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Abstract. The present study aimed to investigate the asso-
ciation between breast cancer susceptibility gene 1 (BRCA1) 
expression and drug resistance in colon cancer, with the 
specific aim of elucidating the underlying molecular mecha-
nisms of vincristine (VCR) resistance in tumor cells. The 
HCT‑8 human colon cancer cell line was used to establish 
the VCR‑resistant HCT‑8/V line by gradually increasing the 
concentration of VCR during cell culture. The relative mRNA 
and protein expression levels of BRCA1 in these colon cancer 
cell lines was assessed by reverse transcriptase‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis and western 
blotting, respectively. Resistance to VCR was established in 
the HCT‑8/V colon cancer cells, and RT‑qPCR and western 
blot analysis revealed the expression of BRCA1 to be signifi-
cantly higher in the VCR‑resistant cells compared with their 
drug‑sensitive counterparts (P<0.05). The decreased BRCA1 
expression in these VCR‑resistant cells may be associated with 
the drug resistance frequently observed in colon cancer.

Introduction

Colon cancer is one of the most common malignant tumors of 
the digestive system. With economic development and changes 
in lifestyle, the incidence of colon cancer is increasing, 
endangering human life and health (1). Chemotherapy is an 
important treatment strategy for colon cancer (2); however, 
it is a long process involving drug combinations and the 
administration of large doses of drugs. Tumor drug resistance 
has become increasingly frequent and is a problem for the 
treatment of colon cancer and other malignant tumors (3). 
Notably, 90% of cancer mortalities are associated with 
tumor drug resistance (4), therefore the underlying molecular 

mechanisms regulating the development of drug resistance are 
a key focus of malignant tumor research. Mechanisms of drug 
resistance in tumors include the modification of drug targets, 
repair of damaged cells, and the activation or inhibition of cell 
death signaling pathways. These processes can result from gene 
mutations, deletions or amplifications, in addition to epigenetic 
changes that occur via abnormal DNA methylation or the 
post‑transcriptional regulation of microRNAs (miRNAs) (5‑7).

Vincristine (VCR), the most frequently used chemotherapy 
drug in the clinical treatment of colon cancer, is a cell 
cycle‑specific drug that binds to tubulin, thereby inhibiting 
the assembly of microtubule structures and arresting mitosis 
in metaphase  (8). The tumor suppressor breast cancer 
susceptibility gene 1 (BRCA1) confers increased susceptibility 
to breast and ovarian cancers, and mutations in the BRCA1 
gene are present in ≤50% of inherited breast cancers (9,10). In 
women <50 years old, the risk of colorectal cancer is increased 
in carriers of BRCA1 mutations (11).

In the current study, the expression of BRCA1 was verified 
by reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis and western blotting, to investigate the 
role of BRCA1 in modulating VCR resistance. The findings 
reported here demonstrate potential candidate targets for gene 
therapy in VCR‑resistant colon cancer.

Materials and methods

Cell culture. Human colon cancer HCT‑8 cells were purchased 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). Cells were maintained in Dulbecco's 
modified Eagle's medium (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) containing 10% fetal calf serum, 
100 µg/ml penicillin, and 100 µg/ml streptomycin at 37˚C with 
5% CO2 in a humidified incubator. The cells were subcultured 
every 2‑3  days through treatment with 0.02% EDTA and 
0.1% trypsin.

Establishment of a VCR‑resistant colon cancer cell line. 
HCT‑8/V cells lines were established through culture with 
gradually increasing VCR concentrations. The VCR‑sensitive 
HCT‑8 cell line was cultured in medium containing 5 ng/ml 
VCR, following which the VCR concentration was gradually 
increased to 10, 100, 1,000, and finally 2,000 ng/ml. At each 
VCR concentration, some drug resistance was acquired 
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by the cells and those cells that grew well were cloned by 
limiting dilution for the next round of selection at a higher 
drug concentration. Finally, HCT‑8 cells were cultured in 
2,000 ng/ml VCR >20 generations and VCR supplementation 
was withdrawn 1 week prior to when the cells were subjected 
to further experiments.

MTT assay. Cells were maintained at 37˚C with or without 
VCR for 24, 48 and 72 h. MTT reagent (5 mg/ml) was added to 
the medium and cells were further incubated for 4 h, following 
which the culture medium was removed and dimethylsul-
phoxide (DMSO) was added to dissolve the crystalline product 
that had formed. The absorbance (optical density; OD) in each 
well was measured using a UV visible spectrophotometric 
plate reader (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at 490 nm. Cell growth inhibition rates were calculated 
as [OD (control)‑OD (experimental)/OD (control) x100%], 
allowing the half‑maximal inhibitory concentration (IC50) 
values to be calculated from triplicate experiments.

RNA extraction and RT‑qPCR analysis. Cells were collected 
during the exponential growth phase and total RNA was 
isolated using the RNeasy kit (Qiagen, Inc., Valencia, CA, 
USA). First strand complementary DNA was synthesized from 
total RNA as previously described (12). The PCR reactions 
were performed on an Mx3000P qPCR system (Stratagene; 
Agilent Technologies, Inc., Santa Clara, CA, USA) and 
GAPDH was used as an inter‑sample control. RT‑qPCR was 
performed as previously described  (13). Primer sequence 
information is provided in Table I.

Western blotting. Cellular proteins were extracted with cell 
lysis buffer (CST Bio, Inc., Shanghai, China) containing 
1  mM phenylmethylsulfonyl f luoride. Equal amounts 
(25 µg) of protein per lane were fractionated on a 7% gel 
by SDS‑PAGE as previously described (14), transferred to a 
polyvinylidene difluoride membrane, and incubated overnight 
with primary antibodies against BRCA1 (B1310; 1:1,000 dilu-
tion, Sigma‑Aldrich; Merck KGaA), washed and incubated 
for 1 h with β‑actin (AC‑74; 1:2,000 dilution, Sigma‑Aldrich; 
Merck KGaA) at room temperature. Blot signal Antibody 
labeling was detected by an enhanced chemiluminescence 
system and subsequently exposed to radiographic film. Blot 
signal intensities were quantified using ImageJ 1.37 software 
(National Institutes of Health, Bethesda, MD, USA) following 
normalization to the corresponding loading controls.

Statistical analysis. All statistical analyses were performed 
using SPSS software (version 13.0; SPSS, Inc., Chicago, IL, 
USA) and are expressed as the mean ± standard deviation. A 
Student's t‑test with SPSS 17.0 software was used for statis-
tical analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Establishment of VCR‑resistant colon cancer cells. The 
VCR‑resistant cell line referred to as HCT‑8/V was estab-
lished by gradually increasing the concentration of VCR 
during cell culture. The HCT‑8/V cells grew well in medium 

containing 2,000  ng/ml VCR which was 12.7  times the 
concentration tolerated by the HCT‑8 cells. The HCT‑8 and 
HCT‑8/V colon cancer cells were subsequently treated with 
different concentrations of VCR, and the IC50 of VCR in 
the HCT‑8 and HCT‑8/V cells was 13.56 and 165.49 µg/ml, 
respectively (data not shown). The MTT assay results indicate 
that the resistance phenotype of the cells was stable 6 days 
following withdrawal of VCR supplementation in the culture 
medium (Fig. 1).

BRCA1 mRNA expression is increased in VCR‑resistant colon 
cancer cells. Total RNA was isolated from the VCR‑resistant 
and VCR‑sensitive colon cancer cells, and the expression 
levels of BRCA1 in these cells was assessed using RT‑qPCR 
analysis with gene‑specific primers (Table  I). The melting 
curves of BRCA1 and GAPDH amplification are illustrated in 
Fig. 2A and B, respectively. The relative expression of BRCA1 
was significantly lower (10.72‑fold) in VCR‑sensitive HCT‑8 
cells compared with the VCR‑resistant cells (0.09333±0.01856 
vs. 1.0000±0.07810; P<0.01; Fig. 2C).

BRCA1 protein expression is increased in VCR‑resistant colon 
cancer cells. Total protein was extracted from the HCT‑8 and 
HCT‑8/V cells for western blot analysis. BRCA1 expression 
was normalized to that of the reference protein (β‑actin) to 
determine the relative expression levels. The expression of 
BRCA1 was significantly lower in the drug‑sensitive cells 

Figure 1. Analysis of the viability of HCT‑8/V cells 6 days following the 
removal of vincristine. IC50, half‑maximal inhibitory concentration.

Table  I. Primers used for reverse transcription‑quantitative 
polymerase chain reaction analysis.

Gene	 Primer sequence	 Product
name	 (5'‑3')	 length (bp)

BRCA1	 F: AATTAGCCGGTCATGGTG
	 R: GCTGGAGTGCCGTGGTAT	

124

GAPDH	 F: ACCCAGAAGACTGTGGATGG
	 R: TTCAGCTCAGGGATGACCTT	

125

BRCA1, breast cancer type 1 susceptibility protein; bp, base pairs; F, 
forward; R, reverse.
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compared with their VCR‑resistant counterparts. BRCA1 
protein expression in the HCT‑8/V cells (2.2937±0.5421) was 
3.68 times higher compared with that in the drug‑sensitive 
cells (0.6233±0.3654; P<0.05; Fig. 3).

Discussion

VCR is widely used in the clinical treatment of leukemia, lung 
cancer and other malignant tumors; however, during VCR use, 
tumors gradually exhibit resistance to the drug (15‑19). The 
molecular mechanism underlying VCR resistance is complex 
and involves a number of genes, including insulin‑like growth 
factor‑binding protein 7 and multidrug resistance protein 1, 
in addition to long non‑coding RNA (20‑22). In the present 
study, a VCR‑resistant cell line (HCT‑8/V) was established 
to explore the mechanism of drug resistance in colon cancer 
cells to VCR by gradually increasing the drug concentration 
during cell culture. The concentration of VCR tolerated by 
the HCT‑8/V cells was 2,000 ng/ml, which was 12.7 times the 
concentration tolerated by the HCT‑8 cells.

Germline mutations in the BRCA1 and BRCA2 genes 
account for 5% of all breast cancers and ~80% of families 
with these mutations suffer from hereditary breast cancer and 
ovarian cancer (23). Lohse et al (24) identified that BRCA1 
and BRCA2 mutant xenografts were significantly more 
sensitive to cisplatin compared with the control, while the 
BRCA1 and BRCA2 wild type models exhibited sensitivity to 
gemcitabine but not to cisplatin. However, BRCA1 expression 
was significantly decreased in the HCT‑8 cells compared with 
in the drug‑resistant cells.

Figure 2. BRCA1 expression in HCT‑8 and HCT‑8/V cells was detected by reverse transcriptase quantitative‑polymerase chain reaction analysis. Melt curve 
of (A) BRCA1 and (B) GAPDH. (C) Amplification plot and analysis of BRCA1 expression. The experiment was repeated three times. BRCA1, breast cancer 
type 1 susceptibility protein.

Figure 3. BRCA1 expression in HCT‑8 and HCT‑8/V cells was detected by 
western blot analysis. β‑actin was used as a loading control. BRCA1, breast 
cancer type 1 susceptibility protein.
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Following treatment with vinca alkaloids, including 
vincristine, tumor cells may acquire drug resistance in the 
following ways: Modifications to the action site of drugs, 
including tubulin sequence mutations or changes in the 
cytoskeletal protein (25); high expression of drug efflux pumps 
resulting in reduced intracellular drug concentrations (26); 
activation of the detoxification system by other non‑toxic 
compounds (27); or inhibition of apoptotic signal transduction 
resulting in reduced apoptosis (28). The findings reported 
in the present study demonstrate that the drug resistance of 
colon cancer cells can increase the expression of BRCA1. 
Further investigation into VCR‑resistance in these cells 
is required to improve understanding of the underlying 
molecular mechanisms of chemotherapeutic drug resistance 
in tumors.
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