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Efficacy of regular chemotherapy is significantly hampered by multidrug resistance (MDR) and severe systemic
toxicity. The reduced toxicity has been evidenced after administration of drug liposomes, consisting of the first
generation of regular drug liposomes, the second generation of long-circulation drug liposomes, and the third
generation of targeting drug liposomes. However, MDR of cancers remains as an unsolved issue. The objective
of this article is to review the dual-functional drug liposomes, which demonstrate the potential in overcoming
MDR. Herein, dual-functional drug liposomes are referring to the drug-containing phospholipid bilayer vesicles
that possess a dual-function of providing the basic efficacy of drug and the extended effect of the drug carrier.
They exhibit unique roles in treatment of resistant cancer via circumventing drug efflux caused by adenosine tri-
phosphate binding cassette (ABC) transporters, eliminating cancer stem cells, destroyingmitochondria, initiating
apoptosis, regulating autophagy, destroying supply channels, utilizingmicroenvironment, and silencing genes of
the resistant cancer. As the prospect of an estimation, dual-functional drug liposomes would exhibit more
strength in their extended function, hence deserving further investigation for clinical validation.
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1. Introduction

1.1. Overview of drug liposomes

Liposomes are phospholipid vesicles composed of single or multiple
concentric lipid bilayers enclosing aqueous spaces (shown in Fig. 1) [1].
Liposomeswere first described by Banghamet al. in 1965, andwerefirst
used to encapsulate amyloglucosidase and 131I-albumin by Gregoriadis
et al. in 1971 [2,3]. Since then, liposomes have been used as a drug de-
livery system, and extensively investigated for five decades [4]. As a re-
sult, liposomes have become one of the most successful drug carriers in
detection and treatment of a variety of diseases.

Albeit the coverage is slightly different from that described by Cattel
et al. [5], the ‘generations’ of liposomes could be categorized into the fol-
lowing three generations.

The first generation of liposomes is a kind of regular liposomeswith-
out any modification, and mainly consist of phospholipids and choles-
terol. The sizes of these liposomes are in the range of 50 to 450 nm
[6]. As nanoscale drug carriers, the liposomes are biocompatible, and
biodegradablewith low toxicity. In addition, the liposomes are also con-
trollable in view of the production and the quality specification [7]. For
instance, the liposomes are able to load both hydrophilic and lipophilic
compounds using the passive loadingmethod, bywhich awide range of
therapeutic drugs can be incorporated into the liposomes [8]. As suc-
cessful examples, amphotericin B liposomes had been approved for
treatment of fungal infection (e.g., Ambisome, Amphotec, and Abelcet)
[9]. However, these liposomes demonstrated obvious drawbacks, in-
cluding low loading efficiency of hydrophilic drug, easy leakage of
drug from liposomes, and rapid clearance of liposomes by the reticulo-
endothelial system (RES) in blood circulation. Accordingly, the first gen-
eration of regular liposomes were almost abandoned until the active
drug loading and sterically stable liposomes were invented [10].

The second generation of long-circulation liposomes is a kind of
modified liposomes by coating their surface with inert polymeric

molecules, such as oligosaccharides, glycoproteins, polysaccharides,
and synthetic polymers [11]. Among these hydrophilic molecules, poly-
ethylene glycol (PEG) polymer is a successful material which has been
used to stabilize the liposomes. During the process, a number of active
drug loading methods had been invented as well in reaching a high
drug encapsulation efficiency of drug. The active drug loading method
is a remote encapsulation approach, which drives drug into the lipo-
somes by the difference of chemical gradient between inside and out-
side membrane of the liposomes. The chemical gradients include pH
gradient, ammonium sulfate gradient, and calcium acetate gradient,
etc. As a result, the liposomes have been assigned favorable properties,
including the altered bio-distribution, the reduced drug leakage, and
the prolonged circulation in the blood. The improved properties are as-
sociatedwith the steric hindrance effect offered byhydrophilic polymer,
which could prevent the modified liposomes from being rapidly elimi-
nated by the RES [12]. Accordingly, a number of liposomes were ap-
proved successfully in clinical treatment or under clinical trial
evaluations. As successful examples, several formulations of pegylated
doxorubicin liposomes have been approved for treatment of cancers,
such as Caelyx, Myocet, and Doxil [13]. Although great achievements
have been made, the long-circulation liposomes exhibit some draw-
backs as well, such as low cellular uptake, and poor selectivity in cancer
cells.

The third generation of liposomes is a kind of targeting liposomes by
incorporating specific molecules or functional materials on the lipo-
somes. The liposomesmay possess passive, active, and physicochemical
targeting properties. Both of the first and the second generation of lipo-
somes belong to the passive targeting carriers, which display the lym-
phatic affinity due to the lipophilic membrane of liposomes, and
exhibit the increased accumulation in tumor site due to the enhanced
permeability and retention (EPR) effect [14]. Besides of possessing the
passive targeting properties, the third generation of liposomes are
assigned specific targeting effects, including active, and physicochemi-
cal targeting effects. Active targeting liposomes could target cancer

Fig. 1. Basic structure for bilayer vesicles of liposomes.
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