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Accumulating evidence indicates that dysfunction of mito-
chondria is a common feature of Parkinson disease. Functional
loss of a familial Parkinson disease-linked gene, BRPK/PINK1
(PINK1), results in deterioration of mitochondrial functions
and eventual neuronal cell death. A mitochondrial chaperone
protein has been shown to be a substrate of PINK1 kinase ac-
tivity. In this study, we demonstrated that PINK1 has another
action point in the cytoplasm. Phosphorylation of Akt at Ser-
473 was enhanced by overexpression of PINK1, and the Akt
activation was crucial for protection of SH-SY5Y cells from
various cytotoxic agents, including oxidative stress. Enhanced
Akt phosphorylation was not due to activation of phospha-
tidylinositol 3-kinase but due to activation of mammalian tar-
get of rapamycin complex 2 (mTORC2) by PINK1. Rictor, a
specific component of mTORC2, was phosphorylated by over-
expression of PINK1. Furthermore, overexpression of PINK1
enhanced cell motility. These results indicate that PINK1 ex-
erts its cytoprotective function not only in mitochondria but
also in the cytoplasm through activation of mTORC2.

Parkinson disease (PD)2 is a neurodegenerative disorder
with progressive loss of dopaminergic neurons, affecting more
than 1% of the population older than 65 years. The molecular
pathogenesis of PD is not well understood, but identification
of genes causatively linked to familial PD has provided insights
into themechanisms. This is rationalized by the fact that symp-
toms observed in familial PD patients with different genetic ab-
normalities are very similar to those of sporadic idiopathic PD
patients (1, 2). About a dozen genes have so far been identified as
PD-linked genes (3), including genes encoding a synaptic pro-
tein, �-synuclein (4), an E3 ubiquitin ligase, parkin (5), a putative
antioxidant chaperone, DJ-1 (6), a mitochondrial kinase, PINK1
(7, 8), a mitochondrial serine protease, OMI/HTRA2 (9), and
leucine-rich repeat kinase 2 (LRRK2 (10)).

Accumulating clinical and experimental evidence indicates
that dysfunction of mitochondria is a common feature of PD,
leading to reduced complex I activity and overproduction of
oxygen radicals (11, 12). Among the genes aforementioned,
PINK1 has been attracting particular attention because it is a
gene that has a mitochondrial targeting signal. PINK1 was
identified independently by our group (8) as a gene differen-
tially expressed in cancer cells with higher and lower meta-
static potentials (AF316873 registered on Oct. 26, 2000 as
BRPK) and by Unoki and Nakamura (7) as a gene induced by a
tumor suppressor gene, PTEN (AB053323 registered on Jan.
8, 2001 as PINK1). Valente et al. (13) first showed the causal
linkage between PINK1 and hereditary early onset PD. Several
different mutations of PINK1 have thereafter been reported in
PD patients of different racial origin.
PINK1 is a serine/threonine-type protein kinase localized

primarily in mitochondria (13). Overexpression of PINK1
protects neuron cells against various stresses (13, 14), al-
though down-regulation of PINK1 sensitizes the cells to vari-
ous stresses (15, 16). Knock-out of the PINK1 gene in mice
resulted in a decrease in evoked dopamine release in striata
and affected striatal synaptic plasticity (17). Furthermore,
neuron type-specific mitochondrial dysfunctions were ob-
served in PINK1-null mice, and these dysfunctions were exac-
erbated by aging and stresses (18). Pridgeon et al. (19) identi-
fied a mitochondrial chaperone, TRAP1/Hsp75, as a substrate
of PINK1 kinase and showed that the protective action of
PINK1 against oxidative stress depended on phosphorylation
of TRAP1/Hsp75. These findings are consistent with the no-
tion that mitochondria are the primary intracellular site for
pathogenesis of PD.
On the other hand, PINK1 was reported to be localized also

in the cytoplasm (14, 20, 21). The cytoplasmic localization of
PINK1 may be affected by N-terminal cleavage at least for
overexpressed PINK1 protein (20). Furthermore, cytoplasmi-
cally localized PINK1 could protect neurons from a dopamin-
ergic neurotoxin (14). These results prompted us to search for
possible cytoplasmic targets of PINK1. We found that phos-
phorylation of Akt at Ser-473 was enhanced by overexpres-
sion of PINK1 and that the Akt phosphorylation was due to
activation of mammalian target of rapamycin complex 2
(mTORC2) by PINK1.
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EXPERIMENTAL PROCEDURES

Cells, Chemicals, and Antibodies—SH-SY5Y (ECACC,
Wiltshire, United Kingdom), PC3, and DU-145 were cultured
in D/F medium (Invitrogen) supplemented with 10% fetal bo-
vine serum. Rotenone, cisplatin, hydrogen peroxide solution,
tunicamycin, and MG-132 were purchased from Sigma. In-
hibitors for EGF receptor (AG1478), PI3K (wortmannin and
PI-103), Akt (Akt inhibitor VIII), and mTOR (rapamycin)
were purchased fromMerck.
The antibodies used were as follows: antibody against

PINK1 (Abcam, Cambridge, MA); antibody against PINK1
(for immunoprecipitation, a polyclonal anti-PINK1 antibody
was raised against amino acids 135–155 of human PINK1);
antibodies against phospho-Ser-473 Akt, phospho-Thr-308
Akt, PTEN, phospho-Ser-380/Thr-382/383 PTEN, Bad, phos-
pho-Ser-136 Bad, FoxO1, phospho-Thr-24 FoxO1, TSC2,
phospho-Thr-1462 TSC2, GSK-3�, phospho-Ser-9 GSK-3�,
p70 S6K, phosphor-Thr-389 p70 S6K, mTOR, and raptor, and
HRP-labeled anti-mouse and anti-rabbit secondary antibodies
(Cell Signaling Technologies, Danvers, MA); antibody against

Akt (Merck); antibody against mTOR (N-19, for immunopre-
cipitation) (Santa Cruz Biotechnology, Santa Cruz, CA); anti-
bodies against rictor, raptor (for immunoprecipitation), and
SIN1 (Bethyl Laboratories, Montgomery, TX); antibody
against HA tag (Roche Applied Science); antibody against
phosphoserine/threonine (Pharmingen); antibody against tu-
bulin (Sigma); and HRP-labeled Trueblot anti-rabbit and anti-
goat secondary antibodies (eBioscience, San Diego).
Plasmid and Adenovirus Constructs—Plasmid vectors ex-

pressing PINK1 wild-type, G309D variant (22), C-terminal
truncated variant W437X (23), and kinase-dead triple mutant
(K219A/D362A/D384A(20)) were constructed as HA-tagged
forms at the C-terminal end using the pDNR-CMV vector
(Clontech). The vectors were converted into adenovirus con-
structs using an Adeno-X Expression System 2 (Clontech).
RNA Interference—siGENOME SMARTpool siRNA target-

ing PINK1 (NM_032409), rictor (NM_152756), or raptor
(NM_020761) (Thermo Scientific Dharmacon, Lafayette, CO)
was transfected into cells using FuGENE-HD (Roche Applied
Science). A control siRNA with no known mammalian ho-

FIGURE 1. Suppression of apoptosis by overexpression of PINK1 using an adenovirus vector. A, overexpression of PINK1 protects SH-SY5Y cells from
apoptosis induced by rotenone. Adenovirus vectors carrying wild-type (WT) and PD-linked variants of PINK1 or LacZ (5 m.o.i.) were infected to cells 48 h
prior to treatment with rotenone (1 �M, 24 h). Apoptotic cells were identified after staining with Hoechst 33342. *, p � 0.05; ns, not significant. B, overex-
pression of PINK1 blocks activation of caspase 3/7 induced by rotenone. Adenovirus vectors (5 m.o.i.) were infected to cells 48 h prior to treatment with ro-
tenone (1 �M, 24 h). *, p � 0.05. C, overexpression of wild-type PINK1 (5 m.o.i.) protects SH-SY5Y cells from apoptosis induced by cisplatin (30 �M), H2O2 (200
�M), tunicamycin (40 �M), MG-132 (0.5 �M), and CdCl2 (40 �M). The experiment was performed under conditions similar to those described in A. Statistical
analysis of the data were performed by Student’s t test. *, significantly different from the Ad-LacZ-infected cells (p � 0.05).
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mology (siGENONE nontargeting siRNA pool 1, Thermo Sci-
entific Dharmacon) was used as negative control.
Western Blot Analysis, Immunoprecipitation, and Kinase

Assay—Western blot analysis was performed under conven-
tional conditions after lysing cells with M-PER mammalian
protein extraction reagent (Pierce) with 50 mM NaF and 1 mM

orthovanadate. For immunoprecipitation, cells were lysed in
an ice-cold lysis buffer (40 mM Hepes, pH 7.5, 120 mM NaCl, 1
mM EDTA, 10 mM pyrophosphate, 10 mM glycerophosphate,
50 mM NaF, 1 mM orthovanadate, and 0.3% CHAPS) to pre-
vent decomposition of mTORC2 (30), incubated with 4 �g of
respective antibodies for 90 min, and precipitated after an-
other incubation with 30 �l of 50% slurry of Trueblot anti-
rabbit or anti-goat IgG beads or monoclonal anti-HA-agarose
(Sigma). Immunoprecipitates were washed three times with
the lysis buffer before Western blot analysis.
For kinase assays, the immunoprecipitates were further

washed with kinase buffers, i.e. 25 mM Hepes, pH 7.5, 100 mM

potassium acetate, and 1 mM MgCl2 and incubated with de-
phosphorylated recombinant Akt substrate (Millipore, Te-
mecula, CA).
Immunostaining—Cells were fixed with 4% paraformalde-

hyde and permeabilized with 100% ethanol for 1 h at �20 °C.
After incubation with the respective first antibodies, the sam-
ples were incubated with Alexa Fluor 488 goat anti-rabbit IgG
antibody (Invitrogen). Mitochondria were stained with Mito-
Tracker Orange CMTMRos (Invitrogen). The specimens were

observed using a confocal laser-scanning microscope (model
LSM 510; Carl Zeiss, Jena, Germany).
Assays for Apoptosis—Apoptotic cells were identified after

staining with Hoechst 33342 for 30 min (Dojin Laboratories,
Kumamoto, Japan). Activation of caspase 3/7 was determined
using Caspase-Glo 3/7 assay (Promega).
Invasion Assay—For invasion assay, 50,000 SH-SY5Y cells

incubated with adenovirus vectors, with siRNAs, and with
inhibitors in advance were inoculated into top wells of Boy-
den chambers (pore size, 8 �m; BD Biosciences) pre-coated
with growth factor-reduced Matrigel (Invitrogen). The filters
were stained after incubation for 8 h, and invading cells were
counted.
Statistical Analysis—Prior to statistical analysis, each ex-

periment was repeated at least three times. The results are
expressed as means � S.D. For comparison of two groups,
Student’s t test was used (Fig. 1C). For comparison of more
than two groups, analysis of variance was used. If the analysis
of variance showed significant difference, the Bonferroni pro-
cedure was used as a post hoc test. p values of less than 0.05
were considered statistically significant.

RESULTS

Overexpression of PINK1 Confers Resistance to Induced Cell
Death in SH-SY5Y Cells by Activating Akt—First, we exam-
ined the effect of overexpression of PINK1 on cell survival.
Infection of SH-SY5Y cells with an adenovirus vector express-

FIGURE 2. Suppression of apoptosis by overexpression of PINK1 is mediated by activation of Akt. A, effect of overexpression of PINK1 variants on PTEN
and Akt. SH-SY5Y cells were infected with indicated constructs using adenovirus vectors (5 m.o.i.) 48 h before harvesting cells for Western blot (WB) analysis.
P-, phosphorylated. B, immunostaining for Ser-473-phosphorylated Akt in SH-SY5Y cells infected with indicated constructs using adenovirus vectors (5
m.o.i.) for 48 h. C, Akt inhibitor abrogated PINK1-induced resistance to apoptosis. Akt inhibitor VIII (10 �M) was applied to SH-SY5Y cells 1 h prior to infection
with adenovirus vectors carrying various PINK1 variants. Forty eight hours later, rotenone (1 �M) was added, and cells were stained with Hoechst 33342 af-
ter incubation for a further 24 h. *, p � 0.05; ns, not significant.
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ing wild-type PINK1 reduced apoptotic cell rate induced by
an inhibitor for respiratory complex I, rotenone (1 �M, 24 h),
from 26 to 10% (Fig. 1A). Two PD-linked PINK1 variants,
G309D and W437X (22, 23), showed lower levels of protective
function, although the control vector carrying LacZ showed
no effect. Caspase-3/7 activation induced by rotenone was
also suppressed by wild-type PINK1 (Fig. 1B). Overexpression
of wild-type PINK1 conferred upon SH-SY5Y cells resistance
to other apoptosis-inducing agents such as cisplatin (30 �M),
H2O2 (200 �M), tunicamycin (40 �M), MG-132 (0.5 �M), and
CdCl2 (40 �M) (Fig. 1C). The protective effect of PINK1 was
also observed in a prostate cancer cell line, PC3 (supplemental
Fig. 1), and two other cancer cell lines, HCT-116 and HeLa
(data not shown).
To identify a possible target protein(s) in the cytoplasm, we

screened phosphorylation levels of PTEN-related proteins,
because PINK1 is induced by overexpression of PTEN (7). As
shown in Fig. 2A, phosphorylation of Akt at Ser-473 was
markedly enhanced by overexpression of wild-type PINK1 in
SH-SY5Y cells, although the amount of Akt protein remained
unchanged. A higher phosphorylation level of Akt was also
observed in cells with overexpression of the G309D variant
but not in cells with overexpression of either the W437X
variant or the kinase-dead mutant of PINK1 (Fig. 2A and
supplemental Fig. 2A). These results were confirmed by
immunostaining for phosphorylated Akt (Fig. 2B). Pre-
treatment of SH-SY5Y cells with an Akt inhibitor resulted
in abrogation of the protective effect of overexpression of
PINK1 against rotenone-induced cell death (Fig. 2C), indi-
cating phosphorylation of Akt is critical for the protective
function of PINK1. Down-regulation of endogenous PINK1
by siRNA abrogated stress-induced phosphorylation of Akt
in SH-SY5Y cells (Fig. 3A). Down-regulation of endoge-
nous PINK1 reduced basal phosphorylation level of Akt,
whereas overexpression of PINK1 induced phosphorylation
of Akt (supplemental Fig. 2B). In accordance with this, ap-
plication of PINK1 siRNA sensitized SH-SY5Y cells to in-
duction of apoptosis by cisplatin, rotenone, H2O2, tunica-
mycin, MG-132, and CdCl2 (Fig. 3B). Although Akt was
co-immunoprecipitated with overexpressed PINK1 (sup-
plemental Fig. 3), recombinant PINK1 did not phosphor-
ylate Akt in vitro under the various conditions examined.
We therefore searched for a target molecule of PINK1
among the upstream proteins of Akt.
EGF Receptor-PI3K Pathway Is Not Involved in Activation of

Akt by Overexpression of PINK1—Amajor upstream mecha-
nism for Akt activation is the EGF receptor-PI3K pathway.
However, phosphorylation of Akt was enhanced by PINK1
in PTEN-deficient PC3 cells as well as PTEN-competent
DU145 cells (Fig. 4A). Inhibitors of the EGF receptor
(AG1478, 10 �M) and PI3K (1 �M wortmannin and 0.1 �M

PI-103) did not affect phosphorylation of Akt induced by
overexpression of PINK1, in contrast to abrogation of EGF-
induced phosphorylation of Akt (Fig. 4B). Intriguingly,
PINK1-mediated phosphorylation of Akt specifically oc-
curred at Ser-473 but not at Thr-308. We also found that
overexpression of PINK1 was associated with enhanced
phosphorylation of only a subset of Akt targets, including

Bad and FOXO1, although other targets of Akt, TSC2 and
GSK3�, were not affected (Fig. 4B). These results indicate
that the EGF receptor-PI3K pathway does not mediate
phosphorylation of Akt by PINK1.
mTORC2 Is a Target Molecule of PINK1—An alternative

candidate pathway for activation of Akt is via mTORC2 (24,
25). mTORC2 shares mTOR and mLST8 with mTORC1 and
has unique elements such as rictor, SIN1, and Protor (26, 27).
Immunoprecipitates with an antibody against mTOR, rictor,
or SIN1 but not an mTORC1 component, raptor, phosphory-
lated Akt at Ser-473 in vitro (Fig. 5A). This phosphorylation
was enhanced by overexpression of wild-type PINK1. Rictor
and SIN1 were co-precipitated with PINK1 (Fig. 5B). Endoge-
nous PINK1 was also associated with rictor (Fig. 5C). Induced
phosphorylation of Akt at Ser-473 was abrogated by pro-
longed treatment with rapamycin (48 h) but not short term
treatment (1 h) (Fig. 5D). Rapamycin is known to inhibit not
only mTORC1 but also mTORC2 under certain experimental
settings (28). Under short term treatment of rapamycin, only
phosphorylation of p70 S6K, a mTORC1 target, was abro-
gated. siRNAs against rictor and raptor partially down-regu-
lated the corresponding proteins (Fig. 5E). The down-regula-
tion of rictor but not that of raptor resulted in abrogation of
the enhancement of phosphorylation of Akt induced by over-
expression of PINK1 in SH-SY5Y cells. The phosphorylated
form of rictor was detected in SH-SY5Y cells infected with
Ad-PINK1, whereas the phosphorylation of rictor was abro-
gated by down-regulation of rictor (Fig. 5F). These results
indicate that PINK1 induces phosphorylation of rictor and
thereby activates mTORC2.

FIGURE 3. Knockdown of PINK1 reduces phosphorylation level of Akt
and sensitizes SH-SY5Y cells to various apoptotic agents. A, suppression
of proteasome inhibitor-induced phosphorylation of Akt by knockdown of
PINK1. SH-SY5Y cells were transfected with indicated siRNAs 60 h prior to
treatment with MG-132 (0.5 �M, 12 h). WB, Western blot. B, sensitization of
SH-SY5Y cells to various apoptotic agents by knockdown of PINK1. Cisplatin
(30 �M), H2O2 (200 �M), tunicamycin (40 �M), MG-132 (0.5 �M), and CdCl2
(40 �M) were applied to cells for 24 h. *, p � 0.05.
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PINK1 Stimulates Cell Motility—mTORC2 has been shown
to regulate cytoskeletal organization (29, 30). If it is true that
PINK1 activates mTORC2, overexpression of PINK1 may
affect cell motility. Overexpression of wild-type PINK1 signif-
icantly increased the number of SH-SY5Y cells that trans-
versed a Matrigel-coated membrane in a Boyden chamber
(Fig. 6A). Overexpression of the G309D variant but not the
W437X variant increased the number of migrated cells.
Down-regulation of PINK1 or rictor by siRNA reduced the
number of migrated cells (Fig. 6B). Prolonged treatment with
rapamycin (48 h) or Akt inhibitor also reduced the number of

migrated cells (Fig. 6C). These results indicate that PINK1
stimulates cell motility through activation of mTORC2.

DISCUSSION

In this study, we demonstrated that PINK1 enhanced the
phosphorylation level of Akt via activation of mTORC2. Little
is known about upstream regulators of mTORC2, and to our
knowledge PINK1 is the first candidate of proximate up-
stream regulators of mTORC2. Frias et al. (31) showed that
insulin stimulates kinase activity of mTORC2 containing two
specific SIN1 isoforms to phosphorylate Akt Ser-473 in vitro.

FIGURE 4. EGF receptor-PI3K pathway is not involved in activation of Akt by overexpression of PINK1. A, activation of Akt by overexpression of PINK1
was not affected by the presence or absence of PTEN protein. PTEN-proficient DU145 cells and PTEN-deficient PC3 cells were harvested 48 h after infection
with adenovirus vectors (10 m.o.i.) or after incubation with EGF (100 ng/ml) for 5 min. B, inhibitors for EGF receptor and PI3K did not affect phosphorylation
of Akt and its substrates by overexpression of PINK1, in contrast to phosphorylation of Akt by EGF. The EGF receptor inhibitor AG1478 (10 �M), PI3K inhibitor
wortmannin (1 �M), PI3K inhibitor PI-103 (0.1 �M), or Akt inhibitor VIII (10 �M) was applied to SH-SY5Y cells 1 h prior to application of adenovirus vectors (5
m.o.i., 48 h) or EGF (100 ng/ml, 5 min) WB, Western blot.

mTORC2, a New Target of PINK1

7186 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 286 • NUMBER 9 • MARCH 4, 2011



It remains to be clarified whether insulin affects the function
of PINK1 in certain types of cells.
mTOR plays a pivotal role in cells, integrating diverse

extra- and intracellular signals and regulating cell growth,
metabolism, survival, and motility. It includes two struc-
turally and functionally distinct complexes, mTORC1 and
mTORC2. Dysregulation of the coordination among two
complexes and their intimate functional interplayer Akt
leads to human malignancies, metabolic disorders, and in-

flammatory diseases (32, 33). mTORC2 shares mTOR and
mLST8 with mTORC1 and has unique elements such as
rictor, SIN1, and Protor (26, 27). Cells derived from mice
lacking mTORC2 components showed largely diminished
phosphorylation of Akt at Ser-473, resulting in partial de-
terioration of kinase activity of Akt (34, 35). Our results
showing that overexpression of PINK1 affected phosphor-
ylation level of Akt at Ser-473 (Figs. 2, 4, and 5) are in ac-
cordance with these observations.

FIGURE 5. PINK1 enhances phosphorylation level of Akt via activation of mTORC2. A, phosphorylation of Akt by immunoprecipitates (IP) in vitro. SH-
SY5Y cells were harvested after incubation with Ad-PINK1 (WT) or Ad-LacZ (5 m.o.i.) for 48 h. Immunoprecipitates with designated antibodies were used for
the kinase assay using recombinant Akt protein as a substrate in vitro. Rictor and SIN1 are known to be components of mTORC2, and raptor is a component
of mTORC1. Phosphorylated Akt was densitometrically quantified. Arrowheads indicate immunoprecipitated SIN1. B, binding of PINK1 to mTORC2 compo-
nents. SH-SY5Y cells cultured with Ad-PINK1 (WT) or Ad-LacZ for 48 h were immunoprecipitated with designated antibodies and analyzed by Western blot
(WB) analysis. C, endogenous PINK1 interacts with rictor in SH-SY5Y cells. Cell lysates were subjected to immunoprecipitation with anti-PINK1 antibody or
control rabbit IgG, followed by Western blot analysis. Arrowheads indicate immunoprecipitated PINK1. D, rapamycin dose- and time-dependently inhibited
phosphorylation of Akt by Ad-PINK1 (WT) in SH-SY5Y cells. Left panel, SH-SY5Y cells were incubated with indicated adenovirus vectors (5 m.o.i.). Rapamycin
(1 �M) was added 1 h prior to the adenovirus infection. Right panel, cells were incubated with adenovirus vectors in the presence of rapamycin (1 �M) for
either a period over 48 h or a period of the last 1 h. E, knockdown of rictor suppressed phosphorylation of Akt induced by overexpression of PINK1. siRNAs
were transfected into SH-SY5Y cells 24 h prior to infection with Ad-PINK1(WT) for 48 h. F, overexpression of PINK1 resulted in phosphorylation of rictor in
cells. SH-SY5Y cells were incubated with indicated siRNAs 24 h prior to infection of adenovirus vectors (5 m.o.i., 48 h). Cell extracts were subjected to immu-
noprecipitation with anti-rictor antibody, followed by Western blot analysis.
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PINK1 has a mitochondrial targeting signal and is primarily
localized in mitochondria, but it is known to be present also
in the cytoplasm (supplemental Fig. 4) (14, 20, 21, 36). Our
findings showed that cytoplasmic localization of PINK1 has
clear functional significance as indicated by Haque et al. (14).
How PINK1 is translocated from mitochondria to the cyto-
plasm is not well understood. Beilina et al. (20) showed that
N-terminal cleavage plays some roles in the translocation at
least in the case of overexpressed PINK1 protein. Disruption
of mitochondrial membrane potential resulted in accumula-
tion of uncleaved PINK1 in mitochondria (37). As Dagda et al.
(36) recently demonstrated, PINK1 regulates mitochondrial
turnover in cooperation with Parkin.
We cloned PINK1 (BRPK) by a two-step screening strategy

based on differential gene expression during placenta forma-
tion and between cancers with different metastatic potential
(8). Expression of PINK1 was higher in cancer cell lines with
higher metastatic potential than in cancer cell lines with
lower metastatic potential. This is in line with the observa-
tions in this study that overexpression of PINK1 stimulated
invasive behavior of SH-SY5Y cells assayed in vitro (Fig. 6).
mTORC2 activity assayed using immunoprecipitates has been
shown to be elevated in glioma cell lines and primary tumor
cells compared with that in normal brain tissue (38). In addi-
tion, forced expression of rictor promoted anchorage-inde-
pendent growth and motility of glioma cells. It would be in-

teresting to determine whether and how PINK1 is involved in
altered regulation of mTORC2 in various human cancers.
Activation of Akt is relevant to survival of dopaminergic

neurons (39). Transduction of constitutively active Akt using
an adeno-associated virus vector protected and preserved
both dopaminergic cells and axonal projections in a highly
destructive mouse model of PD (40). Yang et al. (41) observed
impairment of PI3K/Akt signaling in Drosophila PD models
in which PD-linked genes, DJ-1 and parkin, were down-regu-
lated. In this context, our finding of a new cytosolic pathway
from PINK1 provides an important line of exploration that
should lead to a promising strategy for therapeutic interven-
tion of PD.
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