classical chemotherapy could serve as a

potent strategy for the treatment of breast cancer cells [24].

Contradictory results were also reported in the literature. A

novel pterostilbene derivative, ANK-199, was designed and

investigated for its antitumor activity and mechanism in

cisplatin-resistant human oral cancer cells by Hsieh et al's [25]

group. In the study, ANK-199 showed an extremely low toxicity

in normal oral cell lines, while the formation of autophagic

vacuoles and acidic vesicular organelles was observed in ANK-

199-treated cancer cells. Neither DNA fragmentation nor DNA

condensationwas observed, indicating that autophagy, but not

apoptosis, was triggered by ANK-199-induced cell death [25].

Additionally, some studies indicated that pterostilbene

may impair autophagy in cancer cells. For instance, Siedlecka-
Kroplewska et al [26] tried to evaluate the effects of pter-

ostilbene on HL60 human leukemia cells. They found that

pterostilbene treatment resulted in G0/G1 cell cycle arrest and

the accumulation of large LC3-positive vacuolar structures

followed by cell death in HL60 cells; this suggested that

pterostilbene-treated HL60 cells could be affected by both

apoptosis and presumably defective autophagy [26]. Mena

et al [27] also reported that pterostilbene suppressed cancer

cell growth significantly and led to apoptosis and autopha-

gosome accumulation in various cancer cells, such as A375

melanoma, A549 lung, MCF7 breast, and HT29 colon cancer

cells. In this study, pterostilbene induced an increase in the

size of lysosomes, lysosomal membrane destabilization, and

intraluminal content release leading to caspase-independent

lysosomal cell death. The fusion of the autophagosome and

lysosome in this model was altered [27].

As a natural compound, pterostilbene has been shown to

suppress proliferation and induce apoptosis in a variety of

tumor cells, including pancreas, bladder, breast, colon, oral,

lung, melanoma, myeloma, leukemia, and prostate carci-

nomas. Although the dominant target of pterostilbene is still

unclear, pterostilbene is known to affect multiple signaling

pathways regulating tumor growth through AMPK, JAK/Stat3,

ROS, cell cycle regulation, and apoptosis [17]. Nevertheless,

the anticancer effects of pterostilbene through autophagy

have not yet been clarified. Autophagy is well recognized as a

cell survival process that inhibits malignant transformation,

promotes tumor development, or participates in a form of

programmed cell death. The induction of autophagy by some

anticancer agents highlights the potential of this process as a

cancer treatment modality. Further studies are required to

understand the molecular signaling pathways and the sig-

nificance of autophagy triggered by pterostilbene.
3. Antioxidation and -inflammation
mechanisms of pterostilbene

The multiple benefits of pterostilbene in the treatment and

prevention of human disease have been attributed to its

antioxidative, -inflammatory, and -carcinogenic properties

[14]. The antioxidative effects of pterostilbene were attributed

to its unique structure (with 1 hydroxyl group and 2 methoxy

groups) that may scavenge extracellular ROS [28]. These ef-

fects allowed the use of pterostilbene to diminish free radicals

that are responsible for tissue damage during chronic

inflammation. A previous review article summarized the

clinical potential and antioxidant capabilities of pterostilbene

in several disease systems [14]. In our current review article,

we only focus on the recent novel findings of antioxidative

and -inflammatory mechanisms of pterostilbene. The specific

items are listed below.

3.1. Proteasome inhibition effect

In many studies, endotoxin lipopolysaccharide (LPS) has been

used to stimulate the mouse macrophage RAW264.7 cell line

to produce proinflammatory cytokines. Nikhil et al [29] re-

ported that pterostilbene has a strong anti-nuclear factor-kB

(anti-NFkB) and anti-inflammatory property in LPS-stimulated

http://dx.doi.org/10.1016/j.jfda.2016.10.022
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RAW264.7 macrophages and carrageenan-induced rat paw

edema models [29]. Pterostilbene decreased the level of NO

and suppressed the expression of tumor necrosis factor-a (TNF-

a), interleukin (IL)-1b, IL-6, and iNOS genes in the LPS-induced

RAW264.7 inflammation model. Pterostilbene treatment

could also significantly reduce NFkB activation in LPS-

stimulated HEK293T cells [30]. Interestingly, this study

clearly demonstrates that pterostilbene is a particularly

potent proteasome inhibitor that contributes to the underly-

ing mechanism of its own anti-inflammatory effects. Several

naturally occurring proteasome inhibitors (e.g., polyphenols

and d-tocotrienol) reduce the production of iNOS,NO, and TNF-

a in RAW 264.7 cells and murine macrophages in vitro stimu-

lated by LPS [31,32]. Proteasome inhibitors can exert their ef-

fects by impacting transcription factors such as NFkB, thereby

altering gene expression levels. They can also alter the

ubiquitin-proteasome pathway, which is one of the major

pathways for intracellular protein degradation [33].

3.2. Silent information regulator 1 activating effect

Silent information regulator 1 (SIRT1) is a nicotinamide

adenine dinucleotideþ-dependent class III histone and protein

deacetylase that regulates cellular functions including energy

metabolism, cell survival, and inflammatory response [34].

Previous studies indicated that ischemiaereperfusion (IR)

injury could induce segmental necrosis and apoptosis,

myofilament disintegration, thicker interstitial spaces, in-

flammatory cell infiltration, and decreased mitochondrial

respiratory chain activity. Pterostilbene was observed to

inhibit these effects in a dose-dependent manner. The

mechanism of IR injury is attributed to the SIRT1-FOXO1/p53

signaling pathway, as well as the increase in the Bax and Bcl2

ratio, cleaved PARP1, and cleaved caspase 3. The application of

the SIRT1 inhibitor EX527 in this model decreased SIRT1

expression and increased the acetylation of FOXO1, thereby

reducing the defensive effects of pterostilbene against skeletal

muscle IR injury [34]. Another study conducted by Guo et al

[35] demonstrated that hypoxiaereoxygenation, an in vitro

model of IR injury, could induce H9c2 cardiomyocyte

apoptosis. Application of pterostilbene at lower concentra-

tions can prevent hypoxiaereoxygenation-induced H9c2

apoptosis. Similar to Cheng et al's [34] study, the protective

mechanism of pterostilbene contributed to activation of SIRT1

via the FOXO and p53 pathways, leading to protection against

apoptosis and alleviation of IR injury [35]. These studies

indicated that pterostilbene could be a specific and potent

pharmacological activator of SIRT1 and could be used as a

cytoprotective agent against IR injury.

3.3. Nuclear factor erythroid 2-related factor2 activating
effect

Nuclear factor erythroid 2-related factor2 (Nrf2) is a tran-

scription factor that regulates the production of multiple

antioxidative enzymes. Nrf2 has protective effects in various

organs such as the liver, brain, heart, and neuronal cells

through ROS attenuation mechanisms via its association with

themicrotubule-associated protein Kelch-like ECH-associated
protein-1 (Keap1) [36]. Our previous reports showed that

pterostilbene significantly enhanced expression of antioxi-

dant enzymes via activation of Nrf2 signaling and reduction of

NFkB activation by inhibiting the phosphorylation of protein

kinase C-b2 in an azoxymethane-induced colon tumorigen-

esismousemodel [37]. Similarly,Wang et al [36] indicated that

pterostilbene induced the nuclear translocation of Nrf2 and

upregulated HO-1 and NQO1 thereby reducing the glutamate-

induced cellular oxidative stress levels in murine hippocam-

pal neuronal HT22 cells [36]. A recent study indicated that

pterostilbene has anti-hyperlipidemic and -peroxidative roles

via Nrf2 signaling in experimental diabetes models [38]. It is

also known that pterostilbene ameliorates streptozotocin-

induced diabetes by enhancing Nrf2-mediated antioxidant

signaling pathways [39]. Nrf2 regulates the activities of mul-

tiple anti-oxidative enzymes resulting in a wide ranging pro-

tective effect in various organs; the potent Nrf2 activator

pterostilbene is thought to remove and counteract the

oxidative stress-induced diseases.

3.4. Inhibition of endoplasmic reticulum stress mediated
inflammation

Endoplasmic reticulum (ER) function is critical for the regu-

lation of many aspects of cell physiology and pathological

processes. Disturbance in the normal functions of the ER in-

duces ER stress leading to the accumulation of unfolded or

misfolded proteins and consequently activation of the

unfolded protein response (UPR) [40]. Followed by UPR, the ER

stress sensors PKR-like ER kinase, inositol-requiring protein 1,

and activating transcription factor 6 become active. Under

normal conditions, these molecules are inactive due to in-

teractions with glucose-regulated protein 78 (GRP78). Howev-

er, when there is an increase in UPR, GRP78 is disaggregated

and binds to unfolded proteins to promote protein folding;

additionally, UPR signaling is activated, leading to a decrease

in global protein synthesis and an increase in ER-associated

degradation, which attenuates ER stress and restores normal

ER function [41]. Inositol-requiring protein 1 is associated with

phosphorylation of JNK leading to the activation of the tran-

scription factors AP-1 and p53, which are essential for the

transcription of the proapoptotic genes and genes implicated

in the processes of autophagy [42]. Previous studies have

confirmed that ER stress is involved in the process of endo-

thelial cell inflammation and inhibition of ER stress may

effectively attenuate inflammatory responses in endothelial

cells [43]. In Liu et al's [41] study, levels of GRP78 and p-eIF2a,

which represent the degree of ER stress, were significantly

increased in HUVECs after TNF-a treatment. Interesting, TNF-

a-induced upregulation of GRP78 and p-eIF2a and the subse-

quent inflammatory response were potently prevented by

pterostilbene treatment. Upregulation of ER stress signaling

desensitizes the protective effect of pterostilbene on endo-

thelial cell inflammatory injury induced by TNF-a, whereas

the attenuation of ER stress exerts an anti-inflammatory ef-

fect on endothelial cells. Above all, the study suggested that

pterostilbene can act as an anti-inflammatory agent in the

endothelial inflammatory process, which at least in part de-

pends on a reduction of ER stress signaling.

http://dx.doi.org/10.1016/j.jfda.2016.10.022
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3.5. Free radical scavenging effects

Cellular damage caused by hydrogen peroxide is a subject of

great importance, as the generated ROS can harm macro-

molecules such as proteins, lipids, and DNA, thereby inducing

cell death, degenerative diseases, and tumorigenesis [44]. One

way of counteracting free radical damage is through dietary

antioxidant such as plant polyphenols. In line with this

notion, Rossi et al [44] demonstrated that resveratrol and

pterostilbene improve hydrogen peroxide-mediated oxidative

damage of DNA in CHO cells. The mechanism of action is

correlated to stilbene scavenging of OH radicals through an

electron transfer process. The authors also showed that

pterostilbene provided greater protective effects on DNA

damage than resveratrol. Similarly, another study also re-

ported that pterostilbene possesses strong antioxidant activ-

ity and protected cellular biomolecules against oxidative

damage through scavenging 1,1-diphenyl-2-picrylhydrazyl,

superoxide, hydroxyl, and H2O2, and it inhibited 2,20-azino-
bis-3-ethylbenzthiazoline-6-sulphonic acid radical formation

in a dose-dependent manner [45]. This could be attributed to

the ability of pterostilbene to act as a donor of hydrogen atoms

or electrons. Free radicals generated in vivo as a result of

cellular respiration have a very short half-life, and the clear-

ance rate of these radicals is very rapid. Taking this into

consideration, pterostilbene exhibited radical scavenging ac-

tivity, indicating its ability to react with radicals within a short

span of time, as needed in biological systems.

Overall, pterostilbene has been confirmed to be a protec-

tive factor in inflammatory conditions through various

mechanisms. In addition to the ROS scavenging effects, pter-

ostilbene also exerts inhibitory effects against neutrophil

activation, inflammatory mediator production, and endothe-

lial apoptosis in different models [41]. All of these studies

indicated that themajor health benefits of pterostilbene could

be attributed to the modulation of inflammation responses.
4. Preventive/therapeutic effects of
pterostilbene on skin diseases

Skin is the largest organ of the body and serves as the first-line

barrier against many environmental insults including UV ra-

diation (UVR), pathogens, mechanical stresses, and toxic

chemicals. Previous studies indicated that polyphenolic phy-

tochemicals possessing anti-inflammatory, immunomodula-

tory, antioxidant, and chemopreventive effects are promising

group of compounds that can act as preventive or therapeutic

agents for skin disorders, including skin cancer [16]. In the

skin carcinogenesis model, application of 12-O-tetradeca-

noylphorbol-13-acetate (TPA) to mice skin promotes 7,12-

dimethylbenz[a]anthracene initiated mouse papilloma for-

mation by enhancing iNOS, COX-2, and ornithine decarbox-

ylase protein expression. Pterostilbene administered directly

to the mouse skin prior to TPA application reduced TPA-

induced phosphorylation of p38, JNK, ERK, PI3K, and Akt in

mouse skin. TPA-induced protein levels of iNOS and COX-2

were inhibited by pterostilbene through inactivation of NFkB

and the upstream p38 MAP kinases, which provides a
mechanistic basis for its anti-inflammatory and -tumor pro-

moting activity in mouse skin [46]. Many studies have indi-

cated that skin cancer incidences are rising worldwide, and

one of the major causative factors is excessive exposure to

solar UVR [47]. Induction of DNA damage by UVR may induce

gene mutation and genomic instability leading to carcino-

genesis. Moreover, UVB (280e320 nm) is known to be the most

potent mutagenic component causing direct damage to

cellular DNA as well as producing ROS in the epidermis,

dermis, and the corneal epithelium; both processes induce

inflammation, oxidative stress, dysregulation of signaling

pathways, and immunosuppression, all of which are factors in

skin cancer [16]. Sireol et al [16] reported that pterostilbene

prevented acute UVB-induced increases in skin folds, thick-

ness, redness, skin wrinkling, and hyperplasia. In addition,

pterostilbene could provide preventive effects against chronic

UVB-induced skin carcinogenesis. The anticarcinogenic ef-

fects of pterostilbene were associated with maintenance of

the skin antioxidant defenses systems, and the inhibition of

UVB induced oxidative damage, which may be mediated by

modulation of Nrf2 signaling. It has been reported that Nrf2

could serve as a central regulator of UV protection in the

epidermis [16].

Recent studies indicated the damaged skin cells can be

eliminated by the induction of apoptosis, and the damaged

cellular components may be eliminated by autophagy [16].

With regard to UVR, autophagy could contribute to the

maintenance of UV-damaged cells because of the major

regulator UV radiation resistance associated gene (UVRAG)

protein providing resistance against UV. Knockdown of UV

radiation resistance-associated gene has been shown to reduce

UV-induced autophagy in favor of apoptosis [48]. Induction of

autophagy is also likely to be regulated by UV-induced p53 and

be able to initiate autophagy through negative regulation of

mTOR by p53 in response to DNA damage, as well as in

response to ROS by AMPK activated downstream of growth

factor receptors or through ataxia telangiectasia mutated

(ATM) [49]. In line with this notion, silibinin was reported to

rescue the cells from caspase-8-dependent apoptosis induced

by UVB irradiation through upregulating autophagy, and this

effect was modulated through the insulin-like growth factor 1

receptor/protein kinase B axis [17]. Therefore, we suggest that

pterostilbene acts as an autophagy activator and might pro-

tect against UVR damage in the skin through elevated levels of

autophagy; the mechanisms are worthy of further in-depth

investigation.

An increasing number of studies have recently shown that

autophagy has important effects on the induction of the in-

flammatory reaction [50]. Upon stimulation, NLRP3 assembles

with apoptotic speck protein containing a caspase recruit-

ment domain and procaspase-1, creating inflammasome

responsible for the activation of caspase-1 and -5, which ul-

timately leads to the proteolytic activation of the proin-

flammatory cytokines IL-1b and IL-18 [51]. Autophagy is

reported to remove aggregated inflammasome structures,

thus contributing to the dampening of proinflammatory re-

sponses. If the function of autophagy is defective, it could lead

to an accumulation of depolarized mitochondria and the

release of inflammasome activators such as ROS or mito-

chondrial DNA [50]. Autophagy not only has inhibitory effects

http://dx.doi.org/10.1016/j.jfda.2016.10.022
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on inflammasome activation, but also on inflammatory me-

diators that are independent of caspase-1 activation. In

addition, autophagy reduces NFkB activation by selective

degradation of BCL10 complexes [50]. Thus, autophagy is

tightly connected with skin homeostasis and might serve a

critical role in the development and progression of skin dis-

eases [52]. It has been reported that certain pharmaceutical

agents that can induce autophagy could be novel therapeutic

candidates for psoriasis. Psoriasis is a chronic autoimmune

skin disease, and the precise mechanisms are still poorly

understood. Psoriasis is pathologically characterized by

inflammation, epidermal proliferation, and infection. Recent

studies showed that autophagy negatively regulates the

expression of the ubiquitin sensor p62, and knockdown of p62

reduces the production of inflammatory cytokines and cell

proliferation [53]. Remarkably, epidermal expression of p62,

which is an indicator of autophagic defect, was found to be

significantly higher in psoriatic skin than in healthy controls

[53]. Recent studies also indicated that autophagy inducers

could be used to treat skin hyper-pigmentation disorders,

such as chloasma [54]. Moreover, skin is important to defend

against invading pathogens and to maintain cellular homeo-

stasis. One critical mechanism for self-defense is autophagy

in which various microbes can be engulfed by autophago-

somes and transferred to lysosomes for degradation, sug-

gesting that autophagy upregulation might be of therapeutic

benefit in infectious skin diseases [55]. In addition, little is

known about the relationship between autophagy and burn

wound progression. A number of mechanisms are thought to

be involved in the process of burn wound progression,

including local tissue hypoperfusion, edema, prolonged

inflammation, hypercoagulability, free radical damage, and

accumulation of cytotoxic cytokines. A recent study con-

ducted by Xiao et al [56] revealed reduced levels of autophagy

and blood flow together with increased levels of inflammation

and apoptosis during the early course of burn wound pro-

gression in a rodent model. These findings suggested that

autophagy and apoptosis play complementary roles in the

process of burn wound progression.

Pterostilbene is reported to modulate autophagy not only

in cancer cells but also in normal cells. Zhang et al [15] re-

ported for the first time that pterostilbene could effectively

induce cytoprotective autophagy in human umbilical vein

endothelial cells via a rapid elevation in intracellular calcium

concentration and AMPKa1 activation, which in turn inhibits

mTOR, a negative regulator of autophagy. Autophagy activa-

tors are of interest because of their potential clinical value for

skin disorders due to their anti-inflammation and cyto-

protective effects [57]. We anticipate that the autophagy-

inducing potential of pterostilbene may lead to the develop-

ment of novel strategies for preventive and therapeutic pur-

poses in skin diseases.
5. Conclusion and perspectives

Numerous studies have shown that pterostilbene exerts

different mechanisms in different disease systems. Depend-

ing on the cell type and the chemical properties and dose of

the stimulus, pterostilbene might provide benefits against
progressive cellular damage and dysfunction in different

ways. In cancer cells, pterostilbene can induce apoptosis,

decrease proliferation, induce cell cycle arrest, inhibit

metastasis, and induce autophagy. Moreover, pterostilbene

possesses anti-inflammation and -oxidative stress effects, as

we have mentioned above. Due to the etiology of many dis-

eases being attributed and related to inflammation, chronic

inflammation is thought to be associated with several

important human cancers and skin disorders. Modulation of

inflammatory effects by pterostilbene seems to be a possible

and promising strategy to prevent and treat skin disorders.

Inflammation is a complex biological process that involves

various inflammatory mediators and cytokines. Numerous

studies have confirmed the association between inflamma-

tion and skin disease. Recent new insights strongly suggest

that besides the classical role as a “housekeeping” mecha-

nism, autophagy can also be considered crucial for host de-

fense in general and for regulation of inflammation in

particular. Pterostilbene was found to be a unique autophagy

inducer that also downregulates inflammation and ROS in

cells. However, the biological consequences of autophagy in-

duction by pterostilbene are controversial because both pro-

survival and prodeath autophagy, and even defective

autophagy, could be observed (Figure 1). Further studies are

needed to better understand the molecular mechanisms of

autophagy induced by pterostilbene in different disease sys-

tems. Several recent articles postulate that autophagy upre-

gulation may have therapeutic benefits in a range of diseases

[57]. New research related to autophagy activators has become

a hot topic owing to their potential clinical value. Considering

the fact that skin disorders including skin cancer are strongly

correlated with inflammation, pterostilbene acing as an

autophagy inducer offers a unique and novel option to better

manage and reduce skin disorders by reducing inflammation

through autophagy.
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