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Abstract
Earlier having reviewed the role of resveratrol,a polyphenol along with other polyphenols in obesity,DM, autoimmune disease

and role of programmed death-1(PD1)/programmed death-ligand1(PD-L1) system in ovarian and other cancers here we decided
to carry out a systematic review on role of resveratrol,alone or in combination with other polyphenols in prevention as well as

therapy of various cancers like ovarian cancer,breast cancer especially basal cell and HER+ve, besides multiple melanoma, colorectal
and other cancers on the basis of senescent cell approach in cancer cells.We found thatPolyphenols inhibit senescent-associated

secretory phenotype(SASP) factors secretion from senescent cells to form anti-tumor microenvironment for avoiding cancer.Once

tumorigenesis starts, polyphenols are capable of inhibiting cancer by using oncogenes-oxidative stress, DNA Damage response(DDR)

as well as endoplasmic reticulum(ER) stress induced cancer senescence. Concomitantly using 2 Polyphenols or a mixture of
Polyphenols as well as other anti- cancer drugs increase therapeutic efficacy.This combined use of Polyphenols will be critical in
future for this purpose in cancer prevention as well as therapy.

Keywords: Resveratrol; Polyphenol; Ovarian Cancer; Programmed Death-1(PD1)/Programmed Death-Ligand1 (PD-L1);Breast
Cancer; SASP Factors; DDR; SASP Factors

Introduction
Earlier we had reviewed the management of ovarian carcino-

Ovarian carcinoma is 1 out of 3 commonest gynaecological ma-

lignancies having highest mortality and is in 5th place regarding

maalong with role of PD1-PD-L1 pathway in ovarian carcinoma

cancer associated deaths out of 10 main human cancers in women

and NK Cells function in obesity-correlating with comorbidities de-

[7]. But with intrinsic side effects, massive cost as well as primary

and role of resveratrol in chronic inflammatory diseases was autoimmune diseases as well as importance of immunometabolism

velopment like cancer and type 2diabetes [1-5]. Here we decided
to further review the role of natural polyphenols like Resveratrol

(RES) in various cancers along with its mechanism of action involvingPD1-PD-L1 pathway as well as Immunometabolism in curing or

aiding prevention of drug resistance development besides ovarian
cancers, and other cancers like certain breast cancers.

Methods

We carried out a Pubmed Search using the MeSH terms like

polyphenols like Resveratrol (RES);other polyphenols; PD1-PD-L1
pathway; immunometabolism with role in treating various cancers
with resveratrol or other polyphenol combinations.

Results and Discussion

We found a total of 1328 articles out of which we selected 50

articles for this review. No meta-analysis was done.

world over [6].Right now the initial option with the angle to cure

is surgical removal with adjuvant chemotherapy or radiotherapy
along with acquired drug resistance, the clinical results are hardly

satisfactory [8]. Hence use of innovative, low toxic, very effective

anti-tumour drugs or chemotherapy resensitizing compounds is
key for general improvement regarding prognosis of Ovarian carcinoma patients.

Resveratrol (RES) is a nonflavonoid polyphenol that has stil-

bene structural elements and has been widely found in lot of plants

like grapes as well as lilies [9].The medicinal impact of RES has
been shown in antiinflammation, antimicrobial, anti-oxidant, antiviral, anti-atherosclerotic, immunomodulatory as well as neu-

roprotection. Importantly, lot of proof has collected regarding
antitumor properties of RES against various cancers with a lot of

signaling pathways that give its mode of action regarding antiproliferative as well as apoptosis inducing actions brought about by

RES. Therapeutic actions have been shown in Hepatocellular Carci-
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noma (HCC), Ovarian carcinoma as well as leukemia. RES was ini-

tially shown to suppress hepatoma cell invasion independently of
its antiproliferative actions [10].Opipari.,et al. demonstrated RES

causes autophagocytosis in Ovarian cancer cells [6]. Cancer che-
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ally rare expression in most breast carcinomas of programmed
death ligand-1 (PD-L1) i.e. a prototypical immunosuppressive mol-

ecule on cancer cells which engages its receptor PD-1 on T cells

for repressing T cell mediated immune surveillance [20], is signifi-

mopreventive actions of RES in promyelocytic leukemia cells was

cantly high in basal like as well as HER2 positive tumors, thus indi-

ian cancer cells [12]. But the probability of RES in immune activa-

response rates documented in clinical trials for breast cancer with

demonstrated by Jang.,et al. for the 1st instance [11]. More work

have tested the potential of RES in inducing cell apoptosis in Ovar-

tion as well as promotion of immunogenic cell death (ICD) in this
scenario has not been defined.

Recently emerging;proof showed that certain platinum based

chemical drugs, like oxaliplatin, stimulated ICD besides cell apop-

tosis in cancer cells [13]. Usually, 3 major signal cues have been released when host cells undergo ICD, that include cell surface expo-

sure of calreticulin (CRT) that stimulates phagocytosis of dendritic
cells (DC’s). ATP release that recruits DC’s, as well as secretion of

cating that PD-L1 confers a survival benefitin the tumor microenvi-

ronment (TME) of these particular breast cancer subtypes. But the
PD-1/PD-L1check point inhibitor as single drugs have been very

disappointing (5-10%), although better clinical action (upto30%)
as well as durable overall responses have been seen in patients with
Basal-like/HER2 positive breastcancer as well as positive expres-

sion ofPD-L1 [21]. As per this, the finding of innovative strategies
for blocking the immune inhibitory signal of PD-L1in Basal-like as
well as HER2 positive breast cancer subtypes is urgently required.

Recently, the field of cancer immunometabolism has been giv-

high mobility group box1 (HMGB1) that promotes complexation

ing us understanding of the key role of metabolism in regulating

about DC maturation as well as infiltration of cytotoxic T cells into

tially needs metabolic specialization, as well as how particular

of DC cells with moribund tumor cells as well as stimulates T cells

based particular tumor immunity [14]. Subsequently ICD brings

tumor mass that gives chance for combinational therapy with immune checkpoint inhibitor like PD-L1 as well as PD-1 antibodies
[15].

Zhang.,etal. tried to study if ICD was part of the antitumor ac-

tion of RES against Ovarian carcinoma. RES suppressed cell pro-

liferationas well as causedapoptosis in Ovarian carcinoma cells.

Additionally,RES treatment stimulated cell surface exposure of
CRT, HMGB1 secretion along with ATP release. Vaccination with

RES-pretreated ID-8 cells markedly inhibited growth of later in-

oculated xenograft tumor. Direct delivery of RES suppressed tumor propagation associated with compromised cell proliferation

along with escalated cells apoptosis. They further characterized
escalation of mature DC’s, as well as cytotoxic T cells in xenograft
tumor in response to RES treatment, that also inhibited transforming growth factor beta (TGFβ) synthesis as well as a stimulation

ofboth IL 12p7 as well as interferon gamma (IFNƴ) secretion.
What was of maximum importance, they showed that combination

with PD-1 antibody markedly inhibited tumor growth where as
depleting CD8+ T cells by neutralizing antibodies restored xenograft propagation. Thus, their data pointed that RES caused antitumor action against Ovarian carcinoma by both apoptosis along
with ICD pathways [16].

Unlike immunologically “hot tumors like lung cancer, mela-

noma along with bladder cancer, most breast carcinomas are not
inherently immunogenic. Thus, they classically show low T cell

infiltrationand are not likely to improve with immune checkpoint

inhibitor therapies [17]. Basal-like breast carcinomas are different
in this matter of immunologically ‘’cold’ [18] as well as HER2 positive [19] subtypes, both of which exhibit proof of immunogenicity

as well as tumor immune infiltratesas well as stromal and intratu-

moral tumor infiltrating lymphocytes i.e. a good predictive marker
regarding response toimmunotherapy. In relation to this, the usu-

immune cell function [22]. A lot is known now how phenotypic

switching of T cells can be efficacious against tumor cells, essen-

metabolic actions as well as tumor driven switch in the abundance
of particular metabolites shape local immunosuppression as well

as decrease the metabolic fitness of tumor infiltrating lymphocytes.
Actually, the inhibitory nature of the metabolic cross talk among tu-

mor as well as immune cells in the TME supports its acting as a tar-

get for overcoming the escape of cancer cells along with overcome
immunotherapy resistance. Likewise, different combinations of immunotherapies using metabolic agents had the objective of rewir-

ing T cell fitness, by repressing the mimmunosuppressive metabolic traits within the TME are getting tested in clinical trials [23]. Still

the cancer cell-autonomous metabolic reprogramming in the form
of real driver of immune checkpoint signaling with in tumor cells

has been totally neglected in cancer immunometabolism. Actually,
we don’t even have slightest insight into how pharmacological ma-

nipulations targeting core metabolic checkpoint like AMP activated
protein kinase (AMPK), mammalian target of rapamycin (mTOR),

as well as silent information regulator 1 (SIRT1), may fine tune the
expression of immune checkpoint receptors in cancer cells.

Thus,Verdura.,etal. while trying to explore the PD-L1targeted ef-

fects of metabolism targeting agents with separate modes of action,

exposure to the dietary polyphenol Resveratrol (PD-L1) showed
the separate ability to develop a distinct PD-L1 electrophoretic

migration pattern. Utilizing biochemical assays, computer-aided
docking/molecular dynamic simulations as well as fluorescent
microscopy, they observed that RES can act as a direct inhibitor of

glyco-PD-L1-processing enzymes (α-glucosidase/α-mannosidase)
which modulates N-linked glycan decoration of PD-L1, thus promoting the ER retention of a mannose rich, abnormally glycosylat-

ed form of PD-L1. RES was also predicted to interact with the inner
surface of PD-L1 involved in the interaction with PD-1, almost accurately occupying the target space ofthe small compound BMS-202

which binds to as well as induces dimerizationof PD-L1. The capacity of RES to directly target PD-L1interferes with its stability as well
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as trafficking, ultimately interfering with its targeting to the cancer

Senescent cell characteristics

was importantly exaggerated when cancer cells were previously

cultivation is needed for rapid cell proliferation; phase III-cell

cell plasma membrane. Impedance based real time cell-analysis

3 phases at culture-phase I-period of slow proliferation prior

(xCELLigence) demonstrated that cytotoxic T lymphocyte activity,

to 1st confluent sheet conformation; phase II-during whichsub-

RES might highlight new strategies for restoring T cell function by

cells(Figure 1) [25]. Hayflick posited limited lifetime of diploid cell

exposed to RES. This unforeseen immunomodulating action of
targeting thePD-1/PD-L1 immunologic checkpoint with the use of
natural polyphenols(Figure 1) [24].

culture finishes with permanent loss of proliferation potential of
lines in vitro might indicate aging or senescence at cellular level.

Figure 1: Courtesy reference number [24]: Resveratrol enhances antitumor T cell immunity by promoting abnormal glycosylation and dimerization of PD-L1. Post-translational modifications such as glycosylation, phosphorylation, palmitoylation or ubiquitination are essential for the folding, intracellular transport, and stabilization of the PD-L1 protein PD-L1 is highly glycosylated, and N-linked glycosylation

of PD-L1 critically maintains its protein stability and is required for its interaction with PD-1 to efficiently suppress T-cell activity. Re-

cently, Bristol-Myers Squibb (BMS)-developed compounds with a common (2-methyl-4-biphenylyl)methanol scaffold have been reported

to block the PD-1/PD-L1 interaction by interacting with the cavity formed by the two PD-L1 monomers and inducing the dimerization of
PD-L1Structural studies have revealed a dimeric protein complex with a single small molecule that stabilizes the dimer and thereby oc-

cludes the PD-1 interaction surface of PD-L1. We propose that RSV is a naturally occurring, double-strike PD-1/PD-L1 immune checkpoint
inhibitor capable of directly blocking the enzymatic machinery in charge of the N-linked glycosylation of the nascent PD-L1 at the endoplasmic reticulum or directly binding to PD-L1 surfaces to induce PD-L1 dimerization and block PD-1 binding. This unforeseen ability of

RSV to directly interfere with PD-L1 stability and trafficking impedes the correct targeting of PD-L1 to the cancer cell plasma membrane
and ultimately elicits drastically enhanced cytotoxic T-lymphocyte immune-surveillance against tumor cells. These findings might illuminate new approaches to restore T-cell function by targeting the PD-1/PD-L1 immunologic checkpoint with natural polyphenols.
This senescence that is correlated with telomere loss or dysfunc-

ciated heterochromatin foci (SAHF’s), b) lack of Ki 67 that is asso-

totelomere shortening-known as premature(Figure 2) [26]. Later

Apoptotic resistanceis widely seenthat might be due to inactivation

tion is known as ‘’replicative senescence”. Without telomere short-

ening senescence induced by certain stimuli-as it occurs prior
cell senescence in vivo-like mouse embryo mesonephros, endolymphatic sac of inner earas well as apical ectodermal ridgeof the

limbs;human maternal-face interface [27],human Rheumatoid Ar-

thritis tissues, human skin, discas well as lung. Common features

of Polyphenoli) enlarged as well as irregular shaped cell body ii)
increased action of SA-βgal, as well as iii) cell cycle arrest. Senescent state cells-accompanied by a) formation of senescence-asso-

ciatedwith cell cycle, c) induction of DNA damage response (DDR)
d) activation of p53/p21 as well as p16/Rb signaling pathway [28].

of p53 as well as an upregulation ofApoptotic B-cell lymphoma-2

(BCL-2) in senescent human fibroblasts as well as keratinocytes
[29]. But senescent endothelial cells display increase sensitivity to

that of Apoptotic with decreased BCL-2 as well as increased BCL2-associated X apoptosis regulator (BAX) expression [30]. Senes-

cent cells secrete -series of bioactive molecules called senescent-

associated secretory phenotype (SASP) [31], Secreted molecules
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Figure 2: Courtesy reference number [50]: Process and phenotype of senescence. Cell growth curve, senescence process,
and characteristics of senescent cells are displayed. SASP; senescence-associated secretory phenotype SAHF,
senescence-associated heterochromatin foci.

stimulate proinflammatory cytokines, like interleukin (IL)-6, IL-8.

Molecular mechanisms of polyphenols in cancer treatment

tion of adjacent cells in tissue microenvironment [28].

ited proliferation along with induced apoptosis of human multiple

chemokines, growth factors, as well as matrix modeling enzymes
can cause series of physiological functions like senescence promoPolyphenol sources

Plenty-ellagic acid, gallic acid, tannic acid 3. as well as capsaicin

are usual phenolic acids present in a wide variety of plant derived

foods like teas, tropical fruits, soy as well as wheat products [32].
Resveratrol (3, 4’5’-trihydroxy stilbene) -representative member
of stilbene family -popular due to explanation of ‘’French paradox’’.
Abundant in grape skin, peanuts as well as redwine [33]. Lignans-

phytooestrogens-widely seen in Schisandraceae plants-other edible plants like flaxseed, cereal products, brassica vegetables [34].

Flavonoids –secondary metabolites in plant as well as fungus -high
amount in fruits vegetables legumes, teas, dark chocolates [35].
Synergistic effects of polyphenol administration

See figure 3 combined resveratrol along with quercetin, 2Poly-

phenols markedly aided the degree of Senescent cells as compared

to each single cell used in culture glioma cells [36]. ii) strengthened
anti-cancer effect of usual regimens of chemotherapy as well as ra-

diotherapy. RES increased Senescence caused by temozolomide as

well as further decreased temozolomide drug resistance in cancer

cells in glioma cells [37]. Also, RES could resensitize paclitaxel resistant cancer cells to paclitaxel [38] as well as overcome gefitinib
resistance of non-small lung cancer by incgefitinib concentration

when used together with gefitinib [39]. Also, RES treatment DNA
double stranded breaks as well as reactive oxygen species (ROS)
production for reinforcing ionizing radiation-induced premature
senescence along with a decreased radioresistance of lung cancer
cells [40].

i) Inhibit proliferation as well asmigration ii) cancer cell apopto-

sis induction iii) impeding immunosuppression etc. Like RES inhib-

myeloma cell lines by downregulating different proliferative as well
as anti-apoptotic gene products like cyclin D1, cIAP-2, X-linked in-

hibitor of apoptosis protein (XIAP), surviving, B-cl2, B-cl-Xl, Bfl-1/

A1 as well as TNF receptor associated factor2 (TRAF 2) [41]. A representating flavonoid quercetin-directly binds to PI3K for inhibit-

ing PI3K/AKT signaling pathway as well as inhibit H-RAS - induced
invasion as well as migration in MCF10A human epithelial cells
[42]. Action of RES already discussed in ref 24 on PD1/PDL1.

Targeting tumor microenvironment for cancer prevention
Senescent cells collect with age -producing lots of SASP factors

that may become harmfulif unchecked. Like fibroblasts are main
cell kinds in tissue stroma and get involved in remodeling as well

as repair processes, On being Senescent, they express SASP factors
that simulate that of fibroblasts next to some carcinomas, causing

a tumor favouring microenvironment and favour proliferation of

myeloma cells as well as colorectal cancer formation [43]. Target-

ing SASP for inducing anti-tumor microenvironment might aid in
cancer prevention. Chronic RES treatment decreased the secretion
of SASP factors in Senescent MRC5 fibroblasts, thus ameliorating
intra cellular signaling like phosphorylation of extra cellular signal

-regulated kinase (ERK) as well as S6 proteins in endothelial colony

forming cells for decreased angiogenesis as well as inhibited epithelial to mesenchymal transition, proliferation as well as invasive-

ness of myeloma cells respectively(Figure4) [44]. A plant flavone
apigenin significantly inhibited SASP secretion profile of human

fibroblasts cells by blunting IκB expression, thereby decreased the
aggressive phenotype of human breast cancer cells as well as oral

Citation: Kulvinder Kochar Kaur., et al. “Role of Polyphenols like Resveratrol in Cancer Prevention and Treatment-Especially in Combination with Other
Polyphenols Like Quercetin-Detailed Mode of Action and Future Perspectives-A Systematic Review”. Acta Scientific Cancer Biology 4.7 (2020): 13-20.

Role of Polyphenols like Resveratrol in Cancer Prevention and Treatment-Especially in Combination with Other Polyphenols Like
Quercetin-Detailed Mode of Action and Future Perspectives-A Systematic Review
17

Figure 3: Courtesy reference number [50]: Potential functions of resveratrol in anti-tumor therapy. Resveratrol inhibit tumor

microenvironment for cancer prevention, reduce drug/radiation resistance and induce cancer cell senescence for cancer therapy.
SASP, senescence-associated secretory phenotype; DLC1, deleted in liver cancer1; ROS, reactive oxygen species.

Figure 4: Courtesy reference number [50]: Roles of polyphenols in tumor suppression. Polyphenols inhibit secretion factors from
senescent cells to impair tumor microenvironment and promote oncogene-, oxidative stress-, DNA damage response (DDR) and
endoplasmic reticulum (ER) stress-induced cancer cell senescence.

administration of apigenin significantly inhibited SASP in kidneys

have been found since then. Oncogenes like RAS induced Senes-

ited age -based spontaneous tumorigenesis in annual fish Notho-

pression of RAS/Mitogen activated protein kinase (MAPK)/ERK as

of aged rats [45]. Resveratrol Increased expression of silent infor-

mation regulator 1 (SIRT1) to decreased SASP as well as inhibbranchius guentheri [46]. Hence natural Polyphenols are potential

in targeting tumor microenvironment for cancer avoidance(Figure
4).

Oncogene induced senescence (OIS)
Premature Senescence that gets induced by Oncogenes is

known as OIS. OIS was primitively seen in 1997 when Oncogene

cence are commonly found in cancer cells. Many Polyphenols exert

their action through OIS (Figure 4 as well as figure 5). Like sup-

well asPI3K/AKTsignaling pathwaymediated via quercetin aided in

glioma cell Senescence [48]. p53 as well as p16 are crucial molecules involved in senescence-induction. p53 activation was needed
for RES to upregulateC-X-C motif chemokine receptor 2 (CXCR2) to
drive cancer cells senescence and protect the cells from apoptosis

(Figure 3) [49]. See figure 5 for overall actions of Polyphenols like
stilbenes, flavonoids as well as phenolic acids [50].

RAS was introduced in primary human diploid fibroblasts, Oncogene RAS can transform primary cells into tumorigenic state in the

Conclusion

erating Oncogene. But expression of Oncogene RAS ended in per-

manent G1 arrest accompanied with collection of p53 as well as

anti- cancer compounds. Targeting senescence is coming out as an

tumor suppressor genes that are capable of inducing Senescence

anti- cancer strategywith Polyphenols having a role in senescence
phenols in targeting senescence in both cancer prevention as well

case of tumor suppressors inactivation or the presence of coopp16 in primary rodent or human cells [47]. Other Oncogenes or

Polyphenols are ubiquitous in our diet, being essentialsource of

control. This review highlights important aspects of modes of Poly-
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Figure 5: Courtesy reference number [50]: Molecular targets of polyphenols in senescence induction. Polyphenols can induce cancer

cell senescence via various pathways, including (1) regulation of oncogene or tumor suppressor gene expression, (2) activation of DDR,
(3) promotion of oxidative stress, (4) induction of ER stress, (5) modulation of epigenetics, and (6) other mechanisms. AKT, protein

kinase B; DLC1, deleted in liver cancer1; hTERT, human telomerase reverse transcriptase; ROS, reactive oxygen species; RNS, reactive

nitrogen species; ER stress, endoplasmic reticulum stress; UPR, unfolded protein response; FOXO3a, forkhead box O 3a; NF-κB, nuclear
factor kappa-light-chain-enhancer of activated B cells.

as therapy. Finally,Polyphenols inhibit SASP factors secretion from

5.

senescent cells to form anti-tumor microenvironment for avoiding cancer. Once tumorigenesis starts, Polyphenols are capable

of inhibiting cancer by using Oncogenes-oxidative stress, DDR as

6.

as well as other anti-cancer drugs increase therapeutic efficacy.

7.

well as ER stressinduced cancer senescence (Figure 4 as well as

5). Concomitantly using 2 Polyphenols or a mixture of Polyphenols
This combined use of Polyphenols will be critical in future for this
purpose in cancer prevention as well as therapy.
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