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Mantle cell lymphoma (MCL) is an

aggressive neoplasm, which lacks
effective therapy. The mechanistic target
of rapamycin (MTOR) kinase inhibitor
everolimus (RADO001) has shown activ-
ity in preclinical and clinical models of
MCL, despite the fact that its mecha-
nism of action has not been fully eluci-
dated. We found that everolimus activity
in MCL cells is closely linked to AKT
phosphorylation status, and that the
prevention of AKT rephosphorylation
upon everolimus treatment by means of a
selective AKT inhibitor, greatly enhances
everolimus activity. Furthermore, our
data show that an accumulation of auto-
phagic vacuoles correlates with a lack of
efficacy of dual AKT-MTOR targeting
and that the complete therapeutic poten-
tial of this strategy can be restored by
ATG gene selective knockdown or sec-
ondary inhibition of autolysosome for-
mation by hydroxychloroquine. We thus
demonstrated for the first time that the
use of an autophagy inhibitor can over-
come resistance to the combination of
MTOR and AKT inhibitors in MCL cell
lines and primary samples, demonstrat-
ing the prosurvival role of autophagy in
AKT-MTOR compromised cells, and
pointing out some potential opportuni-
ties using this triple combinational strat-
egy in hematological malignancies.

The precise role that autophagy plays in
cancer development, disease progression,
and the response to anticancer therapies,
is controversial. At one level, autophagy
has been suggested to function as a tumor
suppressor pathway that prevents can-
cer development, because it prevents the
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proliferation, and/or induces the death,
of cells bearing mutations. Furthermore,
autophagy can also provide protection
from cell death in cells exposed to dif-
ferent stress inducers and common che-
motherapeutics in several cancer models.
Therefore, the impact of autophagy induc-
tion on the efficacy of antitumoral agents
can be highly variable and cell type- and
treatment-dependent. This evolutionarily
conserved role of autophagy has stimu-
lated research to determine whether the
modulation of this phenomenon may
interfere with cancer cell response to cyto-
toxic therapy. Most efforts have focused
on using autophagy inhibitors in tumor
cell lines with high levels of basal auto-
phagy or in conjunction with agents that
directly stimulate autophagy signaling
pathways such as MTOR inhibitors or
dual PI3K-MTOR inhibitors.

Among the cancer models that may
directly benefit from targeting the consti-
tutively activated PI3K-AKT-MTOR sig-
naling pathway, are the majority of B-cell
neoplasms, and especially mantle cell lym-
phoma. The ability of various rapalogs to
counteract MTOR activity by targeting
MTORCI complexes has been evaluated
in both clinical and preclinical studies
in MCL, showing a moderate success as
monotherapy with mild toxic effects, and
granting the approval of temsirolimus
(CCI-779) by the European Medicines
Agency (EMEA) for the treatment of
relapsed and refractory MCL patients.
However, in vitro studies have suggested
that the effectiveness of these agents may
be stifled in part by strong MTORCI-
dependent feedback  loops
that become inactive upon MTORCI
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Figure 1. AKT-MTOR and autophagy triple targeting as an effective antitumoral therapy in MCL. Treatment with AKTi-1/2, an isoselective AKT inhibitor,
prevents AKT rephosphorylation upon everolimus-mediated inhibition of MTORCT, thus enhancing the activity of the rapalog in MCL cells. However,
the degree of autophagy induced by dual MTOR-AKT inhibition determines the fate of the cells, which can undergo either apoptotic cell death or
survival. In low-responsive everolimus-AKTi-1/2 MCL cells, pro-survival autophagy can be counteracted by autophagy inhibitors such as bafilomycin A,
(Baf. A1) or hydroxychloroquine (HCQ), thus restoring the cytotoxic potential of MTOR-AKT targeting.

inhibition, paradoxically leading to sur-
vival-promoting events like the activation
of AKT. Among the possible mechanisms
related to resistance to MTORCI inhibi-
tion, activation of autophagic processing
has also been observed some years ago in
MCL cells exposed to temsirolimus.

In our recent study, aimed to charac-
terize the molecular bases of sensitivity/
resistance to everolimus (RADO0O01) in
MCL, we showed that the development of
cell resistance to dual targeting of AKT
and MTOR by means of an isoselective
AKT inhibitor and everolimus, respec-
tively, relies on the degree of autophagy
Indeed, while
induces a tumor-selective, dose-depen-
dent cytotoxicity in the majority of MCL
cases, related to G, cell cycle arrest and
rapid downregulation of the MTOR
downstream targets phospho-RPS6 and
phospho-EIF4EBP1, a rephosphorylation
of AKT at Ser473 presumably linked to
the activation of an MTORCI-dependent
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feedback loop, may limit the efficacy of
everolimus. The full activity of the rapa-
log requires its combination with an
isoselective AKT inhibitor (AKTi-1/2)
for complete AKT-MTOR axis inhibi-
tion and synergistic antitumoral activ-
ity. However, we observed that those
MCL samples that are weak responders to
everolimus as a single agent still harbor
a high viability rate despite the complete
AKT-MTOR axis inhibition, in accord
with a previous observation in follicular
lymphoma. As accumulating evidence
suggests that autophagy is one of the
major processes functionally involved
in cancer cell survival after AKT and
MTOR inhibitor exposure, we performed
the quantification of autophagy by west-
ern blot, flow cytometry and immuno-
fluoresence assays, and found an increase
in LC3B-II levels and the accumulation
of autolysosomes in cells resistant to this
combination therapy. We further dem-
onstrated that autophagy controls the
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MCL response to MTOR-AKT inhibi-
tors, as the triple knockdown of A7GY,
ATG5 and ATG3, allows MCL cells to
undergo apoptosis upon exposure to the
combination.

In the clinic, the blockers of autopha-
gosome-lysosome fusion hydroxychloro-
quine and chloroquine are being tested
in a number of trials in patients with dis-
tinct hematological malignancies, such
as multiple myeloma (in combination
with the proteasome inhibitor bortezo-
mib) or in chronic myeloid leukemia (in
combination with the HDAC inhibitor
vorinostat), but no data on their efficacy
and safety in aggressive lymphomas like
MCL are available. We tested this inhibi-
tor for the first time in MCL primary
cultures and we found that the addition
of hydroxychloroquine to everolimus-
AKTi-1/2 treatment allows the complete
processing of LC3B and the full activation
of the intrinsic apoptotic program in MCL
cells, as demonstrated by mitochondrial
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depolarization, ROS production, phos-
phatidylserine exposure and CASP3-
CASP7 activity (Fig. 1).

Thus, these results provide the proof-
of-principle and rationale for further
clinical ~evaluation of AKT-MTOR
and autophagy triple targeting in MCL
patients, and offer a glimpse of the poten-
tial opportunities that this combinational
strategy might hold for the treatment of
B-cell neoplasms.
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