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Abstract  

Over the course of the last three decades, a large body of evidence has shown that polyphenols, the 

secondary metabolites occurring in plant foods and beverages, exert protective effects due to their 

antioxidant activity mediated through different mechanisms ranging from direct radical scavenging and 

metal chelating activities, to the capacity to inhibit pro-oxidant enzymes and to target specific cell-

signalling pathways. In the last decade, dietary components, and polyphenols in particular have gained 

considerable attention as chemopreventive agents against different types of cancer. The signal 

transducers and activators of transcription (STAT) family is a group of cytoplasmic transcription 

factors which interact with specific sequences of DNA, inducing the expression of specific genes 

which in turn give rise to adaptive and highly specific biological responses. Growing evidence suggests 

that, of the seven STAT members identified, STAT3 is over-expressed in many human tumors (i.e. solid 

tumors and hematological malignancies) promoting the onset and development of cancer in humans by 

inhibiting apoptosis or by inducing cell proliferation, angiogenesis, invasion, and metastasis. This 

review article aims to assess the most recent studies on the role of STATs, with focus on STAT3, in 

oncogenesis, and the promising effects of some polyphenols on STAT expression. Moreover, the 

mechanisms behind the anti-inflammatory and antioxidant activities of polyphenols which have an 

influence on STAT expression are discussed, with a focus on their ability to target specific cell-

signalling pathways. 

 

Keywords: Anti-inflammatory response; Antioxidant defense; Cell-signalling pathways; signal 

transducers and activators of transcription (STAT); Polyphenols 
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1. Introduction 

Polyphenols are plant secondary metabolites, having an important role in the defense of plants 

against biotic (i.e. plant pathogens and herbivore animal aggression) and abiotic (e.g. rainfall, aridity, 

and ultraviolet radiation) stress conditions. Several thousand polyphenols have been identified in 

higher plants to date. They are generally classified into various subgroups based on variations in their 

chemical structure, consisting of two or more hydroxyl groups bonded directly to an aromatic ring. 

These groups are nonflavonoids (i.e. stilbenes, phenolic acids, and lignans) and flavonoids (subdivided 

into flavonols, flavones, flavanones, anthocyanidins, flavanols, and isoflavones). Over the course of the 

past three decades, a range of sources have shown that the health protective effects ascribed to 

polyphenols could be attributed to their antioxidant activity, mediated through different mechanisms of 

action ranging from direct radical scavenging and metal chelating activities, to the capacity for 

inhibiting pro-oxidant enzymes (cyclooxygenase and lipoxygenase). In more recent years, polyphenols 

have been shown to target specific cell-signalling pathways, contributing to an explanation of their 

functional properties, despite the issue of low bioavailability. The dietary advice given for maintaining 

proper health is that, at least five portions of fruit and vegetables is to be consumed each day, each 

consisting of at least 80 grams. The health benefits of many foods are attributed to polyphenols, since 

these are found more abundantly in many varieties of fruit and vegetables. Though the concentrations 

at which polyphenols have been found to show activity in vitro and in vivo are debatably higher than 

the amounts present in the human diet, the major factor which is to be considered for human 

consumption is not the raw amount of polyphenols present in the foods or food supplements, but rather 

their bioavailability, which is the deciding factor for the concentrations of the compound present in the 

target tissue, and thus available for mediating its effect [1]. On this topic, a recent review was 

published by McClements et al. which propose the Nutraceutica Bioavailability Classification Scheme 

(NuBACS) an important tool to evaluate the oral bioavailability of food components with 

physiological or pharmacological properties, including polyphenols. NuBACS will be used in this 

review to evaluate if polyphenol concentrations used in vitro studies and doses used in vivo 
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(experimental animal) fall within a physiological range [2]. Polyphenols have shown many 

pharmacological properties including chemoprotective effects against certain forms of cancer [3-5]. 

Many polyphenols have indeed been shown to modulate the cellular processes involved in tumor 

initiation and progression (i.e proliferation, survival, inflammation, invasion, metastasis, and 

angiogenesis). Cancer has a multifactorial pathology, the etiology of which has a 5% to 10% link to 

inherited genetic aberrations and a 90% to 95% association with acquired genetic mutations due to 

influences including physical (e.g. UV/solar, ionizing radiations), chemical (pesticides, mycotoxins, 

environmental pollutants, drugs), and biological (viral such as HBV, EBV, HCV, HIV1, HPV, bacterial 

such as H. pylori, and parasitic such as schistosoma) agents [6]. In the last two decades, a large body of 

evidence has shown that chronic inflammation leads to the initiation of cancer through a variety of 

mediators, including cytokines, chemokines, and enzymes, which create an inflammatory 

microenvironment [7, 8]. In this microenviroment, macrophages and leukocytes induce the production 

of reactive oxygen or reactive nitrogen species (ROS and RNS). ROS and RNS do play a protective 

role, but over time  their presence leads to severe oxidative stress with associated deleterious effects, 

such as the production of mutagenic agents (i.e. peroxynitrite) which react with DNA to induce 

mutations and cause overexpression of cytokines which promote inflammation, such as tumor necrosis 

factor-α (TNF-α), which induce chronic inflammation [9].   

Studies have shown that signaling pathways mediated by cytoplasmic transcription factors 

including NF-κB, β-catenin, NOTCH and STATs, play a major role in modulating apoptosis in cancer 

cells [10]. The STAT family, of Signal Transducers and Activators of Transcription, are cytoplasmic 

transcription factors which migrate from the cytosol into the cell nucleus when activated, where these 

STATs can interact with specific sequences of DNA, inducing the expression of specific genes which in 

turn give rise to adaptive and highly specific biological responses [10, 11]. STATs are latent 

transcription factors which regulate cellular signalling in response to many pro-oncogenics  such as 

cytokines [12], oncogenes [13], hormones [14] and growth factors [15], when bonded to their 

 corresponding receptors. This group consists of seven members, numbered in order of their discovery, 
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 consisting of STAT1-4, STAT5A and 5B, and STAT6 [16].  These dual- function proteins regulate gene 

transcription and signal transduction [17]. In  humans, STAT genes are located on three seperate 

chromosomes. STAT1  and STAT4 are located on chromosome 2. STAT3 and both STAT5s are mapped 

to  chromosome 17, whereas STAT2 and STAT6 are clustered on chromosome   12 [18]. Of these 

different forms, immune repose is regulated by STAT 2, 4 and 6 and the different physiological 

functions such as control of cell cycle, cell survival and angiogenesis are regulated by STAT1, 3 and 5 

[19]. Growing evidence suggests that of the seven STAT members, STAT3 is over-expressed in many 

human tumors, including solid tumors (lung, gastric, hepatocellular, colorectal and prostate cancers), 

and hematological malignancies (myeloma, leukemias, and lymphomas). Several studies have shown 

that STAT3 encourages the formation and development of cancer in humans, inhibiting programmed 

cell death and inducing proliferation, angiogenesis, invasion, and metastasis of cancer cells [20-22]. 

This review article aims to evaluate the most current studies on the role of STATs, with focus on 

STAT3, in oncogenesis and the effects of some polyphenols on STAT3 expression. Moreover, the 

mechanisms behind the anti-inflammatory and antioxidant activities of those polyphenols which 

influence STAT3 expression are discussed, with a focus on their ability to target specific cell-signalling 

pathways. This latter focus has been added to underline the complex mechanisms of action at the basis 

of the protective activity of polyphenols.  

 

2. STAT3 signalling in human diseases 

 

STAT3 clearly takes a pivotal role in different diseases [23-27]. Dysregulation of STAT3 and 

related pathways in a pathological environment may affect cell fate, and their targeting can thus 

improve clinical outcomes [28, 29]. STAT3 is a pleiotropic agent that participates in the control of 

astrocyte reactivity (which is characterized by changes in the transcriptional and functional changes of 

astrocytes, including over expression of filament proteins), in a JAK-dependent fashion[30].  Likewise, 

the activity of STAT3 in oligodendroglial cells (a type of neuroglial cells found in the CNS) is 
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indispensable for developmental CNS myelination and myelin repair [31]. Many existing studies 

indicate that under neurodegenerative conditions, activation of JAK2/STAT3 by therapeutic agents 

decreases pro-inflammatory cytokines and increases the expression of anti-apoptotic factors that in turn 

confer neural survival, whereas other findings claim that JAK/STAT inhibitors may inhibit microglial 

activation and repress innate and adaptive immune responses to protein aggregates [32-35]. In a study 

by Huang and coworkers, STAT3 inhibition resulted in protection of retinal ganglion cells against 

ischemia through suppression of  astrogliosis and astrocyte reactivation in the optic nerve [36]. During 

neurodegeneration, depletion of neurofilaments increase the activation of STAT3 via phosphorylation 

at Y705 and subsequently  the STAT3–stathmin interaction contributes to stabilization and dynamics of 

microtubules and restores axon elongation [37].  Besides, dysregulation of STAT3 has been observed in 

cardiovascular diseases [38].  During cardiovascular disease, activation of STAT3 leads to recruitment 

of inflammatory cells to the vessel wall and formation of lesions. STAT3 activators inhibit adverse 

cardiac remodeling in subacute phase of myocardial infarction and decrease the onset of chronic heart 

failure [39]. Moreover, mTOR  inhibitors protect the diabetic heart, allowing it to cope with 

reperfusion injury via STAT3 activation [40]. STAT3 is associated with obesity, and its inhibition 

decreases obesity-induced thyroid carcinogenesis in animal models [41, 42]. Obesity enhances 

resistance to anti-VEGF therapy in breast cancer through a STAT 3-related mechanism, which 

contributes to the overexpression of FGF-2 factor. STAT3 inhibitors may prevent obesity and improve 

depressive symptoms related to obesity [43]. It has also been found that that pro-inflammatory 

cytokines may hamper the spermatogenesis process through a STAT3-dependent mechanism [44]. In 

macrophages, the IL-10 pathway has a central role in the pathology of polycystic kidney disease, and 

its activation is associated with the STAT3 pathway [45]. STAT3 is an important regulator of the 

myofibroblast cytoskeleton and pulmonary fibrosis [46]. Angiotensin converting enzyme deficiency 

affects MMP (matrix metalloproteinase) activation and STAT3 phosphorylation signaling, which 

contribute to the onset of inflammatory responses in lung injury [47]. STAT3 inhibitors have also been 

observed to exert a protective effect against LPS-induced acute lung injury [48, 49]. 
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3. STAT3 signalling in cancer 

STAT3       solves an important function in   numerous  cellular processes  including  metabolism 

[50], angiogenesis [51],  immunity [52], motility [53],  apoptosis [54] and cell differentiation [55]. 

Recent evidence suggests that in addition to STAT3, STAT5 and STAT6   also play  a significant  role in 

tumorigenesis [56].     However, STAT3    acts as a nuclear factor in the oncogenic signalling pathways and 

acts as a prognostic  biomarker  in   different    tumors including melanoma [57], brain [58], head and  neck 

[59], breast [60], acute lymphoblastic leukemia [61], ovarian [62],  renal [63], bladder [12], prostate 

[64, 65], pancreas [66], and colon [67] cancers.    

  The activation of STAT3    is    rapid and transient under normal conditions,  whereas  STAT3   

 phophoryla tion   constitutively increases in    metastatic  melanoma cells [68].   It has a key function in 

 sequential stages of metastasis  including  invasion, migration, adhesion, infiltration, and colonization 

[69]. Under  pathological condition s (such as  human colorectal cancer), the Leukemia inhibitory  factor 

(LIF) activate s  STAT3  which in turn leads to the overexpression of inhibitor of DNA-binding 1 (ID1), 

increasing  MDM2 expression and resulting in p53 protein degradation [70].  

The inactive form of STAT3 is monomeric, while the active form is a dimer. Under 

pathological conditions,  STAT3   regulates gene transcription through phosphorylation at tyrosine   705  or 

serine 727 sites, dimerization and translocation into  the nucleus [71]. Phosphorylat ion of mitochondrial 

STAT3 (p-STAT3) at serine 727  site modulates  mitochondrial respiratory activity [72]. In addition, a 

recent  investigation reported that unphosphorylated STAT3   is  an important regulator in the 

organization of  chromatin, whereas acetylated STAT3 contributes to DNA methylation  which leads to 

the silencing of tumor-suppressor genes [73].   Nucleophosmin   (NPM) is a shuttle that facilitates 

translocation of p-STAT3  from cytoplasm to the  nucleus. Nucleophosmin  holds a key role in cell 

survival and is dramatically  overexpressed in the majority of melanoma cell lines [74].  

Phosphorylated STAT3  increases gene transcription after entering the  nucleus  and  binding to 

STAT-specific DNA motifs. STAT3 activation increases the expression of anti-apoptotic proteins after 
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the binding of p- STAT3 to the corresponding  DNA   in the  nucleus.  Reciprocal phosphotyrosyl-SH2 

domain interactions lead to  STAT3  dimerization [75]. Janus kinase 2 (JAK2)/STAT3 is an intrinsic 

pathway  active in cancer cells, which  accounts for inflammation in melanoma [76]. STAT3 is 

associated with JAK2/JAK1, and targeting JAK2/STAT3  signalling with anticancer drugs inhibits the 

growth of cancer cells [77].  JAK proteins are directly associated with trans membrane receptors. Some 

ligands such as cytokines can constitutively attach to receptors in melanoma cells and increase the 

catalytic activity of  JAK proteins. JAK proteins indirectly phosphorylate  STAT3  at the tyrosine 705    

position [78].   

  In addition, STAT3  plays a crucial role in cell proliferation in certain cancer cells, by  the  promotion of 

G1/S and G2/M  transitions through cyclin D1, cyclin B and CDK1  stimulation [79]. It has  been 

 reported that activated STAT3    increases   the expression  of antiapoptic  proteins, resulting in survival and 

  tumorigenesis [80]. Moreover, p-STAT3   downregulates the p53 tumor suppressor gene, which can in 

turn  indirectly, suppress the expression of pro-apoptotic genes [81].   

 

4.   STAT3 signaling in cancer inflammation 

Both clinical and epidemiological studies have suggested a strong association between cancer and 

inflammation. How inflammation promotes cancer growth is still not clearly understood, however 

transcription factors like NF-κB and STAT3 are believed to be the major factors linking inflammation 

and cancer [82]. Cytokines, which are recognized as important mediators linking inflammation and 

cancer, are induced by STAT3    activation leading   to inflammatory  responses. Some oncogenes and 

cytokines,  such as IL-5 [83], IL-6 [84] , IL-9 [85] , IL-10 [86], IL-11 [87],  IL-22 [88], IL-25 [89] and 

oncostatin M [90], activate STAT3. IL-22    is important  regulator  of  epithelial regeneration in  intestinal 

stem cells that  induces  STAT3  phosphorylation and  cell  growth [91]. IL-11 induces  STAT3 

 phosphorylation in some cells, such as colorectal ones, during both differentiation  processes and 

pathological conditions,  consequently contributing to differentiation or cancer  progression [92]. 
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Activation of STAT3    under pathological conditions causes overexpression of   many genes [18], 

including expression of the protein matrix metalloproteinase 2 (MMP2) which, through a very complex 

cascade effect, leads to cell invasion and metastasis of ovarian cancer cells [93] . The MMPs are zinc-

dependent endopeptidases which modulate inflammation through regulation of the activity of 

cytokines, chemokines and growth factors [94]. Excessive phosphorylated STAT3 encourages  vascular 

endothelial growth factor (VEGF) expression which plays a part in    angiogenesis in tumor cells [95].  

VEGF is a chemokine which acts as a signaling peptide in aiding tumour growth, further leading to 

metastasis [96]. Tyrosine kinases such as SRC kinases, JAK kinases and growth  factor  receptors (with 

intrinsic tyrosine- kinase activity) are continuously activated  in cancer cells and act as STAT3 activators 

[97].   IL-6 is a mediator for the JAK-STAT3-VEGF-C signal  pathway, which promotes the growth, 

invasion and  lymph angiogenesis of gastric cancer [98].  Experimental metastasis assays display a 

strong association between   p-  STAT3   content and the adhesion of human melanoma cells to blood 

 vessels for the invasion of other body organs [99].  In addition, some intracellular pathways affect 

JAK–STAT3 signaling in malignancies,  including Toll-like receptors (TLRs), Gprotein-coupled 

receptors (GPCRs) and  microRNAs. GPCRs   consist of a  family of membrane proteins which transmit 

signals from the extracellular space to  the cytoplasm. JAKs and STATs are proteins downstream of 

GPCRs which activate STAT3 in the tyrosine 705 site. During antibody production and  IL- 10 

 secretion, TLR  activate STAT3   in B cells [73].  

 

5. Oxidative stress driven STAT3 activation 

A growing body of evidence highlights the link between cancer development and chronic 

inflammation, which in turn are both caused by oxidative stress, which can be considered to be 

excessive ROS and RNS generation, with respect to their elimination. Under physiological conditions, 

cell metabolism yields ROS and RNS, which can be considered to be by-products of the cellular redox 

processes. They play a dual role, depending on their concentration. At low or moderate concentrations, 

ROS and RNS are beneficial for physiological functions of the immune system and for maintaining 
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cell proliferation, host defense, signal transduction and gene expression. At high concentrations, free 

radicals damage DNA, attaching to nitrogenous bases and the sugar phosphate backbone. They damage 

proteins, inducing the oxidation of amino acids and prosthetic groups and causing the cross-links and 

protein aggregates, and damage lipids with the generation of peroxides. In turn, biomolecule oxidative 

damage increases ROS and RNS production, leading to a vicious circle [100, 101].  

It has been observed from recent studies that oxidative stress induces apoptosis through both 

mitochondria dependent and independent pathways [102]. It is interesting to observe that STAT3 acts 

as an important regulator of survival of cells, once the cell is exposed to apoptotic signals such as 

oxidative stress. STAT3 mainly causes the upregulation of Bcl-XL and survivin (the anti-apoptotic 

proteins) as well as the inactivation of caspases. The oxidative stress mediated activation of STAT3 is 

through the phosphorylation of STAT3 by a PTK (protein Tyrosine Kinase), specifically SYK (Spleen 

tyrosine kinase), in lymphoid cells [103]. In human lymphocytes, exposure to the ROS H2O2, 

modulates the tyrosine phosphorylation of STAT3 and activates it, which further leads to the 

translocation of the STAT3 into the nucleus [104]. 

 

6.  Antioxidant, anti-inflammatory and STAT3 inhibitory activities of polyphenols: 

Potential mechanisms of action of their protective effects against cancer 

On the whole, oxidative stress, inflammation and cancer have been suggested to be closely related, 

and oxidative stress and inflammation have also been associated with the activation of STAT3 in cancer 

[105].  Since STAT3 solves an important function in cancer and its associated inflammation process, 

polyphenols and other compounds which suppress oxidative stress, inflammation and STAT3 

phosphorylation could be considered as useful targets for the treatment of cancer. 

 

6.1. Antioxidant and anti-inflammatory activities of polyphenols 

Flavonoids are the most numerous chemical class of phenolic compounds. Many flavonoids 

are widely distributed throughout all plants, while many others are only found in a select few species of 
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plants. Quercetin (3,3′,4′,5,7-pentahydroxyflavone) is a flavonol which can be considered to be one of 

the most widespread polyphenols present throughout the plant kingdom, with the exception of fungi 

and algae [106]. According to NuBACS [2],the bioavailability of quercetin is low. In fact, it has poor 

bioaccessibility, being trapped in plant tissues and considering its strong interactions with proteins. 

Moreover, most quercetin  absorbed is extensively metabolized and excreted. Because of its wide 

distribution, quercetin is also one of the most studied flavonoids. Many studies have reported the 

protective activity of quercetin against pathologies whose major causes of development and 

progression are considered to be chronic inflammation and oxidative stress. These investigations have 

been carried out in vitro, as well as in animals and humans, and have provided a wide range of 

evidence for the cardio- and neuroprotective effects of quercetin, as well as its positive effects on some 

forms of cancer. The protective effects of quercetin can be ascribed, at least in part, to antioxidant and 

anti-inflammatory activities. In fact, quercetin was found to be able to scavenge ROS, including 

superoxide anion [107], singlet oxygen and lipid peroxy radicals [108], and to chelate iron, maintaining 

a balanced intercellular labile iron pool level and thus reducing oxidative stress through other means 

[109].  

As far as cardioprotective effects are concerned, several studies have shown that quercetin protects 

against ROS-induced cardiomyopathy through its radical scavenging activity, through inhibiting the 

activation of ERK and MAP kinase, and through induction of apoptosis signal transduction pathways 

[110, 111]. More recently, quercetin was found to reduce doxorubicin-induced cardiotoxicity in vitro 

(H9c2 cardiomyocytes) or in vivo (C57BL/6 mice) by decreasing doxorubicin-induced apoptosis, 

mitochondrial dysfunction, ROS generation (reduction of malondialdehyde and lactate dehydrogenase 

levels and increase of SOD activity), reducing DNA double-strand breaks, and up-regulating the 

expression Bcl-2 (involved in the antiapoptotic effects) and Bmi-1 (involved in the response to DNA 

damage, mitochondrial function and oxidative stress). These findings encourage potential applications 

of quercetin in preventing doxorubicin-induced cardiomyopathy [112]. Quercetin also shows 

neuroprotective effects for various models of neuronal injury and neurodegenerative disease. Besides 
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antioxidant activity, the mechanism underlying these protective effects could be the activation of Nrf2-

ARE [113, 114], a major regulator of cellular defenses against oxidative stress. Moreover, recent 

investigations have shown that quercetin is connected to the generation and degradation of misfolded 

protein aggregates occurring in Parkinson’s, Huntington’s and Alzheimer’s diseases as well as 

amyotrophic lateral sclerosis [115]. Another suggested mechanism for the neuroprotective activity of 

quercetin is through the induction of the enzyme paraoxonase 2, mainly found in mitochondria, where 

the presence of antioxidant enzymes is crucial to avoid or reduce oxidative stress [116].   The 

neuroprotective activity of quercetin could also be ascribed to its anti-inflammatory activity. Bureau et 

al. [117] showed that quercetin diminishes apoptotic neuronal cell death induced by microglial 

lipopolysaccharide activation. In addition, quercetin was able to reduce mRNA levels coding for 

interleukin 1-α and tumor necrosis factor-α. Similar results were reported by an earlier study in which 

several flavonoids, one of which was quercetin, were found to reduce the expression levels of 

proinflammatory cytokines and chemokines, suggesting their capacity to protect against neuronal 

damage induced by neuroinflammation [118].  

In addition, quercetin has been studied for its protective activity against cancer. Its effect is mainly 

ascribed to antioxidant properties. Many studies have been performed on this subject, especially in in 

vitro conditions. Quercetin showed cytotoxic properties targeting many cancerous cell lines (with 

concentrations between 1 and 40 µM), such as human medullary and papillary thyroid cancer cells (TT 

and B-CPAP cell lines), liver hepatocellular carcinoma (HepG2), colon carcinoma (Caco-2 and COLO 

320 DM9), and gastric cancer cells (NUGC-2, HGC-27, MKN-7 and MKN-28) [119-122]. It was 

found to be able to induce variations in the distribution of cell cycle phases of different ovarian cancer 

cell lines resistant to cisplatinum (ovarian carcinoma (SKOV3) and osteosarcoma (U2OS) human cell 

lines with the cisplatin (CDDP)-resistant counterparts, SKOV3/CDDP and U2OSPt cells) and in 

human hepatocellular carcinoma cell lines (HA22T/VGH and HepG2 cell lines) [123, 124]. Another 

recent investigation has shown that quercitrin (quercetin-3-O-rhamnoside) exerts antiproliferative and 
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apoptotic effects on lung cancer cells (A549 and NCI-H358 cells) in a time and dose dependant 

manner, by interacting with the immune response [125].   

The studies on in vivo anticancer activity are more limited than those carried out in in vitro 

conditions, due to the low water solubility and bioavailability of quercetin. One of the most recent in 

vivo investigations studied the effects of quercetin administered through a nanomicelle-based drug 

delivery system, used to increase its low bioavailability. The results show that this increased the 

antitumor efficacy of quercetin, reducing the tumor proliferation rate in the PC-3 xenograft mouse 

model due to the accumulation of quercetin nanomicelles at the tumor site [126].   

The mechanisms of action involved in the anticancer activity of quercetin are not completely clear. 

As well as its cytotoxicity and influence on the cell cycle, some studies have shown that quercetin can 

inhibit tyrosine kinases involved in the change from non-malignant fibroblasts to sarcoma cells and 

tumor cell proliferation [127, 128]. Another potential mechanism of action consists in inhibiting  

mutant p53 protein, found in elevated quantities in the human breast cancer cell line MDA-MB468 

[129]. More recently, and investigation found that quercetin activates a caspase cascade (caspase 3 and 

caspase 9), induces cell cycle arrest, decreases the ratio between the two Bcl proteins (pro-survival, 

Bcl-XL, and pro-apoptotic, Bcl-XS), inhibits protein kinase B (Akt) which has an important part in a 

variety of cellular processes, such as apoptosis and cell proliferation, and increases translocation of the 

apoptosis regulator, Bax, to the mitochondrial membrane [130].  

As reported in table 1, which reports the list of studies included in this review, quercetin 

concentration used in in vitro studies ranges from 0.01 µM to 390 µM. According to Phenol-Explorer 

3.6, an online database of food polyphenol levels, including in vivo metabolism and pharmacokinetics 

[131], 2 h after ingestion of 200 mg (single dose) quercetin concentration in plasma is 3.54 µM, 

suggesting that in most of the cited studies the concentrations used are considerably higher than 

physiological doses and the obtained results do not resemble physiological conditions.  

Flavan-3-ols are another class of flavonoids widely distributed throughout the plant kingdom. They 

occur in berries, aromatic plants (including mint, basil, rosemary, sage and dill), nuts, grapes and wine, 
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beer (as part of barley and hops), cocoa and tea [106]. Green tea infusions mainly contain epicatechin, 

epicathechin 3-gallate, epigallocatechin, and epigallocatechin 3-gallate, which undergo oxidation 

during fermentation and are transformed into thearubigins and then theaflavins. The most attractive and 

studied compound is epigallocatechin 3-gallate, which is also  the most present flavonoid in green tea 

(about 30% of the dry matter in green tea leaf (Camellia sinensis L.)).  According to NuBACS [2], 

epigallocatechin 3-gallate shows poor bioaccessibility, limited absorption, extensive metabolism and 

high chemical instability, being subjected to auto-oxidation and interaction with metal ions. 

Epigallocatechin 3-gallate exerts many healthy properties, being able to prevent or control serious 

chronic conditions including cancers, diabetes, cardiovascular and neurodegenerative diseases, and 

kidney or liver injury [132-137].  

For tea in general, and epigallocatechin-3-gallate in particular, most of literature data from in vitro 

and in vivo investigations and clinical trials, supports the anti-cancer activity of epigallocatechin-3-

gallate against several forms of cancer, including esophagus, colon, pancreas, liver, prostate, mammary 

gland cancers and melanoma [138-142]. An increasing number of studies support the theory that 

oxidative stress mediated by flavanols could have a key involvement in the development of cancer. In 

fact, epigallocatechin-3-gallate counteracts oxidative stress in a range of cancer cell model systems, but 

not in normal cells. Murakami et al. showed that tea catechins inhibit lipid peroxidation induced by 

tert-butylated hydroperoxide in HepG2 cells, decreasing TBARS concentration. Epigallocatechin 

gallate showed the highest inhibition, followed by epigallocatechin, epicatechin gallate and 

epicatechin. In addition, tea flavanols exert further protective effects such as the reduction of alpha-

tocopherol depletion, the increase of glutathione content, the inhibition of glutathione disulfide (as a 

marker of oxidative injury) formation, and the activation of glutathione peroxidase [143].  

Several studies conducted more recently have achieved similar results. In 2014, Tao et al. Showed 

that epigallocatechin-3-gallate exerts cytotoxic effects against oral cancer cell lines (SCC-25) and was 

not active in a HGF-1 human gingival fibroblast model system [144]. This activity was due to the 

production of ROS, and the subsequent induction of apoptosis. On the contrary, HGF-1 human gingival 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

fibroblasts yielded lesser effects to an epigallocatechin-3-gallate treatment, indicating that 

epigallocatechin-3-gallate induces differential effects in oral cancer cells and gingival fibroblasts and 

could have an inhibitive effect on oral cancer [145].  

Another recent study confirmed the results reported above, showing that epigallocatechin-3-gallate 

only exerts anticancer properties on cancerous cell lines. In fact, this flavanol was found to induce 

apoptosis, reduce mitochondrial membrane potential, and promote G0/G1 phase cell cycle arrest in 

hepatocellular cancer cells in humans (HCCLM6 cells) whilst being inactive in non-cancerous liver 

cells (HL-7702). Regarding the mechanism of action, the effects shown by epigallocatechin-3-gallate 

were justified by a significant decrease in the expression of B-cell lymphoma 2 (Bcl-2, a significant 

anti-apoptotic protein, one of the oncogenes), and nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB, a protein complex which regulates DNA transcription, formation of 

cytokines and cell survival). In addition, the epigallocatechin-3-gallate treatment prompts raised 

expression levels of Bax (another member of Bcl-2 protein family), p53, caspase-9 and caspase-3 

(involved in apoptosis), and the release of cytochrome c. These results show that epigallocatechin-3-

gallate manifests cytocidal activity, inhibiting the development of cancer, suggesting potential activity 

against hepatocellular carcinoma [146].  

These results were confirmed by a more recent investigation which reported that epigallocatechin-

3-gallate prevents proliferation of cells, and prompts cell cycle arrest and apoptosis in two 

osteosarcoma cell lines (MG-63 and U-2OS). The mechanism of action underlying these effects 

appears to be the upregulation of miR-1, a microRNa that solves an important function in the decrease 

of some cancers in clinical osteosarcoma tumor tissues [147].  

In summary, as reported in table 1, the concentrations used in the in vitro studies range from 1 µM 

to 400 µM. According to Phenol-Explorer 3.6 [131], 2 h after ingestion of 200 mg (single dose), 

epigallocatechin-3-gallate plasma concentration is 0.1 µM. Therefore, the concentrations used in the 

cited in vitro studies are considerably higher than physiological doses. 
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Unlike widespread flavonols and flavanols, sylibin is a flavonoid that occurs only in the fruit and 

seed extract (silymarin) of Silybum marianum (L.) Gaertn. (also called milk thistle), belonging to the 

Asteraceae family. Besides sylibin, which occurs as an equimolar mixture of two diastereomers, 

silymarin contains taxifolin, isosilybin, isosilybin B, silychristin A and silydianin, with other minor 

components such as silychristin B4 and isosilychristin. The first studies on the chemical composition of 

milk thistle were conducted in the 1960s. Since then, many hundreds of investigations have been 

published on its composition, biological and pharmacological properties. Sylimarin has shown in vivo 

antioxidant activity in a number of experimental animal model systems. For instance, in 2006 Mansour 

et al. showed that in a rat model of cisplatin-induced nephrotoxicity, daily i.p. injections of silymarin 

(100 mg/kg/day for 5 days) administered one hour prior to an i.p. injection of CDDP (7.5 mg/kg), 

restored activities of SOD and GSHPx, malondialdehyde (MDA) and nitric oxide (NO) levels, and 

glutathione content to normality, suggesting that silymarin exerted hepatoprotective properties through 

its antioxidant activity [148]. More recently, Shaker et al. obtained similar results, showing that a 

treatment with silymarin (100 mg/kg) in the final 4 weeks of CCl4-intoxication of Male Wistar rats 

induced hepatoprotective effects, reducing hepatic fibrosis by about 47% [149]. Silymarin also showed 

cardioprotective and nefroprotective effects at a dose of 60 mg/kg administered orally for 12 days in 

doxorubicin induced toxicity male Wistar rats [150]. Moreover, silymarin has been investigated for 

chemo-preventive activity against some forms of cancer [151, 152]. Silibinin meglumine is a form of 

this silymarin which is soluble in water,  and which serves as an orally active anti-cancer agent by 

interfering with the epithelial-to-mesenchymal transition (EMT) in EGFR-mutant non-small-cell lung 

carcinoma cells. Silymarin prompts proteasomal degradation of cyclin D1 by phosphorylating 

threonine-286 in human colorectal cancer cells [153]. With regards to its mechanism of action, 

silymarin was found to induce Nrf2 activation. Zhao et al showed that for in vitro (in A549 cells) and in 

vivo (in paraquat-induced lung injury male Sprague-Dawley rats) conditions, silymarin upregulates the 

levels of Nrf2, and thus may be a potential therapeutic drug against lung injury [154]. In addition, 

another mechanism underlying the protective effects of silymarin could be ascribed to a decrease in 
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inflammatory response through inhibition of the NF-κB pathway. One of the first investigations 

showing the inhibitory effect of silymarin on NF-κB activation was published in 1998 by Saliou et al. 

[155]. Since then, several studies have reported similar results, suggesting that silymarin and its 

components possess strong anti-inflammatory properties, revealing an emerging mechanism of 

protective effects for both liver disease and inflammation-based chronic pathologies [156-162]. 

Despite the wide range of physiological and pharmacological activities of silymarin and its 

components, silybin is not absorbed well, as is the case with many other polyphenols. In the ‘90s, 

many investigations showed that the absorption of silybin can be considered practically nil, and an 

improvement in silybin bioavailability could be achieved through liposomal silybin [163-165] 

The studies reported in this review, in considering free silybin, are limited in drawing 

conclusions on its bioactive properties, without taking into account its poor bioavailability. Therefore, 

in vitro studies should be performed  considering liposomal silybin.  

Among non flavonoid polyphenols, one of the most studied is resveratrol (3,5,4'-trihydroxy-

trans-stilbene), a molecule based on stilbene with two phenolic rings linked by a styrene double bond 

(Figure 1). The earliest studies on resveratrol showed its potential protective activity against 

cardiovascular diseases, demonstrating an in vitro anti-aggregating effect on platelet-rich plasma from 

healthy volunteers, both alone and in association with red wine. Resveratrol also demonstrated 

endothelium-dependent vasorelaxing activity, which appears to be mediated by the nitric oxide NO-

cGMP pathway [166, 167]. Since then, more than one thousand investigations have studied the 

physiological and pharmacological properties of resveratrol, primarily those relating to its antioxidant 

activity. One of the first papers on potential antioxidant properties of resveratrol was published by 

Khanduja et al in 2003. The antiradical activity was determined in both an in vitro chemical system 

(DPPH assay), and in a biological model system against peroxide radicals, whose formation was 

induced by t-butylhydroperoxide in hepatic and pulmonary homogenates [168]. More recent studies 

have focused on the ability of resveratrol to improve oxidative stress. Chen et al. showed that 

resveratrol induces the overexpression of antioxidant enzymes (i.e. heme oxygenase 1) through 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

transcriptor factor Nuclear factor erythroid 2-related factor 2 (Nrf2) [169]. In a murine model system 

resveratrol was found to upregulate the expression of Nrf2 and glutathione, and increase the activities 

of antioxidant enzymes (catalase, heme oxygenase-1, and superoxide dismutase) reducing 

malondialdehyde, a lipid peroxidation marker [170]. As far as its anticancer activity is concerned, 

resveratrol has been shown to modulate multiple cellular pathways relevant to tumorigenesis and acts 

as a pleiotropic substance, involving signalling pathways related to extracellular growth factors, cell 

proliferation, apoptosis inflammation, the immune system, and genome instability [171-177].  

Moreover, many investigations have shown that resveratrol counteracts multidrug resistance and 

could have a promising role in adjuvant therapy, associated with synthetic chemotherapy agents (i.e 5-

fluoruracil, doxorubicin, cisplatin, and metformin) [178-181].  

According to NuBACS [2], resveratrol shows low bioaccessibility because of a high affinity for 

proteins and interactions with fatty acids [182, 183]. Moreover, resveratrol shows rapid absorption 

which is unfortunately counterbalanced by the action of efflux transporters embedded within 

epithelium cell membranes, which transport resveratrol back into the intestinal lumen, and the first 

hepatic step, which allows for little free resveratrol, reducing its plasma concentration. In addition, 

resveratrol is highly degraded by oxidative reactions and is submitted to extensive metabolism that 

induces rapid excretion. Thus, human studies on resveratrol bioavailability unanimously show that it is 

difficult to detect resveratrol in plasma even following the consumption of doses higher than those 

found in foods or food supplements [184-186]. 

In the reported in vitro studies, resveratrol has been tested in concentrations between 1 µM and 

50 µM (table 2), definitely higher than those found in plasma after resveratrol consumption. In 

summary, similarly to many other polyphenols, resveratrol low bioavailability is a factor that decreases 

its in vivo efficacy. So the results obtained from in vitro studies performed at non physiological 

concentrations, must be interpreted with caution when trying to extrapolate its effect in in vivo studies 

[187].  
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Another widely consumed non-flavonoid polyphenol, curcumin (1,7-bis(4-hydroxy-3-

methoxyphenyl)-1,6-heptadiene-3,5-dione), is the principal natural polyphenol in the rhizome of 

Curcuma longa L. (turmeric), which has been traditionally used in Asian countries as a herbal remedy 

for its anti-oxidant, anti-inflammatory, and anti-microbial effects [188]. According to NuBACS, 

curcumin shows poor bioavailability [2]. In fact, its bioaccessibility is very low, particularly due to its 

low solubility in gastrointestinal fluids and low stability under alkaline pH and oxygen. In addition, 

curcumin has limited intestinal uptake and rapid metabolism, leading to extensive glucuronidation and 

sulfation. All these factors are responsible for the concentration at nanomolar levels found in human 

plasma [189]. 

Early studies showed that this polyphenol exerts its antioxidant activity through antiradical 

properties against ROS [190]. Subsequent research has shown that curcumin can interfere with 

oxidative stress and inflammation through suppression of pro-oxidant pathways such as the  Kelch 

ECH associating protein 1and nuclear factor erythroid 2-related factor 2 (Keap1-Nrf2) pathway, which 

acts as the main moderator of cytoprotective reactions to endogenous and exogenous stress from ROS 

[191]. A recent investigation has shown that curcumin induces an overexpression of Nrf2 and then 

increases the action of phase-II antioxidant enzymes (i.e. glutathione-S-transferase, glutathione 

reductase, and NAD(P)H: quinine oxidoreductase 1), and modulates mediators of inflammation such as 

iNOS and COX2 in liver of mice with lymphomas [192]. Moreover, curcumin suppresses the 

overexpression of inflammatory mediators ( Monocyte Chemoattractant Protein-1 (MCP-1) and TNF-

alpha) in in vitro conditions (on vascular smooth muscle cells) through inhibition of TLR4, MAPK, 

and NF-κB pathways, by inhibiting intracellular production of ROS mediated by NADPH [193]. The 

antioxidant and anti-inflammatory nature of curcumin is considered to be the basis of its anticancer 

activity. In 1985, Kuttan et al. showed that turmeric  possessed cytotoxic activity in vitro (Chinese 

Hamster Ovary (CHO) cells, lymphocytes and Dalton's lymphoma cells) and reduced the development 

of animal tumors in vivo (a murine model system) [194]. Many experimental animal studies and 

clinical trials have studied the capacity of curcumin to act as both an anticancer agent and as an 
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adjuvant in anti-tumour therapies. Curcumin was found to protect against cancer by restoring the 

expression of caspase [195], exerting influence on tumour suppressor p53 [196], and inducing cell 

cycle arrest [197]. Moreover, many clinical trials have focused on its ability to reduce adverse effects 

associated with cancer treatments [198-200] yielding interesting results which advocate further clinical 

trials on curcumin targeting a variety of cancer conditions. 

In summary, in the cited in vitro studies, curcumin was studied in concentrations between 5 µM 

and 27 mM (table 2), whilst in human plasma it is found at nanomolar levels, suggesting that the 

reported results do not resemble physiological conditions.The phenolic alcohols, such as tyrosol and 

hydroxytyrosol, are another class of polyphenols with several biological functions. These phenolic 

compounds occur naturally in extra virgin olive oil, which also contains other polyphenols in minor 

concentrations (i.e. flavonol glycosides which include luteolin 7-O-glucoside,  apigenin 7-O-glucoside, 

rutin, anthocyanins, cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside, secoiroidoids such as 

oleuropein) [201, 202]. The phenols present in extra virgin olive oil are responsible for its long shelf-

life, several sensorial properties (such as its bitter, astringent, pungent, throat-catching taste and color) 

and its protective effects against cardiovascular and neurodegenerative pathologies, metabolic 

syndrome, and cancer. Its cardiological properties include vasodilatatory and anti-platelet aggregation 

effects, as well as the improvement of processes related to thrombogenesis and brain ischemia [203-

205]. As far as neuroprotection is concerned, olive oil phenolic compounds interfere with aggregation 

of amyloid beta peptide (Aβ) and Tau protein [206-208]. With regards to metabolic syndrome, olive oil 

polyphenols attenuate alterations to the metabolism, including concentrations of glucose in plasma, 

triglyceride and total cholesterol concentrations [209]. Moreover, its potential anticancer properties are 

ascribed to its effects on pro- and anti-oncogenic signalling pathways, which increase cell apoptosis 

and thus decrease cell proliferation [210-212]. 

Most of the beneficial activity of olive oil has been linked to its high proportion of 

monounsaturated fatty acids (85% oileic acid) and are linked to the antioxidant and antinflammatory 

activities of polyphenolic compounds, which modulate the function of several genes [213]. The first 
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studies on hydroxityrosol were focused on its ability to prevent LDL oxidation [214], platelet 

aggregation [203], inhibit pro-xidant enzymes (i.e. lipoxygenases and cyclooxygenase) [215] and exert 

in vitro antioxidant activity in a number of cell model systems (i.e. erythrocytes, breast (MCF-7 and 

MDA), prostate (PC3 and LNCap) and colon (HCT116 and SW480) cancer cell lines, Caco-2, and 

chondrocytes [216-219]. 

Besides its antioxidant properties, hydroxytyrosol counters inflammation, decreasing generation of 

nitric oxide, prostaglandin E₂ (PGE₂), cytokines (IL-1 α, IL-1 β, IL-6, IL-12, TNF- α), and chemokines 

(CXCL10/IP-10, CCL2/MCP-1) in a concentration-dependent manner in Murine macrophages 

(RAW264.7 cells), in which inflammation was induced by lipopolysaccharide. This suggests a 

pleiotropic effect on the formation and activity of mediators of inflammation [220].  

According to Phenol-Explorer 3.6, hydroxytyrosol concentration in plasma reaches 30 nM 2 h after 

ingestion of a single dose of 30 ml of virgin olive oil  [131]. Conversely, hydroxytyrosol metabolite 

concentrations are higher, suggesting extensive metabolism of olive oil components. In this case, too, 

in vitro studies, in which the tested concentrations range from 0.1 µM to 400 µM (Table 2), can only 

give preliminary evaluation of the activity of hydroxytyrosol, which must to be confirmed in in vivo 

studies [221]. 

 

 

6.2. Inhibition of STAT3 signaling by polyphenols 

Recent studies have shown that polyphenols can decrease  inflammation in inflammatory bowel 

disease (IBD) and Barrett’s esophagus  carcinogenesis, by decreasing phosphorylation of STAT3 and 

STAT1 [222, 223]. Polyphenols  have the potential to decrease the mortality of cancer by targeting 

 STAT3   signalling pathways, thus acting as effective drugs for the treatment of malignancies.  

Epigallocatechin-3-gallate (EGCG), a flavonoid present in green tea, prevents the onset and 

development of keloid tumors by targeting the  STAT3   signalling pathway.   Dephosphorylation of 

STAT3 by epigallocatechin-  3-Gallate decreases collagen production and consequently inhibits tumor 
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cell  growth [224].   Effect of EGCG in cisplatin resistant human tongue squamous cell carcinoma cell 

line CAL27 revealed that EGCG treatment was able to suppress the activity of AKT kinase  in a 

concentration dependent manner, and also downregulate the expression of phosphorylated AKT and 

STAT3. AKT (v-Akt Murine Thymoma Viral Oncogene) is a kinase that inhibits apoptosis, and 

blocking of AKT/STAT3 signaling by EGCG hence reveals that it induced apoptotic death and 

autophagy in cancer cells [225].  

An increasing number of recent investigations stress the importance of     nutrition and the  use  of 

natural botanical compounds in the prevention and treatment of melanoma [226-228].    Four distinct 

mechanisms for direct targeting of STAT3 by therapeutic agents    have been suggested, including i) 

targeting  STAT3   through disruptions in the  SH2  domain or dimerization ii) targeting  STAT3  through 

disruptions in the N-terminal  domain iii) targeting  STAT3  through disruptions in the DNA-binding 

domain and  iv) targeting  STAT3   via oligonucleotide inhibition [29]. For example, some  polyphenols 

such as epigallocatechin-3-gallate can bind directly to the SH2  domain of STAT3 and decrease p-

STAT3   levels and cancer  cell transformation [230]. Some botanical extracts such as sorghum 

polyphenol bind to the  DNA-binding domain of STAT3   and block gene transcription of  antiapoptotic 

genes [231].  

During  melanoma, the activation of both NF-κB and STAT3 accounts for resistance to 

chemotherapy and dysfunction  in apoptosis. Resveratrol inhibits NF- κβ and STAT3 signalling, which 

subsequently downregulate the expression of antiapoptotic genes. Resveratrol decreases the expression 

of cyclin D1/CDK4 and induces  expression of downstream genes which inhibit apoptotic  signals in 

B16  melanoma cells [232]. It has been observed that resveratrol suppresses  translocation of p-STAT3 

from the cytoplasm to the nucleus. Resveratrol also  suppresses     progression and metastasis of 

melanoma cells  through  IL-6     inhibition, which in turn decreases   p- STAT3 content [233]. Resveratol 

was able to reduce the phosphorylation of STAT3 at both Tyr705 and Ser727 sites in the Human Renal 

cell carcinoma Caki-1 and 786-O. Electrophoretic mobility shift assay revealed that resveratol not only 

inhibits the phosphorylation of STAT3, but also modulates the nuclear translocation efficiency and 
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DNA binding ability of STAT3 in the nucleus. Inhibition of STAT3 phosphorylation occurred along 

with the inhibition of JAK (the enzyme responsible for phosphorylation of STAT3) and activation of 

PTPε proteins (Protein tyrosine phosphatase), which correlates with the effect of resveratol on STAT3 

[234]. Cancer cells like glioblastoma initiating cells (GIC) exhibit a property called as ‘stemness’ 

which confers a self renewal ability and the development of resistance to therapeutic drugs. It was 

observed that inactivation of STAT3 in GIC converts its ‘stemness phenotype’ to a ‘differentiation 

phenotype’ and prevents the intitiation of GIC into a tumour. Treatment of GIC with resveratol 

inactivated STAT3 by suppressing the phosphorylation of STAT3 at Tyr 705, thus reducing the 

stemness property of GIC and also increasing its responsiveness to the therapeutic drug temozolomide 

[235]. Methylthio-derivatives of resveratrol   such as   3- Methoxy-40-methylthio-trans-stilbene (3-M-40-

MTS) decrease the ability of p- STAT3   to bind to the target sites of DNA in spontaneously immortalized 

 human keratinocyte cells [233]. In addition, resveratrol enhances the  radiosensitivity of tumors by 

decreasing STAT3  phosphorylation through inhibition of IL-  6 [58]. On the other hand,   some natural 

polyphenolic compound s, including resveratrol,  can act as BRAF inhibitors . These compound s 

decrease p-STAT3 levels in  melanoma cells via BRAF inhibition [236].   

The natural polyphenol Rottlerin inhibits ERK protein, causing a reduction in p-STAT3  [237].  

 Similary Honokiol, the small polyphenolic compound extracted from the bark of the Magnolia 

officinalis tree, possesses anti cancer activity against breast and lung cancer through inhibition of 

STAT3 phosphorylation. The epidermal growth factor receptor (EGRF) is a growth receptor which 

activates STAT3 signaling. Honokiol treatment suppressed lung cancer by inhibiting EGFR, which in 

turn reduced the extression of pSTAT3 [238]. Polyphenon E, which is a green tea extract, inhibits 

carcinomas by targeting the STAT3    signalling  pathway [239].  Myricetin is a polyphenolic compound 

that inhibits the binding of  p-STAT3 to corresponding DNA sites. In addition, myricetin  can suppress 

JAK phosphorylation and subsequently  inhibit the transcriptional activity of STAT3 [240].   
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Curcumin, which is found in Curcuma longa plants, has been extensively studied for its anti-

cancer activity. It has been found to inhibit tumor cell growth by decreasing p- STAT3 levels in low 

doses similar to medium and high doses [241]. Curcumin  decreases the levels of p- STAT3, which in 

 turn decreases the escape of apoptotic signals by downregulating antiapoptotic genes. Quercetin, a 

flavonol present in many fruits and vegetables decreases p-STAT3  content in melanoma  cells. 

 Quercetin    blocks phosphorylation of STAT3    at the tyrosine 705   (Tyr705) site which results in 

downregulation of STAT3 targeted genes, such as  matrix metalloproteinase   and  antiapoptotic genes 

[242, 243]. Quercetin also  decreases nuclear localization of STAT3 which in turn results in the 

suppression of  STAT3    transcription activity in melanoma cells [244]. In melanoma cells, Silybin 

suppresses  mitogen-activated  protein kinase (MEK)-1/2 phosphorylation.   Reduced p-  MEK1/2   

 decreases downstream kinase phosphorylation (extracellular signal- regulated kinase (ERK)-1/2).  This 

blockade of ERK1/2   leads to  a decrease in p- STAT3  content and arrests the melanoma cell cycle at 

the G1  phase [245]. Silymarin reduces  melanoma progression through inhibition of MEK/RSK 

 signaling pathways.  Suppression of MEK/ RSK signaling decreases STAT3  and  NFκB  activation [246].  

The problems encountered with the applications of polyphenols as anti-cancer drugs include 

their poor bioavailablity. Hence combinations of these bioactive compounds have been used to enhance 

the anti-cancer effects of the individual compounds at low concentrations, also overcoming the 

bioavailability problem. Treatment of the cancer LNCaP and MCF-7 cells with a combination of the 

polyphenols curcumin (4mg/l) + EGCG (40µM) + arctigenin (1µM) decreased the phopshorylation of 

the STAT3 nd Akt, when compared with the cells treated with the compounds individually. The 

combination treatment was also able to modulate other associated signaling pathways of STAT3, such 

as P13K/Akt and NF-κB [247].In addition to the purified compounds, natural extracts containing these 

compounds have the ability to interfere with the STAT3 signaling. For example, cocoa extract enriched 

with polyphenolic   compounds has been observed to suppress colitis-associated cancer by targeting   the 

 NF-κB/IL-  6/STAT3 signalling pathway [248].      Activated   IL-6 binds to the membrane- bound 

glycoprotein IL-6 receptor  chain (gp130)  to induce its   dimerization. After receptor chain  dimerization, 
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activated JAK  contributes to phosphorylation of  gp130 receptor intracellular domains in the  tyrosine 

residue site. Recruited  STAT3 proteins    then dock with the  phosphorylated residues of gp130    via  

theSH2 domain which in turn leads to  STAT3  phosphorylation and   angiogenesis [249].    Cocoa 

polyphenols block the  binding of IL-6 to  gp130,   which results in the inhibition of  gp130  dimerization 

[236]  .    Red wine extract , enriched with polyphenolic  compounds,    displays anti- inflammatory action 

through the suppression of the JAK/STAT signalling pathway [250]. A blueberry preparation which 

was enriched with polyphenols was able to significantly inhibit the release of IL-6 and phosphorylation 

of STAT3 and also interfere with P13K/Akt signaling in the cancer cell lines Murine 4T1, human 

MCF-7 and human MDA-MB-231 cell lines. The inhibitory effect on STAT3 was accompanied with 

the modification of MAPK family enzymes, which reveals that the anti cancer effect of polyphenolic 

extract is mediated through a cross-talk between MAPK cascade and STAT3 pathways [251]. 

 

Role of polyphenols in alteration of the other STAT subtypes  

The STAT1 protein plays an important role in providing immunity against infectious 

agents and, with reference to cancer, STAT1 has both good and bad faces acting as both a 

tumor suppressor and promoter. As a promoter, STAT1 induces an immunosuppressive tumour 

environment and confers therapy resistance to cancer cells. Since STAT1 abundance was 

observed in certain tumor types, the effects of polyphenols as STAT1 inhibitors have been 

studied for cancer therapy [252]. UV radiation, which causes skin carcinogenesis, induces 

various signaling cascades inside the cell. All three spectra of UV (UV A,B and C) 

phosphorylate the STAT1 at Ser727 through various kinases. Theaflavins and EGCG, which 

are the polyphenols present in tea, inhibit the UVB induced Ser 727 phosphorylation of STAT1 

and protect against skin carcinogenesis, possibly by blocking the kinases ERK (Extracellular 

signal regulated kinase), JNK (Jun amino-terminal kinases), PDK1 (Pyruvate dehydrogenase 

kinase) and p90RSK (Phospho-p90RSK) [241]. The polyphenols EGCG also prevents the 
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cancer cells from escaping the immune system, which is usually done by the expression of the 

immunomodulatory protein indoleamide 2,3-dioxygenase (IDO) by the cancer cells. Treatment 

of Human oral squamous carcinoma cell line HSC-3 with EGCG inhibited the translocation of 

STAT 1 into the nucleus and caused a downregulation of IDO in Interferon-γ induced cancer 

cells. EGCG mediates its effect as a cancer immunotherapy agent by blocking the JAK-PKC-

δ-STAT1 pathway [242].  

Simiar to STAT3, STAT5 is also constitutively active in  various types of human cancer 

and inhibits apoptosis by biding to the promotors of cyclin D1 (cell cycle regulator) and bcl-

xL (apoptosis inhibitor). Resveratol treatment in renal carcinoma cells suppressed the 

phosphorylation of STAT5 at 694/699 Tyr  residues. Since phosphorylation of STAT5 is 

essential for cancer cell proliferation, the inhibition of STAT5 by resveratol could help due to 

its therapeutic effect against renal carcinoma. The expression of the STAT5 regulated genes 

which control angiogenesis, cell proliferation, cell cycle regulation and anti-apoptosis was also 

observed to be suppressed during resveratol treatment, which shows that it facilitates apoptosis 

in the cells [243].  

Certain polyphenols, though they inhibit the phosphorylation of STAT3, exhibit a 

different effect towards other STAT subtypes. For instance, curcumin inhibited STAT3 

phosphorylation in U266 multiple myeloma cells, which is a type of hematologic cancer. 

However under the same treatment conditions, curcumin did not alter the expression of STAT5 

or the level of pSTAT5. Since U266 cells do not express phosphorylated STAT1, the cells were 

pre-treated with INF-α (to induce STAT1 phosphorylation) and then treated with curcumin, 

and it was observed that curcumin was able to suppress the phosphorylation of STAT1 in INF-

α induced cells [244].  
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8. Conclusions 

Polyphenols are plant food and beverage components with protective effects on human health 

mainly ascribed to their antioxidant activity. Over the course of the last decade, a large body of 

evidence has shown that polyphenols target specific cell-signalling pathways involved in endogenous 

antioxidant defenses and anti-inflammatory response. On the basis of the literature data collected in 

this review, polyphenols exert their activities through many mechanisms of action influencing several 

cell-signalling pathways such as MAK/Erk, NF-κB, apoptosis, Akt, and JAK/STAT. Moreover, 

polyphenols control Nrf2, which in turn induces the transcription of many proteins involved in the 

regulation of anti-oxidant and anti-inflammatory defenses. The main limits of these promising results 

are due to the fact that in most investigations, the tested polyphenol concentrations are higher than 

those found in physiological conditions, which represents an important disadvantage of literature data. 

As far as JAks and STATs are concerned, they regulate growth, survival, differentiation and 

pathogen resistance. In particular, STAT3 plays a key role in the cancerogenesis. Recent investigations 

have shown that STAT3 is inhibited by some polyphenols which may have promising effects on the 

onset and progression of several forms of cancer, especially melanoma, with negligible adverse effects. 

Therefore, clinical studies will be required in the future to establish therapeutic uses of polyphenols as 

an adjuvant therapy targeting cancer. Finally, we suggest some points for further research: 

– Studies on the pharmacokinetic and pharmacodynamics of selected polyphenols which are able to 

inhibit STAT3 

- Evaluation of the potential interactions of the selected polyphenols and anticancer drugs;  

– Assessment of the dosages of these polyphenols required to exert effective and beneficial influence 

on various forms of cancer and  

– Identification of the interactions between the selected polyphenols and target mechanisms. 

 

Acknowledgement 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

The Indian author gratefully acknowledge the Bioinformatics Infrastructure Facility provided by the 

Alagappa University (funded by Department of Biotechnology, Government of India; Grant No. 

BT/BI/25/015/2012) 

 

References 

[1] M. D’Archivio, C. Filesi, R. Varì, B. Scazzocchio, R. Masella, Bioavailability of the 

polyphenols: status and controversies, Int.  J. Mol. Sci. 11 (2010) 1321-1342. 

[2] D.J. McClements, F. Li, H. Xiao, The Nutraceutical Bioavailability Classification Scheme: 

Classifying Nutraceuticals According to Factors Limiting their Oral Bioavailability. Annu Rev Food 

Sci Technol. 6 (2015) 299-327.  

[3] C. Spagnuolo, G.L. Russo, I.E. Orhan, S. Habtemariam, M. Daglia, A. Sureda, S.F. Nabavi, 

K.P. Devi, M.R. Loizzo, R. Tundis, Genistein and cancer: current status, challenges, and future 

directions, Adv. Nutr. 6 (2015) 408-419. 

 [4] Y.J. Surh, Cancer chemoprevention with dietary phytochemicals, Nat. Rev. Cancer 3 (2003) 

768-780. 

[5] S. Jagtap, K. Meganathan, V. Wagh, J. Winkler, J. Hescheler, A. Sachinidis, Chemoprotective 

mechanism of the natural compounds, epigallocatechin-3-O-gallate, quercetin and curcumin against 

cancer and cardiovascular diseases, Curr. Med. Chem. 16 (2009) 1451-1462. 

[6] G. Danaei, S. Vander Hoorn, A.D. Lopez, C.J. Murray, M. Ezzati, C.R.A.c. group, Causes of 

cancer in the world: comparative risk assessment of nine behavioural and environmental risk factors, 

Lancet 366 (2005) 1784-1793. 

[7] S.I. Grivennikov, F.R. Greten, M. Karin, Immunity, inflammation, and cancer, Cell 140 (2010) 

883-899. 

[8] L.M. Coussens, Z. Werb, Inflammation and cancer, Nature 420 (2002) 860-867. 

[9] H. Lu, W. Ouyang, C. Huang, Inflammation, a key event in cancer development, Mol. Cancer 

Res. 4 (2006) 221-233. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[10] J.E. Darnell, Transcription factors as targets for cancer therapy, Nat. Rev. Cancer 2 (2002) 740-

749. 

[11] L. Song, J. Turkson, J.G. Karras, R. Jove, E.B. Haura, Activation of Stat3 by receptor tyrosine 

kinases and cytokines regulates survival in human non-small cell carcinoma cells, Oncogene 22 (2003) 

4150-4165. 

[12] K. Wu, B. Wang, Y. Chen, J. Zhou, J. Huang, K. Hui, J. Zeng, J. Zhu, K. Zhang, L. Li, 

DAB2IP regulates the chemoresistance to pirarubicin and tumor recurrence of non-muscle invasive 

bladder cancer through STAT3/Twist1/P-glycoprotein signaling, Cell. Signal. 27 (2015) 2515-2523. 

[13] S. Thiem, M.F. Eissmann, J. Elzer, A. Jonas, T.L. Putoczki, A. Poh, P. Nguyen, A. Preaudet, D. 

Flanagan, E. Vincan, Stomach-specific activation of oncogenic KRAS and STAT3-dependent 

inflammation cooperatively promote gastric tumorigenesis in a preclinical model, Cancer Res. 76 

(2016) 2277-2287. 

[14] C. Zhou, Y. Jiao, R. Wang, S.-G. Ren, K. Wawrowsky, S. Melmed, STAT3 upregulation in 

pituitary somatotroph adenomas induces growth hormone hypersecretion, J. Clin. Invest 125 (2015) 

1692. 

[15] Y. Liu, H. Liu, C. Meyer, J. Li, S. Nadalin, A. Koenigsrainer, H. Weng, S. Dooley, P. ten Dijke, 

TGF-β mediated connective tissue growth factor (CTGF) expression in hepatic stellate cells requires 

Stat3 activation, J. Biol. Chem. 288(2013)30708-30719. 

[16] M. Santoni, A. Conti, F. Piva, F. Massari, C. Ciccarese, L. Burattini, L. Cheng, A. Lopez-

Beltran, M. Scarpelli, D. Santini, Role of STAT3 pathway in genitourinary tumors, Future Sci. OA 1 

(2015). 

[17] M. Furqan, A. Akinleye, N. Mukhi, V. Mittal, Y. Chen, D. Liu, STAT inhibitors for cancer 

therapy, J. Hematol. Oncology 6 (2013) 90. 

[18] K.S. Siveen, S. Sikka, R. Surana, X. Dai, J. Zhang, A.P. Kumar, B.K. Tan, G. Sethi, A. 

Bishayee, Targeting the STAT3 signaling pathway in cancer: role of synthetic and natural inhibitors, 

Biochim. Biophys. Acta (BBA)-Rev. Cancer 1845 (2014) 136-154. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[19]       M. Furqan, A. Akinleye,  N. Mukhi, V. Mittal, Y. Chen, D. Liu, STAT inhibitors for cancer 

therapy. J. Hematol. Oncol. 6(2013) 90. 

[20] J.F. Bromberg, M.H. Wrzeszczynska, G. Devgan, Y. Zhao, R.G. Pestell, C. Albanese, J.E. 

Darnell, Stat3 as an oncogene, Cell 98 (1999) 295-303. 

[21] H. Yu, R. Jove, The STATs of cancer—new molecular targets come of age, Nat. Rev. Cancer 4 

(2004) 97-105. 

[22] J.E. Darnell, Validating Stat3 in cancer therapy, Nat. Med. 11 (2005) 595-596. 

[23] Y. Yang, S. Song, H. Min, X. Chen, Q. Gao, STAT3 degradation mediated by calcineurin 

involved in the neurotoxicity of isoflurane, NeuroReport 27 (2016) 124-130. 

[24] C.J. Hwang, Y.Y. Jung, N.Y. Yoon, J.Y. Han, D.Y. Choi, D.Y. Yoon, Hong JT, Reducing Effect 

of IL-32α in the Development of Stroke Through Blocking of NF-κB, but Enhancement of STAT3 

Pathways, Mol. Neurobiol. 25 (2015) 51-51. 

[25] H. Qin, Y. Liu, T. Fox, A. Harms, D. Standaert, E. Benveniste, Function of M1-polarized 

macrophages in the pathogenesis of Parkinson’s disease (INC6P. 300), J. Immunol. 194 (2015) 192.2. 

[26] M. Vázquez-Carrera, Unraveling the effects of PPARβ/δ on insulin resistance and 

cardiovascular disease, Trends Endocrinol. Metab. 27 (2016) 319-334. 

[27] S. Ohno, H. Aoki, M. Nishihara, A. Furusho, S. Hirakata, N. Nishida, S. Ito, M. Hayashi, Y. 

Fukumoto, The Role of Macrophage STAT3 Signaling in Pathogenesis of Aortic Dissection, 

Circulation 132 (2015) A13212-A13212. 

[28] S. Momtaz,  K. Niaz, F. Maqbool, M. Abdollahi, L. Rastrelli, S.M. Nabavi,  STAT3 targeting 

by polyphenols: Novel therapeutic strategy for melanoma, BioFactors (2016). doi: 10.1002/biof.1345. 

[29] N.Y.Y. Ip, Z. Wu, J.H.C. Wang, K.Y. Fu, J. Wan, STAT3 and TYK2 as drug targets for 

neurodegenerative diseases, Google Patents, 2015. 

[30] K. Ceyzériat, L. Abjean, M.-A. Carrillo-de Sauvage, L.B. Haim, C. Escartin, The complex 

STATes of astrocyte reactivity: How are they controlled by the JAK–STAT3 pathway? Neuroscience 

330 (2016) 205-218. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[31] A.J. Steelman, Y. Zhou, H. Koito, S. Kim, H.R. Payne, Q.R. Lu, J. Li, Activation of 

oligodendroglial Stat3 is required for efficient remyelination, Neurobiol. Dis. 91 (2016) 336-346. 

[32] S. Shi, D. Liang, M. Bao, Y. Xie, W. Xu, L. Wang, Z. Wang, Z. Qiao, Gx-50 Inhibits 

Neuroinflammation via α7 nAChR Activation of the JAK2/STAT3 and PI3K/AKT Pathways, J. 

Alzheimer's Dis. 50 (2016) 859-871. 

[33] F. Song, K. Zeng, L. Liao, Q. Yu, P. Tu, X. Wang, Schizandrin A Inhibits Microglia-Mediated 

Neuroninflammation through Inhibiting TRAF6-NF-κB and Jak2-Stat3 Signaling Pathways, PloS one 

11 (2016) e0149991. 

[34] H. Qin, J.A. Buckley, X. Li, Y. Liu, T.H. Fox, G.P. Meares, H. Yu, Z. Yan, A.S. Harms, Y. Li, 

Inhibition of the JAK/STAT Pathway Protects Against α-Synuclein-Induced Neuroinflammation and 

Dopaminergic Neurodegeneration, J. Neurosci. 36 (2016) 5144-5159. 

[35] B. Wang, X.Q. Wang, S.S. Yang, X. Liu, D.Y. Feng, F.F. Lu, Y.Q. Zhu, D. Lu, L. Tao, S.N. Ge, 

Neuroprotective effects of nitidine in Parkinson's disease models through inhibiting microglia 

activation: role of the Jak2–Stat3 pathway, RSC Adv. 6 (2016) 71328-71337. 

[36] M. Wong, Y. Li, S. Li, S. Zhang, W. Li, P. Zhang, C. Chen, C.J. Barnstable, S.S. Zhang, C. 

Zhang, Therapeutic Retrobulbar Inhibition of STAT3 Protects Ischemic Retina Ganglion Cells, Mol. 

Neurobiol. 52 (2015) 1364-1377. 

[37] P. Yadav, B.T. Selvaraj, F.L. Bender, M. Behringer, M. Moradi, R. Sivadasan, B. Dombert, R. 

Blum, E. Asan, M. Sauer, Neurofilament depletion improves microtubule dynamics via modulation of 

Stat3/stathmin signaling, Acta Neuropathol. (2016) 1-18. 

[38] S. Lim, T. Sato, F. Marino, F. Stillitano, J. Pioner, T. Haase, E. Pianezzi, P. Sivakumaran, D. 

Hernandez, R. Wong, Moderated Poster session-Genetic, Epigenetic & Integrative 480Inhibiting 

mitochondrial fission with Mdivi-1 directs cardiac differentiation of human induced pluripotent stem 

cells via protein kinase CK2481A novel role of tristetraprolin in preventing mitochondrial dysfunction 

in the heart against iron deficiency by optimizing expression of Rieske iron-sulfur protein482Different 

therapeutic approaches to downregulate the activation of the hepatic interleukin-6/stat3/complement 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

pathway in two models of autoimmune myocarditis483In vitro and in vivo genome engineering of 

Dilated Cardiomyopathy caused by phospholamban R14 deletion. 484Contractile dysfunction of 

induced pluripotent stem cell-derived cardiomyocytes from a duchenne muscular dystrophy 

patient485Cigarette smoking increases expression of the G protein-coupled receptor 15 mRNA by 

change in CpG methylation486Cardiogenic potential of iPSC from cardiac progenitor cells, 

Cardiovasc. Res. 111 (2016) S85-S86. 

[39] D. Enomoto, M. Obana, A. Miyawaki, T. Mohri, M. Maeda, Y. Sakata, H. Nakayama, Y. Fujio, 

Cardiac STAT3 activation in subacute phase of myocardial infarction was required for the suppression 

of adverse cardiac remodeling, Circulation 132 (2015) A12354-A12354. 

[40] A. Das, F.N. Salloum, S.M. Filippone, D.E. Durrant, G. Rokosh, R. Bolli, R.C. Kukreja, 

Inhibition of mammalian target of rapamycin protects against reperfusion injury in diabetic heart 

through STAT3 signaling, Basic Res. Cardiol. 110 (2015) 1-11. 

[41] J.W. Park, C.R. Han, L. Zhao, M.C. Willingham, S.Y. Cheng, Inhibition of STAT3 activity 

delays obesity-induced thyroid carcinogenesis in a mouse model, Endocr. Relat. Cancer 23 (2016) 53-

63. 

[42] M. van de Vyver, C. Niesler, K. Myburgh, W. Ferris, Delayed wound healing and dysregulation 

of IL6/STAT3 signalling in MSCs derived from pre-diabetic obese mice, Mol.Cell. Endocrinol. 426 

(2016) 1-10. 

[43] J. Incio, D. McManus, P. Suboj, N. Rahbari, S.M. Chin, S. Babycutty, T. Vardan-Kaur, Y. 

Huang, K. Jung, D. Duda, Abstract LB-203: Obesity promotes resistance to anti-VEGF therapy in 

breast cancer via pro-inflammatory and angiogenic pathways, Cancer Res. 75 (2015) LB-203-LB-203. 

[44] G. Huang, M. Yuan, J. Zhang, J. Li, D. Gong, Y. Li, J. Zhang, P. Lin, L. Huang, IL-6 mediates 

differentiation disorder during spermatogenesis in obesity-associated inflammation by affecting the 

expression of Zfp637 through the SOCS3/STAT3 pathway, Sci. Rep. 6 (2016) 28012. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[45] J.D. Peda, S.M. Salah, D.P. Wallace, P.E. Fields, C.J. Grantham, T.A. Fields, K.I. Swenson-

Fields, Autocrine IL-10 activation of the STAT3 pathway is required for pathological macrophage 

differentiation in polycystic kidney disease, Dis. Models Mech. 9 (2016) 1051-1061. 

[46] A.J. Haak, K.J. Smith, P.R. Walters, M.A. Thompson, M.R. Freeman, L.J. Manlove, Y. 

Prakash, R. Vassallo, D.J. Tschumperlin, STAT3 IS a Critical Regulator Of Myofibroblast Function 

And Pulmonary Fibrosis, B62. The Biology Of Scarring. Where Are We Now, Am. Thoracic Soc. 

(2016) A4151-A4151. 

[47] Y.H. Hung, W.Y. Hsieh, J.S. Hsieh, C. Liu, C.H. Tsai, L.C. Lu, C.Y. Huang, C.L. Wu, C.S. Lin, 

Alternative roles of STAT3 and MAPK signaling pathways in the MMPs activation and progression of 

lung injury induced by cigarette smoke exposure in ACE2 Knockout mice, Int. J.  Biol. Sci. 12 (2016) 

454-465. 

[48] J. Zhao, H. Yu, Y. Liu, S.A. Gibson, Z. Yan, X. Xu, A. Gaggar, P.-K. Li, C. Li, S. Wei, 

Protective effect of suppressing STAT3 activity in LPS-induced acute lung injury, Am. J. Physiol. Lung 

Cell. Mol. Physiol. (2016) ajplung. 00281.02016. 

[49] J.H. Yu, L. Long, Z.X. Luo, L.M. Li, J.R. You, Anti-inflammatory role of microRNA let-7c in 

LPS treated alveolar macrophages by targeting STAT3, Asian Pac. J. Trop. Med. 9 (2016) 72-75. 

[50] E. Carbognin, R.M. Betto, M.E. Soriano, A.G. Smith, G. Martello, Stat3 promotes 

mitochondrial transcription and oxidative respiration during maintenance and induction of naive 

pluripotency, EMBO J. (2016) e201592629. 

[51] W. Lu, A.L. Kelly, S. Miao, Emulsion-based encapsulation and delivery systems for 

polyphenols, Trends Food Sci. Technol. 47 (2016) 1-9. 

[52] D.R. McIlwain, M. Grusdat, V.I. Pozdeev, H.C. Xu, P. Shinde, C. Reardon, Z. Hao, M. Beyer, 

A. Bergthaler, D. Häussinger, T‐cell STAT3 is required for the maintenance of humoral immunity to 

LCMV, Eur. J. Immunol. 45 (2015) 418-427. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[53] B.R. Kim, S.C. Oh, D.-H. Lee, J.L. Kim, S.Y. Lee, M.H. Kang, S.I. Lee, S. Kang, S.Y. Joung, 

B.W. Min, BMP-2 induces motility and invasiveness by promoting colon cancer stemness through 

STAT3 activation, Tumor Biol. 36 (2015) 9475-9486. 

[54] Z. Liu, L. Gan, Z. Zhou, W. Jin, C. Sun, SOCS3 promotes inflammation and apoptosis via 

inhibiting JAK2/STAT3 signaling pathway in 3T3-L1 adipocyte, Immunobiology 220 (2015) 947-953. 

[55] J. Cass, M. Niit, R. Arulanandam, B. Elliott, L. Raptis, Role of Stat3 vs Stat5 in the 

differentiation of HC11, mouse breast epithelial cells, Cancer Res. 75 (2015) 1018-1018. 

[56] H. Rafehi, A.J. Smith, A. Balcerczyk, M. Ziemann, J. Ooi, S.J. Loveridge, E.K. Baker, A. El-

Osta, T.C. Karagiannis, Investigation into the biological properties of the olive polyphenol, 

hydroxytyrosol: mechanistic insights by genome-wide mRNA-Seq analysis, Genes Nutr. 7 (2012) 343-

355. 

[57] E. Flashner-Abramson, S. Klein, G. Mullin, E. Shoshan, R. Song, A. Shir, Y. Langut, M. Bar-

Eli, H. Reuveni, A. Levitzki, Targeting melanoma with NT157 by blocking Stat3 and IGF1R signaling, 

Oncogene 35 (2016) 2675-2680. 

[58] Y.P. Yang, Y.L. Chang, P.I. Huang, G.Y. Chiou, L.M. Tseng, S.H. Chiou, M.H. Chen, M.T. 

Chen, Y.H. Shih, C.H. Chang, Resveratrol suppresses tumorigenicity and enhances radiosensitivity in 

primary glioblastoma tumor initiating cells by inhibiting the STAT3 axis, J.  Cell. Physiol. 227 (2012) 

976-993. 

[59] J.L. Geiger, J.R. Grandis, J.E. Bauman, The STAT3 pathway as a therapeutic target in head and 

neck cancer: Barriers and innovations, Oral Oncol. 56 (2016) 84-92. 

[60] U. Bharadwaj, T.K. Eckols, M. Kolosov, M.M. Kasembeli, A. Adam, D. Torres, X. Zhang, L.E. 

Dobrolecki, W. Wei, M.T. Lewis, Drug-repositioning screening identified piperlongumine as a direct 

STAT3 inhibitor with potent activity against breast cancer, Oncogene 34 (2015) 1341-1353. 

[61] A. Trécul, F. Morceau, A. Gaigneaux, M. Orsini, S. Chateauvieux, C. Grandjenette, M. Dicato, 

M. Diederich, Polyphenol tri-vanillic ester 13c inhibits P-JAK2V617F and Bcr–Abl oncokinase 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

expression in correlation with STAT3/STAT5 inactivation and apoptosis induction in human leukemia 

cells, Cancer Lett. 340 (2013) 30-42. 

[62] M. Zou, X. Zhang, C. Xu, IL6-induced metastasis modulators p-STAT3, MMP-2 and MMP-9 

are targets of 3, 3′-diindolylmethane in ovarian cancer cells, Cell. Oncol. 39 (2016) 47-57. 

[63] M.K. Shanmugam, P. Rajendran, F. Li, C. Kim, S. Sikka, K.S. Siveen, A.P. Kumar, K.S. Ahn, 

G. Sethi, Abrogation of STAT3 signaling cascade by zerumbone inhibits proliferation and induces 

apoptosis in renal cell carcinoma xenograft mouse model, Mol. Carcinogen. 54 (2015) 971-985. 

[64] J. Pencik, M. Schlederer, W. Gruber, C. Unger, S.M. Walker, A. Chalaris, I.J. Marié, M.R. 

Hassler, T. Javaheri, O. Aksoy, STAT3 regulated ARF expression suppresses prostate cancer metastasis, 

Nat. Ccommun. 6 (2015). 

[65] J. McLarty, R.L. Bigelow, M. Smith, D. Elmajian, M. Ankem, J.A. Cardelli, Tea polyphenols 

decrease serum levels of prostate-specific antigen, hepatocyte growth factor, and vascular endothelial 

growth factor in prostate cancer patients and inhibit production of hepatocyte growth factor and 

vascular endothelial growth factor in vitro, Cancer Prevent. Res. 2 (2009) 673-682. 

[66] N. Tyagi, S. Marimuthu, A. Bhardwaj, S.K. Deshmukh, S.K. Srivastava, A.P. Singh, S. 

McClellan, J.E. Carter, S. Singh, p-21 activated kinase 4 (PAK4) maintains stem cell-like phenotypes 

in pancreatic cancer cells through activation of STAT3 signaling, Cancer Lett. 370 (2016) 260-267. 

[67] N.K. Neradugomma, D. Subramaniam, O.W. Tawfik, V. Goffin, T.R. Kumar, R.A. Jensen, S. 

Anant, Prolactin signaling enhances colon cancer stemness by modulating Notch signaling in a Jak2-

STAT3/ERK manner, Carcinogenesis 35 (2014) 795-806. 

[68] D. Katoh, M. Nishizuka, S. Osada, M. Imagawa, Fad104, a positive regulator of adipocyte 

differentiation, suppresses invasion and metastasis of melanoma cells by inhibition of STAT3 activity, 

PloS one 10 (2015) e0117197. 

[69] B. Grabner, D. Schramek, K.M. Mueller, H.P. Moll, J. Svinka, T. Hoffmann, E. Bauer, L. 

Blaas, N. Hruschka, K. Zboray, Disruption of STAT3 signalling promotes KRAS-induced lung 

tumorigenesis, Nat. commun. 6 (2015) 6285. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[70] H. Yu, X. Yue, Y. Zhao, X. Li, L. Wu, C. Zhang, Z. Liu, K. Lin, Z.Y. Xu-Monette, K.H. Young, 

LIF negatively regulates tumour-suppressor p53 through Stat3/ID1/MDM2 in colorectal cancers, 

Nature communications 5 (2014) 5218. 

[71] S.D. Ferguson, V.M. Srinivasan, A.B. Heimberger, The role of STAT3 in tumor-mediated 

immune suppression, J. Neuro-oncol. 123 (2015) 385-394. 

[72] M. Demaria, S. Misale, C. Giorgi, V. Miano, A. Camporeale, J. Campisi, P. Pinton, V. Poli, 

STAT3 can serve as a hit in the process of malignant transformation of primary cells, Cell Death Differ. 

19 (2012) 1390-1397. 

[73] J. Yuan, F. Zhang, R. Niu, Multiple regulation pathways and pivotal biological functions of 

STAT3 in cancer, Sci. Rep. 5 (2015) 17663. 

[74] Z. Ren, J. Aerts, J. Pen, C. Heirman, K. Breckpot, J. De Grève, Phosphorylated STAT3 

physically interacts with NPM and transcriptionally enhances its expression in cancer, Oncogene 34 

(2015) 1650-1657. 

[75] S. Nam, J. Xie, A. Perkins, Y. Ma, F. Yang, J. Wu, Y. Wang, R.-z. Xu, W. Huang, D.A. Horne, 

Novel synthetic derivatives of the natural product berbamine inhibit Jak2/Stat3 signaling and induce 

apoptosis of human melanoma cells, Mol. Oncol. 6 (2012) 484-493. 

[76] L.-Y. Kong, M.K. Abou-Ghazal, J. Wei, A. Chakraborty, W. Sun, W. Qiao, G.N. Fuller, I. Fokt, 

E.A. Grimm, R.J. Schmittling, A novel inhibitor of signal transducers and activators of transcription 3 

activation is efficacious against established central nervous system melanoma and inhibits regulatory T 

cells, Clin. Cancer Res. 14 (2008) 5759-5768. 

[77] K.X. Sun, H.W. Xia, R.L. Xia, Anticancer effect of salidroside on colon cancer through 

inhibiting JAK2/STAT3 signaling pathway, Int. J. Clin. Exp. Pathol. 8 (2015) 615. 

[78] J. Bosch-Barrera, J.A. Menendez, Silibinin and STAT3: A natural way of targeting 

transcription factors for cancer therapy, Cancer Treat. Rev. 41 (2015) 540-546. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[79] J. Ma, B. Cui, X. Ding, J. Wei, L. Cui, Over-Expression of Cyclin D1 Promotes NSCs 

Proliferation and Induces the Differentiation into Astrocytes Via Jak-STAT3 Pathways, Neurochem. 

Res. 40 (2015) 1681-1690. 

[80] H. Dokduang, P. Yongvanit, N. Namwat, C. Pairojkul, S. Sangkhamanon, M.S. Yageta, Y. 

Murakami, W. Loilome, Xanthohumol inhibits STAT3 activation pathway leading to growth 

suppression and apoptosis induction in human cholangiocarcinoma cells, Oncol. Rep. 35 (2016) 2065-

2072. 

[81] C. Nicholas, G.B. Lesinski, The Jak-STAT Signal Transduction Pathway in Melanoma, 

INTECH Open Access Publisher, 2011. 

[82] Y. Fan, R. Mao, J. Yang, NF-κB and STAT3 signaling pathways collaboratively link 

inflammation to cancer, Protein Cell 4 (2013) 176-185. 

[83] M.E. Burnham, S. Esnault, E.C.R. Roti, M.E. Bates, P.J. Bertics, L.C. Denlinger, Cholesterol 

selectively regulates IL-5 induced mitogen activated protein kinase signaling in human eosinophils, 

PloS one 9 (2014) e103122. 

[84] C. Garbers, S. Aparicio-Siegmund, S. Rose-John, The IL-6/gp130/STAT3 signaling axis: recent 

advances towards specific inhibition, Curr. Opin. Immunol. 34 (2015) 75-82. 

[85] N. Sismanopoulos, D.A. Delivanis, K.D. Alysandratos, A. Angelidou, M. Vasiadi, A. 

Therianou, T.C. Theoharides, IL-9 induces VEGF secretion from human mast cells and IL-9/IL-9 

receptor genes are overexpressed in atopic dermatitis, PLoS One 7 (2012) e33271. 

[86] L. Pereira, M. Font-Nieves, C. Van den Haute, V. Baekelandt, A.M. Planas, E. Pozas, IL-10 

regulates adult neurogenesis by modulating ERK and STAT3 activity, Front. Cell. Neurosci. 9 (2015) 

57. 

[87] M. Obana, K. Miyamoto, S. Murasawa, T. Iwakura, A. Hayama, T. Yamashita, M. Shiragaki, S. 

Kumagai, A. Miyawaki, K. Takewaki, Therapeutic administration of IL-11 exhibits the 

postconditioning effects against ischemia-reperfusion injury via STAT3 in the heart, Am. J. Physiol. 

Heart Circ. Physiol. 303 (2012) H569-H577. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[88] A. Li, Y. Gan, R. Wang, Y. Liu, T. Ma, M. Huang, X. Cui, IL-22 up-regulates β-defensin-2 

expression in human alveolar epithelium via STAT3 but not NF-κB signaling pathway, Inflammation 

38 (2015) 1191-1200. 

[89] W.B. Wang, M.L. Yen, K.J. Liu, P.J. Hsu, M.H. Lin, P.M. Chen, P.R. Sudhir, C.H. Chen, C.H. 

Chen, H.K. Sytwu, Interleukin-25 mediates transcriptional control of PD-L1 via STAT3 in multipotent 

human mesenchymal stromal cells (hMSCs) to suppress Th17 responses, Stem cell Rep. 5 (2015) 392-

404. 

[90] S. Wong, F.M. Botelho, R.M. Rodrigues, C.D. Richards, Oncostatin M overexpression induces 

matrix deposition, STAT3 activation, and SMAD1 dysregulation in lungs of fibrosis-resistant BALB/c 

mice, Lab. Invest. 94 (2014) 1003-1016. 

[91] C.A. Lindemans, M. Calafiore, A.M. Mertelsmann, M.H. O’Connor, J.A. Dudakov, R.R. Jenq, 

E. Velardi, L.F. Young, O.M. Smith, G. Lawrence, J.A. Ivanov, Y.Y. Fu, S. Takashima, G. Hua, M.L. 

Martin, K.P. O'Rourke, Y.H. Lo, M. Mokry, M. Romera-Hernandez, T. Cupedo, L.E. Dow, E.E. 

Nieuwenhuis, N.F. Shroyer, C. Liu, R. Kolesnick, M.R. van den Brink, A.M. Hanash, Interleukin-22 

promotes intestinal-stem-cell-mediated epithelial regeneration, Nature 528(2015) 560-564.. 

[92] K. Sumida, Y. Ohno, J. Ohtake, S. Kaneumi, T. Kishikawa, N. Takahashi, A. Taketomi, H. 

Kitamura, IL-11 induces differentiation of myeloid-derived suppressor cells through activation of 

STAT3 signalling pathway, Sci. Rep. 5 (2015) 13650. 

[93] J.M. Seo, S. Park, J.H. Kim, Leukotriene B4 receptor-2 promotes invasiveness and metastasis 

of ovarian cancer cells through signal transducer and activator of transcription 3 (STAT3)-dependent 

up-regulation of matrix metalloproteinase 2, J. Biol. Chem. 287 (2012) 13840-13849. 

[94] L. Nissinen, V.M. Kähäri, Matrix metalloproteinases in inflammation, Biochim. Biophys. Acta 

(BBA)-Gen. Subj. 1840 (2014) 2571-2580. 

[95] C. ZhuBH, Epigallocatechin-3- gallate inhibits VEGF expression induced by IL- 6 via Stat3 in 

gastric cancer, World J. Gastroenterol. 17 (2011) 2315. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[96] T.D. Crafts, A.R. Jensen, E.C. Blocher-Smith, T.A. Markel, Vascular endothelial growth factor: 

therapeutic possibilities and challenges for the treatment of ischemia, Cytokine 71 (2015) 385-393. 

[97] H.W. Lue, B. Cole, S.A. Rao, J. Podolak, A. Van Gaest, C. King, C.A. Eide, B. Wilmot, C. 

Xue, P.T. Spellman, Src and STAT3 inhibitors synergize to promote tumor inhibition in renal cell 

carcinoma, Oncotarget 6 (2015) 44675. 

[98] G. Zhao, G. Zhu, Y. Huang, W. Zheng, J. Hua, S. Yang, J. Zhuang, J. Ye, IL-6 mediates the 

signal pathway of JAK-STAT3-VEGF-C promoting growth, invasion and lymphangiogenesis in gastric 

cancer, Oncol. Rep. 35 (2016) 1787-1795. 

[99] J.L. Orgaz, P. Pandya, R. Dalmeida, P. Karagiannis, B. Sanchez-Laorden, A. Viros, J. 

Albrengues, F.O. Nestle, A.J. Ridley, C. Gaggioli, Diverse matrix metalloproteinase functions regulate 

cancer amoeboid migration, Nat. Commun. 5 (2014) 4255. 

[100] L.A. Pham-Huy, H. He, C. Pham-Huy, Free radicals, antioxidants in disease and health, Int. J. 

Biomed. Sci. 4 (2008) 89-96. 

[101] H. Cui, Y. Kong, H. Zhang, Oxidative stress, mitochondrial dysfunction, and aging, J. Signal 

Transduct.  2012 (2011) 646354. 

[102] K. Sinha, J. Das, P.B. Pal, P.C. Sil, Oxidative stress: the mitochondria-dependent and 

mitochondria-independent pathways of apoptosis, Arch. Toxicol. 87 (2013) 1157-1180. 

[103] F.M. Uckun, S. Qazi, H. Ma, L. Tuel-Ahlgren, Z. Ozer, STAT3 is a substrate of SYK tyrosine 

kinase in B-lineage leukemia/lymphoma cells exposed to oxidative stress, Proc. Natl. Acad. Sci. 107 

(2010) 2902-2907. 

[104] M. Carballo, M. Conde, R. El Bekay, J. Martı́n-Nieto, M.a.J. Camacho, J. Monteseirı́n, J. 

Conde, F.J. Bedoya, F. Sobrino, Oxidative stress triggers STAT3 tyrosine phosphorylation and nuclear 

translocation in human lymphocytes, J. Biol. Chem. 274 (1999) 17580-17586. 

[105] S. Reuter, S.C. Gupta, M.M. Chaturvedi, B.B. Aggarwal, Oxidative stress, inflammation, and 

cancer: how are they linked?, Free Radic. Biol. Med. 49 (2010) 1603-1616. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[106] A. Crozier, M.N. Clifford, H. Ashihara, Plant secondary metabolites: occurrence, structure and 

role in the human diet, John Wiley & Sons, 2008. 

[107] J. Morales, G. Günther, A.L. Zanocco, E. Lemp, Singlet oxygen reactions with flavonoids. A 

theoretical–experimental study, PLoS One 7 (2012) e40548. 

[108] P.U. Ertuğ, F. Aydinoglu, O.G. Ozturk, E. Singirik, N. Ögülener, Comparative study of the 

quercetin, ascorbic acid, glutathione and superoxide dismutase for nitric oxide protecting effects in 

mouse gastric fundus, Eur. J. Pharmacol. 698 (2013) 379-387. 

[109] Y. Li, Y. Deng, Y. Tang, H. Yu, C. Gao, L. Liu, P. Yao, Quercetin protects rat hepatocytes from 

oxidative damage induced by ethanol and iron by maintaining intercellular liable iron pool, Hum. Exp. 

Toxicol. 33(2013) 534-541. 

[110] C. Angeloni, J. Spencer, E. Leoncini, P. Biagi, S. Hrelia, Role of quercetin and its in vivo 

metabolites in protecting H9c2 cells against oxidative stress, Biochimie 89 (2007) 73-82. 

[111] M. Kyaw, M. Yoshizumi, K. Tsuchiya, Y. Izawa, Y. Kanematsu, T. Tamaki, Atheroprotective 

effects of antioxidants through inhibition of mitogen-activated protein kinases, Acta Pharmacol. Sin. 25 

(2004) 977-985. 

[112] Q. Dong, L. Chen, Q. Lu, S. Sharma, L. Li, S. Morimoto, G. Wang, Quercetin attenuates 

doxorubicin cardiotoxicity by modulating Bmi‐1 expression, Br. J. Pharmacol. 171 (2014) 4440-4454. 

[113] C.L.L. Saw, Y. Guo, A.Y. Yang, X. Paredes-Gonzalez, C. Ramirez, D. Pung, A.N.T. Kong, The 

berry constituents quercetin, kaempferol, and pterostilbene synergistically attenuate reactive oxygen 

species: involvement of the Nrf2-ARE signaling pathway, Food Chem. Toxicol. 72 (2014) 303-311. 

[114] F. Arredondo, C. Echeverry, J.A. Abin-Carriquiry, F. Blasina, K. Antúnez, D.P. Jones, Y.-M. 

Go, Y.-L. Liang, F. Dajas, After cellular internalization, quercetin causes Nrf2 nuclear translocation, 

increases glutathione levels, and prevents neuronal death against an oxidative insult, Free Radic. Biol. 

Med. 49 (2010) 738-747. 

[115] L. Gan, J.A. Johnson, Oxidative damage and the Nrf2-ARE pathway in neurodegenerative 

diseases, Biochim. Biophys. Acta (BBA)-Mol. Basis Dis. 1842 (2014) 1208-1218. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[116] L.G. Costa, L. Tait, R. De Laat, K. Dao, G. Giordano, C. Pellacani, T.B. Cole, C.E. Furlong, 

Modulation of paraoxonase 2 (PON2) in mouse brain by the polyphenol quercetin: a mechanism of 

neuroprotection?, Neurochem. Res. 38 (2013) 1809-1818. 

[117] G. Bureau, F. Longpré, M.G. Martinoli, Resveratrol and quercetin, two natural polyphenols, 

reduce apoptotic neuronal cell death induced by neuroinflammation, J. Neurosci. Res. 86 (2008) 403-

410. 

[118] V. Sharma, M. Mishra, S. Ghosh, R. Tewari, A. Basu, P. Seth, E. Sen, Modulation of 

interleukin-1β mediated inflammatory response in human astrocytes by flavonoids: implications in 

neuroprotection, Brain Res. Bull. 73 (2007) 55-63. 

[119] V. Quagliariello, E. Armenia, C. Aurilio, F. Rosso, O. Clemente, G. de Sena, M. Barbarisi, A. 

Barbarisi, New treatment of medullary and papillary human thyroid cancer: biological effects of 

hyaluronic acid hydrogel loaded with quercetin alone or in combination to an inhibitor of aurora 

kinase, Journal of cellular physiology 231(2016) 1784-1795. 

[120] F. C Maiyo, R. Moodley, M. Singh, Cytotoxicity, Antioxidant and Apoptosis Studies of 

Quercetin-3-O Glucoside and 4-(β-D-Glucopyranosyl-1→ 4-α-L-Rhamnopyranosyloxy)-Benzyl 

Isothiocyanate from Moringa oleifera, Anti-Cancer Agents Med. Chem. 16 (2016) 648-656. 

[121] M. Yoshida, T. Sakai, N. Hosokawa, N. Marui, K. Matsumoto, A. Fujioka, H. Nishino, A. 

Aoike, The effect of quercetin on cell cycle progression and growth of human gastric cancer cells, 

FEBS Lett. 260 (1990) 10-13. 

[122] N. Hosokawa, K. Hirayoshi, A. Nakai, Y. Hosokawa, N. Marui, M. Yoshida, T. Sakai, H. 

Nishino, A. Aoike, K. Kawai, Flavonoids inhibit the expression of heat shock proteins, Cell Struct. 

Funct. 15 (1990) 393-401. 

[123] D. Catanzaro, E. Ragazzi, C. Vianello, L. Caparrotta, M. Montopoli, Effect of Quercetin on 

Cell Cycle and Cyclin Expression in Ovarian Carcinoma and Osteosarcoma Cell Lines, Nat. Prod. 

Commun. 10 (2015) 1365-1368. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[124] Y.F. Chang, Y.C. Hsu, H.F. Hung, H.J. Lee, W.Y. Lui, C.W. Chi, J.J. Wang, Quercetin induces 

oxidative stress and potentiates the apoptotic action of 2-methoxyestradiol in human hepatoma cells, 

Nutr. Cancer 61 (2009) 735-745. 

[125] Z.B. Cincin, M. Unlu, B. Kiran, E.S. Bireller, Y. Baran, B. Cakmakoglu, Molecular 

Mechanisms of Quercitrin-induced Apoptosis in Non-small Cell Lung Cancer, Arch. Med. Res. 45 

(2014) 445-454. 

[126] J. Zhao, J. Liu, T. Wei, X. Ma, Q. Cheng, S. Huo, C. Zhang, Y. Zhang, X. Duan, X.-J. Liang, 

Quercetin-loaded nanomicelles to circumvent human castration-resistant prostate cancer in vitro and in 

vivo, Nanoscale 8 (2016) 5126-5138. 

[127] H. Glossmann, P. Presek, E. Eigenbrodt, Quercetin inhibits tyrosine phosphorylation by the 

cyclic nucleotide-independent, transforming protein kinase, pp60src, Naunyn. Schmiedebergs Arch. 

Pharmacol. 317 (1981) 100-102. 

[128] B. Cunningham, M. Threadgill, J. Hickman, Synthesis and evaluation of substituted flavones 

as inhibitors of tyrosine protein-kinase, Br. J. Cancer (1987) 207-207. 

[129] M.A. Avila, J.A. Velasco, J. Cansado, V. Notario, Quercetin mediates the down-regulation of 

mutant p53 in the human breast cancer cell line MDA-MB468, Cancer Res. 54 (1994) 2424-2428. 

[130] A.B. Granado-Serrano, M.A. Martín, L. Bravo, L. Goya, S. Ramos, Quercetin induces 

apoptosis via caspase activation, regulation of Bcl-2, and inhibition of PI-3-kinase/Akt and ERK 

pathways in a human hepatoma cell line (HepG2), J. Nutr.136 (2006) 2715-2721. 

[131] J.A. Rothwell, J. Pérez-Jiménez, V. Neveu, A. Medina-Ramon, N. M'Hiri, P. Garcia Lobato, 

C. Manach, K. Knox, R. Eisner, D. Wishart, A. Scalbert. (2013) Phenol-Explorer 3.0: a major update of 

the Phenol-Explorer database to incorporate data on the effects of food processing on polyphenol 

content. Database, 10.1093/database/bat070. 

[132] S.i. Taniguchi, H. Fujiki, H. Kobayashi, H. Go, K. Miyado, H. Sadano, R. Shimokawa, Effect 

of (−)-epigallocatechin gallate, the main constituent of green tea, on lung metastasis with mouse B16 

melanoma cell lines, Cancer Lett. 65 (1992) 51-54. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[133] H. Ortsäter, N. Grankvist, S. Wolfram, N. Kuehn, Å. Sjöholm, Diet supplementation with 

green tea extract epigallocatechin gallate prevents progression to glucose intolerance in db/db mice, 

Nutr. Metab. 9 (2012) 1. 

[134] Z. Fu, W. Zhen, J. Yuskavage, D. Liu, Epigallocatechin gallate delays the onset of type 1 

diabetes in spontaneous non-obese diabetic mice, Br. J. Nutr. 105 (2011) 1218-1225. 

[135] W. Zhong, X.D. Huan, Q. Cao, J. Yang, Cardioprotective effect of epigallocatechin-3-gallate 

against myocardial infarction in hypercholesterolemic rats, Exp. Ther. Med. 9 (2015) 405-410. 

[136] H. Nasri, A. Ahmadi, A. Baradaran, P. Nasri, S. Hajian, A. Pour-Arian, G. Kohi, M. Rafieian-

Kopaei, A biochemical study on ameliorative effect of green tea (Camellia sinensis) extract against 

contrast media induced acute kidney injury, J. Renal Inj. Prev. 3 (2014) 47-49. 

[137] T. Yokozawa, J.S. Noh, C.H. Park, Green tea polyphenols for the protection against renal 

damage caused by oxidative stress, Evid. Based Complement. Altern. Med. 2012 (2012) 845917. 

[138] L. Liu, L. Hou, S. Gu, X. Zuo, D. Meng, M. Luo, X. Zhang, S. Huang, X. Zhao, Molecular 

mechanism of epigallocatechin-3-gallate in human esophageal squamous cell carcinoma in vitro and in 

vivo, Oncol. Rep. 33 (2015) 297-303. 

[139] S. Sur, D. Pal, S. Mandal, A. Roy, C.K. Panda, Tea polyphenols epigallocatechin gallete and 

theaflavin restrict mouse liver carcinogenesis through modulation of self-renewal Wnt and hedgehog 

pathways, J. Nutr. Biochem. 27 (2016) 32-42. 

[140] A.J. Kobalka, R.W. Keck, J. Jankun, Synergistic anticancer activity of biologicals from green 

and black tea on DU 145 human prostate cancer cells, Cent. Eur. J. Immunol. 40 (2015) 1-4. 

[141] K.T. Kavanagh, L.J. Hafer, D.W. Kim, K.K. Mann, D.H. Sherr, A.E. Rogers, G.E. Sonenshein, 

Green tea extracts decrease carcinogen‐induced mammary tumor burden in rats and rate of breast 

cancer cell proliferation in culture, J. Cell. Biochem. 82 (2001) 387-398. 

[142] Z.P. Chen, J.B. Schell, C.T. Ho, K.Y. Chen, Green tea epigallocatechin gallate shows a 

pronounced growth inhibitory effect on cancerous cells but not on their normal counterparts, Cancer 

Lett. 129 (1998) 173-179. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[143] C. Murakami, Y. Hirakawa, H. Inui, Y. Nakano, H. Yoshida, Effect of tea catechins on cellular 

lipid peroxidation and cytotoxicity in HepG2 cells, Biosci. Biotechnol. Biochem. 66 (2002) 1559-1562. 

[144] L. Tao, S.C. Forester, J.D. Lambert, The role of the mitochondrial oxidative stress in the 

cytotoxic effects of the green tea catechin,(–)‐epigallocatechin‐3‐gallate, in oral cells, Mol. Nutr. food 

Res. 58 (2014) 665-676. 

[145] L. Tao, J.Y. Park, J.D. Lambert, Differential prooxidative effects of the green tea polyphenol,(–

)‐epigallocatechin‐3‐gallate, in normal and oral cancer cells are related to differences in sirtuin 3 

signaling, Mol. Nutr. food Res. 59 (2015) 203-211. 

[146] Y. Zhang, W. Duan, L. Owusu, D. Wu, Y. Xin, Epigallocatechin‐3‐gallate induces the apoptosis 

of hepatocellular carcinoma LM6 cells but not non‐cancerous liver cells, Int. J. Mol. Med. 35 (2015) 

117-124. 

[147] K. Zhu, W. Wang, Green tea polyphenol EGCG suppresses osteosarcoma cell growth through 

upregulating miR-1, Tumor Biol. 37 (2016) 4373-4382. 

[148] H.H. Mansour, H.F. Hafez, N.M. Fahmy, Silymarin modulates cisplatin-induced oxidative 

stress and hepatotoxicity in rats, J. Biochem. Mol. Biol. 39 (2006) 656. 

[149] M.E. Shaker, K.R. Zalata, W.Z. Mehal, G.E. Shiha, T.M. Ibrahim, Comparison of imatinib, 

nilotinib and silymarin in the treatment of carbon tetrachloride-induced hepatic oxidative stress, injury 

and fibrosis, Toxicol. Appl. Pharmacol. 252 (2011) 165-175. 

[150] A. Rašković, N. Stilinović, J. Kolarović, V. Vasović, S. Vukmirović, M. Mikov, The protective 

effects of silymarin against doxorubicin-induced cardiotoxicity and hepatotoxicity in rats, Molecules 

16 (2011) 8601-8613. 

[151] X. Zi, D.K. Feyes, R. Agarwal, Anticarcinogenic effect of a flavonoid antioxidant, silymarin, 

in human breast cancer cells MDA-MB 468: induction of G1 arrest through an increase in Cip1/p21 

concomitant with a decrease in kinase activity of cyclin-dependent kinases and associated cyclins, 

Clin. Cancer Res. 4 (1998) 1055-1064. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[152] S. Cufí, R. Bonavia, A. Vazquez-Martin, B. Corominas-Faja, C. Oliveras-Ferraros, E. Cuyàs, 

B. Martin-Castillo, E. Barrajón-Catalán, J. Visa, A. Segura-Carretero, Silibinin meglumine, a water-

soluble form of milk thistle silymarin, is an orally active anti-cancer agent that impedes the epithelial-

to-mesenchymal transition (EMT) in EGFR-mutant non-small-cell lung carcinoma cells, Food Chem. 

Toxicol. 60 (2013) 360-368. 

[153] H.J. Eo, G.H. Park, H.M. Song, J.W. Lee, M.K. Kim, M.H. Lee, J.R. Lee, J.S. Koo, J.B. Jeong, 

Silymarin induces cyclin D1 proteasomal degradation via its phosphorylation of threonine-286 in 

human colorectal cancer cells, Int. Immunopharmacol. 24 (2015) 1-6. 

[154] F. Zhao, D. Shi, T. Li, L. Li, M. Zhao, Silymarin attenuates paraquat‐induced lung injury via 

Nrf2‐mediated pathway in vivo and in vitro, Clin. Exp. Pharmacol. Physiol. 42 (2015) 988-998. 

[155] C. Saliou, B. Rihn, J. Cillard, T. Okamoto, L. Packer, Selective inhibition of NF‐κB activation 

by the flavonoid hepatoprotector silymarin in HepG2, FEBS Lett. 440 (1998) 8-12. 

[156] S. Dhanalakshmi, R. Singh, C. Agarwal, R. Agarwal, Silibinin inhibits constitutive and TNFa-

induced activation of NF-kB and sensitizes human prostate carcinoma DU145 cells to TNFa-induced 

apoptosis, Oncogene 21 (2002) 1759-1767. 

[157] W.J. Duan, Q.S. Li, M.Y. Xia, S.I. Tashiro, S. Onodera, T. Ikejima, Silibinin activated ROS–

p38–NF-κB positive feedback and induced autophagic death in human fibrosarcoma HT1080 cells, J. 

Asian Nat. Prod. Res. 13 (2011) 27-35. 

[158] C.F. Bannwart, E. Nakaira-Takahagi, M.A. Golim, L.T.L. de Medeiros, M. Romão, I.C. Weel, 

M.T.S. Peraçoli, Downregulation of nuclear factor-kappa B (NF-κB) pathway by silibinin in human 

monocytes challenged with Paracoccidioides brasiliensis, Life Sci. 86 (2010) 880-886. 

[159] K. Raina, C. Agarwal, R. Agarwal, Effect of silibinin in human colorectal cancer cells: 

Targeting the activation of NF‐κB signaling, Mol. Carcinogen. 52 (2013) 195-206. 

[160] B.R. Kim, H.S. Seo, J.M. Ku, G.-J. Kim, C.Y. Jeon, J.H. Park, B.-H. Jang, S.J. Park, Y.C. Shin, 

S.G. Ko, Silibinin inhibits the production of pro-inflammatory cytokines through inhibition of NF-κB 

signaling pathway in HMC-1 human mast cells, Inflamm. Res. 62 (2013) 941-950. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[161] V.S.I. Giorgi, M.T.S. Peracoli, J.C. Peracoli, S.S. Witkin, C.F. Bannwart-Castro, Silibinin 

modulates the NF-κb pathway and pro-inflammatory cytokine production by mononuclear cells from 

preeclamptic women, J. Reprod. Immunol. 95 (2012) 67-72. 

[162] E.J. Kim, M.Y. Lee, Y.J. Jeon, Silymarin Inhibits Morphological Changes in LPS-Stimulated 

Macrophages by Blocking NF-κB Pathway, Korean J. Physiol. Pharmacol. 19 (2015) 211-218. 

[163] Y. Wei, X. Ye, X. Shang, X. Peng, Q. Bao. Enhanced oral bioavailability of silybin by a 

supersaturatable self-emulsifying drug delivery system (S-SEDDS). Colloids Surf A Physicochem Eng 

Asp. 396 (2012) 22–8. 

[164] W. Wu, Y. Wang, L. Que. Enhanced bioavailability of silymarin by self-microemulsifying drug 

delivery system. Eur J Pharm Biopharm. 63 (2006) 288–94. 

[165] Y. Zhu, M. Wang, Y. Zhang, J. Zeng, E. Omari-Siaw, J. Yu, X. Xu. In Vitro Release and 

Bioavailability of Silybin from Micelle-Templated Porous Calcium Phosphate Microparticles. AAPS 

PharmSciTech. 17 (2016) 1232-9.  

[166] A. Bertelli, L. Giovannini, D. Giannessi, M. Migliori, W. Bernini, M. Fregoni, A. Bertelli, 

Antiplatelet activity of synthetic and natural resveratrol in red wine, Int. J.Tissue React. 17 (1994) 1-3. 

[167] D.F. Fitzpatrick, S.L. Hirschfield, R.G. Coffey, Endothelium-dependent vasorelaxing activity 

of wine and other grape products, Am. J. Physiol. Heart Circ. Physiol. 265 (1993) H774-H778. 

[168] K. Khanduja, A. Bhardwaj, Stable free radical scavenging and antiperoxidative properties of 

resveratrol compared in vitro with some other bioflavonoids, Indian J. Biochem. Biophys. 40 (2003) 

416-422. 

[169] C.Y. Chen, J.H. Jang, M.H. Li, Y.J. Surh, Resveratrol upregulates heme oxygenase-1 

expression via activation of NF-E2-related factor 2 in PC12 cells, Biochem. Biophys. Res. Commun. 

331 (2005) 993-1000. 

[170] S. Li, G. Zhao, L. Chen, Y. Ding, J. Lian, G. Hong, Z. Lu, Resveratrol protects mice from 

paraquat-induced lung injury: The important role of SIRT1 and NRF2 antioxidant pathways, Mol. 

Med. Rep. 13 (2016) 1833-1838. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[171] T. Kubota, Y. Uemura, M. Kobayashi, H. Taguchi, Combined effects of resveratrol and 

paclitaxel on lung cancer cells, Anticancer Res. 23 (2002) 4039-4046. 

[172] P.C. Liao, L.T. Ng, L.T. Lin, C.D. Richardson, G.H. Wang, C.C. Lin, Resveratrol arrests cell 

cycle and induces apoptosis in human hepatocellular carcinoma Huh-7 cells, J. Med. Food 13 (2010) 

1415-1423. 

[173] V.M. Adhami, F. Afaq, N. Ahmad, Involvement of the retinoblastoma (pRb)–e2f/dp pathway 

during antiproliferative effects of resveratrol in human epidermoid carcinoma (A431) cells, Biochem. 

Biophys. Res. Commun. 288 (2001) 579-585. 

[174] D. Cosco, D. Paolino, J. Maiuolo, L. Di Marzio, M. Carafa, C.A. Ventura, M. Fresta, 

Ultradeformable liposomes as multidrug carrier of resveratrol and 5-fluorouracil for their topical 

delivery, Int. J. Pharm. 489 (2015) 1-10. 

[175] X.M. Yu, R. Jaskula-Sztul, K. Ahmed, A.D. Harrison, M. Kunnimalaiyaan, H. Chen, 

Resveratrol induces differentiation markers expression in anaplastic thyroid carcinoma via activation of 

Notch1 signaling and suppresses cell growth, Mol. Cancer Ther. 12 (2013) 1276-1287. 

[176] H. Inoue, R. Nakata, Resveratrol targets in inflammation, Endocr. Metab. Immune Disorders-

Drug Targets 15 (2015) 186-195. 

[177] S.K. Jeong, K. Yang, Y.S. Park, Y.J. Choi, S.J. Oh, C.W. Lee, K.Y. Lee, M.H. Jeong, W.S. Jo, 

Interferon gamma induced by resveratrol analog, HS-1793, reverses the properties of tumor associated 

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

[178] P. Mohapatra, R. Preet, M. Choudhuri, T. Choudhuri, C.N. Kundu, 5-fluorouracil increases the 

chemopreventive potentials of resveratrol through DNA damage and MAPK signaling pathway in 

human colorectal cancer cells, Oncology Research Featuring Preclinical and Clinical Cancer 

Therapeutics 19 (2011) 311-321. 

[179] S. Hu, X. Li, R. Xu, L. Ye, H. Kong, X. Zeng, H. Wang, W. Xie, The synergistic effect of 

resveratrol in combination with cisplatin on apoptosis via modulating autophagy in A549 cells, Acta 

Biochim. Biophys. Sin. 48(2016) 528-535. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[180] Y.S. Lee, B.B. Doonan, J.M. Wu, T.C. Hsieh, Combined metformin and resveratrol confers 

protection against UVC-induced DNA damage in A549 lung cancer cells via modulation of cell cycle 

checkpoints and DNA repair, Oncol. Rep. 35 (2016) 3735-3741. 

[181] G. Rai, S. Mishra, S. Suman, Y. Shukla, Resveratrol improves the anticancer effects of 

doxorubicin in vitro and in vivo models: a mechanistic insight, Phytomedicine 23 (2016) 233-242. 

[182] D. Delmas,V. Aires,E. Limagneetal. Transport,stability, and biological activity of resveratrol. 

Ann. N. Y. Acad. Sci. ,1215 (2011) 48–59. 

[183] M. Urpì-Sardà, O. Jàuregui, R. M. Lamuela-Raventòs et al. Uptake of diet resveratrol into the 

human low-density lipopro-tein. Identification and quantification of resveratrol metabolites by liquid 

chromatography coupled with tandem mass spectrometry. Anal Chem. 77 (2005) 3149–3155. 

[184] T. Walle, F. Hsieh, M. H. DeLegge, J. E. Oatis Jr., and U. K. Walle. High absorption but very low 

bioavailability of oral resveratrol in humans Drug. Metab. Dispos. 32 (2004) 1377–1382. 

[185] C.-H. Cottart, V. Nivet-Antoine, C. Laguillier-Morizot, and J.-L. Beaudeux. Resveratrol 

bioavailability and toxicity in humans. Mol. Nutr. Food Res. 54 (2010) 7–16. 

[186] D. J. Boocock, K. R. Patel, G. E. S. Faust et al. Quantitation of trans-resveratrol and detection of 

its metabolites in human plasma and urine by high performance liquid chromatography. J. Chromatogr. 

B: Analyt. Technol. Biomed. Life Sci. 848 (2007) 182–187. 

[187] J. Gambini, M. Inglés, G. Olaso, R. Lopez-Grueso, V. Bonet-Costa, L. Gimeno-Mallench, C. 

Mas-Bargues, K.M. Abdelaziz, M.C. Gomez-Cabrera, J. Vina, C. Borras. Properties of Resveratrol: In 

Vitro and In Vivo Studies about Metabolism, Bioavailability, and Biological Effects in Animal Models 

and Humans. Oxid. Med. Cell. Longev. 2015 (2015) 837042. 

[188] S.C. Gupta, S. Patchva, W. Koh, B.B. Aggarwal, Discovery of curcumin, a component of 

golden spice, and its miraculous biological activities, Clin. Exp. Pharmacol. Physiol. 39 (2012) 283-

299. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[189] C. Schiborr, A. Kocher, D. Behnam, J. Jandasek, S. Toelstede, J. Frank. The oral bioavailability 

of curcumin from micronized powder and liquid micelles is significantly increased in healthy humans 

and differs between sexes. Mol. Nutr. Food Res. 58 (2014) 516-27. 

[190] O.N. Pozharitskaya, S.A. Ivanova, A.N. Shikov, V.G. Makarov, Separation and free 

radical‐scavenging activity of major curcuminoids of Curcuma longa using HPTLC‐DPPH method, 

Phytochem. Anal. 19 (2008) 236-243. 

[191] E. Kansanen, H.K. Jyrkkänen, A.L. Levonen, Activation of stress signaling pathways by 

electrophilic oxidized and nitrated lipids, Free Radic. Biol. Med. 52 (2012) 973-982. 

[192] L. Das, M. Vinayak, Long term effect of curcumin in restoration of tumour suppressor p53 and 

phase-II antioxidant enzymes via activation of NRF2 signalling and modulation of inflammation in 

prevention of cancer, PloS one 10 (2015) e0124000. 

[193] Z. Meng, C. Yan, Q. Deng, D.F. Gao, X.L. Niu, Curcumin inhibits LPS-induced inflammation 

in rat vascular smooth muscle cells in vitro via ROS-relative TLR4-MAPK/NF-κB pathways, Acta 

Pharmacol. Sin. 34 (2013) 901-911. 

[194] R. Kuttan, P. Bhanumathy, K. Nirmala, M. George, Potential anticancer activity of turmeric 

(Curcuma longa), Cancer Lett. 29 (1985) 197-202. 

[195] L.d. Guo, X.J. Chen, Y.H. Hu, Z.J. Yu, D. Wang, J.Z. Liu, Curcumin inhibits proliferation and 

induces apoptosis of human colorectal cancer cells by activating the mitochondria apoptotic pathway, 

Phytother. Res. 27 (2013) 422-430. 

[196] Z.Y. He, C.B. Shi, H. Wen, F.L. Li, B.L. Wang, J. Wang, Upregulation of p53 expression in 

patients with colorectal cancer by administration of curcumin, Cancer Invest. 29 (2011) 208-213. 

[197] S.J. Lee, S.A. Langhans, Anaphase-promoting complex/cyclosome protein Cdc27 is a target 

for curcumin-induced cell cycle arrest and apoptosis, BMC Cancer 12 (2012) 1. 

[198] G. Belcaro, M. Hosoi, L. Pellegrini, G. Appendino, E. Ippolito, A. Ricci, A. Ledda, M. Dugall, 

M.R. Cesarone, C. Maione, A controlled study of a lecithinized delivery system of curcumin 

(Meriva®) to alleviate the adverse effects of cancer treatment, Phytother. Res. 28 (2014) 444-450. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[199] M. Francis, S. Williams, Effectiveness of Indian Turmeric Powder with Honey as 

Complementary Therapy on Oral Mucositis: A Nursing Perspective among Cancer Patients in Mysore, 

Nursing J. India 105 (2013) 258-260. 

[200] Y. Panahi, A. Saadat, F. Beiraghdar, A. Sahebkar, Adjuvant Therapy with 

Bioavailability‐Boosted Curcuminoids Suppresses Systemic Inflammation and Improves Quality of 

Life in Patients with Solid Tumors: A Randomized Double‐Blind Placebo‐Controlled Trial, Phytother. 

Res. 28 (2014) 1461-1467. 

[201] D. Krichene, M.D. Salvador, G. Fregapane, Stability of Virgin Olive Oil Phenolic Compounds 

during Long-Term Storage (18 Months) at Temperatures of 5–50° C, J. Agric. Food Chem. 63 (2015) 

6779-6786. 

[202] N. Talhaoui, A.M. Gómez-Caravaca, L. León, R. De la Rosa, A. Fernández-Gutiérrez, A. 

Segura-Carretero, From olive fruits to olive oil: phenolic compound transfer in six different olive 

cultivars grown under the same agronomical conditions, Int. J. Mol. Sci. 17 (2016) 337. 

[203] A. Petroni, M. Blasevich, M. Salami, N. Papini, G.F. Montedoro, C. Galli, Inhibition of platelet 

aggregation and eicosanoid production by phenolic components of olive oil, Thromb. Res. 78 (1995) 

151-160. 

[204] J. González-Correa, J. Muñoz-Marín, M. Arrebola, A. Guerrero, F. Narbona, J. López-

Villodres, J. De La Cruz, Dietary virgin olive oil reduces oxidative stress and cellular damage in rat 

brain slices subjected to hypoxia–reoxygenation, Lipids 42 (2007) 921-929. 

[205] Y. Bu, S. Rho, J. Kim, M.Y. Kim, D.H. Lee, S.Y. Kim, H. Choi, H. Kim, Neuroprotective 

effect of tyrosol on transient focal cerebral ischemia in rats, Neurosci. Lett. 414 (2007) 218-221. 

[206] F.N. Bazoti, J. Bergquist, K.E. Markides, A. Tsarbopoulos, Noncovalent interaction between 

amyloid-β-peptide (1-40) and oleuropein studied by electrospray ionization mass spectrometry, J. Am. 

Soc. Mass Spect. 17 (2006) 568-575. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[207] C. St-Laurent-Thibault, M. Arseneault, F. Longpre, C. Ramassamy, Tyrosol and 

hydroxytyrosol two main components of olive oil, protect n2a cells against amyloid-β-induced toxicity. 

involvement of the NF-κB Signaling, Curr. Alzheimer Res. 8 (2011) 543-551. 

[208] A. Daccache, C. Lion, N. Sibille, M. Gerard, C. Slomianny, G. Lippens, P. Cotelle, Oleuropein 

and derivatives from olives as Tau aggregation inhibitors, Neurochem. Int. 58 (2011) 700-707. 

[209] A. Eidi, M. Eidi, R. Darzi, Antidiabetic effect of Olea europaea L. in normal and diabetic rats, 

Phytother. Res. 23 (2009) 347-350. 

[210] R. Mateos, G. Pereira-Caro, J.R. Bacon, R. Bongaerts, B. Sarriá, L. Bravo, P.A. Kroon, 

Anticancer activity of olive oil hydroxytyrosyl acetate in human adenocarcinoma Caco-2 cells, J. 

Agric. Food Chem. 61 (2013) 3264-3269. 

[211] R. Sirianni, A. Chimento, A. De Luca, I. Casaburi, P. Rizza, A. Onofrio, D. Iacopetta, F. Puoci, 

S. Andò, M. Maggiolini, Oleuropein and hydroxytyrosol inhibit MCF‐7 breast cancer cell proliferation 

interfering with ERK1/2 activation, Mol. Nutr. food Res. 54 (2010) 833-840. 

[212] R. Bartoli, F. Fernández-Bañares, E. Navarro, E. Castella, J. Mane, M. Alvarez, C. Pastor, E. 

Cabre, M. Gassull, Effect of olive oil on early and late events of colon carcinogenesis in rats: 

modulation of arachidonic acid metabolism and local prostaglandin E2 synthesis, Gut 46 (2000) 191-

199. 

[213] K.W. Wahle, D. Caruso, J.J. Ochoa, J.L. Quiles, Olive oil and modulation of cell signaling in 

disease prevention, Lipids 39 (2004) 1223-1231. 

[214] F. Visioli, C. Galli, The effect of minor constituents of olive oil on cardiovascular disease: new 

findings, Nutr. Rev. 56 (1998) 142-147. 

[215] G. Corona, M. Deiana, A. Incani, D. Vauzour, M.A. Dessì, J.P. Spencer, Inhibition of 

p38/CREB phosphorylation and COX-2 expression by olive oil polyphenols underlies their anti-

proliferative effects, Biochem. Biophys. Res. Commun. 362 (2007) 606-611. 

[216] C. Manna, P. Galletti, V. Cucciolla, G. Montedoro, V. Zappia, Olive oil hydroxytyrosol protects 

human erythrocytes against oxidative damages, J. Nutr. Biochem. 10 (1999) 159-165. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[217] R. Fabiani, M.V. Sepporta, P. Rosignoli, A. De Bartolomeo, M. Crescimanno, G. Morozzi, 

Anti-proliferative and pro-apoptotic activities of hydroxytyrosol on different tumour cells: the role of 

extracellular production of hydrogen peroxide, Eur. J. Nutr. 51 (2012) 455-464. 

[218] D. Martin, M.I. Moran-Valero, V. Casado, G. Reglero, C.F. Torres, Phosphatidyl derivative of 

hydroxytyrosol. in vitro intestinal digestion, bioaccessibility, and its effect on antioxidant activity, J. 

Agric. Food Chem. 62 (2014) 9751-9759. 

[219] S. Cetrullo, S. D'Adamo, S. Guidotti, R.M. Borzì, F. Flamigni, Hydroxytyrosol prevents 

chondrocyte death under oxidative stress by inducing autophagy through sirtuin 1-dependent and-

independent mechanisms, Biochim. Biophys. Acta (BBA)-Gen. Subj. 1860 (2016) 1181-1191. 

[220] N. Richard, S. Arnold, U. Hoeller, C. Kilpert, K. Wertz, J. Schwager, Hydroxytyrosol is the 

major anti-inflammatory compound in aqueous olive extracts and impairs cytokine and chemokine 

production in macrophages, Planta Med. 77 (2011) 1890-1897. 

[221] M. de Bock, E.B. Thorstensen, J.G. Derraik, H.V. Henderson, P.L. Hofman, W.S. Cutfield  

Human absorption and metabolism of oleuropein and hydroxytyrosol ingested as olive (Olea europaea 

L.) leaf extract. Mol. Nutr. Food Res. 57 (2013) 2079-85. 

[222] I. Andújar, M.C. Recio, R.M. Giner, E. Cienfuegos-Jovellanos, S. Laghi, B.a. Muguerza, J.L. 

Ríos, Inhibition of ulcerative colitis in mice after oral administration of a polyphenol-enriched cocoa 

extract is mediated by the inhibition of STAT1 and STAT3 phosphorylation in colon cells, J. Agric. 

Food Chem. 59 (2011) 6474-6483. 

[223] C. Yu, Q. Zhang, H.Y. Zhang, X. Zhang, X. Huo, E. Cheng, D.H. Wang, J.L. Arbiser, S.J. 

Spechler, R.F. Souza, Targeting the intrinsic inflammatory pathway: honokiol exerts proapoptotic 

effects through STAT3 inhibition in transformed Barrett's cells, Am. J. Physiol. Gastroint. Liver 

Physiol. 303 (2012) G561-G569. 

[224] G. Park, B.S. Yoon, J.H. Moon, B. Kim, E.K. Jun, S. Oh, H. Kim, H.J. Song, J.Y. Noh, C. Oh, 

Green tea polyphenol epigallocatechin-3-gallate suppresses collagen production and proliferation in 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

keloid fibroblasts via inhibition of the STAT3-signaling pathway, J. Invest. Dermatol. 128 (2008) 2429-

2441. 

[225] C.H. Yuan, C.T. Horng, C.F. Lee, N.N. Chiang, F.J. Tsai, C.C. Lu, J.H. Chiang, Y.M. Hsu, J.S. 

Yang, F.A. Chen, Epigallocatechin gallate sensitizes cisplatin‐resistant oral cancer CAR cell apoptosis 

and autophagy through stimulating AKT/STAT3 pathway and suppressing multidrug resistance 1 

signaling, Environ. Toxicol. (2016) doi: 10.1002/tox.22284. 

[226] J.D. Jensen, G.J. Wing, R.P. Dellavalle, Nutrition and melanoma prevention, Clin. Dermatol. 

28 (2010) 644-649. 

[227] C.J. Weng, G.C. Yen, Chemopreventive effects of dietary phytochemicals against cancer 

invasion and metastasis: phenolic acids, monophenol, polyphenol, and their derivatives, Cancer Treat. 

Rev. 38 (2012) 76-87. 

[228] M. Asensi, A. Ortega, S. Mena, F. Feddi, J.M. Estrela, Natural polyphenols in cancer therapy, 

Crit. Rev. Clin. Lab. Sci. 48 (2011) 197-216. 

[229] M. Santoni, F. Massari, M. Del Re, C. Ciccarese, F. Piva, G. Principato, R. Montironi, D. 

Santini, R. Danesi, G. Tortora, Investigational therapies targeting signal transducer and activator of 

transcription 3 for the treatment of cancer, Expert Opin. Invest. Drugs 24 (2015) 809-824. 

[230] Y. Wang, X. Ren, C. Deng, L. Yang, E. Yan, T. Guo, Y. Li, M.X. Xu, Mechanism of the 

inhibition of the STAT3 signaling pathway by EGCG, Oncol. Rep. 30 (2013) 2691-2696. 

[231] P. Darvin, Y.H. Joung, S. Nipin, D.Y. Kang, H.J. Byun, D.Y. Hwang, K.H. Cho, K. Do Park, 

H.K. Lee, Y.M. Yang, Sorghum polyphenol suppresses the growth as well as metastasis of colon cancer 

xenografts through co-targeting jak2/STAT3 and PI3K/Akt/mTOR pathways, J. Funct. Foods 15 (2015) 

193-206. 

[232] G. Gatouillat, E. Balasse, D. Joseph‐Pietras, H. Morjani, C. Madoulet, Resveratrol induces 

cell‐cycle disruption and apoptosis in chemoresistant B16 melanoma, J. Cell. Biochem. 110 (2010) 

893-902. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[233] A. Bhardwaj, G. Sethi, S. Vadhan-Raj, C. Bueso-Ramos, Y. Takada, U. Gaur, A.S. Nair, S. 

Shishodia, B.B. Aggarwal, Resveratrol inhibits proliferation, induces apoptosis, and overcomes 

chemoresistance through down-regulation of STAT3 and nuclear factor-κB–regulated antiapoptotic and 

cell survival gene products in human multiple myeloma cells, Blood 109 (2007) 2293-2302. 

[234] C. Kim, S.H. Baek, J.Y. Um, B.S. Shim, K.S. Ahn, Resveratrol attenuates constitutive STAT3 

and STAT5 activation through induction of PTPε and SHP-2 tyrosine phosphatases and potentiates 

sorafenib-induced apoptosis in renal cell carcinoma, BMC Nephrol. 17 (2016) 1. 

[235] H. Li, Y. Liu, Y. Jiao, A. Guo, X. Xu, X. Qu, S. Wang, J. Zhao, Y. Li, Y. Cao, Resveratrol 

sensitizes glioblastoma-initiating cells to temozolomide by inducing cell apoptosis and promoting 

differentiation, Oncol. Rep. 35 (2016) 343-351. 

[236] A. Aquilato, V. Lopez, B. Doonan, T.C. Hsieh, J.T. Pinto, E. Wu, J.M. Wu, BRAF Mutation in 

Melanoma and Dietary Polyphenols as Adjunctive Treatment Strategy. Polyphenols in Human Health 

and Disease. Edited by:Ronald Ross Watson, Victor R. Preedy and Sherma Zibadi, Academic Press, 

2013. 

[237] E. Daveri, G. Valacchi, R. Romagnoli, E. Maellaro, E. Maioli, Antiproliferative effect of 

Rottlerin on SK-MEL-28 melanoma cells, Evid. Based Complement. Altern. Med. 2015 (2015) 

545838. 

[238] J.M. Song, A. Anandharaj, P. Upadhyaya, A.R. Kirtane, J.-H. Kim, K.H. Hong, J. Panyam, F. 

Kassie, Honokiol suppresses lung tumorigenesis by targeting EGFR and its downstream effectors, 

Oncotarget 7 (2016) 57752-57769. 

[239] A. Albini, F. Tosetti, V.W. Li, D.M. Noonan, W.W. Li, Cancer prevention by targeting 

angiogenesis, Nat. Rev. Clin. Oncol. 9 (2012) 498-509. 

[240] A.M. Bode, Z. Dong, Signal transduction and molecular targets of selected flavonoids, 

Antioxid. Redox Signal. 19 (2013) 163-180. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[241] A.R. Fetoni, F. Paciello, D. Mezzogori, R. Rolesi, S. Eramo, G. Paludetti, D. Troiani, 

Molecular targets for anticancer redox chemotherapy and cisplatin-induced ototoxicity: the role of 

curcumin on pSTAT3 and Nrf-2 signalling, Br. J. Cancer 113(2015) 1434-1444. 

[242] H.H. Cao, A.K.W. Tse, H.Y. Kwan, H. Yu, C.Y. Cheng, T. Su, W.F. Fong, Z.L. Yu, Quercetin 

exerts anti-melanoma activities and inhibits STAT3 signaling, Biochem. Pharmacol. 87 (2014) 424-

434. 

[243] T.N. Chinembiri, L.H. Du Plessis, M. Gerber, J.H. Hamman, J. Du Plessis, Review of natural 

compounds for potential skin cancer treatment, Molecules 19 (2014) 11679-11721. 

[244] C.L. Dora, L.F. Costa Silva, L. Mazzarino, J.M. Siqueira, D. Fernandes, L.K. Pacheco, M.F. 

Maioral, M.C. Santos-Silva, A.L. Muccillo Baisch, J. Assreuy, Oral delivery of a high quercetin 

payload nanosized emulsion: in vitro and in vivo activity against B16-F10 melanoma, J. Nanosci. 

Nanotechnol. 16 (2016) 1275-1281. 

[245] M.H. Lee, Z. Huang, D.J. Kim, S.H. Kim, M.O. Kim, S.Y. Lee, H. Xie, S.J. Park, J.Y. Kim, 

J.K. Kundu, Direct targeting of MEK1/2 and RSK2 by silybin induces cell-cycle arrest and inhibits 

melanoma cell growth, Cancer Prev. Res. 6 (2013) 455-465. 

[246] L.R. Strickland, H.C. Pal, C.A. Elmets, F. Afaq, Targeting drivers of melanoma with synthetic 

small molecules and phytochemicals, Cancer Lett. 359 (2015) 20-35. 

[247] P. Wang, B. Wang, S. Chung, Y. Wu, S.M. Henning, J.V. Vadgama, Increased chemopreventive 

effect by combining arctigenin, green tea polyphenol and curcumin in prostate and breast cancer cells, 

RSC Adv. 4 (2014) 35242-35250. 

[248] Z. Saadatdoust, A.K. Pandurangan, S.K.A. Sadagopan, N.M. Esa, A. Ismail, M.R. Mustafa, 

Dietary cocoa inhibits colitis associated cancer: A crucial involvement of the IL-6/STAT3 pathway, J. 

Nutr. Biochem. 26 (2015) 1547-1558. 

[249] S. Lamy, N. Akla, A. Ouanouki, S. Lord-Dufour, R. Béliveau, Diet-derived polyphenols inhibit 

angiogenesis by modulating the interleukin-6/STAT3 pathway, Exp. Cell Res. 318 (2012) 1586-1596. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[250] C. Nunes, N. Teixeira, D. Serra, V. Freitas, L. Almeida, J. Laranjinha, Red wine polyphenol 

extract efficiently protects intestinal epithelial cells from inflammation via opposite modulation of 

JAK/STAT and Nrf2 pathways, Toxicol. Res. 5 (2016) 53-65. 

[251] T. Vuong, J.F. Mallet, M. Ouzounova, S. Rahbar, H. Hernandez-Vargas, Z. Herceg, C. Matar, 

Role of a polyphenol-enriched preparation on chemoprevention of mammary carcinoma through 

cancer stem cells and inflammatory pathways modulation, J. Transl. Med. 14 (2016) 13. 

[252] K. Meissl, S. Macho-Maschler, M. Müller, B. Strobl, The good and the bad faces of STAT1 in 

solid tumours, Cytokine 89 (2017) 12-20. 

[241] T.A. Zykova, Y. Zhang, F. Zhu, A.M. Bode, Z. Dong, The signal transduction networks required 

for phosphorylation of STAT1 at Ser727 in mouse epidermal JB6 cells in the UVB response and 

inhibitory mechanisms of tea polyphenols, Carcinogenesis 26(2005) 331-342.  

[242] C.W.Cheng, P.C. Shieh, Y.C. Lin, Y.J. Chen, Y.H. Lin, D.H. Kuo, J.Y. Liu, J.Y. Kao, M.C. Kao, 

T.D. Way, Indoleamine 2, 3-Dioxygenase, an Immunomodulatory Protein, Is Suppressed by (−)-

Epigallocatechin-3-gallate via Blocking of γ-Interferon-Induced JAK-PKC-δ-STAT1 Signaling in 

Human Oral Cancer Cells, J Agric. Food Chem. 58(2009) 887-894. 

[243] C. Kim, S.H. Baek, J.Y. Um, B.S. Shim, K.S. Ahn, Resveratrol attenuates constitutive STAT3 

and STAT5 activation through induction of PTPε and SHP-2 tyrosine phosphatases and potentiates 

sorafenib-induced apoptosis in renal cell carcinoma, BMC Nephrol 17(2016) 19. 

[244] A.C. Bharti, N. Donato, B.B. Aggarwal, Curcumin (diferuloylmethane) inhibits constitutive and 

IL-6-inducible STAT3 phosphorylation in human multiple myeloma cells, J. Immunol. 171(2003), 

3863-3871. 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

 

 

Figure 1. Targeting the STAT3 signaling pathways with polyphenols. 

[JAK-Janus kinase; CR-Cytokine receptor; RTK-Receptor tyrosine kinase; STAT3-Signal transducer 

and activator of transcription 3; Alt-Protein kinase B; Mtor-Mammalian target of rapamycin] 
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Table 1. List of studies reporting the antioxidant and anti-inflammatory activities of flavonoid 

polyphenols 

 

Compound/Extract Activity Doses References 

Quercetin Antioxidant 
0.01-100 µM 

(in vitro) 
[108] 

Quercetin 
Hepatoprotective effect; 

ROS quenching activity 

100 µmol/L 

(in vitro) 
[109] 

Quercetin 

Radical scavenging activity; 

Inhibition of ERK and MAP 

kinase activation; 

Induction of apoptosis 

1-30 µM 

(in vitro) 
[110] 

Quercetin 

Decreasing Bid and p53 

expression; 

Increasing Bcl-2 and Bmi-1 

expression; 

Decreasing mitochondrial 

dysfunction, ROS generation and 

DNA double-strand breaks 

50-100 µM 

(in vitro) 

100 mg/Kg 

(in vivo) 

 

[112] 

Quercetin 
Neuroprotective effect; 

Activation of Nrf2-ARE 

5-390 µM 

(in vitro) 

3.13-100 µM 

(in vitro) 

[113] 

Quercetin 
Increasing total GSH levels and 

GCLC gene expression; 

5-100 µM 

(in vitro) 
[114] 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Nrf2 modulation  

Quercetin 

Neuroprotection; 

Induction of enzyme 

paraoxonasa 2 

1-20 µM 

(in vitro) 
[116] 

Quercetin 

Microglia lipopolysaccharide 

activation; 

Reduction of IL-1〈 and TNF-〈 

expression levels 

0.1 µM 

(in vitro) 
[117] 

Quercetin 

Reduction of pro-inflammatory 

cytokines and chemokines 

expression levels 

25-50 µM 

(in vitro) 
[118] 

Quercetin 

Reduction of cytokines 

production; 

Anti-inflammatory; 

Anti-tumor 

100-300 µM 

(in vitro) 
[119] 

Quercetin-3-O-

glucoside 

Antioxidant activity; 

Apoptosis induction in cancer 

cell lines 

20-80 µg/mL 

(in vitro) 
[120] 

Quercetin 
Inhibition of the growth of 

human gastric cancer cells 

1-70 µM 

(in vitro) 
[121] 

Quercetin 
Inhibition of hsp70 induction at 

the level of mRNA accumulation 

50-100 µM 

(in vitro) 
[122] 

Quercetin 
Modulation of cycline D1 and 

B1 levels in cancer cells 

10-50 µM 

(in vitro) 
[123] 
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Quercetin 

Induction of oxidative stress and 

cytotoxic effect in human 

hepatoma cells 

40-80 µM 

(in vitro) 
[124] 

Quercitrin 

Increase of caspase-3 activity; 

Loss of MMP; 

Apoptotic effect 

5-50 µM 

(in vitro) 
[125] 

Quercetin 
Reduction of tumor proliferation 

rate 

0.4-200 µM 

(in vitro) 

30 mg/kg 

(in vivo) 

[126] 

Quercetin 
Inhibition of a tumor-coded 

protein kinase 

3-4 µM 

(in vitro) 
[127] 

Quercetin 

Inhibition of p53 mutated protein 

expression in human breast 

cancer cell line 

5-75 µg/ml 

(in vitro) 
[129] 

Quercetin 

Activation of caspase-3 and -9 

cascade; 

Induction of cell cycle arrest; 

Decreasing pro-survival and pro-

apoptotic protein ratio; 

Inhibition of protein kinase B; 

Increasing Bax translocation to 

mitochondrial membrane 

10-100 µmol/L 

(in vitro) 
[130] 

Epigallocatechin 3-

gallate 

Inhibition of tumor promotion 

and chemical carcinogenesis 

Different concentration 

(in vivo) 
[132] 
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Epigallocatechin 3-

gallate 

Preservation of islet structure; 

Reduction in islet endoplasmic 

reticulum stress markers 

5-20 µM 

(ex vivo) 

10 g/kg 

(in vivo) 

[133] 

Epigallocatechin 3-

gallate 

Delaying the onset of type 1 

diabetes in non-obese diabetic 

mice; 

Increasing circulating anti-

inflammatory cytokine IL-10 

levels 

1-10 µM 

(in vitro) 

60–90 mg/kg 

(in vivo) 

[134] 

Epigallocatechin 3-

gallate 

Improvement of enzymatic and 

non-enzymatic antioxidant 

levels; 

Activation of sirtuin-1, 

endothelial NO synthase an 

protein kinase α 

100 mg/kg 

(in vivo) 
[135] 

Green tea extract Decreasing blood creatinine level 
10 ml/kg/day 

(in vivo) 
[137] 

Epigallocatechin 3-

gallate 

Inhibition of the growth of 

malignant esophageal cancer 

cells; 

Increasing of caspase-3 

expression level; 

Decreasing VEGF protein level 

 

25-400 µM 

(in vitro) 

10 mg/kg 

(in vivo) 

 

[138] 
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Epigallocatechin 3-

gallate 

Modulation of Wnt/Hh 

pathways; 

Chemopreventive effect 

8 µg/kg 

(in vivo) 

 

[139] 

Epigallocatechin 3-

gallate, theaflavin 
Synergistic anticancer activity 

2.5-200 µg/ml 

(in vitro) 

 

[140] 

Green tea extracts and 

epigallocatechin 3-

gallate 

Induction of the p27Kip1 CKI; 

Chemopreventive effects 

40-160 

µg/ml 

(in vitro) 

 

[141] 

Epigallocatechin 3-

gallate 

Apoptotic effect on cancerous 

cell; 

Enhancing expression of c-fos 

and c-myc genes 

40-200 µM 

(in vitro) 

 

[142] 

Tea catechins 

Reduction of α-tocopherol 

depletion; 

Increasing glutathione content; 

Inhibition of glutathione 

disulphide; 

Activation of glutathione 

peroxidase 

2.5-25 µM 

(in vitro) 

 

[143] 

Epigallocatechin 3-

gallate 

Induction of differential 

expression of genes related to 

antioxidant defense 

0-250 µM 

(in vitro) 

 

[144] 

Epigallocatechin 3- Suppression of SIRT3 mRNA 0-200 µM [145] 
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gallate and protein expression in cancer 

cells; 

Increasing SIRT3 activity in 

normal cells; 

Modulation of GPx1 and SOD 

levels 

(in vitro) 

 

Epigallocatechin 3-

gallate 

Decreasing Bcl-2 and NF-B 

expression in cancer cells; 

Increase Bax, p53, caspase-9 and 

-3 expression in cancer cells 

0-260 µg/ml 

(in vitro) 
[146] 

Epigallocatechin 3-

gallate 

Regulation of miR-1/c-MET 

interaction 

 

0.0125-0.1 g/L 

(in vitro) 

30 mg/kg 

(in vivo) 

[147] 

Silymarin 

Restoring SOD, GPx, GSH 

activity; 

Restoring glutathione content, 

MDA and NO levels 

100 mg/kg/day 

(in vivo) 
[148] 

Silymarin 
Hepatoprotective properties; 

Reduces hepatic fibrosis 

100 mg/kg 

(in vivo) 
[149] 

Silymarin Cardioprotective effects 
60 mg/kg 

(in vivo) 
[150] 

Silymarin 

Inhibitory effect on cancer cell 

growth; 

Increasing the binding of 

10-75 µg/ml 

(in vitro) 
[151] 
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Cip1/p21 with CDK2-2 and 

CDK6; 

Decreasing of CDK2-, CDK6-, 

cyclin D1- and cyclin E-

associated kinase activity 

Silibinin meglumine 

 
Cancer chemopreventive activity 

100 mg/kg 

(in vivo) 
[152] 

Silymarin 

Cancer chemopreventive 

activity; 

Increase in cyclin D1 

phosphorylation 

0-200 µg/ml 

(in vitro) 
[153] 

Silymarin 

Upregulation of Nrf2 levels; 

Anti-inflammatory and 

antioxidant activities 

200 mg/kg 

(in vivo) 

50 µg/ml 

(in vitro) 

[154] 

Silymarin 
Inhibition of NF-κB pathway; 

Anti-inflammatory activity 

0.5-25µg/ml (in vitro) 

 
[155] 

Silibinin 
Inhibition of NF-κB pathway; 

 

0-50 µM 

(in vitro) 
[156] 

Silibinin 

Upregulation of Beclin-1 

expression; 

Increasing p38/p-p38 and NF-κB 

trasposition 

40 µM 

(in vitro) 

 

[157] 

Silibinin 
Inhibition of NF-κB pathway; 

Suppression of TNF-〈, IL-10, 

5-50 µM 

(in vitro) 
[158] 
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TGF-β1, PGE2 and NO 

production; 

Anti-inflammatory and anti-

fibrotic effects 

 

Silibinin 

Inhibition of TNF-α-induced NF-

κB activation; 

Inhibitory effect on IKKα kinase 

activity; 

Chemoprevention 

50-200 µM 

(in vitro) 
[159] 

Silibinin 

Decreases TNF-α, IL-6, and IL-8 

expression levels; 

Inhibition of NF-κB pathway 

0.05-0.2 mM 

(in vitro) 
[160] 

Silibinin 
Reduction of NF-κB, TNF-α and 

IL-1 

5-50 µM 

(in vitro) 
[161] 

Sylmarin Inhibition of NF-κB pathway 

0-50 µg/ml  

(in vitro) 

 

[162] 
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Table 2. List of studies reporting the antioxidant and anti-inflammatory activities of non flavonoid 

polyphenol 

 

Compound/Extract Activity Doses References 

Resveratrol Anti-aggregating activity 
2.5-5.0 µg/ml 

(healty volunteers) 
[166] 

Resveratrol 
Antiradical; 

Anti-peroxidative activity 

12.5-200 µM, 0-1 mM 

(in vitro) 

 

[168] 

Resveratrol 

Induction of HO-1 expression 

via Nrf2-ARE signalling; 

Transient activation of 

Akt/protein kinase B; 

Anti-oxidant 

15 µM 

(in vitro) 

 

[169] 

Resveratrol 
Induction of p21waf1and 

apoptosis 

10 µM 

(in vitro) 

 

[171] 

Resveratrol 

Inhibition of cell proliferation; 

up-regulation of p21/WAFI 

expression; Down-regulation of 

cyclin E, A, -dipendent kinase 2, 

phosphor-ERK and phospho-p38 

expression 

10-40 µg/ml 

(in vitro) 
[172] 

Resveratrol 
Down-regulation of E2F family 

protein expression; Down-

1-25 µM 

(in vitro) 
[173] 
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regualtion of 

hyperphosphorylated pRb 

protein  

 

Resveratrol 

Apoptotic; Induction of Notch1 

protein expression; Up-

regulation of TTF1, TTF2, Pax8, 

NIS 

10-50 µmol/L 

(in vitro) 

 

[175] 

Resveratrol 
Chemo-preventive potential 

 

15 µM 

(in vitro) 

 

[178] 

Resveratrol 
Modulation of autophagic cell 

death 

2.5-40 µM 

(in vitro) 

 

[179] 

Resveratrol 
Downregualtion of 

p53/yH2AX/p-chk2 

2.5-25 µM 

(in vitro) 

 

[180] 

Resveratrol 

Decreasing wound healing and 

clonogenic potential of cancer 

cells; 

Inhibition of NF-κB, COX-2, 

autophagic flux, redox 

regulation; 

Induction of apoptosis 

IC30 (in vitro) 

10 mg/kg 

(in vivo) 

 

[181] 

Curcuma longa 

extract 

Anti-oxidant; 

Scavenge DPPH radicals 
 [190] 
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Curcumin 

Overexpression of Nrf2; 

Increase of phase II anti-oxidant 

enzymes;  

Modulation of inflammatory 

mediators 

50-150 mg/kg 

(in vivo) 

 

[192] 

Curcumin 
Inhibition of TLR4, MAPK, and 

NF-κB pathways 

5-30 µmol/L 

(in vitro) 
[193] 

Turmeric extract 
Cytotoxic activity; 

Reduce tumors development 

0.02-10 mg/ml 

(in vitro) 

10-40 mg/animal 

(in vivo) 

[194] 

Curcumin 

Induces apoptosis; Decreases 

mitochondrial membrane 

potential; Activation of caspase-3 

and -9; Induce cytochrome c 

release, increases Bax, and p53; 

Reduces Bcl-2  

0-30 µg/ml 

(in vitro) 
[195] 

Curcumin 

Decreases serum TNF-α levels; 

Increases p53 expression and 

apoptosis in tumor tissue  

360 mg/thrice a day 

(patients) 

 

[196] 

Curcumin Induction of cell cycle arrest 

0-20 µM 

(in vitro) 

 

[197] 

Curcumin (Meriva) 
Downregulation of inflammatory 

pathway; Anti-oxidant activity 

Three tablet a day 

(patients) 
[198] 
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Curcumin 

Reduction of TNF-α, TGFβ, IL-

6, substance P, MCP-1, hs-CRP, 

CGRP 

180 mg/day 

(patients) 
[200] 

Hydroxytyrosol 
Inhibition of platelet function 

and eicosanoid formation 

400 µM,   

10-1000 mM 

(in vitro) 

[203] 

Virgin olive oil 

Decreases plated aggregation an 

thromboxane B2; Reduces the 

decrease in glutathione 

concentration; Reduction of 

lactate dehydrogenase activity 

0.25-0.5 ml/kg/day 

(in vivo) 
[204] 

Tyrosol 
Reduction of the infarct volume; 

neuroprotective effect 

3-30 mg/kg 

(in vivo) 
[205] 

Tyrosol  

Hydroxytyrosol 

Prevention of the decrease of 

GSH induced by H2O2 or Aβ; 

Increase of NF-κB nuclear 

translocation 

50-100 µM 

(in vitro) 
[207] 

Hydroxytyrosol 

Oleuropein 

Oleuropein aglycone 

Inhibition of Tau aggregation 
0.1-1000 µM 

(in vitro) 
[208] 

Olive leave extracts 

Serum glucose, total cholesterol, 

triglycerides, urea, uric acid, 

creatinine, AST and ALT 

decrease; 

antidiabetic 

0.1-0.5 g/kg 

(in vivo) 
[209] 
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Hydroxytyrosyl 

acetate 

Increases p21 and CCNG2 

protein expression; Decreases 

CNB1 protein expression; Up-

regulation of BNIP3, BNIP3L, 

PDCD4 and ATF3; Activation of 

caspase-3; Uperegualtion of 

CYP1A1 and UGT1A10 

5-50 µM 

(in vitro) 
[210] 

Hydroxytyrosol 

Oleuropein 

Inhibition of estrogen-dependent 

rapid signals 

10-75 µM 

(in vitro) 
[211] 

Olive oil extract 

Inhibition of p38 and CREB 

phosphorylation; Reduction of 

COX-2 expression 

10-100 µg/ml 

(in vitro) 
[215] 

Hydroxytyrosol Anti-oxidant  
50-200 µM 

(in vitro) 
[216] 

Hydroxytyrosol Anti-oxidant; Pro-apoptotic 
100 µM 

(in vitro) 
[217] 

Hydroxytyrosol 

Protection of chondrocytes from 

DNA damage; Induction of 

SIRT-1; Anti-oxidant 

100 µM 

(in vitro) 

[219] 

 

Hydroxytyrosol 

Inhibition of NO and PGE2 

production; Decrease cytokines 

and chemokines secrection 

0.2-50 µM 

(in vitro) 
[220] 
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Table 3. STAT3 signaling and polyphenols 

 

Compound/Extract Activity Doses References 

Epigallocatechin-gallate 

STAT3 dephosphorylation and 

STAT3-signaling pathway 

inhibition 

25-50-100 µM 

(in vitro) 
[224] 

Epigallocatechin-gallate 
Decreasing p-STAT3 proteins 

levels 

0,1-1000 µM 

(in vitro) 
[230] 

Red wine extract JAK/STAT targeting 
200 – 400 – 600 µg/ml 

(in vitro) 
[250] 

Sorghum polyphenols 

Binding to DNA-binding 

domain of STAT3, thus 

blocking gene trascription 

10-50 µg/ml 

(in vitro) 

1.8 mg/kg 

(in vivo) 

[231] 

Resveratrol 

Inhibition of NF-kB and 

STAT3 signaling; 

decrease of cyclin D1/cdk4 

expression 

0-500 µM 

(in vitro) 

12.5 mg/kg 

(in vivo) 

[232] 

Resveratrol 

Suppression of p-STAT3 

translocation from cytoplasm 

to the nucleus; 

IL-6 inhibition, thus 

decreasing p-STAT3 content 

0-100 µM 

(in vitro) 
[233] 
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Resveratrol 
IL-6 inhibition and decrease 

of STAT3 phosphorylation 

0-200 µM 

(in vitro) 
[58] 

Rottlerin 
Inhibition of ERK protein and 

STAT3 phosphorylation  

20 µM 

(in vitro) 
[237] 

Curcumin Decreasing p-STAT3 levels 

0.5-6.75 µM 

(in vitro) 

100 – 200 – 400 mg/kg 

(in vivo) 

[241] 

Quercetin 

Decreasing of p-STAT3 levels 

 

Blockage of STAT3 

phosphorylation at the Tyr705 

site 

 

Decreasing nuclear 

localization of STAT3 

40 - 60 - 80 µM 

(in vitro) 

 

 

----- 

 

 

2.5-100 µM 

(in vitro) 

5 mg/kg/twice a week 

 (in vivo) 

[242] 

 

[243] 

 

 

[244] 

Silybin 

Suppression of mitogen-

activated protein kinase 

(MEK)-1/2 phosphorylation, 

decreasing p-STAT3 content 

in melanoma cells 

40 - 80 µM 

(in vitro) 
[233] 

Sylimarin Inhibition of MEK/RSK 40 - 80 µM [245] 
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signaling, decreasing STAT3 

and NF-kB signaling 

(in vitro) 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

► The STAT3 is known to have a distinct role in cancer progression and development  

► Extensive evidences shows the promising role of polyphenols on cancer  

► Could polyphenols exert the anticancer effect by STAT3 regulation? 
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Dear Editor 

All of coauthors and my department representative are fully aware of this submission and agree 
with it. 
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