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The serine-threonine kinase, Akt1/protein kinase B� is an
important mediator of growth, survival, and metabolic signal-
ing. Recent studies have implicated cholesterol-rich, lipid raft
microdomains in survival signals mediated by Akt1. Here we
address the role of lipid raft membranes as a potential site of
intersection of androgenic andAkt1 signaling. A subpopulation
of androgen receptor (AR) was found to localize to a lipid raft
subcellular compartment in LNCaP prostate cancer cells.
Endogenous AR interacted with endogenous Akt1 preferen-
tially in lipid raft fractions and androgen substantially enhanced
the interaction between the two proteins. The association of AR
withAkt1was inhibited by the anti-androgen, bicalutamide, but
was not affected by inhibition of phosphoinositide 3-kinase
(PI3K). Androgen promoted endogenous Akt1 activity in lipid
raft fractions, in a PI3K-independent manner, within 10 min of
treatment. Fusion of a lipid raft targeting sequence to AR
enhanced localization of the receptor to rafts, and stimulated
Akt1 activity in response to androgen, while reducing the cells’
dependence on constitutive signaling through PI3K for cell sur-
vival. These findings suggest that signals channeled through AR
and Akt1 intersect by a mechanism involving formation within
lipid raft membranes of an androgen-responsive, extranuclear
AR/Akt1 complex. Our results indicate that cholesterol-rich
membrane microdomains play a role in transmitting non-
genomic signals involving androgen and the Akt pathway in
prostate cancer cells.

Androgen receptor (AR),3 a member of the nuclear receptor
superfamily of transcription factors, is an important regulator

of reproductive physiology as amediator of the biological activ-
ities of androgen (1). AR also plays a role in the pathogenesis
of prostate cancer (PCa), including progression to the andro-
gen-independent state and metastasis (2, 3). Upon androgen
binding, the AR undergoes conformational changes and
translocates from the cytosol to the nucleus (4), where the
receptor-hormone complex regulates the expression of tar-
get genes (5).
In addition to this well recognized genomic function, AR has

been demonstrated to activate intracellular signaling pathways
by a rapid (occurring in minutes) non-genomic process acti-
vated in response to hormonal stimulation (6, 7). The mecha-
nisms underlying the non-canonical pathways involving theAR
and other nuclear receptors are still poorly understood, how-
ever, possible nongenomic roles for theARhave been described
(8–12). For example, androgen promotes oocytematuration, in
bothXenopus (10) andmouse (12), by a transcription-indepen-
dentmechanism that involves the classical AR (12, 14). Another
report showed that cells treated with 17�-estradiol (E2) or
androgen resulted in cell proliferation mediated by the rapid
formation of a cytosolic signaling complex containing estrogen
receptor-� or -� (ER� or ER� (depending on the cell type)), AR,
and the non-receptor tyrosine kinase, Src (8). Similarly, Koust-
eni et al. (9) showed that ER�, ER�, or AR are capable of acti-
vating the Src-Shc-ERK signaling pathway resulting in the pro-
tection of bone cells (osteoblasts and osteocytes) from
apoptotic stimuli. Membrane-associated AR was also shown to
regulate the activity of both ERK and Akt in C6 glial cells (13).
The recent demonstrations of membrane- or cytoplasm-initi-
ated rapid androgenic signals from several groups indicate that
one or more AR signaling pathways exist in parallel with the
genomic pathway in some physiologic settings (14).
Akt (protein kinase B) is a component of the PI3K/Akt/

PTEN/mTOR signaling pathway (15–17) and consists of three
paralogs with very similar structure and enzymatic properties:
Akt1, Akt2, Akt3. Akt1 is the prototypical member of this fam-
ily (16). Activation of phosphoinositide 3�-kinase (PI3K) gener-
ates phosphatidylinositol 3,4,5-trisphosphate (18), which in
turn binds to the pleckstrin homology domain of Akt, resulting
in recruitment of the kinase to the cell membrane (19).
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