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Abstract: Poly(ethylene glycol)–distearoylphosphatidylethanolamine (PEG-DSPE) block 

copolymers are biocompatible and amphiphilic polymers that can be widely utilized in the 

preparation of liposomes, polymeric nanoparticles, polymer hybrid nanoparticles, solid lipid 

nanoparticles, lipid–polymer hybrid nanoparticles, and microemulsions. Particularly, the 

terminal groups of PEG can be activated and linked to various targeting ligands, which can 

prolong the circulation time, improve the drug bioavailability, reduce undesirable side effects, 

and especially target specific cells, tissues, and even the intracellular localization in organelles. 

This review herein aims to describe recent developments in drug carriers exploiting PEG-DSPE 

block copolymers and their derivatives, and the incorporation of different ligands to the end 

groups of PEG-DSPE to target delivery, focusing on their modification approaches, advantages, 

applications, and the probable associated drawbacks.
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Introduction
Poly(ethylene glycol)–distearoylphosphatidylethanolamine (PEG-DSPE) block 

copolymers are amphiphilic, have been approved by the Food and Drug Administration 

for medical applications,1 and have been widely used in the preparation of liposomes, 

polymeric nanoparticles, polymer hybrid nanoparticles, and solid lipid nanoparticles, 

among others. The amphiphilic polymers are nanostructures composed by a hydropho-

bic core (DSPE) and a hydrophilic shell (PEG). The core–shell structure can encapsulate 

and carry poorly water-soluble drugs to congregate in the core of DSPE, and the PEG 

shell reduces the in vivo clearance of cholesterol-free liposomal formulations and the 

adsorption of plasma proteins.2 Therefore, utilizing PEG-DSPE for the formation of 

nanostructures could prolong the body circulation time and release drugs at a sustained 

rate in an optimal range of drug concentrations.3 Besides, the percentage content of 

PEG-DSPE significantly affects the sizes of vesicles. DSPE-PEG
2000

–containing 

egg-yolk phosphatidylcholine vesicles have been prepared utilizing the detergent-

removal method by Sriwongsitanont and Ueno,4 which verified that the vesicles’ 

inclusion of DSPE-PEG
2000

 promoted vesicle formation, and the incorporation of 

increasing amounts of PEG lipid in liposomes reduced liposome sizes.
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Molecular therapy, including gene therapy, is a promising 

strategy for the treatment of human diseases. However, deliv-

ery of molecular therapeutics efficiently and specifically to 

the targeted tissue remains a significant challenge. Luckily, 

researchers have discovered that in vivo tumor targeting can 

be achieved by encapsulating genes into nanocarriers due to 

their enhanced permeability and retention effect.5 Moreover, 

the terminal groups of PEG can be activated and linked to var-

ious targeting ligands on the surface of nanocarriers, which 

has been demonstrated to increase delivery efficiency and 

tissue specificity.6 In this paper, we have critically reviewed 

and assessed the PEG-DSPE block copolymers being used 

to construct nanocarrier systems and deliver nucleic acids, 

proteins and peptides. In addition, a comprehensive summary 

is presented on activating the terminal groups of PEG and 

further functionalization with targeting ligands for different 

types of delivery.

Synthesis of PEG-DSPE end-group 
derivatives
The commonly used lipid derivative of PEG is methoxy-PEG-

DSPE with a methoxy terminal. Although methoxy-PEG-

DSPE can prolong liposomes circulation, the methoxy group 

is too inactive to react with the ligands in mild conditions. 

Therefore, it is necessary to modify PEG-DSPE with terminal 

groups mainly consisting of the hydroxyl in order to link 

with certain ligands. Through modifying the hydroxyl of the 

PEG end-group, the physical and chemical properties of the 

polymers can be improved in targeted drug delivery.7,8 The 

common end-group forms of PEG-DSPE derivatives include 

carboxylation, amination, and maleylation.

Carboxyl-terminated PEG-DSPE
Carboxyl groups are introduced to the terminal groups 

of PEG-DSPE block copolymers, which can easily react 

with the ligands for active target cells or tissues, such as 

transferring and peptide.9–11 Several reports have success-

fully synthesized DSPE-PEG-COOH.12–14 In brief, DSPE in 

chloroform methanol was added to PEG-bis(succinimidyl 

succinate) (PEG-2OSu) in chloroform, followed by the 

addition of triethylamine. The reaction mixture was stirred 

vigorously overnight at room temperature. Full conversion 

of the primary amino group of DSPE was confirmed by the 

negative ninhydrin reactivity after separating the products 

by thin-layer chromatography.

Vaidya et  al10 prepared arginine-glycine-aspartic 

acid (RGD)–conjugated PEGylated liposomes utilizing 

DSPE-PEG-COOH to conjugate with the amine group of 

c(RGD) peptide (CNPRGDY[OEt]RC). Compared to the 

plain streptokinase solution and long circulatory liposomes, 

the RGD peptide–conjugated liposomes accumulated at 

the site of the blood clot and increased the thrombolytic 

activity.

Amino-terminated PEG-DSPE  
(amino-PEG-DSPE)
The amino group of the heterobifunctional PEG is selectively 

protected by such protective groups as fluorenylmethyloxy-

carbonyl and butyloxycarbonyl (Boc). The other end of PEG 

is the active group that reacts with DSPE. The protective 

groups are then removed after the reaction to form amino-

PEG-DSPE. Also, amino-PEG-DSPE can be combined with 

small-molecule medicines and ligands.

Zalipsky et al15 synthesized the following amino-PEG-

DSPE (Figure 1). First, the amino group of the heterobi-

functional PEG was selectively protected by the Boc group. 

Secondly, a succinimidyl carbonate (SC) group was intro-

duced at the hydroxyl end of α-Boc-ω-hydroxy-PEG to form 

urethane linking the amino group of DSPE and the primary 

amine functionality of the PEG regenerated by the acidolytic 

removal of the Boc group.

Hydrazide-terminated PEG-DSPE  
(Hz-PEG-DSPE)
Ligands can also be covalently bound to the hydrazide 

groups grafted onto PEG-DSPE to form a hydrazide bond. 
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Figure 1 Synthesis of amino-PEG-DSPE.15 
Abbreviations: PEG, polyethylene glycol; Boc, tert-butyloxycarbonyl; DSPE,  
1,2-distearoyl-sn-glycero-3-phosphoethanolamine; TEA, triethylamine.
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Oxidized ligands have been reported to react with the hydra

zide groups of the anchor to form Hz-PEG-DSPE.16,17

Zalipsky18 prepared the heterobifunctional PEG deriva-

tive by modifying one end with an SC group, and the other 

terminal with a tert-Boc protected the hydrazide group. 

Then the reaction of Boc-PEG-SC and the amino group of 

DSPE readily produced Boc-PEG-DSPE. Finally, acidolytic 

removal of the Boc group yielded Hz-PEG-DSPE conjugate 

suitable for linking various ligands.

The above method has been successfully utilized to syn-

thesize various ligand-modified PEG-DSPE copolymers for 

targeting drug-delivery systems.19–21

Maleimide-terminated PEG-DSPE  
(Mal-PEG-DSPE)
Recently, PEG-DSPE modified with a maleimide group at the 

distal terminal of the PEG chain is widely used in targeted 

delivery systems due to its convenient and rapid reaction 

with ligands such as antibody and peptide.22,23

Two methods have been successfully employed 

to synthesize Mal-PEG-DSPE (Figure  2).24 In the first 

method, amino-PEG-DSPE reacted with N-succinimidyl-

3-(N-maleimido)-propionate in CH
2
Cl

2
, DMF, and trieth-

ylamine to form Mal-PEG-DSPE. In the second method, 

ω-(β-[N-maleimido])-PEG-α-succinimidyl carboxylate (Mal-

PEG-SC) reacted with DSPE and triethylamine in chloroform.

Reasonable selection of targeted 
moieties in the modification  
of the PEG-DSPE end groups
Targeted drug-delivery systems have been recognized as 

a promising strategy to improve the selective targeting of 

drugs to the diseased tissues, leading to improved treatment 

efficacy and reduced drug toxicity. Especially, a variety of 

targeting moieties such as antibodies, growth factors, or 

cytokine functioning have been used as vehicles to introduce 

drugs, proteins, and nucleic acids into target cells.25–27 The 

end groups of PEG-DSPE were easily grafted to different tar-

geting moieties, which are mainly divided into nonantibody 

ligand-targeting moieties and antibody ones.

Nonantibody targeting moieties
Owing to microenvironmental changes, some cells or tissues 

express high levels of special receptors, whereas normal tis-

sues express low or undetectable receptor levels.28 Thus it 

is possible to target special receptors with ligands linked to 

extremities of PEG-DSPE to deliver drugs to the target sites. 

For example, nontargeted PEGylated liposomes in experi-

mental tumors indicated that their distribution was limited to 

the extracellular fluid and tumor-infiltrating macrophages, but 

folate (FA)-targeted ones would deliver the drug cargo into 

folate receptor (FR)-expressing tumor cells, which provided 

a more potent antitumor effect than limiting in the gradual 

extracellular distribution to the extracellular fluid.29,30

Nonantibody ligands are often readily available, inexpen-

sive to manufacture, and easy to handle, the adverse effects 

of which mainly originate from their relatively nonselective 

expression.31 It is therefore necessary to choose appropriate 

methods and target ligands for modification of the PEG-

DSPE end groups. To date, many nonantibody targeting 

moieties (Table  1) have been grafted to PEG-DSPE for 

cancer therapeutics.

Antibody targeting moieties
Antibody-mediated targeting therapeutics have been explored 

with the development of antibody engineering and phage-

display technologies,43–45 which have been employed to realize 

high specificity for the target tissues, a wide range of binding 

affinities, and small molecular sizes. When proper antibodies 

are linked to the reactive terminal of PEG-DSPE, the carriers 

can be targeted to the selected tissue, depending on the ability of 

the antibody or ligand that facilitates cell-specific docking.46 For 

instance, anti-CD22 monoclonal antibody specifically bound 

with the CD22 surface antigen expression in non–Hodgkin’s 

lymphoma cells. A postinsertion method was adopted to incor-

porate anti-CD22-PEG-DSPE into the liposomes containing 

cancer drugs. The anti-CD22 immunoliposomes exhibited 

increased efficacy and reduced toxicity compared to the unmod-

ified ones.47 Also, Lopes de Menezes et al48 prepared doxorubi-

cin (DXR) immunoliposomes that were coupled to monoclonal 

antibody (MAb) anti-CD19 against malignant B cells. 
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Figure 2 Synthesis procedure of maleimide-PEG-DSPE.24 
Abbreviations: Mal, β-(N-maleimido) propionyl; Mal-PEG-SC, ω-Mal-α-succinimidyl 
carboxylate; MPS, N-(maleimido-propionyloxy)-succinimide ester; TEA, triethylamine.
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The binding with immunoliposomes (anti-CD19) resulted in 

a threefold higher association of the immunoliposomes with 

human CD19+ B-lymphoma cell line (Namalwa) in compari-

son with the nontargeted liposomes. Nontargeted liposomes 

exhibited an apparently lower recognition of either B cells or 

T cells than the targeted DXR immunoliposomes (anti-CD19). 

In addition, many antibody targeting moieties listed in Table 2 

have been researched for targeting delivery by being grafted to 

the end groups of PEG-DSPE.

MAbs have been utilized to modify the terminal group of 

PEG-DSPE for targeting delivery in the form of either whole 

MAbs or MAb fragments, including Fab′ and single-chain 

variable region fragments (scFv).49–51 MAbs contains fragments 

(Fab), complementarity-determining regions and fragment-

crystallizable region (Fc), but fragments do not include Fc. 

Their targeting are somewhat different. PEG-DSPE derived 

with MAb fragments could increase the circulation time in 

blood compared to the particulates derived with whole MAbs, 

which was ascribed to the fact that the former was lack of the 

Fc domain binding to Fc receptors on phagocytic cells.52 Cheng 

and Allen53 developed an anti-CD19 liposomal for the targeting 

delivery of DXR in B-cell lymphoma and compared to the result 

with those of the whole monoclonal antibody, Fab′ fragments, 

and scFv. Pharmacokinetics and biodistribution studies showed 

that immunoliposome-DXR targeted via Fab′, which had the 

longest circulation half-life, appeared to be slightly more effec-

tive in prolonging the survival time than that targeted via either 

scFv or mAb, because immunoliposome-DXR targeted via Fab′ 
reduced Fc-mediated uptake in liver and spleen.

Strategies of adsorbing ligands  
onto the vector surface
In general, the methods of adsorbing ligands to the vector 

surface should be simple, fast, and efficient, with stable yield 

Table 1 Nonantibody targeting moieties grafted to PEG-DSPE for cancer therapeutics

Nonantibody targeting moieties Target Target cells or tissues References

Folate Folate receptor Cancer cells that overexpress  
the folate receptor

30,32

Transferrin Transferrin receptor Cancer cells that overexpress  
the transferrin receptor

33,34

Asn-Gly-Arg (NGR) Aminopeptidase N (CD13) Vasculature endothelial cells 26,35
Leu-Ala-Arg-Leu-Leu-Thr (D4) or GE11 Epidermal growth factor  

receptor (EGFR)
Cancer cells that  
overexpress EGFR

6,36

Galactose residues Hepatic asialoglycoprotein  
receptor (ASGP-R)

Activated platelets, hepatocyte 37,38

Arg–Gly–Asp (RGD) Integrins Vasculature endothelial cells 39,40
Anisamide ligand Sigma receptor Human lung cancer cells 41
Vasoactive intestinal peptide (VIP) VIP receptors Breast cancer 42

Abbreviations: NGR, asparagine- glycine- arginine; CD13, Aminopeptidase N; D4, leucine-alanine-arginine-leucine-leucine-threonine; GE11, an amino acid sequence 
YHWYGYTPQNVI; EGFR, epidermal growth factor receptor; ASGP-R, hepatic asialoglycoprotein receptor; RGD, arginine-glycine-aspartic acid; VIP, Vasoactive 
intestinal peptide.

Table 2 Antibody targeted moieties grafted to PEG-DSPE for targeted delivery

Antibody targeting moieties Target Target cells or tissues References

Anti-CD19 CD19 epitope B lymphoma cells 48,54
Anti-CD20 CD20, a B-cell surface antigen B-cell malignancies 46,55
Anti-CD22 CD22, a B-cell surface antigen Non–Hodgkin’s lymphoma and other B-cell  

lymphoproliferative diseases
47,56

Anti-CD33 CD33, a T-cell epitope Myeloid leukemia cells 50
Anti-ErbB2 ErbB2 receptor Cancer cells overexpressed the ErbB2 receptor 57,58
Anti-CEA CEA Cancer cells that overexpress the CEA such  

as pancreatic cancer cells, small-cell lung cancer cells
59,60

Antagonist G – Small-cell lung cancer 61,62
Anti-HER2 HER2 Breast cancer cells 24
EGF EGF receptor Human glioma cells 63
Anti-GD2 Disialoganglioside (GD2) Neuroblastoma 64
CC52 CC531 Colon cancer cells 65

Abbreviations: CD19, the cluster of differentiation 19 is a protein that in humans is encoded by the CD19 gene; CD20, cluster of differentiation 20; CD22, cluster of 
differentiation 22; CD33, cluster of differentiation 33; ErbB2/HER2, human epidermal growth factor receptor 2; CEA, carcinoembryonic antigen; EGF, epidermal growth 
factor; GD2, disialoganglioside; CC52, a murine IgG1 monoclonal antibody; CC531, a cell line was induced by treatment of WAG rats with 1,2 dimethylhydrazine.
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and nontoxic bonds. Furthermore, the target recognition and 

binding efficiency should not be substantially altered. Two 

approaches consisting of noncovalent and covalent coupling 

are commonly exploited for attaching ligands to the vector 

surface. The former merely adds the ligand to the mixture as 

one of the prescription components during the preparation of 

the vector.66 However, it suffers from the following unfavor-

able disadvantages: (1) the low percentage of ligands attached 

to the carrier; (2) the aggregation of ligands on the surface of 

carriers; (3) the difficulty of controlling and orienting the anti-

bodies; and (4) possible detachment of the antibody in vivo.67 

Consequently, this method is rarely used nowadays.

On the contrary, covalent coupling appears to be effec-

tive in fixing ligands to the carriers, owing to the much more 

stable and reproducible linkage compared to that formed by 

the noncovalent method. The three main strategies covalently 

coupling ligands to the surface vector are listed below.

Addition of ligand-PEG-DSPE as 
components during the preparation  
of carriers
Ligand-PEG-DSPE can self-assemble into micelles, which 

are prepared into liposomes with phospholipids and choles-

terol delivering the loading drug into target cells or tissues, 

thereby improving bioavailability and reducing toxicity 

(Figure 3A).68,69

A multifunctional nanoassembly system for the co-

delivery of docetaxel and iSur-pDNA was reported by Xu 

et al,70 by utilizing folate-PEG-DSPE as the target. The result 

showed the particle size was about 200 nm and the encapsu-

lation efficiency was higher than 90%. Compared with free 

docetaxel and iSur-pDNA, better antitumor efficacy as well 

as low systemic toxicity could be observed. The product dis-

played better antitumor efficacy and lower systemic toxicity 

compared to the free docetaxel and iSur-pDNA.

The drug-loaded folate-conjugated micelles encapsulat-

ing the anticancer agent 9-nitro-camptothecin (9-NC) were 

successfully prepared by the film-formation method.71 These 

micelles have low average size, high encapsulation and drug-

loading efficiency, and particularly higher antitumor activity 

than those of drug-loaded MPEG-DSPE micelles and free 

anticancer agents.

However, mixing ligand-PEG-DSPE with other compo-

nents would lead to some drawbacks, including the possible 

presence of the ligands on the inner surface of the carriers 

and the consequent unavailability to target cells or tissues. 

Furthermore, the number of ligands coupled to the carrier 

surface can be rather nonuniform.

Direct coupling method
The direct coupling method includes two steps: first preparing 

DSPE-PEG-activate group-grafted carriers and then cou-

pling ligands to the carriers in a mild reaction condition 

(Figure 3B). For example, immunoliposomes were obtained 

by attaching the antibody directly to the bilayer of liposomes 

containing either Mal-PEG-DSPE or Hz-PEG-DSPE, which 

would retain the ligands on the surface of the liposome. But 

the ligands would incorporate into PEG-DSPE with a lower 

productivity, and the excessive reactants could hardly be 

removed in the delivery systems.

Maruyama et al14 prepared the following three types of 

monoclonal antibody 273-34A (34A) immunoliposomes: (1) 

PEG-free immunoliposomes with the antibody covalently 

linked to the short anchor 34A; (2) PEG-immunoliposomes 

with the antibody covalently linked to 34A; (3) PEG-

immunoliposomes with 34A directly attached to the distal 

terminal of DSPE-PEG-COOH. The lung-binding efficiency 

of 34A-Type 2 was 0.5-fold higher than that of 34A-Type 1, 

which could be attributed to the reduced immunospecific 

antibody-antigen binding and reticuloendothelial system 

(RES) uptake owing to the steric hindrance of PEG chains. 

Also, the lung-binding ability of 34A-Type 3 was about 

1.3-fold higher than that of 34A-Type 1, indicating that the 

recognition by the antibodies attached to the PEG termi-

nal was not sterically hindered and the free PEG (ie, that 

was not carrying antibody) was effective in increasing the 

blood concentration of immunoliposomes by inhibiting 

RES uptake.

Lopes de Menezes et al48 synthesized anti-CD19 immu-

noliposomes by the hydrazide coupling method. The MAb 

was oxidized firstly with sodium periodate, which was 

then incubated with hydrazide derivatized PEG-liposomes 

overnight. Finally, the immunoliposomes were separated 

from the free mAb over an equilibrated Sephadex CL-4B 

column.

Postinsertion method
Recently, researchers have prepared ligand-targeted lipo-

somes utilizing the postinsertion method.50,72 First, ligands 

such as maleimide and succinyl were coupled to the active 

end group of PEG-DSPE. Secondly, the ligand-PEG-DSPE 

was transferred into the outer monolayer of preformed, 

drug-loaded liposomes by simple incubation50,73 (Figure 3C). 

During the postinsertion method, a variety of ligand-PEG-

DSPE copolymers were inserted into various preformed 

liposomes containing different drugs, allowing ligand-

targeted therapeutics in individual patients.74
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Moreover, investigations73,75 have shown that the 

post-insertion liposomes composed of monoclonal antibody 

anti-CD19-PEG-DSPE conjugates are simple, rapid, and flex-

ible compared to those prepared by conventional coupling 

procedures, such as the Mal-PEG-DSPE coupling method. 

But the association results of the targeted liposomes to CD19+ 

human B-cell lymphoma cells were similar to those obtained 

with anti-CD19-targeted liposomes prepared by conventional 

coupling techniques, and the binding was significantly stron-

ger than that of the nontargeted liposomes.

Furthermore, Vader et al76 prepared liposome-polycation-

DNA (LPD) particles for vascular endothelial growth factor 

receptor 2 (VEGFR-2) siRNA delivery to tumors, which 

were modified with a cyclic RGD peptide that specifically 

bound to integrins expressed by tumor-associated endothe-

lial cells. Then they were optimized with respect to their 

sizes and charges by varying the contents of protamine and 

carrier DNA for stronger complexation and higher PEGyla-

tion density. The uptake and silencing performance of the 

RGD-targeted PEGylated LPD particles was evaluated in 

murine endothelial and human umbilical vein endothelial 

cells. Compared to the nontargeted LPD particles, enhanced 

uptake and silencing of VEGFR-2 expression were observed 

for RGD-targeted PEGylated LPD particles.

Application of PEG-DSPE block-
copolymer in the preparation  
of drug carriers
The amphiphilic PEG-DSPE block copolymers contain 

both a hydrophilic PEG segment and a hydrophobic DSPE 

segment, which can self-assemble into a variety of micellar 

structures. Moreover, the PEG-DSPE block copolymers have 

been employed to prepare PEGylated liposomes, which are 

biocompatible, inert, and could be characterized by a long 

half-life in the plasma compartment in vivo.

Liposomes
Conventional liposomes have low bioavailability and 

short blood-circulation time, and are easily absorbed by 

the RES.77,78 Strategies have been developed to overcome 

these difficulties by coating the surface of the liposomes 

with hydrophilic polymers or a glycolipid, such as PEG or 

monosialoganglioside (GMI).79,80 PEG possesses high flex-

ibility, favorable hydrophilicity, antiphagocytosis against 

macrophages, resistance to immunological recognition, non-

combination with proteins, and biocompatibility,81–84 which 

enable the extensive application in developing the PEGylated 

liposomes for delivering various drugs.

Ligand-PEG-DSPE
Pre-formed empty liposomes

Targeted-PEG-liposomes
DSPE-PEG-ativate group-grafted liposomes
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Figure 3 (A–C) Strategies of adsorbing ligands onto the vector surface. (A) Ligand-PEG-DSPE were added as the components during the preparation of carriers; 
(B) Mal-PEG-liposomes were preformed, then the ligands were directly coupled to the preface; (C) the postinsertion method. 
Abbreviations: Mal, β-(N-maleimido) propionyl; PEG-DSPE, poly(ethylene glycol)–distearoylphosphatidylethanolamine.
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PEGylated liposomes have attracted considerable atten-

tion as the passive targeting administration carriers for the 

therapy of cancer and infectious diseases. They outweigh 

other carriers in increasing the systemic circulation time 

of drugs, delivering active molecules to the site of action 

and preventing damage of healthy tissue from toxic effects. 

During the preparation, the key step of developing long-

circulating liposomes was accompanied by the inclusion of 

the synthetic polymer PEG in the liposome composition, 

such as PEG-DSPE.85,86

The incorporation of PEG-DSPE in the lipid-based 

carriers substantially prolongs the circulation lifetime of 

the liposomes. Dos Santos et al2 demonstrated that merely 

0.5  mol% of PEG
2000

-DSPE would significantly increase 

the plasma circulation longevity of the liposomes from 

1,2-distearoyl-sn-glycero-3-phosphatidylcholine (DSPC). 

The aggregation of DSPC-based liposomes was completely 

precluded with 2  mol% PEG
2000

-DSPE, suggesting that 

PEG
2000

-DSPE reduced the in vivo clearance of cholesterol-

free liposomal formulations and the adsorption of plasma 

proteins primarily by inhibiting surface interactions and 

particularly by liposome-liposome aggregation.

The pharmacokinetics, biodistribution, and therapeutic 

efficacy of the PEGylated liposomes containing cisplatin and 

nonliposomal cisplatin were compared by Newman et al.87 

They found that PEGylated liposomes had superior antitumor 

activity, lower kidney toxicity, and a prolonged circulation time, 

and also showed a 55-fold higher distribution volume, threefold 

higher peak plasma levels, and 60-fold larger plasma under the 

plasma concentration time curve (AUC) compared to those 

of cisplatin. Moreover, PEGylated liposome–treated animals 

displayed a 28-fold higher tumor AUC than for cisplatin.

Polymeric nanoparticles
Polymeric nanoparticles (NPs) may be obtained with the 

structure of a hydrophobic core and a hydrophilic shell by 

the self-assembly of biodegradable amphiphilic copolymers. 

The core-shell structure of polymeric NPs is advantageous 

in the entrapment of poorly water-soluble drugs, increase 

of circulating half-life, sustained drug-release profiles, and 

the functional surface with targeting ligands for differential 

delivery.88,89 The most commonly and extensively used 

amphiphilic copolymers contain PEG–poly-d,l-lactide-co-

glycolide (PEG-PLGA), PEG-polylactic acid (PEG-PLA), 

poly-epsiv-caprolactone (PEG-PCL), and PEG-DSPE.90–93 

In this review, polymeric NPs are limited to nanomicelles, 

nanospheres and nanocapsules containing PEG-DSPE or 

their derivatives.

The amphiphilic polymers of PEG-DSPE can self-

assemble into micelles and are easily modified. There is a 

type of satisfactory polymeric NP material for the preparation 

of polymeric NPs. Gill et  al69 prepared PEG
5000

-DSPE 

micelles containing paclitaxel by solvent evaporation, the 

release of which was investigated in vitro and in vivo. In 

addition, the toxicological profile of PEG
5000

-DSPE was also 

investigated, revealing that the PEG-lipid micelles exhibited 

a sustained releasing behavior in the simulated lung fluid. 

The accumulation of paclitaxel in lungs by intravenous 

AUC
0–12

 was 45-fold higher than that of the intravenously 

administered formulation and threefold higher than that of 

the intratracheally delivered taxol. Simultaneously, other 

nontargeted tissues and plasma showed substantially lower 

paclitaxel concentrations compared to those of other groups. 

Moreover, toxicity studies exhibited no significant increase in 

the levels of lung injury markers in the PEG
5000

-DSPE–treated 

group compared to those in the saline-treated group.

Hattori and Maitani94 prepared folate-linked NPs based 

on 3(N-[N′,N′-dimethylaminoethane]-carbamoyl) choles-

terol (DC-Chol), FA-PEG
2000

-DSPE, and Tween 80, which 

then formed injectable nanoplexes with high transfection of 

luciferase gene in human oral and prostate cancer cells. Thus 

the nanocarrier is potentially useful as a prostate tumor–

specific vector for gene therapy.

Recently, several nanomicelle compositions including 

ligand-PEG-DSPE for the active targeting in anticancer ther-

apy have been investigated in vitro and in vivo. Nanomicelles 

provided controlled/sustained-release properties and site-

specific targeting of cells or tissues. Moreover, cytotoxicity 

and higher cellular uptake have also been demonstrated. 

Han et al95 prepared folate-conjugated polymer micelles by 

mixing FA-PEG-DSPE and MPEG-DSPE to encapsulate the 

anticancer agent 9-NC. The FA-conjugated micelles have 

a small average size (21–24  nm) and high encapsulation 

efficiency (97.6%), which can effectively solubilize 9-NC 

and avoid macrophages in vitro, and has a more potent 

antitumor activity than those of drug-loaded MPEG-DSPE 

micelles and free anticancer agents. Moreover, vasoactive 

intestinal peptide (VIP)-grafted sterically stabilized phos-

pholipid nanomicelles (SSMs) have been developed in order 

to increase the solubility of 17-allylamino-17-demethoxy 

geldanamycin (17-AAG) and reduce hepatotoxicity. The 

results demonstrated that 17-AAG could be solubilized at 

therapeutically relevant concentrations in actively targeted 

VIP surface–grafted SSM. The delivery system effectively 

reduced hepatotoxicity by means of dimethylsulfoxide and 

cremophor. However, the cytotoxicity of VIP that grafted 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4191

PEG-DSPE block copolymers and derivatives as nanomaterials in drug delivery

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2012:7

nanomicelles to MCF-7 cells was significantly higher than 

that of 17-AAG loaded in the nontargeted SSMs.

Microemulsions
Microemulsions contain lipophilic agents without any inner 

water phase, which may be a more suitable carrier for the 

delivery of lipophilic drugs. The microemulsions prepared 

with PEG-DSPE have many advantages, such as enhancing 

the capacity of loading the hydrophobic drugs, increasing the 

blood-circulation time, and improving the bioavailability, in 

delivering drugs to tumors.96,97

Shiokawa et  al98 constructed FA-linked microemulsions 

for delivering lipophilic antitumor antibiotics and aclacino-

mycin A utilizing FA-PEG-DSPE. The results showed that the 

association of the FA-PEG
5000

–linked microemulsion with the 

KB cells was 200-fold higher, whereas their cytotoxicity was 

90-fold higher than those of non-FA microemulsion. Also, the 

FA-PEG–linked microemulsions showed 2.6-fold higher accu-

mulation in solid tumors 24 hours after intravenous injection.

Junping et  al99 prepared microemulsions of vincristine 

(M-VCR) and evaluated their pharmacokinetics, acute toxic-

ity, and antitumor effects. The oil phase of the microemulsions 

was a vitamin E solution of oleic acid and VCR, and the 

surfactants were PEG-DSPE and cholesterol. They also exhib-

ited small average diameter (138.1 ± 1.2 nm) and high VCR-

loading efficiency (94.6% ± 4.7%) and stability. The plasma 

AUC of M-VCR was remarkably higher than that of the free 

VCR (F-VCR), and the tumor AUC
0.08–12 h

 of M-VCR was 

also significantly higher than that of F-VCR. Also, M-VCR 

was less toxic and more effective in antitumor behaviors than 

F-VCR in M5076 tumor–bearing C57BL/6 mice.

Lipid polymer hybrid nanoparticles
Polymer hybrid NPs consist of a hydrophobic polymeric core 

such as poly(d,l-lactic-co-glycolic acid) (PLGA) carrying 

poorly hydrophobic drugs that are released at a sustained rate, 

a lipid monolayer, and an outer corona layer made of PEG, 

usually used lecithin and PEG-DSPE (Figure 4).100 Nanohybrid 

materials are subjected to chemotherapy and radiation therapy 

as cancer therapeutics, which is primarily attributed to the 

controlled production parameters by the engaged nanohybrid 

materials in the formation of engineered particles with specific 

size, shape, and other essential properties, such as the abil-

ity to be tailored to bypass the biological/physiological and 

immunological barriers of the body, the ability to encapsulate 

and deliver drugs with poor aqueous solubility profiles, and 

the ability to improve a drug’s half-life in plasma.101

Hu et al59 prepared anti-carcinoembryonic antigen (anti-

CEA) lipid-polymer hybrid NPs loading paclitaxel for tar-

geted drug delivery to carcinoembryonic antigen–presenting 

pancreatic cancer cells. Lipid polymer nanohybrids compris-

ing PLGA as the hydrophobic polymeric core encapsulate the 

hydrophobic drug paclitaxel. This polymer–drug assembly 

was encapsulated in a lipid layer of lecithin, which was 

further covalently conjugated to DSPE-PEG as the hydro-

philic polymer. The results showed the NPs were of small 

particle diameter (95 nm), had small negative zeta potential 

(-55 mV), and fine spherical structures. They also verified 

the targeting specificity of the synthesized anti-CEA NPs and 

their enhanced cellular cytotoxicity against the target cells 

compared to their nontargeted counterparts.

Lipid polymer hybrid NPs have become a promising 

drug-delivery platform owing to their biocompatibility, 

biodegradability, sustained drug-release profiles, functional 

surface, excellent stability in blood, and most importantly, 

high drug-loading yield.100,102

Zhang et al100 used ester-terminated PLGA as the model 

hydrophobic polymer to fabricate the polymeric core of 

NPs encapsulating poorly water-soluble drugs, lecithin, and 

PEG-DSPE as the model lipid to form the PEGylated lipid 

monolayer. It was demonstrated that the hybrid NPs were 

of tunable size and surface charge, with high drug-loading 

yield, sustained drug-release profile, favorable stability in 

serum, and good cellular targeting ability.

To enhance the cellular accumulation and the retention of 

doxorubicin (Dox), Wong et al103 constructed a P-glycoprotein 

(Pgp)-modified lipid polymer hybrid NP system containing 

Dox using an ultrasound method. The results showed the Pgp 

lipid polymer hybrid NPs significantly enhanced Dox uptake 

and substantially increased the drug retention after treatment 

compared to the free Dox solutions, suggesting that phagocy-

tosis was an essential pathway in the membrane permeability 

of the NPs, and lipid-based NP formulations would overcome 

the drug resistance in Pgp-overexpressing tumor cells.

PLGA

Drug

Lipid

Lipid-PEG

Figure 4 Schematic illustration shows the formulation of lipid polymer hybrid 
nanoparticles.100 
Abbreviation: PLGA, poly-d,l-lactide-co-glycolide.
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Solid lipid nanoparticles
In the 1990s, solid lipid nanoparticles (SLNs) including 

emulsions, liposomes, and polymeric ones, were developed 

as an alternative carrier system, which have attracted increas-

ing attention due to improved micelle stability and industrial 

production adaptability.104,105 As a particulate system, SLNs 

refer to solid natural or synthetic lipids such as lecithin, 

PEG-DSPE and their derivatives, triglycerides, and other 

materials for carriers that are of mean particle diameters 

ranging from 50 to 1000  nm.105 The solid core contains 

hydrophobic drugs dissolved or dispersed in the high melt-

ing solid lipid matrix. Stevens et al106 evaluated FA-SLN as 

the carrier for the lipophilic derivative of the photosensitizer 

hematoporphyrin (Hp). The results showed that the stabil-

ity and encapsulation efficiency of the formulations did not 

change after being stored for 3 months at 4°C, and FA-SLN 

greatly increased the cytotoxicity and cellular uptake in FR 

(+) KB cells compared to the nontargeted SLNs. Kuo and 

Liang107 prepared catanionic SLNs loading Dox-comprised 

DSPE-PEG
2000

-carboxylic acid, DSPE-PEG
2000

 grafted with 

anti-epithelial growth factor receptor (anti-EGFR), and 

other components. Then the catanionic SLNs were applied 

to suppress the propagation of malignant U87MG cells. As 

a result, the optimal conditions for the preparation of anti-

EGFR-catanionic SLNs were 1-mM catanionic surfactants 

and 100% CB, which would inhibit the multiplication of 

malignant U87MG cells and substantially enhance the deliv-

ery efficiency of Dox to U87MG cells.

Application of PEG-DSPE block 
copolymer in delivering drugs
Transmission of nucleic acids
Numerous biotech drugs have been discovered, some of 

which have been successfully applied in clinical use along 

with the development of biotechnology. Many chronic 

diseases such as cancer and cardiovascular dysfunction 

can be effectively prevented and treated utilizing biotech 

drugs. Nucleic acids, RNA, and DNA show huge potential 

in the treatment of cancer, the delivery of which would be 

inefficient to the target sites, though. Therefore, a delivery 

system is required to boost the therapeutic efficacy of labile 

macromolecular drugs. Currently used nanocarriers, such as 

liposomes, polymeric NPs, nanoemulsions, and SLNs, have 

proven useful to deliver nucleic acids.108–110 Also, PEG-DSPE 

has been widely applied in the preparation of nanocarriers for 

the delivery of nucleic acids as drug-carrier material.

Liposome-mediated nucleic acid delivery has been in 

the spotlight recently, but hurdles still exist, such as low 

blood stability and RES absorption, and the poor targeting 

of liposome seriously prevents the nucleic acid from exerting 

a treatment effect.111 The end group of PEG-DSPE has been 

modified with ligands and then inserted into the liposomes 

for targeted delivery, which can significantly prolong the 

circulation time in blood, reduce the RES absorption, increase 

the bioavailability of target organs, target tissues, target cells, 

or intracellular parts.110,112

A small, stable, long-circulating liposomal carrier for 

antisense oligodeoxynucleotides (asODN) was developed 

by Stuart et  al.113 The ligand of anti-CD19 coupled with 

butyrate-PEG-DSPE was included in the liposomal carrier. 

The result showed that the majority of the asODN was 

cleared from blood with a half-life of more than 10 hours 

compared to a time of less than 1 hour for the free asODN. 

Anti-CD19 liposomes were also effective in delivering an 

MDR1 asODN to a multidrug-resistant human B-lymphoma 

cell line in vitro and decreasing the activity of P-glycoprotein. 

But the nontargeted liposomes and the free asODN did not 

display any inhibition.

Gene therapy has become a crucial strategy for treating 

a variety of human diseases including cancer,94 but its safety 

and effectiveness need to be improved.114,115 Thus, the devel-

opment of suitable carriers for delivering therapeutic genes 

to target cells or tissues is meaningful and valuable.

Hayes et  al51 constructed a cationic lipid–nucleic acid 

NP from a liquid monophase containing water and a water-

miscible organic solvent where both lipid and DNA compo-

nents are separately soluble prior to their combination. Then, 

an antibody lipopolymer (anti-HER2  scFv-PEG-DSPE) 

conjugate was inserted into the NPs. The result showed that 

PEGylation could reduce the aggregation levels of these 

cationic NPs in human plasma, and selectively target and 

transfect HER2 overexpressing cells in vitro without los-

ing activity at higher PEG-lipid content. Also, the NPs are 

relatively small in size, can protect nucleic acids, and can be 

easily stored under a variety of conditions.

According to the poor stability of nucleic acids in the 

physiological fluids, selective gene inhibition by nucleic acid 

therapeutics realizes the treatment of diseases that cannot be 

cured by conventional drug carriers. Li and Huang41 devel-

oped anisamide ligand–modified sterically stabilized NPs for 

loading antisense oligodeoxynucleotide and siRNA into lung 

cancer cells. Thus, they prepared stable NPs in the presence 

of serum. It has been verified that anisamide ligand increased 

the delivery efficiency of nanoparticles by four- to sevenfold 

for sigma receptor overexpressing cells and provided strong 

antisense efficacy for downregulating surviving mRNA and 
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protein, which inhibited tumor cell growth and sensitized 

tumor cells to anticancer drugs as a result.

Transmission of nucleic acid proteins  
and peptides
Recently, protein and peptide drugs in development have cov-

ered many therapeutic areas, including oncology, metabolic 

disorders, and cardiovascular disease. Their status primarily 

results from the well-known advantages of peptides as drugs, 

such as specificity, potency, and low toxicity. The combined 

sales of about 60 peptide drugs worldwide reached 13 billion 

in 2010.116 In addition, about 140 peptide drug candidates are 

in clinical development. Also, approximately 17 new peptide 

molecules are being clinically investigated every year now, 

compared to only about ten during the 1990s and about five in 

the 1980s.116 However, the development of bioactive proteins 

and peptides as therapeutic agents is severely limited in most 

cases by their lack of oral bioavailability, poor stability, no 

special target, and rapid clearance from the blood.117,118 Thus 

PEG-DSPE was selected for the preparation of long-circulating 

liposomes according to previous reports to prolong the duration 

of proteins and peptides.118 Lim et al119 constructed sterically 

stabilized phospholipid nanomicelles carrying vasoactive 

intestinal peptide (VIP), glucagon-like peptide 1 (GLP-1), and 

gastric inhibitory peptide (GIP) during lyophilization. The pep-

tide drugs were successfully lyophilized to potentially increase 

the shelf life of these products due to the possible decrease of 

drug and lipid degradation in the dried state.

Lajavardi et  al120 prepared liposomes containing VIP 

to increase its bioavailability and efficiency. The results 

showed that 24  hours after intravitreal injection of VIP-

liposomes, VIP concentration in ocular fluids was 15 times 

higher than after saline/VIP injection. VIP was internalized 

by macrophages and polymorphonuclear leukocytes, and 

VIP colocalized with liposomes at least up to 14 days after 

injection. VIP was efficient at reducing endotoxin-induced 

uveitis only when formulated in liposomes.

To overcome the sequential delivery barriers, some 

researchers121,122 developed multifunctional modified car-

riers attached with multiple different ligands. Cheng and 

Saltzman122 used two different targeted ligands for target-

ing delivery: (1) folic acid as targeting ligands to elicit 

cell surface binding and receptor-mediated endocytosis; 

and (2) penetratin (ANTP) as endosomal escape ligands. 

The results showed folate increased the carrier avidity by 

binding extracellular folate receptors, which also enhanced 

cell uptake by triggering receptor-mediated endocytosis. 

Also, ANTP enhanced cell uptake by translocation across 

the plasma membrane, but it may also increase NP avidity 

through electrostatic interactions between basic peptide 

residues on the negatively charged cell surface.

Transmission of hydrophobic drugs
Many important active agents such as docetaxel and camp-

tothecin are poorly soluble. In the pharmacological respect, 

hydrophobicity is conductive to the drug–tissue relation, and 

thus the formulation, solubilization, and stabilization of these 

agents ought to be solved. In aqueous media, amphiphilic 

PEG-DSPE block copolymers can self-assemble into poly-

meric micelles with a core–shell structure. Then the poorly 

soluble drugs would incorporate with the core of DSPE, 

which would increase the concentrations of hydrophobic 

drugs, improve bioavailability, and protect the drugs from 

inactivation in biological media.123,124

To enhance the intracellular uptake of liposomes into 

tumor cells, Xiong et  al125 synthesized RGD mimetic 

(RGDm), conjugated RGDm to the end group of PEG-DSPE, 

and then prepared sterically stabilized targeting liposomes 

(SSL) modified with RGDm. DOX cellular uptake signifi-

cantly increased by approximately twofold due to the intracel-

lular uptake of RGDm ligand in vitro and the distribution of 

DOX by confocal microscopy analysis. DOX levels in blood, 

liver, spleen, kidneys, heart, and lungs after intravenous 

injection of SSL-DOX, RGDm-SSL-DOX, or free DOX 

were compared. RGDm-SSL-DOX and SSL-DOX produced 

increased accumulation of DOX in tumors compared to the 

free DOX. The AUC value of tumor for RGDm-SSL-DOX 

or SSL-DOX was twofold higher than that for the free DOX. 

RGDm-SSL-DOX did not exhibit significantly higher tumor 

accumulation compared to SSL-DOX.

The RGD was coupled to the distal end of the PEG-coated 

liposomes by Xiong et al,39 to increase tumor accumulation 

and enhance intracellular uptake. The results showed that RGD 

liposomes could facilitate DOX uptake into melanoma cells by 

integrin-mediated endocytosis. RGD-liposome-DOX displayed 

higher cytotoxicity on melanoma cells than liposome-DOX. 

RGD-liposome-DOX demonstrated prolonged circulation 

time and increased tumor accumulation; as SSL-DOX did, it 

showed remarkably higher splenic uptake than liposome-DOX. 

Also, RGD-liposome-DOX showed effective retardation in 

tumor growth compared with those receiving the same dose 

of SSL-DOX, free DOX solution, or saline.

Summary and future perspectives
As reviewed herein, PEG-DSPE block-copolymers with 

favorable biocompatibility and amphiphilic characteristics 
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can be widely prepared into various carriers, such as 

PEGylated liposomes, polymeric NPs, microemulsions, lipid 

polymer hybrid NPs, and SLNs. Particularly, they are of great 

potential in delivering nucleic acids, proteins, and peptides as 

carrier materials. Also, the terminal groups of PEG-DSPE can 

be readily activated and modified with ligands. The recently 

developed PEG-DSPE derivatives not only help to overcome 

some practical issues such as the partial hydrolysis that the 

NPs might undergo during the assay but also provide highly 

specific quantitative analysis.

However, the development of nanocarriers is still con-

fronting challenges. Firstly, these PEG moieties undesirably 

respond to prolonged circulation (eg, the long-lived antibody 

responses to the PEG component of these nanocarriers),126 

accelerate blood clearing, and alter the biodistribution of 

repeated injections of PEGylated carriers.127,128 Secondly, 

the synthesis of PEG-DSPE block-copolymer is expensive, 

which requires accurate design of block copolymers to real-

ize in vivo targeting and thus is not suitable for large-scale 

production. Therefore, it is necessary to develop novel 

approaches that can be applied to overcome the above 

problems. More basic research is under way to clarify the 

mechanisms of PEG-DSPE block copolymers and their 

derivatives concerning target cells in vivo.
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