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The mammalian target of rapamycin

(mTOR) is a central regulator of cell growth,

proliferation and metabolism by forming at

least two functionally distinct complexes,

mTOR complex-1 (mTORC1) and mTOR com-

plex-2 (mTORC2).1 To exert their biological

functions, mTORC1 phosphorylates various
substrates including S6K, 4E-BP1 and SREBP to

promote protein synthesis, while mTORC2

phosphorylates multiple AGC kinases includ-

ing Akt, SGK and PKC to facilitate cell prolifera-

tion and survival.2 mTORC2 can release

mTORC1 inhibition in large through Akt-medi-

ated phosphorylation of TSC2 or PRAS40,

whereas mTORC1/S6K can negatively regulate

the mTORC2/Akt signaling through phosphor-

ylation of IRS-1, GRB10 and Sin1.3 Hyper-acti-

vation of the mTOR signaling pathway has

been frequently observed in many types of

human cancers, thereby attracting intensive

research attention as an ideal drug target for
cancer therapies. To this end, the anti-tumor

effects of rapamycin or its analogs (rapalogs),

the most well-studied mTOR inhibitors, have

been thoroughly evaluated in clinics. How-

ever, rapamycin treatment has displayed poor

outcomes for most cancer types and severe

side-effects in patients, which may be in part

due to the insensitivity of mTORC2 to rapamy-

cin, as well as the reactivation of the PI3K/Akt

signaling upon mTORC1 inhibition to unleash

the negative feedback loop.4 Notably, rapamy-

cin also leads to a G1-phase cell cycle arrest

mediated in part by TGF-b signaling to pro-

mote cell survival.5 Therefore, it is a burning
question to further improve the anti-cancer

efficacy of rapamycin, given that fully under-

standing molecular details of mTOR signaling

circuits might allow us to overcome these

defects.

In this issue of Cell Cycle, an elegant

study by Saqcena et al. shed new light on

resolving these problems.6 Specifically,
when MDA-MB-231 breast cancer cells and

Calu-1 lung cancer cells are synchronized in

S-phase, high doses of rapamycin alone or

in combination with the PI3K inhibitor,

LY2940002, markedly induced cellular apo-

ptosis (Fig. 1). More importantly, in K-Ras

mutant cancer cells such as MDA-MB-231

and Calu-1, but not K-Ras-WT cell lines
including MCF7, deprivation of glutamine

(Gln) could bypass a Gln-dependent G1 cell

cycle checkpoint and subsequently arrested

cells in S-phase, instead of G1-phase. As a

result, Gln depletion greatly enhanced rapa-

mycin-induced cellular apoptosis in mutant

K-Ras-driven cancer cells (Fig. 1).
Thus, Saqcena et al. reveal that rapamycin

exerts an augmented capacity to eliminate

cancer cells arrested in the S-phase, rather

than in the G1 phase, in large through pro-

moting cellular apoptosis. More importantly,

this study also suggests Gln deprivation-

induced S-phase arrest as a possible option to

enhance rapamycin-induced cellular apopto-

sis, at least in K-Ras mutant driven cancers.
This study further indicates that for the

remaining 70% of human cancers with wild-

type K-Ras, a prior S-phase arrest by agents

such as hydroxyurea (HU),7 may also benefit

Figure 1. The cell cycle status controls the anti-cancer effects of rapamycin treatments. Rapamycin
alone or in combination with the PI3K inhibitors promotes cellular apoptosis in cells synchronized
in S-phase, but not in G1-phase of the cell cycle. On the other hand, blockade of glutamine (Gln) uti-
lization leads to a S-phase arrest and induces rapamycin-mediated cellular apoptosis in Ras-mutant
cancer cells. These results could provide the rationale to guide the optimization strategy for the clin-
ical usage of rapamycin, based on Ras genetic status in cancer patients.
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rapamycin treatment via elevating cellular

apoptosis (Fig. 1). However, the detailed

molecular mechanism(s) underlying the spe-

cific role for the pro-apoptotic effects of rapa-
mycin in a cell cycle-dependent manner

warrants further investigation. For example,

does inhibiting mTOR by rapamycin in S-

phase lead to replication stress, which in turn

results in apoptosis? If so, better clinical out-

comes could be achieved using a combination

of rapamycin with DNA replication inhibitors.

In addition, it seems that the effects of rapa-
mycin are cell type or tissue context-depen-

dent, as rapamycin treatment exhibits a better

clinical efficacy in metastatic renal cell carcino-

mas than other types of human cancers.4

Therefore, further investigation is required to

uncover the molecular mechanisms underly-
ing how rapamycin functions in different can-

cer types, which will provide the rationale and

facilitate the optimization for the clinical appli-

cation of rapamycin as an anti-cancer drug,

alone or in combination with other agents to

benefit more cancer patients.
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