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1. Introduction

Malignant gliomas - the most frequent glial tumor of Central Nervous System (CNS)
anaplasic astrocytoma and glioblastoma multiforme, are regarded by the World Health
Organization as the form of cancer with the worst prognosis in humans. Its biological
behavior and severity are associated with increased concentrations of various growth
factors, like fibroblastic growth factor (FGF), vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF) and hepatocyte growth factor (HGF).

Hepatocyte growth factor (HGF) is a pleomorphic protein with several properties. It was
described in 1996 as a protein related to cell proliferation and motility in the rat liver. It has
also been associated with morphogenesis of the central nervous system in mammals. HGF
has been associated with proliferation of several cell lines, for example carcinoma of colon,
stomach, gallbladder, pancreas, and breast. In human gliomas high intratumoral
concentrations of HGF and its receptor c-met are associated with poor prognosis; it has also
been associated with long-time recurrence of meningioma. In vitro, transfer of the HGF gene
increases tumorigenicity, growth, and angiogenesis; interestingly, inhibition of this gene
reduces growth rate and malignancy in experimentally induced-glioma in rats.

Human studies have shown that HGF contents in blood (Wen et al. 2011) are closely related
with malignancy of glioma; low-grade glioma shows a lower intratumoral concentration of
HGEF than high-grade glioma.

Recently, we have found HGF directly related in human gliomas to increased angiogenesis,
cellular proliferation, resistance to apoptosis induced by gamma radiation, and invasion of
healthy tissue along white matter tracts. All of these features are characteristic of
malignancy.

In the clinical setting, high HGF levels in cerebrospinal fluid predict mortality and a short
disease-free time in patients with malignant glioma, and helps to explain the great variance
observed on survival of patients with malignant glioma, suggesting that HGF inhibition
strategies could be a useful means of improving survival and disease-free time among
glioma patients.
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38 Glioma — Exploring Its Biology and Practical Relevance

Thus, experimental and clinical findings suggest that HGF is a good target for therapeutic
strategies with pharmacogenomic methods and could be useful as a biological marker for
monitoring malignant gliomas activity.

2. Malignant glioma

Intracranial neoplasms include a great diversity of tumors with different histopathologic
origins, prognoses and treatments: Malignant gliomas such as anaplasic astrocytoma (AA)
and glioblastoma multiforme (GM) are the most frequent glial tumors: their incidence is
4/100,000, and they account for 2% of all malignant tumors in adults. Malignant gliomas are
associated with poor prognosis; the mean survival time of patients with GM is one year, this
gloomy picture has not changed significantly for the last three decades. Similarly, the
survival for patients with AA is minor than three years. Therefore, it is of paramount
importance to understand the pathophysiology of malignant glial tumors and identify
prognostic factors. Both GM and AA have high proliferation and intense vascularity,
features closely related with malignant cell growth.

Malignant conditions are related to ability of malignant cells to produce growth factors such
as vascular endothelial growth factor (VEGF), platelet derived growth factor (PDGF), and
fibroblastic growth factor (FGF) (Arrieta et al., 2002).

Due to their invasive nature, glioblastomas cannot be resected completely by surgery and,
despite the progress of neurosurgical techniques and radio/chemotherapy, less than a half
of patients survive more than a year, aged subjects have the most significant adverse
prognostic factor.

Glioblastoma is the most frequent malignant tumor of the brain, it account for
approximately 12-15% of all intracranial neoplasms and 60-75% of astrocytic tumors (Lantos
et al., 2002; Lois et al., 2007). In most European and North American countries, the yearly
incidence is in the range of 3-4 new cases per 100 000 population (Lois et al., 2007).

2.1 Prognostic factors

Despite progress in surgery, radiotherapy and chemotherapy of brain tumors, the overall
survival of patients with glioblastoma remains dismal. Population-based studies from
Switzerland and Canada have shown that less than 20% of patients survive more than one
year after diagnosis and less than 3% lived longer than 3 years (Lantos et al., 2002; Ohgaki et
al., 2007). Clinical trials show a slightly better prognosis, with median survival rates of
approximately 12 month; however, they have strong bias toward the recruitment of younger
patients and those with higher preoperative Karnofsky performance scores, both are strong
predictors of a more favorable clinical outcome.

Virtually all therapy trials have shown that younger glioblastoma patients (<50 years at
diagnosis) have a significantly better prognosis (Lois et al., 2007). In a large population-
based study, age was the most significant prognostic factor; persisting through all age
groups in a linear manner (Ohgaki et al., 2007). Patients with secondary glioblastoma
survived significantly longer than those with primary glioblastoma, but this is likely due to
their age rather than a reflection of a different biological behavior.

The prognostic value of TP53 mutations in glioblastomas is controversial, it either shows no
association or the presence of TP53 mutations was a favorable prognostic factor. In a large
population-based study, the presence of TP53 mutations was predictive of longer survival
but this was not significant when adjusted for younger age.
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There is no consistent correlation of epidermal growth factor receptor (EGFR) amplification
with survival largely irrespective of the age at first clinical manifestation. LOH 10 (Lois et
al., 2007) is the most frequent genetic alteration in glioblastoma and is associated with
reduced survival. The presence of PTEN mutations is not associated with prognosis of
glioblastoma patients (Lois et al., 2007).

Since the initial histological description of astrocytic neoplasms, several efforts have been
made to identify biomarkers that could predict the biological behavior of the tumor.
However, to date only few peptides been identified substances that show a weak association
with prognosis.

3. Biological markers of glioblastoma activity

The following paragraphs describe some substances that have been reported as candidates
for surveillances of tumor activity by measuring their contents in serum.

A molecular event determining the development of malignancy is the activation of b-
catenin, a protein necessary for the alignment and maintenance of epithelial cells by
regulating cell growth and cell adhesion. The coexpression of a-catenin reduces the cellular
growth and migration induced by EGF on human glioma cells (Ji et al., 2010).

A secreted protein of unknown function, YKL-40 (chitinase-3-like-1), is overexpressed in
glioblastoma [4], its presence is associated with LOH 10q (Lois et al., 2007), poorer radiation
response, shorter time to tumor progression and reduced overall survival (Ohgaki et al.,
2004). It is typically coexpressed with matrix metalloproteinase-9 (MMP-9), and its detection
in serum has been used to monitor patients with recurrent tumor growth (Pelloski et al.,
2005). One report showed that increased expression of GD3 synthase mRNA, in combination
with decreased GalNACT, correlate with an increased survival of patients with glioblastoma
(Hormingo et al. 2006).

3.1 Growth factors
The expression of growth factors and their receptors are associated with glioma malignancy.
Thus, their potential therapeutic importance has been demonstrated using specific inhibitors
of growth factors in experimental and clinical studies. However, recent results have shown
that glioma cells are resistant to this treatment and illustrate the therapeutic difficulties in
malignant gliomas.

3.2 Vascular endothelial growth factor

Vascular endothelial growth factor (VEGF) is a signal protein that stimulates vasculogenesis
and angiogenesis; VEGF's normal function is to induce growth of vessels during early
developmental stages, after injury, at muscle following exercise, and to generate new vessels
to bypass blocked arteries. When VEGF is overexpressed, it can contribute to malignant
glioma progression. Cancers that express VEGF grow and metastasize, VEGF belongs to
platelet-derived growth factor family. They are involved in both, vasculogenesis, the novo,
and angiogenesis (Mentlein et al., 2004; Reux et al., 2006).

Within the major growth factors related to angiogenesis, VEGF is one of the most important.
In several tumors, VEGF plays a pivotal role for vascularization necessary to supply the
malignant tissue with oxygen and nutrients. Human glioma cells are characterized by high
production of VEGF, however, functional and autocrine growth stimulatory effects on
glioma cells are minor (Reux et al., 2006).
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In recurrent GBM trials with temozolomide shown a poor therapeutic response where as
VEGEF inhibitors as bevacizumab, improve the response rate by 25% to 74%, and the period-
free of symptoms increases by 32% to 64%, which is superior to the rate reported for
temozolomide alone (Pope et al., 2006; Guiu et al., 2008; Narayana et al., 2009; Nghiemphu
et al., 2009; Poulsen et al., 2009; Zuniga et al., 2009). The main effect of VEGF inhibitors is
centered on rapid reduction in peritumoral edema, improving corticosteroid use. These
studies also indicated that bevacizumab treatment is well tolerated and the risk of
intratumoral hemorrhage is low. Toxicity related to bevacizumab therapy in patients with
malignant glioma includes hypertension, proteinuria, fatigue, thromboembolic events, and
wound-healing delay.

3.2.1 Epidermal growth factor

Epidermal growth factor (EGF), is a prototype member of the EGF-family of peptides which
have highly similar structural and functional characteristics. Other peptides include:
Transforming Growth Factor-o (TGF-a), amphiregulin, epiregulin, and neuregulin 1-4, all of
them related to tyrosine kinase activity which initiates a signal transduction cascade that
result in several changes: rise in intracellular calcium contents, increased glycolysis, protein
synthesis, DNA synthesis and cell proliferation (Fallon et al., 1984).

EGF is overexpressed in various cancers; malignant glioma, breast, pancreas and liver
carcinoma, indicating its main role in malignant cell transformation, tumor occurrence and
growth by promoting cell division (Xian et al.,, 2001). Recent reports show that +61G
polymorphism of EGF gene increase the risk for glioma development in European subjects
but are a protective factor in Chinese subjects (Tan et al., 2010).

The Epidermal growth factor receptor (EGFR) gene is amplified and overexpressed in
approximately 40% of patients with primary GBMs. Increased EGFR signaling drives tumor
cell proliferation, invasiveness, motility, angiogenesis, and inhibition of apoptosis. Attempts
to identify biomarkers to help predict response to EGFR inhibitors have yielded conflicting
results. Currently, there is no convincing evidence of a correlation between EGFR expression
in tumoral tissue and prognosis (Van Meir et al., 2010).

3.2.2 Hepatocyte growth factor

Hepatocyte growth factor (HGF), also called scatter factor, is a multifunction protein with
strong mitogenic effect on hepatocytes. It was initially isolated as a peptide related to
hepatic regeneration. It is considered a reliable indicator of hepatic function alter
hepatectomy. This protein is constituted by a heavy chain (60 kD) with four domains and a
Light chain (32 kD); it binds through its tirosine-kinase receptor, a product of the proto-
oncogene c-Met. Hepatocyte growth factor, secreted by mesenchymal cells, acts as a
paracrine effector on different epithelial cells inducing mitogenesis and stimulating cellular
motility. It is also a powerful angiogenic factor for endothelial cells in vitro and in vivo. In
the liver and kidney, it may have a role as antiapoptotic (Xiao et al., 2001). It is also
necessary for embriogenesis as regulator of cell migration and growth. Hepatocyte growth
factor is also produced by other cells, such as osteoclasts, participating in the regulation of
bone remodeling; its production by monocytes has a role in the regulation of hematopoyesis
by stimulation of growth and differentiation of erythroid precursors (Arrieta et al., 2002).
Knockout mice for the HGF gene develop severe abnormalities in the liver, placenta, and
nervous system causing fetal death. A direct genetic relation between HGF and cancer has
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also been recently proposed due to mutations in the catalytic domain of c-Met from patients
with renal carcinoma. Overexpression of HGF is present in various cells lines of leukemia
and lymphoma and in solid tumors of the breast, prostate, colon, liver, kidney, uterine
cervix, endometrium, and bladder (Arrieta et al., 2002). Hepatocyte growth factor also
promotes adhesion and migration of cancer cells, due to the high affinity of integrins to their
ligands, a phenomenon related to the metastatic tendency of carcinomas (Trussolino et al.,
2000; Arrieta et al., 2002).

Normal human astrocytes express HGF and its receptor c-Met (Yamada et al, 1994). Met is a
proto-oncogene that when mutated can transform a variety of cell types; the Met receptor is
a heterodimer consisting of an extracellular alpha chain and a trans-membrane beta chain,
which is a tyrosine kinase, it is widely expressed by epithelial and endothelial cells as well
as melanocytes, chondrocytes, skeletal muscle, hematopoietic, lymphoid, and neural cells.
The activation of Met by HGF binding is linked to cell growth and survival, including the
avoidance of anoikis which is apoptosis induced by insufficient association with cell-matrix,
through activation of both the PI3-kinase/PDK/ Akt and the Ras/Raf/ MEK/ERK pathways
and to cell mobility and cytoskeletal organization via activation of the Rho-GTPases, Rho,
Rac and CDC (Arrieta et al., 2002).

Activation of Met tyrosine kinase also activates phospholipase C, resulting in the elevation
of intracellular calcium and activation of conventional and novel protein kinase C pathways.
HGF and Met have been associated with progression, invasiveness and metastasis in a
number of neoplasms. Met is expressed in a wide variety of carcinomas, musculoskeletal
tumors, soft tissue sarcomas, glioblastoma, astrosarcoma, and several hematopoietic
malignancies. HGF Met signaling is a major potential target for the development of cancer
therapeutics.

3.2.2.1 Hepatocyte growth factor and malignant gliomas

As HGEF, its receptor c-met has been implicated in the genesis, malignant progression, and
chemo/radioresistance of multiple human malignancies, including gliomas (Peruzzi et al,
2006; Carapancea et al, 2009; Hadjipanayis et al, 2009a, 2009b). Experimental studies using
transient expression of anti-SF/HGF and anti-c-met UlsnRNA/ribozymes suppress
SF/HGF and c-met expression, c-met receptor activation, tumor cell migration, and
anchorage-independent colony formation in vitro. The delivery of UlsnRNA /ribozymes to
established subcutaneous glioma xenografts via liposome-DNA complexes significantly
inhibited tumor growth as well as tumor SF/HGF and c-met expression levels. Histological
analysis of tumors treated showed a significant decrease in blood vessel density, increase in
activation of the pro-apoptotic enzyme caspase-3, and increase in tumor cell apoptosis.
Treatment of animals bearing intracranial glioma xenografts with anti-SF/HGF and anti-c-
met UlsnRNA/ribozymes substantially inhibited tumor growth and promoted animal
survival (Abounander et al, 1999, 2002; Kim et al, 2006).

The use of monoclonal antibodies against the NK23 and NK422 domains of the HGF reduce
tumor growth and mitotic rate (Bhargava et al., 1992; Boros et al., 1995; Kimura et al., 1995;
Miwa et al., 1997; Neaud et al., 1997; Takeuchi et al 1997; Stella et al., 1999; Grierson et al.,
2000; Cao et al, 2001; Brockmann et al, 2003; Burgess et al, 2006); Also, viral transgenes
against HGF-RNA reduce invasion of white matter tracts, improving response to
radiotherapy (Lal et al, 2005; Chu et al, 2006).

The therapeutic efficacy of SGX523 has recently been proven in human brain tumors. It
seems that SGX523 inhibits c-Met, AKT and MAPK phosphorylation, cell proliferation, cell
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cycle progression, migration and invasion in different human glioblastoma cell lines,
glioblastoma primary cells, glioblastoma stem cells and medulloblastoma cell lines.
Importantly, oral administration of SGX523 to mice bearing intracranial human glioma
xenografts led to inhibition of tumor growth in vivo. This experimental data suggests that c-
Met kinase inhibition is a feasible and promising approach for brain tumor therapy
(Guessous et al., 2010).

4. HGF and gliomas on clinical setting

Hepatocyte growth factor and its receptor (c-Met) have been detected in normal astrocytes
as well as in human gliomas, and other malignant tumors (Koochekpour et al., 1995;
Nabeshima et al., 1997; Hirose et al., 1998). In human cultured glioma cells, HGF and c-Met
are simultaneously expressed, with an autocrinous effect inducing cell proliferation and
migration.

Recent findings suggest that HGF contributes to glioma progression, inducing angiogenesis
and expression of additional angiogenic autocrine factors such as VEGF (Laterra et al., 1997;
Lamszus et al., 1999; Moriyama et al., 1999; Schmidt et al., 1999). The overexpression of HGF
and its receptor c-Met increases cell motility and proliferation of human glioma cells in vitro
(Koochekpour et al., 1995).

Intratumoral concentration of HGF in malignant gliomas is greatly increased in comparison
with other intracranial tumors and nontumoral brain tissue (Arrieta et al., 2002); it is also
related to cell proliferation and peritumoral edema, showing its participation in the
pathogenesis of these tumors.

A common cause of failure of treatment of malignant gliomas is resistance to radiotherapy
and chemotherapy; the mechanism by which the cell survives to therapeutic attempts
involves the production of growth factors that regulate DNA repair and apoptosis. In vitro
and in vivo, HGF inhibits drug-induced cytotoxicity and apoptosis in experimental
neoplasms treated by radiation, cisplatin, and camptothencin (Bowers et al., 2000); this effect
might decrease the therapeutic response of patients with high intratumoral contents of HGF.
There is intense infiltration by microglia in gliomas, which may enhance malignancy by
secretion of epidermal growth factor and by inhibition of cytotoxic lymphocytes (Wood et
al., 1983); in vitro HGF stimulates the microglial infiltration of gliomas, favoring their
growth (Badie et al., 1999).

The direct correlation of cell proliferation with the presence of HGF supports its
participation in the promotion of tumoral growth of glioma, as has been shown for other
tumors such as breast carcinoma (Lamszus et al., 1997).

The mechanism by which HGF stimulates cell proliferation seems to be related to the
tirosine kinase activity of its receptor, which involves Ras and mitosis activation proteins
(Arrieta et al., 2002). Such effects can be antagonized by tirosine kinase inhibitors. However,
not all HGF effects require phosphorylation of its receptor; for instance, its antiapoptotic
effect is independent, suggesting that it could also participate in the genesis of the tumor.
The insertion of the HGF gene in human glioma cells increases proliferation of independent
colonies in vitro and tumorigenesis in vivo (Laterra et al., 1997).

There are some histological features of malignant glioma associated with prognosis, such as
the extent of necrosis or vascular density (Barker et al., 1996). Hepatocyte growth factor is a
strong inductor of angiogenesis; its effects are synergistic with other growth factors such as
VEGF and bFGF. Intratumoral concentration of HGF shows a direct relation with
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peritumoral edema, independent of vascular density. Previous studies have shown that
HGF increases the permeability of the hematoencephalic barrier, independently of VEGF
expression, possibly by the induction of endothelial fenestrations and by the tumoral
expression of proteases such as urokinase and extracellular matrix metalloproteinases (Book
et al., 1999).

A paracrine loop for HGF effects related with migration of tumor cells along white matter
has been described. The increase of HGF in CSF observed may therefore reflect either the
transport of HGF from brain parenchyma to the ventricular system or the diffusion of HGF
along the subarachnoid space (Garcia-Navarrete et al., 2010).

HGF concentration is closely related with malignancy of glioma; low-grade glioma shows a
lower intratumoral concentration of HGF than high-grade glioma. CSF concentrations of
HGF greater than 850 pg/ml prior to surgery was predictive of a shorter disease-free time
among malignant glioma patients than was observed for patients with a lower concentration
(6 £ 0.6 months (95% [CI], 5-7) vs. 9 + 0.5 months (95% [Cl], 8-10), respectively, p< 0.001),
besides total-gross resection surgery (Garcia-Navarrete et al., 2010). CSF concentration of
HGF shows a negative correlation with survival of patients with malignant glioma and
explains with high certainty the variance for survival. This suggests that HGF could be a
good target candidate for molecular therapy such as RNA interference, by silencing the
specific gene for HGF.

Although HGF seems a good target for therapeutic attempts, a phase II study reported the
use of a monoclonal antibody against HGF (AMD 102). This study was conducted in
patients with histopathologically confirmed diagnosis of GBM, gliosarcoma and history of
more than 3 relapses; increases up to 10 times the basal levels of HGF in patients during
treatment with AMD did not induce changes in survival time or clinical status as compared
with controls (Wen et al., 2011)

5.Conclusions

To date, there is no biological marker that can accurately discern the activity of malignant
gliomas. The scientific evidence obtained from experimental studies suggests that
Hepatocyte Growth Factor plays a crucial role in the pathophysiology of high-grade
gliomas. Findings from clinical studies suggest that HGF may be considered a
distinguishing marker of biological activity of malignant gliomas, as it has been consistently
demonstrated that the intratumoral, cerebrospinal fluid and serum concentrations are
directly associated with prognosis and survival. The results of clinical trials aimed to
evaluate the role of inhibitors of HGF or its receptor c-Met have shown disappointing
therapeutic results. However, scientific advances in molecular biology could improve the
response to treatment with specific inhibitors of HGF metabolism through ingenious
genomic manipulations in patients with malignant gliomas.
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