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We measured the insulin-stimulated amount of Aktl,
Akt2, and Akt3 enzymatic activities in four breast can-
cer cell lines and three prostate cancer cell lines. In the
estrogen receptor-deficient breast cancer cells and the
androgen-insensitive prostate cells, the amount of Akt3
enzymatic activity was approximately 20-60-fold higher
than in the cells that were estrogen- or androgen-re-
sponsive. In contrast, the levels of Aktl and -2 were not
increased in these cells. The increase in Akt3 enzyme
activity correlated with an increase in both Akt3 mRNA
and protein. In a prostate cancer cell line lacking the
tumor suppressor PTEN (a lipid and protein phospha-
tase), the basal enzymatic activity of Akt3 was constitu-
tively elevated and represented the major active Akt in
these cells. Finally, reverse transcription-PCR was used
to examine the Akt3 expression in 27 primary breast
carcinomas. The expression levels of Akt3 were signifi-
cantly higher in the estrogen receptor-negative tumors
in comparison to the estrogen receptor-positive tumors.
To see if the increase in Akt3 could be due to chromo-
somal abnormalities, the Akt3 gene was assigned to hu-
man chromosome 1q44 by fluorescence in situ hybrid-
ization and radiation hybrid cell panel analyses. These
results indicate that Akt3 may contribute to the more
aggressive clinical phenotype of the estrogen receptor-
negative breast cancers and androgen-insensitive pros-
tate carcinomas.

Akt (also called protein kinase B) is a serine/threonine pro-
tein kinase that has been implicated in mediating a variety of
biological responses including inhibiting apoptosis and stimu-
lating cellular growth (reviewed in Ref. 1). There are three
mammalian isoforms of this enzyme, Aktl, Akt2, and Akt3 (1).
Aktl was found to be the cellular homolog of a viral oncogene
(v-Akt) that causes leukemia in mice (2). Further confirming
the oncogenic potential of Akt, Aktl was found to be overex-
pressed in 20% of gastric adenocarcinomas, and Akt2 was over-
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expressed in 3% of breast cancers, 15% of ovarian cancers, and
12% of pancreatic cancers because of gene amplification (2—4).

Moreover, recent studies have documented that the tumor
suppressor called PTEN or MMAC1 is actually a lipid phos-
phatase that can dephosphorylate phosphatidylinositol 3,4,5-
trisphosphate (5). Since this lipid is one of the primary activa-
tors of Akt (1), loss of PTEN results in a high basal activity of
Akt in a variety of tumors including glioblastomas and prostate
cancer lines, while reintroduction of PTEN suppresses Akt
activity (6—12). Finally, much of the ability of PTEN to regulate
the cell cycle and induce apoptosis appears to be mediated via
its ability to regulate Akt enzymatic activity (6-12).

Although the ¢cDNA encoding rat Akt3 was identified over 3
years ago (13), little information has been reported on this
isoform. Like Aktl and Akt2, Akt3 contains a pleckstrin ho-
mology domain, which is highly homologous to those of Aktl
and -2 and presumably binds phosphatidylinositol 3,4,5-
trisphosphate and is involved in activation of this enzyme (13).
Also, like these other isoforms, Akt3 contains a threonine res-
idue in the same region as a critical regulatory phosphorylation
site present in the activation loop of Aktl and -2 and is phos-
phorylated by the same enzyme, PDK1, that phosphorylates
this site in the other isoforms (14). Unlike Aktl and -2, Akt3
was initially reported to lack the second critical regulatory
phosphorylation site in its carboxy tail (13), although this has
now been questioned (15, 16). In addition, its tissue distribu-
tion appears to be more limited than that of Aktl and -2, being
primarily expressed in brain and testis (13).

In the present studies, we have examined the levels of Akt3
in both breast cancer and prostate cancer cell lines. We find
that both the Akt3 enzymatic activity and mRNA are elevated
in breast cancer cell lines and tumors that lack the estrogen
receptor (ER)! as well as in prostate cancer cell lines that
are androgen-insensitive. These results indicate that Akt3
may contribute to the more aggressive clinical phenotype of
these hormone-unresponsive breast and prostate carcinomas
(17-20).

EXPERIMENTAL PROCEDURES

Materials—Cell culture media and the RT-PCR kit were from Life
Technologies, Inc. Total RNA and poly(A) RNA were isolated using the
RNeasy kit from Qiagen (Chatsworth, CA) and the Fast Track 2.0 kit
from Invitrogen (Carlsbad, CA), respectively. The primers for the Akt1,
Akt2, Akt3, ER, PTEN/MMACI, and B-actin were from Operon Tech-
nologies Inc. (Alameda, CA). [y-*PJATP (3000 Ci/mmol) was from NEN
Life Science Products, and [-*2P]dCTP (3000 Ci/mmol) was from Am-
ersham Pharmacia Biotech. The Akt substrate peptide (21) was syn-
thesized in the Beckman-PAN facility (Stanford, CA). Nitrocellulose
(Protran) and nylon (Nytran) membranes were from Schleicher &

! The abbreviations used are: ER, estrogen receptor; PCR, polymer-
ase chain reaction; RT-PCR, reverse transcription-PCR; FISH, fluores-
cence in situ hybridization; HA, hemagglutinin.
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Schuell; the random priming kit, anti-HA monoclonal antibody
(12CAb5), and FuGene6 transfection reagent were from Roche Molecular
Biochemicals; and anti-FLAG antibodies (M5) were from Sigma. A
monoclonal antibody to the ER antibody (HC-20) was purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Rabbit polyclonal
anti-Aktl and anti-Akt3 antibodies directed against their respective
pleckstrin homology domains were produced as described (22). Anti-
Akt2 antibodies were a gift of Dr. Birnbaum (23). A monoclonal anti-
Akt1 antibody and a sheep anti-Akt3 antibody were from Transduction
Laboratories (Lexington, KY) and Upstate Biotechnology, Inc. (Lake
Placid, NY), respectively. Protein A-Sepharose and protein G-Sepha-
rose were from Repligen (Cambridge, MA) and Amersham Pharmacia
Biotech, respectively.

Expression Plasmids—The pECE construct coding the HA-tagged
human Aktl was as described (24). The pECE constructs encoding
FLAG-tagged rat Akt2 and FLAG-tagged rat Akt3 (13) were kindly
provided by Dr. Kikkawa (Kobe, Japan).

Transient Transfections—Human embryonic kidney 293T cells were
maintained in Dulbecco’s modified Eagle’s medium supplemented with
10% fetal calf serum at 37 °C, in an atmosphere containing 5% CO.,.
Cells were transfected using FuGene6 with 1 ug of plasmid DNA
(HA-tagged Akt1-pECE, FLAG-tagged Akt2-pECE, FLAG-tagged Akt3-
pECE, or vector without ¢cDNA insert). Transfected 293T cells were
extracted in 1 ml of lysis buffer containing 50 mwm Tris-HCI, pH 7.5, 150
mM NaCl, 1% (w/v) Triton X-100, 10% glycerol, 0.5 mm EDTA, 1 mm
dithiothreitol, 1 mM benzamidine, 1 mM phenylmethylsulfonyl fluoride.
Lysates were centrifuged for 15 min at 15,000 X g and immunoprecipi-
tated with 2.5 ul of anti-Akt1, 5.0 ul of anti-Akt2, or 2.5 ul of anti-Akt3
antibodies. Immunoprecipitants were resolved on 12.5% SDS-polyacryl-
amide gels and transferred to nitrocellulose membranes. Akt2 and Akt3
were detected by Western blotting with anti-FLAG antibodies (1:1000),
while Aktl was detected with anti-HA antibodies (1:5000).

Akt Enzyme Assays—Breast cancer cells (MCF-7, T-47D, MDA-MB-
231, HBL-100) and prostate cancer cells (LNCaP, DU-145, PC-3) were
maintained in a humidified atmosphere of 5% CO, in RPMI 1640
medium supplemented with 5% fetal calf serum, 3 mm L-glutamine, 100
ug/ml streptomycin, and 100 units/ml penicillin. Cells were serum-
starved overnight, stimulated with insulin, lysed in 1 ml of lysis buffer
(50 mMm Tris-HCI, pH 7.5, 150 mM NaCl, 1% (w/v) Triton X-100, 10%
glycerol, 1 mm EDTA, 1 mm dithiothreitol, 1 mm benzamidine, 1 mm
phenylmethylsulfonyl fluoride, 1 mg/ml bacitracin, 1 mm Na;VO,, 30
mM NaPP;, 10 mm NaF, 100 nM okadaic acid). Following centrifugation
as above, the supernatants were incubated for 2 h at 4 °C with protein
A-Sepharose beads coated with 2.5 ul of anti-Aktl, 5.0 ul of anti-Akt2,
or 2.5 ul of anti-Akt3 antibodies. Immunoprecipitates were washed
three times with the lysis buffer and twice with the kinase assay buffer
(50 mm Tris-HCI, pH 7.5, 10 mm MgCl,, 1 mMm dithiothreitol) and
assayed using GSK-3 peptide (GRPRTSSFAEG) as substrate as de-
scribed (25). Following the kinase reaction, the phosphorylated peptide
was separated from unincorporated [y-**P]ATP on a 40% polyacryl-
amide gel containing 6 M urea. The phosphopeptide spots were excised
and counted. Control assays using protein A-Sepharose beads preab-
sorbed with normal rabbit serum were run concurrently, and the values
from these were subtracted from the experimental.

Western Blot Analyses—Breast cancer cells and prostate cancer cells
were homogenized with lysis buffer (as described above). After centrif-
ugation at 15,000 X g for 30 min, the supernatants (1 mg of protein)
were incubated for 2 h at 4 °C with either protein G-Sepharose beads
coated with 5 ug of sheep anti-Akt3 antibodies or protein A-Sepharose
beads coated with rabbit anti-Akt1 antibodies. The bound proteins were
resolved on 12.5% SDS-polyacrylamide gels and transferred to nitrocel-
lulose membranes. Akt3 was detected by Western blotting with the
rabbit anti-Akt3 antibodies (1:1000), while Akt1l was detected with the
monoclonal anti-Akt1 antibody (1:1000).

Reverse Transcription-PCR—Total RNA was extracted from tissue
culture cells using RNAeasy (Qiagen). Primary human breast tumor
tissues were collected fresh from mastectomy and biopsy specimens and
snap frozen in liquid nitrogen (26). Total RNA was isolated from these
specimens using Trizol reagent (Life Technologies). The quality and
quantity of the RNA were determined by measuring the absorbance at
260 and 280 nm. For RT-PCR studies, first-strand ¢cDNA was synthe-
sized from 1-5 pg of total RNA with an oligo(dT) primer and Super
Script II reverse transcriptase (Life Technologies). Primers for PCR of
human PTEN/MMAC1 were 5'-GGACGAACTGGTGTAATGATATG-3'
(forward primer) and 5'-TCTACTGTTTTTGTGAAGTACAGC-3' (re-
verse primer) to amplify a 671-bp fragment. Forward and reverse prim-
ers for human Aktl were 5'-ATGAGCGACGTGGCTATTGTGAAG-3’
and 5'-GAGGCCGTCAGCCACAGTCTGGATG-3', respectively; for hu-
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man Akt2, 5'-ATGAATGAGGTGTCTGTCATCAAAGAAGGC-3’ and 5'-
TGCTTGAGGCTGTTGGCGACC-3', respectively; for human Akt3, 5'-
ATGAGCGATGTTACCATTGT-3" and 5-CAGTCTGTCTGCTACAGC-
CTGGATA-3’, respectively; for the ER, 5'-GTGCCCTACTACCTGGAG-
AACGAGCCCAGC-3’ and 5'-AGCATAGTCATTGCACACTGCACAGT-
AGCG-3', respectively; for B-actin, 5'-AGCAAGAGAGGCATCCTCAC-
CCTGAAGTACC-3' and 5'-CAGATTCTCCTTAATGTCACGCACGAT-
TTCCC-3’, respectively. For Akt3, the human sequence was based on
EST94063 (GenBank™ accession number AA381040) and EST753876
(GenBank™ accession number AA479072). The conditions used for
amplification were as follows: 94 °C for 1 min followed by 55 °C for 1
min and 72 °C for 1 min in a 50-pl reaction buffer containing cDNA
generated from 20 ng of total RNA, 0.2 mM each dNTP, 0.2 uMm each
primer, and 2.5 units of Taq polymerase (Life Technologies). Quantit-
ation of the amount of PCR product after 30-33 cycles was performed
after electrophoresis on 2% agarose gels and ethidium bromide
staining.

Extraction of Poly(A) RNA and Northern Blots—Poly(A) RNA was
isolated from cancer cell lines using the Fast Track 2.0 kit (Invitrogen).
Two pg of poly(A) RNA/lane were separated on a 1% agarose, 6.6%
formaldehyde denaturing gel and transferred to nylon membranes us-
ing 20X SSC for 3 h and cross-linked by ultraviolet light. The blots were
probed overnight at 42 °C with a random primed **P-labeled probe of
either the human Akt3 PH domain (GenBank™ accession number
AF135794) or the full-length human Aktl (GenBank™ accession num-
ber M63167) as described previously (26).

Chromosomal Localization of the Human Akt3 Gene—The human
Akt3 gene was localized by both fluorescence in situ hybridization
(FISH) and analyses of radiation cell hybrid panels. First, a human
BAC library was screened by PCR (Research Genetics, Huntsville, AL).
The forward and reverse primers were based on sequences in the
3'-untranslated region of an isolated Akt3 cDNA (16). The isolated BAC
was confirmed by sequencing to encode Akt3 and then used for FISH
(Genome Systems, Inc., St. Louis, MO). The radiation hybrid cell panel
(Gene Bridge 4 Mapping Panel; Research Genetics, Huntsville, AL) was
screened by PCR. The primer pair used for amplification was 5'-TCT-
TACACATAGCAGGGGCACCTTC-3" (forward primer) and 5'-CAG-
TAGCAGCAACAGCATGAGACC-3' (reverse primer), derived from the
3'-untranslated region of Akt3 (16). PCR products, 168 base pairs in
length, were identified by electrophoresis on a 2% agarose gel.

RESULTS

Aktl, -2, and -3 Activities in Breast and Prostate Cancer
Cells—To measure the amount of Aktl, -2, and -3 in cells, we
utilized distinct antibodies for each isoform (see “Experimental
Procedures”). To test the specificity of these antibodies, we first
examined them for their ability to precipitate epitope-tagged
expressed forms of these enzymes. Each antibody was found to
preferentially precipitate its intended target, demonstrating
their relative specificity (Fig. 1A). These antibodies were then
utilized to examine the levels of the three isoforms of Akt in
four breast cancer cell lines, two which express the ER (MCF-7,
T-47D) and two which do not express the ER (MDA-MB-231,
HBL-100). Cells were treated with buffer or insulin (to maxi-
mally stimulate the Akt enzymatic activity) and lysed, and the
lysates were precipitated with antibodies to the three isoforms.
An insulin-stimulated Akt1 activity was present in all four cell
lines (Fig. 1B). Almost no detectable Akt2 activity was meas-
ured with or without insulin in all four cell lines (data not
shown). Akt3 activity was 30-60-fold higher in the two
ER-negative cell lines than in the two ER-positive cell lines
(Fig. 1B).

We then measured the activity of the Akt isoforms in three
prostate cancer cell lines, one of which is androgen-sensitive
(LNCaP) and two of which are androgen-insensitive (DU-145
and PC-3). Detectable Akt1 activity was present in all three cell
lines (Fig. 1C), while little Akt2 activity was found (data not
shown). Akt3 activity was 20—40-fold greater in the two andro-
gen-insensitive cells than in the androgen-sensitive cells (Fig.
1C). PC-3, which does not contain PTEN (Ref. 27; confirmed
with the cells used in the present work), exhibited a 40—100-
fold elevated basal level of Akt3 activity in comparison with the
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Fic. 1. Levels of Aktl, Akt2, and Akt3 enzymatic activities in
breast cancer and prostate cancer cell lines. A, specificity of the
antibodies. Human embryonic kidney 293T cells were transiently trans-
fected with plasmids encoding either HA-tagged Aktl, FLAG-tagged
Akt2, or FLAG-tagged Akt3. Cells were lysed, and the lysates were
precipitated with antibodies to Aktl, -2, or -3. The precipitates were
washed and analyzed by immunoblotting with antibodies to either the
HA tag or the FLAG tag. B, Akt enzymatic activities in breast cancer
cell lines. The indicated cells were serum-starved overnight, treated
with or without 100 nM insulin for 10 min, and lysed, and the lysates
were immunoprecipitated with the indicated antibodies. The immuno-
precipitates were assayed for Akt enzymatic activity as described under
“Experimental Procedures.” Results shown are representative from
three experiments. The values for Akt2 enzymatic activity were not
significantly above the control Ig values. C, Akt enzymatic activities in
prostate cancer cell lines. The indicated cells were serum-starved over-
night, treated with or without 100 nM insulin for 10 min, and lysed, and
the lysates were immunoprecipitated with the indicated antibodies. The
immunoprecipitates were assayed for Akt enzymatic activity as de-
scribed under “Experimental Procedures.” Results shown are repre-
sentative from three experiments.

DU-145 cells. LNCaP, which also does not have a functional
PTEN, exhibited a constitutively active Akt1.

Measurement of Akt3 Protein Levels in Breast Cancer Cells
and Prostate Cancer Cells—To determine whether the Akt3
enzymatic activities measured above reflected the levels of the
Akt3 protein present in these different cells, we utilized a
commercially available sheep antibody to Akt3 to precipitate
the protein and then Western blotted these precipitates with
the rabbit polyclonal antibody to Akt3. As controls, the levels of
Akt1 protein and the ER in these cells were also monitored by
immunoprecipitation and Western blotting. The two ER-nega-
tive cells (MDA-MB-231, HBL-100) both contained an Akt3
band, whereas the two ER-positive cells (MCF-7, T-47D) did
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Fic. 2. Akt3 protein and mRNA in breast and prostate cancer
cells as detected by westerns and PCR. The indicated breast cancer
cells (A) and prostate cancer cells (B) were lysed; RNA was isolated; and
the Aktl, Akt2, Akt3, ER, and B-actin mRNA levels were determined
using RT-PCR. The reaction products were analyzed by agarose elec-
trophoresis and ethidium bromide staining. Alternatively, cells were
lysed, and the Aktl, Akt3, and ER were analyzed by Western blotting
with specific antibodies.

not contain a detectable Akt3 band (Fig. 24). In contrast, all
four cell lines contained an Aktl band.

Similar studies were then performed on the prostate cancer
cell lines. The two androgen-insensitive cell lines (PC-3 and
DU-145) were both found to contain Akt3, whereas no detect-
able Akt3 band was observed in the androgen-sensitive cells,
LNCaP (Fig. 2B). Again, all three cell lines contained an Aktl
band.

Measurement of Aktl and Akt3 mRNA Levels in Breast and
Prostate Cancer Cells and Breast Tumor Samples—To deter-
mine whether the increase in Akt3 enzyme activity and protein
was due to an increase in Akt3 mRNA, Northern blot analyses
was performed. Akt3 mRNA was found to be greatly elevated in
two ER-negative breast cancer cell lines (MDA-MB-231, HBL-
100) and in a breast cancer cell line (BT-20) that exhibits very
low levels of ER expression in comparison with the five ER-
positive cells tested (Fig. 3). Akt3 transcripts of 7.7, 5.3, and 1.4
kilobase pairs were observed. In contrast, no specific pattern
was observed with Aktl mRNA levels, with the greatest
amounts being present in MCF-7, MDA-MB-361, BT-474, and
HBL-100 (Fig. 3).

To assess Akt3 levels in primary human breast tumor tis-
sues, semiquantitative RT-PCR was utilized. Controls first ver-
ified that this method also demonstrated elevated levels of the
Akt3 mRNA in the two breast cancer cell lines that are ER-
negative (the MDA-MB-231 and HBL-100 cells) (Fig. 2A). Us-
ing this method, we also found elevated levels of Akt3 mRNA in
the two androgen-insensitive prostate cancer cell lines (DU-145
and PC-3) in comparison with the androgen-sensitive cells (Fig.
2B). Twenty-seven primary breast carcinomas were then ana-
lyzed. Concurrently, the levels of Akt1, Akt2, Akt3, B-actin, and
ER mRNA were also measured (Fig. 4). There was a significant
correlation between a low level of ER mRNA and elevated Akt3
mRNA (p = 0.04) in these samples, although some samples
with ER did contain Akt3 (Fig. 4A). In contrast, there was no
significant correlation between the ER mRNA levels and Akt1
mRNA (p = 0.69) (Fig. 4B) or Akt2 mRNA (p = 0.58) (data not
shown). By RT-PCR, human mammary epithelial cells had
high levels of Akt3 and low levels of ER (data not shown).

Chromosomal Localization of the Human Akt3 Gene—Since
many oncogenes are activated by chromosomal rearrange-
ments and/or gene amplifications, we determined the chromo-
somal localization of the Akt3 gene. We first used radiation
hybrid mapping. The GeneBridge 4 Radiation Hybrid Panel
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Fic. 3. Northern analyses of Aktl
and Akt3 in breast cancer cell lines.
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low levels of a mutant ER; and MDA-
MB-23 and HBL-100 are ER negative.
The blots were hybridized with the
[*?P]Akt3 probe (left panel), stripped, and
reprobed with a probe for Akt1 (right pan-
el). As previously reported, three major
transcripts for Akt3 were observed (13).
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Fic. 4. Akt3 levels in primary breast tumors. Aktl, Akt3, ER,
and B-actin levels were determined using RT-PCR. The reaction prod-
ucts were analyzed by agarose electrophoresis and ethidium bromide
staining and quantified by scanning. Results shown for each tumor
sample are means of three independent experiments normalized for the
amount of B-actin present. Typical reaction products are also shown
(middle panels). The data were analyzed by a scatter plot diagram, and
a Spearman rank correlation coefficient was calculated. There was a
significant correlation between Akt3 levels and ER levels (p = 0.04) but
no significant correlation between Aktl or Akt2 levels and ER levels
(p = 0.69 and p = 0.58, respectively).

(Research Genetics) was screened by PCR using primers di-
rected to the 3’-untranslated region, which gave a product with
human genomic DNA but not with Chinese hamster DNA. PCR
product was identified with the DNA of 22 of the 93 RH cell
lines, and Akt3 was placed on chromosome 1, 5.45 cR from
D1S2842 and 20.8 cR from AFM155XC11. These results indi-
cated that the human Akt3 gene is localized to human chromo-
some 1q44. To verify these results, a human genomic clone for
Akt3 was utilized for FISH (Fig. 5). Of 80 checked metaphase

Fic. 5. Fluorescence in situ hybridization for the human Akt3
gene. Human metaphase chromosomes derived from PHA-stimulated
peripheral blood lymphocytes were probed with a digoxigenin-labeled
BAC Akt3 genomic clone (large arrow) and with a biotin-labeled probe
specific for the heterochromatic region of chromosome 1 (small arrow).
Observation of specifically labeled chromosomes 1 demonstrated that
the BAC clone hybridized to the terminus of the long arm of chromo-
some 1, an area that corresponds to band 1q44. A total of 80 metaphase
cells were analyzed, with 75 exhibiting specific labeling.

cells, 75 showed that the Akt3 gene was localized to the termi-
nus of the long arm of chromosome 1, in a position correspond-
ing to band 1q44. Thus, the results obtained by in situ hybrid-
ization and radiation hybrid panel were in accord.

DISCUSSION

A wide variety of studies have implicated the serine/threo-
nine kinase called Akt in the transformation of cells (1-4, 28).
This kinase can both inhibit apoptosis in cells as well as stim-
ulate their growth (reviewed in Ref. 1). A mutant form of this
enzyme was found to be the transforming component of AKT8
retrovirus (2). In addition, a tumor suppressor, called PTEN or
MMACI, regulates the basal activity of this enzyme and in-
duces cell death, which is rescued by constitutively active forms
of the enzyme (5-12). Since three isoforms of Akt have been
identified, it is not clear which of these isoforms is involved (1).
In several cancers, an increase in Akt2 protein and mRNA was
observed due to gene amplification (2—4).

In the present studies, we have examined the levels of the
three Akt isoforms in various breast cancer lines as well as
prostate cancer cells. In all four breast cancer cell lines, Aktl
was present and stimulated by insulin treatment. In contrast,
very little Akt2 enzymatic activity was detected. Most impor-
tantly, Akt3 enzymatic activity was 30—60-fold higher in the
two ER-negative cell lines (MDA-MB-231 and HBL-100) than
in the two ER-positive cell lines (MCF-7 and T-47D). Similarly,
Akt3 enzymatic activity was 20—40-fold higher in two andro-
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gen-insensitive prostate cancer cell lines (DU-145 and PC-3) in
comparison with an androgen-sensitive prostate cancer cell
line (LNCaP). These findings indicate that the increases in
Akt3 isoform may be more generally true for other cancers as
well. In PC-3, a line of cells that lacks the lipid phosphatase
PTEN, a markedly elevated basal level of Akt enzymatic activ-
ity was observed. This basal activity was predominantly con-
tributed by Akt3. These results indicate that in some tumors
that lack PTEN, the increase in basal activity of Akt may be
primarily due to Akt3.

The higher level of Akt3 enzymatic activity in both the ER-
negative breast cancer cells and the androgen-insensitive pros-
tate cancer cells correlates with an increased expression of
Akt3 protein and mRNA. The increase in Akt3 mRNA in these
cell lines did not appear to be due to gene amplification in the
cells tested (data not shown). Also, the chromosomal region
identified as containing the Akt3 gene, 1q44, has not been
found to be amplified in different cancers (29). However, it is
close to a region (1q42.2—43) that has been identified as pre-
disposing individuals to early onset prostate cancer (30).

The inverse correlation between the ER levels and Akt3
levels observed in the breast cancer cell lines also appeared to
persist in a panel of 27 primary breast carcinomas, although
several samples did show a divergence from this pattern. It is
possible that the divergence in some tumors may represent
nonfunctional ER and/or tissue heterogeneity. It is also possi-
ble that the ER does not directly repress the expression of the
Akt3 gene. In support of this latter hypothesis, attempts to
express the ER in the ER-negative cells did not result in a
decrease in the levels of Akt3 mRNA (data not shown), sug-
gesting a more complex interaction. Alternatively, it is possible
that since ER-negative breast carcinomas are generally less
well differentiated then ER-positive cells (31), the increase in
Akt3 may be due to the general change in these cells to this less
differentiated phenotype.

In either case, since hormone-unresponsive breast and pros-
tate carcinomas are generally more aggressive clinically with
higher metastatic potential than hormone-responsive tumors
(17-20), it is possible that Akt3 contributes to this phenotype.
For example, the ability of Akt to inhibit apoptosis induced by
a wide variety of agents could make the tumors with high Akt3
levels more resistant to chemotherapeutic treatments. Fur-
thermore, the ability of Akt to inhibit death of cells after
detachment from the extracellular matrix could promote the
frequency of metastasis (32).
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