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First published March 27, 2012; doi:10.1152/ajpendo.00105.2012.—␤-Transducin repeats-containing protein (␤-TrCP) is the substrate recognition subunit of the SCF
(SKP1, CUL1, and F-box protein)-type E3 ubiquitin ligase complex. SCF␤-TrCP
ubiquitinates specifically phosphorylated substrates to promote their subsequent destruction by the 26S proteasome and plays a critical role in various human diseases
including tumorigenesis. We and others (Duan S et al. Mol Cell 44: 317–324, 2011;
Gao D et al. Mol Cell 44: 290 –303, 2011; Zhao Y et al. Mol Cell 44: 304 –316, 2011)
recently reported that SCF␤-TrCP regulates cell growth and autophagy by controlling the
ubiquitination and destruction of DEPTOR, an endogenous mammalian target of
rapamycin inhibitor, in a phosphorylation-dependent manner. In this review, we discuss
␤-TrCP’s new downstream substrate, DEPTOR, as well as summarize the novel
functional aspects of ␤-TrCP in controlling cell growth and regulating autophagy, in
part through governing the stability of DEPTOR.
mammalian target of rapamycin; ␤-transducin repeats-containing protein; Skp1Cullin1-F-box protein; cancer

(UPS) plays critical roles in
many cellular processes, including cell growth, apoptosis, and
cell cycle progression, because UPS regulates the abundance of
major regulatory proteins through ubiquitin-mediated degradation by the 26S proteasome (25). It is known that UPS requires
three enzymes to exert its functions: a ubiquitin-activating E1
enzyme, a ubiquitin-conjugating E2 enzyme, and a ubiquitin
protein E3 ligase (45). The E1 enzyme activates ubiquitin, a
76-amino acid molecule, and the activated ubiquitin is subsequently transferred to the E2 enzyme (45). The E2 enzyme
subsequently interacts with an E3 partner and transfers the
ubiquitin to the target protein. Thus it is clear that E3 ligases
determine substrate specificity for ubiquitination and degradation (45).
Among the identified multiple E3 ligases, the SCF (Skp1Cullin1-F-box protein) E3 ligase complex is one of the few
well-studied examples (16). SCF is composed of three static
subunits, namely Skp1 (S-phase kinase-associated protein-1),
Cullin 1, Rbx1/Roc1, and a variable subunit denoted as the
F-box protein (16). F-box protein serves as the substrate
recruitment module of the E3 ligase complex. To date, more
than 70 putative F-box proteins that target a wide range of
proteins for degradation have been identified in the human
genome, which ultimately provides the possible variety for
substrate specificity (56). However, the substrates and the
functions of most F-box proteins are largely unknown. ␤-TrCP
(␤-transducin repeat-containing protein), on the other hand, is
one of the earlier-identified F-box proteins; therefore, its phys-
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iological functions have been relatively well characterized
(16). Recently, we and others found that the mTOR (mammalian target of rapamycin)-dependent phosphorylation-driven
pathway is vital for DEPTOR (DEP domain-containing mTORinteracting protein) destruction via SCF␤-TrCP (14, 19, 65).
Hence, in this review, we will summarize the functional aspects of DEPTOR being a novel substrate for SCF␤-TrCP and
further discuss how SCF regulates DEPTOR to influence cell
decision in cell growth and autophagy.

␤-TrCP as the Substrate Recognition Subunit
of the SCF␤-TrCP Ubiquitin Ligase
␤-TrCP belongs to the F-box family of proteins, which
forms a multicomponent SCF-type of E3 ubiquitin ligase
complex (Fig. 1). ␤-TrCP is highly conserved from Drosophila
Slimb, Xenopus ␤-TrCP to mammalian ␤-TrCP. There are two
closely related homologs, termed ␤-TrCP1 (also called Fbxw1,
Fbw1a, or FWD1) and ␤-TrCP2 (also called Fbxw11, Fbw1b,
or HOS) with indistinguishable biochemical properties in promoting the in vitro ubiquitination of substrates (18). It is well
known that the consensus sequence DSGXXS degron is favorably recognized by ␤-TrCP (16). In addition, the phosphorylation of two serines by specific kinases is required for ␤-TrCPmediated ubiquitination and degradation (16).
There is a growing list of identified downstream ␤-TrCP
ubiquitin substrates, implicating a critical role for ␤-TrCP in
regulating both cell cycle progression and cellular apoptosis
(16). Specifically by targeting EMI-1 (early mitotic inhibitor 1)
(21, 42), Wee1 (61), and Cdc25A (cell division cycle 25
homolog A) (7, 30) for destruction, ␤-TrCP plays a pivotal role
in regulating the proper cell cycle progression. On the other
hand, its function in cellular apoptosis is achieved in part via
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Fig. 1. Schematic illustration of an SCF-type of E3 ubiquitin ligase complex.
The SCF (Skp1-Cullin1-F-box) complex consists of 4 components: Skp1,
Rbx1, Cullin1, and the F-box protein that is responsible for substrate recognition. ␤-TrCP (␤-transducin repeats-containing protein) recognizes the targeted proteins, which are presented close to the E2 enzyme to ensure consequent conjugation of ubiquitin to the targeted substrates. Polyubiquitylated
substrates are subsequently targeted for degradation by the 26S proteasome.
Known ␤-TrCP substrates include EMI-1, Wee1, Cdc25A, caspase-3, PDCD4,
Snail, IB, ATF4, p100, p105, Mdm2, and many others. See text for
definitions.

targeted destruction of the pro-apoptotic protein caspase-3 (59)
and PDCD4 (programmed cell death protein-4) (13). Furthermore, ␤-TrCP was found to regulate cell adhesion and migration through its phosphorylation-dependent regulation of the
Snail transcription factor (63, 66). Additional substrates of
␤-TrCP have been identified, including IB (inhibitor of B)
(57), ATF4 (activating transcription factor 4) (52), p100 (3)
and p105 (11) subunits of NF-B (nuclear factor-B), and
Mdm2 (murine double minute 2) (28) (Fig. 1). Importantly, we
and other groups identified a novel ␤-TrCP substrate, DEPTOR, that is an endogenous inhibitor of the mTOR pathway
(14, 19, 65). Therefore, in the following paragraphs, we will
briefly discuss a potential role of ␤-TrCP in regulating the
mTOR pathway.
mTOR Signaling Pathway
mTOR is an evolutionarily conserved serine/threonine kinase that plays a critical roles in controlling multiple cellular

processes such as cell growth, cell division, cell cycle progression, cell metabolism, and autophagy (54). It is well accepted
that deregulation of the mTOR pathway occurs in many human
diseases including cancer and diabetes (5). This is in part due
to the fact that mTOR, one of the family of phosphoinositide
3-kinase (PI3K)-related kinases (PIKKs), could respond to
numerous stresses, including genotoxic, nutrient, and metabolic stress, thereby facilitating cell survival under these nonoptimal conditions (62). In doing so, mTOR fulfills its critical
function as a sensor for upstream inputs from growth factors,
nutrients, and stresses to downstream effector signaling pathways (5). To exert this regulatory function, the mTOR kinase
assembles into two distinct multicomponent complexes called
mTORC1 (mTOR complex 1) and mTORC2 (mTOR complex
2) (Fig. 2) (46). mTORC1 is composed of mTOR, Raptor
(regulatory-associated protein of mTOR), PRAS40 (prolinerich Akt substrate of 40 kDa), mLST8/G␤L (mammalian lethal
with Sec13 protein 8/G protein ␤-subunit-like protein) and
DEPTOR (8). The two best-characterized targets of mTORC1
are S6K (ribosomal protein p70 S6 kinase) and the eukaryotic
translation initiation factor 4E (eIF4E)-binding protein-1 (4EBP1) (43). Like mTORC1, the mTORC2 complex has multiple
components, including mTOR, Rictor (Rptor-independent
companion of mTOR), mLST8/G␤L, DEPTOR, PROTOR
(protein observed with Rictor-1)/PRR5 (proline-rich protein-5)
and mSin1 (stress-activated protein kinase interacting protein)
(46). mTORC2 phosphorylates the hydrophobic motif of Akt at
Ser473 and SGK1 (serum/glucocorticoid-regulated kinase-1) at
Ser422, resulting in full kinase activation (46).
The exact function of each component in mTORC1 and
mTORC2 remains elusive (4). It has been demonstrated that
Raptor regulates mTORC1 assembly and recruits kinase substrates such as 4E-BP1 (24, 32). In addition, Raptor determines
the subcellular localization of mTORC1 through regulation of
Rag GTPase (55) and in sensing amino acids (24). The role of
mLST8 in mTORC1 is largely unknown because mTORC1
activity has no significant changes after specific deletion of
mLST8 (29). PRAS40 and DEPTOR, on the other hand, can
suppress mTORC1 activity in the dephosphorylated state,
whereas phosphorylation of PRAS40 and DEPTOR abolishes
their repressive effect toward mTORC1 by reducing their
association with mTORC1 complex, thereby promoting the
kinase activity of mTORC1 (48). Rictor is mutually exclusive

Fig. 2. Schematic illustration of the mTOR signaling network.
Signals such as growth factor and nutrients cause a coordinated
cellular response through interplaying with mTORC1 and
mTORC2. mTORC1 promotes cell growth, angiogenesis, and
cell metabolism and inhibits autophagy. mTORC2 promotes
actin organization. AMPK, AMP-activated kinase; DEPTOR,
DEP domain-containing mTOR-interacting protein; 4E-BP1,
eukaryotic initiation factor 4E-binding protein-1; HIF1␣, hypoxia-inducible factor 1␣; mLST8/G␤L, mammalian lethal
with Sec13 protein-8/G protein ␤-subunit-like protein; mSin1,
stress-activated protein kinase interacting protein. mTOR,
mammalian target of rapamycin; mTORC1, mTOR complex 1;
mTORC2, mTOR complex 2; PI3K, phosphatidylinositol 3-kinase; PRAS40, proline-rich Akt substrate of 40 kDa; PROTOR,
protein observed with Rictor-1; Raptor, regulatory-associated
protein of mTOR; Rheb, Ras homolog enriched in brain; Rictor,
Rptor-independent companion of mTOR; S6K, ribosomal p70
S6 kinase. TSC, tuberous sclerosis complex.
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with Raptor for binding to mTOR, and is required for
mTORC2’s catalytic activity. Rictor and mSin1 provide structural support for mTORC2 through stabilizing each other (17).
In a similar situation with mTORC1, DEPTOR binds to the
FAT domain of mTOR and inhibits mTORC2’s kinase activity
(51). Although PROTOR is found to be an mTORC2 interacting protein, deletion of PROTOR minimally affects mTORC2
activity, indicating that PROTOR is not an essential component for the mTORC2 catalytic function (48). Unlike its role in
mTORC1, mLST8 is required for mTORC2 catalytic function
(29). However, further in-depth investigation is required to
determine the exact function of each subunit in both mTORC1
and mTORC2 complexes.
Recent studies reveal that the mTOR signaling pathway
occurs in concert with its upstream factors such as Akt and
TSC (tuberous sclerous complex) and exerts its functions
through several downstream effectors (Fig. 2). Because of its
role in activating multiple oncogenic signaling pathways, the
mTOR pathway is considered to possess an oncogenic role in
human cancers (27). For example, it has been reported that
mTOR positively regulates the G1/S transition by inhibiting
cyclin D1 turnover and by enhancing degradation of p27 (50,
58). Moreover, mTOR inhibits apoptosis by activation of S6K
(38). mTOR is also found to increase the apoptosis-inhibiting
protein survivin, simultaneously decreasing the apoptosis-promoting protein PDCD4 (26, 60). Additionally, eIF4E, an important downstream effector of mTOR, has also been shown to
function as a positive regulator of cell survival (53). Furthermore, mTOR has been reported to promote angiogenesis
through upregulation of HIF-1␣ (hypoxia-inducible factor 1␣)
and VEGF (vascular endothelial growth factor) production
(67). However, there is also some information in the literature
speaking about a possible tumor suppressor-like property for
mTOR in some cellular contexts (40, 64). Taken together,
further investigation is warranted to determine the exact functions of mTOR signaling pathway in tumorigenesis.
DEPTOR Is an mTOR Inhibitor
A recent study from Dr. Sabatini’s group showed that
DEPTOR [also known as DEPDC6 (DEP domain-containing
protein-6)] is an inhibitor of both mTORC1 and mTORC2
activities (51). This group found that the PDZ domain of
DEPTOR mediates its interaction with mTOR to suppress
mTOR kinase activity. Moreover, depletion of DEPTOR activates the mTORC1 and mTORC2 substrates S6K1 and Akt,
respectively (51). Additionally, depletion of DEPTOR increases cell size and protects cells from undergoing apoptosis
(51). Furthermore, both mTORC1 and mTORC2 were found to
negatively regulate DEPTOR expression by both transcriptional and posttranslational mechanisms (51). More importantly, DEPTOR is phosphorylated in an mTOR-dependent
manner, and furthermore, overexpression of DEPTOR inhibits
mTORC1 but activates the PI3K/Akt signaling pathway in part
through mTOR1-mediated negative feedback regulation of the
IRS-1/PI3K signaling pathway (51). It was further shown that
overexpression of DEPTOR is required for Akt activation and
cell survival in the multiple myeloma disease setting (51).
More recently, Boyd et al. (6) found that overexpression of
DEPTOR is associated with improved survival in patients
treated with thalidomide, suggesting that high DEPTOR ex-
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pression may be a biomarker predictive of therapeutic response
to thalidomide in myeloma. Moreover, upregulation of DEPTOR has been found in the paclitaxel-resistant ovarian cancer
cell lines, indicating that DEPTOR may play a role in mediating drug resistance in ovarian cancer as well (15). Furthermore, Zhao et al. (65) demonstrated that cancer cells with
accumulation of DEPTOR become more resistant to rapamycin
and paclitaxel.
Additionally, Pei et al. revealed that DEPTOR is significantly increased in differentiated thyroid carcinoma and is also
associated with lymph node status, extrathyroid extension,
distant metastasis and recurrence as well as poorer survival,
suggesting that DEPTOR might be a novel prognostic marker
for thyroid carcinoma (49). Interestingly, DEPTOR has been
demonstrated to be involved in the EMT (epithelial-mesenchymal transition) process (10). Specifically, the depletion of
DEPTOR decreased expression of the epithelial marker Ecadherin and increased expression of the mesenchymal marker
N-cadherin (10). Moreover, Snail protein was increased in the
nuclear after DEPTOR depletion, suggesting that downregulation of DEPTOR could induce EMT in cancer cells. Furthermore, depletion of BMK1 (big mitogen-activated protein kinase-1) caused EMT via regulation of the DEPTOR/PI3K/
mTORC2/Akt/GSK3␤ signaling pathways (10). However, the
underlying molecular mechanisms remain largely undetermined. Therefore, further investigation is necessary to determine the exact physiological functions of DEPTOR in various
human diseases including cancer.
Interplay Between E3 Ligase and mTOR Pathway
Recent studies have begun to reveal a close relationship
between the mTOR complexes and ubiquitin-dependent proteolysis. For example, mTOR was found to be targeted for
ubiquitination and degradation by FBW7 (41). Ghosh et al.
(20) found that the function of 26S proteasome is required for
mTORC1-mediated signaling events because of inhibition of
26S proteasome, which caused rapid inhibition of phosphorylation of S6K and 4E-BP1. Moreover, they discovered that
Raptor and mLST8 bind the CUL4-DDB1 (Cullin4 DNA
damage-binding protein-1) E3 ubiquitin ligase and regulate the
mTORC1-mediated signaling pathway (20). Moreover, it has
been recently found that REDD1 (regulated in development
and DNA damage responses 1), an inhibitor of mTORC1
signaling during hypoxic stress conditions, is regulated by the
CUL4-DDB1 ubiquitin ligase and through the activity of
GSK3␤ (glycogen synthase kinase-3␤) (31). Guo et al. (22)
reported that Rictor is associated with FBW7, an F-box protein
in SCF, to form an E3 complex participating in regulating
c-Myc and cyclin E protein ubiquitination and degradation.
Han et al. (23) also found that Pam functions as an E3 ubiquitin
Ligase toward tuberin and subsequently regulates mTOR signaling, leading to regulation of cell growth as well as neuronal
function. In addition, it has also been found that ubiquitin
ligase ROC1 could regulate S6K ubiquitination and subsequent
proteasomal degradation (47). Specifically, overexpression of
ROC1 leads to an increase in S6K1 ubiquitination, whereas
downregulation of ROC1 promotes stabilization of S6K1 protein (47).
Recently, Kume et al. (36) found that E3 ubiquitin ligases
UBR1 (ubiquitin-protein ligase E3 componenent N-recognin
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1) and UBR2 are negative regulators of the leucine-mTOR
signaling pathway. Specifically, overexpression of UBR1 or
UBR2 led to a reduction in mTOR-dependent S6K1 phosphorylation, whereas knockdown of UBR1 or UBR2 increased
S6K1 phosphorylation (36). Additionally, it has been reported
that SMER3 (small-molecule enhancers of rapamycin 3) enhances rapamycin’s effect and also inhibits SCFMet30 ubiquitin
ligase, suggesting a connection between the TOR and SCFMet30
pathways (1). Moreover, mTORC1 is inhibited by REDD1,
and REDD1 upregulation is VHL (Von Hippel-Lindau) E3
ubiquitin ligase dependent, suggesting the connection between
mTOR pathway and VHL E3 ubiquitin ligase (35). Liu et al.
demonstrated that depletion of MID1, an E3 ubiquitin ligase,
leads to disruption of the mTOR/Raptor complex and downregulates mTORC1 signaling (39), suggesting that mTORC1
signaling could be a downstream pathway regulated by the
MID1. However, there is no characterized role for ␤-TrCP in
mTOR signaling regulation. To this end, we and other groups
recently expanded the current understanding of the physiological function of ␤-TrCP by pinpointing its critical role in
regulating mTOR activity (14, 19, 65). In the following section, we will discuss the role of ␤-TrCP in mTOR signaling
regulation.
Role of ␤-TrCP in mTOR Pathway
Recently, three groups reported that the stability of DEPTOR is controlled by the SCF␤-TrCP E3 ubiquitin ligase (14, 19,
65). Specifically, depletion of ␤-TrCP leads to impaired DEPTOR destruction and ensuing suppression of mTOR activity
(14, 19, 65). Moreover, DEPTOR is phosphorylated by mTOR
in vitro on multiple sites that promote interaction with ␤-TrCP,
and casein kinase-1 (CK1) cooperates with mTOR in vivo to
promote timely DEPTOR turnover (14, 19, 65). Furthermore,
mutations in DEPTOR that block its phosphorylation by
mTOR led to mTOR inhibition, reduced S6K activity, activation of autophagy, and alterations in the metabolic state of the
cell, which collectively reduce cell growth (14, 19, 65). mTOR
therefore functions as a central component of a positive feedback loop that ensures rapid induction of mTOR activity in
response to growth stimulatory signals (14, 19, 65).
␤-TrCP controls DEPTOR degradation. It is well accepted
that there are two required conditions for ␤-TrCP to fully
execute its molecular functions by promoting the degradation
of its ubquitin substrates. First, ␤-TrCP substrates typically
contain the DSGxxS degron (16). Second, proper phosphorylation of the substrate is required for ␤-TrCP to efficiently
recognize and target its substrate for ubiquitination (16). However, unlike other well-characterized ␤-TrCP substrates, including Cdc25A, PDCD4, or claspin (16), DEPTOR does not
contain a canonical DpSGxxpS degron that could be recognized by SCF␤-TrCP. DEPTOR contains the similar variants,
such as pS/TpSGxxpS that is seen in other reported ␤-TRCP
substrates, including Period1 and Bim1. To directly address
whether the ubiquitination and destruction of DEPTOR is
mediated by ␤-TrCP, we performed mass spectrometry analysis to identify DEPTOR-interacting protein(s). In this effort,
we identified ␤-TrCP as a specific DEPTOR-interacting protein (19). The endogenous interaction between DEPTOR and
␤-TrCP1 was further confirmed by coimmunoprecipitation
analysis (19). Furthermore, we observed a sharp decrease in

interaction between DEPTOR and a mutant form of ␤-TrCP1,
whose substrate interacting site was inactivated, suggesting
that SCF␤-TrCP might be the upstream E3 ubiquitin ligase
controlling DEPTOR stability (19). Moreover, increased DEPTOR expression in response to depletion of ␤-TrCP subsequently results in suppression of both mTORC1 and mTORC2
kinase activities, as evidenced by the decreases in both
p-Thr389-S6K1 and p-Ser473-Akt1 (19).
Recent studies have also revealed that most ␤-TrCP downstream ubiquitin targets are modified by phosphorylation
events by kinases prior to their recognition and subsequent
ubiquitination by SCF␤-TrCP (16). Therefore, it is critical to
further understand the upstream modifying enzyme(s) that
trigger DEPTOR destruction by ␤-TrCP. To pinpoint the
upstream signaling pathways that control DEPTOR stability,
we used a panel of kinase inhibitors to evaluate how inhibition
of a specific kinase pathway affects DEPTOR expression (19).
Kinase inhibitor experiments revealed that inhibition of CK1
leads to a significant upregulation of DEPTOR, indicating a
possible role of CK1 in DEPTOR stability control (19). Moreover, we identified phosphopeptides containing either p-Ser286
or p-Ser287 in CK1-treated DEPTOR samples (19). Furthermore, we also found that mTOR could phosphorylate DEPTOR in p-Ser265, p-Ser286, p-Ser293, p-Thr295, and p-Ser299
(19). Another group, led by Dr. Pagano, reported similar results
(14). The Pagano group identified that phosphorylation of all
three serine residues (Ser286, Ser287, and Ser291) in the DEPTOR is required for the interaction with ␤-TrCP (14). Additionally, phosphorylation of Ser293 and Ser299 by mTOR functions to prime the phosphorylation of three serine residues by
CK1␣ (14). Interestingly, study from Dr. Sun’s laboratory
demonstrated that DEPTOR can be phosphorylated by S6K1
and RSK1 (ribosomal protein S6 kinase-1) on the degron serine
residues upon growth factor stimulation (65). Taken together,
results from three independent groups consistently showed that
␤-TrCP controls DEPTOR degradation.
DEPTOR accumulation increases cell survival in part
through activation of the akt oncoprotein. It has been reported
that DEPTOR could regulate cell survival through interacting
with mTOR (51, 65). A study led by Dr. David Sabatini
showed that overexpression of DEPTOR represses mTORC1,
thereby leading to reduced suppression of IRS-1 by S6K,
which subsequently activates PI3K/Akt signaling, leading to
increased cell survival in multiple myeloma cells (51). This
function seems as rapamycin that inhibits mTOR but induces
transactivation of the EGFR and activates ERK1/2, resulted in
promotion of cell survival (9). Recently, Zhao et al. (65) found
that cancer cells after ␤-TrCP knockdown become more resistant to rapamycin, which is an allosteric inhibitor of mTOR and
is considered as an anticancer drug. DEPTOR has been also
reported to play a critical role in mediating resistance to
paclitaxel, a mitotic inhibitor used in ovarian cancer chemotherapy, since significant upregulation of DEPTOR is found in
paclitaxel-resistant cells (15). Consistent with this notion, under ␤-TrCP knockdown condition, multiple cancer cells are
also more resistant to paclitaxel, whereas blockage of
mTORC1/2 and PI3K/Akt pathways abrogated paclitaxel resistance (65). Moreover, DEPTOR accumulation as a result of
␤-TrCP knockdown inhibited paclitaxel-mediated cell death,
while simultaneous DEPTOR knockdown abrogated the induction of cell death by paclitaxel (65). Furthermore, the research
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group led by Dr. Sun demonstrated that DEPTOR plays a
survival role against paclitaxel-induced cell death through
activation of Akt and inhibition of PARP cleavage (65). Interestingly, Duan et al. (14) found that cells expressing mutant
DEPTOR displayed decreased cell size compared with cells
expressing wild-type DEPTOR.
␤-TrCP-mediated DEPTOR destruction participates in the
regulation of autophagy. It has been well documented that
autophagy is a conserved cellular degradation pathway that
governs intracellular homeostasis via degrading proteins and
cellular organelles (44). Different from ubiquitin-mediated
protein destruction, autophagy could clear damaged organelles
and superfluous and long-lived proteins as well as invading
microorganisms from cells (44). Autophagy also serves as an
alternative energy source due to recycling of intracellular
constituents, leading to providing nutrients and energy in
response to certain stresses such as glucose or serum starvation
to maintain homeostasis and viability (44). It has been well
known that mTOR is a negative regulator of the autophagy
process. Energy depletion including starvation induces autophagy by inhibition of mTOR via AMPK/TSC2 (12) or
GAPDH (glyceraldehyde-3-phosphate dehydrogenase)-Rheb
(Ras homolog enriched in brain) signaling pathways (37).
Specifically, mTORC1 inhibits autophagosome formation,
while mTORC2 suppresses the expression of autophagy-related genes and regulators (2). In line with this concept,
rapamycin as an inhibitor of mTOR is used by many laboratories to induce autophagy (34). However, the role of DEPTOR
in regulation of autophagy as an endogenous mTOR inhibor
remains largely unaddressed.
To this end, two groups including our own laboratory
recently reported that DEPTOR is a positive regulator of the
autophagy pathway (19, 65). We found that DEPTOR is
induced in response to serum starvation, leading to suppression
of the mTOR signaling pathway and induction of autophagy, as
indicated by the increased species of the LC3B (light-chain
protein-3B) autophagy marker (19). Specifically, in a lowenergy state, DEPTOR inhibits mTOR activity. However, in a
high-energy state, mTOR is rapidly switched from the lowactivity state to the high-activity state through mTOR and
CK1-dependent DEPTOR phosphorylation and ␤-TrCP-mediated DEPTOR destruction (Fig. 3). Our study therefore indicates interplay among ␤-TrCP, DEPTOR, and mTOR pathways to allow cells to respond rapidly and accurately to
environmental changes. Meantime, a study led by Dr. Sun also
demonstrated that upon glucose deprivation DEPTOR accumulates with corresponding induction of autophagy (65).
These studies coherently suggest that DEPTOR mediated an
elegant cellular protective mechanism in part through induction
of autophagy in energy deprivation conditions. It is known that
several molecules, including ULK1 and AMPK, play a critical
role in autophagy. In a high-nutrient state, mTOR phosphorylates the ULK1 complex, thereby repressing its kinase activity,
leading to inhibition of autophagy (33, 44). Upon nutrient
depletion, AMPK represses mTORC1 and also phosphorylates
ULK1, which causes enhanced catalytic activity (33, 44). Due
to DEPTOR as an mTOR inhibitor, DEPTOR could be involved in this network among AMPK, ULK1, and mTOR that
regulates autophagy. However, further studies are required to
provide the experimental evidence to validate this interesting
concept.
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Fig. 3. Proposed model for the ubiquitination and destruction of DEPTOR by
SCF␤-TrCP. In low-energy state, DEPTOR inhibits mTOR activity. However, in
high-energy state, mTOR as the priming kinase phosphorylates DEPTOR to
trigger subsequent casein kinase-1 (CK1)-mediated phosphorylation of DEPTOR. Phosphorylation of DEPTOR by both mTOR and CK1 triggers SCF␤TrCP-mediated ubiquitination of DEPTOR.

Conclusions
In conclusion, DEPTOR, an mTOR inhibitor, is a substrate
of the SCF␤-TrCP E3 ubiquitin ligase, which could regulate cell
survival and autophagy by modulating mTOR activity. The
regulatory loop involves a dual repressive mechanism between
mTOR and DEPTOR, which leads to a timely activation of
mTOR signaling in response to growth stimulation signals.
Studies from three independent research groups expanded the
current understanding of the physiological function of ␤-TrCP
by pinpointing its critical role in regulating the mTOR activity,
thus participating in governing cellular metabolism and nutrient sensing. Due to the critical role of DEPTOR in regulating
mTOR activity, DEPTOR expression level might be used as a
biomarker to direct anti-cancer therapies or to predict therapeutic response, especially for those patients with aberrant
mTOR kinase activities. Furthermore, DEPTOR was recently
found to be involved in drug resistance (19, 65), suggesting
that targeting DEPTOR may be a novel strategy for efficient
anti-cancer treatment. However, it should be recognized that
further in-depth investigations are required to fully determine
the exact function of DEPTOR in human diseases including
cancer, which will provide molecular insights for its therapeutic implications in the future.
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