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Abstract 

Despite new approaches, treatment options for malignant gliomas are still 

limited, calling for further development of therapeutic strategies. The peroxisome 

proliferator-activated receptor gamma (PPARγ), a member of the nuclear 

hormone receptor family, represents a possible new target for neoplastic 

therapies. Synthetic PPARγ agonists were developed and are already in clinical 

use for the treatment of type II diabetes, since PPARγ plays a crucial role in lipid 

metabolism and regulation of insulin-sensitivity. Beyond these metabolic effects, 

PPARγ agonists exhibit antineoplastic effects in various malignant tumor cells. 

Here, we investigated the antineoplastic effects of the non-thiazolidinedione 

tyrosine-based PPARγ ligand GW7845 in rat and human glioma cells. GW7845 

reduced cellular viability of rat C6 glioma and human glioma cells in a time- 

dependent manner. Analysis of GW7845-treated tumor cells revealed induction 

of apoptotic cell death as determined by TUNEL staining and cleaved caspase-3 

activation. Furthermore, GW7845 reduced proliferation of C6 glioma cells as 

measured by Ki-67 immunreactivity. There was also a reduction of migration and 

invasion, assessed by Boyden-chamber and spheroid experiments. Together, 

these data indicate that the PPARγ agonist GW7845 may be of potential use in 

treatment of malignant gliomas. 
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Introduction 

Malignant astrocytic gliomas are the most common primary brain tumors. 

Glioma cells show a high proliferation rate and diffusely infiltrate adjacent brain 

tissue (Kleihues et al., 2002), thus hampering an efficient local surgical resection. 

Initially these tumors respond to radiation and to a lesser degree to 

chemotherapy, however, they invariably recur and despite substantial efforts to 

date the median overall-survival of the most malignant variant “glioblastoma” is 

still within one year (DeAngelis, 2001). 

A new antineoplastic treatment approach may lie in targeting the 

peroxisome proliferator-activated receptor γ (PPARγ) with specific agonists 

(Grommes et al., 2004). PPARγ is a member of the PPAR family, a subclass of 

nuclear hormone receptors, enabling the cell to respond to extracellular stimuli by 

transcriptionally regulating gene expression. Three isoforms of PPARs have 

been identified and designated as -α, -β/δ, and –γ, all encoded by different 

genes. PPARs form heterodimers with the retinoic acid receptor RXR and exhibit 

ligand-induced transcriptional regulatory activity through sequence-specific 

PPAR-responsive elements (PPRE) in its target genes (Willson et al., 2000). For 

more than a decade work on PPARs was driven by their important role for 

regulation of cellular metabolism especially in tissues known for high rates of β-

oxidation such as liver, heart, muscle and kidney. Activation of the PPARγ 

subtype results in reduced serum glucose (Lemberger et al., 1996), therefore 

recently developed synthetic PPARγ agonists, which are members of the 
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thiazolidinedione family, are already in clinical use as anti-diabetic drugs 

(pioglitazone (ACTOS®); rosiglitazone (AVANDIA®)). 

PPARγ agonists exhibit antineoplastic effects in a number of different cancer 

entities (Grommes et al., 2004). We recently reported that several PPARγ 

agonists induce apoptosis in rat and human glioma cell lines, which can be 

blocked by a PPARγ antagonist and BAX antisense oligonucleotides (Zander et 

al., 2002). In keeping with this it was shown that PPARγ agonists also inhibited 

the growth of BT4Cn rat glioma cells, an effect that was abolished by the PPARγ 

antagonist GW9662 (Berge et al., 2001). Beside thiazolidinediones, non-

thiazolidinedione tyrosine-based PPARγ ligands have been described as potent 

and selective PPARγ agonists. (Willson et al., 2000). Because the non-

thiazolidinedione tyrosine-based PPARγ ligand GW7845 (Cobb et al., 1998) 

showed antineoplastic effects in human breast cancer (Liu et al., 2003) and rat 

mammalian carcinogenesis (Suh et al., 1999) we determined the antineoplastic 

effects of GW7845 in several glioma cells. 

We demonstrate that GW7845 reduces cellular viability of C6 rat glioma 

and human glioma cell lines (A172, U87) and inhibits C6 glioma cell proliferation, 

measured by Ki-67 expression, in vitro. Moreover, we demonstrate that GW7845 

induces apoptotic cell death, and cell cycle arrest. 

As a further antineoplastic mechanism, we found that GW7845 decreased 

the migration and invasion of glioma cells, thus affecting one of the key 

properties defining malignancy. 
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Methods 

Material: GW7845 (Glaxo Wellcome), prostaglandin-J2 (Biomol, Hamburg, 

Germany) and GW9662 (Calbiochem, Darmstadt, Germany) were dissolved in 

dimethyl sulfoxide (DMSO) obtained from Sigma (St. Louis, MO, USA). 

Dulbecco's modified Eagle's medium (DMEM), RPMI-1640 medium, trypan blue 

solution, penicillin, streptomycin, fetal calf serum, phosphate-buffered saline 

(PBS), trypsin-EDTA, Proteinase K were purchased from Gibco (Gibco BRL, 

Karlsruhe, Germany). Ki-67-antibody was purchased from NeoMarkers (Fremont, 

CA, USA), cleaved caspase-3- and BAX-antibody were purchased from cell 

signaling (Beverly, MA, USA). For western blot analysis the secondary anti-

rabbit-antibody was obtained from Amersham Bioscience (Piscataway, NJ, USA). 

Secondary antibody for immunhistochemistry (Alexa Fluor ® 488-conjugated 

goat anti-rabbit IgG) was purchased from Molecular Probes (Eugene, OR, USA). 

 

Cell culture: Rat C6 glioma cells were grown in DMEM and human glioma cells 

(U87, A172) in RPMI, supplemented with 10% (v/v) fetal calf serum, 100 U/mL 

penicillin and 100 U/mL streptomycin in a 5% CO2 atmosphere. Primary astrocyte 

cultures were prepared as described previously (Zander et al., 2002) and grown 

in DMEM, supplemented with 2.5% (v/v) fetal calf serum, 100 U/mL penicillin and 

100 U/mL streptomycin in a 5% CO2 atmosphere. 

 

Viability assay: Cellular viability was assessed by 3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide assay (MTT; Sigma, St. Louis, MO, USA) and 
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trypan blue staining. Briefly, C6 cells, U87 cells and A172 cells (5x103/well) or 

primary astrocytes (5x103/well) were seeded in a 96-well plate and exposed to 

different concentrations of GW7845 or prostaglandin-J2 (1, 10, and 30 µM; 

n=10). DMSO served as vehicle control (0.1% of final concentration). At 1, 3, 5, 

and 7 days, 10 µl MTT (5 mg/ml PBS) was added to each well and plates were 

incubated at 37˚C for 2 h. Medium was then removed and cells were 

resuspended in 100 µl DMSO. Cellular viability was assessed by colorimetric 

change using Spectramax 340PC plate reader (Molecular Devices, Sunnyvale, 

CA, USA) at =550nm. For blocking experiments, C6 cells were pretreated with 

2 µM GW9662 for 30 min and subsequently with or without 30µM GW7845. After 

5d cellular viability was evaluated using MTT assay. For trypan blue staining, 

cells were seeded at a concentration of 50000 cells/well in a 6-well plate and 

exposed to GW7845 (30 µM) or DMSO. At 1, 3, 5, and 7 days after initial 

treatment cells were washed, trypsinized and briefly centrifuged at 2000g for 5 

min. Cells were then stained and  counted. Experiments were performed in 

triplicates. 

 

Life/death assay: Cell survival was further assessed using calcein AM and 

ethidium homodimer (Molecular Probes) as described previously (Spencer et al., 

2003). Calcein AM is taken up into living cells and is metabolized in the 

cytoplasm by esterases into the green fluorescent product, calcein, so that viable 

cells show uniform green fluorescence (emission, 530 nm) under appropriate 

excitation (488 nm). Ethidium homodimer is excluded from living cells but can 
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cross the compromised plasma membrane of dying cells and interact with nucleic 

acids to give a strong red fluorescence (emission, 585 nm) under appropriate 

excitation (488 nm). GW7845 untreated and treated C6 cells were washed, 

calcein AM (4 µM) and ethidium homodimer 2 µM) were added, and incubated 

for 30 min at 37 °C. The fluorescence was assessed using a fluorescent 

microscope (Leica, Germany). Numbers of live and dead cells were determined.  

 

Flow cytometry studies: For flow cytometry analyses of GW7845-treated and 

untreated samples, cells were collected and the cell cycle profile of propidium 

iodide-stained cells was determined. For cell cycle analyses, cells were pelleted 

at 1,000g for 3min and washed twice in 2 ml of cold PBS. After centrifugation, 

cells were resuspended in 2 ml of cold PBS and fixed by the gradual addition of 

6ml of 95% cold ethanol with gentle vortexing. After at least 1 hr at 4°C, cells 

were collected by centrifugation and cell pellets were treated with 1 mg/ml of 

RNAse type I-A (Sigma) at 37°C for 30 min. Propidium iodide (PI) was added to a 

final concentration of 0.05 mg/ml and incubated at 4°C for 30 min. Samples were 

analyzed using the Case Western Reserve Core Facility for FACS analysis. For 

cell cycle analyses, the PI was excited at 488 nm and its fluorescence collected 

through a 630/22 nm Band Pass (BP) filter. To detect apoptosis or cells with 

subG1 DNA levels, PI fluorescence was collected through 530/30 BP and 630/22 

BP filters, respectively.  
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Detection of DNA fragmentation: C6 cells were harvested and collected by 

centrifugation (3000 g, 5 min) then lysed with 400 µl SE buffer (75 mM NaCl, 25 

mM EDTA) containing 1% (w/v) SDS and 2 U proteinase K/mL and incubated for 

2 h at 55°C. Proteins were precipitated by addition of 140 µl 5 M NaCl and 

centrifugation (11 000 g, 15 min). Subsequently DNA in the supernatant was 

precipitated by addition of 1000 µl ethanol and centrifugation (15 min, 11 000g). 

After washing with 70% (v/v) ethanol DNA was resuspended in H2O, separated 

on an agarose gel, and stained with ethidium bromide. 

 

Western-blot: For western-blot analysis, C6 cells were treated with GW7845 for 

6, 12, 24, 48 and 72h, or with DMSO for 6 and 72h. Cells then were washed with 

PBS, harvested with PBS/PMSF [20 mM PMSF (Sigma, Taufkirchen,Germany) 

in PBS] containing aprotinin and leupeptin, collected by centrifugation and lysed 

in Tris-HCl [50mM Tris-HCl pH8, 120mM NaCl, 5mM EDTA, 0.5% (v/v) NP-40, 

160mM phenylmethylsulfonyl fluoride (PMSF)] and sonicated. Homogenates 

were collected by centrifugation (15 min, 11000g, 4°C) and the protein 

concentration in the supernatant was determined using the Bio-Rad Protein 

Assay (Biorad, Munich, Germany). Lysates (20-40 µg) were separated on a 10% 

(w/v) sodium dodecyl sulfate (SDS)-polyacrylamide gel under reducing conditions 

and transferred to a PVDF membrane (Millipore, Bedford, MA, USA). Non-

specific binding was blocked by incubation with 5% (w/v) skimmed milk in TBS 

for 2h. After incubation with the primary antibody overnight at 4˚C [rabbit anti-

BAX 1:1000, rabbit anti-cleaved caspase-3 1:1000 in TBS containing 0.1% (v/v) 
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Tween 20] membranes were washed three times in TBS/Tween for 5 min. 

Membranes were subsequently incubated for 120 min in TBS/Tween containing 

secondary peroxidase-conjugated antibody at room temperature (anti-rabbit 

1:1000). Signals were visualized by chemoluminescence (Pierce, Rockford, IL, 

USA) and band intensities were quantified using NIH Image 1.62 software 

(Bethesda, MD, USA). 

 

Immunocytochemistry: For immuncytochemistry C6 cells were treated with 

GW7845 for 48 and 72h or with DMSO for 6 and 72h. Cells were fixed in 4% 

paraformaldehyde, rinsed in TBS and blocked with 5% normal goat or horse 

serum and subsequently incubated with rabbit anti-Ki-67 (1:200 dilution), or 

rabbit anti-cleaved caspase-3 (1:200 dilution) at 4˚C overnight. Sections were 

then washed extensively with PBS before incubation with secondary antibodies. 

Incubation was carried out at room temperature for 1 h. After washing with PBS 

three times, stained slides were mounted with PBS/ glycerol (1:1) and viewed 

under a fluorescent microscope (Leica, Germany). Counterstaining was carried 

out with DAPI-staining (1:500 in PBS).  

To determine the proliferation-index, Ki-67 positive cells in GW7845 and 

vehicle treated cells were counted, the percentage of Ki-67 positive cells in 1x103 

tumor cells (DAPI stain) was calculated and statistically compared. The 

percentage of cleaved caspase-3 positive cells was assessed by counting the 

immunopositive cells in 1x103 tumor (DAPI stain) cells and statistically compared. 
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Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick-End Labeling 

Assay for Apoptosis: Frozen brain tissue sections were examined for apoptosis 

using the terminal deoxynucleotidyl transferase-mediated dUTP transferase nick-

end labeling (TUNEL assay). Apoptosis was evaluated using the Promega 

DeadEnd Fluorometric Tunel System (Promega, Madison, WI, USA) according to 

the manufacturer’s instructions. The percentage of TUNEL positive cells was 

assessed by counting the immunopositve cells in 1x103 C6 cells (DAPI stain) 

after 72h of GW7845 or DMSO treatment and statistically compared. 

 

Boyden-Chamber-assay: The migration of C6 cells in the presence or absence 

of GW7845 was assessed using a Boyden chamber (AP48, NeuroProbe, 

Gaithersburg, MD, USA) with an 8 µm polycarbonate PVPF-filter (Osmonics, 

Minnetonka, MN, USA). Cells were suspended in DMEM containing 2.5% fetal 

calf serum and GW7845 at 30 µM or vehicle (DMSO). C6 glioma cells were 

pretreated for 24h in the presence or absence of 30 µM GW7845. Cells (5x103 in 

50 µl GW7845/medium or vehicle/medium) were then plated in the wells of the 

upper compartment of the chamber (6 well/condition), and the wells of the lower 

compartment were filled with DMEM. Incubation was performed at 37°C in 5% 

CO2 for 4 h. After incubation, cells on the upper surface of the filter, which had 

not migrated, were gently scraped off, and the filters were then fixed in methanol 

and subsequently stained with 4',6-diamidino-2-phenylindole (DAPI 1:500 in 

PBS; Sigma, St. Louis, MO, USA). The number of cells which migrated to the 

lower surface of the filter, were counted using public domain software NIH Image 
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1.62 (Bethesda, MD, USA). Total numbers of migrating cells under GW7845 

treated and vehicle treated condition were compared statistically. Experiments 

were performed in duplicates. 

 

Glioma spheroids: C6 glioma spheroids were cultured in 10mm petri dishes 

coated with 0.75% Noble Agar (Difco Laboratories, Detroit, MI, USA) prepared in 

DMEM (Pedersen et al., 1993). Briefy, 3x106 cells were suspended in 10 ml 

medium, seeded onto 0.75% agar plates, and cultured until spheroids had 

formed. Spheroids of about 200 µm diameter were selected for the experiment, 

treated with 30µM GW7845 or DMSO and spheroid growth was assessed daily. 

 

Statistical evaluation: Cellular viability data, tumor volumes, immuno-positive 

cells, clinical scores, proliferation-index and densitometric results of Bax and 

cleaved caspase-3 western-blots were analyzed by student-T-test using Prism 

version 3.00 software (GraphPad Software, San Diego, CA, USA). 

 

Results 

Reduced cellular viability of rat C6 glioma and human glioma cells: Viability 

of rat C6 glioma cells and human glioma cells (U87, A172) was assessed after 

incubation with increasing concentrations (C6: 1, 10, 30 µM; U87/A172: 30 µM) 

of the PPARγ agonist GW7845 at day 1, 3, 5, and 7 (Fig. 1A, B; 2A). Ten and 30 

µM GW7845 significantly reduced the cellular viability of C6 rat glioma cells (Fig. 

1A) in a time-dependent manner. A significant reduction of cellular viability of C6 
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cells was observed at 3, 5 and 7 d after treatment with 10 µM and 30 µM 

GW7845 (Fig. 1A). In the human glioma cell lines U87 and A172, 30 µM 

GW7845 significantly reduced cellular viability at 3, 5, and 7 d (Fig. 1B). Trypan 

blue staining confirmed this finding and showed a reduction in cellular viability 

after treatment with 30µM GW7845 in C6 cells (Fig. 2A) and human glioma cells 

(data not shown). 

At all time points and concentrations evaluated, viability of primary 

astrocytes was not affected by GW7845 treatment (Fig. 1C), indicating that 

PPARγ ligand-mediated cell death may be restricted to neoplastic cells. 

These results were further confirmed by the determination of living and 

dying cells using the above described live/death assay. GW7845 treatment 

resulted in increased numbers of dead cells, with a corresponding reduction in 

the number of viable glioma cells compared to the solvent controls (Fig. 1D, E). 

To further investigate the PPARγ dependence of GW7845 effects on 

cellular viability of the C6 cells, the influence of the natural PPARγ agonist 

prostaglandin-J2 and of the PPARγ antagonist GW9662 were analyzed. 

Prostaglandin-J2 reduced cellular viability of C6 cells in a time and dose 

dependent manner (Fig. 2B). Furthermore, the PPARγ antagonist GW9662 

reversed the GW7845 dependent reduction of cellular viability in C6 cells, 

whereas GW9662 alone has no influence on cellular viability (Fig. 2C). 

 

Induction of apoptotic cell death in vitro: To assess if GW7845 induces 

apoptotic cell death in the same way as other PPARγ agonists, Bax- and cleaved 
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caspase-3-expression as well as TUNEL staining was investigated in vitro. The 

expression of Bax and cleaved caspase-3 was detected in lysates of C6 cells 

treated with 30µM GW7845 or DMSO using a rabbit-anti Bax or cleaved 

caspase-3-antibody. Both proteins were induced in the GW7845 treated cells 

(Fig. 3A, B, F). Erk2 expression served as a loading control. 

Immunocytochemistry revealed elevated cleaved caspase-3 expression at 48h of 

GW7845 treatment compared to vehicle controls (Fig. 3A, B). In parallel, 

upregulated TUNEL staining was detected at 72h after initiation of GW7845 

treatment compared to only a few positive cells in the vehicle treated group (Fig. 

3C, D). Additionally, GW7845 induced DNA-fragmentation was detectable at 48 

and 72h indicating the apoptotic nature of the observed cell death (Fig. 3E). 

 

Flow cytometry analysis of cell cycle and apoptosis in C6 glioma cells after 

GW7845 treatment: Cell cycle analysis showed induction of apoptotic cell death 

demonstrated by an increase in numbers of cells with subG1 levels of DNA after 

48 and 72h of GW7845 treatment compared to control treatment (Fig. 4A, C). 

Furthermore, GW7845 reduced the percentage of C6-cells in S-phase and raised 

the number of cells in the G1-phase of the cell cycle (Fig. 4A, B).  

 

Ki-67 immunreactivity and proliferation-index is reduced after GW7845 

treatment in vitro: To further characterize the GW7845-induced effects, Ki-67 

expression, a marker for tumor proliferation and malignancy, was evaluated. C6 

cells were treated with 30 µM GW7845 or vehicle and Ki-67 immunreactivity was 
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assessed at 48 and 72h. GW7845 reduced the number of Ki-67 immunopositive 

cells (Fig. 5A) compared to vehicle treatment (Fig. 5B) at both time points. Thus, 

the percentage of Ki-67 positive, proliferating cells among total tumor cells (PI-

staining; Fig. 5D, E), expressed as proliferation-index, was significantly reduced 

at 48 and 72 h of GW7845 treatment (Fig. 5C). 

 

Invasion of C6 rat glioma cells after GW7845 treatment in vitro: In addition to 

proliferation, the ability of tumor cells to invade the surrounding and intact tissue 

characterizes the malignancy state of gliomas. To assess whether GW7845 also 

affects the ability of glioma cells to migrate and invade, we used tumor spheroids 

and the Boyden chamber assay, respectively. Tumor spheroids treated with 

GW7845 (Fig. 6) showed reduced invasion compared to control treatment with a 

significant difference in tumor spreading at 4 days of treatment. GW7845-

pretreated (30 µM) (Fig. 7E) and untreated (Fig. 7A, B, D) C6 glioma cells were 

suspended in the upper chamber of a Boyden chamber containing GW7845 at 30 

µM (Fig. 7B, E) or vehicle (Fig. 7A, D). At 4h, cells that migrated to the other side 

of an 8 µm filter were stained with DAPI and counted. GW7845 treatment during 

Boyden chamber incubation reduced the invasiveness of C6 cells significantly 

(Fig. 7A, B, C). Pretreatment of C6 cells for 24h with GW7845 further enhanced 

this inhibitory action (Fig. 7D, E, F).  
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Discussion 

Because gliomas still have a poor prognosis the need for further 

development of new treatment strategies is urgent. The antineoplastic effects of 

different PPARγ agonists on human and rat glioma cell lines (Zander et al., 2002) 

led us to investigate synthetic PPARγ agonist. Non-thiazolidinedione tyrosine-

based PPARγ ligands have been described as potent and selective 

PPARγ agonists. (Willson et al., 2000) and GW7845 as one of those non-

thiazolidinedione tyrosine-based PPARγ ligands showed antineoplastic effects in 

human breast cancer (Liu et al., 2003) and rat mammalian carcinogenesis (Suh 

et al., 1999). Therefore, we wanted to characterize its antineoplastic efficiency on 

rat and human glioma cell in vitro. In the present study, GW7845 induced a 

significant decrease of cellular viability of rat and human glioma cells, 

demonstrating its antineoplastic potency in vitro. Importantly, we demonstrated 

that the reduction of cellular viability by GW7845 is restricted to neoplastic cell 

types, as primary astrocytes were unaffected by GW7845 treatment. Although 

concentrations of GW7845 higher than 1µM can influence differentiation even in 

primary astrocytic cultures, the morphological appearance of GW7845-treated 

primary astrocytes did not change over the time course, indicating that only 

malignant glioma cells are affected by the drug treatment. 

To characterize GW7845-induced cell death, markers for apoptotic cell 

death were evaluated. We investigated Bax protein expression because initial in 

vitro data indicate that other PPARγ-agonists mediate their antineoplastic effects 

in rat and human glioma cell lines through Bax upregulation and subsequent 
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induction of apoptosis (Zander et al., 2002). Bax protein as well as the cleavage 

of its downstream target, the effector caspase-3, were upregulated by GW7845 

over time. The effect peaked at 24 h of GW7845 treatment, a time point which is 

consistent with earlier studies carried out on C6 cells and other PPARγ agonists 

(Zander et al., 2002). Correlating with this finding, a significant increase in 

cleaved caspase-3 immunhistochemistry and TUNEL labeling could be detected 

at 48h and at 72h of GW7845 treatment, respectively. Furthermore, GW7845 

treatment induced DNA-fragmentation at 48 and 72h. Together, these findings 

indicate, that GW7845 induced apoptotic cell death of rat C6 gliomas. 

To verify the induction of apoptotic cell death and to examine the effects of 

GW7845 on the cell cycle of C6 cells, flow cytometry analysis was performed. 

Flow cytometry analysis indicated the induction of apoptosis after GW7845 

treatment and the induction of a G1-phase arrest. To further assess if this cell 

cycle arrest leads to a reduced proliferation, Ki-67 immunhistochemistry was 

evaluated. Ki-67 is a nuclear protein expressed in proliferating cells and serves 

as an important neuropathological marker for diagnosis of human gliomas 

(Brown and Gatter, 2002). Cells in G0 (quiescent) phase are negative for Ki-67 

(Torp, 2002) and its expression in the normal brain is very low. In astrocytomas, 

Ki-67 expression is upregulated and correlates well with the malignancy grade of 

the tumor and the clinical prognosis of the respective patient (Parkins et al., 

1991; Torp, 2002). GW7845 treatment reduced Ki-67 expression and diminished 

the proliferation index in vitro, suggesting that a reduction of viability, decreased 
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proliferation and induction of apoptosis in concert reduced tumor cell number in 

vitro. 

Next to the reduction of the overall number of tumor cells it seems a 

favorable goal for an antineoplastic treatment strategy to prevent the migration 

and invasion of neoplastic cells into adjacent tissue. The cell cycle arrest induced 

by GW7845 might also influence the invasiveness of C6 cells, as described in 

human breast cancer cells where GW7845 inhibits invasion (Liu et al., 2003). 

Using tumor spheroids and the Boyden chamber assay we tested possible 

GW7845 effects on tumor cell migration and invasion. Both assays were 

described to reliably assess C6 cell migration and invasion and are therefore 

used to test drug effects (Sottocornola et al., 1998). A dramatic reduction of cell 

migration and invasion was observed in the tumor spheroids as well as in the 

Boyden chamber assay after GW7845 treatment. These results indicate for the 

first time that PPARγ agonist treatment inhibits key functions and properties of 

glioma malignancy, such as the ability to migrate and invade. 

The concentrations of GW7845 required to affect cellular viability are 

higher than expected according to its known in vitro receptor binding affinity 

(Sakamoto et al., 2000). Although GW7845 is a synthetic PPARγ agonist and 

produces its receptor dependent effects on adipocytes, PPARγ independent 

mechanisms may also account for the observed antineoplastic action as it has 

been reported for thiazolidinediones (Chawla et al., 2001). Other non-

thiazolidinedione tyrosine-based PPARγ ligands expressed their antineoplastic 

effects in the same micro molar range (data not shown) indicating that this finding 
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is not only limited to GW7845 but a characteristic to the entire non-

thiazolidinedione tyrosine-based PPARγ-ligand drug family. Therefore, the 

described effects of GW7845 on gliomas may be the result of both, PPARγ-

dependent and independent mechanisms. The natural PPARγ-ligand 

prostaglandin-J2 showed antineoplastic effects similar to that of GW7845 on 

glioma cells in vitro. Furthermore, the PPARγ-antagonist GW9662 blocks the 

GW7845 induced effects on cellular viability of glioma cells. These data suggest 

that PPARγ activation is likely to be a major contributor to the antineoplastic 

effects induced by GW7845. 

Drugs that reduce cell proliferation and induce tumor cell death are of 

possible therapeutic potential in human tumors. Even though the precise 

molecular basis of the antineoplastic mechanisms of PPARγ agonists are yet not 

fully understood, the clinically used thiazolidinediones may already offer a new 

therapeutic approach in human glioma therapy because of their dual actions of 

reducing proliferation and induction of apoptosis. The optimal mode and time of 

application, as well as the efficiency of the combination with other treatment has 

to be further investigated. 
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Figure Legends 

Figure 1: 

GW7845 reduced cellular viability of rat and human glioma cells. Viability 

assay of rat C6 glioma cells (A), human U87 and A172 glioma cells (B) or 

primary astrocytes (C) incubated with the PPARγ agonist GW7845 (GW). Cells 

were treated with different concentrations of GW7845 (1, 10, 30µM for C6 and 

primary astrocytes; 30µM for U87 and A172) and cellular viability was measured 

at 1, 3, 5, 7d using the MTT-assay. The data are expressed as percentage viable 

cells relative to untreated control cultures. Asterisks indicate significant level in 

student-T-test: ***p<0.001 (n=10), **p<0.05. D: Life-death assay at 72 and 96h of 

drug treatment. E: Numbers of live and dead cells in GW7845 and DMSO treated 

C6 cells. 

 

Figure 2: 

The GW7845 induced cellular viability is PPARγ dependent. Trypan blue 

staining of rat C6 glioma cells (A), incubated with the PPARγ agonist GW7845 

(GW). Cells were treated with 30µM GW7845 and trypan blue staining was 

assessed at 1, 3, 5, 7d. The data are expressed as percentage viable cells 

relative to untreated control cultures (n=3). B: Viability assay of rat C6 glioma 

cells incubated with the natural PPARγ agonist prostaglandin-J2 (PGJ2). Cells 

were treated with different concentrations of PGJ2 (10, 30, 100 µM) and cellular 

viability was assessed at 1, 3, 5, 7d using the MTT assay. The data are 
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expressed as percentage viable cells relative to untreated control cultures 

(n=10). C: MTT assay of C6 cells coincubated with 30µM GW7845 and 2µM 

GW9662. The data are expressed as percentage viable cells relative to untreated 

control cultures (n=10). Asterisks indicate significant level in student-T-test: 

***p<0.001. 

 

Figure 3: 

GW7845 induced apoptotic cell death in vitro. C6 rat glioma cells were treated 

with 30µM GW7845. At 48h (A. B) the proapoptotic protein cleaved caspase-3 is 

induced by GW7845 treatment (A) compared to DMSO-treated cells (B). After 

72h of treatment a upregulation TUNEL signal can be observed in the GW7845 

treated cells (C) compared to DMSO treatment (D). Bars in A-D: 200 µM. E: 

DNA-fragmentation in GW7845 treated cells after 48 and 72h treatment 

compared to DMSO treatment. F: Protein level of the proapoptotic proteins Bax 

and cleaved caspase-3. C6 cells were treated with 30µM GW7845 and protein 

lysates were generated after 6, 12, 24, 48, and 72h. C6 treated with DMSO at 6 

and 72h served as controls. DMSO: vehicle treated cells. GW: GW7845 treated 

cells. 

 

Figure 4: 

GW7845 induced apoptotic cell death and cell cycle arrest. GW7845 treated 

and untreated C6 cells were analyzed for apoptotic cell death and cell cycle 
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arrest at 24, 48, and 72h using flow cytometry (A). B: Comparison of the 

percentages of cells in G1-, G2/M-, or S-phase at 24h, 48, and 72h of treatment 

(n=3). C: Comparison of apoptotic cells in the subG1 group at 24h, 48, and 72h 

of treatment (n=3). DMSO: vehicle treated cells. GW: GW7845 treated cells. 

 

Figure 5: 

GW7845 reduced Ki-67 immunreactivity and proliferation-index in vitro. C6 

rat glioma cells were treated with 30µM GW7845. At 48h and 72h (A) Ki-67 

immunreactivity is reduced by GW7845 treatment compared to vehicle-treated 

cells (B). The proliferation index assessed by counting Ki-67 positive cells and 

calculating the percentage of Ki-67 positive cells in 1000 tumor cells (propidium 

iodide staining; D, E), is significantly reduced at 48 and 72h of GW8745 

treatment (C). Bars in A-D: 200 µM. E: Black bars: vehicle treatment, gray bars: 

GW7845 treatment. Asterisks indicate significant level in student-T-test: 

***p<0.001, *p<0.05 (n=5). 

 

Figure 6: 

Reduced C6 spheroid outgrowth after GW7845 treatment. C6 spheroids were 

treated with 30µM GW7845 or DMSO and tumor outgrowth was measured in 

mm2. GW7845 reduced tumor outgrowth significantly following 4 and 5 days of 

treatment compared to control treatment. Bar: 200µM. Asterisks indicate 

significant level in student-T-test: **p<0.01, *p<0.05 (n=4). 
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Figure 7: 

GW7845 reduces invasion of C6 rat glioma cells. Boyden chamber assay in 

vitro. A, B: untreated C6 glioma cells incubated with vehicle (A) or 30 µM 

GW7845 (B) stained with DAPI. Bars: 200 µm. C: Number of migrated cells. 

Black bars: vehicle treatment, gray bars: GW7845 treatment. Data are presented 

as mean ± SE of six chamber filters from a single experiment. Experiments were 

performed in duplicates. Asterisks indicate significant level in student-T-test: 

**p<0.01 (n=6). D, E: pretreated C6 glioma cells (24h GW7845 30 µM or 24h 

vehicle) incubated with 30 µM GW7845 (E) or vehicle (D) stained with DAPI. 

Bars: 200 µm. C: Number of migrated cells. Black bars: vehicle treatment, gray 

bars: GW7845 treatment. Data are presented as mean ± SE of six chamber 

filters from a single experiment. Experiments were performed in duplicates. 

Asterisks indicate significant level in student-T-test: ***p=0.001 (n=6).  
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