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ABREVIATURAS

HGF (des sus siglas en inglés): factor de crecimiento hepatocitico.

AA: astrocitomas anaplasicos.

GM: glioblastomas multiformes.

VEGF: factor de crecimiento del endotelio vascular.

PDGF (des sus siglas en inglés): factor de crecimiento derivado de plaquetas.

FGF (des sus siglas en inglés): factor de crecimiento de fibroblastos.



l. RESUMEN DEL TRABAJO

Introduccion

El factor de crecimiento hepatocitico (HGF, de sus siglas en inglés) es una
citosina participante en multiples funciones celulares, promoviendo Ia
proliferacion, motilidad y morfogénesis de las células epiteliales. Algunos
tumores malignos, como el carcinoma mamario, broncogénico y el mieloma
multiple, sobre-expresan HGF y su receptor. HGF también estd presente en
astrocitos normales, por lo que es importante investigar cudl es el papel de
este factor tanto en la patofisiologia de los gliomas malignos, como en otros
tumores cerebrales. En este estudio medimos la concentraciéon intratumoral
de HGF en neoplasias humanas intracraneales y la correlacionamos con el
prondstico, recurrencia tumoral, edema vasogénico, indice de proliferaciéon
celular y densidad vascular.

Métodos

La concentracidon de HGF se midié en 62 tumores intracraneales, incluyendo
16 astrocitomas anaplasicos (AA), 16 glioblastomas multiformes (GM), 11
meningiomas, 9 adenomas hipofisiarios, 7 oligodendrogliomas, 3 cordomas y
4 muestras de tejido cerebral no neopldsico. Los siguientes parametros se
correlacionaron con los valores de HGF: sobrevida y recurrencia tumoral,
indice de proliferacién tumoral, densidad vascular (determinada por un
analisis inmunohistopatoldgico) y edema peritumoral (evaluado por estudios
de resonancia magnética).



Resultados

La concentracidon de HGF (pg/mL) fue significativamente mayor en los gliomas
malignos (AA y GM) que en los adenomas, oligodendrogliomas y tejido
cerebral no neoplasico, pero fue similar a la concentracién en meningiomas.
La sobrevida media de los pacientes con AA fue de 16.5 + 3.6 meses y para
los pacientes con GM 12.3 + 1.3 meses. La concentracion de HGF fue mayor
en GM que en AA (15 844 + 2504 vs. 7499 £ 1703, p = 0.0375), lo que se
correlaciond con el indice de proliferacién celular y pobre prondstico. Asi
mismo, la concentracion tumoral media de HGF fue mayor en meningiomas
recurrentes que en aquellos sin recurrencia (22 887 + 6489 vs. 2090 + 497, p
=0.008).

Conclusiones

La concentracidon intratumoral de HGF en gliomas esta asociada con
malignidad y pobre prondstico. Un nivel elevado de HGF también fue
encontrado en meningiomas y relacionado con recurrencia a largo plazo.
Estos resultados sugieren que la medicion rutinaria de HGF podria ser
utilizada como factor predictivo dentro de la planeacién de estrategias
terapéuticas tanto en gliomas malignos como en meningiomas. El uso
potencial de inhibidores o antagonistas de HGF para el tratamiento de estas
neoplasias debe ser evaluado.



Il.  INTRODUCCION Y MARCO TEORICO

Las neoplasias intracraneales incluyen una gran diversidad de tumores con
origenes histopatoldgicos, prondsticos y tratamientos diferentes [1]. Los
gliomas malignos como el astrocitoma anapldsico (AA) y el glioblastoma
multiforme (GM), son los tumores gliales mas frecuentes: su incidencia es de
4/100 00 [2], lo que representa el 2% de todos los tumores malignos en
adultos. Los gliomas malignos tienen mal prondstico. La sobrevida media de
los pacientes con GM es de un afo y esto no se ha modificado
significativamente en las ultimas tres décadas [3]. Similarmente, la sobrevida
de los pacientes con AA es menor a tres anos [4-5]. Por lo tanto, es muy
importante entender su patofisiologia e identificar factores prondsticos.
Tanto los GM como los AA tienen indices de proliferacidon elevados y una
intensa vascularidad [6-7]. Estas condiciones estdn relacionadas con su
habilidad para producir factores de crecimiento como el del endotelio
vascular (VEGF, de sus siglas en inglés), el derivado de plaquetas (PDGF, de
sus siglas en inglés) y el de fibroblastos (FGF, de sus siglas en inglés) [8-18].

Los meningiomas representan aproximadamente el 20% de todas las
neoplasias intracraneales, con una incidencia anual cercana al 8 por 100 000
habitantes y por lo general son benignos, por lo que la cirugia es curativa. Sin
embargo, sélo el 20% de los meningiomas son reportados como resecados
completamente después de una cirugia y mas del 80% de los reportados
como parcialmente resecados, recurren en los siguientes diez afos; por lo
que es necesario que después de la segunda cirugia los pacientes reciban
radioterapia [19-20].



El factor de crecimiento hepatocitico (HGF, por sus siglas en inglés), también
llamado factor de dispersién (scatter factor), es una proteina multifuncional
con un fuerte efecto mitogénico sobre los hepatocitos. Inicialmente fue
aislado como un péptido relacionado con la regeneracién hepatocitica [21-
23] y es considerado un indicador de funcionamiento hepatico después de la
hepatectomia [24-25]. Esta proteina estd conformada por una cadena pesada
(60kD) de cuatro dominios y una cadena ligera (32kD) y se une a través de su
receptor tipo tirosin-cinasa a un producto del proto-oncogen c-Met. El HGF,
secretado por células mesenquimales, actia como un efector paracrino sobre
diferentes células epiteliales, induciendo mitogénesis y estimulando la
motilidad celular [26-29]. También es un factor angiogénico potente para las
células endoteliales in vitro e in vivo [30]. Se piensa que en higado y rifidn
podria ser un factor antiapoptético [31] y se ha demostrado su necesidad
para la embriogénesis como regulador de migracién celular y crecimiento. El
HGF también es producido por otras células, como los osteoclastos,
participando en la regulacién de la remodelacidon ésea y se ha evidenciado
que su produccién por monocitos juega un papel en la regulacion de la
hematopoyesis, estimulando el crecimiento y la diferenciacién de los
precursores eritroides [32].

Los ratones knock-out para el gen HGF presentan multiples anormalidades en
el higado, placenta y sistema nervioso, provocando muerte fetal [33]. Una
relacidon genética entre el HGF y el cancer ha sido recientemente propuesta
ya que se han identificado mutaciones en el dominio catalitico de c-Met en
pacientes con carcinoma renal [34]. La sobre-expresion de HGF ha sido
determinada en multiples lineas celulares de leucemia y linfoma [35] y en
tumores sélidos de mama [36-38], prdstata [39], cdlon, higado [40], rifidn
[41], cérvix uterino [42], endometrio [43] y vejiga [44]. Ademds, se ha
observado que el HGF promueve la adhesién y la migraciéon de las células
cancerosas, debido a la alta afinidad de las integrinas a sus ligandos, un
fendmeno relacionado con la tendencia metastasica de los carcinomas [29,
45-46].



Los astrocitos humanos normales expresan HGF y su receptor c-Met [47].
Reportes recientes sugieren que el HGF contribuye a la progresidon de
gliomas, induciendo angiogénesis y la expresidn autdcrina adicional de
factores angiogénicos como el VEGF [12, 15, 48]. La sobre-expresién de HGF y
su receptor c-Met [29] incrementa la motilidad celular y la proliferacién de
células de glioma humano in vitro [50].

El objetivo de este estudio fue relacionar el prondstico, recurrencia,
proliferacion celular y la densidad vascular de los gliomas malignos y otros
tumores intracraneales con la concentracion tumoral de HGF.
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BACKGROUND. Hepatocyte growth factor (HGF) is a cytokine that participates in
multiple cell functions; it promotes proliferation, medtility, and morphogenesis of
epithelial cells. Some malignant tumors, such as breast carcinoma, bronchogenic
carcinoma, and multiple myeloma, overexpress it and its receptor. Hepatocyte
growth factor is also present in normal astrocytes; therefore, it is important to
investigate whether HGF participates in the pathophysiclogy of malignant gliomas
and other brain tumors. Intratumoral concentration of HGF in human intracranial
neoplasms was measured and correlated with prognosis, tumor recurrence, vaso-
genic edema, cell proliferation index, and vascular density.

METHODS. Hepatocyte growth factor concentration was measured in 62 intracra-
nial tumaors, including 16 anaplasic astrocytomas (AA), 16 glioblastoma multi-
formes (GM), 11 meningiomas, 9 hypophyseal adenomas, 7 oligodendrogliomas,
and 3 cordomas, and in 4 samples of nonneoplastic brain tissue. The following
parameters were comrelated with HGF values: survival and tumor recurrence, cell
proliferation index and vascular density as determined by immunohistopathalogic
analysis, and peritumoral edema as seen by magnetic resonance imaging.
RESULTS. Hepatocyte growth factor concentration (pg/mL) was significantly higher
in malignant gliomas (AA and GM) than in adenomas, oligedendrogliomas, and
nonneoplastic brain tissue, but it was similar to that of meningiomas. Mean
survival of patients with AA was 16.5 * 3.6 months and for patients with GM 12.3
+ 1.3 months. Hepatocyte growth factor concentration was higher in GM than in
AA (15,844 = 2504 vs. 7499 = 1703, P = 0.0375) and was correlated with the cell
proliferation index and with poor prognosis. Likewise, mean tumoral concentra-
tion of HGF was higher in meningiomas that relapsed than in those without
recurrence (22,887 = 5489 vs. 2000 = 497, P = 0.008).

CONCLUSIONS. Intratumoral concentration of HGF in gliomas is associated with
malignancy and poor prognosis. High HGF is also found in meningiomas and is
related with long term recurrence. The current findings suggest that the routine
measurement of HGF may be used as a predictive factor for planning therapeutic
strategies in both malignant gliomas and meningiomas. The potential use of HGF
inhibitors or antagonists for therapy of these tumors should be explored. Cancer
2002;94:3210-8. © 2002 American Cancer Society.

DOl 10.1002/Gner. 10534

KEYWORDS: glioblastoma, astrocytoma, angiogenesis, hepatocyte growth factor,
brain tumors, meningioma.

ntracranial neoplasms include a great diversity of tumors with dif-
ferent histopathologic origins, prognoses and treatments:! Malig-
nant gliomas such as anaplastic astrocytoma (AA) and glioblastoma
multiforme (GM) are the most frequent glial tumors: their incidence
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15 4/100,000,% and they account for 2% of all malignant
tumors in adults. Malignant gliomas are still associ-
ated with poor prognosis; the mean survival time of
patients with GM is one year, and that has not
changed significantly for the last three decades.® Sim-
ilarly, the survival for patients with AA is less than
three years.*® Therefore, it 1s of paramount impor-
tance to understand their pathophysiology and to
identify prognostic factors. Both GM and AA have high
proliferation indeces and intense vascularity.® These
conditions are related to their ability to produce
growth factors such as endothelial growth factor
(VEGF), platelet derived growth factor (PDGF), and
fibroblastic growth factor (FGF).*-®

Meningiomas account for 20% of all intracranial
neoplasms, and their annual incidence is about 8 per
100,000 habitants.” They are mostly benign, and sur-
gery is the definitive treatment. However, 20% of me-
ningiomas are reported after surgery as completely
resected by surgery, and more than 80% of those that
have been partially resected, relapse within the follow-
ing 10 years. It is customary that after a second surgi-
cal resection the patient recelve radiotherapy.'® =

Hepatocyte growth factor (HGF), also called scat-
ter factor, 1s a multifunction protein with a strong
mitogenic effect on hepatocytes. It was initially iso-
lated as a peptide related to hepatic regeneration.”*
It is considered an indicator of hepatic function after
hepatectomy.®! = This protein 1s constituted by a
heavy chain (60 kD) with four domains and a light
chain (32 kD); it binds through its tirosine-kinase re-
ceptor, a product of the proto-oncogene c-Met. Hepa-
tocyte 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 anglogenic factor for
endothelial cells in vitro and in vivo.* In the liver and
kidney, it may have a role as an antiapoptotic factor.*!
It is also necessary for embriogenesis as a regulator of
cell migration and growth. Hepatocyte growth factor is
also produced by other cells, such as osteoclasts, par-
ticipating in the regulation of bone remodeling; its
production by monocytes has a role in the regulation
of hematopoyesis by stimulation of growth and differ-
entiation of erythroid precursors.®

Knock-out mice for the HGF gene have several
abnormalities in the liver, placenta, and nervous sys-
tem causing fetal death.®® A direct genetic relation
between HGF and cancer has also been recently pro-
posed when mutations in the catalytic domain of c-
Met from patients with renal carcinoma were identi-
fied.* Overexpression of HGF has been found In
varlous cells lines of leukemia and lymphoma® and
in solid tumors of the breast,*®* prostate,*® colon,

liver,* kidney,*" uterine cervix,** endometrium,* and
bladder.** Hepatocyte growth factor also promotes ad-
hesion and migration of cancer cells, due to the high
affinity of integrins to their ligands, a phenomenon
related to the metastatic tendency of carcinomas.” >
Normal human astrocytes express HGF and its
receptor c-Met.*” Recent findings suggest that HGF
contributes to glioma progression, inducing angiogen-
esis and the expression of additional anglogenic auto-
crine factors such as VEGE.'*15%® The overexpression
of HGF and its receptor c-Met*® increases cell motility
and proliferation of human glioma cells in vitro.*”
The aim of the current study was to relate the
prognosis, recurrence, cell proliferation, and vascular
density of malignant gliomas and other intracranial
tumors with the tumoral concentration of HGE.

PATIENTS AND METHODS

Experimental Design and Patients

This was a prospective study carried out at the Insti-
tuto Nacional de Neurologia y Neurocirugia de Mex-
ico. Tumoral tissue from 62 patients who underwent
surgery from March of 1995 to March of 1998 was
studied; 32 patients had malignant gliomas (16 GM
and 16 AA), 11 had meningioma, 9 had hypophyseal
adenoma, 7 had oligodendroglioma, and 3 had cor-
doma. Patients who had previously received chemo-
therapy or radiotherapy were not included. Four sam-
ples of nonneoplastic human brain obtained by
surgery for epilepsy were used as controls. Tissue was
frozen in liquid nitrogen and kept at —70 °C until HGF
determination. Patients were followed for a mean of
36 months (range, 3 to 5 years). All patients with
malignant glioma were treated under the same
scheme, surgery followed by radiotherapy and chemo-
therapy. Survival time was measured from the date of
diagnosis. Patients who had been lost to followup by
the time of analysis (March 2001) were contacted by
telephone or telegram.

Determination of HGF Concentration

All samples were defrozen, weighted, and homoge-
nized in saline solution with protease inhibitors. The
tissue concentration of HGF was determined by en-
zyme-linked immunosorbent assay Quantikine hu-
man HGF immunoassay DHGO00; R&D System, Min-
neapolis, MN) in a 50 pL. sample. Assays were made in
duplicate and reported as means.

Determination of Vascular Density and Cell

Proliferation Index

A small tissue sample was fixed with 10% formalin,
and 5 pm width slices were obtained. A hematoxylin
and eosin stain was used to make histologic diagnoses.
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Additional samples were used for immunohistochem-
istry with the avidin-biotin-peroxidase complex and
counterstained with hematoxylin; they were incu-
bated overnight at 4 °C either with rabbit anti-human
factor VIII-related antigen (PCNA; DAKO, Carpinteria,
CA) as a marker for vascular endothelial cells or with
mouse antl-proliferation cell nuclear antigen (DAKO)
as a marker for cellular synthesis phase. A pathologist
(D.R.) blind to the results of HGF determination and
clinical data counted the number of capillaries posi-
tive for factor VIII and the number of cell nuclel pos-
itive for nuclear antigen found per microscopic field at
» 40 magnification in 10 different fields.

Vasogenic Edema Index

To determine brain edema associated with the tumor
as seen by magnetic resonance imaging (MRI), we
modified the methods used in previous reports.'s-5!
Total tumor area was determined in the axial T1-
welghted image. The area of edema was determined in
the axial T2-weighted image. The maximal tumor
height and the maximal edema height were deter-
mined by coronal T1 and T2 weighted images, respec-
tively. These parameters were multiplied (tumor area
» tumor height and edema area > edema height) and
used as tumor and edema volume, respectively. The
relation between both wolumes was considered the
edema index; when it was above 1 vasogenic edema
was considered present.

Tumor Recurrence
Tumor relapse was determined by clinical and imag-
ing evidence of tumor growth after surgery.

Statistical Analysis

Hepatocyte growth factor concentration, vascular
density, nuclear cell proliferation index, mitotic index,
tumor edema index, and survival time were expressed
as means * standard error. Statistical comparisons
between HGF concentrations according to histologic
diagnoses were made by the Student ¢ test. Statistical
differences between HGF concentration and vascular
density and mitotic index and cell proliferation index
were determined by ANOVA and Turkey tests, Survival
(as a dependent variable) was analyzed with the Kol-
mogorov-Smirnov test to demostrate normal distribu-
tion. Correlations between HGF concentration and
age, gender, histologic diagnosis, survival, vascular
density, cell proliferation, and mitotic index were
made by multiple logistic regression analysis. The chi-
square test was used to assoclate the percentage of
meningiomas with or without recurrence and HGF
concentrations. Statistic significance was determined
at P < 0.05.

RESULTS

Histopathologic Diagnosis of Intracranial Tumors

From the total of 62 tumors, 25% were AA, 25% GM,
17% meningioma, 14% hypophyseal adenoma, 11%
oligodendroglioma, and 5% cordoma, plus 4 control
samples of nonneoplastic brain tissue reported as gli-
osls.

Survival of Patients with Malignant Gliomas

For patients with anaplasic astrocytoma, survival was
16.5 = 1.2 months. For patients with glioblastoma
multiforme, survival was 12.3 = 1.4 months (P = 0.09).
Patients with AA and GM showed an inverse relation
between HGF concentration and survival (r= 0.75 and
P = 0.001), either as a single group (malignant glio-
mas) or as individual groups (Table 1 and Fig. 1). All
data underwent multivariate analysis, and we found
that the association between HGF concentrations and
survival was independent of age (P = 0.979), gender (P
= 0.543), and diagnosis (P = 0.548).

Hepatocyie Growth Factor Concentration in Neoplastic
and Nonneoplastic Tissue

Hepatocyte growth factor levels were higher in GM
than in AA (15,844 = 2504 vs. 7499 = 1703 pg/mL, P
= 0.0375). Mean HGF concentration in malignant gli-
omas (AA plus GM) was 12,393 + 1645 pg/mlL, signif-
icantly higher than in hypophyseal adenomas (2088
+ 470 pg/mL, P = 0.01), oligodendrogliomas (2966
+ 464 pg/mL, P = 0.05), cordomas (3806 * 1445
pg/mlL, P < 0.05), and nonneoplastic brain tissue
(2658 = 2379 pg/mL). However, similar to malignant
gliomas, meninglomas contained high amounts of
HGF (12,486.8 + 4619 pg/mL, P = 0.157).

Histopatholagic Analysis

The mitotic index in malignant astrocytomas was 11.1
+ 1.4, vascular density was 53.4 = 11.5, and the cell
proliferation index was 170 = 41. In meningiomas, the
mitotic index was 10.9 = 3.9, vascular density was 56.8
+ 2.6, and the cell proliferation index was 33 = 7. In
patients with malignant glioma, a significant associa-
tion was found between HGF levels and the mitotic
index (r = 0.48 and P < 0.05), cell proliferation index
(r = 0.557 and P = 0.02), and tumoral edema (r
= 0.834 and P < 0.0001); vascular density was not
significant (r = 0.56 and P = 0.32) (Fig. 2).

Meningioma Relapse and HGF Concentrations

Table 2 shows the levels of HGF in five patients with
completely resected meningiomas that relapsed
within the first three years compared with five patients
without relapse. Hepatocyte growth factor concentra-
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TABLE 1
Intratumoral Concentration of HGF and Survival of Patients with
Malignant Glioma

Survival
Histology AgeiGender HGF (pg/ml) (months)
Glioblastorma multiforme
30/M 31175 3
60/F 2TA% ]
6O/F 33980 5
53IM 2TA% 10
90/M 18485 7
68/F 10261 14
M 15,281 5
56/M 2828 22
46IM 18495 18
35/M 3019 23
61/M 10,630 3
M 8128 17
62/M 5495 6
54IM 20265 10
20F 20,168 1
38/M 3210 23
Total 5117 15844 + 2504 (P
Anaplastic astrocytoma
T5/F 21387 2
TAIM 2119 4
24IM 19,195 ]
BLIF 13019 B
42M 10,642 1
MM 10,630 12
46IF 8550 M
S6/F B606 12
58/F 5623 36
5alF 4365 0
56/M 3162 27
62/M 3090 2
BO/F 3019 19
48F 2951 18
56/M 754 16
SUF 2042 a7
Total 13 7499 = 1703 17x1
Malignant glioma 52+15 12393 + 1645 [k fuad ]

HGF: hepatocyte growth factor.

tion was significantly higher in meningiomas that later
recurred (22,887 = 6489 pg/mL) than in those without
recurrence (2090 = 497 pg/mL, P = 0.008). This asso-
ciation was independent of age (P = 0.892) and gender
(P = 0.163) in a multivariate analysis. In meningiomas
with high HGF concentration (> 4000 pg/ml]) the
percentage of recwrence (chi-square = 6818, P
= 0.009), mitotic index, and cell proliferation index
were higher (P < 0.01) as compared to meningiomas
with lower HGF concentration (=< 4000 pg/mL].

DISCUSSION
Tumoral concentration of HGF in malignant gliomas
and in meningiomas 1s greatly increased in compari-
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son with other intracranial tumors and with nontu-
moral brain tissue. We found that HGF is a strong
independent prognostic marker in malignant gliomas;
it is also related to cell proliferation and to peritumoral
edema, supporting previous reports that emphasize its
importance in the pathogenesis of these tumors. In
addition, we found that HGF 1s expressed in a variable
way in meningiomas, and that its expression is related
with the cell proliferation index and with its ability to
relapse.

Hepatocyte growth factor and its receptor (c-Met)
have been detected in normal astrocytes, in human
gliomas, and in other malignant tumors.'>5%52-53 I
human cultured glioma cells, HGF and c-Met are si-
multaneously expressed, with an autocrinous effect
inducing cell proliferation and migration.®

A common cause of failure of treatment of malig-
nant gliomas is resistance to radiotherapy and chemo-
therapy; the mechanism by which the cell survives
these treatments involves the production of growth
factors that regulate DNA repair and apoptosis. In
vitro and in vivo, HGF inhibits drug-induced cytotox-
icity and apoptosis in experimental neoplasms treated
by radiation, cisplatin, and camptothencin;* this ef-
fect might decrease the therapeutic response of pa-
tients with high intratumoral levels of HGF. There is
intense infiltration by microglia in gliomas, which may
enhance malignancy by secretion of epidermoid
growth factor and by inhibition of cytotoxic lympho-
cytes;* in vitro studies have shown that HGF stimu-
lates the microglial infiltration of gliomas, favoring
their growth.*®

The direct correlation of cell proliferation (as ev-
idenced by increase of PCNA) with the presence of
HGF supports its participation in tumoral growth of
glioma, as has been shown for other tumors such as
breast carcinoma.®’

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.*®**® Such effects could be antag-
onized by tirosine kinase inhibitors. However, not all
HGF effects require phosphorylation of its receptor;
for instance, its antlapoptotic 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.*?

There are some histologic features of malignant
glioma associated with prognosis, such as the extent of
necrosis or vascular density.*” Hepatocyte growth fac-
tor is a strong inductor of anglogenesis; its effects are
synergistic with other growth factors such as VEGF
and bFGF. However, in the current study, we did not



3214 CANGER June 15, 2002 / Violume 94 / Number 12

40 -

N w
(=] o
) ]

Survival (Months)
=

&»
I

0 10000 20000

HGF (pg/mL)

1 FIGURE 1. Individual comelation be-

tween survival of patients with malig-
40000 mant glioma {anaplastic astrocytomas
and glioblastorma multiforme) and intra-
tumoral concentration of hepatocyte

30000

p=0.0001 grawth factor (HEF) ¢ < 0.01),
TABLE 2
Intratumoral Concentration of HGF in Meningiomas with and without Recurrence
Recurrence No recurrence
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find a clear relation between vascular density and HGF
concentration. This could be due to the fact that only
patients with high grade gliomas (GM and AA) were
included; in these cases, neovascularization with
spontaneous vascular occlusions are common, and
large areas of necrosis are a consequence. This possi-
bility could be better explored in low grade gliomas,
which were not included in the current study. The
progression to malignancy in gliomas could be asso-
ciated with high concentrations of various growth fac-
tors, leading to increased vascular density®® and
breakage of the hematoencephalic barrier, which
would induce cerebral edema, a complication associ-
ated with increased morbidity.

We found a direct relation between peritumoral

edema and HGF contents, independent of vascular
density. Previous studies have shown that HGF in-
creases the permeability of the hematoencephalic bar-
rier, independently of VEGF expression, possibly by
the induction of endothelial fenestrations and by the
tumoral expression of proteases such as urokinase and
extracellular matrix metaloproteins.®'

According to the current results, HGF could rep-
resent not only a prognostic factor for survival, but
also an attractive target for new therapeutic schemes
because its inhibition could produce antiangiogenic
and antiprolifferative effects, enhancing the responses
to chemotherapy and radiotherapy. An experimental
approach 1s the transference of the HGF/NK2 gene to
human glioma cells; this natural blocker of HGF ac-
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tivity decreases tumor activity and overexpression of
HGE.®2

We also found, high concentration of HGF in me-
ningiomas, at levels similar to those found in malig-
nant gliomas, but with great individual variations. Pre-
vious studies have shown a co-expression of c-Met
and HGF in 85% of meningiomas'® and, lack of rela-
tion between HGF and tumoral angilogenesis.®® As for
malignant gliomas, we found a correlation between
HGF concentration and cell proliferation markers in
meningloma, indicating that it could be used as a
predictor for recurrence, a circumstance that currently
is difficult to anticipate but is present in 15 to 20% of
patients with meningioma. Few factors can be used as
predictors for relapse; among them are VEGF concen-
tration, cellular atypia, and markers of cell prolifera-
tion.? % If corroborated in a large number of pa-
tlents, the current findings could support the use of
HGF as a predictor for relapse in order to implement
additional therapeutic measures, like the early admin-
istration of radiotherapy and/or chemotherapy in pa-
tients whose tumors had high HGF concentrations.5”

As both groups of neoplasms are easily distin-
guished from each other on histologic and clinical
grounds, the current findings could have various im-
plications for research and for practical grounds. In
the case of malignant gliomas, HGF measurement
could be used as a predictive element directly related
with the degree of malignancy and could help to de-
termine the need for aggressive therapy. In addition,
therapeutic attempts could be made to block HGF
receptors as a potential adjuvant treatment. In the
case of meninglomas, as neither histopathologic nor
clinical data are currently taken as reliable recurrence
predictors, HGF could be used as a reliable element
for predicting tumor recurrence after surgical extirpa-
ton.
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Il. CONCLUSIONES

Los gliomas malignos como los meningiomas se distinguen facilmente a partir
de sus caracteristicas clinicas e histolégicas, los datos publicados en este
estudio podrian tener varias implicaciones para investigaciones futuras y para
la prdctica clinica. En el caso de los gliomas malignos, la medida de HGF
podria ser utilizada como elemento predictivo directamente relacionado con
el grado de malignidad, ayudando a determinar la necesidad de tratamientos
mas agresivos. Ademas, se pueden desarrollar abordajes terapéuticos
dirigidos al bloqueo de los receptores de HGF. En el caso de los meningiomas,
actualmente los datos clinicos o histopatolégicos no son considerados como
predictores fiables de recurrencia, por lo que los niveles de HGF podrian ser
utilizados como un elemento fiable para la prediccion de recurrencia tumoral
después de la reseccién quirurgica.

En resumen, la concentracidn intratumoral de HGF en gliomas se asocia con
malignidad y pobre prondstico. Concentraciones elevadas de HGF también
fueron demostradas en meningiomas y se asociaron con recurrencia a largo
plazo. Estas observaciones, sugieren que la determinacién rutinaria de HGF
podria ser utilizada como factor predictivo para la planeacién de estrategias
terapéuticas tanto en gliomas malignos como en meningiomas. El uso
potencial de inhibidores o antagonistas de HGF para el tratamiento de estos
tumores debe ser evaluado.



lll. REFERENCIAS

1. DeAngelis L. Brain Tumors. New Engl J Med. 2001; 344:144-123

2. Radhakrishnan K, Mokri B, Parisi JE, et al. The trends in incidence of
primary brain tumors in the population of Rochester, Minnesota. Ann Neurol.
1995 Jan;37(1):67-73.

3. Forsyth PA, Cairncross JG. Treatment of malignant glioma in adults. Curr
Opin Neurol. 1995 Dec;8(6):414-8

4. Scott JN, Rewcastle NB, Brasher PM, et al. Which glioblastoma multiforme
patient will become a long-term survivor? A population-based study. Ann
Neurol. 1999 Aug;46(2):183-8

5. Lopez-Gonzalez MA, Sotelo J. Brain tumors in Mexico: characteristics and
prognosis of glioblastoma. Surg Neurol. 2000 Feb;53(2):157-62.

6. Plate KH, Risau W. Angiogenesis in malignant gliomas. Glia. 1995
Nov;15(3):339-47.

7. Lund EL, Spang-Thomsen M, Skovgaard-Poulsen H, Kristjansen PE. Tumor
angiogenesis--a new therapeutic target in gliomas. Acta Neurol Scand. 1998
Jan;97(1):52-62

8. Guerin C, Laterra J. Regulation of angiogenesis in malignant gliomas. EXS.
1997;79:47-64.

9. Cheng SY, Huang HJ, Nagane M, et al. Suppression of glioblastoma
angiogenicity and tumorigenicity by inhibition of endogenous expression of
vascular endothelial growth factor. Proc Natl Acad Sci U S A. 1996 Aug
6;93(16):8502-7


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Radhakrishnan%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mokri%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parisi%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8845922
http://www.ncbi.nlm.nih.gov/pubmed/10443883
http://www.ncbi.nlm.nih.gov/pubmed/10443883
http://www.ncbi.nlm.nih.gov/pubmed/10713194
http://www.ncbi.nlm.nih.gov/pubmed/10713194
http://www.ncbi.nlm.nih.gov/pubmed/8586468
http://www.ncbi.nlm.nih.gov/pubmed/9482679
http://www.ncbi.nlm.nih.gov/pubmed/9482679
http://www.ncbi.nlm.nih.gov/pubmed/9002220
http://www.ncbi.nlm.nih.gov/pubmed/8710899
http://www.ncbi.nlm.nih.gov/pubmed/8710899
http://www.ncbi.nlm.nih.gov/pubmed/8710899

10. Jensen RL. Growth factor-mediated angiogenesis in the malignant
progression of glial tumors: a review. Surg Neurol. 1998 Feb;49(2):189-95

11. Moriyama T, Kataoka H, Hamasuna R, et al. Up-regulation of vascular
endothelial growth factor induced by hepatocyte growth factor/scatter factor
stimulation in human glioma cells. Biochem Biophys Res Commun. 1998 Aug
10;249(1):73-7

12. Moriyama T, Kataoka H, Koono M, Wakisaka S. Expression of hepatocyte
growth factor/scatter factor and its receptor c-Met in brain tumors: evidence
for a role in progression of astrocytic tumors. Int J Mol Med. 1999
May;3(5):531-6

13. Moriyama T, Kataoka H, Kawano H, et al. Comparative analysis of
expression of hepatocyte growth factor and its receptor, c-met, in gliomas,
meningiomas and schwannomas in humans. Cancer Lett. 1998 Feb
27;124(2):149-55

14. Moriyama T, Kataoka H, Tsubouchi H, Koono M. Concomitant expression
of hepatocyte growth factor (HGF), HGF activator and c-met genes in human
glioma cells in vitro. FEBS Lett. 1995 Sep 18;372(1):78-82

15. Schmidt NO, Westphal M, Hagel C, et al. Levels of vascular endothelial
growth factor, hepatocyte growth factor/scatter factor and basic fibroblast
growth factor in human gliomas and their relation to angiogenesis. Int J
Cancer. 1999 Feb 19;84(1):10-8

16. Strugar JG, Criscuolo GR, Rothbart D, Harrington WN. Vascular
endothelial growth/permeability factor expression in human glioma
specimens: correlation with vasogenic brain edema and tumor-associated
cysts. J Neurosurg. 1995 Oct;83(4):682-9.

17. Van der Valk P, Lindeman J, Kamphorst W. Growth factor profiles of
human gliomas. Do non-tumour cells contribute to tumour growth in glioma?
Ann Oncol. 1997 Oct;8(10):1023-9.


http://www.ncbi.nlm.nih.gov/pubmed/9457270
http://www.ncbi.nlm.nih.gov/pubmed/9457270
http://www.ncbi.nlm.nih.gov/pubmed/9705834
http://www.ncbi.nlm.nih.gov/pubmed/9705834
http://www.ncbi.nlm.nih.gov/pubmed/9705834
http://www.ncbi.nlm.nih.gov/pubmed/9500204
http://www.ncbi.nlm.nih.gov/pubmed/9500204
http://www.ncbi.nlm.nih.gov/pubmed/9500204
http://www.ncbi.nlm.nih.gov/pubmed/9988225
http://www.ncbi.nlm.nih.gov/pubmed/9988225
http://www.ncbi.nlm.nih.gov/pubmed/9988225
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Strugar%20JG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Criscuolo%20GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rothbart%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harrington%20WN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9402177
http://www.ncbi.nlm.nih.gov/pubmed/9402177

18. Arrieta O, Guevara P, Reyes S, Ortiz A, Rembao D, Sotelo J. Protamine
inhibits angiogenesis and growth of C6 rat glioma; a synergistic effect when
combined with carmustine. Eur J Cancer. 1998 Dec;34(13):2101-6.

19. Maire JP, Caudry M, Guérin J, Célérier D, et al. Fractionated radiation
therapy in the treatment of intracranial meningiomas: local control,
functional efficacy, and tolerance in 91 patients. Int J Radiat Oncol Biol Phys.
1995 Sep 30;33(2):315-21

20. Kokubo M, Shibamoto Y, Takahashi JA, et al. Efficacy of conventional
radiotherapy for recurrent meningioma. J Neurooncol. 2000 May;48(1):51-5

21. Miwa Y, Harrison PM, Farzaneh F, et al. Plasma levels and hepatic mRNA
expression of transforming growth factor-betal in patients with fulminant
hepatic failure. J Hepatol. 1997 Nov;27(5):780-8

22. Bhargava M, Joseph A, Knesel J, Halaban R, et al. Scatter factor and
hepatocyte growth factor: activities, properties, and mechanism. Cell Growth
Differ. 1992 Jan;3(1):11-20

23. Boros P, Miller CM. Hepatocyte growth factor: a multifunctional cytokine.
Lancet. 1995 Feb 4;345(8945):293-5

24. Kimura F, Miyazaki M, Suwa T, Kakizaki S, et al. Increased levels of human
hepatocyte growth factor in serum and peritoneal fluid after partial
hepatectomy. Am J Gastroenterol. 1996 Jan;91(1):116-21

25. Takeuchi E, Nimura Y, Nagino M, et al. Human hepatocyte growth factor
in bile: an indicator of posthepatectomy liver function in patients with biliary
tract carcinoma. Hepatology. 1997 Nov;26(5):1092-9

26. Stella MC, Comoglio PM. HGF: a multifunctional growth factor controlling
cell scattering. Int J Biochem Cell Biol. 1999 Dec;31(12):1357-62

27. Neaud V, Faouzi S, Guirouilh J, Le Bail B, et al. Human hepatic
myofibroblasts increase invasiveness of hepatocellular carcinoma cells:
evidence for a role of hepatocyte growth factor. Hepatology. 1997
Dec;26(6):1458-66


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arrieta%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guevara%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reyes%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ortiz%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rembao%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sotelo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7673018
http://www.ncbi.nlm.nih.gov/pubmed/7673018
http://www.ncbi.nlm.nih.gov/pubmed/7673018
http://www.ncbi.nlm.nih.gov/pubmed/11026697
http://www.ncbi.nlm.nih.gov/pubmed/11026697
http://www.ncbi.nlm.nih.gov/pubmed/9382963
http://www.ncbi.nlm.nih.gov/pubmed/9382963
http://www.ncbi.nlm.nih.gov/pubmed/9382963
http://www.ncbi.nlm.nih.gov/pubmed/1534687
http://www.ncbi.nlm.nih.gov/pubmed/1534687
http://www.ncbi.nlm.nih.gov/pubmed/7837864
http://www.ncbi.nlm.nih.gov/pubmed/8561110
http://www.ncbi.nlm.nih.gov/pubmed/8561110
http://www.ncbi.nlm.nih.gov/pubmed/8561110
http://www.ncbi.nlm.nih.gov/pubmed/9362347
http://www.ncbi.nlm.nih.gov/pubmed/9362347
http://www.ncbi.nlm.nih.gov/pubmed/9362347
http://www.ncbi.nlm.nih.gov/pubmed/10641789
http://www.ncbi.nlm.nih.gov/pubmed/10641789
http://www.ncbi.nlm.nih.gov/pubmed/9397985
http://www.ncbi.nlm.nih.gov/pubmed/9397985
http://www.ncbi.nlm.nih.gov/pubmed/9397985

28. Grierson |, Heathcote L, Hiscott P, Hogg P, et al. Hepatocyte growth
factor/scatter factor in the eye. Prog Retin Eye Res. 2000 Nov;19(6):779-802

29. Trusolino L, Cavassa S, Angelini P, et al. HGF/scatter factor selectively
promotes cell invasion by increasing integrin avidity. FASEB J. 2000
Aug;14(11):1629-40

30. Bussolino F, Di Renzo MF, Ziche M, et al. Hepatocyte growth factor is a
potent angiogenic factor which stimulates endothelial cell motility and
growth. J Cell Biol. 1992 Nov;119(3):629-41

31. Xiao GH, Jeffers M, Bellacosa A, et al. Anti-apoptotic signaling by
hepatocyte growth factor/Met via the phosphatidylinositol 3-kinase/Akt and
mitogen-activated protein kinase pathways. Proc Natl Acad Sci U S A. 2001
Jan 2;98(1):247-52

32. Nishino T, Hisha H, Nishino N, Adachi M, lkehara S. Hepatocyte growth
factor as a hematopoietic regulator. Blood. 1995 Jun 1;85(11):3093-100

33. Takayama H, LaRochelle WJ, Sharp R, et al. Diverse tumorigenesis
associated with aberrant development in mice overexpressing hepatocyte
growth factor/scatter factor. Proc Natl Acad Sci U S A. 1997 Jan 21;94(2):701-
6

34. Giordano S, Maffe A, Williams TA, Artigiani S, et al. Different point
mutations in the met oncogene elicit distinct biological properties. FASEB J.
2000 Feb;14(2):399-406

35. Weimar IS, Voermans C, et al. Hepatocyte growth factor/scatter factor
(HGF/SF) affects proliferation and migration of myeloid leukemic cells.
Leukemia. 1998 Aug;12(8):1195-203

36. Maemura M, lino Y, Yokoe T, et al. Serum concentration of hepatocyte
growth factor in patients with metastatic breast cancer. Cancer Lett. 1998
Apr 24;126(2):215-20


http://www.ncbi.nlm.nih.gov/pubmed/11029554
http://www.ncbi.nlm.nih.gov/pubmed/11029554
http://www.ncbi.nlm.nih.gov/pubmed/10928998
http://www.ncbi.nlm.nih.gov/pubmed/10928998
http://www.ncbi.nlm.nih.gov/pubmed/1383237
http://www.ncbi.nlm.nih.gov/pubmed/1383237
http://www.ncbi.nlm.nih.gov/pubmed/1383237
http://www.ncbi.nlm.nih.gov/pubmed/11134526
http://www.ncbi.nlm.nih.gov/pubmed/11134526
http://www.ncbi.nlm.nih.gov/pubmed/11134526
http://www.ncbi.nlm.nih.gov/pubmed/7538816
http://www.ncbi.nlm.nih.gov/pubmed/7538816
http://www.ncbi.nlm.nih.gov/pubmed/9012848
http://www.ncbi.nlm.nih.gov/pubmed/9012848
http://www.ncbi.nlm.nih.gov/pubmed/9012848
http://www.ncbi.nlm.nih.gov/pubmed/10657996
http://www.ncbi.nlm.nih.gov/pubmed/10657996
http://www.ncbi.nlm.nih.gov/pubmed/9697873
http://www.ncbi.nlm.nih.gov/pubmed/9697873
http://www.ncbi.nlm.nih.gov/pubmed/9585069
http://www.ncbi.nlm.nih.gov/pubmed/9585069

37. Ghoussoub RA, Dillon DA, D'Aquila T, et al. Expression of c-met is a strong
independent prognostic factor in breast carcinoma. Cancer. 1998 Apr
15;82(8):1513-20.

38. Taniguchi T, Rigg A, Lemoine NR. Targeting angiogenesis: genetic
intervention which strikes at the weak link of tumorigenesis. Gene Ther. 1998
Aug;5(8):1011-3

39. Tsuka H, Mori H, Li B, Kanamaru H, et al. Expression of c-MET/HGF
receptor mRNA and protein in human non-malignant and malignant prostate
tissues. Int J Oncol. 1998 Nov;13(5):927-34.

40. Hu RH, Lee PH, Yu SC, Sheu JC, Lai MY. Serum hepatocyte growth factor
before and after resection for hepatocellular  carcinoma.
Hepatogastroenterology. 1999 May-Jun;46(27):1842-7

41. Horie S, Aruga S, Kawamata H, et al. Biological role of HGF/MET pathway
in renal cell carcinoma. J Urol. 1999 Mar;161(3):990-7.

42. Wong AS, Leung PC, Auersperg N. Hepatocyte growth factor promotes in
vitro scattering and morphogenesis of human cervical carcinoma cells.
Gynecol Oncol. 2000 Aug;78(2):158-65

43. Wagatsuma S, Konno R, Sato S, Yajima A. Tumor angiogenesis, hepatocyte
growth factor, and c-Met expression in endometrial carcinoma. Cancer. 1998
Feb 1;82(3):520-30.

44. Joseph A, Weiss GH, Jin L, et al. Expression of scatter factor in human
bladder carcinoma. J Natl Cancer Inst. 1995 Mar 1;87(5):372-7

45. Wells A. Tumor invasion: role of growth factor-induced cell motility. Adv
Cancer Res. 2000;78:31-101

46. Stuart KA, Riordan SM, Lidder S, et al. Hepatocyte growth factor/scatter
factor-induced intracellular signalling. Int J Exp Pathol. 2000 Feb;81(1):17-30.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ghoussoub%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dillon%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22D'Aquila%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10326022
http://www.ncbi.nlm.nih.gov/pubmed/10326022
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsuka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mori%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanamaru%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10430357
http://www.ncbi.nlm.nih.gov/pubmed/10430357
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horie%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aruga%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kawamata%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagatsuma%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Konno%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sato%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yajima%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/7853418
http://www.ncbi.nlm.nih.gov/pubmed/7853418
http://www.ncbi.nlm.nih.gov/pubmed/10547668
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stuart%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riordan%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lidder%20S%22%5BAuthor%5D

47. Yamada T, Tsubouchi H, et al. Immunohistochemistry with antibodies to
hepatocyte growth factor and its receptor protein (c-MET) in human brain
tissues. Brain Res. 1994 Feb 21;637(1-2):308-12

48. Lamszus K, Laterra J, Westphal M, et al. Scatter factor/hepatocyte growth
factor (SF/HGF) content and function in human gliomas. Int J Dev Neurosci.
1999 Aug-Oct;17(5-6):517-30

49. Laterra J, Rosen E, Nam M, et al. Scatter factor/hepatocyte growth factor
expression enhances human glioblastoma tumorigenicity and growth.
Biochem Biophys Res Commun. 1997 Jun 27;235(3):743-7

50. Koochekpour S, Jeffers M, et al. Met and hepatocyte growth
factor/scatter factor expression in human gliomas. Cancer Res. 1997 Dec
1;57(23):5391-8

51. Inamura T, Nishio S, Takeshita |, et al. Peritumoral brain edema in
meningiomas--influence of wvascular supply on its development.
Neurosurgery. 1992 Aug;31(2):179-85.

52. Nabeshima K, Shimao Y, Sato S, et al. Expression of c-Met correlates with
grade of malignancy in human astrocytic tumours: an immunohistochemical
study. Histopathology. 1997 Nov;31(5):436-43.

53. Hirose Y, Kojima M, Sagoh M, et al. Immunohistochemical examination of
c-Met protein expression in astrocytic tumors. Acta Neuropathol. 1998
Apr;95(4):345-51.

54. Bowers DC, Fan S, Walter KAet al. Scatter factor/hepatocyte growth
factor protects against cytotoxic death in human glioblastoma via
phosphatidylinositol 3-kinase- and AKT-dependent pathways. Cancer Res.
2000 Aug 1;60(15):4277-83.

55. Wood GW, Morantz RA. Depressed T lymphocyte function in brain tumor
patients: monocytes as suppressor cells. ] Neurooncol. 1983;1(2):87-94.


http://www.ncbi.nlm.nih.gov/pubmed/8180811
http://www.ncbi.nlm.nih.gov/pubmed/8180811
http://www.ncbi.nlm.nih.gov/pubmed/8180811
http://www.ncbi.nlm.nih.gov/pubmed/10571413
http://www.ncbi.nlm.nih.gov/pubmed/10571413
http://www.ncbi.nlm.nih.gov/pubmed/9207232
http://www.ncbi.nlm.nih.gov/pubmed/9207232
http://www.ncbi.nlm.nih.gov/pubmed/9393765
http://www.ncbi.nlm.nih.gov/pubmed/9393765
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishio%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takeshita%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nabeshima%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimao%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sato%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirose%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kojima%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sagoh%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bowers%20DC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Walter%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/6236289
http://www.ncbi.nlm.nih.gov/pubmed/6236289

56. Badie B, Schartner J, Klaver J, Vorpahl J. In vitro modulation of microglia
motility by glioma cells is mediated by hepatocyte growth factor/scatter
factor. Neurosurgery. 1999 May;44(5):1077-82

57. Lamszus K, Jin L, Fuchs A, et al. Scatter factor stimulates tumor growth
and tumor angiogenesis in human breast cancers in the mammary fat pads of
nude mice. Lab Invest. 1997 Mar;76(3):339-53

58. Weidner KM, Sachs M, Birchmeier W. The Met receptor tyrosine kinase
transduces motility, proliferation, and morphogenic signals of scatter
factor/hepatocyte growth factor in epithelial cells. J Cell Biol. 1993
Apr;121(1):145-54

59. Weidner KM, Di Cesare S, et al. Interaction between Gab1l and the c-Met
receptor tyrosine kinase is responsible for epithelial morphogenesis. Nature.
1996 Nov 14;384(6605):173-6.

60. Barker FG 2nd, Davis RL, Chang SM, Prados MD. Necrosis as a prognostic
factor in glioblastoma multiforme. Cancer. 1996 Mar 15;77(6):1161-6.

61. Book AA, Ranganathan S, Abounader R, Rosen E, Laterra J. Scatter
factor/hepatocyte growth factor gene transfer increases rat blood-glioma
barrier permeability. Brain Res. 1999 Jul 3;833(2):173-80.

62. Guerin C, Luddy C, Abounader R, Lal B, Laterra J. Glioma inhibition by
HGF/NK2, an antagonist of scatter factor/hepatocyte growth factor. Biochem
Biophys Res Commun. 2000 Jun 24;273(1):287-93.

63. Lamszus K, Lengler U, et al. Vascular endothelial growth factor,
hepatocyte growth factor/scatter factor, basic fibroblast growth factor, and
placenta growth factor in human meningiomas and their relation to
angiogenesis and malignancy. Neurosurgery. 2000 Apr;46(4):938-47

64. Yamasaki F, Yoshioka H, Hama S, Sugiyama K, Arita K, Kurisu K.
Recurrence of meningiomas. Cancer. 2000 Sep 1;89(5):1102-10.


http://www.ncbi.nlm.nih.gov/pubmed/10232541
http://www.ncbi.nlm.nih.gov/pubmed/10232541
http://www.ncbi.nlm.nih.gov/pubmed/10232541
http://www.ncbi.nlm.nih.gov/pubmed/9121117
http://www.ncbi.nlm.nih.gov/pubmed/9121117
http://www.ncbi.nlm.nih.gov/pubmed/9121117
http://www.ncbi.nlm.nih.gov/pubmed/8384622
http://www.ncbi.nlm.nih.gov/pubmed/8384622
http://www.ncbi.nlm.nih.gov/pubmed/8384622
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weidner%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Di%20Cesare%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barker%20FG%202nd%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Davis%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chang%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prados%20MD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Book%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ranganathan%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abounader%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rosen%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laterra%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guerin%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luddy%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abounader%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lal%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laterra%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10764269
http://www.ncbi.nlm.nih.gov/pubmed/10764269
http://www.ncbi.nlm.nih.gov/pubmed/10764269
http://www.ncbi.nlm.nih.gov/pubmed/10764269
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamasaki%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshioka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hama%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sugiyama%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kurisu%20K%22%5BAuthor%5D

65. Sandberg DI, Edgar MA, Resch L, Rutka JT, Becker LE, Souweidane MM.
MIB-1 staining index of pediatric meningiomas. Neurosurgery. 2001
Mar;48(3):590-5; discussion 595-7.

66. Cerda-Nicolas M, Lépez-Gines C, et al. Histopathological and cytogenetic
findings in benign, atypical and anaplastic human meningiomas: a study of 60
tumors. J Neurooncol. 2000 Apr;47(2):99-108

67. Hug EB, Devries A, Thornton AF, et al. Management of atypical and
malignant meningiomas: role of high-dose, 3D-conformal radiation therapy. J
Neurooncol. 2000 Jun;48(2):151-60.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sandberg%20DI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Edgar%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Resch%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutka%20JT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Becker%20LE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Souweidane%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10982150
http://www.ncbi.nlm.nih.gov/pubmed/10982150
http://www.ncbi.nlm.nih.gov/pubmed/10982150
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hug%20EB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devries%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thornton%20AF%22%5BAuthor%5D

	Portada

	Índice

	Texto


