
Abstract. Tissue factor pathway inhibitor 2 (TFPI-2) is a
32-kDa extracellular matrix-associated kunitz-type serine
proteinase inhibitor. It is secreted by all vascular cells and
plays a role in tumor invasion and metastasis, presumably by
plasmin-mediated matrix remodeling. Previous studies have
shown high expression of TFPI-2 by benign tumors and low
or absent expression in highly malignant tumors. Malignant
meningiomas constitute 10-15% of all meningiomas and our
previous studies revealed loss of expression of TFPI-2 in
malignant gliomas. To investigate the role of TFPI-2 in the
invasiveness of malignant meningiomas, we stably transfected
the human meningioma cell line, IOMM-Lee, with a vector
capable of expressing a transcript complementary to the full
length of TFPI-2 mRNA in a sense orientation. Restoration
of TFPI-2 led to decreased invasiveness of transfected cells
compared to parental and vector controls in Matrigel and
spheroid assays and inhibition of angiogenesis in in vitro co-
cultures with human umbilical vein endothelial cells (HUVEC)
and in vivo dorsal skin assay studies. As assessed by Western
blotting, we also observed increased expression of BAX,
cytochrome c and caspase 3 as well as decreased expression
of XIAP (X-linked inhibitor of apoptosis). Finally, TFPI-2
overexpression inhibited intracranial tumor formation in nude
mice. Our data substantiate our previous observation that
TFPI-2 plays an important role in tumor progression and has
potential in anti-cancer therapy.

Introduction

Proteolytic degradation of extracellular matrix is an important
step in tumor invasion and metastasis. Various proteases,
including serine, metallo and cysteine proteinases, are
produced by tumor cells and are significantly involved in
matrix degradation. TFPI-2 is a serine proteinase inhibitor
with broad spectrum inhibitory effects (1-3). Recombinant
human TFPI-2 has been shown to inhibit trypsin, plasmin,
chymotrypsin, cathepsin G, plasma kallikrein and factor VIIa,
but not urokinase plasminogen activator or tissue plasminogen
activator (3-7). It is a 32-kDa serine proteinase inhibitor
consisting of three tandemly arranged kunitz-type domains
flanked by short acidic amino terminus and a highly basic C-
terminal tail (1,3). It is homologous to human TFPI, which
is a regulator of extrinsic coagulation pathway. It is secreted
by various cells, including endothelial cells, fibroblasts,
keratinocytes (5) and syncytiotrophoblasts (8) TFPI-2 is
abundantly present in extracellular matrix (75-90%) (9) and
binds to heparin, a glycosaminoglycan, by means of arginine-
mediated ionic interactions (10). The gene is mapped to
chromosome 7q22 by fluorescence in situ hybridization (11).
TFPI-2 is downregulated during tumor progression in various
cancer cell lines, including gliomas (12,13), lung cancer (14),
and prostate cancer (15). Previous studies have demonstrated
that exogenous TFPI-2 inhibits degradation of fibroblast-
derived ECM and Matrigel invasion in HT-1080 fibrosarcoma
cells by inhibiting plasmin (2). Exogenous recombinant TFPI-2
also inhibits invasiveness of glioblastoma cells as shown by
Matrigel assay (13).

Meningiomas are extra-axial primary brain tumors arising
from the leptomeninges and arachnoid membrane. They
constitute the second most common central nervous system
(CNS) tumor, accounting for 22% of all intracranial tumors.
Meningiomas exhibit a wide spectrum of histological patterns
ranging from purely fibroblastic to predominantly epithelioid
aspects, including the formation of true glandular structures.
Most meningiomas are benign. Approximately 10% are atypical
and malignant and, as such, are not completely resectable and
tend to recur (16,17). This recurrence is partly due to the
invasiveness of these tumors into the brain, duramater and
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bone, thereby resulting in a poor prognosis. Our previous
studies have demonstrated that the loss of TFPI-2 is associated
with malignancy in gliomas (13) while restoration of TFPI-2
by TFPI-2 mRNA decreases invasiveness in gliomas (15).
Here, we report the effects of modulating TFPI-2 expression
on the invasive phenotype of meningioma cells in vitro and
in vivo. We also studied the molecular mechanisms that
regulate angiogenesis in relation to TFPI-2 production using
co-cultures of endothelial and meningioma cells in vitro and
in vivo.

Materials and methods

Preparation of constructs and transfection of cells. We used
TFPI-2 constructs that were previously prepared in our lab (12).
IOMM-Lee cells were transfected with 0.7 kb sense transcript
using lipofectamine (Life Technologies, Gaithersburg, MD).
Briefly, cells were grown overnight (4x105 cells/60-mm dish)
and washed twice with PBS. Then, 1-2 μg of plasmid DNA
was mixed with 100 μl of serum-free medium and 7 μl of
lipofectamine. Twelve hours later, the medium was replaced
with DMEM medium containing 10% fetal bovine serum.
We selected cells 48 h after transfection by growing the cells
in complete medium containing 800 mg/ml G418 (Life
Technologies). After selection, stable transfectants were
expanded and used for the studies described.

Cell culture conditions. An established human meningioma cell
line, IOMM-Lee (kindly provided by Dr Ian E. McCutcheon,
University of Texas M.D. Anderson Cancer Center, Houston,
TX), was used in the current study. Cells were maintained in
Dulbecco's modified Eagle's medium (Mediatech, Herndon,
VA) supplemented with 10% fetal bovine serum, 100 μg/ml
streptomycin and 100 U/ml penicillin (Invitrogen, Carlsbad,
CA) in a humidified atmosphere containing 5% CO2 at 37˚C. 

Tissue processing. Fresh human brain tumor samples were
collected in the operating room and transferred on ice to a
-80˚C freezer. Samples were weighed, placed in Tris-HCl
buffer (37.5 mM Tris-HCl, 0.75 mM EDTA, 75 mM NaCl,
15 mM lysine, pH 9.5) at a ratio of 50 mg of tissue to 1 ml
of buffer and homogenized using a tissue tearer. After
centrifugation at 14,000 rpm for 15 min, the pellet was
discarded and the supernatant stored at -80˚C.

Western blotting. Tumor extracts (30 μg) were boiled for 3-
5 min and separated on 15% polyacrylamide gels (18). After
electrophoresis, proteins were immunoblotted onto nitro-
cellulose membranes (19). The membranes were blocked
with 6% milk and probed with anti-TFPI-2 polyclonal
antibody (1:3000 dilution) (kindly provided by Dr Walter
Kisiel). Anti-rabbit IgG (H+L) HRP-linked (Biomeda, Foster
City, CA) was used as a secondary antibody and membranes
were developed according to an enhanced chemiluminescence
protocol as per manufacturer's instructions (Amersham,
Arlington Heights, IL).

ECM proteins were extracted from cell cultures of parental
and sense transfected clones with 200 μl of SDS-PAGE sample
buffer. Aliquots (25 μl) of these extracts were assayed for
TFPI-2 protein levels by Western blotting as described above.

Matrigel invasion assay. In vitro invasion of meningioma
cells was measured by the invasion of cells through Matrigel-
coated (Collaborative Research Inc., Boston, MA) transwell
inserts (Costar, Cambridge, MA) according to a previously
described procedure (20). Briefly, 12-well transwell inserts
with an 8-mm pore size were coated with a final concentration
of 1 μg/ml of Matrigel in cold serum-free DMEM. IOMM-Lee
parental and TFPI-2 transfectant cells were trypsinized and
200 μl of cell suspension (1x106 cells/ml) was added to
triplicate wells. After a 24-h incubation period, the cells that
passed through the filter into the lower wells were quantitated
by counting random fields and expressed as a percentage of
the sum of the cells in the upper and lower wells (21).

In vitro angiogenesis. IOMM-Lee parental and TFPI-2-trans-
fected clones (2x104) were seeded in 8-well chamber slides
(Lab-Tek, Campbell, CA). After 6-8 h, 4x104 human micro-
vascular endothelial cells (HMEC), which were obtained from
the Center for Disease Control and Prevention (Atlanta, GA),
were co-cultured with IOMM-Lee cells. Seventy-two hours
later, cells were fixed and stained with factor VIII antibody
followed by staining with FITC-conjugated secondary antibody.
Cells were viewed under a fluorescent microscope and the
images were quantified for microvascular length using Image
Pro-Discovery software.

Dorsal skin fold assay. The dorsal skin fold assay was used
to examine in vivo angiogenesis in IOMM-Lee parental
and TFPI-2-transfected cells. A chamber consisting of a ring
(Millipore, Bedford, MA) was covered with Millipore filters
(0.45-μm pore size) on both sides. PBS (20 μl) was used to wet
the filters and 2x106 cells (IOMM-Lee parental and transfected)
were suspended in 150 μl of serum-free medium or PBS.
This final cell suspension was injected into the chambers
through the opening in the ring. The opening was sealed with
bone wax. Athymic female nude mice were anesthetized by
i.p. injection with ketamine (50 mg/kg) and xylazine (25 mg/kg)
and a dorsal air sac was made by injecting 10 ml of air. The
chambers were then placed subcutaneously by making an
incision in the air sac and the incision was closed. After 10
days, the implanted chambers were removed and the angiogenic
response was assessed under a stereomicroscope (Olympus
Optical, Tokyo, Japan) by determining the number of newly
formed vessels >3 mm with the characteristic zigzagging
pattern of tumor cell-induced new vasculature in the s.c. side
of the skin area.

Colony formation. IOMM-Lee parental and TFPI-2-transfected
cells (4x104) were seeded in 100-mm culture plates (Corning
Incorporated, Corning, NY) with serum-containing DMEM
and incubated at 37˚C with humidified air and 5% CO2. The
medium was replaced every third day and, after 2 weeks,
the colonies were fixed and stained with Hema 3 (Fisher
Diagnostics, Middletown, VA). Colonies were counted under
microscope as a measure of clonogenicity.

Intracerebral injection. To examine the in vivo effects of
TFPI-2 in meningiomas, we injected 1x106 IOMM-Lee parental
and TFPI-2 transfected cells intracranially into female nude
mice. Cells were trypsinized and resuspended in serum-free
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medium and injected into the brains of athymic female nude
mice. Mice were anesthetized with an i.p. injection consisting
of 50 mg/kg ketamine, 25 mg/kg xylazine and injected intra-
cerebrally with a 10-ml aliquot (1x106) of the specified cell
type with the aid of a stereotactic frame as described previously
(20). After 2 weeks, mice were sacrificed via intracardiac
perfusion, first with PBS and then with formaldehyde. Brains
were removed, placed in 4% paraformaldehyde, and embedded
in paraffin as per standard protocols. Sections were prepared
and stained with H&E. 

Immunoblotting analysis. Total cell lysates were prepared
from IOMM-Lee parental and transfected cells by incubating
the cells in RIPA buffer (150 mM NaCl, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% SDS, 20 mM EDTA and 50 mM
Tris, pH 7.4) for 1 h at 41˚C. In total, 20-50 μg of protein
from each sample were subjected to 12% SDS-PAGE electro-
phoresis and transferred onto nitrocellulose membranes
(Bio-Rad Labs, Hercules, CA). Membranes were blocked
with 6% non-fat dry milk, 0.1% Tween-20 in PBS for 1 h. The
primary antibodies employed were directed against caspase 3
(Cell Signaling Technology, Beverly, MA), cytochrome c
(Becton Dickinson Co., San Jose, CA), BAX (Santa Cruz
Biotechnology, Santa Cruz, CA), XIAP (Cell Signaling
Technology), and GAPDH (Novus Biologicals, Littletown,
CO). HRP-conjugated goat anti-mouse IgM (H+L) and anti-
rabbit IgG (H+L) HRP-linked (Biomeda, Foster City, CA) were
used as secondary antibodies. The membranes were developed
according to the manufacturer's instructions (Amersham,
Arlington Heights, IL).

Results

A eukaryotic expression vector, pcDNA 3.1, was used to
transfect IOMM-Lee (meningioma) cells with a 0.7-kb sense
TFPI-2 cDNA. Stable transfectants were initially grown in
800 μg/ml of G418 and selected with cloning cylinders after
10-15 days and propagated. No difference was found in the
growth rate of parental and transfected clones. Several sense
clones with similar expression levels were developed.

TFPI-2 expression in tissue samples. Our previous studies
showed that TFPI-2 expression was downregulated or absent
in malignant tumors when compared to benign tumors. Con-
sequently, we subjected normal brain, benign and malignant
meningioma tumor extracts to SDS-PAGE and analyzed the
extracts for TFPI-2 expression using Western blotting with
anti-TFPI-2 polyclonal antibody (Fig. 1A). TFPI-2 triplet
bands were observed in normal brain and benign meningioma
samples but were absent or significantly decreased in malignant
meningioma samples (Fig. 1A).

TFPI-2 protein expression in stable transfectants. Studies by
Lino et al (9) showed that most (75-90%) of the TFPI-2
expression is associated with the extracellular matrix. ECM
proteins obtained from 80-90% confluent cultures of parental
and stable sense TFPI-2 clones were immunoblotted with
anti-TFPI-2 polyclonal antibody. Prominent TFPI-2 triplet
bands were observed in TFPI-2-transfected sense clones
IOMM-TFPI-2 (4) and IOMM-TFPI-2(6) but were absent in
parental and vector controls (Fig. 1B).

TFPI-2 inhibits invasion by Matrigel assay. TFPI-2 is a serine
proteinase inhibitor that inhibits invasiveness presumably by
mediating plasmin. We used a Matrigel assay to determine
whether TFPI-2 restoration would prevent invasion by menin-
gioma cells. Cells (1x106) [parental and stable transfectants
IOMM-TFPI-2 (4) and IOMM-TFPI-2 (6)] were layered on
Matrigel-coated transwell plates and allowed to invade for
24 h. The cells that invaded the lower surface were stained
with Hema 3. The staining of IOMM sense clones was less
intense as compared to parental cells (Fig. 2A). Quantitative
analysis demonstrated that only 38% and 25% of IOMM (4)
and IOMM-TFPI-2 (6) transfected cells invaded the lower
surface in comparison to parental cells (Fig. 2B).

TFPI-2 inhibits in vitro angiogenesis. Angiogenesis, or new
vessel formation, is one of the characteristic features of
malignant tumors. Our previous studies using SNB19 cells
demonstrated reduced tumor growth after TFPI-2 restoration.
Here, we studied the effect of TFPI-2 on capillary formation
by co-culturing human vascular endothelial cells with IOMM-
Lee cells. After 72 h, the cells were stained with factor VIII
(Vonwillebrand factor), a specific marker for endothelial cells,
and FITC-conjugated secondary antibody and observed for
capillary network formation. As seen in Fig. 3A, capillary
network formation is present in parental cells but is reduced
or absent in TFPI-2-transfected stable clones IOMM (4) and
IOMM-TFPI-2 (6).

TFPI-2 inhibits in vivo angiogenesis. Here, we used the dorsal
skin fold assay as an in vivo model to study the effect of
TFPI-2 on capillary-like structure formation. We implanted
microchambers with parental and transfected stable clones
under the skin of nude mice and examined the capillary
formation after 10 days. Implanted chambers with parental
cells resulted in formation of new vessels as determined by
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Figure 1. Expression of TFPI-2 in normal brain and meningioma tissue
samples. Tissue extracts (30 μg) from normal brain and meningioma samples
were separated on 15% SDS-PAGE and immunoblotted with anti-TFPI-2
antibody (A). ECM (25 μl) obtained from 80-90% confluent cultures of
parental and TFPI-2 stable transfectants were subjected to 15% SDS-PAGE
and analyzed for TFPI-2 protein by immunoblotting with TFPI-2 polyclonal
antibody (B).
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Figure 2. Matrigel invasion in IOMM-Lee parental and transfected cells. IOMM-Lee cells and TFPI-2-transfected cells (1x106) were layered on Matrigel-
coated transwell inserts (8-μm pore size) and allowed to invade for 24 h. Then, the filters were stained with Hema 3 (A) and invading cells were calculated as
a percentage of total cells (B).

Figure 3. In vitro angiogenesis in IOMM-Lee parental and TFPI-2 transfected cells. IOMM-Lee parental and TFPI-2-transfected cells (2x104) were plated on
8-well chamber slides and incubated overnight. Human microvascular endothelial cells (HMEC) (4x104) were added to the meningioma cells and co-cultured
for 48-72 h. The co-cultures were then fixed and stained with factor VIII antibody and FITC-conjugated secondary antibody. The cells were observed under
fluorescence microscopy for network alignment (A). IOMM-Lee parental and TFPI-2-transfected cells (2x106) were suspended in 100-150 μl of serum-free
medium, injected into the diffusion chamber, and the opening was sealed and placed under the skin of nude mice for 10 days. The s.c. implanted chamber
resulted in microvessel formation (as indicated by arrows) with curved thin structures (TN) arising from pre-existing vessels in IOMM-Lee parental cells. In
contrast, no angiogenesis was observed in TFPI-2-transfected cells (B). Quantification of the in vivo vasculature was performed by measuring the length of the
tumor induced vasculature (TN) (C).
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the presence of thin, curvy structures emanating from pre-
existing vessels. In contrast, this structure formation was
partially or completely inhibited in TFPI-2-transfected stable
clones IOMM TFPI-2 (4) and IOMM-TFPI-2 (6) (Fig. 3B).
Quantification of the vessel length of the tumor-induced
neovasculature revealed a vessel length of ≤15 mm when
IOMM cells were used (Fig. 3C). This study substantiates the
in vitro results that TFPI-2 inhibits neovascularization.

TFPI-2 inhibits colony formation in IOMM-LEE cells. In vitro
colony formation is used as a prognostic indicator in many
cancers and drug studies. The size and number of colonies
are keys to this assay. We used the colony assay to determine
whether TFPI-2 inhibits colony formation. Cells (4x103)
were seeded in 100-mm plates for 2 weeks. As seen in Fig. 4A,
the number of colonies is significantly more in parental cells
as compared to the very few colonies in TFPI-2-transfected
cells (Fig. 4B).

TFPI-2 reduces intracranial tumor growth in nude mice. Our
previous studies demonstrated that stable TFPI-2 transfectants
reduced the growth of intracranial SNB19 tumors. We extended
this in vivo study to IOMM-Lee cells. IOMM-Lee cells (1x106)
were injected intracranially into female nude mice and
sacrificed after 2 weeks. As expected, mice injected with
parental meningioma cells formed brain tumors, whereas
mice injected with stable clones showed reduced tumor
growth. The sections were analyzed using H&E staining. An
examination by a neuropathologist revealed the presence of
very small tumors in stable transfectants (Fig. 5).

TFPI-2 induced apoptosis in transfected cells. Apoptosis, or
programmed cell death, plays a crucial role during development
and tissue homeostasis and is usually cytochrome c-mediated
or death receptor-mediated. Cytochrome c-mediated apoptosis
is further mediated by caspase activation. Our previous studies
demonstrated that TFPI-2 induces apoptosis in malignant
human glioma SNB19 cells through the activation of caspases.
In this study, restoration of TFPI-2 in meningiomas induced
increased expression of cytochrome c, BAX and cleaved
caspase 3. In addition, expression of the X-linked inhibitor of
apoptosis (XIAP) was reduced. GAPDH was used as a positive
control to verify that protein loading was equal in all lanes
(Fig. 6).

Discussion

In the present study, we restored TFPI-2 expression in the
malignant meningioma cell line, IOMM-Lee, by stably trans-
fecting this cell line with a 0.7-kb transcript in a sense orien-
tation to study its role in tumor invasion and metastasis. As
already established, many malignant tumors are highly invasive
due to the secretion of proteases, including metalloproteinases
(22,23), serine proteinases (24) and cysteine proteases, which
degrade ECM and the basement membrane. TFPI-2 is a
kunitz-type serine proteinase inhibitor that plays a major role
in ECM degradation during tumor cell invasion and metastasis,
wound healing and angiogenesis. It is widely distributed and
inhibits plasmin. Of note, TFPI-2 is underexpressed in tumors
such as gliomas (12,13) and overexpression of TFPI-2 inhibits
the invasive potential of glioma (15) and choriocarcinoma (25).
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Figure 4. Colony formation in IOMM-Lee parental and transfected cells. IOMM-Lee parental cells and TFPI-2-transfected cells (4x104) were plated on
100-mm culture plates. The medium was changed every 3 days and, after 2 weeks, the colonies were fixed in methanol, stained with Hema 3 (A) and counted
as a measure of clonogenicity (B).
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Analysis of normal brain and meningioma tissue samples
revealed high TFPI-2 expression in normal brain and benign
meningioma but no expression in malignant meningioma
samples (Fig. 1). In addition, we observed overexpressed
TFPI-2 protein in transfected IOMM-Lee cells (Fig. 2).
Although the exact mechanism for this overexpression is
unclear, it may be due to interference with mRNA transport
or hybridization with cytoplasmic TFPI-2 mRNA. TFPI-2
directly inhibits plasmin, thereby preventing release of
growth factors and activation of pro-MMPs responsible for
ECM degradation. Recombinant TFPI-2 has been shown to

inhibit plasmin at the surfaces of ECM and also to inhibit
matrix degradation and matrigel invasion by HT1080 fibro-
sarcoma cells (2). In the present study, we used the Matrigel
invasion assay to determine the effect of TFPI-2 in meningioma
cells. The results demonstrated impaired invasion of IOMM-
Lee cells in stable TFPI-2 transfectants (Fig. 3).

The ability to form new blood vessels is a characteristic
feature of cancer cells. Tumor cells secrete both pro-angiogenic
and anti-angiogenic factors (26). One such angiogenic factor
is tissue factor, a cellular initiator of the extrinsic coagulation
pathway, which is inhibited by TFPI-2 (3,4). Tissue factor
aids in angiogenesis and tumor progression by upregulating
the secretion of vascular endothelial growth factor (27)
and uPAR (28) in gliomas, fibrosarcomas, melanomas and
breast and pancreatic tumors (29-31). In the present study,
capillary-like network formation was seen in co-cultures of
IOMM-Lee and HMEC cells within 48 to 72 h. However,
capillary-like structure formation was inhibited in TFPI-2-
transfected stable clones (Fig. 4). In vivo studies in nude
mice also showed inhibition of angiogenesis in transfected
clones, further substantiating the results of the in vitro studies
that TFPI-2 effectively inhibits new vessel formation (Fig. 5).

The colony-forming assay is used for measuring the
functional capacity of stem cells or other cells as well as to
investigate responses to growth factors, inhibitors and drugs.
We used this assay to study the inhibitory effects of TFPI-2.
The size and number of colony formations were impaired in
TFPI-2-transfected clones (Fig. 6). Hembrough et al (32)
reported that the anti-proliferative activity of TFPI is mediated
by a VLDL receptor and that this receptor-ligand system may
be a useful target for the development of new anti-angiogenic
and anti-tumor agents. To test the anti-proliferative and anti-
angiogenic effects of TFPI-2, we injected IOMM-Lee parental
and transfected cells intracranially into nude mice. The nude
mice injected with transfected cells presented minimal growth,
further supporting TFPI-2 as an anti-proliferative and anti-
angiogenic agent (Figs. 3 and 4).

Our previous studies showed that TFPI-2 is involved in
apoptosis of human gliomas (33). Apoptosis is mediated by
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Figure 5. Intracranial injections of IOMM-Lee parental and transfected cells. IOMM-Lee parental and TFPI-2-transfected cells (1x106) were suspended in
10 μl of serum-free medium and injected into 6-week old female athymic nude mice stereotactically. The mice were euthanized after 2 weeks and brains were
extracted, fixed with formaldehyde and H&E stained.

Figure 6. TFPI-2 signaling in IOMM-Lee and transfected cells. Total cell
lysates were collected from IOMM-Lee parental and TFPI-2-transfectant
cells. Total protein (20-50 μg) was subjected to 12% SDS-PAGE electro-
phoresis and transferred onto nitrocellulose membranes. The membranes
were later probed with cytochrome c, cleaved caspase 3, Bax and XIAP.
GAPDH was used as an internal control to verify that equal amounts of
protein were loaded in all lanes.
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caspases, killer proteases that work in two distinct cascades
(34). The first cascade is death receptor-mediated apoptosis
through Fas and TNF receptors (35). The second is mito-
chondrial-dependent caspase cascade in which cytochrome c
is translocated from the mitochondria into the cytoplasm
(36). This cascade is regulated by changes in the expression
of the Bax/Bcl-2 ratio. Knockout studies in mice have shown
that the presence of at least one pro-apoptotic gene, Bax or
Bak, is necessary for execution of apoptosis (37). Recent
reports also showed that anti-apoptotic genes such as XIAP
are upregulated in brain tumors and contribute to tumor prog-
ression (38,39). In our study, we observed that cytochrome c,
Bax and cleaved caspase 3 levels were elevated while the level
of X-linked inhibitor of apoptosis (XIAP) was decreased in
TFPI-2-transfected clones. These expression changes induced
apoptosis in human malignant meningiomas (Fig. 6). 

In conclusion, our findings indicate that TFPI-2 is a novel
anti-invasive, anti-angiogenic and pro-apoptotic agent. TFPI-2
inhibited angiogenesis and invasion and induced apoptosis in
IOMM-Lee cells as seen in both the in vitro and in vivo
studies. These studies demonstrate that TFPI-2 may have
therapeutic value in the treatment of malignant meningiomas.
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