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Summary: High grade gliomas are some of the deadliest human tumours. Conventional treatments such as surgery, radio-
therapy and chemotherapy have only a limited effect. Nowadays, resection is the common treatment of choice and although 
new approaches, such as perioperative magnetic resonance imaging or fluorescent microscopy have been developed, the 
survival rate of diagnosed patients is still very low. The inefficacy of conventional methods has led to the development of 
new strategies and the significant progress of nanotechnology in recent years. These platforms can be used either as novel 
imaging tools or to improve anticancer drug delivery into tumours while minimizing its distribution and toxicity in healthy 
tissues. Amongst the new nanotechnology platforms used for delivery into the brain tissue are: polymeric nanoparticles, 
liposomes, dendrimers, nanoshells, carbon nanotubes, superparamagnetic nanoparticles and nucleic acid based nanopar-
ticles (DNA, RNA interference [RNAi] and antisense oligonucleotides [ASO]). These nanoparticles have been applied 
in the delivery of small molecular weight drugs as well as macromolecules – proteins, peptides and genes. The unique 
properties of these nanoparticles, such as surface charge, particle size, composition and ability to modify their surface with 
tissue recognition ligands and antibodies, improve their biodistribution and pharmacokinetics. All of the above mentioned 
characteristics make of nanoplatforms a very suitable tool for its use in targeted, personalized medicine, where they could 
possibly carry large doses of therapeutic agents specifically into malignant cells while avoiding healthy cells. This review 
poses new possibilities in the large field of nanotechnology with special interest in the treatment of high grade brain tumours.
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Introduction

There is a great interest in the development of new bi-
otechnological and nanobiotechnological methods that can 
be used as either diagnostic or therapeutic tools. Improving 
the efficiency of anticancer treatments is the goal of this 
research as it is also to minimize the distribution and toxic 
effects of these drugs in healthy tissues. There is a relatively 
recent boom in the innovation of nanobiological and nano-
technological platforms such as: polymeric nanoparticles, 
liposomes, dendrimers, nanoshells, carbon nanomaterials, 
superparamagnetic nanoparticles conjugated with DNA, 
RNA interference (RNAi), and antisense oligonucleotides 
(ASO). These nanotechnological platforms have diverse 
physical and chemical properties that confer them with new 
biological distribution, availability and efficiency in anti-
cancer treatment (1).

1. Nanoparticles and the blood-brain barrier

The blood-brain barrier regulates the interface between 
blood, brain, and cerebrospinal fluid (liquor), allowing some 
substances to migrate in a single or bi-directional manner; 
in some instances, however, this barrier appears to be al-

most impermeable to others. The blood-brain barrier ensures 
an optimal environment for brain functionality, protects it 
against harmful substances, and allows the supply of nutri-
ents necessary for its metabolism (1).

The blood-brain barrier can be divided into three major 
components:

1.1 Hemato-encephalic barrier makes the boundary-line 
between the brain capillaries and brain tissue. Movement of 
the substances is dependent on whether they are fat-soluble 
or on the transport system.

1.2 Hemato-liquor barrier separates blood and the cer-
ebrospinal fluid. It is mostly made of the choroid plexuses’ 
epithelium, which produces liquor. Epithelial cells are bound 
with tight junctions, which are more permeable than those in 
the brain capillaries. The surface in contact with the liquor 
contains microvilli, which significantly increases epithelial 
surface. Another component of the hemato-liquor barrier are 
the pia mater’s capillaries, which are fenestrated and are 
similar to capillaries in any other region of the body. The 
hemato-liquor barrier is more permeable and enables the 
transport of proteins from plasma to liquor by pinocytosis 
or by specific transport systems. Any disorder in this barrier 
will be followed by higher concentrations of proteins in the 
liquor.



143

1.3 Encephalo-liquor barrier is a layer of glial fibres on 
the surface of the brain and also ependyma of the ventricles. 
This barrier is more permeable than the hemato-liquor barri-
er. Transport of substances happens through spaces between 
cells in the glia and the intercellular spaces of the ependyma. 
Substances, similar in size to proteins, can diffuse in both 
directions through this barrier.

The blood-brain barrier (BBB) enables the transport 
of a limited number of small hydrophilic molecules (MW 
< 400 Da). Many anticancer drugs are large hydrophilic 
molecules, which makes them unable to cross the BBB. A 
potential possibility regarding the crossing of the BBB is 
the conjugation of these big molecules with a small nano-
carriers, which could help distribute the drug into the brain 
(2, 3, 4).

There are several transport routes by which drugs, com-
bined with a nanocarrier, could move across the BBB, such 
as passive diffusion (paracellular aqueous diffusion and 
transcellular lipophilic diffusion), and receptor-mediated 
endocytosis (receptor-mediated transcytosis, carrier-medi-
ated transport and adsorptive mediated transcytosis). Passive 
diffusion can be facilitated by increasing the concentration 
of a drug in the plasma, resulting in a larger osmotic gradient 
at the BBB and thus increasing the amount of drug mole-
cules entering the CNS. Receptor-mediated endocytosis is 
a common strategy for nanoparticle (NP) brain targeting, 
which relies on the interaction of the NP surface ligand with 
a specific receptor in the BBB. Receptor-mediated transcy-
tosis consists of several cascading processes involving the 
interaction of engineered nanoparticles (NPs) with the tar-
geted receptor, creation of endocytotic vesicles, transcytosis 
across the BBB endothelial cells, and subsequent exocytosis 
of NPs. Exocytosis depends on the affinity strength between 
the cell receptor and the ligand on the surface of the nano-
particles, thus there is a higher amount of nanoparticles in 
endothelial cells than in the brain parenchyma (5, 6).

In the delivery of anticancer drugs into tumours, the phe-
nomenon called “enhanced permeability a retention” (EPR), 
first described by Matsumura and Maeda in 1986, is a very 
important factor (7). Most solid tumours have blood vessels 
with defective architecture and usually produce extensive 
amounts of diverse vascular permeability factors, therefore 
exhibiting an enhanced vascular permeability. Due to EPR, 
macromolecules larger than 40 kDa selectively leak out from 
tumour vessels and accumulate in the tumour tissue. In con-
trast, this EPR effect-driven drug delivery does not occur in 
normal tissues.

2. Nanoparticles’ refinement of imaging,  
detection and biomarkers of brain tumours

Nanoparticles are promising “theranostic” agents in the 
treatment of brain tumours. They can be used either as a 
diagnostic tool, mainly in imaging methods, as well as ther-
apeutically. In clinical practice, there could be less invasive 
procedures for the patient and could also shorten of the delay 

between the diagnostic and therapeutic process. The use of 
nanoparticles to label cancer cells has become a new trend 
in the diagnostic phase of brain tumours, making them easier 
to detect earlier by standard imaging methods (1). The lead-
ing imaging methods for brain tumours include computed 
tomography (CT), and magnetic resonance imaging (MRI). 
Magnetic resonance commonly employs enhancing agents 
such as magnetic nanoparticles with advantageous proper-
ties such as increased contrast sensitivity, binding avidity, 
and targeting specificity. Also promising, is the contrasting 
agent gadolinium conjugated with chitosan and other na-
noparticles (8). These agents can be injected directly into 
the tumour (stereotactic delivery), or can be applied intra-
venously and then migrate to the cancerous focus. Classic 
contrast agents do not usually cross the BBB because of their 
high molecular weight so the conjugation with nanoparticles 
able to cross the barrier seems to be a very elegant solution 
of this problem. These conjugates can additionally be la-
belled with specific membrane antibodies, i.e. α-EGFR (9).

3. Nanotechnology-based drug delivery  
into brain tumours

Surgery currently remains as the basic treatment for 
brain tumours, consisting in the physical removal of the tu-
mour, and the peripheral infiltrating part is often targeted by 
supplementary treatments. In some cases, surgery becomes 
unadvisable due to the less than favourable placement of 
the tumour, e.g. near major blood vessels, or in the brain 
stem. If surgery becomes impossible, the only viable alter-
native for the patient are chemotherapy and radiotherapy 
treatments. Chemotherapy has, on the other hand, a high 
systemic effect on healthy cells and tissues. In the search for 
targeted chemotherapy, several nanoparticles have become 
the main subject of research in this field. Nanoparticles can 
act as a “postman” in the specific delivery of a chemother-
apeutic drug to cancer cells, which will then be eliminated 
after exposition to this drug. The treatment drugs are usually 
encapsulated within the nanoparticle, which can be shaped 
as a cage, shell, bubble etc. However, drug delivery into 
the tumour cells could also be non-specific. Non-specific 
delivery is based on the principle that tumours contain leaky 
capillaries, allowing thus the accumulation of drug loaded 
nanoparticles within the cancerous tissue (10). 

4. Polymeric nanoparticles

Polymeric nanoparticles belong to the most powerful na-
notechnologic platforms and have been shown as versatile 
carriers for the targeted distribution of therapeutic cancer 
drugs (11). Polymeric nanoparticles are able to carry not 
only small drug molecules but also macromolecules like 
genes and proteins (12). 

The nanostructure of these particles provides them with 
good penetrance across cell membranes, stability in the 
blood stream, and very low toxicity; most importantly, they 
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are easily manufactured. In addition, their surface can be 
modified into various forms to make them suitable for differ-
ent medical uses. For their distribution in the central nervous 
system, they are commonly synthesized using polysaccha-
rides, proteins, amino acids, polyesters, polyethylamins, etc.

Recently, specific nanoparticles have been developed that 
can be degraded in the body via natural metabolic pathways 
within the organism. This group of nanoparticles includes 
Polylactides (PLA), Polyglycolides (PGA), Poly(D,L- 
lactic-co-glycolides) acid (PLGA), Polyanhydrides, Poly- 
orthoesters, Polycyanoacrylates, Polyalkylcyanoacrylate, 
Polycaprolactone etc. (13, 14). Nowadays, there is very 
broad range of materials and choosing the type depends 
mainly on the final usage.

Polymeric nanoparticles permeate to the brain by vari-
ous mechanisms. Firstly, it can be by transcytosis through 
endothelial cells; secondly, by opening of the tight junctions 
of the brain capillaries; and lastly, by adhering to the walls of 
the capillaries, resulting in a higher osmotic gradient of con-
centration through the BBB (15). On the other hand, there 
are some major disadvantages to polymeric nanoparticles, 
as after intravenous application they are swiftly selected by 
the reticuloendothelial system (RES) and distributed to the 
liver, spleen and bone marrow, where they are eliminated 
from the organism. The half-life of the particles in the blood-
stream is usually around 2–3 minutes (16, 17). The speed 
and level of elimination depends mainly on the size of the 
carriers, their surface charge and properties. On behalf of 
a longer circulation half-life, several surface modifications 
have been implemented, such as coating and linking with 
polyethylenglycol (PEG), use of surfactants as coating for 
the NPs, and conjugation of NPs with a specific ligand such 
as antibodies, peptides or proteins. Currently, several drugs 
carried by polymeric nanoparticles are in clinical trials, 
like doxorubicin (SP1049C), paclitaxel (NK105), SN-38 
(NK012) and cisplatin (NC-6004).

5. Liposomes

Liposomes are self-assembled, self-contained colloidal 
nanocarriers that possess phospholipid bilayer membranes. 
Phospholipids are heterogeneous molecules containing 
phosphoric residues, polar head groups, and non-polar 
alkyl chains (18), that form part of the cell membrane, play 
an important role in signal transduction mechanisms, and 
are arranged according to fluid mosaic pattern in biological 
membranes. 

Many liposome formulations with various anticancer 
agents have been shown biocompatible and with less toxic 
effects than the drug itself, thus liposomes are ideal non-tox-
ic biodegradable carriers. Liposomes are passively targeted 
to different tumours because they can circulate in the blood 
compartment for longer periods of time and perfuse bet-
ter into cancerous tissues. The phospholipid bilayer of the 
liposome protects the drug from degradation in the body 
while being targeted to the tumour site; it also prevents the 

exposure of healthy tissues to the active drug while in blood 
circulation. The distribution of liposomes into the tumour 
interstitium is mainly via extravasation through the discon-
tinuous endothelium of the tumour microvasculature. 

There are two distinct types of liposomal carriers, target-
ed and non-targeted. Non-targeted liposomes do not enter to 
the tumour cells, so they stay only in the tumour interstitium. 
The specific targeting of drugs employ carriers such as serum 
proteins, immunoglobulins, synthetic polymers, liposomes, 
niosomes, microspheres, erythrocytes, reverse micelles, 
pharmacosomes, and monoclonal antibodies. An example 
of antibody-conjugated liposomes is OX26, which binds 
to the transferrin receptor (19). Targeted liposomal drugs 
are more powerful, because they result in the breakdown 
of the liposomes by lysosomes and an increased delivery of 
the drug to the nucleus, resulting in greater cytotoxic effects 
in the tumour area (20).

Liposomal carriers can be used in several chemother-
apeutics, such as doxorubicin, dunosome, vincristine etc. 
Concerning brain tumours, it has been pointed out in a num-
ber of studies that doxorubicin has great potential when used 
clinically against both primary and metastatic brain tumours 
and that there is an improved survival rate of glioma pa-
tients treated by direct intratumoral infusion of doxorubicin, 
furthermore, doxorubicin is useful against multiple tumour 
types (21, 22).

Glioblastoma multiforme is highly vascularized with 
a leaky vasculature, and thus may be amenable to lipos-
ome-based drug delivery systems that lead to enhanced drug 
deposition while limiting systemic drug exposure (23). Re-
ceptor-targeted liposomal doxorubicin has been found to be 
effective in targeting glioma tumours in a brain tumour model 
(24). It has been reported that human brain tumour cell lines 
express high levels of plasma membrane interleukin-4 re- 
ceptors, so targeting liposomal carriers with interleukin-4 
antibodies may be a useful approach for tumour treatment (25).

6. Dendrimers

Dendrimers are polymeric molecules, chemically syn-
thesized with well-defined shape, size and nanoscopic 
physicochemical properties reminiscent of proteins (26). 
From a chemical point of view, dendrimers can be manu-
factured from peptides, lipids, polysaccharides, and other 
synthetic materials (27). 

Dendrimers are considered a promising new enhance-
ment in current drug delivery methods, imaging methods, 
and photodynamic therapy. Dendrimers whch are used for 
drug delivery are designed to improve the pharmacokinet-
ics and biodistribution of drugs, and to provide a controlled 
drug release aimed at the targeted tissues (28). Dendrim-
ers interact with drug molecules physically by electrostatic 
interactions, covalent binding, or by encapsulation of the 
drug into the dendrimer pores (29). Regarding cancer treat-
ment, the conjugation of these dendrimers with doxorubicin, 
5-fluoruracil, or cisplatine, could be promising.
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Fig. 1: Schemes of mentioned nanoparticles with comparison to some other structures on the nano-sized scale.

Photodynamic therapy relies on the activation of a pho-
tosensitizing agent with visible or near-infrared light. Upon 
excitation, a highly energetic state is formed which, upon re-
action with oxygen, releases a highly reactive oxygen singlet 
capable of inducing necrosis and apoptosis in tumour cells 
(30). In recent years, the improved delivery of 5-aminolae-
vulinic acid using dendrimer technology has been the subject 
of continuous research. This acid is used in the imaging of 
glioblastoma to demarcate tumour boundaries for surgery. 
Specific targeting of this acid by the dendrimers could in-
crease the precision of this method.

Fine imaging of brain tumours involves the use of MRI, 
which is also the standard operating procedure in the plan-
ning of surgery. Gadolinium (Gd) paramagnetic contrast 
agents have been fused with dendrimer molecules into 
imaging complexes for MRI over the last two decades for 
contrast enhancement, improved clearance characteristics, 
and potential targeting (31).

7. Gold Nanoshells

Nanoshells are additional novel structures within the 
big group of nanoparticles. Most nanoshells are developed 
from a gold core, but recently, some types are made of silver 
as well. Gold nanoshells are nanoparticles composed of an 
organic (polymer or lipid) or inorganic (metal) core coated 
with a thin layer of gold. The most intensively researched 
options in the use of gold nanoshells for the treatment of 

malignant brain tumours are thermoablation (32) and drug 
delivery, which often contains doxorubicin (33). 

In general, gold nanoshells that are intravenously ad-
ministered as they are passively accumulate in tumours, the 
hallmarks of which are leaky vasculature and minimal lym-
phatic drainage, because of their enhanced permeability and 
retention. On the other hand, gold nanoshells have the major 
disadvantage in a short half-life within circulation. To solve 
this problem, they are usually associated with polyethylene 
glycol to enhance their biodistribution and to evade the mon-
onuclear phagocytic system. The light-induced release of 
doxorubicin with near-infrared light has also been a subject 
of study (33), as drug concentration in the treated tissue was 
significantly higher after exposition to the near-infrared light 
as compared with non-treated controls, thus near-infrared 
light can be used as a trigger for drug release in the needed 
specific location. 

8. Superparamagnetic nanoparticles

Magnetic nanoparticles, composed of Fe2O3 or Fe3O4, 
are promising agents with both diagnostic and therapeu-
tic properties as they are capable of showing the location 
of a lesion and treatment delivery thanks to their unique 
magnetic properties. Their major advantage is, they are no 
longer magnetized after removal of the magnetic field. In 
general, superparamagnetic particles are classified in two 
types according to their size: SPIONs (superparamagnet-
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ic iron oxide nanoparticles) of approximately 100 nm size, 
and USPIONs (ultrasmall superparamagnetic iron oxide 
nanoparticles) which are smaller than 50 nm. They both 
have unique properties based on a superparamagnetic phe-
nomenon characterized by a large magnetic moment in the 
presence of a static external magnetic field, making them ex-
cellent contrast agents for magnetic resonance imaging (34, 
35). In the last decade, USPIONs have become increasingly 
common since they can be visualized in T1-weighted MRI 
sequences as a hyperintense signal (bright) or in T2-weight-
ed MRI sequences as a hypointense signal (dark) (36, 37, 
38). USPIONs are also more suitable than Gd agents because 
of its ability to provide contrast for longer periods of time 
(39). They are also more gentle to patients with some form of 
kidney disease as preliminary studies have shown no adverse 
renal effects (40, 41). 

USPIONs are taken up by malignant tumour cells as well 
as by phagocytic microglia, although this uptake is not as 
selective as desired. Searching for an improved and specific 
uptake by tumour cells, several methods have been devel-
oped. MNPs can be conjugated with a purified antibody 
that selectively binds to the epidermal growth factor recep-
tor deletion mutant EGFRvIII. This deletion is expressed 
by a cell population of glioblastoma multiforme tumours 
(GBM) (42). Another example is the conjugation of MNPs 
with chlorotoxin, which specifically binds to over-expressed 
matrix metalloproteinase-2 (MMP-2), found on the surface 
of GBM cells (43, 44). 

From a therapeutic point of view, the most promising 
method in the treatment of GBM using SPIONs is ther-
motherapy. MNPs are exposed to an alternating magnetic 
field, generating focal heat by Brownian and Néel relax-
ations. Temperature variations range between 41 °C and 
46 °C causing cells to undergo heat stress promoting protein 
denaturation, miss-folding, and aggregation, resulting in ap-
optosis and heat shock protein expression. MNPs designed 
for thermotherapy can be made of different metals including: 
manganese, iron, cobalt, nickel, magnesium, zinc, and their 
respective oxide forms (45, 46). 

Recently, Maier-Hauff et al. showed a significant in-
crease in GBM patient survival rates with no, or minor, side 
effects of the treatment (47), in which magnetic nanoparti-
cles were stereotactically delivered into the tumour and then 
heated by an external, alternating (100 kHz) magnetic field 
up to 82 °C. Between 2014 and 2015, a vast clinical trial by 
the MagForce Company in Germany has been scheduled.

9. Carbon nanotubes

Carbon nanotubes are well structured, hollow, cylindri-
cal graphene nanomaterials with a wide range of properties, 
including high aspect ratio, high surface area, and ultra-
light weight (45). A carbon nanotube comprising a singular 
graphene tube is called a “single wall carbon nanotube” 
(SWCNT), and concentric graphene tubes nested within each 
other are called “multi-wall carbon nanotubes”, (MWCNT). 

In comparison with other nanomaterials, carbon nanotubes 
appear to be more dynamic in their biological application as 
they have the potential to be used not only in imaging, but 
also for drug delivery and thermal ablation (48, 49).

Chemotherapeutic agents have some limitations and 
disadvantages due to their toxic side effects and lack of pene-
tration to all compartments (e.g. through blood-brain-barrier). 
Carbon nanotubes are promising vehicles for targeted drug 
delivery (50) as these can be either attached to the outer 
surface of the nanotubes via functional groups or be loaded 
inside the nanotube. For the direct targeting to the tumour 
cells, the nanotube can be labelled with various anti- 
bodies. 

Another alternative in the treatment of cancer using 
these nanotubes is thermoablation. The temperature of the 
carbon nanotubes can be increased to over 60 °C within 
2 minutes when exposed to near infrared wavelengths of 
700–1100 nm (51). In addition to carbon nanotubes, the pre-
viously mentioned magnetic nanoparticles can also be used 
in thermal treatment strategies, although they are activat-
ed by an alternating magnetic field instead of near infrared 
light. Disadvantage of these magnetic nanoparticles is their 
toxicity to non-target cells; however, this problem can be 
overcome by inserting them into carbon nanotubes. Carbon 
nanotubes can act as a shell, protecting the biological en-
vironment against oxidation and toxicity of the magnetic 
nanoparticles. The benefit of using carbon nanotubes is that 
they do not affect the properties of these magnetic nanopar-
ticles and are less toxic.

New variations of carbon nanotubes are currently in re-
search as non-viral vectors for gene therapy, for which they 
seem to be optimal since they can cross the cell membrane 
by endocytosis, and also because DNA can be transferred 
without being degraded (52). 

Carbon nanotubes are very promising materials in the 
treatment and diagnosis of cancer. Despite their advantages, 
the problem regarding their toxicity to healthy tissue, caus-
ing oxidative stress, still remains. The toxicity of carbon 
nanotubes is reviewed in detail in Li-Chu Ong et al.’s work 
(53). It has been reported recently that treating the carbon 
nanotubes with polyethylene glycol (PEG) makes a more 
effective, and less toxic, drug delivery vehicle than untreated 
nanotubes, but further research complemented with in vitro 
and in vivo testing is highly advisable (54).

10. Nucleid acid-based nanoparticles 
(DNA, RNAi, and ASO)

Antisense oligonucleotides are synthetic, single DNA 
strands that anneal with target mRNA sequences. Because 
of their specific hybridization they can be used to modulate 
the expression of genes involved in tumorigenesis (55) by 
inhibiting the correct translation and promoting the degrada-
tion of the targeted mRNA, altering the subsequent cascades 
regulating cellular proliferation, differentiation, apoptosis, 
and tumour homeostasis.
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Tab. 1: Nanomaterials for treatment of GBM.

Nanomaterial Description Field Size References

DEG–US-Gd2O3
Ultra-small gadolinium oxide nanoparticles  
(US-Gd2O3) covered with diethylene glycol 
(DEG) labeling glioblastoma cells GL-261.

MRI imaging 1–2 nm 67

ANG-NP-paclitaxel

Angiopep-conjugated PEG-PCL nanoparticles 
loaded with paclitaxel for targeting the tumor via 
lipoprotein receptor-related resulting in apoptosis 
of U87 MG glioma cells.

Liposomal treatment <100 nm 68

Pegylated liposomal  
doxorubicin (PLD)

The liposomal encapsulation of doxorubicin 
using polyethylene glycol (PEG) liposomes  
leading to increased efficacy of the distribution 
and accumulation into tumors.

Liposomal treatment <100 nm 69

Methotrexate (MTX)- 
loaded dendrimers

The efficacy of methotrexate- (MTX-)loaded 
dendrimers was established against U87 MG and 
U343 MGa cells. The amount of MTX transport-
ed across BBB was three to five times more after 
loading in the dendrimers.

Dendrimer treatment 11 nm 70

Nanoshells consisting  
of silica cores and thin gold 
shell

Intravenous injections of PEG-coated nano-
shells followed by transdermal irradiation of 
800 nm diode laser. There was significant longer 
tumour-free period.

Gold nanoshell  
phototherapy 150 nm 71

HB1.F3-CD 
human NSC loaded with 
oncolytic virus CRAd-S-pk7

The HB1.F3-CD human NSC line is a cell carrier 
for the delivery of a glioma tropic oncolytic virus 
CRAd-Survivin-pk7 (CRAd-S-pk7).

Stem Cell-Based 
Gene Therapy 10 μm 72

Oncolytic HSV-1, G207
Oncolytic HSV-1 virus used in recurrent glioma 
patients received by stereotactic intratumoral 
inoculations followed by single focal irradiation.

Virus-based Gene 
Therapy 125 nm 73

NanoTherm® – iron-oxide 
magnetite (Fe3O4) with  
an aminosilane coating

Intratumoral instillation of an aqueous disper-
sion of iron-oxide (magnetite) nanoparticles is 
followed by subsequent heating of the particles in 
an alternating magnetic field with strength of the 
alternating (100 kHz) magnetic field.

Superparamagnetic 
nanoparticles,  
thermotherapy

12 nm 74

Carbon nanotubes

Therapeutic potential of hyperthermia-induced 
thermal ablation using the sequential administra-
tion of carbon nanotubes (CNT) and near-infrared 
radiation (NIR) on glioma tumor cell lines (U251, 
U87, LN229, T98G). 

Carbon nanotubes, 
thermotherapy 104 nm 75

Bcl2L12-targeting 
SNAs (siL12-SNAs)

SNAs targeting the oncoprotein Bcl2Like12 
(Bcl2L12) – an effector caspase and p53 inhib-
itor overexpressed in GBM were effective in 
knocking down endogenous Bcl2L12 mRNA and 
enhancing p53 activity. 

Nucleid acid-based 
nanoparticles ~10 nm 76

The most currently advanced AS technology consists of a 
phosphorothioate-modified AS-ODN (Trabedersen, AP 12009, 
Antisense pharma) directed against the transforming growth 
factor-beta 2 (TGF-β2), a protein that is massively produced 
by high-grade gliomas and promotes tumour cell prolifera-
tion, angiogenesis, invasion and metastasis. Thus, inhibiting 
TGF-β2 production exerts multiple antitumor effects (56).

RNA interference (RNAi) is a post-transcriptional pro-
cess triggered by the introduction of double-stranded RNA 
(dsRNA) which leads to gene silencing in a sequence-specif-
ic manner. With this technology, the targeted genes essential 
for survival or progression of cells can be knocked down. A 
likely candidate for the RNAi therapy of gliomas is the in-

hibitor of apoptosis protein, survivin. Survivin is involved in 
cell division and inhibition of apoptosis (57). It is anticipat-
ed that an increase in survivin steady-state levels enhances 
the resistance of cancer cells to chemotherapeutic drugs or 
radiation (58). 

11. Role of nanobiotechnology  
in gene therapy of brain tumours

Gene therapy is a new concept in the treatment of glio-
blastoma multiforme, which is based on the ability to replace 
a defective gene through the delivery and integration of a 
fully functional version of the same gene. Originally, this 
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method was reserved for genetic diseases but recently, its at-
tention is being focused on cancer therapy. Tumours develop 
through multiple, known and unknown, genetic abnormal-
ities. Moreover, every tumour has a different accumulation 
of mutations that need to be addressed specifically. Several 
methods for gene therapy have been tested successfully in 
preclinical stages. Some of the major approaches employed 
for gene therapy of GBM include:
A.	 Delivery of tumour-suppressor genes to reprogram tu-

mour cells into apoptosis (reprogramming).
B.	 Delivery of conditionally-replicating viruses to spe-

cifically lyse tumour cells while sparing normal tissue 
(oncolysis).

C.	 Delivery of suicide genes to convert pro-drugs in the 
tumour and achieve tumour cell death (suicide genes).

D.	 Delivery of cytokine genes to activate and attract im-
mune cells against tumour (immune activation).
The delivery of foreign genetic material has usually 

been done using recombinant viruses, but alternative ve-
hicles such as stem cells, nanoparticles and liposomes, has 
also been extensively developed and reached the clinical 
stage (59).

11.1 Virus-based Gene Therapy of GBM

The first attempt to treat gliomas with a non-engineered 
virus was an unsuccessful study conducted in 1982 using 
attenuated mumps virus (60). In the following decades, 
retroviruses and Herpes simplex virus (HSV) were used. 
As mentioned above, there can be different strategies in the 
delivery of a suicide gene such as HSV-derived enzyme 
Thymidine Kinase (61). This enzyme catalyses the phos-
phorylation of cytotoxic nucleoside analogues that can be 
incorporated into the DNA of actively proliferating cells, 
disrupting DNA replication and halting cell division. Oth-

er widely studied suicide genes are the bacterial enzyme 
Cytosine Deaminase, which converts the pro-drug 5-fluor-
cytosine into the toxic compound 5-fluoruracil; or E. coli 
derived Purine Nucleoside Phosphorylase (PNP), which 
converts non-toxic adenosine ribonucleosides into toxic ad-
enine analogues that disrupt RNA processing.

The viral delivery of tumour-suppressor genes is also 
very promising because there are different mutations of these 
genes in most gliomas. The delivery of this type of genes 
is supposed to restore normal or higher apoptosis in tumour 
cells, among the eligible genes are p53, p16INK4a, Phosphatase 
and Tensin Homologue (PTEN), and p27. Despite many par-
ticularly successful studies, there are still serious limitations 
which include poor gene transfer, lack of bystander effect, 
and potential resistance arising from the inherent genetic 
heterogeneity within GBM cells.

Immunomodulation is based on the delivery of genes 
such as IFN-gamma-inducible protein 10, TNF-alpha, and 
several interleukins. The difficulty in this approach lies in 
that the CNS is relatively isolated from systemic immune 
responses and it is therefore difficult to induce the immune 
system to mount an effective local anti-tumour response 
against gliomas (62). This difficulty is increased by the abil-
ity of glioma cells to suppress and effectively evade cellular 
immune responses (59, 62). 

11.2 Stem Cell-Based Gene Therapy of GBM

Another type of delivery vehicle able to deliver thera-
peutic genes into tumour cells are stem cells. While stem 
cells have been studied for only half as long as viral carri-
ers and only recently reached the clinical stage, they have 
been proved as one of the most attractive vehicles for the 
combination of gene therapy with viral therapy and other 
conventional therapy strategies. Their major advantage 

Tab. 2: Running clinical trials.

Identifier Aim of the study Phase Particle

NCT01301430
Phase I/IIa Study of Intratumoral/Intracerebral or Intravenous/Intracerebral  
Administration of Parvovirus H-1 (ParvOryx) in Patients With Progressive Primary 
or Recurrent Glioblastoma Multiforme.

II virus

NCT01906385 Initial Study to Determine the Maximum Tolerated Dose, Safety and Efficacy  
of Rhenium Nanoliposome in Recurrent Glioblastoma. II nanoliposome

NCT01156584 Ascending Dose Trial of the Safety and Tolerability of Toca 511 in Patients With 
Recurrent High Grade Glioma. II virus

NCT00734682 A Phase I Trial of Nanoliposomal CPT-11 (NL CPT-11) in Patients With Recurrent 
High-Grade Gliomas. I nanoliposome

NCT01956734
Phase I Trial of Combination of DNX-2401 (Formerly Named Delta-24-RGD) 
Oncolytic Adenovirus With a Short Course of Temozolomide for Treatment of Glio-
blastoma at First Recurrent.

I virus

NCT00390299 Phase I Trial of a Measles Virus Derivative Producing CEA (MV-CEA) in Patients 
With Recurrent Glioblastoma Multiforme (GBM). I virus

NCT02062827 A Phase I Study of M032 (NSC 733972), a Genetically Engineered HSV-1 Express-
ing IL-12, in Patients With Recurrent/Progressive Glioblastoma Multiforme. I virus
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against other vehicles is their ability to migrate toward tu-
mour cells even when injected peripherally (63). This is 
extremely useful in the treatment of disseminating tumours, 
in which GBM is included. In general, there are three types 
of stem cells: neural, mesenchymal and embryonic. Mesen-
chymal stem cells can be genetically engineered to express 
therapeutic cytokines such as interleukin 2 or interferon γ 
(64, 65, 66).

11.3 Nanotechnology-Based Gene Therapy  
of GBM

As a fully synthetic technology, nanoparticles, lipos-
omes, and polymers, have become of great interest for gene 
delivery into malignant gliomas. There are several types of 
nanoparticles currently undergoing clinical trials and the 
tested genetic treatments are similar to those carried by vi-
ruses and stem cells (59). 

Conclusion

These relatively new technologies derive their bene-
fits from the unique properties of nanoparticles and their 
complexes with cytostatics, virostatics, antibiotics and oth-
er agents. They enables the delivery of therapeutic drugs 
across the blood-brain barrier and, at the same time, di-
minishes the dangerous side effects of the treatment, thus 
eliminating the manifestation of acute and chronic toxicity. 
The use of nanotechnology enables a more efficient tar-
geted therapy against cancer cells than casual non-specific 
chemotherapy. Such effect could be amplified by the use of 
liposomal nanoparticles as carriers along with other active 
molecules directed to specific molecular pathways regulat-
ing cell proliferation and survival. The enhancement of these 
treatments is important in dealing with “residual disease”, 
metastasis, and delay the development of therapy resistance 
mechanisms of cancer cells. Experimental, as well as clinical 
trials have already proved that molecular interactions can be 
specifically targeted ensuring their expression only in cancer 
cells, sparing healthy cells from the negative effects of the  
treatment. 
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