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Abstract

Resistance to structurally and functionally
unrelated multiple drugs, known as
multidrug resistance (MDR), is a leading
obstacle in the treatment of human cancers.
MDR is mediated by the increased
expression of energy-dependent drug efflux
pumps, such as P-glycoprotein (P-gp),
multidrug resistance-associated protein 1
(MRP1), and candicular multispecific
organic anion transporter (C(MOAT; MRP2)
in cancer cells. Until now, only scattered
information is available regarding the
expression and function/activity of these
efflux proteins in intestines, a rate-limiting
barrier to ora drug absorption. In this study,
we am to evaluate the effects of various
MDR modulators on the expression levels of
intestinal efflux transporter proteins, such as



P-gp, MRP1, and cMOAT. In addition, by
use of inhibitors of these efflux transporters,
the correlation among the expression levels
of these MDR-related transporters with
epirubicin uptake was investigated. The
MDR modulators used in this study are
probenecid, indomethacin, quinidine, and
cyclosporin A. We found that the mRNA
expression levels of MDR1, MRP1, and
MRP2
time-dependent manner, with the maximal
day 3.
Cyclosporin A significantly reduced the
MRNA expression of MRP2. Probenecid,

in Caco-2 cells wee in a

expression was observed in

indomethacin, and quinidine markedly
decreased the expression levels of MDR1
and MRP1, but showed marginal effect on
MRP2. All the selected MDR modulators
markedly enhanced the uptake of epirubicin
into Caco-2 cells, as measured by flow
cytometry. The modulators with multiple
inhibitory function on MDR1, MRP1, and
MRP2, e.g., probenecid, indomethacin, and
quinidine, showed better enhancement factor
on epirubicin uptake. The combined use of
cyclosporin A
demonstrated further enhancement on the
intracellular accumulation of epirubicin,
indicating that the pharmacological
inhibition of MDR might be intensified by
the combination of modulators of MDR1,
MRP1, and MRP2. In conclusion, the
combined wuse of epirubicin  with
multiple-function inhibitors in antagonizing
different intestinal transporter proteins may
have significant implications to circumvent
drug resistance in cancer chemotherapy.
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Resistance to structurally and functionally
unrelated multiple drugs, known as
multidrug resistance (MDR), is a leading
obstacle in the trestment of human cancers.
MDR is mediated by the increased
expression of energy-dependent drug efflux
pumps, such as P-glycoprotein (P-gp),
multidrug resistance-associated protein 1
(MRP1), and
organic anion transporter (cMOAT; MRP2)

canalicular  multispecific

in cancer cells. These transporter proteins

actively pump out a number of drugs,

including epirubicin, from tumor cdlls.

These efflux proteins are expressed in
various organs and cancer cells, including
intestines and human colon adenocarcinoma
(Caco-2) célls. These intestinal drug efflux
proteins confer resistance to a similar but
not identical spectrum of MDR.

Inhibition of function of intestinal pump
proteins by MDR reversing agents, through
the mechanism of substrate competition,
ATP-depletion, or membrane perturbation,
may antagonize MDR, and thus increases
the intestinal absorption and cytotoxicity of
anticancer drugs. Until now, only scattered
infformation is available regarding the
expression and function/activity of these
efflux proteins in intestines, a rate-limiting
barrier to oral drug absorption. In this study,
we aim to evauate the effects of various
MDR modulators on the expression levels of
intestinal efflux transporter proteins, such as



P-gp, MRP1, and cMOAT. In addition, by
use of inhibitors of these efflux transporters,
the correlation among the expression levels
of these MDR-related transporters with the
intracellular accumulation of epirubicin was
investigated.

The MDR modulators used in this study
are probenecid, indomethacin, quinidine, and
cyclosporinA.
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Asillustrated in Figure 1, the results show
that the mMRNA expression levels of
cMOAT/MRP2 in Caco-2 cells was in a
time-dependent manner, as measured by
RT-PCR  measurement. The maximal
expression was observed in day 3, and this
incubation period was used for the following
study. The similar phenomenon was also
observed in the MRNA expression levels of
MDR1 and MRP1 (data not shown). We
found that cyclosporin A showed mild effect
on the mRNA expression level of MDR1,
but significantly reduced the expression of
MRP2 (P < 0.001). Probenecid,
indomethacin, and quinidine markedly
decreased the expression levels of MDRL1
and MRP1 (P < 0.01), but showed marginal
effect on MRP2. Fig. 2 depicts that all the
selected MDR modulators markedly
enhanced the uptake of epirubicin into

Caco-2 cells, as measured by flow cytometry.

In combination of Table 1 and Fig. 2, the
modulators with multiple inhibitory function
on MDR1, MRP1, and MRP2, eg,
probenecid, indomethacin, and quinidine,
showed better enhancement factor on
intracellular accumulation of epirubicin than
that with limited function on MRP2, eg.,

cyclosporine A (P < 0.05). Especially,
indomethacin, which showed superior
inhibitory effect on MDR1 and MRP1, and
marginal effect on MRP2, demonstrated the
best enhancement on epirubicin uptake
among the modulators used in the current
study. The combined use of indomethacin
and cyclosporin A demonstrated further
enhancement on the  intracellular
accumulation of epirubicin, indicating that
the pharmacological inhibition of MDR
might be intensified by the combination of
modulators of MDR1, MRP1, and MRP2.

Organic anion transport inhibitors, such as
probenecid and indomethacin, have been
shown to modulate the MRP-mediated drug
transport. Although Regina et a (1998)
showed that probenecid and indomethacin
did not affect Pgp-mediated transport, our
result demonstrated the excellent inhibitory
effect of these two modulators on
MDR1/Pgp in Caco-2 cells.

Indomethacin, one glutathione
S-transferase inhibitor and a modulator of
anion transport, has been shown to be a
specific  inhibitor of MRP, possibly
functioning by inhibition of glutathione
S-transferase or by direct competition with
the drug at the transport site (Perloff et al.,
2001). Indomethacin  increased  the
accumulation of vincristine, one specific
MRP substrate, in MRP-overexpressing
cells (Perloff et al., 2001). Our study found
that the pronounced
indomethacin on the epirubicin uptake into
Caco-2 cells might be correlated to the
excellent multiple inhibitory effect of
indomethacin on the expression of MDR1,

increase  of



MRP1, and MRP2.

Quinidine,  one cationic
antiarrhythmic agent, is lipophilic in nature
and includes a heterocyclic ring nucleus
separated at a distance from an amino group.
It shares a broad structural similarity with
some anticancer drugs, such as epirubicin.
Quinidine was shown to be a potent P-gp
inhibitor. In the current study, it was
demonstrated to show significant inhibition
on P-gp and MRP1 expression (P < 0.05).
This indicates the possible further
application of this compound for the
modulation of MRP- family proteins.

organic

Cyclosporin A, which are very potent
reversing agents of P-gp (Lo et al., 2001),
usually show no or only small effects on the
drug sensitivity of MRP-overexpressing
MDR cells. However, Chen et a. (1999)
found that cyclosporin A increased the
sengitivity of LLC/cMOAT cels to
vincristine and cisplatin. This suggests that
cyclosporin A can be used as a combined
inhibitor of P-gp and cMOAT. Our result
agrees with their study by showing the
inhibitory effect of cyclosporin A on the
MRNA expression levels of MDR1 and
cMOAT/MRP2, but not on MRP1.

In conclusion, the combined use of
epirubicin with multiple-function inhibitors
in  antagonizing  different  intestinal
transporter proteins may have significant
implications to circumvent drug resistance in
cancer chemotherapy.

o~ FEAkpE
bR RES G AP EGEUL TP

B 2w @k KT 5 £ E g R
PR E ot mre e B B0
WA TR L MR FURE S 2
FRLE &/ SEESPAY/ - 1 F /3

BENBES G AEBRALIEY
%‘gﬁ 7 5 £ 4E R4 A epirubicin
ig%if_ﬂgz,;\,rab;. 37&;7&@‘:
e B 2 A T Y 4 g TH U o
% 1 F B L 5 £ multiple function 2.
FERENIIR B ES LY > S
BB E R R o

AE AN RARL WHAH Y BB S g
H »r*ﬁ: A& epirubicin 1T g %

5 E P e A 2 p:‘;c #-

oMz FHmeo g g Ep e
ﬂ}EL« By b oo B v 2% AR
HfE BE G REREY Z3EF
I~%% —;,;};Je
Chen ZS, Kawabe T, Ono M, Aoki S
Sumizawa T, Furukawa T, Uchiumi T, Wada
M, Kuwano M, Akiyama SI. Mol.
Pharmacol. 56:1219-1228, 1999.

|0

‘-\\]- (3\
™ W

g

)
N

‘3\

gy_\s;
o%%*ﬂ
\\m |
W

Lo YL, Liu, FI, and Cheng JY. J
Controlled Rel. 76: 1-10, 2001.

Lo YL. Biochem. Pharmacol. 60: 1381-1390,
2000.

Perloff MD, Von Moltke LL, Marchand JE,
Greenblatt DJ. J Pharm Sci 90:1829-1837,
2001.

Regina A, Koman A, Piciotti M, El Hafny B,
Center MS, Bergmann R, Couraud PO,
Roux F. JNeurochem 71:705-15, 1998.



1.2

XL

Qo mm Mormal
(2

< 1.0 - — DMSO
Q .

o~

(o 0.8 -

(1

E —

Y 0.6 7]

o

(7]

= .

: ﬂ.4 n

|

- ]

© 0.2

T

-

2 0.0 . . . .

< 0 1 2 3 4 5

Incubation time (day)

Fig. 1 RT-PCR screen for mRNA expression of cMOAT/MRP2 in Caco-2 cellsin incubation
day from 1to 5.

Table 1 Effect of MDR modulators on the expression levels of different efflux proteins

Types of efflux proteins

Drug Concentration MDRL MRP1 MRP2
CyclosporinA 10 uM 1 10% o 1 40%
Quinidine 100 puM 1 20% 1 40% 1 10%
Indomethacin 200 pM 140 % 140 % 1 10%

Probenecid 1 mM 140% 120% 110%
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Enhancement Factor of Epirubicin Accumulation

Fig.
2 Enhancement factor of intracellular accumulation of epirubicin in Caco-2 cells. Cells were
pretreated with various MDR modulators of 10 uM of cyclosporine A, 100 uM of quinidine,
200 uM  of indomethacin, or 1 mM of probenecid for 30 min, and incubated with 1 pug/mL
of epirubicin for 180 min. Enhancement factor is the ratio of fluorescence intensity of
epirubicin with modulators divided by fluorescence intensity of epirubicin control. Each bar
represents the mean and each vertical bar the SD. Data is means + SD of three independent
experiments. Statistics were performed using student’s t test. In all cases, we found that P <

0.001 when compared with the epirubicin control (enhancement factor = 1).



