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Background: Triple-negative breast cancer (TNBC) is characterized by its aggressiveness and poor 
prognosis. Docetaxel is the common chemotherapeutic drug used in the treatment of TNBC. However, 
resistance to docetaxel has limited the effectiveness of TNBC treatment. Petroleum ether extracts of 
Curcuma zedoaria (PECZ) can inhibit the proliferation of MDA-MB-231 cells. However, the effect of PECZ 
on docetaxel resistance is not clear.
Methods: A docetaxel-resistant MDA-MB-231 (MDA-MB-231/docetaxel) cell line was established, and 
Cell Counting Kit-8 (CCK-8), quantitative real-time PCR (qRT-PCR), and western blotting assays were 
used to evaluate the effect of docetaxel resistance in MDA-MB-231 cells. Next, CCK-8 was also performed 
to detect the effect of docetaxel or the combination treatment of docetaxel and PECZ on the proliferation of 
MDA-MB-231/docetaxel cells. Thereafter, MDA-MB-231/docetaxel cells were subcutaneously injected into 
nude mice to induce a TNBC xenograft model, and the mice were divided into a model group, docetaxel 
group, PECZ group, and combination of docetaxel and PECZ group. Subsequently, hematoxylin and eosin 
(HE) staining, immunohistochemical, qRT-PCR, and western blotting were used to estimate the effect of 
pre-treatment with PECZ on docetaxel tolerance reversal. 
Results: PECZ significantly inhibited the expression of pregnane X receptor (PXR), multidrug resistance 
1 (MDR1), breast cancer resistance protein (BCRP), and cytochrome P-450 (CYP3A4) in MDA-MB-231/
docetaxel cells. Only higher concentrations of docetaxel could inhibit the viability of MDA-MB-231/
docetaxel cells. When pre-treated with PECZ, lower concentrations of docetaxel could significantly 
inhibit cell viability. Meanwhile, combination treatment also reduced the tumor volume, ameliorated the 
pathological change of tumor tissues, and down-regulated the expressions of PXR, MDR1, BCRP, and 
CYP3A4 (according to HE staining, immunohistochemical, qRT-PCR and western blotting results in vivo).
Conclusions: Our research showed that PECZ reversed docetaxel resistance in TNBC by PXR both in 
vitro and in vivo, which provides the basis for further investigations into the potential therapeutic impact of 
docetaxel resistance in TNBC. 
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Introduction

Breast cancer is one of the most common malignant tumors 
in women, and seriously threatens their health and lives (1).  
Triple-negative breast cancer (TNBC) is the most 
refractory and poor-prognosis type of breast cancer due to 
high histological grade, high degree of malignancy, high 
recurrence, and metastasis (2,3). Surgery, radiotherapy, 
and chemotherapy are the main therapies for TNBC 
because it is not sensitive to hormones and has no targeted 
therapy (4). At present, docetaxel is the most accessible 
and effective chemotherapeutic drugs for the treatment 
of TNBC (5). However, docetaxel tolerance has limited 
its therapeutic effect in TNBC and resulted in treatment 
failure (6). Currently, there are six known mechanisms of 
TNBC resistance, including the pumping of chemotherapy 
drugs from tumor cells by ATP binding cassette (ABC) 
transporter, overexpressed β-tubulin III subgroup induced 
paclitaxel resistance, DNA repair enzyme mutations lead 
to decreased sensitivity of tumor cells to chemotherapeutic 
drugs, the gene mutation involved in normal cell apoptosis 
inhibited chemotherapy-induced apoptosis of tumor cells, 
the effects of acetaldehyde dehydrogenase 1 (ALDH1) and 
glutathione/glutathione-s-transferase lead to inactivation 
or degradation of chemotherapeutic drugs, and effect of 
nuclear transcription factor-kappa B (NF-κB) signaling 
pathway on chemotherapy (7). Therefore, docetaxel 
resistance in TNBC treatment remains a challenge to be 
overcome. To this end, many studies have been carried 
out in the medical community. Wang et al. found that MA 
can directly inhibit the expression and interaction between 
MELK and FoxM1 as well as the transcriptional activity of 
FoxM1, thus reducing the expression of ABCB1.  In human 
TNBC therapy, the combination of DOC and MA may 
help overcome DOC resistance (8). Previous studies have 
shown that plants and plant-derived compounds, such as 
curcuma zedoaria, play an important role in cancer (9,10). 
Curcuma zedoaria plays a positive role in many diseases, 
including rectal, lung, liver, gastric, and cervical cancers (11). 
It also exerts anti-thrombosis, anti-platelet aggregation, 
anti-atherosclerosis, blood lipid regulation effects (11). 
Moreover, the petroleum ether extracts of Curcuma zedoaria 
(PECZ) have been shown to inhibit the proliferation of 
MDA-MB-231 cells (12). However, the mechanism of 
PECZ and whether PECZ can reverse docetaxel tolerance 
in TNBC remains unclear. 

Therefore, we established a docetaxel-resistant MDA-
MB-231 (MDA-MB-231/docetaxel) cell line to evaluate 

the effect of PECZ in reversing docetaxel resistance 
in vitro. The MDA-MB-231/docetaxel cells were then 
subcutaneously injected into nude mice to investigate the 
effect of PECZ in vivo. According to our results, PECZ 
can induce the expression of drug resistance genes, inhibit 
tumor growth, and ameliorate the pathological changes 
of tumor tissue. These findings provide a basis for further 
investigating TNBC resistance reversal. 

Nowadays integrated Chinese and western medicine is 
becoming one of the important means to treat cancer, and 
the value of Chinese medicine in treating cancer has been 
paid more and more attention by the world. This study will 
further confirm the feasibility of petroleum ether extract 
from Curcuma zedoary as an anti-tumor drug, and provide 
some theoretical basis for the development of Chinese 
herbal plant active extract as an anti-tumor innovative drug. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4199).

Methods

Preparation of PECZ

Curcuma zedoaria (40 g) was crushed into coarse particles 
and soaked in 70% ethanol overnight. After extraction twice 
by thermal reflux, the extracted solution was combined and 
concentrated under decompression. When the ethanol was 
completely volatilized, the extracted solution was extracted 
by aether petrolei. The petroleum ether extracts were cold 
dried and weighed three times to calculate the mean value. 
Finally, after filtration and sterilization, the extract was 
concentrated and stored at 4 ℃. 

When PECZ was used, 5 mg PECZ was dissolved in 
500 μL dimethyl sulfoxide and filtered using a 0.22 μm 
filter membrane. Next, the medium was used to dilute the 
extracting solution to a desired concentration before use. 

Construction of docetaxel-resistant MDA-MB-231 cell 
lines

MDA-MB-231 cel ls  were purchased from Sabine 
Biotechnology Co., Ltd. (Shanghai, China). The cells 
were maintained in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium supplemented with 100 U/mL 
streptomycin and 100 μg/mL penicillin, 10% fetal bovine 
serum (FBS), and cultured under a humidified atmosphere 
containing 5% CO2 at 37 ℃. In detail, the MDA-MB-231 
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cells were continuously exposed to an ascending series of 
docetaxel (0.0156, 0.0313, 0.0625, 0.125, and 0.25 μg/mL)  
to induce docetaxel-resistant cells (MDA-MB-231/
docetaxel) (13).

CCK-8 assay

Firstly, a CCK-8 (HY-K0301, MCE, USA) was utilized to 
determine the MDA-MB-231/docetaxel cell proliferation 
rates. According to the manufacturer’s instructions, MDA-
MB-231/docetaxel cells (2×104/mL, 100 μL/well; the 
individual well was considered the experimental unit in this 
study) were transferred into a 96-well plate and cultured until 
the cells were fully attached. Subsequently, MDA-MB-231/
docetaxel cells were exposed to gradient concentrations 
of PECZ (100, 200, 300, 400, and 500 μg/mL) for 24 h, 
and cultured with CCK-8 solution (10 μL) for 2 h. The 
absorbance of each experimental group was measured at  
450 nm. 

Subsequently, CCK-8 was performed to detect the 
effect of docetaxel or docetaxel combined with PECZ on 
the proliferation of MDA-MB-231/docetaxel cells. Firstly, 
MDA-MB-231/docetaxel cells (2×104/mL, 100 μL/well;  
the individual well was considered the experimental unit 
in this study) were cultured in RPMI-1640 medium 
containing (or not) 100 μg/mL PECZ for 24 h. Next, the 
medium was replaced with fresh medium containing various 
concentrations of docetaxel (0.1, 0.2, 0.4, 0.6, 0.8, 1.6, and 
3.2 μg/mL) for 12 h, 24 h, and 48 h, respectively. After 
incubation with the CCK-8 solution (10 μL) for 2 h, each 
experimental group was also measured at 450 nm to obtain 
the absorbance. 

Tumor xenograft model and treatment

Forty-eight BALB/c nude mice (6–8 weeks, 18–20 g body 
weight) were purchased from the Centre of Experimental 
Animals at the Shanghai SLAC Laboratory Animal Co., 
Ltd. (Shanghai, China) [reference number Certificate 
No. SCXK (Hu) 2017-0005]. All mice were kept in 
an environment where the ambient temperature was 
maintained at 22–23 ℃, the relative humidity was 45–50%, 
and a 12/12-hour light cycle. The mice were then randomly 
divided into the following four groups (12 mice/group; the 
individual mouse was considered the experimental unit in 
this study): model, PECZ, docetaxel, and the combination 
of PECZ and docetaxel groups. The health status of the 
mice was monitored every 2 weeks to exclude problematic 

mice from the study. 
After adaptive feeding for a week, MDA-MB-231/

docetaxel cells in logarithmic growth phase (4×106 cells) 
were suspended in 0.2 mL RPMI 1640 medium and 
subcutaneously injected into the right flank of nude mice. 
When the tumors reached 100 mm3, the mice were treated 
with PECZ (10 mg/mL, 0.2 mL), docetaxel (2.5 mg/kg 
docetaxel dissolved in 0.2 normal saline), or the combination 
of PECZ and docetaxel (10 mg/mL PECZ and 2.5 mg/kg 
docetaxel dissolved in 0.2 normal saline) by intraperitoneal 
injection once daily and consistent for 20 consecutive days 
. Tumor volumes of > or <100 mm3 were excluded. After 
the last administration, the tumor size was measured and 
calculated as follows: tumor volume (mm3) = L1 × (L2)

2 
×0.5236, where L1 represents the long diameter and L2 
represents the short diameter. The maximum size that 
tumors were allowed to grow in the mice before euthanasia 
was 2,000 mm3. Experiments were performed under a 
project license [No.: SYXK (Zhe) 2020-0024] granted by 
ethics board of Hangzhou Eyong Biotechnological Co., 
Ltd. Animal Experiment Center (Zhejiang, China), in 
compliance with National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. A protocol was 
prepared before the study without registration.

For each animal, further studies were estimated by 
investigators who were unaware of the treatment of mice. In 
this study, the mice did not show any other adverse events, 
and had no abnormal tissues when autopsied except for the 
tumor tissue.

Hematoxylin and eosin (HE) staining

After the last administration, all of the mice were sacrificed 
and the tumors were excised. Briefly, the tumor tissues were 
fixed in 10% neutral formalin, then dehydrated by gradient 
ethanol, embedded, and cut into 4 μm sections. Lastly, the 
tumor tissues were stained with HE and observed under a 
light microscope (Leica, Germany). 

Immunohistochemical

Immunohistochemistry stains were performed to detect the 
expression of PXR, MDR1, CYP3A4, and BCRP in tumor 
tissues. Briefly, after deparaffinization and rehydration, the 
paraffin-embedded slides were extracted in citric acid buffer 
(0.1 mol/L, PH =6.0) and treated with 3% H2O2. The slides 
were then incubated with primary antibodies overnight 
at 4 ℃. After washing, biotinylated secondary antibodies 
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Table 1 Primer sequence of the genes for qRT-PCR analysis (5'–3')

Gene Forward primer Reverse primer

PXR CGAGCT CCG CAG CATCA TGTATG TCC TGGATG CGCA

MDR1 CCATAGCTCGTGCCCTTGTTAGA CGGTGAGCAATCACAATGCAG

BCRP TCCACTGCTGTGGCATTAAA TGCTGAAACACTGGTTGGTC

CYP3A4 GATTGACTCTCAGAATTCAAAAGAAACTGA GGTGAGTGGCCAGTTCATACATAATG

β-actin TTCTACAATGAGCTGCGTGTG CAGCCTGGATAGCAACGTACA

PXR, pregnane X receptor; MDR1, multidrug resistance 1; BCRP, breast cancer resistance protein; CYP3A4, cytochrome P-450.

were added and incubated at room temperature for 20 min. 
Finally, the sections were stained with a DAB to develop the 
color and counter-stained with hematoxylin. The primary 
antibodies included the following: PXR antibody (1:50, 
15607-1-AP, Proteintech, USA), MDR1 antibody (1:50, 
AF5185, Affinity, USA), BCRP antibody (1:50, AF5177, 
Affinity, USA), and CYP3A4 antibody (1:50, 18227-1-AP, 
Proteintech, USA). 

Quantitative real-time PCR (qRT-PCR)

After different treatments, the MDA-MB-231/docetaxel 
cells and tumor tissues were extracted using TRIzol reagent 
(B511311; Shenggong Biotech, Inc., Shanghai, China) to 
obtain the total RNA. The total RNA was then reverse 
transcribed to cDNA and detected by qRT-PCR with a 
SYBR Green kit. Table 1 shows the primer sequences of 
PXR, MDR1, BCRP, CYP3A4, and β-actin. The relative 
mRNA expression levels were calculated by the 2−ΔΔCt 
method and normalized the level of target genes relative to 
β-actin. 

Western blotting 

The proteins of MDA-MB-231/docetaxel cells and 
tumor tissues were extracted by RIPA lysis buffer 
(Phenylmethanesulfonyl fluoride). After centrifugation at 
12,000 rpm and 4 ℃ for 15 min, the protein concentration 
was detected by BCA kit (pc0020, Solarbio). SDS-PAGE 
and a PVDF membrane were used to separate and transfer 
the protein. After blocking with 5% non-fat milk, the 
membranes were incubated with the primary antibodies, 
including PXR antibody (1:500, 15607-1-AP, Proteintech, 
USA), MDR1 antibody (1:500, AF5185, Affinity, USA), 
BCRP antibody (1:500, AF5177, Affinity, USA), CYP3A4 
antibody (1:1,000, 18227-1-AP, Proteintech, USA), and 

β-actin antibody (1:1,000, M1210-2, HuaBio, China) at  
4 ℃ overnight. They were then incubated with secondary 
antibodies at room temperature for 2 h. After washing 
with tris buffered saline tween (TBST), the membrane was 
detected. The images were obtained and analyzed by ImageJ 
software (Macintosh-based National Institutes of Health, 
USA) to obtain the expressions of PXR, MDR1, BCRP, and 
CYP3A4. 

Statistical analysis

The statistical analyses were performed using SPSS15.0 
(IBM Corp., Armonk, NY, USA). Measurement data were 
expressed as x±s. The least significant difference (LSD) in 
one-way ANOVA was used to compare two groups. Each 
experiment step is repeated three times. P values <0.05 were 
considered statistically significant. 

Results

In vitro assay

Effect of PECZ on the proliferation of MDA-MB-231/
docetaxel cells
In order to determine the effect of PECZ on the drug 
resistance cells MDA-MB-231/docetaxel, CCK-8 was 
performed to detect the proliferation of MDA-MB-231/
docetaxel cells. Compared with the untreated MDA-
MB-231/docetaxel cells, the proliferation of MDA-
MB-231/docetaxel cells was inhibited by PECZ in a dose-
dependent manner (Figure 1, P<0.05, P<0.01). These results 
suggested that PECZ could reverse the tolerance of MDA-
MB-231 to docetaxel. 

Effect of PECZ on the mRNA expression of drug 
resistance genes
The effect of PECZ on the resistance-related mRNA 
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expressions in MDA-MB-231/docetaxel cells was assessed 
by qRT-PCR. As demonstrated in Figure 2, compared with 
control group, as the concentration of PECZ increased, the 
mRNA expressions of PXR, MDR1, BCRP, and CYP3A4 
were down-regulated in a dose-dependent manner (P<0.05, 

P<0.01).

Effect of PECZ on the protein expression of drug 
resistance genes
The effect of PECZ on the resistance-related protein 
expressions in MDA-MB-231/docetaxel cells was assessed 
by western blotting. Consistent with the qRT-PCR results, 
compared with control group, the protein expressions 
of PXR, MDR1, BCRP, and CYP3A4 were also down-
regulated in PECZ treatment group in a dose-dependent 
manner (Figure 3, P<0.05, P<0.01). 

Tolerance reversal of MDA-MB-231/docetaxel cells 

In order to further estimate the reverse effect of PECZ 
and the inhibition of docetaxel on the MDA-MB-231/
docetaxel cells, a CCK-8 assay was performed again in the 
different treatment groups. Without PECZ treatment, the 
viability of MDA-MB-231/docetaxel cells cultured in a 
low concentration of docetaxel (0.1 and 0.2 μg/mL) for 12, 
24, or 48 h was maintained. Only higher concentrations of 

Figure 1 Effect of PECZ on the proliferation of MDA-MB-231/
docetaxel cells. (x±s, n=3), *, P<0.05; **, P<0.01 vs. control group. 
PECZ, petroleum ether extracts of Curcuma zedoaria.
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Figure 2 Effect of PECZ on the mRNA expression of drug resistance genes. The mRNA expressions of PXR (A), MDR1 (B), BCRP (C), 
and CYP3A4 (D) in MDA-MB-231/docetaxel cells were detected by qRT-PCR. (x±s, n=3), *, P<0.05; **, P<0.01 vs. control group. PECZ, 
petroleum ether extracts of Curcuma zedoaria; PXR, pregnane X receptor; MDR1, multidrug resistance 1; BCRP, breast cancer resistance 
protein; CYP3A4, cytochrome P-450.
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Figure 3 Effect of PECZ on the protein expression of drug resistance genes in MDA-MB-231/docetaxel cells. Representative band of each 
protein (A). Relative protein expression of PXR (B), MDR1 (C), BCRP (D), and CYP3A4 (E). (x±s, n=3), *, P<0.05; **, P<0.01 vs. control 
group. PECZ, petroleum ether extracts of Curcuma zedoaria; PXR, pregnane X receptor; MDR1, multidrug resistance 1; BCRP, breast 
cancer resistance protein; CYP3A4, cytochrome P-450.

docetaxel could significantly inhibit cell viability (Figure 4A, 
P<0.05, P<0.01). However, when MDA-MB-231/docetaxel 
cells were pre-treated with PECZ, lower concentrations of 
docetaxel could significantly inhibit cell viability (Figure 4B, 
P<0.05, P<0.01), which suggested that PECZ can reverse of 
the tolerance of MDA-MB-231/docetaxel cells.

The inhibitory effect of PECZ on tumor growth in the 
tumor xenograft model

After treatment with PECZ and docetaxel (alone or 
combined), the tumor size was measured. As shown in 
Figure 5, after administration for 20 days, the tumor 
volume in the treatment groups were all lower than the 
model group, but treatment with PECZ alone showed no 
significant difference. However, treatment with docetaxel 
and the combination of PECZ and docetaxel could both 
significantly reduce the tumor volume (P<0.05). 

Treatment with PECZ and docetaxel ameliorated the 
pathological changes of tumor tissues

The changes of tumor tissues in each group were detected 
by HE staining (Figure 6). The tumor cells showed active 

growth, dense cells, disordered arrangement in each 
group tumor tissues. Meanwhile, large and deep nuclei, 
and nuclear division could be seen in tumor cells under 
high magnification. Compared with the model group, the 
density of blood vessels and nuclear division was decreased 
obviously in the administration group. Moreover, the 
ameliorating effect of the combined PECZ and docetaxel 
treatment on the tumor tissue was better than treatment 
with PECZ or docetaxel alone. 

Combination of PECZ and docetaxel decreased the 
expression of PXR, MDR1, CYP3A4, and BCRP

Immunohistochemistry was used to detect the expression 
of drug resistance genes in the different treatment groups 
(Figure 7). In the model group, the positive expressions 
of PXR, MDR1, CYP3A4, and BCRP were significantly 
higher than that in other groups. After the combination 
treatment of PECZ and docetaxel, the positive expressions 
of PXR, MDR1, CYP3A4, and BCRP were markedly 
decreased. Also, the inhibition of the positive expressions 
of drug resistance genes was stronger in the PECZ and 
docetaxel co-treatment group compared to treatment with 
PECZ or docetaxel individually. 
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PECZ reduced the mRNA and protein expressions of PXR, 
MDR1, CYP3A4, and BCRP

In order to further confirm the reversal effect of PECZ, 
qRT-PCR, and western blotting was also performed 
to detect the mRNA and protein expression in tumor 
tissues (Figure 8). The results suggested that the mRNA 
and protein expressions of PXR, MDR1, CYP3A4, and 
BCRP were markedly reduced in the combined PECZ and 
docetaxel treatment group (P<0.05, P<0.01). Meanwhile, 
docetaxel significantly increased the protein expression 
levels of PXR, MDR1, CYP3A4, and BCRP in tumor 
tissues (P<0.05, P<0.01), which indicated that PECZ can 
reverse the tolerance of docetaxel. 

Discussion

Breast cancer is the main cause of cancer-related death 
among women worldwide (14). As one of the special sub-
types of breast cancer, TNBC is insensitive to the clinically 
effective treatments of other types breast cancer (15). At 
present, paclitaxel and docetaxel have been shown to be 
efficient microtubule-poisoning drugs for the treatment of 
TNBC (16). However, the resistance to docetaxel usually 
appears in the progress of the TNBC treatment and reduces 
the treatment effect (17). Therefore, this study detected 
the mechanism of PXR-mediated PECZ reversal of the 
resistance of docetaxel in TNBC. 

It is well known that Curcuma zedoaria is a common 

Figure 4 Reverse of the tolerance of MDA-MB-231/docetaxel cells. (A) Effect of docetaxel on the viability of MDA-MB-231/docetaxel cells 
without treatment with PECZ. (B) Effect of docetaxel on the viability of MDA-MB-231/docetaxel cells after treatment with PECZ. (x±s, 
n=3), *, P<0.05; **, P<0.01 vs. control group. PECZ, petroleum ether extracts of Curcuma zedoaria.
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Figure 5 The inhibition effect of PECZ on tumor growth in tumor xenograft model. (A) Representative images of the tumor in each group 
of mice. (B) The tumor volume of the different treatment groups. (x±s, n=12), *, P<0.05 vs. model group.
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Figure 6 Representative HE staining images of tumor tissues in each group (original magnification ×200, ×400); (x±s, n=3).

Model PECZ Docetaxel PECZ + docetaxel

×200 

×400

chemotherapy drug for cancer-related diseases, such 
as cervical, colon, and especially breast cancers (18). 
It has been shown that PECZ possesses the strongest 
inhibitory effect on MDA-MB-231 cells compared to other  
extracts (12). Consistent with these results, we also found 
that the proliferation of MDA-MB-231/docetaxel cells 
was markedly inhibited after pre-treatment with PECZ. 
Meanwhile, the pathological changes of tumor tissue were 
also obviously ameliorated by pre-treatment with PECZ and 
treatment with docetaxel. PXR can regulate the expression 
of resistance-related genes to improve the metabolism 
and clearance of chemotherapeutic drugs in human cancer 
cells (19,20), and plays a key role in breast cancer (21). 
In this study, the expression of PXR was increased in the 
MDA-MB-231/docetaxel cell group and mice with tumor 
xenograft. After pre-treatment with PECZ, the expression 
of PXR decreased both in vivo and in vitro after subsequent 
treatment with docetaxel, which showed that PECZ could 
effectively reverse the resistance of docetaxel in TNBC. 

The bioavailability of chemotherapy drugs in cancer 
cells critically affects the efficiency of cancer treatment (22).  
When cancer  ce l l s  posses s  drug  re s i s t ance ,  the 
overexpression of MDR1 and CYP3A4 promotes the 
efflux and metabolism of various drugs and further induces 
reduced accumulation of the chemotherapeutic drugs in 
cancer cells (23). BCRP, as the breast cancer resistance 
protein and crucial marker of side population cells, also 
plays an important role in drug resistance (24). Therefore, 
it effectively reduces the efflux and metabolism of various 
drugs for the inhibition of resistance (25). Similarly, after 
pre-treatment with PECZ, the expression of MDR1, 

BCRP, and CYP3A4 was decreased both in vivo and in 
vitro after subsequent treatment with docetaxel. However, 
without pre-treatment with PECZ, the expressions of PXR, 
MDR1, BCRP, and CYP3A4 were increased both in vivo 
and in vitro. These results also suggested that PECZ could 
effectively reverse the resistance of docetaxel in TNBC. 

There may be other mechanisms involved in PECZ 
reversing docetaxel resistance in triple-negative breast 
cancer cells. For example, Li et al. found that β-elemene 
(the main component of PECZ) makes platinum-
resistant ovarian cancer cells more sensitive to platinum 
compounds and increases the anti-tumor proliferation 
effect of platinum compounds. The mechanism is mainly 
that β-elemene reduces cyclin B1 and Cdc2, thus making 
the cell cycle stay in G2 /M phase (26). Li et al. found that 
β-elemene significantly increased the activity of platinum-
induced caspase, including caspase-3, 7, 8, 9, 10, in 
bladder cancer cells that were added with both platinum 
compound and β -elemene, compared with the control 
group that was added with platinum compound alone. 
This suggests that β-elemene can increase the cytotoxicity 
of platinum compounds through this signaling pathway 
and increase the sensitivity of bladder cancer cells to 
platinum compounds (27). However, the existence of these 
mechanisms in breast cancer needs further study.

Conclusions

In this study, we estimated the reversal effect of PECZ 
for docetaxel resistance in vivo and in vitro. Our results 
demonstrated that pre-treatment with PECZ could 
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Figure 7 PECZ and docetaxel decreased the expression of drug resistance genes. Representative images of immunohistochemical showing 
PXR, MDR1, CYP3A4, and BCRP in tumor tissues in the different groups. Original magnification ×200, ×400; (x±s, n=3).  PECZ, 
petroleum ether extracts of Curcuma zedoaria; PXR, pregnane X receptor; MDR1, multidrug resistance 1; BCRP, breast cancer resistance 
protein; CYP3A4, cytochrome P-450.
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Figure 8 PECZ reduced the mRNA and protein expressions of drug resistance genes in tumor tissues. Effect of PECZ and docetaxel on the 
mRNA expressions of PXR (A), MDR1 (B), BCRP (C), and CYP3A4 (D) in tumor tissues. Representative band of each protein (E). Effect of 
PECZ and docetaxel on the protein expressions of PXR (F), MDR1 (G), BCRP (H), and CYP3A4 (I) in tumor tissues. (x±s, n=3); *, P<0.05; 
**, P<0.01 vs. model group. PECZ, petroleum ether extracts of Curcuma zedoaria; PXR, pregnane X receptor; MDR1, multidrug resistance 1; 
BCRP, breast cancer resistance protein; CYP3A4, cytochrome P-450.
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inhibit the proliferation and reduce the expression of 
drug resistance genes of MDA-MB-231/docetaxel cells. 
Therefore, PECZ might be a potential drug for reversing 
docetaxel resistance, thereby providing a new therapeutic 
method for TNBC. Even though our data demonstrates 
that PECZ reverse the effect of docetaxel resistance in 
MDA-MB-231 cells, the effect of PECZ on the reversal 
of docetaxel resistance was not clear in other TNBC cells. 
Therefore, further study should be conducted to estimate 
effect of PECZ on docetaxel resistance.
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