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Because the phosphatidylinositol-3-kinase-AKT pathway is emerging as an important
regulator of tumor cell survival, inhibitors of this pathway have enormous potential in
cancer treatment. A specific inhibitor of AKT, [p-3-deoxy-2-O-methyl-myo-inositol-1-[(R)-2-
methoxy-3-(octadecyloxy)propyl hydrogen phosphate]] (SH-5) has been recently synthe-
sized, but little is known about its effects on cytokine signaling. We found that SH-5
potentiated the apoptosis induced by tumor necrosis factor (TNF), as indicated by intra-
cellular esterase staining, annexin V staining, and caspase-3 activation. This effect of SH-5
correlated with downregulation of various gene products that mediate cell survival, pro-
liferation, metastasis, and invasion, all known to be regulated by NF-«B. SH-5 also blocked
NF-kB activation induced by TNF-a, lipopolysaccharide, phorbol ester, and cigarette smoke
but not that activated by hydrogen peroxide and RANK ligand, indicating differential
requirement of AKT. Inhibition of NF-«kB correlated with abrogation of phosphorylation
and degradation of IkBa through the inhibition of activation of IkBa kinase (IKK). This led to
suppression of the phosphorylation and translocation of p65 and also of NF-kB reporter
activity induced by TNFR1, TRADD, TRAF2, NIK, and IKKB but not that induced by p65
transfection. Thus, our results clearly demonstrate that inhibition of AKT leads to potentia-
tion of apoptosis through modulation of NF-xB signaling.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

decrease the activity of pro-apoptotic proteins or increase
the activity of anti-apoptotic proteins [4-7]. Activation of PI3K/

AKT, a serine-threonine kinase also known as protein kinase
B, is a central signaling molecule in the phosphatidylinositol-
3-kinase (PI3K) pathway. [1-3]. This kinase is activated by
mitogens and cytokines that function as survival factors. AKT
mediates its effects by phosphorylating substrates that

AKT signaling results in a disturbance of control of cell
proliferation and apoptosis, resulting in competitive growth
advantage for tumor cells. Blockade of the PI3K-AKT pathway
has been found to sensitize various tumor cell types to
apoptotic cell death induced by a variety of chemotherapeutic
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agents [8,9]. Hence, this pathway is an attractive target for the
development of novel anticancer strategies. However, the
molecular mechanisms for such enhanced induction of tumor
cell apoptosis by the combination of a PI3K-AKT inhibitor and
anticancer agents have remained largely unknown.

In addition to directly phosphorylating and inactivating pro-
apoptotic protein targets, AKT can stimulate signaling path-
ways that regulate the activity of transcription factor NF-«B (10—
16). [10-15]. NF-«B is a family of Rel domain-containing proteins
present in the cytoplasm of all cells, where they are keptin an
inactive state by a family of anchorin domain-containing
proteins, which includes IkBa, IxBB, IkBy, IkBe, Bcl-3, p105,
and pl100. Under resting conditions, NF-kB consists of a
heterotrimer of p50, p65, and IkBa in the cytoplasm; only when
activated and translocated to the nucleus is the sequence of
events leading to activation initiated. Most carcinogens,
inflammatory agents, and tumor promoters, including cigarette
smoke, phorbol ester, okadaic acid, H,0,, and tumor necrosis
factor (TNF), have been shown to activate NF-«B. The activation
of NF-«B involves the phosphorylation, ubiquitination, and
degradation of IkBa and phosphorylation of p65, which in turn
leads to the translocation of NF-«B to the nucleus where it binds
to specific response elements in the DNA. The phosphorylation
of IkBa is catalyzed by IkBa kinase (IKK), which is essential for
NF-kB activation by most agents [16-18].

However, the mechanism(s) by which NF-«B-AKT inter-
action contributes to survival in tumor cells is unknown.
In the current study, we used a recently discovered inhibi-
tor of AKT, the phosphatidylinositol ether lipid analogue
[D-3-deoxy-2-O-methyl-myo-inositol-1-[(R)-2-methoxy-3-
(octadecyloxy)propyl hydrogen phosphate]] (SH-5) [19] to
investigate the role of NF-«B as a putative mediator of the
anti-apoptotic function of AKT in TNF-induced cell signaling.
Our results demonstrate that AKT inhibitor potentiates the
TNF-induced apoptosis through downregulation of NF-«B-
regulated anti-apoptotic gene products and the NF-«B
activation pathway.

2. Materials and methods
2.1. Reagents

The phosphatidylinositol ether lipid analogue SH-5 (Fig. 1A)
was obtained from Alexis Biochemicals (San Diego, CA, USA).
A 50mM solution of SH-5 was prepared with dimethyl
sulfoxide, stored as small aliquots at —20 °C, and then diluted
as needed in cell culture medium. Bacteria-derived human
recombinant human TNF, purified to homogeneity with a
specific activity of 5x 10’ U/mg, was kindly provided by
Genentech (South San Francisco, CA, USA). Cigarette smoke
condensate (CSC), prepared as previously described [20], was
kindly supplied by Dr. C. Gary Gairola (University of Kentucky,
Lexington, KY, USA). Penicillin, streptomycin, RPMI 1640
medium, and FBS were obtained from Invitrogen (Carlsbad,
CA). Phorbol 12-myristate 13-acetate (PMA), hydrogen per-
oxide (H,0,), lipopolysaccharide (LPS) and anti-B-actin anti-
body were obtained from Aldrich-Sigma (St. Louis, MO, USA).
N-Acetyl-leucyl-leucyl-norleucinal (ALLN) was purchased
from EMD Biosciences, Inc. (San Diego, CA, USA). Antibodies

against p65, p50, IkBa, cyclin D1, MMP-9, PARP, IAP1, Bcl-2, Bcl-
xL, AKT, and TRAF1 were obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). Anti-COX-2 and anti-XIAP
antibodies were obtained from BD Biosciences (San Diego, CA,
USA). Phospho-specific anti-IkBa (Ser32/36), and phospho-
specific anti-p65 (Ser536) were purchased from Cell Signaling
(Beverly, MA, USA). Anti-IKK-«, anti-IKK-B, and phospho-AKT
(Ser 473), antibodies were kindly provided by Imgenex (San
Diego, CA, USA).

2.2. Cell lines

Cell lines KBM-5 (human myeloid), H1299 (lung adenocarci-
noma), and A293 (human embryonic kidney) were obtained
from American Type Culture Collection (Manassas, VA, USA).
The H1299 cells were cultured in RPMI 1640 medium,
the KBM-5 cells were cultured in IMDM medium with 15%
FBS, and the A293 cells were cultured in DMEM medium
supplemented with 10% FBS. All culture media were also
supplemented with 100 U/ml penicillin and 100 pg/ml
streptomycin.

2.3.  Cytotoxicity assay

Cytotoxicity was assayed by the modified tetrazolium salt
3-(4-5-dimethylthiozol-2-yl)2-5-diphenyl-tetrazolium bromide
(MTT) assay [21] with following modification. Briefly, the cells
(5000 per well) were incubated in triplicate in a 96-well plate in
the presence or absence of indicated test samples in a final
volume of 0.1 mlfor 24 h at 37 °C. Thereafter, 20 pl MTT solution
(5 mg/ml in PBS) was added to each well. After a 2-h incubation
at 37°C, 0.1 ml extraction buffer (20% SDS, 50% dimethylfor-
mamide) was added; incubation was continued overnight at
37 °C; and then the optical density (OD) at 570 nm was measured
by means of a 96-well multiscanner autoreader (Dynatech MR
5000, Chantilly, VA) [23],

2.4.  Live/Dead assay

To measure apoptosis, we used the Live/Dead cell viability
assay (Invitrogen, Carlsbad, CA), which determines intracel-
lular esterase activity and plasma membrane integrity [22].

2.5.  Clonogenic assay

H1299 cells were seeded in six-well plates at 500 cells/well in
RPMI 1640 medium containing 10% serum. After 12 h, cells
were treated with medium containing indicated concentra-
tions of SH-5 and TNF (1 nM). The medium with SH-5 and TNF
was replaced after every 5 days. After 12 days of incubation,
colonies were stained with 0.3% crystal violet solution
(dissolved in 1:1 mixture of methanol and H,0) for 2 min,
washed once with Dulbecco’s phosphate-buffered saline, air-
dried, and manually counted. Each point was a mean of three
replicate wells.

2.6.  Annexin V assay

Annexin V assay was performed as described previously
[23].
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