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Abstract
Cytokines play important roles in tumorigenesis and progression of cancer cells, while their functions in drug resistance 
remain to be illustrated. We successfully generated doxorubicin (Dox)-resistant CRC HCT-116 and SW480 cells (namely 
HCT-116/Dox and SW480/Dox, respectively). Cytokine expression analysis revealed that IL-8, while not FGF-2, EGF, 
TGF-β, IL-6, or IL-10, was significantly increased in Dox-resistant CRC cells as compared with their corresponding parental 
cells. Targeted inhibition of IL-8 via siRNAs or its inhibitor reparixin can increase the Dox sensitivity of HCT-116/Dox and 
SW480/Dox cells. The si-IL-8 can decrease the mRNA and protein expression of multidrug resistance 1 (MDR1, encoded by 
ABCB1), while has no effect on the expression of multidrug resistance-associated protein 1 (ABCC1), in CRC Dox-resistant 
cells. IL-8 can increase the phosphorylation of p65 and then upregulate the binding between p65 and promoter of ABCB1. 
BAY 11-7082, the inhibitor of NF-κB, suppressed the recombination IL-8 (rIL-8) induced upregulation of ABCB1. It con-
firmed that NF-κB is involved in IL-8-induced upregulation of ABCB1. rIL-8 also increased the phosphorylation of IKK-β, 
which can further activate NF-κB, while specific inhibitor of IKK-β (ACHP) can reverse rIL-8-induced phosphorylation of 
p65 and upregulation of MDR1. These results suggested that IL-8 regulates the Dox resistance of CRC cells via modulation 
of MDR1 through IKK-β/p65 signals. The targeted inhibition of IL-8 might be an important potential approach to overcome 
the clinical Dox resistance in CRC patients.
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Introduction

Colorectal cancer (CRC) is the third leading cause of can-
cer-related death worldwide, which caused about 0.6 mil-
lion deaths per year [5]. Chemotherapy is one of the major 
approaches for CRC treatment. However, chemoresistance 
is the primary reason for the treatment failure of advanced 
CRC [11]. Doxorubicin (Dox) is a DNA-intercalating 

anthracycline antibiotic which has been widely used for the 
treatment of CRC [3]. However, the drug resistance of Dox 
predominantly inhibits its clinical use for advanced CRC 
treatment [6]. A better understanding about the mechanisms 
responsible for Dox resistance will be of great help for its 
clinical application.

Cytokines and their corresponding receptors have been 
reported to be involved in the chemoresistance CRC [11]. 
Recent studies showed that interleukin (IL)-8 levels can 
predict tumor recurrence of CRC [12] and promote the pro-
liferation, migration, invasion and chemoresistance of CRC 
cells [16]. Dox treatment can increase the expression of IL-8 
and tumor necrosis factor-alpha (TNF-α) in human cancer 
cells [15]. The anti-cancer drug-induced IL-8 can increase 
the expression of ATP-binding cassette (ABC) transporters 
and then lead to poor chemotherapeutic response [18], while 
inhibition of IL-6 and IL-8 can increase the chemosensi-
tivity of human multidrug-resistant (MDR) breast cancer 
cells [24]. In addition, IL-8 has also been reported to be 
involved in the resistance of docetaxel [23], cisplatin [28], 
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and antiangiogenic agent Sunitinib [7]. However, its roles in 
CRC chemoresistance, particularly for Dox resistance, have 
not been well illustrated.

ATP-binding cassette (ABC) transporter is the major 
cause for chemoresistance [33]. It has been reported that 
ABCB1/MDR1/P-gp and ABCC1/MRP1 are the mostly 
implicated transporters involved in drug resistance [2]. In 
the present study, the expression of major cytokine was 
measured in Dox-resistant CRC cells. The roles of IL-8 on 
CRC progression and Dox resistance have been investigated. 
Our data showed that IL-8 can trigger the Dox resistance of 
CRC cells via induction of MDR1 through activation of p65.

Materials and methods

Cell and cell culture

Human CRC HCT-116 and SW480 cells were purchased 
from American Type Culture Collection (ATCC) and cul-
tured in the medium recommended by ATCC containing 
10% FBS (Life Technologies, Grand Island, USA). Cells 
were maintained at 37 °C in a humidified atmosphere with 
5%  CO2. To generate the Dox-resistant cells, stepwise 
increasing concentrations of Dox (0.01–1 µM) were used to 
treat the HCT-116 and SW480 cells for 6 months. Finally, 
cells were exposed to 1 µM Dox to maintain their drug 
resistance and named as HCT-116/Dox and SW480/Dox, 
respectively. For experimentation of Dox-resistant cells, 
addition of Dox was stopped 3 days before the experiments.

Cell transfection

The siRNA negative control and siRNA for IL-8 were 
designed and chemically synthesized and purified by GeneP-
harma (Shanghai, China). For cell transfection, the Dox-
resistant cells were seeded in six-well plates with a conflu-
ence of 40–60%. After 12 h of attachment, cells were further 
transfected with siRNAs (working concentration 50 nmol/L) 
by use of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocol.

RNA extraction and qRT‑PCR

Total RNAs were extracted by use of Trizol according to 
the manufacturer’s instructions. Then 2 µg of total RNA 
was used to generate cDNA by use of AMV-reverse tran-
scriptase (Promega, Madison, WI). The relative gene expres-
sion levels were measured by use of a SYBR Green I Real-
Time PCR kit (GenePharma) with the program of 95 °C for 
10 min, followed by 35 cycles of 95 °C for 15 s, 60 °C for 
20 s, and 72 °C for 45 s. The primers of targeted genes were 
as follows: FGF2, forward 5′-AGC GGC TGT ACT GCA 

AAA ACG G-3′ and reverse 5′-CCT TTG ATA GAC ACA 
ACT CCT CTC-3′; EGF, forward 5′-TGC GAT GCC AAG 
CAG TCT GTG A-3′ and reverse 5′-GCA TAG CCC AAT 
CTG AGA ACC AC-3′; TGF-β, forward 5′-TAC CTG AAC 
CCG TGT TGC TCT C-3′ and reverse 5′-GTT GCT GAG 
GTA TCG CCA GGA A-3′; IL-6, forward 5′-ATG GAT 
GCT ACC AAA CTG GAT-3′ and reverse 5′-TGA AGG 
ACT CTG GCT TTG TCT-3′; IL-8, forward 5′-CAC CTC 
AAG AAC ATC CAG AGC T-3′ and reverse 5′-CAA GCA 
GAA CTG AAC TAC CAT CG-3′; IL-10, forward 5′-GGT 
TGC CAA GCC TTA TCG GA-3′ and reverse 5′-ACC TGC 
TCC ACT GCC TTG CT-3′; and GAPDH, forward 5′-GCA 
CCG TCA AGG CTG AGA AC-3′ and reverse 5′-TGG TGA 
AGA CGC CAG TGG A-3′. The gene relative expression 
was calculated using the  2− ΔΔCt method. GAPDH was used 
to normalize the amount of cDNA.

Western blot analysis

Cells were lysed in lysis buffer containing 1 × Tris-buffered 
saline, 1% Nonidet P-40, 0.5% sodium deoxycholate, and 
0.1% sodium dodecyl sulfate (SDS). The protein concentra-
tion was measured by use of the Bradford assay (Bio-Rad, 
ON, Canada). For each sample, 30 µg of cell lysate was 
separated by 10% SDS-polyacrylamide gel electrophoresis 
(PAGE), transferred to PVDF membranes (Millipore, Bill-
erica, MA), and blocked by 5% nonfat milk (w/v) in phos-
phate-buffered saline (PBS) for 1 h. The primary antibodies 
against IL-8, MDR1, MRP1, p-p65, p65, p-IKK-α, IKK-
α, p-IKK-β, and IKK-β (1:1000) were incubated at room 
temperature for 2 h and washed with PBS/0.1% Tween-20 
three times. After incubating with horseradish peroxidase-
conjugated secondary antibodies (Zhongshan Boil Tech Co, 
Beijing, China) for 1 h at room temperature, the membrane 
was visualized by an enhanced chemiluminescence sys-
tem (Thermo Fisher Scientific, OL191210A, MA, USA). 
GAPDH was used as the loading control. Each experiment 
was repeated at least three times and the representative 
results are shown.

Cell proliferation assay

Cell proliferation assay was conducted by use of Cell Count-
ing Kit-8 (Dojindo, Kumamoto, Japan) according to the 
manufacturer’s instructions. Briefly, cells (5000/well) were 
seeded in the 96-well plates at a volume of 100 µl. After 
incubating for the indicated times, 10 µl CCK-8 solution 
was added to each well and further incubated at 37 °C for 
2 h. The absorbance at 450 nm for each well was measured 
by use of a Universal Microplate Reader (EL x800; Bio-Tek 
Instruments Inc., Winooski, VT, USA).
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Cell retention of Dox

To detect the retention of Dox, cells were seeded in six-well 
plates and treated with 1 µM Dox for 8 h. After carefully 
washing with PBS six times, cells were trypsinized and col-
lected by centrifugation. Then cells were resuspended in ice-
cold PBS for measuring the fluorescence intensity by a flow 
cytometer as described previously [34].

Chromatin immunoprecipitation (ChIP)

The ChIP assay was conducted according to the previous 
study [31] to measure the binding between p65 and promoter 
of ABCB1 using the Chromatin Immunoprecipitation (ChIP) 
Assay Kit (Millipore Corporation). Briefly, cells were har-
vested, cross-linked by 1% formaldehyde, and sonicated 
for 30 min. After centrifugation at 15,000g for 15 min, the 
solubilized chromatin was precleared with protein G-agarose 
for 60 min and then incubated with p65 antibody or rabbit 
IgG overnight at 4 °C. Total combined DNA in samples 
and inputs was extracted and used as the template for PCR. 
The primers to amplify the promoter of ABCB1 were for-
ward primer: 5′-CAA CTC GTC AAA GGA ATT AT-3′ and 
reverse primer: 5′-TTG TAC CTT TGA TCA ACA CC-3′.

Enzyme‑linked immunosorbent assay (ELISA)

The concentration of IL-8 in culture medium was examined 
by ELISA using human IL-8 CytoSet™ (Biosource, Cama-
rillo, USA) according to the manufacturer’s instructions. 
Human recombinant IL-8 (rIL-8) was used as the standard. 
The concentrations of IL-8 were measured using a micro-
plate reader (Molecular Devices, Sunnyvale, CA, USA) at 
450 nm.

Statistical analysis

SPSS version 13 (SPSS Inc., Chicago, IL, USA) was used 
to analyze the data. Student’s t test was used to compare the 

difference between two groups. p value less than 0.05 was 
considered as statistically significant (*p < 0.05, **p < 0.01).

Results

Characterization of Dox‑resistant CRC cells

We measured the Dox sensitivity of HCT-116/Dox and 
SW480/Dox and their corresponding parental cell lines by 
use of CCK-8 kit. Our data showed that the sensitivity of 
both HCT-116/Dox and SW480/Dox was much less than 
that of their corresponding parental cell lines (Fig. 1a, b). 
The IC50 values for HCT-116 and HCT-116/Dox cells were 
0.92 and 14.59 µM, respectively (Fig. 1a). The IC50 values 
for SW480 and SW480/Dox cells were 1.15 and 17.65 µM, 
respectively (Fig. 1b). These data suggested that the Dox-
resistant CRC cells have been established successfully.

IL‑8 expression is significantly increased 
in Dox‑resistant CRC cells

Considering numerous studies revealed that cytokines were 
involved in chemoresistance of cancer cells, the expression 
of fibroblast growth factor-2 (FGF-2), epidermal growth 
factor (EGF), transforming growth factor beta (TGF-β), 
IL-6, IL-8, and IL-10 was measured in CRC/Dox cells and 
their corresponding parental cells by qRT-PCR. Our results 
showed that the mRNA expression of IL-8 and IL-10 was 
increased in HCT-116/Dox cells as compared to that in 
HCT-116 cells (Fig. 2a), while only IL-8 was significantly 
increased in SW480/Dox cells as compared to that in SW480 
cells (Fig. 2b). The upregulation of IL-8, while not IL-10, 
was further confirmed in HCT-116/Dox and SW480/Dox 
cells by western blot analysis (Fig. 2c). ELISA supported 
that the levels of IL-8 in HCT-116/Dox and SW480/Dox 
cells were significantly greater than that in their correspond-
ing parental cell lines (Fig. 2d). These data revealed that 
IL-8 was significantly greater in Dox-resistant CRC cells.

Fig. 1  Characterization of Dox-
resistant CRC cells. HCT-116/
Dox (a) and SW480/Dox (b) 
cells and their corresponding 
parental cells were treated with 
increasing concentrations of 
Dox for 48 h; the cell prolifera-
tion was measured by CCK-8 kit
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IL‑8 is involved in the Dox resistance of CRC cells

We then investigated whether IL-8 is involved in Dox sensi-
tivity of CRC cells. First, we used siRNAs specific for IL-8 
to knock down its expression in HCT-116/Dox and SW480/
Dox cells. si-IL-8-2 was chosen for further studies due to its 
higher efficiency (Fig. 3a). Our data found that si-IL-8-2 can 
significantly increase the Dox sensitivity of both HCT-116/
Dox (IC50 3.2 µM) and SW480/Dox (IC50 4.5 µM) cells 
(Fig. 3b). In addition, si-IL-8-2 can significantly increase 
Dox retention in both HCT-116/Dox and SW480/Dox cells 
(Fig. 3c). Reparixin, the specific inhibitor of IL-8 recep-
tor CXCR2, was used to confirm the roles of IL-8 on Dox 
resistance of CRC cells. The results showed that reparixin 
treatment can also increase Dox sensitivity of HCT-116/Dox 

(IC50 2.6 µM) cells (Fig. 3d). Recombinant IL-8 (rIL-8) 
can decrease the Dox sensitivity of HCT-116 (IC50 3.6 µM) 
cells (Fig. 3e). These data suggested that IL-8 is involved in 
Dox resistance of CRC cells.

IL‑8 regulates the expression of multidrug 
resistance 1 (MDR1) in CRC cells

The mechanisms responsible for IL-8-regulated Dox resist-
ance were further investigated. Our data showed that both 
multidrug resistance 1 (MDR1) and multidrug resistance-
associated protein 1 (ABCC1) were significantly increased 
in HCT-116/Dox and SW480/Dox cells as compared with 
their corresponding parental cells (Fig.  4a). However, 
the si-IL8-2 can only decrease the expression of MDR1, 
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Fig. 2  IL-8 expression is significantly increased in Dox-resistant 
CRC cells. The mRNA expression of FGF, EGF, TGF-β, IL-6, IL-8, 
and IL-10 in HCT-116/Dox (a) and SW480/Dox (b) and their cor-
responding parental cell lines were measured by qRT-PCR; c the 
expression of IL-8 and IL-10 in HCT-116/Dox and SW480/Dox and 

their corresponding parental cell lines were measured by western 
blot analysis; d the relative expression of IL-8 in media of HCT-116/
Dox and SW480/Dox and their corresponding parental cell lines were 
measured by ELISA. *p < 0.05; **p < 0.01
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while not MRP1, in both HCT-116/Dox and SW480/Dox 
cells (Fig. 4b). In addition, the si-IL8-2 also decreased the 
mRNA expression of ABCB1 (MDR1) in HCT-116/Dox and 
SW480/Dox cells (Fig. 4c). Consistently, rIL8 can increase 
the mRNA expression of ABCB1, while not ABCC1, in both 
HCT-116 and SW480 cells (Fig. 4d). All these data revealed 
that IL-8 can positively regulate the expression of MDR1 
in CRC cells.

IL‑8 regulates the transcription of ABCB1 
via activation of NF‑κB

We further investigated the mechanisms responsible for 
IL-8-induced upregulation of ABCB1. Results showed that 
rIL-8 can increase the mRNA expression of ABCB1 in 
HCT-116 cells since treatment for 0.5 h (Fig. 5a). Consist-
ently, reparixin also rapidly suppressed the expression of 
ABCB1 in HCT-116/Dox cells (Fig. 5b). NF-κB, which can 
be activated by IL-8, regulates the transcription of ABCB1 
by binding to its promoter [32]. Our data showed that rIL-8 
can increase the phosphorylation of p65 in HCT-116 and 
SW480 cells (Fig. 5c). In addition, ChIP assay showed that 
rIL-8 can increase the binding between p65 and promoter 
of ABCB1 in HCT-116 cells (Fig.  5d). However, BAY 
11-7082, the inhibitor of NF-κB, suppressed the rIL-8-in-
duced upregulation of ABCB1 mRNA in HCT-116 cells 

(Fig. 5e). These results indicated that IL-8 regulates the 
transcription of ABCB1 via activation of NF-κB.

IL‑8 regulates NF‑κB/ABCB1 pathways 
via phosphorylation of IKKβ

IKK-α and IKK-β, which can phosphorylate IκBα and p65, 
regulate the activities of NF-κB in cancer cells [30]. Our 
results showed that rIL-8 treatment can significantly increase 
the phosphorylation of IKK-β, while not IKK-α, in HCT-
116 and SW480 cells (Fig. 6a). Furthermore, the specific 
inhibitor of IKK-β (ACHP) can reverse rIL-8 induced phos-
phorylation of p65 in HCT-116 cells (Fig. 6b). ACHP also 
abolished rIL-8-induced upregulation of ABCB1 in HCT-
116 cells (Fig. 6c). These results suggested that IL-8 regu-
lates NF-κB/ABCB1 pathways via phosphorylation of IKKβ.

Discussion

Although Dox does not represent the first-line treatment 
of colon cancers, the usage of Dox in combination with 
other anti-cancer agents has been proved to have a good 
therapeutic effect on advanced colorectal cancer patients 
[19]. Increasing evidences suggest that cytokines including 
IL-8 were involved in drug resistance of cancer cells. Our 
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Fig. 3  IL-8 is involved in the Dox resistance of CRC cells. a HCT-
116/Dox and SW480/Dox cells were transfected with negative con-
trol (NC) or si-IL-8-1/-2 for 24  h, and the expression of IL-8 was 
measured by western blot analysis; b HCT-116/Dox and SW480/Dox 
cells were transfected with negative control (NC) or si-IL-8-1/-2 for 
24 h and then further exposed to increasing concentrations of Dox for 
48  h; c HCT-116/Dox and SW480/Dox cells were transfected with 

negative control (NC) or si-IL-8-1/-2 for 24 h and then further treated 
with 1 µM Dox for 8 h, the cell retention of Dox was detected by flow 
cytometry; d HCT-116/Dox cells were pretreated with or without 
reparixin (10 µM) for 90 min and then further treated with increasing 
concentrations of Dox for 48 h; e HCT-116 cells were pretreated with 
or without rIL-8 (50 ng/ml) for 90 min and then further exposed to 
increasing concentrations of Dox for 48 h
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present study reveals that IL-8 was significantly increased 
in Dox-resistant CRC cells. Its specific siRNA or inhibitor 
can reverse the Dox resistance of CRC cells, while rIL-8 can 
decrease the Dox sensitivity of CRC cells. Further, IL-8 reg-
ulates the mRNA and protein expression of MDR1 via acti-
vation of IKKβ/NF-κB signals. All the present data suggest 
that IL-8 can mediate the Dox resistance of CRC cells via 
IKKβ/NF-κB-induced upregulation of MDR1 (Fig. 6d). Its 
targeted inhibition might be an important potential approach 
to overcome the clinical Dox resistance in CRC patients.

Our data show that IL-8 mediates the Dox resistance 
of CRC cells. Increasing concentrations of IL-8 have been 
observed in various types of cancers and are positively cor-
related with the progression of cancers [1, 17]. Laboratory 
data reveal that IL-8 can trigger the migration, proliferation 
and chemoresistance of cancer cells via autocrine or par-
acrine mechanisms [16, 28]. Our present study reveals that 
Dox-resistant CRC cells have significantly higher levels of 

IL-8 than their parental cells. Targeted inhibition of IL-8 
can attenuate the Dox resistance of both HCT-116/Dox and 
SW480/Dox cells. This is consistent with previous studies 
that targeting IL-6 and IL-8 can increase the chemosensi-
tization in multidrug-resistant human breast cancer cells 
[24]. It has been reported that the Dox treatment can induce 
the expression of IL-8 in human lung carcinoma cells [15]. 
Furthermore, the Dox-resistant cells can recruit monocytic 
myeloid-derived suppressor cells (MDSCs) and neutrophils 
to the tumor microenvironment by expressing IL-8 [29]. 
Then neutrophils secrete various molecules that support 
and promote tumor angiogenesis, progression and metastasis 
[4, 14]. Together with the published literatures, our present 
study confirms that IL-8 can trigger the Dox resistance of 
CRC cells and, therefore, suggests that inhibition of IL-8 
might be helpful for chemotherapy.

Our present study revealed that IL-8 regulates the 
Dox resistance of CRC cells via IKKβ/NF-κB-induced 

A B

C D

Fig. 4  IL-8 regulates the expression of MDR1 in CRC cells. a The 
expression of MDR1 and MRP1 in HCT-116/Dox and SW480/Dox 
cells and their parental cells were measured by western blot analysis; 
b HCT-116/Dox and SW480/Dox cells were transfected with negative 
control (NC) or si-IL-8-1/-2 for 48 h and then expression of MDR1 
and MRP1 was measured by western blot analysis; c HCT-116/Dox 

and SW480/Dox cells were transfected with negative control (NC) or 
si-IL-8-1/-2 for 24  h, and mRNA expression of ABCB1 was meas-
ured by qRT-PCR; d HCT-116 or SW480 cells were treated with or 
without rIL-8 (50 ng/ml) for 24 h, and mRNA expression of ABCB1 
and ABCCC was measured by qRT-PCR. *p < 0.05
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upregulation of MDR1. In CRC cells, rIL-8 treatment 
increases the expression of MDR1, while not MRP1. Simi-
larly, IL-8 significantly upregulates the mRNA and protein 
levels of MDR1, while not GSTpi, MRP, LRP and TopoI, in 
ovarian A2780 cells [28]. Our study reveals for the first time 
that IL-8 can increase the transcription of MDR1 by upregu-
lating the promoter activities by the activation of NF-κB. 
NF-κB and other transcription factors such as AP-1 and SP-1 
can induce the expression of ABCB1 [10]. Previous stud-
ies identified that there are several NF-κB-binding sites in 
human ABCB1 promoter [22, 25]. Our data revealed that 
IL-8 treatment can increase the phosphorylation of IKK-β, 
which can phosphorylate IκBα and then activate NF-κB in 
cancer cells [8]. The roles of IKK-β are further confirmed by 
the results that the specific inhibitor of IKK-β (ACHP) can 
reverse rIL-8-induced upregulation of ABCB1. The mecha-
nisms of IL-8-induced phosphorylation of IKK-β in CRC 
cells need further investigations.

It should be noted that the status of tumor suppres-
sor adenomatous polyposis coli (APC) in HCT-116 and 

SW480 cells is different [21]. Specifically, APC1338 is 
a truncated product expressed by SW480, while HCT116 
cells contain wild-type alleles of APC [21]. APC can regu-
late deoxycholate-induced IL-8 in CRC cells by modulat-
ing the activity of Wnt/β-catenin signaling [20]. Ectopic 
expression of IL-8 can enhance intestinal tumor develop-
ment caused by a mutation in the APC gene [9]. In addi-
tion, APC loss in breast cancer leads to Dox resistance 
via STAT3 activation [27]. In the MMTV-PyMT mouse 
transgenic model, loss of APC results in resistance to both 
cisplatin and Dox in a Wnt/β-catenin-independent man-
ner [26]. Considering that APC1338 in SW480 cells will 
highly activate the Wnt/β-catenin signaling [13], the roles 
of APC in IL-8-regulated Dox resistance of CRC cells 
need further investigation.

In conclusion, our present study characterizes that IL-8 
is upregulated in Dox-resistant CRC cells. It can increase 
the transcription and expression of MDR1 via activation of 
NF-κB. IKK-β is involved in IL-8-induced MDR1 expres-
sion and phosphorylation of NF-κB. It suggests that IL-8 
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Fig. 5  IL-8 regulates the transcription of ABCB1 via activation of 
NF-κB. a, b HCT-116 cells were treated with rIL-8 (50  ng/ml) or 
reparixin (10  µM) for the indicated times, the mRNA of ABCB1 
was measured by qRT-PCR; c HCT-116 or SW480 cells were treated 
with rIL-8 (50  ng/ml) for the indicated times, the phosphorylation 
and total expression of p65 were measured by western blot analysis; 

d HCT-116 cells were treated with or without rIL-8 (50  ng/ml) for 
12 h, the binding between p65 and ABCB1 promoter was measured 
by ChIP assay; e HCT-116 cells were pretreated with or without BAY 
11-7082 (10  µM) for 90  min and then exposed to rIL-8 (50  ng/ml) 
for 24  h, and the mRNA of ABCB1 was measured by qRT-PCR. 
**p < 0.01
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might be a potential target to overcome Dox resistance in 
CRC patients.
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