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NVP-BEZ235 is a dual PI3K/mTOR inhibitor currently in phase I
clinical trials. We profiled this compound against a panel of breast
tumor cell lines to identify the patient populations that would
benefit from such treatment. In this setting, NVP-BEZ235 selectively
induced cell death in cell lines presenting either HER2 amplification
and/or PIK3CA mutation, but not in cell lines with PTEN loss of
function or KRAS mutations, for which resistance could be attrib-
uted, in part to ERK pathway activity. An in depth analysis of death
markers revealed that the cell death observed upon NVP-BEZ235
treatment could be recapitulated with other PI3K inhibitors and
that this event is linked to active PARP cleavage indicative of an
apoptotic process. Moreover, the effect seemed to be partly
independent of the caspase-9 executioner and mitochondrial ac-
tivated caspases, suggesting an alternate route for apoptosis
induction by PI3K inhibitors. Overall, this study will provide guid-
ance for patient stratification for forthcoming breast cancer phase
II trials for NVP-BEZ235.
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The PI3K pathway has long been known as an important
growth and survival pathway of the cell, and pathway acti-

vation is frequently found in human cancers. Such activation can
be the result of a variety of genetic and epigenetic abnormalities
(1). A number of activating mutations conferring oncogenic
potential has been found in the PIK3CA gene itself, which
encodes the PI3K catalytic subunit p110� (2, 3). The gene
encoding PTEN is often deleted, mutated, or silenced in tumors,
which results in PI3K pathway activation (4). Another mecha-
nism of constitutively activating PI3K is by pathway alterations
upstream of the kinase. In HER2 amplified breast cancer,
ErbB3, which is responsible for PI3K recruitment and activation
has been shown to strongly potentiate HER2 oncogenic poten-
tial (5, 6). The K-Ras oncoprotein, which is mutated and
activated in 20% of all human tumors, also possesses the ability
to interact and recruit PI3K to the plasma membrane. It was
recently reported that mice coexpressing oncogenic mutant
K-Ras (V12D) and a mutant form of PI3K� unable to interact
with K-Ras in lieu of the endogenous PI3K� protein, would not
develop lung tumors (7).

Targeted therapies against specific components of this path-
way are expected to be efficacious as single agents or in
combination in a variety of human cancers. Hence, the identi-
fication and characterization of PI3K pathway inhibitors with
good drug-like properties were eagerly awaited to initiate clinical
trials (8). NVP-BEZ235 is a dual PI3K/mTOR inhibitor that has
proven its ability to significantly reduce the tumor growth of a
number of human xenograft models (9–11), as well as of a
murine PIK3CA driven lung tumor model (12). However, it is
still unclear if compounds with a dual inhibitory profile would be
equally efficacious in cancers with distinct genetic lesions in the
PIK3CA, PTEN, HER2, or KRAS genes.

To predict the response of breast tumors with distinct genetic
alterations toward NVP-BEZ235 in man, breast preclinical models
bearing distinct genetic abnormalities that could lead to PI3K
activation were used to profile NVP-BEZ235. The data show that
the anti-proliferative activity of NVP-BEZ235 in vitro cannot be
used as predictor of response. However, sensitive lines could be
distinguished from the insensitive ones by the ability of the com-
pound to induce cell death through an apoptotic mechanism.
Responders were harboring either PIK3CA mutations or HER2
amplification or both. In depth characterization of the apoptotic
responses induced by NVP-BEZ235 suggested activation of the
extrinsic pathway through caspase-2. Interestingly, the presence of
KRAS but also PTEN mutations did not trigger sensitivity to
BEZ235. In both cases, ERK pathway activation seemed to be
responsible for the lack of response, by bypassing the canonical
RPS6 activation through mTORC1. The data presented here
suggest tailored proof-of-principle for NVP-BEZ235 in breast
cancer presenting either HER2 amplification or PIK3CA amplifi-
cation, or both. Furthermore, this study provides an experimental
basis for the examination of other cell lines representative of
different indications for phase II studies in man.

Results
NVP-BEZ235 Induces Apoptosis in a Subset of Breast Cancer Cell Lines.
The anti-proliferative activity of NVP-BEZ235 was tested in a
panel of 18 breast cell lines (Table S1). The calculated GI50
values were all in the low nanomolar range, underlining that
NVP-BEZ235-induced growth inhibition in 2-D settings is not
amenable for stratification prediction. However, a careful ex-
amination of the anti-proliferative curves (Fig. S1 A) revealed
that the cell lines could be divided into two categories: group A
(e.g., MDA-MB453, MDA-MB361, Sk-Br-3, HCC1419, and
MCF7) where NVP-BEZ235 treatment caused cell death as
revealed by the reduction of cell number below the initial amount
(below 0% difference vs. control) present at drug treatment start
allowing calculation of lethal dose 50 (LD50) values; group B
(e.g., MDA-MB231 and MDA-MB468), where the drug only led
to proliferation inhibition (Fig. 1A and Table S1). All group A
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cell lines are characterized by the presence of either a PIK3CA
(significantly associated with cell death, P � 0.038, Fisher exact
test) activating mutation alone (n � 2 out of 2), the amplification
of the HER2 gene in the presence of a PIK3CA activating
mutation (n � 4 out of 4) or the amplification of the HER2 gene
alone (n � 4 out of 4, significantly associated with cell death, P �
0.05, Fisher exact test). With the exception of BT-549, all of the
PTEN deleted, mutated or silenced cell lines (n � 5 out of 6) and
the K-Ras/B-Raf mutated cell line MDA-MB231 fall into group
B (significantly associated with no cell death for PTEN, P �
0.013, Fisher exact test). Concomitant to the expected dose-
dependent inhibition of S473P-Akt levels, NVP-BEZ235 in-
duced efficient PARP cleavage in MDA-MB361 and MCF-7, but
not in MDA-MB231 cells (Fig. 1B), at the lowest concentration
tested (50 nM), roughly corresponding to the determined LD50
values. MCF-7 cells do not express caspase-3, and its cleaved
form was not detected in MDA-MB361 cells. Similarly, caspase-6
seemed to be weakly activated in presence of the compound in
both cell lines. However, a strong increase in cleaved caspase-7
was observed in both models. A 72-h time-course analysis with
NVP-BEZ235 revealed that efficient PARP and caspase-7 cleav-
ages could be observed as early as 24 h of treatment, in both
MCF7 and MDA-MB361 cell lines (Fig. S1B). Furthermore,
cotreatment with the pan-caspase inhibitor Z-VAD resulted in
a complete blockade of PARP cleavage (Fig. S1C). Altogether,

these data show that NVP-BEZ235 rapidly induces apoptosis in
the group-A, but not in the group-B cell lines tested. NVP-
BEZ235 induced apoptosis is most likely mediated by caspase-7
activation.

NVP-BEZ235 Induces Apoptosis More Potently than Other Modulators
of the PI3K Pathway. To better understand and refine the inhib-
itory profile responsible for the apoptosis induction, the activity
of mTORC1 (RAD001), Akt (C124017), and PI3K (PI103 and
ZSTK474) inhibitors (Table S2) on cell proliferation and sur-
vival were compared in the same cellular models. None of the
compounds were able to induce cell death in the NVP-BEZ235
insensitive lines MDA-MB231 (Fig. 2A) and MDA-MB436 (Fig.
S2A). When compared to NVP-BEZ235, PI103, ZSTK474, and
C124017 were found to have reduced anti-proliferative activities
as indicated by the 2 log right shift observed on the fit curves.
However, although less potently than NVP-BEZ235, the three
compounds were able to induce cell death in MCF-7 (Fig. 2 A,
LD50 of 2,446, 490, and 3,267 nM, respectively), MDA-MB361
(Fig. 2 A, LD50 of 3,132, 1,180, and 2,647 nM, respectively),
MDA-MB453 (Fig. S2 A, LD50 of 575 and 1,547, respectively, not
determined for C124017), HCC1419, EFM192A, and MDA-
MB175-VII cells (Fig. S2 A, LD50 for ZSTK474 only of 3,788,
3,667, and 3,517 nM, respectively).

In contrast, the mTORC1 allosteric inhibitor RAD001 was found
to profoundly inhibit cell proliferation but had no or limited effect
on cell survival (Fig. 2A and Fig. S2A, LD50 � 20 �M for all cell
lines). Doxycycline-induced expression of an shRNA directed
against raptor, the essential mTORC1 component resulted in
efficient knock-down of raptor protein in the NVP-BEZ235 sen-
sitive cell line HCC1954. This led, as expected, in an increase of
S473P-Akt levels, a decrease of S235/6-RPS6 levels, and to a modest
increase in PARP cleavage (Fig. 2D Left, compare 0 lines in
presence or absence of doxycycline) and to a strong (circa 3-fold)
reduction in cell proliferation (325 to 120%, Fig. 2D Right).
Moreover, raptor knock-down had a minor effect on ZSTK474
induced cell death, as indicated by the slight increase in PARP
cleavage and to the minor fit curve and LD50 value (from 2,341 to
1,369 nM) shift observed when the cells were exposed to doxycycle.
Similar results were obtained upon raptor knockdown in MDA-
MB361 cells (Fig. S2B). Overall, these data suggest that PI3K and
Akt inhibition are key components of cell death induction by
NVP-BEZ235, and that mTORC2 more than mTORC1 is likely
involved in this phenomenon.

NVP-BEZ235 and PI3K Inhibitor Induced Apoptosis Is in Part Caspase-9
Independent. In MCF-7 and MDA-MB361 cells, at concentra-
tions of NVP-NVP-BEZ235 resulting in pathway modulation
and PARP cleavage (100 nM and above), caspase-9, -8, and -10
were not cleaved (Fig. 3A). However, NVP-BEZ235 provoked in
a dose-dependent manner an almost complete disappearance of
caspase-2, and appearance of its cleaved form (Fig. S3A). A
similar phenomenon was observed in HCC1419, EFM192A,
MDA-MB175-VII, Sk-Br-3 (Fig. S3B), and MDA-MD453 (Fig.
S3C) group-A cell lines, but not in the MDA-MB231 (Fig. 3A)
and MDA-MB436 (Fig. S3C) group-B cell lines. Similar effects
were observed, starting at higher concentrations (1,000 nM and
above), for the PI3K inhibitors ZSTK474 (Fig. 3B and Fig. S3C)
and PI-103 (Fig. S3 C and D), but not for the mTORC1 inhibitor
RAD001 (Fig. 3C and Fig. S3C). As seen for the parental cells,
NVP-BEZ235 (LD50 of 133 and 37 nM, respectively), ZSTK474
(LD50 of 677 and 1,293 nM, respectively), PI-103(LD50 of 3,763
and 2,680 nM, respectively) and CS124017 (LD50 of 6,799 and
4,572 nM, respectively) were able to induce cell death (Fig. S4B)
in MCF-7- and MDA-MB361-Bcl2 over-expressing cell lines
(Fig. S4A) with similar potency. Moreover, in these two chimeric
cell lines, NVP-BEZ235 efficiently reduced S473P-Akt levels as
well as it induced PARP and caspase-2 cleavage, in a dose-
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Fig. 1. NVP-BEZ235 induces cell death through induction of apoptosis in a
subset of breast cancer cell lines. (A) The mentioned cell lines were incubated
with increasing concentrations of NVP-BEZ235 for a period of 72 h. Then, the
cells were fixed and the effect on viability was recorded and plotted as a
percentage of the number of cells present at the treatment start (100%
straight line). All points beyond this line are indicative of cell death. (B)
MDA-MB361, MCF-7 and MDA-MB231 cells were incubated either for 48 h
with the indicated amount (in nM) of NVP-BEZ235 or for 3 h with 1 �M of
staurosporine (st). The corresponding cell extracts were then analyzed by
Western blot for the indicated markers. Legend: *, uncleaved form; arrow,
cleaved form; (1), PIK3CA mut.; (2), HER2 amp./PIK3CA-H1047R; (3), HER2 amp./
PIK3CA-E545K; (4), HER2 amp; (5), PTEN alterations; (6), KRAS mut. This legend
applies to all of the Figures.
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dependent manner (Fig. S4C). Overall, these data suggests that
NVP-BEZ235 and other PI3K inhibitors could induce apoptosis
by a mechanism that seems to be independent of caspase-9
activation. Rather, the extrinsic caspase-2 seems to be the
executioner caspase activated upon PI3K pathway inhibition.

Effects of NVP-BEZ235 in HER2 Amplified Cells Are Distinct from HER2
Inhibitors. HER2 amplified breast cancer cells rely on HER3 for
PI3K recruitment and activation. Indeed, in all high HER2
expressers (Sk-Br-3, HCC1419, MB453, HCC1954), p85 immu-
noprecipitation showed recruitment of PI3K to HER3. This was

Fig. 2. Antiproliferative and cell death induction activities of PI3K, Akt, and mTORC1 inhibitors in breast cancer cell lines. (A) MDA-MB231 (Left), MCF-7 (Center),
and MDA-MB361 (Right) cells were incubated with increasing concentrations of either RAD001, PI-103, ZSTK474, NVP-BEZ235, or C124017 for a period of 72 h.
Cells were then fixed and effect on viability plotted as described. The dashed line represents the concentration for which the compound is able to kill 50% of
the cells (LD50 values). (B) Raptor protein knock-down was induced in the HCC1954(3) cell line by the addition of doxycycline (200 ng/mL) to the growth media.
Seventy-two hours later, the cells were analyzed for the effects on proliferation (Right) and signaling events (Left), either in absence or presence of the indicated
amounts of the PI3K inhibitor ZSTK474.

Fig. 3. Apoptosis induction by the PI3K inhibitors involves the executioner caspase. Caspase-2. (A–C). MDA-MB361, MCF-7, and MDA-MB231 cells were
incubated either for 48 h with the indicated amount (in nM) of NVP-BEZ235 (A), ZSTK474 (B), or RAD001 (C) for 48 or 3 h with 1 �M of staurosporine (st). The
corresponding cell extracts were then analyzed by Western blot for the indicated markers.
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not the case for the PIK3CA mutant only MCF7 cell line, for the
PTEN null MDA-MB468, MDA-MB436, and HCC1937 cell
lines nor for the K-RAS mutant MDA-MB231 cell line and
neither for the low HER2 expresser MDA-MB361 (Fig. 4A).
Treatment of HER2 amplified cells with NVP-BEZ235 did not
reduce PI3K recruitment to HER3, while treatment with the
HER1/2 inhibitor lapatinib completely disrupted this interaction
(Fig. 4B and Fig. S5A). While NVP-BEZ235 treatment led to
efficient Akt inhibition in all models tested, lapatinib could only
efficiently inhibit Akt activity if PI3K was recruited strongly to
HER3. These data suggest that NVP-BEZ235 efficiently inhibits
the PI3K pathway in breast cancer cell lines containing either
PIK3CA mutations, HER2 amplification or both. In contrast,
the response to lapatinib is dependent on the extent of PI3K
recruitment to HER2/HER3 heterodimers and this is highly
correlated to HER3 phosphorylation levels.

PTEN Null Breast Cancer Cells Are Insensitive to NVP-BEZ235 Treat-
ment by Providing ERK Signaling to RPS6. To better understand the
mechanisms by which K-RAS mutant and PTEN null cells
remain insensitive to NVP-BEZ235 treatment, a careful exam-
ination of both PI3K (Akt) and mTORC1 (RPS6) downstream
effectors was performed in this panel of breast cancer lines. As
expected, we observed an efficient abrogation of both S473- and
T308-Akt phospho-levels upon NVP-BEZ235 treatment in all
cell lines (Fig. 4C). However, a persistent S235/236P-RPS6 signal
was detected in the insensitive lines. Moreover, detectable
signals could still be monitored even upon 24 h of drug exposure
(Fig. S5B). All of the PTEN null lines tested also presented
higher activated ERK levels (pERK). To check whether the loss
of PTEN expression could be responsible for the enhancement
of active ERK and RPS6 levels, the HCC1954 cell line was used
to generate pools allowing inducible expression of small hairpins
directed against the endogenous human protein (13). Upon

doxycycline treatment, efficient reduction in PTEN expression
was observed (Fig. 4D). Cotreatment with NVP-BEZ235 re-
sulted in an almost complete protection of pRPS6 levels, even at
the higher dose tested (1 �M), for which complete inhibition of
S473P-Akt is monitored. Moreover, PTEN reduction also
caused protection from NVP-BEZ235 induced PARP cleavage.
To check whether the residual pRPS6 levels in the insensitive cell
lines was the result of ERK pathway activation, MDA-MB468
and MDA-MB436 were treated with a MEK inhibitor either
alone or in presence of NVP-BEZ235 (Fig. S5B). Indeed,
cotreatment resulted in a complete inhibition of S235/6-RPS6
levels, in both cell models. Altogether, these data suggest that the
lack of PTEN in breast cancer lines might result in redundant
phosphorylation of the mTORC1 downstream effecter RPS6 by
the ERK pathway.

Efficient Cell Death Induction Translates in Strong Antitumor Activity
in Vivo. MDA-MB361, MCF-7, and MDA-MB453 cells were
injected orthotopically into immunodeficient mice, and efficacy
studies were started when the tumors reached the log linear
growth phase. For all three models, NVP-BEZ235 was able to
induce tumor shrinkage (MDA-MB361, Fig. 5A, T/C � �16.5%;
MCF-7, Fig. S6A, T/C � �21%; MDA-MB453, T/C � �15%,
Fig. S6B). The anti-VEGFR2 antibody DC101 (14) was almost
completely inactive against MDA-MB361 tumors (T/C �80%,
Fig. S6C) ruling out the possibility that NVP-BEZ235 induced
antitumor effect is dominantly due to its anti-angiogenic prop-
erties (15). Analysis of MDA-MB361 tumor extracts from mice
treated or not with NVP-BEZ235, revealed that the compound
was able to efficiently reduce S473P-Akt signaling, and to induce
PARP, caspase-7, and caspase-2 cleavage (Fig. 5B and Fig. S6D).
These data suggest that in these breast models, NVP-BEZ235
treatment leads to tumor regression, through an active apoptosis
induction process.

Fig. 4. NVP-BEZ235 activities in HER2 amplified and PTEN deficient breast cancer lines. (A) Extracts from the indicated cell lines were pretreated for 1 h (HCC1419
only) or not (all others) with either NVP-BEZ235 or lapatinib (1 �M) and analyzed either directly (lysates) or indirectly after immune-precipitation with anti-p85
immobilized beads (IP: p85) for their HER2, pHER2, and pHER3 levels. (B) Same as in A, but all of the cell lines were treated for 1 h with either NVP-BEZ235 or
lapatinib (1 �M). (C) The indicated cell lines were pretreated with 1 �M of NVP-BEZ235 for 1 h, and the corresponding cell extracts analyzed for the indicated
proteins. (D) PTEN knock-down was induced (�) or not (�) in the HCC1954 cell line stably expressing inducible shRNA hairpins against PTEN by addition of
doxycycline (200 ng/mL) to the culture media. Seventy-two hours later, NVP-BEZ235 (1 �M) was added to the media for either 1 or 24 h. Then, the corresponding
cell extracts were analyzed for PTEN, Akt and activated Akt (1-h time points), and cleaved PARP levels (72-h time points).
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Discussion
The observation that constitutive PI3K pathway activation is
commonly observed in tumors has triggered the development of
several PI3K pathway inhibitors. NVP-BEZ235 is a dual PI3K/
mTOR inhibitor, which was previously shown to display strong
antiproliferative and antitumoral activity (9). The scope of this
study was to identify those cancers that would maximally respond
to NVP-BEZ235 treatment. As described for example for MEK
inhibitors, simple antiproliferative assays are sufficient to dis-
criminate between sensitive and insensitive subsets in vitro (16,
17). In contrast, for NVP-BEZ235, all tested cell lines responded
similarly in the conditions used, precluding any stratification. In
contrast, the GI50s recently reported for the mTORC1 allosteric
inhibitor RAD001 range between 0.55 to 4125 nM (18, 19),
suggesting that mTORC2 and PI3K inhibition are likely also
involved in the antiproliferative activity of NVP-BEZ235. Con-
sistent with this, the catalytic mTOR inhibitor PP242 was
found to cause a more profound proliferation blockade than
rapamycin (20).

NVP-BEZ235 treatment results in differential effects on cell
viability in a panel of breast cancer cell lines. HER2 and PIK3CA
status were positively correlated with the cell death induction
property and antitumor activity of NVP-BEZ235, as reported
with allosteric Akt inhibitor (21). Here, we show that NVP-
BEZ235 efficiently shuts down the PI3K pathway in HER2
amplified cells, and does not cause the disruption of the up-
stream HER2/HER3 complex. Hence, PI3K inhibitors are ex-
pected to display synergistic activities with anti-HER2/HER3
agents in HER2 amplified tumors. Data emphasizing this were
recently disclosed (22, 23). In the panel of breast cancer cells that

we used, PIK3CA mutations were associated with the luminal
lineage and there they often co-occurred with HER2 amplifi-
cation, whereas most of the PTEN mutations tend to occur in the
basal-like lineage. It was recently reported that basal-like breast
cancer lines have an activated RAS-like transcriptional profile
independent of their K-Ras/B-Raf mutation status (24). We have
shown here that at least in three PTEN loss-of-function lines,
ERK was higher phosphorylated in comparison to luminal cells.
One possible conclusion would be that PTEN loss of function
can result in simultaneous PI3K and Ras pathway activation.
However, to date the mechanism how this might happen is not
understood and requires further investigation. PTEN�s lipid
phosphatase function is very well described and associated with
its tumor suppressor function, but other activities have been
reported and those might also play a role for its tumor suppress-
ing function. For instance, PTEN also exists as a nuclear protein
(25) and is involved in chromosomal stability and DNA-repair,
notably through interaction with the centromere-specific binding
protein C (CENP-C) (26). In this context, the absence of PTEN
might have consequences in blocking p53-dependent apoptotic
phenomena, in genomically unstable tumor cells. Moreover,
other evidences exist that PTEN might positively and directly
regulate apoptosis, when localized either in the cytosol or in the
nucleus (27, 28). Further studies would be needed to delineate
the PI3K independent prosurvival molecules involved in the
insensitive cell lines.

We have shown that the cell killing induced by NVP-BEZ235
is principally mediated by an active apoptotic process that seems
to preferentially require the activation of the initiator caspase-2,
whereas the intrinsic mitochondrial and caspase-9 route seems to
be dispensable. The regulation of caspase-2 is still not completely
understood. A short (Casp-2S) and a long form (Casp-2L)
coexist in cells, due to the activity of two different upstream
promoters and alternative splicing (29). Functional assays have
identified Casp-2L and CASP-2S as positive and negative reg-
ulator of apoptosis, respectively (30, 31). The precise mechanism
for caspase-2 (Casp-2L) activation is still a matter of debate (32),
but seems to require, at least in response to genotoxic stress, the
interaction with the PIDD and RAID proteins, in a complex
called the PIDDosome (33–35). Interestingly, caspase-2 has been
shown to be responsible for mediating the apoptotic response
upon gamma-irradiation in a mitochondrial- and p53-
independent manner, and this effect required the activity of the
class IV PI3Ks ATM and ATR (36). A similar scenario might
apply in the sensitive breast cancer cell lines but the interplay
between PI3K/mTOR and caspase-2 remains to be determined.

In conclusion, this study has allowed the identification of
breast cancer with HER2 and/or PIK3CA mutations as the
diseases for which NVP-BEZ235 treatment might have the most
favorable prognosis. This provides a strong rationale for phase
II studies using NVP-BEZ235 alone or in combination with the
anti-HER2 therapy Trastuzumab (Herceptin). Breast cancer
patients with mutated PTEN should be avoided in NVP-BEZ235
single therapy trials, and might also benefit from a combination
with a MEK inhibitor. A retrospective analysis of genetic bi-
omarkers and clinical efficacy in patients enrolled in phase I with
the various PI3K inhibitors is eagerly awaited as this will
certainly provide a good basis to confirm or infirm the predict-
ability of the approach described in this study.

Materials and Methods
Chemical Compounds, Biologics, and Preparation. NVP-BEZ235 (Novartis),
RAD001 (Novartis), Staurosporine (Alexis Biochemicals), ZSTK474 (Alexis Bio-
chemicals), PI-103 (Axon Medchem), and the Akt inhibitor VIII (Merck Calbio-
chem)andZ-VAD(Bachem),andDoxycyclin (Sigma)wereallpreparedasa10mM
stock solution, except Z-VAD (200 mM) in 100% DMSO and Doxycyclin (1 mg/mL)
in water. Working solutions were prepared freshly by dilution in 100% DMSO
prior addition to the cell media (see Antiproliferation and Cell Death Assays). For

Fig. 5. NVP-BEZ235 has antitumor activity against MDA-MB361, tumors, and
induces apoptosis in vivo. Female Harlan nude mice bearing orthotopic MDA-
MB361 tumors were treated p.o., once per day, either with 45 mg/kg of
NVP-BEZ235 or with the vehicle control. Tumor volumes were recorded during
the treatment period and T/C values were calculated. (B) One hour after the
last dose, MDA-MB361 tumors from the efficacy study (A) were excised and
tumor extracts analyzed by Western blotting for the level of expression of the
indicated proteins.
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in vivo studies, NVP-BEZ235 (tosylate salt) was formulated in NMP/PEG300 (10/90,
V/V). Solutions (5 mg/mL) were prepared fresh each day of dosing as follow: the
powder was dissolved in NMP, upon sonication; then the remaining volume of
PEG300 was added. The application volume was 10 mL/kg.

Cell Lines and Cell Culture. The cell lines were purchased from ATCC except of
PC3M (J. Fiedler, MD Anderson Cancer Center), U87MG, and LN229 (A. Merlo,
University of Basel), BT474, Sk-Br-3, T47D, MDA-MB453, and AU565 (N. Hynes,
Friedrich Miescher Institute), GTL-16 was from (Comoglio and Christina-Stella,
Institute for Cancer Research), and were cultured at 37 °C in a 5% CO2 and 80%
relative humidity atmosphere incubator, in DMEM high glucose (Gibco) com-
plemented with 10% FBS, 2 mM glutamine, 1% penicillin-streptomycine, and
1% sodium-pyruvate. The MCF-7- and MDA-MB361-HA-Bcl2 cell lines were
generated by transfecting the parental cell line with pcDNA3.1-HA-Bcl2 ex-
pression vector (details on the plasmid are available on request). Pools were
selected and enriched by addition of 0.5 mg/mL Geneticin (Gibco) in the
culture medium. HCC1954 expressing doxycycline inducible shRNA hairpins
(sequences are available on request) targeting raptor or PTEN were estab-
lished using the pLKO-Tet-ON lentiviral system as described in ref. 37.

Antiproliferation and Cell Death Assays. Antiproliferative assays were as de-
scribed in ref. 9. To determine the cell death activities, a similar approach was
used with the exception that the cells were seeded at a 10,000–16,000 cells per
well density. The resulting values were expressed as a percentage of the
original absorbance (100%), at the time of incubation with NVP-BEZ235. The
fitted curves were then used to determine the concentration of the compound
necessary to reduce the cell number by 50% or LD50.

Biochemical Characterization of Apoptotic Markers. Two million cells were
seeded in a 10-cm dish. Eighteen hours later the medium was discarded and
replaced with 10 mL of fresh medium containing the test items (by diluting the
DMSO working solutions by 1,000-fold, for a final and constant DMSO con-
centration of 0.1%), at the concentration indicated in the figures (otherwise
at a concentration of 1 �M for the PI3K inhibitors, and 200 �M for Z-VAD).
Unless specified in the legend of the figures, the incubation period was 48 h,
except for staurosporine (3 h). Then, the cells were washed twice, lysed and
processed by Western blot analysis as described in ref. 9. Immunoprecipitation
procedures and antibodies are described in SI Materials and Methods.

Establishment of Xenograft Tumors, Efficacy Studies, Tumor Lysates, and
Analytics. Establishment of tumors, group randomization tumor, and body
weight recording during efficacy studies were described elsewhere (9). All
experimental procedures (approved by the Kantonales Veterinäramt Basel-
Stadt under license no. 1769 and 1979) strictly adhered to the Eidgenössisches
Tierschutzgesetz and the Eidgenössische Tierschutzverordnung.
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