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INTRODUCTION 
Akt is a serine/threonine protein kinase functioning downstream of PI3K in response 

to mitogen or growth factor stimulation [1]. Three isoforms of Akt are present in 
mammaUan cells, Aktl/PKBa and Akt2/PKBp, and Akt3/PKBy [2-4]. Threonine 308 and 
Serine 473 are phosphorylated by PDKl and PDK2, respectively [5,6]. The tumor 
suppressor gene PTENor MMACl acts as a lipid phosphatase for phosphatidyl inositol at 
3' [7,8] and SHIP is another phosphatase for phosphatidylinositol at the 5' position [8-10]. 
Both of these proteins negatively regulate the activity of Akt/PKB by depleting the pool 
of phosphatidyl inositol 3,4,5-trisphosphates. Except its roles in cell metabolism [12,13], 
inappropriate activation of AKT/PKB has been associated with the development of 
cancer [5, 14,15] and the resistance of cancer cells to chemotherapy [16], which include 
leukemia [17], ovarian cancer [18], breast cancer [19], prostate cancer [20, 21], glioma 
[22], pancreatic cancer [23], renal cancer [24], hepatoma [26], and lung cancer [26]. 
Recent studies have also shown that activation of AKT promotes the metastasis of cancer 
cells [27-29]. It looks like that the hormone-dependency results in the activation of AKT, 
at least in breast and prostate cancer cells. It has been shown that AKT3 is 20-60 fold 
higher in estrogen receptor-deficient breast cancer cells and in the androgen-insensitive 
prostate cells than in the cells that are estrogen- or androgen-responsive [30]. It was also 
shown that the mRNA level of AKT3 is elevated in hormone insensitive breast cancer 
cell lines and prostate cancer cell lines. Furthermore, the activity of AKT3 is 40-100 fold 
elevated in PC-3 cells that do not have the tumor suppressor PTEN in comparison to DU- 
145 cells that do have PTEN [31-34]. On the other hand, androgen receptor expression is 
regulated by PI3-K/AKT in normal and tumor epithelial cells [35]. p53 plays a major role 
in regulating the response of mammalian cells to stresses and damage, in part through the 
transcriptional activation of genes involved in cell cycle control, DNA repair, senescence, 
angiogenesis and apoptosis [36]. Recent observations show that PI3K-Akt signaling 
promotes the phosphorylation and movement of the Mdm2 oncoprotein into the nucleus, 
where it downregulates the p53 tumor-suppressor protein [37-41]. Akt has been shown to 
affect the apoptotic processes by multiple mechanisms involving inhibiting pro-apoptosis 
protein Bax conformational change [42], phosphorylation of several other components of 
the apoptotic machinery, including BAD [43] and caspases 9 [44] at a postmitochondrial 
level [45]. AKT also cooperates with anti-apoptosis protein BC1-XL to promote cell 
survival or cancer development [46, 47]. In addition, AKT modulates apoptosis indirectly 
by influencing the activities of several families of transcription factors, including fork 
head transcription factor, NF-KB, and cyclic AMP-responsive element binding protein 
[5]. One other reason for AKT activation promoted cancer development is that AKT 
activation increases mammalian cell size by stimulating protein synthesis as well as by 
inhibiting protein degradation [48], through activation of downstream protein synthesis 
signal transduction pathway via TSC1-TSC2 (tubererous sclerosis complex) [49, 50]. 
These studies have established targeting AKT as an attractive strategy for cancer therapy 
[51]. To date, there is no report of selective inhibitors targeting AKT. It is of note that in 
recent years, highly selective and potent kinase inhibitors have been successfully 
designed including kinase inhibitors targeted at the EGFR family kinase, a number of 
these kinase inhibitors have advanced into clinical trials for the treatment of cancers [52, 



53]. 

The objectives of this project are 1. Stracture-based discovery of potential AKT 
kinase inhibitors. 2. Investigation of the potency and selectivity of AKT kinase selective 
inhibitors. 3. in vivo antitumor activity and toxicity 

Body of Report 
Accomplishments on Objective 1: Structure-based discovery of potential AKT 
kinase inhibitors 

Beyond the scope of this original objective, to further increase the chance to screen 
for selective AKT inhibitors, we also established and successfully utilized a 
bioinformatics-based approach: 

1.1. Cliaracterization of the Expression Status of AKT and PTEN in NCI 60 Cancer 
Cell Lines 

Since Akt plays such a important role in the development of cancer, the development 
of resistance to chemotherapeutic regents of cancer cells, and metastasis of cancer cells, 
we characterized the expression status of Akt, phospho-specific AKT, and PTEN in NCI 
60-cancer cell lines with Western blot analysis using Akt (recognizes all three isoforms 
of Akt), phospho-Ser473-AKT, and PTEN antibodies, respectively. As exhibited in figure 
1, there is no difference among NCI-60 cancer cells regard to their AKT expression (data 
not shown), but the expression of phospho-Ser473-AKT and PTEN are quite different in 
these 60 cell lines. Among them, SNB19 and SF-539 glioma cancer cells express the 
highest level of phospho-Ser473-AKT, whereas they do not express PTEN or express 
undetectable level of PTEN; HS578T breast cancer cells expresses high level of phospho- 
Ser473-AKT, but it expresses a relatively high level of PTEN; MCF-7 breast cancer cells 
do not express phospho-Ser473-AKT, but it expresses the highest level of PTEN. MDA- 
MB-453 breast cancer cell line, one of the model cell Unes used in this work also 
expresses high level of AKT and PTEN (data not shown). These resuhs suggest that the 
expression of phospho-Ser473-AKT, which also stands for phospho-Thr308-AKT, is 
unique in each of the cancer cell lines and can be used as a target for drug development. 

1.2. Bioinformation-based Correlation Analysis 

Algorithms Description 
We have developed three algorithms in JAVA to measure the distribution agreement 

between the expression status of molecular target and the antiprohferation patterns of 
NCI small molecule organic compounds against NCI 60 hmnan cancer cell lines. It is 
assumed that such a higher correlation coefficient indicates the small molecule candidate 
might be a possible inhibitor of that molecular target. 
1.2.1. Pearson's Correlation Analysis Algorithm 



As a linear correlation method, Pearson's correlation algorithm has been used widely 
[54, 55]. To estimate the association between two variables (JC,,;^,) that are ordinal or 
continuous, the linear correlation coefficient r (also called Pearson's r) is given by the 
formula: 



«'    e    «    <^    «    r.'    r    d    0 
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where, N is the pairs of measurements (x,.,;;,). x and y are the mean of x,. 's and j;,. 's, 

respectively. 
Pearson's correlation method has been applied in NCI's COMPARE program [56- 

62]. However, the value of r can be completely meaningless if the jomt probability 
distribution of the given variables jc and y are too different from a binormal distribution. 
Therefore, we have also developed two additional algorithms, based upon the concepts of 
nonparametric or rank correlation. 
1.2.2. Spearman's Correlation Analysis Algorithm 

Let i?,. and 5, be the rank of JC, and >^, among the other x, 's and >;, 's, respectively. 

When there are ties, let /^ be the nimiber of ties in the k"" group of ties among the i?, 's, 

g^ be the number of ties in the m"' group of ties among the 5, 's. Then the Spearman's 

rank-order correlation coefficient r, is defined as [54, 55]: 

_       TV   —iV iZ  t IZ „  

S(//-A)|   Z(sl-gJ 

where, D is the sum squared difference of ranks, defined as 

D = J:iR,-S,f (3) 
1=1 

1.2.3. Kendall's Correlation Analysis Algorithm 
Kendall's correlation method is even more nonparametric than Spearman's [54, 55]. 

Instead of using the numerical difference of ranks, it only employs the relative ordering 
of ranks: higher in rank, lower in rank, or the same in rank. For the A^ data points (x, ,7,), 

we consider all Cl =— N(N -1) pairs of data points, where a data point cannot be paired 

with itself, and where the points in either order count as one pair. We call a pair 
"concordant" if the relative ordering of the ranks of the two x 's (e.g. x, and Xj) is the 

same as the relative ordering of the ranks of the two y 's (e.g. jy,. and yj). We call a pair 

"discordant" if the relative ordering of the ranks of the two x 's is the opposite firom that 
of the two y 's. If there is a tie in either the ranks of the two JC 'S or the ranks of the two 
j>^ 's, we will call the pair an "extra^ " pair when the tie is in the x 's, or an "extra/' pair 
when the tie is in the y 's. Kendall's r is the following simple combination of these 
various counts: 
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V concordant - ^ discordant 
^ ^    ..   

J^ concordant + ^ discordant + ]^ extra y ^^ concordant + ^ discordant + ^ ex/ra^ 

(4) 
Since Kendall's r uses a "weaker" property of data, it is more robust than Spearman's r^ 
to predict the distribution agreement between two variables. On the other hand, it throws 
away too much information that is available tor^, it is less powerful than r,. In some 

case, T fails to find an actual correlation that r, does find. On balance, Spearman's r^ is 
preferred as bemg the more straightforward nonparametric test, but both statistics are in 
general use, as well as the parametric method, Pearson's correlation algorithm. 

Correlation Analysis 
The correlation between phospho-Ser473 AKT expression profile and the 

antiproliferation patterns of NCI small molecule organic compounds against NCI 60 
human cancer cell lines has been individually analyzed using the three algorithms as 
described above. In our case, jc is the experimental value of phospho-Ser473 AKT or 
PTEN expression level, and >'is the -logG/50 value of the NCI compound. We have 

downloaded the -logG/50 data of 37,000 small molecules from DTP website [57], and 
put them into a database for high throughput screening. The mean bar chart of the 
phospho-Ser473 AKT and PTEN expression status in NCI cancer cell lines is illustrated 
in Figure 1. According to our correlation analysis, 17 compounds have been predicted as 
phospho-Ser473 AKT inhibitor candidates by all three algorithms. Among them, NSC 
632855 (API-59) shows a nice correlation with all three algorithms, which correlation 
coefficient is shown in table 1. The chemical structure and anti-proliferative activity data 
against NCL 60 human cancer cells are illustrated in figure 2. Our following studies 
show API-59 does inhibit phospho-Ser473 AKT. On the other hand, with a reverse 
correlation evaluation 
between PTEN expression 
level and anti-proliferative 
data of NCI compounds, 
API-59 gives an 
insignificant correlation 
coefficient in all three 
algorithms (data not 
shown), this suggests API- 
59 is an AKT inhibitor, but 
may not be a potent PTEN 
agonist. 

Accomplishments on 
Objective 2: Investigation 
of the potency and 
selectivity of AKT kinase selective inhibitors 

Table 1. Correlation coefficient of API-59 
with three algorithms 

Algorithms Correlation Coefficient 

Pearson's 

Spearman's 

Kendall's 

0.4215 

0.4083 

0.3199 
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In addition to Akt kinase activity assay, we modified and successfully utilized an 
ELISA and fluorescence polarization-based kinase assays to detect and confirm the 
activities of potential Akt inhibitors in inhibition of the Akt kinase activity, then using 
our routine cell-based assays to evaluate the potency and selectivity of Akt inhibitors in 
inhibition and induction of apoptosis in cancer and normal cell lines. 

2.1.   Identification   of Akt  inhibitors   with   AKT   kinase   assay,   ELISA,   and 
Fluorescence Polarization-based IMAP^** kinase assay 

We utilized a sensitive and quantitative in vitro AKT kinase assay (New England 
Biolab) to identify cell lines with highest level of AKT kinase activity. The principle 
behind this assay is to use an antibody against AKT to selectively immunoprecipitate 
AKT firom cell lysates. The resulting immunoprecipitated enzyme is then incubated with 
GSK-3 fusion protein in the presence of ATP and kinase buffer. In this reaction mixture, 
GSK-3 is phosphorylated and subsequently detected by western blot with a Phospho- 
GSK-3 (Ser21/9) antibody. Selective analysis of GSK-3 phosphorylation at Ser21/9 gives 
rise to an improved specificity with high sensitivity and near zero background. This assay 
allowed us to screen the potential inhibitors under either cell-free condition (adding the 
inhibitors directly in the kinase reaction mixture) or in the intact cells (treating cells in 
culture medium with inhibitors first). 

Using this method, we immunoprecipitated AKT (monoclonal antibody  IGl, 

ill 
thttfka-GSK-lalfi 
(S>ir21«) 

B 

Vha^U-GSK-UI^ 

u ^ s *n       *r CO g   s 
'^»mm^ i>mm .mmm #** im mmm ..«•.. mi*' :iMM 

I E 
24 hr 36 tr 

„     S s 
n»9lw-CSK-3a4> 

D 
Phas|iho-Ser473-Akt NT: Untreated 

T:10^MAPI-59 

Fig. 3 A: HS578T shows the highest AKT activity. 100 jig lysates of HS578T, SNB19, and CCRF-CEM cdls were 
subjected to AKT kinase assay, B. AKT inhibitor (API) screening with AKT kinase ass^ 100 |xg lysates of HS578T cdls 
wereimmwioprocQiitated with IGl AKTantiboity, the imnwnoprecptated AKT vas used to conduct AKT kinase assay 
inthe presence of 10 |ig/ml of ilifferenl AKT inhibitor candidates. C: Dose-Dejiendent AKT inhibition by APl-59. 2 xios 
HS578T cdls were treated with desired concentrations of API-59 for 30 win, cdl tyseates were harvested and subject«l to 
AKT kinase assay. D: API-59 iflh&its phospho-Ser473 AKT. Same lysates were subjected to Western Mot analysis vwth 
{!hospho-S«473 AKT antibotfy. E: Time-course of theinMbitoty effect of API-59. 2 x 105 HS578T breast cancer cdls 
were treated with 10 iM API-59 fbr various times, cdl lyseates were subjected to AKT kiaase assay. 

recognizes AKTl, AKT2, and AKT3) from breast cell line Hs578T which has highest 
level of activated AKT kinase (Fig. 3A) to screen a total of 69 candidate small molecule 
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inhibitors from top-200 compounds with good correlation in three algorithms, as shown 
in figure 3B. We found 5 compounds displayed a specific kinase inhibition for AKT with 
an IC50 from 1 to 10 (ig/ml. In order to test the cell permeability of those compounds, we 
then carried out the cell based AKT kinase inhibition assay by treating HS578T cells in 
culture with those 5 lead compounds. One of which API-59, has cellular IC50 value at 
about 10 |xg/ml. A dose and time-dependent inhibition of API-59 is shown in Fig. 3C 
and 3E. Inhibition of AKT kinase activity also led to reduction of phosphorylation of 
AKT as shown in Fig. 3C, when the same cell lysates was investigated with phospho- 
Ser473 AKT antibody by western blot analysis. 

U 2A   M'M   b.U   M-M   1U   M>M    2U   \>M    4U   M^M 

API459 Cone. (     {iM} 

K|.. 4 1^ 106 MDA.MB^53 «elk w«r« ta«al««l 
with API-59 for 24 hrs, cdls lysates were subjected to 
an EUSA-basedAKT |ipS473] activity assay. 

To verify API-59 does inhibit phospho-Ser473 AKT, we conducted an ELISA based 
assay to see whether API-59 inhibit the activity of phospho-Ser473 AKT in MDA-MB- 
453 cells. As demonstrated in figure 4, treated with various concentration of API-59 for 
24 hrs, the activity of phospho-Ser473 AKT went down at 20 |j,M of API-59 treatment, 
40 |xM of API-59 treatment was even able to block all the activity of phospho-Ser473 
AKT. 

*   API-59 ICjo=37.8xM 
»   627505 IC5o> 200^ 

AktlECjij»0.1U/inl 

Drug Cone. (^JM) 

Hg. 5 Fluorescence polarization-based D\MP TMAKTl assay. 
Different Concentrations of API-59 or NSC627505 were subjected to 
EMAP TM kinase assay against AKTl. 



The IMAP Akt Assay kit (Molecular Device, Sunnyvale, CA) is designed to evaluate 
kinase activity of Akt. It uses IMAP technology for non-antibody fluorescence 
polarization (FP) detection of phosphorylation. The IMAP technology is based on the 
high affinity binding of phosphate by immobilized metal (Mill) coordination complexes 
on nanoparticles. This IMAP "binding reagenf'complexes with phosphate groups on 
phosphopeptides generated in a kinase reaction. Such binding causes a change in the rate 
of the molecular motion of the peptide, and results in an increase in the fluorescence 
polarization values observed for the fluorescein label attached at the end of the peptide. 
Specifically, first to get the EC70 value of Akt by preparing an enzyme dilution curve 
with adding 5 \i\ of Complete Reaction Buffer, serial diluted Akt enzyme, fluorescein- 
labeled substrate (final concentration 0.1 \iM), and ATP (final concentration 5 foM) in 
one well of a 384-well plate (Coming, NY), reaction at room temperature for 1 hr, adding 
60 |al IMAP binding regent, reaction at room temperature for 30 min, then reading the 
plate with Tecan Ultra microplate reader set at fluoresecence polarization mode. Second 
to get IC50 values of candidate Akt inhibitors by setting up the same assay with serial 
dilution of inhibitors against Akt with the activity of ECyo.Purified Aktl enzyme is now 
commercially available (Upstate). With this method, we directly detect the inhibitory 
effect of API-59 in regard to its inhibition against Aktl-mediated SGK substrate 
phosphorylation. As seen in figure 5, positive control staurosporine inhibits Aktl- 
mediated SGK substrate phosphorylation with IC50 80 nM; while API-59 shows an 
inhibitory effect against Aktl with IC50 37.8 ^iM. Compound NSC627505 does not 
inhibit Aktl. This indicates that API-59 inhibits Aktl 

Taken together, we identified a AKT inhibitor API-59, API-59 inhibits the activity of 
phospho-Ser473 AKT in a dose and time-dependent fashion. API-59 inhibits at least the 
activity of both AKT 1. 

2.2. API-59 Selectively 
Inhibits the Activity of 
AKT 

To demonstrate that 
the lead compound 
selectively inhibit the 
AKT kinase but not other 
kinases, we used the same 
cell lysates fi"om the 
above-mentioned 
experiments (HS578T 
treated with API-59) to 
probe with antibodies 
against phosphor-tyrosin 
kinases, phospho-specific 
MAP kinase, and PI-3 
kinase. As shown in Fig. 
6, API-59 does not inhibit 

1   t 
tpt»-Sm4TH-fM VpMHNP  ^■(■MMC   «#w*t*^ 

Phospho-ryr ... 

Phospho-MAPK mSSSi. ..^ :iSm •i-i^ 

«3.K ST", S5S JSS 3SS 

HsnTO imm •mm' 'mmr ^mm» 

lig. 6 API-59 inhibits only AKT, not inlubit protein 
tyrosine kinases, PBK, or phospho-p42/p44 MAP kinase. 
2 xlO'HSST^ cells were treated vvidt desired concentrations 
of API-59 for 30 min, cell lysates were harvested and subjected 
to AKT kinase assay and Western blot analysis. H$p70 reprobing 
is showing equal loading of die total protein san^les. 
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these target proteins. These results suggest that API-59 inhibits AKT activity in cancer 
cells with high-levels of AKT activity, API-59 selectively inhibits only the AKT kinase 
activity, does not affect the upstream protein kinases of AKT or MAP kinase . 

2.3. Increased Concentration of ATP Reverses the AKT inhibitory effect of API-59 
AKT/PKB is a serine/threonine kinase, ATP is required for its function. To clarify 

whether ATP interferes with the AKT inhibitory effect of API-59, we performed an AKT 
kinase assay with different concentrations of GSK-3 fusion protein and ATP in the 
presence of various concentrations of API-59, using the AKT immunoprecipitated from 
HS578T cells. As demonstrated in figure 7, at 1 ^g of GSK-3 fusion protein: without 
API-59, ATP obviously increased AKT kinase activity in a dose-dependent manner, 
shown by phosphor-GSK-3 band; with 0.4 and 2.0 ^g/ml of API-59, ATP still increased 
AKT kinase activity; with 30 ^M API-59, ATP did not increase AKT kinase activity. At 
0.5 ng of GSK-3 fusion protein: without API-59, ATP still obviously increased AKT 
kinase activity in a dose-dependent manner; with 0.4, 2.0, and 10 |xg/ml of API-59, ATP 
increased AKT kinase activity. This finding indicates the interference of ATP to the AKT 
inhibitory effect of API-59 is decided by the concentration of API-59 and ATP, and the 
concentration of the substrate GSK-3 protein for the kinase reaction, ATP and the AKT 
inhibitory effect of API-59 interfere with each other under certain condition. This resuh 
suggests that API-59 
might also be a kinase Q^ tote«ptotem i pg 
inhibitor. 

2.4. API-59 Inhibits 
Ligand-induced 
Activation of AKT 

As a cell survival GSKteionpiolemOiMg 
factor, AKT can be API-59(MM)      30.0      6.0    _ U    _ 0.0 
activated by a variety .^„, .^     S o «> S o eS o o goo 
of growth factors and |;J'-.."':.. _^ J J. J. J.'J.'■1'J^ 
cytokines. To 
investigate     whether 
ADT-jQ ir        A Fig. 7 The AKT inhibitoiy effect of API-59 can be rwersed by ATP. 
AFl-^jy  works  unoer 250 jigofHS578Tcdllysates were used to irnmunoprecipated AKT, 
this    condition,    we then subjected to kiraseass^with desired coittentrations of ATP and 
tested the ability of        GSK-3 foaoaftfotetn in the presence of ifferaft coaentmtiota of API-59. 
API-59   in   blocking 
heregulin (HRG) induced AKT activation in MCF-7 cells as described [63]. As shown in 
figure 8A, treatment with Heregulin 30 nM for 30 min readily induced activation of AKT 
in MCF-7 cells, which usually expresses low or undetectable level of AKT, treatment of 
these cells again with 30 |ag/ml of API-59 significantly reduced such activation. 
Furthermore, as predicted, blocking of AKT activation also resulted in subsequent 
reduction of phosphorylation of pro-apoptotic protein BAD, which is down-stream 
substrate of AKT (figure 8B). If this effect in cells by API-59 is due to its ability to block 
the AKT activation, this effect would not affect proteins in a different pathway. To test 
this hypothesis, we then tested the ability of API-59 in inducing the activation of MAP 
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kinase in the same system. As shown in figure 8B, heregulin readily induced activation 
of MAP kinase, which 
is      consistent      with 
reports in the literature 
and our previous data 
[64]. However, API-59 
had no effect on the 
MAP kinase activation 
induced     by     ligand 
heregulin. These 
results    illustrate   that 
API-59 selectively 
inhibits   ligand-induced 
activation of AKT. 

Fbo^lut-Bai 
■—- 

I>luM;Jn-MiU>E mmmf 

1.Control 
lHRG30nM 
3. HRO 30 aM +API-5910 Mg^i«a30 mm 

Kg. 8 API-59 inhibits heregulin-induced activation of Akt 
•^ Heregulin induces activation of AKT inMCT-7 cells, but this 
»"=':ivatiott is inhibited by API-59. 3 x 10^ MCF-7 Cells were treated 
V^ indicated in the picture, cell lystates were harvested and subjected 
to AKT kinase assay. B: API-59 inhibits hereguUn-induced v^p- 
regulation of phospho-Bad, but does not affiect the activation of 
phospho-MAP kinase. Same lysates were subjected to Western blot 
analysts with phospho-Bad andphospho-p42/p44 MAP kinase specific 
antibodies, respectively 

2.5. API-59 Selectively 
Inhibits the Growth of 
Cancer Cells with 
High AKT Activity 

AKT/PKB transmits 
the survival/over-growth signal in cancer cells, to investigate whether API-59 can block 
this signaling process by inhibiting the growth of cancer cells with high AKT activity, we 
performed a serial growth assays to test the effect of API-59 on cell proliferation. Cells 
were treated with a series of doses of API-59 with regular culture medium supplemented 
with 10% FBS for 5-7 days and then cell viability was determined by Cell Counting Kit-8 
[44]. The rationale of this kit is similar to that of the MTT assay, but with a novel 

125H 

100 

"H    75- 
o o 
S5    6DH 

25- 

-•-HMEC 

■^r-MDA453 

-^MDA468 

0.001 0.01 0.1 1 

Drug Cone (MJMQ 

—I 
10 

iig, 9 API-59 inhibits the growth of cancer cells with high Akt activity. 
5 X 105 MDA-MB-453, MDA-MB-468, and MCF-7 breast cancer cells were 
treated with different concentrations of API-59 for 5 days, then cell viability 
was tested with Cell-Counting Kit-8. 
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tetrazolium salt that produces a water-soluble formazan dye upon bioreduction. As seen 
in figure 9, MDA-468 was the most sensitive cell line to the growth inhibitory effect of 
API-59. MDA-453 was moderately sensitive, whereas MCF-7 was resistant to this 
inhibitory effect. Among these breast cell lines, MDA-468 has the highest level of AKT 
activity, MDA-453 has a moderately high level of Akt activity, MCF-7 has no or 
undetectable level of AKT activity. These findings demonstrate that API-59 selectively 
inhibits the growth of cancer cells with high AKT activity. 

2. 6. API-59 Selectively Induces Apoptosis of Cancer Cells with High AKT Activity 

Apoptosis, or programmed cell death, is a very important content of cell death. 
Cancer cells with high AKT activity are so sensitive to the growth inhibitory effect API- 
59, it would be of great significance to see whether API-59 induces apoptosis of cancer 
cells. With TUNEL staining, which specifically stains the breakage of DNA, we observed 
that treated with 2 |aM of API-59 for 72 hours, there was almost no cells undergoing 
apoptosis in NIH3T3 cells which has no AKT activity, as shown in figure lOB; but more 
than 55% MDA-MB-453 cells which show a very high level of AKT activity, were 
undergoing apoptosis, as observed under microscope, as almost all the nuclei in treated 
MDA-MB-453 cells was caused DNA fragmentation, as shown in figure lOD. In 
imtreated cells, we did not observe this morphological change (figure lOA, IOC). 

A :   ¥M: 

t'.%:'-|:l|p;l:i:ft:*^ 

mm-. 

Eg. 10 API-59 induces S5>optosis of cancer cells with high AKT activity. 1 x 10* MDA- 
MB-453 cells (high AKT activity) and 5 x 10^ NIH3T3 cells wens treated with 2 pM API-59 for 
72hrs, cells were then subjected to TUNEL staining. A. Untreated NIH3T3 cells. B. Treated 
NIH3T3 cells. C. Untreated MDA-MB-453 cells. D. Treated MDA-MB-453 cells. 
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Conclusively, API-59 selectively induces apoptosis in cancer cells with high AKT 
activity, it is a potent apoptosis-inducing reagent. 

Accomplishments on Objective 3: in vivo antitumor activity and toxicity 

We have synthesized enough of API-59 for in vivo antitumor activity and toxicity 
study. 

REPORTABLE OUTCOMES: 

1. Meeting Abstract 

FASEB Summer Research Conference- Protein Kinases and Protein Phosphorylation, 
July 19-24. Snomass, CO 
Specific blockade of AKT/PKB activity in cancer cells with a selective AKT/PKB 
inhibitor API-59 (Appendix 1) 

Authors: Zhang M, Quo R, Wu X, Liu H, Wang S, Yang D 

2. Manuscripts: 

A. Discovery of a selective AKT/PKB inhibitor 9-chloro-2-methylellipticinium 
acetate (API-59) (Appendix 2) 

B. Selective Blockade of AKT Activity in Prostate Cancer Cells with 9-chIoro-2- 
methylellipticinium acetate (API-59) (Appendix 3) 

3. CoUoborations: 
We have provided data and materials for Dr. Jiayu Lin at the University of 
Michigan Cancer Center and helped to obtained two grants funding on effects of 
API-59 for endometrial cancer and ovarian cancer. There are two manuscripts 
coming out from this collaboration which we are co-authors. 

4. There is one patent application is being drafted and is pending. 

CONCLUSIONS 

We have obtained an AKT-selective small molecule inhibitor, API-59 with both 
structure- and bioinformatics-approaches. API-59 selectively inhibits AKT, not the other 
upstream protein kinases of AKY or MAP kinases. API-59 inhibits the growth and 
induces apoptosis of cancer cells with high-levels of AKT activity, but shows no activity 
towards normal cells without AKT activity. 

17 



REFERENCES 

(1) Chan TO, Rittenhouse SE, Tsichlis PN. AKT/PKB and other D3 phosphoinositide 
regulated kinases: kinase activation by phosphoinositide-dependent phosphorylation. 
Annu Rev Biochem 1999;68:965-1014. 

(2) Brodbeck D, Cron P, Hemmings BA. A human protein kinase Bgamma with 
regulatory phosphorylation sites in the activation loop and in the C-terminal 
hydrophobic domain. J Biol Chem 1999;274:9133-6. 

(3) Masure S, Haefher B, Wesselink JJ, Hoefiiagel E, Mortier E, Verhasselt P, et al. 
Molecular cloning, expression and characterization of the hxraian serine/threonine 
kinase Akt-3. Eur J Biochem 1999;265:353-60. 

(4) Nakatani K, Sakaue H, Thompson DA, Weigel RJ, Roth RA. Identification of a 
human Akt3 (protein kinase B gamma) which contains the regulatory serine 
phosphorylation site. Biochem Biophys Res Commun 1999;257:906-10. 

(5) Alessi DR, James SR, Downes CP, Holmes AB, Gaffney PR, Reese CB, et al. 
Characterization of a 3-phosphoinositide-dependent protein kinase which 
phosphorylates and activates protein kinase Balpha. Curr Biol 1997;7:261-9. 

(6) Vanhaesebroeck B, Alessi DR. The PI3K-PDK1 connection: more than just a road 
to PKB. Biochem J 2000;346 Pt 3:561-76. 

(7) Myers MP, Stolarov JP, Eng C, Li J, Wang SI, Wigler MH, et al. P-TEN, the tumor 
suppressor from human chromosome 10q23, is a dual-specificity phosphatase. Proc 
Natl Acad Sci U S A 1997;94:9052-7. 

(5)      Maehama T, Dixon JE. The tumor suppressor, PTEN/MMACl, dephosphorylates 
the lipid second messenger, phosphatidylinositol 3,4,5-trisphosphate. J Biol Chem 
1998;273:13375-8. 

(P)     Damen JE, Liu L, Rosten P, Humphries RK, Jefferson AB, Majerus PW, et al. The 
145-kDa protein induced to associate with She by multiple cytokines is an inositol 
tetraphosphate and phosphatidylinositol 3,4,5-triphosphate 5-phosphatase. Proc Natl 
Acad Sci U S A 1996;93:1689-93. 

(10)    Kavanaugh WM, Pot DA, Chin SM, Deuter-Reinhard M, Jefferson AB, Norris FA, 
et al. Multiple forms of an inositol polyphosphate 5-phosphatase form signaling 
complexes with She and Grb2. Curr Biol 1996;6:438-45. 

(II)    Lioubin MN, Algate PA, Tsai S, Carlberg K, Aebersold A, Rohrschneider LR. 
plSOShip,   a   signal   transduction   molecule   with   inositol   polyphosphate-5- 
phosphatase activity. Genes Dev 1996;10:1084-95. 

(J2)     Brazil DP, Hemmings BA. Ten years of protein kinase B signalling: a hard Akt to 
follow. Trends Biochem Sci 2001;26:657-64. 

(13) Whiteman EL, Cho H, Bimbaum MJ. Role of Akt/protein kinase B in metabolism. 
Trends Endocrinol Metab 2002; 13:444-51. 

(14) Vivanco I, Sawyers CL. The phosphatidylinositol 3-Kinase AKT pathway in human 
cancer. Nat Rev Cancer 2002;2:489-501. 

(15) Nicholson KM, Anderson NG. The protein kinase B/Akt signalling pathway in 
human malignancy. Cell Signal 2002;14:381-95. 

18 



(16) West KA, Sianna Castillo S, Dennis PA. Activation of the PBK/Akt pathway and 
chemotherapeutic resistance. Drug Resist Updat 2002;5:234-48. 

(17) Chang F, Lee JT, Navolanic PM, Steelman LS, Shelton JG, Blalock WL, et al. 
Involvement of PI3K/Akt pathway in cell cycle progression, apoptosis, and 
neoplastic transformation: a target for cancer chemotherapy. Leukemia 
2003;17:590-603. 

(18) Mabuchi S, Ohmichi M, Kimura A, Hisamoto K, Hayakawa J, Nishio Y, Adachi K, 
Takahashi K, Arimoto-Ishida E, Nakatsuji Y, Tasaka K, Murata Y. Inhibition of 
phosphorylation of BAD and Raf-1 by Akt sensitizes human ovarian cancer cells 
to paclitaxel. J Biol Chem. 2002;277:33490-33500. 

(19) Jin W, Wu L, Liang K, Liu B, Lu Y, Fan Z. Roles of the PI-3K and MEK pathways 
in Ras-mediated chemoresistance in breast cancer cells. Br J Cancer. 2003;89:185- 
191. 

(20) Chaudhary LR, Hruska KA. Inhibition of cell survival signal protein kinase B/Akt 
by curcumin in human prostate cancer cells. J Cell Biochem. 2003;89:1-5. 

(21) Kumar AP, Garcia GE, Ghosh R, Rajnarayanan RV, Alworth WL, Slaga TJ. 
4-Hydroxy-3-methoxybenzoic acid methyl ester: a curcumin derivative targets 
Akt/NF kappa B cell survival signaling pathway: potential for prostate cancer 
management. Neoplasia. 2003;5:255-266. 

(22) Shingu T, Yamada K, Hara N, Moritake K, Osago H, Terashima M, Uemura T, 
Yamasaki T, Tsuchiya M. Synergistic augmentation of antimicrotubule reagent- 
induced cj^otoxicity by a phosphoinositide 3-kinase inhibitor in human 
malignant glioma cells. Cancer Res. 2003;63:4044-4047. 

(23) Fahy BN, Schlieman M, Virudachalam S, Bold RJ. AKT inhibition is associated 
with chemosensitisation in the pancreatic cancer cell line MIA-PaCa-2. Br J Cancer. 
2003;89:391-397. 

(24) Asakuma J, Sumitomo M, Asano T, Hayakawa M. Selective Akt inactivation and 
tumor necrosis actor-related apoptosis-inducing ligand sensitization of renal cancer 
cells by low concentrations of paclitaxel. Cancer Res. 2003;63:1365-1370. 

(25) Lin HL, Lui WY, Liu TY, Chi CW. Reversal of Taxol resistance in hepatoma by 
cyclosporin A: involvement of the PI-3 kinase-AKT 1 pathway. Br J Cancer. 
2003;88:973-980. 

(26) Crowell JA, Steele VE. AKT and the phosphatidylinositol 3-kinase/AKT pathway: 
important molecular targets for lung cancer prevention and treatment. J Natl Cancer 
Inst. 2003; 95:252-3. 

(27) Nakanishi K, Sakamoto M, Yasuda J, Takamura M, Fujita N, Tsuruo T, et al. 
Critical involvement of the phosphatidylinositol 3-kinase/Akt pathway in 
anchorage-independent growth and hematogeneous intrahepatic metastasis of 
liver cancer. Cancer Res 2002;62:2971-5. 

(28) Grille SJ, Bellacosa A, Upson J, Klein-Szanto AJ, Van Roy F, Lee-Kwon W, et al. 
The protein kinase akt induces epithelial mesenchymal transition and promotes 
enhanced motility and invasiveness of squamous cell carcinoma lines. Cancer Res 
2003;63:2172-8. 

(29) Arboleda MJ, Lyons JF, Kabbinavar FF, Bray MR, Snow BE, Ayala R, et al. 
Overexpression of AKT2/protein kinase Bbeta leads to up-regulation of betal 

19 



integrins, increased invasion, and metastasis of human breast and ovarian cancer 
cells. Cancer Res 2003;63:196-206. 

(30)     Nakatani K, Thompson DA, Barthel A, Sakaue H, Liu W, Weigel RJ, et al. Up- 
regulation of Akt3 in estrogen receptor-deficient breast cancers and androgen- 
independent prostate cancer lines. J Biol Chem 1999;274:21528-32. 

{31)    Nesterov A, Lu X, Johnson M, Miller GJ, Ivashchenko Y, Kraft AS. Elevated 
AKT activity protects the prostate cancer cell line LNCaP from TRAIL-induced 
apoptosis. J Biol Chem 2001;276:10767-74. 

{32)    Bastola   DR,   Pahvi^a   GS,   Lin   MF,   Cheng   PW.   Downregulation   of 
PTEN/MMAC/TEPl expression in human prostate cancer cell line DU145 by 
growth stimuli. Mol Cell Biochem 2002;236:75-81. 

{33)    Grunwald V, DeGraffenried L, Russel D, Friedrichs WE, Ray RB, Hidalgo M. 
Inhibitors of mTOR reverse doxorubicin resistance conferred by PTEN status in 
prostate cancer cells. Cancer Res 2002;62:6141-5. 

{34)     Chinni SR, Sarkar FH. Akt inactivation is a key event in indole-3-carbinol- 
induced apoptosis in PC-3 cells. Clin Cancer Res 2002;8:1228-36. 

(35) Manin M, Baron S, Goossens K, Beaudoin C, Jean C, Veyssiere G, et al. 
Androgen receptor expression is regulated by the phosphoinositide 3-kinase/Akt 
pathway in normal and tumoral epithelial cells. Biochem J 2002;366:729-36. 

(36) Levine AJ. p53, the cellular gatekeeper for growth and division. Cell. 
1997;88:323-331. 

(37) Mayo LD, Donner DB. A phosphatidylmositol 3-kinase/Akt pathway promotes 
translocation of Mdm2 from the cytoplasm to the nucleus. Proc Natl Acad Sci U S 
A. 2001;98:11598-11603. 

(38) Zhou BP, Liao Y, Xia W, Zou Y, Spohn B, Hung MC. HER-2/neu induces p53 
ubiquitination via Akt-mediated MDM2 phosphorylation. Nat Cell Biol. 
2001;3:973-982. 

(39) Ogawara Y, Kishishita S, Obata T, Isazawa Y, Suzuki T, Tanaka K, Masuyama 
N, Gotoh Y. Akt enhances Mdin2-mediated ubiquitination and degradation of 
p53. J Biol Chem. 2002;277:21843-21850. 

(40) Gottlieb TM, Leal JF, Seger R, Taya Y, Oren M. Cross-talk between Akt, p53 and 
Mdm2: possible implications for the regulation of apoptosis. Oncogene. 
2002;21:1299-1303. 

(41) Mayo LD, Dixon JE, Durden DL, Tonks NK, Donner DB. PTEN protects p53 
fi-om Mdm2 and sensitizes cancer cells to chemotherapy. J Biol Chem. 
2002;277:5484-5489. 

{42)     Yamaguchi H, Wang HG. The protein kinase PKB/Akt regulates cell survival and 
apoptosis by inhibiting Bax conformational change. Oncogene 2001;20:7779-86. 

{43)    Downward J. How BAD phosphorylation is good for survival. Nat Cell Biol 
1999;l:E33-5. 

{44)    Cardone MH, Roy N, Stennicke HR, Salvesen GS, Franke TF, Stanbridge E, et al. 
Regulation  of cell  death  protease  caspase-9  by  phosphorylation.   Science 
1998;282:1318-21. 

{45)     Zhou H, Li XM, Meinkoth J, Pittman RN. Akt regulates cell survival and 
apoptosis at a postmitochondrial level. J Cell Biol 2000; 151:483-94. 

20 



(46) Umeda J, Sano S, Kogawa K, Motoyama N, Yoshikawa K, Itami S, et al. In vivo 
cooperation between Bcl-xL and the phosphoinositide 3-kinase-Akt signaling 
pathway for the protection of epidennal keratinocytes from apoptosis. Faseb J 
2003;17:610-20. 

(47) Kamauskas R, Niu Q, Talapatra S, Plas DR, Greene ME, Crispino JD, et al. Bcl- 
x(L) and Akt cooperate to promote leukemogenesis m vivo. Oncogene 
2003;22:688-98. 

(48) Faridi J, Fawcett J, Wang L, Roth RA. Akt Promotes an Increase in Mammalian 
Cell Size by Stimulating Protein Synthesis as well as by Inhibiting Protein 
Degradation. Am J Physiol Endocrinol Metab. 2003. (in press) 

(49) Inoki K, Li Y, Zhu T, Wu J, Guan KL. TSC2 is phosphorylated and inhibited by 
Akt and suppresses mTOR signalling. Nat Cell Biol. 2002;4:648-657. 

(50) Tee AR, Anjum R, Blenis J. Inactivation of the tuberous sclerosis complex-1 and - 
2 gene products occurs by phosphoinositide 3-kinase (PI3K)/Akt-dependent and - 
independent phosphorylation of tuberin. J Biol Chem. 2003. (in press). 

(51) Hill MM, Hemmings BA. Inhibition of protein kinase B/Akt. implications for 
cancer therapy. Pharmacol Ther. 2002;93:243-251. 

(52) Laird AD, Cherrington JM. Small molecule tyrosine kinase inhibitors: clinical 
development of anticancer agents. Expert Opin Investig Drugs 2003;12:51-64. 

(53) Fabbro D, Ruetz S, Buchdunger E, Cowan-Jacob SW, Fendrich G, Liebetanz J, et 
al. Protein kinases as targets for anticancer agents: from inhibitors to useful 
drugs. Pharmacol Ther 2002;93:79-98. 

(54) Downie NM and Heath RW. Basic Statistical Methods, 2"^ ed. 1965. p206- 
209. (Harper and Row, New York). 

(55) Press WL, Flannery BP, Teukolsky SA, Vetterling WT. Numerical Recipes in 
C. 1988. p503-513. (Cambridge University Press, Cambridge, New York, Port 
Chester, Melbourne, Sydney). 

(56) PauU KD, Hamel E, Malspeis, L. COMPARE 
http://dtp.nci.nih.gov/docs/compare/compare.html, 2002. 

(57) DTP Web-Accessible Data and Tools, http://dtp.nci.nih.gov/webdata.html, 
2002. 

(58) Paull KD, Lin CM, Malspeis L, Hamel E. Identification of Novel Antimitotic 
Agents Acting at the Tubulin Level by Computer-assisted Evaluation of 
Differential Cytotoxicity Data. Cancer Res 1992; 52: 3892-3900. 

(59) Bai R, Paull KD, Herald CL, Pettit GR, Hamel E. HaUchondrin B and 
Homohalichondrin B, Marine Natural Products Binding in the Vinca Domain of 
Tubulin: Discovery of Tubulin-based Mechanism of Action by Analysis of 
Differential Cytotoxicity Data. J Biol Chem 1991; 266: 15882-15889. 

(60) Weinstein JN, Myers TG, O'Connor PM, Friend SH, Fomace Jr AL, Kohn 
KW,et al. An Information-Intensive Approach to the Molecular Pharmacology 
of Cancer. Science 1997; 275: 343-349. 

(61) Scherf U, Ross DT, Waltham M, Smith LH, Lee JK, Tanabe L, et al. A Gene 
Expression Database for the Molecular Pharmacology of Cancer. Nature 
Genetics 2000; 24: 236-244. 

(62) Ross DT, Scherf U, Eisen MB, Perou CM, Rees C, Spellman PO, et al. 

21 



Systematic Variation in Gene Expression patterns in Human Cancer Cell 
Lines. Nature Genetics 2000; 24: 227-235. 

(63) Liu W, Li J, Roth RA. Heregulin regulation of Akt/protein kinase B in breast 
cancer cells. Biochem Biophys Res Commun 1999;261:897-903. 

(64) Gao Y, Luo J, Yao ZJ, Guo R, Zou H, Kelley J, et al. Inhibition of Grb2 SH2 
domain bindmg by non-phosphate-containing ligands. 2.4-(2- Malonyl) 
phenylalanine as a potent phosphotyrosyl mimetic. J Med Chem 
2000;43:911-20. 

(65) Mita MM, Mita A, Rowinsky EK. Mammalian target of rapamycin: a new 
molecular target for breast cancer. Clin Breast Cancer. 2003;4:126-137. 

(66) Yu K, Toral-Barza L, Discafani C, Zhang WG, Skotnicki J, Frost P, Gibbons 
JJ. mTOR, a novel target in breast cancer: the effect of CCI-779, an mTOR 
inhibitor, in preclinical models of breast cancer. Endocr Relat Cancer. 
2001;8:249-258. 

22 


