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Docetaxel is widely used in the treatment of metastatic breast cancer. However, its effectiveness is limited due to 

chemoresistance and its undesirable side effects. The combination of chemotherapeutic agents and natural 

compounds is an effective strategy to overcome drug resistance and the ensuing inevitable toxicities. Quercetin 

is a natural flavonoid with strong antioxidant and anticancer activities. This study aimed to evaluate the cytotoxic 

and modulatory effects of combined docetaxel and quercetin on the MDA-MB-231 human breast cancer cell 

line. The cell viability was assessed by MTT assay. The induction of apoptosis was examined using flow 

cytometry. The role of p53 in the apoptotic process was evaluated via qRT-PCR. The levels of BAX, BCL2, 

ERK1/2, AKT, and STAT3 proteins were measured by Western blot analysis. The results showed that the single-

agent treatment with docetaxel or quercetin leads to a decrease in the viability of the MDA-MB-231 cells at 48 h. 

Furthermore, the combination of docetaxel (7 nM) and quercetin (95 μM) displayed the greatest synergistic 

effects with a combination index value of 0.76 accompanied by the up regulation of p53 and a significant 

increase in BAX level, as well as decrease in the levels of BCL2, pERK1/2, AKT, and STAT3 proteins (P < 

0.05). The concomitant use of docetaxel and quercetin leads to the cell growth inhibition associated with the 

induction of apoptosis and inhibition of cell survival. Therefore, this study provides a promising therapeutic 

approach to enhance the efficacy of docetaxel in a less-toxic manner. 
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riple-negative breast cancer (TNBC) 

represents the most malignant subtype of 

breast cancer (BC), and is characterized by a lack of 

expression of three receptors commonly found on 

BC cells (1). Chemotherapy remains the mainstay 

for the treatment of TNBC due to the lack of 

targeted therapies (2). Docetaxel is a 

chemotherapeutic drug that belongs to taxanes, a 
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class of anti-neoplastic agents commonly 

prescribed for metastatic BC (3). It acts through 

binding to the beta-tubulin subunit of the 

microtubules, leading to the stabilization of tubulin 

polymerization, resulting in cell cycle arrest at the 

G2/M phase and inhibition of mitosis (4). Although 

docetaxel is an effective drug, toxicities and some 

adverse effects may limit its administrable dose (5). 

Also, since cancer may have hundreds of gene 

mutations and many pathways cross talking with 

one another in tumor development, most probably it 

will not be possible to control cancer by targeting a 

single or few signaling pathways. As a result, 

chemoresistance may develop during treatment, 

which is a major reason for the failure of 

chemotherapy drugs (6). Tumor cells can acquire 

resistance to apoptosis by downregulation or 

mutation of proapoptotic proteins such as BCL2 

associated X (BAX) or by the expression of anti-

apoptotic proteins like B-cell lymphoma 2 (BCL2). 

The expression of both BAX and BCL2 is regulated 

by p53 tumor suppressor gene (7). Furthermore, 

activating protein kinase B (PKB, also known as 

AKT), extracellular signal-regulated protein kinase 

(ERK1/2), and signal transducer and activator of 

transcription (STAT3) as proliferation and survival 

signaling mediators cause tumor cell chemor-

esistance (8-10). Recently, a promising approach 

for cancer treatment has been drug combination 

therapies. Combination therapy may be able to 

prevent toxic reaction on normal cells while 

simultaneously producing a synergistic or additive 

effect by targeting different pathways. It has been 

clear that this strategy can be developed as an 

effective therapy to impede the growth of BC cells 

(11). Natural products have been shown to 

selectively target cancer cells, with minimum 

toxicity in normal cells (12). Quercetin, a natural 

polyphenolic flavonoid compound, has been 

reported to exhibit a broad range of encouraging 

pharmacological properties (13). The anticancer 

effects of quercetin have been extensively studied 

in many in vitro and in vivo cancer models (14-16). 

Quercetin induces apoptosis and cell death in BC 

cells through multiple mechanisms (17). In this 

study, we aimed at investigating the possible 

synergistic cytotoxic and modulatory effects of 

docetaxel in combination with quercetin on human 

BC cell line, MDA-MB-231. 

 

Materials and methods 

Cell culture 

The MDA-MB-231 cells were purchased from 

the Pasteur Institute (Tehran, Iran), and cultured in 

RPMI-1640 medium (Gibco, USA) enriched with 

10% FBS (Gibco, USA) and 1% pen/strep (Gibco, 

USA) at 37°C under a humidified atmosphere 

containing 5% CO2 (18). 

Cell viability/proliferation assay 

Cell viability was determined using a 

colorimetric 3-(4,5-Dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) assay. MDA-

MB-231 cells were seeded in a 96-well plate (5000 

cells/well) and incubated overnight. Subsequently, 

cells were treated with different concentrations of 

docetaxel (80 mg/4 mL, Sanofi-Aventis, France) (0-

50 nM) and quercetin (Q4951-10G, Sigma-Aldrich, 

USA) (0-200 μM in 0.1% dimethyl sulfoxide 

(DMSO) (Sigma-Aldrich, USA) solution) for 48 h. 

After treatment, the medium was removed and the 

cells were incubated with 10 μL MTT (Sigma-

Aldrich, USA) solution (5 mg/ml) for 4 h at 37ºC in 

a dark place. Then 150 μL DMSO was added to 

each well to dissolve the formazan crystals. A 

microplate reader (Stat Fax-2100, USA) was used 

to read the absorbance of each well at 570 nm with 

the background subtraction of 630 nm. The survival 

rate was calculated according to the following 

formula: percentage of cell viability = [(absorbance 

of treatment)/ (absorbance of control)] × 100. These 

experiments were conducted in triplicate. The 

results were used to determine the concentrations of 

docetaxel and quercetin required to inhibit the 

growth of MDA-MB-231 cells by 50, 40, 30, 20, 
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and 10% (i.e., the IC50, IC40, IC30, IC20, and IC10 

values). 

Determination of docetaxel and quercetin syne-

rgism 

Based on the IC values, MTT assay was 

conducted using four different combinations of 

docetaxel and quercetin (i.e., IC40 docetaxel + IC10 

quercetin, IC30 docetaxel + IC20 quercetin, IC20 

docetaxel + IC30 quercetin, and IC10 docetaxel + 

IC40 quercetin). The cells were seeded in a 96-well 

plate (5000 cells/well) with an incubation period of 

24 h. The medium was subsequently removed and 

replaced with fresh medium containing the test 

compound, followed by an incubation period of 48 

h. The cells were then incubated with MTT solution 

(5 mg/mL) for 4 h, and the resulting formazan 

precipitate was dissolved in 150 μL DMSO. The 

absorbance of each well was then measured at 570 

and 630 nm using the microplate reader. At least 

three independent experiments were carried out 

(19). Synergism was evaluated using CompuSyn 

software (Combo SynInc, City, State, USA), and 

the combination index (CI) and drug reduction 

index (DRI) values were determined. CI<1 

indicates synergism, CI= 1 indicates additive effect, 

and CI> 1 indicates antagonism.The combination 

with the smallest CI was selected to perform other 

tests. The DRI also specifies how many folds of 

dose-reduction are allowed for each drug in 

synergistic combinations (20). 

Apoptosis assay 

Cell deaths (apoptosis and necrosis) were 

examined by FITC-conjugated annexin V and 

propidium iodide (PI) staining (BD Bioscience, 

USA). The cells were seeded into a 6-well plate 

(2×105 cells/well) and incubated overnight. Then, 

they were treated with docetaxel (7 nM), quercetin 

(95 μM), and the combination of docetaxel with 

quercetin (7 nM and 95 μM, respectively) for 48 h. 

The cells were collected by trypsinization and 

washed with PBS. Afterwards, they were 

resuspended in binding buffer, and subsequently 

stained with annexin V-FITC and PI according to 

the manufacturer’s protocol. After an incubation of 

25 min at room temperature in a dark place, flow 

cytometric analysis was done using a Partec ML 

flow cytometer (Germanu), and the results were 

analyzed by PartecFloMax and Flow Jo software 

(Treestar, Ashland, OR, USA) (21). 

Quantitative reverse transcription PCR (qRT-

PCR) 

Cells were seeded in the 6-well plate (3×105 

cells/well), and after a night they were treated with 

docetaxel (7 nM), quercetin (95 μM), and the 

combination of docetaxel with quercetin (7 nM and 

95 μM, respectively) for 48 h. Total RNA of all 

culture groups was extracted drawing on TRIzol 

reagent (Invitrogen Life Technologies, USA) based 

on the manufacturer’s protocol. The quantity and 

quality of RNA were measured using a NanoDrop 

spectrophotometer 2000 (Thermo Scientific, USA). 

Then, mRNA (1 µg) was transcribed into cDNA in 

line with the manufacturer's guidelines of cDNA 

synthesis kit (Yekta Tajhiz Azma, Iran). QRT-PCR 

was performed using SYBR Green PCR Master 

Mix (Yekta Tajhiz Azma, Iran) with a Rotor-Gene 

3000 real-time thermal cycler (Corbett Research, 

Australia) in the presence of specific primers for 

p53 (forward: 5'CCCATCCTCACCATCATCACA 

C-3', reverse: 5'GCACAAACACGCACCTCAA 

AG3', and β-actin (forward: 5'TCATGAAGTGT 

GACGTGGACATC3', reverse: 5'CAGGAGGAG 

CAATGATCTTGATCT3'). Relative mRNA expre- 

ssion levels were calculated by the 2−∆∆CT method 

(22). 

Western blot  

The cells were cultured in 6 cm dishes (6×105 

cells/dish) and after a night, they were treated with 

docetaxel (7 nM), quercetin (95 μM), and the 

combination of docetaxel with quercetin (7 nM and 

95 μM, respectively). Following an incubation 

period of 48 h, the cells were washed with PBS and 

lysed using 8 M urea solution.The supernatant 

containing proteins were collected, and protein 
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concentration was quantified by the Bradford 

method (23). The protein samples were mixed with 

an equal volume of loading buffer and were boiled 

for 5 min at 98°C. Denatured proteins were 

separated by 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) 

and were electro-transferred onto polyvinylidene 

difluoride (PVDF) membrane. Then, membranes 

were placed in a blocking solution with 5% BSA 

for 1 h. The membranes were washed 3 times in 

TBS-Tween buffer (containing 10 mM Tris with 

pH 7.4, 100 mM NaCl, and 0.1 mM Tween 20) for 

10 min, and they were incubated with primary BAX 

(Elabscience Biotechnology Co., China), BCL2 

(fElabscience Biotechnology Co., China), AKT, 

ERK1/2, STAT3, and β-actin (as an internal 

control) antibodies (Abcam, UK) according to the 

manufacturer’s protocols at 4°C overnight. Then, 

the membranes were washed with TBS-Tween 

buffer 3 times for 10 min and were incubated with 

secondary antibody at room temperature for 2 h. 

After washing the membranes 3 times for 10 min in 

TBS-Tween buffer, bands were visualized using Li-

Cor C-DiGit Blot Scanner (Lincoln, USA) (24). 

Data analysis 

Statistical analysis was performed using SPSS 

software version 26.0 (IBM SPSS, Chicago, IL, 

USA). All data are expressed as mean ± standard 

deviation (SD) of three independent experiments. 

Differences between the experimental and control 

groups were assessed using the Kruskal-Wallis test 

followed by Dunn's multiple comparisons test. P 

values less than or equal to 0.05 were considered to 

indicate statistically significant differences. 

 

Results 

The inhibitory effects of docetaxel and quercetin 

alone and in combination on cell growth 

The anti-proliferative effects of docetaxel and 

quercetin were determined by MTT assay. The 

treatment of the cells with docetaxel or quercetin 

alone resulted in a dose-dependent decrease in the 

viability of the MDA-MB-231 cells at 48 h, in 

which higher concentrations resulted in lower levels 

of cell viability (Figure 1). The IC50 values for 

docetaxel and quercetin were 33 nM and 125 µM, 

respectively. The results of the four different 

combinations of docetaxel and quercetin are also 

shown in Table 1. Combination 4 (docetaxel 7 nM 

+ quercetin 95 μM) had the lowest CI value equal 

to 0.76 and induced the greatest reduction in cell 

viability indicating that it exhibits the strongest 

inhibitory impact amongst the four tested 

combinations. 

The results of the isobologram were consistent 

with those of the CI values, and were indicative of 

the presence of the best synergistic effect for 

combination 4 at 48 h (Figure 2). The DRI values 

also supported the presence of synergistic effects 

for combination 4, which had the highest DRI value 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Anti-proliferative effects of docetaxel and quercetin. A) Docetaxel; B) Quercetin. The results are expressed as the mean ± SD of 

three independent experiments. 
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Table 1. Viability and combination index (CI) values of MDA-MB-231 after 48 h treatment with docetaxel 

and quercetin combinations. 

Combination number Combination dosage Cell viability 

(%) 

CI value 

 Docetaxel (nM) Quercetin (µM) 

1 25 nM (IC40) 30 µM (IC10) 51.39 0.98 

2 19 nM (IC30) 50 µM (IC20) 68.43 1.58 

3 15 nM (IC20) 70 µM (IC30) 62.27 1.34 

4 7 nM (IC10) 95 µM (IC40) 46.07 0.76 

The results are expressed as mean ± SD of three separate experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Dose reduction index (DRI) for combining docetaxel and quercetin. 

Combination number Combination dosage DRI 

(Docetaxel) 

DRI  

 Docetaxel (nM) Quercetin (µM) (Quercetin) 

1 25 nM (IC40) 30 µM (IC10) 1.30363 4.60660 

2 19 nM (IC30) 50 µM (IC20) 1.06078 1.56570 

3 15 nM (IC20) 70 µM (IC30) 1.61259 1.38767 

4 7 nM (IC10) 95 µM (IC40) 5.36975 1.72206 

 

for docetaxel (Table 2). The DRI values showed 

that the IC50 dose of docetaxel could be reduced 7-

fold when it was used concomitantly with quercetin 

in combination 4. These findings demonstrated that 

combination 4 showed the best synergistic effects 

among all other combinations tested in this study at 

48 h. This combination was, therefore, selected for 

the subsequent experiments. 

Induction of apoptosis increased by the com-

bined docetaxel and quercetin treatment 

The flow cytometry was performed on the 

treated and untreated control cells to ascertain 

whether the growth inhibitory effects of combined 

treatment could be attributed to apoptosis. The 

results of flow cytometry show the percentage of 

apoptosis and necrosis of docetaxel and quercetin 

(Figure 3). The rates of apoptosis in MDA-MB-231 

cells with a single treatment of docetaxel, quercetin, 

and their combined treatment were 10.56%, 

17.96%,  and  31.46%,  respectively.  Docetaxel  in  

Fig. 2. Isobologram plot for the combined use of docetaxel and quercetin in treatment of MDA-MB-231 cells. Diagonal experimental 
combination data points, represented by dots located lower left, on the diagonal line, or upper right, indicate synergism, additively, and 

antagonism, respectively. 
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combination with quercetin resulted in a significant 

increase (P <0.05) in apoptosis in comparison with 

untreated control cells. 

Combined treatment with docetaxel and querc-

etin induces p53 upregulation  

The findings of qRT-PCR are shown in Figure 

4. The p53 gene expression significantly increased 

about 8-fold and 3-fold in cells with combined 

treatment and single treatment with quercetin, 

respectively,   in   comparison   with   the  untreated  

Fig. 3. Effects of docetaxel, quercetin, and their combination on the apoptosis of MDA-MB-231 cells. A) Dot-plots from flow 

cytometry illustrate apoptotic and necrotic status; B) The percentage of alive, apoptotic, and post apoptotic/necrotic cells. The results are 

expressed as the mean ± SD of three separate experiments. a: P < 0.05 vs. control cells; b: P < 0.05 vs. docetaxel treated cells. Doc: 

docetaxel; Que: quercetin.. 

Fig. 4. p53 expression in the presence of docetaxel and quercetin alone, or their combination in MDA-MB-231 cells. The expression 

of p53 was normalized with β-actin as an internal standard. The results are expressed as the mean ± SD of three separate experiments. a: 

P<0.05 vs. control cells; b: P < 0.05 vs. docetaxel treated cells. Doc: docetaxel; Que: quercetin. 
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control cells (P<0.05). No significant differences 

were observed between single treatment with 

docetaxel and untreated control cells (P>0.05). 

The combination of docetaxel and quercetin 

induces apoptosis and modulates cell survival 

pathways  

Western blot was used to measure the level of 

cell survival and apoptosis-related proteins in 

MDA-MB-231 cells after 48 h (Figure 5). The 

results of this analysis revealed that the cells 

exposed to the combined treatment had much lower 

levels of BCL2, AKT, ERK1/2, and STAT3 

proteins (P<0.05). However, the level of BAX 

increased significantly following the combined 

treatment with docetaxel and quercetin in 

comparison with the untreated control cells, as well 

as the single-agent treatments (P <0.05). 

 

Discussion 

The present study demonstrated that the 

combination of quercetin and docetaxel 

significantly enhances the therapeutic effects of 

docetaxel on MDA-MB-231 BC cells. 

Docetaxel is a widely-used chemotherapeutic 

agent that targets metastatic BC, but prolonged use 

of this drug results in drug resistance and toxicity in 

cancer patients (5, 25). Enhanced efficacy of 

docetaxel along with its minimal side effects will 

provide remarkable benefits to improve survival 

and life quality of patients. Using combination 

therapy with natural compounds is a popular 

approach to safeguard against the potential 

consequences of using a chemotherapeutic agent 

alone. Previous studies have shown that quercetin 

has anti-proliferative and pro-apoptotic effects on 

BC and many other malignancies (16, 26). We have 

put forward the proposal herein to evaluate the 

synergistic effects of quercetin in combination with 

docetaxel on the proliferation of MDA-MB-231 

cells. Our results demonstrate that quercetin 

restores sensitivity towards docetaxel in TNBC, and 

significantly suppresses tumor cell growth in vitro 

(Table 1). 

The data obtained by annexin V-FITC/PI assay 

indicate that the synergistic effects of co-treatment 

of docetaxel and quercetin are caused by an 

Fig. 5. Western blot analysis of BAX, BCL2, ERK1/2, AKT, and STAT3 proteins in MDA-MB-231 cells treated with docetaxel, 

quercetin, and their combination. A) Western blots bands; B) Relative levels of BAX; C) Relative levels of BCL2; D) Ratio of BAX to 

BCL2; E) Relative levels of ERK1/2; F) Relative levels of AKT; G) Relative levels of STAT3. β-actin was used as an internal reference. a: 

P < 0.05 vs. control cells; b: P < 0.05 vs. docetaxel treated cells. Doc: docetaxel; Que: quercetin. 
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increased apoptotic response (Figure 3) which is in 

agreement with a previously published research 

(27). This impact could be attributed to different 

modes of action used by docetaxel and quercetin. 

The combined drug treatment with docetaxel 

and quercetin results in a significant increase in the 

expression of the p53 gene, thus promoting 

apoptosis in MDA-MB-231 cells (Figure 4). p53 

tumor suppressor gene is often inactivated in cancer 

cells, and its down-regulation leads to cancer 

progression (28). Previous studies suggest that 

quercetin prompts p53 upregulation, which was 

also observed in our findings (29). It has been 

proposed that the presence of functional p53 

facilitates the cytotoxic effects of docetaxel (30). It 

has also been reported that in non-small-cell lung 

cancer and prostate cancer cells, p53 expression 

induces apoptosis and enhances chemotherapeutic 

cytotoxic effects of docetaxel which is in agreement 

with our findings (31, 32). 

Upon activation of p53, the pro-apoptotic 

protein BAX is up-regulated (Figure 5B), while the 

anti-apoptotic protein BCL2 is down-regulated 

(Figure 5C) in MDA-MB-231 cells. In other words, 

our findings support the idea that the regulation of 

apoptosis-related proteins expression and increasing 

of the ratio of BAX/BCL2 (Figure 5D) are possible 

underlying mechanisms of combined treatment 

action of docetaxel and quercetin (33-35). 

Docetaxel triggers the phosphorylation, and the 

subsequent inactivation of BCL2 results in 

apoptosis (36, 37), while quercetin exerts its 

apoptosis stimulatory impact via p53 activation 

which, in turn, leads to the upregulation of BAX 

and downregulation of BCL2 in tumor cells. Lu et 

al. found that combining docetaxel and quercetin 

could inhibit prostate cancer cells by changing the 

expression of BAX and BCL2 proteins, which is 

consistent with  our findings (38). 

Our findings also show that some mediators of 

PI3K/AKT, MAPK/ERK, and JAK/STAT3 

signaling pathways are activated in the MDA-MB-

231 cells (Figure 5A). These mediators act as 

transcription factors, and are involved in the 

dysregulation of death machinery and the 

progression of BC (39). This suggests that the 

acquisition of docetaxel resistance may be related to 

the activation of PI3K/AKT, MAPK/ERK, and 

JAK/STAT3 signaling pathways.  

Our findings reveal that docetaxel or quercetin 

alone does not exert remarkable effects on MDA-

MB-231 cells, but their combination reduces the 

production of AKT (Figure 5F). The activation of 

AKT promotes the expression of survival 

transcription factors, and inhibits the pro-apoptotic 

factors like BCL2-associated agonist of cell death 

(BAD) and forkhead box protein O (FOXO) (40). 

The activated AKT phosphorylates BAD at Ser-136 

residue and prompts it to dissociate itself from the 

BCL2/BCL-xL complex, ultimately inhibiting cell 

apoptosis and decreasing the chemo-sensitivity 

(41). Our findings are consistent with several 

previous studies in this regard. Li et al. and Shu et 

al. demonstrated that, in combination with 

doxorubicin treatment, quercetin down-regulates 

the expression of AKT (42, 43). Another study by 

Pozsgai et al. also indicated that quercetin in 

combination with temozolomide or irradiation 

could induce apoptosis by suppressing the 

PI3K/AKT signaling pathway by lowering the level 

of AKT in glioblastoma cells (44). The study by Li 

et al. also showed that the expression of Akt is 

reduced after using a combination of docetaxel and 

quercetin in 4T1 murine BC cells (45). 

Indeed, our findings are indicative of an 

intense activation of ERK1/2 in the MDA-MB-231 

cells (Figure 5E). Neither docetaxel nor quercetin 

has minimal effects on inhibiting the ERK/MAPK 

pathway; even the level of ERK1/2 is increased 

upon treatment with docetaxel. The activation of 

the ERK1/2 by taxanes is well described in 

previous studies (46, 47). Nevertheless, the 

combined use of docetaxel and quercetin 

synergistically suppresses ERK1/2 (Figure 5E). It 
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has been posited that ERK1/2 promotes 

chemoresistance and cell survival by activating 

BCL2 and degrading pro-death proteins such as 

BCL2-interacting mediator of cell death (BIM), 

BCL2-modifying factor (BMF), and p53 

upregulated modulator of apoptosis  (PUMA) (48, 

49). In line with the above results, the study of 

Chen et al. reported that down regulation of 

ERK1/2 protein by a combination of quercetin and 

adriamycin inhibits cell proliferation, and promotes 

apoptosis in multidrug resistant leukemia K562 

cells (50). 

We also investigated the involvement of 

another transcription factor, STAT3, which is 

known to be activated in several types of tumors, 

especially those of BC (51). This regulatory protein 

provides a survival mechanism by regulating the 

expression of target genes involved in 

inflammation, cell proliferation, invasion, 

angiogenesis, and metastasis, thereby representing a 

major causative factor for drug resistance (52). 

Previous reports have demonstrated that cancer 

cells harboring aberrant STAT3 activities elevate 

levels of anti-apoptotic proteins such as BCL2, 

BCL-xL, and myeloid cell leukemia 1 (MCL1). 

Hence, cancer cells over-expressing activated 

STAT3 are more likely to become resistant to 

apoptosis (53, 54). Interestingly, our findings 

indicate that quercetin alone or its concomitant use 

with docetaxel reduces STAT3 protein level in 

MDA-MB-231 cells (Figure 5G). Moreover, our 

results are consistent with those of a study that has 

demonstrated that a combination of docetaxel with 

a STAT3 inhibitor leads to the induction of 

apoptosis via a remarkable decrease in expression 

levels of BCL2, MCL1, and surviving while 

increasing BAX mRNA levels (55). 

In conclusion, the current findings have 

indicated that quercetin increases the sensitivity of 

MDA-MB-231 cells to docetaxel via inducing 

apoptosis and reducing cell survival. The enhanced 

expression of the p53 gene, pro-apoptotic protein 

BAX, and concurrent reduced expression of anti-

apoptotic protein BCL2, phosphorylated AKT, 

ERK1/2, and STAT3 have been recognized to be 

involved in the synergistic action of the docetaxel 

and quercetin. Therefore, these findings support the 

possibility of considering quercetin as a potential 

adjuvant drug or chemosensitizer for the treatment 

of TNBC. In this study, we did not assess other 

mechanisms that probably contribute to the efficacy 

of combined quercetin-docetaxel treatment on 

MDA-MB-231 BC cell line such as NF-κB, 

caspases activation, BCL-xL, p38 MAPK, p27, p21, 

and also autophagic pathways. Thus, we suggest 

that future studies focus on other possible 

mechanisms of combined quercetin-docetaxel 

treatment. 

Acknowledgments 

The authors would like to thank all those who 

assisted us in conducting this study, specially the 

staff of the Clinical Biochemistry Research Center 

and Basic Health Sciences Institute of Shahrekord 

University of Medical Sciences. This work was 

financially supported by the Research and 

Technology Deputy of Shahrekord University of 

Medical Sciences, Shahrekord, Iran (grant No. 

2934). 

Conflicts of Interest 

The authors declare that there is no conflict of 

interest. 

 

References 

1. Garrido-Castro AC, Lin NU, Polyak K. Insights into 

Molecular Classifications of Triple-Negative Breast Cancer: 

Improving Patient Selection for Treatment. Cancer Discov 

2019;9:176-98. 

2. Waks AG, Winer EP. Breast Cancer Treatment: A Review. 

JAMA 2019;321:288-300. 

3. Mustacchi G, De Laurentiis M. The role of taxanes in triple-

negative breast cancer: literature review. Drug Des Devel Ther 

2015;9:4303-18. 

4. Montero A, Fossella F, Hortobagyi G, et al. Docetaxel for 

treatment of solid tumours: a systematic review of  clinical  data. 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
10

.1
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
16

 ]
 

                             9 / 12

http://dx.doi.org/10.22088/IJMCM.BUMS.10.1.11
https://ijmcmed.org/article-1-1501-fa.html


Safi A et al. 

 

Int J Mol Cell Med Winter 2021; Vol 10 No 1   20 

Lancet Oncol 2005;6:229-39. 

5. Ho MY, Mackey JR. Presentation and management of 

docetaxel-related adverse effects in patients with breast cancer. 

Cancer Manag Res 2014;6:253-9. 

6. Murray S, Briasoulis E, Linardou H, et al. Taxane resistance 

in breast cancer: mechanisms, predictive biomarkers and 

circumvention strategies. Cancer Treat Rev 2012;38:890-903. 

7. Hassan M, Watari H, AbuAlmaaty A, et al. Apoptosis and 

molecular targeting therapy in cancer. Biomed Res Int 

2014;2014:150845. 

8. Guerrero-Zotano A, Mayer IA, Arteaga CL. PI3K/ AKT/ 

mTOR: role in breast cancer progression, drug resistance, and 

treatment. Cancer Metastasis Rev 2016;35: 515-24. 

9. Qin JJ, Yan L, Zhang J, et al. STAT3 as a potential 

therapeutic target in triple negative breast cancer: a systematic 

review. J Exp Clin Cancer Res 2019;38:195. 

10. Salaroglio IC, Mungo E, Gazzano E, et al. ERK is a Pivotal 

Player of Chemo-Immune-Resistance in Cancer. Int J Mol Sci 

2019;20. 

11. Bayat Mokhtari R, Homayouni TS, Baluch N, et al. 

Combination therapy in combating cancer. Oncotarget 

2017;8:38022-43. 

12. Aung TN, Qu Z, Kortschak RD, et al. Understanding the 

Effectiveness of Natural Compound Mixtures in Cancer through 

Their Molecular Mode of Action. Int J Mol Sci 2017;18. 

13. Xu D, Hu MJ, Wang YQ, et al. Antioxidant Activities of 

Quercetin and Its Complexes for Medicinal Application. 

Molecules 2019;24. 

14. Tang SM, Deng XT, Zhou J, et al. Pharmacological basis and 

new insights of quercetin action in respect to its anti-cancer 

effects. Biomed Pharmacother 2020;121:109604. 

15. Rauf A, Imran M, Khan IA, et al. Anticancer potential of 

quercetin: A comprehensive review. Phytother Res 

2018;32:2109-30. 

16. Hashemzaei M, Delarami Far A, Yari A, et al. Anticancer 

and apoptosisinducing effects of quercetin in vitro and in vivo. 

Oncol Rep 2017;38:819-28. 

17. Ezzati M, Yousefi B, Velaei K, et al. A review on anti-cancer 

properties of Quercetin in breast cancer. Life Sci 2020; 248: 

117463. 

18. Sharifi S, Mostafavi PG, Tarasi R, et al. Purified compounds 

from marine organism sea pen induce apoptosis in human breast 

cancer cell MDA-MB-231 and cervical cancer cell Hela. Eur J 

Pharmacol 2020;877:173075. 

19. Liu J, Sun Y, Zhang H, et al. Theanine from tea and its semi-

synthetic derivative TBrC suppress human cervical cancer 

growth and migration by inhibiting EGFR/Met-Akt/NF-kappaB 

signaling. Eur J Pharmacol 2016;791:297-307. 

20. Qiao H, Wang TY, Yan W, et al. Synergistic suppression of 

human breast cancer cells by combination of plumbagin and 

zoledronic acid In vitro. Acta Pharmacol Sin 2015;36:1085-98. 

21. Wang F, Wei ZL, Sun XR, et al. Apoptosis Inducing Factor 

Is Involved in Stretch-Induced Apoptosis of Myoblast via a 

Caspase-9 Independent Pathway. J Cell Biochem 2017;118: 

829-38. 

22. Livak KJ, Schmittgen TD. Analysis of relative gene 

expression data using real-time quantitative PCR and the 2(-

Delta Delta C(T)) Method. Methods 2001;25:402-8. 

23. Shahsavari Z, Karami-Tehrani F, Salami S, et al. RIP1K and 

RIP3K provoked by shikonin induce cell cycle arrest in the triple 

negative breast cancer cell line, MDA-MB-468: necroptosis as a 

desperate programmed suicide pathway. Tumour Biol 

2016;37:4479-91. 

24. Lu J, Yang Y, Guo G, et al. IKBKE regulates cell 

proliferation and epithelial-mesenchymal transition of human 

malignant glioma via the Hippo pathway. Oncotarget 

2017;8:49502-14. 

25. Nedeljkovic M, Damjanovic A. Mechanisms of 

Chemotherapy Resistance in Triple-Negative Breast Cancer-

How We Can Rise to the Challenge. Cells 2019;8. 

26. Heidarian E, Amini A, Abbasi-Veldani A, et al. Effects of 

quercetin on signaling proteins (pSTAT3, pERK1/2, pAKT) and 

interleukin-6 gene expression in prostate cancer PC3 cells. 

Mazandaran Univ Med Sci 2017;26:290-300. 

27. Shirzad M, Heidarian E, Beshkar P, et al. Biological Effects 

of Hesperetin on Interleukin-6/Phosphorylated Signal 

Transducer and Activator of Transcription 3 Pathway Signaling 

in Prostate Cancer PC3 Cells. Pharmacognosy Res 2017;9: 

188-94. 

28. Wang G, Zhang J, Liu L, et al. Quercetin potentiates 

doxorubicin mediated antitumor effects against liver cancer 

through p53/Bcl-xl. PLoS One 2012;7:e51764. 

29. Lee Y-J, Lee Y-J, Park I-S, et al. Quercetin exerts 

preferential cytotoxic effects on malignant mesothelioma cells 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
10

.1
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
16

 ]
 

                            10 / 12

http://dx.doi.org/10.22088/IJMCM.BUMS.10.1.11
https://ijmcmed.org/article-1-1501-fa.html


Synergistic effect of docetaxel and quercetin on MDA-MB-231 

 

21   Int J Mol Cell Med Winter 2021; Vol 10 No 1 

by inducing p53 expression, caspase-3 activation, and apoptosis. 

Mol Cell Toxicol 2015;11:295-305. 

30. Liu C, Zhu Y, Lou W, et al. Functional p53 determines 

docetaxel sensitivity in prostate cancer cells. Prostate 

2013;73:418-27. 

31. Kocdor H, Ates H, Aydin S, et al. Zinc supplementation 

induces apoptosis and enhances antitumor efficacy of docetaxel 

in non-small-cell lung cancer. Drug Des Devel Ther 

2015;9:3899-909. 

32. Moretti RM, Montagnani Marelli M, Taylor DM, et al. 

Gonadotropin-releasing hormone agonists sensitize, and 

resensitize, prostate cancer cells to docetaxel in a p53-dependent 

manner. PLoS One 2014;9:e93713. 

33. Ye QF, Zhang YC, Peng XQ, et al. Silencing Notch-1 

induces apoptosis and increases the chemosensitivity of prostate 

cancer cells to docetaxel through Bcl-2 and Bax. Oncol Lett 

2012;3:879-84. 

34. Niu G, Yin S, Xie S, et al. Quercetin induces apoptosis by 

activating caspase-3 and regulating Bcl-2 and cyclooxygenase-2 

pathways in human HL-60 cells. Acta Biochim Biophys Sin 

(Shanghai) 2011;43:30-7. 

35. Yang L, Liu Y, Wang M, et al. Quercetin-induced apoptosis 

of HT-29 colon cancer cells via inhibition of the Akt-CSN6-Myc 

signaling axis. Mol Med Rep 2016;14:4559-66. 

36. Zhu S, Oremo JA, Li S, et al. Synergistic antitumor activities 

of docetaxel and octreotide associated with apoptotic-

upregulation in castration-resistant prostate cancer. PLoS One 

2014;9:e91817. 

37. Herbst RS, Khuri FR. Mode of action of docetaxel - a basis 

for combination with novel anticancer agents. Cancer Treat Rev 

2003;29:407-15. 

38. Lu X, Yang F, Chen D, et al. Quercetin reverses docetaxel 

resistance in prostate cancer via androgen receptor and PI3K/Akt 

signaling pathways. Int J Biol Sci 2020;16:1121-34. 

39. Kamaruzman NI, Aziz NA, Poh CL, et al. Oncogenic 

Signaling in Tumorigenesis and Applications of siRNA 

Nanotherapeutics in Breast Cancer. Cancers (Basel) 2019;11. 

40. Manning BD, Toker A. AKT/PKB Signaling: Navigating the 

Network. Cell 2017;169:381-405. 

41. Dai Y, Jin S, Li X, et al. The involvement of Bcl-2 family 

proteins in AKT-regulated cell survival in cisplatin resistant 

epithelial ovarian cancer. Oncotarget 2017;8:1354-68. 

42. Li SZ, Qiao SF, Zhang JH, et al. Quercetin Increase the 

Chemosensitivity of Breast Cancer Cells to Doxorubicin Via 

PTEN/Akt Pathway. Anticancer Agents Med Chem 

2015;15:1185-9. 

43. Shu Y, Xie B, Liang Z, et al. Quercetin reverses the 

doxorubicin resistance of prostate cancer cells by 

downregulating the expression of c-met. Oncol Lett 

2018;15:2252-8. 

44. Pozsgai E, Bellyei S, Cseh A, et al. Quercetin increases the 

efficacy of glioblastoma treatment compared to standard 

chemoradiotherapy by the suppression of PI-3-kinase-Akt 

pathway. Nutr Cancer 2013;65:1059-66. 

45. Li J, Zhang J, Wang Y, et al. Synergistic inhibition of 

migration and invasion of breast cancer cells by dual 

docetaxel/quercetin-loaded nanoparticles via Akt/MMP-9 

pathway. Int J Pharm 2017;523:300-9. 

46. Cochaud S, Giustiniani J, Thomas C, et al. IL-17A is 

produced by breast cancer TILs and promotes chemoresistance 

and proliferation through ERK1/2. Sci Rep 2013;3:3456. 

47. Mhaidat NM, Zhang XD, Jiang CC, et al. Docetaxel-induced 

apoptosis of human melanoma is mediated by activation of c-Jun 

NH2-terminal kinase and inhibited by the mitogen-activated 

protein kinase extracellular signal-regulated kinase 1/2 pathway. 

Clin Cancer Res 2007;13:1308-14. 

48. Cook SJ, Stuart K, Gilley R, et al. Control of cell death and 

mitochondrial fission by ERK1/2 MAP kinase signalling. FEBS 

J 2017;284:4177-95. 

49. Darling NJ, Balmanno K, Cook SJ. ERK1/2 signalling 

protects against apoptosis following endoplasmic reticulum 

stress but cannot provide long-term protection against 

BAX/BAK-independent cell death. PLoS One 

2017;12:e0184907. 

50. Chen FY, Cao LF, Wan HX, et al. Quercetin enhances 

adriamycin cytotoxicity through induction of apoptosis and 

regulation of mitogen-activated protein kinase/extracellular 

signal-regulated kinase/c-Jun N-terminal kinase signaling in 

multidrug-resistant leukemia K562 cells. Mol Med Rep 

2015;11:341-8. 

51. Lee H, Jeong AJ, Ye SK. Highlighted STAT3 as a potential 

drug target for cancer therapy. BMB Rep 2019;52:415-23. 

52. Arshad S, Naveed M, Ullia M, et al. Targeting STAT-3 

signaling pathway in cancer for development of novel drugs: 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
10

.1
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
16

 ]
 

                            11 / 12

http://dx.doi.org/10.22088/IJMCM.BUMS.10.1.11
https://ijmcmed.org/article-1-1501-fa.html


Safi A et al. 

 

Int J Mol Cell Med Winter 2021; Vol 10 No 1   22 

Advancements and challenges. Genet Mol Biol 

2020;43:e20180160. 

53. Zhang J, Du J, Liu Q, et al. Down-regulation of STAT3 

expression using vector-based RNA interference promotes 

apoptosis in Hepatocarcinoma cells. Artif Cells Nanomed 

Biotechnol 2016;44:1201-5. 

54. Banerjee K, Resat H. Constitutive activation of STAT3 in 

breast cancer cells: A review. Int J Cancer 2016;138:2570-8. 

55. Mohammadian J, Sabzichi M, Molavi O, et al. Combined 

Treatment with Stattic and Docetaxel Alters the Bax/Bcl-2 Gene 

Expression Ratio in Human Prostate Cancer Cells. Asian Pac J 

Cancer Prev 2016;17:5031-5. 

 

 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
10

.1
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

m
cm

ed
.o

rg
 o

n 
20

25
-0

7-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://dx.doi.org/10.22088/IJMCM.BUMS.10.1.11
https://ijmcmed.org/article-1-1501-fa.html
http://www.tcpdf.org

