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Abstract

AIM: To establish a high P-glycoprotein (P-gp) expressing
cell line as a model for studying drug absorption and
distribution, and to explore the preliminary application of
this screening model.

METHODS: A full-length MDR1 cDNA fragment in plasmid
pPMDRAL was first subcloned into plasmid pET28a(+), then
MDR1 cDNA was cut from the recombinant plasmid with
double-digestion and ligated into the mammalian expression
vector pcDNA3.1(+). The recombinant plasmid pcDNA3.1
(+)/MDR1 was transfected into breast cancer cell line Bcap37
using the Superfect transfection reagent. Several stably
transfected clones were obtained after selection with G418.
Real-time fluorescent quantitative RT- PCR and Western blot
methods were used to detect the expression of P-gp, and
the cellular location of the expressed protein was determined
by immunohistochemical staining. Drug sensitivity assay was
used to evaluate the biological function of expressed P-gp.
Concentration of quercetin in cells was determined by high-
performance liquid chromatography (HPLC).

RESULTS: The recombinant plasmid was confirmed to be
inserted in the correct orientation by restrictive enzyme
digestion and DNA sequencing. Real-time fluorescent
quantitative RT-PCR showed a higher level of P-gp mRNA in
transfected cells compared to that in the control cells, and
the Western blot result also indicated that P-gp expression
in transfected cells was higher than that in control cells. The
immunohistochemical staining showed that the expressed
P-gp was localized on cell membranes. Drug sensitivity assay
showed that the ICs, for adriamycin and colchicine of the
transfected cells was higher than that of the control cells.
The concentration of quercetin in model cells was lower
than that in control cells by HPLC. After P-gp inhibitor
verapamil was administered, the concentration of quercetin
in model cells was increased.

CONCLUSION: A high P-gp expressing cell line can be
established, which could provide a suitable in vitro model
system for studying drug intestinal absorption mechanism,
predicting the drug permeability characteristics and screening
new multi-drug resistance reversing agents. With this model,
quercetin can be found to be transported by P-gp, and it is
a P-gp substrate.

Wang Y, Cao J, Zeng S. Establishment of a P-glycoprotein
substrate screening model and its preliminary application. World
J Gastroenterol 2004; 10(9): 1365-1368

http://www.wjgnet.com/1007-9327/10/1365.asp

INTRODUCTION

P-glycoprotein (P-gp), a product of the multidrug resistance
(MDR) gene, is widely distributed in normal tissues of the
body, including intestinal mucosa, proximal tubule of the
kidneys, placenta, testes, and blood-brain barrier¥, It is an
ATP-dependent efflux transporter that affects the absorption,
distribution, and excretion of anumber of clinically important
drugs?. For example, in intestinal mucosa, P-gp serves as a
biochemical barrier to drug delivery. Drugs or drug candidates
are bound to P-gp and transported back to the apical surface
of the tissue, thereby restricting the overall permeability of
drugs and drug candidates.

Due to in vivo disposition and pharmacokinetics of drug
efflux transporters, identification of compounds as P-gp
substrates can aid the optimization and screening of new drug
candidates. A variety of in vitro assays have been used to
classify compounds as P-gp substrates®. These assays can be
classified into three groups. One is transport across polarized
cell monolayers expressing P-gp on the apical membrane, the
other is drug uptake into cells over-expressing P-gp, the third
is direct binding to P-gp using inside-outside membrane
vesicles or recongtituted P-gp.

Quercetin, aflavonoid and phytoestrogen, is present in a
wide variety of fruits and vegetables™. Quercetin is also a
potent antioxidant in vivo and in vitro, and thus quercetin and
other flavonoids have been considered as therapeutic agents
for awide range of diseases, including cancer, viral infection,
inflammation/allergy, hypertension and atherosclerosig®”.

In this study we constructed a P-gp expressing plasmid,
established a P-gp high-expression cell model, and identified
quercetin as a P-gp substrate with this cell model.

MATERIALS AND METHODS

Cell lines and cell culture

Breast cancer cdll line Bcgp37 (maintained by the Cancer Indtitute
of Zhejiang University) was cultured in RPMI 1640 medium
(Hyclone, USA) containing 100 ml/L heat-inactivated newborn
calf serum (GIBCO), 100 U/mL penicillin and 100 ng/mL
streptomycin. The cellswereincubated at 37 °C inahumidified
atmosphere with 50 mL/L CO, in air.

Construction of expression vector

Plasmid pMDRA1 containing afull-length MDR1 cDNA was
kindly provided by Professor Kazumitsu Uedd®. The plasmid
was digested with Sacl and Xhol, and the MDR1 cDNA
fragment was ligated into pET28a(+) which was pre-cut with
Sacl and Xhol. The recombinant plasmid was digested with
BamHI and Xhol, and the insert was purified by 0.8% agarose
gel electrophoresis and ligated into the mammalian expression
vector pcDNA3.1(+) pre-cut with BamHI and Xhol. The
resulting pcDNA3.1(+)/MDR1 was digested with EcoRI to
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check the orientation of the insert and DNA sequencing was
used to verify the inserted sequence.

Transfection of Bcap37 cells

Bcap37 cellswere transfected with the recombinant expression
vector pcDNA3.1(+)/MDR1 using Superfect transfection
reagent according to the manufacturer’ s instructions
(QIAGEN). After 48 h of transfection, stable transfectantswere
isolated by selection with 800 ng/mL G418 for 10 d. G418-
resistant stable clones were picked for further characterization.
The transfectants were maintained in RPMI 1640 containing
100 mL/L newborn calf serum and 400 ng/mL G418. Bcap37
cells were also transfected with pcDNA3.1(+) vector as the
control.

Real-time fluorescent quantitative RT-PCR

Total RNAs in Bcap37/MDRL1 cells and control cells were
extracted using TRIzol™reagent (GIBcoBRL, Life
Technologies) according to the user’ s guide. Real-time
fluorescent quantitative RT-PCR was done with the MDR1
MRNA gquantification kit (designed by the Cancer Institute of
Zhegjiang University and manufactured by Shanghai Jiusheng
Medical Instrument Company) according to the manufacturer’ s
instructions?.

Western blot

Total proteins in Bcap37/MDR1 and control cells were
extracted with 1 g/L Triton X-100 and protein concentration
was determined with a Bio-Rad protein assay kit and
standardized with bovine serum abumin. The samples were
electrophoresed (SDS-PAGE, 80 g/L) and electroblotted onto
PVDF membrane (BioRad). The membrane was blocked in
buffer with 50 mL/L fat free dry milk, detected with anti P-gp
antibody (monoclona F4, Sigma).

Immunohistochemical staining

Bcap37/MDR1 cells and control cells were harvested by
centrifugation at 2 000 r/min for 5 min, washed twice with
PBS, and mounted onto the slides. |mmunohistochemical
staining was doned with the UltraSensitive™S-P mouse kit
(Fuzhou Maxim Biotech, Inc). The protocol was accorded to
the user guide. Primary antibody was monoclonal anti-human
P-glycoprotein antibody purchased from Fuzhou Maxim
Biotech (monoclonal number C494).

Drug sensitivity assay

Sensitivity of cellsto anticancer drugs was examined by a
colorimetric assay using MTT method. Cells (6x10%cells'well)
were seeded on 96-well plates, and cultured in a humidified
atmosphere with 50 mL/L CO, at 37 ‘C. Twenty- four hours
later, drugswere added at various concentrations. Control wells
were included for each drug that consisted of the respective
solvents. Forty-eight hours later, 50 . of 1 mg/mL MTT(in
PBS) [3-[4,5-dimethylthiazol-2-yl]-2,5-di phenyltetrazolium
bromide] was added to each well and incubated in ahumidified
atmospherewith for 4h at 37 °C 50 mL/L CO,. The supernatants
were aspirated, and 200 ni /well of dimethyl sulfoxide was
added to dissolve formazan crystals. Color intensity was
measured at 570 nm using an ELISA reader. The 50%
inhibitory concentration for a particular agent was defined as
the drug concentration which resulted in a 50% reduction in
cell number at 48 h relative to the control. Each experiment
was performed in triplicate.

Accumulation of quercetin
Bcap37 and Bcap37/MDR1 cells were seeded at the density of
7.5x10°to a 35 mm i.d. tissue culture well. After twenty-four

hours, the culture medium was aspirated, and replaced by the
medium containing 25 mmol/L quercetin. After 10 and 20 min,
the medium was aspirated and the cellswere washed 3 timeswith
ice-cold PBS (pH7.4) to stop further uptake. A 1 mL of 1 g/L
Triton X-100 was added to each well to lyse the cells. Drug
concentration in lysis solution was determined by reverse-
phase HPLC, and normalized with cellular protein content!®,

Bcap37/MDR1 and control cellswere seeded at the density
of 7.5x10°to a 35 mm i.d. tissue culture well. After twenty-
four hours, the culture medium was aspirated, and replaced by
the medium containing 25 nmol/L quercetin with/without
6.6 mmol/L verapamil. After 30 min, the mediawere aspirated
and the cells were washed 3 times with ice-cold PBS (pH7.4)
to stop further uptake. A 1 mL of 1 g/L Triton X-100 was
added to each well to lyse the cells. Drug concentration in
lysis solution was determined by reverse- phase HPLC, and
normalized with cellular protein content.

The HPL C system used was Agilent 1 100 system (Agilent
Technologies). Separation was done on aconLichrospher ODS-
C18 (4.6 mm i.d.x250 mm) column. The mobile phase
consisted of pH2.0 phosphate buffer-tetrahydrofuran-
methanol-isopropanol (65:15:10:20, v:v:v:v) a aflow rate of
0.5 mL/min, and the wavelength of UV detector was 380 nm.
Morin was used as internal standard. Cell protein was
guantitated by Bio-Rad DC protein assay kit.

RESULTS

Analysis of plasmid expression

After digestion with EcoRl, the recombinant plasmid pcDNA3.1
(+)/MDRL1 showed three DNA fragments about 1.2 kb, 3.4 kb
and 5.4 kb as expected (Figure 1). DNA sequencing result
further confirmed the correct construction of this P-gp

expression vector.
M A
5.4 kb
3.4 kb
1.2 kb

Figure 1 Analysis of pcDNA3.1(+)/MDR1 digested by EcoRlI.
M: DNA ladder; A: pcDNA3.1(+)/MDR1 digested by EcoRlI.
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Figure 2 Map of real-time fluorescent quantitative RT-PCR.
Blue curve: Bcap37; Other color curves: Bcap37 cell clones trans-
fected with pcDNA3.1(+)/MDR1; Red curve stands for the
clone expressing higher P-gp level than others.
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Real-time fluorescent quantitative RT-PCR

The C; of Bcap37/MDRL1 and control cells was 19 and 40
cycles (Figure 2). It showed a significant increase of MDR1
MRNA levelsin Bcap37/MDR1 than in control cells.

Western blot
The Bcap37/MDRL cells showed significantly higher level of
P-gp at 170 ku compared with control cells (Figure 3).

A B C D E
——— P-gp
(170 ku)

Figure 3 Western blot analysis of P-gp expression in Bcap37
and Bcap37/MDRL1 cells. A: Bcap37; B, C, D, E: Bcap37 cell
clones transfected with pcDNA3.1(+)/MDRL1.

Immunohistochemical staining

Thenuclei and plasmaof control cellswere stained blue (Figure
4A), demonstrating that the cells did not express P-gp. The
Bcap37/MDR1 cells showed brown staining on cell membrane
(Figure 4B). Thisindicated that P-gp was expressed on the
transfected cell membrane.

x5 .
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-

Figure 4 P-gp immunohistochemical staining in Bcap37 (A)
and Bcap37/MDR1 (B) cells.

The cells were stained using a human anti-Pgp primary
antibody, biotinylated anti-rabbit IgG secondary antibody,
followed by the avidin and horseradish containing Vector
ABCD reagent. The sections were then stained with 3,3-
diaminobenzidine (DAB) and counterstained with hematoxylin.
The brown color represented Pgp expression and the blue color
was the non-gpecific counterstaining.

Drug sensitivity assay

Resistance to anticancer drugs was determined using MTT
assay.Bcap/MDR1 exhibited multidrug resistant phenotypes
characterized by cross-resistance to two unrelated antitumor
agents (Table 1) including adriamycin and colchicine. The
results confirmed the expressed Pgp in transfected cells played
arole as an efflux pump.

Table 1 Relative resistance of multidrug resistant Bcap37 trans-
fected cells

ICso (Mg/mL)
Cell line
Adriamycin Colchicine
Bcap37 0.047 0.028
Bcap37/MDR1 2.203 0.391

Logarithmically growing cells were incubated for 48 hin
the presence of thedrug. 1Cy, referred to the drug concentration
that resulted in a 50% reduction in cell number.

Quercetin accumulation in cells

Quercetin was incubated with Bcap37/MDR1 and Bcap37 for
10 min and 20 min, and the drug accumulationin cellsislisted
in Table 2. After P-gp inhibitor verapamil was administered
the concentration of quercetin in model cells was increased
(Figure 5). All values were normalized with protein content.
The results demonstrated that quercetin was accumulated in
Bcap37 much more than in Bcap37/MDR1 (P<0.05).

Table 2 Quercetin accumulation over different periods (n=3)

Cell line 10 min 20 min
Bcap37(mmol/L.mg) 2.44 3.33
Bcap37/MDR1(mmoL/mg) 1.472 1.822

3P<0.05 vs Bcap37 cells.

The amount of quercetin accumulation in cells was
determined by reverse phase HPL C through a standard curve,
and the values were normalized with cellular protein content.
There was a significantly higher concentration of quercetin
accumulated in MDRL1 transgenic cells (P<0.05).

1.6 [ Quercetin
1.4 -

1.2+
1.0+
0.8 -
0.6 -
0.4
0.2 -

0.0 |
Control Bcap37/MDR1

[ Quercetin+verapamil

Drug concentration

Figure 5 Amount of quercetin accumulation in cells with/with-
out verapamil.

DISCUSSION

In recent years, it has become apparent that transport proteins
play amajor role in controlling the distribution, elimination
and potentially the metabolism of some drugs, including
organic cation transporters, organic anion transporters, MRP
related transporters, and P-glycoprotein. P-gp has received
considerable attention in recent years both as abarrier to drug
absorption and distribution, and as a potential source for
variability in drug pharmacokinetics and pharmacodynamics.
In theintestine, P-gp could actively transport drugs counter-
current to the absorptivetransport of drugs, thusposing abarrier
to absorption of exogenous compounds™. Thisactivity hasbeen
proposed to act in concert with intestinal cytochrome P-450 3A4
to increase pre-systemic metabolism of drugs, further minimizing
systemic exposure to other drugs and xenobioticg?*3, For
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example, Pgp limited intestinal absorption of digoxin, talinolol,
and cyclosporine after oral dosing, limited the central nervous
system penetration of human immunodeficiency virus protease
inhibitors, and helped excrete paclitaxel into intesting*+9.,

A P-gp over-expressing cell line was established and
characterized by Western blot, drug sensitivity assay and flow
cytometry (data not shown). The results showed that the P-gp
over-expressing cell line had biological functions.

In cellular drug accumulation assays, drug accumulation
in P-gp expressing cells was compared with accumulation in
cells from the parental cell line. Since the accumulation of P-
gp substrates in P-gp over-expressing cells was restricted by
P-gp mediated efflux of the compound back into the extracellular
fluid, P-gp substrates showed less accumulation in P-gp
expressing cells than in P-gp deficient cells. Similarly, drug
accumulation was increased under conditions when P-gp was
inhibited. In our experiment, quercetin showed lessaccumul ation
in Bcap37/MDR1 than in Bcap37. After P-gp inhibitor
verapamil was administered, the concentration of thisflavonoid
in model cellsincreased. Thisimplied the compound was a P-
gp substrate. The result was similar to that of Walgren et all*9l.

A high P-gp expressing cell line can be established which
provides a suitable in vitro model system for studying drug
intestinal absorption mechanism, predicting the drug
permeability characteristics and screening new multi-drug
resistant reversing agents.
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