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Abstract Most of breast cancers are resistant to mam-
malian target of rapamycin complex 1 (mTORCI1) inhibi-
tors rapamycin and rapalogs. Recent studies indicate
mTORC?2 is emerging as a promising cancer therapeutic
target. In this study, we compared the inhibitory effects of
targeting mTORC1 with mTORC?2 on a variety of breast
cancer cell lines and xenograft. We demonstrated that
inhibition of mTORC1/2 by mTOR kinase inhibitors
PP242 and OSI-027 effectively suppress phosphorylation
of Akt (S473) and breast cancer cell proliferation.
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Targeting of mMTORC?2 either by kinase inhibitors or rictor
knockdown, but not inhibition of mTORCI either by rap-
amycin or raptor knockdown promotes serum starvation- or
cisplatin-induced apoptosis. Furthermore, targeting of
mTORC2 but not mTORCI1 efficiently prevent breast
cancer cell migration. Most importantly, in vivo adminis-
tration of PP242 but not rapamycin as single agent effec-
tively prevents breast tumor growth and induces apoptosis
in xenograft. Our data suggest that agents that inhibit
mTORC?2 may have advantages over selective mTORCI1
inhibitors in the treatment of breast cancers. Given that
mTOR kinase inhibitors are in clinical trials, this study
provides a strong rationale for testing the use of mTOR
kinase inhibitors or combination of mTOR kinase inhibi-
tors and cisplatin in the clinic.
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Introduction

The mammalian target of rapamycin (mTOR) is a serine/
threonine kinase at the nexus between oncogenic phos-
phoinositide 3-kinase (PI3K)/Akt signaling and critical
downstream pathways that drive cancer cell growth, sur-
vival and resistance to therapeutic agents [1, 2]. mTOR
kinase exists in two complexes called mTOR complex 1
(mTORC1) and mTOR complex 2 (mTORC2). mTOR
interacts with raptor, Lst8, FKBP38, Deptor and PRAS40
to form mTORCI, the sensitive target of rapamycin
that phosphorylates downstream targets of S6 kinase 1
(p70 S6K1) and eukaryotic initiation factor 4E binding
protein-1 (4E-BP1) and control the cap-dependent protein
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translation, or with rictor, Lst8, Sinl, Deptor and Protor to
form mTORC?2, which is insensitive to acute rapamycin
treatment and phosphorylates Akt at Ser473. Together,
these complexes coordinate a variety of processes that
include protein translation, autophagy, proliferation, sur-
vival and metabolism in response to nutrient, oxygen,
energy, stress and growth factor signals [3]. Consistent
with its role as a growth-promoting pathway, mTOR sig-
naling is dysregulated in 50 % of all human malignancies
and is a major cancer drug target [4].

As the first generation mTOR inhibitor, rapamycin, and
rapalogs (everolimus, temsirolimus) can slow the prolif-
eration of cancer cell lines and have achieved some success
in caner treatment [5]. Unfortunately, their overall efficacy
as cancer therapeutics has been limited to a few rare can-
cers, including mantle cell lymphoma, renal cell carci-
noma, and endometrial cancer [6, 7]. It is increasingly
recognized that the mechanism of action of rapamycin as a
partial mTOR inhibitor is not sufficient for achieving
abroad and robust anticancer effect, at least when these
agents are employed in a monotherapy setting [5]. The
major drawbacks of rapalogs are: (1) S6K is exquisitely
inhibited, yet the control of 4E-BP and mRNA translation
is far less sensitive [8]; (2) mTORC?2 activity is not acutely
blocked; (3) there is a feedback loop between mTORCI1
and Akt. Treatment with rapalogs results in elevated Akt
activity through S6KI1 and insulin receptor substrate-1
(IRS-1), which serves as a mechanism to enhance cell
survival when mTORC1 is inhibited [9].

Because the mTOR kinase domain is important for rap-
amycin-sensitive and -insensitive functions, mTOR ATP-
competitive inhibitors have been developed recently that
are able to completely suppress both mTORC1/C2 com-
plex-mediated signaling, there by suppressing the feedback
activation of Akt [10-14]. Importantly, they have shown
marked improvement of anti-tumor activity in vivo and in
vitro and the effectiveness of these drugs in cancer treat-
ment is currently being tested in clinical trials [7, 15, 16].

In order to realize the full clinical potential of mTOR
kinase inhibitors, a greater understanding of the molecular
and cellular mechanisms of action of these compounds is
needed. Furthermore, recent studies in cancer biology
indicate that mTORC?2 is emerging as a promising thera-
peutic target because its activity is essential for the trans-
formation and vitality of a number of cancer cell types
[17]. Tt is important to determine the efficacy of targeting
of mTORC?2 across a broad range of tumor types. In this
study, we compared the inhibitory effects of targeting of
mTORC1 with mTORC?2 on a variety of breast cancer cell
lines and xenograft and demonstrate that targeted inhibition
of mTORC?2, but not mMTORCI1, prevents breast cancer cell
migration and promotes apoptosis in vitro and in vivo.
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Materials and methods
Reagents and antibodies

PP242 and OSI-027 were purchased from Active Bio-
chemicals Co. (Hongkong, China); Rapamycin was from
Sigma Chemical Co. (St. Louis, MO). The following
antibodies were used: 4E-BP1, phospho-4E-BP1 (T37/46),
phospho-S6 (S235/236), raptor and cleaved poly (ADP-
ribose) polymerase (PARP) from Cell Signaling Inc
(Beverly, MA); S6, actin, P-Akt (S473), mTOR, rictor, Akt
from Santa Cruz Biotech (Santa Cruz, CA).

Cell culture

Breast cancer cell lines, MCF-7, T47D, Bcap-37, BT-549,
MDA-MB-231, ZR-7530, and ZR-751 were obtained from
Type Culture Collection of the Chinese Academy of Sci-
ences (Shanghai, China). MCF-7 and T47D were cultured
in glucose-free DMEM supplemented with 10 % fetal
bovine serum (FBS), Bcap-37, BT-549, ZR-7530, and
ZR-751 were cultured in methionine-free RPMI 1640
supplemented with 10 % FBS, MDA-MB-231 cells were
fed with L-15 with 10 % FBS.

Cell proliferation and clone formation

2,000 cells/well were plated into 96-well plates and treated
with PP242 (20 nM-5 pM), OSI1027 (100 nM-5 uM), and
rapamycin (50 nM) for 72 h. Cell proliferation was eval-
uated by Cell Counting Kit-8 (CCK-8) (Dojindo Labora-
tories, Kumamoto, Japan) according to the manufacturer’s
instruction. For clone formation, 200 of MCF-7 or MDA-
MB-231 cells/well were seeded in 12-well plates in med-
ium contain 0.1-1 uM of PP242 or OSI-027 and 10 %
FBS. The medium was changed every 2 days. The number
of clones was counted and the clone formation rate was
calculated 10 days later.

RNA interference

Human mTOR, raptor, and rictor-specific siRNA were
chemically synthesized by GenePharma Co., Ltd (Shang-
hai, China). Target sequences of these siRNA are: mTOR
(5-GAGCCUUGUUGAUCCUUAA-3'); Raptor (5'-CGA
GAUUGGACGACCAAAU-3'); rictor (5-GACUAUCCA
UAAUCCUUA-3');. Cells were transfected with the siR-
NA at 60 % confluence using lipofectamine 2000 (Invit-
rogen, Grand Island, NY) according to the manufacturer’s
instructions.
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Western blotting

Immunoblotting was performed as previously described
[18, 19]. In brief, cells were lysed in a buffer containing
1 % SDS. Equal amounts of whole protein extract were
resolved on SDS-polyacrylamide gel, transferred to a
nitrocellulose membrane (Amersham Biosciences, Italy),
probed overnight at 4 °C with antibodies and then revealed
using the ECL Western Blotting Analysis System.

Cell migration assay

MCEF-7 or MDA-MB-231 cells were seeded in six-well
plates and transfected with negative control (NC), mTOR,
raptor or rictor siRNA, and grown until 100 % confluence.
Cells were then pretreated with 2 pg/ml of mitomycin C
for 24 h in a minimum medium (containing 0.5 % FBS).
After making a straight scratch by using a pipette tip, cells
were incubated in medium containing 0.5 % FBS in a
37 °C humidified incubator for 20 h and the wound dis-
tances were measured under a light microscope.

Apoptosis assays

Quantitation of apoptosis by propidium iodide staining was
performed using an Apoptosis detection Kit (KeyGEN
Biotech., Nanjin, China) according to the manufacturer’s
instructions.

Drug combination analysis

Drug combination analysis was performed by using the
method described by Chou and Talalay [20]. In brief,
multiple drug dose—effect calculations and the combination
index plots were generated using Calcusyn 2.1 software
(Biosoft, Cambridge, UK). The general equation for the
classic isobologram is given by CI = (D)1/(Dx)1 + (D)2/
Dx)2 + (D)1 (D)2)/((Dx)1(Dx)2), where (Dx)l and
(Dx)2 in the denominators are the doses (or concentrations)
for D1 (drug 1) and D2 (drug 2) alone that give x%
apoptotic cells, whereas (D)1 and (D)2 in the numerators
are the doses of drug 1 and drug 2 in combination that also
induced x% cell apoptosis. CI <1 and CI < 0.3 indicated
synergism and strong synergism, whereas CI = 1 and CI
> 1 indicated additive effect and antagonism, respectively.
Cl/effect curves represent the CI versus the fraction (0-1)
of cells killed by drug combination. Drug combination
studies were performed using the following concentrations:
200 nM cisplatin and 20-400 nM of rapamycin, PP242 or
OSI-027 were used in MCF-7, MDA-MB-231 or Bcap37
cell lines.

In vivo studies

Four-week-old female BALB/c nude mice were purchased
from Guangdong Medical Experiment Animal Centre
(Guangzhou, China). Each animal was injected with
1 x 107/0.1 ml of MDA-MB-231 cell suspension into the
flanks. One week later, the mice were randomized into
three groups (n = 5) and treated 7 days a week for vehicle
control, rapamycin (1 mg/kg) or PP242 (10 mg/kg) solved
in water containing 5 % 1-methyl-2-pyrrolidinone and
15 % polyvinylpyrrolidone. Bidimensional tumor mea-
surements were taken every other day. At the end of the
experiment on day 20 post-injection, mice were killed and
tumors were removed, weighed, and then extracted for
protein analysis, or were formalin fixed and paraffin
embedded, and subjected to TUNEL staining using an
apoptosis detection kit (KeyGEN Biotech. Nanjin, China).
The percent of apoptotic cells was calculated under a
microscope. All animal procedures were done in the nude
mouse facility using protocols approved by the Animal
Care and Use Committee of Southern Medical University.

Statistical analysis

The results were reported as mean & SD. Statistical anal-
yses were performed with one way ANOVA, and p < 0.05
was considered statistically significant.

Results

Targeted inhibition of mTORC1/2 signaling by mTOR
kinase inhibitors PP242 and OSI-027 effectively
suppresses breast cancer cell proliferation

We first examined the distinct effects of targeting of
mTORCI1 by rapamycin and targeting of mMTORC1/2 by two
active-sitt mTOR inhibitors PP242 and OSI-027 on
mTORC1/2 outputs in breast cancer MCF-7, T47D, MDA-
MB-231, and Bcap-37 cell lines. PP242 and OSI-027 dose-
dependently (50-500 nM) suppressed phosphorylation of
Akt (S473), a mTORC?2 phosphorylation site in all tested cell
lines, whereas rapamycin treatment caused an increase in
phosphorylation of Akt (S473) in MCF-7, MDA-MB-231,
and Bcap-37 cells (Fig. 1a, b, c, d). Although all drugs
effectively suppressed phosphorylation of S6 (S235/236),
only mTOR kinase inhibitors PP242 effectively decreased the
phosphorylation of 4E-BP1 (T37/46) in these cells (Fig. 1a,b,
¢, d). It is indicated that mTOR kinase inhibitors profoundly
diminish mTORC1 and mTORC?2 signaling, whereas rapa-
mycin suppresses mMTORC1 and enhances phosphorylation of
Akt (8473) in some breast cancer cell lines.
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Second, the anti-proliferative activities of PP242 and
OSI-027 compared with rapamycin in seven breast cancer
cell lines were tested. We found that both targeting of
mTORCI1 (rapamycin) or dual targeting of mTORCI1/2
(PP242 or OSI-027) effectively suppressed proliferation in
the tested breast cancer cells (Supplementary Fig. la, b).
Furthermore, PP242 and OSI-027 inhibited clone forma-
tion in a dose-dependent manner in MCF-7 and MDA-MB-
231 cells (Supplementary Fig. 2).

Targeting of mTORC?2 but not mTORC1 promotes
apoptosis in breast cancer cells

Akt represents an important intracellular survival signaling
under a variety of conditions [21]. Rapamycin induced
feedback activation of Akt in MCF-7, MDA-MB-231, and
Bcap-37 breast cancer cells (Fig. 1). Accordingly, rapa-
mycin did not exhibit any pro-apoptotic activity in these
cells (Fig. 2a, b, c, d). The Akt activation induced by loss
of feedback inhibition could be prevented by mTOR kinase
inhibitors PP242 and OSI-027 (Fig. 1). In consistent with
the inhibitory activities of PP242 and OSI-027 in Akt
(S473) phosphorylation (Fig. 1), these drugs significantly
enhanced cleavage of poly (ADP-ribose) polymerase
(PARP) and number of apoptotic cells in serum-starved
MCF-7, MDA-MB-231, and Bcap-37 cell lines (Fig. 2a, b,
c, d).

To further identify the roles of mMTORCI1 and mTORC2
in breast cancer cell survival, the effects of raptor, mMTOR
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or rictor knockdown on apoptosis were examined. Raptor,
rictor or mMTOR siRNA markedly decreased protein levels
of raptor, rictor or mTOR and reduced the phosphorylation
of their outputs S6 (S235/236) and Akt (S473), respectively
in MCF-7 and MDA-MB-231 cells (Fig. 3a). Knockdown
of rictor and mTOR, but not raptor promoted cleavage of
PARP and increased the apoptotic cells in serum-starved
MDA-MB-231 cells (Fig. 3a, b). Taken together, it is
suggested that targeting of mTORC2 but not mTORCI1
promotes apoptosis in breast cancer cells.

Inhibition of mTORC?2 potentiates cisplatin-induced
apoptosis in breast cancer cells

Cisplatin, a chemotherapeutic agent that is commonly used
for many cancers, could induce apoptosis in a variety of
cancer cell lines [22]. Drug combination index (CI) anal-
ysis is a generalized method for analyzing the effects of
multiple drugs and for determining summation, synergism,
and antagonism. The CI method helps answer whether
there are synergism with two drugs, how much the two
drugs synergism and symergism at what dose levels. The
synergy of two drugs depend on the potency and the shape
of the dose—effect curve of each drug, then we can deter-
mine the effectives of synergism, antagonism and quanti-
tatively, by using the CI equation. To examine the
interactions of mTOR kinase inhibitors with low dose of
cisplatin, dose-response studies were conducted and CI
values were calculated with the CalcuSyn program in
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MCF-7, MDA-MB-231, and Bcap-37 cells. As shown in
Fig. 4, when PP242 or OSI-027 was applied at low con-
centrations (20400 nM), the CI values were <1.0, indi-
cating synergistic interactions between PP242 or OSI-027
and low dose cisplatin (200 nM) (Fig. 4a, b). On the con-
trary, rapamycin did not show any synergistic interactions
with cisplatin, as the CI values were >1.0 (Fig. 4c). Fur-
thermore, PP242 or OSI-027, but not rapamycin notably
enhanced cisplatin-induced cleavage of PARP (Fig. 4d).
Most importantly, rictor or mTOR knockdown, but not
raptor knockdown, markedly enhanced cisplatin-induced

cleavage of PARP and the number of apoptotic cells in
MDA-MB-231 cells (Fig. 5a, b and Supplementary Fig. 3).
Taken together, our results indicate that targeted inhibition
of mTORC2 but not mTORC1 markedly potentiates cis-
platin-induced apoptosis in breast cancer cells.

Targeted inhibition of mMTORC?2 prevents breast cancer
cell migration

Metastasis is the major cause of mortality and morbidity
among breast cancer patients. Invasion of cancer cells into

@ Springer
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surrounding tissue and the vasculature is an initial step in
tumor metastasis. This requires migration of cancer cells
[23]. To investigate different roles of mTORCI and
mTORC?2 in breast cancer cell migration, effects of tar-
geted inhibition of mTORCI or mTORC?2 on cell migra-
tion were examined by using a wound healing assay in a
serum-free medium. As shown in Fig. 6a and b and Sup-
plementary Fig. 4, PP242- or OSI-027- treated and mTOR
or rictor siRNA transfected MCF-7 cells filled the gap
more slowly than vehicle control or rapamycin- treated or
raptor siRNA transfected MCF-7 cells did, suggesting that
inhibition of mTORC2 but not mTORCI1 prevented cell
migration. These results were repeated in MDA-MB-231
cells (Fig. 6¢c and d, Supplementary Fig. 5), further con-
firmed the critical role of mTORC2 in breast cancer cell
migration.
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In vivo administration of PP242 but not rapamycin
as a single agent effectively prevents breast tumor
growth and induces apoptosis in xenograft

To compare the in vivo efficacy of inhibition of mMTORC1
with dual inhibition of mTORC1/2, nude mice bearing
MDA-MB-231 breast tumor xenografts were dosed with
rapamycin or PP242. The PP242 therapy as single agent
markedly inhibited breast tumor growth (tumor areas and
tumor weight) while rapamycin was ineffective to suppress
the tumor growth (Fig. 7a, b). Most importantly, in vivo
administration of PP242 induced significant apoptosis in
the breast tumor xenograft (Fig. 8a, b). But rapamycin
treatment failed to induce significant apoptosis in this
model. Western blotting analysis demonstrated that PP242
inhibited the putative targets of both mTORCI and
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Fig. 5 Rictor and mTOR knockdown, but not raptor knockdown
potentiates cisplatin-induced breast cancer cell apoptosis. a MDA-
MB-231 cells were transfected with negative control (NC), mTOR,
raptor or rictor siRNA for 48 h, subsequently treated with 200 nM of
cisplatin for another 36 h. Apoptotic cell death was then quantified
using PI staining. *p < 0.01 compared with no cisplatin treatment;
#p < 0.01 compared with NC and raptor siRNA transfected cells.
b Cells were lysed and subjected to immunoblotting for levels of
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mTORC?2 signaling in vivo, as evidenced by the inhibition
of phosphorylated Akt (S473) and S6 (S235/236) (Fig. 8c).
In consistent with in vitro results, rapamycin suppressed
mTORC1 (P-S6) but not mTORC2 (P-Akt) (Fig. 8c). Our
results indicate that dual targeting of mTORC1/2 but not
mTORCT1 effectively suppresses breast tumor growth and
induces apoptosis in vivo.

Discussion

In this study, we showed that targeted inhibition of
mTORC?2, but not mTORCI, prevents migration and pro-
mote apoptosis in breast cancer cell lines in vitro and breast
tumor xenograft in vivo. We also have demonstrated the
synergistic antitumor activity achieved by combining
mTOR kinase inhibitors with cisplatin. Our data suggest that
agents that inhibition of either mTORC2 or mTORC1/2 may
have advantages over selective mTORCI inhibitors in the

treatment of breast cancers. Given that mTOR kinase
inhibitors (e.g., OSI-027) are in clinical trials, this study
provides a strong rationale for testing the use of mTOR
kinase inhibitors or combination of mTOR kinase inhibitors
with cisplatin in the clinic.

The recent development of mTOR kinase inhibitors not
only provide invaluable tools for investigating the complex
mTOR signaling network but also offer considerable new
opportunities to exploit fully the therapeutic potential of
mTOR targeting in cancer [10-12]. Some mTORCI1/2
kinase inhibitors such as Torinl, PP242, PP30,
Ku-0063794, OSI-027, ADZ2014, INKI128, WAY-600,
WAY-687, WAY-354, and AZD8055 have been tested in
some in vitro and in vivo pre-clinical models and shed great
promise for anticancer therapy and some of them are rapidly
moving into clinical trials [7, 15, 16, 24]. However, we need
a greater understanding of the mechanism of action of
mTORC1/2 inhibitors in cancer cells, such as which cellular
processes regulated by mTORC1 and/or mTORC?2 are rel-
evant to the therapeutic effects. In the current study, we
demonstrated that although either rapamycin, or PP242 and
OSI-027 could suppress proliferation in a variety of breast
cancer cell lines, PP242 but not rapamycin effectively
prevented breast tumor growth in vivo. Moreover, inhibi-
tion of mMTORC2 or mTORC1/2, but not mTORCI1 poten-
tiated apoptosis and suppressed cell migration. These data
suggest that promotion of apoptosis and suppression of cell
migration may contribute to the therapeutic effects of
mTORC1/2 inhibitors. It will also be important to identify
biomarkers of drug efficacy and resistance, subsequently
predict what cancer patients will benefit from these inhib-
itors. Two recent studies have demonstrated that breast
cancer cells with PIK3CA and/or HER2 mutations, but not
PTEN loss of function, are sensitive to PP242 or PI3K/
mTOR dual inhibitory drug NVPBEZ235 [25, 26]. We also
found that the proliferation of cells such as MCF-7 and
T47D (with PI3KCA mutations) is sensitive, while MDA-
MB-231(with wild type PIK3CA and wild type PTEN) is
less sensitive to PP242 and OSI-027. However, MDA-MB-
231 1is sensitive to rictor knockdown- and mTORC1/2
inhibitors-potentiated cell apoptosis and suppressed cell
migration, suggesting a critical role of mTORC?2 in later
phases of breast cancer progression. Another need is to test
mTORC1/2 kinase inhibitors in combination with current
therapies. In a renal cell carcinoma model the compound
WYE-132 showed greater ability than CCI-779 to synergize
with bevacizumab (Avastin), a monoclonal antibody to
vascular endothelial growth factor (VEGF-A) [11].
Although cisplatin is not commonly used for breast cancer,
it becomes a potential tool in the management of some types
of breast tumor such as basal-like breast cancer [27]. Our
finding that mTORC1/2 inhibitors markedly potentiate
cisplatin-induced apoptosis in breast cancer cells suggests
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Fig. 6 Targeted inhibition of
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Fig. 8 In vivo administration of A
PP242 but not rapamycin as
single agent induces cell
apoptosis in xenografts. a and b
MDA-MB-231 xenografts in
nude beige mice treated with
saline, rapamycin, or PP242
were stained with TUNEL
apoptosis detection kit and the
percent of apoptotic cells was
calculated under a microscope.
*P < 0.05 for comparison of
PP242 therapy versus control or
rapamycin therapy. c Activities
of mMTORC1 and mTORC2 in
MDA-MB-231 xenografts from
mice treated with saline,
rapamycin, or PP242

Vehicle

=
=

— -
L= - — T ]
1 1 1

% of cell apoptosis

Vehicle

the clinical potential of mTORC1/2 kinase inhibitors for
combinatorial therapies. Careful strategies will need to be
employed when developing a dosing regimen to best obtain
the full therapeutic benefit of drug combinations in breast
cancer [28-30].

Recent studies suggest that mTORC?2 activity is essen-
tial for the transformation and vitality of a number of
cancers driven by mutations of PI3K or loss of PTEN.
Glioma cell lines and tissues exhibit rictor overexpression,
which results in elevated mTORC2 activity and promotes
anchorage-independent growth, cellular motility, and in
vivo growth [31]. Prostate cancers lacking PTEN require
mTORC2 to form tumors when injected into nude mice.
The development of prostate cancer caused by PTEN
deletion in prostate epithelium required mTORC?2, whereas
mTORC2 activity is not essential for maintaining the
integrity of normal prostate epithelium [32]. Although both
mTORC1 and mTORC2 have been reported to mediate
epithelial-mesenchymal transition (EMT) and cell motility
in epithelial, colon cancer, and podocytes [33-35], we
found that inhibition of mTORC2 but not mTORCI1 pro-
motes apoptosis and suppresses migration in breast cancer
cells, indicating the critical role of mTORC2 in breast
cancer cell survival and migration. Another report also
suggested that rictor may interact with PKC{ and regulate
cancer metastasis [36]. Although existing ATP-competitive
mTOR inhibitors may prevent mTORC2 activity, the
concurrent inhibition of mTORC1 might introduce hyper-
activation of PI3K signaling and possible deleterious
effects to normal host tissue, which will limit their thera-
peutic potential [37]. Thus, mTORC2-specific inhibitor

Rap PP242

PP242

Vehicle
. P-Akt

w (S473)

G e S v T W W

*b-—ﬁn-—.&
P o T -

(823‘5;'236)

may be a promising therapeutic agent for certain cancers
[17]. The relative importance of mTORCI1 versus
mTORC?2 inhibition for suppression of cancer cell prolif-
eration and survival is not yet clear, and might be depen-
dent on cell context. If mMTORC?2 inhibition contributes to
the mechanism, it will be important to determine which
mTORC?2 substrates are the relevant mediators of cancer
cell growth and survival.
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