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BACKGROUND. Hepatocyte growth factor (HGF) is a cytokine that participates in

multiple cell functions; it promotes proliferation, motility, 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 pathophysiology 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 tumors, 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 correlated with HGF values: survival and tumor recurrence, cell

proliferation index and vascular density as determined by immunohistopathologic

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, oligodendrogliomas, 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 � 6489 vs. 2090 � 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
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Intracranial neoplasms include a great diversity of tumors with dif-
ferent histopathologic origins, prognoses and treatments:1 Malig-

nant gliomas such as anaplastic astrocytoma (AA) and glioblastoma
multiforme (GM) are the most frequent glial tumors: their incidence
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is 4/100,000,2 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.3 Sim-
ilarly, the survival for patients with AA is less than
three years.4 –5 Therefore, it is of paramount impor-
tance to understand their pathophysiology and to
identify prognostic factors. Both GM and AA have high
proliferation indeces and intense vascularity.6 –7 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).8 –18

Meningiomas account for 20% of all intracranial
neoplasms, and their annual incidence is about 8 per
100,000 habitants.2 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 receive radiotherapy.19 –20

Hepatocyte growth factor (HGF), also called scat-
ter factor, is a multifunction protein with a strong
mitogenic effect on hepatocytes. It was initially iso-
lated as a peptide related to hepatic regeneration.21–23

It is considered an indicator of hepatic function after
hepatectomy.24 –25 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 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.26 –29 It is also a powerful angiogenic factor for
endothelial cells in vitro and in vivo.30 In the liver and
kidney, it may have a role as an antiapoptotic factor.31

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.32

Knock-out mice for the HGF gene have several
abnormalities in the liver, placenta, and nervous sys-
tem causing fetal death.33 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.34 Overexpression of HGF has been found in
various cells lines of leukemia and lymphoma35 and
in solid tumors of the breast,36 –38 prostate,39 colon,

liver,40 kidney,41 uterine cervix,42 endometrium,43 and
bladder.44 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.29,45–46

Normal human astrocytes express HGF and its
receptor c-Met.47 Recent findings suggest that HGF
contributes to glioma progression, inducing angiogen-
esis and the expression of additional angiogenic auto-
crine factors such as VEGF.12,15,48 The overexpression
of HGF and its receptor c-Met49 increases cell motility
and proliferation of human glioma cells in vitro.50

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 HGF.

PATIENTS AND METHODS
Experimental Design and Patients
This was a prospective study carried out at the Insti-
tuto Nacional de Neurologı́a y Neurocirugı́a 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 DHG00; R&D System, Min-
neapolis, MN) in a 50 �L 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 �m 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 anti-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 nuclei 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.16,51

Total tumor area was determined in the axial T1-
weighted 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 volumes 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 t 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 associate 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-
osis.

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).

Hepatocyte 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/mL, 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/mL, P � 0.05), and nonneoplastic brain tissue
(2658 � 2379 pg/mL). However, similar to malignant
gliomas, meningiomas contained high amounts of
HGF (12,486.8 � 4619 pg/mL, P � 0.157).

Histopathologic 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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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 recurrence (chi–square � 6.818, 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 is greatly increased in compari-

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 is 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.12,50,52–53 In
human cultured glioma cells, HGF and c-Met are si-
multaneously expressed, with an autocrinous effect
inducing cell proliferation and migration.50

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;54 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;55 in vitro studies have shown that HGF stimu-
lates the microglial infiltration of gliomas, favoring
their growth.56

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.57

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.58 –59 Such effects could be antag-
onized 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.49

There are some histologic features of malignant
glioma associated with prognosis, such as the extent of
necrosis or vascular density.60 Hepatocyte growth fac-
tor is a strong inductor of angiogenesis; its effects are
synergistic with other growth factors such as VEGF
and bFGF. However, in the current study, we did not

TABLE 1
Intratumoral Concentration of HGF and Survival of Patients with
Malignant Glioma

Histology Age/Gender HGF (pg/mL)
Survival
(months)

Glioblastoma multiforme
30/M 31,175 3
60/F 27,490 9
60/F 33,980 5
53/M 27,490 10
90/M 18,485 7
68/F 10,261 14
53/M 15,281 5
56/M 2828 22
46/M 18,495 18
35/M 3019 23
61/M 10,630 3
31/M 8128 17
62/M 5495 26
54/M 20,265 10
20/F 20,168 1
38/M 3210 23

Total 51 � 17 15,844 � 2504 12 � 1
Anaplastic astrocytoma

75/F 22,387 2
74/M 22,119 4
24/M 19,195 6
61/F 13,019 8
42/M 10,642 11
34/M 10,630 12
46/F 8550 24
56/F 6606 12
58/F 5623 36
55/F 4365 20
56/M 3162 27
62/M 3090 22
60/F 3019 19
48/F 2951 18
56/M 2754 16
51/F 2042 27

Total 53 � 13 7499 � 1703 17 � 1
Malignant glioma 52 � 15 12,393 � 1645 13 � 1

HGF: hepatocyte growth factor.
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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 density48 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.61

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 is the transference of the HGF/NK2 gene to
human glioma cells; this natural blocker of HGF ac-

FIGURE 1. Individual correlation be-

tween survival of patients with malig-

nant glioma (anaplastic astrocytomas

and glioblastoma multiforme) and intra-

tumoral concentration of hepatocyte

growth factor (HGF) (P � 0.01).

TABLE 2
Intratumoral Concentration of HGF in Meningiomas with and without Recurrence

Meningioma

Recurrence No recurrence

Age/Gender HGF (pg/mL) Age/Gender HGF (pg/mL)

50/F 40,365 66/M 1564
60/F 15,840 62/F 812
58/M 4365 65/F 1445
42/M 19,887 29/F 2630
38/F 33,980 55/F 3981

Total 50 � 9 22,887 � 6489 Total 55 � 15 2090 � 497

HGF: hepatocyte growth factor.
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FIGURE 2. Individual correlations between intratumoral concentration of hepatocyte growth factor (HGF) and A) mitotic index, B) cell proliferation index, C)

vasogenic edema index, and D) vascular density index.
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tivity decreases tumor activity and overexpression of
HGF.62

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 meningiomas13 and, lack of rela-
tion between HGF and tumoral angiogenesis.63 As for
malignant gliomas, we found a correlation between
HGF concentration and cell proliferation markers in
meningioma, 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.64 – 66 If corroborated in a large number of pa-
tients, 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.67

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 meningiomas, 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-
tion.
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