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Glioma and glioblastoma - how much do we (not) know? (Review)
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Abstract. Cancer is a heterogeneous disease, which provides
a broad field for investigation, while simultaneously reducing
the chances for a universal treatment. Malignant gliomas are
the most common type of primary brain tumors. The heteroge-
neity of gliomas regarding clinical presentation, pathology and
response to treatment makes this type of tumor a challenging
area of research. As the clinical symptoms may be unspecific
(e.g., seizures and headaches) it is often difficult to diagnose
a patient in the early stages of the disease. Thus far, there
are no known genetic patterns of inheritance of this disease.
Currently, the treatment of glioblastoma involves surgery,
whenever possible, followed by radiation and chemotherapy.
Experimental procedures, such as passive and active immu-
notherapy, use of angiogenesis inhibitors in combination with
chemotherapeutics and gene/antibody therapy, are additional
treatment options. However, as the brain is difficult to access
due to the presence of the blood-brain barrier (BBB), none of
the above-mentioned therapies have been successful in curing
this disease. The lack of knowledge regarding the mechanisms
underlying the development and progression of gliomas further
adds to the difficulties. Currently, investigations are focused on
the development of novel methods for improving the outcome
of this disease. However, despite the extensive investigations,
88% of all glioblastoma multiforme (GBM) patients succumb
to the disease within 3 years. GBM remains one of the most
challenging malignancies worldwide.
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Introduction

Over 11 million individuals are diagnosed with cancer
annually and it was estimated that, by the year 2020, this
number will rise to 16 million (1,2). Malignant gliomas are
the most common type of primary brain tumors, with an
annual incidence of 5/100,000 individuals (3,4). The first
glioma classification was proposed by Bailey and Cushing (5).
Currently, the classification established by the World Health
Organization (WHO) is used (3), which divides gliomas
into astrocytomas, oligodendrogliomas, ependymomas and
oligo-astrocytomas (mixed gliomas). For further easier clas-
sification the tumors may be subdivided into stages, taking
into account the size of the tumor, the level of penetration and
spread to the lymph nodes or other adjacent or distant organs.
Such a system is the TNM staging system, where ‘T’ stands for
tumor, ‘N’ for lymph nodes and ‘M’ for metastasis. Thus far,
five stages have been described (6) (Table I).

According to the grade of malignancy, oligodendrogliomas
and oligoastrocytomas are grade IT and grade III. Astrocytomas
are subdivided as follows: pilocytic, grade I; diffuse, grade II;
anaplastic, grade I1I; and glioblastoma multiforme (GBM),
grade IV (7,8). Glioblastomas account for 60-70% of all
gliomas, anaplastic astrocytomas for 10-15%, anaplastic oligo-
dendrogliomas and anaplastic oligoastrocytomas for 10% and
the remaining 5-20% belong to less common tumor types, such
as anaplastic ependymomas and anaplastic gangliogliomas (4).

The term ‘multiforme’ reflects the heterogeneity of this type
of tumor regarding clinical presentation, pathology, genetic
signature and response to treatment (9). GBM may be primary
(arising de novo) or secondary (arising from a lower-grade
tumor) (10). Primary glioblastomas are more common, usually
occur in patients aged >50 years and exhibit the following
genetic characteristics: deletion of phosphatase and tensin
homologue genes on chromosome 10 and pl6 deletion and
loss of heterozygosity on chromosomes 10q and 17p (11).
Secondary glioblastomas are more common among younger
patients. They arise as low-grade tumors and, over a few
years, they progress to glioblastomas. They are characterized
by mutations in the p53 tumor suppressor gene, abnormali-
ties in the pl6 and retinoblastoma pathways and aberrations
in the DNA copy number. The pathways in the development
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Table I. Cancer staging according to the TNM system.

Stage Description

0 Carcinoma in situ

I Cancer is localized to one part of the body

II Cancer is locally advanced

I Cancer is more advanced

v Cancer has metastasized (spread to other organs)

TNM, tumor-node-metastasis.

of malignant gliomas were described in detail by Wen and
Kesari (4) and the major genetic alterations in primary and
secondary GBM initiation and progression were described by
Li et al (12). As regards secondary glioblastomas, the most
common origins of brain metastatic lesions are primary
cancers of the lung (65%) (13), skin (melanomas, 10-40%) (14),
breast and gastrointestinal tract (13). Despite their molecular
differences, the two tumor types are morphologically indistin-
guishable and respond similarly to conventional therapy.

The majority of GBM patients (87%) are aged
55-87 years (15). This disease is more common among men
compared to women and less common among black compared
to Caucasian populations (4,16). Only ~5% of the patients have
a family history of the disease (17) and the only known risk
factor is exposure to ionizing radiation (18). Patients suffering
from GBM have a median survival of 15 months (8,19,20),
whereas those with anaplastic astrocytoma have a median
survival of <3 years (21). Recurrent gliomas have a worse
prognosis, with a median patient survival of 3-6 months (22).

Current perspectives

Cancer origin. It has been previously hypothesized that the
brain does not regenerate; however, recent findings demon-
strated that spontaneous tissue repair occurs in patients
with inflammatory and degenerative disorders of the central
nervous system (CNS), although this regeneration is not suffi-
cient for complete recovery of the CNS (23). Neural stem cells
(NSCs) are considered responsible for this phenomenon. NSCs
have the ability to self-renew, i.e., produce identical cells, are
mitotically active, multipotent and exhibit complex patterns of
genetic expression (24-26). Thus far, NSCs have been isolated
from the following regions of the mammalian CNS: subven-
tricular zone, hippocampus and dentate gyrus in the temporal
lobe (27). CNS NSCs are able to coordinate tissue generation,
maintenance and regeneration. It is also believed that they are
able to generate new neurons, i.e., are involved in neurogenesis
in specialized brain regions, such as the olfactory bulb, the
hippocampus and the central canal of the spinal cord (28-30).
The origins of brain NSCs are still debated upon.

The mechanisms underlying cancer development in the
human body have not been elucidated. Cancer is considered
to be a cluster of diseases involving gene rearrangements and
amplifications, point mutations, alterations in proto-oncogenes,
tumor suppressor genes and DNA repair genes. It is hypoth-
esized that epigenetic alterations, such as DNA methylation
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and different patterns of histone modifications may also be
involved (1,31,32). There are two different potential mecha-
nisms underlying this disease: the stochastic model, in which
all the tumor cells are equipotent and, as a result of genetic or
epigenetic changes, some may randomly contribute to tumor
growth (33,34); and the cancer stem cell (CSC) model, which
suggests that only a specific fraction of the tumor cells have
the ability to proliferate and give rise to a tumor. There is also
the possibility that cancer cells deviate from the hierarchical
model into anarchy, as they progress from benign to malig-
nant (35).

One hundred and fifty years ago, Rudolf Virchow, a
German pathologist, developed a theory proposing that
cancer arises from immature cells (36,37). One hundred years
later, Sajiro Makino introduced the term ‘cancer stem cells’,
describing a subpopulation of cells resistant to chemotherapy
and with different chromosomal characteristics compared to
other cells (38). The CSC field is relatively new and unex-
plored. Thus far, researchers use the general knowledge on
SCs (ability to self renew, multipotency) to identify CSCs.
Little is known regarding normal SCs, CSCs and their mutual
and distinct characteristics. It has been hypothesized that the
accumulation of mutations in the normal SCs over a period
of time gives rise to CSCs (34,39). This may be due to the
fact that SCs have a longer life compared to differentiated
cells; therefore, the probability of inheriting a gained mutation
is higher. Another theory is that CSCs arise from a mutated
progenitor cell (39).

The function of CSCs has not been elucidated. It remains
unknown whether CSCs are the origin of all malignant cells
in the body, whether they are responsible for the existence of
drug-resistant cancer cells, or whether they initiate metas-
tasis (39). In general, it is hypothesized that chemotherapy
eliminates the majority, but not all cancer cells. Those that are
spared are the CSCs that reappear more aggressively after the
initial treatment (40).

CSCs may be distinguished from normal SCs by their
ability to efflux the Hoechst 33342 DNA dye (26,36,37).
The blue fluorescent Hoechst 33342 dye is a cell-permeable
bis-benzimidazole derivative that binds to the minor DNA
groove. Following excitation, the dye emission may be measured
in the blue (450 nm) and the red (675 nm) spectrum. The dye
enters viable cells and it is pumped out by the ATP-binding
cassette (ABC) transporters of the cell membrane (41,42).
CSCs are overexpressing ABCG2, an ABC protein trans-
porter capable of effluxing several hydrophobic compounds,
including the Hoechst 33342 dye and chemotherapeutic drugs,
such as topotecan and doxorubicin (43). The rapid efflux of the
chemotherapeutic agents may be the reason for the resistance
of CSCs to treatment. As a result of the rapid efflux of the dye,
a side population (SP) of weakly stained cells may be observed
by flow cytometric analysis (26). Goodell et al (44) previously
described a technique for isolating the SP: the measurement of
the emission of Hoechst fluorescence in the blue and red spec-
trum points to a small cell population (accounting for 0.1% of
all cells), which expresses stem cell markers. Thus far, SPs have
been identified in glioblastoma, lung and breast cancers (45)
and in normal tissues, including lung, liver, brain and skin, in
mouse and human models (46-49). The dye may be kept inside
the cell with the use of verapamil, an L-type calcium channel
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blocking agent. Blocking the calcium channels inhibits the
Hoechst dye efflux and the size of the cell population suspected
to be CSCs may be determined by differential analysis (36,37).
It should be considered that the dye binds to the cell DNA,
which renders it potentially mutagenic and carcinogenic and its
toxicity increases with longer exposure.

Rhodamine 123 may be used instead of the Hoechst 33342
dye, since it was shown to be non-toxic, even at higher
concentrations (50). Rhodamine 123 is a green fluorescent
cell-permeable dye that binds to the mitochondrial membranes.
Rhodamine 123 is also actively pumped out by the ABC trans-
porters. The Rhodamine 123 and Hoechst 33342 dyes were
compared and were shown to yield the same percentage of
stained cells and identical proliferative abilities in vitro and
expression of stem cell markers in vivo (51).

CSC markers. Different cell markers may be used for the identi-
fication or purification of the CSC population. Certain markers,
such as CD133*, which is used for the identification of brain
tumors and lung cancer, and CD34*, which is used for hemato-
logical malignancies, were described by Vermeulen et al (34).

CDI133 (Prominin-1) is expressed in hematopoietic stem
cells, endothelial progenitor cells, neuronal and glial stem
cells (40,52). In addition, it was previously shown to be present
in subpopulations of brain, lung, melanoma and other solid
tumor cancer cells, which led to the hypothesis that it may be
used as a CSC marker (53-55). A monoclonal antibody (MAb)
that recognizes the AC133 antigen, a glycosylation-dependent
epitope of CD133, was previously developed (56). A complemen-
tary DNA cloning and tissue distribution study demonstrated
that AC133 is an 865-amino acid (aa) single-chain polypeptide
with a molecular weight of 120 kDa (56-58). The AC133 antigen
expression was restricted to CD34* hematopoietic stem cells,
unlike AC133 mRNA, which is widespread and detected in the
brain, heart, liver and lung (57). A multiple tissue expression
array revealed the expression of human CD133 mRNA in the
kidney, trachea, pancreas and testis (59), which was consistent
with findings in mouse models (60). Of note, AC133 is not
a synonym for CD133. Investigations on the transcriptional
regulation of the human AC/33 gene revealed the presence of
9 different 5' untranslated exon regions, resulting in at least
7 alternatively spliced forms of AC133 mRNA, which are
expressed in a tissue-dependent manner (61). As the CD133
marker is detected by its glycosylated epitope, AC133 may be
considered as a better stem cell marker.

CSCs expressing CD133 were isolated from several human
brain tumors, including glioblastomas (27,40,55,62). These
cells are able to differentiate in neurons, astrocytes and oligo-
dendrocytes in vitro and may recapitulate the original tumor
phenotype in vivo, unlike their CD133" counterparts (58). It
was demonstrated that the expression of CD133 is higher in
recurrent glioblastoma tissues compared to that in primary
tumors. However, it was revealed that cells not expressing the
CD133 marker may also be tumorigenic. It was reported that
CD133 cells derived from 6 patients were proven to be tumori-
genic when inserted into mouse brains. For three of those, the
resulting tumors were CD133* (36,37).

Diagnosis. Gliomas are difficult to diagnose early, as the
presenting symptoms may be common (e.g., headache,
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seizures, confusion, memory loss and personality changes),
although problems with speech or motor function may appear
but go unnoticed (63). The diagnosis is usually confirmed
by magnetic resonance imaging (MRI) or computed tomog-
raphy and usually appear as a mass with surrounding edema.
Functional MRI may be used to determine the involvement of
speech and motor areas. For measuring the metabolite level
and distinguishing a tumor from necrotic areas or benign
lesions, proton magnetic resonance spectroscopy (MRS)
may be used (4). In vivo MRS detects metabolites, such
as N-acetylaspartate (NAA), choline (Cho), creatine (Cr),
myo-inositol, lactate and lipids, by measuring the spectra of
specific isotopes, such as 'H, *C or *'P (64). Since the metabo-
lite level varies in different parts of the brain and among age
groups, it was suggested to measure metabolite ratios, such as
Cho/Cr and NAA/Cr, rather than measuring absolute metabo-
lite concentrations (65,66). However, as these methods may
be costly, there is a need for a novel diagnostic method. For
this purpose, microRNAs (miRNAs) may be used. miRNAs
are small non-coding molecules that regulate gene expression.
It was hypothesized that extracellular miRNAs found in the
plasma or serum may be used as potential biomarkers for
cancer detection. Their key properties are that their expression
is tissue-specific, their expression levels are stable and may
be detected in the plasma, but are altered in the presence of
cancer or other disease (67-69). Wang et al (70) reported their
results on miRNA detection in plasma samples (blood-based
biomarkers) obtained from patients and healthy individuals.
The results of that study appeared promising regarding the
use of miR-21, which was upregulated, and miR-128 and
-342-3p, which were downregulated in glioma patients. These
three miRNAs may be used to discriminate between GBM
and other brain tumors.

Treatment. The treatment of GBM currently involves
surgery followed by external-beam radiation and concomi-
tant temozolomide (TMZ) chemotherapy followed by an
additional 6 cycles of TMZ administration (71). TMZ is a
small alkylating agent (MW 194.15) that kills cancer cells
by forming O°-methylguanine in DNA, which miss-pairs
with thymine (T) during the next DNA replication cycle. The
same mismatch occurs in the successive replication cycles,
eventually leading to cell death (40). In rat models, it was
demonstrated that TMZ crosses the blood brain barrier (BBB)
and achieves higher intratumoral concentrations compared to
several other cytotoxic therapies (72). Surgery may be compli-
cated, due to the infiltrative nature of the tumor, although it
may be useful as a biopsy providing tissue for diagnosis and
further research. Radiation was shown to prolong survival up
to 12 months (4,71,73); however, in 90% of the cases tumors
reoccur in the primary site. Chemotherapy is used in combi-
nation with radiation and may help prolong patient survival.
Combining an angiogenesis inhibitor (such as bevacizumab)
with a chemotherapeutic agent (irinotecan) may achieve better
results (16,74). In theory, a cytotoxic and an anti-angiogenic
agent may complement each other and be more effective in
decreasing tumor cell proliferation, inducing cancer cell death
and reducing tumor-associated inflammation (72).

The WHO grade IV glioblastoma treatment consists of
extensive surgical resection, radiotherapy and TMZ. For recur-
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rent gliomas, the treatment involves reoperation, conventional
chemotherapy, administration of bevacizumab and irinotecan,
as well as experimental procedures (4).

The options for the treatment of GBM are limited due
to the presence of the BBB, which prevents molecules
>500 Da (15) from entering the brain. The BBB is a selective
physical barrier, as the tight junctions between the adjacent
endothelial cells do not allow for the normal, paracellular
transport, but force molecules into a transcellular transport.
Small molecules, such as O,, CO, and ethanol may diffuse
freely through the membrane (75-77). The presence of specific
transport systems on the membrane surface enables nutrients
to enter the brain, but prevents potentially toxic substances
from harming the CNS. Large molecules, such as peptides
and proteins, are not able to enter the brain, unless there is a
strictly regulated receptor-mediated or adsorption-mediated
transcytosis (78). The BBB has a protective role: it mediates
the efflux of waste products, maintains the ionic concentra-
tions, which may change significantly following a meal and
cause a disruption of normal brain function, and it separates
the pools of the neurotransmitters that act centrally and
peripherally. Overall, the BBB maintains the homeostasis of
the CNS (79,80). Considering the limited penetration in the
brain, alternative drug-delivery strategies are required for the
more effective treatment of gliomas.

Determining the differences between normal SCs and
CSCs is important for further investigations as well as for
understanding the failure of current treatment. As the known
treatments do not offer a cure for glioma, the cellular and
molecular characteristics of these two types of cells require
further elucidation. Such knowledge may provide better
insight into drug function and targeting, tumor reoccurrence
and drug resistance.

Future possibilities

Immunotherapeutic approaches. Examples of experimental
procedures were described by Hickey er al (81). Two types
of immunotherapy were outlined, passive and active. Passive
immunotherapy is the adoptive transfer of ex vivo activated
cytotoxic effector cells to a patient, whereas the immuniza-
tion of patients upon activation of endogenous immune cells is
defined as active immunotherapy (81).

There have already been some attempts for active immu-
notherapeutic approaches (81). However, the outcomes of those
trials remain a subject under discussion. For better results
and understanding of the experiments, data such as previous
medical information, disease treatment, patient response,
previously administered chemotherapeutic agents and radia-
tion courses have to be generated. Overall, there have been
advances in this field, although further investigations are
required for the immunotherapeutic approaches to be estab-
lished as a safe treatment option for glioma patients.

Newly acquired knowledge regarding the pathology under-
lying glioma may help develop novel, more successful treatment
strategies. The angiogenesis hypothesis, i.e., the development
of tumor-associated blood vessels that are required for solid
tumor growth, was proposed by Folkman (82). As gliomas are
highly vascular tumors expressing vascular endothelial growth
factor (VEGF), targeting the vascular endothelium may be
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a viable therapeutic option. In gliomas, the level of VEGF
expression correlates with blood vessel density, malignancy
grade and prognosis (83). Based on the fact that solid tumors
require the generation of new blood vessels in order to develop,
new therapies are based on anti-angiogenic strategies (84,85).

Malignant gliomas are among the most highly vascular
human tumors (86). A combination of bevacizumab and irino-
tecan was shown to achieve a response rate of 57-63% among
glioma patients (87,88). Bevacizumab is a humanized immu-
noglobulin G1 MADb that affects the vascular endothelium and
was proven to be effective in metastatic colorectal, breast and
lung cancers (89,90). Irinotecan is a topoisomerase I inhibitor
with a mechanism of action different from that of alkylating
agents, such as TMZ, which forms O°-methylguanine in the
DNA helix that miss-pairs with T in the next DNA replication
cycle. Its use was shown to achieve a response rate of 0-17% in
patients in several clinical trials (91,92). Vredenburgh et al (87)
performed a phase II clinical trial of bevacizumab and irino-
tecan for patients with recurrent glioblastoma, which reported
an encouraging preliminary response rate of 43%. However,
despite the promising initial results, there were 2 treat-
ment-related deaths and the treatment was discontinued in some
of the patients due to complications. Bevacizumab is generally
known to be well-tolerated, although the main concern is its
contribution to fatigue and hemorrhage, which has not been
precisely defined (83). An advantage of this drug may be its
ability to decrease peritumoral edema. In addition, the authors
of that study observed a reduction in the steroid dose in 33% of
patients who had already received bevacizumab, which may
suggest its function as a corticosteroid-sparing agent.

The first clinical evidence for the use of bevacizumab and
irinotecan in the treatment of recurrent malignant glioma
was published by Stark-Vance (93). The results of that study
were supported by those reported by Vredenburgh ez al (87)
and Pope et al (94). It was reported that 77% of the treated
patients exhibited a partial response and 23% had stable
disease (16). It was also reported that 9.8% of the patients
experienced deep vein thrombosis, 2 patients developed
pulmonary embolism, 16.4% experienced extreme fatigue
and a further 9.8% had intracerebral hemorrhage and bone
marrow toxicity as a result of the treatment. However, there
were no reported deaths as a direct result of the chemo-
therapy. The primary goal of bevacizumab is blocking tumor
endothelial cell proliferation and normalizing the existing
vasculature (95), which achieves promising short-term
results in decreasing the tumor mass. The complications that
may arise due to the impact on cell migration have not yet
been determined.

Gene therapy. Gene therapy, i.e., the treatment of the cause rather
than the symptoms of a disease, is considered a revolution in
medicine (96). The first human gene therapy trial was performed
in 1990 on a female patient born with a defective adenosine
deaminase gene (11). That trial had a positive outcome, resulting
in the emergence of a variety of human gene treatment protocols
worldwide. Thus far, the cancer protocol is the most popular
(848 patients), followed by AIDS (372 patients) and cystic fibrosis
(152 patients) (11). Viral vectors used in gene therapy are retro-
viruses, adenoviruses and adeno-associated viruses (AAVs).
However, they all have their limitations: the cells need to be



undergoing division (retroviruses), adenoviruses may trigger
an immune response and, as regards A AVs, there is no efficient
production method. Non-viral vectors, such as DNA/liposomes,
were proven to be non-infectious and non-immunogenic and,
therefore, are safer compared to the viral vectors. For malignant
glioma, there are two approaches for gene therapy, the suicide
gene therapy, which uses the herpes simplex thymidine kinase
gene and ganciclovir, and the immune gene therapy, which uses
cytokine genes. In the suicide gene therapy, a significant reduc-
tion in the tumor size was observed (11).

The Ab-based gene therapy is still ‘under construction’.
Antibodies (Abs) have an advantage over other therapeutic
agents, as they are of small size and may target the tumor
directly. Another benefit of using Abs is their rapid clearance
from the human body, which makes them less immunogenic
and well-tolerated (85). However, solid tumors are relatively
resistant to Ab-based therapies, with only 0.001-0.01% of the
injected Ab dose incorporated per gram of solid tumor (97).

Recombinant Abs have been generated in order to improve
the outcomes of this type of therapy. The use of bispecific
Abs (bsAbs) is one of the trial approaches. bsAbs contain
two distinct binding specificities (98) and may enhance the
effector activity of lymphocytes or phagocytes by binding to
cell activation molecules with one domain, while binding to
specific surface antigens on the target molecules with the other
domain (98). However, current problems in this field are the
low retention time, which leads to the need for frequent Ab
administration, large scale production and toxicity as a result
of acute cytokine release and biodistribution (85). A somewhat
different approach is the use of bispecific diabodies, which are
recombinant constructs containing two single-chain Fv frag-
ments. They are focused on T-cell recruitment, with one Fv
module targeted to CD3 on T cells and the other targeted to a
cancer marker (99). Bispecific diabodies have two advantages
over bsAbs: first, as a result of the absence of the Fc domain,
they only activate T cells when cross-linked to the target cells
and, second, the anti-bispecific response in the host is mini-
mized due to the small size.

Nanobodies. A slightly different aspect in Ab-based gene
therapy is the use of nanobodies. Nanobodies are naturally
occurring single-domain Abs, which may be fully functional,
even in the absence of a light chain. The name originates from
the small size of their antigen-binding fragment, which is
only 15 kDa (100). Nanobodies are stable and robust and their
small size may enable their penetration into tissues which are
currently inaccessible. Their small size makes them suitable
for targeted therapy and discovery of new biomarkers, which
is also performed in our laboratory as part of the Crossborder
Cooperation Programme Italy-Slovenia 2007-2013 (GLIOMA
project). In addition, the nanobodies derived from camelids
are homologous with the human VH3 gene family and should
therefore be less immunogenic (101). However, further inves-
tigations are required to determine their affinity, stability and
pharmacokinetic properties.

In the treatment of cancer, the optimal method would be
to target the drug directly to the tumor, which may make
the treatment more effective, while significantly reducing the
side effects and damages to healthy tissues. Song et al (102)
introduced the use of small interfering RNAs (siRNAs) for
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mRNA degradation. siRNAs may be delivered to the cells
through antibody-mediated endocytosis. This method was
not proven to be particularly effective, although it has advan-
tages such as non-activation of the innate immune system and
lack of infection risk (103). Additional problems may arise
due to the fact that cancers are heterogeneous. It remains to
be investigated whether targeting is successful for all cancer
cells in the body or for just a specific group (primary cancer
and/or metastasis).

Conclusion

Brain tumors represent a wide field of investigation. Glioma
is an ‘intelligent’ tumor that manages to escape conventional
radiation and chemotherapy treatment methods, thus being
fatal to the majority of the patients. Experimental procedures,
gene/antibody therapy and current clinical trials may lead to
improvements in the outcome of these patients in the future.
Despite the extensive investigations, a cure for this disease
is currently not available. Information regarding the tumor
biology is available in the literature, although it is clearly
insufficient. A thorough and detailed understanding of the
mechanisms of metastasis, drug resistance and tumor occur-
rence is required for the treatments to be more successful and
treatment challenges, such as targeting the tumor and sparing
the normal and healthy tissue from toxic substances and,
particularly, the BBB, need to be overcome.
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