
Abstract. Background/Aim: The P13K/Akt signaling pathway
is a growth-regulating cellular pathway that is constitutively
activated in a variety of human cancers. In previous studies,
we reported that a solenopsin analog, compound B (MU-06-
SC-608-7), shows inhibitory effects on Akt phosphorylation at
a key activation site, as well as on proliferation of tumorigenic
cells at sub-micromolar concentrations. The purpose of this
study was to evaluate the effect of compound B on downstream
effectors of Akt kinase, phosphorylation of Akt at a second
activation site, Akt kinase activity in vitro, tumorigenic cell
viability and other signaling pathways. Materials and
Methods: Western blot analyses were performed using WBras1
epithelial and H2009 human carcinoma cells and cell viability
assays were performed on H2009 cells. In vitro Akt kinase
assays were performed using a commercially available kit.
Results: Compound B decreased the phosphorylation of Akt at
the Thr308 activation site and key downstream effectors of Akt
kinase, but did not directly inhibit Akt kinase. Substantial
decreases in cell viability were observed at concentrations
above 5 μM. No effect was seen on ERK or JNK pathways.
Conclusion: The results earmark this compound for further
studies as a potential targeted cancer therapy.

Akt kinase is recognized as the critical signal regulatory hub
for cell growth, survival, metabolism, and proliferation (1-3).
The pathogenesis of numerous human cancers is plagued with
aberrant regulation of the Akt pathway, which is downstream
of phosphatidylinositol-4,5-bisphosphate-3-kinase (PI3K) (4-
6). Inhibitors for multiple targets along this pathway are in
clinical trials for the treatment of cancer (6-8).

As a signal transduction protein, Akt kinase is responsible
for the phosphorylation of several downstream substrates,
which propagate signals through the cytoplasm to carry out
cellular functions. These include: i) glycogen synthetase
kinase-3beta (GSK3β), ii) murine double minute 2 (MDM2),
iii) apoptosis signal-regulating kinase 1 (ASK1), iv) Bcl-X
L/Bcl-2-associated death promoter (BAD), v) forkhead
protein (FOXO), and vi) tuberin/TSC2 (3).

Akt kinase binds to PIP3 via its PH domain during its
recruitment to the plasma membrane, where it requires
phosphorylation at two active sites for its full activation (9,
10). The interaction of Akt with the phospholipid at the
membrane induces a conformational change, and exposes the
Thr308 Akt residue for activation (11, 12). Thr308 is located
on the activation loop of the bound Akt kinase and is
phosphorylated by PDK1, which partially activates the Akt
kinase (13-15). Following this partial activation, mammalian
target of rapamycin complex 2 (mTORC2) facilitates the full
activation of Akt by phosphorylation of the second Akt
activation site, Ser473, at the C-terminal regulatory domain
in the hydrophobic motif region (9, 16).

Hyperactivity of Akt is implicated in several human cancers,
such as breast, lung, ovarian, prostate, renal, glioma, and
pancreatic, resulting in aberrant cell replication, growth,
metabolism and other cellular functions (5, 6). The hyperactivity
of Akt leads to mTORC1 stimulation with a subsequent increase
in cell division overriding the checkpoint for halting aberrant
cell division, resulting in the accumulation of mutations and the
eventual development of malignancies. The amplification and
overexpression of Akt suppresses FOXO by phosphorylation,
causing stimulation of cell proliferation. Likewise, GSK3β is
inactivated through phosphorylation by Akt, thereby allowing
G1 cell-cycle progression without restriction and increased
translation (6).

Akt has been recognized as a target for anticancer
therapy and various small molecular inhibitors are in
clinical development for this purpose. ATP competitive
inhibitors, namely GDC0068 (ipatasertib), GSK795
(uprosertib), AZD5363, A-443654 are in clinical
assessment phase II; also, at this stage are the allosteric Akt
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inhibitors, such as perifosine (KRX-0401), MK2206, and
ARQ 092 (7, 8, 17). 

Solenopsin A, an alkaloid component of fire ant venom,
has been reported to be an Akt inhibitor that can antagonize
Akt cellular activity in vitro (18, 19). Since it is a
competitive inhibitor and seems to exert inhibitory effects at
fairly high concentrations (19), we have previously modeled
and selected novel analogs of solenopsin A, shown in Figure
1, using pharmacophore modeling in an attempt to enhance
the efficacy (20). In those studies, we reported a lead
solenopsin analog, compound B, with inhibitory effects on
Akt phosphorylation at a major activation site as well as on
the proliferation of tumorigenic cells (20). Now, we
demonstrate Akt pathway downstream effects, effects on the
Akt Thr308 activation site, effects on cell viability and an in
vitro Akt kinase assay of compound B.

Materials and Methods

Materials. H2009 human lung tumor cells from the American Type
Culture Collection (ATCC, Manassas, VA, USA) were provided by
Randall Ruch at the University of Toledo. WB-ras rat liver epithelial
cells obtained from J. Trosko (Michigan State University) were sub-
cloned from single cells to obtain the WBras1 line. Pharmacophore
modeled compound B was obtained commercially from Enamine Ltd.
RPMI Medium 1640(1X), L-glutamine, trypsin and phosphate buffered
saline (PBS) were purchased from Fisher Scientific (Pittsburgh, PA,
USA), and fetal bovine serum (FBS) was obtained from Invitrogen
(Carlsbad, CA, USA). Tissue culture treated flasks with vented caps
were obtained from CELLTREAT Scientific Products (Pepperrell, MA,
USA). Phenylmethylsulfonyl fluoride (PMSF), Trypan blue solution,
protease inhibitor cocktail, G418, DMSO, BSA and Ponceau Red
solution were from Sigma Aldrich (St. Louis, MO, USA), Pan-Akt,
phospho-Akt (Ser473), phospho-Akt (Thr308), PTEN, PDK1, phospho-
PDK1 (ser241), mTOR, phospho-mTOR (Ser2481), and phospho-JNK
(Thr183/Tyr185), phospho-PTEN (ser308/thr382,383), phospho–

GSK3β (Ser9), phospho-MDM2 (ser166), phospho-P70S6 Kinase
(Thr389), phospho-4E-BP1 (Thr37/46), β-actin, α-tubulin, anti-rabbit
IgG alkaline phosphatase-conjugated and, anti-rabbit IgG horseradish
peroxidase-conjugated antibodies were purchased from Cell Signaling
Technology (Beverly, MA, USA). Nonfat dry milk, Tris-hydrochloride,
Tween-20, DC Protein Assay, Sodium Dodecyl Sulfate (SDS), 25x
alkaline phosphatase color development buffer, 5-bromo-4-chloro-3-
indolyl phosphate/nitroblue tetrazolium (BCIP/NBT), protein molecular
mass standards, PVDF membrane packs and all electrophoresis and
transfer buffer components were purchased from Bio-Rad (Hercules,
CA, USA). All other solvents, reagents and chemicals used were of
analytical grade.

Cell culture. WBras1 cells were grown in alpha Modification of
Eagle’s Medium supplemented with 2 mM L-glutamine and 5%
FBS, and used for experiments between passages 7-12. G418
antibiotic was added to the α-MEM for culturing cells at a
concentration of 500 μM, but was not added to cells seeded for
experiments. Human lung carcinoma cells (H2009) were grown in
RPMI-1640 liquid media with 2 mM L-glutamine and 5% fetal
bovine serum added, and were used between passages 38-51. Cells
were subcultured by trypsinization and were seeded at 5-10%
confluency in 25 cm2 flasks and were incubated at 37˚C in an
atmosphere of 5% CO2. At 75-90% confluency, cells were treated
with vehicle dimethylsulfoxide (DMSO) or test compounds and re-
incubated for varying times as indicated.

Extraction of proteins. Treated cells were washed with 10ml of PBS
and were lysed with 250 μl 2% SDS containing 1 mM PMSF, and
1:100 dilution of protease inhibitor cocktail. The lysates were
scraped and transferred into microcentrifuge tubes and were
sonicated for two 15 second pulses at room temperature. Unused
samples were frozen in liquid nitrogen and stored at –20˚C.

Protein concentration assay. Bio-Rad (Hercules, CA, USA) DC
protein assay was utilized to determine the protein concentrations
of the sonicated cell extracts. Bovine serum albumin (BSA) was
used as a standard and the absorbance of dye was read at 750 nm
using a TECAN (Mannedorf, Switzerland) GENios plate reader.
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Figure 1. Through pharmacophore modeling based on A (solenopsin A), three commercially available compounds (B, C, D) were identified as
potential Akt pathway inhibitors. Compound B has been shown to inhibit Akt activation.



Western immunoblot assay. For electrophoresis of protein samples,
4x Laemmli sample buffer was added to equal amounts of protein
per lane at 25% of the final volumes, separated on 12.0%
acrylamide SDS gels, and transferred semi-dry to PVDF membranes
utilizing Bio-Rad Trans-Blot Turbo for 7-10 min. Membranes were
washed for 1 min using deionized H2O, stained with Ponceau Red
for 3-10 minutes, washed with deionized H2O five times, scanned,
and blocked using 4% non-fat dry milk, 0.1% Tween-20, 40mM
Tris, pH 7.5 for 60 minutes. Specific primary antibodies were

incubated with blots in blocking buffer overnight at 4˚C on a shaker.
Using horseradish peroxidase or alkaline phosphatase anti-rabbit
secondary antibody, immunopositive bands were detected and
developed using chemiluminescence or the color development
substrate, BCIP/NBT. Reprobes of selected blots were performed
by 1-2 second rehydration in methanol, followed by 30-min
incubation in blocking buffer, primary antibody incubation,
secondary antibody incubation and development, as described
above. The blots were air dried, then scanned on a HP Scanjet
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Figure 2. Effect of compound B on Akt kinase phosphorylation in WBras1 cells (A and B) or in H2009 cells (C and D) at 24 h following treatment.
Immunoblotting of whole cell lysates shows the effect of compound B on Akt (Thr308) phosphorylation or total Akt (bottom lanes). Treatment groups
were: Lane 1, pre-stained molecular weight marker, vehicle (lanes 1-2), 1.25 μM compound B (lanes 3-4). (E and F) Effect of compound B on Akt
kinase phosphorylation at Thr308 in H2009 cells at 1 or 4 h following treatment. Treatment groups were: Lane 1, pre-stained molecular weight marker,
vehicle (lanes 2-4), 2.5 μM compound B at 1 h (lanes 5-6), 2.5 μM compound B at 4 h (lanes 7-8). All samples in E and D received matched amounts
of vehicle for 4 h. Densitometric quantification of bands shown in the graphs to the right represents the mean±S.D. (p<0.05 compared to control). 



4400C (Hewlett-Packard, Palo Alto, CA, USA) scanner. To measure
band intensity, UN-SCAN-IT software (version 6.1) from Silk
Scientific, Inc. (Orem, UT, USA) was utilized and statistical
analyses were performed with Statistix® (Analytical Software,
Tallahassee, FL, USA) software. 

Cell viability assay. H2009 cells were sub-cultured into 96-well
plates, incubated for 48 h at 37˚C and 5% CO2 to allow cell
attachment and were grown to approximately 75% confluence
before treatment. Medium was changed after 24 h before treating
the cells with vehicle or compound B and were incubated for an
additional 22 h. Next, addition of the 3-(4, 5-dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide (MTT, Cell Applications, Inc.,
San Diego, CA) solution to each well was followed by incubation
for 4 h in a cell culture incubator. The supernatant was removed,
and the formazan crystals were dissolved using SDS and were
incubated at room temperature for 5-15 minutes before reading the
absorbance at 360 nm using a microplate spectrophotometer.

Akt kinase activity assay. The Cyclex AKT/PKB kinase/Inhibitor
Screening Kit (CY-1168) (Woburn, MA, USA) was used to measure
and evaluate the activity of Akt in a cell-free assay. The 96-well plate
provided by the manufacturer is pre-coated with a peptide substrate of
Akt kinase, AKTide-2T, which is actively phosphorylated by isoforms
of Akt. 2.5 μL of vehicle (DMSO) or compound B was added into
separate quadruplet wells, followed by the addition of 100 μL/well of
reaction buffer and an incubation at 30˚C for 1 h. Following the wash
step in 1X wash buffer, 100 μl of HRP conjugated anti-phospho-
AKTide-2T monoclonal antibody was added to the wells and was
incubated at room temperature for 1 h. After washing in 1X wash
buffer, 100 μl of the substrate was added to react with the HRP
conjugate. Subsequently, the stop solution was added to the wells
before reading the absorbance at 450 nm. The positive control wells
received 90 μl kinase reaction buffer (containing ATP), 5 μl Akt
enzyme and 2.5 μl vehicle. The test sample wells received 2.5 μl
compound B, 90 μl kinase reaction buffer, and 5 μl Akt enzyme. The
effect of compound B was compared to a known Akt inhibitor,
staurosporine, provided in the kit. This study was performed in
accordance with the well-established Akt Assay kit procedures.

Statistical analyses of data were performed using Statistix for
Windows 8. 

Results
Compound B regulates Akt activation in WBras1 and human
carcinoma cells. We have previously reported decreased Akt
phosphorylation at the Ser473 activation site by micromolar
concentrations of compound B in both WB-ras1 and H2009
at 4 and 24 h following treatment (14). Here, we show
regulatory effects of this compound at the Thr308
phosphorylation site of Akt kinase. Figure 2A demonstrates
that 1.25 μM compound B significantly decreased Thr308
phosphorylation of Akt in WBras1 cells (See top panel,
lanes 3-4, compared to lanes 1-2). Treatment did not
substantially change total Akt kinase levels (bottom panel).
Quantification of bands (Figure 2B) shows an approximate
75% decrease in band intensity (phospho-Thr308/total
Thr308). In H2009 cells, Figures 2C and D show that 1.25
μM compound B down-regulated phosphorylation at Akt
Thr308 site by about 50% (top panel, lanes 4-5, compared
to lanes 2-3 and graph to the right) at 24 h. Compound B
also decreased phosphorylation of the Thr308 site at 1 and
4 h in H2009 cells by approximately 65% (Figures 2E and
F). In these experiments, a higher concentration of
compound B (2.5 μM) was used to promote a robust
response at early times post-treatment. Figure 3 shows the
concentration dependence of compound B on
phosphorylation of Akt Ser473 or Thr308 in H2009 cells at
24 h following treatment. Based on these results, the half
maximal inhibitory concentration (IC50) is estimated to be
0.6 μM for Ser473 and 2.5 μM for Thr308.

Effect of compound B on downstream effectors of Akt in
WBras1 and H2009 cells. Figure 4 shows that treatment of
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Figure 3. Dose-dependent effect of compound B on Akt kinase in H2009 cells at 24 h treatment. Immunoblotting of whole lysates analysis indicated
the effect of compound B on (A) Akt Ser473 or (B) Thr308 phosphorylation normalized total Akt. Densitometric quantification of bands shown in
the graphs represents the mean±S.D. (p<0.05 compared to controls). 



WBras1 cells for 24 h with 1.25 μM compound B decreased
phosphorylation on the Ser166 activation site of the Akt
downstream effector MDM2 by approximately 65%. For 4E-
BP1 at 24 h, compound B decreased phosphorylation at the
Thr37/46 site by approximately 85% (Figures 4C and D).

There was no significant effect on GSK3β (Ser9)
phosphorylation at 24 h (Figures 4E and F), but reduced
phosphorylation of the Akt downstream effector, P70S6
kinase, at the Thr389 site by approximately 80% was
observed (Figures 4G and H). Overall, these results
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Figure 4. (A and B) Effect of compound B on MDM2 in WBras1 cells at 24 h (h) following treatment. Immunoblotting of whole-lysates shows the
effect of compound B on MDM2 (Ser166) phosphorylation or β-actin (bottom lanes). Treatment groups were: vehicle (lanes 1-2), 1.25 μM compound
B (lanes 3-4). (C and D) Effect of compound B on 4E-BP1 phosphorylation (Thr37/46) in WBras1 cells at 24 h following treatment. (E and F)
Effect of compound B on GSK3β (Ser9) phosphorylation in WBras1 cells at 24 h following treatment. Bottom lanes show β-actin. (G and H) Effect
of compound B on P70S6K (Thr389) phosphorylation in WBras1 cells at 24 h following treatment. Bottom lanes show β-actin. Densitometric
quantifications of bands shown in the graphs to the right represent the mean±S.D. (p<0.05 compared to control). 
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Figure 5. Effect of compound B on downstream effectors of Akt in H2009 cells at 24 h. (A) Western blots of whole-cell lysates show the effect at 24
h (h) on P70S6K (Thr389) phosphorylation (top lanes) or α-tubulin (bottom lanes). Treatment groups were: pre-stained molecular weight markers
(lane1), vehicle (lanes 2-3), 1.25 μM compound B (lanes 4-5), vehicle (lane 6-7), 1.5 μM compound B (lanes 8-9). H). (C and D) Time course effect
of compound B on MDM2 (Ser166) phosphorylation in H2009 cells at 1 or 4 h treatment, or β-actin (bottom lanes). Treatment groups were: vehicle
(lanes 2-4), 2.5 μM compound B at 1 h (lanes 5-6), 2.5 μM compound B at 4 h (lanes 7-8). (E and F) Time course effect of compound B on GSK3β
(ser9) phosphorylation in H2009 cells at 1 or 4 h following treatment, or total GSK3β (bottom lanes). Treatment groups were: pre-stained molecular
weight markers (lane1), vehicle (lanes 2-4), 2.5 μM compound B at 1 h (lanes 5-6), 2.5 μM compound B at 4 h (lanes 7-8).
(G and H) Time course effect of compound B on P70S6K (Thr389) phosphorylation in H2009 cells at 1 or 4 h following treatment, or α-tubulin
(bottom lanes). Treatment groups were: pre-stained molecular weight marker (lane1), vehicle (lanes 2-4), 2.5 μM compound B at 1 h (lanes 5-6),
2.5 μM compound B at 4 h (lanes 7-8). All samples in C through H received matched amounts of vehicle for 4 h. (H). Densitometric quantifications
of bands shown in the graphs to the right (B, D, F, H) represent the mean±S.D. (*p<0.05 compared to control). 



demonstrate that compound B down-regulates the Akt
signaling pathway downstream of Akt in ras-transformed
WBras1 cells.

In H2009 cells at 24 h (Figures 5A and B), compound B
decreased phosphorylation of the downstream effector,
P70S6 kinase, at 1.25 μM and 1.5 μM by approximately 80
and 85%, respectively. In under 24 h, compound B decreased
phosphorylation of MDM2, GSK3β and P70S6K in H2009
cells at 2.5 μM (Figures 5C-H). MDM2 phosphorylation
showed no response at the 1-h time point but was decreased
at 4 h (Figures 5C and D). These results confirm that the Akt
pathway can be down-regulated by compound B as early as
1-h treatment time and that the onset of the effect of
compound B on phosphorylation of Akt downstream

effectors in H2009 cells was different for one of the
effectors. 

Effect of compound B on other signaling pathways. Figures
6A and B show that there was no significant effect of
compound B on phosphorylation of JNK at Thr183/185 in
WBras1 cells at 24 h at concentrations that were effective in
reducing phosphorylation of Akt and downstream effectors.
This lack of effect was also seen in H2009 carcinoma cells
(Figures 6E and F). Figures 6C and D show that compound
B also had no significant effect on MAPK/ERK
phosphorylation at the Thr37/46 activation site in H2009
cells. These results suggest that compound B shows
specificity for the Akt pathway.
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Figure 6. Effect of compound B on JNK or MAPK/ERK phosphorylation. (A) WBras1 cells were treated with vehicle or 1.25 μM compound B for
24 h (h) following treatment and western blot analysis was conducted on whole-cell lysates. Antibodies are specific for phospho-JNK (thr183/tyr185)/
Total JNK (B) Results represent at least two independent experiments for each treatment. (C and D) Effect of compound B on MAPK/ERK in H2009
cells at 24 h following treatment. C) Immunoblotting of whole lysates shows the effect of compound B on ERK (p44/42) phosphorylation (top lanes)
or β-actin (bottom lanes). Treatment groups were: vehicle (lanes 1-2), 1.25 μM compound B (lanes 3-4). (E and F) Effect of compound B on JNK
in H2009 cells at 48 h following treatment. E) Western blots show the effect of compound B on JNK (Thr183/Tyr185) phosphorylation (top lanes)
or total JNK (bottom lanes). Treatment groups were: vehicle (lanes 1-4), 1.25 μM compound B (lanes 5-6). Densitometric quantifications of bands
shown in the graphs to the right (B, D, F) represent the mean±S.D. (p>0.05 compared to control). 



Effect of compound B on cell viability in human lung
carcinoma cells. Results from an MTT cell viability assay in
Figure 7 show that compound B reduces cell viability in human
lung carcinoma cells (H2009) in a dose-dependent manner. In
this cell line, the cell viability decreased to approximately 95%,
85%, and 55% compared to control level after 1, 5 and 7.5 μM
of compound B treatment for 22 h, respectively. 

Compound B is not a direct inhibitor of Akt kinase. To
determine whether B directly inhibits Akt kinase at the active
site, we monitored its activity using a cell-free based assay.
Figure 8 indicates that compound B has no direct inhibitory
effect on Akt activity compared to the positive control active
site inhibitor, staurosporine. These results suggest that
compound B modulates Akt activity by binding to a site
different from the active site on Akt or an upstream target to
cause decreased phosphorylation of Ser473 and Thr308. 

Computational chemistry. As previously outlined,
compounds B, C, and D were identified by pharmacophore
molecular modeling using the Schrödinger software (21).
Without knowing the bioactive conformation or the small
molecule/macromolecular target interactions, the extended
all anti form for the non-ionized structures A-D were
calculated using different basis sets at various levels of
theory. Figure 9 shows the extended forms of A and B. The
structures were geometry optimized using the Møller-Plesset
(MP2) perturbation theory with the 6-31G(d) basis set using
Spartan16 (22). Frequency calculations were carried out to
ensure that minimum energy structures were identified. 

The overall surfaces of A and B are similar, which suggests
similar binding modes to the macromolecular target(s) in the
Akt pathway. As expected, based on the structural differences,
B is calculated to have a larger polar surface area (18.176 Å2)
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Figure 8. Effect of compound B on Akt kinase activity in a cell-free based
assay. The assay was performed as per the assay instructions. Wells were
treated with vehicle, 10 μM staurosporine, or 1.25 μM compound B. The
level of inhibition was determined by comparing the vehicle (DMSO) or
positive inhibitory control, staurosporine, to compound B. Data are
expressed relative to the mean optic density (450 nm). The graph shown
represents the mean±SD (n=4), (p<0.05).

Figure 7. Effect of compound B on cell viability in human lung cancer cells.
Cells were treated with 0.125 μM, 0.5 μM, 1 μM, 5 μM, or 7.5 μM of
compound B for 22 h. Percentage of survival of H2009 cells was measured
using the MTT assay. Data are expressed relative to the mean optic density
(360 nm) of vehicle-treated cells, which was defined as 100%. The graph
shown represents the mean±SD (n=4), (p<0.05 compared to control).

Figure 9. Compounds A and B in their non-ionized form with their side
chains in the all anti conformation are displayed with an electrostatic
potential map that was generated using the molecular modeling
software Spartan16. The colors represent the range of electronegativity,
where red and blue represents the more electronegative and
electropositive regions, respectively. The two structures were geometry
optimized using the Møller-Plesset (MP2) perturbation theory with the
6-31G(d) basis set in Spartan16. Compared to compound A (solenopsin
A), compound B is more polar with larger regions of electronegativity.



compared to A (12.015 Å2). The logP values are calculated
in Spartan16 to be 5.48 and 5.80 for A and B, respectively.
Our working assumption is that the greater electrostatic
charge distribution present in B in its ionized form enhances
its interactions and inhibitory effects.

Discussion

The results presented in this study demonstrate that the novel
CADD agent, compound B, inhibits the activation of Akt in
WBras1 and H2009 cells, as assessed by monitoring the
Thr308 phosphorylation site on Akt. We also demonstrate that
compound B decreased phosphorylation of downstream
effectors of Akt in both cell types. These include MDM2, 4E-
BP1, GSK3β and P70S6K. Evidence presented indicates that
compound B induces inhibitory effects on the ability of Akt
target proteins to propagate signals, which likely contributes
to its anti-proliferative effects in H2009 cells (20).

The investigational compound used in this study is
structurally related to solenopsin, which has been characterized
as an Akt pathway inhibitor (19). Compound B was effective
in down-regulating the Akt pathway, as measured by the degree
of Akt Ser473 (20) and Thr308 phosphorylation, at a >5-fold
lower concentration compared to solenopsin. It was reported
previously that solenopsin antagonizes Akt, leading to
inhibitory effects on angiogenesis (19). It is predicted that
compound B would also inhibit angiogenesis, based on the
similar structure and its ability to inhibit the Akt pathway. 

In the present study, we first examined the phosphorylation
of Akt and total Akt kinase levels in ras-transformed epithelial
cells (WBras1) by western immunoblot analysis. Decreased
levels of phospho-Akt at Thr308 by compound B and unaltered
levels of total Akt were observed. Similar results were obtained
from monitoring compound B in human lung carcinoma cells.
A dose-dependent study of compound B in H2009 cells
following a 24-h treatment revealed that concentrations as low
as 0.5 μM inhibited Akt activation at both Thr308 and Ser473
sites. Examination of downstream pathway inhibition showed
significant decreases in phosphorylation levels of MDM2, 4E-
BP1 and P70S6K in both ras-transformed epithelial and human
lung carcinoma cells, with GSK-3β additionally affected in the
human carcinoma cells.

The inhibition of MDM2 may be indicative of compound B’s
ability to disrupt MDM2’s interaction with the tumor
suppressor, p53 and thus prevent its degradation. This action
promotes the normal regulation of cell growth and cell
proliferation (23). GSK3β is a substrate of Akt kinase and is
inhibited when phosphorylated at the Ser9 site (3). We found
that the phosphorylation levels of GSK3β in compound B-
treated H2009 cells decreased, suggesting its activation, which
mediates the inhibition of glycogen synthesis (3). The reduction
in phosphorylation levels observed in 4E-BP1 and P70S76K are
indicative of the down-regulation of mTORC1 (24). 

We also monitored compound B’s ability to affect other
signaling pathways. The JNK pathway is known to be
activated when the cell undergoes apoptosis or stress (25).
Compound B did not significantly alter phosphorylation of
JNK at the Thr183/Y185 activation site at 24 h in WBras1
or H2009 cells. The lack of an effect of the compound B on
JNK is in contrast with reported effects on phosphorylation
of this protein by the structurally-related compound,
perifosine. Specifically, in a study examining the cytotoxicity
effect of perifosine, JNK was evaluated for its role in
perifosine-induced cell death and increased cytotoxicity was
reported in perifosine-treated cells (17). 

We also examined the effect of compound B on ERK
signaling transduction in H2009 cells. This protein regulates
various cytosolic and nuclear proteins, which includes
transcription factors of which many are involved in cell
proliferation, survival, and metastasis (26, 27). At 24 h
compound B had no effect on the phosphorylation of ERK
at the p44/42 activation sites, which highlights its specificity
for the Akt pathway.

As evidenced by our results, compound B suppressed
activation of Akt and robustly down-regulated the
downstream effectors of Akt: i) MDM2, ii) GSK3β, iii)
P70S6K, and iv) 4EBP-1. The previous assessment of
cellular proliferation in compound B-treated-H2009 cells
revealed that it induces profound inhibitory effects on the
proliferation of tumor cells at sub-micromolar concentrations
(20). Further characterization of our investigational
compound involved evaluating its ability to directly inhibit
Akt kinase using a cell-free based assay. Using the latter, we
concluded that compound B is not a direct Akt inhibitor at
the active site. 

In summary, our results demonstrate that compound B
inhibits Akt activation and suppresses downstream target
proteins along the Akt pathway in ras-transformed rat liver
epithelial cells and human lung carcinoma cells. This may occur
by allosteric inhibition of Ser473 and Thr308 phosphorylation
or by effects on an upstream target, such as mTORC2.
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