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Mechanism of anticancer drug transport by P-glycoprotein: the
possible role of phospholipids
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Abstract

Studies using cancer chemotherapeutic
agents such as epirubicin encapsulated in
liposomes, made of phospholipids and other
ingredients, have generally shown reduced

EHBRESREL L

toxicity and enhanced therapeutic efficacy.
This

liposomal encapsulation, empty liposome or

study investigated the effects of
free phospholipid addition on the uptake and
transport of epirubicin in the human colon
line and
The
showed

adenocarcinoma (Caco-2) cell
flow
that
liposomal encapsulation or empty liposome
the
intracellular accumulation of epirubicin in

everted gut sacs of rats.
cytometric  experiments

addition  significantly  increased

Caco-2 cells. These two formulations
substantially enhanced apical to basolateral
absorption and significantly reduced the
basolateral to apical efflux of epirubicin
across Caco-2 monolayers. The epirubicin
concentrations measured in everted gut sacs
pretreated with these two formulations were
significantly higher than those in epirubicin
control in both the jejunum and the ileum.
The study suggests that inhibition of P-
glycoprotein or other transporter proteins
located in the intestines may be, at least
in the reduction of
the
therapeutic efficacy of epirubicin may be

partially, involved

epirubicin  efflux. In conclusion,

improved by the use of phospholipids as
excipients and MDR modulators in the
formulations.

Liposomal encapsulation

may have significant implications in

circumventing drug resistance in cancer
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chemotherapy.
Keywords:  epirubicin;  phospholipids;
liposomes; Caco-2; everted gut sacs;
P-glycoprotein; multidrug resistance
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Phospholipids have been increasingly
used as carriers for delivery of a variety of
drugs.  Studies using anticancer agents
such as epirubicin encapsulated in liposomes,
made of phospholipid mixtures, have
generally shown reduced toxicity and

enhanced therapeutic efficacy'”.

Some studies have shown that Class il
P-glycoproteins (P-gps) specifically
translocated  phosphatidylcholine  (PC)
toward the outer bilayer leaflet of the plasma
membrane. It was also suggested that
MDR 't P-gp (translocated PC and
phosphatidylethanolamine (PE) “”. In our
previous study, we provided some evidence
to support our hypothesis that bovine serum
albumin (BSA) might work as an acceptor
protein to extract phospholipids from the
cell surface into the medium, resulting in
less P-gp substrates and more available P-
gps for pumping epirubicin or vinblastine
out of Caco-2 cells”.  These studies
explored the physiological role of MDR1 P-
gp to act as a flipase in translocating lipids
of broad specificity across the plasma
membrane, besides its well-known role as a
multidrug transporter. We thus propose
that modulation of P-gps by phospholipids
may antagonize MDR and increase
cytotoxicity of epirubicin.

In this study, we demonstrate the effects
of various phospholipid formulations on the
intracellular accumulation and transport of

epirubicin in Caco-2 cells as well as everted
gut sacs of rats.  These formulations
included  epirubicin  encapsulated  in
dipalmitoyl phosphatidylcholine (DPPC) or
dipalmitoyl phosphatidylethanolamine
(DPPE) liposomes, empty DPPC or DPPE
liposomes, and free DPPC or DPPE
addition.
Z~BRRHH

As demonstrated in Figs. 1 and 2,
liposomal encapsulation or empty liposome
addition  significantly  increased  the
intracellular accumulation and mucosal to
serosal absorption of epirubicin in Caco-2
cells and everted gut sacs of rats. The
effect of free lipid addition on epirubicin
uptake was marginal.

Figs. 3 and 4 show that liposomal
encapsulation or empty liposome addition
apparently enhanced apical to basolateral
(a—>b) absorption and significantly reduced
basolateral to apical (b—a) efflux of
epirubicin across Caco-2 monolayers.

The polarized localization of P-gp has
led to the suggestion that its physiological
role is as a secretory detoxifying system and
is responsible for the efflux of lipophilic
molecules®. In the gut, P-gp is localized
in the apical membrane of enterocytes. It
1s thus conceivable that P-gp can act as a
barrier to the intestinal absorption of drugs,
by inducing a net basolateral to apical flux

of xenobiotics®.

Anticancer drugs encapsulated in
liposomes made of phospholipid mixtures
were found to circumvent P-gp mediated
drug  resistance?”. The increased

cytotoxicity was suggested to be at least




partly due to the increased intracellular
concentration of the cytotoxic agents by the
inhibition of the P-gp mediated drug
efflux®.

Phospholipids are the major lipids in the
plasma membrane of mammalian cells.
They have been proven to be the substrates
of Class I and/or Class Il P-gps in many
In addition, human MDR1 P-gp
has been demonstrated to be a phospholipid

cell lines.

translocase with broad specificity®™”. We
thus suggest that both epirubicin and
phospholipid molecules may be recognized
by P-gps within the context of the lipid
bilayer and then be translocated to the outer
leaflet of the membrane or to the cell
reduce  the

Thus,
inhibition of P-gps or other transporter

exterior, to  ultimately

intracellular accumulation.

proteins located in the Intestines by
phospholipids may be, at least partially,
involved in the reduction of epirubicin

efflux.

In conclusion, modulation of P-gps by
exogenous phospholipids through substrate
competition, membrane perturbation, or
other mechanisms might antagonize MDR
and increased cytotoxicity of epirubicin.
further to be
performed to verify the above hypothesis.

However, studies need

More importantly, we demonstrate that the

combined use of epirubicin  with

phospholipids may have  significant

implications  to  circumventing  drug

resistance  in  cancer  chemotherapy.
MDR

potential

Phospholipids may function as

reversing agents and have

therapeutic use.
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