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The construction of nanosized drug delivery systems possesses tremendous potential due to their ability to improve the

solubility of poorly soluble drugs and to reduce metabolism by dissolving them in their hydrophobic or hydrophilic

compartment. In addition, nanomedicine holds the advantages of passive targeting ability due to an enhanced

permeability and retention (EPR) effect, a large surface-to-volume ratio for drug loading, a tunable size for modification, a

prolonged plasma half-life and a different biodistribution profile compared to conventional chemotherapy. Typical nano-

based delivery vehicles include liposome, micelle, dendrimer, inorganic vector, nanogel and nanoemulsion, while novel

nanocarriers also contain biomimetic reconstituted high-density lipoprotein (rHDL), exosome and the hybrid nanoparticle,

which come from the mixture of nanomaterials. Each of these nanotools displays its unique physiochemical properties and

possesses the ability for further modification of active targeting ligands.
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1. Liposome

Liposome, structured by natural non-toxic phospholipids and cholesterol, is a spherical vesicle containing an aqueous

inner compartment and a phospholipid bilayer, which is able to load both hydrophilic and hydrophobic cargos .

Structurally, the similar composition with the biological membrane allows cells to take up liposomes more easily and cause

lower toxicity . Liposomes represent one of the most promising delivery vehicles for anticancer therapy owing to their

biocompatibility, high loading capacity and modifiable sites . So far, they are the most widely developed nanomedicines

and are also the most likely to be put onto the market . According to the development of liposomes, they can be

classified into conventional liposomes, targeted liposomes and triggered liposomes. The first conventional liposomes

mainly adopt the stealth strategy to escape capture by the reticuloendothelial system (RES) and to prolong blood

circulation . Polyethylene glycol (PEG) is the most widely used material for the stealth modification of the liposomes,

thus the PEGylated liposomes are also called stealth liposomes . Furthermore, stealth liposomes can achieve passive

targeting by virtue of the EPR effect . In 1995, Doxil , as the first stealth liposome encapsulating doxorubicin (DOX),

was approved by the FDA for the clinical application of cancer treatment . However, recent research has reported that

PEGylated liposomes can elicit unexpected immune responses, such as the accelerated blood clearance (ABC)

phenomenon . In this case, the long-circulating properties of PEGylated liposomes will decrease when administered

repeatedly at certain intervals to the same animal . To achieve selective delivery, targeted liposomes were developed

by modifying various active targeting ligands including antibodies, aptamers, small molecules and peptides to the surface

of the membrane of liposomes to target the specific receptors of tumor cells . Recently, stimuli-responsive liposomal

systems have emerged as an attractive approach for the on-demand release of encapsulated drugs. This kind of liposome

can respond to specific stimuli, either external stimuli such as light, temperature, ultrasound and magnetism, or internal

stimuli such as pH, enzyme and redox . Additionally, liposomes can co-load multiple drugs with different structures,

ranging from small molecules to macromolecules such as proteins and genes, for combination administration to improve

the therapeutic efficacy . Therefore, liposomes play a vital role in anticancer targeted drug delivery and are of great

research and clinical interest (Figure 1).
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Figure 1. Schematic illustration of various liposome-based delivery systems and their representative properties and

typical functions.

1.1. Encapsulation of Small Molecule Drugs with Liposome

IOX1 (5-carboxy-8-hydroxyquinoline), a kind of histone demethylase inhibitor, is used as an antibody-free small molecular

drug for immunotherapy. Liu et al. fabricated IOXL by loading IOX1 into liposome with a similar formula of commercially

available PEGylated liposomal DOX (PLD, LIBOD ) . Subsequently, the mixed liposome IPLD was obtained by mixing

IOXL with commercial PLD at an optimized molar ratio. DOX can induce immunogenic the cell death (ICD) of cancer cells

and promote the transfer of tumor-associated antigens to dendritic cells (DCs), and thus activate DC maturation and the

infiltration of T cells and memory T cells to the tumors. Synergistically, IOX1 could inhibit cancer cells’ P-glycoproteins (P-

gp) through the JMJD1A/β-catenin/P-gp pathway and greatly enhance DOX-induced immune-stimulatory ICD. As a result,

the IOX1 and DOX combination greatly promoted T cell infiltration and activity and significantly reduced tumor

immunosuppressive factors. Therefore, long-term antitumor immunities were observed after the treatment of IPLD in

murine colon cancer CT26 cells. In addition, the antitumor performance of IPLD was better than that of the combination of

DOX with anti-PD-L1 antibody (αPD-L1) against subcutaneous (s.c.) CT26 tumors in BALB/c mice without apparent

adverse effects.

Mitochondria, one of the vital intracellular organelles, play a crucial role in cellular metabolism and serve as key regulators

of cell death . Hence, mitochondrial targeting has been widely explored as a supplementary method to induce

cancerous cells’ ablation . Owing to the negative charge of the mitochondrial membrane, lipophilic

triphenylphosphonium (TPP) cation is commonly modified to various nanocarriers for mitochondrial targeting . Jiang et

al. fabricated a novel mitochondrion-targeted liposome based on dendritic lipopeptide (DLP) modified with arginine

residues, showing a 3.7-fold higher level of accumulation in the mitochondria of 4T1 cells than that of a TPP decorated

nanoplatform . The encapsulated photosensitizer indocyanine green (ICG) was also delivered into the mitochondria of

the tumor cell, resulting in complete tumor eradication in mice bearing 4T1 mammary tumors after photo-irradiation.

To enhance the efficacy of oxygen-dependent PDT, platinum NPs (nano-Pt), acting as catalase (CAT)-like nanoenzymes,

can generate oxygen through catalysis of elevated H O  in cancer cells . An example was designed by Liu et al.;

they adopted a reverse phase evaporation strategy to improve the aqueous drug loading capacity of nano-Pt in the

liposome; then, the clinical hydrophobic photosensitizer verteporfin (VP) was loaded into the lipid bilayer to confer PDT

activity. Finally, murine macrophage cell membranes were hybridized into the liposomal membrane to endow the delivery

system with biomimetic and targeting features. The resulting liposomal system, termed nano-Pt/VP@MLipo, exhibited a

long circulation time and inflammatory endothelium targeting ability . After targeting to the tumor site, the self-supply of

oxygen improved the VP-mediated PDT effect, which in turn triggered the release of nano-Pt via membrane

permeabilization. Under light irradiation, nano-Pt/VP@MLipo  showed remarkable tumor inhibition in 4T1 tumor-bearing

BALB/c mice, which also inhibited the lung metastasis and extended the survival time without overt toxicity.
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1.2. Encapsulation of Biological Macromolecules with Liposome

As an essential constituent of the electron transport chain in mitochondrion, the apoptotic protein cytochrome C (CytoC)

can mediate the initiation of cell apoptosis after being transported to the cytoplasm of cancer cells . Chen et al.

designed a liposome-based nanoassembly (p53/C-rNC/L-FA) for intracellular site-specific delivery of an apoptotic protein

CytoC and a plasmid DNA encoding tumor-suppressing p53 protein (p53 DNA) . p53/C-rNC/L-FA consisted of an acid-

activated fusogenic liposomal membrane shell modified with folic acid (L-FA) and a DNA/protein complex core assembled

by the p53 DNA, protamine and CytoC-encapsulated redox-responsive nanocapsule (C-rNC). With the favorable tumor-

targeting capacity of FA, p53/C-rNC/L-FA achieved a high level of accumulation in the tumor that overexpresses the folate

receptor in vivo. Owing to the arginine-rich nucleus-targeted protamine, the p53 DNA could efficiently accumulate in the

nucleus and produce the p53 protein for tumor suppression, which, in combination with the pro-apoptotic effect of CytoC,

could augment anticancer efficacy. In vivo antitumor activity of p53/C-rNC/L-FA showed great potential for inducing tumor

cell apoptosis and inhibiting tumor growth in the orthotopic MCF-7 tumor mice model.

To overcome the tumor hypoxia, exogenous H O  and its decomposing catalase (CAT) were separately loaded into the

PEG modified stealthy liposomes by Song et al. . In vivo results demonstrated that the combined treatment

of  CAT@liposome  and H O @liposome could promote tumor oxygenation, which further reversed the polarization of

immune-supportive M1-type tumor-associated macrophages (TAMs). Due to the relieved tumor hypoxia, the favorable

antitumor immunities were formed, which remarkably enhanced the tumor suppression efficacy by radiotherapy (RT) to

promote the infiltration of cytotoxic T lymphocytes (CTLs) and benefited the further application of the CTLA-4 checkpoint

blockade to inhibit tumor growth. The striking radio-immunotherapy was achieved both in 4T1 tumor-bearing mice models

and prostatic patient-derived xenograft (PDX) tumor models. Moreover, no additional toxic side effects were observed

during the treatment.

2. Reconstituted High-Density Lipoprotein (rHDL)

High-density lipoprotein (HDL) is an important member of the lipoprotein family, which possesses multiple functions. HDL

is a type of serum protein that is mainly composed of apolipoprotein A-I (apoA-I), phospholipids, free cholesterol,

cholesteryl ester (CE), triglyceride (TG), and other components . There are many distinctions among different

types of HDL, which can be classified according to hydration density, particle size, charge and composition of apoA. In

addition to apolipoprotein, there are other types of proteins in HDL, such as lecithin cholesterol acyltransferase (LCAT),

cholesteryl ester transfer protein (CETP), apolipoprotein M (apoM) and paraoxonase (PON) . Interestingly, many

studies have shown that, with the increase of the proportion of proteins in HDL, the molecular weight of HDL will also

increase. HDL is expected to become a promising delivery candidate for anticancer therapy owing to its good

biocompatibility, fewer side effects, lower toxicity and the characteristics of reversing cholesterol transport, anti-oxidation

and anti-inflammation . However, the complex composition, the strict extraction process and the low yield greatly limit

the application scope of HDL. Hence, to overcome the above tricky problems and retain the excellent properties of HDL,

reconstituted high-density lipoprotein (rHDL) is manually synthesized using various common materials in vitro.

rHDL can be synthesized and its properties are similar to HDL . In terms of composition, they both contain apoA-I,

which accounts for about 65% of HDL and 75% of rHDL. rHDL has two configurations, spherical rHDL (s-rHDL) and

discoid rHDL (d-rHDL) . Compared with HDL’s complex constituents, rHDL generally contains apoA-I, phospholipids,

free cholesterol, CE, TG, or sometimes only includes the first three components (Figure 2A). In addition, the content of

each component can be flexibly adjusted according to the experimental purpose. Scavenger receptor class B type I (SR-

BI) is overexpressed in tumor cells and participates in the cholesterol metabolism of tumor cells . ApoA-I can

specifically target SR-BI and mediate the anti-inflammatory ability of macrophages by regulating the production of

cytokines in macrophages . Therefore, SR-BI can be used as a specific target for the treatment of common tumors

such as breast cancer, ovarian cancer and prostate cancer  (Figure 2B). Hence, rHDL can be regarded as an

outstanding encapsulated carrier to deliver various drugs with the following unique advantages (Figure 2C). First of all,

rHDL-based NPs possess a small particle size and SR-BI targeting ability so that they can actively orientate to the tumor

site. Secondly, they have good biocompatibility and low toxicity and side effects. In addition, no obvious drug leakage is

identified in the rHDL encapsulated delivery system, which is suitable for enhancing the stability and solubility of some

insoluble drugs, changing the pharmacokinetic parameters, and prolonging the circulation time . Besides, rHDL itself

can also exert a direct effect on the tumor cells; the main component apoA-I exhibits anti-neoplastic biological effects

indirectly via alterations in the functions of macrophages and other immune cells in vivo . Therefore, to overcome the

physicochemical limitations of free drugs, including poor solubility and instability, decreasing immune clearance, off-target

deposition and other disadvantages, exploring the bio-derived NPs like rHDL is necessary . To summarize, rHDL is a

new type of biomimetic nanocarrier that has been emerging in recent years. rHDL has many excellent characteristics such
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as the capability to overcome several biological barriers in cancer therapy, intrinsic targeting ability, endosomal escape

ability, high biological safety and so on. However, the complex preparation process may restrict its wide clinical application

and scale-up preparation. Therefore, more and more studies need to be carried out to simplify the preparation method of

rHDL, making it easy to clinically translate.

Figure 2.  Schematic introduction of reconstituted high-density lipoprotein (rHDL). (A) Preparation process of spherical

rHDL and discoid rHDL. (B) Active targeting ability of rHDL through scavenger receptor class B type I (SR-BI)-mediated

specific targeting. (C) Various advantages of rHDL as a drug delivery vehicle.

2.1. Encapsulation of Small Molecule Drugs with rHDL

Cell-penetrating peptides (CPPs), cationic or amphipathic in nature, can facilitate efficient translocation across the cell

membrane. However, the application of CPPs is badly restricted because of the extensive penetration in vivo and the poor

selectivity and permeability before reaching target sites . Gambogic acid (GA) can activate impaired apoptosis

pathways in cancerous cells through a complex mechanism involving the participation of multi-molecular targets. In

addition, GA can serve as a p53 inducer to stimulate cancer cell apoptosis . Ding et al. designed nano-encapsulated

NPs, which consisted of GA-loaded lipid NP (LNP/GA) as a lipid core, then they inserted apoA-I and a pH-responsive

CPP (STRR6H4) onto the surface of the LNP to form GA-encapsulated and CPP-anchored rHDL (cp-rHDL/GA) . In

vitro and in vivo results based on the HepG2 xenograft mice model showed that the new design had an outstanding

antitumor effect with remarkable cytotoxicity and apoptotic effect via triggering the p53 pathway, exhibiting an

approximately 5-fold increase in IC  compared to free GA, indicating the promising future of this biomimetic nanoplatform

in drug encapsulation.

Valrubicin is a kind of chemotherapeutic drug that is mainly used for bladder cancer treatment . Sabins et al. developed

a novel targeting approach through the encapsulation of valrubicin into a superparamagnetic iron oxide nanoparticle

(SPION) containing rHDL to form rHDL-SPION-valrubicin hybrid NPs by the self-assemble method . The experimental

results showed that the solubility and bioavailability of valrubicin were greatly enhanced after encapsulation into rHDL

NPs. The cytotoxicity test toward PC-3 cells demonstrated that rHDL-SPION-valrubicin NPs were up to 4.6 and 31 times

more effective at the respective valrubicin concentrations of 42.4 µg/mL and 85 µg/mL than valrubicin alone, implying that

rHDL-based targeted drug delivery through magnetic navigation could effectively enhance the therapeutic efficacy of

prostate cancer treatment.

2.2. Encapsulation of Biological Macromolecules with rHDL

Small interfering RNA (siRNA) has shown enormous potential in cancer treatment because it can silence specific gene

expressions, such as vascular endothelial growth factor (VEGF), of which expression can be up-regulated in response to

hypoxia in ischemic tumor tissues . With this aim in mind, Ding et al. developed nanocomplexes consisting of

fluorescent-tagged apoA-I and cholesterol-conjugated siRNA (Chol-siRNA) to form Chol-siRNA-loaded rHDL NPs

(rHDL/Chol-siRNA), providing an effective approach to transfer Chol-siRNA across the membrane directly into the

cytoplasm via the SR-BI-mediated non-endocytotic mechanism, which bypassed endo-lysosomal trapping . In addition,

the new nanocomplexes based on rHDL significantly enhanced antitumor efficacy against MCF-7 human breast cancer in

vivo, efficiently decreased VEGF expression level and inhibited the formation of intratumoral microvessels in the tumor

tissue.
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Except for siRNA, the deregulation of microRNAs (miRNAs) also involves in tumor angiogenesis and thus offers an

opportunity for exploring new therapeutic approaches to modulate angiogenesis . However, the lack of effective miRNA

delivery strategies limits its practical application. To overcome this obstacle, Chen et al. designed miR-204-5p inhibitor

(miR204-5p-inh) encapsulated rHDL NPs to suppress tumor growth in the HeyA8-MDR ovarian tumor-bearing mice model

. This novel NP could arrive at the tumor site by binding with SR-BI. The in vivo and in vitro results revealed that miR

inhibitors could be delivered by rHDL NPs to silence the expression of the oncogene miR-204-5p at tumor sites, opening

rational avenues for solving issues in tumor anti-angiogenic therapy.

3. Micelle

Micelles refer to a large number of molecular-ordered aggregates that begin to form when the concentration of surfactant

reaches a concentration above the critical micelle concentration (CMC) in an aqueous solution . In micelles, the

hydrophobic group of the surfactant molecule aggregates to form the core, and the hydrophilic polar group forms the outer

layer of the micelles . The compounds that form micelles are generally amphiphilic molecules, so the micelles are not

only soluble in polar solvents, such as water, but also non-polar solvents in the form of reverse micelles . Because of

the above characteristics, micelles can be used as a drug delivery carrier. Plenty of antitumor drugs have poor water

solubility and bad stability, which limit their broad application in cancer therapy. However, the hydrophobic blocks that

constitute the core compartment of polymeric micelles can load those hydrophobic drugs effectively. Generally, there are

two methods to encapsulate drugs in polymer micelles; the first is to encapsulate the hydrophobic drug in the hydrophobic

region of the micelle through physical action, and the other is to connect the drug to the hydrophobic core through

chemical bonds, different encapsulation methods can be designed according to the properties and experimental purpose

of certain drugs .

Micelles have various shapes including spherical, layered, rod-shaped, worm-like, and hexagonal shapes . According

to the length of the hydrophobic block, micelles can be divided into two types. If the length of the hydrophilic end is longer

than the specific hydrophobic end, a star micelle will be formed, otherwise, a crew-cut micelle will be formed . Most of

the copolymer micellar hydrophilic blocks are biocompatible copolymers such as PEG, polyethylene oxide (PEO), and

polyvidone (PVP). Hydrophobic blocks are biodegradable copolymers such as polylactic acid (PLA), poly (lactic-co-

glycolic acid) (PLGA) and polycaprolactone (PCL). There are also non-degradable copolymers, such as polystyrene (PS),

and triblock hydrophilic–hydrophobic copolymers, such as micelle materials like poloxamer (PEO-PPO-PEO) and PEG-

PLGA-PEG . Currently, different kinds of micelles are designed for intelligent tumor-targeted drug delivery according to

the properties of the tumor microenvironment such as low pH, hypoxia, high tissue osmotic pressure and the

overexpression of matrix metalloproteinases. Therefore, the micelle-based nano drug delivery system is also a promising

tool in anticancer targeted therapy.

In summary, micelles are easy to prepare and can encapsulate multiple drugs while protecting them against degradation

and destruction. They are characterized by high stability, multiple available routes of administrations and the possibility of

adjusting the controlled drug release with environment correspondence. Furthermore, compared to other nanomaterials,

micelles have the feature of biodegradability, low immunogenicity and non-toxicity, which can be used as a safe carrier in

drug delivery. Genexol-PM is a polymeric micellar formulation of paclitaxel without cremophor EL. Keam et al. conducted

a Phase II Study that investigated the efficacy and safety of Genexol-PM plus cisplatin as induction chemotherapy (IC) in

patients with locally advanced head and neck squamous cell carcinoma (LA-HNSCC) . The results showed that IC with

Genexol-PM and cisplatin exhibited the modest tumor response with well-tolerated toxicity profiles for patients with LA-

HNSCC. Considering the high clinical transformation potential of micelles, it is very necessary to speed up the research

on micelles.

3.1. Encapsulation of Small Molecule Drugs with Micelle

Artesunate (ART), a semi-synthetic derivative of artemisinin, has been reported by many studies to have antitumor effects

on various cancer cell lines . However, the applications of ART are limited due to its poor water solubility and

stability, low bioavailability and short half-life in blood circulation. Therefore, it is desirable to design an ART depot with

sustained release and targeted delivery properties. Hao et al. prepared a micelle composed of pH-sensitive PEOz as

hydrophilic corona and polylactide/PBAE conjugation with ART as the hydrophobic core . The outside copolymer

exhibited proton sponge properties at a pH below its pKb (~6.5) owing to the presence of amine groups, which resulted in

its pH sensitivity . The micelles showed enhanced cellular internalization and a stronger inhibitory effect on CT-26 cells

in vitro. In addition, the antitumor effect based on the colon carcinoma mice model also showed that the ART-based

micelle group could decrease the most tumor volumes compared to the other groups.
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S-nitrosoglutathione (GSNO) is a prodrug that can generate nitric oxide (NO) under the presence of glutathione (GSH)

. Many studies have revealed that NO has the potential to overcome multidrug resistance (MDR) with low side effects

. However, GSNO is unstable and its stability can be easily affected by ambient temperature, pH and other factors.

Besides, NO is released rapidly in water, resulting in the limited application range of GSNO. The poly(propylene sulfide)

(PPS) block is able to converse from hydrophobic to hydrophilic under the condition of excess ROS in the tumor sites,

which enables the on-demand delivery of therapeutic agents . Therefore, in order to retain the advantages of GSNO,

while minimizing its disadvantages, Wu et al. chemically conjugated GSNO to an amphiphilic block copolymer PPS-PEG

(GSNO-PPS-PEG), and then encapsulated the anticancer drug DOX in the region of PPS to form a spherical micelle .

An in vitro release study showed that the micelle was ROS- and GSH-responsive. To investigate the potential of PEG-

PPS-GSNO in overcoming the MDR of cancer, the toxicity of free DOX and PEG-PPS-GSNO@DOX toward HepG2/ADR

cells were tested and compared in vitro. As the experiment’s results showed, the micelle group exhibited the strongest

cytotoxicity compared to the other groups, indicating that this nano drug delivery system (DDS) could serve as an effective

co-delivery platform of NO and DOX to selectively kill chemo-resistant cancer cells.

Retinoblastoma (Rb) is a malignant tumor of the retina in infants and is also the most common childhood malignancy.

Melphalan (MEL) can be regarded as an effective chemotherapeutic agent for the treatment of Rb. Li et al. adopted

micelles as an ideal drug delivery vehicle to solve the MEL inherent cardiopulmonary toxicity and realize precision drug

delivery . N-acetylheparosan (AH) is a natural heparin-like polysaccharide in mammals with a long circulation effect and

good biocompatibility which was linked by d-α-tocopherol acid succinate (VES) via cystamine (CYS) to synthesize

reduction-responsive N-acetylheparosan-CYS-Vitamin E succinate (AHV) copolymers. Furthermore, MEL-loaded AHV

(MEL/AHV) micelles were prepared with the properties of small particle size, high drug loading content, and obvious

reduction-triggered release behavior. In vitro antitumor effects based on WERI-Rb-1 Rb cells showed that the MEL/AHV

micelles could significantly enhance the cytotoxicity against Rb tumor cells, suggesting that MEL/AHV micelles might be a

potential delivery system for the enhanced delivery of melphalan to Rb cells.

3.2. Encapsulation of Biological Macromolecules with Micelle

The desmoplastic and hypoxic microenvironment of pancreatic cancer can induce the aberrant expression of miRNAs and

hypoxia-inducible factor-1 (HIF-1), which are responsible for gemcitabine (GEM) resistance . MiR-519c could bind to

HIF-1 mRNA and then inhibit HIF-1 expression, slow down the tumor metabolism and decrease profibrotic and angiogenic

responses. Xin et al. used 2′-O-methyl phosphorothioate (2′-OMe-PS) to modify miRNA and formed OMe-PS-miR-519c,

then they conjugated the complex to a kind of redox-sensitive polymeric micelle via stable disulfide bonds . The effect

of the micelle on the MIA PaCa-2R cells was determined in vitro, suggesting that miR-519c inhibited the tumor cells’

proliferation by inducing G2 phase cell cycle arrest and sensitizing GEM to kill hypoxic GEM-resistant tumor. Moreover, in

vivo and in vitro results based on the desmoplastic pancreatic cancer mice model showed that the multifunctional nano-

micelle could effectively deliver GEM and miR-519c to the tumor site and reverse the GEM resistance remarkably, which

resulted in synergistic inhibition of pancreatic cancer.

Many studies have shown that the epigenetic regulation drug histone deacetylase inhibitor (HDACi) was able to reverse

exhausted T cells by changing the epigenetic transcription program, which can solve the challenge of immune escape and

be beneficial to PD-1/PD-L1 blockade therapy. Lu et al. developed a kind of micelle called PDDS to encapsulate the

siRNA of PD-L1 to form pH-sensitive siRNA-PD-L1-loaded micelles (siRNA@PPDS) . In vitro and in vivo results

revealed that the complexes could not only be spontaneously released into the cytoplasm under the acidic and lipase

conditions in the lysosome, thereby inducing B16-F10 melanoma tumor cells’ apoptosis, but also silence the expression of

PD-L1 protein in a dose-dependent manner. Furthermore, the micelles also showed outstanding inhibition ability of

pulmonary metastasis.

Encouragingly, in addition to the micelle-related pre-clinical studies mentioned above, many polymeric micelles have been

developed as antineoplastic drugs, such as Genexol-PM   and Paclical . Besides, many other polymer micelle-based

nanomedicines, including NK012, NK105, SP1049C and NC-4016, are under clinical evaluation for treating several types

of tumors, indicating their bright future in clinical translation .

4. Dendrimer

Dendrimers are novel polymeric materials with a 3D structure that has extensively branched. Dendrimers have multiple

functional groups on the surface which makes them easy to be decorated and provides a new train of thought to its

application. The dendrimers generally consist of a central core that includes a single atom or group of atoms, building

blocks containing many layers of repeating units known as generations, and numerous functional groups on the surface,

which play a key role in their properties  (Figure 3). Compared with traditional linear polymers, dendrimers have a
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variety of new physical properties because of their unique structure with numbers of chains whose ends are combined

with a high degree of branching, these characteristics make them attractive for biological applications and drug delivery.

Dendrimers possess many charming properties such as good water-solubility, nanoscale uniform size, symmetrical

shapes, high densities of peripheral functionalities, available internal cavities, good biocompatibility, biosafety, stability and

large drug loading capacity . In addition, the structure of dendrimers is convenient to synthesize and the products with

fixed molecular weight due to their step-by-step controlled synthesis are easy to obtain. They can be synthesized using

divergent methods or convergent methods . Dendrimers have been demonstrated as an ideal carrier for the targeted

delivery of therapeutic and diagnostic agents, such as the delivery of small molecular chemotherapeutic drugs,

macromolecular biological drugs, genes, proteins and enzymes . In addition, dendrimers can be designed to realize

controlled release by electrostatic interactions, conjugation of the drug to dendrimers, encapsulation of drugs within the

dendritic architecture . Moreover, the nanostructure of dendrimers facilitates the passive targeting of drugs to tumor

tissues via the EPR effect. Besides, because of their immunogenicity, dendrimers can also be used as a carrier for gene

delivery.

Figure 3. Schematic diagram of dendrimer architecture. Distinct functions of each dendrimer component and various

ways of dendrimers to deliver drugs are also illustrated.

To conclude, dendrimers are different from linear polymers by architecture with tailor-made surface groups. Their

properties are mainly determined by the functional groups on their surface with many modified methods. They have the

advantages of biocompatibility, easy elimination from the body and appropriate particle size to express the EPR effect.

The limitation of dendrimers is also the complicated synthesis process, which requires many chemical reactions. Besides,

the cytotoxicity to normal cells resulting from the physiological stability of cationic groups of dendrimers may exert certain

security threats. Fortunately, dendrimers have been applied in many fields since they came out, VivaGel   is the first

dendrimer-based commercial medical product and many others are now in clinical trials, indicating its promising future in

anticancer therapy .

4.1. Encapsulation of Small Molecule Drugs with Dendrimer

Targeted delivery of small molecular chemotherapeutics to the tumor site is an effective means to achieve antitumor

purposes. For example, DOXIL  can effectively accumulate in the tumor tissues but fail to penetrate through the tumor,

thus designing a DDS is essential to achieving the predicted goal . Sun et al. made a cluster-bomb-like nanocarrier that

synergized based on dendrimers. A sixth-generation nontoxic degradable polyaminoester dendrimer with a diameter of 5

nm was synthesized with pH-dependent 2-(N,N-diethylamino)ethyl termini. A fusogenic phospholipid DOPE (1,2-dioleoyl-

sn-glycerol-3-phosphoethanol-amine) was chosen to coat the dendrimers, but this DOPE was expected to peel off by

fusion once inside the tumor tissue. A PEGylated lipid DSPE-PEG and cholesterol were added to make the nano-

assembly stealthy and stable in the blood . The dendrimers’ core contained many tertiary amines and they were

hydrophobic at a neutral pH but could become water-soluble at a lower pH condition. Hence, hydrophobic DOX could be

encapsulated inside the dendrimers at a neutral pH and released once at a lower pH. The antitumor efficacy was tested

based on human ovarian cancer cells SKOV-3 in vitro and the dendrimers were found to ship the drugs into the cytosol

and circumvent the multidrug resistance. The in vivo therapeutic efficacy of this DDS was compared with the micellar

PCL-PEG/DOX using subcutaneous drug-sensitive/resistant MCF-7 and MCF-7/ADR breast tumor-bearing mice, which

showed that the DDS based on dendrimers had a superior antitumor effect.
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