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Abstract

There is evidence that platelet-derived growth factor (PDGF) is involved in the development of numerous human tumor types. The evidence is most complete in the
case of glioblastomas cells. Although many signal transduction pathways have several steps shared with PDGEF, we found that inhibition of Jun kinase N-terminal
kinase (JNK) stimulate gliomas in an autocrine fashion. Here, we have investigated the role of PDGF in the regulation of human T98G glioblastoma cells grown,
in both the presence and absence of a small interfering RNA (siRNA) against Jun-N-Terminal Kinase one (JNK1). Treatment of T98G cells with PDGF alone
multiplied substantially faster than untreated cells. In contrast, cells treated with siRNA against JNK-1 led to a reduction in growth rate and DNA synthesis, while
cells treated with a combination of PDGF and siRNA failed to alter the growth rate, DNA synthesis and cell proliferation as compared to cells treated only with
cither, PDGF or siRNA against JNK1 alone. The inhibition of JNK-1 expression by siRNA leads to a marginal inhibition of NF-kB transcriptional activity and
strongly reduced the transcriptional activity of the activator protein-1 (AP-1) in presence of PDGF. The reduction was more evident in presence of PMA, a positive
control which usually increase the activity of JNK-1 kinase. In conclusion, our results suggest that siRNA against c-Jun N terminal kinase 1 might have an important

role in regulating the expression and effect of PDGF in glioblastoma cells.

Introduction

Glioblastoma T98G is a well-studied tumor line which has been
reported to express receptors for and proliferate in response to several
growth factors including PDGF-like proteins [1], Epidermal Growth
Factor (EGF) [2,3] and Insulin-like growth factors (IGF) [4]. Recent
studies have revealed that mostif notall these factors share common steps
in signal transduction. Since PDGF appeared successful as an activator
of T98G cells and it is a factor involved in the survival, proliferation,
and motility of several cell types we studied the effect of inhibition of
c-Jun -N -terminal kinase (JNK-1) by small interfering RNA against
JNK-1 in PDGF treated T98G cells. PDGF occurs as homodimers of
either the A-chain (AA), B-chain (BB) or as a heterodimer (AB). PR-B
preferentially binds the PDGF B-chain whereas PR-A interacts with
all three isoforms. Ligand binding promotes receptor dimerization
and autophosphorylation [5]. PDGF signaling network consists of
four ligands, PDGFA-D, and two receptors, PDGFRa and PDGFRb.
All PDGFs function as secreted, disulphide-linked homodimers,
but only PDGFA and B can form functional heterodimers [5-10].
Those characteristics of PDGF have been observed in glioma cell
lines including cells line T98G as well as for primary gliomas [1,6].
However, the evidence of the effect of PDGF is most complete in the
case of glioblastomas which nearly invariably over-express one or both
PDGF chains and commonly express one or more receptor subtypes
[7-9]. Kinase activation is visualized as tyrosine phosphorylation of
the receptor molecules, which occurs between the dimerized receptor
molecules [10-12]. Recently, several studies have revealed that PDGF
shares with other factors common steps in signal transduction [13,14],
such that, ligand-activated receptors bind, phosphorylate, and activate
a variety of cytosolic enzymes which may transmit signals. Thus,
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c-Raf-1 ser/thr kinase activity also has been reported to be increased
by PDGF stimulation [15,16]. Two mechanisms may contribute to
this result: direct binding to and activation by PR [15,16] and direct
phosphorylation by c-Ras [17-19]. Thus c-Raf-1 activation may in turn
lead to direct interaction with and activation of MAP Kinase (MAPKK,
MEK) [20]. PDGF-activated c-Raf-1 enhances c-Fos transcription
which is expected to increase AP-1 complex formation and mitogenesis
[20,21]. The c-Ras/c-Raf-1 path also activates AP-1 through
phosphorylation of c-Jun. Thus, intervention at a crucial common step
may be an important strategy for treating tumors that exhibit multiple
autocrine/paracrine mechanisms. One of these steps is the c-Jun-N-
Terminal Kinase (JNK) which has been proposed as a crucial target
for PDGF [22-24]. The Jun Kinase (JNK) pathway is a member of the
mitogen-activated protein kinase (MAPK). The MAPK family can be
subdivided into three major groups, i.e., extracellular signal-regulated
kinase (Erk), p38, and c-Jun N-terminal kinase (JNK) [24-26]. The JNK
is rapidly activated by a large variety of toxic stimuli and inflammatory
cytokines suggesting roles it is mediating inflammatory responses,
stress responses, and apoptosis [24-26]. Also, previous studies have
shown that this pathway participates in the transformation of animal
model cells including primary murine fibroblasts [27]. Activation of
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the JNK pathway leads to the activation of a central kinase which acts
directly on three major regulatory proteins, c-Jun, ATF2, and Elk-1
by phosphosphorylating serine residues of activation domains which
greatly increases their transcriptional (c-Jun, ATF2) or DNA binding
(Elk-1) potential [28]. Similarly, the NF-kB is a family of transcription
factors that bind to the enhancer element of the immunoglobulin kappa
light-chain of activated B cells [23,24,29,30]. Structurally, NF-«B is
composed of homodimers and heterodimers of the 5 members of the
Rel family, namely NF-«kB1 (p50/p105), NF-kB2 (p52/100), RelA (p65),
and c-Rel [29,30,31].

In this study, we showed that treatment of T98G cells with PDGF
multiplied substantially faster than naturally growing cells compared
to control cells and was strongly affected by the addition of a specific
siRNA against JNK-1. The information obtained by the luciferase
reporter gene construct demonstrate a prevalence for the AP-1 reporter
construct, compared with the NF-kB luciferase construct. In this study,
we conclude that JNK-1 is required for growth and PDGF activity in
T98G cells and that activation of AP-1 is a common activity of most
growth factors that are known to stimulate gliomas.

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 medium (DMEM) (Invitrogen, Carlsbad, CA, USA)
supplemented with 10% FBS, 1 mM sodium pyruvate, 100 Uml-1
penicillin G, 100 pg/ml, 1 streptomycin, 2 mM glutamine, 1 mM MEM
non-essential amino acids and 50 uM 2-mercaptoethanol in 5% CO2
incubator at 37°C. The cells were dissociated using 0.25% trypsin and
0.53 mM EDTA solution and subculture once in 3-5 days.

Reagents

Tris-borate-EDTA, TGF-b, 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-Fluos were
purchased from Roche Diagnostics GmbH (Mannheim, Germany).
Phorbol 12-myristate 13-acetate (PMA) and TNF-a were purchased
from Strategene Inc. (La Jolla, CA, USA). Antibodies JNK (FL): sc-571,
JNK-1 (C-17): sc-474, JNK-2 (N18): sc-827 and P-actin (sc-1616) were
used at a concentration of 0.07 and 0.1 mg/ml, respectively (in a total
volume of 12 ml), were purchased from Santa Cruz Biotechnology, Inc
(Santa Cruz, CA, USA).

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 PMA (30 ng/ml) or PDGF (100 ng/
ml). Twenty-four, 48, 72, 96 and 120 hours after treatment with PMA
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 IT scintillation liquid.

Small interfering RNA (siRNA) transfection

T98G glioblastoma cells were cultured to 60-80% confluent on
6-well plates. Cells were incubated with 60 nmol/L siRNAs (Santa Cruz)
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targeting JNK-1 (sc-29380), JNK-2 (sc-39101) or control “scrambled”
siRNA (sc-37007) and 6 pL siRNA Transfection Reagent, according to
the manufacturer's recommendation (Santa Cruz) in 1 mL serum-free
medium (MEM) at 37°C for 6 hr. After transfection, cells were cultured
in complete medium for 42 hrs or until being used. The siRNAs were
purchased from Santa Cruz Biotechnology, Inc.

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 pB-glycerol phosphate, ] mM EDTA, 1 mM EGTA, 1 mM
phenylmethylsulphonyl fluoride and 0.1 mM vanadate) containing
a protease inhibitor mixture (1 mg/ml aprotinin, leupeptin and
pepstatin). Cell lysates were cleared by centrifugation at 15,000 rpm for
30 min, collected and stored 80°C.

Transient transfection and AP-1 / NF-kB luciferase assay

Transfections of T98G cells were performed using Lipofectamine
TM2000 (Invitrogen) according to the manufacturer’s instructions. The
NF-xB reporter plasmid driven by the rat prolactin minimal promoter
(-36 to +37) under the control of the two copies of the NF-kB binding site
of the human Ig k light chain enhancer 5-GGGACTTTCC-3 " was kindly
provided by M. Rincén and R.A. Flavell (Section of Immunobiology,
Howard Hughes Medical Institute, Yale University School of Medicine,
New Haven, CT). The 4xAP-1 reporter plasmid under the control of
four copies of a consensus sequence of AP-1 binding site, was create
by our laboratory. To assay for luciferase activity, transfected cells in
duplicate wells were cultured for 24 h before being stimulated with or
without PMA (30 ng/ml) (Positive control) 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. Cell lysis
and the measurement of reporter luciferase activity were performed by
applying the luciferase assay system (Promega, Mannheim, Germany)
[32,33].

Western immunoblot analysis

After reaching 70% to 80% confluence, T98G cells were starved
overnight with serum-free medium and then treated at the indicated
concentrations and periods with different drugs in the absence of
serum. Forty-eight hours after transfection, cells were collected
and washed twice by cold PBS, and each well was treated with 50
mL lysis buffer (2 mmol/L Tris-HCl pH 7.4, 50 mmol/L NaCl, 25
mmol/L EDTA, 50 mmol/L NaFE 1.5 mmol/L Na3VO4, 1% Triton
X-100, 0.1% SDS, supplemented with protease inhibitors 1 mmol/L
phenylmethylsulfonylfluoride, 10 mg/L pepstatin, 10 mg/L aprotinin,
and 5 mg/L leupeptin) (all from Sigma). Protein concentrations
were determined using the Bradford protein assay. Equal amounts
of protein (40 mg) were separated on a 15% SDS polyacrylamide gel
and transferred to a nitrocellulose membrane (Hybond C, Amersham,
Freiburg, Germany). Membranes were blocked in 5% nonfat dry milk
in TBS for 1 h at room temperature and probed with rabbit antiEgr-1
antibodies (dilution, 1:500 Santa Cruz Biotechnology, USA) overnight
at 4°C. After 3 times washing with TBS containing 0.1% Tween
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20, membranes were incubated with anti-rabbit IgG-horseradish-
peroxidase (1:5000, Santa Cruz Biotechnology, USA), and developed
by luminol mediated chemiluminescence (Appylgen Technologies
Inc, China). To confirm equal protein loading, membranes were
reprobed with a 1:1000 dilution of an anti-actin antibody (Santa Cruz
Biotechnology, USA). Densitometric analyses were performed using
Scion Image software.

Growth and viability assays

Cell viability was analyzed by the determination of the viable
cell mass by the addition of 3-(4,5- dimethylthiazol-2-y1-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt,
(MTS) in 96-well cluster plates in accordance with the manufacturer's
protocol (Promega, Madison, WI, USA). All viability determination
assays were carried out in triplicate and cell viability was expressed as
the ratio of viable cell mass following a given treatment relative to that
of parallel cultures of untreated cells x 100 (Cell Viability, %).

Results

The effect of PDGF in cells is well documented and therefore we
thought that the T98G cells were an appropriate choice to study the
effect of PDGEF, because their well characterized growth properties, lack
of p53, and a detectable basal level of JNK activity.

Expression of PDGF and JNK-1 protein in human T98G
glioblastoma cell line

The N-terminal Jun Kinase/Stress-Activated Protein Kinase (JNK/
SAPK) signal transduction is rapidly activated by a large variety of
toxic stimuli and inflammatory cytokines suggesting roles in mediating
inflammatory responses, stress responses, and apoptosis. To determine
the effect of blocking the expression of the kinase JNK-1 by small
interfering RNA, and its effect on the activity of PDGE, we first studied
the protein expression of genes encoding the JNK-1 and PDGF and its
products in T98G cells. The cells were treated with several inductor

of JNKs, such as, with FCS 0,5%, FCS 10%, TGF-b1 (10 ng/ml), PMA
(30 ng/ml) and TNF-a (20 ng/ml). As showed in Figure 1, the protein
expression of JNK-1 was assessed by western blot analysis (Figure 1).
The basal protein levels of both, JNK1 was higher in cells cultured in
FBS 10%, compared to cells cultured in FBS 0.5%. Treatment with PMA
and TNF-a strongly activated JNK in all cases.

Expression of the small interfering RNA against JNK-1
causes inhibition of activated AP-1 and NF-kB mediated
transactivation

The studies with siRNA-JNK in prostate cell lines, suggested that
AP-1 activity may be involved in transformation by v-sis. We, therefore,
examined the activation of AP-1 and NF-kB by transfection of the
T98G model cells with a pGL-2- reporter constructs containing an
AP-1 and/or a NF-kB sensitive promoter with the consensus sequence
of response elements of the above mentioned nuclear factors. In order
to test whether siRNA-JNK-1 is an effective inhibitor of the kinase JNK-
1 and thereby inhibiting the transcriptional activity of nuclear factors
AP-1 and NF-KkB, transient cotransfection assays were performed. Two
Luciferase-based reporter constructs regulated by binding of AP-1 and
NEF-kB transcription complexes to multiples copies of the consensus
sequence of AP-1 (pGL-2-4xAP-1) and consensus sequence of NF-kB
(pGL-2-2xNF-kB) site were examined. The cells transfected with the
reporter constructs were treated with PDGF (100 ng /ml) and PMA
(30 ng/ml). Scrambled siRNA was used to examine the specificity of
inhibition by siRNA-JNK-1. Thus, specific inhibition of the activated
JNK-1 pathway is predicted to strongly inhibit the AP-1 but not NF-
kB dependent reporters. The two reporters (AP-1 and NF-kB) treated
with PMA or PDGF showed enhanced expression (between 3 to 10-fold
in T98G cells). We then cotransfected the siRNA-JNK-1 inhibitor of
JNK-1 kinase. As controls, parallel transfection was carried out with
a scrambled siRNA. Expression of siRNA-JNK-1, but not scrambled
siRNA, led to substantial inhibition (60 %) of the AP-1 reporter
activity, whereas inhibition of the NF-kB reporters was much lower.

FBS FBS FBS FBS FBS

0,5% 10% 10% 10% 10%

TGF- TNF-o PMA
PDGF —— — ecsoasn CCEOTREER
pINK-1 Bt eme T
JNK-1 - - - - - -
JNK-2 — i — &
B-actin | «m— S A T ——

Figure 1. JNK-1 and PDGF expression in T98G glioblastoma cell lines. To determine activates the Jun kinase (JNK) pathway in LNCaP and PC-3 cells, the cells were grown in 0.5 and
10% FBS and treated either with TGF-b (300 png/ml) or PMA (30 ng/ml) or TNF-a (30 ng/ml 30 min). PDGF and JNK-1 protein expression were examined 2 h after treatment, by western
blot. One of three similar experiments is shown
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The observation that expression of siRNA-JNK-1 strongly inhibits
PMA and PDGF effect in 4xAP-1-reporter constructs is consistent with
the role of N-terminal phosphorylation of c-Jun in the AP-1 sequence-
dependent systems in cells. Therefore, expression of the siRNA-JNK-1
in T98G cells is expected to strongly inhibit the AP-1 regulated genes
in cells with an activated JNK pathway. The fact that the inhibition of
NEF-kB reporter construct was weaker that the response of AP-1-Luc,
suggest that the AP-1 inhibition may involve a direct effect on JNK
kinase (Figures 2 and 3).

Growth inhibition in T98G cells by the small interfering RNA
against JNK-1 kinase

To determine whether elimination of JNK-1 has any effect on the
proliferation rate induced by PDGF and PMA of T98G cells, we carried

out proliferation assays following lipofection with siRNA against JNK-1
and control scrambled siRNA. In addition to transfection of cells with
siRNA-JNK-1, the T98G cells were treated with two well-known JNK-1
kinase inducers, the PMA (30 ng/ml) and PDGF (100 ng/ml).

Treated cells were allowed grow for 48 hours after the lipofection.
Cells treated with scrambled siRNA displayed growth characteristics
like de untreated control cells (parental) (Figure 4, lane 1, lane 2).
T98G cells treated with either, PMA (30 ng/ml) or PDGF (100 ng/ml)
exhibited a strong increment in cell growth (Figure 4, lanes 3, 5, 6, 8,
9, 11). In contrast, cells treated with siRNA-JNK-1 exhibited a marked
reduction in cell growth (Figure 4, lane 4, 7, 10, 12). The proliferation
of siRNA-JNK-1-treated cells was approximately half of that of control
cells, and approximately 60 % or more compared with cells treated with
PMA or PDGF (Figure 4, lane 3, 5, 6, 9, 11).
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Figure 2. Treatment of cells with PDGF potentiates the transcription activity of NF-kB luciferase reporter gene but only marginally is affected by JNK-1-siRNA. Twenty-four hours after
the transfection T98G cells were treated with siRNA against INK-1 and activated with PMA and PDGF. The luciferase reporter carrying two NF-kB response elements in tandem directing
expression was transfected into T98G cells. The graph shows NF-kB luciferase activity compared to the controls with a reporter lacking the NF-kB site. A representative of three independent
experiments carried out in triplicates is shown. A representative of three independent experiments carried out in triplicates is shown. Error bars indicate the S.D. of three determinations
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Figure 3. AP-1 transcriptional activity is inhibited by expression of JNK-1-siRNA. Inhibition of AP-1-dependent transcription induced by PMA stimulation was compared with the effects
of the small interfering siRNA against INK-1 (JNK-1-siRNA). The reporter, which contains 4xAP-1 response elements in tandem directing expression of the luciferase gene, was transfected
into T98G cells. The graph shows luciferase activity compared to the controls with a reporter lacking the AP-1 sites. The AP-1 reporter requires an activated JNK-1 kinase and was therefore
affect by the expression of the siRNA-JNK-1. A representative of three independent experiments carried out in triplicates is shown. Error bars indicate the S.D. of three determinations
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Blockage of JNK-1 expression by small interfering RNA
inhibits basal growth of T98G cells and reduces the positive
effect of PMA and PDGF treatment

To test the role of the JNK-1 pathway on cell growth, T98G cells
were transfected with siRNA against JNK-1. The proliferation rates of
untreated T98G cells, and five groups of either, treated, transfected or
both cells were examined over the course of ten days (Figure 5). Parental
T98G cells grew to high densities of approximately 280x10° cells/cm?.
In contrast, cells treated with PMA or PDGEF exhibited an increase of
both, proliferation rate and saturation density. In contrast, cells treated
with siRNA-JNK-1 exhibited a marked in both proliferation rate and
saturation density.

Discussion

Glioblastoma T98G cell is a well-studied tumor line which has been
reported to express receptors for and proliferate in response to several
growth factors including PDGF-like proteins [34], EGF [35] and FGF
[36]. Several studies have also revealed that glioblastomas invariably
over-express one or both PDGF chains and commonly express one
or more receptor subtypes. Moreover, the PDGF signal transduction
pathway has several steps shared by other growth factors, some of
which are known to stimulate gliomas in an autocrine fashion [36].
These common steps are, therefore, attractive targets for intervention
and one of them is the Jun-N-Terminal kinase pathway, a member
of the MAP kinase family. There is evidence that phosphorylation

240

220 A

200
E 180
= 160
=
=S 140
Z o120
%]
&) 100
c\c 80

60

40

20

00

1 2 3 4

Untreated + - - - -
SiRNA.Scr. - e T [
PMA s O e
SiRNA-JNK-1 N — .
PDGF il - T i ST

=
-
o
-
o
=
o
o
—
[S]

- - - + -+ -
- -+ - + o+ -
+ + o+ - + + +
- + + - -+ -

Figure 4. T98G cells were treated with either, PDGF or PMA and seeded in 96-well tissue culture plates at density of 5x10° cell/well and lipofected with 0.4 mM of JNK-1-siRNA and
scrambled of control siRNA next day. Cells were stained with MTS/PMS and the protein was determined by measurement of optical density at 490 nm as described (Materials and Methods).
A representative of three independent experiments carried out in triplicates is shown. Error bars indicate the S.D. of three determinations
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Figure 5. T98G cells dosed with PMA or PDGF proliferate at expected rates with respect to the control cells. T98G cells were plated in multiwell tissue culture plates at 25x10° cells
in medium containing 10% FCS and counted (Coulter counter) on the indicated days in triplicate. The average values are plotted here to define the growth of the cells. The maximum
proliferation is plotted as a function of PMA and PDGF to increase cell growth or proliferation. The minimum proliferation of the cells is plotted as a function of INK-1 -siRNA to inhibit or
delayed cell growth. A representative of three independent experiments carried out in triplicates is shown. Error bars indicate the S.D. of three determinations
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by PDGF receptors (PR) causes activation of the recruited enzymes.
Thus, PLCg has been reported to be activated by PR [37,38] leading to
increased hydrolysis of phosphoinositides (P1). Pl metabolism leads to
diacylglycerol (DAG) and calcium mobilization, both of which activate
protein kinase-C (PKC) which in turn leads to activation of c-Jun
[37,38]. On the other hands, c-Raf-1 activation may in turn lead to
direct interaction with and activation of MAP Kinase (MAPKK, MEK)
[39,40]. PDGF-activated c-Raf-1 enhances c-Fos transcription which is
expected to increase AP-1 complex formation and mitogenesis [39,40].
The goal of this study was to investigate the effects of silencing JNK-1
gene expression with specific small interfering RNA (siRNA) on PDGF
activity in T98G cells. In this way, to understand the molecular effects of
PDGF on T98G cells and its relationship to the JNK-1 kinase pathway,
we examined the effect of this factor on the regulation of JNK-1 and the
transcriptional activity of two nuclear factors, namely, AP-1 and NF-kB.
We observed that inhibition of JNK by a specific siRNA prevented both,
the kinase activity of JNK-1 (probably by blocking the phosphorylation
of cJun) and the induction of AP-1 transcriptional activity. We, therefore,
examined the activation of AP-1 using a luciferase construct containing
four sensitive AP-1- response elements (pGL-2x4AP-1), compared with
a luciferase construct containing two NF-kB response elements (pGL-
2x2NF-kB) [31-33]. Our observation indicates a regulation function
that involved JNK-1, suggesting that activation of AP-1 is a common
activity of most if not all growth factors that are known to stimulate
human gliomas [34-36], but at the same time, the results reveal PDGF as
a pivotal component of the glioblastoma cell tumorigenic, sharing this
activity with different signaling pathways such as the Jun N terminal
kinase. The conclusion is that addition of siRNA-JNK-1, which has
no effect on control cells, strongly decrease cell proliferation (Figure
5) and cell viability (Figure 4). Similarly, cotransfection of siRNA-
JNK-1 with either pGL-2x4-AP-1 or pGL-2x2-NF-kB, strongly decrease
AP-1 luciferase activity and moderately the activity of the pGL2-x2kB.
PMA or PDGF had the expected effects and served as positive controls
while an empty plasmid served as negative controls. Indeed, it is well
known that c-Jun transcriptional activity is regulated by JNK-mediated
phosphorylation of the NH2-terminal transactivation domain on Ser63
and Ser73 [41,42]. Thus, the observation that inhibition of JNK-1 gene
expression by a specific siRNA against JNK-1 resulted in a significant
reduction of PDGF and JNK-1 levels, provided the evidence that JNK-1
plays a dominant role in mediating growth and survival of T98G cells
in response to PDGE, and that effect may be partially attributable to
AP-1 activation.
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