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with the malignancy of human gliomas (3). Purified
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Strategies that antagonize growth factor signaling
re attractive candidates for the biological therapy of
rain tumors. HGF/NK2 is a secreted truncated splic-
ng variant and potential antagonist of scatter factor/
epatocyte growth factor (SF/HGF), a multifunctional
ytokine involved in the malignant progression of
olid tumors including glioblastoma. U87 human ma-
ignant glioma cells that express an autocrine SF/HGF
timulatory loop were transfected with the human
GF/NK2 cDNA and clonal cell lines that secrete high

evels of HGF/NK2 protein (U87-NK2) were isolated.
he effects of HGF/NK2 gene transfer on the U87 ma-

ignant phenotype were examined. HGF/NK2 gene
ransfer had no effect on 2-dimensional anchorage-
ependent cell growth. In contrast, U87-NK2 cell lines
ere ;20-fold less clonogenic in soft agar and ;4-fold

ess migratory than control-transfected cell lines. In-
racranial tumor xenografts derived from U87-NK2
ells grew much slower than controls. U87-NK2 tumors
ere ;50-fold smaller than controls at 21 days post-

mplantation and HGF/NK2 gene transfer resulted in a
rend toward diminished tumorigenicity. This report
hows that the predominant effect of transgenic HGF/
K2 overexpression by glioma cells that are autocrine

or SF/HGF stimulation is to inhibit their malignant
henotype. © 2000 Academic Press

Key Words: SF/HGF; c-met; gene therapy; invasion;
ngiogenesis; malignancy.

Scatter factor/hepatocyte growth factor (SF/HGF) is
multifunctional morphogen, motogen, and growth

actor expression of which increases with tumor grade
nd correlates with tumor-associated angiogenesis in
uman glioma specimens (1, 2). Expression of the SF/
GF receptor c-met has also been found to correlate

1 To whom correspondence should be addressed at Kennedy
rieger Research Institute, 707 N. Broadway, Baltimore, MD 21205.
ax: (410) 502-8093. E-mail: laterra@kennedykrieger.org.
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F/HGF increases the proliferation and migration of a
ariety of cell types, including glioma and endothelial
ells. Experimental intracerebral gliomas grow faster
nd display enhanced angiogenesis following SF/HGF
ene transfer (4, 5). Furthermore, we have recently
hown that the malignancy of experimental human
liomas can be dependent upon endogenous autocrine
F/HGF stimulatory loops (6). Thus, secreted SF/HGF
ntagonists might be attractive candidates for use in
he biologic therapy of these aggressive neoplasms (7).

HGF/NK2 is a naturally occuring 28 kDa truncated
orm of SF/HGF derived from a 1.3 kb alternately
pliced SF/HGF transcript. HGF/NK2 is comprised of
he receptor-binding amino terminal end of SF/HGF
ncluding the first and second kringle domains. Se-
reted HGF/NK2 binds the SF/HGF receptor, c-met,
ith high affinity and functions as either a receptor
ntagonist or partial agonist. HGF/NK2 has been
hown to lack endogenous mitogenic activity and to
ffectively inhibit SF/HGF-induced mitogenesis in
ammary epthelial cells (8, 9) but alternatively to

nduce epithelial cell motility under other conditions in
itro (10, 11). HGF/NK2 was recently found to antag-
nize SF/HGF-dependent melanoma growth but to en-
ance SF/HGF-dependent melanoma metastasis in
ivo (12). The effects of HGF/NK2 or other truncated
orms of SF/HGF on glioma cell behavior have not been
xamined. In this report, we show that HGF/NK2 gene
ransfer to U87 MG human malignant glioma cells, a
ell line previously shown to express an autocrine SF/
GF:c-met stimulatory loop (6), markedly inhibits

heir clonogenicity and migration in vitro and intracra-
ial tumor growth in vivo.

ATERIALS AND METHODS

Cell culture. U87MG glioblastoma cells were cultured in Mini-
um Essential Medium (MEM) containing 15% FBS, 1 mM MEM

odium pyruvate, 0.1 mM MEM non-essential amino acids (GIBCO
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



BRL, Grand Island, NY), and 1 mg/mL G418 (Mediatech, Inc, Hern-
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on, VA). All cells were cultured at 37°C in 5% CO2/95% air.

Plasmid construction and cell transfections. Full-length human
GF/NK2 cDNA (kindly provided by Drs. Jeff Rubin and Donald
ottaro; National Institutes of Health, Bethesda, MD) was inserted

nto the BamHI restriction site immediately downstream from the
SV-LTR promoter of the eukaryotic expression vector pMEXneo,
hich also expresses the gene for neomycin resistance (13). This
lasmid was designated pMEXneo-NK2. U87MG malignant glioma
ells were transfected with pMEXneo-NK2 or with pMEXneo as a
ontrol, using the polycationic reagent Lipofectamine (15 mg/mL;
IBCO BRL). Transfected clonal cell lines were selected in the
resence of 600 ng/mL G418 and designated U87-NK2 or U87-
ontrol, respectively. Conditioned medium obtained from confluent
ell lines was assayed for HGF/NK2 by immunoblot analysis using a
onoclonal mouse anti-human SF/HGF antibody (provided by Dr.

eff Rubin) specific for the amino terminus of both full length SF/
GF and NK2 proteins. Cell lines found to secrete high levels of NK2
ere selected for further study.

Quantitative immunoblot assay. Samples of conditioned medium
ere collected in a standardized fashion from subconfluent monolay-
rs of each neomycin-resistant cell line by incubating 1 mL serum-
ree MEM per well of 6-well plates for 24 h. Conditioned media were
oncentrated approximately 10-fold using Centricon YM-10 Centrif-
gal Filter Devices (Millipore; Bedford, MA) that retain all proteins
f .10 kDa size. Concentrated conditioned media were assayed for
otal protein using the method of Bradford (Bio-Rad; Hercules, CA).
liquots of conditioned medium containing 50 mg total protein were

ombined with 43 non-reducing Laemmli sample buffer and sub-
ected to polyacrylamide gel electrophoresis at 50 mA under nonre-
ucing conditions using 10% polyacrylamide gels (Bio-Rad). Proteins
ere electrophoretically transferred to nitrocellulose membranes

Amersham; Picastaway, NJ) in the presence of 20% methanol trans-
er buffer. Membranes were incubated in 1% Tris Borate Saline/
.1% Tween (TBST) containing 5% nonfat dried milk overnight, then
ashed with TBST. Membranes were then incubated with monoclo-
al mouse SF/HGF antibody described above in TBST containing 5%
onfat dried milk for 1 h, rinsed and then incubated with goat
nti-mouse secondary antibody (Jackson ImmunoResearch Labora-
ories, Inc.; West Grove, PA) in TBST containing 5% nonfat dried
ilk for 1 h. Membranes were then washed, developed with ECL

etection reagents (Amersham), and exposed to Hyper-film ECL
Amersham). Immunoreactive protein bands were quantified by den-
itometry using ImageQuant 3.22 software (Molecular Dynamics;
unnyvale, CA). HGF/NK2 protein production per total protein for
ach individual U87-NK2 cell line was expressed relative to that
ound in U87-Control cell lines.

Cell proliferation assays. To assess anchorage-dependent prolif-
ration, cells were added to 12-well plates (15,000 cells/well) in
omplete culture medium and incubated at 37°C in 5% CO2/95% air.
ultures were then trypsinized at daily intervals (n 5 3) and their
umbers quantified using a Coulter Counter (Coulter, Inc., Hialeah,
Y). Doubling times (DT) for each cell line during periods of loga-

ithmic growth were determined using the formula DT 5 ln
/(growth rate).
Anchorage-independent proliferation in soft agar was quantified

s previously described, with minor modifications (5). Six-well cul-
ure plates were pre-coated with 1 mL MEM containing 1% FBS, 1%
ow melting agar, 0.1 mM non-essential amino acids, and 1 mM
odium pyruvate (GIBCO BRL). After solidifying overnight, 10,000
ells suspended in 2 mL of medium containing 1% FBS, and 0.5%
gar were added to each well. Cultures were incubated at 37°C in 5%
O2/95% air and received fresh complete medium twice weekly.
fter approximately 2–3 weeks, cultures were fixed and stained with
right’s stain (Sigma; St. Louis, MO) and the number of colonies

etermined using video-based, computer-assisted image analysis.
288
ormed as previously described with minor modifications (14). Cells
300,000) were plated into 60 mm tissue culture dishes containing 2
m grid markings (Corning; Corning, NY) and incubated at 37°C in

% CO2/95% air. When approximately 90% confluent, all cells in a 20
m wide section at the center of each plate were removed by scrap-

ng the cell monolayer with a sterile edge. Monolayers were then
insed with PBS to remove all floating cells. Complete medium was
dded and the cells incubated for another 24–48 h after which they
ere rinsed with PBS and stained with Wright’s stain. Cell migra-

ion was quantified by counting the number of cells that traveled into
he 2 mm grid immediately adjacent to the wound. Twenty to forty
andomly selected zones were quantified for each cell line.

In vivo tumor growth. Intracranial tumors were established and
nalyzed as previously described (6). U87-NK2 or U87-Control cells
rown for at least one passage without G418 were trypsinized and
esuspended in MEM (5 3 104 cells/ul) immediately before intrace-
ebral implantation. Anesthesized 5–7 week-old SCID mice (Harlan;
aithersburg, MD) received 2 mL of cell suspension into the right

audate/putamen by stereotactic injection (coordinates relative to
regma: 2.2 mm lateral, 2.5 mm deep) using a 26 guage needle. At 21
ays post-implantation, mice were perfused with 4% paraformalde-
yde. The brains were harvested, cryosectioned (20 mm thick), and
tained with hematoxylin and eosin. As previously described, pro-
ortionate tumor volumes were calculated from measurements of
aximal tumor cross-sectional area (MTA) obtained using computer-

ssisted image analysis, where volume is proportional to (square root
f MTA)3 (15).

Statistical analysis. Data on doubling times of clonal cell lines,
n vitro anchorage-independent colony formation, migration, and
n vivo tumor volume were analyzed using ANOVA followed by
onferroni/Dunn multiple comparison tests unless otherwise indi-
ated. All tests were performed using Statview 4.0. Numerical data
re expressed as mean 6 standard error of the mean.

ESULTS

GF/NK2 Expression Levels of Transfected Human
Glioma Cell Lines

Previous reports from our laboratoary established
hat wild type U87 human malignant glioma cells ex-
ress both SF/HGF and its receptor c-met which func-
ion together in an autocrine stimulatory SF/HGF:c-
et loop (1, 6). Wild-type U87 cells were transfected
ith a plasmid expression vector containing full length
uman HGF/NK2 cDNA. Controls were generated by
ransfecting cells with the same plasmid lacking
he HGF/NK2 cDNA. Neomycin-resistant control-
ransfected and HGF/NK2-transfected clonal cell lines
ere screened and then quantitatively analysed for
GF/NK2 expression by immunoblot analysis of con-
itioned medium normalized to total protein. Several
ell lines were identified with increased secretion of the
xpected 28 kDa HGF/NK2 protein at levels 6-fold to
50-fold higher than the very low levels of endogenous
GF/NK2 found in wild-type and control-transfected

ell lines (Table 1 and Fig. 1). HGF/NK2 gene transfer
ad no apparent effect on the expression of endogenous
F/HGF in the transfected U87 cell lines examined

Fig. 1).
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ffects of HGF/NK2 Gene Transfer on Glioma Cell
Proliferation in Vitro

The effect of transgenic HGF/NK2 expression on
tandard 2-dimensional anchorage-dependent cell
rowth was examined. Quantitation of doubling times
uring the exponential growth phase of U87-Control
nd U87-NK2 cell lines showed no significant effect of
GF/NK2 expression on glioma cell proliferation un-
er these conditions (Table 2). The effect of HGF/NK2
xpression on 3-dimensional anchorage-independent
olony formation, an in vitro correlate of tumor cell
aligancy, was also examined. As shown in Fig. 2,

ach U87-NK2 cell line examined was significantly less
lonogenic than each U87-Control cell line when indi-
idually compared (P , 0.001). In addition, a compar-
son of pooled U87-Control cell lines with pooled U87-
K2 lines, also showed a substantial reduction in

lonogenicity following HGF/NK2 gene transfer (82 6
.6 vs 4 6 0.7 colonies/field, P , 0.001).

HGF/NK2 Secretion by U87-NK2 Glioma Lines

U87-NK2 line Relative NK2 secretion*

N16 10.5 3 control
N23 6.0 3 control
N34 290 3 control
N36 346 3 control

Note. Conditioned medium from control-transfected and HGF/
K2-transfected U87 cell lines were subjected to Western blot anal-
sis using anti-HGF/NK2 antibodies as described under Materials
nd Methods. The HGF/NK2-specific band was quantified by com-
uter densitometry for each cell line. HGF/NK2 secretion by each
GF/NK2-transfected U87 cell line (N16, N23, N34, and N36) rela-

ive to total secreted protein is expressed as the mean of triplicate
eterminations relative to the secretion of endogenous HGF/NK2 by
wo control-transfected U87 cell lines (C8 and C19).

* relative to control-transfected cell lines.

FIG. 1. HGF/NK2 expression by transfected cell lines. Condi-
ioned medium collected from control-transfected (C14 and C19) and
GF/NK2-transfected (N16, N23, N34, N36) U87 glioma cell lines
ere subjected to immunoblot analysis under non-reducing condi-

ions using SF/HGF antibody that recognizes both full length SF/
GF and HGF/NK2 as described under Materials and Methods.
ndogenous full length SF/HGF (190 kDa) is produced by all cell

ines. A prominent 28 kDa band corresponding to HGF/NK2 is
eadily detected in HGF/NK2-transfected cell lines only.
289
ffect of HGF/NK2 Gene Transfer on Glioma Cell
Migration in Vitro

Since SF/HGF stimulates the motility of multiple
ell types including human malignant glioma cell lines
2, 16–18), the effect of transgenic HGF/NK2 expres-
ion on human glioma migration was assessed using a
tandard cell monolayer wound assay. Each U87-NK2
ell line was signficantly less migratory when com-
ared to each control cell line (P , 0.001) (Fig. 3). A
omparison of pooled U87-Control cell lines with pooled
87-NK2 lines likewise revealed significantly dimin-

shed migratory indices following HGF/NK2 gene
ransfer (198 6 9.3 vs 52 6 3.8, P , 0.001).

Growth Rates of Control- and HGF/NK2-Transfected
U87 Glioma Lines

Glioma line Doubling time in hours*

C14 24.1 (1.6)
C19 24.2 (2.8)
N16 24.1 (3.3)
N23 29.2 (2.0)
N34 26.6 (0.9)

Note. Control-transfected (C14 and C19) and HGF/NK2-
ransfected (N16, N23, N34) U87 cells were inoculated at equal
umbers per well in 24-well plates and incubated at 37°C in complete
edium as described under Materials and Methods. Cell numbers
ere quantified daily in triplicate plates by Coulter counting. Dou-
ling times (DT) during exponential growth were calculated using
he formula DT 5 ln 2/(growth rate). No differences in growth rates
etween control- and HGF/NK2-transfected cell lines were observed.
* mean (sem).

FIG. 2. HGF/NK2 gene transfer inhibits glioma cell clonogenic-
ty in soft agar. Control-transfected (C14 and C19) and HGF/NK2-
ransfected U87 cells were suspended in 1% agarose, 1% FBS and
dded to each well of 6-well plates (10,000 cells/well) and incubated
t 37°C for 3 weeks as described under Materials and Methods. Wells
ere fixed and stained with Wright’s stain and colonies analyzed by

omputer-assisted image analysis. The number of colonies .125 mm
iameter were counted per field. Data represents the mean 6 SEM of
microscopic fields per well and 6 wells per cell line. * P , 0.001

ompared to either control cell line.
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ffect of HGF/NK2 Gene Transfer on Intracranial
Glioma Growth

We have previously found that autocrine and para-
rine SF/HGF:c-met signaling enhances the growth,
umorigenicity, and tumor-associated angiogenesis of
xperimental rat and human gliomas in vivo (3, 4).
herefore, the effects of HGF/NK2 expression on intra-
ranial U87 xenograft growth were examined. U87-
K2 and U87-Control cell lines were implanted ster-

otactically into the caudate/putamen of immune
eficient mice. After 21 days, animals were sacrificed
nd brain sections were analyzed for tumor formation
nd tumor size.
The intracranial tumors resulting from U87-NK2

ell lines were exceedingly small in comparison to
hose resulting from the U87-Control cell lines (Table 3
nd Fig. 4). A comparison of pooled U87-NK2 tumors
ith pooled U87-Control tumors revealed that HGF/
K2 gene delivery resulted in significantly diminished

umor growth as evidenced by a 50-fold reduction in
ean tumor volumes (1.09 6 0.38 vs 59.4 6 25 mm3,
, 0.03). There was also a trend of diminished tumor-

genicity following HGF/NK2 gene transfer. While all
nimals receiving U87-Control cells developed tumors
16 of 16 animals), only 22 of 27 animals (81%) im-
lanted with U87-NK2 cells developed histologically-
dentifiable tumor masses (P 5 0.08, Fisher’s Exact
est).

ISCUSSION

Recent studies on human tumor specimens and in
xperimental tumor models have identified SF/HGF as

FIG. 3. NK2 expression inhibits glioma cell migration. Control-
ransfected and HGF/NK2-transfected U87 cell lines were plated at
00,000 cells per well in 60 mm diameter gridded tissue culture
ishes. When cells achieved 90% confluency, a 20 mm 3 40 mm
wound” was cleared of cells after which the plates were washed and
eplaced with medium. After 24 h, plates were fixed and stained with
right’s stain. The number of cells that entered the wound were

ounted under phase-contrast microscopy and expressed as the Mi-
ratory Index. Data represents mean 6 SEM. * indicates P , 0.001
ompared to either control.
290
n important determinant of malignancy in an array of
olid tumors including gliomas (1, 3, 19–23). SF/HGF
licits a number of defined autocrine and paracrine
esponses involved in the stimulation of solid tumor
rowth and metastasis. These include: (i) mitogenicity
n a variety of cell types, including glioma and endo-
helial cells (2, 18), (ii) stimulation of glioma cell mo-
ility and invasion in vitro (2, 16–18), (iii) angiogenic
ctivity in several in vivo models (5, 24–27), (iv) induc-
ion of proteolytic enzymes such as plasminogen acti-
ators and matrix metalloproteinases involved in tu-
or cell migration, invasion and angiogenesis (5, 28–

0), and (v) reduction of apoptotic responses to
ytotoxic agents (31). The SF/HGF cell surface receptor
s the proto-oncogene c-met tyrosine kinase capable of
ctivating multiple second messenger pathways in-

Effect of HGF/NK2 Gene Transfer on Growth
of U87 Glioma Xenografts

Glioma line Tumor volume (mm3)

C8 10.6 (2.7)
C19 108.3 (45.9)

Pooled U87-Control 59.4 (25.1)

N16 0.92 (0.26)*
N23 0.10 (0.07)*
N34 0.01 (0.01)*
N36 2.79 (0.95)*

Pooled U87-NK2 1.09 (0.35)*

Note. HGF/NK2-transfected (U87-NK2) and control-transfected
U87-Control) cell lines were stereotactically injected into the cau-
ate putamen of SCID mice (100,000 cells per brain). Brains were
erfused and removed at 3 weeks post-implantation. Cryostat sec-
ions (20 mm thick) were stained with hematoxylin and eosin and
aximum cross-sectional areas were measured by computer-

ssisted image analysis. Data represents mean (standard error of the
ean), *P , .001 in comparison to pooled U87-Control tumors by
onferroni/Dunn test.

FIG. 4. HGF/NK2 gene transfer inhibits growth of human gli-
ma xenografts in vivo. Representative histological sections of brains
earing U87-NK2 and U87-Control tumor xenografts stained with
emotoxylin/eosin. Control-transfected and HGF/NK2-transfected
87 glioma cells were stereotactically implanted (100,000 cells/
rain) to the caudate putamen of immunodeficient SCID mice. The
rains were perfusion-fixed and removed 3 weeks post-implantation.
ryostat sections (20 mm thick) were stained with hematoxylin and
osin. Tumor volumes were calculated from maximal tumor cross-
ectional area (MTA) measurements using the formula volume 5
square root of MTA)3 (see Table 3).
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hat are linked to developmental events and malig-
ancy (32). Both SF/HGF and/or c-met expression are
linically associated with poor prognosis in several hu-
an carcinomas (33–40), and expression levels corre-

ate with malignant grade in the human gliomas (2, 3,
1, 42). Furthermore, SF/HGF gene transfer enhances
xperimental glioma growth, tumorigenicity, tumor-
ssociated angiogenesis, and blood-tumor barrier dys-
unction consistent with a role in the malignant pro-
ression of these tumors (4, 5, 43).
Inhibiting the SF/HGF:c-met pathway can effec-

ively reverse the malignant phenotype of experimen-
al human gliomas (6). Inhibition of either endogenous
F/HGF or c-met expression in U87 glioma cells that
xpress an endogeneous autocrine SF/HGF:c-met stim-
latory loop using chimeric ribozymes significantly re-
uces in vitro U87 clonogenicity, in vivo tumorigenic-
ty, and in vivo tumor growth following the intracranial
mplantation of stably transfected glioma cells (6).
hus human glioma growth can be dependent upon
ndogenous SF/HGF and/or c-met expression. Since
tandard glioma treatments have minimal efficacy,
argeting a multifunctional growth factor system such
s the SF/HGF:c-met pathway offers a promising new
reatment strategy (44). Since ribozyme-based strate-
ies require highly efficient gene targeting of the ma-
ority of cells comprising a large tumor, applications
equiring in vivo gene transfer may be limited by cur-
ent inefficiencies of gene delivery technology. Identi-
ying purified proteins or transgene products capable of
ntagonizing the stimulatory effects of SF/HGF on hu-
an gliomas is of interest.
SF/HGF is translated as a single polypeptide that is

leaved to form a functional heterodimer consisting of a
9 kDa alpha-chain and a 34 kDa beta-chain linked via
isulfide bonds (45). Structural/functional analyses
ave determined that amino terminal sequences ex-
ending to the first and second kringle domains of the
lpha chain mediate SF/HGF binding activity to its
eceptor c-met. Two naturally occuring truncated vari-
nts of SF/HGF consisting of the amino terminal se-
uences extending through the first and second kringle
omains have been identified and designated HGF/
K1 and HGF/NK2, respectively (8, 9, 46). The biolog-

cal properties of HGF/NK1 and HGF/NK2 have been
xamined extensively in epithelial cell lines. Both
GF/NK1 and HGF/NK2 effectively compete with full

ength heterodimeric SF/HGF for receptor binding.
GF/NK1 retains substantial mitogenic and migration

timulatory activity (46, 47). In contrast HGF/NK2 is
elatively defective in stimulating c-met receptor acti-
ation and inhibits the ability of intact SF/HGF to
timulate c-met receptor autophosphorylation and sub-
equent DNA replication (8, 12). In many systems
GF/NK2 competitively inhibits the mitogenic, scat-

ering, and angiogenic activities of full-length SF/HGF
291
emonstrated a low potency partial agonist activity of
GF/NK2 in epithelial cells that varies with local hep-
rin concentrations (47), and HGF/NK2 appears to re-
ain the ability to stimulate the migration of some
pithelial cell lines in vitro (10, 11). Consistent with
hese in vitro studies are the recent findings of Otsuka
t al. who elegantly show that NK2 antagonizes most of
he pathologic effects of SF/HGF overexpression on
rgan development and tumor growth with the excep-
ion of tumor metastasis using bitransgenic mouse
odels (12). In addition to these natural SF/HGF frag-
ents, Date et al. generated an artificial proteolytic

ragment of the SF/HGF alpha chain composed of the
mino terminal end and all four kringle domains
HGF/NK4) that has no agonist properties and effec-
ively competes with SF/HGF receptor activation (50).
hese investigators subsequently used systemic HGF/
K4 delivery to inhibit the growth of subcutaneous
ladder carcinoma xenografts.
In this report we explore the potential of HGF/NK2

ene transfer to reverse the malignant phenotype of
he U87 glioma cell line that expresses an autocrine
F/HGF:c-met loop that augments clonogenicity in
itro and tumor growth in vivo (6). We show that HGF/
K2 gene transfer inhibits U87 clonogenicity and mi-
ration in vitro and tumor growth in vivo—malignant
roperties previously found to be enhanced in gliomas
y either purified or transgenic native SF/HGF. This is
he first use of HGF/NK2 to inhibit a malignant phe-
otype in human CNS cells and is consistent with the
ndings of Otsuka et al. and Date et al. using systemic
elanoma and carcinoma tumor models, respectively,

s described above. The ability of HGF/NK2 gene
ransfer to inhibit glioma cell clonogenicity and migra-
ion in vitro is consistent with the antagonism of the
ndogenous SF/HGF:c-met loop that is active in the
87 glioma cell line. Based on our previous finding

hat SF/HGF gene transfer enhances intracranial gli-
ma angiogenesis and that of Lamszus et al. (2) dem-
nstrating that SF/HGF levels in human tumor speci-
ens correlate with vessel density, it is possible that
87 secretion of transgenic HGF/NK2 might also in-
ibit tumor growth by inhibiting the paracrine effects
f endogenous tumor-derived SF/HGF on glioma angio-
enesis. Unfortunately, the small size of tumors follow-
ng HGF/NK2 gene transfer precluded the reliable
uantification of an anti-angiogenic effect in this study.
F/HGF antagonists such as HGF/NK2 and HGF/NK4
lso have the potential to sensitize glioma cells to cy-
otoxic treatment modalities such as chemotherapy
nd radiation therapy through their potential antian-
iogenic action or their ability to interfere with the
irect cytoprotective actions of SF/HGF on tumor cells
31). The ability of SF/HGF antagonists to interfer with

ultiple pathophysiologic processes associated with
lioma malignancy make them particularly suited to
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