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 Abstract: Cancer therapy through anticancer drugs and radiotherapy is associated with several side 

effects as well as tumor resistance to therapy. The genotoxic effects of chemotherapy and radiother-

apy may lead to genomic instability and increased risk of second cancers. Furthermore, some re-

sponses in the tumor may induce the exhaustion of antitumor immunity and increase the resistance 

of cancer cells to therapy. Administration of low-toxicity adjuvants to protect normal tissues and 

improve therapy efficacy is an intriguing strategy. Several studies have focused on natural-derived 

agents for improving the antitumor efficiency of radiotherapy, chemotherapy, and novel anticancer 

drugs such as immunotherapy and targeted cancer therapy. Resveratrol is a naturally occurring sub-

stance with intriguing antioxidant, cardioprotective, anti-diabetes, and antitumor properties. 

Resveratrol has been demonstrated to modulate tumor resistance and mitigate normal tissue toxicity 

following exposure to various drugs and ionizing radiation. Compelling data suggest that resveratrol 

may be an appealing adjuvant in combination with various anticancer modalities. Although the nat-

ural form of resveratrol has some limitations, such as low absorption in the intestine and low bioa-

vailability, several experiments have demonstrated that using certain carriers, such as nanoparticles, 

can increase the therapeutic efficacy of resveratrol in preclinical studies. This review highlights var-

ious effects of resveratrol that may be useful for cancer therapy. Consequently, we describe how 

resveratrol can protect normal tissue from genomic instability. In addition, the various mechanisms 

by which resveratrol exerts its antitumor effects are addressed. Moreover, the outcomes of combina-

tion therapy with resveratrol and other anticancer agents are reviewed. 
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1. INTRODUCTION 

Cancer is a complex disease that can be triggered by ge-

netic damage within cells. Due to exposure to clastogenic 

agents, such as radiation, normal cells typically undergo var-

ious mutations, including deletions, point mutations, and 

conversion [1]. These mutations are associated with various 

types of malignancies, such as gastrointestinal system  
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cancers, non-small cell lung carcinoma (NSCLC), hepatocel-

lular carcinoma, and breast cancer, among others [2, 3]. An-

ticancer treatment modalities, such as chemotherapy and 

radiotherapy, are associated with an increased risk of carcin-

ogenesis and recurrence of cancer years after the treatment 

course [4]. A high incidence of cancer among radiotherapy 

patients and survivors of the Chornobyl, Hiroshima, and Na-

gasaki nuclear disasters confirms the potent carcinogenic 

effect of ionizing radiation [5]. Similar results have been 

observed for chemotherapy drugs, such as doxorubicin, cis-

platin, mitomycin C, and other alkylating agents [6-8]. By 

inducing reactive oxygen species (ROS) production, DNA 

cross-linking, and inhibiting DNA repair pathways, these 
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drugs may induce DNA damage and damage to other orga-

nelles [9].  

Resistance to anticancer agents can be induced by muta-

tions and abnormal changes in the metabolism and function 

of malignant cells. The majority of cancer cells contain mu-

tated tumor suppressor genes. Furthermore, tumors provide 

some conditions that protect malignant cells from oxidative 

stress, hypoxia, and immune system attacks. Activating anti-

tumor immunity and tumor suppressor genes and inducing 

oxidative stress and cell death in cancer are appealing strate-

gies for circumventing tumor resistance. Using adjuvants to 

protect normal cells and enhance the efficacy of anticancer 

treatment can mitigate the side effects on normal tissues and 

sensitize tumors to anticancer drugs or radiotherapy. Certain 

antioxidants, such as vitamins, have reduced oxidative stress 

and normal tissue injury. However, there are some concerns 

regarding its protective effects against cancerous cells [10].  

Resveratrol is a natural antioxidant, anti-inflammatory, 

and anti-fibrosis agent that has been demonstrated to protect 

normal tissue and act as a tumor sensitizer [11]. It can en-

hance DNA repair mechanisms and antioxidant defenses in 

normal tissues; however, it may exacerbate oxidative stress 

and antitumor immunity in tumors [12, 13]. Resveratrol also 

possesses some advantageous properties. It can improve en-

dothelial function by modulation of reduction/oxidation re-

sponses and attenuating inflammatory responses [14]. The 

antioxidant effect of resveratrol can prevent apoptosis in 

endothelial cells [15]. These resveratrol properties can pro-

tect against cardiovascular diseases. The production of ROS 

by pro-oxidant enzymes may contribute to endothelial dam-

age and the progression of cardiovascular diseases. A high 

glucose level, such as in diabetic patients, can stimulate the 

production of ROS by NADPH oxidase and lead to the de-

velopment of pathological conditions such as fibrosis.  

Treatment with resveratrol decreases NADPH-oxidase-

induced ROS production and endothelial-to-mesenchymal 

transition (EndMT), thereby protecting against fibrosis [16]. 

Animal studies have confirmed the cardioprotective effects 

of resveratrol. According to reports, resveratrol can prevent 

atherosclerosis, ischemic heart disease, myocardial infarc-

tion, and heart failure [17]. Furthermore, resveratrol may 

protect against diabetic cardiomyopathy through protection 

against chronic oxidative stress and cell death [18].  

Resveratrol has also been demonstrated to prevent meta-

bolic diseases. Resveratrol has been reported to reduce the 

risk of certain metabolic diseases, including obesity and dia-

betes [19]. Several clinical trial studies evaluated the effi-

ciency and safety of resveratrol for patients with type 2 dia-

betes. Clinical trials indicate that resveratrol may improve 

insulin sensitivity and lower fasting glucose levels. Addi-

tionally, resveratrol has been shown to reduce oxidative 

stress markers in type 2 diabetes patients [20]. Preclinical 

and clinical trial studies have shown that administering some 

natural products, such as resveratrol, can lower the lipopro-

tein (a) level, potentially lowering the risk of cardiovascular 

disorders [21].  

The results of preclinical and clinical trial studies indi-

cate that antioxidant and immunomodulatory effects of 

resveratrol can protect healthy cells and tissues, reduce the 

risk of certain diseases, and alleviate the side effects of some 

diseases, including diabetes and COVID-19 [22-25]. These 

properties of resveratrol may also be beneficial in cancer 

treatment. This review aims to review resveratrol’s dual role 

in preventing carcinogenesis in normal tissues and boosting 

anticancer therapy.  

2. STRUCTURE AND GENERAL FUNCTION OF 

RESVERATROL 

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a poly-

phenol found in some herbal food such as grapes. This phe-

nolic compound can help protect herbs from microorgan-

isms, fungi, and bacteria. Due to its potent antioxidant prop-

erties, resveratrol is considered a valuable polyphenol [26]. 

(Fig. 1A). Although resveratrol cannot directly scavenge free 

radicals, it can remove ROS and nitric oxide (NO) by stimu-

lating intrinsic antioxidant defense enzymes and peptides 

[27]. The first beneficial effects of resveratrol were reported 

in 1982. According to one study, resveratrol may effectively 

protect against cardiac injury [28]. Several years later, 

resveratrol’s antitumor properties were evidenced. In 1997, 

an experiment demonstrated that resveratrol protected mice’s 

skin from tumorigenesis. Additionally, resveratrol has been 

demonstrated to prevent mutations and preneoplastic lesions. 

These results suggested that resveratrol may inhibit the 

growth of tumors in cells exposed to carcinogens [29].  

The antioxidant and anti-mutagen effects of resveratrol 

make it an effective compound in preventing human diseases 

[30]. However, additional research has demonstrated that 

resveratrol can inhibit tumor growth. As a result of this ef-

fect, resveratrol was considered a potential adjuvant in can-

cer therapy. Anticancer agents, such as alkylating agents and 

radiotherapy, are highly toxic to normal cells and tissues 

[31]. On the other hand, tumor cells can resist these anti-

cancer therapies due to mutations, upregulation of survival-

related genes, and immune system exhaustion [32]. Resvera-

trol exhibits a dual role in treating tumors and normal tis-

sues. It has been proposed to protect normal tissues from the 

toxic effects of ionizing radiation and chemotherapy medica-

tions [11]. Furthermore, it may modulate the immune system 

and induce multiple types of cell death in malignant cells 

[33].  

3. LIMITATIONS AND CHALLENGES FOR THE 

CLINICAL TRANSLATION OF RESVERATROL  

Due to the intriguing properties of resveratrol, several 

studies have been conducted to investigate resveratrol’s po-

tentially beneficial effects through clinical trials. Multiple 

clinical trials examined the toxicity and possible antitumor 

effects of resveratrol in cancer patients. While some studies 

reported benefits, others reported that resveratrol might 

cause toxicity or have no significant effect on tumor inhibi-

tion [12]. Thus, it appears there are limitations to the clinical 

translation of resveratrol. As a result, some of the limitations 
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of resveratrol must be addressed. To this end, safe resveratrol 

concentrations must be established for both healthy individ-

uals and those suffering from various types of cancer. Thus, 

it is necessary to elucidate the safety of resveratrol in pa-

tients with various types and grades of tumors. Drug distri-

bution varies between tissues. For instance, oral administra-

tion of resveratrol has been reported to accumulate higher 

concentrations in the liver and skin, while lower concentra-

tions are observed in the muscles and adipose tissue [34, 35]. 

On the other hand, different resveratrol structures have 
distinct absorption and distribution properties, which must be 
considered [36]. It has been reported that gastrointestinal 

system malignancies may receive a higher resveratrol con-
centration than other types of malignancies following oral 
administration of resveratrol [37]. Thus, gastrointestinal tu-
mors may require lower doses of resveratrol to be adminis-
tered orally. Additionally, this minimizes the risk of resvera-
trol toxicity in patients with these tumors.  

Another significant limitation of resveratrol is its insuffi-

cient absorption and bioavailability. Numerous studies have 

been conducted to increase the bioavailability and abruption 

of herbal-derived drugs, such as resveratrol. Chemical tags 

and nanocarriers are two of the most frequently used meth-

ods for resolving resveratrol-related issues [38]. Resveratrol 

can be encapsulated by nanocarriers, facilitating its absorp-

tion and cell penetration [39]. Various types of nanocarriers 

may be advantageous for this purpose. Liposomes, micelles, 

nanolipids, and nanogels are examples of encapsulated 

resveratrol particles that can be used to increase their bioa-

vailability. Other carriers, such as biodegradable fibers, bio-

degradable lipids, mesoporous silica nanoparticles, zinc-

pectinate microparticles, and galenic soluble formulations, 

have been proposed to increase resveratrol’s efficacy [40]. 

Fig. (1) illustrates the structure of several resveratrol carriers 

(Fig. 1). 

To date, no research has been conducted to determine the 

safety and antitumor activity of resveratrol nanoformulations 

in cancer patients. For the clinical translation of resveratrol, 

it is necessary to investigate the safety and bioavailability of 

the best carrier formulations and resveratrol structures. Alt-

hough some clinical trials have been conducted to determine 

the safety of resveratrol, most studies have only determined 

 

Fig. (1). The chemical structure of resveratrol and the structure of some carriers for its delivery. (A): Chemical structure of resveratrol; (B): 

Liposome comprising lipid bilayers and an aqueous space. Resveratrol can be located within an aqueous space; (C): Polymeric nanolipid 

exhibits a core-shell structure. Resveratrol can be loaded within a polymeric core covered by a lipid shell; (D): Mesoporous silica nanoparti-

cles contain cores that can be used to encapsulate drugs such as resveratrol; (E): Micelles consist of hydrophobic and hydrophilic tails. Mi-

celles enclose drugs such as resveratrol and increase absorption and circulation time; (F): Chitosan nanoparticles include biocompatible natu-

ral polysaccharides that can increase the accumulation of resveratrol within malignant cells. (A higher resolution / colour version of this fig-

ure is available in the electronic copy of the article). Aut
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its safety in healthy individuals. Nonetheless, new formula-

tions should be evaluated in patients with various types of 

tumors. Given that resveratrol has a variable distribution in 

different tissues, it is natural that different types and grades 

of tumors exhibit variable absorption. Tumor stiffness is a 

significant barrier to drug delivery, limiting the penetration 

of antitumor drugs into tumors. The use of nanocarriers may 

aid in the delivery of drugs, such as resveratrol, into tumors 

[41, 42].  

Toxicity of resveratrol for normal cells and tissues is an-

other significant barrier to its clinical translation. Although 

most studies have suggested that resveratrol has antioxidant 

properties, other experiments have confirmed its toxicity. 

Resveratrol appears to induce oxidative stress in several cell-

type-dependent concentrations [43]. Resveratrol may induce 

mitochondrial impairment and ROS production, leading to 

oxidative stress, DNA damage, and cell death [44]. Treat-

ment with resveratrol (2, 8, and 20 mg kg) has demonstrated 

considerable toxicity in mice’s spermatogenesis system. 

Intriguingly, the outcomes showed that resveratrol reduc-

es the number of sperms. In addition, the results suggested 

that resveratrol could inhibit the activity of superoxide dis-

mutase (SOD), catalase, and glutathione (GSH) [45]. Anoth-

er study confirmed that resveratrol (50 mg/kg) could induce 

apoptosis in the testis [46].  

Conversely, other studies have demonstrated that resvera-

trol protects spermatogenesis against the toxic effects of 

chemotherapy drugs (1 mg/kg for 4 weeks) and ionizing ra-

diation (100 mg/kg for 3 days) [47, 48]. These findings sug-

gest that although resveratrol may cause oxidative damage in 

certain organs, it can mitigate the toxicity of chemotherapy 

and radiotherapy. It has been suggested that low concentra-

tions of resveratrol can prevent the development of cancer in 

normal cells. However, greater concentrations may be toxic 

to cancer cells [49]. The toxicity of resveratrol should be 

investigated for various normal tissues. Furthermore, differ-

ences in resveratrol dosages and duration of treatment should 

be considered. 

4. MECHANISM OF GENOMIC STABILITY BY 

RESVERATROL  

As previously stated, normal cells exposed to ionizing 

radiation or anticancer drugs can induce ROS generation, 

DNA damage, cell death, and genomic instability. While cell 

toxicity in normal tissues can have both acute and delayed 

effects, carcinogenesis is a major concern, especially in 

chemotherapy and radiotherapy [50]. Protecting normal tis-

sues from genomic instability may help reduce the risk of 

cancer recurrence in cancer therapy patients [51]. Antioxi-

dants or an antioxidant-rich diet may be beneficial in allevi-

ating oxidative stress and normal tissue toxicity. However, 

concerns have been raised regarding the potential for tumor 

protection and diminished anticancer therapy efficacy. Thus, 

the adjuvant’s effect on both normal and tumor tissues must 

be considered. The dual effects of resveratrol make it an in-

triguing adjuvant for cancer therapy. It protects normal tis-

sues in numerous ways. This section describes how resvera-

trol protects against anticancer agents that induce genomic 

instability.  

4.1. Boosting DNA Repair Mechanisms in Normal Cells  

DNA damage underlies genomic instability [52]. Damage 

to DNA can result in DNA breaks, which can either induce 

cell cycle arrest and DNA repair or cell death [53]. Apopto-

sis is a critical regulator of genomic instability. However, 

some mutations may result in mutated cells evading apopto-

sis, resulting in survival and proliferation. The proliferation 

of mutated cells can lead to additional mutations, advancing 

mutated cells toward carcinogenesis [54]. Resveratrol has 

been shown to boost DNA repair following exposure of 

normal cells to genotoxic agents [55]. An experiment 

demonstrated that pre-and post-irradiation treatment with 

resveratrol enhanced DNA repair and decreased DNA dam-

age in human lymphocytes. Resveratrol exerted the greatest 

effect when cells were treated immediately or one hour after 

irradiation [56]. The precise mechanisms by which resvera-

trol enhances DNA repair following exposure of normal cells 

to ionizing radiation or highly toxic chemotherapy agents 

require further elucidation.  

4.2. Suppression of Pro-oxidant Mediators  

In addition to the direct production of ROS, anticancer 

agents may also induce the production of free radicals by 

cells. This effect of anticancer agents is known as ROS-

induced ROS phenomenon [57]. DNA damage may induce 

the generation of oxidized DNA. This molecule is detectable 

by inflammatory cells and stimulates the activity of pro-

oxidant enzymes [58]. Cell death through apoptosis, senes-

cence, and necrosis also stimulate proinflammatory cytokine 

production. The release of some cytokines such as IL-1, IL-

6, IL-18, IL-33, tumor necrosis factor (TNF)-α, and trans-

forming growth factor (TGF)-β can trigger the expression of 

pro-oxidant enzymes such as cyclooxygenase-2 (COX-2), 

inducible nitric oxide synthase (iNOS), nicotinamide adenine 

dinucleotide phosphate (NADPH) oxidases including 

NADPH oxidase (NOX)1, NOX2, and NOX4, and dual oxi-

dases (Duoxs) including Duox1 and Duox2 [59]. These ROS 

and nitric oxide (NO) generators are crucial mechanisms of 

DNA damage and genomic instability following radiothera-

py and chemotherapy. The release of the cytokines men-

tioned above may also activate pro-oxidants in adjacent cells 

and tissues. This is referred to as the bystander effect. The 

bystander effect is critical for DNA damage, genomic insta-

bility, and cancer incidence following radiotherapy [60].  

Resveratrol may protect normal cells from oxidative 

stress caused by endogenous ROS and NO generation. As 

stated previously, resveratrol improves DNA repair and re-

duces the oxidation of molecules and macromolecules, in-

cluding DNA. Protecting DNA from damage has been 

shown to reduce inflammation and redox responses [61]. 

Radiation has been shown to induce apoptosis and senes-

cence in bone marrow cells, resulting in the release of TGF-β 

and upregulation of TβR1. This pathway also can induce 

ROS generation via stimulating NOX1, NOX2, and NOX4 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”



Resveratrol in Cancer Therapy: From Stimulation of Genomic Stability Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX    5 

in bone marrow cells [62, 63]. Inhibiting TGF-β and 

NADPH oxidases, including NOX2 and NOX4, can decrease 

genomic instability markers, such as 8-hydroxy-2′-

deoxyguanosine (8-OH-dG) and unstable DNA damage such 

as micronuclei in the progeny of hematopoietic stem cells 

(HSCs) [64]. Resveratrol may be beneficial in targeting the 

TGF-β/TβR1/NOX2 and NOX4 pathways. Inhibiting this 

pathway in bone marrow cells may help prevent genomic 

instability following HSC exposure to genotoxic agents such 

as ionizing radiation and high-toxicity chemotherapy drugs. 

A study investigated the effect of resveratrol treatment on 

the long-term effects of ionizing radiation on HSCs; it re-

vealed that resveratrol could help prevent continuous ROS 

generation by inhibiting NOX4. In this study, mice received 

resveratrol (20 mg/kg) from 7 days prior to 30 days after 

whole-body irradiation with a lethal dose of ionizing radia-

tion. The results indicated that although ionizing radiation-

induced NOX4 stimulates senescence in HSCs, resveratrol 

can blunt the expression of senescence markers. Micronuclei 

reduction in peripheral lymphocytes confirmed that resvera-

trol protects bone marrow cells from oxidative stress induced 

by NOX4. Furthermore, treatment with resveratrol could 

improve survival by 40% [65].  

Resveratrol also may protect against chemotherapy-

induced redox responses. Certain chemotherapy drugs, in-

cluding doxorubicin, cisplatin, and cyclophosphamide, can 

generate ROS by disrupting mitochondrial function and acti-

vating pro-oxidant enzymes [66]. A study showed that treat-

ing human lymphocytes with different chemotherapy drugs, 

such as doxorubicin and bleomycin, induces intracellular 

ROS generation. However, co-treatment with resveratrol 

suppressed ROS generation [67]. Another study demonstrat-

ed that resveratrol significantly reduces oxidative stress and 

inflammation by inhibiting the inflammation/redox path-

ways. In this study, rats received resveratrol at a dose of 10 

mg/kg for three weeks before receiving cisplatin at 7 mg/kg. 

Experimental evaluation showed that resveratrol alleviated 

oxidative stress via suppressing inflammatory mediators and 

cytokines, including the nuclear factor of kappa B (NF-κB), 

IL-1β, IL-6, TNF-α, and reduced the activity of pro-oxidant 

enzymes COX-2, and iNOS in the ovary and uterus. Treat-

ment with resveratrol also decreased the level of malondial-

dehyde (MDA), an indicator of oxidative damage [68].  

4.3. Stimulation of the Antioxidant Defense System in 

Normal Cells/Tissues 

Stimulating the antioxidant defense system, including an-

tioxidant enzymes and peptides, is a key protective mecha-

nism of resveratrol against toxic agents [69]. The antioxidant 

defense system includes enzymes and peptides such as cata-

lase, SOD, GSH, glutathione peroxidase (GPx), and gluta-

thione reductase (GR). These peptides and enzymes scav-

enge free radicals in both mitochondria and cytoplasm [70]. 

Resveratrol has been shown to exert a modulatory effect on 

antioxidant defenses in response to radiation and chemother-

apy-induced oxidative stress [71]. Treatment with resveratrol 

can induce the activity of GPx, SOD, and catalase and re-

duces the level of MDA in normal tissues following expo-

sure to cisplatin [68]. A significant increase in the level of 

GSH and the activity of SOD can alleviate nephrotoxicity 

caused by cisplatin [72].  

Another study demonstrated resveratrol’s protective ef-

fect against doxorubicin-induced oxidative stress. This re-

search determined that resveratrol induces ROS scavenging 

in the heart by stimulating SOD and regulating calcium ion 

concentrations [73, 74]. It has been hypothesized that 

resveratrol stimulates these antioxidant peptides and en-

zymes by modulating forkhead box O-3 (FoxO3), nuclear 

factor erythroid factor 2-related factor 2 (Nrf2), and sirtuin 1 

(SIRT1) pathways [75-79].  

Similarly, resveratrol has been shown to improve antiox-

idant defenses against oxidative damage caused by ionizing 

radiation. Ionizing radiation directly damages cells, primarily 

through water radiolysis and ROS generation. Heavy produc-

tion of ROS by ionizing radiation can suppress the activity of 

antioxidant enzymes for an extended period after irradiation. 

Resveratrol may be beneficial in reversing the inhibition of 

antioxidant defenses following ionizing radiation exposure 

of normal cells/tissues. An experiment confirmed that pre-

treatment with 5 and 10 mg/kg for 30 consecutive days could 

induce the activity of SOD and catalase and reduce the level 

of MDA in rat lymphocytes after radiation exposure [80]. 

Another study by Zhang et al. showed that resveratrol could 

protect high radiosensitive intestinal crypts via inducing 

SOD2 and upregulation of SIRT1 [81]. The activation of 

antioxidant enzymes, such as SOD and GPx, has been shown 

to protect bone marrow cells from the genotoxic effects of 

ionizing radiation [82]. Additional experiments are required 

to elucidate the precise mechanisms and mechanisms of pro-

tection against the toxic effects of ionizing radiation and 

various types of chemotherapy agents in different tissues 

(Fig. 2).  

5. ANTITUMOR PROPERTIES OF RESVERATROL  

To date, numerous herbal-derived agents have demon-

strated antitumor activity. Resveratrol is one of the most po-

tent and well-known herbal anticancer agents. For the first 

time, resveratrol was shown to inhibit tumorigenesis in mice 

skin in a 1998 study. This study suggested that resveratrol 

can inhibit oxidative damage and the expression of cancer-

associated genes, such as c-fos and TGF-β1 [83]. Afterward, 

numerous studies were conducted to assess resveratrol’s po-

tential antitumor effects on various types of cancer. 

Additionally, several studies have attempted to explain 

how resveratrol targets tumors [84-86]. This section summa-

rizes the current knowledge regarding the mechanisms by 

which resveratrol exerts its antitumor effects. Moreover, we 

discuss recent studies demonstrating promising results when 

resveratrol is combined with other anticancer therapies.  

6. BOOSTING ANTITUMOR IMMUNITY  

The tumor microenvironment (TME) includes various 

cells and secretions that affect the response of the tumor to 

radiotherapy, chemotherapy, immunotherapy, and targeted 

cancer therapy drugs [87, 88]. Cells and secretions within 
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TME affect angiogenesis, metastasis, the metabolism of can-

cer cells, and antitumor immunity function. The most signif-

icant cells within TME are lymphocytes, natural killer (NK) 

cells, regulatory T cells (Tregs), myeloid-derived suppressor 

cells (MDSCs), dendritic cells (DCs), and macrophages, in-

cluding M1 and M2 cells. CD4+ and CD8+ T lymphocytes, 

NK cells, and M1 macrophages can release inflammatory 

cytokines and antitumor molecules among these cells. None-

theless, other cells can inhibit the function of these antitumor 

immune cells [89]. The most significant secretions of anti-

tumor immune cells are TNF-α, interferon (IFN)-γ, and spe-

cific molecules such as Granzyme B and perforin that can 

induce cancer cell lysis. Immunosuppressive cells, on the 

other hand, release immunosuppressive molecules such as 

TGF-β, IL-10, IL-4, and IL-13, as well as immune check-

point molecules, including programmed death-ligand 1 (PD-

L1) and cytotoxic T-lymphocyte associated protein 4 

(CTLA4), which inhibit the proliferation and activity of anti-

tumor cells [90].  

TME suppression is an intriguing strategy for combating 

tumor resistance to therapy. By inhibiting immunosuppres-

sive cells and secretions, antitumor immunity can be boost-

ed, resulting in the death of cancer cells [91]. Resveratrol can 

modulate immune system function within TME in favor of 

antitumor immunity. Research has proposed that resveratrol 

induces the release of IFN-γ by antitumor cells. An increase 

in the release of IFN-γ following treatment with resveratrol 

can stimulate the reprogramming of immunosuppressive M2 

macrophages to antitumor M1 macrophages [92]. It is self-

evident that a decrease in the number of M2 macrophages 

following resveratrol administration can reduce the release of 

immunosuppressive cytokines such as TGF-β, IL-10, IL-4, 

and IL-13. 

Furthermore, resveratrol can inhibit the release of IL-1 

and IL-6 by macrophages. Since these cytokines are in-

volved in tumor invasion and metastasis, resveratrol may 

inhibit tumor invasion by modulating macrophages [93]. 

Additionally, resveratrol has been shown to inhibit the infil-

tration and proliferation of other immunosuppressive cells, 

such as Tregs and MDSCs. Resveratrol treatment of mice 

with Lewis lung carcinoma reprograms MDSCs to myeloid 

cells, resulting in the activation and proliferation of CD8+ T 

cells [94]. Another study assessed the effect of resveratrol 

and its nanoformulation as N,O-carboxymethyl chitosan 

resveratrol nanoparticles (CMCS-Res nanoparticles) on the 

frequency of MDSCs in colon tumor-bearing mice. The re-

sults indicated that free resveratrol reduces the percentage of 

MDSCs from 20% to 15.88%. However, CMCS-Res nano-

particles have the potential to reduce MDSCs to 1%. Addi-

tionally, treatment with CMCS-Res nanoparticles may be 

more effective than treatment with free resveratrol in inhibit-

ing the growth of tumors. The results indicated that treatment 

with CMCS-Res nanoparticles improves the antitumor ac-

tivity of oxaliplatin. Although free resveratrol cannot signifi-

cantly reduce the number of MDSCs, the authors concluded 

that resveratrol nanoformulation is a potent inhibitor of 

MDSCs in colon tumors [95].  

Resveratrol inhibits Foxo3 expression and Treg prolifera-

tion, resulting in an increase in the release of antitumor cyto-

kines through CD8+ T lymphocytes [96]. CD4+CD25+ 

FoxP3+ Tregs are the predominant type found in tumors. 

Several additional studies have confirmed that resveratrol 

treatment can decrease the number of CD4+CD25+FoxP3+ 

Tregs in breast and melanoma tumor models [97, 98]. 

Resveratrol treatment of mice with hepatocellular carcinoma 

tumors inhibited the proliferation and recruitment of CD8 + 

CD122 + Tregs, another subfamily of immunosuppressive 

Tregs [99]. Resveratrol has been shown to inhibit positive 

cross-talk between malignant cells and macrophages by sup-

pressing macrophage inhibitory cytokine 1 expression (MIC-

1) [100]. Additionally, resveratrol promotes macrophage 

reprogramming to M1 macrophages, increasing the release 

of Th1 cytokines and suppressing the release of immunosup-

pressive and tumor-promoting cytokines [101].  

The activation of antitumor cells and attenuation of im-

munosuppressive cells enhance the production and concen-

tration of anticancer molecules within TME. The exhaustion 

of antitumor immunity, such as the inhibition of CD8+ T 

lymphocytes and NK cells, is associated with the accumula-

 

Fig. (2). Schematic diagram of the protective mechanisms of 

resveratrol against radiation/chemotherapy-induced normal tissue 

toxicity. It can reduce oxidative stress and DNA damage, thus re-

ducing cell death, inflammatory responses, and the release of cyto-

kines. The inhibition of proinflammatory and pro-fibrosis cytokines 

such as IL-1, IL-4, IL-13, TNF-α, and TGF-β may reduce the ex-

pression and activity of pro-oxidant enzymes such as NOX2, 

NOX4, iNOS, and COX-2. Furthermore, resveratrol can suppress 

the continuous production of superoxide by mitochondria. Resvera-

trol also can modulate redox reactions through the stimulation of 

antioxidant enzymes. These modulatory effects can attenuate oxida-

tive stress, DNA damage, and genomic instability, which may re-

duce the probability of cancer incidence. (A higher resolution / 

colour version of this figure is available in the electronic copy of 

the article). 
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tion of protumor, pro-angiogenesis, and metastasis-related 

molecules. Boosting antitumor immunity through resveratrol 

can reduce these molecules’ expression and enhance the 

concentration of tumor-suppressive molecules such as 

Granzyme B, perforin, TNF-α, IFN-γ, TNF-related apopto-

sis-inducing ligand (TRAIL), and Fas ligand (FasL). These 

molecules have the ability to induce cell death in cancer 

cells. Furthermore, increased release of inflammatory cyto-

kines, including TNF-α and IFN-γ, can boost the prolifera-

tion of CD4+ T cells to CD8+ T lymphocytes. Moreover, it 

has been demonstrated that resveratrol can stimulate NK cell 

proliferation by inducing the release of IL-12 [102] (Fig. 3). 

7. BOOSTING DNA DAMAGE IN CANCER CELLS  

Although low doses of resveratrol can enhance DNA re-

pair capacity in normal cells, multiple studies have demon-

strated that treatment with resveratrol may induce DNA 

damage in different cancer cells [103, 104]. This differential 

effect of resveratrol may be due to the difference in metabo-

lism and oxidative phosphorylation between cancer and 

normal cells. While resveratrol has been shown to increase 

the number of mitochondria in both normal and malignant 

cells, activating the antioxidant defense in normal cells can 

scavenge free radicals [105]. Furthermore, resveratrol may 

effectively stimulate damaged DNA repair, suppressing cell 

death in normal cells [106]. It has been reported that the 

treatment of cancer cells with resveratrol enhances oxidative 

phosphorylation in mitochondria, leading to the overproduc-

tion of ROS during cellular respiration. ROS generation can 

induce mitochondrial dysfunction in cancer cells, leading to 

chronic ROS generation and oxidative stress [107].  

Another significant distinction between cancer and nor-

mal cells is the expression and activity of DNA repair en-

zymes and tumor suppressor genes. Resveratrol treatment 

has been shown to stimulate p53 activity by inducing SIRT1 

[108]. A study found that activating SIRT1 following 

resveratrol treatment in mice increased DNA repair and de-

creased cell death in the intestine [81]. In contrast to normal 

cells, activation of p53 is a vital process for malignant cell 

suppression. Mutations in tumor suppressor genes, such as 

p53 or p21 render cancer cells resistant to apoptosis and oth-

er forms of cell death. Activating these proteins in malignant 

cells induces apoptosis and senescence [11, 109].  

Additional research has revealed that resveratrol inhibits 

the activity of DNA repair enzymes in malignant cells. Ac-

cording to one study, resveratrol treatment of MCF-7 breast 

cancer cells suppressed the expression of the homologous 

recombination (HR) pathway via downregulation of the 

MRN complex proteins (including MRE11-NBS1-RAD50) 

[110]. Another study demonstrated that resveratrol’s down-

regulation of RAD51 is critical for the sensitization of MCF-

7 cancer cells to cisplatin [111]. Resveratrol has been shown 

to inhibit RAD51 in Hela cancer (ovarian) stem cells, lead-

ing to the sensitization of these cells to apoptosis [112]. 

Resveratrol also improves the chemotherapy sensitivity of 

 

Fig. (3). Mechanisms of immune system stimulation against cancer by resveratrol. Exposure of cancer cells to anticancer drugs and radiation 

stimulates cell death. Immune cells can release immunosuppressive cytokines in response to apoptosis. Resveratrol can suppress the release 

of immunosuppressive cytokines by CAFs, Tregs, and M2 macrophages. On the other hand, it can stimulate the release of TNF-α and IFN-γ, 

which trigger the proliferation of NK cells and CD8+ T lymphocytes. Resveratrol also blunts the positive cross-talk between CAFs, MDSCs, 

Tregs, and M2 macrophages. These changes can improve the release of antitumor molecules by NK cells and CD8+ T lymphocytes, leading 

to tumor suppression. Furthermore, inhibition of immunosuppressive cytokines by resveratrol may reduce EMT, motility, invasion, and re-

sistance of cancer cells to antitumor immunity. (A higher resolution / colour version of this figure is available in the electronic copy of the 

article). 
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lung cancer cells via downregulation of X-ray Repair Cross-

Complement Group 1 (XRCC1) [113].  

It has been reported that inhibiting NF-κB plays a critical 

role in resveratrol’s ability to inhibit DNA repair pathways. 

Cancer cells express NF-κB at a higher level than normal 

cells. Suppression of NF-κB can render cancer cells more 

susceptible to apoptosis without causing significant toxicity 

to normal cells. Thus, inhibiting NF-κB may impair cancer 

cell DNA repair capacity without impeding DNA repair in 

normal cells [114]. A study confirmed that resveratrol sup-

presses NF-κB in glioblastoma cancer cells by downregulat-

ing O(6)-methylguanine-DNA-methyltransferase (MGMT), 

a key protein involved in DNA repair and drug resistance in 

glioblastoma cells [115].  

8. STIMULATION OF CANCER CELL DEATH 

PATHWAYS  

As previously stated, resveratrol may improve cancer cell 

redox responses and DNA damage. DNA damage plays a 

critical role in cell death regulation. While resveratrol’s in-

duction of DNA damage is critical for initiating cell death 

pathways, emerging evidence indicates that resveratrol can 

modulate multiple cell death pathways in cancer [33]. The 

regulation of molecule secretion within TMEs is critical for 

initiating cell death pathways. Cancer cells may upregulate 

the expression of survival-related genes in response to death 

signals, thereby suppressing apoptosis or other types of cell 

death. Apoptosis is the most well-known type of cell death in 

cancer therapy that can occur following DNA damage and an 

increase in the release of death signals such as TNF-α, IFN-

γ, FasL, and TRAIL. Apoptosis and cellular senescence can-

not be induced without p53. Nevertheless, mitotic catastro-

phes can occur in the absence of p53. Severe oxidative 

stress-induced damage to critical organelles and macromole-

cules may result in autophagic cell death, necrosis, and 

necroptosis [116].  

Resveratrol can regulate intercellular and intracellular 

mediators within TME and cancer cells. Activating NK cells 

and CD8+ T lymphocytes can improve the release of ROS, 

TNF-α, IFN-γ, FasL, and TRAIL [117, 118]. An increase in 

ROS release can enhance DNA damage and oxidative stress 

in the tumor. On the other hand, the release of TNF-α, IFN-γ, 

FasL, and TRAIL stimulates apoptosis by inducing the ex-

pression of caspases 8 and 9 in cancer cells. ROS generation 

and mitochondrial dysfunction following resveratrol treat-

ment can also induce ROS-induced ROS release in cancer 

cells, which may result in the mitochondrial apoptotic path-

way [119]. Apoptosis incidence depends on the expression 

and activity of several proapoptotic genes and mediators, 

including Bax, p53, and the phosphatase and tensin homolog 

(PTEN) [120].  

Certain cancer cell mutations promote multidrug re-

sistance by inhibiting these apoptotic mediators. The majori-

ty of cancer cells contain a mutated form of p53. In this state, 

p53 is inactive and unable to initiate apoptosis, preventing 

malignant cells from evading apoptosis [121]. Furthermore, 

the upregulation of some oncogenes can suppress the expres-

sion and activity of PTEN. Downregulation of PTEN leads 

to overexpression of phosphoinositide 3-kinase (PI3K)/Akt 

pathway, which causes upregulation of B-cell lymphoma 2 

(Bcl-2) and downregulation of Bax [122]. Resveratrol has 

been shown to reverse the suppressed expression of tumor 

suppressor genes, including p53 and PTEN. Resveratrol ac-

tivates p53 via Sirt1 and mono-methylation of p53 at lysine 

372 [123, 124]. Resveratrol can also reactivate PTEN in can-

cer cells via the modulation of epigenetics modulators. Up-

regulation of miR-17 and miR-21 plays a key role in inhibit-

ing PTEN in malignant cells. The inhibition of these miR-

NAs by resveratrol can upregulate the expression of PTEN, 

leading to the downregulation of anti-apoptosis genes such 

as PI3K, Akt, and Bcl-2 [125, 126]. 

Senescence can also be induced by stimulating redox re-

sponses and tumor suppressor genes. This type of cell death 

can occur due to DNA damage, chromosome shortening, 

activation of p53 and PTEN, or specific changes in the me-

tabolism of cells [127, 128]. Activation of p53 may stimulate 

the activity of p21, leading to cell cycle arrest. Resveratrol 

has been shown to stimulate p53/p21 and redox responses 

such as ROS production by NADPH oxidases [129]. Treat-

ment with resveratrol may induce mitotic catastrophe in can-

cer cells. According to some reports, the induction of mitotic 

catastrophe may occur in cells with higher resistance to 

apoptosis following resveratrol treatment [130]. Severe dam-

age to cells during oxidative stress may cause necrosis or 

necroptosis. The overproduction of antitumor cytokines, in-

cluding TNF-α, IFN-γ, and death signals such as FasL and 

TRAIL, plays a crucial role in the necroptosis of cancer cells 

[131, 132]. As resveratrol can boost antitumor immunity and 

release these molecules, it may stimulate necroptosis in ma-

lignant cells [33]. However, additional research is required to 

elucidate this issue (Fig. 4). 

Modulating cell death and tumor-promoting genes in 

cancer cells can improve antitumor immunity and inhibit 

angiogenesis and metastasis [133]. Resveratrol enhances the 

toxicity of death signals in cancer cells by modulating onco-

genes and survival-related genes. Certain oncogenes, such as 

C-Myc, promote resistance to antitumor agents. A study 

found that resveratrol could induce apoptosis and cell cycle 

arrest in human medulloblastoma cells by suppressing C-

Myc [134]. Inhibiting C-Myc expression in breast cancer 

cells can improve cancer cell lysis and induction of apoptosis 

in response to NK cell-released molecules [135].  

Resveratrol has been shown to suppress tumor growth, 

invasion, and metastasis by inhibiting C-Myc and inducing 

apoptosis [136, 137]. These experiments indicated that 

resveratrol’s activation of PTEN and suppression of PI3K 

strongly correlate with its inhibitory effect on C-Myc. Addi-

tionally, it has been demonstrated that novel forms of 

resveratrol, such as resveratrol nanoemulsions and resvera-

trol-loaded gold nanoparticles, induce cell cycle arrest and 

cell death in pancreatic cancer cells. These effects are asso-

ciated with increased expression of cell cycle arrest markers 

such as cyclin A and B, cyclin-dependent kinase (CDK) 1 

and 2, and increased p53 and p21 expression.  
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9. ANTI-ANGIOGENESIS ACTIVITY OF RESVERA-

TROL  

Hypoxia and angiogenesis are the key regulators of tu-

mor resistance to different therapy modalities. Hypoxia-

inducible factor (HIF) family proteins are responsible for 

initiating biological signaling pathways at low oxygen con-

centrations. These proteins can be degraded when exposed to 

oxygen. However, inhibition of prolyl hydroxylase domain 

(PHD) proteins stabilizes HIF proteins under hypoxia condi-

tions [138]. HIF-1α is the most significant subfamily of HIF 

proteins. It can induce angiogenesis by modulating the ex-

pression of several pro-angiogenesis mediators, including 

vascular endothelial growth factor (VEGF) and angiopoietins 

(including Ang-1 and Ang-2). HIF-1α also can stimulate the 

release of several angiogenesis-related factors such as stro-

mal cell-derived factor-1 (SDF-1), platelet-derived growth 

factor (PDGF), and matrix metalloproteinases (MMPs), in-

cluding MMP-2 and MMP-9. These factors can trigger the 

proliferation of endothelial cells and the formation of new 

vessels and microvessels.  

Resveratrol has been shown to suppress several pro-

angiogenesis mediators, thus inhibiting tumor growth. 

Resveratrol can inhibit HIF-1α directly. According to one 

study, the inhibition of HIF-1 in Panc-1 and Mia Paca-2 cells 

(pancreatic cancer cells) was associated with the suppression 

of VEGF and SDF-1. These factors mediate the invasion of 

prostate cancer cells. Thus, resveratrol’s inhibition of HIF-1 

and its downstream genes, such as VEGF and SDF-1, may 

inhibit prostate cancer cells’ invasive properties [139].  

The inhibition of the HIF-1/VEGF axis by resveratrol has 

also been revealed in an in vivo study. In one experiment, 

mice bearing MCF-7 and MDA-MB-231 breast tumors were 

treated with resveratrol (20 mg/kg), and the expression of 

HIF-1/VEGF was subsequently examined. The results indi-

cated that resveratrol inhibited HIF-1/VEGF, suppressing 

microvessel markers and tumor growth [140]. Another angi-

ogenesis pathway that resveratrol can target is fibroblast 

growth factor 2 (FGF2). FGF2 is a subfamily of FGF that 

can induce VEGF in endothelial cells [141]. Resveratrol ad-

ministration to mice with fibrosarcoma inhibits angiogenesis 

by impeding the proliferation of endothelial cells mediated 

by FGF receptors [142]. Resveratrol has been suggested to 

induce apoptosis in endothelial cells by downregulating 

antiapoptotic genes such as c-IAP1, c-IAP2, and XIAP 

[143].  

Another key mechanism of angiogenesis suppression 

through resveratrol is inhibiting tumor-promoting cells. The 

reprogramming of macrophages to M1 macrophages and the 

inhibition of the release of some cytokines such as IL-1 and 

IL-6 can reduce the expression and phosphorylation of pro-

 

Fig. (4). Mechanisms of cell death amplification through resveratrol. Resveratrol induces the release of death molecules, such as FasL, 

TRAIL, and TNF-α. It also reduces the release of some growth factors, such as TGF-β. Increased release of death signals leads to the activity 

of initiator caspases such as caspases 8 and 10. These enzymes induce apoptosis via both extrinsic and mitochondrial pathways. Resveratrol 

can stimulate ROS generation by mitochondria, leading to DNA damage and cell death. DNA damage can also trigger the expression of p53 

and Bax, leading to apoptosis. Activation of p53 can trigger both apoptosis and senescence signaling pathways. Resveratrol can suppress 

several survival-related proteins, such as PI3K, STAT3, miR-21, and NF-κB. An increase in the activity of tumor suppressor genes, stimula-

tion of redox responses, and the inhibition of survival-related proteins lead to cell death through various pathways, such as mitotic catastro-

phe, apoptosis, and senescence, among others. (A higher resolution / colour version of this figure is available in the electronic copy of the 

article). 
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angiogenesis mediators such as signal transducers and acti-

vators of transcription 3 (STAT3) and VEGF [144]. Resvera-

trol can suppress other pro-angiogenesis cells, such as 

Th17/Tregs and CAFs [145]. Furthermore, it can attenuate 

the release of some cytokines, such as TGF-β [146], which 

promote angiogenesis and tumor growth [147]. However, 

additional research is required to explicate the complete and 

precise mechanisms by which resveratrol inhibits angiogene-

sis via modulation of the tumor immune microenvironment.  

In addition to the modulation of cytokines and other se-

cretions, resveratrol can suppress angiogenesis through the 

modulation of the expression of several genes and proteins in 

cancer cells. The induction of apoptosis partly mediates 

resveratrol’s ability to inhibit angiogenesis. Resveratrol im-

pedes endothelial cell tube formation and angiogenesis pro-

gression in vitro [148]. Resveratrol has been shown to stimu-

late apoptosis in vascular endothelial cells by inhibiting 

VEGF and several other pro-angiogenesis genes, such as 

thrombospondin-1 (TSP1). Resveratrol exerts this effect by 

activating p53 and suppressing HIF-1 [149].  

Several experimental studies evaluated the anti-angio- 

genesis properties of nano-formed resveratrol. As previously 

stated, nanoforms of resveratrol may be more effective at 

penetrating tumor and cancer cells than the bulk form of 

resveratrol. The experiment examined the effect of nanogold 

loaded with resveratrol on the expression of angiogenesis 

genes in hepatocellular carcinoma cells in vitro and in vivo. 

This experiment established that treatment with nanogold 

loaded with resveratrol results in increased resveratrol con-

centrations within cancer cells. Nano-gold loaded with 

resveratrol has been shown to significantly suppress tumor 

growth by inhibiting VEGF in the tumor. Moreover, addi-

tional examinations revealed no evidence of toxicity to criti-

cal organs [150].  

10. RESVERATROL AS AN ADJUVANT IN CANCER 

THERAPY 

As resveratrol can modulate multiple tumor properties, 

such as multidrug resistance, antitumor immunity, angiogen-

esis, cell death pathways, and redox metabolism, it may im-

prove the therapeutic efficacy of anticancer treatment modal-

ities. This section summarizes the findings of experimental 

studies examining resveratrol’s potential as a sensitizer for 

anticancer agents.  

11. RESVERATROL COMBINED WITH RADIO-

THERAPY  

Ionizing radiation kills cancer cells by inducing the gen-

eration of free radicals and direct interactions with DNA and 

other macromolecules. While ionizing radiation can cause 

significant damage to cancer cells, these cells may contain 

mechanisms that increase their resistance to radiotherapy. 

For example, the upregulation of immune checkpoints can 

exhaust antitumor immunity. In addition, radiation-induced 

mutations in the tumor may promote angiogenesis, metasta-

sis, and downregulation of cell death signaling pathways. 

Resveratrol has been demonstrated to sensitize cancer cells 

to ionizing radiation by modulating multiple pathways and 

mediators. As resveratrol can boost antitumor immunity, it 

may prevent the exhaustion of NK cells and CD8+ T lym-

phocytes following radiotherapy [151]. 

On the other hand, resveratrol can reduce resistance to 

ionizing radiation by modulating several cell death path-

ways. The inhibition of STAT3 and NF-κB in cancer cells 

following treatment with resveratrol reduces the expression 

of anti-apoptosis genes such as Bcl-2, thus enhancing mito-

chondrial apoptosis following exposure to ionizing radiation 

[152, 153]. Due to the release of proinflammatory cytokines 

and upregulation of Akt, exposure of cancer cells to anti-

cancer drugs and radiotherapy improves the expression and 

activity of STAT3 and NF-κB [154].  

Induction of PTEN and Sirt1 also contributes to radia-

tion-resistant apoptosis in cancer cells. Exposure of tumors 

to radiation can stimulate the release of some growth factors, 

such as epidermal growth factor receptor (EGFR) and TGF-

β, which induce the activity and expression of PI3K/Akt pro-

teins. Thus, inhibiting this pathway may be promising for 

decreasing cancer cells’ resistance to radiotherapy. Resvera-

trol treatment of breast and prostate cancer cells has shown 

that it can increase their radiosensitivity by inhibiting the 

PI3K pathway [155, 156]. Another mechanism by which 

resveratrol acts as a radiosensitizer is the activation of p53. 

As previously stated, most cancers exhibit low p53 expres-

sion and activity levels. Low p53 activity has been linked to 

resistance to ionizing radiation. An experiment demonstrated 

that low p53 and p21 activity plays a crucial role in PC-3 

prostate cancer cells’ resistance to apoptosis and senescence 

after exposure to ionizing radiation. However, when cancer 

cells were treated with resveratrol, activating p53 and p21 

promoted apoptosis and senescence [156].  

12. RESVERATROL COMBINED WITH CHEMO-

THERAPY  

Multiple chemotherapeutic drugs act on cancer cells via 

distinct mechanisms. However, most conventional chemo-

therapy agents, including cisplatin, doxorubicin, 5-fluoroura- 

cil (5-FU), and bleomycin, can induce apoptosis in cancer 

cells by impairing DNA repair and increasing ROS genera-

tion. Cancer cells can induce several mechanisms following 

chemotherapy treatment that increase their resistance to 

apoptosis. To this end, cancer cells may undergo several 

mutations and changes, such as epithelial-mesenchymal tran-

sition (EMT) and upregulation of some anti-apoptosis genes, 

such as PI3K and STAT3. Additionally, tumors may develop 

tolerogenic responses to deplete antitumor immunity [157].  

Resveratrol may act synergistically with certain chemo-

therapy drugs. Certain evidence suggests that resveratrol 

may induce cell cycle arrest when combined with chemo-

therapy drugs, inhibiting cancer cell proliferation. Two inde-

pendent studies have shown that resveratrol decreases the 

proliferation of H22 cells (murine hepatic carcinoma cells), 

TE-1, and A431 (skin cancer cells) in combination with 5-

FU via inducing S-phase arrest [158, 159].  
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Komina et al. conducted an experiment to examine the 

synergic effect of resveratrol on cell cycle arrest in human 

leukemia HL-60 cells following treatment with a combina-

tion of resveratrol and roscovitine (a CDK inhibitor). The 

results indicated that pretreatment with resveratrol and ros-

covitine decreased the frequency of cells in the S and G2/M 

phases while significantly increasing the number of arrested 

cells in the G1 phase (up to 80%). Additionally, the results 

indicated a synergic increase in the incidence of apoptosis 

[160]. Resveratrol has been shown to play a critical role in 

cell cycle arrest and apoptosis by modulating miR-122-5p. 

MiR-122-5p functions as an oncosuppressor in various can-

cers, including breast cancer [161]. Upregulation of miR-

122-5p by resveratrol leads to the inhibition of CDKs such as 

CDK2, CDK4, and CDK6, causing cell cycle arrest. Moreo-

ver, it can inhibit Bcl-2, thereby inducing apoptosis in ma-

lignant cells [162].  

It appears that activation and phosphorylation of p53 are 

critical for apoptosis and cell cycle arrest. It has been report-

ed that phosphorylating p53 at Serin-20 following resveratrol 

treatment of MCF-7 cells reduces cisplatin resistance by in-

ducing apoptosis and increasing the Bax/Bcl-2 ratio [163]. 

Resveratrol activates several kinases, including AMP-

activated protein kinase (AMPK), which results in the phos-

phorylation and activation of p53. Resveratrol-induced 

AMPK activation may also sensitize HT-29 colon cancer 

cells to etoposide [164].  

Additionally, the upregulation of certain oncogenes and 

antiapoptotic mediators such as PI3K and NF-κB increases 

cancer resistance to chemotherapy. Anti-apoptosis mediators 

can inhibit EMT and sensitize cancer cells to chemotherapy. 

The study investigated the chemosensitization effect of 

resveratrol on Adriamycin‐resistant MCF-7 and MDA‐MB‐

231 cells. Cancer cells were treated with both doxorubicin 

and resveratrol. Results showed that resveratrol could ame-

liorate EMT by inhibiting NF-κB and activating Sirt1. This 

pathway’s inhibition also increased apoptosis induction in 

cancer cells [165]. Another study showed that the inhibition 

of the PI3K pathway is involved in the chemosensitization of 

MCF-7 breast cancer cells. Results indicated that reducing 

PI3K/Akt expression following treatment with resveratrol 

enhances apoptosis and reduces resistance to doxorubicin 

[166].  

Chemotherapy may stimulate cancer cells’ stemness and 

induce cancer stem cells’ survival (CSCs). Several limited 

studies have been conducted to determine the effect of 

resveratrol in combination with chemotherapy on CSC sur-

vival and resistance. A study evaluated the effect of resvera-

trol and gemcitabine on pancreatic cancers, including Mi-

aPaCa-2 and Panc-1, in vitro and in vivo. The results indicat-

ed that treatment with gemcitabine alone was associated with 

increased expression of cancer stemness markers, including 

SRY-Box transcription factor 2 (SOX2), octamer-binding 

transcription factor 4 (Oct4), and Nanog. Furthermore, gem-

citabine induced the expression of sterol regulatory element-

binding protein 1 (SREBP1), a key regulator of cancer stem-

ness. Results showed that CSCs highly resist apoptosis fol-

lowing treatment with gemcitabine. However, inhibition of 

SREBP1 reduced the stemness of cancer cells and increased 

apoptosis following the administration of gemcitabine. 

Intriguingly, resveratrol reversed the increased expres-

sion of SREBP1 following gemcitabine treatment, resulting 

in increased apoptosis and a significant decrease in cancer 

cell viability [167]. Another study showed that resveratrol 

sensitized CD133+ LoVo (human colon cancer) cells to 5-

FU. These cells were resistant to 5-FU compared to other 

differentiated cancer cells. However, resveratrol could in-

duce the expression of Bax in CSCs, leading to the stimula-

tion and enhancement of apoptosis [168].  

Resveratrol may enhance the antitumor effects of chemo-

therapy drugs by inhibiting angiogenesis when combined 

with chemotherapy. A synergic anti-angiogenesis effect of 

resveratrol and doxorubicin was demonstrated in an experi-

ment. The study established the inhibitory effect of resvera-

trol at various concentrations and doxorubicin on the for-

mation of new vessels and endothelial cell proliferation. Re-

sults also showed resveratrol’s dose-dependent and synergic 

effect on suppressing angiogenesis [169]. The synergic anti-

angiogenesis effect of resveratrol combined with gemcita-

bine and 5-FU has been demonstrated. These combinations 

reveal that resveratrol enhances chemotherapy drug-induced 

angiogenesis suppression by inhibiting COX-2, VEGF, and 

microvessel density [170, 171].  

13. RESVERATROL COMBINED WITH TARGETED 

CANCER THERAPY  

Some molecules within the tumor can attenuate tumor 

growth by inhibiting angiogenesis or proliferation of malig-

nant cells. Herceptin is a well-known antitumor drug that has 

been shown to suppress the proliferation of HER2+ breast 

cancer cells. Receptor tyrosine kinase inhibitors (RTKIs) are 

intriguing drugs that can suppress tumor growth by inhibit-

ing several signal transduction pathways involved in cancer 

cell growth. The inhibition of tyrosine kinases by RTKIs can 

facilitate apoptosis via the downregulation of anti-apoptosis 

genes such as PI3K and Akt [172]. Downregulation of EGFR 

and its downstream can reduce the expression of Bcl-2. Alt-

hough ROS generation is not a key antitumor mechanism for 

RTKIs, some drugs, such as gefitinib, may stimulate ROS 

generation [173]. Since resveratrol can increase ROS pro-

duction and modulate several other antitumor mechanisms, 

the combination of resveratrol and RTKIs may increase the 

efficacy of anticancer therapy.  

A study showed a synergic effect of resveratrol and ge-

fitinib on NSCLC cells. Gefitinib can suppress proliferation 

and cancer cells and induce apoptosis by inhibiting EGFR. 

The results indicated that gefitinib could induce apoptosis in 

cancer cells. However, when cells were treated with both 

resveratrol and gefitinib, cancer cells underwent different 

types of cell death. Resveratrol improved the induction of 

apoptosis by inducing the activity of p53. Furthermore, this 

combination amplified G2/M arrest and senescence in cancer 

cells [174]. Another study showed a synergic effect of erlo-

tinib (EGFR inhibitor) on NSCLC, including A549, H460, 

H1975, and PC-9 cells. The results revealed that resveratrol 
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enhanced erlotinib’s antitumor effect by inducing ROS and 

activating proapoptotic mediators such as p53 and PUMA. 

In addition, a reduction in anti-apoptosis gene regulation, 

including survivin and Mcl-1, was observed [175]. A study 

investigated the antitumor effect of resveratrol and Herceptin 

in double-negative breast cancer cells, including T47D and 

MCF-7 cells. The findings suggested that this combination 

was more toxic to cancer cells than Herceptin alone. Fur-

thermore, this combination caused significant induction of 

cell cycle arrest at the G2/M phase [176]. Nonetheless, addi-

tional research, particularly in vivo, is required to determine 

the synergic effect of resveratrol and RTKI in various tumor 

models.  

14. RESVERATROL AND IMMUNE CHECKPOINTS  

Immunotherapy aims to suppress tumor growth by im-

proving the immune system’s function. The most promising 

anticancer immunotherapy drugs are immune checkpoint 

inhibitors (ICIs). ICIs include antibodies and drugs that in-

hibit the expression of immune checkpoints such as CTLA4, 

PD-L1, programmed death 1 (PD-1), T cell immunoreceptor 

to Ig and ITIM domains (TIGIT), and others [177]. The PD-

L1/PD-1 axis is the most well-characterized target for ICIs 

[178]. ICIs boost antitumor immunity, which leads to the 

release of antitumor cytokines, including IFN-γ and TNF-α. 

IFN-γ can stimulate the release of PD-L1 by cancer cells and 

other immune cells such as Tregs and DCs. Chronic release 

of IFN-γ is associated with the upregulation of PD-1 by anti-

tumor immune cells, leading to the exhaustion of NK cells 

and cytotoxic CD8+ T lymphocytes [179]. Thus, inhibiting 

the PD-L1/PD-1 axis using other adjuvants can prolong anti-

tumor immunity, enhancing therapeutic efficiency [180, 181].  

Resveratrol has also been shown to target the PD-L1/PD-

1 axis. Verdura et al. recently examined the modulatory ef-

fect of resveratrol (100 μM) on PD-L1 expression. They ob-

served that resveratrol could inhibit glyco-PD-L1-processing 

enzymes directly in the JIMT-1 cell line (HER2+ and PD-L1 

overexpressed breast cancer cells). The results showed that 

resveratrol disrupted N-glycan branching, which caused the 

dimerization of PD-L1. Resveratrol’s effect disrupted PD-L1 

stability and localization, impairing its engagement with PD-

1 in T cells [182]. In contrast to this study, other experiments 

have shown that treatment with different concentrations of 

resveratrol causes upregulation of PD-L1 in the breast (fol-

lowing treatment with 5-20 μM), lung, and colorectal cancer 

cells (1-30 μM) [183, 184]. This aspect of resveratrol’s ac-

tion appears to require further investigation. These findings 

indicate that lower resveratrol concentrations may induce 

PD-L1 expression, whereas higher concentrations cause sup-

pression. Additionally, the combination of ICIs and resveratrol 

should be evaluated independently for each type of tumor.  

The PD-L1/PD-1 axis is recognized as a key mechanism 

of NK cell and CD8+ T lymphocyte exhaustion. In addition 

to the modulation of PD-L1 in cancer cells, resveratrol has 

been shown to inhibit the expression of PD-1 by CD4+ and 

CD8+ T lymphocytes [101]. Both PD-L1 and PD-1 are inter-

esting targets for immunotherapy [185]. Inhibiting both can 

significantly enhance antitumor immunity [186]. Dual sup-

pression of PD-L1 and PD-1 by resveratrol at appropriate 

concentrations may be an intriguing mechanism of resvera-

trol to stimulate the immune system when combined with 

other anticancer modalities such as immunotherapy and ra-

diotherapy.  

15. RESVERATROL COMBINED WITH HYPER-

THERMIA  

Hyperthermia is an anticancer modality that utilizes tem-

peratures above the physiologically optimal level. Using a 

temperature range of 40-45 °C can result in the denaturation 

of enzymes and proteins within cancer cells, inducing vari-

ous types of cell death [187]. Typically, hyperthermia is rec-

ommended in combination with chemotherapy and radio-

therapy as an adjuvant therapy modality. However, using 

additional adjuvants, such as nanoparticles and herbal-

derived agents, appears to improve hyperthermia’s antitumor 

efficacy [188, 189]. The study examined how resveratrol 

could act as a sensitizer when combined with hyperthermia. 

The results showed that hyperthermia alone could induce 

necrosis and apoptosis in MCF-7 breast cancer cells. Treat-

ment of MCF-7 cells with resveratrol prior to hyperthermia 

resulted in a potent 80% inhibition of cell viability. The re-

sults also revealed a significant synergic effect of resveratrol 

on the expression of Bax, caspase-8, caspase-9, and caspase-

3. Additionally, cells treated with resveratrol prior to hyper-

thermia significantly reduced Bcl-2 gene expression. Moreo-

ver, the results suggested that when combined with hyper-

thermia, resveratrol may enhance necrosis and apoptosis 

[190].  

16. CLINICAL IMPLICATIONS  

Several epidemiological and clinical studies on the safety 

and efficacy of resveratrol in healthy individuals and cancer 

patients have been conducted to date. These studies suggest 

that resveratrol may be useful for preventing genomic insta-

bility and cancer and may be a promising candidate for en-

hancing the efficacy of anticancer therapy modalities. An 

epidemiological study investigated the risk of breast cancer 

among women with or without the dietary intake of resvera-

trol. This study enrolled 369 women on a resveratrol-

containing diet and 602 women as controls. The findings 

revealed a 50% reduction in the risk of breast cancer in 

women who consumed grapes containing resveratrol over 

ten years [191]. This implies that resveratrol may reduce the 

risk of secondary cancer in patients undergoing radiation or 

chemotherapy for cancer. However, this issue requires clari-

fication in future clinical trials.  

Several limited clinical trials have been conducted to de-

termine resveratrol’s safety in cancer patients. A clinical 

study showed that administration of 5 g resveratrol/day for 

14 days was associated with no significant side effects for 

patients with colorectal cancer [192]. In comparison, another 

clinical research found nephrotoxicity when resveratrol (5 

g/day for three weeks) was administered in combination with 

chemotherapy to patients with multiple myeloma [193]. Alt-
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hough nephrotoxicity due to chemotherapy was observed in 

this study, additional research is required to determine the 

safety of resveratrol alone or in combination with other anti-

cancer drugs. These two clinical studies suggest that consid-

eration should be given to the toxicity of other chemotherapy 

drugs that may impair the function of normal tissues when 

resveratrol is administered. Furthermore, administering 

resveratrol to patients undergoing radiotherapy, hyperther-

mia, or drugs with low kidney toxicity, such as ICIs and 

RTKIs, may be an intriguing approach.  

CONCLUSION 

According to this review, resveratrol may be used as an 

adjuvant in various cancer treatment modalities. The dual 

action of resveratrol on normal and tumor tissues is unique 

and intriguing. Resveratrol has been shown to reduce oxida-

tive stress, DNA damage, cell death, and the release of sev-

eral cytokines associated with the progression of chemo/ 

radiotherapy side effects. The main protective mechanisms 

of resveratrol include the inhibition of pro-oxidant enzymes, 

stimulation of DNA repair and antioxidant defense enzymes, 

and suppression of inflammatory mediators. Resveratrol can 

induce multiple cell death mechanisms in cancer by stimulat-

ing several mechanisms. Resveratrol also boosts the immune 

system, which leads to a reduction in the resistance of tu-

mors to therapy.  

The inhibition of M2 macrophages and Tregs can reduce 

the release of immunosuppressive cytokines such as IL-10, 

IL-4, IL-13, and TGF-β. The reduction of these cytokines 

can improve antitumor immunity. These cytokines’ inhibi-

tion in normal tissues can also ameliorate redox responses 

and suppress pro-oxidant enzymes. Resveratrol also can ac-

tivate tumor suppressor genes, including PTEN and p53. 

These enzymes can induce DNA repair and prevent genomic 

instability. Activating p53 and PTEN in normal cells can 

reduce the accumulation of unrepaired DNA, preventing 

genomic instability. However, activation of tumor suppressor 

genes in tumors can induce apoptosis and senescence in can-

cer cells. 

Resveratrol can also normalize the metabolism of cells 

via modulating mitochondria. In normal cells, it can prevent 

mitochondrial dysfunction; malignant cells may increase 

oxidative phosphorylation and ROS production. Overall, it 

appears resveratrol possesses intriguing properties for cancer 

therapy. However, it exhibits limitations in terms of clinical 

translation. Resveratrol’s low bioavailability is a significant 

issue. The development of nanocarriers may aid in increasing 

resveratrol’s bioavailability. Although preclinical studies 

have yielded intriguing results, additional clinical trials are 

necessary to determine the safe and effective doses for can-

cer patients. Resveratrol may also be absorbed in varying 

concentrations in tumors. This point should also be clarified 

in future clinical trials.  

LIST OF ABBREVIATION 

EndMT = Endothelial-to-mesenchymal transition  

GSH = Glutathione  

NSCLC = Non-small cell lung carcinoma  

ROS = Reactive oxygen species  

SOD = Superoxide dismutase  

CONSENT FOR PUBLICATION 

Not applicable. 

FUNDING 

None. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest, financial or 

otherwise. 

ACKNOWLEDGEMENTS 

This study was supported by Kermanshah University of 

Medical Sciences; Grant Number: 4000810  

REFERENCES  

[1] Kalimutho, M.; Nones, K.; Srihari, S.; Duijf, P.H.G.; Waddell, N.; 

Khanna, K.K. Patterns of genomic instability in breast cancer. 

Trends Pharmacol. Sci., 2019, 40(3), 198-211. 
 http://dx.doi.org/10.1016/j.tips.2019.01.005 PMID: 30736983 

[2] Tubbs, A.; Nussenzweig, A. Endogenous DNA damage as a source 

of genomic instability in cancer. Cell, 2017, 168(4), 644-656. 
 http://dx.doi.org/10.1016/j.cell.2017.01.002 PMID: 28187286 

[3] Yao, Y.; Dai, W. Genomic instability and cancer. J. Carcinog. 

Mutagen., 2014, 5, 5. 
 PMID: 25541596 

[4] Gorman, S.; Tosetto, M.; Lyng, F.; Howe, O.; Sheahan, K.; 

O’Donoghue, D.; Hyland, J.; Mulcahy, H.; O’Sullivan, J. Radiation 

and chemotherapy bystander effects induce early genomic instabil-

ity events: Telomere shortening and bridge formation coupled with 

mitochondrial dysfunction. Mutat. Res., 2009, 669(1-2), 131-138. 
 http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003 PMID: 19540247 

[5] Kamiya, K.; Ozasa, K.; Akiba, S.; Niwa, O.; Kodama, K.; Takamu-

ra, N.; Zaharieva, E.K.; Kimura, Y.; Wakeford, R. Long-term ef-
fects of radiation exposure on health. Lancet, 2015, 386(9992), 

469-478. 

 http://dx.doi.org/10.1016/S0140-6736(15)61167-9  
PMID: 26251392 

[6] Travis, L.B.; Rabkin, C.S.; Brown, L.M.; Allan, J.M.; Alter, B.P.; 

Ambrosone, C.B.; Begg, C.B.; Caporaso, N.; Chanock, S.; DeM-
ichele, A.; Figg, W.D.; Gospodarowicz, M.K.; Hall, E.J.; Hisada, 

M.; Inskip, P.; Kleinerman, R.; Little, J.B.; Malkin, D.; Ng, A.K.; 

Offit, K.; Pui, C.H.; Robison, L.L.; Rothman, N.; Shields, P.G.; 
Strong, L.; Taniguchi, T.; Tucker, M.A.; Greene, M.H. Cancer sur-

vivorship--genetic susceptibility and second primary cancers: Re-

search strategies and recommendations. J. Natl. Cancer Inst., 2006, 

98(1), 15-25. 

 http://dx.doi.org/10.1093/jnci/djj001 PMID: 16391368 

[7] Kawaguchi, T.; Matsumura, A.; Iuchi, K.; Ishikawa, S.; Maeda, H.; 
Fukai, S.; Komatsu, H.; Kawahara, M. Second primary cancers in 

patients with stage III non-small cell lung cancer successfully treat-
ed with chemo-radiotherapy. Jpn. J. Clin. Oncol., 2006, 36(1), 7-

11. 

 http://dx.doi.org/10.1093/jjco/hyi208 PMID: 16368713 
[8] Corkum, M.; Hayden, J.A.; Kephart, G.; Urquhart, R.; Schlievert, 

C.; Porter, G. Screening for new primary cancers in cancer survi-

vors compared to non-cancer controls: A systematic review and 
meta-analysis. J. Cancer Surviv., 2013, 7(3), 455-463. 

 http://dx.doi.org/10.1007/s11764-013-0278-6 PMID: 23645522 

[9] Srinivas, U.S.; Tan, B.W.Q.; Vellayappan, B.A.; Jeyasekharan, 
A.D. ROS and the DNA damage response in cancer. Redox Biol., 

2019, 25, 101084. 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1016/j.tips.2019.01.005
http://dx.doi.org/10.1016/j.tips.2019.01.005
http://dx.doi.org/10.1016/j.tips.2019.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30736983
http://dx.doi.org/10.1016/j.cell.2017.01.002
http://dx.doi.org/10.1016/j.cell.2017.01.002
http://dx.doi.org/10.1016/j.cell.2017.01.002
http://www.ncbi.nlm.nih.gov/pubmed/28187286
http://www.ncbi.nlm.nih.gov/pubmed/25541596
http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003
http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003
http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003
http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003
http://dx.doi.org/10.1016/j.mrfmmm.2009.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19540247
http://dx.doi.org/10.1016/S0140-6736(15)61167-9
http://dx.doi.org/10.1016/S0140-6736(15)61167-9
http://dx.doi.org/10.1016/S0140-6736(15)61167-9
http://www.ncbi.nlm.nih.gov/pubmed/26251392
http://dx.doi.org/10.1093/jnci/djj001
http://dx.doi.org/10.1093/jnci/djj001
http://dx.doi.org/10.1093/jnci/djj001
http://dx.doi.org/10.1093/jnci/djj001
http://www.ncbi.nlm.nih.gov/pubmed/16391368
http://dx.doi.org/10.1093/jjco/hyi208
http://dx.doi.org/10.1093/jjco/hyi208
http://dx.doi.org/10.1093/jjco/hyi208
http://dx.doi.org/10.1093/jjco/hyi208
http://www.ncbi.nlm.nih.gov/pubmed/16368713
http://dx.doi.org/10.1007/s11764-013-0278-6
http://dx.doi.org/10.1007/s11764-013-0278-6
http://dx.doi.org/10.1007/s11764-013-0278-6
http://dx.doi.org/10.1007/s11764-013-0278-6
http://www.ncbi.nlm.nih.gov/pubmed/23645522
http://dx.doi.org/10.1016/j.redox.2018.101084


14    Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX Amini et al. 

 

 http://dx.doi.org/10.1016/j.redox.2018.101084 PMID: 30612957 

[10] D’Andrea, G.M. Use of antioxidants during chemotherapy and 

radiotherapy should be avoided. CA Cancer J. Clin., 2005, 55(5), 
319-321. 

 http://dx.doi.org/10.3322/canjclin.55.5.319 PMID: 16166076 

[11] Mortezaee, K.; Najafi, M.; Farhood, B.; Ahmadi, A.; Shabeeb, D.; 
Musa, A.E. Resveratrol as an adjuvant for normal tissues protection 

and tumor sensitization. Curr. Cancer Drug Targets, 2020, 20(2), 

130-145. 
 http://dx.doi.org/10.2174/1568009619666191019143539 PMID: 

31738153 

[12] Ko, J.H.; Sethi, G.; Um, J.Y.; Shanmugam, M.K.; Arfuso, F.; Ku-
mar, A.P.; Bishayee, A.; Ahn, K.S. The role of resveratrol in cancer 

therapy. Int. J. Mol. Sci., 2017, 18(12), 2589. 

 http://dx.doi.org/10.3390/ijms18122589 PMID: 29194365 
[13] Jiang, Z.; Chen, K.; Cheng, L.; Yan, B.; Qian, W.; Cao, J.; Li, J.; 

Wu, E.; Ma, Q.; Yang, W. Resveratrol and cancer treatment: Up-

dates. Ann. N. Y. Acad. Sci., 2017, 1403(1), 59-69. 
 http://dx.doi.org/10.1111/nyas.13466 PMID: 28945938 

[14] Parsamanesh, N.; Asghari, A.; Sardari, S.; Tasbandi, A.; Jamialah-

madi, T.; Xu, S.; Sahebkar, A. Resveratrol and endothelial func-

tion: A literature review. Pharmacol. Res., 2021, 170, 105725. 

 http://dx.doi.org/10.1016/j.phrs.2021.105725 PMID: 34119624 

[15] Posadino, A.M.; Giordo, R.; Cossu, A.; Nasrallah, G.K.; Shaito, A.; 
Abou-Saleh, H.; Eid, A.H.; Pintus, G. Flavin oxidase-induced ros 

generation modulates PKC biphasic effect of resveratrol on endo-

thelial cell survival. Biomolecules, 2019, 9(6), 209. 
 http://dx.doi.org/10.3390/biom9060209 PMID: 31151226 

[16] Giordo, R.; Nasrallah, G.K.; Posadino, A.M.; Galimi, F.; 

Capobianco, G.; Eid, A.H.; Pintus, G. Resveratrol-elicited PKC in-
hibition counteracts NOX-mediated endothelial to mesenchymal 

transition in human retinal endothelial cells exposed to high glu-

cose. Antioxidants, 2021, 10(2), 224. 
 http://dx.doi.org/10.3390/antiox10020224 PMID: 33540918 

[17] Raj, P.; Thandapilly, S.J.; Wigle, J.; Zieroth, S.; Netticadan, T. A 

Comprehensive analysis of the efficacy of resveratrol in atheroscle-
rotic cardiovascular disease, myocardial infarction and heart fail-

ure. Molecules, 2021, 26(21), 6600. 

 http://dx.doi.org/10.3390/molecules26216600 PMID: 34771008 
[18] Bhagani, H.; Nasser, S.A.; Dakroub, A.; El-Yazbi, A.F.; Eid, A.A.; 

Kobeissy, F.; Pintus, G.; Eid, A.H. The mitochondria: A target of 

polyphenols in the treatment of diabetic cardiomyopathy. Int. J. 
Mol. Sci., 2020, 21(14), 4962. 

 http://dx.doi.org/10.3390/ijms21144962 PMID: 32674299 

[19] Ros, P.; Argente, J.; Chowen, J.A. Effects of maternal resveratrol 
intake on the metabolic health of the offspring. Int. J. Mol. Sci., 

2021, 22(9), 4792. 

 http://dx.doi.org/10.3390/ijms22094792 PMID: 33946456 
[20] Zhang, T.; He, Q.; Liu, Y.; Chen, Z.; Hu, H. Efficacy and safety of 

resveratrol supplements on blood lipid and blood glucose control in 

patients with type 2 diabetes: A systematic review and meta-
analysis of randomized controlled trials. Evid. Based Complement. 

Alternat. Med., 2021, 2021, 5644171. 
 http://dx.doi.org/10.1155/2021/5644171 PMID: 34484395 

[21] Momtazi-Borojeni, A.A.; Katsiki, N.; Pirro, M.; Banach, M.; Ra-

sadi, K.A.; Sahebkar, A. Dietary natural products as emerging lipo-
protein(a)‐lowering agents. J. Cell. Physiol., 2019, 234(8), 12581-

12594. 

 http://dx.doi.org/10.1002/jcp.28134 PMID: 30637725 

[22] Mirhadi, E.; Roufogalis, B.D.; Banach, M.; Barati, M.; Sahebkar, 

A. Resveratrol: Mechanistic and therapeutic perspectives in pulmo-

nary arterial hypertension. Pharmacol. Res., 2021, 163, 105287. 
 http://dx.doi.org/10.1016/j.phrs.2020.105287 PMID: 33157235 

[23] Giordo, R.; Wehbe, Z.; Posadino, A.M.; Erre, G.L.; Eid, A.H.; 

Mangoni, A.A.; Pintus, G. Disease-associated regulation of non-
coding RNAs by resveratrol: Molecular insights and therapeutic 

applications. Front. Cell Dev. Biol., 2022, 10, 894305. 

 http://dx.doi.org/10.3389/fcell.2022.894305 PMID: 35912113 
[24] Ramdani, L.H.; Bachari, K. Potential therapeutic effects of 

Resveratrol against SARS-CoV-2. Acta Virol., 2020, 64(3), 276-

280. 
 http://dx.doi.org/10.4149/av_2020_309 PMID: 32985211 

[25] van Brummelen, R.; van Brummelen, A.C. The potential role of 

resveratrol as supportive antiviral in treating conditions such as 

COVID-19 – A formulator’s perspective. Biomed. Pharmacother., 

2022, 148, 112767. 

 http://dx.doi.org/10.1016/j.biopha.2022.112767 PMID: 35240527 
[26] Brisdelli, F.; D’Andrea, G.; Bozzi, A. Resveratrol: A natural poly-

phenol with multiple chemopreventive properties. Curr. Drug 

Metab., 2009, 10(6), 530-546. 
 http://dx.doi.org/10.2174/138920009789375423 PMID: 19702538 

[27] Xia, N.; Daiber, A.; Förstermann, U.; Li, H. Antioxidant effects of 

resveratrol in the cardiovascular system. Br. J. Pharmacol., 2017, 
174(12), 1633-1646. 

 http://dx.doi.org/10.1111/bph.13492 PMID: 27058985 

[28] Arichi, H.; Kimura, Y.; Okuda, H.; Baba, K.; Kozawa, M.; Arichi, 
S. Effects of stilbene components of the roots of Polygonum cuspi-

datum Sieb. et Zucc. on lipid metabolism. Chem. Pharm. Bull. (To-

kyo), 1982, 30(5), 1766-1770. 
 http://dx.doi.org/10.1248/cpb.30.1766 PMID: 7116511 

[29] Jang, M.; Cai, L.; Udeani, G.O.; Slowing, K.V.; Thomas, C.F.; 

Beecher, C.W.W.; Fong, H.H.S.; Farnsworth, N.R.; Kinghorn, 
A.D.; Mehta, R.G.; Moon, R.C.; Pezzuto, J.M. Cancer chemopre-

ventive activity of resveratrol, a natural product derived from 

grapes. Science, 1997, 275(5297), 218-220. 

 http://dx.doi.org/10.1126/science.275.5297.218 PMID: 8985016 

[30] Halls, C.; Yu, O. Potential for metabolic engineering of resveratrol 

biosynthesis. Trends Biotechnol., 2008, 26(2), 77-81. 
 http://dx.doi.org/10.1016/j.tibtech.2007.11.002 PMID: 18191264 

[31] De Ruysscher, D.; Niedermann, G.; Burnet, N.G.; Siva, S.; Lee, 

A.W.; Hegi-Johnson, F. Radiotherapy toxicity. Nat. Rev. Dis. Pri-
mers, 2019, 5(1), 1-20. 

 PMID: 30617281 

[32] Mortezaee, K.; Majidpoor, J. The impact of hypoxia on immune 
state in cancer. Life Sci., 2021, 286, 120057. 

 http://dx.doi.org/10.1016/j.lfs.2021.120057 PMID: 34662552 

[33] Fu, X.; Li, M.; Tang, C.; Huang, Z.; Najafi, M. Targeting of cancer 
cell death mechanisms by resveratrol: A review. Apoptosis, 2021, 

26(11-12), 561-573. 

 http://dx.doi.org/10.1007/s10495-021-01689-7 PMID: 34561763 
[34] Andres-Lacueva, C.; Macarulla, M.T.; Rotches-Ribalta, M.; Boto-

Ordóñez, M.; Urpi-Sarda, M.; Rodríguez, V.M.; Portillo, M.P. Dis-

tribution of resveratrol metabolites in liver, adipose tissue, and 
skeletal muscle in rats fed different doses of this polyphenol. J. 

Agric. Food Chem., 2012, 60(19), 4833-4840. 

 http://dx.doi.org/10.1021/jf3001108 PMID: 22533982 
[35] Murakami, I.; Chaleckis, R.; Pluskal, T.; Ito, K.; Hori, K.; Ebe, M.; 

Yanagida, M.; Kondoh, H. Metabolism of skin-absorbed resvera-

trol into its glucuronized form in mouse skin. PLoS One, 2014, 
9(12), e115359. 

 http://dx.doi.org/10.1371/journal.pone.0115359 PMID: 25506824 

[36] Wang, S.; Wang, Z.; Yang, S.; Yin, T.; Zhang, Y.; Qin, Y.; 
Weinreb, R.N.; Sun, X. Tissue distribution of trans -resveratrol and 

its metabolites after oral administration in human eyes. J. Oph-

thalmol., 2017, 2017, 4052094. 
 http://dx.doi.org/10.1155/2017/4052094 PMID: 28409021 

[37] Singh, C.K.; Ndiaye, M.A.; Ahmad, N. Resveratrol and cancer: 
Challenges for clinical translation. Biochim. Biophys. Acta Mol. 

Basis Dis., 2015, 1852(6), 1178-1185. 

 http://dx.doi.org/10.1016/j.bbadis.2014.11.004 
[38] Ahmadi, Z.; Mohammadinejad, R.; Ashrafizadeh, M. Drug delivery 

systems for resveratrol, a non-flavonoid polyphenol: Emerging evi-

dence in last decades. J. Drug Deliv. Sci. Technol., 2019, 51, 591-

604. 

 http://dx.doi.org/10.1016/j.jddst.2019.03.017 

[39] Peng, R.M.; Lin, G.R.; Ting, Y.; Hu, J.Y. Oral delivery system 
enhanced the bioavailability of stilbenes: Resveratrol and pterostil-

bene. Biofactors, 2018, 44(1), 5-15. 

 http://dx.doi.org/10.1002/biof.1405 PMID: 29322567 
[40] Ren, B.; Kwah, M.X.Y.; Liu, C.; Ma, Z.; Shanmugam, M.K.; Ding, 

L.; Xiang, X.; Ho, P.C.L.; Wang, L.; Ong, P.S.; Goh, B.C. Resvera-

trol for cancer therapy: Challenges and future perspectives. Cancer 
Lett., 2021, 515, 63-72. 

 http://dx.doi.org/10.1016/j.canlet.2021.05.001 PMID: 34052324 

[41] Kong, S.M.; Costa, D.F.; Jagielska, A.; Van Vliet, K.J.; Hammond, 
P.T. Stiffness of targeted layer-by-layer nanoparticles impacts 

elimination half-life, tumor accumulation, and tumor penetration. 

Proc. Natl. Acad. Sci. USA, 2021, 118(42), e2104826118. 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1016/j.redox.2018.101084
http://www.ncbi.nlm.nih.gov/pubmed/30612957
http://dx.doi.org/10.3322/canjclin.55.5.319
http://dx.doi.org/10.3322/canjclin.55.5.319
http://dx.doi.org/10.3322/canjclin.55.5.319
http://www.ncbi.nlm.nih.gov/pubmed/16166076
http://dx.doi.org/10.2174/1568009619666191019143539
http://dx.doi.org/10.2174/1568009619666191019143539
http://dx.doi.org/10.2174/1568009619666191019143539
http://www.ncbi.nlm.nih.gov/pubmed/31738153
http://dx.doi.org/10.3390/ijms18122589
http://dx.doi.org/10.3390/ijms18122589
http://dx.doi.org/10.3390/ijms18122589
http://www.ncbi.nlm.nih.gov/pubmed/29194365
http://dx.doi.org/10.1111/nyas.13466
http://dx.doi.org/10.1111/nyas.13466
http://dx.doi.org/10.1111/nyas.13466
http://www.ncbi.nlm.nih.gov/pubmed/28945938
http://dx.doi.org/10.1016/j.phrs.2021.105725
http://dx.doi.org/10.1016/j.phrs.2021.105725
http://dx.doi.org/10.1016/j.phrs.2021.105725
http://www.ncbi.nlm.nih.gov/pubmed/34119624
http://dx.doi.org/10.3390/biom9060209
http://dx.doi.org/10.3390/biom9060209
http://dx.doi.org/10.3390/biom9060209
http://dx.doi.org/10.3390/biom9060209
http://www.ncbi.nlm.nih.gov/pubmed/31151226
http://dx.doi.org/10.3390/antiox10020224
http://dx.doi.org/10.3390/antiox10020224
http://dx.doi.org/10.3390/antiox10020224
http://dx.doi.org/10.3390/antiox10020224
http://dx.doi.org/10.3390/antiox10020224
http://www.ncbi.nlm.nih.gov/pubmed/33540918
http://dx.doi.org/10.3390/molecules26216600
http://dx.doi.org/10.3390/molecules26216600
http://dx.doi.org/10.3390/molecules26216600
http://dx.doi.org/10.3390/molecules26216600
http://dx.doi.org/10.3390/molecules26216600
http://www.ncbi.nlm.nih.gov/pubmed/34771008
http://dx.doi.org/10.3390/ijms21144962
http://dx.doi.org/10.3390/ijms21144962
http://dx.doi.org/10.3390/ijms21144962
http://www.ncbi.nlm.nih.gov/pubmed/32674299
http://dx.doi.org/10.3390/ijms22094792
http://dx.doi.org/10.3390/ijms22094792
http://dx.doi.org/10.3390/ijms22094792
http://www.ncbi.nlm.nih.gov/pubmed/33946456
http://dx.doi.org/10.1155/2021/5644171
http://dx.doi.org/10.1155/2021/5644171
http://dx.doi.org/10.1155/2021/5644171
http://dx.doi.org/10.1155/2021/5644171
http://dx.doi.org/10.1155/2021/5644171
http://www.ncbi.nlm.nih.gov/pubmed/34484395
http://dx.doi.org/10.1002/jcp.28134
http://dx.doi.org/10.1002/jcp.28134
http://dx.doi.org/10.1002/jcp.28134
http://www.ncbi.nlm.nih.gov/pubmed/30637725
http://dx.doi.org/10.1016/j.phrs.2020.105287
http://dx.doi.org/10.1016/j.phrs.2020.105287
http://dx.doi.org/10.1016/j.phrs.2020.105287
http://www.ncbi.nlm.nih.gov/pubmed/33157235
http://dx.doi.org/10.3389/fcell.2022.894305
http://dx.doi.org/10.3389/fcell.2022.894305
http://dx.doi.org/10.3389/fcell.2022.894305
http://dx.doi.org/10.3389/fcell.2022.894305
http://www.ncbi.nlm.nih.gov/pubmed/35912113
http://dx.doi.org/10.4149/av_2020_309
http://dx.doi.org/10.4149/av_2020_309
http://dx.doi.org/10.4149/av_2020_309
http://www.ncbi.nlm.nih.gov/pubmed/32985211
http://dx.doi.org/10.1016/j.biopha.2022.112767
http://dx.doi.org/10.1016/j.biopha.2022.112767
http://dx.doi.org/10.1016/j.biopha.2022.112767
http://dx.doi.org/10.1016/j.biopha.2022.112767
http://www.ncbi.nlm.nih.gov/pubmed/35240527
http://dx.doi.org/10.2174/138920009789375423
http://dx.doi.org/10.2174/138920009789375423
http://dx.doi.org/10.2174/138920009789375423
http://www.ncbi.nlm.nih.gov/pubmed/19702538
http://dx.doi.org/10.1111/bph.13492
http://dx.doi.org/10.1111/bph.13492
http://dx.doi.org/10.1111/bph.13492
http://www.ncbi.nlm.nih.gov/pubmed/27058985
http://dx.doi.org/10.1248/cpb.30.1766
http://dx.doi.org/10.1248/cpb.30.1766
http://dx.doi.org/10.1248/cpb.30.1766
http://www.ncbi.nlm.nih.gov/pubmed/7116511
http://dx.doi.org/10.1126/science.275.5297.218
http://dx.doi.org/10.1126/science.275.5297.218
http://dx.doi.org/10.1126/science.275.5297.218
http://dx.doi.org/10.1126/science.275.5297.218
http://www.ncbi.nlm.nih.gov/pubmed/8985016
http://dx.doi.org/10.1016/j.tibtech.2007.11.002
http://dx.doi.org/10.1016/j.tibtech.2007.11.002
http://dx.doi.org/10.1016/j.tibtech.2007.11.002
http://www.ncbi.nlm.nih.gov/pubmed/18191264
http://www.ncbi.nlm.nih.gov/pubmed/30617281
http://dx.doi.org/10.1016/j.lfs.2021.120057
http://dx.doi.org/10.1016/j.lfs.2021.120057
http://dx.doi.org/10.1016/j.lfs.2021.120057
http://www.ncbi.nlm.nih.gov/pubmed/34662552
http://dx.doi.org/10.1007/s10495-021-01689-7
http://dx.doi.org/10.1007/s10495-021-01689-7
http://dx.doi.org/10.1007/s10495-021-01689-7
http://www.ncbi.nlm.nih.gov/pubmed/34561763
http://dx.doi.org/10.1021/jf3001108
http://dx.doi.org/10.1021/jf3001108
http://dx.doi.org/10.1021/jf3001108
http://dx.doi.org/10.1021/jf3001108
http://www.ncbi.nlm.nih.gov/pubmed/22533982
http://dx.doi.org/10.1371/journal.pone.0115359
http://dx.doi.org/10.1371/journal.pone.0115359
http://dx.doi.org/10.1371/journal.pone.0115359
http://www.ncbi.nlm.nih.gov/pubmed/25506824
http://dx.doi.org/10.1155/2017/4052094
http://dx.doi.org/10.1155/2017/4052094
http://dx.doi.org/10.1155/2017/4052094
http://www.ncbi.nlm.nih.gov/pubmed/28409021
http://dx.doi.org/10.1016/j.bbadis.2014.11.004
http://dx.doi.org/10.1016/j.bbadis.2014.11.004
http://dx.doi.org/10.1016/j.bbadis.2014.11.004
http://dx.doi.org/10.1016/j.jddst.2019.03.017
http://dx.doi.org/10.1016/j.jddst.2019.03.017
http://dx.doi.org/10.1016/j.jddst.2019.03.017
http://dx.doi.org/10.1016/j.jddst.2019.03.017
http://dx.doi.org/10.1002/biof.1405
http://dx.doi.org/10.1002/biof.1405
http://dx.doi.org/10.1002/biof.1405
http://dx.doi.org/10.1002/biof.1405
http://www.ncbi.nlm.nih.gov/pubmed/29322567
http://dx.doi.org/10.1016/j.canlet.2021.05.001
http://dx.doi.org/10.1016/j.canlet.2021.05.001
http://dx.doi.org/10.1016/j.canlet.2021.05.001
http://www.ncbi.nlm.nih.gov/pubmed/34052324
http://dx.doi.org/10.1073/pnas.2104826118
http://dx.doi.org/10.1073/pnas.2104826118


Resveratrol in Cancer Therapy: From Stimulation of Genomic Stability Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX    15 

 http://dx.doi.org/10.1073/pnas.2104826118 PMID: 34649991 

[42] Guo, P.; Liu, D.; Subramanyam, K.; Wang, B.; Yang, J.; Huang, J.; 

Auguste, D.T.; Moses, M.A. Nanoparticle elasticity directs tumor 
uptake. Nat. Commun., 2018, 9(1), 130. 

 http://dx.doi.org/10.1038/s41467-017-02588-9 PMID: 29317633 

[43] de la Lastra, C.A.; Villegas, I. Resveratrol as an antioxidant and 
pro-oxidant agent: Mechanisms and clinical implications. Biochem. 

Soc. Trans., 2007, 35(5), 1156-1160. 

 http://dx.doi.org/10.1042/BST0351156 PMID: 17956300 
[44] Posadino, A.M.; Cossu, A.; Giordo, R.; Zinellu, A.; Sotgia, S.; 

Vardeu, A.; Hoa, P.T.; Nguyen, L.H.V.; Carru, C.; Pintus, G. 

Resveratrol alters human endothelial cells redox state and causes 
mitochondrial-dependent cell death. Food Chem. Toxicol., 2015, 

78, 10-16. 

 http://dx.doi.org/10.1016/j.fct.2015.01.017 PMID: 25656643 
[45] Ranawat, P.; Khanduja, K.L.; Pathak, C.M. Resveratrol - an ingre-

dient of red wine abrogates the reproductive capacity in male mice. 

Andrologia, 2014, 46(6), 650-658. 
 http://dx.doi.org/10.1111/and.12132 PMID: 23848841 

[46] Özyilmaz, Yay; Şener, G.; Ercan, F. Resveratrol treatment reduces 

apoptosis and morphological alterations in cisplatin induced testis 

damage. J. Res. Pharm., 2019, 23(4), 621-631. 

[47] Reddy, K.P.; Madhu, P.; Reddy, P.S. Protective effects of resvera-

trol against cisplatin-induced testicular and epididymal toxicity in 
rats. Food Chem. Toxicol., 2016, 91, 65-72. 

 http://dx.doi.org/10.1016/j.fct.2016.02.017 PMID: 26925769 

[48] Singh, I.; Goyal, Y.; Ranawat, P. Potential chemoprotective role of 
resveratrol against cisplatin induced testicular damage in mice. 

Chem. Biol. Interact., 2017, 273, 200-211. 

 http://dx.doi.org/10.1016/j.cbi.2017.05.024 PMID: 28606469 
[49] Shaito, A.; Posadino, A.M.; Younes, N.; Hasan, H.; Halabi, S.; 

Alhababi, D.; Al-Mohannadi, A.; Abdel-Rahman, W.M.; Eid, A.H.; 

Nasrallah, G.K.; Pintus, G. Potential adverse effects of resveratrol: 
A literature review. Int. J. Mol. Sci., 2020, 21(6), 2084. 

 http://dx.doi.org/10.3390/ijms21062084 PMID: 32197410 

[50] Froelich, J.J.; Schneller, F.R.; Zahn, R.K. The influence of radia-
tion and chemotherapy-related DNA strand breaks on carcinogene-

sis: An evaluation. Clin. Chem. Lab. Med., 1999, 37(4), 403-8. 

 http://dx.doi.org/10.1515/CCLM.1999.066 
[51] Nambiar, D.; Rajamani, P.; Singh, R.P. Effects of phytochemicals 

on ionization radiation-mediated carcinogenesis and cancer thera-

py. Mutat. Res. Rev. Mutat. Res., 2011, 728(3), 139-157. 
 http://dx.doi.org/10.1016/j.mrrev.2011.07.005 PMID: 22030216 

[52] Motoyama, N.; Naka, K. DNA damage tumor suppressor genes and 

genomic instability. Curr. Opin. Genet. Dev., 2004, 14(1), 11-16. 
 http://dx.doi.org/10.1016/j.gde.2003.12.003 PMID: 15108799 

[53] Schonn, I.; Hennesen, J.; Dartsch, D.C. Cellular responses to 

etoposide: Cell death despite cell cycle arrest and repair of DNA 
damage. Apoptosis, 2010, 15(2), 162-172. 

 http://dx.doi.org/10.1007/s10495-009-0440-9 PMID: 20041303 

[54] Tsabar, M.; Mock, C.S.; Venkatachalam, V.; Reyes, J.; Karhohs, 
K.W.; Oliver, T.G.; Regev, A.; Jambhekar, A.; Lahav, G. A switch 

in p53 dynamics marks cells that escape from DSB-induced cell 
cycle arrest. Cell Rep., 2020, 32(5), 107995. 

 http://dx.doi.org/10.1016/j.celrep.2020.107995 PMID: 32755587 

[55] Sener, T.E.; Atasoy, B.M.; Cevik, O.; Cilingir Kaya, O.T.; Cetinel, 
S.; Degerli, A.D.; Sener, G. Effects of resveratrol against scattered 

radiation-induced testicular damage in rats. Turk Biyokim. Derg., 

2021, 46(4), 425-433. 

 http://dx.doi.org/10.1515/tjb-2020-0320 

[56] Dobrzyńska, M.M.; Gajowik, A. Protection and mitigation by 

resveratrol of DNA damage induced in irradiated human lympho-
cytes in vitro. Radiat. Res., 2022, 197(2), 149-156. 

 PMID: 34724059 

[57] Mukherjee, S.; Chakraborty, A. Radiation-induced bystander phe-
nomenon: Insight and implications in radiotherapy. Int. J. Radiat. 

Biol., 2019, 95(3), 243-263. 

 http://dx.doi.org/10.1080/09553002.2019.1547440  
PMID: 30496010 

[58] Kocyigit, A.; Guler, E.M. In Handbook of Oxidative Stress in Can-

cer: Therapeutic Aspects; Springer, 2021, pp. 1-14. 
[59] Yang, R.; Tan, C.; Najafi, M. Cardiac inflammation and fibrosis 

following chemo/radiation therapy: Mechanisms and therapeutic 

agents. Inflammopharmacology, 2021, 30(1), 73-89. 

 PMID: 34813027 

[60] Mukherjee, S.; Dutta, A.; Chakraborty, A. External modulators and 

redox homeostasis: Scenario in radiation-induced bystander cells. 
Mutat. Res. Rev. Mutat. Res., 2021, 787, 108368. 

 http://dx.doi.org/10.1016/j.mrrev.2021.108368 PMID: 34083032 

[61] Burdak-Rothkamm, S.; Rothkamm, K. Radiation-induced bystand-
er and systemic effects serve as a unifying model system for geno-

toxic stress responses. Mutat. Res. Rev. Mutat. Res., 2018, 778, 13-

22. 
 http://dx.doi.org/10.1016/j.mrrev.2018.08.001 PMID: 30454679 

[62] Zhang, H.; Wang, Y.; Meng, A.; Yan, H.; Wang, X.; Niu, J.; Li, J.; 

Wang, H. Inhibiting TGFβ1 has a protective effect on mouse bone 
marrow suppression following ionizing radiation exposure in vitro. 

J. Radiat. Res. (Tokyo), 2013, 54(4), 630-636. 

 http://dx.doi.org/10.1093/jrr/rrs142 PMID: 23370919 
[63] Wang, Y.; Liu, L.; Pazhanisamy, S.K.; Li, H.; Meng, A.; Zhou, D. 

Total body irradiation causes residual bone marrow injury by in-

duction of persistent oxidative stress in murine hematopoietic stem 
cells. Free Radic. Biol. Med., 2010, 48(2), 348-356. 

 http://dx.doi.org/10.1016/j.freeradbiomed.2009.11.005  

PMID: 19925862 

[64] Pazhanisamy, S.K.; Li, H.; Wang, Y.; Batinic-Haberle, I.; Zhou, D. 

NADPH oxidase inhibition attenuates total body irradiation-

induced haematopoietic genomic instability. Mutagenesis, 2011, 
26(3), 431-435. 

 http://dx.doi.org/10.1093/mutage/ger001 PMID: 21415439 

[65] Zhang, H.; Zhai, Z.; Wang, Y.; Zhang, J.; Wu, H.; Wang, Y.; Li, 
C.; Li, D.; Lu, L.; Wang, X.; Chang, J.; Hou, Q.; Ju, Z.; Zhou, D.; 

Meng, A. Resveratrol ameliorates ionizing irradiation-induced 

long-term hematopoietic stem cell injury in mice. Free Radic. Biol. 
Med., 2013, 54, 40-50. 

 http://dx.doi.org/10.1016/j.freeradbiomed.2012.10.530  

PMID: 23124026 
[66] Fu, X.; Tang, J.; Wen, P.; Huang, Z.; Najafi, M. Redox interac-

tions-induced cardiac toxicity in cancer therapy. Arch. Biochem. 

Biophys., 2021, 708, 108952. 
 http://dx.doi.org/10.1016/j.abb.2021.108952 PMID: 34097901 

[67] Ivanova, D.; Zhelev, Z.; Semkova, S.; Aoki, I.; Bakalova, R. 

Resveratrol modulates the redox-status and Cytotoxicity of anti-
cancer drugs by sensitizing leukemic lymphocytes and protecting 

normal lymphocytes. Anticancer Res., 2019, 39(7), 3745-3755. 

 http://dx.doi.org/10.21873/anticanres.13523 PMID: 31262901 
[68] Ibrahim, M.A.; Albahlol, I.A.; Wani, F.A.; Abd-Eltawab Tammam, 

A.; Kelleni, M.T.; Sayeed, M.U.; Abd El-Fadeal, N.M.; Mohamed, 

A.A. Resveratrol protects against cisplatin-induced ovarian and 
uterine toxicity in female rats by attenuating oxidative stress, in-

flammation and apoptosis. Chem. Biol. Interact., 2021, 338, 

109402. 
 http://dx.doi.org/10.1016/j.cbi.2021.109402 PMID: 33587916 

[69] Silva, P.; Sureda, A.; Tur, J.A.; Andreoletti, P.; Cherkaoui-Malki, 

M.; Latruffe, N. How efficient is resveratrol as an antioxidant of 
the Mediterranean diet, towards alterations during the aging pro-

cess? Free Radical Res., 2019, 53(sup1), 1101-1112. 
 http://dx.doi.org/10.1080/10715762.2019.1614176 

[70] Truong, V.L.; Jun, M.; Jeong, W.S. Role of resveratrol in regula-

tion of cellular defense systems against oxidative stress. Biofactors, 
2018, 44(1), 36-49. 

 http://dx.doi.org/10.1002/biof.1399 PMID: 29193412 

[71] Sener, T.E.; Tavukcu, H.H.; Atasoy, B.M.; Cevik, O.; Kaya, O.T.; 

Cetinel, S.; Dagli Degerli, A.; Tinay, I.; Simsek, F.; Akbal, C.; But-

ticè, S.; Sener, G. Resveratrol treatment may preserve the erectile 

function after radiotherapy by restoring antioxidant defence mech-
anisms, SIRT1 and NOS protein expressions. Int. J. Impot. Res., 

2018, 30(4), 179-188. 

 http://dx.doi.org/10.1038/s41443-018-0042-6 PMID: 29973698 
[72] Ibrahim, A.; Al-Hizab, F.A.; Abushouk, A.I.; Abdel-Daim, M.M. 

Nephroprotective effects of benzyl isothiocyanate and resveratrol 

against cisplatin-induced oxidative stress and inflammation. Front. 
Pharmacol., 2018, 9, 1268. 

 http://dx.doi.org/10.3389/fphar.2018.01268 PMID: 30524274 

[73] Piska, K.; Koczurkiewicz, P.; Bucki, A.; Wójcik-Pszczoła, K.; 
Kołaczkowski, M.; Pękala, E. Metabolic carbonyl reduction of an-

thracyclines — role in cardiotoxicity and cancer resistance. Reduc-

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1073/pnas.2104826118
http://www.ncbi.nlm.nih.gov/pubmed/34649991
http://dx.doi.org/10.1038/s41467-017-02588-9
http://dx.doi.org/10.1038/s41467-017-02588-9
http://dx.doi.org/10.1038/s41467-017-02588-9
http://www.ncbi.nlm.nih.gov/pubmed/29317633
http://dx.doi.org/10.1042/BST0351156
http://dx.doi.org/10.1042/BST0351156
http://dx.doi.org/10.1042/BST0351156
http://www.ncbi.nlm.nih.gov/pubmed/17956300
http://dx.doi.org/10.1016/j.fct.2015.01.017
http://dx.doi.org/10.1016/j.fct.2015.01.017
http://dx.doi.org/10.1016/j.fct.2015.01.017
http://www.ncbi.nlm.nih.gov/pubmed/25656643
http://dx.doi.org/10.1111/and.12132
http://dx.doi.org/10.1111/and.12132
http://dx.doi.org/10.1111/and.12132
http://www.ncbi.nlm.nih.gov/pubmed/23848841
http://dx.doi.org/10.1016/j.fct.2016.02.017
http://dx.doi.org/10.1016/j.fct.2016.02.017
http://dx.doi.org/10.1016/j.fct.2016.02.017
http://dx.doi.org/10.1016/j.fct.2016.02.017
http://www.ncbi.nlm.nih.gov/pubmed/26925769
http://dx.doi.org/10.1016/j.cbi.2017.05.024
http://dx.doi.org/10.1016/j.cbi.2017.05.024
http://dx.doi.org/10.1016/j.cbi.2017.05.024
http://www.ncbi.nlm.nih.gov/pubmed/28606469
http://dx.doi.org/10.3390/ijms21062084
http://dx.doi.org/10.3390/ijms21062084
http://dx.doi.org/10.3390/ijms21062084
http://www.ncbi.nlm.nih.gov/pubmed/32197410
http://dx.doi.org/10.1515/CCLM.1999.066
http://dx.doi.org/10.1515/CCLM.1999.066
http://dx.doi.org/10.1515/CCLM.1999.066
http://dx.doi.org/10.1515/CCLM.1999.066
http://dx.doi.org/10.1016/j.mrrev.2011.07.005
http://dx.doi.org/10.1016/j.mrrev.2011.07.005
http://dx.doi.org/10.1016/j.mrrev.2011.07.005
http://dx.doi.org/10.1016/j.mrrev.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22030216
http://dx.doi.org/10.1016/j.gde.2003.12.003
http://dx.doi.org/10.1016/j.gde.2003.12.003
http://dx.doi.org/10.1016/j.gde.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15108799
http://dx.doi.org/10.1007/s10495-009-0440-9
http://dx.doi.org/10.1007/s10495-009-0440-9
http://dx.doi.org/10.1007/s10495-009-0440-9
http://dx.doi.org/10.1007/s10495-009-0440-9
http://www.ncbi.nlm.nih.gov/pubmed/20041303
http://dx.doi.org/10.1016/j.celrep.2020.107995
http://dx.doi.org/10.1016/j.celrep.2020.107995
http://dx.doi.org/10.1016/j.celrep.2020.107995
http://dx.doi.org/10.1016/j.celrep.2020.107995
http://www.ncbi.nlm.nih.gov/pubmed/32755587
http://dx.doi.org/10.1515/tjb-2020-0320
http://dx.doi.org/10.1515/tjb-2020-0320
http://dx.doi.org/10.1515/tjb-2020-0320
http://www.ncbi.nlm.nih.gov/pubmed/34724059
http://dx.doi.org/10.1080/09553002.2019.1547440
http://dx.doi.org/10.1080/09553002.2019.1547440
http://dx.doi.org/10.1080/09553002.2019.1547440
http://www.ncbi.nlm.nih.gov/pubmed/30496010
http://www.ncbi.nlm.nih.gov/pubmed/34813027
http://dx.doi.org/10.1016/j.mrrev.2021.108368
http://dx.doi.org/10.1016/j.mrrev.2021.108368
http://dx.doi.org/10.1016/j.mrrev.2021.108368
http://www.ncbi.nlm.nih.gov/pubmed/34083032
http://dx.doi.org/10.1016/j.mrrev.2018.08.001
http://dx.doi.org/10.1016/j.mrrev.2018.08.001
http://dx.doi.org/10.1016/j.mrrev.2018.08.001
http://dx.doi.org/10.1016/j.mrrev.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30454679
http://dx.doi.org/10.1093/jrr/rrs142
http://dx.doi.org/10.1093/jrr/rrs142
http://dx.doi.org/10.1093/jrr/rrs142
http://www.ncbi.nlm.nih.gov/pubmed/23370919
http://dx.doi.org/10.1016/j.freeradbiomed.2009.11.005
http://dx.doi.org/10.1016/j.freeradbiomed.2009.11.005
http://dx.doi.org/10.1016/j.freeradbiomed.2009.11.005
http://dx.doi.org/10.1016/j.freeradbiomed.2009.11.005
http://www.ncbi.nlm.nih.gov/pubmed/19925862
http://dx.doi.org/10.1093/mutage/ger001
http://dx.doi.org/10.1093/mutage/ger001
http://dx.doi.org/10.1093/mutage/ger001
http://www.ncbi.nlm.nih.gov/pubmed/21415439
http://dx.doi.org/10.1016/j.freeradbiomed.2012.10.530
http://dx.doi.org/10.1016/j.freeradbiomed.2012.10.530
http://dx.doi.org/10.1016/j.freeradbiomed.2012.10.530
http://www.ncbi.nlm.nih.gov/pubmed/23124026
http://dx.doi.org/10.1016/j.abb.2021.108952
http://dx.doi.org/10.1016/j.abb.2021.108952
http://dx.doi.org/10.1016/j.abb.2021.108952
http://www.ncbi.nlm.nih.gov/pubmed/34097901
http://dx.doi.org/10.21873/anticanres.13523
http://dx.doi.org/10.21873/anticanres.13523
http://dx.doi.org/10.21873/anticanres.13523
http://dx.doi.org/10.21873/anticanres.13523
http://www.ncbi.nlm.nih.gov/pubmed/31262901
http://dx.doi.org/10.1016/j.cbi.2021.109402
http://dx.doi.org/10.1016/j.cbi.2021.109402
http://dx.doi.org/10.1016/j.cbi.2021.109402
http://dx.doi.org/10.1016/j.cbi.2021.109402
http://www.ncbi.nlm.nih.gov/pubmed/33587916
http://dx.doi.org/10.1080/10715762.2019.1614176
http://dx.doi.org/10.1080/10715762.2019.1614176
http://dx.doi.org/10.1080/10715762.2019.1614176
http://dx.doi.org/10.1080/10715762.2019.1614176
http://dx.doi.org/10.1002/biof.1399
http://dx.doi.org/10.1002/biof.1399
http://dx.doi.org/10.1002/biof.1399
http://www.ncbi.nlm.nih.gov/pubmed/29193412
http://dx.doi.org/10.1038/s41443-018-0042-6
http://dx.doi.org/10.1038/s41443-018-0042-6
http://dx.doi.org/10.1038/s41443-018-0042-6
http://dx.doi.org/10.1038/s41443-018-0042-6
http://www.ncbi.nlm.nih.gov/pubmed/29973698
http://dx.doi.org/10.3389/fphar.2018.01268
http://dx.doi.org/10.3389/fphar.2018.01268
http://dx.doi.org/10.3389/fphar.2018.01268
http://www.ncbi.nlm.nih.gov/pubmed/30524274
http://dx.doi.org/10.1007/s10637-017-0443-2
http://dx.doi.org/10.1007/s10637-017-0443-2


16    Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX Amini et al. 

 

ing enzymes as putative targets for novel cardioprotective and 

chemosensitizing agents. Invest. New Drugs, 2017, 35(3), 375-385. 

 http://dx.doi.org/10.1007/s10637-017-0443-2 PMID: 28283780 
[74] Sheu, M.T.; Jhan, H.J.; Hsieh, C.M.; Wang, C.J.; Ho, H.O. Effica-

cy of antioxidants as a Complementary and Alternative Medicine 

(CAM) in combination with the chemotherapeutic agent doxorubi-
cin. Integr. Cancer Ther., 2015, 14(2), 184-195. 

 http://dx.doi.org/10.1177/1534735414564425 PMID: 25542609 

[75] Wu, M.; Ma, L.; Xue, L.; Ye, W.; Lu, Z.; Li, X.; Jin, Y.; Qin, X.; 
Chen, D.; Tang, W.; Chen, Y.; Hong, Z.; Zhang, J.; Luo, A.; Wang, 

S. Resveratrol alleviates chemotherapy-induced oogonial stem cell 

apoptosis and ovarian aging in mice. Aging (Albany NY), 2019, 
11(3), 1030-1044. 

 http://dx.doi.org/10.18632/aging.101808 PMID: 30779707 

[76] van der Zanden, S.Y.; Qiao, X.; Neefjes, J. New insights into the 
activities and toxicities of the old anticancer drug doxorubicin. 

FEBS J., 2021, 288(21), 6095-6111. 

 http://dx.doi.org/10.1111/febs.15583 PMID: 33022843 
[77] Tatlidede, E.; Şehirli, Ö.; Velioğlu-Öğünç, A.; Çetinel, Ş.; Yeğen, 

B.Ç.; Yarat, A.; Süleymanoğlu, S.; Şener, G. Resveratrol treatment 

protects against doxorubicin-induced cardiotoxicity by alleviating 

oxidative damage. Free Radic. Res., 2009, 43(3), 195-205. 

 http://dx.doi.org/10.1080/10715760802673008 PMID: 19169920 

[78] Gu, J.; Hu, W.; Song, Z.; Chen, Y.; Zhang, D.; Wang, C. Resvera-
trol-induced autophagy promotes survival and attenuates doxorubi-

cin-induced cardiotoxicity. Int. Immunopharmacol., 2016, 32, 1-7. 

 http://dx.doi.org/10.1016/j.intimp.2016.01.002 PMID: 26774212 
[79] Farkhondeh, T.; Folgado, S.L.; Pourbagher-Shahri, A.M.; Ash-

rafizadeh, M.; Samarghandian, S. The therapeutic effect of resvera-

trol: Focusing on the Nrf2 signaling pathway. Biomed. Pharma-
cother., 2020, 127, 110234. 

 http://dx.doi.org/10.1016/j.biopha.2020.110234 PMID: 32559855 

[80] Salehi, S.; Bayatiani, M.R.; Yaghmaei, P.; Rajabi, S.; Goodarzi, 
M.T.; Jalali Mashayekhi, F. Protective effects of resveratrol against 

X-ray irradiation by regulating antioxidant defense system. Radio-

protection, 2018, 53(4), 293-298. 
 http://dx.doi.org/10.1051/radiopro/2018034 

[81] Zhang, H.; Yan, H.; Zhou, X.; Wang, H.; Yang, Y.; Zhang, J.; 

Wang, H. The protective effects of resveratrol against radiation-
induced intestinal injury. BMC Complement. Altern. Med., 2017, 

17(1), 410-410. 

 http://dx.doi.org/10.1186/s12906-017-1915-9 PMID: 28814292 
[82] Wang, H.; Yang, Y.; Zhang, H.; Yan, H.; Wu, X.; Zhang, C. Ad-

ministration of the resveratrol analogues isorhapontigenin and 

heyneanol-A protects mice hematopoietic cells against irradiation 
injuries. BioMed Res. Int., 2014, 2014, 282657. 

 http://dx.doi.org/10.1155/2014/282657 PMID: 25050334 

[83] Jang, M.; Pezzuto, J.M. Effects of resveratrol on 12-O-
tetradecanoylphorbol-13-acetate-induced oxidative events and gene 

expression in mouse skin. Cancer Lett., 1998, 134(1), 81-89. 

 http://dx.doi.org/10.1016/S0304-3835(98)00250-X  
PMID: 10381133 

[84] Athar, M.; Back, J.; Tang, X.; Kim, K.; Kopelovich, L.; Bickers, 
D.; Kim, A. Resveratrol: A review of preclinical studies for human 

cancer prevention. Toxicol. Appl. Pharmacol., 2007, 224(3), 274-

283. 
 http://dx.doi.org/10.1016/j.taap.2006.12.025 PMID: 17306316 

[85] Savouret, J.F.; Quesne, M. Resveratrol and cancer: A review. Bio-

med. Pharmacother., 2002, 56(2), 84-87. 

 http://dx.doi.org/10.1016/S0753-3322(01)00158-5  

PMID: 12000139 

[86] Opipari, A.W., Jr; Tan, L.; Boitano, A.E.; Sorenson, D.R.; Aurora, 
A.; Liu, J.R. Resveratrol-induced autophagocytosis in ovarian can-

cer cells. Cancer Res., 2004, 64(2), 696-703. 

 http://dx.doi.org/10.1158/0008-5472.CAN-03-2404  
PMID: 14744787 

[87] Anderson, N.M.; Simon, M.C. The tumor microenvironment. Curr. 

Biol., 2020, 30(16), R921-R925. 
 http://dx.doi.org/10.1016/j.cub.2020.06.081 PMID: 32810447 

[88] Jin, M.Z.; Jin, W.L. The updated landscape of tumor microenvi-

ronment and drug repurposing. Signal Transduct. Target. Ther., 
2020, 5(1), 166. 

 http://dx.doi.org/10.1038/s41392-020-00280-x PMID: 32843638 

[89] Hinshaw, D.C.; Shevde, L.A. The tumor microenvironment innate-

ly modulates cancer progression. Cancer Res., 2019, 79(18), 4557-

4566. 
 http://dx.doi.org/10.1158/0008-5472.CAN-18-3962  

PMID: 31350295 

[90] Ribeiro Franco, P.I.; Rodrigues, A.P.; de Menezes, L.B.; Pacheco 
Miguel, M. Tumor microenvironment components: Allies of cancer 

progression. Pathol. Res. Pract., 2020, 216(1), 152729. 

 http://dx.doi.org/10.1016/j.prp.2019.152729 PMID: 31735322 
[91] Roma-Rodrigues, C.; Mendes, R.; Baptista, P.; Fernandes, A. Tar-

geting tumor microenvironment for cancer therapy. Int. J. Mol. 

Sci., 2019, 20(4), 840. 
 http://dx.doi.org/10.3390/ijms20040840 PMID: 30781344 

[92] Jeong, S.K.; Yang, K.; Park, Y.S.; Choi, Y.J.; Oh, S.J.; Lee, C.W.; 

Lee, K.Y.; Jeong, M.H.; Jo, W.S. Interferon gamma induced by 
resveratrol analog, HS-1793, reverses the properties of tumor asso-

ciated macrophages. Int. Immunopharmacol., 2014, 22(2), 303-310. 

 http://dx.doi.org/10.1016/j.intimp.2014.07.004 PMID: 25042796 
[93] Pradhan, R.; Chatterjee, S.; Hembram, K.C.; Sethy, C.; Mandal, 

M.; Kundu, C.N. Nano formulated resveratrol inhibits metastasis 

and angiogenesis by reducing inflammatory cytokines in oral can-

cer cells by targeting tumor associated macrophages. J. Nutr. Bio-

chem., 2021, 92, 108624. 

 http://dx.doi.org/10.1016/j.jnutbio.2021.108624 PMID: 33705943 
[94] Zhao, Y.; Shao, Q.; Zhu, H.; Xu, H.; Long, W.; Yu, B.; Zhou, L.; 

Xu, H.; Wu, Y.; Su, Z. Resveratrol ameliorates Lewis lung carci-

noma‐bearing mice development, decreases granulocytic myeloid‐
derived suppressor cell accumulation and impairs its suppressive 

ability. Cancer Sci., 2018, 109(9), 2677-2686. 

 http://dx.doi.org/10.1111/cas.13720 PMID: 29959821 
[95] Wang, Y.; Ma, J.; Qiu, T.; Tang, M.; Zhang, X.; Dong, W. In vitro 

and in vivo combinatorial anticancer effects of oxaliplatin- and 

resveratrol-loaded N,O-carboxymethyl chitosan nanoparticles 
against colorectal cancer. Eur. J. Pharm. Sci., 2021, 163, 105864. 

 http://dx.doi.org/10.1016/j.ejps.2021.105864 PMID: 33965502 

[96] Yang, Y.; Paik, J.H.; Cho, D.; Cho, J.A.; Kim, C.W. Resveratrol 
induces the suppression of tumor-derived CD4+CD25+ regulatory 

T cells. Int. Immunopharmacol., 2008, 8(4), 542-547. 

 http://dx.doi.org/10.1016/j.intimp.2007.12.006 PMID: 18328445 
[97] Choi, Y.J.; Yang, K.M.; Kim, S.D.; Yoo, Y.H.; Lee, S.W.; Seo, 

S.Y.; Suh, H.; Yee, S.T.; Jeong, M.H.; Jo, W.S. Resveratrol ana-

logue HS-1793 induces the modulation of tumor-derived T cells. 
Exp. Ther. Med., 2012, 3(4), 592-598. 

 http://dx.doi.org/10.3892/etm.2012.472 PMID: 22969934 

[98] Davoodvandi, A.; Darvish, M.; Borran, S.; Nejati, M.; Mazaheri, 
S.; Reza Tamtaji, O.; Hamblin, M.R.; Masoudian, N.; Mirzaei, H. 

The therapeutic potential of resveratrol in a mouse model of mela-

noma lung metastasis. Int. Immunopharmacol., 2020, 88, 106905. 
 http://dx.doi.org/10.1016/j.intimp.2020.106905 PMID: 32905970 

[99] Zhang, Q.; Huang, H.; Zheng, F.; Liu, H.; Qiu, F.; Chen, Y.; Liang, 

C.L.; Dai, Z. Resveratrol exerts antitumor effects by downregulat-
ing CD8 + CD122 + Tregs in murine hepatocellular carcinoma. On-

coImmunology, 2020, 9(1), 1829346-1829346. 
 http://dx.doi.org/10.1080/2162402X.2020.1829346  

PMID: 33150044 

[100] Golkar, L.; Ding, X.Z.; Ujiki, M.B.; Salabat, M.R.; Kelly, D.L.; 
Scholtens, D.; Fought, A.J.; Bentrem, D.J.; Talamonti, M.S.; Bell, 

R.H.; Adrian, T.E. Resveratrol inhibits pancreatic cancer cell pro-

liferation through transcriptional induction of macrophage inhibito-

ry cytokine-1. J. Surg. Res., 2007, 138(2), 163-169. 

 http://dx.doi.org/10.1016/j.jss.2006.05.037 PMID: 17257620 

[101] Han, X.; Zhao, N.; Zhu, W.; Wang, J.; Liu, B.; Teng, Y. Resvera-
trol attenuates TNBC lung metastasis by down-regulating PD-1 ex-

pression on pulmonary T cells and converting macrophages to M1 

phenotype in a murine tumor model. Cell. Immunol., 2021, 368, 
104423. 

 http://dx.doi.org/10.1016/j.cellimm.2021.104423 PMID: 34399171 

[102] Mukherjee, S.; Hussaini, R.; White, R.; Atwi, D.; Fried, A.; Sam-
pat, S.; Piao, L.; Pan, Q.; Banerjee, P. TriCurin, a synergistic for-

mulation of curcumin, resveratrol, and epicatechin gallate, repolar-

izes tumor-associated macrophages and triggers an immune re-
sponse to cause suppression of HPV+ tumors. Cancer Immunol. 

Immunother., 2018, 67(5), 761-774. 

 http://dx.doi.org/10.1007/s00262-018-2130-3 PMID: 29453519 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1007/s10637-017-0443-2
http://dx.doi.org/10.1007/s10637-017-0443-2
http://dx.doi.org/10.1007/s10637-017-0443-2
http://www.ncbi.nlm.nih.gov/pubmed/28283780
http://dx.doi.org/10.1177/1534735414564425
http://dx.doi.org/10.1177/1534735414564425
http://dx.doi.org/10.1177/1534735414564425
http://dx.doi.org/10.1177/1534735414564425
http://dx.doi.org/10.1177/1534735414564425
http://www.ncbi.nlm.nih.gov/pubmed/25542609
http://dx.doi.org/10.18632/aging.101808
http://dx.doi.org/10.18632/aging.101808
http://dx.doi.org/10.18632/aging.101808
http://www.ncbi.nlm.nih.gov/pubmed/30779707
http://dx.doi.org/10.1111/febs.15583
http://dx.doi.org/10.1111/febs.15583
http://dx.doi.org/10.1111/febs.15583
http://www.ncbi.nlm.nih.gov/pubmed/33022843
http://dx.doi.org/10.1080/10715760802673008
http://dx.doi.org/10.1080/10715760802673008
http://dx.doi.org/10.1080/10715760802673008
http://dx.doi.org/10.1080/10715760802673008
http://www.ncbi.nlm.nih.gov/pubmed/19169920
http://dx.doi.org/10.1016/j.intimp.2016.01.002
http://dx.doi.org/10.1016/j.intimp.2016.01.002
http://dx.doi.org/10.1016/j.intimp.2016.01.002
http://dx.doi.org/10.1016/j.intimp.2016.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26774212
http://dx.doi.org/10.1016/j.biopha.2020.110234
http://dx.doi.org/10.1016/j.biopha.2020.110234
http://dx.doi.org/10.1016/j.biopha.2020.110234
http://www.ncbi.nlm.nih.gov/pubmed/32559855
http://dx.doi.org/10.1051/radiopro/2018034
http://dx.doi.org/10.1051/radiopro/2018034
http://dx.doi.org/10.1051/radiopro/2018034
http://dx.doi.org/10.1186/s12906-017-1915-9
http://dx.doi.org/10.1186/s12906-017-1915-9
http://dx.doi.org/10.1186/s12906-017-1915-9
http://www.ncbi.nlm.nih.gov/pubmed/28814292
http://dx.doi.org/10.1155/2014/282657
http://dx.doi.org/10.1155/2014/282657
http://dx.doi.org/10.1155/2014/282657
http://dx.doi.org/10.1155/2014/282657
http://dx.doi.org/10.1155/2014/282657
http://www.ncbi.nlm.nih.gov/pubmed/25050334
http://dx.doi.org/10.1016/S0304-3835(98)00250-X
http://dx.doi.org/10.1016/S0304-3835(98)00250-X
http://dx.doi.org/10.1016/S0304-3835(98)00250-X
http://dx.doi.org/10.1016/S0304-3835(98)00250-X
http://www.ncbi.nlm.nih.gov/pubmed/10381133
http://dx.doi.org/10.1016/j.taap.2006.12.025
http://dx.doi.org/10.1016/j.taap.2006.12.025
http://dx.doi.org/10.1016/j.taap.2006.12.025
http://www.ncbi.nlm.nih.gov/pubmed/17306316
http://dx.doi.org/10.1016/S0753-3322(01)00158-5
http://dx.doi.org/10.1016/S0753-3322(01)00158-5
http://www.ncbi.nlm.nih.gov/pubmed/12000139
http://dx.doi.org/10.1158/0008-5472.CAN-03-2404
http://dx.doi.org/10.1158/0008-5472.CAN-03-2404
http://dx.doi.org/10.1158/0008-5472.CAN-03-2404
http://www.ncbi.nlm.nih.gov/pubmed/14744787
http://dx.doi.org/10.1016/j.cub.2020.06.081
http://dx.doi.org/10.1016/j.cub.2020.06.081
http://www.ncbi.nlm.nih.gov/pubmed/32810447
http://dx.doi.org/10.1038/s41392-020-00280-x
http://dx.doi.org/10.1038/s41392-020-00280-x
http://dx.doi.org/10.1038/s41392-020-00280-x
http://www.ncbi.nlm.nih.gov/pubmed/32843638
http://dx.doi.org/10.1158/0008-5472.CAN-18-3962
http://dx.doi.org/10.1158/0008-5472.CAN-18-3962
http://dx.doi.org/10.1158/0008-5472.CAN-18-3962
http://www.ncbi.nlm.nih.gov/pubmed/31350295
http://dx.doi.org/10.1016/j.prp.2019.152729
http://dx.doi.org/10.1016/j.prp.2019.152729
http://dx.doi.org/10.1016/j.prp.2019.152729
http://www.ncbi.nlm.nih.gov/pubmed/31735322
http://dx.doi.org/10.3390/ijms20040840
http://dx.doi.org/10.3390/ijms20040840
http://dx.doi.org/10.3390/ijms20040840
http://www.ncbi.nlm.nih.gov/pubmed/30781344
http://dx.doi.org/10.1016/j.intimp.2014.07.004
http://dx.doi.org/10.1016/j.intimp.2014.07.004
http://dx.doi.org/10.1016/j.intimp.2014.07.004
http://dx.doi.org/10.1016/j.intimp.2014.07.004
http://www.ncbi.nlm.nih.gov/pubmed/25042796
http://dx.doi.org/10.1016/j.jnutbio.2021.108624
http://dx.doi.org/10.1016/j.jnutbio.2021.108624
http://dx.doi.org/10.1016/j.jnutbio.2021.108624
http://dx.doi.org/10.1016/j.jnutbio.2021.108624
http://www.ncbi.nlm.nih.gov/pubmed/33705943
http://dx.doi.org/10.1111/cas.13720
http://dx.doi.org/10.1111/cas.13720
http://dx.doi.org/10.1111/cas.13720
http://dx.doi.org/10.1111/cas.13720
http://dx.doi.org/10.1111/cas.13720
http://www.ncbi.nlm.nih.gov/pubmed/29959821
http://dx.doi.org/10.1016/j.ejps.2021.105864
http://dx.doi.org/10.1016/j.ejps.2021.105864
http://dx.doi.org/10.1016/j.ejps.2021.105864
http://dx.doi.org/10.1016/j.ejps.2021.105864
http://dx.doi.org/10.1016/j.ejps.2021.105864
http://www.ncbi.nlm.nih.gov/pubmed/33965502
http://dx.doi.org/10.1016/j.intimp.2007.12.006
http://dx.doi.org/10.1016/j.intimp.2007.12.006
http://dx.doi.org/10.1016/j.intimp.2007.12.006
http://dx.doi.org/10.1016/j.intimp.2007.12.006
http://www.ncbi.nlm.nih.gov/pubmed/18328445
http://dx.doi.org/10.3892/etm.2012.472
http://dx.doi.org/10.3892/etm.2012.472
http://dx.doi.org/10.3892/etm.2012.472
http://www.ncbi.nlm.nih.gov/pubmed/22969934
http://dx.doi.org/10.1016/j.intimp.2020.106905
http://dx.doi.org/10.1016/j.intimp.2020.106905
http://dx.doi.org/10.1016/j.intimp.2020.106905
http://www.ncbi.nlm.nih.gov/pubmed/32905970
http://dx.doi.org/10.1080/2162402X.2020.1829346
http://dx.doi.org/10.1080/2162402X.2020.1829346
http://dx.doi.org/10.1080/2162402X.2020.1829346
http://www.ncbi.nlm.nih.gov/pubmed/33150044
http://dx.doi.org/10.1016/j.jss.2006.05.037
http://dx.doi.org/10.1016/j.jss.2006.05.037
http://dx.doi.org/10.1016/j.jss.2006.05.037
http://dx.doi.org/10.1016/j.jss.2006.05.037
http://www.ncbi.nlm.nih.gov/pubmed/17257620
http://dx.doi.org/10.1016/j.cellimm.2021.104423
http://dx.doi.org/10.1016/j.cellimm.2021.104423
http://dx.doi.org/10.1016/j.cellimm.2021.104423
http://dx.doi.org/10.1016/j.cellimm.2021.104423
http://dx.doi.org/10.1016/j.cellimm.2021.104423
http://www.ncbi.nlm.nih.gov/pubmed/34399171
http://dx.doi.org/10.1007/s00262-018-2130-3
http://dx.doi.org/10.1007/s00262-018-2130-3
http://dx.doi.org/10.1007/s00262-018-2130-3
http://dx.doi.org/10.1007/s00262-018-2130-3
http://dx.doi.org/10.1007/s00262-018-2130-3
http://www.ncbi.nlm.nih.gov/pubmed/29453519


Resveratrol in Cancer Therapy: From Stimulation of Genomic Stability Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX    17 

[103] Singh, V.; Singh, R.; Kujur, P.K.; Singh, R.P. Combination of 

resveratrol and quercetin causes cell growth inhibition, DNA dam-

age, cell cycle arrest, and apoptosis in oral cancer cells. Assay Drug 
Dev. Technol., 2020, 18(5), 226-238. 

 http://dx.doi.org/10.1089/adt.2020.972 PMID: 32423320 

[104] Wang, L.Y.; Zhao, S.; Lv, G.J.; Ma, X.J.; Zhang, J.B. Mechanisms 
of resveratrol in the prevention and treatment of gastrointestinal 

cancer. World J. Clin. Cases, 2020, 8(12), 2425-2437. 

 http://dx.doi.org/10.12998/wjcc.v8.i12.2425 PMID: 32607320 
[105] Ashrafizadeh, M.; Javanmardi, S.; Moradi-Ozarlou, M.; Moham-

madinejad, R.; Farkhondeh, T.; Samarghandian, S.; Garg, M. Natu-

ral products and phytochemical nanoformulations targeting mito-
chondria in oncotherapy: An updated review on resveratrol. Biosci. 

Rep., 2020, 40(4), BSR20200257. 

 http://dx.doi.org/10.1042/BSR20200257 PMID: 32163546 
[106] Zhang, Y.; Guo, L.; Law, B.; Liang, X.; Ma, N.; Xu, G.; Wang, X.; 

Yuan, X.; Tang, H.; Chen, Q.; Wong, V.; Wang, X. Resveratrol de-

creases cell apoptosis through inhibiting DNA damage in bronchial 
epithelial cells. Int. J. Mol. Med., 2020, 45(6), 1673-1684. 

 http://dx.doi.org/10.3892/ijmm.2020.4539 PMID: 32186748 

[107] Ji, S.; Zheng, Z.; Liu, S.; Ren, G.; Gao, J.; Zhang, Y.; Li, G. 

Resveratrol promotes oxidative stress to drive DLC1 mediated cel-

lular senescence in cancer cells. Exp. Cell Res., 2018, 370(2), 292-

302. 
 http://dx.doi.org/10.1016/j.yexcr.2018.06.031 PMID: 29964052 

[108] Tamaki, N.; Cristina Orihuela-Campos, R.; Inagaki, Y.; Fukui, M.; 

Nagata, T.; Ito, H.O. Resveratrol improves oxidative stress and 
prevents the progression of periodontitis via the activation of the 

Sirt1/AMPK and the Nrf2/antioxidant defense pathways in a rat 

periodontitis model. Free Radic. Biol. Med., 2014, 75, 222-229. 
 http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034  

PMID: 25091897 

[109] Ashrafizadeh, M.; Taeb, S.; Haghi-Aminjan, H.; Afrashi, S.; 
Moloudi, K.; Musa, A.E.; Najafi, M.; Farhood, B. Resveratrol as an 

enhancer of apoptosis in cancer: A mechanistic review. Anti-

Cancer Agents Med. Chem., 2021, 21(17), 2327-2336. 
[110] Leon-Galicia, I.; Diaz-Chavez, J.; Garcia-Villa, E.; Uribe-Figueroa, 

L.; Hidalgo-Miranda, A.; Herrera, L.A.; Alvarez-Rios, E.; Garcia-

Mena, J.; Gariglio, P. Resveratrol induces downregulation of DNA 
repair genes in MCF-7 human breast cancer cells. Eur. J. Cancer 

Prev., 2013, 22(1), 11-20. 

 http://dx.doi.org/10.1097/CEJ.0b013e328353edcb  
PMID: 22644231 

[111] Leon-Galicia, I.; Diaz-Chavez, J.; Albino-Sanchez, M.E.; Garcia-

Villa, E.; Bermudez-Cruz, R.; Garcia-Mena, J.; Herrera, L.A.; Gar-
cía-Carrancá, A.; Gariglio, P. Resveratrol decreases Rad51 expres-

sion and sensitizes cisplatin-resistant MCF-7 breast cancer cells. 

Oncol. Rep., 2018, 39(6), 3025-3033. 
 http://dx.doi.org/10.3892/or.2018.6336 PMID: 29620223 

[112] Ruíz, G.; Valencia-González, H.A.; León-Galicia, I.; García-Villa, 

E.; García-Carrancá, A.; Gariglio, P. Inhibition of RAD51 by siR-
NA and Resveratrol Sensitizes Cancer Stem Cells Derived from 

HeLa Cell Cultures to Apoptosis. Stem Cells Int., 2018, 2018, 
2493869. 

 http://dx.doi.org/10.1155/2018/2493869 PMID: 29681946 

[113] Ko, J.C.; Syu, J.J.; Chen, J.C.; Wang, T.J.; Chang, P.Y.; Chen, 
C.Y.; Jian, Y.T.; Jian, Y.J.; Lin, Y.W. Resveratrol enhances etopo-

side-induced cytotoxicity through down-regulating ERK1/2 and 

AKT-Mediated X-ray Repair Cross-Complement Group 1 

(XRCC1) protein expression in human non-small-cell lung cancer 

cells. Basic Clin. Pharmacol. Toxicol., 2015, 117(6), 383-391. 

 http://dx.doi.org/10.1111/bcpt.12425 PMID: 26046675 
[114] Mortezaee, K.; Najafi, M.; Farhood, B.; Ahmadi, A.; Shabeeb, D.; 

Musa, A.E. NF‐κB targeting for overcoming tumor resistance and 

normal tissues toxicity. J. Cell. Physiol., 2019, 234(10), 17187-
17204. 

 http://dx.doi.org/10.1002/jcp.28504 PMID: 30912132 

[115] Huang, H.; Lin, H.; Zhang, X.; Li, J. Resveratrol reverses te-
mozolomide resistance by downregulation of MGMT in T98G gli-

oblastoma cells by the NF-κB-dependent pathway. Oncol. Rep., 

2012, 27(6), 2050-2056. 
 PMID: 22426504 

[116] Yu, C.; Yang, B.; Najafi, M. Targeting of cancer cell death mecha-

nisms by curcumin: Implications to cancer therapy. Basic Clin. 

Pharmacol. Toxicol., 2021, 129(6), 397-415. 
 http://dx.doi.org/10.1111/bcpt.13648 PMID: 34473898 

[117] Siska, P.J.; Rathmell, J.C. T cell metabolic fitness in antitumor 

immunity. Trends Immunol., 2015, 36(4), 257-264. 
 http://dx.doi.org/10.1016/j.it.2015.02.007 PMID: 25773310 

[118] Ostrand-Rosenberg, S. Immune surveillance: A balance between 

protumor and antitumor immunity. Curr. Opin. Genet. Dev., 2008, 
18(1), 11-18. 

 http://dx.doi.org/10.1016/j.gde.2007.12.007 PMID: 18308558 

[119] Yang, X.; Li, X.; Ren, J. From French paradox to cancer treatment: 
Anti-cancer activities and mechanisms of resveratrol. Anti-Cancer 

Agents Med. Chem., 2014, 14(6), 806-825. 

[120] Zheng, T.; Meng, X.; Wang, J.; Chen, X.; Yin, D.; Liang, Y.; Song, 
X.; Pan, S.; Jiang, H.; Liu, L. PTEN- and p53-mediated apoptosis 

and cell cycle arrest by FTY720 in gastric cancer cells and nude 

mice. J. Cell. Biochem., 2010, 111(1), 218-228. 
 http://dx.doi.org/10.1002/jcb.22691 PMID: 20506484 

[121] Vazquez, A.; Bond, E.E.; Levine, A.J.; Bond, G.L. The genetics of 

the p53 pathway, apoptosis and cancer therapy. Nat. Rev. Drug 

Discov., 2008, 7(12), 979-987. 

 http://dx.doi.org/10.1038/nrd2656 PMID: 19043449 

[122] Carnero, A.; Blanco-Aparicio, C.; Renner, O.; Link, W.; Leal, J. 
The PTEN/PI3K/AKT signalling pathway in cancer, therapeutic 

implications. Curr. Cancer Drug Targets, 2008, 8(3), 187-198. 

 http://dx.doi.org/10.2174/156800908784293659 PMID: 18473732 
[123] Liu, Z.; Wu, X.; Lv, J.; Sun, H.; Zhou, F. Resveratrol induces p53 

in colorectal cancer through SET7/9. Oncol. Lett., 2019, 17(4), 

3783-3789. 
 http://dx.doi.org/10.3892/ol.2019.10034 PMID: 30881498 

[124] Borra, M.T.; Smith, B.C.; Denu, J.M. Mechanism of human SIRT1 

activation by resveratrol. J. Biol. Chem., 2005, 280(17), 17187-
17195. 

 http://dx.doi.org/10.1074/jbc.M501250200 PMID: 15749705 

[125] Dhar, S.; Kumar, A.; Rimando, A.M.; Zhang, X.; Levenson, A.S. 
Resveratrol and pterostilbene epigenetically restore PTEN expres-

sion by targeting oncomiRs of the miR-17 family in prostate can-

cer. Oncotarget, 2015, 6(29), 27214-27226. 
 http://dx.doi.org/10.18632/oncotarget.4877 PMID: 26318586 

[126] Kumar, A.; Devineni, S.R.; Dubey, S.K.; Kumar, P.; Srivastava, 

V.; Ambulgekar, G.; Jain, M.; Gupta, D.K.; Singh, G.; Kumar, R.; 
Hiriyanna, S.G.; Kumar, P. Identification, synthesis and structural 

characterization of process related and degradation impurities of 

acrivastine and validation of HPLC method. J. Pharm. Biomed. 
Anal., 2017, 133, 15-26. 

 http://dx.doi.org/10.1016/j.jpba.2016.10.015 PMID: 27969063 

[127] Wyld, L.; Bellantuono, I.; Tchkonia, T.; Morgan, J.; Turner, O.; 
Foss, F.; George, J.; Danson, S.; Kirkland, J.L. Senescence and 

cancer: A review of clinical implications of senescence and seno-

therapies. Cancers (Basel), 2020, 12(8), 2134. 
 http://dx.doi.org/10.3390/cancers12082134 PMID: 32752135 

[128] Shen, W.H.; Liu, L.; Zeng, S. Senescence and cancer. Cancer 
Transl. Med., 2018, 4(3), 70-74. 

 http://dx.doi.org/10.4103/ctm.ctm_22_18 PMID: 30766922 

[129] Li, B.; Hou, D.; Guo, H.; Zhou, H.; Zhang, S.; Xu, X.; Liu, Q.; 
Zhang, X.; Zou, Y.; Gong, Y.; Shao, C. Resveratrol sequentially 

induces replication and oxidative stresses to drive p53-CXCR2 me-

diated cellular senescence in cancer cells. Sci. Rep., 2017, 7(1), 

208. 

 http://dx.doi.org/10.1038/s41598-017-00315-4 PMID: 28303009 

[130] Young, L.F.; Martin, K.R. Time-dependent resveratrol-mediated 
mRNA and protein expression associated with cell cycle in WR-21 

cells containing mutated human c-Ha-Ras. Mol. Nutr. Food Res., 

2006, 50(1), 70-77. 
 http://dx.doi.org/10.1002/mnfr.200500149 PMID: 16369916 

[131] Zhang, M.; Harashima, N.; Moritani, T.; Huang, W.; Harada, M. 

The roles of ROS and caspases in TRAIL-induced apoptosis and 
necroptosis in human pancreatic cancer cells. PLoS One, 2015, 

10(5), e0127386. 

 http://dx.doi.org/10.1371/journal.pone.0127386 PMID: 26000607 
[132] Dunai, Z.; Bauer, P.I.; Mihalik, R. Necroptosis: Biochemical, phys-

iological and pathological aspects. Pathol. Oncol. Res., 2011, 

17(4), 791-800. 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1089/adt.2020.972
http://dx.doi.org/10.1089/adt.2020.972
http://dx.doi.org/10.1089/adt.2020.972
http://dx.doi.org/10.1089/adt.2020.972
http://www.ncbi.nlm.nih.gov/pubmed/32423320
http://dx.doi.org/10.12998/wjcc.v8.i12.2425
http://dx.doi.org/10.12998/wjcc.v8.i12.2425
http://dx.doi.org/10.12998/wjcc.v8.i12.2425
http://dx.doi.org/10.12998/wjcc.v8.i12.2425
http://www.ncbi.nlm.nih.gov/pubmed/32607320
http://dx.doi.org/10.1042/BSR20200257
http://dx.doi.org/10.1042/BSR20200257
http://dx.doi.org/10.1042/BSR20200257
http://dx.doi.org/10.1042/BSR20200257
http://www.ncbi.nlm.nih.gov/pubmed/32163546
http://dx.doi.org/10.3892/ijmm.2020.4539
http://dx.doi.org/10.3892/ijmm.2020.4539
http://dx.doi.org/10.3892/ijmm.2020.4539
http://dx.doi.org/10.3892/ijmm.2020.4539
http://www.ncbi.nlm.nih.gov/pubmed/32186748
http://dx.doi.org/10.1016/j.yexcr.2018.06.031
http://dx.doi.org/10.1016/j.yexcr.2018.06.031
http://dx.doi.org/10.1016/j.yexcr.2018.06.031
http://www.ncbi.nlm.nih.gov/pubmed/29964052
http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034
http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034
http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034
http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034
http://dx.doi.org/10.1016/j.freeradbiomed.2014.07.034
http://www.ncbi.nlm.nih.gov/pubmed/25091897
http://dx.doi.org/10.1097/CEJ.0b013e328353edcb
http://dx.doi.org/10.1097/CEJ.0b013e328353edcb
http://dx.doi.org/10.1097/CEJ.0b013e328353edcb
http://www.ncbi.nlm.nih.gov/pubmed/22644231
http://dx.doi.org/10.3892/or.2018.6336
http://dx.doi.org/10.3892/or.2018.6336
http://dx.doi.org/10.3892/or.2018.6336
http://www.ncbi.nlm.nih.gov/pubmed/29620223
http://dx.doi.org/10.1155/2018/2493869
http://dx.doi.org/10.1155/2018/2493869
http://dx.doi.org/10.1155/2018/2493869
http://dx.doi.org/10.1155/2018/2493869
http://www.ncbi.nlm.nih.gov/pubmed/29681946
http://dx.doi.org/10.1111/bcpt.12425
http://dx.doi.org/10.1111/bcpt.12425
http://dx.doi.org/10.1111/bcpt.12425
http://dx.doi.org/10.1111/bcpt.12425
http://dx.doi.org/10.1111/bcpt.12425
http://dx.doi.org/10.1111/bcpt.12425
http://www.ncbi.nlm.nih.gov/pubmed/26046675
http://dx.doi.org/10.1002/jcp.28504
http://dx.doi.org/10.1002/jcp.28504
http://dx.doi.org/10.1002/jcp.28504
http://www.ncbi.nlm.nih.gov/pubmed/30912132
http://www.ncbi.nlm.nih.gov/pubmed/22426504
http://dx.doi.org/10.1111/bcpt.13648
http://dx.doi.org/10.1111/bcpt.13648
http://dx.doi.org/10.1111/bcpt.13648
http://www.ncbi.nlm.nih.gov/pubmed/34473898
http://dx.doi.org/10.1016/j.it.2015.02.007
http://dx.doi.org/10.1016/j.it.2015.02.007
http://dx.doi.org/10.1016/j.it.2015.02.007
http://www.ncbi.nlm.nih.gov/pubmed/25773310
http://dx.doi.org/10.1016/j.gde.2007.12.007
http://dx.doi.org/10.1016/j.gde.2007.12.007
http://dx.doi.org/10.1016/j.gde.2007.12.007
http://www.ncbi.nlm.nih.gov/pubmed/18308558
http://dx.doi.org/10.1002/jcb.22691
http://dx.doi.org/10.1002/jcb.22691
http://dx.doi.org/10.1002/jcb.22691
http://dx.doi.org/10.1002/jcb.22691
http://www.ncbi.nlm.nih.gov/pubmed/20506484
http://dx.doi.org/10.1038/nrd2656
http://dx.doi.org/10.1038/nrd2656
http://dx.doi.org/10.1038/nrd2656
http://www.ncbi.nlm.nih.gov/pubmed/19043449
http://dx.doi.org/10.2174/156800908784293659
http://dx.doi.org/10.2174/156800908784293659
http://dx.doi.org/10.2174/156800908784293659
http://www.ncbi.nlm.nih.gov/pubmed/18473732
http://dx.doi.org/10.3892/ol.2019.10034
http://dx.doi.org/10.3892/ol.2019.10034
http://dx.doi.org/10.3892/ol.2019.10034
http://www.ncbi.nlm.nih.gov/pubmed/30881498
http://dx.doi.org/10.1074/jbc.M501250200
http://dx.doi.org/10.1074/jbc.M501250200
http://dx.doi.org/10.1074/jbc.M501250200
http://www.ncbi.nlm.nih.gov/pubmed/15749705
http://dx.doi.org/10.18632/oncotarget.4877
http://dx.doi.org/10.18632/oncotarget.4877
http://dx.doi.org/10.18632/oncotarget.4877
http://dx.doi.org/10.18632/oncotarget.4877
http://www.ncbi.nlm.nih.gov/pubmed/26318586
http://dx.doi.org/10.1016/j.jpba.2016.10.015
http://dx.doi.org/10.1016/j.jpba.2016.10.015
http://dx.doi.org/10.1016/j.jpba.2016.10.015
http://dx.doi.org/10.1016/j.jpba.2016.10.015
http://www.ncbi.nlm.nih.gov/pubmed/27969063
http://dx.doi.org/10.3390/cancers12082134
http://dx.doi.org/10.3390/cancers12082134
http://dx.doi.org/10.3390/cancers12082134
http://dx.doi.org/10.3390/cancers12082134
http://www.ncbi.nlm.nih.gov/pubmed/32752135
http://dx.doi.org/10.4103/ctm.ctm_22_18
http://dx.doi.org/10.4103/ctm.ctm_22_18
http://www.ncbi.nlm.nih.gov/pubmed/30766922
http://dx.doi.org/10.1038/s41598-017-00315-4
http://dx.doi.org/10.1038/s41598-017-00315-4
http://dx.doi.org/10.1038/s41598-017-00315-4
http://dx.doi.org/10.1038/s41598-017-00315-4
http://www.ncbi.nlm.nih.gov/pubmed/28303009
http://dx.doi.org/10.1002/mnfr.200500149
http://dx.doi.org/10.1002/mnfr.200500149
http://dx.doi.org/10.1002/mnfr.200500149
http://dx.doi.org/10.1002/mnfr.200500149
http://www.ncbi.nlm.nih.gov/pubmed/16369916
http://dx.doi.org/10.1371/journal.pone.0127386
http://dx.doi.org/10.1371/journal.pone.0127386
http://dx.doi.org/10.1371/journal.pone.0127386
http://www.ncbi.nlm.nih.gov/pubmed/26000607
http://dx.doi.org/10.1007/s12253-011-9433-4
http://dx.doi.org/10.1007/s12253-011-9433-4


18    Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX Amini et al. 

 

 http://dx.doi.org/10.1007/s12253-011-9433-4 PMID: 21773880 

[133] Folkman, J. Angiogenesis and apoptosis. In: Seminars in Cancer 

Biology; Elsevier, 2003, Vol. 13, pp. 159-167. 
[134] Zhang, P.; Li, H.; Wu, M.L.; Chen, X.Y.; Kong, Q.Y.; Wang, 

X.W.; Sun, Y.; Wen, S.; Liu, J. c-Myc downregulation: A critical 

molecular event in resveratrol-induced cell cycle arrest and apopto-
sis of human medulloblastoma cells. J. Neurooncol., 2006, 80(2), 

123-131. 

 http://dx.doi.org/10.1007/s11060-006-9172-7 PMID: 16724266 
[135] Pan, J.; Shen, J.; Si, W.; Du, C.; Chen, D.; Xu, L.; Yao, M.; Fu, P.; 

Fan, W. Resveratrol promotes MICA/B expression and natural kill-

er cell lysis of breast cancer cells by suppressing c-Myc/miR-17 
pathway. Oncotarget, 2017, 8(39), 65743-65758. 

 http://dx.doi.org/10.18632/oncotarget.19445 PMID: 29029468 

[136] Dai, H.; Deng, H.B.; Wang, Y.H.; Guo, J.J. Resveratrol inhibits the 
growth of gastric cancer via the Wnt/β-catenin pathway. Oncol. 

Lett., 2018, 16(2), 1579-1583. 

 http://dx.doi.org/10.3892/ol.2018.8772 PMID: 30008840 
[137] Ji, Q.; Liu, X.; Fu, X.; Zhang, L.; Sui, H.; Zhou, L.; Sun, J.; Cai, J.; 

Qin, J.; Ren, J.; Li, Q. Resveratrol inhibits invasion and metastasis 

of colorectal cancer cells via MALAT1 mediated Wnt/β-catenin 

signal pathway. PLoS One, 2013, 8(11), e78700-e78700. 

 http://dx.doi.org/10.1371/journal.pone.0078700 PMID: 24244343 

[138] Ma, S.; Pradeep, S.; Hu, W.; Zhang, D.; Coleman, R.; Sood, A. The 
role of tumor microenvironment in resistance to anti-angiogenic 

therapy. F1000 Res., 2018, 7, 326-326. 

 http://dx.doi.org/10.12688/f1000research.11771.1  
PMID: 29560266 

[139] Xiao, Y.; Qin, T.; Sun, L.; Qian, W.; Li, J.; Duan, W.; Lei, J.; 

Wang, Z.; Ma, J.; Li, X.; Ma, Q.; Xu, Q. Resveratrol ameliorates 
the malignant progression of pancreatic cancer by inhibiting hypox-

ia-induced pancreatic stellate cell activation. Cell Transplant., 

2020, 29, 0963689720929987. 
 http://dx.doi.org/10.1177/0963689720929987 PMID: 32463297 

[140] Kim, D.H.; Sung, B.; Kim, J.A.; Kang, Y.J.; Hwang, S.Y.; Hwang, 

N.L.; Suh, H.; Choi, Y.H.; Im, E.; Chung, H.Y.; Kim, N.D. HS-
1793, a resveratrol analogue, downregulates the expression of hy-

poxia-induced HIF-1 and VEGF and inhibits tumor growth of hu-

man breast cancer cells in a nude mouse xenograft model. Int. J. 
Oncol., 2017, 51(2), 715-723. 

 http://dx.doi.org/10.3892/ijo.2017.4058 PMID: 28656256 

[141] Seghezzi, G.; Patel, S.; Ren, C.J.; Gualandris, A.; Pintucci, G.; 
Robbins, E.S.; Shapiro, R.L.; Galloway, A.C.; Rifkin, D.B.; 

Mignatti, P. Fibroblast growth factor-2 (FGF-2) induces vascular 

endothelial growth factor (VEGF) expression in the endothelial 
cells of forming capillaries: An autocrine mechanism contributing 

to angiogenesis. J. Cell Biol., 1998, 141(7), 1659-1673. 

 http://dx.doi.org/10.1083/jcb.141.7.1659 PMID: 9647657 
[142] Brâkenhielm, E.; Cao, R.; Cao, Y. Suppression of angiogenesis, 

tumor growth, and wound healing by resveratrol, a natural com-

pound in red wine and grapes. FASEB J., 2001, 15(10), 1798-1800. 
 http://dx.doi.org/10.1096/fj.01-0028fje PMID: 11481234 

[143] Wong, J.C.; Fiscus, R.R. Resveratrol at anti-angiogenesis/ 
anticancer concentrations suppresses protein kinase G signaling 

and decreases IAPs expression in HUVECs. Anticancer Res., 2015, 

35(1), 273-281. 
 PMID: 25550561 

[144] Kimura, Y.; Sumiyoshi, M. Resveratrol prevents tumor growth and 

metastasis by inhibiting lymphangiogenesis and M2 macrophage 

activation and differentiation in tumor-associated macrophages. 

Nutr. Cancer, 2016, 68(4), 667-678. 

 http://dx.doi.org/10.1080/01635581.2016.1158295  
PMID: 27145432 

[145] Delmas, D.; Limagne, E.; Ghiringhelli, F.; Aires, V. Immune Th17 

lymphocytes play a critical role in the multiple beneficial properties 
of resveratrol. Food Chem. Toxicol., 2020, 137, 111091. 

 http://dx.doi.org/10.1016/j.fct.2019.111091 PMID: 31883989 

[146] Mu, Q.; Najafi, M. Resveratrol for targeting the tumor microenvi-
ronment and its interactions with cancer cells. Int. Immunopharma-

col., 2021, 98, 107895. 

 http://dx.doi.org/10.1016/j.intimp.2021.107895 PMID: 34171623 
[147] Farhood, B.; khodamoradi, E.; Hoseini-Ghahfarokhi, M.; Motevas-

eli, E.; Mirtavoos-Mahyari, H.; Eleojo Musa, A.; Najafi, M. TGF-β 

in radiotherapy: Mechanisms of tumor resistance and normal tis-

sues injury. Pharmacol. Res., 2020, 155, 104745. 

 http://dx.doi.org/10.1016/j.phrs.2020.104745 PMID: 32145401 
[148] Igura, K.; Ohta, T.; Kuroda, Y.; Kaji, K. Resveratrol and quercetin 

inhibit angiogenesis in vitro. Cancer Lett., 2001, 171(1), 11-16. 

 http://dx.doi.org/10.1016/S0304-3835(01)00443-8  
PMID: 11485823 

[149] Trapp, V.; Parmakhtiar, B.; Papazian, V.; Willmott, L.; Fruehauf, 

J.P. Anti-angiogenic effects of resveratrol mediated by decreased 
VEGF and increased TSP1 expression in melanoma-endothelial 

cell co-culture. Angiogenesis, 2010, 13(4), 305-315. 

 http://dx.doi.org/10.1007/s10456-010-9187-8 PMID: 20927579 
[150] Zhang, D.; Zhang, J.; Zeng, J.; Li, Z.; Zuo, H.; Huang, C.; Zhao, X. 

Nano-gold loaded with resveratrol enhance the anti-hepatoma ef-

fect of resveratrol in vitro and in vivo. J. Biomed. Nanotechnol., 
2019, 15(2), 288-300. 

 http://dx.doi.org/10.1166/jbn.2019.2682 PMID: 30596551 

[151] Chen, L.; Musa, A.E. Boosting immune system against cancer by 
resveratrol. Phytother. Res., 2021, 35(10), 5514-5526. 

 http://dx.doi.org/10.1002/ptr.7189 PMID: 34101276 

[152] Baek, S.H.; Ko, J.H.; Lee, H.; Jung, J.; Kong, M.; Lee, J.; Lee, J.; 

Chinnathambi, A.; Zayed, M.E.; Alharbi, S.A.; Lee, S.G.; Shim, 

B.S.; Sethi, G.; Kim, S.H.; Yang, W.M.; Um, J.Y.; Ahn, K.S. 

Resveratrol inhibits STAT3 signaling pathway through the induc-
tion of SOCS-1: Role in apoptosis induction and radiosensitization 

in head and neck tumor cells. Phytomedicine, 2016, 23(5), 566-577. 

 http://dx.doi.org/10.1016/j.phymed.2016.02.011 PMID: 27064016 
[153] Liao, H.F.; Kuo, C.D.; Yang, Y.C.; Lin, C.P.; Tai, H.C.; Chen, 

Y.Y.; Chen, Y.J. Resveratrol enhances radiosensitivity of human 

non-small cell lung cancer NCI-H838 cells accompanied by inhibi-
tion of nuclear factor-kappa B activation. J. Radiat. Res. (Tokyo), 

2005, 46(4), 387-393. 

 http://dx.doi.org/10.1269/jrr.46.387 PMID: 16394628 
[154] Taniguchi, K.; Karin, M. NF-κB, inflammation, immunity and 

cancer: Coming of age. Nat. Rev. Immunol., 2018, 18(5), 309-324. 

 http://dx.doi.org/10.1038/nri.2017.142 PMID: 29379212 
[155] Ji, K.; Sun, X.; Liu, Y.; Du, L.; Wang, Y.; He, N.; Wang, J.; Xu, 

C.; Liu, Q. Regulation of apoptosis and radiation sensitization in 

lung cancer cells via the Sirt1/NF-κB/Smac pathway. Cell. Physiol. 
Biochem., 2018, 48(1), 304-316. 

 http://dx.doi.org/10.1159/000491730 PMID: 30016782 

[156] Fang, Y.; DeMarco, V.G.; Nicholl, M.B. Resveratrol enhances 
radiation sensitivity in prostate cancer by inhibiting cell prolifera-

tion and promoting cell senescence and apoptosis. Cancer Sci., 

2012, 103(6), 1090-1098. 
 http://dx.doi.org/10.1111/j.1349-7006.2012.02272.x  

PMID: 22417066 

[157] Grimaldi, A.; Cammarata, I.; Martire, C.; Focaccetti, C.; Piconese, 
S.; Buccilli, M.; Mancone, C.; Buzzacchino, F.; Berrios, J.R.G.; 

D’Alessandris, N.; Tomao, S.; Giangaspero, F.; Paroli, M.; Cacca-

vale, R.; Spinelli, G.P.; Girelli, G.; Peruzzi, G.; Nisticò, P.; Spada, 
S.; Panetta, M.; Letizia Cecere, F.; Visca, P.; Facciolo, F.; Longo, 

F.; Barnaba, V. Combination of chemotherapy and PD-1 blockade 
induces T cell responses to tumor non-mutated neoantigens. Com-

mun. Biol., 2020, 3(1), 85. 

 http://dx.doi.org/10.1038/s42003-020-0811-x PMID: 32099064 
[158] Dun, J.; Chen, X.; Gao, H.; Zhang, Y.; Zhang, H.; Zhang, Y. 

Resveratrol synergistically augments anti-tumor effect of 5-FU in 

vitro and in vivo by increasing S-phase arrest and tumor apoptosis. 

Exp. Biol. Med. (Maywood), 2015, 240(12), 1672-1681. 

 http://dx.doi.org/10.1177/1535370215573396 PMID: 25736303 

[159] Wu, S.L.; Sun, Z-J.; Yu, L.; Meng, K-W.; Qin, X-L.; Pan, C-E. 
Effect of resveratrol and in combination with 5-FU on murine liver 

cancer. World J. Gastroenterol., 2004, 10(20), 3048-3052. 

 http://dx.doi.org/10.3748/wjg.v10.i20.3048 PMID: 15378791 
[160] Komina, O.; Węsierska-Gądek, J. Action of resveratrol alone or in 

combination with roscovitine, a CDK inhibitor, on cell cycle pro-

gression in human HL-60 leukemia cells. Biochem. Pharmacol., 
2008, 76(11), 1554-1562. 

 http://dx.doi.org/10.1016/j.bcp.2008.08.002 PMID: 18761329 

[161] Dai, C.; Zhang, Y.; Xu, Z.; Jin, M. MicroRNA-122-5p inhibits cell 
proliferation, migration and invasion by targeting CCNG1 in pan-

creatic ductal adenocarcinoma. Cancer Cell Int., 2020, 20(1), 98. 

 http://dx.doi.org/10.1186/s12935-020-01185-z PMID: 32256207 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1007/s12253-011-9433-4
http://www.ncbi.nlm.nih.gov/pubmed/21773880
http://dx.doi.org/10.1007/s11060-006-9172-7
http://dx.doi.org/10.1007/s11060-006-9172-7
http://dx.doi.org/10.1007/s11060-006-9172-7
http://dx.doi.org/10.1007/s11060-006-9172-7
http://www.ncbi.nlm.nih.gov/pubmed/16724266
http://dx.doi.org/10.18632/oncotarget.19445
http://dx.doi.org/10.18632/oncotarget.19445
http://dx.doi.org/10.18632/oncotarget.19445
http://dx.doi.org/10.18632/oncotarget.19445
http://www.ncbi.nlm.nih.gov/pubmed/29029468
http://dx.doi.org/10.3892/ol.2018.8772
http://dx.doi.org/10.3892/ol.2018.8772
http://dx.doi.org/10.3892/ol.2018.8772
http://www.ncbi.nlm.nih.gov/pubmed/30008840
http://dx.doi.org/10.1371/journal.pone.0078700
http://dx.doi.org/10.1371/journal.pone.0078700
http://dx.doi.org/10.1371/journal.pone.0078700
http://dx.doi.org/10.1371/journal.pone.0078700
http://www.ncbi.nlm.nih.gov/pubmed/24244343
http://dx.doi.org/10.12688/f1000research.11771.1
http://dx.doi.org/10.12688/f1000research.11771.1
http://dx.doi.org/10.12688/f1000research.11771.1
http://dx.doi.org/10.12688/f1000research.11771.1
http://www.ncbi.nlm.nih.gov/pubmed/29560266
http://dx.doi.org/10.1177/0963689720929987
http://dx.doi.org/10.1177/0963689720929987
http://dx.doi.org/10.1177/0963689720929987
http://dx.doi.org/10.1177/0963689720929987
http://www.ncbi.nlm.nih.gov/pubmed/32463297
http://dx.doi.org/10.3892/ijo.2017.4058
http://dx.doi.org/10.3892/ijo.2017.4058
http://dx.doi.org/10.3892/ijo.2017.4058
http://dx.doi.org/10.3892/ijo.2017.4058
http://dx.doi.org/10.3892/ijo.2017.4058
http://www.ncbi.nlm.nih.gov/pubmed/28656256
http://dx.doi.org/10.1083/jcb.141.7.1659
http://dx.doi.org/10.1083/jcb.141.7.1659
http://dx.doi.org/10.1083/jcb.141.7.1659
http://dx.doi.org/10.1083/jcb.141.7.1659
http://dx.doi.org/10.1083/jcb.141.7.1659
http://www.ncbi.nlm.nih.gov/pubmed/9647657
http://dx.doi.org/10.1096/fj.01-0028fje
http://dx.doi.org/10.1096/fj.01-0028fje
http://dx.doi.org/10.1096/fj.01-0028fje
http://dx.doi.org/10.1096/fj.01-0028fje
http://www.ncbi.nlm.nih.gov/pubmed/11481234
http://www.ncbi.nlm.nih.gov/pubmed/25550561
http://dx.doi.org/10.1080/01635581.2016.1158295
http://dx.doi.org/10.1080/01635581.2016.1158295
http://dx.doi.org/10.1080/01635581.2016.1158295
http://dx.doi.org/10.1080/01635581.2016.1158295
http://dx.doi.org/10.1080/01635581.2016.1158295
http://www.ncbi.nlm.nih.gov/pubmed/27145432
http://dx.doi.org/10.1016/j.fct.2019.111091
http://dx.doi.org/10.1016/j.fct.2019.111091
http://dx.doi.org/10.1016/j.fct.2019.111091
http://dx.doi.org/10.1016/j.fct.2019.111091
http://www.ncbi.nlm.nih.gov/pubmed/31883989
http://dx.doi.org/10.1016/j.intimp.2021.107895
http://dx.doi.org/10.1016/j.intimp.2021.107895
http://dx.doi.org/10.1016/j.intimp.2021.107895
http://www.ncbi.nlm.nih.gov/pubmed/34171623
http://dx.doi.org/10.1016/j.phrs.2020.104745
http://dx.doi.org/10.1016/j.phrs.2020.104745
http://dx.doi.org/10.1016/j.phrs.2020.104745
http://dx.doi.org/10.1016/j.phrs.2020.104745
http://www.ncbi.nlm.nih.gov/pubmed/32145401
http://dx.doi.org/10.1016/S0304-3835(01)00443-8
http://dx.doi.org/10.1016/S0304-3835(01)00443-8
http://dx.doi.org/10.1016/S0304-3835(01)00443-8
http://www.ncbi.nlm.nih.gov/pubmed/11485823
http://dx.doi.org/10.1007/s10456-010-9187-8
http://dx.doi.org/10.1007/s10456-010-9187-8
http://dx.doi.org/10.1007/s10456-010-9187-8
http://dx.doi.org/10.1007/s10456-010-9187-8
http://www.ncbi.nlm.nih.gov/pubmed/20927579
http://dx.doi.org/10.1166/jbn.2019.2682
http://dx.doi.org/10.1166/jbn.2019.2682
http://dx.doi.org/10.1166/jbn.2019.2682
http://www.ncbi.nlm.nih.gov/pubmed/30596551
http://dx.doi.org/10.1002/ptr.7189
http://dx.doi.org/10.1002/ptr.7189
http://dx.doi.org/10.1002/ptr.7189
http://www.ncbi.nlm.nih.gov/pubmed/34101276
http://dx.doi.org/10.1016/j.phymed.2016.02.011
http://dx.doi.org/10.1016/j.phymed.2016.02.011
http://dx.doi.org/10.1016/j.phymed.2016.02.011
http://dx.doi.org/10.1016/j.phymed.2016.02.011
http://www.ncbi.nlm.nih.gov/pubmed/27064016
http://dx.doi.org/10.1269/jrr.46.387
http://dx.doi.org/10.1269/jrr.46.387
http://dx.doi.org/10.1269/jrr.46.387
http://dx.doi.org/10.1269/jrr.46.387
http://www.ncbi.nlm.nih.gov/pubmed/16394628
http://dx.doi.org/10.1038/nri.2017.142
http://dx.doi.org/10.1038/nri.2017.142
http://dx.doi.org/10.1038/nri.2017.142
http://www.ncbi.nlm.nih.gov/pubmed/29379212
http://dx.doi.org/10.1159/000491730
http://dx.doi.org/10.1159/000491730
http://dx.doi.org/10.1159/000491730
http://www.ncbi.nlm.nih.gov/pubmed/30016782
http://dx.doi.org/10.1111/j.1349-7006.2012.02272.x
http://dx.doi.org/10.1111/j.1349-7006.2012.02272.x
http://dx.doi.org/10.1111/j.1349-7006.2012.02272.x
http://dx.doi.org/10.1111/j.1349-7006.2012.02272.x
http://www.ncbi.nlm.nih.gov/pubmed/22417066
http://dx.doi.org/10.1038/s42003-020-0811-x
http://dx.doi.org/10.1038/s42003-020-0811-x
http://dx.doi.org/10.1038/s42003-020-0811-x
http://www.ncbi.nlm.nih.gov/pubmed/32099064
http://dx.doi.org/10.1177/1535370215573396
http://dx.doi.org/10.1177/1535370215573396
http://dx.doi.org/10.1177/1535370215573396
http://www.ncbi.nlm.nih.gov/pubmed/25736303
http://dx.doi.org/10.3748/wjg.v10.i20.3048
http://dx.doi.org/10.3748/wjg.v10.i20.3048
http://dx.doi.org/10.3748/wjg.v10.i20.3048
http://www.ncbi.nlm.nih.gov/pubmed/15378791
http://dx.doi.org/10.1016/j.bcp.2008.08.002
http://dx.doi.org/10.1016/j.bcp.2008.08.002
http://dx.doi.org/10.1016/j.bcp.2008.08.002
http://dx.doi.org/10.1016/j.bcp.2008.08.002
http://www.ncbi.nlm.nih.gov/pubmed/18761329
http://dx.doi.org/10.1186/s12935-020-01185-z
http://dx.doi.org/10.1186/s12935-020-01185-z
http://dx.doi.org/10.1186/s12935-020-01185-z
http://dx.doi.org/10.1186/s12935-020-01185-z
http://www.ncbi.nlm.nih.gov/pubmed/32256207


Resveratrol in Cancer Therapy: From Stimulation of Genomic Stability Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX    19 

[162] Zhang, W.; Jiang, H.; Chen, Y.; Ren, F. Resveratrol chemosensitiz-

es adriamycin‐resistant breast cancer cells by modulating miR‐122‐

5p. J. Cell. Biochem., 2019, 120(9), 16283-16292. 
 http://dx.doi.org/10.1002/jcb.28910 PMID: 31155753 

[163] Hernandez-Valencia, J.; Garcia-Villa, E.; Arenas-Hernandez, A.; 

Garcia-Mena, J.; Diaz-Chavez, J.; Gariglio, P. Induction of p53 
Phosphorylation at Serine 20 by Resveratrol Is Required to Acti-

vate p53 Target Genes, Restoring Apoptosis in MCF-7 Cells Re-

sistant to Cisplatin. Nutrients, 2018, 10(9), 1148. 
 http://dx.doi.org/10.3390/nu10091148 PMID: 30142917 

[164] Hwang, J.T.; Kwak, D.W.; Lin, S.K.; Kim, H.M.; Kim, Y.M.; Park, 

O.J. Resveratrol induces apoptosis in chemoresistant cancer cells 
via modulation of AMPK signaling pathway. Ann. N. Y. Acad. Sci., 

2007, 1095(1), 441-448. 

 http://dx.doi.org/10.1196/annals.1397.047 PMID: 17404056 
[165] Jin, X.; Wei, Y.; Liu, Y.; Lu, X.; Ding, F.; Wang, J.; Yang, S. 

Resveratrol promotes sensitization to Doxorubicin by inhibiting ep-

ithelial‐mesenchymal transition and modulating SIRT1/β‐catenin 
signaling pathway in breast cancer. Cancer Med., 2019, 8(3), 1246-

1257. 

 http://dx.doi.org/10.1002/cam4.1993 PMID: 30697969 

[166] Chen, J.M.; Bai, J.Y.; Yang, K.X. Effect of resveratrol on doxoru-

bicin resistance in breast neoplasm cells by modulating PI3K/Akt 

signaling pathway. IUBMB Life, 2018, 70(6), 491-500. 
 http://dx.doi.org/10.1002/iub.1749 PMID: 29637742 

[167] Zhou, C.; Qian, W.; Ma, J.; Cheng, L.; Jiang, Z.; Yan, B.; Li, J.; 

Duan, W.; Sun, L.; Cao, J.; Wang, F.; Wu, E.; Wu, Z.; Ma, Q.; Li, 
X. Resveratrol enhances the chemotherapeutic response and revers-

es the stemness induced by gemcitabine in pancreatic cancer cells 

via targeting SREBP1. Cell Prolif., 2019, 52(1), e12514. 
 http://dx.doi.org/10.1111/cpr.12514 PMID: 30341797 

[168] Huang, L.; Zhang, S.; Zhou, J.; Li, X. Effect of resveratrol on drug 

resistance in colon cancer chemotherapy. RSC Advances, 2019, 
9(5), 2572-2580. 

 http://dx.doi.org/10.1039/C8RA08364A PMID: 35520503 

[169] Uvez, A.; Aydinlik, S.; Esener, O.; Erkisa, M.; Karakus, D.; 
Armutak, E. Synergistic interactions between resveratrol and doxo-

rubicin inhibit angiogenesis both in vitro and in vivo. Pol. J. Vet. 

Sci., 2020, 571-580. 
[170] Harikumar, K.B.; Kunnumakkara, A.B.; Sethi, G.; Diagaradjane, 

P.; Anand, P.; Pandey, M.K.; Gelovani, J.; Krishnan, S.; Guha, S.; 

Aggarwal, B.B. Resveratrol, a multitargeted agent, can enhance an-
titumor activity of gemcitabine in vitro and in orthotopic mouse 

model of human pancreatic cancer. Int. J. Cancer, 2010, 127(2), 

257-268. 
 PMID: 19908231 

[171] Lee, S.H.; Koo, B.S.; Park, S.Y.; Kim, Y.M. Anti-angiogenic ef-

fects of resveratrol in combination with 5-fluorouracil on B16 mu-
rine melanoma cells. Mol. Med. Rep., 2015, 12(2), 2777-2783. 

 http://dx.doi.org/10.3892/mmr.2015.3675 PMID: 25936796 

[172] Noorolyai, S.; Shajari, N.; Baghbani, E.; Sadreddini, S.; Baradaran, 
B. The relation between PI3K/AKT signalling pathway and cancer. 

Gene, 2019, 698, 120-128. 
 http://dx.doi.org/10.1016/j.gene.2019.02.076 PMID: 30849534 

[173] Han, Y.; Ma, R.; Cao, G.; Liu, H.; He, L.; Tang, L.; Li, H.; Luo, Q. 

Combined treatment of cinobufotalin and gefitinib exhibits potent 
efficacy against lung cancer. Evid. Based Complement.  Altern. 

Med., 2021, 2021, 6612365. 

 http://dx.doi.org/10.1155/2021/6612365 

[174] Zhu, Y.; He, W.; Gao, X.; Li, B.; Mei, C.; Xu, R.; Chen, H. 

Resveratrol overcomes gefitinib resistance by increasing the intra-

cellular gefitinib concentration and triggering apoptosis, autophagy 
and senescence in PC9/G NSCLC cells. Sci. Rep., 2015, 5(1), 

17730. 

 http://dx.doi.org/10.1038/srep17730 PMID: 26635117 
[175] Nie, P.; Hu, W.; Zhang, T.; Yang, Y.; Hou, B.; Zou, Z. Synergistic 

induction of erlotinib-mediated apoptosis by resveratrol in human 

non-small-cell lung cancer cells by down-regulating survivin and 
up-regulating PUMA. Cell. Physiol. Biochem., 2015, 35(6), 2255-

2271. 

 http://dx.doi.org/10.1159/000374030 PMID: 25895606 
[176] Abdel-Latif, G.A.; Al-Abd, A.M.; Tadros, M.G.; Al-Abbasi, F.A.; 

Khalifa, A.E.; Abdel-Naim, A.B. The chemomodulatory effects of 

resveratrol and didox on herceptin cytotoxicity in breast cancer cell 

lines. Sci. Rep., 2015, 5(1), 12054. 

 http://dx.doi.org/10.1038/srep12054 PMID: 26156237 
[177] Ashrafizadeh, M.; Farhood, B.; Eleojo Musa, A.; Taeb, S.; Rezaey-

an, A.; Najafi, M. Abscopal effect in radioimmunotherapy. Int. 

Immunopharmacol., 2020, 85, 106663. 
 http://dx.doi.org/10.1016/j.intimp.2020.106663 PMID: 32521494 

[178] Majidpoor, J.; Mortezaee, K. The efficacy of PD-1/PD-L1 blockade 

in cold cancers and future perspectives. Clin. Immunol., 2021, 226, 
108707. 

 http://dx.doi.org/10.1016/j.clim.2021.108707 PMID: 33662590 

[179] Mortezaee, K.; Najafi, M. Immune system in cancer radiotherapy: 
Resistance mechanisms and therapy perspectives. Crit. Rev. Oncol. 

Hematol., 2021, 157, 103180. 

 http://dx.doi.org/10.1016/j.critrevonc.2020.103180 PMID: 
33264717 

[180] Wu, Z.; Zhang, C.; Najafi, M. Targeting of the tumor immune 

microenvironment by metformin. J. Cell Commun. Signal., 2021, 
16(3), 333-348. 

 PMID: 34611852 

[181] Fu, X.; He, Y.; Li, M.; Huang, Z.; Najafi, M. Targeting of the tu-

mor microenvironment by curcumin. Biofactors, 2021, 47(6), 914-

932. 

 http://dx.doi.org/10.1002/biof.1776 PMID: 34375483 
[182] Verdura, S.; Cuyàs, E.; Cortada, E.; Brunet, J.; Lopez-Bonet, E.; 

Martin-Castillo, B.; Bosch-Barrera, J.; Encinar, J.A.; Menendez, 

J.A. Resveratrol targets PD-L1 glycosylation and dimerization to 
enhance antitumor T-cell immunity. Aging (Albany NY), 2020, 

12(1), 8-34. 

 http://dx.doi.org/10.18632/aging.102646 PMID: 31901900 
[183] Lucas, J.; Hsieh, T.C.; Halicka, H.D.; Darzynkiewicz, Z.; Wu, J. 

Upregulation of PD-L1 expression by resveratrol and piceatannol 

in breast and colorectal cancer cells occurs via HDAC3/ 
p300-mediated NF-κB signaling. Int. J. Oncol., 2018, 53(4), 1469-

1480. 

 http://dx.doi.org/10.3892/ijo.2018.4512 PMID: 30066852 
[184] Yang, M.; Li, Z.; Tao, J.; Hu, H.; Li, Z.; Zhang, Z.; Cheng, F.; Sun, 

Y.; Zhang, Y.; Yang, J.; Wei, H.; Wu, Z. Resveratrol induces PD-

L1 expression through snail-driven activation of Wnt pathway in 
lung cancer cells. J. Cancer Res. Clin. Oncol., 2021, 147(4), 1101-

1113. 

 http://dx.doi.org/10.1007/s00432-021-03510-z PMID: 33471184 
[185] Ashrafizadeh, M.; Zarrabi, A.; Hushmandi, K.; Zarrin, V.; 

Moghadam, E.R.; Zabolian, A.; Tavakol, S.; Samarghandian, S.; 

Najafi, M. PD-1/PD-L1 axis regulation in cancer therapy: The role 
of long non-coding RNAs and microRNAs. Life Sci., 2020, 256, 

117899. 

 http://dx.doi.org/10.1016/j.lfs.2020.117899 PMID: 32504749 
[186] Ashrafizadeh, M.; Farhood, B.; Eleojo Musa, A.; Taeb, S.; Najafi, 

M. The interactions and communications in tumor resistance to ra-

diotherapy: Therapy perspectives. Int. Immunopharmacol., 2020, 
87, 106807. 

 http://dx.doi.org/10.1016/j.intimp.2020.106807 PMID: 32683299 
[187] Crezee, J.; Franken, N.A.P.; Oei, A.L. Hyperthermia-based anti-

cancer treatments. Cancers (Basel), 2021, 13(6), 1240. 

 http://dx.doi.org/10.3390/cancers13061240 PMID: 33808948 
[188] Mortezaee, K.; Narmani, A.; Salehi, M.; Bagheri, H.; Farhood, B.; 

Haghi-Aminjan, H.; Najafi, M. Synergic effects of nanoparticles-

mediated hyperthermia in radiotherapy/chemotherapy of cancer. 

Life Sci., 2021, 269, 119020. 

 http://dx.doi.org/10.1016/j.lfs.2021.119020 PMID: 33450258 

[189] Nodooshan, S.J.; Amini, P.; Ashrafizadeh, M.; Tavakoli, S.; Ar-
yafar, T.; Khalafi, L.; Musa, A.E.; Mahdavi, S.R.; Najafi, M.; Ah-

madi, A.; Farhood, B. Suberosin attenuates the proliferation of 

MCF-7 breast cancer cells in combination with radiotherapy or hy-
perthermia. Curr. Drug Res. Rev., 2021, 13(2), 148-153. 

 http://dx.doi.org/10.2174/2589977512666201228104528 PMID: 

33371865 
[190] Amini, P.; Nodooshan, S.J.; Ashrafizadeh, M.; Eftekhari, S.M.; 

Aryafar, T.; Khalafi, L.; Musa, A.E.; Mahdavi, S.R.; Najafi, M.; 

Farhood, B. Resveratrol induces apoptosis and attenuates prolifera-
tion of MCF-7 cells in combination with radiation and hyperther-

mia. Curr. Mol. Med., 2021, 21(2), 142-150. 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.1002/jcb.28910
http://dx.doi.org/10.1002/jcb.28910
http://dx.doi.org/10.1002/jcb.28910
http://dx.doi.org/10.1002/jcb.28910
http://www.ncbi.nlm.nih.gov/pubmed/31155753
http://dx.doi.org/10.3390/nu10091148
http://dx.doi.org/10.3390/nu10091148
http://dx.doi.org/10.3390/nu10091148
http://dx.doi.org/10.3390/nu10091148
http://dx.doi.org/10.3390/nu10091148
http://www.ncbi.nlm.nih.gov/pubmed/30142917
http://dx.doi.org/10.1196/annals.1397.047
http://dx.doi.org/10.1196/annals.1397.047
http://dx.doi.org/10.1196/annals.1397.047
http://www.ncbi.nlm.nih.gov/pubmed/17404056
http://dx.doi.org/10.1002/cam4.1993
http://dx.doi.org/10.1002/cam4.1993
http://dx.doi.org/10.1002/cam4.1993
http://dx.doi.org/10.1002/cam4.1993
http://www.ncbi.nlm.nih.gov/pubmed/30697969
http://dx.doi.org/10.1002/iub.1749
http://dx.doi.org/10.1002/iub.1749
http://dx.doi.org/10.1002/iub.1749
http://dx.doi.org/10.1002/iub.1749
http://www.ncbi.nlm.nih.gov/pubmed/29637742
http://dx.doi.org/10.1111/cpr.12514
http://dx.doi.org/10.1111/cpr.12514
http://dx.doi.org/10.1111/cpr.12514
http://dx.doi.org/10.1111/cpr.12514
http://www.ncbi.nlm.nih.gov/pubmed/30341797
http://dx.doi.org/10.1039/C8RA08364A
http://dx.doi.org/10.1039/C8RA08364A
http://dx.doi.org/10.1039/C8RA08364A
http://www.ncbi.nlm.nih.gov/pubmed/35520503
http://www.ncbi.nlm.nih.gov/pubmed/19908231
http://dx.doi.org/10.3892/mmr.2015.3675
http://dx.doi.org/10.3892/mmr.2015.3675
http://dx.doi.org/10.3892/mmr.2015.3675
http://dx.doi.org/10.3892/mmr.2015.3675
http://www.ncbi.nlm.nih.gov/pubmed/25936796
http://dx.doi.org/10.1016/j.gene.2019.02.076
http://dx.doi.org/10.1016/j.gene.2019.02.076
http://dx.doi.org/10.1016/j.gene.2019.02.076
http://www.ncbi.nlm.nih.gov/pubmed/30849534
http://dx.doi.org/10.1155/2021/6612365
http://dx.doi.org/10.1155/2021/6612365
http://dx.doi.org/10.1155/2021/6612365
http://dx.doi.org/10.1038/srep17730
http://dx.doi.org/10.1038/srep17730
http://dx.doi.org/10.1038/srep17730
http://dx.doi.org/10.1038/srep17730
http://www.ncbi.nlm.nih.gov/pubmed/26635117
http://dx.doi.org/10.1159/000374030
http://dx.doi.org/10.1159/000374030
http://dx.doi.org/10.1159/000374030
http://dx.doi.org/10.1159/000374030
http://dx.doi.org/10.1159/000374030
http://www.ncbi.nlm.nih.gov/pubmed/25895606
http://dx.doi.org/10.1038/srep12054
http://dx.doi.org/10.1038/srep12054
http://dx.doi.org/10.1038/srep12054
http://dx.doi.org/10.1038/srep12054
http://www.ncbi.nlm.nih.gov/pubmed/26156237
http://dx.doi.org/10.1016/j.intimp.2020.106663
http://dx.doi.org/10.1016/j.intimp.2020.106663
http://www.ncbi.nlm.nih.gov/pubmed/32521494
http://dx.doi.org/10.1016/j.clim.2021.108707
http://dx.doi.org/10.1016/j.clim.2021.108707
http://dx.doi.org/10.1016/j.clim.2021.108707
http://www.ncbi.nlm.nih.gov/pubmed/33662590
http://dx.doi.org/10.1016/j.critrevonc.2020.103180
http://dx.doi.org/10.1016/j.critrevonc.2020.103180
http://dx.doi.org/10.1016/j.critrevonc.2020.103180
http://www.ncbi.nlm.nih.gov/pubmed/33264717
http://www.ncbi.nlm.nih.gov/pubmed/34611852
http://dx.doi.org/10.1002/biof.1776
http://dx.doi.org/10.1002/biof.1776
http://dx.doi.org/10.1002/biof.1776
http://www.ncbi.nlm.nih.gov/pubmed/34375483
http://dx.doi.org/10.18632/aging.102646
http://dx.doi.org/10.18632/aging.102646
http://dx.doi.org/10.18632/aging.102646
http://www.ncbi.nlm.nih.gov/pubmed/31901900
http://dx.doi.org/10.3892/ijo.2018.4512
http://dx.doi.org/10.3892/ijo.2018.4512
http://dx.doi.org/10.3892/ijo.2018.4512
http://dx.doi.org/10.3892/ijo.2018.4512
http://www.ncbi.nlm.nih.gov/pubmed/30066852
http://dx.doi.org/10.1007/s00432-021-03510-z
http://dx.doi.org/10.1007/s00432-021-03510-z
http://dx.doi.org/10.1007/s00432-021-03510-z
http://dx.doi.org/10.1007/s00432-021-03510-z
http://www.ncbi.nlm.nih.gov/pubmed/33471184
http://dx.doi.org/10.1016/j.lfs.2020.117899
http://dx.doi.org/10.1016/j.lfs.2020.117899
http://dx.doi.org/10.1016/j.lfs.2020.117899
http://www.ncbi.nlm.nih.gov/pubmed/32504749
http://dx.doi.org/10.1016/j.intimp.2020.106807
http://dx.doi.org/10.1016/j.intimp.2020.106807
http://dx.doi.org/10.1016/j.intimp.2020.106807
http://www.ncbi.nlm.nih.gov/pubmed/32683299
http://dx.doi.org/10.3390/cancers13061240
http://dx.doi.org/10.3390/cancers13061240
http://dx.doi.org/10.3390/cancers13061240
http://www.ncbi.nlm.nih.gov/pubmed/33808948
http://dx.doi.org/10.1016/j.lfs.2021.119020
http://dx.doi.org/10.1016/j.lfs.2021.119020
http://dx.doi.org/10.1016/j.lfs.2021.119020
http://www.ncbi.nlm.nih.gov/pubmed/33450258
http://dx.doi.org/10.2174/2589977512666201228104528
http://dx.doi.org/10.2174/2589977512666201228104528
http://dx.doi.org/10.2174/2589977512666201228104528
http://dx.doi.org/10.2174/2589977512666201228104528
http://www.ncbi.nlm.nih.gov/pubmed/33371865
http://dx.doi.org/10.2174/18755666MTA2dODEdz
http://dx.doi.org/10.2174/18755666MTA2dODEdz
http://dx.doi.org/10.2174/18755666MTA2dODEdz


20    Current Topics in Medicinal Chemistry, XXXX, Vol. XX, No. XX Amini et al. 

 

 http://dx.doi.org/10.2174/18755666MTA2dODEdz  

PMID: 32436827 

[191] Levi, F.; Pasche, C.; Lucchini, F.; Ghidoni, R.; Ferraroni, M.; La 
Vecchia, C. Resveratrol and breast cancer risk. Eur. J. Cancer 

Prev., 2005, 14(2), 139-142. 

 http://dx.doi.org/10.1097/00008469-200504000-00009  
PMID: 15785317 

[192] Howells, L.M.; Berry, D.P.; Elliott, P.J.; Jacobson, E.W.; Hoff-

mann, E.; Hegarty, B.; Brown, K.; Steward, W.P.; Gescher, A.J. 
Phase I randomized, double-blind pilot study of micronized 

resveratrol (SRT501) in patients with hepatic metastases--safety, 

pharmacokinetics, and pharmacodynamics. Cancer Prev. Res. (Phi-

la.), 2011, 4(9), 1419-1425. 

 http://dx.doi.org/10.1158/1940-6207.CAPR-11-0148  
PMID: 21680702 

[193] Popat, R.; Plesner, T.; Davies, F.; Cook, G.; Cook, M.; Elliott, P.; 

Jacobson, E.; Gumbleton, T.; Oakervee, H.; Cavenagh, J. A phase 2 
study of SRT501 (resveratrol) with bortezomib for patients with re-

lapsed and or refractory multiple myeloma. Br. J. Haematol., 2013, 

160(5), 714-717. 
 http://dx.doi.org/10.1111/bjh.12154 PMID: 23205612 

 

 

 

 

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final ver-

sion. Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to 

changes in the final published version, if it is eventually published. All legal disclaimers that apply to the final published article 

also apply to this ahead-of-print version. 

 

Aut
ho

r P
ro

of
s 

“F
or

 P
er

so
na

l U
se

 O
nl

y”

http://dx.doi.org/10.2174/18755666MTA2dODEdz
http://www.ncbi.nlm.nih.gov/pubmed/32436827
http://dx.doi.org/10.1097/00008469-200504000-00009
http://dx.doi.org/10.1097/00008469-200504000-00009
http://www.ncbi.nlm.nih.gov/pubmed/15785317
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0148
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0148
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0148
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0148
http://www.ncbi.nlm.nih.gov/pubmed/21680702
http://dx.doi.org/10.1111/bjh.12154
http://dx.doi.org/10.1111/bjh.12154
http://dx.doi.org/10.1111/bjh.12154
http://dx.doi.org/10.1111/bjh.12154
http://www.ncbi.nlm.nih.gov/pubmed/23205612



