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Many research studies that focus on directing 
chemotherapeutics to solid tumors using 
nanocarriers rely on a long-standing passive 

targeting approach called ‘enhanced permeability and 
retention (EPR) effect’.7 The endothelial linings of the 
blood vessels in normal tissues would inhibit the diffusion 
of nanoparticles (NPs). On the other hand, an actively 
growing tumor involves rapid neovascularization, resulting 
in a tissue architecture that distinctively differ from its 
normal counterpart, which is characterized by 1) faulty 
endothelial linings with gaps and; 2) lack of lymphatic 
drainage.7,8 The EPR effect suggests that macromolecular 
drug carriers can, in theory, accumulate in a solid tumor 
tissue passively based on such pathologic characteristics, 
and may serve as a tentative model for reduced toxicity via 
such passive targeting of cytotoxic agents. 

However, this approach has been less effective in 

practice than in theory due to the fact that some tumors 
have well-developed lymphatic drainage.8,9 In particular, 
in the case of brain tumors, brain has a powerful 
lymphatic draining system that may effectively clear the 
particles that find their way to the tumor site even if 
there was an enhanced permeability effect.10-12 Therefore, 
high levels of therapeutics may fail to retain sufficiently 
in tumor sites, reducing the reliability of the EPR effect. 
Specific targeting of tumor cells may help to retain NPs in 
the tumor site and avoid their rapid removal by the brain 
lymphatic drainage. The delivery process of carrying the 
chemotherapeutic agent across the blood-brain barrier 
(BBB), and then homing onto the tumor site, is called 
“dual-targeting”. Dual-targeting systems are intended to 
increase the efficiency of the drug, and also to significantly 
reduce systemic side effects. These formulations of NP 
therapeutics are expected to exhibit an increased ability 
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 Summary
The delivery of chemotherapies to brain tumors faces the difficult task of crossing the blood-brain 
barrier (BBB).1-4 The brain capillary endothelial cells (BCECs) along with other cell lines, such as 
astrocytes and pericytes, form the BBB. This highly selective semipermeable barrier separates the 
blood from the brain parenchyma. The BBB controls the movement of drug molecules in a selective 
manner5 and maintains central nervous system (CNS) homeostasis.  Depending on the properties 
of drugs such as their hydrophilic-lipophilic balance (HLB), some can cross the BBB through 
passive diffusion.6 However, this approach alone has not led to successful drug developments 
due to low net diffusion rates and systemic toxicity.  Although the use of nanomedicine has been 
proposed to overcome these drawbacks, many recent studies still rely on the so-called ‘enhanced 
permeability and retention (EPR)’ effect though there is a realization in the field of drug delivery 
that EPR effect may not be sufficient for successful drug delivery to brain tumors. Since, compared 
to many other solid tumors, brain tumors pose additional challenges such as more restrictive 
blood-tumor barrier as well as the well-developed lymphatic drainage, the selection of functional 
moieties on the nanocarriers under consideration must be carried out with care to propose better 
solutions to this challenge.
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in crossing the BBB and targeting tumor cells. This urgent 
need highlights a need for a much better understanding 
of the transportation potential of the brain capillary 
endothelial cells (BCECs) and the BBB. By employing a 
specific dual-targeting strategy, the drug delivery systems 
(DDSs) to the brain based on the nanovesicle formulation 
can display significant BBB crossing and specific targeting 
of glioma cells. Vesicle systems such as niosomes and 
liposomes with bilayer membranes and interior cavities 
are favored in drug delivery design due to their loading 
capacity, wide surface area, and the ability to incorporate 
into hydrophilic and lipophilic components. These carriers 
can be conjugated with multiple attachments.6 This system 
should be superior to the EPR because it specifically and 
actively allows the drug to cross the BBB, and also allows 
the selectivity of the drug towards cancer cells to enhance 
drug concentration at the desired site (Fig. 1). 

An example of dual-targeting of brain tumors is a 
nanovesicle system conjugated with an angiopep-2 (ANG) 
peptide on the surface. The investigators took advantage 
of the observation that the low-density lipoprotein 
receptor-related protein-1 (LRP-1) is highly expressed 
on the blood-tumor barrier of gliomas.14 LRP-1 has been 
used for macromolecular transport across BBB by ligand 
binding followed by receptor-mediated transcytosis.15 A 
peptide called “angiopep-2, or ANG” that consists of 19 
amino acids (TFFYGGSRGKRNNFKTEEY) has shown 
enhanced NP permeability across the BBB mediated by 
LRP-1 transcytosis of nanoscale drug delivery systems.16 

After crossing the BBB, the nanovesicles decorated with 
mAb, ligand, and so on specific to the overexpressed surface 
targets of glioma cells such as folate receptors (FRs)17 may 
have a chance to resist clearance by lymphatic drainage. 
Therefore, such dual-targeted nanovesicle systems may 
overcome the BBB and target the glioma cells specifically 

through direct attachment, thereby attenuating the brain 
lymphatic drainage.

Future direction in nanovesicles formulation (i.e., 
liposomes, niosomes) for targeting the DDSs are 
focused on increasing cellular trafficking performance 
and enhancing their ability to cross the BBB. This can 
be achieved using dual-targeted nanovesicle DDSs to 
the brain cancer cells using novel targeting moieties.18,19 
Having NPs attached directly to the tumor is necessary to 
overcome the scenario of suboptimal drug delivery and 
neurotoxicity to the normal cells when the NPs were used 
without appropriate direct targeting moiety. In designing 
a DDS ideal for delivery of chemotherapies into the brain, 
important performance criteria must be met. First, this 
system must be safe and non-toxic. This usually means 
that the system should be comprised of biocompatible 
materials such as lipids, biodegradable polymers, and/or 
non-ionic surfactants. Second, the system must exhibit 
sufficient stability in blood.  Third, the system should have 
the capacity for controlled release of the drug.  Lastly, the 
targeting moieties should not only drive the NPs into the 
brain, but also to the tumor site within the brain. 

Today, the advances in anticancer DDS and brain drug 
targeting have already produced several tools available 
to deliver NPs into the brain.  Research effort should 
be focused to fine-tune the delivery systems as we learn 
more about the details of how NPs interact with different 
components under the pathophysiologic environment.  
Hopefully such effort will help in better translation of  
new findings into clinical applications in the future.
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Figure 1. Different types of targeting brain tumors using nanoparticles. Passive targeting based on EPR effect and active targeting that localizes nanoparticles 
in specific intracellular spaces and promotes their retention in the tumor site. Redrawn from Gandhi et al.1 
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