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Liposomal nanomedicine has led to clinically useful cancer therapeutics like Doxil and DaunoXome. In addition,
peptide-functionalized liposomes represent an effective drug and gene delivery vehicle with increased cancer cell
specificity, enhanced tumor-penetrating ability andhigh tumor growth inhibition. The goal of this article is to review
the recently published literature of the peptide-amphiphiles that were used to functionalize liposomes, to highlight
successful designs that improved drug and gene delivery to cancer cells in vitro, and cancer tumors in vivo, and to
discuss the current challenges of designing these peptide-decorated liposomes for effective cancer treatment.
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1. Introduction

Cancer has been a major public-health problem worldwide. In the
United States, cancer is the second-leading cause of death, despite a
23% drop in cancer death rates since 1991 [1]. Thus, continued basic
and clinical research is still needed in the fight against cancer. Advances
in nanomedicine have led to the design of nanoparticles (NPs) com-
posed of a variety of organic or inorganic nanomaterials for monitoring,
diagnosis and treatment of cancer [2]. At present, two generation of NPs
have been investigated in cancer nanotechnology. For the first-
generation the chemotherapeutic agents were encapsulated inside
theNPs and accumulated in tumors rather thannormal tissue bypassive
targeting of NPs through the enhanced permeability and retention
(EPR) effect. This phenomenon was first described in 1986 by
Matsumura and Maeda [3] and as seen in Fig. 1 it accounts for the
underdeveloped ‘leaky’ vasculature that is able to transfer large NPs
out of the blood stream, and the poor lymphatic drainage of the intersti-
tial fluid of the tumor, capable of filtering out NPs under normal condi-
tions that increases the retention time of NPs. Although the EPR effect
has been investigated using various tumor types and animal models,
and the factors which affect the pharmacokinetics and pharmacody-
namics of the NPs and their encapsulates to tumors have been well
understood, its prevalence in human primary and metastatic tumors
still needs more investigation [4]. This is particularly important because
only a few first-generation NP-based drugs for cancer therapy have
been proved by FDA [5].

Compared with first-generation NPs, the second-generation NPs
(active targeting of NPs) are currently being investigated (Fig. 1) to
further improve the pharmacokinetics and pharmacodynamics of
the encapsulated therapeutic load and increase the accumulation
of drugs at the tumor sites. Active targeting, often referred to as
‘ligand-mediated targeting’, involves attaching affinity ligands on the
surface of NPs for selectively binding specific surface molecules or
receptors overexpressed on or around the tumor [6–9]. Therefore, the

main mechanism for active targeting is the recognition between the
ligand and its target substrate.Many ligands have beenused, such as an-
tibodies and antibody fragments, proteins, peptides, aptamers, sugars,
glycoproteins and vitamins. After the NPs reach the tumor through the
EPR effect, the binding of the targeting ligands to their tumor cell-
surface receptors can promote cell internalization and intracellular
release of the therapeutic load [10]. Among various ligands, peptides
have been of interest due to their biocompatibility, and diverse
functionalities, such as tumor targeting, cell penetrating capacity, and
ability to promote endosomal/lysosomal escape.

Over the past 20 years,much effort has been spent designing peptide
ligands for tumor targeting of different NPs, such as polymeric micelles
and polymersomes, liposomes, dendrimers, mesoporous silica NPs,
quantum dots, superparamagnetic iron oxide NPs, carbon nanotubes
and gold NPs [11,12]. One of the most common NPs used for the
delivery of drugs and genes to tumors are peptide-functionalized
liposomes [10,13,14]. Liposomes are self-assembled vesicles consisting
of a lipid bilayer and an aqueous interior compartment. They have
been considered as promising carriers due to their biocompatibility,
biodegradability, and flexibility of size and surface properties. More-
over, liposomes can be decorated with polymers such as polyethylene
glycol (PEG) that provide a steric repulsion which acts as a protection
mechanism against enzymatic inactivation and the mononuclear
phagocyte system (MPS), also known as the reticuloendothelial system
(RES), thus allowing for longer circulation NP lifetimes [10]. A variety of
therapeutic agents, including hydrophilic/hydrophobic drugs and
genes, can be loaded in the aqueous compartment of the liposome or
embedded in the lipid membrane [10,14,15], and liposomal delivery of
therapeutics has the advantages of improved pharmacokinetics, en-
hanced cellular penetration, and reduced side effects [16]. Up to date,
several liposomal drugs have been approved by FDA such as Doxil
(liposomal doxorubicin for AIDS-related Kaposi's sarcoma, ovarian
cancer and multiple myeloma), DaunoXome (liposomal daunorubicin
for AIDS-related Kaposi's sarcoma), andDepocyte (liposomal cytarabine

Fig. 1. Schematic representation of passive and active targeting of NPs to tumors.
Adapted with permission from [6].
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