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Abstract The invasion- and apoptosis-associated throm-

boxane synthase gene encoding an enzyme of the arachidonic

acid pathway has been implicated in glioma progression.

Furegrelate, a specific inhibitor of thromboxane synthase,

blocks cell motility, induces apoptosis and increases sensi-

tivity to drug induced apoptosis in human glioma cells

in vitro. The impact of furegrelate on the sensitivity of

human glioma cells to c-irradiation was analyzed using

colony formation assay in vitro and an orthotopic mouse

model in vivo. Pre-treatment of glioma cells with furegrelate

increases radiation sensitivity of cultured glioma cells.

Treatment of experimental gliomas with suboptimal doses of

radiation and furegrelate results in a significant decrease in

tumor volumes compared to untreated controls. Thus, the

specific thromboxane synthase inhibitor furegrelate increa-

ses death response induced by c-radiation in glioma cells

in vitro and sensitizes experimental gliomas to radiation

treatment in vivo.
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Radiation � Radiation sensitizer � Glioma

Introduction

Prostanoids synthesis appears to be important in patho-

genesis and progression of cancer because arachidonic acid

metabolites affect several important cellular behaviors such

as mitogenesis, cellular adhesion, invasion, and apoptosis

[1]. In many cancers the levels of prostanoid synthesis

exceed those of normal tissues. In human glioma cells

cyclooxygenase (COX) and thromboxane synthase (TXSA)

are strongly overexpressed and expression levels of these

enzymes of the arachidonic acid pathway correlate with the

grade of malignancy [2, 3]. Thromboxane A2 (TXA-2), one

of the downstream metabolites of COX, is synthetisized

from prostaglandin H2 endoperoxide (PGH2) by TXSA.

One of the physiological functions of TXA-2 is to promote

vasoconstriction and platelet aggregation. Now an impor-

tant role of TXSA as a tumor promoting factor emerges.

Experimental overexpression of TXSA promotes tumor

growth in vivo [4], and it appears that high levels of TXSA

enhance angiogenesis and increase the invasive potential of

neoplastic cells [2, 3, 5–7]. In human gliomas TXSA ren-

ders tumor cells resistant to apoptosis and we have

demonstrated that specific inhibitors of TXSA block

motility and sensitize migration arrested glioma cells to
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apoptotic cell death [7]. The role of TXSA as an invasion-

and apoptosis-associated gene is further substantiated by

our findings that the gene encoding for TXSA is a target

gene for both the tumor suppressor gene p53 and the proto-

oncogenic factor ets-1 [8]. p53 and ets-1 co-regulate TXSA

in an antagonistic fashion with ets-1 being a potent tran-

scriptional activator and p53 inhibiting ets-1 dependent

transcription. This implicates that the loss of p53’s negative

control over ets-1 dependent transcription may lead to the

acquisition of an invasive and apoptosis resistant pheno-

type in tumor cells. Therefore, TXSA emerges as a

regulatory element at intersecting pathways of tumor pro-

moting and tumor suppressing signaling cascades. Targeted

inhibition of the TXSA activity may therefore increase the

susceptibility of glioma cells to conventional chemo- and

radiation therapy.

We have previously shown that furegrelate, a pharma-

cological inhibitor of TXSA which impedes the metabolic

conversion of cyclic endoperoxide into TXA-2, induces

apoptosis in glioma cell lines in vitro [2, 3, 5–7]. In this

study, we examined the effects of furegrelate on the radio

response in glioma cells. Our results demonstrate that

treatment with the specific TXSA inhibitor furegrelate

sensitizes glioma cell lines to c-radiation in vitro and

in vivo, as shown in an experimental glioma mouse model.

Material and methods

Cell culture

Human glioma cell lines were propagated in minimal

essential medium (MEM, Biochem, Berlin, Germany) with

10% fetal calf serum (FCS) and were passaged using

trypsinization at regular intervals depending on growth

characteristics. Normal human astrocytes were cultured as

described in [9]. The specific TXSA inhibitor furegrelate

(Sodium 5-(30-pyridinylmethyl) benzofuran-2-carboxylate)

(Sigma # F-3764, Deisenhofer, Germany) was prepared

according to manufacturer’s instructions for use in tissue

culture. The concentration range for functional assays was

based on our previous studies using human glioma cell

lines [2, 3, 7, 10].

Colony formation and irradiation

Human glioma cell lines and human astrocytes were seeded

in 10 cm culture dishes and were maintained till sub-con-

fluence. The cultures were pre-treated with the TXSA

inhibitor furegrelate at doses and treatment schedules

indicated in the figures and the cultures were irradiated

according to the schedules indicated. Following radiation

treatment cells were trypsinized, washed in PBS and

counted. A single cell suspension was plated in MEM

containing 10% FCS into six well plates at a density of

5 9 105 cells per well. The cultures were maintained for

two weeks, and then the cells were fixed in 1% glutaral-

dehyde and stained using crystal violet. The number of

colonies was counted and the surviving fraction was cal-

culated as the percentage of colonies of the non-irradiated

control. Values indicated represent the mean of triplicate

wells, error bars indicate standard deviation.

Cell migration

Cell migration was quantified using a monolayer migration

assay, which measures the dispersion of cell populations on

surfaces [9]. Ten-well HTC-treated slides (Dynex Tech-

nologies, Denkendorf, Germany) were coated with AES (3-

aminopropyltriethoxysilane) (Sigma #A-3648) to optimize

protein and cell adhesion. Slides were passively coated

with human laminin (100 lg/ml) and a cell sedimentation

manifold (CSM) was placed over the slides containing

50 ll of culture media. Cells were seeded in a volume of

1 ll MEM (2,000 cells) and slides were incubated for 48 h

at 37�C. The CSM was removed and the circular area

occupied by attached cells in each well was measured using

an image analysis system. The cell populations were

measured as the radius in lm of the circular area covered

by migrating cells. Serial images were captured for up to

48 h. Quantitative migration scores were calculated as the

increase in radius beyond the initial radius. Values indi-

cated represent the mean of triplicate wells, error bars

indicate standard deviation.

Assessment of cell death

A photometric enzyme-immunoassay was used for quan-

titative in vitro determination of cytoplasmic histone-

associated-DNA fragments (Boehringer, Mannheim,

Germany) [11]. In this assay the intracellular enrichment of

mono- and oligo-nucleosomes, which occurs after induc-

tion of endogenous endonucleases, is due to the fact that in

apoptosis DNA degradation occurs several hours before

plasma membrane breakdown. In contrast, necrotic cell

death results in early release of fragmented DNA into the

culture supernatant [7]. 20,000 cells were seeded into 96-

well plates and cells were allowed to adhere for 4 h before

treatment. Cultures were rinsed and compounds were

added at concentrations indicated in the figures. Furegrelate

doses higher than 0.75 mg/ml were found toxic in cell

culture conditions of previous studies and were not used in

this study [2, 3, 7, 10]. After incubation (4–48 h) cultures

were centrifuged at 2009 g and culture supernatants were

collected. Cells were lysed and 20 ll of lysate or 20 ll of

corresponding supernatant were used in a Cell Death

242 J Neurooncol (2009) 91:241–249

123



Detection ELISAPlus (Boehringer, Mannheim, Germany)

according to manufacturer’s instructions. A specific enrich-

ment factor of mono- and oligo-nucleosomes released into

the cytoplasm was calculated by absorbance of treated

sample divided by absorbance of the corresponding untreated

control. Data reported represent the mean of triplicate wells

per experimental determination.

RT-PCR

Total RNA was isolated from monolayer cultures of U87

and quantified by absorbance measurement at 260/280 nm.

RT synthesis of cDNA was done using a First Strand

Synthesis Kit (Stratagene, La Jolla, CA, USA). Primers for

TXSA (CAA GCA GGT GTT GGT TCA GAA and TAA

ATG AGC CAG GAG AAG GTC), and the thromboxane

receptor (GGC TGT CCT TCC TGC TGA AC and GCT

GAG GCG AGG CTG GAG AC) were designed as

described in [2]. The amplification of cDNA (1 ll of RT

product, 1 ll of each primer, 0.1 ll of Taq polymerase

(Perkin Elmer), and 1 ll of nucleotides in 2 ll of

10 9 buffer) was allowed to run for 40 cycles. Aliquots of

9 ll were collected and run on a 2% agarose gel, stained

with ethidium bromide and photographed under UV illu-

mination. Specific amplification was confirmed by

sequencing of PCR products.

Thromboxane B2 ELISA

Thromboxane B2 (TXB-2), a stable but biologically inac-

tive metabolite of TXA-2, was analyzed in cell culture

supernatants by incubating monolayer cultures to 70% sub-

confluence in serum free culture conditions. Cultures were

rinsed with PBS and fresh media was added, the cultures

were irradiated as indicated in the figures and cultures were

maintained for 12 h. Supernatants were collected, centri-

fuged and stored at -80�C and cells were trypsinized and

counted. TXB-2 was detected by an enzyme immunoassay

using peroxidase labeled TXB-2 conjugates according to

manufacturer’s instructions (Biotrak, code RPN 220,

Amersham International plc). TXB-2 levels were reported

as ng/106 cells from triplicate experiments per data point.

Transfection and luciferase reporter assay

For transient transfection, 2.0 9 105 cells were plated into

six-well tissue culture plates (Nunc, Roskilde, Denmark)

and transiently transfected using the Effectin transfection

reagent (Quiagen, Hilden, Germany) according to the

manufacturer’s instructions. 0.5 lg per well of the (-306)

TXSA-Luc reporter plasmids containing a luciferase gene

under the control of the thromboxane synthase promoter

was used [8]. About 24 h after transfection, cells were

c-irradiated or mock treated and lysed at time points indi-

cated in the figures. Cell lysates were cleared by

centrifugation at 13,000 rpm for 5 min at 4�C and transferred

to new tubes. The protein concentration was determined in

the cell lysates and equalized with the lysis buffer. The

luciferase activity was measured using a luciferase assay

system (Promega, Madison, USA).

Orthotopic glioma model and radiation treatment

The human glioblastoma derived cell line U87 was grown

in MEM containing 10% FCS. For intracranial implanta-

tion in nude NMRI mice cells were harvested from

monolayer cultures. Cells were washed and resuspended at

a concentration of 2 9 104 cells/ll. All procedures were

performed in accordance with regulations of the Animal

Care and Use Committee of the University Hospital of

Schleswig-Holstein under permit No. 30/o/03. Prior to the

implantation animals were anaesthetized by peritoneal

injection of ketamine/xylazine solution (1.2 ml ketamine

5% and 0.8 ml xylazine 2% in 8 ml of saline) at 0.01 ml/g

of body weight. For the procedure the cranium was fixed in

a stereotactic frame (TSE Systems, Bad Homburg,

Germany). About 3 ll of cell suspension were injected into

the internal capsule of the right-brain hemisphere of keta-

mine-anesthetized mice using the following stereotactic

coordinates in reference to the bregma: 1 mm (anteropos-

terior axis), 3 mm (lateromedial axis), 2.5 mm (vertical

axis). Following implantation 1 mg/ml novaminsulfone

was added to the drinking water for 3 days to relieve early

post-operative pain. At day 5 post-implantation 0.5–8 mg/

kg/day furegrelate were administered intracranially using

mini osmotic pumps (Model 1002, Alzet, Durect corpora-

tion, Cupertino, CA, USA) and intratumoral catheters

(brain infusion kit 3, Alzet) for 14 days. On day seven

post-implantation whole brain radiation treatment of 1, 2 or

3 Gy was given using a Mevatron (Siemens, Erlangen,

Germany) following a peritoneal injection of ketamine/

xylazine solution as described above. Radiation treatment

was repeated on day 8, 9, 10, and 11. Three weeks post-

implantation tumor bearing brains were explanted follow-

ing a lethal intraperitoneal injection of 0.7 ml ketamine/

xylazine solution and the brain specimens were fixed in

formalin. Coronal sections of the mouse brains were par-

affin embedded and histological sections of 10 lm were

processed for H&E staining. The tumor area was calculated

from the largest cross sectional diameters measured by

microscopical determination in consecutive histological

sections and using a Cell A image analysis software.

Tumor volumes were further calculated assuming the

tumor to be spherical by using the formula for the volume

of a sphere, V = 4/3 pr3 = 4/3 p (H(A/p))3 where A is a

tumor square area. Statistical analyses were performed by
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one way ANOVA test using GraphPrism software. Error

bars shown in the figures represent standard deviation.

Results

Inhibition of TXSA and radiation sensitivity in vitro

We have previously demonstrated that the specific TXSA

inhibitor furegrelate leads to caspase activation and DNA

fragmentation 48 h after treatment and subsequent cell

death in glioma cells. Furthermore, inhibition of TXSA by

furegrelate increased the susceptibility to drug induced

apoptosis by camptothecin and BCNU [7]. To analyze the

effect of furegrelate on c-radiation induced cell death the

human glioblastoma derived cell line G-44 was treated

with increasing concentrations of furegrelate 12 h prior to

c-irradiation and the surviving fraction of cells was deter-

mined in a clonogenic survival assay. A dose dependent

decrease in the surviving fraction of G-44 cells was

observed between 0.1 and 0.5 mg/ml furegrelate (Fig. 1), a

dose range that has previously been demonstrated to result

in migration arrest and apoptosis in various glioma cell

lines in vitro [2, 7]. About 36 h pre-treatment of G-44

glioma cells with 0.5 mg/ml/12 h furegrelate prior to

c-irradiation resulted in a significant decrease in the sur-

viving fraction of cells and an increase in radiation

sensitivity at low irradiation doses. A single dose of

furegrelate applied 4 h before irradiation resulted in a

moderately decreased surviving fraction at high

c-irradiation doses only. Treatment at the time of radiation

or following radiation showed no effect on radiation

induced cell death (Fig. 2). In G-44 glioma cells a 6 Gy

single dose radiation resulted in a decrease in the surviving

fraction to approximately 35% of the non-irradiated con-

trol. Fractionation of the radiation dose led to a significant

increase in the surviving fraction. A radiation dose of

2 9 3 Gy given with a one or three hour treatment interval

resulted in an increase in the surviving fraction of up to 240

and 460%, respectively (Fig. 3a). About 36 h pre-treatment

with 0.5 mg/ml/12 h furegrelate prior to c-irradiation

resulted in a loss of the recovery of the surviving fraction

of G-44 glioma cells treated with a fractionated radiation

dose (Fig. 3a). G-44 cells irradiated with a single dose of

6 Gy and trypsinized 12 h after radiation treatment showed

a significant decrease in the surviving fraction compared to

G-44 glioma cells trypsinized and replated immediately

after irradiation (Fig. 3b).

We have previously shown that, the invasion-associated

gene TXSA is under the negative control of the tumor

suppressor gene p53 and that the TXSA promoter is

transactivated by the proto-oncogenic factor ets-1 [8]. To

investigate whether TXSA may be up-regulated by radia-

tion the p53 negative glioma cell line G-130 was irradiated

with a single dose of 6 Gy and the levels of TXB-2 were

measured 24 h after treatment. In G-130 glioma cells,

which are deficient for p53 [12], c-irradiation led to a

significant increase in TXB-2 levels (Fig. 4a). Irradiation

of G-130 cells transiently transfected with the luciferase

reporter controlled by the TXSA promoter demonstrated

that c-irradiation led to induction of the TXSA promoter

within 2 h following treatment (Fig. 4b).

Irradiation of a panel of glioma cell lines and a strain of

normal human astrocytes showed that in three of five gli-

oma cell lines furegrelate treatment resulted in a strong

increase in radiation sensitivity and in a moderate increase

in radiation sensitivity in two other cell lines (Fig. 5). In

normal astrocytes no decrease in the surviving fraction was

observed in furegrelate treated cell populations. For human

fibroblasts, which generally showed a higher resistance to

radiation than astrocytes, also no radiation sensitizing

effect of furegrelate was found (data not shown). Because

U87 glioma cells showed a mid range radiation sensitizing

effect of furegrelate in vitro this cell line was selected for

further in vivo studies in NMRI mice. RT-PCR demon-

strated that both TXSA and the thromboxane receptor are

expressed in U87 cells in monolayer cell cultures (Fig. 6a).

A monolayer migration assay showed that, a single dose

furegrelate treatment resulted in a dose dependent inhibi-

tion of U87 cell migration (Fig. 6b) and that furegrelate

resulted in histone-complexed-DNA fragmentation in an

apoptosis assay 48 h after treatment (Fig. 6c).

Fig. 1 Clonogenic survival of c-irradiated human glioblastoma

derived G-44 monolayer cultures treated with increasing concentra-

tions of furegrelate 12 h prior to c-radiation
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Furegrelate treatment and radiation of experimental

U87 gliomas

Intracranial implantation of 6 9 104 U87 glioma cells in

NMRI mice results in establishment of solid tumors 5 days

following implantation and growth of a lethal tumor mass

approximately 4 weeks after inoculation [13, 14]. Fureg-

relate was administered using mini osmotic pumps (Model

1002, Alzet, Durect Corporation, Cupertino, CA, USA) and

intratumoral catheters (brain infusion kit 3, Alzet) that were

placed stereotactically through the bur hole used for the

implantation of tumor cells. Whole brain irradiation of U87

tumor bearing mice was started 7 days after implantation.

The animals were sacrificed on day 21 and the tumor vol-

umes were determined by measurements of H&E stained

serial coronal sections of mouse brains. As expected, radi-

ation of U87 tumors led to a dose dependent decrease in

tumor volumes (Fig. 7a). Intratumoral furegrelate treatment

of U87 tumor bearing mice led to a reduction of intracranial

tumor volumes, which at a concentration of 8 mg/kg/day,

was significantly decreased in comparison to the untreated

control (Fig. 7b). We next assessed the efficacy of a com-

bined treatment with furegrelate and radiation on U87

tumors. To be able to distinguish the combined effects of

radiation and furegrelate from those elicited by each of the

treatments alone, suboptimal doses of radiation and fureg-

relate, 5 9 1 Gy and 2 mg/kg/day, respectively, were

selected for a combined treatment of U87 tumors (Fig. 7c).

Neither the suboptimal radiation dose of 5 9 1 Gy nor the

suboptimal furegrelate dose of 2 mg/kg/day alone resulted

in a significant reduction of tumor volumes, whereas a

combined treatment led to a significant decrease in tumor

volume compared to the untreated control.

Discussion

Cyclooxygenase-2 (COX-2), an enzyme induced by inflam-

matory cytokines, mitogens, oncogenes, growth factors and

Fig. 3 Furegrelate’s inhibition of clonogenic survival in G-44 glioma

cells is increased by a fractionated radiation. (a) Fractionation of the

radiation dose and clonogenic survival of G-44 glioma cells pre-

treated with the TXSA inhibitor furegrelate. Fractionation of the

radiation dose led to a significant loss of efficiency against clonogenic

growth. Prolonged treatment intervals resulted in further diminution

of cytotoxicity, i.e., increased clonogenic survival. No recovery of the

surviving fraction of cell populations treated with a fractionated

radiation dose was observed following pre-treatment with furegrelate.

(b) Furegrelate pre-treated G-44 cells irradiated with a single dose of

6 Gy and plated into clonogenic survival assays immediately showed

a significantly increased survival (left) compared to cell populations

trypsinized and plated 12 h after radiation treatment (right)

Fig. 2 Clonogenic survival of c-irradiated G-44 glioma cells following different treatment schedules of the TXSA inhibitor furegrelate.

c-irradiation induced cell death was increased by the TXSA inhibitor only when furegrelate treatment was started prior to radiation
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hypoxia among others, converts arachidonic acid to prosta-

glandins. COX-2 overexpression in several neoplastic tissues

has been well documented. For this enzyme the link to car-

cinogenesis, tumor progression and metastatic tumor spread

has been firmly established. Overexpression of COX-2 in

human tumors is associated with a poor prognosis and a poor

response to radiation therapy [15–18].

Pharmacological inhibitors of COX-2 have shown to

enhance the radiation response of tumors of several histo-

types in vitro and in vivo without serious side effects on

normal tissues [19, 20]. Generally, COX-2 inhibitors

increased radiation sensitivity at concentrations higher than

necessary for inhibition of prostaglandin synthesis and also

required prolonged exposure. Furthermore, in some cellular

systems the sensitizing effect did not correlate with COX-2

expression [21, 22]. This suggests that COX independent

effects of those drugs including inhibition of kinases,

transcription factors, inhibition of sublethal cell damage

repair, and changes in cell cycle distribution may add to

COX-2 specific effects in the modulation of radiosensi-

tivity in tumor cells [23–25].

Overexpression of TXSA, a downstream enzyme con-

verting the COX product PGH2 to TXA-2, also seems to be

associated with the progression and poor prognosis of

Fig. 4 Increased formation of TXB-2 and activation of the TXSA

promoter induced by radiation in the p53 negative glioma cell line G-

130. (a) TXB-2 formation in c-irradiated p53 negative G-130 glioma

cells 24 h after treatment. In G-130 cells c-irradiation led to a

significant increase in TXB-2 levels. (b) Activation of the TXSA

promoter in G-130 cells by c-irradiation. Activity of the TXSA

promoter was assessed by a reporter assay in G-130 cells transiently

transfected with a luciferase reporter gene under the control of the

TXSA promoter [8]. Luciferase activity was measured in transfected

cells which were c-irradiated or mock treated and lysed at the

indicated time points. Values represent the mean of triplicate wells,

error bars indicate standard deviation

Fig. 5 Irradiation of human

glioma cell lines and normal

human astrocytes following pre-

treatment with the TXSA

inhibiter furegrelate
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many human tumors including thyroid, prostate, bladder,

breast, colon cancer, and gliomas [2, 3, 26–30]. Differential

mRNA expression analysis performed on human glioma

cells proved TXSA to be highly overexpressed in migratory

glioma cells [5]. Further evaluation of human glioma cells

in vitro demonstrated that several pharmacological inhibi-

tors of this enzyme block cell migration and lead to caspase

activation and subsequent apoptosis in migration arrested

glioma cell populations [2, 7]. Interestingly, pre-treatment

of glioma cells with the specific TXSA inhibitor furegrelate

resulted in increased sensitivity to apoptosis induced by

camptothecin, etoposide or BCNU [7]. This evidence has

implicated TXSA as an anti-apoptotic and survival factor

in human glioma cells.

The notorious resistance to radiation comprises one of

the challenges of glioma treatment [31]. An increase in

radiation dose in order to increase the efficacy of radio-

therapy is a futile approach as it is inevitably associated

with severe damage to normal brain tissue. Instead, a

combination of radiation sensitizing agents and low-dose

radiation might be a promising strategy.

In this study we have shown that the specific TXSA

inhibitor furegrelate decreases clonogenic survival of c-

irradiated glioma cells in vitro and sensitizes experimental

gliomas to radiation treatment in vivo. No increase in radi-

ation induced cell death was observed in normal human

astrocytes (Fig. 5) or normal human fibroblasts (data not

shown) adding to our previous observation that specific

TXSA inhibitors do not result in migration arrest or apop-

tosis in astrocytes and fibroblasts [7]. The enhancing effect

of furegrelate on radiation efficacy suggests that this syn-

ergistic treatment may provide means of increasing the

therapeutic effects of radiation without the need for

increased radiation doses. Our finding that furegrelate exerts

radiosensitizing effects on glioma cells holds important

implications concerning furegrelate’s potential therapeutic

value and warrants further investigation of its potential value

as an adjuvant therapeutic agent for glioma treatment.

Similar to data reported for COX-2 inhibitors, prolonged

exposure of glioma cells prior to irradiation was required to

achieve a significant effect. The most striking effect of the

inhibitor was observed in glioma cells irradiated with a

fractionated dose suggesting that furegrelate treatment

interferes with the repair of radiation induced cell damage.

In line with these findings a decreased clonogenic survival of

furegrelate treated and irradiated cells plated for clonogenic

survival assays 12 h after radiation versus immediate plating

was observed. Whether furegrelate, in addition to its known

inhibiting effects on TXSA, directly affects expression of

DNA repair genes and thereby sensitizes glioma cells to

apoptosis is unknown.

Further implicating TXSA as a survival factor we found

that irradiation of glioma cells transfected with a reporter

construct driven by a human TXSA promoter significantly

increased the promoter activity 2 h after irradiation. A sig-

nificant increase in TXB-2, a stable but inactive downstream

conversion of TXA-2, in irradiated cells confirmed that c-

radiation induces endogenous thromboxane synthesis.

These experiments were performed on a p53 negative

glioma cell line in order to eliminate the potential influence

of radiation inducible p53. This is important, because we

have shown that the gene encoding for TXSA is a target

gene for both the tumor suppressor p53 and the proto-

oncogenic factor ets-1 [8]. p53 and ets-1 co-regulate TXSA

in an antagonistic and inter-related fashion, with ets-1

being a potent transcriptional activator of TXSA and p53

inhibiting ets-1 dependent transcription. Ets-1 and p53

associate physically in vitro and in vivo and their

Fig. 6 The effects of furegrelate on the migratory and apoptotic

potential of U87 glioma cells. (a) mRNA expression of TXSA and the

thromboxane receptor (TP) in U87 glioma cells by RT-PCR. (b) Dose

dependent inhibition of cell motility of U87 glioma cells in a

monolayer migration assay treated with increasing concentrations of

the TXSA inhibitor furegrelate. (c) Induction of apoptosis in U87

glioma cells treated with the TXSA inhibitor furegrelate. Furegrelate

treatment resulted in a dose dependent histone-complexed-DNA

fragmentation 48 h after treatment
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interaction rather than direct binding of p53 to the TXSA

promoter is required for transcriptional repression of TXSA

by wild type p53 [8].

An important implication of these findings may be that

increased activity of TXSA in tumor cells promotes the

invasive phenotype and resistance to cellular damage i.e.,

through radiation or agents inducing apoptosis. Such

increased TXSA activity may be caused by loss of p53-

mediated negative control which occurs in mutant p53

proteins or through abnormal expression of ets-1 [8]. Ets-1

is frequently found overexpressed in different types of

human cancers including gliomas [32, 33]. Generally, an

increased expression of ets-1 correlates with the grade of

tumor invasiveness and malignancy, an association that

prompts to consider ets-1 as one of the candidate targets for

cancer therapy [34]. As a downstream target of the inter-

secting signaling cascades promoting (ets-1) or suppressing

(p53) tumor progression, targeted inhibition of TXSA

activity may therefore provide an effective strategy for

modulation of the glioma cells’ response to conventional

chemo- and radiotherapy.
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