Abstract
he induction of apoptotic pathways in cancer cells offers a novel and potentially
useful approach to improve pauent P to co i I Tissue

factor pathway inhibitor-2 (TFPI-2) is a protease inhibitor that is abundant in the
extracellular matrix (ECM) and highly expressed in non-invasive cells, but absent or
undetectable in highly invasive human glioblastoma cells. Using a recombinant adeno-
associated viral vector carrying human TFPI-2 ¢cDNA (rAAV-TFPI-2), we stably
expressed TFPI-2 in U-251 cell< a highly invasive human glioblastoma cell line. Our
previous studies d d that of TFPI-2 in gliobl effectively
prevents cell proliferation, angiogenesis and tumor invasion. In the present study, we
determined whether TFPI-2 restoration could induce apoptosis through the caspase
mediated signaling pathway. The results of caspase 9 and caspase 3 activity assays showed
increased activity, which indicates ent for cleaved
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Western blot analysis demonstrated increased transcriptional activities of FasL, TNF-a,,
BAX, FADD and TRADD, as well as elevated levels of cleaved caspases and PARP.
Semiquantitative RT-PCR depicted increased expression of TNF-o. and FasL and the
related death domains, TRADD and FADD. Taken together, these results demonstrate that
restoration of TFPI-2 activates both intrinsic and extrinsic caspase-mediated, pro-
apoptotic signaling pathways and induces apoptosis in U-251 cells. Furthermore, our
study suggests that rAAV-mediated gene expression offers a novel and potential tool for
cancer gene therapy.

Introduction

G oblastomas are highly invasive and aggressive primary brain tumors associated
with a dismal prognosis. The median survival of patients with glioblastoma treated
with surgery, radiotherapy and chemotherapy is from 10 to 22 months. Limits in the
efficacy of current treatment modalities call for the development of novel therapeutic
approaches targeting the specific biol | features of gliobl Human tissue
factor pathway inhibitor-2 (TFPI-2) is a Kunitz-type proteinase inhibitor that acts against
awide range of serine proteases through their non-productive interaction with a P, residue
in its first Kunitz-type domain. A wide variety of cells including keratinocytes, dermal
fibroblasts, smooth muscle cells, synoviocytes and endothelial cells synthesize and
secrete TFPI-2, primarily into the extracellular matrix (ECM). TFPI-2 exhibits strong
inhibitory activity towards a broad spectrum of proteinases, including trypsin, plasmin,
chymotrypsin, cathepsin G, plasma kallikrein and the factor VIla-tissue factor complex.
Recent studies have shown that TFPI-2 expression plays a significant role in inhibiting
tumor invasion and metastasis by a mechanism that involves its inhibitory activity.
However, little is known about the role of TFPI-2 in the induction of apoptotic pathways in
glioblastomas.

Apoptosis, the programmed cell death, is critical for the development and maintenance
of healthy tissues. There are two alternative pathways that initiate apoptosis: one is
mediated by death receptors on the cell surface and the other is mediated by mitochondria.

The pathophysiological roles of the apoptotic signaling pathway have recently been
identified in several human tumors including g In the present i
we selected an established glioblastoma cell line, U251 where TFPI-2 expression is
totally absent due to the aberrant hypermethylation of TFPI-2 promoter CpG islands. We
restored TFPI-2 protein levels in U251 cells through an adeno-associated viral vector
carrying TFPI-2 gene and evaluated the effect of restored TFPI-2 on the signaling of cell
surface death receptors as well as mitochondrial-mediated, pro-apoptotic pathways.

l demonstrates that U251 cells transfected with the recombinant adeno-
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3 demonstrates significant increase of caspases 9 and 3 in U251 cells transfected
VAT 2 compared to controls.

Figure 4
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Figure 4. Double immunofluorescent staining for caspase 9 and caspase 3
expression. U251 cells were cultured on 8-well chamber slides at 2X 10" cells per
well and transfected with rAAV-TFPI ns of 50 and 100 MOl and
EVat 100 MOL. The cells were primary and secondary
antibodies and stained.
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(A) Western blot analysis for the expression of FasL, FADD
nd ADD in rAAV-1 ~transfected U251 cells. Cells were transfectec
with 50 and 100 MOI of rAAV-TFPI-2 and EV at 100 MOl and the levels of TNF-a,
FasL, FADD and TRADD by western blotting. The membranes were reprobed for
GAPDH content to demonsisatetha similar amounts of protein were loaded i each
i RT-PCR analysis for the expression of TNFa,
FPI-2-transfected U251 cells
me RT-PCR analysis using SYBR
imers for the quantitative evaluation of TNF-
‘asL, TRADD and FADD mRNA expression. The data ai S.D. of 6
samples (*p<0.001).
Figure 5 demonstrates a significant increase in the protein and mRNA levels of
TNF-a, FasL. TRADD and FADD after restoration of TFPI-2in U251 cells.
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Figure 6. (A) Western blot analysis for cytochrome ¢, Bel-2, APAF and Bax
AR TREI-E franifcten 1SH cats) Gel e anafcid w50 and
00 MOI of rAAV-TFPI-2. An empty vector transfected at a concentra
100 MO was used as a vector control. (B) Western blot analysis il
lamin A, DFF 40 and cleaved PARPin rAAV-TFPI-2-transfected U251 cells.
(C) Western blot analysis for caspases 10,9,8,7,6 and 3 in the cell lysates of
transfected U251 cells. In all samples, the nitrocellulose
e reprobed and analyzed for glyceraldehyde-3-phosphate
A of protein

membranes w

were loaded in each lane.

demonstrates that increased levels of Bax, released cytochrome c.
vated caspases. cleaved lamin, cleaved PARP and DFF40 clearly indicate
anced apoptosis after TFPI-2 restoration

Conclusions

eTissue factor pathway inhibitor-2 (TFPI-2) expression is
lost during the progression of gliomas.

PI-2 expression is absent in the highly invasive U251
glioblastomacell line.

®Functional TFPI-2 protein is restored in U251 cells
through adeno-associated viral vectors carrying TFPI-2
cDNA

eRestoration of TFPI-2in U251 cells resulted in increased
caspase 9 and caspase 3 activities.

*Double immunofluorescence for caspase 9 and caspase 3
demonstrated increased staining and co-localization of
both molecules as well as apoptosis after restoration of
TFPI-2.

*Western blot and PCR analysis demonstrated increased
expression of death domains after restoration of TFPI-2.

®TFPI-2 restoration in U251 cells resulted in increased
levels of active caspases, cleaved PARP and DFF40
indicating enhanced apoptosis.
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