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Figure 7: IKKa enhances imTOR/Rictor kinase activity to Akt. A. PC3 cells were transfected with siRNA IKKa. Endogenous
mTOR/Rictor was immunoprecipitated with the mTOR antibody for mTOR/Rictor kinase activity directed toward recombinant Akt. The
phosphorylation of Akt (anti-phospho-S473) and total Akt, mTOR and Rictor in the kinase assay system and the amount of mTOR, Rictor
and IKKa in the lysate were measured with the indicated antibodies. B. PC3 cells were transfected with different amounts of siRNA IKKa.
The cells were lyses 48 hours post-transfection and the endogenous mTOR/Rictor was immunoprecipitated with the TOR antibody and
incubated with recombinant Akt. The level of mTOR and Rictor in the immunoprecipitates and of endogenous Akt, mTOR, and IKKa in
lysates was determined with the indicated antibodies. C. HEK293T cells were transfected with different amounts of wild type HA-IKKa,
and mTOR and Rictor were immunoprecipitated. mnTOR/Rictor kinase activity toward recombinant Akt was determined with phospho-Akt
antibody following in vitro kinase assay. The protein levels of Akt, mTOR and Rictor in the immunoprecipitates were determined with
the indicated antibodies. D. HeLa cells were transfected with different amounts of wild type or kinase mutated GST-IKKa (expression
indicated by arrow) and the phosphorylation of Akt and S6K, as well as expression of Akt, SOK and GST-IKKa was detected (upper panel).
mTOR were immunoprecipitated and levels of mTOR and Rictor in the immunoprecipitate were examined (lower panel).
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In the current study, we show that IKKa associates
with the mTORC2 complex and positively regulates
mTORC?2 kinase activity directed to Akt (Figure 8). Others
[24] have suggested that IKKf is important in this response
and that IKK promotes Rictor association with mTOR
in the mTORC2 complex, but our data (at least in the
cancer cells studied) indicate that IKK o is more important
than IKKp in controlling Akt activation and that there
is no reduction in Rictor-mTOR association following
IKKa knockdown. Data from our studies indicate that
PI3K and Akt drive IKKa onto the mTORC2 complex,
promoting a feedforward process to maintain mTORC2
activity. Previously we found that the IKKa-directed
phosphorylation (S1415) of mTOR in the mTORCI1
complex stimulates mTORC1 kinase activity [23]. While
expression of an S1415A mTOR mutant suppressed
mTORCI activity, it did not suppress phosphorylation of
Akt [23], suggesting that phosphorylation at this site by
IKKa does not regulate mTORC2 activity. Yet our data
indicate that the kinase activity of IKKa is required to
promote mMTORC?2 and Akt activation (Figure 7D). Thus
a mechanism to explain the effect of IKKa on promoting
mTORC?2 activity is not known. Our findings provide
insights into a previous report showing that the activation
of Akt downstream of BAFF receptor signaling requires
IKKa [29].

Knockout of Rictor in mice demonstrated that
mTORC?2 activates Akt (phosphorylation at S473 and
T308) and controls certain, but not all, Akt substrates [27].
The animal study reported by Sabatini group demonstrated
that both Rictor and mLST8 (GBL) are involved in
mTORC2-induced phosphorylation of FOXO3a, but
not TSC2 or GSK3p. In 2006, mSinl was identified as
another component of mTORC2 but not mTORCI [26,
30]. It has been demonstrated that mSinl is necessary

Figure 8: Model for IKKa regulation of mTORC1
downstream of Akt (A) and regulation of mTORC2
upstream of Akt (B). A. Shows the downstream effectors
of Akt in regulating different key pathways. Akt promotes the
interaction of IKKa with the mTORC1 to promote mTORCI1
activity. B. PI3K signaling via Akt promotes the interaction
with the mTORC2 complex to promote Akt activity directed to
a subset of substrates.

for the assembly of mTORC2 and for its capacity to
phosphorylate Akt/PKB [26, 30]. In addition, similar to
the function of Rictor to mTORC2, mSinl mediates Akt
phosphorylation of FOXO3a [30], while other Akt targets
TSC2, GSK3, and the TORC1 effectors, S6K and 4E-BP1
were unaffected. A mechanism to explain the selective
phosphorylation of Akt substrates in these studies is
not understood. Our data indicate that IKKa acts as an
upstream regulator of mTORC2 to control mTORC2
activity to Akt and its substrate FOXO3a, which is similar
to the function of Rictor and Sinl in regulating Akt and its
downstream targets. Others have reported that IKK-related
kinases IKKe and TBK1 can directly phosphorylate Akt at
S473 [31, 32], thus our data indicate an additional pathway
whereby IKK family members can drive Akt activation.
Our observations that IKKa is critical for regulation of
both mTORC1 and mTORC?2, along with its established
roles in the activation of NF-«kB signaling, indicate IKKa
as an important cancer therapeutic target.

MATERIALS AND METHODS

Cell lines, cell culture and transfection

IKK wild-type and IKKa” were provided by I.
Verma and M. Karin. The prostate cancer cell lines PC3,
LNCaP and DU145, HEK293T, Hela, A549, PANCI
and MiaPaCa-2 cell lines were from ATCC. The LNCaP
cell line was cultured in PMRI1640 with 10% fetal
bovine serum (FBS), 2 mM glutamine, and 100 U/ml
penicillin and streptomycin (GIBCO). All other cells
were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS), 2 mM glutamine, and 100 U/ml penicillin and
streptomycin (GIBCO). Transfections were performed
using Lipofectamine and Plus (Invitrogen) following
the manufacturer’s instructions. In brief, 3-4 hours after
transfection, cells were recovered in full serum for 36
hours or in full serum for 24 hr and then serum-starved for
16 to 24 hours as indicated.

Antibodies and reagents

Antibodies were obtained from the following
sources. Antibodies against IKKoa, IKKf, and mTOR
were obtained from Upstate Biotechnology. Raptor
and Rictor antibodies were obtained from Bethyl
Laboratories. Anti-HA and anti-Flag antibodies were
obtained from Roche and Sigma, respectively. Anti-
Actin was obtained from Calbiochem. The anti-S6K and
control rabbit IgG, as well as HRP-labeled anti-mouse
and anti-rabbit secondary antibodies were from Santa
Cruz Biotechnology. Recombinant Human inactive Akt
is from Upstate Biotechnology. All other antibodies
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were from Cell Signaling. Other reagents were obtained
from the following sources: Insulin was from Invitrogen
Corporation. Protease and phosphatase inhibitor cocktails
were from Roche. The CHAPS was from Pierce. Protein
A and protein G agarose beads were from Invitrogen Life
Technologies.

RNA interference

siRNA SMARTpool IKKa (Catalog #M-003473)
employed in all experiments except Figure 1B. Other two
siRNA, labeled as siRNA-IKKa-2 and siRNA-IKKa-3 in
Figure 1B are from Santa Cruz and Sigma, respectively.
Raptor and Rictor were from Dharmacon. Each of these
represents four pooled SMART selected siRNA duplexes
that target the indicated gene. HeLa, PC3, LNCaP and
DU145 cell lines cells were transfected with indicated
SMARTpool siRNA or nonspecific control pool using
DharmaFECT 1 reagent (Dharmacon) according to
the manufacturer’s instructions. In brief, 20 nM final
concentration of siRNA was used to transfect cells at 60%-
70% confluency. Twenty-four hours after transfection,
cells were recovered in full serum or were serum-starved
16 hr before harvest. Cells were harvested 48 to 72 hr after
siRNA transfection.

Cell lysis, immunoblotting and
coimmunoprecipitation

In brief, cells growing in 100 mm dishes were
rinsed twice with cold PBS and then lysed on ice for
20 min in 1 ml lysis buffer (40 mM Hepes pH 7.5, 120
mM NaCl, 1 mM EDTA, 10 mM pyrophosphate, 10 mM
glycerophosphate, 50 mM NaF, 0.5 mM orthovanadate,
and EDTA-free protease inhibitors (Roche)) containing
1% Triton X-100. After centrifugation at 13,000Xg for
10 min, samples containing 20-50 pug of protein were
resolved by SDS-PAGE and proteins transferred to Pure
Nitrocellulose Membrane (Bio-Rad Lab.), blocked in 5%
nonfat milk, and blotted with the indicated antibodies.
For immunoprecipitation experiments, the lysis buffer
contained 0.3% CHAPS instead of 1% Triton. 4 ug of the
indicated antibodies were added to the cleared cellular
lysates and incubated with rotation for 6-16 hours. Then
25 pl of protein G agorose was added and the incubation
continued for 1 h. Immunoprecipitates captured with
protein G-agorose were washed three times with the
CHAPS Lysis Buffer, two times by wash buffer A (50
mM Hepes, PH 7.5, 150mM NaCl), and boiled in 4x SDS
samples buffer for western blot.

In vitro mTOR/Rictor kinase assay

We followed the protocol for the in vitro assay
of Rictor/mTOR kinase acivity directed to Akt [4].
In brief, transfected HEK293T cells were grown in
100mm dishes for 48 hours in DMEM containing 10%
FBS, and lysed in 1ml lysis buffer with 0.3% CHAPS.
Half of total cell lysate was incubated with anti-mTOR
or anti-Rictor antibody for 3 hours, followed by another
hour of incubation with 25 pul protein G agarose beads.
Immunoprecipitates were washed four times by lysis
buffer, once by the Rictor-mTOR kinase buffer (25 mM
HEpes PH 7.5, 100 mM potassium acetate, | mM MgCI12).
For kinase reaction immunoprecipitates were incubated in
a final volume of 15 pul for 20 min at 37 °C in the rictor-
mTOR kinase buffer containing 500 ng inactive Aktl/
PKBI1 (Aktl/PKB1, Upstate Biotechnology, #14-279) and
500 uM ATP. The reaction was stopped by the addition of
200 pl ice-cold Enzyme Dilution buffer (20 mM MOPS,
pH 7.0, 1 mM EDTA, 0.01% Brij 35, 5% glycerol, 0.1 %
2-mercaptoethanol, 1 mg/ml BSA). After a quick spin, the
supernatant was removed from the protein G-sepharose
and analyzed by immunoblotting.

Statistics

Data from the in vitro experiments are expressed
as mean =+ SEM from a minimum of 3 independent
experiments. Comparison between groups were carried
out by 2-way ANOVA or Student’s ¢ test, and a P value of
less than 0.05 was considered significant.
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