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Whereas several apoptosis-related proteins have been linked to
the antiapoptotic effects of Akt serine–threonine kinase, the search
continues to explain the Akt signaling role in promoting cell
survival via antiapoptotic effects. Here, we demonstrate that Akt
phosphorylates the androgen receptor (AR) at Ser-210 and Ser-790.
A mutation at AR Ser-210 results in the reversal of Akt-mediated
suppression of AR transactivation. Activation of the phosphatidyl-
inositol-3-OH kinaseyAkt pathway results in the suppression of AR
target genes, such as p21, and the decrease of androgenyAR-
mediated apoptosis, which may involve the inhibition of interac-
tion between AR and AR coregulators. Together, these findings
provide a molecular basis for cross-talk between two signaling
pathways at the level of Akt and AR–AR coregulators that may help
us to better understand the roles of Akt in the androgenyAR-
mediated apoptosis.

Androgen receptor (AR), a transcription factor, belongs to
the nuclear receptor superfamily, binds to androgen re-

sponse element, and regulates target genes (1, 2). It generally is
accepted that AR regulates gene expression through a ligand-
dependent mechanism. Once binding to androgen, AR will
change its conformation and translocate from the cytosol to the
nucleus. However, other reports suggest that AR transactivation
also could be induced by growth factors such as epidermal
growth factor, insulin-like growth factor-1 (IGF-1), keratinocyte
growth factor (3), and cytokines like IL-6 in a ligand-
independent manner (4).

AR is a phosphoprotein, and the consensus phosphorylation
sites found in AR indicate that AR could be a substrate for the
DNA-dependent protein kinase, protein kinase A, protein ki-
nase C, mitogen-activated kinase, and casein kinase II (5). This
hypothesis was supported by the observation that protein kinase
A and protein kinase C could enhance AR transactivation (6, 7).
Furthermore, our recent report also demonstrates that the
HER2yNeu–mitogen-activated protein kinase pathway could
phosphorylate AR, which might result in much easier recruit-
ment of AR coregulators to AR. The consequence of this signal
cascade may then enhance AR transactivation (8).

In addition to stimulating the cell growth, androgen andyor
AR also play important roles in the promotion of cell apoptosis.
For example, androgen can induce the thymic atrophy by
acceleration of thymocyte apoptosis (9). Androgen also causes
the biphasic growth (stimulation of cell growth at 10212–10210 M
and suppression of cell growth at 1028 M) in the prostate cancer
LNCaP cells, which express functional AR (10). AR also plays
indispensable roles in the mitogen-activated protein kinase
kinase kinase-1-induced apoptosis in prostate cancer cells (11).
Androgen also induces cell growth inhibition and apoptosis in
the PC-3(AR)2 with stably transfected AR (12). Finally, the
tumor suppressor BRCA-1 increases the AR transactivation and
promotes the androgen-induced cell death (13, 14). Taken
together, it is well documented that androgenyAR may play dual
roles in the promotion of cell growth and apoptosis.

Phosphophatidylinositol 3(OH)-kinase [PI(3)K] contains the
p85 regulatory domain and p110 catalytic domain. The p85
regulatory domain possesses two Src homology 2 domains and an
Src homology 3 domain. The major role of the Src homology 2
domain is to facilitate tyrosine kinase-dependent regulation of
PI(3)K activity by increasing the catalytic activity of p110 and
inducing the recruitment of PI(3)K to the signaling complex (15).
PI(3)K phosphorylates the inositol ring of PI(4,5)biphosphate at
the D-3 position to form PI(3,4,5)P3. This lipid product of
PI(3)K then activates Aktyprotein kinase B (PKB) in the mem-
brane. AktyPKB, an oncoprotein, is a serine–threonine protein
kinase. The amino terminus of AktyPKB contains a pleckstrin
homology domain, which could bind to the lipid products of
PI(3)K (16). Phosphorylation of AktyPKB at Thr-308 and
Ser-473 results in full activation of AktyPKB kinase activity (17).
The PI(3)KyAkt pathway in diverse cell types provides the
survival signal that involves several proapoptotic proteins such as
Bad (18, 19) and Caspase-9 (20).

Sequence analysis of AR reveals two Akt consensus sequences
(RXRXXSyT) (21, 22), located at the amino-terminal domain
and carboxyl-terminal domain that may mediate signal from
HER-2yNeu-Akt pathway. We hypothesize that AR might be a
direct Akt target to mediate the signal from PI(3)K-Akt pathway.
Here, we demonstrate that Akt phosphorylates AR at Ser-210,
inhibits AR transactivation, and blocks AR-induced apoptosis.

Experimental Procedures
Materials. DHT (5a-dihydrotestosterone) was obtained from
Sigma. LY294002, phorbol 12-myristate 13-acetate (PMA), and
IGF-1 were purchased from Calbiochem. Antibodies to Akt,
PI(3)K subunit p85, and p21 were from New England Biolabs,
Upstate Biotechnology (Lake Placid, NY), and Santa Cruz
Biotechnology, respectively. The anti-AR polyclonal antibody,
NH27, was produced as described (23, 24). Dp85 was kindly
provided by M. Kasuga, Kobe University, Kobe, Japan (25), and
p110* was from L. T. Williams, Chiron Corp., Emeryville, CA
(26). pCDNA3 cAkt (a constitutively active Akt with a deletion
at amino acids 4–129 replaced with a consensus myristylation
domain) and pCDNA3 dAkt (a kinase-deficient mutant, K179A)
were from R. Freeman, University of Rochester, Rochester, NY
(27). PC-3(AR)2 and pC-3(AR)6 were from T. J. Brown,
University of Toronto, Ontario, Canada (12), and thymocytes
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S7MC and SAR-91 were from R. L. Miesfeld, University of
Arizona, Tucson, AZ (28).

Cell Culture and Transfections. The DU145 and PC-3 cells were
maintained in DMEM containing penicillin (25 unitsyml), strep-
tomycin (25 mgyml), and 5% FCS. The LNCaP cells were
maintained in RPMI-1640y10% FCS. Transfections were per-
formed by using the calcium phosphate precipitation method in
PC-3 and DU145, as described (8). LNCaP cells were transfected
by using SuperFect according to manufacturer’s procedures
(Qiagen, Chatsworth, CA).

Site-Directed Mutagenesis of AR. pSG5–wild-type AR (wtAR) was
used as the DNA mutagenesis template to anneal with muta-
genic primers: 59-AGGGAGGCCGCGGGGGCT-39 and 59-
AGGCACCTCTCTCAAGAGTTT-39. The mutant strand was
synthesized with T4 DNA polymerase and T4 DNA ligase by
using the Gene Editor Kit (Promega) and then used to transform
BMH71–18 muS cells. The plasmid DNAs were isolated from the
selection plates and then transformed into JM109 cells. The
mutant plasmids then were confirmed by DNA sequencing.

Immunoprecipitation, Western Blotting, and in Vitro AR Phosphor-
ylation. Immunoprecipitation, Western blotting, and AR phos-
phorylation were performed as described (29). Briefly, immu-
noprecipitated PI(3)K or Akt from LNCaP cells stimulated with
IGF-1 (50 mgyml) for 30 min were incubated with 1 mg of
purified AR peptide in Hepes buffer (20 mM Hepes, pH 7.4y10
mM MgCl2y10 mM DTTy2 mM ATP) and 10 mCi of [g-32P]ATP
at room temperature for 1 h. Reactions were stopped by adding
an equal volume of 2 3 SDS loading buffer and subjected to
SDSyPAGE, followed by autoradiography. To confirm that the
Akt and PI(3)K used in this experiment are active, the histone
2B (H2B) and phosphatidylinositol (PI) were used as a substrate
for Akt and PI(3)K, respectively.

LNCaP Stable Transfections. The LNCaP cells were transfected
with pcDNA3 or pcDNA3 dAkt for 24 h. The cells were selected
by using 300 mgyml neomycin (GIBCOyBRL). An individual
single colony was picked, amplified, and confirmed by Western
blot analysis.

Apoptosis Assay. The terminal deoxynucleotidyltransferase-
mediated UTP end-labeling (TUNEL) assay was performed to
measure the cell apoptosis according to the standard procedures
(Oncogene Research Products, Boston). At least 200 cells were
scored for each sample, and the data were means 6 SD from
three independent experiments.

In Vivo AR Phosphorylation. For labeling experiments, COS-1 cells
were cultured in DMEMy10% FCS and transfected with
pSG5-AR by using SuperFect for 24 h according to manufac-
turer’s procedures (Qiagen); the medium then was changed to
phospho-free DMEMy10% FCS containing 200 mCiyml ortho-
32P (New England Nuclear) for 4 h. During the 32P labeling, cells
were pretreated with ethanol or LY294002 for 30 min, followed
by IGF-1 treatment for 2 h. Cells were lysed by radioimmuno-
precipitation assay buffer, and the total cell lysates were incu-
bated with NH27. The AR immunocomplex was subjected to
SDSyPAGE followed by autoradiography.

Result and Discussion
Akt Phosphorylates AR in Vitro. Because the regions surrounding
Ser-210 (RAREAS) and Ser-790 (RMRHLS) in AR conform to
a consensus sequence (RXRXXSyT) of the Akt phosphorylation
site, we first mutated these two Ser sites to alanine, which cannot
be phosphorylated. Expression vectors with wtAR or either one
of the two mutant ARs (mtAR S210A, mtAR S790A) then were

transfected into prostate cancer DU145 cells without endoge-
nous AR and assayed for their ability to be phosphorylated by
Akt in vitro. As shown in Fig. 1A, the degree of Akt phosphor-
ylation of mtAR S210A and mtAR S790A, as compared with
wtAR, was reduced significantly, suggesting these two sites could
be targets for Akt phosphorylation.

Fig. 1. AR is a direct Akt target. (A) Akt-consensus phosphorylation sites
(Ser-210 and Ser-790) of AR are responsible for AR phosphorylation. wtAR,
mtAR S210A, or mtAR S790A was transfected into DU145. After transfection,
whole-cell extract was immunoprecipitated with the anti-AR antibody, NH27.
Half of the precipitated complex was treated with Akt and [g-32P]ATP for 2 h
and analyzed by SDSyPAGE. To verify the equal expression levels of the wtAR
and mtAR constructs, the remaining immunoprecipitates were subjected to
Western blot analysis as shown (Lower). (B) Akt interacts with AR in LNCaP cells
in vivo. LNCaP cell lysates were immunoprecipitated (IP) with anti-Akt or
normal IgG (N-IgG). The immunoprecipitated complexes were immunoblot-
ted (IB) with AR antibody (NH27) or anti-Akt antibody, respectively. (C) In vitro
phosphorylation of AR by Akt, but not by PI(3)K. One microgram of N-DBD AR
or 1 mg of DBD-LBD AR purified from E. coli was treated for 1 h with Akt or
PI(3)K. Phosphorylation of the AR was detected by separation on 12.5%
SDSyPAGE and autoradiography. The Akt and PI(3)K used in this experiment
are active, as determined by phosphorylating H2B and PI, respectively, which
is shown (C, Upper).
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We then used coimmunoprecipitation to demonstrate that Akt
could interact with the AR in vivo. As shown in Fig. 1B, the
anti-Akt antibody-precipitated complex from LNCaP whole-cell
extract contained the AR, suggesting that the AR could interact
with Akt in vivo. Two purified Escherichia coli expressed AR
peptides that covered most of the N-terminal and DNA-binding
domains (N-DBD, amino acids 36–643) (8), or the DBD and
ligand-binding domains (DBD-LBD, amino acid 553–918) (8),
then were used as the substrates for Akt. As shown in Fig. 1C,
Akt phosphorylated the N-DBD AR peptide. The DBD-LBD
AR peptide also could be phosphorylated by Akt. In contrast,
PI(3)K failed to phosphorylate either N-DBD or DBD-LBD,
suggesting that phosphorylation of AR by Akt is specific.

Akt Phosphorylates AR in Vivo and Inhibits AR Transactivation. We
then demonstrated that activation of Akt by IGF-1 in COS-1 cells
could be blocked by LY294002, a specific PI(3)K blocker (Fig.
2A). Fig. 2B further shows that IGF-1 strongly induced AR
phosphorylation, and its effect was blocked by LY294002, sug-
gesting IGF-1 can phosphorylate AR via the PI(3)KyAkt path-
way in vivo. Furthermore, Fig. 2C showed that the constitutively
active Akt (cAkt) (30), but not the dominant-negative Akt
(dAkt) (30), phosphorylated wtAR but not mutant ARs (mtAR

Fig. 2. Phosphorylation of AR by Akt in vivo. (A) Activation of Akt by IGF-1.
COS-1 cells were pretreated with ethanol or 20 mM LY294002 for 30 min,
followed by treatment with 100 ngyml IGF-1 for 30 min. The total cell lysates
were immunoprecipitated by anti-Akt antibody (New England Biolabs). The
immunocomplex was subjected to SDSyPAGE, followed by immunoblot with
phospho-Akt (S473) antibody or Akt antibody. (B) IGF-1 phosphorylates AR in
vivo via Akt. COS-1 cells were cultured in [32P]PO4-containing medium. AR
immunocomplex was subjected to SDSyPAGE followed by autoradiography.
Immunoblotting confirmed equivalent amounts of AR in immunocomplex. (C)
cAkt, but not dAkt, phosphorylates wtAR, but not mtAR S210A and mtAR
S790A, in vivo. COS-1 cells were transfected with wtAR, mtAR S210A, or mtAR
S790A in combination with PCDNA3 vector, cAkt, or dAkt. After 24 h of
transfection, cells were labeled with [32P]PO4 for 4 h. (D) Suppression of AR
transactivation by Akt in a dose-dependent manner. The DU145 cells were
transfected with various plasmids, as indicated, for 24 h, followed by DHT
treatment for another 24 h. Transactivation was measured by CAT activity by
using mouse mammary tumor virus–CAT as a reporter. (E) mtAR S210A is
resistant to Akt suppressive effect on AR transactivation. DU145 cells were
transfected with plasmids encoding wtAR, mtAR S210A, or mtAR S790A in
presence of cAkt or dAkt for 24 h. Ligand treatment and AR transactivation
were performed as previously described. The data are means 6 SD from three
independent experiments.

Fig. 3. Inhibition of AR transactivation by PI(3)KyAkt pathway. (A) AR
transactivation is enhanced through the inhibition of PI(3)K activity by Dp85
and LY294002. The DU145 cells were treated with LY294002 for 30 min before
DHT treatment; the transactivation activity was determined after 24 h of
transfection. (B) Suppression of AR transactivation by p110* in a dose-
dependent manner. (C) Suppression of AR transactivation by PI(3)K via Akt but
not via p70S6K. The DU145 cells were transfected with plasmids, as indicated,
for 16 h. Cells were treated with 20 nM rapamycin or 20 mM LY294002 for 30
min before 1 nM DHT treatment. The data are means 6 SD from three
independent experiments.
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S210A or mtAR S790A), which is in agreement with those in vitro
results (Fig. 1 A). cAkt and dAkt then were applied to test
whether phosphorylation of AR by Akt may result in the
modulation of AR transactivation. As shown in Fig. 2D, cAkt
could repress wtAR transactivation in a dose-dependent man-
ner, and dAkt could induce wtAR transactivation in a dose-
dependent manner in DU145 cells. Our finding that dAkt
enhanced the AR transactivation (Fig. 2D) suggests that the
endogenous Akt activity might contribute to the suppression of
the AR transactivation. Similar results also were observed in
PC-3 and LNCaP cells (data not shown). Modulation of AR
transactivation by Akt was further confirmed by using two AR
mutants, mtAR S210A and mtAR S790A, in transient transfec-
tion assays. As shown in Fig. 2E, although cAkt could still repress
wtAR-mediated transactivation, cAkt had less ability to repress
mtAR S210A-mediated transactivation. The ability of dAkt to
further promote AR transactivation was also reduced signifi-
cantly in mtAR S210A (Fig. 2E). Conversely, transfection with
mtAR S790A changed only marginally Akt-mediated repression
of AR transactivation (Fig. 2E). Together, data from Fig. 2
indicate that AR is a substrate for Akt, and Ser-210, but not
Ser-790 in AR, could be the essential phosphorylation site to
mediate the Akt-repressed AR transactivation. Nevertheless, as
our data (Fig. 2E) show that cAkt can still suppress the mtAR
S210A transactivation, it is likely that sites other than Ser-210

and Ser-790 also may contribute to the modulation of AR
activity.

Akt Is a Downstream Effector to Mimic PI(3)K Effect on Suppression of
AR Transactivation. The finding that Akt could phosphorylate and
inhibit AR transactivation was further extended to the Akt
upstream activator, PI(3)K. In DU145 cells, we first examined
the effect of Dp85, a dominant-negative form of PI(3)K, and
found that, in the presence of androgen, Dp85 could enhance AR
transactivation in a dose-dependent manner (Fig. 3A).
LY294002, an inhibitor of PI(3)K, also showed enhancement of
AR transactivation. Taken together, these results suggest that
both LY294002 and Dp85 may be able to interrupt the endog-
enous PI(3)K activity that negatively regulates AR transactiva-
tion. Our data also showed that AR transactivation could be
repressed by p110* (26), the constitutively active form of PI(3)K,
in a dose-dependent manner (Fig. 3B).

We then demonstrated that the suppression of AR transacti-
vation by p110* was not influenced by the addition of rapamycin,
an inhibitor of a ribosomal S6 kinase (p70S6K) (Fig. 3C),
suggesting the PI(3)K-repressed AR transactivation may not
function through the p70S6K pathway. Fig. 3C showed that the
DHT-induced AR transactivation could be repressed by p110*,
and the addition of dAkt reversed this p110*-repressed AR
transactivation (Fig. 3C). Furthermore, the LY294002-induced

Fig. 4. Effect of PI(3)KyAkt pathway on the interaction between AR and
ARA70. (A) Modulation of interaction between AR and ARA70 by cAkt, dAkt,
or LY294002. The DU145 cells were transfected with 2.5 mg of GAL4-ARA70
and 2.5 mg of VP16-AR, followed by treatment with LY294002 or vehicle 30
min before DHT treatment. The interaction between AR and ARA70 was
determined by CAT assay by using pG5-CAT as a reporter. (B) The enhanced AR
transactivation by various AR coactivators, ARA70, ARA54, TIF2, and SRC-1,
could be further promoted in the presence of LY294002 or Dp85. The data are
means 6 SD from three independent experiments.

Fig. 5. PI(3)KyAkt pathway suppressed androgenyAR-induced apoptosis. (A)
PC-3(AR)2 and PC-3(AR)6 expressed AR protein. PC-3 cells were stably trans-
fected with AR, followed by selection with hygromycin B, and confirmed by
Western blotting by using AR antibody NH27, whereas LNCaP was used as a
positive control. (B) AndrogenyAR-induced apoptosis in PC-3(AR)2, PC-3(AR)6,
and SAR-91 were inhibited by PI(3)KyAkt pathway. SAR-91, S7MC, PC-3(AR)2,
and PC-3(AR)6 were treated with LY294002 (20 mM) or HF (5 mM) for 30 min,
followed by addition of IGF-1 (100 ngyml) for another 30 min before DHT
treatment. After 3 days, cell apoptosis was analyzed by TUNEL assay. The data
are means 6 SD from three independent experiments.
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AR transactivation could be repressed by the addition of cAkt
(Fig. 3C). Together, the data from different approaches de-
scribed in Fig. 3 clearly demonstrate that the PI(3)KyAkt, but not
PI(3)Kyp70S6K signaling pathway, can modulate the AR trans-
activation. As LY294002 has more potent effect on AR trans-

activation than Dp85 and dAkt, it is also possible that signal
pathways other than PI(3)KyAkt may be involved in LY294002
action.

Suppression of the Interaction Between AR and AR Coregulators by
PI(3)KyAkt Pathway. Recent studies suggest that steroid receptors
might require the presence of coregulators for their proper or
maximal transactivation (23, 24). To study the molecular mech-
anism of PI(3)KyAkt repression of AR transactivation, we used
a mammalian two-hybrid system to determine the potential
effects of Akt on the interaction of AR and ARA70, an AR
coregulator that can enhance AR transactivation. GAL4DBD
fused to ARA70 amino acids 176–401 (GAL4-ARA70) and
VP16 fused to the AR amino acids 36–918 (VP16-AR) were
transfected into DU145 cells in the presence or absence of cAkt,
dAkt, and LY294002. As shown in Fig. 4A, transient transfection
of VP16-AR and GAL4-ARA70, without addition of DHT,
showed negligible activity. However, the chloramphenicol
acetyltransferase (CAT) activity could be induced by cotrans-
fection of AR and ARA70 in the presence of 1 nM DHT.
Addition of dAkt or LY294002 further enhanced the interaction
between the AR and ARA70.

In contrast, addition of cAkt repressed the AR and ARA70
interaction as well as the LY294002 enhancement of the inter-
action between the AR and ARA70 (Fig. 4A). Similar repression
effects also occurred when we replaced ARA70 with other AR
coregulators, such as ARA54 (31) or TIF-2 (23) (data not
shown). cAkt and dAkt, however, had very little effect on the
interaction between GAL4 fused AR-LBD (amino acids 653–
918) and VP16-fused ARA70 (VP16-ARA70), VP16-ARA54,
or VP16-TIF2 (data not shown). Using mouse mammary tumor
virus–CAT reporter, we confirmed that the induced AR trans-
activation by various AR coregulators, such as ARA70, ARA54,
TIF2, or SRC-1 (23), could be further enhanced in the presence
of LY294002 or Dp85 (Fig. 4B). Together, these data indicate the
suppression of AR transactivation by PI(3)KyAkt may involve
the inhibition of AR and ARA interaction.

Our findings that only the interaction between VP16-AR
(amino acids 36–918) and GAL4-ARA70, but not VP16-ARA70
with GAL4-ARLBD (amino acids 653–918), can be repressed by
cAkt suggests Akt may repress the interaction of AR and ARAs
through the AR N-terminal domain. This is consistent with our
above conclusion that phosphorylation of the N-terminal Ser-
210 mediates Akt repression of AR transactivation. Together,
the discovery that phosphorylation of the AR N-terminal by Akt
can repress AR transactivation, through inhibiting the interac-
tion of AR and ARAs, represents a molecular mechanism
explaining the cross-talk between Akt and AR signaling
pathways.

Whereas most data suggest that androgenyAR may be criti-
cally involved in the proliferation of prostate cancer (32), the
opposite roles of androgenyAR in the inhibition of cell growth
and promotion of apoptosis also are well documented (11–13,
33). To correlate PI(3)KyAkt suppression of AR transactivation
to androgen-induced apoptosis, we first demonstrated that ad-
dition of androgen could induce cell apoptosis in prostate cancer
cells PC-3(AR)2, PC-3(AR)6, and thymoma SAR-91 cells that
were stably transfected with AR (Fig. 5B). Compared with the
parent cell line PC-3(M), Western blot analyses indicated PC-
3(AR)2 and PC-3(AR)6 cells express similar amounts of AR
(Fig. 5A). Addition of hydroxyflutamide (HF), an antiandrogen,
showed inhibition of androgen-induced apoptosis, suggesting
AR plays an essential role in the apoptosis (Fig. 5B). We further
found that IGF-1 could repress androgen-induced apoptosis, and
this repression could be reversed by the addition of LY294002
(Fig. 5B). We also determined that addition of androgen showed
no apoptotic effect in S7MC, the thymoma parent cell line (Fig.
5B), or PC-3(M) (data not shown). Together, Fig. 5 demon-

Fig. 6. AndrogenyAR-induced apoptosis and p21 expression were inhib-
ited by Akt. (A) Akt suppressed androgenyAR-induced p21 promoter ac-
tivity. PC-3 cells were transfected with different plasmids, as indicated, for
16 h, followed by DHT treatment for another 16 h. p21 promoter activity
was determined by luciferase activity. (B) AndrogenyAR-induced PC-3(AR)6
apoptosis and p21 protein expression was blocked by Akt. PC-3(AR)6 was
transfected with pCDNA3, cAkt, or dAkt, as indicated, for 16 h. The cells
then were treated with DHT for 3 days; cell apoptosis was then determined
by TUNEL assay. p21 protein expression was detected by Western blotting
by using p21 monoclonal antibody. (C) AR-induced p21 protein expression
was enhanced by dAkt in LNCaP cells. LNCaP stable clones (pCDNA3 and
dAkt) were treated with 10 nM DHT for 2 days; the p21 protein expression
then was detected. LNCaP stable transfection with dAkt was confirmed by
Western blot assay by using phospho-Akt (Ser-473) antibody. (D) DHT and
PMA synergistically induced p21 expression and apoptosis in LNCaP cells.
LNCaP cells were pretreated with HF or vehicle for 30 min followed by
treatment with DHT for 24 h. PMA then was added for another 24 h, and
cell apoptosis was determined by TUNEL assay. (E) Activation of PI(3)KyAkt
pathway by IGF-1 suppresses DHTyPMA-induced apoptosis. LNCaP stable
clones (pCDNA3 and dAkt) were treated with 10 nM DHT for 24 h followed
by treatment with 20 mM LY294002 for 30 min. IGF-1 was added for another
30 min, followed by 10 nM PMA treatment for another 24 h. The apoptosis
was determined by TUNEL assay. The data are means 6 SD from three
independent experiments.
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strates that the PI(3)KyAkt pathway can modulate androgen-
induced apoptosis, and AR may function as a proapoptotic factor
in prostate cancer or thymoma cells.

Suppression of AyAR-Induced Apoptosis and p21 Expression by PI(3)Ky
Akt Pathway. Early reports suggested that mitogen-activated
protein kinase kinase kinase-1 may induce prostate cell apopto-
sis via the induction of AR transactivation (11). We were
interested in testing the correlation of PI(3)KyAkt pathway to
the expression of cyclin-dependent protein kinase inhibitor p21,
an AR target gene (34) that plays important roles in the
regulation of the cell-cycle arrest. Several reports further linked
p21 as a proapoptotic factor that can induce apoptosis (35, 36)
As shown in Fig. 6A, 10 nM DHT could induce p21 promoter
activity, and cAkt could repress p21 expression in a dose-
dependent manner in PC-3 cells. In contrast, dAkt enhanced p21
expression in a dose-dependent manner (Fig. 6A). This Akt-
regulated p21 protein expression also correlated well with the
androgen-induced apoptosis that was suppressed by cAkt in
PC-3(AR)6 cells (Fig. 6B). Similar correlations between the
PI(3)KyAkt pathway, androgen-induced apoptosis, and p21 ex-
pression also occurred in LNCaP cells, which express functional
AR. Fig. 6C showed that LNCaP cells stably transfected with
dAkt have a 50% reduction in Akt activity that resulted in the
considerable enhancement of p21 expression in response to
androgen from 2.5-fold to 14.5-fold.

The expression of p21 again correlated very well with LNCaP
cell apoptosis that is induced by 10 nM DHT and 1 nM PMA, the

activator of the protein kinase C (Fig. 6D). Addition of HF then
could repress this DHTyPMA-mediated apoptosis (Fig. 6D). In
contrast, DHT or PMA, per se, had only marginal effects on
apoptosis, suggesting that DHT and PMA cooperatively induced
LNCaP cell apoptosis (Fig. 6D). IGF-1 activation of the PI(3)Ky
Akt pathway partially repressed DHTyPMA-induced apoptosis
in LNCaP parent cells, and LY294002 could reverse this IGF-1
suppression (Fig. 6E). In contrast, IGF-1 showed only marginal
suppressive effects on DHTyPMA-induced apoptosis in LNCaP
cells stably transfected with dAkt. Fig. 6 demonstrates that the
PI(3)KyAkt pathway is able to suppress the DHTyPMA-induced
apoptosis in LNCaP cells, which has positive correlation to the
p21 expression.

Taken together, our data demonstrate that AR is an additional
substrate for Akt and that the PI(3)KyAkt pathway can phos-
phorylate AR and inhibit AR target genes, such as p21, to
modulate androgenyAR-mediated apoptosis. These results not
only expand the roles of Akt into androgenyAR-regulated
prostate cancer growth, they may also expand the classic roles of
AR (in cell proliferation) into the Akt-mediated apoptotic
pathway. The linkage between these two signaling pathways at
the level of Akt and AR may therefore provide us with another
angle with which to study cell growth and death.
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