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Abstract

Aim: Treatment for colon cancer is based mainly on the different stage of the cancer and chemotherapy
is used as additional therapeutic approaches. 5-Fluorouracil (5-Fu) treatment is a conventional
chemotherapeutical drug for colorectal cancer. However, a large amount of patients cannot be benefit
from this therapy due to the resistance against 5-Fluorouracil displayed by their tumor. Tetrandrine
(TET), a bisbenzylisoquinoline alkaloid, exerts antitumor effects on certain kinds of cancers. Here, we
elucidate the potential application of tetrandrine to eradicate the resistance of colon cancer against 5-
Fluorouracil.
Methods: Colon cancer LOVO cell line and its 5-Fu-resistanct variant, LOVO/5-Fu, were employed in
this study. Those two types of cells were treated with TET for 48 hours. Afterwards, cell viability was
measured by MTT colorimetric assay. Cell cycle and apoptosis were determined by flow cytometry
assay. P-glycoprotein (P-gp) is believed playing a major role in the anti-drug effect of tumor cells. Thus
the expression of P-gd both in mRNA and protein level were analyzed with quantitative PCR and
Western blot respectively.
Results: After LOVO/5-Fu cells were treated with TET for 48h, the IC50 of 5-Fu was significantly
decreased to 4.15 ± 0.31 μg/ml (P<0.05); and the apoptotic rate were increased to 3.82% ± 0.12%
(P<0.05). Coincidently, the expression of P-gp mRNA was significantly decreased to 570 ± 85 (P<0.05)
and protein level of P-gp was also reduced respectively.
Conclusions: TET increased the sensitivity and reversed the drug-resistance of colon carcinoma cells to
5-Fu, which is relied on a P-gp-dependent manner.
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Introduction
Colon cancer is one of the most common cancers worldwide,
resulting in 639,000 deaths every year. Recently, there was
significant soaring morbidity and mortality caused by colon
cancer in China. Therefore, the treatment for colon cancer has
become a task of priority in modern medicine. At present,
several therapeutic approaches are available for colon cancer,
including surgery, radiation therapy and chemotherapy. In spite
of a well-designed treatment, namely surgery combined with
adjuvant chemotherapy, recurrence rate is as high as 33% [1].
The development of multiple drug resistance (MDR) is the
major issue that affecting the efficacy of cancer chemotherapy.
Therefore, exploring for novel and effective strategies against
drug resistance is imperative necessity. Several non-cytotoxic

drugs, including verapamil and phenothiazines, have been
shown to attenuate MDR partly depending on competitively
inhibiting P-gp-mediated drug efflux [2]. However the
effective concentration of verapamil and phenothiazines
against MDR are harmful for patients with the side effects
including heart block and central nerve system (CNS)
depression.

Tetrandrine (TET), a bisbenzylisoquinoline alkaloid, is
extracted from the root of the creeper Stephania tetrandra. It is
reported that TET has been applied as an antifibrotic drug to
treat silicosis in China in the 1960s. It exhibited minor toxic to
humans, even at a dosage of 180 mg at three-times per day [3].
TET has already been employed in traditional Chinese
medicine for several decades during the treatment of arthritis,
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silicosis and hypertension [4]. Recently, tetrandrine has also
been shown to function as an antitumor molecule. TET could
inhibit the proliferation and induce the apoptosis of various
cancer cells, such as breast cancer, hepatoma, lung cancer,
glioma and leukemia cells [5-9]. Interestingly, in addition to
repressing proliferation and promoting apoptosis rate of a
broad range of cancer cells, TET also exhibited impact on
drug-resistant cancer cell lines. The drug resistant properties of
TET is making it as a promising adjunct drug to chemotherapy
in the context of MDR [10,11]. Specifically, 5-fluorouracil (5-
Fu) is widely used in chemotherapy of colon cancers. In the
present study, we analyzed the impact of a combination of TET
and 5-Fu on human colon carcinoma multidrug-resistant
LOVO/5-Fu cells and also examined the possibility of TET as
an adjuvant to optimize the therapeutic effect of 5-Fu on drug-
resistance of colon cancers.

Materials and Methods

Reagents
The compound, TET (C38H42O6N2), was purchased from the
National Institute for the Control of Pharmaceutical and
Biological Produces (Beijing, China). 5-FU was obtained from
the Shanghai Reagent Factory (Shanghai, China). Cell RNA
was lysis with Trizol reagent (Invitrogen, Carlsbad, CA, USA).
cDNA was reverse with the TaKaRa kit (Dalian, China)
following the instruction guide. Apoptosis cells were
determined by Annexin-V analysis (Pharmingen, San Diego,
CA, USA). Antibodies used in the immunoblot analysis,
including those specific for phosphorylated glycoprotein and β-
actin were from Abcam (Cambridge, UK).

Cell lines
LOVO cells (the human colon adenocarcinoma cell line) and
LOVO/5-FU (fluorouracil-resistant cell subline of human
colon adenocarcinoma) were cultured in the RPMI 1640
medium (Sigma, USA), which were supplemented with 10%
fetal bovine serum, streptomycin (100 U/ml) and penicillin
(100 U/ml). Those cells were maintained at 37°C in a
humidified atmosphere of 5% CO2 cell culture incubator. The
LOVO/5-FU were purified by stepwise selection in increasing
concentrations of 5-FU, starting with the concentration of 0.01
μg/ml. When cells became confluent in medium supplied with
5-FU, the drug concentration was increased from 0.03, 0.05,
0.1, 0.3, 0.5, 1, 1.5 to 2.5 μg/ml. The maximal concentration
used in the system was 2.5 μg/ml. The LOVO/5-FU cell
subline was passaged in the fluorouracil-free medium and
remained stably resistant to 5-FU around several months. The
cells were periodically reselected in the presence of 2.5 μg/ml
5-FU in order to prevent the outgrowth of revertants. Using
these conditions to maintain the stability of cell lines and no
change in resistance was observed over 1 year.

MTT Assay
Cell viability was evaluated using the MTT assay. The cells
were dispensed in 96-well flat bottom plates with the density of

5 × 104 cells per well. After incubation for 24 h, they were
treated with different concentration of TET and/or fluorouracil
and then were cultured for another 48 h. After stimulation, the
cells were incubated with MTT (0.25 mg/ml) for 4 h at 37°C in
the incubator and the absorbance at 570 nm was measured
using uquant MQX 200 microplate reader (Bio-tek, USA). This
inhibition rate was determined by triplicate assays. The half of
inhibition concentrations (IC50) values were calculated with the
cytotoxicity curves. The resistance index (RI) was calculated
via dividing the IC 50 with the MDR cells.

Cell cycle analysis
Colon cells (1 × 106) were seeded in 6-well plates for around
24 h. After the culture medium was replaced with fresh
medium and stimulated with TET for another 48 h. Then the
cells were harvested by typsinization digestion and were
washed with cold PBS among twice times. Those cells were
fixed with 70% cold ethanol overnight at 4°C room. Cell cycle
were determined by staining with a propidium iodide (PI)
solution which consisting of 10 µg/ml PI, 0.1% Triton X-100,
and 250 µg/ml RNase A. Those staining cells were incubated
at room temperature for 1 h, after that, those cells were test
with flow cytometer and were analysis with Cell Quest 3.1
software (Becton Dickinson, CA, USA). Each sample was
analysed with three replicates. Cell cycle distributions were
calculated with Multicycle software.

Flow cytometry
The apoptosis rate of cells was measured with annexin V-FITC
apoptosis detection kit. Briefly, after detached by trypsin
treatment, the cells were resuspended in PBS with the
concentration of 105 cells/ml, and then labeled with Annexin
V-FITC for about 10 min. Once after addition of 10 µl PI, the
cells were analyzed by flow cytometry immediately. Detection
of the double positive cells with flow cytometry.

Figure 1. Effect of TET on cell viability of LOVO or LOVO/5-FU
cells. Cells were treated with an increasing concentration of TET for
48 h. The cell viability was measured by MTT assay.
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Quantitative reverse transcription-PCR
Total RNA was extracted from cells using Trizol Reagent
(Invitrogen, USA) and followed by the manufacturer’s
protocol. The cDNA was carried out by a PrimeScriptTM RT
Reagent kit (TaKaRa, China). Primers used in RT-PCR were as
follows: MDR1 forward: 5'-
CCCATCATTGCAATAGCAGG-3' and reverse: 5'-
GTTCAAACTTCTGCTCCTGA-3'; β-actin forward: 5'-
CTTCTACAATGAGCTGCGTG-3' and reverse: 5'-
TCATGAGGTAGTCAGTCAGG-3'. The expression of RNA
level was standardized with β-actin respectively. Each sample
was tested with triplicate times. Then the amplified PCR
products were electrophoresed on 1% agarose gels, and PCR
fragments were visualized by ethidium bromide staining and
quantified with Tanon GIS2000 gel image software.

Western blotting
The expression levels of p-gp and actin proteins were
determined using western blotting. After the cells were
stimulated with or without tetrandrine for 48 h, they were

washed with PBS, and lysis with RIPA Lysis Buffer
(Beyotime, China) for about 20 min. Next the supernatant was
collected after centrifuging at 12,000 g for 15 min. The
concentration of protein was detected by using a BCA Protein
Assay Kit (Beyotime, China). Then protein extracts were
fractionated on 12% polyacrylamide sodium dodecyl sulfate
(SDS) gel and were transferred to nitrocellulose membrane.
The membrane was blocked with 5% (w/v) fat-free milk for
1h, followed by incubation with the specific rabbit primary
polyclonal antibody at 4°C overnight. After the membrane was
treated with horseradish peroxidase-conjugated goat anti-rabbit
secondary antibody for 1 h, the membranes were visual with
ECL Western Blotting Detection Reagent.

Statistical analyses
Statistical analysis was performed using SPSS15.0 software.
Data are presented as means ± S.E.M., and the significance
was assessed by unpaired two-tailed t-test unless otherwise
indicated. A value of p<0.05 was considered as significantly
different from the control.

Figure 2. (A, C) Effect of TET on the fluorouracil-induced apoptosis of LOVO/5-FU cells and LOVO cells. Cells were treated with fluorouracil
(2.5 μg/ml) or/and TET (1.0 µM) for 48 h. Those cells were stained with a PI and Annexin V kit and the apoptosis rate of treated cells were
measured by flow cytometry. (B, D) LOVO/5-FU cells and LOVO cells were stained with annexin V/PI after treatment with TET for 48 h. *p<0.05;
#p>0.05.

Results

The effect of TET on cell viability of 5-FU-resistant
cancer cells
To explore the effect of TET on the certain cancer cells, we
first examined the cytotoxicity of TET itself on both the 5-FU -
resistant cell line (LOVO/5-FU) and its parental cell line

(LOVO). During the experiment, both of those cancer cell lines
were firstly pretreated with a titrated concentration of TET
from 0.25 µM to 3 µM for around 48 h. TET was found to
significantly inhibit the viability of both LOVO/5-FU and
LOVO cell lines at a relatively high concentration. While the
LOVO/5-FU and LOVO cells were significantly inhibited by
tetrandrine at the concentration of 2 µM of TET. Cell viability
was always higher than ninety percentage in both LOVO/5-FU
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and LOVO cells when the cell were exposed to 1 µM or even
lower concentrations of TET. Importantly, at this concentration
there is no significant difference between the cell viability of
LOVO/5-FU and LOVO cells (Figure 1). Therefore, the
concentrations of TET were employed as 1.0 µM during the
following experiment.

Figure 3. The effect of tetrandrine on cell cycle of LOVO/5-FU and
LOVO for 48 h and analysis with flow cytometry.

Figure 4. (A, C) Western blot analysis of P-gp of cells which were
treated with tetrandrine for 48 h. (B, D) Effects of tetrandrine on the
RNA expression levels of MDR1 were determined using real-time
PCR. β-actin expression was used as an internal control.

The reversal effect of TET on 5-Fu-resistant cancer
cells
In order to examine whether TET could modulate the response
of cells to fluorouracil, firstly the LOVO or LOVO/5-FU cells
were incubated with 1.0 µM TET at a series concentrations of
fluorouracil for 48 h. The IC50 and RI of fluorouracil in those

two cell lines under the above treatment were evaluated by
MTT colorimetric assay. Significantly, the sensitivity to
fluorouracil of LOVO cells was much higher than that in
LOVO/5-FU cells (Table 1), indicating that TET could
effectively potentiate the response to 5-Fu of 5-Fu-resistant
cancer cells. Next, we further analyzed the apoptosis rate of
different LOVO cells under the treatment of 5-Fu with or
without supplement of TET by flow cytometry analysis.
Interestingly, LOVO/5-Fu cell line was resistance to 5-Fu-
induced apoptosis, whereas the addition of TET greatly
promoted the apoptosis rate of LOVO/5-Fu cells which were
stimulated with 5-Fu (Figures 2A and 2B). At the same time,
the effect of TET supplement was much less apparent on the
LOVO cells (Figures 2B and 2C). We further investigated the
impact of TET supplement on the proliferation of different
LOVO cells and then we found that, with a combination of
TET and 5-Fu, the number of LOVO/5-Fu cells in the S/G2
phases were greatly decreased when compared with those
treated with 5-Fu solely (Figure 3). Meanwhile, it should be
noted that the addition of TET did not change the response of
LOVO cells to 5-Fu (Figure 3). Therefore, the treatment of
TET potentiates the effect of 5-Fu on 5-Fu-resistant colon
cancer cells and then reverses the drug resistance.

Table 1. Effect of TET on the IC50 and RI of fluorouracil in LOVO/5-
FU cells.

IC50(μg/ml) RI

LOVO 0.5 1

LOVO + TET 0.51 1.02

LOVO/5-Fu 6.91 13.78

LOVO/5-Fu + TET 4.15 8.28

The reversal effect of TET on drug resistance is
potentially dependent on P-glycoprotein
The P-gp gene encodes the drug eux pump protein P-
glycoprotein, whose expression is correlated with the
development of MDR. This is an important phenomenon
during the drug resistance procession. We hypothesized that P-
glycoprotein may also be involved in the 5-Fu-resistance of
colon cancer cells and TET reversed the resistance mainly via
modulating the expression level of P-gp. To test this
hypothesis, we analyzed the mRNA level and protein level of
P-gp. Interestingly, we found that the 5-Fu-resistant LOVO/5-
FU had a greatly higher level of P-gp (MDR1), indicating that
P-gp is involved in the drug resistance of this cancer cell
variant (Figures 4A and 4C). Upon the treatment of TET, P-gp
expression was decreased both at mRNA level and protein
level in LOVO/5-FU cells but not in LOVO cells (Figures 4B
and 4D). In conclusion, P-glycoprotein is a potential target for
the regulation of 5-Fu resistance of colon cancer cells by TET.
This suggests that the TET could be used as an additional drug
which could be combined with the chemotherapeutical drug for
colorectal cancer treatment.
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Discussion
In the current cancer treatments, chemotherapy plays an
essential role in the intervention of the most malignant tumors.
However, only a small percentage of patients could get
benefits, while the rest failed to respond to chemotherapy due
to the intrinsic or acquired resistance. In particular, colon
carcinoma cells could gain an MDR phenotype immediately
after the initial chemotherapy. In that case, colon carcinoma
patients are generally deemed refractory to cytotoxic drugs.
Therefore, MDR is a major challenge for the achievement of
chemotherapeutic success to colon carcinoma. Screening
efficient sensitizers or reversal agents to MDR and combining
them with chemotherapeutic drugs would be a promising
strategy to overcome MDR and to provide successful
management of colon carcinoma.

During the past decades, great efforts have been taken in
developing and screening substances in order to reverse the
MDR in cancer therapy. A few compounds, including
verapamil, quinidine, cyclosporins and tamoxifen, have been
shown to reverse the MDR activity in vitro. However, these
compounds mostly are toxic and lead to disappointing the
clinical results via inducing heart failure and
immunosuppression [12]. Recently, several natural products
derived from Chinese traditional medicine have been suggested
as potential MDR reversal agents for cancers treatment
including breast cancers [13], liver cancers [14], esophagus
[10], cervix [15] and leukemia [16]. These observations
indicate that Chinese traditional medicine could be a promising
source of candidates for the novel MDR reversal agents.

Tetrandrine (TET), a bisbenzylisoquinoline alkaloid, is isolated
from the root of the creeper Stephania tetrandra. It is reported
as a non-selective antagonist of the calcium channel. Previous
studies have shown that TET enhanced the tumor-toxic effect
of vincristine via directly binding to MDR1 and promoting
intracellular vincristine accumulation in oral cancer cells
KBv200 [17]. It has also been revealed that TET exhibited
even stronger activity to reverse drug resistance to adriamycin
(ADM), vincristine (VCR), and etoposide in human
epidermoid carcinoma cell line KB-MRP1 [18]. The
derivatives of TET such as bromotetrandrine and H1, have also
been found to be promising candidates as effective MDR
reversing agent during the chemotherapy [19,20].

In this study, we firstly reported that TET played a reversal role
on drug resistance to 5-FU in MDR human colon cancer,
especially in the LOVO/5-FU cells lines. To test the
sensitization of TET on LOVO/5-FU during the stimulation of
5-FU, the MTT assay were adopted respectively. Specifically,
our results showed that the addition of TET significantly
reduced the proliferation of LOVO/5-FU cells and promoted
the apoptosis rate of these TET-treated cells. This inhibition
effect of TET on cancer lines were caused via G1/S phage
arrest. Thus the LOVO/5-FU cells could not be involved in the
cell proliferation process. So what is the cellular mechanism of
TET on the reversal eect of drug resistance? We know that P-
glycoprotein (P-gp), a 170 kD plasma membrane glycoprotein,

belongs to the superfamily of ATP-binding cassette
transporters and actively pumps out a wide range of substance
from cells, especially structurally and functionally diverse
anticancer drugs, decreasing their intracellular accumulation
[21-24]. By exploring the western blot study and q-PCR analysis,
we found that TET probably modulates drug resistance by
inhibiting P-glycoprotein gene expression. The inhibition of P-
glycoprotein, the specific ATP-binding cassette transporter, in
the present study is a cause for the reversal of P-gp by TET.
Further studies are needed to thoroughly investigate the
mechanisms of how TET modulating the expression of P-
glycoprotein.

In conclusion, the present study demonstrated the reversal
effect of TET on MDR in multidrug-resistant colon cancer
cells at a relatively low concentration. TET, at a non-cytotoxic
dose, inhibits the proliferation and arrests the cell cycle at the
G1 phase, induces apoptosis, inhibits the drug efflux pump
activity via down regulating of MDR1 in LOVO/5-FU cells.
Thus, the TET may serve as a promising adjuvant for
potentiating the effect of chemotherapy for colon cancers.
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