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Abstract
Background/Aims: Our earlier studies suggested crosstalk between IRS/PI3 kinase/PDK1/
Akt/Rac1l/ROCK and (Shc2/Grb2/SOS)/Ras/Raf/MEK/ERK pathways downstream PDGF-Bf
receptor responsible for chemotaxis and proliferation of malignant mesothelioma cells. The
present study was conducted to obtain evidence for this. Methods: To assess activation of
Akt, MEK, and ERK, Western blotting was carried out on MSTO-211H malignant mesothelioma
cells using antibodies against phospho-Thr308-Akt, phopho-Serd73-Akt, Akt, phospho-MEK,
MEK, phopho-ERK1/2, and ERK1/2. To knock-down Akt, PI3 kinase, PDK1, and Racl, siRNAs
silencing each-targeted gene were constructed and transfected into cells. To monitor Racl
activity, FRET monitoring was carried out on living and fixed cells. Results: ERK was activated
under the basal conditions in MSTO-211H cells, and the activation was prevented by inhibitors
for PI3 kinase, PDK1, Akt, and Racl or by knocking-down PI3 kinase, PDK1, Akt, and Racl.
Akt was also activated under the basal conditions, and the activation was suppressed by a
MEK inhibitor and an ERK1/2 inhibitor. In the FRET analysis, Racl was activated under the
basal conditions, and the activation was inhibited by a MEK inhibitor and an ERK1/2 inhibitor.
Conclusion: The results of the present study show that ERK could be activated by PI3 kinase,
PDK1, Akt, and Racl and that alternatively, Akt and Racl could be activated by MEK and ERK
in MSTO-211H cells.
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Introduction

Platelet-derived growthfactor (PDGF) promotes proliferation of malignantmesothelioma
cells as well as other cancer types of cells [1-6]. The PDGF family includes PDGF-A, -B, -C and
-D. PDGF-A and -B are secreted as active dimers composed of single-domain protein chains
(PDGF-AA and -BB), but otherwise PDGF-C and -D, which contain an N-terminal CUB and
a conserved C-terminal growth factor domain, are secreted as a latent dimeric factor and
undergo proteolytic processing at the hinge region between the CUB domain and the growth
factor domain to produce the active form of PDGF-CC and -DD through tissue plasminogen
activator (tPA) and urokinase-type plasminogen activator (uPA), respectively [7-9]. PDGF
receptors consist of the PDGF-a and/or - subunit such as oo homodimer, a3 heterodimer,
and BB homodimer [7]. PDGF-ao and -a3 receptors are activated by PDGF-AA, -BB, and -CC,
and PDGF-Bp receptor is activated by PDGF-DD [8, 9].

In our earlier studies, PDGF-D, endogenously secreted, facilitated chemotaxis and
promoted proliferation of malignant mesothelioma cells through PDGF-3 receptor [10, 11].
PDGF-BPreceptorisareceptortyrosinekinase, which phosphorylatesthereceptorbyitselfand
insulin receptor substrate protein (IRS). IRS, in turn, recruits and activates phosphoinositide
3-kinase (PI3 kinase), to produce phosphatidylinositol (3,4,5)-trisphosphate [PI (3,4,5) P,]
from phosphatidylinositol (4,5)-biphosphate [PI (4,5) P,]. PI (3,4,5) P, binds to and activates
phosphoinositide-dependent kinase-1 (PDK1), which phosphorylates and activates Akt. Akt
activates the Rho family Rac1/Cdc42, followed by activation of the effector Rho-associated
coiled-coil forming protein kinase (ROCK). PDGF-Bf receptor, alternatively, phosphorylates
Shc2, which forms a complex of Shc2/Grb2/SOS to activate Ras. Ras subsequently activates
Raf followed by the sequent phosphorylation and activation of mitogen-activated protein
(MAP) kinase cascades such as MAP kinase kinase (MEK) and extracellular signal-regulated
kinase (ERK). Spontaneous proliferation of malignant mesothelioma cells was clearly
suppressed by knocking-down PDGF-D and PDGF-Bf3 receptor [11]. The proliferation was
significantly inhibited by the Akt inhibitor MK2206, and the ROCK inhibitor Y27632, but
amazingly the PI3 kinase inhibitor wortmannin, the PDK1 inhibitor BX912, or the Racl
inhibitor NSC23766 had no effect [11]. This suggests that Akt or ROCK is not activated along
a PDGF-BB receptor/PI3 kinase/PDK1/Akt/Rac1/ROCK axis. Moreover, proliferation of
MSTO-211H cells was still inhibited by the MEK inhibitor PD98059 and the ERK1/2 inhibitor
FR180204. Then, we hypothesized that crosstalk between IRS/PI13 kinase/PDK1/Akt/Rac1/
ROCK and (Shc2/Grb2/S0S)/Ras/Raf/MEK/ERK pathways underlies downstream PDGF-3[3
receptor in MSTO-211H cells.

To prove this hypothesis, the present study monitored activities of Akt and MEK/ERK
by Western blotting and Rac1l using a plasmid encoded ferster resonance energy transfer
(FRET) probe in MSTO-211H cells, a biphasic human malignant mesothelioma cell line. We
show here that PI3 kinase, PDK1, Akt, and Rac1 could activate ERK in MSTO-211H cells and
that MEK and ERK could otherwise activate Akt and Racl.

Materials and Methods

Cell culture

MSTO-211H cell line was purchased from American Type Culture Collection (Manassas, VA, USA). Cells
were grown in RPMI-1640 medium supplemented with 10% (v/v) heat-inactivated FBS, 0.003% (w/v)
L-glutamine, penicillin (final concentration, 100 U/ml), and streptomycin (final concentration, 0.1 mg/ml),
in a humidified atmosphere of 5% CO, and 95% air at 37 °C.

Western blotting

MSTO-211H cells were untreated and treated with a variety of inhibitors or transfected with small
interfering RNAs (siRNAs), and then lysed in a lysate solution [150 mM NaCl, 20 mM Tris, 0.1% (v/v)
Tween-20 and 0.1% (w/v) sodium dodecyl sulfate (SDS), pH 7.5] containing 1% (v/v) protease inhibitor
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cocktail and 1% (v/v) phosphatase inhibitor cocktail. The lysates were centrifuged at 3,000 rpm for 5 min
at 4 °C. Proteins were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using a TGX gel
(BioRad; Hercules, CA, USA) and then transferred to polyvinylidene difluoride (PVDF) membranes. Blotting
membranes were blocked with TBS-T [150 mM NaCl, 0.1% (v/v) Tween-20 and 20 mM Tris, pH 7.5]
containing 5% (w/v) bovine serum albumin and subsequently reacted with antibodies against phospho-
Thr308-Akt (pT308)(Cell Signaling Technology, Inc.; Danvers, MA, USA), phospho-Ser473-Akt (pS473)(Cell
Signaling Technology), Akt (Cell Signaling Technology), phospho-MEK (pMEK)(Cell Signaling Technology),
MEK (Cell Signaling Technology), phospho-ERK (pERK)(Santa Cruz Biotechnology; Santa Cruz, CA, USA),
ERK (Santa Cruz Biotechnology), PI3 kinase (Sigma-Aldrich; St. Louis, MO, USA), PDK1 (Sigma-Aldrich),
Racl (Sigma-Aldrich), and B-actin (Sigma-Aldrich). After washing, membranes were reacted with a
horseradish peroxidase-conjugated goat anti-mouse IgG or goat anti-rabbit IgG antibody. Immunoreactivity
was detected with an ECL kit (GE healthcare; Piscataway, N], USA) and visualized using a chemiluminescence
LAS-4000mini detection system (GE healthcare). Protein concentrations for each sample were determined
with a BCA protein assay kit (Thermo Fisher Scientific; Waltham, MA, USA).

Construction and transfection of siRNA

The siRNA to silence the Aktl/2-targeted gene (Akt siRNA) was purchased from Santa Cruz
Biotechnology. The siRNAs to silence the PI3 kinase p1105-targeted gene (PI3K KD), the PDK1-targeted
gene (PDK1 KD), the Racl-targeted gene (Racl KD) were obtained from Ambion (Carlsbad, CA, USA). The
sequences of siRNAs used were 5'-GUGAGAAAUUUGAACGGUUtt -3" and 5'-AACCGUUCAAAUUUCUCACta-3'
for PI3 kinase p1103; 5'-GGACACCAUCCGUUCAAUUtt-3"' and 5'-AAUUGAACGGAUGGUGUCCtg-3' for PDK1;
and 5'-CUACUGUCUUUGACAAUUALtt-3" and 5'-UAAUUGUCAAAGACAGUAGgg-3' for Racl. Each negative
control siRNA (NC siRNA)(Ambion) had the scrambled sequence, the same GC content, and nucleic acid
composition. siRNAs were transfected into cells using a Lipofectamine reagent (Invitrogen; Carlsbad, CA,
USA). Cells were used for experiments 48 h after transfection.

Monitoring of Rac1 activity

FRET probe containing Raichu-Racl with EV linker was kindly gifted from Dr. Matsuda (Kyoto
university)[12, 13]. MSTO-211H cells were transfected with the FRET probe using an X-tremeGENE HP DNA
transfection reagent (Roche, Mannheim, Germany). Twenty-four h after transfection fluorescent signals in
living cells were monitored at 485-nm argon laser for cyan fluorescent protein (CFP) and 517-nm argon
laser for yellow fluorescent protein (YFP) in the presence and absence of inhibitors with a Zeiss LSM510
META inverted microscope (Oberkochen, Germany). In a different set of experiments, cells were untreated
and treated with inhibitors for periods of time, and then fixed with formaldehyde [final conc. 3.7 (v/v) %]
for 30 min. Then, CFP and YFP signals were monitored. The background was subtracted and the FRET ratio
(YFP signal intensity/CFP signal intensity) was calculated using an Image] software (National Institutes of
Health, USA).

Statistical analysis
Statistical analysis was carried out using unpaired ¢t-test and Dunnett's test.

Results

PI3 kinase, PDK1, Akt, and Rac1 activates ERK

ERK was phosphorylated in the absence of inhibitors in MSTO-211H cells (Fig. 1A-E),
indicating that ERK is spontaneously activated under the basal conditions. The PI3 kinase
inhibitor wortmannin (10 puM) [14] reduced ERK phosphorylation (Fig. 1A). Expression
of PI3 kinase was suppressed in MSTO-211H cells transfected with the PI3 kinase siRNA
(Fig. 4A), confirming knocking-down PI3 kinase. ERK phosphorylation was significantly
prevented by knocking-down PI3 kinase (Fig. 4C). It is indicated from these results that P13
kinase has the potential to activate ERK.

The PDK1 inhibitor BX912 (100 nM) [15] significantly reduced ERK phosphorylation
(Fig. 1B). Expression of PDK1 was suppressed in MSTO-211H cells transfected with the PDK1
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Fig. 1. ERK activation via a PI3 kinase/PDK1/Akt/
Racl pathway. MSTO-211H cells were untreated (-)
and treated (+) with wortmannin (WM)(10 uM)(A),
BX912 (BX)(100 nM)(B), MK2206 (MK)(5 uM)(C),
NSC23766 (NSC)(1 uM)(D), or Y27632 (10 uM)(E)
for 10 min, and then, Western blotting was carried
out using antibodies against pERK and ERK. In the
graphs, each column represents the mean (+ SEM)
ratio of pERK signal intensity/ERK signal intensity
(n=4 independent experiments). P values, Dunnett's
test.

Fig. 2. Akt activation due to MEK and ERK.
MSTO-211H cells were untreated (-) and treated
(+) with wortmannin (WM)(10 uM)(A), BX912 (BX)
(100 nM)(B), MK2206 (MK)(5 puM)(C), PD98059
(PD)(50 uM)(D), or FR180204 (FR)(10 uM)(E) for
10 min, and then, Western blotting was carried out
using antibodies against pT308, pS473, and Akt.
In the graphs, each column represents the mean
(£ SEM) ratio of pT308 signal intensity or pS473 sig-
nal intensity/Akt signal intensity (n=4 independent
experiments). P values, Dunnett's test.

siRNA (Fig. 4D), confirming knocking-down PDK1. ERK phosphorylation was significantly
prevented by knocking-down PDK1 (Fig. 4F). Collectively, these results indicate that PDK1

has the potential to activate ERK.

The Akt inhibitor MK2206 (5 uM) [16] significantly reduced ERK phosphorylation (Fig.
1C). Expression of Akt was significantly reduced in MSTO-211H cells transfected with the Akt
siRNA (Fig. 3A), confirming Akt knocking-down. MEK phosphorylation was not attenuated
by knocking-down Akt (Fig. 3B). Phosphorylation of ERK, on the other hand, was significantly
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Fig. 3. Akt-mediated ERK activation. (A)
; ; i - SiIRNA

Western blotting was carried out in MSTO A T B KD NG Akt C KD NC Akt
211H cells using antibodies against Akt and Ad pMEx IR PERK S =
B-actin 48 h after transfection with the NC p-Actin [ MEK S—— ERK [ -
siRNA (NC) or the Akt siRNA. Signal inten- P=0.0001 P=0.0016

L . 1.6 — 25 25
sities for Akt were normalized by those for 14 20 20
B-actin. In the graph, each column repre- | ¢ 13 5 % '
sents the mean (* SEM) normalized expres- i 0.8 g1 $ 13

. . . ’ 1.0 .
sion of Akt (n=4 independent experiments). 2 8-2 % ﬁl
P value, unpaired t-test. In different sets of 02 05 05

i i i 0 0 0

experllments,-Wes.tern b.lottlng was carried NC | Akt KD NC Akt KD NG Akt
out using antibodies against pMEK and MEK “oRNA

(B) or pERK and ERK (C) 48 h after transfec-

tion with siRNAs. In the graphs, each column represents the mean (+ SEM) ratio of pMEK signal intensity/
MEK signal intensity or pERK signal intensity/ERK signal intensity (n=4 independent experiments). KD,
knock-down. P value, Dunnett's test.

prevented by knocking-down Akt (Fig. 3C). These results interpret that Akt activates ERK
directly, but not through MEK activation.

The Racl inhibitor NSC23766 (1 uM) [17] reduced ERK phosphorylation (Fig. 1D).
Expression of Rac1 was suppressed in MSTO-211H cells transfected with the Rac1 siRNA (Fig.
4G), confirming knocking-down Rac1l. ERK phosphorylation was significantly prevented by
knocking-down Rac1 (Fig. 4I). These results indicate that Rac1 has the potential to activate
ERK.

Incontrast,the ROCKinhibitorY27632 (10 uM) [18] had no effecton ERK phosphorylation
(Fig. 1E), indicating no implication of ROCK in ERK activation. Taken together, these results
imply that ERK could be still activated through a pathway along a PDGF-B receptor/PI3
kinase/PDK1/Akt/Racl axis.

MEK and ERK activate Akt and Racl

Akt was phosphorylated at Thr308 and Ser473 in the absence of inhibitors in MSTO-
211H cells (Fig. 2A-E), indicating that Akt is spontaneously activated under the basal
conditions. Phosphorylation of Akt at Thr308 and Ser473 was inhibited by wortmannin (10
uM)(Fig. 2A) and BX912 (100 nM)(Fig. 2B). In addition, Akt phosphorylation at Thr308 and
Ser473 was clearly inhibited by knocking-down PI3 kinase (Fig. 4B) and PDK1 (Fig. 4E).
These results imply that Akt is activated through a pathway along a PDGF-$3 receptor/PI3
kinase/PDK1/Akt axis. Interestingly, Akt phosphorylation was also inhibited by MK2206 (5
uM)(Fig. 2C). This suggests that Akt might be activated through its autophosphorylation.
Moreover, Akt phosphorylation was significantly inhibited by knocking-down Rac1 (Fig. 4H).
This suggests that Racl is capable of activating Akt, i.e.,, Racl serves as a positive feedback
activator of Akt.

Phosphorylation of Akt at Thr308 and Ser473 was also prevented by the MEK inhibitor
PD98059 (50 uM) [19] (Fig. 2D) and the ERK1/2 inhibitor FR180204 (10 uM) [20, 21] (Fig.
2E). This indicates that MEK and ERK have the potential to activate Akt.

We finally monitored Racl activity in living and fixed MSTO-211H cells using a FRET
probe. In the FRET analysis, increasing and reducing FRET ratio (YFP signal intensity/CFP
signal intensity) correspond to activation and inactivation of Racl, respectively. For living
cells, the FRET ratio was apparently reduced by MK2206 (5 uM), while the ratio was not
altered in the absence of inhibitors (Fig. 5A). This indicates that Racl is activated in an
Akt-dependent manner under the basal conditions. The FRET ratio was also diminished by
FR180204 (10 uM), but to a lesser extent than that for MK2206 (Fig. 5A), suggesting ERK-
mediated Rac1 activation. For fixed cells, the FRET ratio was clearly inhibited by wortmannin
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Fig. 4. ERK activation due to
PI3 kinase, PDK1, and Racl.
Expression of PI3 kinase (A),
PDK1 (D), and Rac1 (G) in MSTO-
211H cells transfected with the
NC and each siRNA. Signal inten-
sities were normalized by those
for pB-actin. In the graphs, each
column represents the mean
(+# SEM) normalized expression
of PI3 kinase, PDK1, and Racl
(n=4 independent experiments).
P values, unpaired t-test. Akt ac-
tivity in cells transfected with
the NC siRNA, the PI3 kinase
siRNA (B), the PDK1 siRNA (E),
and the Racl siRNA (H). In the
graphs, each column represents
the mean (+ SEM) ratio of pT308
signal intensity or pS473 signal
intensity/Akt signal intensity
(n=4 independent experiments).
P values, Dunnett's test. ERK
activation in cells transfec-
ted with the NC siRNA, the PI3
kinase siRNA (C), the PDK1
siRNA (F), and the Racl siRNA
(). In the graphs, each column
represents the mean (+ SEM)
ratio of pERK signal intensity/
ERK signal intensity (n=4 inde-
pendent experiments). P values,
Dunnett's test. PI3K, PI3 kinase;
KD, knock-down.

(10 uM), BX912 (100 nM), and MK2206 (5 uM)(Fig. 5B), confirming Rac1 activation along
a PI3 kinase/PDK1/Akt axis. The FRET ratio was still reduced by PD98059 (50 uM) and

© 2013 S. Karger AG, Basel
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FR180204 (10 uM)(Fig. 5B). This indicates that Rac1 could be activated by MEK or ERK.

Discussion

PDGF-BB receptor is implicated in two main pathways; an IRS/PI3 kinase/PDK1/
Akt/Rac1/ROCK pathway and a (Shc2/Grb2/S0S)/Ras/Raf/MEK/ERK pathway (Fig. 6).
In the present study, activation of Akt and ERK was found under the basal conditions in
MSTO-211H biphasic human malignant mesothelioma cells. This, in the light of the fact that
spontaneous proliferation of malignant mesothelioma cells was inhibited by knocking-down
PDGF-D and PDGF-B receptor [11], indicates that Akt and ERK are activated via two main
pathways linked to PDGF-B3 receptor, which is activated by PDGF-D endogenously secreted

in MSTO-211H cells.

910

KARGER


http://dx.doi.org/10.1159%2F000350108

Cellular Physiology Cell Physiol Biochem 2013;31:905-913

DO 10.4129/000320108 © 2013 S. Karger AG, Basel

and B|OChem|Stry Pubiished online: June 17, 2013 www.karger.com/cpb

Niba et al.: Crosstalk between Akt and ERK Pathways

A conol  mke2os FRisozs [ —
. ® Wortmannin
2 O BX912
0 < B MK2206
min 1.81
__1.61
D 28
B 15 1.4
60 y 2 g
min “a g 221
E
1.01
0.8- T T 1
0 10 30 60 min
O Control
® MK2206
1.8+ M FR180204 161
1.6
o g 141 o g 1.41
E5 06 ES
0 0.8 e 127
o L 061 o L
w ?’0'4- i = 104 [®PDosos9
021 O FR180204
O-r T T T T T T T 1 0.8« T T 1
0 1 5 1020 30 40 50 60 min 0 10 30 60 min

Fig. 5. Rac1 activation due to MEK and ERK. (A) FRET monitoring was carried out on living MSTO-211H
cells in the absence (Control) and presence of MK2206 (5 uM) or FR180204 (10 uM), and the FRET ratio
(YFP signal intensity/CFP signal intensity) was calculated. The FRET ratio images are shown in the up-
per panel and time-course FRET ratio profiles are shown in the graph. Note that a similar result was ob-
tained with 6 independent experiments. (B) Cells were untreated and treated with wortmannin (10 pM),
BX912 (100 nM), MK2206 (5 uM), PD98059 (50 uM), or FR180204 (10 uM) for periods of time as indicated.
Subsequently, cells were fixed followed by FRET monitoring. In the graphs, each point represents the mean
(+ SEM) FRET ratio (n=5-10 independent experiments).
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Akt phosphorylation in MSTO-211H cells was inhibited by inhibitors for PI3 kinase and PDK1
or by knocking-down PI3 kinase and PDK1. Notably, Akt phosphorylation was still inhibited
by an Akt inhibitor, suggesting that Akt might be activated through its autophosphorylation.
Of particular interest is the finding that Akt phosphorylation was suppressed by knocking-
down Racl. This raises the possibility that Racl serves as a positive feedback activator of
Akt.

Akt phosphorylation was also prevented by a MEK inhibitor or an ERK inhibitor. This
indicates that MEK and ERK could activate Akt via a pathway along a (Shc2/Grb2/S0S)/Ras/
Raf/MEK/ERK axis as mediated by receptor tyrosine kinase including PDGF-Bf3 receptor
(Fig. 6). In the FRET analysis, Rac1 was activated under the basal conditions in MSTO-211H
cells. Expectedly, Rac1 activation was suppressed by a PI3 kinase inhibitor, a PDK1 inhibitor,
and an Akt inhibitor. This provides further evidence for Rac1 activation through a pathway
along a PDGF-Bf receptor/IRS/PI3 kinase/PDK1/Akt/Racl axis (Fig. 6). Moreover, Racl
activation was also inhibited by a MEK inhibitor and an ERK1/2 inhibitor. This indicates that
MEK and ERK could also activate Rac1 via a PDGF-p33 receptor/(Shc2/Grb2/S0OS)/Ras/Raf/
MEK/ERK signaling pathway (Fig. 6). Overall, these results may represent fresh insight into
activation of Akt/Racl and ERK through crosstalk between PDGF-3f3 receptor-linked two
signaling pathways.

In summary, the results of the present study show that ERK could be activated through
a pathway along a PDGF-B receptor/IRS/PI3 kinase/PDK1/Akt/Racl axis and that
alternatively, Akt and Rac1 could be activated through a pathway along a PDGF-3f3 receptor/
(Shc2/Grb2/S0S)/Ras/Raf/MEK/ERK axis in MSTO-211H cells.

References

>1 Garlepp M]J, Leong CC: Biological and immunological aspects of malignant mesothelioma. Eur Respir ]
1995;8:643-650.

»2 Upham JW, Garlepp M], Musk AW, Robinson BW: Malignant mesothelioma: new insights into tumour
biology and immunology as a basis for new treatment approaches. Thorax 1995;50:887-893.

>3 Filiberti R, Marroni P, Neri M, Ardizzoni A, Betta PG, Cafferata MA, Canessa PA, Puntoni R, Ivaldi GP,
Paganuzzi M: Serum PDGF-AB in pleural mesothelioma. Tumour Biol 2005;26:221-226.

>4 Versnel MA, Hagemeijer A, Bouts MJ, van der Kwast TH, Hoogsteden HC: Expression of c-sis (PDGF B-chain)
and PDGF A-chain genes in ten human malignant mesothelioma cell lines derived from primary and
metastatic tumors. Oncogene 1988;2:601-605.

»5 Gerwin BI, Lechner JF, Reddel RR, Roberts AB, Robbins KC, Gabrielson EW, Harris CC: Comparison
of production of transforming growth factor-f§ and platelet-derived growth factor by normal human
mesothelial cells and mesothelioma cell lines. Cancer Res 1987;47:6180-6184.

»6 Van der Meeren A, Seddon MB, Betsholtz CA, Lechner JF, Gerwin BIl: Tumorigenic conversion of human
mesothelial cells as a consequence of platelet-derived growth factor-A chain overexpression. Am ] Respir
Cell Mol Biol 1993;8:214-221.

»7 Alvarez RH, Kantarjian HM, Cortes JE: Biology of platelet-derived growth factor and its involvement in
disease. Mayo Clin Proc 2006;81:1241-1257.

»3 Bergsten E, Uutela M, Li X, Pietras K, Ostman A, Heldin CH, Alitalo K, Eriksson U: PDGF-D is a specific,
protease-activated ligand for the PDGF B-receptor. Nat Cell Biol 2001;3:512-516.

»9 Fredriksson L, Ehnman M, Fieber C, Eriksson U: Structural requirements for activation of latent platelet-
derived growth factor CC by tissue plasminogen activator. ] Biol Chem 2005;280:26856-26862.

»10 Okada A, Yaguchi T, Gotoh A, Nakano T, Nishizaki T: Malignant mesothelioma cell chemotaxis through a
PDGF-Bp receptor signaling pathway along a PI3 kinase/PDK1/Akt/Rac1/ROCK axis. Cell Physiol Biochem
2012;29:241-250.

»11 HondaM, KannoT, Fujita Y, Gotoh A, Nakano T, Nishizaki T: Mesothelioma cell proliferation through
autocrine activation of PDGF-B receptor. Cell Physiol Biochem 2012;29:667-674.

912

KARGER


http://dx.doi.org/10.1159%2F000350108

Ce||u|ar Phy5|0|08y Cell Physiol Biochem 2013;31:905-913

>12

»>13

>14

»>15

> 16

»17

»>18

»19

»20

»21

DOL 10.1159/000320108 © 2013 S. Karger AG, Basel

and B|0Chem|stry Published onfine: June 17, 2013 www.karger.com/cpb

Niba et al.: Crosstalk between Akt and ERK Pathways

Niwa H, Yamamura K, Miyazaki J: Efficient selection for high-expression transfectants with a novel
eukaryotic vector. Gene 1991;108:193-199.

Komatsu N, Aoki K, Yamada M, Yukinaga H, Fujita Y, Kamioka Y, Matsuda M: Development of an optimized
backbone of FRET biosensors for kinases and GTPases. Mol Biol Cell 2011;22:4647-4656.

Rexhepaj R, Rotte A, Pasham V, Gu S, Kempe DS, Lang F: PI3 kinase and PDK1 in the regulation of the
electrogenic intestinal dipeptide transport. Cell Physiol Biochem 2010;25:715-722.

Kloo B, Nagel D, Pfeifer M, Grau M, Diiwel M, Vincendeau M, Dérken B, Lenz P, Lenz G, Krappmann D:
Critical role of PI3K signaling for NF-kappaB-dependent survival in a subset of activated B-cell-like diffuse
large B-cell lymphoma cells. Proc Natl Acad Sci USA 2011;108:272-277.

Guo JP, Coppola D, Cheng ]JQ: IKBKE protein activates Akt independent of phosphatidylinositol 3-kinase/
PDK1/mTORC2 and the pleckstrin homology domain to sustain malignant transformation. ] Biol Chem
2011;286:37389-37398.

Blakely BD, Bye CR, Fernando CV, Horne MK, Macheda ML, Stacker SA, Arenas E, Parish CL: Wnt5a regulates
midbrain dopaminergic axon growth and guidance. PLoS One 2011;6:e18373.

Bianchi R, Kastrisianaki E, Giambanco I, Donato R: S100B protein stimulates microglia migration via RAGE-
dependent up-regulation of chemokine expression and release. ] Biol Chem 2011;286:7214-7226.

Filice E, Angelone T, De Francesco EM, Pellegrino D, Maggiolini M, Cerra MC: Crucial role of phospholamban
phosphorylation and S-nitrosylation in the negative lusitropism induced by 17f-estradiol in the male rat
heart. Cell Physiol Biochem 2011;28:41-52.

Jayaraman T, Tejero ], Chen BB, Blood AB, Frizzell S, Shapiro C, Tiso M, Hood BL, Wang X, Zhao X, Conrads
TP, Mallampalli RK, Gladwin MT: 14-3-3 binding and phosphorylation of neuroglobin during hypoxia
modulate six-to-five heme pocket coordination and rate of nitrite reduction to nitric oxide. ] Biol Chem
2011;286:42679-42689.

Ohori M, Kinoshita T, Okubo M, Sato K, Yamazaki A, Arakawa H, Nishimura S, Inamura N, Nakajima H,

Neya M, Miyake H, Fujii T: Identification of a selective ERK inhibitor and structural determination of the
inhibitor-ERK2 complex. Biochem Biophys Res Commun 2005;336:357-363.

913

KARGER


http://dx.doi.org/10.1159%2F000350108

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 


