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Abstract
Wortmannin is an important regulator of Phosphoinositide 3-kinase (PI(3)K) signaling pathway. Changes in expression and activity of PI3-kinase and PDGF are 
major positive and negative regulators, respectively, of the PI3-kinase pathway, which regulates growth, survival, and proliferation. Here we have shown that cells 
dosed with platelet-derived-growth-factor (PDGF) and /or wortmannin, an inhibitor of PI3 kinase, proliferated at expected rates with respect to cells deprived of any 
additions. Cells with added platelet-derived-growth-factor (PDGF) multiplied substantially faster than naturally growing cells-some thirty percent. As anticipated, 
cells given only wortmannin divided over forty percent slower than cells without any dosage. 

Additionally, cells transfected with a luciferase reporter carrying a consensus sequences of the nuclear factor NF-κB binding site and treated with wortmannin 
inhibited the activation of luciferase in T98G cells. However, this inhibition was not affected by the treatment of PDFG. Our data indicate that Wortmannin and 
PDGF play different role in the control of expression of Phosphoinositide 3-kinase in glioma T98G cell line. 
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Introduction
Wortmannin  is a cell-permeable, fungal metabolite that acts as 

a potent, selective and irreversible inhibitor of phosphatidylinositol 
3-kinase (PI3K) [1-3]. This kinase Phosphoinositide-3-kinase 
phosphorylates PtdIns [4,5] P2 (Phosphatidylinositol 4,5-bisphosphate) 
to generate phosphatidylinositol 3,4,5-trisphosphate (PIP3). 
PIP3  plays a key role by recruiting PH domain-containing proteins 
to the membrane, including AKT1 and PDPK1, activating signaling 
cascades involved in cell growth, survival, proliferation, motility and 
morphology [3,4]. Involved in immune, inflammatory and allergic 
responses. PI3Ks have been studied intensively since the discovery of a 
PI3K activity associated with two viral oncoproteins: polyoma middle 
T (mT) antigen and pp60v-src [5] having an important role not only 
in growth regulation but also in various other cellular responses [6,7]. 
In addition, following recent findings PI3K activation prevents cell 
death [8], that PI3K is a retrovirus-encoded oncogene [9], and that 
PI3K mutations increase lifespan in Caenorhabditis elegans [10]. Three 
mammalian PI3Ks sharing 42–58% amino acid sequence identity has 
been cloned and designated p110α, p110β, and p110δ [11]. In addition, 
wortmannin, also potently inhibits mammalian polo-like kinase [12]. 
The fungal metabolite wortmannin is a potent inhibitor of the lipid 
and protein kinase activities of class I PI3Ks [1]. The 50% inhibitory 
concentration (IC50) values for inhibition of the isolated enzymes are 
all in the range of 1–10 nM. Wortmannin irreversibly inhibits p110α 
by reacting covalently with lysine-802 [13,14], a residue required for 
catalytic activity that is conserved in all phosphoinositide kinases (and 
in protein kinases). Wortmannin have been used extensively to study 
the physiological role of class I PI3Ks in various cellular responses. 
On the other, considerable circumstantial evidence has accumulated 

which strongly implicates platelet derived growth factor (PDGF) as 
an autocrine and/or paracrine agent in the development of numerous 
human tumor types [15]. PDGF and its corresponding receptor 
(PDGFR) have important roles in the regulation of human physiological 
functions [16]. It has been shown that PDGF plays a role in blood vessel 
formation, healing regulation and maintenance of interstitial fluid 
pressure [17,18]. The receptors of PDGF exists in two forms of strong 
structural homology: PDGFRα and PDGFRβ. It is normally expressed 
by the cells of the supporting tissue; it plays a role in embryonic 
development and tissue scarring [19]. Its role in the tumorigenesis of 
certain cancers is currently well documented. In dermatofibrosarcoma 
protuberans (DFSP), PDGFR is constitutively activated inducing 
intracellular oncogenic signals [20]. Similarly, glioblastomas are 
characterized by autocrine activation of PDGFR [21]. The PDGF family 
consists of four protein chains that form five biologically active dimers 
(PDGF-AA, -AB, -BB, -CC, and -DD) [22]. Ligand binding induces 
dimerization and autophosphorylation of PDGFRs. Phosphorylated 
tyrosine residues function as docking sites for signal transduction 
proteins with SH2 domains [23]. Proteins interacting with PDGFRs 
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include SHP2, PI 3-kinase, Src family kinases, Grb2, and Shc [24]. In 
addition, PDGF stimulates cell proliferation and has also been shown 
to be a chemoattractant for several cell types including fibroblasts, smooth 
muscle cells, neutrophils, and monocytes [25]. 

Materials and methods
Cell culture

The T98G brain tumor cell line, established from human 
glioblastoma, was obtained from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). The cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS), 1 mM 
sodium pyruvate, 100 Um/l penicillin G, 100 μg/ml, 1 streptomycin, 
2 mM glutamine, 1 mM MEM non-essential amino acids and 50 μM 
2-mercaptoethanol in a 5% CO2  incubator at 37°C. The cells were 
dissociated using 0.25% trypsin and 0.53 mM EDTA solution and 
subcultured once in 3–5 days.

Reagents

Tris-borate-EDTA and acrylamide:bisacrylamide (29:1) were 
obtained from Bio-Rad (Richmond, CA, USA). Lipofectamine was 
obtained from Life Technologies, Inc., USA. Complete Mini EDTA-
free protease inhibitor cocktail tablets and Annexin V-Flues were 
purchased from Roche Diagnostics GmbH (Mannheim, Germany). 
Phorbol 12-myristate-13-acetate (TPA) (50 ng/ml) and wortmannin 
(10 nM) and PDGF (100 ng/ml) were purchased from Stratagene 
Inc. (La Jolla, CA, USA). Luciferase assay reagent, lysis buffer and the 
pGL-2 luciferase vector were obtained from Promega (Madison, WI). 
Recombinant human TNF-α was obtained from Sigma-Aldrich (St. 
Louis, MO). 

DNA synthesis assay

DNA replication rate was measured by a (3H)-Thymidine 
incorporation assay. Cells were seeded in 96-well tissue culture plates 
(1,000 cells/well) and treated with wortmannin (10 nM) or PDGF (100 
ng/ml) (see Treatment of Cells with wortmannin and PDGF). Twenty 
four, 48, 72, 96 and 120 hours after treatment with wortmannin and /or 
PDGF (3H)-Thymidine (0.5 mCi/well) was added for 3 hours. Cells were 
harvested with a PhD-200A cell harvested (Cambridge Technologies, 
Cambridge, MA), which transferred labeled lysates to paper spots. 
These were subsequently washed, and the amount of radioactive DNA 
was quantitated by scintillation counting using Biosafe II scintillation 
liquid.

Preparation of cell lysates

T98G human glioblastoma cells were washed once with PBS and 
suspended in lysis buffer (40 mM HEPES, pH 7.4, with 10% glycerol, 
1% Triton X-100, 0.5% Nonidet P-40 (NP-40), 150 mM NaCl, 50 mM 
NaF, 20 mM β-glycerol phosphate, 1 mM EDTA, 1 mM EGTA, 1 
mM phenylmethylsulfonyl fluoride and 0.1 mM vanadate) containing 
a protease inhibitor mixture (1 mg/ml aprotinin, leupeptin and 
pepstatin). Cells lysates were cleared by centrifugation at 15,000 rpm 
for 30 min, collected and stored -80°C.

Luciferase assay

The NF-κB reporter plasmid driven by the rat prolactin minimal 
promoter (-36 to +37) under the control of the two copies of the NF-κB 
binding site of the human Ig κ light chain enhancer 5’-GGGACTTTCC-
3`was kindly provided by M. Rincón and R.A. Flavell (Section of 

Immunobiology, Howard Hughes Medical Institute, Yale University 
School of Medicine, New Haven, CT). To assay for luciferase activity, 
transfected cells in duplicate wells were cultured for 24 h before being 
stimulated with or without wortmannin (100 nM) or PDGF (100 ng/
ml) for a defined length of time. Cells were harvested, washed twice 
in PBS and treated with lysis buffer (Luciferase Assay, Promega) for 
5-10 min on ice. Lysates were spun down for 1 min, and the total 
supernatants were analyzed using Luciferase Reagent (Promega) and 
measured in a luminometer (MicroLumat LB-96P, Berthold) for 5 
sec. Background measurement was subtracted from each duplicate, 
and experimental values are expressed either as recorded light units, 
luciferase activity or as relative activity compared to extracts from 
unstimulated cells [26,27].

Results
Cells with added wortmannin (10 nM) divided slower than 
cells without any dosage (Figures 1)

As showed in figure 1 and as we anticipated, cells given only 
wortmannin, an inhibitor of PI3 kinase, proliferated at less expected 
rates with respect to cells deprived of any additions (control). The 
treated cells divided over twenty eight percent slower than cells without 
any dosage. The cells were incubated by 24, 48, 72, 96 and 120 hours. 
After treatment with wortmannin and /or PDGF (3H)-Thymidine (0.5 
mCi/well) was added for 3 hours.

Cells with added platelet-derived-growth-factor (PDGF) 
multiplied substantially faster than naturally growing cells 
(Figures 1).

In contrast to the effect of wortmannin, T98G glioblastoma cells 
treated only with PDGF, proliferate at more expected rates with respect 
to cells deprived of any additions (Control) Using the averages on 
the last counting day, we see that the addition of wortmannin to cells 
treated with PDGF accounts for a proliferation decrease of about 15888 
(82876-66987), a number which also equals the difference in averages 
between control cells (58654) and cells dosed with wortmannin only 
(41678). From this data it can be inferred that wortmannin inhibits 
cells boosted with PDGF by the same amount as it inhibits control cells. 

Wortmannin treatment causes inhibition of the Luc-reporter-
NF-kB (Luc-2x GGGACTTTCC) in TPA activated T98G cells 
(Figure 2)

In order to test whether wortmannin is an effective inhibitor of NF-
kB transcriptional activity in T98G cells, transient transfection assay 
was performed. One Luciferase- base reporter constructs regulated by 
binding of NF-κB transcription complex to multiple copies of classical 
NF-κB site (Luc-2x-GGGACTTTCC) was examined: pGL-2-Luc-κB). 
Thus, specific inhibition of the activated PI3K pathway is predicted to 
inhibit the NF-κB dependent reporter. The reporter showed enhanced 
expression up to 10 fold and 7 respectively when activated with TPA an 
activator of NF-κB or with PDGF. As control, parallel transfection was 
carried out with a control reporter vector, pGL-2 Luc, without κB. Cells 
treated with wortmannin and transfected with de reporter vector Luc-
NF-κB, but not the untreated cells, led to a substantial inhibition (aprox. 
75%) of the reporter activated by TPA in the transiently transfected 
NF-κB in T98G glioblastoma cells (Figure 2). The observation that 
expression of wortmannin inhibit TPA activated NF-κB-Luc reporter 
construct is consistent with the role of NF-κB-dependent system 
in T98G cells. However, cells treated with PDGF led to a substantial 
increase in luciferase reporter gene expression (Figure 2). 
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From this data it can be inferred that wortmannin inhibits cells 
boosted with PDGF by the same amount as it inhibits control cells. 

Discussion
In the present study we investigated the effect of PDGF 

and wortmannin in T98G glioblastoma human cells. PDGF is a 
multifunctional peptide, with a biologically active form that is a dimer 
composed of A, B, C, and D chains. The activity of PDGF depends 
on the dimer formed: AA, AB, BB, CC, or DD (19, 20, 21). On the 
other hand, Wortmannin, a steroid metabolite of the fungi Penicillium 
funiculosum, Talaromyces wortmanni, is a non-specific, covalent 
inhibitor of phosphoinositide 3-kinases (PI3Ks) (1, 2). In summary, 
in this study we showed that cells treated with platelet-derived-
growth-factor (PDGF) and /or wortmannin, an inhibitor of PI3 kinase 
proliferated at expected rates with respect to cells control (deprived 
of any additions). Cells with added platelet-derived-growth-factor 
(PDGF) multiplied substantially faster than control and wortmannin 

treated growing cells, some thirty percent. As anticipated, cells given 
only wortmannin divided slower than cells without any dosage. A more 
revealing comparison is that between the case of only PDGF added to 
the case of PDGF and wortmannin added. Using the averages on the 
last counting day, we showed that the addition of wortmannin to cells 
treated with PDGF accounts for a proliferation decrease of about 15888 
(82876-66987), a number which also equals the difference in averages 
between control cells (58654) and cells dosed with wortmannin only 
(41678). From this data it can be inferred that wortmannin inhibits 
cells boosted with PDGF by the same amount as it inhibits control 
cells. PDGF, then increases cell growth by means of the same pathway 
which wortmannin inhibits the basal pathway, likely through down-
regulation of PI3K signaling and NF-kappa B protein expression.

The observation that expression of wortmannin inhibit TPA 
activated NF-κB-Luc reporter construct is consistent with the role 
of NF-κB-dependent system in T98G cells. The assay showed that 
cells treated with PDGF led to a substantial increase in luciferase 
reporter gene expression while wortmannin decrease de expression 
of the Luciferase reporter gene. From this data it can be inferred that 
wortmannin inhibits cells boosted with PDGF by the same amount as 
it inhibits control cells. 
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