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    Chapter 19   
 A Perspective on Chemoprevention 
by Resveratrol in Head and Neck Squamous 
Cell Carcinoma 

             Sangeeta     Shrotriya    ,     Rajesh     Agarwal    , and     Robert     A.     Sclafani    

    Abstract     Head and neck squamous cell carcinoma (HNSCC) accounts for around 
6 % of all cancers in the USA. Few of the greatest obstacles in HNSCC include 
development of secondary primary tumor, resistance and toxicity associated with 
the conventional treatments, together decreasing the overall 5-year survival rate in 
HNSCC patients to ≤50 %. Radiation and chemotherapy are the conventional treat-
ment options available for HNSCC patients at both early and late stage of this cancer 
type malignancy. Unfortunately, patients response poorly to these therapies leading 
to relapsed cases, which further, emphasizes the need of additional strategies for the 
prevention/intervention of both primary and the secondary primary tumors post-
HNSCC therapy. In recent years, growing interest has focused on the use of natural 
products or their analogs to reduce the incidence and mortality of cancer, leading to 
encouraging results. Resveratrol, a component from grape skin, is one of the well-
studied agents with a potential role in cancer chemoprevention and other health 
benefi ts. As an anticancer agent, resveratrol suppresses metabolic activation of pro-
carcinogens to carcinogens by modulating the metabolic enzymes responsible for 
their activation, and induces phase II enzymes, thus, further detoxifying the effect of 
pro-carcinogens. Resveratrol also inhibits cell growth and induces cell death in can-
cer cells by targeting cell survival and cell death regulatory pathways. Growing 
 evidence also suggest that resveratrol directly binds to DNA and RNA, activates 
antioxidant enzymes, prevents infl ammation, and stimulates DNA damage check-
point kinases affecting genomic integrity more specifi cally in malignant cells.  
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  Abbreviations 

   4NQO    4-Nitroquinoline 1-oxide   
  ADH    Alcohol dehydrogenase   
  ALDH    Aldehyde dehydrogenase   
  AP-1    Activator protein 1   
  ARE    Antioxidant response element   
  ATM    Ataxia telangiectasia mutated   
  ATR    Ataxia telangiectasia-Rad3-related   
  B[A]P    Benzo[a]pyrene   
  BER    Base excision repair   
  Brca1    Breast cancer gene 1   
  Cdc25C    Cell division cycle 25C   
  CDKs    Cyclin dependent kinases   
  Chk1/2    Checkpoint kinase 1/2   
  COX2    Cyclooxygenase 2   
  CYP450    Cytochrome P450s   
  DMBA    7,12-Dimethylbenz[α]anthracene   
  DSBs    Double strand break   
  EGFR    Epidermal growth factor receptor   
  Egr 1    Early growth response 1   
  EMT    Epithelial mesenchymal transition   
  FA    Fanconi anemia   
  GSH    Glutathione   
  HNSCC    Head and neck squamous cell carcinoma   
  HPV    Human papilloma virus   
  HRR    Homologous recombination repair   
  IGFR    Insulin-like growth factor receptor   
  iNOS    Inducible nitric oxide synthetase   
  JNK    c-Jun N-terminal kinase   
  MAPK    Mitogen-activated protein kinases   
  MCM    Minichromosome maintenance   
  MMPs    Metalloproteinases   
  MMR    Mismatch repair   
  mTOR    Mammalian target of rapamycin   
  NER    Nucleotide excision repair   
  NF-kB    Nuclear factor kappa B   
  NHEJ    Non-homologous end joining   
  NNK    4-Methylnitrosamine-1-(3-pyridyl)-1-butanone   
  P53    Protein 53   
  PARP    Poly (ADP-ribose) polymerases   
  PCNA    Proliferating cell nuclear antigen   
  RA    Retinoic acid   
  Rb    Retinoblastoma protein   
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  Res    Resveratrol   
  ROS/RNS    Reactive oxygen species/reactive nitrogen species   
  SPT    Secondary primary tumor   
  SSBs    Single strand break   
  STAT3    Signal transducer and activator of transcription 3   

19.1           Introduction 

 This chapter aims to summarize recent development in the etiology and treatment of 
head and neck squamous cell carcinoma (HNSCC). Alcohol and its by-products 
have been reported to be strong possible carcinogens in different types of malignan-
cies including HNSCC. In this perspective, chemopreventive agents are revealed to 
exert their chemopreventive effi cacy either by blocking the activity of carcinogens 
or its metabolism or by targeting various cell survival pathways in tumor cells [ 69 ]. 
Further in-depth mechanistic studies revealed that nutraceutical resveratrol may 
inhibit carcinogenesis by affecting the molecular events in the initiation, promotion, 
and progression stages. Therefore, our goal in this chapter is to briefl y describe the 
molecular mechanism involved in alcohol-induced oral cancer and to propose that 
these oral cancers can be prevented through the use of the nontoxic natural product 
resveratrol. 

19.1.1     Head and Neck Squamous Cell Carcinoma 

 HNSCC is a devastating disease worldwide accounting for 650,000 new cases and 
350,000 deaths every year [ 14 ]. According to the American Cancer Society, in the 
year 2013, approximately 53,640 new cases and 11,520 deaths are projected to 
occur, in the USA alone [ 59 ]. HNSCC is mostly curable with conventional treat-
ment therapy when is diagnosed in early stage (I or II) ;  unfortunately most of the 
HNSCC patients are diagnosed at advanced stage of the disease (III or IV), and 
survival rate is below 50 %. Epidemiological data suggest that several behavioral, 
environmental, viral, and genetic factors have been associated with the development 
of HNSCC. Tobacco and alcohol consumption accounts for ≥80 % of the risk fac-
tors associated with HNSCC [ 48 ,  56 ]. For individuals using both tobacco and alco-
hol, there is a synergistic effect, accelerating the risk of both oral and pharyngeal 
cancer by nearly 35-fold [ 65 ]. One cohort study with nearly 0.5 million participants 
focused on investigating the relationship between HNSCC risk and alcohol con-
sumption, suggested that moderate drinkers (up to one drink a day) showed reduced 
risk of HNSCC compared to nondrinkers and heavy drinkers [ 17 ]. Refl ecting this 
linearity, alcohol consumption is one of the major risk factors for nonsmoker. This 
was further supported by a population-based survey of 1,090 oral or pharyngeal 
cancer patients where the risk of secondary primary tumors (SPTs) was documented 
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to be ≥50 % who continue with their drinking behavior after treatment [ 10 ]. Hence, 
considering concurrent risk of cancer development among alcoholics, understand-
ing the relationship between alcohol consumption and cancer development, specifi -
cally HNSCC, is crucial for therapeutics and preventive purposes.  

19.1.2     Major Molecular and Genetic Predispositions 
in HNSCC 

 Molecular and genetic analyses have revealed that multiple pathways are compro-
mised in head and neck cancer [ 34 ]. Pathways that are critically altered in HNSCC 
include protein 53 (p53), retinoblastoma protein (Rb), epidermal growth factor 
receptor, signal transducer and activator of transcription, vascular endothelial 
growth factor, DNA repair regulators, and mammalian target of rapamycin; these 
pathways are thus also identifi ed as potential therapeutic targets [ 18 ,  26 ]. 
Overexpression of dominant negative p53 and cyclin D1, together with increased 
telomerase activity (≥80 %), confer deregulated cell cycle and resistance to DNA 
damage stimulators in HNSCC [ 7 ]. Viral proteins E6 and E7 encoded by human 
papilloma virus (HPV) bind and inactivate p53 and Rb, respectively, disrupting the 
cell cycle regulation in HPV + tumors [ 29 ]. Most HPV + tumors are observed among 
young nonsmokers and nondrinkers, and are usually present at an advanced stage at 
the time of diagnosis [ 16 ,  22 ]. In addition, a clinical study with HNSCC patients 
( n  = 37) and healthy individuals ( n  = 35) showed that tumor cells are more sensitive 
to irradiation-mediated DNA damage and display impaired DNA repair, indicating 
the crucial role of DNA repair mechanism in HNSCC treatment [ 8 ,  54 ]. Another 
study with archival human head and neck cancer tumor specimens revealed that 
Ku80, a DNA repair protein, was overexpressed and correlated with increased drug 
resistance, thus indicating this pathway as an attractive therapeutic target [ 8 ,  37 ,  41 ]. 
In relation to this linearity, patients with Fanconi Anemia (FA), a genetic syndrome 
with defective DNA repair mechanism, have been associated with an early lymph 
node metastases with poor clinical outcome [ 68 ]. DNA repair defects in Fanconi 
patients lead to pre-cancerous cells with increased levels of DNA damage and muta-
tions. Although there is no evidence for genetic mutations in Fanc/Brca pathway in 
HNSCCs, loss or reduced expression of Fanc/Brca pathway genes has been reported 
in sporadic HNSCCs [ 36 ]. Likewise, amplifi cation of several oncogenes [e.g., 
c-myc, Ras, EGFR, erbB2, nitric oxide synthetase, and cyclooxygenase 2 (COX2)] 
has been observed in HNSCC and has been associated with poor prognosis [ 28 ,  51 ]. 
The direct downstream target of tyrosine kinase receptors (EGFR, IGF-1R) and the 
PI3K/Akt signaling pathway is mammalian target of rapamycin (mTOR), which is 
found to be activated in 90–100 % of HNSCC [ 43 ]. Together, all these oncogenic 
pathways interlinked cellular pathways, deregulated in HNSCC, serve as potential 
therapeutic and preventive targets for HNSCC [ 5 ,  34 ,  45 ]. All these pathways 
directly or indirectly involved in cancer initiation, promotion, or progression are 
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reported as possible targets of alcohol or its metabolites [ 12 ,  57 ]. Herein, identifi ca-
tion of these cellular and molecular processes that are disrupted by exposure to 
alcohol is necessary to consider for the therapeutic and preventive intervention of 
cancer included HNSCC [ 26 ].  

19.1.3     Alcohol: Carcinogen or Co-carcinogen in HNSCC 

 As mentioned earlier in this chapter, heavy alcohol consumption is directly associ-
ated with increased risk of cancer included HNSCC. In notion to this, International 
Agency for Cancer has classifi ed alcohol as carcinogen to human, as it may infl u-
ence cancer incidence by modulating different stages in cancer development [ 57 ]. In 
this chapter, we have briefl y summarized cellular and molecular processes altered 
by alcohol. 

19.1.3.1     Alcohol Metabolism and Metabolic Enzymes 

 The bacterial microfl oras present in the oral cavity or esophagus convert ethanol to 
acetaldehyde with the help of alcohol dehydrogenase (ADHs), cytochrome P4502E1 
(CYP2E1), and catalase [ 17 ]. Acetaldehyde so formed is further processed to ace-
tate in the presence of aldehyde dehydrogenase (ALDH). Acetaldehyde binds cova-
lently with DNA forming DNA adducts and interferes with DNA synthesis and 
repair, thereby initiating multistage carcinogenesis process after continuous expo-
sure [ 57 ]. There are ample evidences showing that exposure to acetaldehyde 
 produce mucosal lesions and adenocarcinomas in the nasal mucosa in rats [ 32 ,  70 ]. 
A study by Balbo and colleague have reported that N 2 -ethyl-2′-deoxyguanosine, a 
major acetaldehyde derived-DNA adduct was increased by several-fold from base-
line after alcohol use in humans [ 2 ]. Genetic evidence suggests that individuals 
having fast metabolites alleles variants for ADHs [ADH1B*2, ADH1C*1] and the 
null allele for ALDH 2 [ALDH2*2] have increased acetaldehyde levels and ineffi -
cient alcohol metabolism, thereby increasing susceptibility to cancer after alcohol 
consumption [ 9 ,  57 ,  7 ]. Similarly, the activities of ADH and ALDH are shown to be 
signifi cantly higher in cancerous than in healthy tissues [ 30 ], further suggesting the 
importance of these enzymes in alcohol metabolism and aggressive cancer. 
Furthermore, chronic alcohol consumption leads to induction of CYP2E1, which 
metabolizes alcohol to acetaldehyde, as well as generates reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) as by-products [ 12 ]. These formed ROS 
and/or RNS can directly damage DNA, generate lipid peroxidation products, and 
increase infl ammation. Moreover, prolonged ethanol exposure leads to decreased 
levels of endogenous antioxidants, thereby reducing cellular defense mechanisms 
[ 12 ]. Together, this supports the key role of alcohol metabolites in causing cancer 
including HNSCC in humans through different endogenous mechanisms.  
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19.1.3.2     Alcohol: DNA Damage and DNA Repair 

 Reactive oxygen- or nitrogen-containing molecules that are generated during 
 alcohol metabolism can result in different types of DNA damage included single-
base lesions, single-strand breaks (SSBs), and double-strand breaks (DSBs). To 
counteract the DNA damage, cells have elaborated DNA repair mechanisms, thus 
protecting genomic integrity [ 24 ]. SSBs and single-base lesions are repaired by 
base-excision repair (BER), nucleotide-excision repair (NER), and mismatch repair 
(MMR); and DSBs are repaired through non-homologous end joining (NHEJ) and 
homologous repair (HR) mechanisms. A prolonged consumption of alcohol results 
in higher levels of oxidative DNA damage, lipid peroxidation adducts, and 
acetaldehyde- DNA adducts, and thus overwhelming the relevant DNA repair mech-
anism and impairing genome function [ 12 ]. In recent years, polymorphisms in DNA 
repair have been directly linked with increased risk to DNA damaging agents with 
a likelihood of oncogenic transformation [ 19 ].  

19.1.3.3     Alcohol Interacts with Oncogenes and Tumor Suppressor 
Pathways 

 Apart from mutagenic potential of alcohol metabolites through DNA adducts 
 formation, alcohol is also shown to disrupt cellular and molecular pathways in the 
multistage carcinogenesis process. It has been suggested that acetaldehyde abro-
gates a cell’s ability to repair DNA damage [ 57 ]. Similarly, alcohol has been reported 
to either directly interacting with cell membrane proteins or modulating cellular 
function [ 57 ]. Long-term alcohol exposure preferentially causes  K -ras mutation, 
impairs p16INK4A protein expression, and induces mutation in both retinoblas-
toma (Rb) and p53 proteins thereby, triggering cancer promotion [ 51 ]. Aberration 
of all these genes promote cell survival, evade apoptosis, and stimulate cell prolif-
eration of cancer cells [ 49 ]. A recent study has reported that ethanol in cancer cells 
is ultimately converted to acetyl-CoA (a high-energy mitochondrial fuel) that can be 
used to synthesize ketone bodies, fueling tumor cell growth via oxidative mitochon-
drial metabolism (OXPHOS) [ 55 ]. Alcohol consumption has been associated with 
disruption of retinoid metabolism; retinoic acid (RA)-receptor signaling pathways 
involved in regulating cell proliferation, differentiation, lipid metabolism, and 
infl ammation in many alcohol-associated malignancies [ 25 ]. Different natural prod-
ucts are shown to activate retinoid receptors expressed in cancer cell types initiating 
redifferentiation in cancer cells [ 27 ]. 

 Recently, a connection between alcohol as a carcinogen and cancer has been 
made in Fanconi anemia (FA) patients, who are at risk for leukemia and HNSCC 
[ 20 ,  23 ]. Consistent with this, a very recent study in humans have suggested a com-
promised FA pathway which likely leads to an increased accumulation of aldehyde- 
induced DNA damage in hematopoietic stem cells, resulting in p53/p21 mediated 
cell death or senescence [ 23 ]. Earlier, a similar fi nding was observed in a preclinical 
model in which the hematopoietic stem cells in ALDH2/FANCD2 double knockout 
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mice accumulate more DNA damage than hematopoietic stem cells in either of the 
single knockout mice [ 20 ]. In summary, loss of the ALDH2 isozyme in FA humans 
and knockout mice results in accumulation of acetaldehyde   , which then acts as a 
carcinogen by producing DNA crosslinks that are not repaired due to the loss of the 
FA/BRCA DNA repair pathway. These studies may provide a rationale to explain 
why alcohol is a factor in the etiology of non-FA HNSCC. In this idea, continual 
exposure to alcohol may result in enough acetaldehyde being produced to cause an 
accumulation of mutations and increased risk for HNSCC.  

19.1.3.4     Alcohol and Nutrition 

 Various studies have shown that chronic alcohol abuse may alter the way body pro-
cesses nutrients, consequently changing its carcinogenic potential. This has been 
supported by the studies reporting that alcoholics have reduced levels of zinc, iron, 
vitamin E, and vitamin B [ 17 ,  57 ]. Once nutrients are absorbed, alcohol can prevent 
their utilization in the body by altering their transport, storage, and excretion [ 51 ].   

19.1.4     Chemoprevention 

19.1.4.1        Biologic Basis of Chemoprevention 

 Molecular and genetic analyses have revealed that various pathways are compro-
mised in different malignancies included head and neck cancer [ 34 ], and that these 
pathways are being targeted by chemotherapeutic agents to improve life quality of 
patients, but have limited success [ 1 ]. It is, thus, inevitable that additional alternative 
strategies are required to signifi cantly enhance the therapeutic index of conventional 
treatment modalities. In this regard, dietary components are reported to inhibit can-
cer development, progression, and metastasis by modulating different mechanisms 
of cancer development, under a modality known as “cancer chemoprevention.”   

19.1.5     Resveratrol as Chemopreventive Agent 

 Resveratrol, a grape-derived stilbene, is one of the most widely investigated chemo-
preventive agents retaining a wide variety of health-benefi cial activities, including 
anticancer properties [ 42 ]. It has been shown to decelerate carcinogenesis process 
via direct and indirect multiple targets, mechanisms involved in the survival of 
 cancer cells, and accelerating cell death. As detailed review of chemopreventive 
potential of resveratrol is beyond the scope of this chapter, we will briefl y summa-
rize the underlying molecular mechanism involved in chemopreventive effi cacy of 
 resveratrol in multistage carcinogenesis process. 
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19.1.5.1     Resveratrol in Xenometabolism 

 Under continuous exposure to pro-carcinogenic agent, normal cells undergo DNA 
mutations leading to initiation of the carcinogenesis process. Generally, carcino-
gens such as 7,12-dimethylbenzo[a]anthracene, benzanthracene, benzopyrene [B(a)
P], and 4-nitroquinolone-1-oxide are converted to active metabolites in the presence 
of Phase I metabolic enzymes. These metabolites interact with genomic DNA form-
ing adducts that directly correlate with cancer initiation, promotion, and progression 
stages. Resveratrol is shown to be effective in suppressing cancer initiation process 
by inhibiting these metabolic enzymes that play an important role in activation of 
pro-carcinogen [ 21 ]. Resveratrol modulates the activities of CYP1A1, CYP1B1, 
CYP3A, glutathione- S -transferase, UDP-glucuronosyl transferase (UGT), aryl 
hydrocarbon receptor (AhR),  O -acetyl transferase, and sulfotransferase in both pre-
clinical and clinical studies, thereby changing the risk of carcinogen undergoing 
metabolism [ 21 ,  69 ]. Resveratrol also activates phase II enzymes gene expression 
through modulation of mitogen-activated protein kinase pathways [ 21 ]. Resveratrol 
is also shown to differentially induce NAD(P)H quinone reductase (NQO), glutathi-
one (GSH), glutathione reductase, and hemoxygenase 1 (HO-1), subsequently 
inhibiting DNA damage [ 21 ]. In contrast, in some of the cancer cells, resveratrol 
exerts pro-oxidant effect in the presence of transition metals such as Cu (II) depend-
ing on its concentration and time of exposure, leaving normal cells unharmed [ 40 ].  

19.1.5.2    Resveratrol: As Anti-infl ammatory Agent 

 In general, excessive generation of ROS and nitrogen species plays a pivotal role 
during infl ammation [ 35 ]. Other two important enzymes involved in triggering 
infl ammatory responses include cyclooxygenase and lipoxygenase, promoting 
tumor growth, progression and metastasis [ 52 ]. Among cyclooxygenase enzymes, 
COX1 plays a key role in prostaglandin synthesis, and COX2 is involved during 
infl ammation [ 52 ]. Both of these enzymes are known to promote DNA synthesis, 
cell proliferation, invasion, and metastasis [ 27 ]. In this context, resveratrol is known 
to inhibit de novo synthesis of iNOS and COX2 via inhibition of NF-kB pathway as 
well the upstream kinases activating this pathway [ 51 ]. Resveratrol also targets 
nitric oxide production and lipoxygenase-stimulated infl ammatory responses [ 7 ]. In 
conclusion, resveratrol counteracts ROS- and/or RNS-associated DNA damage and 
infl ammatory responses as a part of its potential cancer chemopreventive effi cacy.  

19.1.5.3    Resveratrol: Cell Growth and Death Regulatory Pathways 

 Resveratrol exerts anti-proliferative activity via induction of cell growth inhibition, 
and induces apoptosis by modulating the major survival pathways present in the 
cancer cells [ 20 ]. Phosphatidylinositol 3-kinase (PI3K)/AKT pathway is considered 
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as one of the major regulators of cell survival. Resveratrol is reported to suppress 
the activation of mitogen-activated protein kinases (MAPKs), c-Jun N-terminal 
kinase (JNK), MEK/ERK/NF-kB, cyclins, and cyclin dependent kinases (CDKs) 
leading to cell cycle arrest at specifi c stage and reversal of epithelial-to- mesenchymal 
transition (EMT) [ 4 ]. For instance, resveratrol has been shown to inhibit cell growth 
of different cancer cells at G0/G1 phase by altering cyclin D1/CDK4; in addition, 
resveratrol also causes S and G2/M phase cell cycle arrest resulting in increased 
cyclin A and E levels [ 62 ,  66 ,  67 ]. Moreover, a study by Shi and colleagues has 
shown that resveratrol exerts synergistic effects, when given in combination with 
the cytotoxic agent tamoxifen, on inhibiting the growth of both MCF-7/TR cells and 
metastasis [ 4 ]. Regarding the apoptosis induction, it is reported that resveratrol acti-
vates TNF-related apoptosis ligand, modulates the expression of pro-(Bax) and anti-
(Bcl2 and Bcl-xL) apoptotic proteins, disrupts mitochondrial membrane potential, 
and causes caspases 9, 3 and poly (ADP-ribose) polymerase (PARP) cleavage, thus 
facilitating apoptotic cell death both in culture and mouse xenograft models [ 6 ,  50 , 
 53 ,  62 ,  66 ]. As an upstream trigger to this cellular function, resveratrol is also shown 
to stimulate DNA damage response molecules and their downstream targets facili-
tating DNA damage response, cell cycle arrest, and apoptosis in various cancer 
models including HNSCC [ 11 ,  66 ]. Collectively, detailed mechanistic studies in 
preclinical cancer models have revealed that resveratrol targets PI3K/Akt/mTOR, 
NF-kB, MAPKs and apoptotic pathways, cell cycle regulatory molecules, different 
cellular receptors, and angiogenic pathways, which attribute towards its cancer che-
mopreventive effi cacy.  

19.1.5.4    Resveratrol: An Antioxidant 

 Antioxidant property of resveratrol is considered one of the crucial mechanisms 
involved in its chemopreventive and anticancer effi cacy. In support to this idea, 
resveratrol is shown to prevent the generation of ROS following exposure to oxidiz-
ing agents, e.g., chemical carcinogens generated from tobacco and alcohol, hydro-
gen peroxide, etc. [ 21 ]. Resveratrol strongly increases the activity of antioxidant 
response element (ARE)/Nrf-2, leading to enhanced expression of phase 
II-detoxifying enzymes and antioxidant enzymes including NAD(P)H: quinone oxi-
doreductase 1(NQO 1) and hemoxygenase 1(HO1) via modulation of p38/PI3K/
Akt pathways [ 21 ,  60 ]. Resveratrol has also been shown to enhance histone/protein 
deacetylase SIRT1 and adenosine monophosphate-activated protein kinase (AMPK) 
leading to metabolic changes in the cancer cells [ 62 ]. Likewise, resveratrol exhibits 
protective effect against ROS-mediated lipid peroxidation and DNA damage in nor-
mal cells, versus toxic effect in malignant cells including head and neck cancer [ 66 ]. 
More recently, Bishayee and colleagues have reported that resveratrol suppresses 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)- and benzo[a]pyrene (B[a]
P)-mediated precancerous changes in the human epithelial breast cancer cell 
MCF10A [ 6 ,  30 ].  
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19.1.5.5     Resveratrol: Interaction with DNA Polymerase, 
Topoisomerase, and Telomerase 

 Various preclinical studies have revealed that resveratrol directly binds to DNA and 
RNA through H-bond and stabilizes the double-helical structure, and this might 
serve as a molecular basis for anti-mutagenic effect of resveratrol [ 21 ,  39 ]. 
Resveratrol also impedes DNA replication by specifi cally interacting with DNA 
polymerase α and δ, resulting in DNA damage [ 20 ]. DNA polymerases are the 
enzymes required for de novo synthesis of DNA, and are equally crucial in protect-
ing cells against the effects of DNA damage, and for initiating DNA repair [ 47 ]. 
Resveratrol is also reported to result in DNA damage through pro-oxidant effect in 
the presence of transition metal [ 40 ]. This might raise doubts of its benefi cial func-
tion in normal cells versus cancer cells in general. However, it has been reported 
that pro-oxidant effect of these phytochemicals are more specifi c to cancer cells, for 
the fact that cancer cells have higher levels of transition metals, produce more ROS, 
etc. [ 63 ]. Similarly, Topoisomerase activity is particularly higher by several folds in 
cancer cells including squamous cell carcinoma, and has been targeted by many 
anticancer drugs [ 15 ]. Topoisomerase is essential for DNA replication, facilitating 
chromosome tangling, condensation, and mitotic segregation [ 21 ]. Three different 
types of topoisomerases are described in mammalian cells (type IA, type IB, and 
type II). Among all these, molecular modeling has confi rmed that resveratrol spe-
cially binds to topoisomerase II and stabilizes the cleavage complexes of DNA and 
topoisomerase compromising DNA topology in cancer cells [ 3 ]. Similarly, resvera-
trol is shown to inhibit telomerase, a cellular reverse transcriptase that catalyzes the 
synthesis and extension of telomeric DNA, further assisting the cells to proliferate 
and delay the development of cell senescence [ 33 ]. Recently, several studies have 
also shown that resveratrol downregulates telomerase activity as well as inhibits the 
nuclear localization of human telomerase reverse transcriptase (hTERT), a subunit 
of telomerase [ 21 ,  33 ]. As hTERT is regulated by upstream protein kinase C, NF-kB, 
MAP kinases, and effect of resveratrol on hTERT might be indirect due to inhibition 
of these upstream kinases as well.  

19.1.5.6    Resveratrol: DNA Damage and DNA Damage Repair 

 As mentioned earlier in this chapter that chemopreventive and anticancer activities 
of resveratrol have been implicated to involve DSBs. After DSBs, DNA repair mol-
ecules, for instance Mre11, Rad50, and Nbs1 (MRN complex), are stimulated at the 
site of DSBs, and recruits PI3K-related kinases such as ataxia telangiectasia 
mutated (ATM)/ATR to the DNA break site. Once activated, ATM phosphorylates 
several key DSB repair and checkpoint control factors like H2AX, p53, Nbs1, 
BRCA1, SMC1, Chk2, and Chk1 [ 19 ]. H2A.X is critical for facilitating the assem-
bly of specifi c DNA-repair complexes on damaged DNA site [ 44 ]. Resveratrol is 
reported to induce S-phase arrest through activation of an ATM/ATR–Chk1/Chk2–
Cdc25C pathway [ 67 ]. A study by Galicia and colleagues have shown that 
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resveratrol at higher concentrations also triggers the downregulation of several 
genes of MMR, DNA replication, homologous recombination (HR), and cell 
growth inhibition [ 36 ]. Similarly, resveratrol modulates another set of genes up-
regulated in different cancers, namely mini-chromosome maintenance [ 46 ] genes 
family, that are recruited to sites of DNA replication and facilitate DNA replication 
via helicase activity [ 38 ,  39 ]. In one recent study, resveratrol was shown to possess 
an anti-MCM effect by inducing a signifi cant decrease in MCM2–MCM7 and 
MCM10 gene expression [ 36 ]. Interestingly, in the same study, the authors have 
found that resveratrol downregulated the expression of Rad51, BRCA1, and 
BRCA2 genes in MCF-7 breast cancer cells [ 36 ]. In contrast to this fi nding, study 
from our group has shown that resveratrol at lower concentrations (5–50 μmol/L) 
induces DNA damage in HNSCC cells but not in normal human epidermal kerati-
nocytes, and causes S-phase arrest together with induction of Brca1 and gamma-
H2AX foci in both in vitro and in vivo models [ 66 ]. This discrepancy may be due 
to the fact that effect of resveratrol in different systems depends upon the pheno-
type of cancer cells. It should be noted that BRCA1 plays an important role in the 
maintenance of genome stability, specifi cally through the HR pathway for double-
strand DNA repair [ 61 ]. The results from a study suggest that resveratrol reduces 
the expression of these targets, blocks DNA repair mechanisms, which in turn leads 
to cell death [ 36 ] .   

19.1.5.7    Resveratrol: Clinical Studies 

 According to the US National Institute of Health, at present, several clinical trials 
are being conducted assessing the potential effects of resveratrol alone or in com-
bination with other agents on human diseases, including cancer (  http://clinicaltrials.
gov    ). Most of these clinical studies are designed to assess the therapeutic effi cacy 
of resveratrol as an antioxidant, anti-hypertensive, anti-diabetic, anti-infl ammatory, 
cardiac problems, anti-erythema, metabolic syndrome, and anticancer agent [ 62 ]. 
Red wine rich in resveratrol, has long been thought to be benefi cial in preventing 
heart disease by increasing the levels of “good” cholesterol and protecting against 
artery damage. In one of the randomized double blinded placebo controlled studies, 
50 healthy adult smokers were given 500 mg −1  resveratrol or placebo for 30 days, 
followed by a wash-out period of 4 weeks to determine the effect of resveratrol on 
endothelial function. The investigators have reported that 4 weeks of resveratrol 
treatment, signifi cantly reduced triglyceride concentration and increased antioxi-
dant status [ 4 ]. In another study resveratrol was evaluated against systemic oxida-
tive stress, which revealed that it signifi cantly increases antioxidant properties [ 6 ]. 
Similarly, high level of resveratrol is shown to inhibit CYPs and interact with 
transporters which modify the CYPs-mediated metabolism [ 72 ]. In another ran-
domized control trial by De Groote et al., the investigator evaluated the change in 
the gene expression after resveratrol (150 mg/day for 28 days) ingestion. The 
results from this study have demonstrated that genes affected include antioxidants, 
infl ammatory, stress-response and those regulating cell growth [ 11 ]. Another 
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published study with colon cancer patients receiving either 500 or 1,000 mg of 
resveratrol has shown that it decreases the expression of Ki-67 proliferation marker. 
In contrary, another study with same dose of resveratrol did not exhibit any signifi -
cant difference [ 62 ]. In a study by Howells et al., hepatic cancer patients ( n  = 3 
receiving 5 g/day for 10–21 days) receiving resveratrol prior to surgery, have shown 
that apoptosis marker (cleaved caspase 3) was signifi cantly increased in malignant 
hepatic tissues; however, there was no effect in the hepatic tissue levels of IGF-1, 
Ki-67, phospho-Akt, phospho-GSK, GSK3, phospho-ERK, ERK, β-catenin, sur-
vivin, Bcl-1, Bax, or PARP [ 27 ]. There are many mechanisms and pathways which 
are proven to be regulated by resveratrol in both preclinical and clinical studies, and 
to summarize all of these studies is beyond the scope of this chapter.   

19.1.6     Conclusions and Prospect of Resveratrol in HNSCC 

 In HNSCC, the acute toxicity associated with conventional therapies is observed in 
30–40 % of cases, thereby preventing from timely completion of therapy, affecting 
overall survival rates of the patients [ 64 ]. The results from different studies have 
revealed that only 10–20 % of patients are benefi ted from single targeted therapies, 
and remaining exhibit intrinsic resistance, thereby, limiting their clinical use [ 13 , 
 31 ,  58 ]. Furthermore, >50 % of the head and neck patients undergoing surgical 
resection of primary tumors develop loco-regional recurrence, and the molecular 
genesis driving this phenomenon of secondary tumor development is largely 
unknown. Hence, from translational viewpoint, natural agents like resveratrol have 
demonstrated promising anti-tumor and cancer chemopreventive effi cacy against 
different malignancies included head and neck cancer, by exerting pleiotropic 
effects on different signaling pathways as summarized in Fig.  19.1 . Similarly, res-
veratrol is also shown to bind to DNA, inhibit DNA polymerase α/δ, modulate 
topoisomerase and telomerase activity, induce DNA damage, and alter DNA repair 
pathways (schematically shown in Fig.  19.1 ). Considering the importance of DNA 
repair mechanism in developing resistance to DNA damaging agents, often limiting 
the therapeutic effi cacy of chemotherapy agents, it is suggestive that resveratrol 
might help to overcome drug resistance, reduce drug toxicity, and enhance effi cacy 
when used in combination with other therapeutic agents. Furthermore, considering 
the selective toxicity to cancer cells, resveratrol might be a promising chemopreven-
tive agent in a wide-range of HNSCC patients including smokers, alcoholics and FA 
patients; however, this assumption needs rigorous pre-clinical followed by clinical 
studies before resveratrol could “really” be benefi cial to the identifi ed cancer patient 
population.       
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