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Abstract 

The current trend of combining state of the art technologies with quondam treatments in order to 
overcome existing gaps in clinics determined an increased interest into polyphenols, common 

dietary phytochemicals, for the prevention and treatment of chronic diseases, especially cancer. The 
reemergence of polyphenols in the cancer field is sustained by transcriptomics technologies able to 
identify coding and non-coding genes and their related signaling pathways modulated by natural 

compounds. Identification of the structural correspondence between interacting molecules will 
allow the development of more targeted and informed therapeutic strategies for cancer 

management. 
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1. Polyphenols in miRNAs genomic era  

Polyphenols (phytochemicals) are natural plant secondary metabolites and represent the earliest 

forms of medicine for numerous pathologies. These aspects are reinvented today with the help of 
last generation techniques able to deliver high amounts of data regarding the specific effects of 

polyphenols, especially in the context of malignant pathologies.  
Until now, a huge amount of plant derived metabolites have been identified, with a wide spectrum 
of distribution in the human diet. Plants produce these compounds in order to deal with both abiotic 

and biotic environmental factors including ultraviolet radiation or pathogen invasion as well as they 
participates in different characteristics like color, odor and bitterness [1, 2]. Well established in the 

medical history as preventive therapeutic agents for numerous pathologies, including cancer, 
phytochemicals are nowadays associated with complex modulatory actions at molecular levels that 
surpass the general action as antioxidants [3]. Genomics studies revealed that phytochemicals are 

able to modulate the expression of a broad range of both tumor suppressor genes or oncogenes in 
the disadvantage of malignant development with an increased specificity for cancer cells. The exact 

mechanism of action is still incompletely deciphered. There are evidences based on molecular 
docking assays that the modulatory action can take place through direct interaction between natural 
agents and key molecules within the signaling pathways [4-7].  

A rapidly developing field in cancer biology consists in microRNAs (miRNAs) modulation by 
polyphenols. Some miRNAs, short non-coding structures, are able to sustain and regulate numerous 

cancer hallmarks, favoring malignant developing and metastasis. Analysis of miRNAs expression 
before and after administration of natural compounds in vitro or in vivo revealed that the spectrum 
of aberrantly expressed miRNAs was strongly adjusted in order to inhibit cancer cell proliferation. 

Although the exact mechanism by which polyphenols modulate the expression of the small non-
coding RNAs is not completely disclosed, the great challenge comes by the fact that they can 

interact in a direct manner with their sequences and change the expression [8-10].  
Moreover, these natural agents are also able to intervene in the process of multidrug resistance 
(MDR) and restore the sensitivity of cancer cells to different chemotherapeutic drugs. This is highly 

important for numerous types of cancers considering the fact that the high mortality rates are in part 
related to the acquisition of drug resistance (multidrug resistance being only one side of it) and 

irresponsiveness to therapy [11, 12].  
Revealing the structural interplay between phytochemicals and aberrantly expressed molecules 
within the organism will permit a more targeted administration of the natural drug for preventive or 

treatment purposes. It’s important to be mentioned that although polyphenols are generally 
associated with positive effects, there is also the possibility of carcinogenesis stimulation due to a 

structural resemblance between phytochemicals and endogenous structures, like in the case of 
phytohormones [13, 14]. As so, the current paper aims to present the latest discoveries in respect to 
the non-coding sequences modulated by polyphenols and also towards the revealing of structure 

dependent functions/actions in malignant pathologies.  
 

2. The re-emergence of natural compounds in the clinical area   

Today, there are more than 8000 structures classified under the name of polyphenols (the largest 
group within the natural compounds spectrum), including molecules that are widely distributed in 

food sources like vegetables, fruits, different types of beverages and also cereals [1]. Their basic 
dynamics consist in the protection of plants against ultraviolet radiation or pathogen invasion, but 

they are also responsible for different phenotypical characteristics (color, odor, bitterness, 
astringency) [2]. The ubiquitous distribution in food sources and also the easy availability 
transformed these products in one of the oldest treatment strategy rooted in ancient times, countered 

today by scientific data that sustain the clinical role of the polyphenols. Epidemiological studies 
have revealed that long-term consumption of these natural compounds can prevent or delay the 

installation of different pathological states like chronic and cardiovascular diseases and also 
neurodegenerative conditions [2, 15, 16]. Although polyphenols are thought to be important 
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preventive and treatment agents in numerous pathological states, the malignant scenarios represent 
a major point of interest, where the current gaps in the clinical domain are failing to improve the 
concerning incidence and mortality rates. The presence of these natural compounds in the 

prevention or treatment scheme of cancer would represent a major benefit for both predispose 
subjects and patients considering the low cytotoxicity of the active compounds and also the 

potentially increased bioavailability. A major activity within the organism consists in the 
antioxidant action of these molecules, able to complement or to sustain the defensive mechanism 
against the reactive oxygen species (ROS), known to be involved in the development of different 

diseases like cancer, Parkinson's and Alzheimer's disease and also in the aging processes [17, 18]. 
However, it is believed that the positive effects go beyond the simple antioxidant role, being 

proposed that polyphenols are able to influence large signaling pathways through various 
mechanisms. Therefore is not surprising that in the last 15 years we witness an increased interests in 
these natural compounds for the prevention and treatment of chronic disease, including cancer, but 

also cardiovascular and neurodegenerative pathologies [1, 2, 4, 19, 20]. Furthermore, a 
comprehensive analysis performed by US FDA (Food and Drug Administration) compromising the 

period between 1981 and 2010 revealed that out of all drugs based on small molecules, 34% of 
them were actually natural molecules or different derivates [5, 21], with 2010 as a landmark for the 
scientific interest in polyphenols and other botanical agents [22]. Nevertheless, some studies 

identified that the health-related role of particular compounds is questionable, as the case of 
curcumin  where some researchers  questioned the attributed health effects [23]. 

In order to advance in the knowledge of therapy it is important to understand the functional 
structure of polyphenols and implicit the complex interactions and effects within the organism. 
Therefore, this heterogeneous group is subdivided in a number of classes that are different in 

availability, stability and also therapeutic functions.  
 

3. Definition and classification of ncRNAs  

One of the latest discoveries in medicine is represented by the non-coding RNA (ncRNA) 
sequences that are actively involved in numerous processes within the organism in terms of both 

homeostasis and pathological states. Therefore, the central dogma of molecular biology is nowadays 
adapted to the latest discoveries in the field, where the untranslated parts of the genome are also 

holding key functions inside the cells. In these means, complex signaling networks replace the 
simplistic approach regarding the role of RNA molecules as intermediary sequences between DNA 
and proteins where the non-coding transcripts are able to regulate entire gene expression patterns 

through direct interactions based on complementary rules. The aberrant expression of ncRNAs is 
associated with pathological states, including cancer, where the tumor suppressor genes are 

inhibited and the oncogenic ones thrive towards the sustenance of malignant development [24-27]. 
The domain of ncRNAs is primarily divided into two main classes according to the length of the 
final transcript: small non-coding and long non-coding RNAs (lncRNAs) [28]. The first class is 

represented by microRNAs (miRNAs) that are intensively studied in the field, but also consists of 
small interfering RNAs (siRNAs), PIWI- interacting RNAs (piRNAs) and circular RNAs (ciRNAs) 

[28]. The second class comprises sequences that exceed 200 nucleotides in length and are also 
involved in development and diseases [29]. Each of these two classes is continuously expanding 
with new sequences added to each subgroup at a rapid pace and even new types of non-coding 

molecules that enhances the functionality of the previously thought genome’s ‘dark matter’. The 
mechanism of action for the main types of ncRNAs is illustrated in Figure 1.  

 

Out of these non-coding sequences, miRNAs are still in the spotlight of cancer research, although 
some researchers associate this group with only the ‘tip of the iceberg’, where the regulatory 

networks are sustained by numerous other non-coding sequences at different levels within the 
signaling pathways. Calin et al. presented the first evidence regarding the involvement of 

microRNAs in cancer in the context of B-cell chronic lymphocytic leukemia and miR-15a and miR-
16-1 as tumor suppressors [30]. Since then, the number of studies underlining the role of miRNAs 
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in cancer have increased at an accelerated pace, where these sequences acquired diagnosis, 
prognosis and therapeutic value in malignant pathologies. Different strategies have been 
implemented in preclinical contexts in order to restore the homeostatic-like expression of 

microRNAs through inhibition or replacement therapies [31]. These strategies include also last 
generation techniques like CRISPR/Cas9 [32, 33], but all of them with their limitation [34]. 

Nowadays, the hypothesis that natural compounds exert their role beyond simple antioxidant 
activity has been validated, where polyphenols (most of them found in every-day diet) are now 
validated as potent modulators of miRNA expression [35-38]. The advantage of these compounds 

consists in the non-toxic/low side effects characteristics in comparison with other therapeutic 
molecules for miRNA modulation like anti-miRNA oligonucleotides (AMOs), miRNA mimics and 

other modulators. EGCG, curcumin, resveratrol, genistein, and quercetin are some of the 
polyphenols that hold therapeutic activities in terms of miRNA expression in cancer, envisaging 
miRNAs that are involved in different stages of malignant development (Table 1).  

The emerging of powerful molecular assays like microarray and RNA sequencing has permitted the 
study of the impact of natural compounds on the expression of the non-coding sequences with a 

focus on microRNAs. Researchers have discovered that phytochemicals are able to actively 
modulate the expression of miRNAs panel in cancer pathologies conducting towards inhibition of 
the main hallmarks of cancer [9, 10]. The mechanism by which natural drugs are able to positively 

modify the signaling networks within cancer cells via miRNAs modulation is still not completely 
deciphered, but in this case, the non-toxic characteristics of the active agents will most probably 

permit a more straightforward therapeutic approach with early evidences based on patients studies 
and not only on preclinical research platforms [39].     
 

4. Polyphenols classification according to the chemical structure  

Due to their wide distribution and large number of diverse structures, the systematization of 

polyphenols is currently quite diverse depending on the classification factor that is taken in 
consideration [2]. Considering that the functional structure of these natural compounds is emerging 
as a decisive factor regarding the regulatory role within the organism, the current classification will 

be made according to the structural scheme. The common nominator between the different 
subclasses consists in the presence of one or more aromatic rings that are displayed together with 

several hydroxyl groups [40]. Depending on the number of phenolic rings and also on the additional 
structures that bring together these aromatic molecules, polyphenols are generally divided into four 
classes: phenolic acids, flavonoids, stilbenes and lignans (Figure 2) [41]. The structure of natural 

compounds has emerged as an essential parameter in terms of interactions with molecules within 
the organism. In this context, a number of studies demonstrated that the modulatory role of 

polyphenols in cancer, and not only, is exercised through direct binding with the complementary 
target (aspects detailed in Chapter 5). Moreover, the binding can occur also between natural 
compounds and miRNA sequences, as in the case of resveratrol and EGCG that bind directly to 

miR-33a and miR-122, influencing their subsequent action [42].  
 

4.1. Phenolic acids  

Phenolic acids can be found in free forms, mainly in fruits and vegetables, but also in bound 
configuration in the case of grains and seeds [43, 44]. This class of polyphenols is composed of 

molecules that are either hydroxybenzoic acids or hydroxycinnamic acids derivatives with non-
phenolic precursors represented by benzoic and cinnamic acid [45]. Taken together these two 

subclasses represent a major part of the human diet, being encountered in almost all types of plant-
based foods. Nonetheless, the first subclass, hydroxybenzoic acids phenolic derivates, is generally 
found at low concentrations in comestible plants, being synthesized primarily by non-edible plants. 

Except for the case of some black radish, red fruits and onions, the low abundance in human diet of 
hydroxycinnamic acids derivatives made this subclass a less studied group, especially in human 

disease contexts [2]. Although the scientific interest is not so high in the case of phenolic acids that 
derive from hydroxybenzoic acids, the main representatives: protocatechuic acid and gallic acid 
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have been associated with different health benefits in cancer [46], as well as in neurodegenerative 
diseases [47-49].   
Compared to the first subgroup, hydroxycinnamic acid phenolic derivatives are more extensively 

characterized in the scientific area due to their wider distribution and bioavailability. The focal 
members consist of p-coumaric, caffeic and ferulic acids and also curcumin, all of them being 

rarely found in free forms in unprocessed foods [50, 51]. Caffeic acid is one of the most substantial 
members from the phenolic acids group, being the major component from the hydroxycinnamic 
acids subclass [52]. The wide distribution across the vegetal kingdom of this natural compound is 

elucidated by the key role regarding the biosynthesis of lignin in plants, polymer with vital 
structural roles [53, 54]. Caffeic acid and associated derivative molecules like caffeic acid 

phenethyl ester (CAPE) are situated in the front rows of scientific interest, markedly in cancer, 
due to their multiple fronts of action. Thus, exogenous administration of caffeic acid-related 
compounds for therapeutic purposes represents a topical area in the oncology domain, but also for 

other diseases like cardiovascular and neurodegenerative conditions [55-58]. Ferulic acid, also a 
major compound within the phenolic acids group is found predominantly in cereal grains, more 

specifically in the peripheral parts, but also in some fruits and vegetables [50]. The strong 
antioxidant activity of ferulic acid advocated for this molecule a significant spectrum of health 
benefits and therapeutic effects (inhibition of free radicals production and subsequent cell damage) 

for different types of pathologies: cancer, cardiovascular diseases, diabetes and neurodegenerative 
conditions [59]. The therapeutic potential of the phenolic acids is completed by curcumin, one of 

the predominant curcuminoids from the composition of turmeric, powder entitled “nature's most 
powerful healer” [60, 61]. The numerous effects within the organism sustain the health-related 
name. Anti- inflammatory properties of curcumin are important in preventing or combating diseases 

sustained by chronic inflammation (metabolic syndromes, cardiovascular d iseases, cancer, 
neurodegenerative conditions) by blocking the activity of pro- inflammatory molecules like NF-kB 

[62, 63]. The same compound is able to impair the oxidative damage within the cell through 
neutralization of free radicals [64, 65] and rescue the normal phenotype in numerous conditions 
including hepatotoxicity caused by organisms like mycotoxin Zearalenone (ZEN) and others [66, 

67]. These actions are possibly due to the antioxidant activity of curcumin, but also due to the 
compound capacity to stimulate the activity of constitutive antioxidant enzymes [68, 69]. One of the 

most extensive studied pathology in terms of curcumin effects is cancer, where the spe cific 
phytochemical can act on numerous molecular targets and impair processes like angiogenesis 
(VEGF), proliferation (HER-2, EGFR, and AP-1) and metastasis (CXCR-4) [70, 71]. Despite the 

anti-cancer activity of curcumin and the subjection to intense research, there is still not enough data 
in order to adopt this product in the clinical area [72]. Malignant inhibitory roles have been also 

attributed to p-coumaric acid, however in a more limited context, being predominantly associated 
with reduced risks of gastric cancer [73-75].  
 

4.2. Flavonoids  

These natural compounds shape the most extensive group within dietary polyphenols, being further 

classified according to their specific substituents [76]. The decisive biochemical and physiological 
effects on plant cells and also the evolutionary conservation of these compounds over one billion 
years has conducted towards investigation studies regarding the effects on mammalian cells. Until 

this moment there are approximately 4000 unique structures belonging to this substantial group, and 
they are fundamentally identified as pigments accountable for the colors present in numerous 

vegetables and fruits but also flowers, spices, herbs, seeds, nuts, and red wine and tea respectively 
[76]. Being considerably present in the human diet due to their wide distribution in comestible 
aliments like citrus fruits, herbs, vegetables, honey, and chocolate, flavonoids represent the most 

intensely studied group regarding their health benefits with numerous representative compounds in 
the experimental therapeutic area. One of the earliest studies demonstrated that administration of 

quercetin (flavonoid compound) causes inhibition of gamete membrane fusion in sea urchins, 
blocking the fertilization process [77], followed by another related study where the same compound 
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was able to modulate sperm motility and intervene in fertilization [78]. These modulatory capacities 
raised a similar question in the context of the human organism and implicit health benefits 
regarding the ingestion of nutrients enriched in different types of flavonoids. Today, this research 

area is quite extensive, where flavonoids are recognized as potent preventers and possible 
modulators of human diseases, like cardiovascular conditions and cancer, through their antioxidant 

activity and related effects [79].  
Flavonoids are divided in different subclasses, all of them having a common nominator: a three-ring 
nucleus. The heterogeneous panel of substituents attached to the commune structure drives the 

classification into the following groups: (a) isoflavones, neoflavonoids and chalcones; (b) 
flavones, flavonols, flavanones and flavanonols; (c) flavanols and proanthocyanidins; (d) 

anthocyanidins [1, 76, 79]. Within these nutrients there are numerous molecules taken in 
consideration for cancer prevention and even treatment, an approach that is currently sustained by 
numerous in vitro and in vivo studies. For example, genistein is a compound that belongs to the 

isoflavones group and is predominantly found in soy products, aliment with worldwide impact 
regarding the human diet [80, 81]. This micronutrient acts in a similar manner with 

chemotherapeutic drugs, only that the secondary cytotoxicity is greatly decreased, with no clear 
evidence regarding the harmful side effects of polyphenols consumption [82]; the extensive 
bioavailability is also a significant advantage [81]. More specifically, genistein is able to promote 

apoptosis, to alter the cell cycle towards malignant inhibition, to impair angiogenesis and also to 
decrease the metastatic potential of some cancers [81, 83, 84]. Another important compound from 

the flavonoids chemical family, flavanols subgroup is the catechin epigallocatechin gallate 

(EGCG) with numerous cancer chemoprevention attributes [85, 86]. The exact mechanism of 
action through which EGCG is able to prevent or inhibit the development of cancer cells is still 

incompletely understood, but even so, there are numerous reports regarding the anti-tumorigenic 
activity of the catechins. Oral administration of EGCG promoted apoptosis in prostate cancer 

xenografts [87]; inhibited angiogenesis through downregulation of vascular endothelial growth 
factor (VEGF) in in vitro and in vivo models of colon cancer [88], as well as in human pancreatic 
and breast cancer cells [89-91]. Moreover, the same compound was associated with inhibition of 

invasion and promotion of Caspase-dependent and –independent apoptosis in different cancer types 
[92-95].  

 
4.3. Lignans  

The group of lignans comprises natural compounds that are classified as phytoestrogens due to their 

similar structure with estrogens: diphenolic ring. The biodistribution of these plant metabolites is 
quite extensive in the human diet, being found in numerous fruits, vegetables and grains [96]. 

Lignans are also associated with anti-cancer activities, mainly linked to estrogens dependent or non-
dependent hormonal pathways. Considering their similar structure with endogenous hormones is 
naturally understood that these phytoestrogens are primarily associated with preventive and 

treatment abilities in malignancies with a hormonal substrate, like breast, gynecological and 
prostate cancer. Besides the hormonal- linked activities, in vitro or in vivo administration of lignans 

revealed antioxidant activity and pro-apoptotic mechanisms with negative effects on tumor growth 
[96, 97].  
 

4.4. Stilbenes 

Today there are approximately 400 compounds classified as natural stilbenes with a common 1,2-

diphenylethylene nucleus. Due to the limited distribution of stilbenes synthase enzyme involved in 
their biosynthesis, within the plant “kingdom”, stilbenes allocation is not as extensive in the 
common diets as in the case of other natural compounds [98, 99]. The interest on these compounds 

in terms of cancer prevention and treatment began upon the publication of Jang et al. [100], where 
the authors demonstrated the chemopreventive action of resveratrol, a secondary metabolite 

encountered in grapes. Now, this polyphenol is one of the most studied natural compounds in terms 
of cancer inhibition with more than 2600 articles in PubMed (“resveratrol” and “cancer”) since the 
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original publication from 1997. The inhibitory action is extended to numerous types of cancers, 
including leukemia [101], lung [102], ovarian [103], melanoma [104] and breast [105]. The main 
activities of resveratrol within these cancers were associated with antioxidant properties mediated 

mainly through inhibition of cyclooxygenase 2 (COX-2), a mediator of cell proliferation and 
apoptosis in solid cancer and hematological malignancies. Also a number of studies associate this 

natural compound with the ability to induce apoptosis in cancer cells through modulation of 
different genes involved in the processes [106-108].  
 

5. Specific microRNAs targeted by polyphenols and affected pathways  

MicroRNAs have gained their role in biology and medicine areas, especially within the cancer 

niche, being now one of the most discussed molecules in the context of minimal invasive diagnosis 
procedures, prognosis establishment or experimental therapeutic strategies. One of the major fields 
subjected to extensive investigation nowadays consists in the modulatory capacities of natural 

compounds in terms of cancer prevention and even treatment. Therefore, it was naturally 
understood that the reemerging of natural compounds in the scientific community of cancer would 

be also completed by the investigation of miRNA expression after administration of 
phytochemicals. Current studies confirm the initial hypothesis, demonstrating that the physiological 
and pathological miRNA pattern is actively modulated by exogenous administration of different 

types of polyphenols towards inhibition of the carcinogenic process (Table 1). The regulatory 
network is constantly expanded, where the aberrant expression of the miRNA sequence is impaired 

by different natural structures and also in different cancer types, countering a complex network that 
is still minimally deciphered (Figure 3).  
 

The majority of the studies are performed in flat experimental platforms represented by cell culture 
assays that are not able to reveal complex structural and functional interactions regarding 

polyphenols administration effects. Even so, the current in vitro experiments outline important 
target regulatory pathways that demonstrate a more superior way of action for dietary substances 
than the initial simplistic concepts. 

The small non-coding targets of polyphenols include consecrated microRNAs like let-7 [109-112] 
and miR-200 [113, 114] family members, but also other sequences like miR-34 [109, 115], miR-21 

[36, 109, 113, 116, 117], miR-126 [118-120] and miR-155 [121] involved in malignant 
development.  
Let-7 family represents a multifaceted group of highly conserved 12 miRNAs with extended 

implications in the pathological states of the organism, including cancer [122, 123]. Among all 
members, tumor suppressor let-7a is the most often mentioned member within dietary experimental 

strategies in cancer pathologies, the aberrant expression being shaped by diverse polyphenolic 
structures like the well-known curcumin and green tea catechins, but also by some recent 
compounds like 1,2,6-Tri-O-galloyl-beta-D-glucopyranose (BJA32531) or 1, 3, 4-tri-O-galloyl-6-

O-caffeoyl-β-D-glucopyranose (BJA32515) [109-112]. A recent study conducted by Fu-Cheng et 
al. [124] demonstrated that the plasma level of let-7a is significantly altered in patients with 

esophageal adenocarcinoma, an alteration that is highly pronounced in late stages individuals. This 
observation insinuates, besides the diagnosis and prognosis value of the reminded miRNA, a 
possible role in the advancement of esophageal malignancy due to the different levels of aberrant 

expression between incipient and late stages. In this regard, a previous study demonstrated that 
administration of curcumin determined a significant amelioration of the malignant characteristics of 

esophageal cancer cells concomitant with the upregulation of tumor suppressor let-7a and 
downregulation of two well-known oncogenic miRNAs: miR-21 and mi-34a [109]. The strong 
downregulation of let-7a in III/IV malignant esophageal stages and the ability of curcumin to raise 

the expression of this sequence together with inhibition of cell proliferation unveil the fact that 
natural compounds could act as important inhibitors even in late cancer stages, possibly 

contributing to the amelioration of specific symptoms. The regulatory network becomes even more 
complex if it is taken in consideration that Caspase-3 was validated as a target of let-7a together 
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with a possible change in the role of this miRNA as an oncogenic molecule (Caspase-3 represents a 
central protein in both mitochondrial and death ligand apoptotic pathways that once activated 
promotes cell apoptosis) [125]. However, curcumin treatment conducted towards the activation of 

Caspase-3 (low levels of Procaspase-3) and implicit apoptosis induction in human esophageal 
cancer cells, together with let-7a upregulation [109]. These data confirm the necessity for more 

complex studies regarding curcumin effects on cancer cells able to exactly predict the structural and 
functional interactions between the exogenous compounds and the miRNAs regulatory network in 
different cancer hallmarks.  

The beneficial action of phytochemicals extends beyond simply protective roles and seems to be 
involved even in inhibition of cancer stem cells (CSC) persistence and proliferation. The persistence 

of CSC is strongly associated with tumor recurrence or treatment resistance, two aspects that are 
now in the centre of cancer research. Therefore, Baoet et  al. [8] demonstrated the efficient action of 
a new natural compound, 3,4-difluoro-benzo-curcumin - Difluorinated-Curcumin (CDF) in terms of 

pancreatic CSC inhibition, by limiting the clonogenic activity, the migration and invasion ability 
and also the number of viable malignant cells. These effects were also reproduced in vivo, enforcing 

the strong therapeutic potential of CDF. Moreover, this natural compound was able to modulate the 
miRNAs profile of pancreatic cancer cells, determining the increased expression of two important 
sequences: miR-200b and miR-200c. These two miRNAs are involved in key processes regarding 

epithelial to mesenchymal transition (EMT) [126] and are often downregulated in pancreatic 
cancers, an event that influences the promotion of the mesenchymal phenotype of cancer cells with 

consequences on the advancement of metastasis. Another important aspect besides the anti-
carcinogenic properties of CDF is represented by the superior action of this compound compared to 
curcumin, phytophenol recognized in the research area as an influential modulator of the 

carcinogenic process. Considering the fact that CDF originates from curcumin, but has a more 
complex structure with accentuated effects on ncRNAs networks raise the idea that the structure of 

the natural compounds is essential in terms of therapeutic effects. Moreover, deciphering the 
structure related to polyphenols function would bring the possibility of synthetically produce new 
compounds with superior effects by combining active structures of different phytochemicals in the 

backbone of the same anti-cancer product. Therefore it would be possible to target specific sets of 
miRNAs that are “complementary” with the structure of the synthetic compound and influence 

distinct and targeted signaling pathways within the malignant development. In this way, the action 
of natural compounds would be significantly improved in term of specificity and not restricted to 
general benefits that are not always applicable in certain malignancies.  

The effects of curcumin extend even to epigenetic modifications of miRNAs promoters. The 
research of Saini et al. [127] stands as an example for this type of regulation, where curcumin 

induced hypomethylation of miR-203 promoter, a sequence that has tumor suppressor roles in 
bladder cancer. The ability to remove methyl groups was naturally translated in upregulation of 
miR-203 and downregulation of the target genes: Akt2 and Src, genes involved in cell proliferation 

and apoptosis.  
Another important aspect consists in the fact that natural agents are able to inhibit the proliferation 

processes of cancer cells but avoid healthy cells, acting similarly to a targeted therapeutic strategy. 
Even so, the main question remains the exact mechanism of action for these natural compounds if 
used as drugs, that once decoded will bring plenty of possibilities of targeting cancer initiation and 

development with effects on specifically altered pathways.  
 

 
 
 

Table 1. In vitro and in vivo modulation of miRNAs by phytochemicals in cancer  
miRNA Dietary 

component 

miRNA 

expressio
n 

Pathology Exp. 

mod
el 

Pathological 

model 

Target genes  Therapeutic 

effect 

Ref. 
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Let -7a Curcumin ↑ Esophageal 

adenocarcino

ma 

in 

vitro 

human TE-7, 

TE-10 

esophageal 

adenocarcino

ma cells 

- supression of 

Notch-1 and 

correspondent 

ligand Jagged-

1 

- inhibition of 

Sresenilin 1 

and 2, 

Nicastrin, 

APH1 and 

PEN2  

- reduced 

proliferation   

- induced 

apoptosis  

- suppression 

of 

esophagosph

ere formation 

[109] 

BJA32515 ↑ Hepatocarcin

oma 

in 

vitro  

human 

HepG2 

hepatocarcin

oma cells 

- - reduced cell 

proliferation 

- increased 

apoptosis 

[110] 

Additional 

target 

miRNAs(↑):m

iR-29a; 

Additional 

target 

miRNAs(↓): 

miR-373 and 

miR-197 

 

BJA32531 ↑ Hepatocarcin

oma 

in 

vitro  

human 

HepG2 

hepatocarcin

oma cells 

-  - reduced cell 

proliferation 

- increased 

apoptosis  

[111] 

Additional 

target 

miRNAs(↑):m

iR-10b; 

Additional 

target 

miRNAs(↓): 

miR-132 and 

miR-125b 

 

Green tea 

catechins 

↑ Lung cancer  in 

vitro 

NCI-H446 

and MSTO-

211H lung 

cancer cells 

- inhibition of 

C-MYC 

and LIN-28 

- decreased 

cell 

proliferation  

- cell cycle 

arrest  

[112] 

miR-7-

1 

EGC or 

EGCG 

↑ Malignant 

neuroblastom

a 

in 

vitro 

human 

malignant 

neuroblastom

a SH-SY5Y 

and SK-N-

DZ cell lines 

- up-regulation 

of Bax and 

down-

regulation of 

Bcl2 

- activation of 

caspase-8 

- activation 

of apoptosis 

– both 

intrinsic and 

extrinsic 

pathways  

- decreased 

viability  

[128] 

Additional 

target 

miRNAs (↑): 

miR-34a, and 

miR-99a 

Additional 

target 

miRNAs 

(↓):miR-92, 

miR-93, and 

miR-106b 
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EGCG 

(+4-HPR) 

↑ Malignant 

neuroblastom

a 

in 

vitro 

human 

malignant 

neuroblastom

a SK-N-BE2 

and IMR-32 

cells 

- increasedBax 

and decreased 

Bcl-2 

expression 

concomitant 

with activation 

of caspase-8 

- decreased 

viability  

- induction of 

apoptosis  

[129] 

miR-

15a/16-

1 

 

Curcumin ↑ Leukemia  in 

vitro  

leukemic cell 

lines K562 

and HL-60 

and primary  

AML cells 

- suppression 

ofWT1 

expression  

- growth 

inhibition  

- reduced 

proliferation  

 

[130] 

Curcumin ↑ Breast cancer  in 

vitro 

human breast 

adenocarcino

ma MCF-7 

cell line 

- 

downregulatio

n of Bcl-2 

- induction of 

apoptosis  

[131] 

miR-16 EGCG ↑  

Hepatocellula

r carcinoma 

in 

vitro  

human 

hepatocellula

r carcinoma 

HepG2 cells 

- Bcl-2 

silencing  

- induction of 

apoptosis  

- cell growth 

suppression  

 

[132] 

Additional 

target 

miRNAs (↑): 

let-7a and 

miR- 221; 

Additional 

target 

miRNAs (↓): 

miR-18a, miR-

34b, miR-

193b, miR- 

222 and miR-

342 

 

miR-

20a/mi

R-17-

5p 

Curcumin ↓ Colon cancer  in 

vitro 

RKO and 

SW480 co lon 

cancer cells  

- 

downregulatio

n ofSp1, Sp3 

and Sp4 

-

downregulatio

n of genes 

regulated by 

Sp 

transcription 

factors -  

EGFR, c-

MET, 

survivin, bcl-2, 

cyclin D1 and 

NFκB (p65 

and p50) 

- upregulation 

of ZBTB4 

(miR-

20a/miR-17-

5p target and 

regulator of Sp 

transcription 

factors) 

- inhibition of 

cell growth  

- ROS 

formation  

[133] 
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miR-21 

Resveratrol ↓ Colorectal 

cancer 

in 

vitro 

SW480 co lon 

cancer cells 

- increased 

levels of 

PTEN and 

PDCD4 – 

targets of 

oncogenic 

miR-21 that 

are involved in 

cell 

proliferation 

and apoptosis  

- 

[116] 

Resveratrol ↓ Prostate 

cancer  

in 

vitro 

human 

prostate 

carcinoma 

PC-3M-

MM2 cells 

- increased 

levels of 

PDCD4 and 

maspin 

- inhibition of 

pAkt levels  

- reduced cell 

viability 

concomitant 

with 

increased 

apoptosis rate  

- reduced 

invasion  

[117] 

↓ in 

vivo 

SCID mice 

subcutaneous

ly in jected 

with PC-3M-

MM2 cells 

- high PDCD4 

and low pAkt 

levels  

- reduced 

tumor growth 

and weight  

- inhibition of 

lung 

metastases 

Diflourinat

ed-

curcumin 

(CDF) 

↓ Pancreatic 

cancer  

in 

vitro 

human 

pancreatic 

cancer cell 

lines AsPC-1 

and 

MIAPaCa-2 

- inhibition of 

CD44 and 

EpCAM – 

CSC 

biomarker 

(AsPC-1 and 

AsPC-1-GTR 

cells) 

- suppressed 

colony 

formation  

-inhibition of 

cell migration 

and invasion  

- reduced cell 

viability  

- suppression 

of 

pancreatosph

eres 

formation 

 

[113] 

↓ in 

vivo 

CB17 SCID 

mice in jected 

with 

MIAPaCa-2 

cells 

- suppression 

of NF-κB 

activation (in 

combination 

with 

gemcitabine)  

- inhibition of 

COX-2 

- upregulation 

of PTEN 

- inhibition of 

tumor growth 

(in 

combination 

with 

gemcitabine)  

Curcumin ↓ Colorectal 

cancer 

in 

vitro  

Rko and 

HCT116 

cells 

- increased 

Pdcd4 

expression  

- inhibition of 

cell growth  

- inhibition of 

migration and 

invasion  

[36] 
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↓ Colorectal 

cancer 

in 

vivo  

chicken-

embryo 

inoculated 

with Rko and 

HCT116 

cells at 10 

days of age 

 - reduction of 

tumor growth 

(for both cell 

lines) and 

inhibition of 

metastasis 

(for Rko 

cells)   

Curcumin  ↓ Esophageal 

adenocarcino

ma 

in 

vitro 

human TE-7, 

TE-10 

esophageal 

adenocarcino

ma cells 

- supression of 

Notch-1 and 

correspondent 

ligand Jagged-

1 

- inhibition of 

Sresenilin 1 

and 2, 

Nicastrin, 

APH1 and 

PEN2  

- reduced 

proliferation   

- induced 

apoptosis  

- suppression 

of 

esophagosph

ere formation 

[109] 

miR-22 Curcumin ↑ Retinoblasto

ma  

in 

vitro  

Y79 RB cells - inhibition of 

Erbb3 protein 

expression  

- (results after 

transfection 

with miR-22) 

- decreased 

invasion and 

cell 

proliferation  

- low 

migration  

- (results 

after 

transfection 

with miR-22) 

[134] 

miR-

27a 

Curcumin ↓ Colon cancer  in 

vitro 

RKO and 

SW480 co lon 

cancer cells  

- 

downregulatio

n ofSp1, Sp3 

and Sp4 

-

downregulatio

n of genes 

regulated by 

Sp 

transcription 

factors -  

EGFR, c-

MET, 

survivin, bcl-2, 

cyclin D1 and 

NFκB (p65 

and p50) 

- upregulation 

of ZBTB10 

(miR-27a 

target) 

- inhibition of 

cell growth  

- ROS 

formation  

[133] 
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Pomegrana

te 

polyphenol

ics 

↓ Breast cancer  in 

vitro  

human 

mammary 

carcinoma 

cell lines 

BT474 and 

MDA-MB-

231 

- inhibition of 

Sp1, Sp3, and 

Sp4 expression  

- increased 

expression of 

ZBTB10 

(suppressor of 

Sp) 

- decreased 

expression of 

VEGF, 

VEGFR-1 and 

surviving 

- repression of 

NF-κB p65 

- low cell 

viability (no 

cytotoxic 

effects on 

matching 

healthy cells) 

- stimulation 

of apoptosis  

[121] 

↓ in 

vivo  

athymic 

BALB/c 

nude mice  

- inhibition of 

Sp1 transcript 

and Sp1, Sp3, 

and Sp4 

proteins  

- increased 

ZBTB10 

expression  

- 

downregulatio

n of VEGF, 

survivin and 

NFkB p65  

- increased 

expression of 

SHIP-1 

- decreased 

tumor 

parameters 

(volume and 

weight)  

- stimulation 

of apoptosis 

 

miR-

34a 

 

Pomegrana

te (primary  

component 

- 

ellag itanni

ns) 

↑ Bladder 

cancer  

in 

vitro  

human 

bladder 

carcinoma EJ 

cell line 

- increased 

p53 expression  

- decreased 

levels of c-Jun 

- decreased 

Bcl-2, c-Myc 

and CD44 

levels  

- suppressed 

cell 

proliferation 

(no effect on  

healty cells)  

- promotion  

of apoptosis  

 

[115] 
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↑ in 

vivo  

Balb C nude 

mice (EJ 

cells 

xenografts) 

- - decreased 

tumor 

volume  

- no effect on  

the body 

weight  

- no toxicity  

Curcumin  ↓ Esophageal 

adenocarcino

ma 

in 

vitro 

human TE-7, 

TE-10 

esophageal 

adenocarcino

ma cells 

- suppression 

of Notch-1 and 

correspondent 

ligand Jagged-

1 

- inhibition of 

Sresenilin 1 

and 2, 

Nicastrin, 

APH1 and 

PEN2  

- reduced 

proliferation   

- induced 

apoptosis  

- suppression 

of 

esophagosph

ere formation 

[109] 

miR-93 EGCG 

(+4-HPR) 

↓ Malignant 

neuroblastom

a 

in 

vitro  

human 

malignant 

neuroblastom

a SK-N-BE2 

and IMR-32 

cells 

- increased 

Bax and 

decreased Bcl-

2 expression 

concomitant 

with activation 

of caspase-8 

- decreased 

viability  

- induction of 

apoptosis  

[129] 

miR-

101 

Diflourinat

ed-

curcumin 

(CDF) 

↑ Pancreatic 

ductal 

adenocarcino

ma 

in 

vitro  

human 

pancreatic 

cancer cell 

lines AsPC-1 

and 

MiaPaCa-2 

- suppression 

of EZH2, Shh 

(in both cell 

lines) and 

significant 

inhibition of 

EpCAM (in 

AsPC-1 cells) 

– CSC 

markers  

 

- 

downregulatio

n of ABCG2 

and Hes-1 (in 

MiaPaCa-2 

cells) – drug 

resistance 

marker  

 

- 

downregulatio

n of MMP-9 

(in both cell 

lines) – 

metastatic 

marker  

- inhibition of 

cell survival  

- reduced 

number of  

secondary 

pancreatosph

eres 

[135] 
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 Additional 

target 

miRNAs (↑): 

let-7a,b, c,d, 

miR-26a, miR-

101, miR-

146a, and 

miR-200b 

Additional 

target 

miRNAs (↓): 

miR-21 

 

in 

vivo  

CB17 SCID 

mice with 

injected 

MiaPaCa-2 

cells 

(orthotopic) 

- inhibited 

expression of 

Ki-67 and 

CD44 

- low 

transcript 

levels of 

EZH2, Notch-

1, Nanog, 

and Oct4  

- decreased 

tumor 

parameters  - 

weight and 

size  

 Additional 

target 

miRNAs (↑): 

let-

7 family, miR-

26a 

 

miR-

103 

Resveratrol ↓ Colorectal 

cancer 

in 

vitro 

SW480 co lon 

cancer cells 

- putative 

target Dicer1 - low 

metastatic 

potential  

[116] 

miR-

126 

 

Mango 

polyphenol

ics 

↑ Breast cancer  in 

vitro 

BT474 breast 

cancer cells 

- decreased 

pPI3K, pAKT, 

AKT, and 

VEGF (protein 

level) 

- decreased 

expression 

NF-B (p65) 

 

- decreased 

cell 

proliferation  

 

[118] 

↑ in 

vivo  

female 

athymic 

BALB/c 

nude mice 

(BT474 cells   

xenografts) 

- decreased 

pPI3K, pAKT 

and mTOR 

(protein level) 

- suppressed 

expression 

HIF-1α and 

VEGF 

- decreased 

NF-B (p65) 

(protein level) 

- decreased 

tumor 

volume  
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Additional 

target 

miRNAs: 

miR-494, 

miR-31, miR-

221, let-7b, 

miR-155, let-

7a, miR-708, 

miR-193a-5p, 

miR-483-5p, 

miR-885-5p, 

miR-15b, 

miR-195b, 

miR-539 

 

Pomegrana

te (primary  

component

s 

ellag itanni

ns and 

anthocyani

ns)  

↑ Colorectal 

cancer 

in 

vivo  

Sprague-

Dawley rats 

treated with 

AOM 

- suppression 

of 

inflammatory 

markers  

(COX-2, 

iNOS, NF-κB 

(p65) and 

VCAM-1) 

- inhibit ion of 

PI3K/AKT/m

TOR pathway 

triggered by 

suppression of 

IGF 

expression  

 

- inhibit ion of 

aberrant crypt 

foci (ACF) 

- suppressed 

cell 

proliferation  

[119] 

↑ in 

vitro  

HT-29 co lon 

cancer cell 

lines  

- increased 

levels of 

activated 

capase-3  

- suppression 

of 

inflammatory 

markers (NF-

κB p65, 

VCAM-1, 

intercellular 

adhesion 

molecule 1, 

COX-2 and 

pAKT) 

- suppression 

of VEGF (not 

detected in in 

vivo studies)  

- decreased 

cell viability  

- increased 

apoptosis  

- reduced 

inflammat ion 

and  

angiogenesis  

Polyphenol

ic red wine 

extract 

↑ Inflammatory 

bowel disease 

(risk factor 

for colon 

cancer)  

in 

vitro  

human colon-

derived 

CCD-18Co 

myofibroblas

t cells 

- suppression 

of NF-kB p65 

levels and IL-6 

and TNF-α 

expression  

- 

downregulatio

n of ICAM-1, 

VCAM-1 and 

PECAM-1 

(adhesion 

molecules)  

- decreased 

inflammat ion 

and ROS 

formation 

- suppression 

of cell 

adhesion  

 

 [120, 

136] 
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miR-

141 

Resveratrol ↑ Breast cancer  in 

vivo  

SCID mice 

orthotopicall

y inocu lated  

with MDA -

MB-231-luc-

D3H2LN 

cells 

-  - inhibition of 

tumor 

formation  

- reduced 

number of 

CSC 

- no changes 

regarding 

apoptosis  

- reduced in 

vitro invasion  

[114] 

iIn 

vitro  

MDA-MB-

231-luc-

D3H2LN, 

MCF7 and  

MCF7-ADR 

cells  

- up regulation 

of miR-141 

takes place at 

the 

transcriptional 

levels  

- decreased 

invasion  

- CSC 

inhibition  

miR-

155 

 

 

 

Pomegrana

te 

polyphenol

ics 

↓ Breast cancer  in 

vitro  

human 

mammary 

carcinoma 

cell lines 

BT474 and 

MDA-MB-

231 

- up regulation 

of SHIP-1 

- inhibition of 

pPI3K and 

pAKT levels  

- repression of 

NF-κB p65 

- low cell 

viability (no 

cytotoxic 

effects on 

matching 

healthy cells) 

- stimulation 

of apoptosis  

[121] 

↓ in 

vivo  

athymic 

BALB/c 

nude 

mice injected 

with BT474 

cells 

- increased 

expression of 

SHIP-1 

- 

downregulatio

n of  pAKT 

and pPI3K 

(proteins under 

the control of 

SHIP-1)  

- decreased 

tumor 

parameters 

(volume and 

weight)  

- stimulation 

of apoptosis 
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miR-

186* 

Curcumin ↓ Lung cancer in 

vitro  

lung cancer 

A549 cells 

- activation of 

Caspase-10  

- increased 

apoptosis  

[137] 

Curcumin ↓ Lung cancer in 

vitro 

A549/DDP 

(cisplatin-

resistant ) -

human lung 

adenocarcino

ma cells 

- - growth 

inhibition  

- induction of 

apoptosis  

[138] 

Additional 

target 

miRNAs (↓): 

mir-136 

 

miR-

200b 

Diflourinat

ed-

curcumin 

(CDF) 

↑ Pancreatic 

cancer 

in 

vivo 

CB17 SCID 

mice in jected 

with 

MIAPaCa-2 

cells 

- - MET 

induction  

[113] 

miR-

200c 

Diflourinat

ed-

curcumin 

(CDF) 

↑ Pancreatic 

cancer 

in 

vivo 

CB17 SCID 

mice in jected 

with 

MIAPaCa-2 

cells 

- - MET 

induction  

[113] 

Resveratrol ↑ Breast cancer  in 

vivo  

SCID mice 

orthotopicall

y inocu lated  

with MDA -

MB-231-luc-

D3H2LN 

cells 

-  - inhibition of 

tumor 

formation  

- reduced 

number of 

CSC 

- no changes 

regarding 

apoptosis  

- reduced in 

vitro invasion  

[114] 

 

in 

vitro  

MDA-MB-

231-luc-

D3H2LN, 

MCF7 and  

MCF7-ADR 

cells  

- up regulation 

miR-200c 

takes place at 

the 

transcriptional 

levels  

- decreased 

invasion  

- CSC 

inhibition  

miR-

203 

Curcumin ↑ Bladder 

cancer  

in 

vitro 

bladder 

cancer cell 

line, T24  

- (cucurmin 

directly 

demethylates  

miR-203  

promoter 

causing 

epigenetic 

changes)  

- inhibition of 

Akt2 and Src 

expression   

- inhibition of 

cell viability  

- suppression 

of migration 

and invasion  

- increased 

apoptosis  

[127] 

Additional 

target 

miRNAs (↑): 

miR-26b and 

miR-1826  
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miR-

210 

EGCG ↑ Lung cancer  in 

vitro   

mouse lung 

adenocarcino

ma cell line -  

CL13  

human non-

small cell 

lung cancer 

cell lines -  

H1299, H460 

and A549 

- increased 

HIF-1α and 

HIF-2α 

- suppression 

of cell 

growth 

- anchorage-

dependent 

growth 

[139] 

↑ (not 

statistica

lly 

significa

nt) 

in 

vivo 

A/J mice 

treated  with 

NNK for 

induction of 

lung 

carcinogenesi

s 

- 

- the 

administrated 

safe dose of 

EGCG was 

not sufficient 

for drastic 

changes in 

miR-210 

expression  

(0.4% EGCG 

in diet for 1 

week) 

[140] 

Additional 

target 

miRNAs (↑): 

mmu-miR-

2137, mmu-

miR-449a, 

mmu-miR-

144, mmu-

miR-486, 

mmu-miR-

3107, mmu-

miR-193 

Additional 

target 

miRNAs 

(↓):mmu-miR-

696, mmu-

miR-449c, 

mmu-miR-7a, 

mmu-miR-205 
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miR-

299-5p 

Resveratrol ↑ Lung cancer  in 

vitro  

A549 

NSCLC cell 

line  

- decreased 

levels of 

BCL6 

concomitant 

with increased 

levels of p27, 

p53, and 

CD69  (regulat

ors of BCL6) 

- 

[141] 

Additional 

target 

miRNAs: 30 

miRNAs up-

regulated and 

8 miRNAs 

down-

regulated (60-

μM 

resveratrol); 

22 miRNAs 

up-regulated 

and 

37miRNAs 

down-

regulated (120 

μM 

resveratrol);  

- 

miR-

520h 

Resveratrol ↓ Lung cancer in 

vitro  

CL1-5 and 

A549 non-

small cell 

lung cancer 

cells 

-

downregulatio

n of FOXC2 

and PP2A/C 

- Increased 

levels of f E-

cadherin 

concomitant 

with decreased 

Fibronectin, 

N-cadherin 

and Vimentin 

amount 

(favoring of 

the epithelial 

phenotype)   

- suppressed 

migration and 

invasion  

- MET 

induction  

[142] 

miR-

622 

Resveratrol ↑ 

 

Lung cancer  in 

vitro  

transformed 

human 

bronchial 

epithelial cell 

line 16HBE-

T 

- K-Ras  - suppressed 

growth and  

colony 

formation  

- reduced 

proliferation  

- in vivo 

inhibition of 

tumor weight 

and volume 

(after 

inoculation of 

16HBE-T 

cells 

transformed 

with miR-622 

mimic) 

[143] 
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 Aditional 

target 

miRNAs (↑): 

miR-150, 

miR-302d and 

miR-151. 

 

miR-

663 

 

Resveratrol ↑ Colorectal 

cancer 

in 

vitro 

SW480 co lon 

cancer cells 

- 

downregulatio

n of TGFβ1 

- 

[116] 

 

 

 

 

6. The structure-function relationship of phytochemicals  

The positive effects of plant-derived compounds on numerous illnesses including cancer have been 

well documented and confirmed by numerous studies, but the exact action mechanisms are still 
poorly understood. In order to efficiently attack the malignant evolution, in paramount importance 

is the need to know the exact targets of polyphenols and select the best compound or group of 
agents for the specific pathology. Considering the vast number of phytochemicals it is virtually 
almost impossible to test on preclinical platforms the all of the promising natural drugs. 

Computational techniques were developed to predict the interaction between natural compounds 
and specific molecules (proteins, enzymes and even microRNAs) that are known as altered in 

malignant pathologies. Diverse polyphenols-related structural parameters were discovered to be 
vital for the corresponding effects. Moreover, a number of studies revealed that compounds like 
resveratrol and curcumin are able to bind directly to miRNA molecules and enzymes respectively, 

influencing their pathological activity [42, 144]. The prediction of the bioactive behaviour of 
molecules will bring new insights into the management of cancer and also will substantially 

contribute to in silico drug design according to the patient’s pathological profile. At a deeper level, 
it could be also possible to design synthetic compounds able to target specific miRNAs (miRNAs 
signatures of malignant types/subtypes) involved in the sustenance of cancer development and 

inhibit their pathologic expression.  
One of the earliest studies involving the interaction between phytochemicals and different 

molecules within the organism demonstrated that isoflavones (biochanin A, genistein and daidzein) 
and the flavone 6,3',4'-trihydroxyflavone are able to directly bind to estrogen-related receptors 
(ERR) [145]. These types of receptors belong to the orphan group of molecules with no known 

natural ligands and are also associated with a poor prognosis in breast and prostate cancer, where 
high levels of ERRalpha (ERRα) were found in advanced stages of these cancers [146]. By filling 

the ligand place, the reminded phytochemicals can activate the receptors and thus promoting the 
aggressiveness of the malignancy, standing in this way as compounds that need to be avoided by 
patients with breast or prostate cancer [145-147]. These results are strong evidence that natural 

compounds can also have a negative effect for certain types of pathologies, and the administration 
of adjuvant strategies should be strengthened by experimental proofs. The possible negative aspects 

of genistein in estrogen-dependent breast cancer have been taken in consideration in a number of 
studies and even clinical trials, due to the ability of the phytoestrogen to act as an agonist, bind to 
the estrogen receptors and stimulate breast cancer proliferation [81]. Regarding ERR, the negative 

action of genistein can be easily overlooked due to more evident effects on ER and the stimulated 
pathways, but in the case of ER silencing, the effects of genistein on breast cancer proliferation 

through ERR can be showed. Furthermore, it is important to also closely follow the other three 
compounds (biochanin A, daidzein, and 6,3',4'-trihydroxyflavone) that did not receive the same 
amount of attention regarding this topic. Even so, the three isoflavones and the flavone molecule 

could bring new insights into the role of ERR in breast and prostate cancer preclinical models (that 
is currently weakly sustained by scientific observations) by observing their relevance in the moment 
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of stimulation compared to silencing strategies. Moreover, the administration of agonists seems to 
have a good influence on preventing bone loss in women that undergo antiestrogen treatment [145]. 
If we also include miRNA modulation following genistein treatment, the scheme becomes even 

more complex. Administration of genistein in prostate cancer inhibits miR-125a, miRNA that 
targets ERRα [8]. Increased expression of miR-125a was associated with increased apoptosis and 

reduced cell proliferation, all positive aspects regarding the inhibition of cancer development [148]. 
These aspects stand as a negative example regarding the intake of natural compounds as a general 
adjuvant therapy in cancer where some phytochemicals are able to promote the malignant 

development of specific subtypes of cancer.  
Enhancing the importance of the structural parameters of phytocompounds, Baselga-Escudero et al. 

found that resveratrol and EGCG are able posttranscriptionally modify the expression of miR-33a 
and miR-122 through direct binding in hepatic cells [42]. These findings could have significant 
importance and could be extrapolated to other polyphenols and noncoding sequences. More 

specifically, through direct attachment of equally resveratrol and ECGC to miR-33a and miR-122, 
where resveratrol holds the similar affinity for the two miRNAs and EGCG is more specific for 

miR-122, these natural compounds are able to influence the interaction of the non-coding sequences 
with the target genes. Regarding miR-33a, there are several studies where this miRNA was 
proposed as a tumour suppressor one by targeting HIF-1α in melanoma [149] and ROS1 and 

ADAM in breast cancer [150]. Considering these remarks, resveratrol and EGCG can also have 
negative influences on breast cancer and melanoma patients (inhibition of tumor suppressor 

miRNA, eg. miR-33a) that can be overlooked or countered by other positive aspects. Due to their 
ability to bind to the anti-carcinogenic miR-33a (tumor suppressor in breast cancer), the two 
polyphenols could positively influence the evolution of breast cancer by interrupting the modulation 

of the miRNA target gene (oncogenic gene). There are no current studies that take into 
consideration these aspects. However, the proposed negative role of resveratrol in breast cancer has 

been observed by a number of studies, reviewed by Carter et al. [151], but there are no 
investigations related to miR-33a modulation. The same compound was shown to directly bind also 
to miR-122, another sequence with tumor suppressor role in breast cancer [152].  Could resveratrol 

have a double “nature”? If that’s the case, miR-33a as well as miR-122, important tumor suppressor 
molecules may hold an incipient answer. A similar association could be made for miR-122, liver 

conditions and EGCG. MiR-122 mimics have been proposed as potent compounds to combat 
hepatocellular carcinoma, being an essential non-coding sequence for liver homeostasis and also 
development [153]. Although the majority of the studies assign a positive role to the green tea 

extract, there are some in vivo evidences that this compound can be hepatotoxic in high 
concentrations [154]. In spite the fact that there is no current direct link between EGCG toxicity and 

miR-122 levels, this could represent a significant pathological association. These examples stand as 
a confirmation of the complex interactions between natural products and molecules within the 
organism, where there is the possibility that a phytochemical could act as a therapeutic agent but 

also as a promoter of the malignant state, or maybe both at the same time. In this regard, it is highly 
important to know with certainty the influence of polyphenols in order to administrate a compound 

with a maximum efficiency, and not as an agent that could have also negative influences covered by 
other positive aspects.    
Among the first reports that revealed, based on experimental activities, a direct interaction between 

polyphenols and DNA or RNA dates back to 2006 [155], but since then the number of studies 
involving this topic has remained limited. These attributes could hold important significance in 

developing new targeted therapeutic strategies through modulation of gene expression. Even if this 
type of treatment is considered one of the earliest forms of pathological management, numerous 
research is still to be done in order to attribute a specific role for polyphenols.  

The active binding of these compounds to different protein molecules, including active enzymes, 
represents another form of action related to the structure of phytochemicals. A recent study showed 

that EGCG and curcumin are able to bind the active site of the 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase, standing as potential inhibitors for the catalytic aspects 
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involving this molecule [156]. Even if this therapeutic strategy is primary associated with 
hypercholesterolemia combat (currently made through statins administration) [157], inhibition of 
HMGR is also a potent alternative for cancer treatment. This enzyme presents an increased activity 

in numerous types of tumors including leukemia, lymphoma, hepatocellular carcinoma, colorectal 
and lung adenocarcinoma, where malignant cells are dependent on the final products obtained from 

the pathway that involves the participation of HMGR, specifically the mevalonate pathway [158]. 
Through extrapolation perspectives, we could confirm that natural agents like EGCG and curcumin 
can exert their healing properties also through inhibition of target enzymes like HMGR. Moreover, 

kaempferol, another natural flavonol, presented lower binding affinities for the specific enzyme 
compared to the two discussed agents [156]. This, once again, demonstrates that the administration 

of nutraceutics should be based on proofs of molecular interaction with the abnormally expressed 
molecules within the cancer pathologies in order to obtain the most effective results.  
 

7. MDR, natural compounds and miRNAs. The “Fifth Generation Inhibitors”?  

Multidrug resistance (MDR) is an issue that causes many deaths among cancer patients due to the 

irresponsive phenotype of certain malignant cells to the cytotoxic action of drugs (specific cytotoxic 
drug or even simultaneous multiple compounds from unrelated families). This process is extended 
to a large list of malignant pathologies being the main cause for chemotherapy failure and implicit 

for a negative outcome in cancer patients [159]. The major cause for the installation of MDR is 
represented by the overexpression of ATP-Binding Cassette transporters (ABCT) that are able to 

stimulate the efflux of cytotoxic substances outside of the cancer cell. The activation of specific 
metabolic enzymes and also faulty apoptotic pathways are further important factors that play side 
by side with ABCT for the installation of MDR. Even if these mechanisms are not present in the 

whole malignant milieu is it enough for several cells to survive due to their distinct resistant 
phenotype in order to obtain in the end an entire resistant population propagated from only a few 

initial survival cells [159-161].  
There are two components of the cell membrane that have been primarily associated with the 
installation of drug resistance: the multidrug resistance–associated protein (MRP) and P-

glycoprotein (Pgp), both members of the ABCT group. Due to their ability to export anti-cancer 
molecules outside of the malignant cells (an ATP-dependent process), there are currently under the 

investigation for inhibition in order to preserve the cytotoxic effects of the administrated 
chemotherapy [162]. The inhibitory strategies consist in the administration of antisense 
oligonucleotides able to target the genes responsible for the translation of viable receptors or 

administration of molecules that are capable to block the efflux pumps and indirectly to preserve the 
toxic compound inside the cancer cell. Even so, there are important aspects that need to be taken in 

consideration related to inhibitors of MDR, where normal cells within the body rely on the activity 
of efflux pumps in order to defend themselves from the action of toxic molecules [162]. In the light  
of these observations and also due to the fact that current clinical trials for overcoming MDR are 

slow and challenging, researchers have focused their attention on natural products that are able to 
interfere with the activity of the efflux pumps (Figure 4) [163]. These so-called “Fourth Generation 

Inhibitors” are making their entrance into the domain of MDR after the first three generation of 
inhibitors have not managed to fully accomplish their specific purpose (First Generation Inhibitors 
– drugs with known function tested for the inhibition of MDR; Second and Third Generation 

Inhibitors – drugs developed specifically for the restoration of chemotherapy sensitivity, based on 
the structure of the First Generation Inhibitors) [163]. The advantage of polyphenols as natural 

inhibitors of disease- linked efflux pumps is represented by the immense variety, immediate 
bioavailability and also the low toxicity on the organism. Among the most studied phytochemical in 
the context of MDR reversal is curcumin that, according to the latest studies, holds the ab ility to 

ameliorate the unresponsive phenotype of resistant cancer cells mainly through downregulation of 
MDR genes and subsequent proteins. Moreover, the trend consists in concomitant administration of 

the chemotherapeutic drug and curcumin or curcumin-derivates in order to sensitize cancer cells to 
the cytotoxic action of the anti-cancer treatment (Table 2).  
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Table 2. The role of curcumin and curcumin derivates in cancer MDR  

Natural 

compound 

Type of 

cancer 

Preclinical 

model 

MDR-related action Treatment 

dose 

Chemotherap

eutic drug 

(Dose) 

Ref 

Curcumin  Leukemia  Patient 

leukemic 

cells 

- Reduced MDR1 

mRNA levels in 42% 

of the patients (more 

accentuated in high 

MDR1 groups)  

10 µM  -  [164] 

Colon 

cancer  

Vincristine-

resistant cell 

line 

(HCT8/VCR) 

- Reduced cell growth 

(more accentuated than 

in the case of VCR 

alone; concentration 

dependent);  

- Increased sensitivity 

to VCR, DDP, 5-FU, 

and HCPT;  

- Inhib ition of Pgp 

mediated efflux (based 

on Rh123 

accumulation in cells);  

- Reduced MDR1 

mRNA levels 

concomitant with 

reduced Pgp protein  

25 mM 

(higher 

concentratio

ns were 

toxic)  

VCR - 0.5 

mg/ml 

[165] 

BALB/C 

nude 

implanted 

subcutaneous

ly with 

HCT8/VCR 

cells  

- Reduced tumor size 

(more accentuated in 

the case of 

simultaneous 

administration of 

curcumin and VCR; 

more accentuated in 

the curcumin-treated 

group than in VCR-

treated group);  

- Inhibit ion of MDR1 

and survivin mRNA 

and protein levels  

(more accentuated in 

the case of 

simultaneously 

administration of 

curcumin and VCR; 

slight inhibition in the 

case of VCR alone)  

 

50 mg/kg  VCR - 2 

mg/kg 

Breast 

cancer  

DOX 

(doxorubicin) 

-resistant 

MCF-7/Adr 

(adriamycin) 

cell line  

- Admin istrated drug: 

(DOX + Cur)-PMs 

(PM - polymeric 

micelle)  

- Increased cellu lar 

uptake and cytotoxicity 

of DOX;  

- Increased apoptosis 

(compared to DOX 

alone); 

 

- -  [166] 

Sprague-

Dawley rats  

- Improved 

pharmacokinetic 

parameters after 

intravenously 

5 mg·kg−1 DOX - 

5 mg·kg
−1
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administration of 

(DOX + Cur)-PMs  

4T1 tumor-

bearing 

female 

Balb/C mice 

- Increased 

accumulat ion of DOX 

in tumor cells;  

- Reduced tumor 

volume;   

-Possible reduction of 

DOX card iotoxicity 

due to drug 

encapsulation in 

micelles.  

 

- - 

Lung cancer  P-gp 

overexpressi

ng and DOX-

resistant 

A549/Adr 

cells 

- Admin istrated drug: 

(DOX + CUR)-PMs;  

- Enhanced uptake of 

DOX into tumor cells. 

 

16 µg/mL 10 µg/mL [167] 

Male 

C57BL/6 

mice injected 

intramuscular 

with LLC 

cells  

- Increased plasma 

concentration for both 

DOX and CUR;  

- Reduced tumor size. 

- - 

Osteosarcom

a  

KHOS cells - Admin istrated drug: 

DOX and CUR 

(Curcumin) co-

encapsulated into 

LPNs (lipid-coated 

polymeric 

nanoparticles);  

- Drug release: 

sustained rate 

(compared  to fast 

release of drugs from 

solutions);  

- higher cytotoxicity on 

cancer cells. 

 

 

- - [168] 

BALB/c 

mice injected 

subcutaneous

ly with 

KHOS cells 

- Admin istrated drug 

(i.v.): DOX p lus CUR 

co-encapsulated LPNs 

(DOX + CUR LPNs); 

- increased distribution 

in tumor tissue;  

- increased tumor 

regression;  

 

- - 

Ovarian 

cancer 

A2780/ADM

-resistant cell 

lines 

- Admin istrated drug: 

PLGA-phospholipid 

nanoparticles with 

taxol and CUR;  

- Slow release effect;  

- Inhibit ion of P-gp 

levels. 

- - [169] 

Breast 

cancer 

MCF-7/ADR 

cells  

- Admin istrated drug: 

PTX/MNPs/QDs@Bio

tin-PEG-PCDA 

nanoparticles (biotin 

and MNP – for 

- - [170] 
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targeted delivery; 

cleavable PCDA 

polymer – for 

intracellular release; 

QD – for fluorescent 

tracking; PTX and 

curcumin – combined 

form of therapy for 

MDR tumor cells)  

- Drug release 

parameters: stable in  

the extracellu lar 

environment; release 

action take place in the 

target tumor cell  

-  Improved cellu lar 

uptake;  

Acute 

myeloid 

leukemia 

 

Primary 

leukemic 

cells 

- Downregulat ion of 

genes involved in 

MDR - MDR1, LRP, 

BCRP;  

- Reduced cell 

proliferation;  

- Synergic action with 

Cytarabine 

- - [171] 

Hepatocellul

ar carcinoma 

BEL7402/5-

Fu cells 

- Admin istrated drug: 

cucurbitacin B and 

CUR (2:1) 

-Increased inhibitory 

effect (compared with 

drugs administrated 

alone);  

- Inhibit ion of 

proliferation;  

- Impaired cell cycle;  

- Induction of 

apoptosis;  

- Reversal of MDR of 

5-fluorourcil and 

cucurbitacin B;  

- Reduced P-gp 

expression;  

  

143.2 μM  Cucurbitacin 

B - 108.6 μM 

[172] 

Male 

BALB/c 

nude mice 

injected 

subcutaneous

ly with 

BEL7402 

cells 

- Decreased tumor 

growth;  

- Increased body 

weight;  

- Caspcase 3 

activation;  

- Reduced ATP levels 

(ATP is essential for 

MDR) 

- - 

 

Curcumin derivates 

 

1,7-bis(3-

methoxy-4-(prop-

2-yn-1-

yloxy)phenyl)hep

ta-1,6-d iene-3,5-

dione 

Chronic 

myeloid 

leukemia 

Drug 

resistant 

K562Dox 

cell line 

(overexpress

ed P-gp) 

- Cell growth 

inhibition;  

- Decreased P-gp 

expression;  

- Cell cycle arrest;  

- Induction of 

apoptosis;  

- Increased levels of 

2.7 μM, 4.1 

μM, and 5.4 

μM 

Curcumin - 

20, 30, and 40 

μM 

[173] 
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p53;  

Inhibition of pro-

caspase 3 levels;  

*All these effects were 

more accentuated in 

the curcumin-derivate 

treated cells than in the 

case of curcumin  

treated cells  

1,7-bis-(3,4-

dimethoxy -

phenyl)-hepta-

1,6-diene-3,5-

dione  

Leukemia K562/Adr - Increased sensitivity 

to PTX and Vin;   

- Enhanced 

accumulat ion of Pg-p 

substrates; 

- Inhib ition of only P-

gp function and not 

expression;  

 

 

- - [174] 

2,6-bis-(4-

hydroxy-3-

methoxy-

benzylidene)- 

Cyclohexanone 

- Increased sensitivity 

to PTX and Vin;   

- Significant inhibit ion 

of P-gp expression;  

- Inhib ition of only P-

gp expression and not 

function;  

 

- - 

2,6-bis-(3,4-

dihydroxy-

benzylidene)-

cyclohexanone 

- Increased sensitivity 

to PTX and Vin;   

- Significant inhibit ion 

of P-gp expression;  

- Inhib ition of only P-

gp expression and not 

function;  

 

- - 

2,6-bis-(3,4-

dimethoxy -

benzylidene)-

cyclohexanone 

- Increased sensitivity 

to PTX and Vin;   

- Enhanced 

accumulat ion of Pg-p 

substrates;  

- Significant inhibit ion 

of P-gp expression;  

 

- - 

  
 Even if the studies regarding the reversal of MDR in cancer cells using natural inhibitors are quite 

extensive, this is not the case of treatment strategies using both phytochemicals and exogenous non-
coding RNAs (mimic or inhibitors). Such therapy could have superior effects, considering that both 
types of molecules are able to influence the activity of MDR genes or proteins. This type of 

approach (combinational therapy) is currently concentrated on influencing oncogenic or tumor 
suppressor genes able to promote or inhibit the development of cancer cells and not necessarily to 

impair the resistant phenotype to cytotoxic drugs. Even so, the initiative of an anti-cancer treatment 
that compromises the administration of both natural compounds and specific ncRNAs will probably 
represent a higher-level of cancer management considering the tolerance of the organism to 

polyphenols and also the ability of ncRNAs to regulate specific genes. Although there are studies 
that tested the co-effect of natural products and miRNAs inhibition or silencing, it seems that there 

is limited information about the effect of this strategy on MDR.      
In order to strengthen this idea, we will take into consideration miR-21, a well documented 
oncogenic sequence and curcumin. A recent study demonstrated the ability of miR-21 inhibitor to 

reduce the expression of MDR-related genes in a resistant NSCLC cell line (A549/DDP), reversing 
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the unresponsive phenotype of the cells to cis-DDP. Knock-down of miR-21 downregulates key 
genes, namely Survivin, Cyclin D1, EGFR, MRP1 and LRP. Similar results were also found in the 
case of curcumin administration on cancer cells, where this natural drug was able to reduce the 

MRP1 levels in retinoblastoma cells and interact with the substrate binding site of the protein [175]. 
The same compound reduces the levels of Survivin protein in leukemia stem-like cells, increasing 

the sensitivity to arsenic trioxide [176]. EGFR is also modulated by curcumin through two 
mechanisms: direct inhibition of the enzymatic activity (partially) and indirect impair of receptor 
activation through insertion into the lipid bilayer of the membrane [177]. Inhibition of Cyclin D1 

takes place at both transcriptional and translation levels: low mRNA levels and low protein levels 
through promotion of proteolysis [178]. The expression of LRP (at both mRNA and protein levels) 

is reduced following curcumin administration in retinoblastoma cells in a dose-dependent manner 
[179]. These synonymous effects of miR-21 silencing and exogenous curcumin could stand as a 
base for the next generation of MDR inhibitors, working together towards sensitization of cancer 

cells to chemotherapeutic drugs. Moreover, miR-21 and curcumin are interconnected at various 
levels as reviewed in “The critical roles of miR-21 in anti-cancer effects of curcumin” [180]. One 

important aspect consists in the fact that the natural compound is able to reduce the levels of the 
ncRNA by facilitating the exosome-mediated exclusion from the cancer cell and also by hampering 
the transcription due to binding to the miR-21 promoter. These important aspects strengthen the 

possibility of a novel anti-cancer therapy that would probably achieve the maximum efficiency in a 
co-delivery manner sustained by a common vehicle. Using a nanocarrier compromising both anti-

miR sequences and curcumin would extend the bioavailability of the phytochemical into the 
intratumoral micromillieu and also will ensure the concomitant action of the two molecules. Taking 
in consideration that the first three generations of inhibitors are associated with imperative adverse 

effects mainly immunosuppressive and cardiovascular effects, it is vital to overcome these 
limitations and build a strategy that could impair the ability of cancer cells to overpass the cytotoxic 

effects of anti-cancer drugs in a clinically safe manner [181]. The strategy of miRNA modulators 
concomitant with natural drugs will certainly reduce the necessity of high dosage treatment and 
implicit the secondary toxicity on healthy cells, conducting to a safer and more efficient MDR 

inhibition.    
 

8. Concluding Remarks and Future Perspectives 

The role of natural compounds in human pathologies as preventive or even therapeutic agents is 
probably one of the oldest and entrenched ideas from the medical field. Today we are partially able 

to reveal the specific mechanism of action for phytochemicals through the enrolment of “state of the 
art” technologies and replace the old observational beliefs with specific data regarding the targeted 

molecules and signaling pathways. Moreover, researchers demonstrated a direct interaction between 
different molecules within the organism and natural compounds, opening the way for a wide range 
of in silico studies able to deliver a compound that could exert specific structure related activities. 

Also, the ability to synthesize similar compounds with the same structure as the active agent is in 
high demand nowadays due to the limited bioavailability of numerous compounds within the diet.  

The ability of phytochemicals to modulate miRNAs expression in cancer a very well explored 
branch of nutrigenomics, due to the key roles of the non-coding structures within the development 
of cancer hallmarks. Although the exact mechanism is still unknown, there are evidences that 

polyphenols are able to bind directly to the miRNA sequence and inhibit the pathologic expression. 
This could stand as a breakthrough in the area of plant-based medicine, where the therapeutic 

strategies regarding miRNAs modulation could be sustained by the administration of specific 
phytochemicals, raising to a higher level the meaning of nutrimedicine. Moreover, plant metabolites 
are able to reverse at a certain level MDR, phenomenon ubiquitously present in the oncology niche 

and partially responsible for the high mortality rates within cancer patients. Co-administration of the 
chemotherapeutic drug and specific phytochemical showed promising results in preclinical studies.  

Even if polyphenols are considered non-toxic for the human body and are generally associated with 
positive effects, there is also the possibility to augment the development of some malignant 
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pathologies, especially those hormone-related (eg. breast and prostate cancer) due to the 
resemblance between the structure of natural compounds and hormones. In this sense, it is important 
to exclude the general belief that no harm can occur, and replace it with a more personalized 

approach that takes into consideration the specific interactions between natural compounds and key 
molecules within the altered signaling pathways.  

The future requires a more detailed study based on the structure related functions of natural 
compounds, followed by personalized administration in cancer patients. Moreover, the inclusion of 
the proposed alternative drugs in nanovehicles or even the co-administration of chemotherapeutics 

and phytochemicals under the same delivery vehicle will be able to prolong the availability of the 
compounds and also to increase the administration specificity in order to raise the impairing effects 

on cancer cells.  
 
 

Acknowledgements 

This work was supported by a POC grant Nr. 35/01.09.2016, ID 37_796, entitled “Clinical and 

economical impact of personalized targeted anti-microRNA therapies in reconverting lung cancer 
chemoresistance” – CANTEMIR,  research grant 7BM/2016, PN-II-CT-RO-ZA-2014 – 1, Use of 
new nanogold materials as delivery systems for modulation of MCL-1/p53 siRNA in ALL, 

NanoLALand, PhD fellowship (PCD No. 1300/29/13.01.2017) entitled “Genome modifying and 
editing mechanisms”, Project HO-18/2014 “Transcriptional assay in oral cancer”, funded by 

Medical University of Plovdiv, and the Polish KNOW (Leading National Research Centre) 
Scientific Consortium “Healthy Animal—Safe Food,” decision of Ministry of Science and Higher 
Education No. 05-1/KNOW2/2015. 

 
The authors have no conflicting financial interests. 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 
 
 

 
 

 
 
 

 
 

References  

 
1. Tsao, R., Chemistry and biochemistry of dietary polyphenols. Nutrients, 2010. 2(12): p. 

1231-46. 
2. Pandey, K.B. and S.I. Rizvi, Plant polyphenols as dietary antioxidants in human health and 

disease. Oxid Med Cell Longev, 2009. 2(5): p. 270-8. 

3. Atanasov, A.G., et al., Discovery and resupply of pharmacologically active plant-derived 
natural products: A review. Biotechnol Adv, 2015. 33(8): p. 1582-614. 

4. Niedzwiecki, A., et al., Anticancer Efficacy of Polyphenols and Their Combinations. 
Nutrients, 2016. 8(9). 

5. Harvey, A.L., R. Edrada-Ebel, and R.J. Quinn, The re-emergence of natural products for 
drug discovery in the genomics era. Nat Rev Drug Discov, 2015. 14(2): p. 111-29. 

6. Cojocneanu Petric, R., et al., Phytochemicals modulate carcinogenic signaling pathways in 
breast and hormone-related cancers. Onco Targets Ther, 2015. 8: p. 2053-66. 

7. Waltenberger, B., et al., Drugs from nature targeting inflammation (DNTI): a successful 
Austrian interdisciplinary network project. Monatsh Chem, 2016. 147: p. 479-491. 

8. Phuah, N.H. and N.H. Nagoor, Regulation of microRNAs by natural agents: new strategies 
in cancer therapies. Biomed Res Int, 2014. 2014: p. 804510. 

9. Li, Y., et al., Regulation of microRNAs by natural agents: an emerging field in 
chemoprevention and chemotherapy research. Pharm Res, 2010. 27(6): p. 1027-41. 

10. Sethi, S., Y. Li, and F.H. Sarkar, Regulating miRNA by natural agents as a new strategy for 
cancer treatment. Curr Drug Targets, 2013. 14(10): p. 1167-74. 

11. Dinic, J., et al., New Approaches With Natural Product Drugs for Overcoming Multidrug 
Resistance in Cancer. Curr Pharm Des, 2015. 21(38): p. 5589-604. 

12. Wang, P., et al., Overcome Cancer Cell Drug Resistance Using Natural Products. Evid 
Based Complement Alternat Med, 2015. 2015: p. 767136. 

13. Cerella, C., et al., Natural compounds as regulators of the cancer cell metabolism. Int J Cell 
Biol, 2013. 2013: p. 639401. 

14. Patisaul, H.B. and W. Jefferson, The pros and cons of phytoestrogens. Front 
Neuroendocrinol, 2010. 31(4): p. 400-19. 

15. Vauzour, D., et al., Polyphenols and human health: prevention of disease and mechanisms 
of action. Nutrients, 2010. 2(11): p. 1106-31. 

16. Waltenberger, B., et al., Natural Products to Counteract the Epidemic of Cardiovascular 
and Metabolic Disorders. Molecules, 2016. 21(6). 

17. Brieger, K., et al., Reactive oxygen species: from health to disease. Swiss Med Wkly, 2012. 
142: p. w13659. 

18. Kim, H.S., M.J. Quon, and J.A. Kim, New insights into the mechanisms of polyphenols 
beyond antioxidant properties; lessons from the green tea polyphenol, epigallocatechin 3-
gallate. Redox Biol, 2014. 2: p. 187-95. 

19. Khalid, E.B., et al., Natural products against cancer angiogenesis. Tumour Biol, 2016. 
37(11): p. 14513-14536. 

20. Abdal Dayem, A., et al., The Anti-Cancer Effect of Polyphenols against Breast Cancer and 
Cancer Stem Cells: Molecular Mechanisms. Nutrients, 2016. 8(9). 

21. Newman, D.J. and G.M. Cragg, Natural products as sources of new drugs over the 30 
years from 1981 to 2010. J Nat Prod, 2012. 75(3): p. 311-35. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

22. Newman, D.J. and G.M. Cragg, Natural Products as Sources of New Drugs from 1981 to 
2014. J Nat Prod, 2016. 79(3): p. 629-61. 

23. Baker, M., Deceptive curcumin offers cautionary tale for chemists. Nature, 2017. 
541(7636): p. 144-145. 

24. Sana, J., et al., Novel classes of non-coding RNAs and cancer. J Transl Med, 2012. 10: p. 

103. 
25. Berindan-Neagoe, I., et al., MicroRNAome genome: a treasure for cancer diagnosis and 

therapy. CA Cancer J Clin, 2014. 64(5): p. 311-36. 

26. Berindan-Neagoe, I. and G.A. Calin, Molecular pathways: microRNAs, cancer cells, and 
microenvironment. Clin Cancer Res, 2014. 20(24): p. 6247-53. 

27. Braicu, C., et al., NCRNA combined therapy as future treatment option for cancer. Curr 
Pharm Des, 2014. 20(42): p. 6565-74. 

28. Esteller, M., Non-coding RNAs in human disease. Nat Rev Genet, 2011. 12(12): p. 861-74. 

29. Kung, J.T., D. Colognori, and J.T. Lee, Long noncoding RNAs: past, present, and future. 
Genetics, 2013. 193(3): p. 651-69. 

30. Calin, G.A., et al., Frequent deletions and down-regulation of micro- RNA genes miR15 and 
miR16 at 13q14 in chronic lymphocytic leukemia. Proc Natl Acad Sci U S A, 2002. 99(24): 

p. 15524-9. 
31. Naidu, S., P. Magee, and M. Garofalo, MiRNA-based therapeutic intervention of cancer. J 

Hematol Oncol, 2015. 8: p. 68. 

32. Zhao, Y., et al., Sequence-specific inhibition of microRNA via CRISPR/CRISPRi system. 
Sci Rep, 2014. 4: p. 3943. 

33. Chang, H., et al., CRISPR/cas9, a novel genomic tool to knock down microRNA in vitro and 
in vivo. Sci Rep, 2016. 6: p. 22312. 

34. Chira, S., Gulei, D., Hajitou, A., Zimta, A-A., Cordelier, P., Berindan-Neagoe, I. , 
CRISPR/Cas9: Transcending the Reality of Genome Editing. Mol. Ther. Nucleic Acids., 
2017. 7: p. 211–222. 

35. Milenkovic, D., B. Jude, and C. Morand, miRNA as molecular target of polyphenols 
underlying their biological effects. Free Radic Biol Med, 2013. 64: p. 40-51. 

36. Mudduluru, G., et al., Curcumin regulates miR-21 expression and inhibits invasion and 
metastasis in colorectal cancer. Biosci Rep, 2011. 31(3): p. 185-97. 

37. Srivastava, S.K., et al., Modulation of microRNAs by phytochemicals in cancer: underlying 
mechanisms and translational significance. Biomed Res Int, 2015. 2015: p. 848710. 

38. Pandima Devi, K., et al., Targeting miRNAs by polyphenols: Novel therapeutic strategy for 
cancer. Semin Cancer Biol, 2017. 

39. Boik, J., Natural Compounds in Cancer Therapy—Promising Nontoxic Antitumor Agents 
from Plants & Other Natural Sources. 2001: Oregon Medical Press, LLC, Princeton, MN. 

40. Butterfield, D., et al., Nutritional approaches to combat oxidative stress in Alzheimer's 
disease. J Nutr Biochem, 2002. 13(8): p. 444. 

41. Spencer, J.P., et al., Biomarkers of the intake of dietary polyphenols: strengths, limitations 
and application in nutrition research. Br J Nutr, 2008. 99(1): p. 12-22. 

42. Baselga-Escudero, L., et al., Resveratrol and EGCG bind directly and distinctively to miR-
33a and miR-122 and modulate divergently their levels in hepatic cells. Nucleic Acids Res, 
2014. 42(2): p. 882-92. 

43. Adom, K.K. and R.H. Liu, Antioxidant activity of grains. J Agric Food Chem, 2002. 50(21): 

p. 6182-7. 
44. Chandrasekara, A. and F. Shahidi, Content of insoluble bound phenolics in millets and their 

contribution to antioxidant capacity. J Agric Food Chem, 2010. 58(11): p. 6706-14. 

45. Heleno, S.A., et al., Bioactivity of phenolic acids: metabolites versus parent compounds: a 
review. Food Chem, 2015. 173: p. 501-13. 

46. Lin, H.H., et al., Apoptotic effect of 3,4-dihydroxybenzoic acid on human gastric carcinoma 
cells involving JNK/p38 MAPK signaling activation. Int J Cancer, 2007. 120(11): p. 2306-16. 

47. Liu, Y., et al., Gallic acid is the major component of grape seed extract that inhibits amyloid 
fibril formation. Bioorg Med Chem Lett, 2013. 23(23): p. 6336-40. 

48. Wang, Y.J., et al., Consumption of grape seed extract prevents amyloid-beta deposition 
and attenuates inflammation in brain of an Alzheimer's disease mouse. Neurotox Res, 
2009. 15(1): p. 3-14. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

49. Liu, Y., et al., Gallic acid interacts with alpha-synuclein to prevent the structural collapse 
necessary for its aggregation. Biochim Biophys Acta, 2014. 1844(9): p. 1481-5. 

50. Manach, C., et al., Polyphenols: food sources and bioavailability. Am J Clin Nutr, 2004. 
79(5): p. 727-47. 

51. Gherman, C., et al., Caffeic acid phenethyl ester activates pro-apoptotic and epithelial-
mesenchymal transition-related genes in ovarian cancer cells A2780 and A2780cis. Mol 
Cell Biochem, 2016. 413(1-2): p. 189-98. 

52. Orsolic, N., et al., Oxidative stress, polarization of macrophages and tumour angiogenesis: 
Efficacy of caffeic acid. Chem Biol Interact, 2016. 256: p. 111-24. 

53. Boerjan, W., J. Ralph, and M. Baucher, Lignin biosynthesis. Annu Rev Plant Biol, 2003. 54: 

p. 519-46. 
54. Martone, P.T., et al., Discovery of lignin in seaweed reveals convergent evolution of cell-

wall architecture. Curr Biol, 2009. 19(2): p. 169-75. 

55. Chen, H.C., et al., Optimization of ultrasound-accelerated synthesis of enzymatic caffeic 
acid phenethyl ester by response surface methodology. Ultrason Sonochem, 2011. 18(1): 

p. 455-9. 
56. Wang, X., et al., Cytoprotective effect of caffeic acid phenethyl ester (CAPE) and catechol 

ring-fluorinated CAPE derivatives against menadione-induced oxidative stress in human 
endothelial cells. Bioorg Med Chem, 2006. 14(14): p. 4879-87. 

57. Rosendahl, A.H., et al., Caffeine and Caffeic Acid Inhibit Growth and Modify Estrogen 
Receptor and Insulin-like Growth Factor I Receptor Levels in Human Breast Cancer. Clin 
Cancer Res, 2015. 21(8): p. 1877-87. 

58. Armutcu, F., et al., Therapeutic potential of caffeic acid phenethyl ester and its anti-
inflammatory and immunomodulatory effects (Review). Exp Ther Med, 2015. 9(5): p. 1582-
1588. 

59. Srinivasan, M., A.R. Sudheer, and V.P. Menon, Ferulic Acid: therapeutic potential through 
its antioxidant property. J Clin Biochem Nutr, 2007. 40(2): p. 92-100. 

60. Pari, L., D. Tewas, and J. Eckel, Role of curcumin in health and disease. Arch Physiol 
Biochem, 2008. 114(2): p. 127-49. 

61. Huminiecki, L., J. Horbanczuk, and A.G. Atanasov, The functional genomic studies of 
curcumin. Semin Cancer Biol, 2017. 

62. Jurenka, J.S., Anti-inflammatory properties of curcumin, a major constituent of Curcuma 
longa: a review of preclinical and clinical research. Altern Med Rev, 2009. 14(2): p. 141-53. 

63. Marin, Y.E., et al., Curcumin downregulates the constitutive activity of NF-kappaB and 
induces apoptosis in novel mouse melanoma cells. Melanoma Res, 2007. 17(5): p. 274-83. 

64. Menon, V.P. and A.R. Sudheer, Antioxidant and anti-inflammatory properties of curcumin. 
Adv Exp Med Biol, 2007. 595: p. 105-25. 

65. Barclay, L.R., et al., On the antioxidant mechanism of curcumin: classical methods are 
needed to determine antioxidant mechanism and activity. Org Lett, 2000. 2(18): p. 2841-3. 

66. Braicu, C., et al., Microarray based gene expression analysis of Sus Scrofa duodenum 
exposed to zearalenone: significance to human health. BMC Genomics, 2016. 17: p. 646. 

67. Qin, X., et al., Oxidative stress induced by zearalenone in porcine granulosa cells and its  
rescue by curcumin in vitro. PLoS One, 2015. 10(6): p. e0127551. 

68. Agarwal, R., S.K. Goel, and J.R. Behari, Detoxification and antioxidant effects of curcumin 
in rats experimentally exposed to mercury. J Appl Toxicol, 2010. 30(5): p. 457-68. 

69. Biswas, S.K., et al., Curcumin induces glutathione biosynthesis and inhibits NF-kappaB 
activation and interleukin-8 release in alveolar epithelial cells: mechanism of free radical 
scavenging activity. Antioxid Redox Signal, 2005. 7(1-2): p. 32-41. 

70. Aggarwal, B.B., A. Kumar, and A.C. Bharti, Anticancer potential of curcumin: preclinical and 
clinical studies. Anticancer Res, 2003. 23(1A): p. 363-98. 

71. Anand, P., et al., Curcumin and cancer: an "old-age" disease with an "age-old" solution. 
Cancer Lett, 2008. 267(1): p. 133-64. 

72. Moynihan, T.J. Can curcumin slow cancer growth? 2017  [cited 2017 21.02.2017]; Available 
from: http://www.mayoclinic.org/diseases-conditions/cancer/expert-answers/curcumin/FAQ-
20057858. 

ACCEPTED MANUSCRIPT

http://www.mayoclinic.org/diseases-conditions/cancer/expert-answers/curcumin/FAQ-20057858
http://www.mayoclinic.org/diseases-conditions/cancer/expert-answers/curcumin/FAQ-20057858


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

73. Ferguson, L.R., S.T. Zhu, and P.J. Harris, Antioxidant and antigenotoxic effects of plant cell 
wall hydroxycinnamic acids in cultured HT-29 cells. Mol Nutr Food Res, 2005. 49(6): p. 

585-93. 
74. Kilic, I. and Y. Yesiloglu, Spectroscopic studies on the antioxidant activity of p-coumaric 

acid. Spectrochim Acta A Mol Biomol Spectrosc, 2013. 115: p. 719-24. 

75. Karthikeyan, R., C. Devadasu, and P. Srinivasa Babu, Isolation, Characterization, and RP-
HPLC Estimation of P-Coumaric Acid from Methanolic Extract of Durva Grass (Cynodon 
dactylon Linn.) (Pers.). Int J Anal Chem, 2015. 2015: p. 201386. 

76. Middleton, E., Jr., C. Kandaswami, and T.C. Theoharides, The effects of plant flavonoids on 
mammalian cells: implications for inflammation, heart disease, and cancer. Pharmacol Rev, 
2000. 52(4): p. 673-751. 

77. Perotti, W.R.E.a.M.E., Inhibition of Gamete Membrane Fusion in the Sea Urchin by 
Quercetin. Biological Bulletin, 1983. 164(1): p. 62-70. 

78. Nass-Arden, L. and H. Breitbart, Modulation of mammalian sperm motility by quercetin. Mol 
Reprod Dev, 1990. 25(4): p. 369-73. 

79. Yao, L.H., et al., Flavonoids in food and their health benefits. Plant Foods Hum Nutr, 2004. 
59(3): p. 113-22. 

80. Banerjee, S., et al., Multi-targeted therapy of cancer by genistein. Cancer Lett, 2008. 
269(2): p. 226-42. 

81. Spagnuolo, C., et al., Genistein and cancer: current status, challenges, and future 
directions. Adv Nutr, 2015. 6(4): p. 408-19. 

82. Bloedon, L.T., et al., Safety and pharmacokinetics of purified soy isoflavones: single-dose 
administration to postmenopausal women. Am J Clin Nutr, 2002. 76(5): p. 1126-37. 

83. Yan, L. and E.L. Spitznagel, Soy consumption and prostate cancer risk in men: a revisit of a 
meta-analysis. Am J Clin Nutr, 2009. 89(4): p. 1155-63. 

84. Chen, M., et al., Association between soy isoflavone intake and breast cancer risk for pre- 
and post-menopausal women: a meta-analysis of epidemiological studies. PLoS One, 
2014. 9(2): p. e89288. 

85. Khan, N. and H. Mukhtar, Cancer and metastasis: prevention and treatment by green tea. 
Cancer Metastasis Rev, 2010. 29(3): p. 435-45. 

86. Du, G.J., et al., Epigallocatechin Gallate (EGCG) is the most effective cancer 
chemopreventive polyphenol in green tea. Nutrients, 2012. 4(11): p. 1679-91. 

87. Khan, N., et al., Oral administration of naturally occurring chitosan-based nanoformulated 
green tea polyphenol EGCG effectively inhibits prostate cancer cell growth in a xenograft 
model. Carcinogenesis, 2014. 35(2): p. 415-23. 

88. Jung, Y.D., et al., EGCG, a major component of green tea, inhibits tumour growth by 
inhibiting VEGF induction in human colon carcinoma cells. Br J Cancer, 2001. 84(6): p. 

844-50. 
89. Shankar, S., L. Marsh, and R.K. Srivastava, EGCG inhibits growth of human pancreatic 

tumors orthotopically implanted in Balb C nude mice through modulation of 
FKHRL1/FOXO3a and neuropilin. Mol Cell Biochem, 2013. 372(1-2): p. 83-94. 

90. Braicu, C., et al., Epigallocatechin-3-Gallate (EGCG) inhibits cell proliferation and migratory 
behaviour of triple negative breast cancer cells. J Nanosci Nanotechnol, 2013. 13(1): p. 

632-7. 
91. Tudoran, O., et al., Early transcriptional pattern of angiogenesis induced by EGCG 

treatment in cervical tumour cells. J Cell Mol Med, 2012. 16(3): p. 520-30. 
92. Park, S.Y., et al., Pro-apoptotic and migration-suppressing potential of EGCG, and the 

involvement of AMPK in the p53-mediated modulation of VEGF and MMP-9 expression. 
Oncol Lett, 2013. 6(5): p. 1346-1350. 

93. Wu, P.P., et al., (-)-Epigallocatechin gallate induced apoptosis in human adrenal cancer 
NCI-H295 cells through caspase-dependent and caspase-independent pathway. Anticancer 
Res, 2009. 29(4): p. 1435-42. 

94. Tang, Y., et al., Epigallocatechin-3 gallate induces growth inhibition and apoptosis in 
human breast cancer cells through survivin suppression. Int J Oncol, 2007. 31(4): p. 705-

11. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

95. Berindan-Neagoe, I., et al., Early apoptosis signals induced by a low dose of 
epigallocatechin 3-gallate interfere with apoptotic and cell death pathways. J Nanosci 
Nanotechnol, 2012. 12(3): p. 2113-9. 

96. Webb, A.L. and M.L. McCullough, Dietary lignans: potential role in cancer prevention. Nutr 
Cancer, 2005. 51(2): p. 117-31. 

97. Saarinen, N.M., et al., Hydroxymatairesinol, a novel enterolactone precursor with antitumor 
properties from coniferous tree (Picea abies). Nutr Cancer, 2000. 36(2): p. 207-16. 

98. Shen, T., X.N. Wang, and H.X. Lou, Natural stilbenes: an overview. Nat Prod Rep, 2009. 
26(7): p. 916-35. 

99. Riviere, C., A.D. Pawlus, and J.M. Merillon, Natural stilbenoids: distribution in the plant 
kingdom and chemotaxonomic interest in Vitaceae. Nat Prod Rep, 2012. 29(11): p. 1317-

33. 
100. Jang, M., et al., Cancer chemopreventive activity of resveratrol, a natural product derived 

from grapes. Science, 1997. 275(5297): p. 218-20. 
101. Tsan, M.F., et al., Anti-leukemia effect of resveratrol. Leuk Lymphoma, 2002. 43(5): p. 983-

7. 
102. Malhotra, A., P. Nair, and D.K. Dhawan, Study to evaluate molecular mechanics behind 

synergistic chemo-preventive effects of curcumin and resveratrol during lung 
carcinogenesis. PLoS One, 2014. 9(4): p. e93820. 

103. Lin, C., et al., Inducible COX-2-dependent apoptosis in human ovarian cancer cells. 
Carcinogenesis, 2011. 32(1): p. 19-26. 

104. Back, J.H., et al., Resveratrol-mediated downregulation of Rictor attenuates autophagic  
process and suppresses UV-induced skin carcinogenesis. Photochem Photobiol, 2012. 
88(5): p. 1165-72. 

105. Chatterjee, A., et al., Natural antioxidants exhibit chemopreventive characteristics through 
the regulation of CNC b-Zip transcription factors in estrogen-induced breast carcinogenesis. 
J Biochem Mol Toxicol, 2014. 28(12): p. 529-38. 

106. Sirerol, J.A., et al., Role of Natural Stilbenes in the Prevention of Cancer. Oxid Med Cell 
Longev, 2016. 2016: p. 3128951. 

107. Kurin, E., et al., Synergy study of the inhibitory potential of red wine polyphenols on 
vascular smooth muscle cell proliferation. Planta Med, 2012. 78(8): p. 772-8. 

108. Kumerz, M., et al., Resveratrol inhibits migration and Rac1 activation in EGF- but not 
PDGF-activated vascular smooth muscle cells. Mol Nutr Food Res, 2011. 55(8): p. 1230-6. 

109. Subramaniam, D., et al., Curcumin induces cell death in esophageal cancer cells through 
modulating Notch signaling. PLoS One, 2012. 7(2): p. e30590. 

110. Ai, R.T., et al., 1,3,4-tri-O-galloyl-6-O-caffeoyl-beta-D-glucopyranose, a new anti-
proliferative ellagitannin, regulates the expression of microRNAs in HepG(2) cancer cells. 
Nan Fang Yi Ke Da Xue Xue Bao, 2011. 31(10): p. 1641-8. 

111. Ai, R.T., et al., [A new natural polyphenol BJA32531 inhibited the proliferation and 
regulated miRNA expression in human HepG2 hepatocarcinoma cells]. Zhong Yao Cai, 
2011. 34(11): p. 1734-40. 

112. Zhong, Z., et al., Inhibition of proliferation of human lung cancer cells by green tea 
catechins is mediated by upregulation of let-7. Exp Ther Med, 2012. 4(2): p. 267-272. 

113. Bao, B., et al., Anti-tumor activity of a novel compound-CDF is mediated by regulating miR-
21, miR-200, and PTEN in pancreatic cancer. PLoS One, 2011. 6(3): p. e17850. 

114. Hagiwara, K., et al., Stilbene derivatives promote Ago2-dependent tumour-suppressive 
microRNA activity. Sci Rep, 2012. 2: p. 314. 

115. Zhou, B., et al., Anti-proliferative effects of polyphenols from pomegranate rind (Punica 
granatum L.) on EJ bladder cancer cells via regulation of p53/miR-34a axis. Phytother Res, 
2015. 29(3): p. 415-22. 

116. Tili, E., et al., Resveratrol modulates the levels of microRNAs targeting genes encoding 
tumor-suppressors and effectors of TGFbeta signaling pathway in SW480 cells. Biochem 
Pharmacol, 2010. 80(12): p. 2057-65. 

117. Sheth, S., et al., Resveratrol reduces prostate cancer growth and metastasis by inhibiting 
the Akt/MicroRNA-21 pathway. PLoS One, 2012. 7(12): p. e51655. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

118. Banerjee, N., et al., Mango polyphenolics suppressed tumor growth in breast cancer 
xenografts in mice: role of the PI3K/AKT pathway and associated microRNAs. Nutr Res, 
2015. 35(8): p. 744-51. 

119. Banerjee, N., et al., Pomegranate polyphenolics suppressed azoxymethane-induced 
colorectal aberrant crypt foci and inflammation: possible role of miR-126/VCAM-1 and miR-
126/PI3K/AKT/mTOR. Carcinogenesis, 2013. 34(12): p. 2814-22. 

120. Angel-Morales, G., G. Noratto, and S. Mertens-Talcott, Red wine polyphenolics reduce the 
expression of inflammation markers in human colon-derived CCD-18Co myofibroblast cells: 
potential role of microRNA-126. Food Funct, 2012. 3(7): p. 745-52. 

121. Banerjee, N., et al., Cytotoxicity of pomegranate polyphenolics in breast cancer cells in vitro 
and vivo: potential role of miRNA-27a and miRNA-155 in cell survival and inflammation. 
Breast Cancer Res Treat, 2012. 136(1): p. 21-34. 

122. Su, J.L., et al., Function and regulation of let-7 family microRNAs. Microrna, 2012. 1(1): p. 

34-9. 
123. Roush, S. and F.J. Slack, The let-7 family of microRNAs. Trends Cell Biol, 2008. 18(10): p. 

505-16. 
124. He, F.C., et al., Expression of circulating microRNA-20a and let-7a in esophageal 

squamous cell carcinoma. World J Gastroenterol, 2015. 21(15): p. 4660-5. 

125. Tsang, W.P. and T.T. Kwok, Let-7a microRNA suppresses therapeutics-induced cancer cell 
death by targeting caspase-3. Apoptosis, 2008. 13(10): p. 1215-22. 

126. Gulei, D., et al., The "good-cop bad-cop" TGF-beta role in breast cancer modulated by non-
coding RNAs. Biochim Biophys Acta, 2017. 

127. Saini, S., et al., Curcumin modulates microRNA-203-mediated regulation of the Src-Akt axis 
in bladder cancer. Cancer Prev Res (Phila), 2011. 4(10): p. 1698-709. 

128. Chakrabarti, M., et al., Overexpression of miR-7-1 increases efficacy of green tea 
polyphenols for induction of apoptosis in human malignant neuroblastoma SH-SY5Y and 
SK-N-DZ cells. Neurochem Res, 2013. 38(2): p. 420-32. 

129. Chakrabarti, M., et al., Alterations in expression of specific microRNAs by combination of 4-
HPR and EGCG inhibited growth of human malignant neuroblastoma cells. Brain Res, 
2012. 1454: p. 1-13. 

130. Gao, S.M., et al., Pure curcumin decreases the expression of WT1 by upregulation of miR-
15a and miR-16-1 in leukemic cells. J Exp Clin Cancer Res, 2012. 31: p. 27. 

131. Yang, J., et al., Curcumin reduces the expression of Bcl-2 by upregulating miR-15a and 
miR-16 in MCF-7 cells. Med Oncol, 2010. 27(4): p. 1114-8. 

132. Tsang, W.P. and T.T. Kwok, Epigallocatechin gallate up-regulation of miR-16 and induction 
of apoptosis in human cancer cells. J Nutr Biochem, 2010. 21(2): p. 140-6. 

133. Gandhy, S.U., et al., Curcumin and synthetic analogs induce reactive oxygen species and 
decreases specificity protein (Sp) transcription factors by targeting microRNAs. BMC 
Cancer, 2012. 12: p. 564. 

134. Sreenivasan, S., et al., Effect of curcumin on miRNA expression in human Y79 
retinoblastoma cells. Curr Eye Res, 2012. 37(5): p. 421-8. 

135. Bao, B., et al., Curcumin analogue CDF inhibits pancreatic tumor growth by switching on 
suppressor microRNAs and attenuating EZH2 expression. Cancer Res, 2012. 72(1): p. 

335-45. 
136. Catana, C.S., et al., Contribution of the IL-17/IL-23 axis to the pathogenesis of inflammatory 

bowel disease. World J Gastroenterol, 2015. 21(19): p. 5823-30. 
137. Zhang, J., et al., Curcumin promotes apoptosis in human lung adenocarcinoma cells 

through miR-186* signaling pathway. Oncol Rep, 2010. 24(5): p. 1217-23. 

138. Zhang, J., et al., Curcumin promotes apoptosis in A549/DDP multidrug-resistant human 
lung adenocarcinoma cells through an miRNA signaling pathway. Biochem Biophys Res 
Commun, 2010. 399(1): p. 1-6. 

139. Wang, H., S. Bian, and C.S. Yang, Green tea polyphenol EGCG suppresses lung cancer 
cell growth through upregulating miR-210 expression caused by stabilizing HIF-1alpha. 
Carcinogenesis, 2011. 32(12): p. 1881-9. 

140. Zhou, H., et al., Gene regulation mediated by microRNAs in response to green tea 
polyphenol EGCG in mouse lung cancer. BMC Genomics, 2014. 15 Suppl 11: p. S3. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

141. Bae, S., et al., Resveratrol alters microRNA expression profiles in A549 human non-small 
cell lung cancer cells. Mol Cells, 2011. 32(3): p. 243-9. 

142. Yu, Y.H., et al., MiR-520h-mediated FOXC2 regulation is critical for inhibition of lung cancer 
progression by resveratrol. Oncogene, 2013. 32(4): p. 431-43. 

143. Han, Z., et al., MicroRNA-622 functions as a tumor suppressor by targeting K-Ras and 
enhancing the anticarcinogenic effect of resveratrol. Carcinogenesis, 2012. 33(1): p. 131-9. 

144. Subramani, P.A., et al., Molecular docking and simulation of Curcumin with Geranylgeranyl 
Transferase1 (GGTase1) and Farnesyl Transferase (FTase). Bioinformation, 2015. 11(5): 

p. 248-53. 
145. Suetsugi, M., et al., Flavone and isoflavone phytoestrogens are agonists of estrogen-

related receptors. Mol Cancer Res, 2003. 1(13): p. 981-91. 

146. Misawa, A. and S. Inoue, Estrogen-Related Receptors in Breast Cancer and Prostate 
Cancer. Front Endocrinol (Lausanne), 2015. 6: p. 83. 

147. Teng, C.T.T.a.P.R., Estrogen-Related Receptors and Breast Cancer: A Mini Review, in 
Breast Cancer - Carcinogenesis, Cell Growth and Signalling Pathways, P.M. Gunduz, 
Editor. 2011, InTech. 

148. Tiwari, A., et al., MicroRNA-125a reduces proliferation and invasion of oral squamous cell 
carcinoma cells by targeting estrogen-related receptor alpha: implications for cancer 
therapeutics. J Biol Chem, 2014. 289(46): p. 32276-90. 

149. Zhou, J., et al., miR-33a functions as a tumor suppressor in melanoma by targeting HIF-
1alpha. Cancer Biol Ther, 2015. 16(6): p. 846-55. 

150. Zhang, C., et al., MiR-33a suppresses breast cancer cell proliferation and metastasis by 
targeting ADAM9 and ROS1. Protein Cell, 2015. 6(12): p. 881-9. 

151. Carter, L.G., J.A. D'Orazio, and K.J. Pearson, Resveratrol and cancer: focus on in vivo 
evidence. Endocr Relat Cancer, 2014. 21(3): p. R209-25. 

152. Wang, B., H. Wang, and Z. Yang, MiR-122 inhibits cell proliferation and tumorigenesis of 
breast cancer by targeting IGF1R. PLoS One, 2012. 7(10): p. e47053. 

153. Bandiera, S., et al., miR-122--a key factor and therapeutic target in liver disease. J Hepatol, 
2015. 62(2): p. 448-57. 

154. Lambert, J.D., et al., Hepatotoxicity of high oral dose (-)-epigallocatechin-3-gallate in mice. 
Food Chem Toxicol, 2010. 48(1): p. 409-16. 

155. Kuzuhara, T., et al., DNA and RNA as new binding targets of green tea catechins. J Biol 
Chem, 2006. 281(25): p. 17446-56. 

156. Islam, B., et al., Insight into the mechanism of polyphenols on the activity of HMGR by 
molecular docking. Drug Des Devel Ther, 2015. 9: p. 4943-51. 

157. Davidson, M.H., Safety profiles for the HMG-CoA reductase inhibitors: treatment and trust. 
Drugs, 2001. 61(2): p. 197-206. 

158. Wong, W.W., et al., HMG-CoA reductase inhibitors and the malignant cell: the statin family 
of drugs as triggers of tumor-specific apoptosis. Leukemia, 2002. 16(4): p. 508-19. 

159. Cancer multidrug resistance. Nat Biotechnol, 2000. 18 Suppl: p. IT18-20. 

160. Gillet, J.P. and M.M. Gottesman, Mechanisms of multidrug resistance in cancer. Methods 
Mol Biol, 2010. 596: p. 47-76. 

161. Baguley, B.C., Multiple drug resistance mechanisms in cancer. Mol Biotechnol, 2010. 46(3): 

p. 308-16. 
162. Saraswathy, M. and S. Gong, Different strategies to overcome multidrug resistance in 

cancer. Biotechnol Adv, 2013. 31(8): p. 1397-407. 
163. Wu, C.P., S. Ohnuma, and S.V. Ambudkar, Discovering natural product modulators to 

overcome multidrug resistance in cancer chemotherapy. Curr Pharm Biotechnol, 2011. 
12(4): p. 609-20. 

164. Anuchapreeda, S., et al., Inhibitory effect of curcumin on MDR1 gene expression in patient 
leukemic cells. Arch Pharm Res, 2006. 29(10): p. 866-73. 

165. Lu, W.D., et al., Effect of curcumin on human colon cancer multidrug resistance in vitro and 
in vivo. Clinics (Sao Paulo), 2013. 68(5): p. 694-701. 

166. Ma, W., et al., Co-assembly of doxorubicin and curcumin targeted micelles for synergistic 
delivery and improving anti-tumor efficacy. Eur J Pharm Biopharm, 2017. 112: p. 209-223. 

167. Gu, Y., et al., Nanomicelles loaded with doxorubicin and curcumin for alleviating multidrug 
resistance in lung cancer. Int J Nanomedicine, 2016. 11: p. 5757-5770. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

168. Wang, L., et al., The effective combination therapy against human osteosarcoma: 
doxorubicin plus curcumin co-encapsulated lipid-coated polymeric nanoparticulate drug 
delivery system. Drug Deliv, 2016. 23(9): p. 3200-3208. 

169. Liu, Z., et al., Evaluation of the efficacy of paclitaxel with curcumin combination in ovarian 
cancer cells. Oncol Lett, 2016. 12(5): p. 3944-3948. 

170. Wang, J., et al., A multifunctional poly(curcumin) nanomedicine for dual-modal targeted 
delivery, intracellular responsive release, dual-drug treatment and imaging of multidrug 
resistant cancer cells. J Mater Chem B Mater Biol Med, 2016. 4(17): p. 2954-2962. 

171. Shah, K., et al., Synergism of Curcumin and Cytarabine in the Down Regulation of Multi-
Drug Resistance Genes in Acute Myeloid Leukemia. Anticancer Agents Med Chem, 2016. 
16(1): p. 128-35. 

172. Sun, Y., et al., Synergistic effect of cucurbitacin B in combination with curcumin via 
enhancing apoptosis induction and reversing multidrug resistance in human hepatoma 
cells. Eur J Pharmacol, 2015. 768: p. 28-40. 

173. Lopes-Rodrigues, V., et al., A novel curcumin derivative which inhibits P-glycoprotein, 
arrests cell cycle and induces apoptosis in multidrug resistance cells. Bioorg Med Chem, 
2017. 25(2): p. 581-596. 

174. Mapoung, S., et al., Chemosensitizing effects of synthetic curcumin analogs on human 
multi-drug resistance leukemic cells. Chem Biol Interact, 2016. 244: p. 140-8. 

175. Sreenivasan, S., et al., In vitro and In silico studies on inhibitory effects of curcumin on multi 
drug resistance associated protein (MRP1) in retinoblastoma cells. Bioinformation, 2012. 
8(1): p. 13-9. 

176. Starok, M., et al., EGFR Inhibition by Curcumin in Cancer Cells: A Dual Mode of Action. 
Biomacromolecules, 2015. 16(5): p. 1634-42. 

177. Zeng, Y., et al., Curcumin reduces the expression of survivin, leading to enhancement of 
arsenic trioxide-induced apoptosis in myelodysplastic syndrome and leukemia stem-like 
cells. Oncol Rep, 2016. 36(3): p. 1233-42. 

178. Mukhopadhyay, A., et al., Curcumin-induced suppression of cell proliferation correlates with 
down-regulation of cyclin D1 expression and CDK4-mediated retinoblastoma protein 
phosphorylation. Oncogene, 2002. 21(57): p. 8852-61. 

179. Thiyagarajan, S., et al., Effect of curcumin on lung resistance-related protein (LRP) in 
retinoblastoma cells. Curr Eye Res, 2009. 34(10): p. 845-51. 

180. Chen, J., T. Xu, and C. Chen, The critical roles of miR-21 in anti-cancer effects of curcumin. 
Ann Transl Med, 2015. 3(21): p. 330. 

181. Abdallah, H.M., et al., P-glycoprotein inhibitors of natural origin as potential tumor chemo-
sensitizers: A review. J Adv Res, 2015. 6(1): p. 45-62. 

 
  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 
 
Figure 1. Mechanism of ncRNAs regulation  

The non-coding part of the genome is transcribed in the form of ncRNAs that hold key functions 
within the cell. MiRNAs associate with RISC in order to influence the expression of target genes 

through translational repression, but also mRNA upregulation; more rarely, miRNAs can also 
induce mRNA degradation. LncRNAs hold numerous regulatory functions within the cells: 
modulation of transcription factors and implicit gene expression; pre-mRNA interaction where the 

primary transcript is interacting with lncRNAs and ends up with a different functional spliced 
sequence or is degraded into endogenous small interfering RNAs (siRNAs); miRNA sponges; 

modulation of protein activity or localization and facilitation of riboprotein complexes formation. 
Not in the least, lncRNAs can stand as precursors for smaller fragments like miRNAs or piRNAs. 
Their main function of ciRNAs consists in miRNAs capturing through complementary interactions, 

functioning like miRNAs sponges. PiRNAs are transcribed from clusters and form RNA-protein 
complexes through interaction with piwi proteins that are directed towards transposons for further 

cleavage (transcript silencing).  
Abbreviations: lncRNAs – long non-coding RNAs; RNA Pol II – RNA Polymerase II; mRNA – 
messenger RNA; siRNA- small interfering RNA; RISC – RNA-induced silencing complex; ciRNA- 

circular RNA; piRNA - Piwi-interacting RNA; sncRNA – small non-coding RNA    
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Figure 2. Structure of some representative polyphenols within each subclass   

*3D structures were generated using UCSF Chimera by uploading 2D structures (SDF format) from 
PubChem 
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Figure 3. Interactions between natural compounds, miRNAs and target genes. Natural 
compounds mediate complex interactions, where the same phytochemical can interact with different 

miRNAs and also different target genes, depending on the pathological context and structural 
similarities. Four of the most explored compounds – Curcumin, EGCG, Ellagitannin and 

Resveratrol – are able to inhibit the development of different types of cancer like, lung, prostate, 
bladder and colorectal malignancies through downregulation of oncogenic miRNA and coding 
genes and upregulation of tumor suppressor ones. This impairment is achieved by modulation of 

carcinogenic mechanisms, where natural compounds exert potent effects on cell proliferation, 
apoptosis, angiogenesis, growth, invasion and others. *the targeted genes, miRNAs and pathways 

involved in a specific type of malignancy are represented and connected with color coded lines.   
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Figure 4. Involvement of natural compounds in cancer MDR. Co-administration of natural 
compounds with anti-cancer drugs has been demonstrated as beneficial for reversing the insensitive 

phenotype of cancer cells to different chemotherapeutic substances. The inhibitory action is directed 
towards the expression of the MDR1 gene and implicit on the number of P-glycoprotein pumps 
from the cell membrane. Thus, the drug efflux outside the cell is restricted and the cancer cells are 

subjected to the cytotoxic activity of the substance. Also, curcumin, as well as other natural 
compounds, are associated with increased rates of apoptosis, reversing another aspect of MDR. 

Superior effects were observed in the moment of encapsulation of chemotherapeutics and 
phytochemicals inside the same nonocarriers.   
MDR1 - Multi-Drug Resistance Gene; P-gp - P-glycoprotein;  
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