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Abstract

Brain tumours are heterogeneous and are classified comprehensively into molecular subtypes based on genetic alterations.
Glioblastoma rapid progression, drug resistance, and recurrence have been scientifically linked to several factors, including
its rapid growth rate, loss of apoptosis, pro-survival signalling, molecular heterogeneities and hallmark features to infil-
trate vital brain structures. Because of the growing demand for design and development of delivery systems to overcome
the existing limitations with the current therapeutic strategies, researchers are exploiting multifaceted aspects of nan-
otechnology to improve delivery of the drug payload. Firstly, nanotechnology procedures can improve the drug delivery
methods with the help of nanoparticles (NPs) based nanovectors that can efficiently cross blood-brain barrier. Secondly,
NPs also improve the cellular uptake of the drug as they can efficiently bind with the cell surface. Thirdly, NPs make the
delivery of siRNAs and peptides possible, which can suppress the resistance of glioblastoma against TMZ or other che-
mo-preventive drugs. Fourthly, the use of metal NPs increases the efficiency of scanning or magnetic resonance imaging
(MRI) procedures as they can produce contrasts in it. Lastly, NPs make it possible to use highly targeted co-administered
strategies like chemoprevention and near infrared (NIR) or radiotherapy (RT). Hence, nanotechnology offers several prom-
ising solutions against glioblastoma by countering it on many fronts.
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wealth of novel data and provided better mechanistic

Introduction insights into carcinogenesis and metastasis [18,19].

Rapidly emerging preclinical and clinical studies have
refined our understanding and highlighted the regu-
latory role of disease-associated heterogeneities. Cell
signalling molecules orchestrated critical steps in can-
cer progression, genetic/epigenetic inactivation and
apoptosis [3-10]. Based on the findings drawn from
the insights gained by comprehensive investigation of
a wide variety of cancers, researchers have witnessed
landmark discoveries in molecular oncology. The state-
of-the-art large-scale genetic, genomic and epigenom-
ic profiling studies have decoded an unprecedented

Scientists have explored wide ranging mechanisms
including epigenetic modifications, apoptosis and how
immunological responses play a role in regulation of
cancer [23,28,31,36,39,40].

Glioblastomas have been the subject of increas-
ingly rigorous research over the past two decades that
has led to greater than ever broadening of our under-
standing about their basic biology and pathogenesis
[21,24,27,34,35]. Genetic signatures have already been
reported to play a central role in the pathogenesis of
glioblastomas [29,32].
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These stumbling blocks are currently being
addressed through the use of cutting-edge basic
research works driven by next-generation technologies,
including delivery of chemotherapeutic drugs and vari-
ous antisense oligonucleotides [2,16,17]. Stimulation of
the significant cross-disciplinary interest from the basic
biomedical research and engineering fields has generat-
ed encouraging results. Recent scientific advancements
have helped us in the identification of experimental
approaches to overcome the outstanding challenges
that presently limit delivery of the chemotherapeutics
and antisense oligonucleotides in glioblastoma (GB).

Glioblastoma is a glial cell derived malignant
brain tumour with a median survival rate of around
15 months [27]. Glioblastoma is usually characterized
by a high heterogenicity at both cellular and molecular
levels, high cell diffusion, dissemination, and vascular-
ization. Glioblastoma can be further subdivided into dif-
ferent subtypes with proneural and mesenchymal being
among the major ones. The prognosis for proneural
subtype is not as challenging as compared to the mes-
enchymal subtype. Oncogenic transcription factor sig-
nal transducer and activator of transcription 3 (Stat3)
has been reported to be upregulated in several classes
of GB, especially the mesenchymal subtype [25]. Stat3
is known to upregulate the expression of several other
oncogenes, making GB one of the most aggressive
tumours of the brain. Glioma-associated-human mes-
enchymal stem cells (GA-hMSCs) played a role in tumor-
igenesis. The survival rates of rodent models that were
implanted with tumour-initiating glioma stem cells co-
cultured with GA-hMSC were found to be significantly
and critically reduced. Chemotherapy and radiotherapy

Inoculation of glioblastoma cells
in animal models

Fig. 1. Inoculation of glioblastoma-initiating cells
in animal models for evaluation of anticancer
agents.
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are regarded as the first-line therapeutics against GB.
For instance, chemotherapy with temozolomide (TMZ)
and radiotherapy after surgical removal of the tumour
mass is still the standard procedure available against
GB. Encapsulation of temozolomide in a p-sulphonato-
calix[4]arene (Calix) nanocapsule was found to be high-
ly effective. Intracranial GBM xenograft models were
intraperitoneally injected with TMZ@Calix complexes
and there was an evident shrinkage of tumours [30].
TMZ is also known to possess some unwanted charac-
teristics that highly limit its clinical applications. Due to
a short half-life of 1.8 hours of TMZ along with its rap-
id removal from the body, a large quantity of the drug
even fails to reach the site of tumour [35]. Administer-
ing larger quantities of TMZ could be a way forward,
but it also increases chances of side effects. In 2009,
Food and Drug Administration (FDA) approved an anti-
VEGF (vascular endothelial growth factor) drug, named
bevacizumab (Avastin®) against GB. However, this drug
also has a low efficacy owing to difficulties in crossing
blood-brain barrier (BBB), and off-site targeting. Hence,
there is a need to look for the alternative drugs and
drug delivery methods against GB. Using nanoparti-
cles for drug delivery against GB have been found to
be effective in several animal models. There are sev-
eral advantages of using nanoparticles for drug deliv-
ery. Firstly, they ensure delivery to specific sites thereby
reducing off-site targeting. Secondly, the specificity of
nanoparticles reduces the number of doses required
to achieve a required result. Thirdly, a direct delivery
of nanoparticles is also possible, bypassing BBB. Lastly,
the half-life of the drug is also increased once coated
with a protective layer of nanoparticles. Bevacizum-
ab-loaded poly (D, L-lactic-co-glycolic acid) nanoparti-
cles (PLGA-NP) were administered intranasally to CD-1
animal models for the evaluation of pharmacodynamic
and pharmacokinetic properties. Bevacizumab-load-
ed PLGA nanoparticles provided a higher availability
of bevacizumab to the brain and efficiently inhibited
tumour growth [33]. Nanoparticles developed against
GB usually vary in a number of ways including compo-
sition, mechanism of action, mode of administration,
and the type of drug they are carrying.

In this mini-review, we have summarized some of
the cutting-edge research works which provided signif-
icant and translatable results about nanoparticle-based
chemoprevention therapies against GB. In this regard,
we will first discuss compositions and characteristics of
nano-therapies, their mode of administration in animal
models, and the mechanism of action against GB.

Doxorubicin-loaded nanomicelles

Doxorubicin (DOX) is a well-known chemotherapy
drug which is used against a number of cancers. RVG-29,
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a 29-amino-acid polypeptide derived from rabies virus
glycoprotein (RVG) has been reported to demonstrate
brain-targeting capacity across the BBBs. Strategically,
the size of RVG-29 was reduced for the generation of
a 15-amino-acid polypeptide (RVG-15). Importantly,
brain-targeting activity of RVG-15 across the blood-brain
barrier remained intact. Doxorubicin-loaded polymer-
ic micelles (DOX-RVG-15-PMs) penetrated the tumour
tissues and released doxorubicin for the inhibition of
tumour growth in mice stereotaxically seeded with
C6-luc cells into the target sites. DOX-RVG-15-PMs
inhibited metastatic spread of primary cancer cells to
the lungs and liver tissues of mice [12].

Targeted inhibition of the cancer-causing genes is
indeed an exciting area of research. Protection of siRNAs
from degradation not only promoted cellular uptake but
also enhanced gene silencing efficiencies of siRNAs.
Essentially, PEGylated cyclodextrin (CD)-based nanopar-
ticles tagged with central nervous system (CNS)-target-
ing peptides derived from specific glycoprotein of the
rabies virus have gained noteworthy attention [11].

Catechol-based prodrug (Pt(1V))
with polymer nanoparticles

Researchers have tested catechol-based nanoparti-
cles containing complex 1 (Pt(IV) prodrug) as an effec-
tive therapy against GB. The efficacy of these nanopar-
ticles was compared with cisplatin, a well-known
chemotherapeutic drug. Cisplatin is used against sev-
eral types of cancers including breast, cervical, ovarian,
testicular, neck and head cancer. It is generally used as
a second-line therapy against cancer [22]. Researchers
developed complex 1 containing iron nanoparticles
by dissolving and processing a solution of complex 1,
96% ethanol, and iron acetate (Fe(OAc),). Analysis
based on drug release profiling and cytotoxicity assays
indicate that complex 1 nanoparticles had a higher abil-
ity to bypass BBB and cellular uptake as compared to
cisplatin, a standard chemotherapeutic drug. Complex
1 nanoparticle treatment starting from day 6 of tumour
development showed significantly better results as it
managed to decrease the growth of tumour volume as
compared to the standard. Another important reported
aspect of the study was that tumour relapse was not
found in the treated mice. Intranasally-administered
drugs are absorbed rapidly through rich vasculatures
in the submucosa, thus displaying a faster onset of
action whereas reducing the toxic side effects. Intra-
nasal administration of catechol-based nanostruc-
tured co-ordination polymers loaded with platinum
(IV) prodrugs have remarkable anti-cancer effects.
The orthotopic glioblastoma tumour-bearing animal
models were experimentally generated by stereotactic
injections of glioblastoma GL261 cells into C57BL/6)
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striatum. Pt(IV)-based nanoparticles significantly inhib-
ited tumour growth in GL261 orthotopic models [22].
The research team also suggested that balanced com-
binations of schedule and dose of administration
should be optimized to obtain better response, both in
pre-clinical and clinical studies.

Biomimetic nanoparticles with Bcl-2/
Bcl-xl and Mcl-1 inhibitors

Researchers also designed and tested the cancer
targeting ability of biomimetic nanomedicines.

Researchers developed acetal-grafted dextran (a-dex-
tran) nanoparticles with Bcl2/Bcl-x| and Mcl-1 inhibitors.
The Bcl-2 protein family, also known as anti-apoptosis
proteins, contains several proteins that regulate mito-
chondrial pathways of apoptosis. These proteins have
been found to impart anti-apoptosis properties in GB
cells as they are usually overexpressed. Resultantly,
GB cells do not respond to several apoptosis-inducing
drugs. Therefore, targeting anti-apoptosis proteins can
tilt the abnormal balance in favour of pro-apoptosis pro-
teins like Bax and Bak. Researchers used ABT-263 (ABT)
and A12, small molecule inhibitors of the Bcl2 family. ABT
is already being used as an anti-cancer agent against sev-
eral cancer types. ABT is known to mimic BH3-only pro-
teins, and binds to anti-apoptosis proteins. However, ABT
lacks the ability to inhibit Mcl-1. Therefore, the second
inhibitor, A12, was also used in the nanoparticles. There-
fore, based on the apolipoprotein E (ApoE) peptide-deco-
rated red blood cell membrane and pH-sensitive dextran
nanoparticles, researchers have experimentally investi-
gated the targeted delivery of A12 and ABT to the glio-
blastoma cells. ApoE peptide has a superior binding affin-
ity for different LDL family receptors (LRP1, LRP2, LDLR)
overexpressed on the surface of endothelial cells of the
BBB and GB cells, thus offering potent and advantageous
tumour-targeting capability as compared to angiopep-2
for clinical applications. Firstly, both ABT and Al12 were
first loaded with a-dextran to form nanoparticles. Second-
ly, the nanoparticles were further coated with a targeting
ligand ApoE peptide-functionalized RBCm (ApoE-RBCm,
AM). The resulting nanoparticles exhibited excellent BBB
penetration and cellular uptake. Their anti-cancer effect
was also analysed using U251-TR and CSC-2 cell lines,
where the nanoparticles managed to induce apoptosis
in a large proportion of tumour cells. Importantly, mice
treated with AM@NP(ABT/A12) demonstrated consider-
able retardation of tumours as compared to those mice
treated with nanomedicines loaded with ABT or A12 or
free ABT/A12 mixtures. There was no noticeable loss of
the body weight during treatment with AM@ NP(ABT/
A12) [15]. These findings clearly indicated that the biomi-
metic nanomedicines efficiently inhibited glioblastoma
growth without exerting adverse side effects.
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Temozolomide-conjugated gold
nanoparticle with photothermal therapy

A series of research works have highlighted
a tumour inhibitory role of gold nanoparticles (GNPs)
conjugated with TMZ. As mentioned earlier in this
article, TMZ is a standard chemo-preventive drug used
against GB. However, a large number of GB cases (rang-
ing from 65% to 75%) exhibit resistance against TMZ
treatment. Therefore, TMZ is quite often conjugated
with other inhibitors and drugs to make it more effec-
tive. In this regard, researchers developed TMZ conju-
gated GNPs with anti-EphA3 (anti-EphA3-TMZ@GNPs).
Anti-EphA3 is an antibody that selectively binds with
tumour cells on ephrin receptor A3. EphA3 is gener-
ally overexpressed in several cancers and is involved
in tumour progression. Studies indicate that EphA3 is
involved in angiogenesis. Once administered in a host
or added in a cell culture, anti-EphA3-TMZ@GNPs can
be subjected to Plasma Photothermal Therapy (PPTT)
to form GNPs-PPTT. Nanoparticles can absorb near
infrared (NIR) light and increase their temperature.
Hence, NIR can be specifically targeted at tumour cells,
making highly targeted chemotherapy possible. During
in vitro analysis, it was found that the NIR can increase
the apoptosis capacity of anti-EphA3-TMZ@GNPs from
9.8% of cells to more than 65% of cells (GNPs-PPTT).

Anti-EphA3-TMZ@GNPs were also subjected to
in vivo analysis in model mice. Mice were divided into
four groups, and were administered with saline, TMZ,
TMZ@GNPs, and anti-EphA3-TMZ@GNPs, respectively,
in the tail vein. Furthermore, groups with TMZ@GNPs
and anti-EphA3-TMZ@GNPs were also subjected to
NIR at an amount of 2 W/cm? for 5 minutes. Histolog-
ical analysis of brain tissues indicated that tumours
kept growing in both control (saline) and TMZ groups.
The TMZ group exhibited a low apoptosis rate of around
11%, indicating that the tumour had developed resis-
tance against TMZ. Contrarily, the groups subjected
to NIR showed significantly higher rates of apoptosis
around 82% and 88% for TMZ@GNPs and anti-EphA3-
TMZ®@GNPs, respectively. Collectively, these findings
indicated that the activity of anti-EphA3-TMZ@GNPs
group can perhaps be associated with anti-EphA3 as
it increases the permeability and increases cellular
uptake to the therapeutic agent [41].

Brain-targeted aggregation-induced-
emission nanoparticles with near-infrared
imaging

Brain-targeted near-infrared Ilb (NIR-IIb) aggrega-
tion-induced-emission (AIE) NPs have been developed
for effective tracking of delivery systems. The brain-
targeting peptide apolipoprotein E peptide (ApoE) is
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grafted onto these NPs. After administration, these
nanoparticles change to ApoE-Photothermal Nanopar-
ticles (ApoE-Ph NPs) once subjected to NIR at 1550 nm
wavelength. Adding ApoE to the NPs enhanced the
cellular uptake of the ApoE-Ph NPs by 1.9 folds as
compared to only Ph NPs. During the in vitro analysis
using cell lines, ApoE-Ph NPs showed around 9.55% cell
death, but irradiation with NIR increased the cell death
up to 97.56%. Hence, the method seems to be more
efficient, where cell death was observed to be around
88% at maximum. Moreover, ApoE-Ph NPs also exhibit-
ed a higher capability to bypass BBB [37].

Nanoparticles were administered in mice models
through an injection in the tail vein. Bio-luminescence
analysis aided by luciferase tagged cells in the brain,
indicated that mice receiving ApoE-Ph NPs as well as
NIR irradiation showed the highest tumour suppres-
sion. ApoE-Ph NPs showed a higher accumulation as
compared to Ph NPs and the control (PBS). This indi-
cates that ApoE-NPs are not only efficient in tumour
suppression but may also need a smaller dose to
achieve desired effects. Nanoparticles along with NIR
offered a highly targeted and efficient solution for GB
control and suppression [37].

siRNA-based nanoparticles for targeting
of oncogenic networks

Functionally active nanoparticles (NP-siRNA-CTX)
were designed for effective delivery of the drugs.
Nanoparticles consisted of an iron oxide core coated
with a chitosan-PEG-PEI co-polymer that is conjugated
to siRNA (short-interfering RNA) and a glioblastoma-
targeting ligand chlorotoxin (CTX). Toxicity of nanopar-
ticles was tested in C57BL/6) Wild-type mice by routine
injections with NP-siMGMT-CTX. There were non-signif-
icant differences in the levels of biomarkers in rodent
models injected with NP:siMGMT-CTX as well as in con-
trol mice. Collectively, these results suggested that treat-
ment with NP-siMGMT-CTX neither impaired hemato-
poiesis nor disturbed renal and liver functions. These
nanoparticles were found to be highly effective against
orthotopic glioblastoma serially-passaged patient-
derived xenograft rodent models. Importantly, these
animal models have been demonstrated to display
many of the histopathological properties that compre-
hensively characterize glioblastoma or experimentally
recapitulate biological features of glioblastoma. Expres-
sion levels of MGMT in the tumour tissues of mice treat-
ed with NP-siMGMT-CTX were found to be reduced.
Rodent models were intracranially transplanted with
GBM6 cells. Later, the tumour-bearing rodent mod-
els were injected intravenously with NP-siMGMT-CTX.
Furthermore, temozolomide was orally gavaged for
enhanced combinatorial efficacy against glioblastoma.
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Use of NP-siMGMT-CTX with temozolomide prolonged
survival in a rodent model of glioblastoma serially-pas-
saged patient-derived xenograft. Findings provided evi-
dence of highly resistant and heterogeneous nature of
GBM6 against temozolomide. More significantly, com-
binatorial treatments with sSiMGMT and temozolomide
significantly enhanced the killing of glioblastoma and
glioblastoma stem-like cells [38].

lonisable cationic lipid nanoparticles (LNPs) with
diverse amine headgroups have been shown to be
promising candidates for brain-targeted siRNA delivery.
BAMPA-O16B, a lipid has been shown to promote the
cellular uptake and endosomal escape of siRNA lipoplex-
es in glioblastoma cells as well as in intracranial tumour
tissues in a rodent orthotopic glioblastoma model. BAM-
PA-O16B/siRNA lipoplexes efficiently delivered siRNAs
against CD47 and PDL1 across the blood-brain barrier
into cranial GBM in mice, and repressed target gene net-
works in the tumour xenografts, resulting in synergistic
activation of T cell-dependent anti-tumor immunity in
orthotopic glioblastoma rodent models [20].

Polymersomes as potent delivery systems
for glioblastoma therapy

Discovery of immunogenic cell death (ICD) in the
recent decades has revolutionized the field of molecular
oncology and started to shed light on the significance
of the signalling between dying cancer cells and the im-
mune system in cancer therapy. Angiopep-2-conjugated
pH-sensitive polymersomes (Au-DOX@PO-ANG) worked
synergistically with X-rays and significantly induced ICD.
Tumour vaccine-related experimental results clearly indi-
cated that injections of dying necroptotic cancer cells
effectively prevented tumour growth in tumour-bearing
mice. Immunization of C57BL/6) rodent models with
necroptotic G422 glioblastoma cells pretreated with
Au-DOX@PO-ANG and radiation therapy were found to
produce exciting results. Immunized C57BL/6) mice were
tested for the efficacy of nanotechnologically delivered
chemotherapeutic drugs. Immunization of the mice
with G422 glioblastoma cells pretreated with Au-DOX@
PO-ANG in combination with radiation therapy demon-
strated notable signs of protection against tumour
growth. More importantly, there was an evident reduction
in tumour growth upon immunization of mice with G422
glioblastoma cells pretreated with Au-DOX@PO-ANG in
combination with radiation therapy [13].

Loading of the chemotherapeutic drug (doxoru-
bicin) in Apolipoprotein E (ApoE) peptide-function-
alized reduction-sensitive polymersomes (ApoE-PS-
DOX) potently inhibited tumour growths in orthotopic
U87MG models. Animal models treated with ApoE20-
PS-DOX demonstrated considerable DOX fluorescence
throughout the tumour tissues. These animal model
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studies emphasized the fact that ApoE20-PS-DOX
proficiently promoted accumulation and retention of
the drugs in intracranial glioblastoma tumours [26].

Pharmacologically efficient pH-sensitive polymer-
somes have been found to demonstrate significant
tumour growth inhibitory effects in xenografted ani-
mal models. Initial studies had shown that under acidic
environment, formation of the hydrogen bonds caused
disruption of the core-shell structures, thus minimiz-
ing the stability of the polymersomes and release of
the drugs. Secondly, gold nanoparticles and chemo-
therapeutic drug doxorubicin are nano-complexed as
effective drug formulations. These types of complex
drugs have two hallmark features. Gold nanoparti-
cles are scientifically acclaimed radiosensitizers and
effectively improve the radiotherapy effects in glio-
blastoma-related models and doxorubicin is widely
used for the treatment of peripheral tumours. Hence,
these complex drugs have synergistic and combinato-
rial functions and effects of radiotherapy and chemo-
therapy. Essentially, gold nanoparticles (NPs) and che-
motherapeutic drug (doxorubicin) were encapsulated
into the vesicles in stoichiometric ratios. Enhanced
permeability and retention (EPR) effect is an exciting
aspect associated while analysing the features of drug
delivery systems. Polymersomes have been reported to
demonstrate enhanced EPR effects. More importantly,
the encapsulation within polymersomes overrides the
challenging situation of quick clearance by EPR effects
of tumour cells. Low-density lipoprotein receptor-related
protein-1 (LRP1) is involved in pathogenesis. LRP1 is
overexpressed on the endothelial cells of brain capillar-
ies and glioblastoma cells. However, expression levels of
LRP1 are low in the normal brain parenchymal cells. LRP1
has been shown to promote the entry of therapeutic
drugs into central nervous systems through blood-brain
barriers. Angiopep-2, a peptide mainly obtained from
the Kunitz domains of aprotinin has unique functional
properties to bind to LRP1. These features advocate the
efficacy of Angiopep-2 as a potent molecule for LRP1-
mediated targeted deliveries of the therapeutic drugs
to glioblastoma. UB7MG glioblastoma cells were trans-
planted into the right striatum for the construction of
an orthotopically transplanted animal model. Au-DOX@
PO-ANG nanoparticles significantly reduced the volume
of tumour xenografts in tumour-bearing animal models.
The side effects and toxicological effects of Au-DOX had
been found to be minimized considerably after specif-
ic encapsulation in polymersomes. Therefore, targeted
polymersomes caused reduction in the side effects and
toxicological effects of Au-DOX. Findings obtained from
staining revealed that DOX@PO-ANG-treated groups did
not show pathological changes in heart, liver, spleen,
lung and kidneys [14].
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Inhibition of oncogenic signalling
pathways in glioblastoma

Synthetic protein nanoparticles (SPNPs) coated with
the transcytotic peptide iRGD (AMD3100-SPNPs) for the
targeting of CXCL2/CXCR4 cascade in glioblastoma cells
have started to gain appreciation. It has been shown in
a wide variety of cancers that frequent overexpression of
CXCR4 on myeloid cells promoted trafficking of MDSCs
(myeloid-derived suppressor cells). Enhanced infiltra-
tion of MDSCs not only promoted immunosuppressive
tumour microenvironments but also contributed to the
resistance against different immunotherapeutics. There-
fore, blockade of CXCR4 provided a pharmacologically
attractive target for an efficient immunotherapy. SPNPs
loaded with AMD3100 (CXCR4 inhibitors) effectively
blocked CXCR4-driven transduction cascade in aggres-
sive intracranial GBM models. Systemically administered
AMD3100-SPNPs caused a marked reduction in suppres-
sive tumour immune microenvironment by suppression of
the infiltration rates of inhibitory CXCR4* M-MDSCs [1].

Conclusions

Several studies have been conducted in the recent
years to assess the possibilities of using nanotechnol-
ogy against GB. The approaches utilized by these stud-
ies are quite diverse. For example, some studies rely on
polymer-based NPs due their better BBB crossing and
cellular uptake capabilities, while others rely on metallic
NPs that makes the use of imaging-based assessment
procedures easier and make combinations of targeted
therapies possible. However, most of the studies also
utilized standard anti-cancer drugs like TMZ and DOX.
The added ability of nanovectors makes the delivery of
these drugs a lot more efficient, requiring even smaller
doses and decreasing off-site effects. Furthermore, nan-
otechnology also helps tackle the drug resistance devel-
oped by different GB cases as specific proteins or genes
can be suppressed by conjunction of an siRNA or a pep-
tide with the anti-cancer drug containing NP. Similarly,
nanotechnology has also made the highly targeted use
of NIR and RT possible as NPs can specifically accumu-
late inside tumour cells, which can then be destroyed
by NIR and RT. Hence, the side effects and off-site tar-
geting of these procedures are also minimized. More-
over, in most of the cases NPs were administered via an
injection in the tail vein of mice models. All the studies
included in this article showed significant suppression
of tumour volume during in vivo validations. Important-
ly, the use of NP-based approaches witnessed the least
impact on the body weight of mice, and also witnessed
an increase in the survival rate.
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