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Simultaneous targeting of PI3K and mTOR with NVP-BGT226
is highly effective in multiple myeloma
Philipp Baumann, Laura Schneider, Sonja Mandl-Weber, Fuat Oduncu

and Ralf Schmidmaier

Multiple myeloma is still uncurable. Myeloma cells become
resistant to common drugs and patients eventually die of
tumour progression. Therefore, new targets and drugs are
urgently needed. NVP-BGT226 is a novel, orally
bioavailable small-molecule inhibitor of phosphoinositol-
3-kinase and mammalian target of rapamycin. Here, we
show that NVP-BGT226 inhibits growth in common
myeloma cell lines and primary myeloma cells at
nanomolar concentrations in a time-dependent and
dose-dependent manner. Western blots for the detection
of caspase 3 cleavage and annexin-V-fluorescein
isothiocyanate/propidium iodide assays revealed induction
of apoptosis in common myeloma cells lines. Induction of
apoptosis was accompanied by upregulation of
proapoptotic Bim and a moderate upregulation of Mcl-1
and Bad and a downregulation of Bcl-2, Bax and Bcl-XI.
Inhibition of cell growth was mainly due to inhibition

of myeloma cell proliferation, as shown by the
5-bromo-2’-deoxyuridine assay. Cell cycle analysis
revealed induction of cell cycle arrest in the G1 phase,
which was due to downregulation of cyclin D1, cyclin D2,
pRb and cdc25a. NVP-BGT226 inhibited phosphorylation of

Introduction

Multiple myeloma (MM) remains an incurable disease
and is characterized by the accumulation of malignant
plasma cells in the bone marrow [1]. The disease is
characterized by impaired haematopoesis, renal dysfunc-
tion and bone destruction [2]. In the past two decades,
management and treatment of MM has changed con-
siderably. The introduction of high-dose chemotherapy
with autologous stem cell support has prolonged the
median overall survival [3,4]. Furthermore, the under-
standing of the pathophysiology of the disease has led to
the approval of novel drugs such as the proteasome
inhibitor bortezomib and immunmodulatory drugs such
as thalidomide and lenalidomide. Despite novel agents in
the therapy, MM cells eventually become resistant to
cytotoxic drugs and patients die of tumour progres-
sion [5-8].

The molecular understanding of this disease has changed
rapidly. Interactions between the bone marrow stromal
cells and MM cells lead to increased adhesion and
cytokine release [9-11]. Soluble factors such as insulin-
like growth factor 1 (IGF-1), vascular endothelial growth
factor and cytokines such as interleukin-6 (IL-6) [12-16]
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protein kinase B (Akt), P70S6k and 4E-BP-1 in a
time-dependent and dose-dependent manner.
Furthermore, we show that the stimulatory effect of
insulin-like growth factor 1, interleukin-6 and conditioned
medium of HS-5 stromal cells on myeloma cell growth is
completely abrogated by NVP-BGT226. Overall, inhibition
of phosphoinositol-3-kinase/mammalian target of
rapamycin by NVP-BGT226 is highly effective, and
NVP-BGT226 represents a potential new candidate for
targeted therapy in multiple myeloma. Anti-Cancer Drugs
23:131-138 © 2011 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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and cellular adhesion to extracellular matrix or bone
marrow stromal cells lead to a consecutive upregulation of
intracellular signalling pathways and confer to drug
resistance, survival and MM cell proliferation. The
identification of signalling pathways such as the Jak/
Stat-pathway, the Ras/Raf/MAPK-pathway, the PI3K/Akt/
mTOR pathway and the role of NFxB has led to the
development of specific signalling pathway inhibitors.

Phosphoinositol-3-kinase (PI3K) is a crucial kinase that
influences many pathways that regulate cell growth,
apoptosis and survival. In particular, class la PI3Ks,
consisting of a p85 regulatory and a p110 catalytic group,
play major roles concerning these cellular events. Once
activated, PI3K phosphorylates Akt. Akt in turn activates
a large variety of cellular signalling molecules including,
glycogen synthase kinase 3, tuberous sclerosis 2 and
protein S6 kinase (P70S6k), and acts on 4EBP1, thereby
inducing protein transcription. Promotion of cell cycle
is warranted by acting on cell cycle inhibitors p27, p21,
cMyc and cyclinD1. In addition, activated Akt exerts its
antiaopototic effects by acting on proapoptotic and
antiapoptotic ~ mitochondrial ~ proteins  such  as
Bad [17,18]. Combined inhibition of PI3K and mamma-
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lian target of rapamycin (mTOR) by NVP-BGT226 has
been proven to be very effective in terms of induction of
apoptosis and inhibition of proliferation [19]. The first-
generation drug NVP-BEZ235 has already entered early
clinical trials. Here, we present for the first time NVP-
BGT226, a second generation dual inhibitor of PI3K/
mTOR.

Methods

Cells

NCI-H929, U266, RPMI-8226 and OPM2 MM cell lines
and the human stromal cell line HS-5 were obtained from
the American Type Culture Collection (Rockville, MD,
USA), grown in RPMI 1640 medium (Boehringer,
Ingelheim, Germany) containing 10% heat-inactivated
foetal calf serum (Boehringer) in a humidified atmo-
sphere (37.0°C; 5% CO,), and seeded at a concentration
of 2 x 10’ cells/ml. Cells have been regularly tested for
mycoplasma and were free of this contamination.

Purification of primary MM cells

After informed consent was obtained from patients, mono-
nuclear cells from bone marrow aspirates were isolated using
CD138 MACS beads (Miltenyi Biotech, Bergisch Gladbach,
Germany) according to the manufacturer’s instructions. In
brief, mononuclear cells were washed twice with chilled
buffer (containing Dulbecco’s PBS, 0.5% foetal calf serum
and 2mmol/l EDTA), and were resuspended in buffer.
CD138 MACS beads were added to the cells and incubated
for 15min at 4°C. After that, cells were washed again,
resuspended in 1ml buffer and subjected to separation
columns. After unlabelled cells passed through the column,
the separation columns were removed from the separator,
and the labelled cells were flushed out of the separation
columns. The separation procedure was repeated twice.
After separation, the purity of the CD138 cells was
examined by flow cytometry using a CD138 PE-labelled
antibody (BD Sciences, Heidelberg, Germany). A purity
of more than 90% CD138-positive cells was accepted
for further experiments. The ethics committee of the
University of Munich approved the study.

Reagents

Propidium iodide (PI) was purchased from Calbiochem
(Schwalbach, Germany) and WST-1 from Roche (Penzberg,
Germany). NVP-BGT226 was kindly provided by Novartis
Pharma AG (Basel, Switzerland). Polyclonal primary anti-
bodies against p-Akt1/2 (Thr308 and Ser473), p-p85a
('yr508), Aktl/2, p85a, Bax, Bcl-2, Bim, Mcl-1, Fasl. and
actin were obtained from Santa Cruz (Heidelberg, Ger-
many), and p-P70S6k (Thr421/Ser424), p-mTOR
(Ser2448), p-4E-EBP1 (Thr70), P70S6k, cyclinD1, pRb
(Ser807/811), cyclinE, cdk2/4/6, cdc25a, cleaved caspase 3,
caspase 8, cleaved caspase 8, caspase 9, cleaved caspase 9
and m-TOR from Cell Signalling (Frankfurt/Main, Ger-
many). Secondary antibodies raised against goat, mouse or
rabbit epitopes were purchased from GE Healthcare

(Uppsala, Sweden). Bortezomib was purchased from
Millenium Pharmaceuticals (Cambridge, MA, USA),
IL-6 from Sigma-Aldrich (Taufkrichen, Germany) and
IGF-1 and CD40L from R&D Systems (Wiesbaden,
Germany). Annexin-V—fluorescein isothiocyanate (FITC)
was purchased from Becton Dickinson (Heidelberg,
Germany).

Cell growth assay

For quantification of metabolically active cells in suspen-
sion, a WST-1 growth inhibition assay protocol was used
as recommended by the manufacturer (Roche). After an
incubation period, the WST-1 agent was added to the
myeloma cell culture. After another 2h, absorbance
at 450nm was measured using a microplate reader
(reference wavelength: 680 nm).

Analysis of apoptosis and cell death

Cells were stained with PI and annexin-V-FI'TC. In brief,
after two treatments with washing buffer (8 g NaCl, 0.2 g
KCl, 1.44¢ Na,HPO,, 0.24g KH,PO,4 and 11 H,0O, pH
7.2), cells were resuspended in 400 pl of Dulbecco’s PBS.
One hundred microlitres of this cell suspension were
incubated with 10 pl of 50 pg/ml PI and 5 pl of annexin-V-
FITC for 15 min at room temperature in the dark. Cells
were analysed by flow cytometry (Coulter EPICS
XL-MCL; System II, Krefeld, Germany).

Cell proliferation assay using 5-bromo-2'-deoxyuridine
(BrdU)

Cell proliferation was determined using the BrdU
Labelling and Detection Kit IIT from Roche (Roche
Diagnostics GmbH, Mannheim, Germany) following
the manufacturer’s instructions. In brief, cells were
seeded in 96-well plates (Corning Costar, Corning, New
York, USA) at a concentration of 1.5 x 10* cells/well in
RPMI medium supplemented with 10% foetal bovine
serum with or without the substance that was to be
tested. After 36 h, BrdU-labelling solution was added
(final concentration: 10 umol/l), and cells were cultured
for another 12h in a humidified atmosphere (37°C/
5%CQO;). Then, the plates were centrifuged (10 min,
300g), and the supernatants were discarded. The plates
were dried at 60°C for 2 h. After fixation with ethanol/
HCI for 30 min at —20°C, the DNA was partially digested
by nuclease treatment for 30 min at 37°C. The cells were
washed three times with medium and incubated with
anti-BrdU-POD labelling solution for 30 min at 37°C.
The anti-POD solution was removed and the cells were
washed three times with washing buffer. The ABTS sub-
strate solution was added, and absorbance was measured
in a microplate reader at 405nm with a reference
wavelength of 490 nm.

Cell cycle analysis
Cellular DNA content was determined by flow cytometry.
MM cells were harvested and washed twice with ice-cold
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PBS. After that, cells were resuspended in 1 ml of 70%
ethanol and fixed for 2h at -20°C. Fixed cells were
washed once with ice-cold PBS and resuspended in 400 pl
of PBS, and 40 pul of 50 pg/ml PI were added to the cells.
Cells were acquired by flow cytometry.

Western blot analysis

Cells were lysed with lysis buffer, and protein concentra-
tions were determined using the biophotometer. Protein
was separated by SDS-PAGE. After electrophoresis,
protein was transferred to nylon membranes (Millipore,
Massachusetts, USA), blocked in TBS-T and 5% non-fat
dry milk for 1h, and subsequently washed and incubated
with TBS-T and the primary antibodies for 12 h. After
washing with TBS-T, membranes were incubated with a
peroxidase-conjugated secondary antibody for 1 h. Signals
were detected by chemoluminescence using the ECL
detection system (GE Healthcare). B-Actin served as the
internal control for equal loading.

Statistics

Mean values with SDs from representative experiments
are shown in the figures. Data were confirmed by at least
two independent experiments. The Wilcoxon test was
used to compare different groups. P less than 0.05 was
considered statistically significant.

Results

The dual PIBK/mTOR inhibitor NVP-BGT226 inhibits cell
growth and induces apoptosis in MM cells in vitro

First of all, we tested the cytotoxic effect of NVP-BG'T226
on a variety of myeloma cells. For this, cell viability was
determined time dependently by WST-1 assay. NCI-H929,
RPMI-8226, U266 and OPM-2 myeloma cells were incu-
bated with increasing concentrations of NVP-BGT226.
Cell growth was determined after 48 and 96h. As shown
in Fg. 1la, MM cell growth was completely inhibited in a
time-dependent and dose-dependent manner. Effective
concentrations were found in the nanomolar range in all four
cell lines with an ICs in the range between 20 and 100 nmol/l.

Further experiments should elucidate whether NVP-
BGT226-induced abrogation of cell growth is due to
apoptosis and/or inhibition of proliferation. First, apopto-
sis was assessed. Cells of all four cell lines were incubated
with increasing concentrations of NVP-BGT226 for 48 h.
After the incubation period, cells were harvested and
further processed for flow cytometry analysis. As shown
in Fig. 1b and c, significant induction of apoptosis
occurred in three of four cell lines. OPM-2, NCI-H929
and RPMI-8226 myeloma cells showed marked annexin-V
positivity after incubation with NVP-BGT226, the 1Cs
was in the range between 100 and 250 nmol/l. Interest-
ingly, although strong and almost complete inhibition of
growth could be observed in the WST-1 viability assay,
U266 cells stained less with annexin-V-FITC and PI
compared with the other cell lines.
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Furthermore, we tested primary myeloma cells obtained
from bone marrow aspirates from seven patients. Primary
myeloma cells were incubated with 5-500 nmol/l NVP-
BGT226 for 48 h, and cell growth was determined by the
WST-1 assay (Fig. 1d). Even in slowly proliferating and
usually poorly sensitive primary MM cells, cell growth
was significantly inhibited by NVP-BGT226, comparable
to myeloma cell lines.

In addition, we wanted to confirm the induction of
apoptosis by western blotting. NCI-H929 myeloma cells
were incubated with 100 nmol/l NVP-BGT226 for 4, 24
and 48 h. Cells were analysed for expression of caspase 3
and cleaved caspase 3. We observed strong cleavage of
caspase 3 in NVP-BGT226-treated myeloma cells. Addi-
tional analysis of caspase 8, cleaved caspase 8, caspase 9
and cleaved caspase 9 revealed a decreased expression of
caspase 9 and a moderate increase in cleaved caspase 9
upon NVP-BGT?226 incubation, indicating that apoptosis
is induced by means of the intrinsic pathway of apoptosis
(Fig. 1le). To further investigate the mechanism of
induction of apoptosis, we repeated the same experi-
ments and blotted proapoptotic and antiapoptotic mito-
chondrial proteins of the Bcl-2 family. Here, we noticed a
strong upregulation of proapoptotic bim and bak and a
moderate upregulation of Mcl-1, Bad and phospho-Bad.
Furthermore, we detected a downregulation of antiapop-
totic Bcl-2, Bax, Noxa and Bel-X1 (Fig. 1f). We conclude
that NVP-BGT226 strongly inhibits cell growth of
myeloma cells and induces apoptosis at nanomolar
concentrations accompanied by the upregulation of
proapoptotic and downregulation of antiapoptotic mito-
chondrial proteins.

NVP-BGT226 inhibits myeloma cell proliferation and
induces a G1 cell cycle arrest

Because myeloma cell growth was inhibited by NVP-
BGT226, we next asked whether NVP-BGT226 also
inhibits myeloma cell proliferation, and performed the
BrdU assay. We incubated the four cell lines with
increasing doses of NVP-BGT226 for 48h. BrdU was
added 12h before harvesting the cells. Figure 2a shows
that proliferation of NCI-H929, OPM-2, RPMI-8226 and
U266 is strongly decreased by NVP-BGT226. Inhibition
of proliferation is not complete at 250 nmol/l only in U266
cells. However, together with apoptosis, U266 growth is
completely abrogated at 500 nmol/l as demonstrated
in Fig. 1a. As NVP-BGT226 strongly decreases myeloma
cell proliferation, we hypothesized a cell cycle arrest due
to PI3K inhibition with NVP-BGT226. Again, all four
myeloma cells were incubated with 10 and 100 nmol/Il
of NVP-BGT226 for 48h. After the incubation period,
cells were harvested and further prepared for cell cycle
analysis. Figure 2b and c clearly shows that myeloma cells
accumulate in the G1 phase of the cell cycle (e.g. U266:
44— 75%; OPM-2: 43— 62%), whereas the amount of
cells in the S-phase or G2/M-phase decreased.
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Fig. 1
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NVP-BGT226 inhibits cell growth and induces apoptosis in MM cells. (a) The MM cell lines OPM-2, NCI-H929, RPMI-8226 and U266 were
incubated with none, 5, 20, 100, 250 or 500 nmol/l of NVP-BGT226 for 48 and 96 h, and cell growth was determined by the WST-1 assay. Mean
values and SDs are shown. The figures show results from two independent experiments. *P<0.05 versus control. (b) OPM-2, NCI-H929, RPMI-
8226 and U266 myeloma cells were incubated with none, 5, 50, 100, 250 or 500 nmol/l of NVP-BGT226 for 48 h and induction of apoptosis was
determined after annexin V-FITC/PI staining by flow cytometry. The figures show results from two independent experiments. *P less than 0.05 versus
control. (c) NCI-H929 myeloma cells were incubated with none, 5, 50, 100, 250 or 500 nmol/l of NVP-BGT226 for 48 h, and induction of apoptosis
was determined after annexin V-FITC/PI staining by flow cytometry. The figures show a representative result. (d) Primary myeloma cells from seven
myeloma were incubated with none, 5, 50, 100, 250 or 500 nmol/l of NVP-BGT226 for 48 h, and cell growth was determined with the WST-1 assay.
Mean values and SDs are shown. *P less than 0.05 versus control. In all figures, the used cell line is indicated in the control experiment. (e, f) MM
cells from the H929 cell line were incubated with 100 nmol/I of NVP-BGT226 for O, 4, 24 or 48 h. After the incubation period, cells were lysed and
directly subjected to SDS-PAGE, transferred to membranes and blotted with the indicated antibodies. FITC, fluorescein isothiocyanate; PI,
propidium iodide.

We further asked why NVP-BGT226 induces a G1 cell
cycle arrest, and therefore performed western-blotting
experiments. For this, NCI-H929 cells were incubated
with 100 nmol/l of NVP-BGT226 for 4, 24 or 48h, and
then harvested and processed for western blotting.
We noticed that the expression of both cyclins D1 and

D2 and pRb and cdc25a declined in a time-dependent
manner after incubation with NVP-BGT226. The
effects on ck4, cdk2 and cyclin E were less pronounced;
whereas cdk4 and cdkZ were upregulated, cyclin E was
downregulated upon incubation with NVP-BGT226
(Fig. 2d).
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Fig. 2
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BEZ inhibits MM cell proliferation and induces a G1 cell cycle arrest. (a) OPM-2, NCI-H929 and U266 cells were incubated with none, 20, 50, 100
and 250 nmol/l of NVP-BGT226 for 48 h. After the incubation period, cell proliferation was determined using the BrdU proliferation assay. The

figures show results from two independent experiments. *P less than 0.05 versus control. (b, c) OPM-2, NCI-H929 and U266 myeloma cells were
incubated with increasing concentrations of NVP-BGT226 as indicated in the figure. The DNA content was determined by flow cytometry after

fixation with ethanol and staining the cells with propidium iodide. The figures show results from two independent experiments performed in triplicates.
In all figures, the used cell line is indicated in the control experiment. (d) NCI-H929 myeloma cells were incubated with 100 nmol/l of NVP-BGT226
for the indicated time periods. After the incubation period, cells were lysed and directly subjected to SDS-PAGE, transferred to membranes and

blotted with the indicated antibodies. MM, multiple myeloma.

NVP-BGT226 inhibits IL-6-induced, IGF-1-induced and
stromal cell medium-induced cell growth

MM cells accumulate in the bone marrow and adhere to
bone marrow stromal cells. Several research groups have
shown that cytokines and growth factors such as IL.-6 and
IGF-1 stimulate MM cell growth and induce proliferation,
cell survival and drug resistance by activating the PI3K/
Akt pathway. To investigate whether NVP-BGT226-
induced PI3K inhibition can diminish the stimulatory
effect of cytokines and growth factors, we performed
cell growth stimulation assays. NCI-H929, OPM-2 and
U266 myeloma cells were incubated with 5 and 50 nmol/I

NVP-BGT226, and 15ng/ml IL-6 or 200 ng/ml IGF-1 in
RPMI1640 without FCS. Additionallyy, MM cells were
stimulated with medium containing 50% HS-5 stromal
cell conditioned medium. Cell growth of all three cell
lines was augmented, and NVP-BGT226 was able to
suppress this stimulation (Fig. 3). Cell lines significantly
differ in their dependence on the type of soluble factors,
but overall growth all cell lines could be strongly and
significantly stimulated: IGF-1 led to an increase of
+211% in NCI-H929, +8% in OPM-2 and +61% in U266
cells, whereas IL-6 stimulated NCI-H929 by +45%,
OPM-2 by +22% and U266 by +8%. HS-5 conditioned
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Fig. 3
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NVP-BGT226 inhibits cytokine-induced increase of myeloma cell growth. NCI-H929, OPM-2 and U266 myeloma cells were incubated with 200
ng/ml rhIGF-1, 15 ng/ml IL-6 or 50% conditioned medium obtained from a 48-h-old HS-5 stromal cell culture for 48 h. Additionally, cell growth
was inhibited by adding 5 or 50 nmol/l of NVP-BGT226 to the culture. Cell growth was determined using the WST-1 assay. The figures show results

from two independent experiments. *P less than 0.05 versus control.

medium increased cell growth of NCI-H929 by +154%,
OPM-2 by +53% and U266 by +6%. Upon treatment
with NVP-BGT226, cell growth was strongly inhibited,
and the stimulatory effect on cell growth exerted by the
cytokines and growth factors was abrogated at low
nanomolar concentrations.

NVP-BGT226 inhibits the PI3K/Akt signalling pathway
It has been shown before that myeloma cell growth is
closely related to the activation of the PI3K/Akt pathway.
As NVP-BGT226 is claimed to be a PI3K/mTOR
inhibitor, we performed western-blotting experiments in
order to show the inhibitory effects of this substance on
the modulation of the PI3K pathway in MM. We
therefore cultured NCI-H929 myeloma cells for 4, 24
and 48 h in the presence of 100 nmol/l of NVP-BGT226,
harvested and prepared the cells for western blotting.
In our experiments, the amount of phosphorylated Akt,
mTOR, P70S6k and 4E-BP-1 were significantly reduced
upon incubation with NVP-BGT226 (Fig. 4a).

In order to confirm this finding, we incubated OPM-2
(Fig. 4b) and NCI-H929 (Fig. 4c) with 5, 20 and
100 nmol/I for 4 h and performed western-blotting experi-
ments showing a strong dephosphorylation of Akt,
mTOR, P70S6k and 4E-BP-1, whereas total protein
levels of Akt and P70S6k remained unchanged.

Discussion

Both noncellular and cellular components of the bone
marrow microenvironment are essential in the patho-
physiology of MM disease [20]. Elevated levels of
cytokines such as I1.-6 and growth factors such as IGF-1
lead to activation of signalling pathways that induce

cell survival, growth and drug resistance. Elevated 11.-6
is mostly due to cellular adhesion of MM cells to bone
marrow stromal cells, which are stimulated to secrete
IL-6 upon adhesion [21] of MM cells [22]. IL-6 and
many other cytokines and growth factors induce the
activation of PI3K, which in turn activates Akt and
therefore mTOR [23]. Akt activation is considered to
be responsible for cell survival and proliferation of MM
cells. Thus, both PI3K and mTOR are favourable
targets in MM.

Here, we show significant preclinical activity of NVP-
BGT226 as an agent targeting MM cells in a collection of
MM cell lines and primary myeloma cells from patients.
NVP-BGT226 is a second-generation combined PI3K/
mTOR inhibitor. Inhibition of only mTOR in malignant
cell leads to an compensatory activation of upstream
signalling molecules such as Akt [24,25]. This finding
provides the rationale for developing dual inhibitors such as
NVP-BGT?226. We show that inhibition of PI3K/Ake/mTOR
signalling using the small molecule NVP-BGT226 is highly
effective in MM. It induces cell growth inhibition and
apoptosis even at low nanomolar concentrations. Induction
of apoptosis is accompanied by decreased expression of
capases 3 and 9 and cleavage of caspases 3 and 9, indicating
that the intrinsic pathway of apoptosis is activated.
Furthermore we observed an increased expression of
proapoptotic bim and bak and downregulation of bcl-XL,
bel-2 and Noxa. This is partially in agreement with previous
results with the first-generation PI3K/mTOR inhibitor NVP-
BEZ235 [26]. In contrast to the first-generation kinase
inhibitor, NVP-BEZ235, NVP-BGT226 shows remarkably
lower 1Cs values considering cell viability and cell apoptosis,
underlining its higher efficacy.
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Fig. 4
(a) NVP-BGT226 (100 nmol/l)  (b) NVP-BGT226 (4h)  (c) NVP-BGT226 (4h)
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Incubation of myeloma cells with NVP-BGT226 leads to decreased phosphorylation of mediators of the PI3 kinase/Akt pathway. (a) H929 myeloma
cells were incubated with 100 nmol/l of NVP-BGT226 for 4, 24 and 48 h. After the incubation period, cells were lysed and directly subjected to
SDS-PAGE, transferred to membranes and blotted with the indicated antibodies. (b) OPM-2 and (c) NCI-H929 myeloma cells were incubated with
increasing concentrations of NVP-BGT226 for 4 h. After the incubation period, cells were lysed and directly subjected to SDS-PAGE, transferred to
membranes and blotted with the indicated antibodies. PI3, phosphoinositol-3-kinase.

Malignant plasma cells are stimulated by cytokines and
growth factors that lead to activation of the JAK/STAT
pathway, the MEK/ERK pathway and the PI3K/Akt
signalling cascade [27,28]. In our studies, NVP-BGT226
overcame the pro-proliferative stimuli of IL.-6, IGF-1 and
conditioned medium of HS-5 stromal cells.

We hypothesized that the inhibition of PI3K/mTOR by
NVP-BGT226 leads to decreased cell proliferation. As
expected, NVP-BGT226 strongly decreased proliferation
as shown by the BrdU uptake assay. This is in accordance
with results of other groups [23,26]. Cell cycle analysis
revealed that decreased cell proliferation was due to a
phase G1 arrest. Similar results have been shown for PI3K
inhibition in other cell types [29,30].

The cell cycle machinery has been observed to be
commonly deregulated in MM. Cyclins D1, D2 or D3 are
deregulated in all MM patients and expressed more than
in normal cells [28]. Furthermore, the 11q13 and the
6p21 IgH translocations are accompanied by cyclin D1
and cyclin D3 overexpression, respectively [28]. Our
western-blotting experiments show that G1 cell cycle
arrest was due to decreased expression of cyclin D1,
cyclin D2, pRb and Cdc25.

Activated PI3K stimulates Akt kinase, exerting multiple
effects on myeloma cells by modulating several signalling
pathways. Besides its antiapoptotic role, phosphorylated
Akt has stimulatory effects on cell growth and cell
proliferation. Akt activates mTOR, a protein related to
cell growth. mTOR in turn augments activation of 4E-BP-

1, which leads to increased protein translation [31,32].
Furthermore, it activates P70S6k, which leads to cell
cycle progression [33] and inhibition of apoptosis [34].
Our western-blotting experiments revealed that NVP-
BGT226 strongly inhibits phosphorylation of Akt, P70S6k
and 4E-BP-1. Similar observations were made by Liu
et al. [29] and Chiarini ¢z a/. [35], who treated glioma cell
lines and T-cell acute lymphoblastic leukaemia cell lines,
and observed a hypophosphorylation of Akt, P70S6k and
4E-BP-1.

Summing up, the small molecule NVP-BGT226, which is
the first representative of the novel group of second-
generation dual PI3K/mTOR inhibitors, strongly inhibits
myeloma cell growth and induces apoptosis. The results
provide the rationale for further preclinical and clinical
development of this drug.
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