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Abstract: Cancer is a problem of global importance, since the incidence is increasing 

worldwide and therapeutic options are generally limited. Thus, it becomes imperative to find 

new therapeutic targets as well as new molecules with therapeutic potential for tumors. Fla-

vonoids are polyphenolic compounds that may be potential therapeutic agents. Several studies have shown 

that these compounds have a higher anticancer potential. Among the flavonoids in the human diet, quercetin 

is one of the most important. In the last decades, several anticancer properties of quercetin have been de-

scribed, such as cell signaling, pro-apoptotic, anti-proliferative and anti-oxidant effects, growth suppression. 

In fact, it is now well known that quercetin has diverse biological effects, inhibiting multiple enzymes in-

volved in cell proliferation, as well as, in signal transduction pathways. On the other hand, there are also stud-

ies reporting potential synergistic effects when combined quercetin with chemotherapeutic agents or radio-

therapy. In fact, several studies which aim to explore the anticancer potential of these combined treatments 

have already been published, the majority with promising results. Actually it is well known that quercetin can 

act on the chemosensitization and radiosensitization but also as chemoprotective and radioprotective, protect-

ing normal cells of the side effects that results from chemotherapy and radiotherapy, which obviously pro-

vides notable advantages in their use in anticancer treatment. Thus, all these data indicate that quercetin may 

have a key role in anticancer treatment. In this context, this review is focused on the relationship between fla-

vonoids and cancer, with special emphasis on the role of quercetin. 
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FLAVONOIDS 

Flavonoids are polyphenolic compounds present in 

plant-derived foods, including tea, fruits, vegetables 

and beverages, among others [1]. Currently it is recog-

nized that these compounds exhibit several biological 

effects on human health. Namely the ability to reduce 

the risk of chronic pathologies, like cardiovascular dis-

eases and cancer [2]. In fact, globally, it is known that 

Asians have a diet rich in fruits, vegetables and tea and 

that there is a significantly reduced risk of developing 

breast or prostate cancer in this population compared 
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with western populations [3]. These data introduce an 

interesting observation: flavonoids can act as natural 

chemopreventive and chemotherapeutic agents. In this 

context, the anti-cancer effect of flavonoids have been 

studied with the aim of inducing apoptosis and inhibit-

ing cell growth in several types of tumors [1, 2, 4].  

In addition to these characteristics, other biological 

activities of flavonoids include anti-oxidant, anti- in-

flammatory, antimicrobial, hepatoprotective, antidia-

betic, anti-allergic, antithrombotic, antiviral, cardiopro-

tective and anti-bacterial [3]. These biological actions 

arise as a result of changes in the activity of several 

intracellular enzymes, including tyrosine kinases, pro-

tein kinase C (PKC), the phosphatidylinositol 3-kinase 

(PI3K) and mitogen activated protein kinases (MAPK). 

Several studies have also demonstrated that flavonoids 
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may alter the glucose uptake stimulated for insulin 

through receptor tyrosine kinase (RTK) and/or via 

PI3K activity modulation in muscle or adipose tissue 

cells [1, 2, 4-6]. In fact, several studies have also dem-

onstrated that flavonoids, namely the non-glycosilated 

forms (aglycones), induce an inhibitory effect on glu-

cose uptake by cells, showing thereby that flavonoids 

may be used, in vitro, as blockers of glucose uptake [1, 

2].  

The flavonoids basic structure (Fig. 1) is character-

ized by the presence of two benzene rings (rings A and 

B) linked through a heterocyclic ring that contains 

oxygen (ring C) [1, 2, 4]. According to the level of oxi-

dation and the substitution patterns of this primary 

structure, flavonoids can be classified in flavones, fla-

vonols, flavonones, isoflavones, anthocyanins and 

catechins (Fig. 2) [4]. 
 

  

Fig. (1). Basic structure of flavonoids. The basic structure of 

flavonoids consists in two benzene rings (rings A and B) 

linked through a heterocyclic ring containing oxygen (ring 

C). 
 

The flavonoids are able to interact in many cellular 

and/or molecular functions using, for that, different 

mechanisms of action. As mentioned above, it is 

known that flavonoids and isoflavonoids inhibit glu-

cose influx [9, 10]. In this context, it has been studied 

the action of these substances as competitive inhibitors 

of glucose transporter 1 (GLUT-1) [1-14]. This glucose 

transporter has three ATP binding domains that are es-

sential for its conformation and affinity. In this way, 

these ATP binding sites appear to be a possible target 

for pharmacological strategies that result in GLUT-1 

blocking. Currently, it has been demonstrated that fla-

vonoids such as genistein and quercetin, inhibit ATP 

binding tyrosine kinases and also have the ability to 

competitively inhibit GLUT-1 through this mechanism 

[11]. In fact, the effects of flavonoids on glucose ab-

sorption and digestion has been the subject of several 

studies [15-18]. The inhibitory effect of flavonoids on 

glucose uptake appears to be already well established, 

so these compounds have even been suggested for the 

treatment of diabetes [19-21]. In 2011, Pereira [19] and 

colleagues demonstrated that quercetin reduced the ef-

fect of sucrase and maltase in in vitro and in vivo mod-

els. More recently, a study in an animal model of dia-

betes mellitus showed that the oral administration of 

quercetin (100 mg/kg) decreased incremental plasma 

glucose levels 30-180 min after a single oral dose of 

starch and the area under the postprandial glucose re-

sponse, comparing to the control group [22]. 

On the other hand, several flavonoids, such as quer-

cetin, have been described as inhibitors of tyrosine 

kinase activity. This flavonol inhibits the tyrosinic 

kinase activity of proto-oncogene protein 60 (pp60
v-src

), 

also promotes the inhibition of protein kinase activity 

cAMP-independent, protein kinase C (PKC) 

Ca
2+

/phospholipid dependent, phosphorylase kinase 

and Na
+
/K

+
-ATPase and Ca

2+
/Mg

2+
-ATPase pumps 

[23, 24]. It is known that the tyrosinic activity specific 

of kinase protein is associated with oncogenic products 

of src retroviral gene family, as well with the role of 

retroviruses in cellular transformation process. It was 

found that in mutant proteins with reduced tyrosine 

kinase activity the cellular transformation efficiency is 

 

Fig. (2). Flavonoids sub-classes. The classification of these flavonoids subclasses is based on variations in heterocyclic C ring. 
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lower, while in mutant proteins that don’t have this 

type of activity, the cellular transformation already be-

comes incomplete. Taking into account the key role 

that tyrosinic phosphorylation has in cell proliferation 

and cell transformation a tyrosine kinase specific in-

hibitor, like flavonoids, can be considered an antitumor 

agent, constituting an essential tool for understanding 

the physiological role of its phosphorylation in cancer 

progression [23, 24].  

QUERCETIN 

Quercetin [2-phenyl-4H-1-benzopyran-4-one, 2-

phenylchromone] is a bioactive flavonoid, flavonol 

class, whose the main dietary sources are fruits and 

vegetables such onions, apples and berries. This fla-

vonoid shows anti-oxidant, anti-inflammatory and 

vasodilator effects, being proposed as a potential anti-

cancer agent. Epidemiological studies revealed that the 

daily intake per individual of quercetin in the United 

States, Europe and Asia ranges from 4 to 68 mg [23, 

25, 26]. 

The empirical formula of quercetin is C15H10O2 (Fig. 

3) and its molecular weight is 302.24 g/mol [23]. 
 

 

Fig. (3). Quercetin molecular structure. 
 

Quercetin is present in the diet, mostly in its glyco-

sylated form, where glycosidic bonds link the sugar 

and the phenolic groups [23, 27]. 

Analyzing the structure-activity relationship of 

quercetin it appears that its chemical structure defines 

its physical properties. Quercetin has available three 

possible sites for chelation: catechol > α -

hydroxycarbonyl > β -hydroxycarbonyl. This property 

allows quercetin to participate in complex reactions, 

neutralizing different reactive oxygen species, chelat-

ing transition metal ions and inhibiting enzymes activ-

ity. Quercetin has structural elements responsible for its 

antioxidant activity, in particular, three hydroxyl 

groups attached to the heterocyclic ring and two to the 

ring B. The substitution of these hydroxyl groups, 

namely carbons 3 and 5 of rings B and A, respectively, 

gives it a good reactivity against free radicals, that it 

also responsible for the high anti-proliferative potential 

of quercetin [23, 24]. 

Currently, quercetin pharmacokinetics is not yet 

fully understood [23, 24, 28, 29]. Nevertheless, it is 

known that quercetin and its glycosides obtained from 

the diet are absorbed along the gastrointestinal tract, 

being hydrolyzed to aglycones by colonic microflora 

and, subsequently, transported into epithelial cells by 

simple diffusion depending on lipophilicity. Another 

quercetin glycosides absorption pathway is through 

sodium-dependent glucose transporter-1 (SGLT-1), 

being often hydrolyzed by intracellular β-glucosidases. 

The absorption can be followed by excretion into the 

lumen through the multidrug resistance-associated pro-

tein-2 (MRP-2). Quercetin absorbed in the mucosa is 

converted, mostly in conjugated metabolites that are 

transported into the circulatory system [23, 24, 28, 29].
 
 

Regarding its biodistribution, de Boer and co-

workers ascertained the quercetin availability to rats 

and pigs tissues, showing that high concentrations of 

this compound were found in lungs, kidneys, heart and 

liver. The authors also found quercetin methylated de-

rivatives in lung. Concerning quercetin excretion, the 

major route of elimination of a substantial part of its 

metabolites in humans and rats is made by the bile [23, 

26, 30].  

QUERCETIN ANTI-CANCER PROPERTIES 

According with data already published, it is ex-

tremely important to enhance the anticancer properties 

of quercetin. Several in vitro and in vivo studies have 

shown that quercetin has activity against many kinds of 

tumor cells, which may be due to its anti/pro-oxidant 

and anti-inflammatory properties, and also to other 

mechanisms of action less explored [4, 25, 26, 31-33]. 

Among the least explored anticancer effects of quer-

cetin one can highlight its role as GLUT-1 inhibitor 

[14], a competitive inhibitor of the efflux pumps [24, 

34] and their ability to block the cell cycle in several 

phases [1, 35] (Fig. 4). In summary, it is known that 

quercetin can slow the growth of tumor cells and pro-

mote apoptosis, which makes this flavonol a promising 

compound in the prevention and treatment of cancer [4, 

26, 31]. 

QUERCETIN EFFECT ON CELL PROLIFERA-

TION AND SIGNAL TRANSDUCTION 

In molecular terms, several in vitro studies demon-

strated that quercetin has diverse biological effects, 

inhibiting multiple enzymes involved in cell prolifera-

tion, as well as, in signal transduction pathways. So, 

quercetin interferes with different proteins such as 

PKC, cdc25 phosphatase, PI3K, protein kinase B phos-
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phorylated (P-Akt), DNA topoisomerase II and N-

terminal kinase c-Jun (JNK). In addition to those men-

tioned, quercetin also revealed the ability to inhibit the 

expression of the mutated P53, leading to a blockade of 

the cell cycle in the G2-M phase [35]. Quercetin has 

also the potential to inhibit the function and expression 

of the androgen receptor as demonstrated in a study in 

prostate tumor cells [36]. Also in pancreatic tumors it 

was demonstrated the ability of quercetin of blocking 

the activity of tyrosine kinase of epidermal growth fac-

tor receptor (EGFR) [26, 37]. 

Tyrosine kinases (PTKs) may be involved in vari-

ous steps in tumor development, such as progression, 

metastasis and angiogenesis [3]. In general, the loss of 

PTK regulatory mechanisms are involved in the growth 

of neoplastic lesions. In turn, the down-regulation of 

specific PTKs, could impair the tumoral growth [3, 38]. 

Quercetin possesses the ability to modulate the activity 

of several cellular protein PTKs which might have 

many implications in protection against cancer, and this 

is one of the lines of action of this polyphenol as anti-

cancer agent [3, 38, 39]. Among PTKs, the role of focal 

adhesion kinase (FAK) and EGFR in the regulation of 

tumor cells growth has been the subject of extensive 

research [3, 38, 40]. In 2005, Lee and co-authors dem-

onstrated, in a pancreas cancer cell line (MiaPaCa-2), 

that FAK activity can be suppressed by quercetin [41]. 

On the other hand, Huang and colleagues had previ-

ously verified, in skin cancer cells, that quercetin sig-

nificantly inhibit the phosphorylation of cellular pro-

teins, like EGFR [42]. Also Huang and colleagues have 

demonstrated that quercetin is a potent PTK inhibitor. 

In their work, in pancreas cancer cells, they demon-

strate that quercetin inactivated the tyrosine kinase ac-

tivity of EGFR and induced apoptosis. In this study, 

quercetin also supresses the FAK expression. In sum-

mary, this study demonstrated that quercetin reduced 

the phosphorylated FAK levels and blocked the EGFR-

signaling pathway, suppressing tumor cells migration 

and invasive potential, and inhibiting cell growth [38]. 

In turn, in Sprague Dawley rats, Firdous and colleagues 

demonstrated that the intake of 200 mg of quercetin per 

kg body weight, through oral gavage, thrice a week 

during 16 weeks was effective in preventing prostate 

cancer progression through EGFR signaling pathway 

inhibition [43]. 

QUERCETIN EFFECT ON CELL CYCLE 

Regarding the effect on cell cycle, it is known that 

in different types of tumor cells the treatment with 

  

Fig. (4). Schematic representation of quercetin action in cancer cells. Quercetin has been described as a possible new antican-

cer drug. Quercetin can act as an inhibitor of multidrug resistance key proteins such as PGP and MRP1 as well as an inhibitor 

of cell cycle, inducing cell blocking in G1 and G2/M. Anticancer activity of quercetin is also reported by its pro-apoptotic ac-

tivity by inducing increased the expression of pró-apoptotic proteins of BCL-2 family, like BAX and decreased the expression 

of the anti-apoptotic proteins of the same family like BCL-2, anti-angiogenesis effect by blocking VEGF and bFGF expression 

and by inhibiting cell invasion by suppression of MMPs activity. Quercetin can also interfere in different signaling pathways, 

namely by inactivating some proteins with tyrosine kinase activity, such as FAK and EGFR. Quercetin can also influence glu-

cose metabolism by inhibiting glucose transporters, namely GLUT-1. It was also found that quercetin inhibit the production of 

heat schock proteins in different types of cancer. 
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quercetin causes stops in cell cycle at G2/M phase or 

G1 phase
 
[1, 35]. It is also known that the expression of 

surviving, an apoptosis protein inhibitor, varies 

throughout the cell cycle, in response to quercetin, in a 

dependent manner. Thus, in response to this compound, 

the survivin expression increases in G2/M phase and 

decreases, then in G1 phase. The survivin expression is 

regulated through the treatment with quercetin, from 

the activation of extracellular signal-regulated kinase 

(ERK) by H3 histone deacetylation. Quercetin activates 

the histone deacetylase enzyme which reduces the ace-

tylation of H3 histone [36]. Also in a myelomonocytic 

leukemia xenograft, Maso and colleagues demonstrated 

that the intraperitoneal injection of 120 mg / kg of 

quercetin once every four days induced cell cycle arrest 

in G1 phase of cell cycle [44]. 

QUERCETIN PRO-APOPTOTIC ACTIVITY 

Apoptosis mediated through quercetin may result 

from proteic stress induction, mitochondria and micro-

tubules disruption, cytochrome c release and caspases 

activation
 
[1]. Other authors showed that quercetin ac-

tivates the mitochondrial apoptotic pathway, since it 

allowed the increase of caspase-9 and BAX expression, 

associated with a decrease on anti-apoptotic proteins 

expression levels, such as BCL-2 [45]. The TNF-

related apoptosis-inducing ligand (TRAIL) is a member 

of the tumor necrosis factor (TNF) superfamily re-

markably known for its ability inducing apoptosis se-

lectively in several malignant cells. Curiously it was 

found that quercetin can promote cell death by apopto-

sis through TRAIL [36]. Accordingly, in 2014, Liu and 

colleagues demonstrated that the oral administration of 

2 mg ⁄ kg of quercetin causes TRAIL-mediated inhibi-

tion of tumor growth in ovarian cancer xenografts, in-

ducing caspase 3 activation, and therefore apoptosis 

[46]. 

In relation to apoptosis, there are also many studies 

that have demonstrated that quercetin has effects on 

BCL-2 protein family [34, 47-50]. In fact, some 

authors have verified that incubation with quercetin 

induces an increase in BAX expression with a con-

comitant reduction in the BCL-2 levels, indicating that 

quercetin induces cell death through apoptosis by the 

intrinsic pathway [47, 48]. Besides that, it has been also 

demonstrated that apoptosis induced by quercetin could 

be mediated by other proteins of BCL-2 family such as 

BAD, MCL-1 and BCL-XL [26, 33, 49, 50]. 

Heat shock proteins (HSP) are highly expressed in 

tumor cells, being markedly related to chemotherapy 

drug resistance and cancer cells adaptation and survival 

under stress conditions. At molecular level, the forma-

tion of a complex between the HSP and mutant P53, 

allows tumor cells to overcome the cell cycle blockage 

mechanism. It was found that quercetin inhibit the pro-

duction of HSP in different cancer cell lines, including 

leukemia, colon and breast cancer and that it can pro-

vide an anti-cancer approach also through this mecha-

nism [35]. The action of quercetin on the heat shock 

proteins has been known for some years. In fact, in 

1994 was published a research paper in which the aim 

was to investigate the possible involvement of heat 

shock proteins and apoptosis in the anti-cancer activity 

of quercetin. It was found that that quercetin inhibited 

the synthesis of HSP70 in several cancer cell lines. 

These results suggest that quercetin have an antitumor 

activity by inducing apoptosis and that HSP70 may 

affect quercetin-induced apoptosis [51]. More recently, 

in 2009, a study in prostate cancer cells demonstrate 

that quercetin promotes apoptosis by the down-

regulation of HSP90 levels. The authors observed that 

quercetin-induced HSP90 depletion results in reduced 

cell viability, induction of apoptosis and activation of 

caspases. Interestingly, these effects were not observed 

in normal prostate epithelial cells but only in tumor 

cells, demonstrating the quercetin selectivity to cancer 

cells [52]. Consistent with the in vitro studies discussed 

some authors have also demonstrated in animal models 

of cancer that quercetin is able to induce cell death 

through apoptosis [44, 46, 53]. 

Several authors indicate that apoptosis mediated by 

quercetin may induce protein stress with consequent 

disruption of microtubules, release of cytochrome c and 

cascade activation of caspase [1, 48]. Thus, quercetin is 

characterized according to some authors as a pro-

oxidant compound [25, 54]. However, other authors 

attribute to quercetin an antioxidant capacity [23, 48]. 

The dual action of pro- or anti-oxidant of the quercetin 

depends mainly on the concentration that is used. 

However, both characteristics emphasize the anti-

cancer activities of the quercetin, because, if on the one 

hand a low concentration of quercetin confers antioxi-

dant capacity, which is a benefit in cancer prevention, 

on the other hand, in a treatment situation, higher con-

centrations of quercetin may induce oxidative stress 

which triggers many types of cell death. 

QUERCETIN EFFECT ON MULTIDRUG RE-

SISTANCE 

Recent results have demonstrated that quercetin has 

effects on multidrug resistance (MDR) reversion, 

which reinforces the promising effect of quercetin 
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against cancer. It is known that multidrug resistance 

can impair the effectiveness of different cytostatic 

drugs and that it is associated with the up-regulation of 

efflux proteins. Some of the described efflux proteins 

are p-glycoprotein (PGP) and the members of 

multidrug resistance associated protein family (MRP's), 

like MRP1, both belonging to the superfamily of ABC 

transporters. These efflux pumps extrude chemothera-

peutic agents to the outside of cells compromising its 

intracellular action. MRP1 (ABCC1) has a wide speci-

ficity to transport substrates, like antineoplastic and 

therapeutic drugs, sulphate- and glutathione-conjugates 

and organic anions. MRP2 (ABCC2) is strictly related 

to MRP1, since it also has large substrate specificity, 

including lipophilic substances conjugates and un-

charged compounds. Related with this, a strategy to 

overcome MDR mediated by these extrusion proteins 

can be based on the inhibition of these transporters
 

[35]. In this context, some studies found that quercetin 

interacts with PGP as a competitive inhibitor, blocking 

its activity. It was observed that this interaction with 

PGP is carried out at ATP binding site or substrate 

binding site. Quercetin can also induce a reduction of 

PGP [23, 24]. Moreover, other studies have shown that 

there is an interaction between MRP1 and quercetin. 

This compound is able to reduce intracellular concen-

tration of glutathione that is needed to efflux through 

MRP1, acting as a substrate, and consequently causing 

competitive inhibition. This mechanism of action de-

creases the efflux through MRP1 by binding directly or 

indirectly to the binding sites of ATP. In parallel, quer-

cetin also modulates MRP1 expression [23, 24, 35]. 

Regarding in vivo studies, in 2004, Wang and co-

workers have shown that the oral administration of 40 

mg/kg quercetin increased the maximum concentration 

of digoxin, a PGP substrate in pigs [55]. Latter, a 2006 

study showed that the administration doses of 2.5, 7.5 

and 15 mg/kg of quercetin to female Sprague-Dawley 

rats inhibits both MDR transporter-mediated efflux of 

tamoxifen and its first-pass metabolism [56]. Finally, in 

2009 a study conducted in healthy humans showed that 

the treatment with 500 mg of quercetin during 7 days 

induced an increase of fexofenadine concentrations in 

blood plasma, probably through PGP inhibition medi-

ated efflux [57]. 

QUERCETIN EFFECT ON CELL INVASION 

Some studies have also demonstrated that tumor 

cells respond to quercetin through the suppression of 

matrix metalloproteinases (MMPs) secretion that may 

lead to the decrease of cell invasion activity and migra-

tion. More specifically, studies have shown that quer-

cetin has the capacity to decrease MMP-2 and -9 ex-

pression that have a proeminent effect on cancer cell 

invasion and metastization [3, 58-64]. In this context, 

in 2004 Zhang and colleagues [60] had demonstrated 

that quercetin is capable of reducing the invasive po-

tential of a melanoma cell line by decreasing pro-

MMP-9 through PKC pathway [60]. In their study, 

Vijayababu and co-authors [61] demonstrated that the 

treatment of prostate cancer cells with quercetin de-

creased MMP-2 and MMP-9 expression in a dose-

dependent way [61]. Another study also demonstrated 

that quercetin is capable of reduce the MMP-3 activity 

in a dose-dependent manner in a breast carcinoma cell 

line [62]. In turn, in an animal model of breast cancer, 

it was observed that intraperitoneal injections of quer-

cetin (10 mg/Kg) inhibited tumor growth by about 50% 

in comparison to control rats. In these animals it was 

also observed a decrease of MMP-2 expression in re-

sponse to the treatment with quercetin. The quercetin 

treatment started 3 h before tumor cell inoculation. 

Quercetin was dissolved in 0.3 mL of Nujol and admin-

istered during 15 consecutive days [63]. In 2013, it was 

also observed that quercetin inhibited MMP-2 and 

MMP-9 expression and activity in oral cancer cells 

[64]. Another study performed in melanoma cells 

showed that the treatment with quercetin induces the 

inhibition of cell proliferation, cell death by apoptosis 

and a suppression in their potentials invasive and mi-

gratory. In molecular terms it was observed that quer-

cetin interferes with STAT3 phosphorylation inhibiting 

STAT3 activation. In consequence, the STAT3 inhibi-

tion induced a down-regulation of STAT3 targeted 

genes involved in cell migration and invasion like 

MMP-2 and MMP-9 [65]. In summary, these results 

lead to the important conclusion that quercetin can in-

fluence the migration and invasiveness capacity of the 

tumor cells. 

QUERCETIN EFFECT ON NEOVASCULARI-

ZATION 

Neovascularization as a consequence of angiogene-

sis, is an important step for the progression of metasta-

sis. Several studies have demonstrated that quercetin is 

capable of inhibiting tumor angiogenesis [66-68]. In a 

mammary carcinoma animal model, Kong and col-

leagues demonstrated that quercetin can reduce the in-

cidence and the tumor growth of a mammary carci-

noma chemically induced by 7,12-

dimethylbenzanthracen (DMBA). Quercetin was mixed 

in the food at 3% of the diet weight. These results are 

the consequence of the inhibition, by quercetin, of the 

P
er

so
na

l U
se

 O
nl
y 

 
N
ot

 F
or

 D
is
tri

bu
tio

n



Quercetin in Cancer Treatment, Alone or in Combination Current Medicinal Chemistry, 2015, Vol. 22, No. 26    3031 

expression of angiogenesis-related growth factors such 

as VEGF and bFGF [68]. In turn, in 2012 Pratheesh-

kumar and colleagues showed the antiangiogenic activ-

ity of quercetin. Through in vitro and in vivo assays, 

the authors demonstrated that quercetin significantly 

inhibited neovascularization, cell invasion and migra-

tion, and endothelial cells tube formation. Quercetin 

also suppressed VEGF levels and VEGF receptor 2 

(VEGFR-2) phosphorylation and, consequently, regu-

lating AKT/mTOR/P70S6K signaling pathway. In 

prostate xenograft mouse model, the intraperitoneal 

treatment with quercetin (20 mg/kg) during 16 days 

significantly reduced tumor growth. In summary, these 

results suggest that quercetin inhibits tumor angiogene-

sis by regulating important steps of the angiogenic cas-

cade and interfering with angiogenesis signaling path-

ways [66]. Latter, in 2013 Long and colleagues investi-

gated the antitumor activity of PEGylated liposomal 

quercetin (Lipo-Que) on cisplatin-sensitive and cis-

platin-resistant ovarian tumor xenograft models. The 

authors have shown that in both tumor models, Lipo-

Que (50 mg/kg every three-day for 27 days) suppressed 

tumor growth through apoptosis induction and mi-

crovessel density decrease [69]. In turn, in 2014 Zhao 

et al. conducted a study that aimed to evaluate the ef-

fect of quercetin on angiogenesis in larval zebrafish 

and human umbilical vein endothelial cells. In this 

study, the authors found that, in transgenic zebrafish 

embryos quercetin induces a disruption on interseg-

mental vessels, dorsal aorta and posterior cardinal for-

mation. In human umbilical vein endothelial cells quer-

cetin inhibited cell viability, VEGFR-2 expression and 

tube formation in a dose-dependent manner [70]. 

QUERCETIN AS GLUT-1 INHIBITOR 

Finally, it is known that the expression of GLUT-1 

is increased in many solid tumors which, in turn, pro-

motes their tumorigenesis. It has also been mentioned 

that flavonoids are potent inhibitors of the influx of 

glucose and has been demonstrated even that flavonols 

such as quercetin, inhibit the tyrosine kinase ATP bind-

ing and therefore are also able to competitively inhibit 

the GLUT-1. In fact, although the exact mechanism 

through which quercetin inhibits the GLUT-1 is not yet 

fully clarified, in 2001 Vera and coworkers demon-

strated that quercetin interacts with the ATP-binding 

sites of the GLUT-1, competitively inhibiting the activ-

ity of this transporter [14]. Later, in 2011, the same 

research group reinforced the idea that quercetin is a 

competitive inhibitor of GLUT-1, through the binding 

to an exofacial carrier this site. Furthermore, it appears 

that the binding of GLUT-1 with quercetin triggers a 

conformational change of the carrier which, in turn, 

affects the glucose binding site [11, 71]. 

Thus, due to its antioxidant, anti-inflammatory, anti-

proliferative, anti-angiogenic and pro-apoptotic proper-

ties and also due to its ability to interact with different 

biochemical, immunological and, consequently, genetic 

factors that support the development and maintenance 

of tumor, quercetin can be considered as a natural 

compound with anti-cancer properties [26] (Fig. 4). In 

a 2000 paper Hanahan and Weinberg [72] have defined 

the six 'hallmarks of cancer'. Later, in 2011, the same 

authors enlarged the list of 'hallmarks of cancer' to ten 

[73]. Therefore, taking into account that quercetin in-

terferes in different pathways defined as "hallmarks of 

cancer", like inducing angiogenesis and resisting to cell 

death, this compound can be defined as a multi-target 

inhibitor with synergistic and pleiotropic effects in 

cancer cells [26]. 

COMBINATION THERAPY 

The drug combination has been used in treatment of 

several diseases in order to obtain synergistic effects 

and reduce side effects [74]. In cancer, besides the as-

sociation of drugs commonly used in chemotherapy 

have also been investigated the combined effect of 

these drugs with natural compounds. So, there are al-

ready different studies in which is intended to clarify 

the therapeutic effect of quercetin in combination with 

several drugs used in the cancer treatment like doxoru-

bicin [75, 76], 5-fluorouracil [77-79], cisplatin [80-83], 

dacarbazin [84], etoposide [77], daunorubicin [85], te-

mozolomide [85], camptothecin [77], gemcitabine [55, 

86], lapatinib [87], oxaliplatin [83], sorafenib [88], ta-

moxifen [89] and trichostatin A [90] (Table 1). 

Emphasizing the potential that this kind of com-

bined therapies has in the treatment of oncological dis-

eases, studies of combination therapy with quercetin 

have been carried out in several types of cancers such 

as prostate cancer [77], colorectal cancer [78], hepato-

cellular carcinoma (HCC) [75, 81], lung cancer [82, 

90], pancreatic carcinoma [53, 85] and breast cancer 

[74, 87, 89] (Table 1). 

Regarding to the mechanisms of action of the com-

bined therapy with quercetin, there are several bio-

chemical pathways involved. The interference with P53 

expression and its associated mechanisms is one of the 

most studied approaches. Therefore, recent studies 

have shown that there is a link between P53 expression 

and the response to quercetin of tumor cells and animal 

cancer models. In 2012, Wang and colleagues studied 

the effect of quercetin on the antitumor effects of 
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Table 1. Combined treatments of quercetin with chemotherapeutic drugs. Studies are ordered according to the ob-

served mechanism of action. 

Type of Study Chemotherapy Drug Cancer Type Mechanism of Action Results Reference 

In vitro and in 

vivo 
Doxorubicin 

Hepatocellular carci-

noma 

Down-regulation of 

BCL-2 expression 

Potentiation of quercetin 

effect 
[75] 

In vitro and in 

vivo 
Trichostatin A Lung cancer 

Regulation of P53 ex-

pression 

Trichostatin A anticancer 

effect 
[90] 

In vitro 
5-fluorouracil, etoposide 

and camptothecin 

Colorectal and prostate 

cancer 

Treatment of P53 wt - 

cells with quercetin 

reduced drug-induced up-

regulation of P53, P21 

and BAX 

Combination effect is influ-

enced by quercetin concen-

tration and P53 status of the 

cells 

[77] 

In vitro 5-fluorouracil Colorectal cancer 
Increase of P53 expres-

sion 

Enhancement of 5-

fluorouracil efficiency 
[78] 

In vitro Temozolomide Melanoma 
Modulation of P53 fam-

ily members such as P73 

Sensitization of melanoma 

cells to temozolomide 
[84] 

In vitro Cisplatin 
Non-small cell lung 

carcinoma 

Down-regulation of anti-

apoptotic proteins BCL-2 

and BCL-XL, and up-

regulation of pro-

apoptotic protein BAX 

Cells sensitization to apop-

tosis 
[82] 

In vitro Cisplatin 
Hepatocellular carci-

noma 

Combined therapy inter-

fered with apoptosis and 

cell cycle progression by 

modulating the expres-

sion of numerous genes, 

like P16 and P21 

Combination therapy 

yielded synergistic effects 
[81] 

In vitro Tamoxifen Breast cancer 
Decrease on BCL-2 

protein expression 

Apoptosis increase in the 

combined treatment 
[89] 

In vitro 
Daunorubicin 

 
Pancreatic cancer 

Decrease in PGP gene 

expression 

Sensitization to daunorubi-

cin by PGP modulation 
[85] 

In vitro Adriamycin Breast cancer 
Inhibition of the PGP 

function 

Potentiation of adriamycin 

growth-inhibitory activity 
[93] 

In vitro Cisplatin and oxaliplatin Ovarian cancer 
NF-κB expression inhibi-

tion 

Cells sensitization to cis-

platin and oxaliplatin 
[83] 

In vitro 5‑fluorouracil Esophageal cancer 
pIκBα increased expres-

sion 

Cells sensitization to 5-

fluorouracil 
[79] 

In vitro 
Topotecan and gemcit-

abine 
Fibrossarcoma Reducing HSP70 levels 

Cells sensitization to the 

topotecan and gemcitabine 

cytotoxic activity 

[86] 

In vitro Temozolomide Glioblastoma HSP27 inhibition 

Sensitization of glioblas-

toma cell lines to temo-

zolomide 

[94] 

In vitro Sorafenib Glioma 
Heat shock proteins 

blocking 

Potentiation of sorafenib 

pro-apoptotic properties 
[88] 

In vitro and in 

vivo 
Doxorubicin Breast cancer 

Quercetin suppressed 

intratumoral HIF-1α 

Enhancement of doxorubi-

cin therapeutic efficacy and 

doxorubicin side effects 

reduction 

[76] 
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doxorubicin on HCC cell lines, on normal liver cells 

and in a HCC animal model. The authors demonstrated 

that quercetin selectively sensitized doxorubicin in-

duced cytotoxicity against HCC cells while protecting 

normal liver cells. This effect is P53-dependent and 

involved down-regulation of BCL-2 expression. In this 

study it was also observed that the combined treatment 

of doxorubicin (4 mg / kg, intraperitoneally, once a 

week) with quercetin (100 mg / kg, intraperitoneally, 3 

times per week) induced a decrease in the growth of 

HCC xenografts in nude mice [75]. Something similar 

was observed by Chan et al. [90], which through the 

use of cells and animal models of lung cancer, they 

verified that quercetin potentiates the effect of 

trichostatin A in a P53-dependent manner [90]. Also in 

2012 Temesgen and colleagues [77] studied the dual-

mode interaction of quercetin and several DNA-

damaging drugs in colorectal and prostate cancer cells, 

namely 5-fluorouracil, etoposide and camptothecin. In 

this study, quercetin revealed to synergize or counteract 

with the chemotherapeutic drugs and that the combina-

tion effect is dependent on the P53 status of the cancer 

cells [77]. Similarly, the results obtained by Xavier et 

al. suggests the potential applicability of quercetin for 

enhancement of 5-fluorouracil efficiency in the therapy 

of colorectal cancer with microsatellite instability, es-

pecially in P53 wild-type tumors [78]. In turn, Than-

gasamy et al. [84] have demonstrated that quercetin 

can sensitize melanoma cells to temozolomide and that 

the mechanisms of sensitization involve modulation of 

P53 family members such as P73 [84]. Correlating with 

its action on the P53, some studies have demonstrated 

the quercetin is capable to chemosensitize tumor cells 

through changes in the cell cycle and intervention in 

several signaling pathways related to apoptosis. In 

2006 Kuhar and colleagues [85] demonstrated that 

quercetin has increased the cisplatin-induced apoptosis 

to 30.2% in non-small cell lung carcinoma cells. Thus, 

quercetin follow down-regulated the anti-apoptotic pro-

teins, BCL-2 and BCL-XL, and up-regulated the pro-

apoptotic protein BAX. Also the cytochrome c and the 

apoptosis-inducing factor were implicated in the apop-

totic process. Thus, quercetin might act as an effective 

chemosensitizer in non-small cell lung carcinoma by 

regulating the expression of different apoptosis-related 

genes [82]. Concerning HCC, in a study [81] per-

formed in cell lines it was found that the combination 

of quercetin with cisplatin was effective in inducing 

growth suppression and apoptosis, when compared 

with treatment with quercetin or cisplatin alone. It was 

observed that quercetin has suppressive activity against 

HCC tumor cells used through P16-mediated cell cycle 

arrest and apoptosis and quercetin combination with 

cisplatin yielded synergistic inhibitory effects suppress-

ing cell growth and inducing apoptosis [81].  

In 2014, in a study by Kavithaa and colleagues [89], 

the combined efficacy of quercetin with tamoxifen in a 

breast cancer cell line was evaluated. This study 

showed greater reduction in the cell viability resulting 

of incubation of quercetin combined with tamoxifen 

when compared with cells incubated with tamoxifen 

and quercetin as monotherapy. An increase in apoptosis 

accompanied by a decreasing on BCL-2 protein ex-

pression was found in the combined treatment when 

compared to each compound individually considered 

[89]. 

As referred previous, multidrug resistance consti-

tutes a barrier for the success of chemotherapy There 

are several mechanisms that can make a neoplastic cell 

resistant to chemotherapeutic agents like the expression 

of transmembrane proteins such as the efflux ABC pro-

teins or vault proteins [91, 92]. The use of combination 

therapies have been developed in recent decades also in 

order to reverse the intrinsic resistance that certain tu-

mor cells express to some drugs. Several studies 

showed that quercetin may intensify action of cy-

tostatic drugs and suppress the multidrug resistance 

phenomenon [85, 93]. As early as 1994 a study had 

shown that quercetin basis for the potential therapeutic 

use of quercetin in combination with adriamycin as an 

anticancer approach against multidrug-resistant breast 

cancer cells [93]. In turn, Borska and colleagues [85] 

have demonstrated that in pancreatic cancer cells, quer-

cetin affects the expression and PGP function, an ABC 

efflux pump, in a concentration dependent manner. 

Moreover, quercetin leads to a decrease greatly poten-

tiates the growth-inhibitory activity of adriamycin on 

MCF-7 human breast adriamycin resistant cancer cells. 

The results indicate that quercetin inhibit the PGP ef-

flux pump-activity in a dose-dependent manner. In 

conclusion, these results provide the biological in PGP 

gene expression. Thus, quercetin may be considered as 

a potential modulator of PGP, increasing the sensitivity 

of tumor cells to chemotherapeutic agents such as 

daunorubicin [85].  

Some studies have shown that the nuclear factor-κB 

(NF-kB) plays a central role in the development of 

multidrug resistance. So, the inhibition of NF‑κB 

could improve the cytotoxic effect of anti-cancer drugs 

[79, 83]. Besides these facts, it is also known that quer-

cetin exerts antitumour activity by inhibiting the activa-

tion of NF-κB. Therefore, in 2011 Nessa [83] and col-

laborators suggest that prior incubation of ovarian can-
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cer cells with quercetin helps to reduce the expression 

of NF-κB and hence lower the resistance to cisplatin 

and oxaliplatin [83]. Latter, in 2013, Chuang‑Xin and 

colleagues [79] have demonstrated that quercetin acts 

synergistically with 5‑fluorouracil significantly inhibit-

ing esophageal cancer cells growth and stimulating 

apoptosis. This effect was related with the expression 

of pIκBα (a phosphorylated inhibitory molecule of 

NF‑κB), that was increased after exposure to 

5‑fluorouracil alone but decreased after exposure to 

quercetin or the combination of both [79]. 

Heat shock proteins have also been correlated with 

the intrinsic resistance that some tumor cells exhibit to 

chemotherapy [86, 88]. In 1996 Sliutz et al. [86] inves-

tigated whether HSP70 overexpression altered the 

therapeutic efficacy of topotecan and gemcitabine in 

HSP70-overexpressing cells and control cells. The 

authors have found that quercetin was effective in re-

ducing HSP70 levels. Quercetin also sensitized cells to 

the cytotoxic activity of topotecan and gemcitabine. 

These data suggest that quercetin may be used as a sen-

sitizer to chemotherapeutic drugs [86]. In a similar 

way, human glioblastoma cells proved to be insensitive 

to temozolomide alone, since this drug significantly 

increased HSP27 phosphorylation. However, quercetin 

or siRNA against HSP27 combined with temozolomide 

decreased HSP27 phosphorylation and significantly 

inhibited its expression, leading to glioblastoma cell 

growth inhibition [94]. 

Some anti-neoplastic drugs like doxorubicin and 

oxaliplatin are efficient in cancer therapy, but also in-

duce severe secondary effects such as hepatotoxicity, 

cardiotoxicity and neuropathy [95-97]. These secon-

dary effects are frequently associated with the genera-

tion of reactive oxygen species that are cytotoxic to 

normal cells. Some studies have demonstrated that the 

antioxidant and anti-inflammatory properties of quer-

cetin make it a promising compound to be combined 

with anticancer agents, in order to attenuate their sec-

ondary effects. These data further reinforce the thera-

peutic potential of combination therapies with quer-

cetin for the treatment of oncological diseases [95-97]. 

Azevedo and colleagues have demonstrated that ox-

aliplatin induced painful peripheral neuropathy in mice. 

To evaluate the effect of rutin and quercetin on neu-

ropathy, male Swiss mice (25-35 g) received an intrap-

eritoneal injection of saline (10 mL/kg), rutin (25, 50, 

and 100 mg/kg) or quercetin (25, 50, and 100 mg/kg) 

30 min before every oxaliplatin injection (1 mg/kg). In 

this study the authors demonstrated that in this animal 

model, neuropathy was prevented by rutin and quer-

cetin [95]. Also in 2013, an in vitro study showed that 

quercetin decreased doxorubicin-induced cytotoxicity 

and protected the cardiomyocytes from doxorubicin-

induced heart damage. Quercetin significantly sup-

ported cell survival, since it prevented normal cell 

apoptosis and allowed the rearrangement of cytoskele-

ton [96]. In 2014, Dong and colleagues demonstrated 

the clinical potential of quercetin in preventing 

doxorubicin-induced cardiomyopathy. In this study, 

quercetin induces a decrease in BID, P53 and oxidase 

(Nox1 and P47) expression and an increase of BCL-2 

and BMI-1 expression in cardiomyocytes, giving pro-

tection against doxorubicin toxicity [97]. 

In a similar manner to that shown by chemotherapy, 

some studies have evaluated the combined effect of 

quercetin and radiotherapy [98-102]. In 1997 a study 

which investigated the combined effect of quercetin 

with X-rays on Reuber H35 hepatoma cells was carried 

out [102]. It was observed that quercetin enhance the 

effect of radiation on cell death, by decreasing radia-

tion-induced DNA damage repair and reducing cell 

repopulation [102]. Varadkar [100] and co-authors 

have studied the combined effect of quercetin and ra-

diation on the PKC activity. It is known that PKC is 

one of the majors contributors for the radioresistance 

following radiotherapy. In this case, the authors ob-

served that irradiation alone increased PKC activity 

[100]. On the other hand, quercetin inhibited PKC ac-

tivity induced by radiation. Thus, the suppression of 

PKC activity by quercetin can be an approach to pre-

vent the development of radioresistance [100]. Besides 

that, also Lin and colleagues [101] demonstrated, in 

vitro and in vivo, that quercetin increases tumor radio-

sensitivity. In addition to the quercetin sensitize a wide 

variety of cell lines for radiation therapy, it was also 

showed the radiosensitization effect of quercetin in a 

human colorectal cancer xenograft model. At a cellular 

level, it was observed that quercetin inhibits ATM 

kinase, that is normally activated in response to DNA 

damage. In vivo, it was observed that the mean dou-

bling time of tumor xenografts was significantly in-

creased in irradiated mice treated with quercetin, in-

traperitoneally, 1 h before radiation [101]. Simultane-

ously, there are also some studies which show that 

quercetin has the ability of protecting healthy tissue 

from the effects of radiation, minimizing the side ef-

fects of radiotherapy [103-105]. 

The cancer treatment with chemotherapy and radio-

therapy has two major problems, the unspecific toxicity 

towards to normal tissues and the development of tu-

mor resistance to therapies. Thereby, in the last few 
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years efforts have been made to find strategies to over-

come these obstacles. It has been shown in several 

studies that quercetin has the ability to sensitize tumor 

cells to chemotherapy and radiotherapy preserving ad-

jacent normal tissues. These results reinforce the as-

sumption that quercetin can be considered as an anti-

cancer agent. 

CONCLUSION 

Flavonoids are polyphenolic compounds present in 

plant-derived foods that exhibit several biological ef-

fects on human health. These compounds have the abil-

ity to reduce the risk of chronic diseases, like cardio-

vascular diseases and cancer. Quercetin is a bioactive 

flavonoid, belonging to flavonol class, present in fruits 

and vegetables and shows anti-oxidants, anti-

inflammatory and anti-angiogenic effects, being pro-

posed as a potential anticancer agent. In fact, in mo-

lecular terms, it has been demonstrated that quercetin 

interferes with different proteins such as PKC, cdc25 

phosphatase, PI3K, protein kinase B phosphorylated 

(P-Akt), DNA topoisomerase II and N-terminal kinase 

c-Jun (JNK) that are implicated in cell proliferation and 

signal transduction pathways. Quercetin has also the 

capacity to inhibit the mutated P53. Regarding the ef-

fect on cell cycle, it is known that in different types of 

tumor cells the treatment with quercetin causes stops in 

cell cycle at G2/M phase or G1 phase. In relation to 

apoptosis, there are also many studies that have dem-

onstrated that quercetin has effects on BCL-2 protein 

family, like BAX, BCL-2, BAD, MCL-1 and BCL-XL. 

It has also been found that quercetin inhibits heat shock 

proteins production in different tumor cell lines provid-

ing an anti-cancer approach through this mechanism. 

Recently, has emerged results which demonstrated that 

quercetin has effects on MDR reversion, more specifi-

cally, some studies found that quercetin interacts with 

PGP and MRP1 as a competitive inhibitor which rein-

forces the promising effect of quercetin against cancer. 

Some studies have also demonstrated that tumor cells 

respond to quercetin through the suppression of matrix 

metalloproteinases (MMPs) secretion that may lead to 

the decrease of cell invasion activity and migration. 

Quercetin has also a dual action as a pro- or anti-

oxidant compound and both characteristics emphasize 

its anti-cancer properties. Neovascularization, which 

involves angiogenesis, is an important step for the pro-

gression of metastasis. Several studies have demon-

strated that quercetin is capable of inhibiting tumor an-

giogenesis, which confers to this compound the capac-

ity to interfere in cancer progression and metastization. 

Quercetin is also a potent inhibitor of glucose influx 

which is due, in part, to its interaction with the ATP-

binding sites of the GLUT-1 competitively inhibiting 

the activity of this transporter. It has been shown that 

quercetin has the ability to sensitize tumor cells to 

chemotherapy and radiotherapy preserving adjacent 

normal tissues. Quercetin can act on the chemosensiti-

zation but also as chemoprotective, protecting normal 

cells of the side effects that results from chemotherapy, 

which obviously provides notable advantages in their 

use in anticancer treatment. These results reinforce the 

assumption that quercetin can be considered as an anti-

cancer agent. In summary, due to its biological proper-

ties, namely pro-/anti-oxidant, anti-inflammatory, anti-

angiogenic, anti-proliferative and pro-apoptotic, and 

also due to its ability to interact with different bio-

chemical, genetic and immunological factors that sup-

port the development and maintenance of the tumor, 

quercetin can be regarded as a natural compound with 

anti-cancer abilities. Despite the wide variety of studies 

already conducted, the quercetin's action mechanisms 

as a monotherapy or in combination therapy still need 

further investigation, particularly with regard to in vivo 

studies and later clinical trials. 
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