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nockdown of TFPI-2 promotes migration and invasion of glioma cells

lorian Gesslera,∗, Valerie Vossa, Volker Seifertb, Rüdiger Gerlachb, Donat Kögela

Experimental Neurosurgery, Goethe-University Hospital, Frankfurt, Germany
Department of Neurosurgery, Goethe-University Hospital, Frankfurt, Germany

r t i c l e i n f o

rticle history:
eceived 16 February 2011
eceived in revised form 6 April 2011
ccepted 12 April 2011

eywords:
rain tumor
umor suppressor
umor microenvironment

a b s t r a c t

Glioblastoma is the most malignant primary brain tumor. Due to its highly promigratory and proinva-
sive properties, standard therapy including surgery, chemotherapy and radiation fails in eradicating this
highly aggressive type of cancer. Here, we evaluated the role of TFPI-2, a Kunitz-type serine protease
inhibitor, which has been previously described as a tumor suppressor gene in several types of cancer,
including glioma. TFPI-2 expression was absent in five of nine investigated high-grade glioma cell lines.
Lentiviral knockdown of TFPI-2 in two of the TFPI-2-expressing cell lines (MZ-18 and Hs 638) was associ-
ated with pronounced changes in the cellular behavior: glioma cell proliferation, migration and invasion
were significantly increased in TFPI-2 knockdown cells in comparison to empty vector-transfected con-
CM degradation
ell proliferation
MPs

trol cells. Since TFPI-2 might exert its tumor suppressor function by inhibiting MMPs, we subsequently
analyzed the effects of specific MMP inhibitors on cell invasion of TFPI-2 KD cells vs. control cells. The data
obtained from these experiments suggest that the anti-invasive properties of TFPI-2 are associated with
inhibition of MMP-1 and MMP-2, while inhibition of MMP-9 seems to play a minor role in this context.
Our findings underscore the important role of TFPI-2 as a tumor suppressor gene and indicate that TFPI-2

ic ma
may be a useful diagnost

espite modern therapeutic regimens, patients suffering from
alignant glioma still have a dismal prognosis. Histopathologi-

al characterization of gliomas allows classification into different
ubgroups (grade I–IV) [15]. The success of surgical resection and
adiotherapy is hampered by the fact that malignant glioma cells
eeply invade the adjacent brain tissue [7] which represents one of
he major obstacles for therapy. Tumor invasion is a complex, multi-
tep process and the mechanisms resulting in degradation of the
CM and tumor cell migration and invasion are not yet completely
nderstood.

Tissue factor pathway inhibitor-2 (TFPI-2), an endogenous
nhibitor of the tissue factor/factor VIIa complex (TF/FVIIa), is

ubiquitously expressed Kunitz-type serine protease inhibitor
hich also antagonizes the activity of other proteases such as plas-
in, trypsin, chymotrypsin and cathepsin G. Its expression has been

escribed to be inversely related to the degree of malignancy in

everal tumor entities. Methylation of the TFPI-2 promoter CpG
slands has been proposed as a mechanism resulting in enhanced
nvasiveness and tumor growth [13,16].

Abbreviations: TFPI-2, tissue factor pathway inhibitor-2; MMP, matrix metallo
roteinase.
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ital, Theodor-Stern-Kai 7, Neuroscience Center, D-60590 Frankfurt am Main,
ermany. Tel.: +49 69 6301 6940; fax: +49 69 6301 5575.

E-mail address: f.gessler@med.uni-frankfurt.de (F. Gessler).
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rker for the aggressive phenotype of glial tumors.
© 2011 Elsevier Ireland Ltd. All rights reserved.

The ECM is an important player in glioma cell invasion as it
closely interacts with tumor cells along their way into the adjacent
brain parenchyma. Glioma cells display a very unique and extensive
repertoire of mechanisms effective in degrading the ECM result-
ing in fast and deep invasion of the tissue [3]. MMPs are critically
involved in glioma cell invasion [18] and high expression of MMP-2
and MMP-9 in glioma has been previously demonstrated [25].

In this study, we further scrutinized the tumor suppressor func-
tion of TFPI-2 in glioma. To this end, we employed two reciprocal
experimental models: (1) glioma cells with high TFPI-2 expression
and a consecutive knockdown of TFPI-2 as well as (2) glioma cells
with undetectable TFPI-2 expression and application of exogenous,
recombinant TFPI-2. The data obtained by both approaches clearly
reveals a crucial function of TFPI-2 in limiting glioma cell migration,
invasion and proliferation.

Human glioma cell lines U87, U251, U343, U373, MZ-18, MZ-
54, MZ-256 and MZ-304 and Hs 683 were cultivated in DMEM
(Invitrogen, Karlsruhe, Germany da überall sonst auch nach der
stadt steht) containing 10% FCS (Invitrogen), 100 U/ml Penicillin
(Invitrogen), 100 mg/ml Streptomycin (Invitrogen) and 4 mM l-
Glutamine (Invitrogen) and maintained in a cell incubator in a
5% carbon dioxide atmosphere at 37 ◦C in a relative humidity of
95%. Recombinant TFPI-2 (R&D Systems, Wiesbaden, Germany)

was added at a concentration of 120 nM or 600 nM. To evalu-
ate the effect of a TFPI-2 knockdown on MMP involvement we
employed the following MMP-inhibitors: MMP-1 inhibitor (GM
1489, Calbiochem, Cat# 364200, Ki = 0.2 nM) was used at 1 nM

dx.doi.org/10.1016/j.neulet.2011.04.027
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
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oncentration, MMP-2 inhibitor (MMP-2 Inhibitor I, Calbiochem,
at# 444244, Ki = 1.7 �M) was employed at 5 �M concentration
nd MMP-9 inhibitor (MMP-9 Inhibitor I, Calbiochem, Cat# 444278,
C50 = 5 nM) was used at 10 nM concentration.

Western blotting was performed as described elsewhere [6].
or immunodetection, antibodies against TFPI-2 (1:200, Santa
ruz), MMP-1 (1:1000, R&D Systems), MMP-2 (1:1000, Abcam,
ambridge), MMP-9 (1:1000, New England Biolabs, Frankfurt,
ermany) and GAPDH (1:20,000, Darmstadt, Germany) were used.

For assessing the proliferation of glioma cells we used MTT
ssays as published before [6].

For RT-PCR analysis RNA extraction was performed in two
ubsequent steps: After cultivation, cells were washed twice
ith PBS, trypsinated, centrifugated and again washed again;

der?. Cells were then lysed and RNA was extracted by using
he Quiashredder and the RNeasy Midi Kit (Quiagen, Hilden)
ccording to the manufacturer’s instructions and stored at −21 ◦C.
otal RNA concentration was measured by UV-photometry.
our microgram of total RNA from cell lysates was reverse
ranscribed using M-MLV Reverse Transcriptase (Invitrogen).
�l of the cDNA was used as template for the following PCR.
he following primers were used for identification in our
xperiments: TFPI-2 (sense: 5′-AAAGCTTCGCTTTGCCAGTA-
′, antisense: 5′-ACGACCCCAAGAAATGAGTG-3′) 22 cycles;
APDH (sense: 5′-CCTGACCTGCCGTCTAGAAA-3′, antisense:
′-TTACTCCTTGGAGGCCATGT-3′) 20 cycles.

RNA was prepared as described above. After reverse transcrip-
ion, transcripts were recovered by quantitative real-time PCR in a
tepOnePlus Real-Time PCR system and TaqMan gene expression
ssays (Applied Biosystems, Darmstadt, Germany) in a 20 �l reac-
ion. Gene expression assay Hs00197918 M1 (Applied Biosystems)
as used to analyze TFPI-2 expression levels. Transcripts were nor-
alized to TATA box binding protein as a housekeeping control

ene. Analysis of expression changes was performed by 2−��Ct

ethod.
To knock down TFPI-2, we employed lentiviral particles

ontaining five different small hairpin RNAs (shRNAs) specific
or TFPI-2 (SHVRS-NM 006528, Sigma–Aldrich) for transduction.
on-Targeting control transduction particles (SHC001V, Deisen-
ofen, Germany) were used as a negative, non-silencing control.
ew medium was added together with hexadimethrine bromide

Sigma–Aldrich) to a final concentration of 8 mg/l. Lentiviral par-
icles were added to a MOI of 10 and incubated for 24 h followed
y a medium change. Puromycin (Calbiochem) was added to a final
oncentration of 500 �g/l. For the subsequent experiments, only
ultures transduced with one of the lentiviral sequences (SHVRSC-
RCN0000072725) were used.

Glioma cell migration and cell invasion were analyzed in
cratch-migration-assays and modified Boyden-chamber invasion
ssays, respectively [23].

For cell death analysis supernatant was removed, cells were
ashed twice with PBS and trypsinated. Cells were resuspended

n PBS and added to the supernatant that was kept before. Cell sus-
ensions were centrifugated and resuspended in FACS HEPES buffer
nd stained with Annexin V and Propidium Iodide for 20 min. Flow
ytomety was performed on a FACS Canto, BD Biosciences, Hei-
elberg, Germany and was followed by analysis using FACS Diva.
ells stained positive for Annexin V and Propidium Iodide were
onsidered dead.All statistical analyses were performed using SPSS
6.0 software (SPSS GmbH Software; Munich, Germany). Data were
ompared by one-way ANOVA followed by Tukey’s test. P-values
maller than 0.05 were considered to be statistically significant.

ata are presented as means ± SEM.

For our initial expression studies, we employed a panel of eight
rade III to IV high-grade glioma cell lines (U87, U251, U343, U373,
Z-18, MZ-54, MZ-206, MZ-304) and one oligodendroglioma cell
etters 497 (2011) 49–54

line (Hs 683). There was undetectable TFPI-2 mRNA and protein
expression in five of the cell lines (U251, U343, U373, MZ-54 and
MZ-304) (Fig. 1A), suggesting silencing of the TFPI-2 promoter in
these cells. Since it was previously reported that mRNA expres-
sion of TFPI-2 may be modulated by hypoxia and VEGF, we also
investigated whether cultivation under hypoxic conditions affected
expression of TFPI-2. There were no discernible differences in any
of the investigated glioma cell lines, however (data not shown). To
quantify TFPI-2 expression, we also performed quantitative RT-PCR
with all RNAs prepared. TFPI-2 expression was shown to be highest
in glioma cell line Hs 683 with detectable expression in cell lines
U87, MZ-18 and MZ-256 (Fig. 1B).

To further investigate the tumor-suppressing role of TFPI-2 in
our glioma cells, we performed a lentiviral-mediated stable knock-
down of TFPI-2 in one high-grade astrocytoma (MZ-18) and one
oligodendroglioma cell line (Hs 683) (Fig. 1C) both of which abun-
dantly expressing TFPI-2 (Fig. 1A and B). A panel of five different
TFPI-2-targeting sequences was transduced by lentiviral shRNA
transfer. RT-PCR revealed major differences in the efficiency of
TFPI-2 silencing by five different shRNA sequences (data not shown)
with sequence 3 causing a complete knockdown of TFPI-2 expres-
sion as detected by RT-PCR and Western blotting (Fig. 1C). Of note,
previous findings have suggested that overexpression of TFPI-2 can
induce activation of caspases and apoptotic cell death in glioblas-
toma cells [5,24]. However, the knockdown of TFPI-2 did not change
the amount of basal cell death (i.e. in the absence of additional death
stimuli) in MZ-18 and Hs 683 cells in our experiments (data not
shown).

Next, we analyzed the effects of the TFPI-2 knockdown on cell
proliferation and migration in both cell lines. Knockdown of TFPI-2
led to an increased proliferation rate after 48 and 72 h, as analyzed
by MTT assay (Fig. 1D).

To evaluate potential TFPI-2-dependent changes in cell migra-
tion, we performed scratch-migration-assays. Silencing of TFPI-2
evoked an induction of cell migration in cell lines MZ-18 and Hs-
683 (Fig. 1E). In addition to the observed effects on cell migration,
we also analyzed the potential role of TFPI-2 in preventing glioma
cell invasion. To this end, we compared the effects of the TFPI-2
knockdown on the invasive behavior of MZ-18 and Hs 683 cells to
their respective controls (Fig. 1F). In comparison to the high-grade
astrocytoma cell line MZ-18, Hs 683 cells displayed a lower inva-
sive behavior. Knockdown of TFPI-2 lead to a markedly increased
invasive capacity, which was detectable in both cell lines. Hypoxia
limited cellular migration and invasion, but could not abrogate the
potentiating effects of the TFPI-2 knockdown (data not shown).

Conversely, addition of recombinant TFPI-2 to cell lines U251
and MZ-54 which do not express TFPI-2 led to a decrease in cell
proliferation (Fig. 2A). Accordingly, addition of recombinant TFPI-2
to MZ-54 cells led to reduced cellular migration (Fig. 2B, left panel).
Similar to its effects on proliferation and migration, recombinant
TFPI-2 led to a significant, dose-dependent decrease in cellular
invasion in MZ-54 cells (Fig. 2B, right panel).

To further analyze the molecular mechanisms of TFPI-2-
mediated inhibition of cell invasion, we investigated the role of
MMPs in this context. Analysis of MMP-1, MMP-2 and MMP-9 pro-
tein levels revealed a relatively uniform expression of MMPs in all
cell lines except U373, indicating that loss of TFPI-2 expression
had no major influence on MMP protein expression in the TFPI-
2-deficient cells (Fig. 3A). Next, we investigated the effect of three
different, specific MMP inhibitors (Fig. 3B). Inhibition of MMP-1 and
MMP-2 was able to reduce cell invasion of MZ-18 and Hs 683 TFPI-
2 KD cells to a level comparable to that observed in MZ-18 and

Hs 683 control cells, respectively, whereas the MMP-9 inhibitor
had no major inhibiting effect in TFPI-2 KD cells (Fig. 3B). Of note,
treatment with MMP-1, MMP-2 and MMP-9 inhibitors at the con-
centrations used in this study did not result in any induction of

Joseph George
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Fig. 1. TFPI-2 knockdown impedes glioma cell proliferation, migration and invasion. (A) Semiquantitative RT-PCR and Western blot analysis of TFPI-2 expression. The
indicated glioma cell lines were cultivated for 24 h and mRNA expression levels of TFPI-2 and GAPDH were determined (upper panel). Protein expression of TFPI-2 was
visualized by Western blotting (lower panel). (B) qPCR analysis of TFPI-2 expression levels in the indicated cell lines. Expression of TFPI-2 was normalized to cell line U87. (C)
Lentiviral-mediated stable knockdown of TFPI-2 in glioma cell lines MZ-18 (left panel) and Hs 683 (right panel). Either an empty control vector (Ø-vec), or a vector containing
an shRNA sequence directed against TFPI-2 were transduced. Cells were lysed and TFPI-2 mRNA and protein expression levels were determined. GAPDH served as a control.
(D) MZ-18 or Hs 683 control cells (Ø-vec) and cells treated with a vector against TFPI-2 (TFPI-2 KD) were cultured for the indicated time and used for MTT analysis. (E)
Cell count quantification of migrated cells. MZ-18 and Hs 683 control cells (Ø-vec) and cells treated with a vector against TFPI-2 (TFPI-2 KD) used for a migration assay as
described above. Data are means ± SEM from n = 3 independent cultures. (F) Cells were added to modified Boyden-chambers at equal concentrations for invasion studies.
After 24 h of incubation invaded cells with TFPI-2 knockdown were stained and counted. Cells treated with an empty control vector (Ø-vec) were used as a control. Data are
means ± SEM from n = 10 high power fields. *P < 0.05 compared to controls.
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Fig. 2. Glioma cell migration and invasion is limited by TFPI-2. (A) Cell lines U 251 and MZ-54 with undetectable expression of TFPI-2 (con) and cells treated with recombinant
TFPI-2 (120 nM) were cultured for the indicated time in a humidified incubator. After cultivation, MTT-metabolization was measured. Data are means ± SEM from n = 16
independent cultures. Data are normalized to the respective controls. *P < 0.05 compared to controls. #P < 0.05 compared to the indicated treatment. (B) Cell count quantifi-
cation of migrated and invaded MZ-54 cells. After cultivation for 24 h MZ-54 cells were prepared for migration and invasion studies as described above and subsequently
treated with recombinant TFPI-2 at the indicated concentration or not. Data are means ± SEM from n = 3 independent cultures (left panel). Data are means ± SEM from n = 10
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igh power fields (right panel). *P < 0.05 compared to controls. (C) Exemplary imag
cratch. As treatment, MZ-54 cells were incubated with recombinant TFPI-2 (120 nM

lioma cell death in control and TFPI-2 knockdown cells of both
ell lines analyzed (Fig. 3C).

Previous studies have proposed a role for TFPI-2 tumor growth,
ngiogenesis and invasion in other types of cancer [12,27] and it
as been shown that TFPI-2 expression inversely correlates with
lioma progression [21,16]. Previous findings have also demon-
trated a potential role of TFPI-2 in regulating cell invasion of glial
umors [21,17]. In line with these observations, our studies revealed
levated glioma cell migration, invasion and proliferation after
nockdown of TFPI-2, thereby underscoring the important tumor
uppressor function of TFPI-2 in these types of tumors.

TFPI-2 is a protease inhibitor consisting of three Kunitz-
ype proteinase inhibitor domains [2] and strongly associated
ith the extra-cellular matrix (ECM). Other groups have demon-

trated the presence of TFPI-2 in the ECM surrounding fibroblasts

20], endothelial cells [9] and also glioma cells [16]. TFPI-2 can
nhibit various proteases including plasmin, trypsin, chymotrypsin,
athepsin G, plasma kallikrein and the TF/Factor VII complex
1,11,12]. Overactivation of proteoloytic enzymes in gliomas is of
×) of migrated and invaded MZ-54 cells. White bars indicate the dimensions of the
treated cells were used as a control.

great clinical significance as glioma cells hamper the success of
surgery by excessive and deep infiltration of the adjacent brain
tissue [13].

TFPI-2 has described as a broad inhibitor of ECM and MMPs
[14,16]. Several studies have previously addressed the inhibitory
effects of TFPI-2 on MMPs, established key mediators in tumor cell
invasion [22]. TFPI-2 can inhibit MMP-1, MMP-2 and MMP-9 [8], but
it is controversial whether this inhibition is carried out in a direct
or an indirect manner. Since proteolytic activation of pro-MMPs
requires the activity of serine proteases such as trypsin and plasmin,
TFPI-2 may also mediate its inhibitory effects on MMP activity by
inactivating these enzymes. In one study, TFPI-2 failed to coprecip-
itate with MMP-1, MMP-2 and MMP-9 [4]. Interestingly, our data
suggest that the anti-invasive properties of TFPI-2 are associated
with inhibition of MMP-1 and MMP-2 in glioma cells, while inhibi-

tion of MMP-9 seems to play a minor role in this context. In addition
to enzymatic inhibition, TFPI-2 may also modulate the expression
levels of MMPs. In one study, knockdown of TFPI-2 did not affect
MMP-2 or MMP-9 expression, but was shown to increase MMP-1
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Fig. 3. Role of TFPI-2 in inhibition of MMP-1, MMP-2 and MMP-9. (A) Expression analysis of MMP-1, MMP-2 and MMP-9 in all glioma cell lines analyzed. The indicated glioma
cell lines were cultivated for 24 h and MMP expression was visualized by Western blotting. (B) MZ-18 and Hs 683 cells were treated with either an empty control vector
(Ø-vec) or with a vector specific for TFPI-2 (TFPI-2 KD). Cells were incubated together with the indicated MMP-Inhibitors (MMP-1, 1 nM; MMP-2, 5 �M; MMP-9 10 nM) in
modified Boyden chambers. Cells treated with DMSO were used as a control. Data are presented as means from n = 10 microscopic fields. *P < 0.05 compared to control cells.
#P < 0.05 compared to TFPI-2 knockdown cells. n.s. not significant. (C) Cell death in glioma is not induced by knockdown of TFPI-2 or by MMP inhibitors. MZ-18 and Hs 683
cells were treated with either an empty control vector (Ø-vec) or a vector specific for TFPI-2 (TFPI-2 KD). MMP-Inhibitors (MMP-1, 1 nM; MMP-2, 5 �M; MMP-9 10 nM) were
added and cell cultures were incubated for 24 h. Cell death was quantified by flow cytometry. A staurosporine treatment (STS, 5 �M) served as a positive control. Data are
p cells.
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resented as means from n = 3 independent cultures. *P < 0.05 compared to control

xpression in an in vitro lung cancer model [10]. However, we found
o major expression changes of MMP1, MMP2 and MMP9 in TFPI-
-proficient vs. TFPI-2-deficient glioma cells, suggesting that the
nti-invasive properties of TFPI-2 are largely mediated by inhibiting
he enzymatic activity of MMPs.

Ectopic overexpression of TFPI-2 in glioma cell lines express-
ng little to none endogenous TFPI-2 also was shown to induce
poptotic glioma cell death [5,24]. In the cell lines used in our study
he TFPI-2 knockdown had no impact on basal cell death in the
ultures. Nevertheless, TFPI-2 deficiency might result in a higher
esistance against chemotherapeutic agents and apoptosis, thereby
urther enhancing tumor malignancy.

In a tumor progression analysis it was demonstrated that dur-
ng glioma progression the expression of TFPI-2 inversely correlates
ith histological grading and therefore its potential role of a tumor
uppressor gene has been postulated [21,26]. In the panel of glioma
ell lines used in this study we found different levels of TFPI-2
RNA and protein with undetectable expression in five out of
nine investigated cell lines. We found high TPFI-2 expression in
two glioblastoma cell lines (U87 and MZ-18) and one oligoden-
droglioma cell line investigated (Hs 683), and knockdown of TFPI-2
limited the pro-migratory, pro-invasive capacity of U87 and Hs 683
cells, suggesting that TFPI-2 can act as a tumor suppressor in both
histological types of glioma.

Although anaplastic oligodendroglioma and anaplastic astro-
cytoma display a number of distinct genetic alterations, defining
genetic changes commonly observed in both types of glioma may
be important for finding new effective treatment strategies. In
glioblastoma, loss of function of tumor suppressor genes is believed
to play an important role in enhancing cell migration and invasion.
For example, PTEN is known to regulate glioma cell invasion by
controlling MMP secretion of glioma cells [19].
In conclusion, our data emphasize the important tumor sup-
pressor function TFPI-2 in glial tumors and shed new light on the
complex mechanisms underlying enhanced glioma cell migration
and invasion during tumor progression.



5 ence L

A

a

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

4 F. Gessler et al. / Neurosci

cknowledgement

The authors thank Hildegard Koenig for excellent technical
ssistance.

eferences

[1] W.R. Bauer, J.J. Hayes, J.H. White, A.P. Wolffe, Nucleosome structural changes
due to acetylation, Journal of Molecular Biology 236 (1994) 685–690.

[2] E.E. Cameron, K.E. Bachman, S. Myohanen, J.G. Herman, S.B. Baylin, Synergy of
demethylation and histone deacetylase inhibition in the re-expression of genes
silenced in cancer, Nature Genetics 21 (1999) 103–107.

[3] Y.A. De Clerck, H. Shimada, I. Gonzalez-Gomez, C. Raffel, Tumoral invasion in
the central nervous system, Journal of Neuro-oncology 18 (1994) 111–121.

[4] X. Du, H.S. Chand, W. Kisiel, Human tissue factor pathway inhibitor-2 does not
bind or inhibit activated matrix metalloproteinase-1, Biochimica et Biophysica
Acta 1621 (2003) 242–245.

[5] J. George, C.S. Gondi, D.H. Dinh, M. Gujrati, J.S. Rao, Restoration of tis-
sue factor pathway inhibitor-2 in a human glioblastoma cell line triggers
caspase-mediated pathway and apoptosis, Clinical Cancer Research 13 (2007)
3507–3517.

[6] F. Gessler, V. Voss, S. Dutzmann, V. Seifert, R. Gerlach, D. Kogel, Inhibition
of tissue factor/protease-activated receptor-2 signaling limits proliferation,
migration and invasion of malignant glioma cells, Neuroscience 165 (2010)
1312–1322.

[7] A. Giese, M. Westphal, Glioma invasion in the central nervous system, Neuro-
surgery 39 (1996) 235–250, discussion 250–232.

[8] M.P. Herman, G.K. Sukhova, W. Kisiel, D. Foster, M.R. Kehry, P. Libby, U.
Schonbeck, Tissue factor pathway inhibitor-2 is a novel inhibitor of matrix met-
alloproteinases with implications for atherosclerosis, The Journal of Clinical
Investigation 107 (2001) 1117–1126.

[9] M. Iino, D.C. Foster, W. Kisiel, Quantification and characterization of human
endothelial cell-derived tissue factor pathway inhibitor-2, Arteriosclerosis,
Thrombosis, and Vascular Biology 18 (1998) 40–46.

10] S. Iochmann, C. Blechet, V. Chabot, A. Saulnier, A. Amini, G. Gaud, Y. Gruel, P.
Reverdiau, Transient RNA silencing of tissue factor pathway inhibitor-2 mod-
ulates lung cancer cell invasion, Clinical & Experimental Metastasis 26 (2009)
457–467.

11] S.D. Konduri, F.A. Osman, C.N. Rao, H. Srinivas, N. Yanamandra, A. Tasiou, D.H.
Dinh, W.C. Olivero, M. Gujrati, D.C. Foster, W. Kisiel, G. Kouraklis, J.S. Rao, Min-
imal and inducible regulation of tissue factor pathway inhibitor-2 in human
gliomas, Oncogene 21 (2002) 921–928.

12] S.D. Konduri, C.N. Rao, N. Chandrasekar, A. Tasiou, S. Mohanam, Y. Kin, S.S. Lakka,

D. Dinh, W.C. Olivero, M. Gujrati, D.C. Foster, W. Kisiel, J.S. Rao, A novel func-
tion of tissue factor pathway inhibitor-2 (TFPI-2) in human glioma invasion,
Oncogene 20 (2001) 6938–6945.

13] S.D. Konduri, K.S. Srivenugopal, N. Yanamandra, D.H. Dinh, W.C. Olivero, M.
Gujrati, D.C. Foster, W. Kisiel, F. Ali-Osman, S. Kondraganti, S.S. Lakka, J.S. Rao,

[

etters 497 (2011) 49–54

Promoter methylation and silencing of the tissue factor pathway inhibitor-2
(TFPI-2), a gene encoding an inhibitor of matrix metalloproteinases in human
glioma cells, Oncogene 22 (2003) 4509–4516.

14] S.S. Lakka, S.D. Konduri, S. Mohanam, G.L. Nicolson, J.S. Rao, In vitro modulation
of human lung cancer cell line invasiveness by antisense cDNA of tissue factor
pathway inhibitor-2, Clinical & Experimental Metastasis 18 (2000) 239–244.

15] D.N. Louis, H. Ohgaki, O.D. Wiestler, W.K. Cavenee, P.C. Burger, A. Jouvet, B.W.
Scheithauer, P. Kleihues, The 2007 WHO classification of tumours of the central
nervous system, Acta Neuropathologica 114 (2007) 97–109.

16] Y. Miyagi, N. Koshikawa, H. Yasumitsu, E. Miyagi, F. Hirahara, I. Aoki, K. Misugi,
M. Umeda, K. Miyazaki, cDNA cloning and mRNA expression of a serine pro-
teinase inhibitor secreted by cancer cells: identification as placental protein
5 and tissue factor pathway inhibitor-2, Journal of Biochemistry 116 (1994)
939–942.

17] X. Nan, F.J. Campoy, A. Bird, MeCP2 is a transcriptional repressor with abundant
binding sites in genomic chromatin, Cell 88 (1997) 471–481.

18] J.B. Park, H.J. Kwak, S.H. Lee, Role of hyaluronan in glioma invasion, Cell Adhe-
sion & Migration 2 (2008) 202–207.

19] M.J. Park, M.S. Kim, I.C. Park, H.S. Kang, H. Yoo, S.H. Park, C.H. Rhee, S.I. Hong,
S.H. Lee, PTEN suppresses hyaluronic acid-induced matrix metalloproteinase-9
expression in U87MG glioblastoma cells through focal adhesion kinase dephos-
phorylation, Cancer Research 62 (2002) 6318–6322.

20] C.N. Rao, B. Cook, Y. Liu, K. Chilukuri, M.S. Stack, D.C. Foster, W. Kisiel, D.T. Wood-
ley, HT-1080 fibrosarcoma cell matrix degradation and invasion are inhibited
by the matrix-associated serine protease inhibitor TFPI-2/33 kDa MSPI, Inter-
national Journal of Cancer 76 (1998) 749–756.

21] C.N. Rao, S.S. Lakka, Y. Kin, S.D. Konduri, G.N. Fuller, S. Mohanam, J.S. Rao,
Expression of tissue factor pathway inhibitor 2 inversely correlates during the
progression of human gliomas, Clinical Cancer Research 7 (2001) 570–576.

22] J.S. Rao, P.A. Steck, S. Mohanam, W.G. Stetler-Stevenson, L.A. Liotta, R. Sawaya,
Elevated levels of M(r) 92,000 type IV collagenase in human brain tumors,
Cancer Research 53 (1993) 2208–2211.

23] C. Senft, M. Priester, M. Polacin, K. Schroder, V. Seifert, D. Kogel, J. Weis-
senberger, Inhibition of the JAK-2/STAT3 signaling pathway impedes the
migratory and invasive potential of human glioblastoma cells, Journal of Neuro-
oncology 101 (2011) 393–403.

24] A. Tasiou, S.D. Konduri, N. Yanamandra, D.H. Dinh, W.C. Olivero, M. Gujrati,
M. Obeyesekere, J.S. Rao, A novel role of tissue factor pathway inhibitor-2 in
apoptosis of malignant human gliomas, International Journal of Oncology 19
(2001) 591–597.

25] J.H. Uhm, N.P. Dooley, J.G. Villemure, V.W. Yong, Glioma invasion in vitro:
regulation by matrix metalloprotease-2 and protein kinase C, Clinical & Exper-
imental Metastasis 14 (1996) 421–433.

26] M.Z. Wojtukiewicz, E. Sierko, L. Zimnoch, L. Kozlowski, W. Kisiel, Immunohis-
tochemical localization of tissue factor pathway inhibitor-2 in human tumor

tissue, Thrombosis and Haemostasis 90 (2003) 140–146.

27] N. Yanamandra, S. Kondraganti, C.S. Gondi, M. Gujrati, W.C. Olivero, D.H. Dinh,
J.S. Rao, Recombinant adeno-associated virus (rAAV) expressing TFPI-2 inhibits
invasion, angiogenesis and tumor growth in a human glioblastoma cell line,
International Journal of Cancer 115 (2005) 998–1005.

Joseph George
Rectangle


	Knockdown of TFPI-2 promotes migration and invasion of glioma cells
	Acknowledgement
	References


