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Abstract 
Many types of immune cellular stimulation or toxic insults activate the generalized systemic PI3K/AKT pathway and it 
regulates the basic cellular functions such as transcription, proliferation, growth and survival. The modified and 
disturbed activation of these pathway result in development of major disease such as cancer, diabetes mellitus and 
autoimmune disorders. Especially, PI3K/AKT mediated signal transduction molecules and effects on gene expression 
that contribute to tumorigenesis. Current evidence has suggested that the PI3K/AKT pathway is visible target for 
novel antitherapeutic drugs. Importantly, the main objectives of the signal transduction based research are to develop 
effective, low cost chemotherapeutic drugs that target very dangerous cancerous cells without affecting the normal 
cells. Small interfering RNA (siRNA) is one of the very effective therapeutic models in cancerous gene to inhibit or 
mimic the PI3K/AKT pathway for anticancer treatment. Many biological, active chemotherapeutic drugs have 
developed to inhibit the PI3K/AKT signaling pathways. This review will focus on the PI3K/AKT pathways, its alteration 
in cancer progression and different chemotherapeutic drugs have been used to inhibit the different types of cancer. 
 
Keywords: PI3K/AKT, Cellular stimulation, Transcription, Proliferation, Small interfering RNA, Signal transduction, 
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Introduction 
Phosphoinositide 3 kinase (PI3K) family 
members act as cellular sensor to relay 
mitogenic signals to internal cellular effectors. In 
this way, this signaling kinase influence several 
cellular activities such as proliferation, motility 
and survival. Genetic changes of the respective 
genes, through DNA amplification, somatic 
mutations or chromosomal rearrangements are 
commonly found in many human tumors and 
results in the uncontrolled activation of the PI3K 
signaling pathway. The enzymes of the PI3K 
family are divided into three cases based 
primarily on substrate specificity and sequence 
homology. Specifically, the class IA PI3K sub 
family has been the most extensively studied in 
the context of tumorigenesis. ClassIA PI3K is 
lipid kinases comprised of three p110 subunits 
(alpha, beta, and gamma) and are activated by 
growth factor receptor tyrosine kinases. The 
activity of the three catalytic p110 subunits is 
regulated through a heterodimeric interaction 
with a regulatory subunit of 85, 55 or 50 KDa. 
Following receptor tyrosine kinase activation, the 
p110 subunit is brought to the lipid membrane 
where it then proceeds to phosphorylate 

phosphatidylinositol 4, 5 biphosphate PIP2 to 
produce phosphatidylinositol 3, 4, 5 triphosphate 
PIP3. In turn ,PIP3 serves as a key second 
messenger that controls  a range of cellular 
functions through the recruitment of AKT ,and  a 
number of pleckstrin homology (PH) FYVE (Fab 
1p,YOTB,VACLP AND EEA1)and other proteins 
containing lipid–binding domains, to the 
membrane (Cantley LC, 2002 ). 

The PI3K-AKT signaling pathway is 
activated by many types of cellular stimuli or 
toxic insults and regulates fundamental cellular 
functions such as transcription, translation, 
proliferation, growth and survival (Datta SR et al., 
1999) Serine/threonine kinase AKT/PKB is a 
crucial kinase in this pathway (Vivanco I and 

Sawyers CL, 2002) as shown in Fig.1. A 
disturbed activation of the PI3K-AKT has been 
also   associated with development of diseases 
such as cancer, diabetes mellitus and 
autoimmunity (Dicristofano A et al., 1999). Actually, 
PI3K-AKT  signaling is associated  with both of 
these events, and plays a major  role not only in 
tumor  growth but also in the potential response 
of a tumor  to cancer treatment(Testa JR and 

Balacosa A, 2001).Recent evidence has 
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suggested that the PI3K-AKT pathway is a 
visible target for novel anti-neoplastic drugs. The 
ultimate goal of signal-transduction based 
research is to develop chemotherapeutic drugs 
that target cancerous cells without affecting non 
cancerous form cells (McCubrey JA et al., 2001) 

 
Signaling pathways of PI3K-AKT and its 
functions 
PI3K is responsible for the phosphorylation of 3 
position of the inositol ring of PI (4, 5) P2, to 
generate PI (3, 45) P3, a potent second 
messenger required for survival signaling and 
insulin action (Fruman DA et al., 1998.) The PI3K 
are heterodimers composed of a catalytic 
subunit (p110) and an adapter/regulatory 
subunit (p85) which is activated by receptors 
with protein tyrosine kinase activity (receptor 
tyrosine,RTK) and by G protein coupled receptor 
(GPCR) (Katso R et al., 2001).The  activated PI3K 
converts plasma membrane lipid PI (4,5) P2 to 
PI (3,4,5) P3 in seconds (Vanhaesebroect B and 

Waterfield MD,1999.).The effects of PI(3,4,5)P3 on 
cells are mediated through specific to at least  
two distinct protein–lipid binding domain namely 
FYVE and pleckstrin homology (PH) 
domains(Pawson T and ,Nash P,2000).The 
activated PI3K converts phosphatidylinositol 
(4,5) phosphate(P1(4,5)P2) into 
phosphatidylinositol (3,4,5)-
phosphate(PI(3,4,5)P3) which results in 
membrane localization of phosphatidylinositol- 
dependent kinase-19PDK1) via its pleckstrin 
homology(PH) domain (Vazquez F and Sellers WR 
,2000). AKT is also recruited  by the lipid plasma 
membrane by its PH domain and 
phosphorylated at residues T308 AND S473 by 
PDK1 and unidentified kinase respectively (Wux 

et al., 1998).AKT is the primary mediator of PIK3-
initiated signaling and has a number of 
downstream substrates that may contribute to 
malignant transformation. Some of these 
substrates are Bad, Procaspase-9, 1-KB kinase 
(IKK), CREB, the  fork head family of 
transcription factors (FKHR/AFX/FOX), glycogen 
synthase kinase-3(GSK-3), p21 CIP1,AND 
RAF18,IKK and CREB are  activated by AKT 
phosphorylation, where as Raf ,Bad, 
procaspase-9,FKHR and GSK-3 are inactivated 
(Sakki A  et al.,1998) as shown in Fig.2. Activity 
of the PIK3/AKT pathway is negatively regulated 
by phosphatase. Phophatase and tensin 
homologue deleted on chromosome 10(PTEN), 
which also know as mutated in multiple 
advanced cancer-1(MMAC-1), as well as Src 
homology2 (SH2) containing phosphatase 1 and 

2 SHIP-1 and SHIP-2 remove phosphates from 
PI (3, 4, 5) P3 (Taylor V et al., 2000).Mutation in 
these phosphatases that eliminate their activity 
can lead to tumor progression. Consequently, 
genes encoding these phosphatases are 
referred to as anti-oncogenes (or) tumor 
suppressor genes. (Muraille E et al., 1999) 

 
PI3K pathway deregulation in cancer 
PI3K is tightly regulated in normal tissues but it 
is estimated to be constitutively active in up to 
50% of human cancers. Alteration or 
upregulation of PI3K or Akt isoforms and 
inactivation/silencing of PTEN, all of these 
processes result in hyperactivation of the 
pathway (Forgacs E et al., 1998). Genetic 
analyses have identified other PI3K pathway 
components and this is used by cancer cells to 
enhance signaling through the PI3K network. 
PTEN is either deleted or silenced through 
promoter methylation in a significant proportion 
of solid tumors (Goel A et al., 2004).Germ line 
mutations in PTEN are the primary genetic event 
in cowden’s disease, a breast, thyroid and 
endometrial cancer predisposition syndrome 
(Liauo D et al., 1997). Its generally accepted that 
the PI3K pathway relies on its major 
downstream effector kinase AKT to propagate 
and amplify its growth promoting signals. 
Constitutively active  membrane localized 
AKT1,2 & 3 enzymes are highly tumorigenic in 
experimental models of cancer (Sun M et al., 
2001).Frequent genomic amplification of AKT 
have been identified in pancreatic ,breast and 
ovarian human tumors(Cheng JR et al., 
1992).While over expression of AKT3 has been 
detected in a subset of breast and prostate 
cancer (Cheng JR et al., 1996).Recently Carpten 
et al identified a subset of human tumors 
harboring an oncogenic mutation in the 
pleckstrin homology domain of AKT1, which 
result in constitutively active membrane-
localized enzyme. Collectively these results 
demonstrate that the key downstream effector of 
PI3K signaling, Akt is central to tumorigenesis 
(Carpten JD et al., 2007).Recent evidence 
suggest that tumor with activated PI3K pathway 
also depend on intact mTOR signaling for their 
tumorigenic effects (Klendel HG et al., 
2004).Activation of mTOR by AKT serves to 
integrate external growth factor and nutrient 
cues,resulting in enhanced protein translation, 
increased cell size, and suppression of 
autophagy (Guertin DA and Sabatine DM,2007). In 
addition, somatic mutations in the mTOR gene 
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(FRAP1) have recently been identified in human 
tumors (Greenman C et al., 2007). 

Further compelling evidence for a 
central role of the PI3K pathway in cancer 
comes from a genomic study sequencing 
multiple PI3K pathway members in colorectal 
cancer and out of the 146 tumors examined 
58,or 40% contained  somatic mutations in 
members of the PI3K pathway. Strikingly of the 
58 tumors with PI3K pathway alterations only 
two contained mutations in more than one 
component of the pathway (Parsons DW et al., 
2005).PI3K –AKT Signaling is activated as a 
result of the ligand dependent activation of RTKs 
and/or G-protein-coupled receptors. Since cell 
surface receptors are commonly over-expressed 
or constitutively activated in a large number of 
lungs cancer downstream signal pathways are 
often activated as a result .One of the most 
extensively studied examples is the erbB2 
tyrosine kinase receptor, which is over 
expressed as a result of gene amplification in 
breast and other cancers.( Blume-jenson and 

P,Hunter T, 2001). ErbB2 dimerizes with other 
members containing erbB2 are potent  activators 
of multiple signaling pathways involved in cell 
growth, antiapoptosis and invasion (Olayioe MA 
et al., 2000).Zhae et al., have demonstrated that 
erbB2-erbB3 dimers strongly activate the PI3k-
AKT pathway in tumor cells (Zhou BP et al., 2000 

),because erbB3 possesses seven 
phosphorylatable tyrosine residues able to bind 
the SH2 domain of the P85 regulatory subunit of 
PI3K (Prigent SA and Gullick KIJ 1994). 

 
Cell survival and proliferation 
Cancer cells have devised mechanism to inhibit 
apoptosis and increase their chances of survival. 
This is particularly important in anoikis, a 
specialized from of programmed cell death 
which normal epithelial cells undergo when they 
are deprived of attachment to (and survival 
signals from) physiological substrates. 
Metastatic carcinoma cells are able to over-ride 
this restraint during dissemination. One of the 
consequences of PI3K or AKT activation is 
engagement of an anti apoptotic pathway. This 
involves a variety of substrates downstream of 
AKT that are inhibited or activated to prevent 
apoptosis. For example,AKT prevents release of 
cytochrome c from mitochondria and inactivate 
forehead(FKHR) transcription factors preventing 
their nuclear translocation and subsequent 
activation of downstream pro-apoptotic proteins, 
including Bim and FAs ligands.AKT 
phosphorylates and inactivates a prodeath 

protease, caspase 9,and the anti-apoptotic 
factor BAD.AKT via IKK induces nuclear 
translocation of the survival protein NF-KB AND 
MDM2 and targets the tumor suppressor gene 
P53 for degradation by the proteosome (Mayo LD 

and Donner DB 2001).Angiogenesis can be 
considered to have both afferent induction and 
efferent (response) elements The former 
includes the production of angiogenic cytokines 
by tumor  and/or host cell due to oncogenic 
activation or hypoxia and the later the functional 
responses of vascular and lymphatic endothelial 
cells to these stimuli, which include cell 
proliferation, migration, invasion of the ECM and 
differentiation into new capillaries Interestingly, 
many of the signaling  pathways and processes 
used by activated endothelial cells mimic those 
used by invading tumor cells ,and the PI3K 
pathway plays a key role in both. 

In many cancer vascular endothelial 
growth factors(S)(VEGF) are the most powerful 
and selective angiogenic cytokines. VEGF 
transcription is induced by hypoxia-inducible 
factor alpha (H1F12)( Mazyre NM et al., 
1997).Loss of PTEN upregulates this afferent 
angiogenic pathway and reintroduction of PTEN 
in to prostate carcinoma cell lines decreased 
VEGF production and their angiogenic potential 
(Koul D et al., 2002). Induction of angiogenic 
cytokines such  VEGF  and  IL-8 by a variety of 
growth factors including PDGF,EGF,HGF and  
HRG  is PI3K dependent (Dong G et al., 
2001).VEGF is an important survival factor in 
newly normal vasculature, and this process is 
mediated via PI3K/AKT and induction of bcl-2 .It 
has been reported that VEGF activation of PI3K 
is mediated  via focal adhesion kinase (FAK)( Qi 

JH and Claesson- Welsh L 2001). And both are 
implicated in VEGF –mediated endothelial cell 
migration.PI3K is also involved in endothelial cell 
survival and migration mediated by angiopoietin 
1(Fujikawa K et al., 1999). 

Recently, it has been shown that 
topotecan inhibits both VEGF and  bFGF –
induced endothelial cell migration via down 
regulation of PI3K/AKT pathway(Nakashio A et al., 

2002).In addition,a third important angiogenic 
mediator  nitric oxide synthase (eNOs), has also 
been shown to be an Akt substrate (Dimmeler S 
et al., 1999).The PI3K signal transduction is 
implicated in multiple key angiogenic pathways 
at both afferent and efferent levels,  and  may 
therefore represent an excellent pivotal point for 
therapeutic intervention. This has been 
exemplified by the finding that the mTOR 
inhibitor Rapamycin can reduce both (a) 
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induction of VEGF and b)endothelial cell 
proliferation and tube formation in response to 
this cytokines, resulting in significant inhibition of 
angiogenesis, tumor growth and metastasis in 
vivo (Guba M et al., 2002). 
 
Inhibition of PI3 Kinase and its effectivity in 
treatment of cancer 
A number  of naturally occurring compounds 
exist that inhibit PI3K, e.g. wortmannin and 
demethoxyvirdin originally isolated from soil 
bacteria and a bioflavonoid, quercetin(Woscholski 

R et al., 1994).A chromenone  analogue of 
quercetin, LY294002 was developed in 1994 
and was found to be three times more active 
against PI3K(.Vlahos CJ et al., 1994).Wortmannin 
is a fungal metabolite and a potent inhibitor of 
type 1 PI3K(Cross MJ et al.,1995).Wortmannin 
irreversibly inhibits PI3K by binding to the p110 
catalytic subunit when tested in large panel of 
protein kinases, wortmannin was found to have 
high selectivity for inhibiting PI3K (Powis G et al., 
1994).Wortmannin has anti-tumor activity in 
vitro/in vivo with an IC50  for the inhibition of 
PI3K ranging from 2 to 4 nm (Davies SP et al., 
2000).Wortmannin was found to  inhibit the 
phosphorylation of AKT by 50% or more relative 
to the vehicle control (Schultz RM et al., 1995: 
Lemke LE et al., 1999).Blocking the PI3K-AKT 
pathway with Wortmannin might be a valuable 
approach to treating cancer ,an important  
disadvantage of using Wortmannin is that the 
compound is soluble in organic solvents but not  
in the water, which may limit its use in clinical 
trials.Vatricovski et al., have developed a 
modified water soluble Wortmannin ,but its 
ability to inhibit PI3K activity was reduced (Ng SS 

et al., 2000).LY294002 is also a potent inhibitor of 
PI3K. LY 294002 a flavonoid derivative is a 
competitive and reversible inhibitor of the ATP 
binding site of PI3K with an IC50 of 4 
micromolars which is about 500 fold higher than 
that of wortmannin (Sanchez-Margalet V et al., 
1994). In pancreatic cancer cell line LY294002 
treatment also caused G1 arrest which was 
associated with increased P27/Kip levels and 
decrease cyclin D and E levels, followed by 
inhibition of Rb protein hyperphosphorylation 
(Takeda A et al., 2004).Semba et al., reported 
that daily administration of LY294002 
suppressed tumor growth and induced apoptosis 
in human colon cancer cells xenografted in 
SCID mice (Semba S et al., 2002). Wortmannin 
or LY294002 alone may inhibit cell proliferation 
and induce apoptosis in cancer cells via 
inhibition of the PI3K-AKT pathway their effect 

may be further enhanced by radio or 
chemotherapy (Hul et al., 2000). 
 
AKT pathway as a target for cancer treatment 
Castilo et al., reported that phosphatidyl inositol 
ether lipid analogue (PIAS) inhibited AKT activity 
(IC50,<5 micro liter) by interacting with the 
phosphoinositide-binding site in the PH domain 
of akt.The PIAS down regulate the 
phosphorylation of many downstream targets of 
AKT without affecting upstream kinases,such as 
PI3K and PDK (Castilo SS et al., 2004). Full 
activation of AKT requires phosphorylation on 
Thr 308 and ser 473. Reduction of PDK-1 levels 
using antisense oligonucleotides inhibits AKT 
activity, with a con-comitant decrease in 
phosphorylation of Thr308 and ser 473 on akt. 
inhibition of PDK-1 would also block the activity 
of other PDK-1 target such as the AGC kinase 
family and in particular P70S6K.Blockade of 
PDK-1 expression decreased cell cycle 
progression and increased apoptosis .Strangely, 
in the same cells, inhibition of PI3K with 
LY294002 induced cell cycle arrest without 
inducing apoptosis (Flynn P et al., 2000).ILK act 
as a PDK-2 Phos-Phorylating AKT on Ser 473. 
In addition to blocking akt activation, inhibition of 
ILK may attenuate the effect of integrin signaling 
thus potentially limiting tumor invasion and 
metastasis. ILK inhibitors abolish 
phosphorylation on ser473 but not Thr308, in 
PTEN mutant cells. This effect decreases the 
growth of multiple tumor lineages both in vitro 
and in vivo through inhibition of proliferation 
migration and survival (Persad S et al., 2000). 
PI3K-AKT pathway may also be targeted by 
several bioactive compounds derived from 
natural products that prevent cancer in different 
model systems, such as inositol hexa phosphate 
(IP6), inositol-3-carbinol (IC3), green black tea, 
polyphenols, triterpenoids and various dietary 
flavonoids compounds. The possibility that non-
toxic natural compounds modulate PI3K –AKT 
pathway makes it an alternative target for tumor 
prevention as well as cancer therapy (West KA et 

al., 2002). 
Wortmannin is a fungal metabolite with 

a value of 5nm (Arcaro A and Wymann MP, 1993). 
AKT inhibitors have been recently discoverd.one 
is IL-6-hydroxy methyl-chiro-inositol  2-®-O-
methyl-3-octadecyl-carbonate, It has been 
reported  to inhibit selectively akt with an IC50 
value  of 5 micro molar, which is much less than 
its IC50 value of 90 micromolar for PI3K 
inhibition ( Hu Y et al., 2000 ).Additionally, it was 
recently reported that the tyrosine 
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phosphorylation inhibitor (tyrphostin) AG957, 
which is also named NSC 654705, caused 
dephosphorylation of AKT(Urbano A et al., 2002). 
p70S6K is another viable target for 
chemotherapeutic intervention within the 
PI3K/AKT pathway. Rapamycin is commonly 
used to inhibit p70S6K activity. Its macrolide 
antibiotic produced by the filamentous bacterium 
streptomyces hygroscopicus (Dumont H et al., 
1996).Rapamycin is used as a powerful 
immunosuppressant, which has been effective in 
a variety of clinical settings such as organ 
transplantation. Rapamycin dephosphorylates 
p70S6K at sites different from those with 
activation. As a consequence, phosphorylation 
of the S6 ribosomal protein necessary for cell 
growth does not occur (Ferrari S et al., 1993) 
Skorski et al.,  showed that expression   of  
antisense cDNA or treatment with antisense 
oligonucleotides downregulated p85 gene 
expression and abrogated PI3K signaling 
(Skorski T et al., 1995).Antisense 
oligonucleotides targeted to akt1 had several 
effects on a variety of cancer cell lines, 
including-reduced ability to grow on soft agar, 
induction of apoptosis  and enhanced 
susceptibility to various chemotherapeutic 
agents (Liu X et al., 2001). PI3K is known 
downstream substrate of the GTPase Ras. 
Disruption of Ras activity may also be effective 
for inhibition of the PI3K /AKT pathway. Three 
approaches that have been taken to inhibit Ras 
signaling include prevention of Ras membrane 
localization, antisense strategies, and ectopic 
expression of DN proteins. 
 
Membrane localization of Ras has been 
inhibited with farenesyltransferase inhibitors 
(FTIs). Arglabin-DMA is a recently discovered 
FTI that is derived from a species of wormwood 
endemic to central asia (Shaikenov TE et al., 
2001).There are currently four FTIs undergoing 
clinical trials R115777, SCH66336, L-778, 123, 
and  BMS-214662 (Johnson SR ,2001). 
                                                                                                                                                                                                                                                    
Antisense strategies have also been used to 
disrupt Ras. Expression of antisense K-Ras 
cDNA suppressed the malignant phenotype of 
large lung cancer carcinomas (Zhang Y et al., 

1993) and inhibited growth of H460a lung cancer 
cells nearly three fold (Mukhopadhyay T et al., 
1991).ISIS2503 is a 20-base antisense 
phosphorothioate oligodeoxyribonucleotide 
targeting H-Ras that is currently in phase2 
clinical trials (Cunningham CC et al., 2001). 
 

DN proteins 
DN proteins have been used to inhibit Ras 
signaling.DN proteins bind and inhibit function of 
endogenous proteins. Two DN forms of Ras 
have been described. The first, Ras 17N ,blocks 
endogenous Ras GTPase activity ,which is 
essential for signal transduction (Feig LA et al., 

1998).Ras17N has been described to inhibit akt 
activation elicited by the v-Crk oncogene (Akagi 

T et al., 2002). Another DN mutant binds 
endogenous Ras to form inactive complexes 
localized to the cytoplasm. Signals from the 
plasma membrane are not transduced by Ras 
because its localization to the membrane is 
disrupted (Fiodalisi J et al., 2002). 

Inhibition of both PI3K and AKT has also 
been achieved with DN proteins. Expression of a 
P85,∆p85,decreased cell growth in Bcr-Abl-
transformed cells( Sonoyama J et al., 
2002).Another report described use of a DN 
form of p110,the catalytic subunit of 
PI3K(Takuwa N et al., 1999).Furthermore, 
Mabuchi et al. reported that ovarian cancer cells 
become sensitized to paclitaxel by DN Akt 
expression (Mabuchi S et al., 2000). Lastly, PI3K 
signaling can be abrogated through the activity 
of two known phosphatase. SHIP-2 over 
expression has been observed to cause Akt 
inactivation and cell cycle arrest in glioblastoma 
cell (Taylor V et al., 2000). Overexpression of 
PTEN inhibits proliferation and malignant 
progression of prostate cancer cells (Murillo H et 
al., 2001).Taken together, these data indicate 
that phosphatase may have therapeutic promise 
by abrogating signaling transduced through 
PI3K.Strategies for inhibiting the PI3K/AKT 
pathway are outlined in Fig 3. 

  
siRNA and its approaches in effective cancer 
therapeutics 
An alternative approach to therapeutic targeting 
of the PI3K-AKT pathway is to specifically inhibit 
the expression of important pathway proteins by 
RNA interference (RNAi). RNAi is an 
evolutionary conserved mechanism that is 
operative in insects, nematodes, plants, and 
mammalian cells. In this process, sequence 
specific post transcriptional silencing is initiated 
by the introduction in to cells of double stranded 
annealed sense and antisense RNAs that are 
homologues to the sequence of the silenced 
gene(Matzte MA and Birchler JA,2005).Small 
interfering RNAs (siRNAs) can be targeted to 
tumors and several recent studies indicate the 
potential for application of this technique in the 
therapy for various cancers (Yin JQ, et al., 2003; 
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Tateshita F et al., 2005).siRNA targeting VEGF 
effectively inhibits growth of malignant 
melanoma and squamous cell carcinoma of 
head and neck cancers both in vitro and in vivo 
(Zang X et al., 2005). Also, down regulation of 
antiapoptotic gene expression (eg.survivin) by in 
vivo siRNA can decrease the radio resistance of 
breast cancer cells (Uchida H et al., 2004).RNAi 
has the potential to be more selective and as a 
result, more effective and less toxic than 
traditional approach. Two major obstacles must 
be overcome for this potential to be realized, 
first, drug delivery techniques must be refined to 
provide more specific uptake in cancer cells. 
Viral delivery methods are efficient but cause 
serious side effects (Lundstrom K et al., 
2003).Cationic lipid complexes are effective 

siRNA delivery agents. A draw back of cationic 
lipid reagents is that in some instance, they can 
be specifically toxic and induce immune 
response in vivo (Sioud M et al., 2003).Secondly 
the ability to modify RNA  oligonucleotides so 
that they are more stable in vivo  will be 
necessary before applying this techniques for in 
vivo therapy. Secondly the ability to modify RNA 
oligonucleotides so that they are more stable in 
vivo will be necessary before applying this 
techniques for in vivo therapy. Proprietary 
chemical modifications have been developed 
that dramatically enhance both the stability and 
silencing longevity of siRNA while improving its 
potency and decreasing cellular toxicity (Chie Y 
L and Rana, 2003).

 

 
Examples of human cancers where the PI3K pathway has been shown to be abundantly upregulated 

 
Cancer type Alteration in PI3K pathway Reference 

 

Ovarian Amplification of p110 alpha gene Shayesteh L et al.,1999 

 PI3K p85alpha Mutation Philip AJ et al.,  2001 

 Elevated AKT1 kinase activity Sun M,Wang G et al., 2001 

 AKT2 amplification Bellacosa A et al., 1995 

 PTEN Mutation Ali IU et al., 1999 

 Loss of PTEN hetrozygosity and silencing of  remaining 
alleles 

Saito M et al., 2000 

 PI3K CA associated with  VEGF expression,Microvessel 
invasion 

Zhang L et al., 2003 

 

Cervical Amplification  of p110 alpha gene Ma YY et al., 2000 

 
Colorectal 

 
Over expression of PI3K Class 1a 

Phillips WA et al., 1998 

 Protein PI3K P85 alpha mutation Philip AJ et al., 2001 

 PTEN mutation in tumors with microsatellite Instability 
 

Guanti G et al., 2000 

Breast Elevated akt1 kinase activity Sun M et al., 2001 

 AKT2 amplification Bellacosa A et al., 1995 

 Loss of PTEN hetrozygosity Garcia JM et al., 1999 

 AKT3 mRNA over expression and high Enzyme activity in 

ER negative cancer 

Nakatani K et al., 1999 

Pancreatic AKT2 amplification Cheng JQ et al., 1996 

Glioblastoma PTEN mutation in 70% of advanced tumors Wang SI et al., 1997 

 PTEN mutation in high grab tumors Rasheed BK et al.,1997 

Melanoma PTEN mutation Celebi JT et al., 2000 

 PTEN silencing Zhou XP et al., 2000 

Prostate AKT1 amplification Sun M et al., 2001 

 PTEN mutation Ali IU et al., 1999 

 Loss of PTEN heterozygosity 
and silencing of remaining alleles 

Whang YE et al., 1998 

Leukemia PTEN activation Marsh DJ et al., 1995 

Lymphoma PTEN inactivation Nakahara Y et al., 1998 

Gastric AKT 1 amplification Philip AJ et al., 2001 

 Activation of PI3K via erbB-associated with De-
differentiation 

Taal SP , 1987 

Lung PTEN inactivation Forgacs E et al., 1998 
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Conclusion 
Many potential chemotherapeutic drugs are 
widely used to inhibit the altered PI3K/AKT 
signaling pathways. So, the levels of cancer 
progression were ultimately reduced. Especially 
PI3K/AKT mediated signal transduction molecules 
and effects on gene expression that contribute to 
tumorigenesis. Current evidence has suggested that 
the PI3K/AKT pathway is visible target for novel 

antitherapeutic drugs. Currently the small 
interfering RNA mediated inhibition is 
systematically developed because it is more 
selective, more effective and less toxic 
compared with existing methods.  

 

 
References 
 
Akagi T, Murata K, Shishido T, Hanafusa H, 2002.v-
CrK Activates PI3K/AKT pathway by utilizing focal 
adhesion kinase and H-ras.Mol cell Biol.22:7015-
7023. 
 
Ali IU, Schriml LM, Dean M, 1999. Mutational spectra 
of PTEN/MMAC1 gene: a tumor suppressor with lipid 
phosphatase activity.J Natl Cancer Inst, 91:1922-
1932. 
 

Arcaro A, Wymann MP, 1993. Wortmannin is a potent 
PI3K Inhibitors: The role of phosphatidylinositol 3, 4, 
5-triphosphate in neutrophil responses.Bio Chem.296 
(part2):297-301. 
 
Bellacosa A,de Feo D,Godwin AK,Bell DW,Cheng 
JQ,Altomarc DA,Wan M,Dubeau L,Scambia 
G,Masciullo V,1995.Molecular alteration of the AKT2 
oncogene in ovarian and breast carcinomas.Int J 
Cancer ,64:280-285. 
 
Blume-jenson P, Hunter T, 2001.Oncogenic kinase 
signaling, Nature.411:355-365. 
 
Cantley LC, 2002. The phosphoinositide -3-kinase 
pathway. Science, 296:1655-1657. 
 
Carpten JD, Faber AL, Horn C et al., 2007. .A 
transformation mutation in the pleckstrin homology 
domain of AKT 1 IN Cbcer.Nature.448:439-444. 
 
Castilo SS, Brognard J, Petukhov PA, et al., 
2004.Preferential inhibition of AKT and killing of AKT 
dependent cancer cells by rationally designed 
phosphoinositol ether lipid analogues.Cancer 
Res.64:2782-2792. 
 



Review Article  Biology and Medicine, 1 (4): Rev1, 2009 

9 

 

Celebi JT,Shendrik I,Silver DN,Peacocke 
M,2000.Identification of PTEN mutations in metastatic 
melanoma specimens, J Med Genet,37:653-657. 
 
Cheng JR, Godwin AK, Bellacosa A, 1992. AKT2 a 
putative oncogene encoding a member of a subfamily 
of protein-serine /threonine kinase, is amplified in 
human ovarian carcinomas.Proc Natl. Acad Sci 
USA.89:9267-9271. 
 
Cheng JR, Ruggeri B, Klein WM et al., 1996. 
Amplification of AKT2 in human pancreatic cells and 
inhibition of AKT2 expression of tumorgenicity by 
antisence RNA.Proc Natl.Acad Sci USA.93:3636-
3641. 
 
Chie Y-L, Rana TM, 2003.siRNA function in RNA i 
chemical modification analysis. RNA.9:1034-1048. 
 
Cross MJ, Stewart A, Hodgkin MN, Kerr DJ, Wakelam 
MJ, 1995.Wortmannin and its structural homolouge 
demethoxyviridin inhibit Phospholipase A2 activity in 
SWIS 3T3 cells.Wortmannin is not a specific inhibitor 
of PI3 kinase .J Biol Chem., 270:25352-25358. 
 
Cunningham CC,Holmlund JT, Geary RS,Kwoh 
TJ,Dorr A, Johnson JF et al.,2001.A phase 1 trial of 
H-ras antisense  oligonucleotide ISIS 2503 
administered as a continuous intravenous infusion in 
patients with advanced carcinoma.Cancer.92:1265-
1271. 
 
Datta SR, Brunet A, Greenber ME, 1999.Cellular 
survival a play in three AKTs. Genes 
Development.13:2905-2927. 
 
Davies SP, Reddy H, Caivanon M, Cohen P, 
2000.Specificity and mechanism of action of some 
commonly used protein kinase inhibitors.Biochem 
J.351:95-105. 
 
DicristofanoA, Kotsi P, Pemg YF,Cordon Cardo C, 
Elkon KB, Pandolfi P P, 1999. Impaired for response 
and autoimmunity in pten/ mice. Science.285:2122-
2125. 
 
Dimmeler S,Fleming I,Fisslthaler B,Hermann C,Busse 
R, Zeiher AM,1999.Activation of nitric oxide synthase 
in endothelial  cells by akt dependent  
phosphorylation. Nature, 399:601-605. 
 
Dong G,Chen Z,Lizy NT,Bancroft CC,Vanwaes 
C,2001.Hepatocyte growth factor /scatter factor-
induced activation of MEK and PI3K signal pathways 
contributes to expression of proangiogenic cytokines 
interleukin-8 and vascular endothelial growth factor in 
head and neck squamous cell carcinoma. Cancer 
Res, 61:5911-5918  
 
Dumont H, Su Q, 1996.Mechanim of action of the 
immunosuppressant rapamycin.Life Sci.58:373-395. 
 

Feig LA, Cooper GM, 1998.Inhibition of NIH3T3 cell 
proliferation by a mutant ras protein with preferential 
affinity for GDP.Mol Cell Biol.8:3235-3243. 
 
Ferrari S,Pearson RB,Siegmann S,Kozma SC, 
Thomas G,1993.The immunosuppressant rapamycin 
induces inactivation of p70s6k through 
dephosphorylation of a novel set of sites.J Biol 
Chem.268:16091-16094. 
 
Fiodalisi JJ,Holly SP,Jonson11 RL,Parise LV,Cox 
AD,2002.A distinct class of dominant negative Ras 
mutants that inhibit Ras signaling and transformation 
and enhance cell adhesion.J Biol chem..277:10813-
10823. 
 
Flynn P, WongdaggerM, Zavar M, et al., 2000. 
D.Inhibition of PDK-1 activity causes a reduction in 
cell proliferation and survival.Curr Biol,10:1439-1442. 
 
Forgacs E, Biesberveld EJ,sekido Y,Fong K,Muneer 
S, Wistuba 11,Milchgrub S,Brezinsche R,Virmani 
A,Gazadar AF, Minna JD, 1998.Mutation analysis of 
the PTEN/MMC1 gene in lung 
cancer.Oncogene.17:1557-1565, 
 
Forgacs E.Bieesterveld EJ,Sekido Y,Fong K,Muneer 
S,Wistuba 11,Milchgrub S, Brezinschek R, Virmani 
A,Gazdar AF,Minna JD,1998.Mutation analysis of the 
PTEN/MMAC1 gene in lung cancer. Oncogene, 
17:1557-1565.     
 
Fruman DA, Meyers RE, Cantley LC, 1998. 
Phosphoinositide kinase. Annual Review of 
Biochemistry. 67:481-507. 
 
Fujikawa K,de Aos Scherpenseel1,Jain SK,Pressman 
E,Christensen RA, Varticovski L,1999.Role of PI3K in 
angiopoeitin -1-mediated migration and attachment-
dependent survival of endothelial 
cells.Exp.Cell.Res,253:663-672. 
 
Garcia JM, Silva JM, Dominguez G, Gonzalez R, 
Navarro A,1999.Carretero L,Provencio M,Eapana 
P,Bonilla F:Allelic loss of the PTEN region(10q23)in 
breast carcinomas of poor pathogenotype.Breast 
cancer Res Treatment,57:237-243. 
 
Goel A, Arnold CN,Niedzwiecki D,et al., 
2004.Frequent inactivation of PTEN by promoter 
hypermethylation in micro statelline instability high 
sporadic colorectal cancers: Cancer Res.64:3014-
3021. 
 
Greenman C,Stephens P,Smeth R,et al., 
2007.Patterns of somatic mutation in human cancer 
genomes.Nature:446:153-158. 
 
Guanti G,Resta N,Simone C,Cariola F,Demma 
I,Fiorente P,Gentile M,2000.Involvement of PTEN 
mutations in the genetic pathways of  colorectal 
carcinogenesis.Hum Mol Genet,9:283-287. 



Review Article  Biology and Medicine, 1 (4): Rev1, 2009 

10 

 

 
Guba M,Von Breitenbuch P,Steinbauer M,Koehl 
G,Flegel S,Homung M,Bruns CJ,Zuelk C,Farkes S, 
Anthuber M,Jauch KW,Geissler EK,2002.Rapamycin 
inhibits primary and metastatic tumor growth by 
antiangiogenesis:involvement of vascular endothelial 
growth factor. Nature. Med 8:128-135. 
 
Guertin DA, Sabatine DM, 2007.Defining the role of 
Mtor in cancer.Cancer cell.12:9-22. 
 
Hu Y, Qiao L,Wang S,Rong SB, Meuillet EJ,Benggren 
M et al.,2000. 3-(hydroxymethyl)-bearing 
phosphoinositol ether lipid analogue and carbonate 
surrogates block PI3K/AKT and cancer cell growth.J 
Med Chem.43:3045-3050. 
 
Hul, Laaloudek C, Mills GB, Gray J, Jaffe RB, 2000. 
In vivo and in vitro ovarian carcinoma growth 
inhibition by a PI3K inhibitor (LY294002).Clin Cancer 
Res.6:880-886. 
 
Johnson SR, 2001. Farnesyl transferase inhibitors: a 
novel targeted therapy for cancer. Lancet Oncol.2:18-
26. 
 
Katso R, Okkenhaug K, Ahamadi K, White S, Timms 
J, Waterfield MD, 2001. Cellular function 
phosphoinositide 3-kinase: Implications for 
development. Homeostasis and Cancer. Annual 
Review of Cellular and Developmental Biology 
17:615-675. 
 
Klendel HG, Stanchina E, Fridman JS, et al., 
2004.Survival signaling by AKT and elf4E in 
oncogenesis and cancer therpy.Nature:428:332-337. 
 
Koul D,Shen R, GaryaliA,Ke LD,Liu TJ,Yung 
WK,2002.MMAC/PTEN Tumor suppressor  gene 
regulates vascular endothelial growth factor mediated 
angiogenesis in prostate cancer. In J Oncol,21:469-
475. 
 
Lemke LE, Paine- Murrieta GD, Taylor CW, Powis G, 
1999. Wortmannin inhibits the growth of mammary 
tumors despite the existence of a novel wortmannin-
intensive PI3K.Cancer chemotherapy 
Pharmacol.44:491-497. 
 
Liauo D, Marsh DJ, et al., 1997. Germline mutation of 
the PTEN gene in cowden disease, a inherited breast 
and thyroid cancer syndrome .Nat Genet.16:64-67. 
 
Liu X, Shi Y, Han EK, Chen Z, Rosenberg SH, 
Giranda VL, et al., 2001.Downregulation of akt-1 
inhibits anchorage-independent cell growth and 
induces apoptosis in cancer cells.Neoplasia 
2001:3:278-286. 
 
Lundstrom K, Boulikas T, 2003.Viral and nonviral 
vectors in gene therapy: technology development and 
clinical trials.Technol cancer Res Treat.2:471-486. 

 
Ma YY,Wei SJ,Lin YC,Lung JC,Chang TC,Whang-
Peng J,Liu JM,Yang WK,Shen CY,2000.PIK3CA as 
an oncogene in cervical cancer,Oncogene.19:2739-
2744. 
 
Mabuchi S, Ohmichi M.Kimura A, Hisamoto K, 
Hayakawa J, Nishio Y et al., 2000.Inhibition of 
phosphorylation of BAD and Raf-1 by akt synthesis 
human ovarian cancer cells to paclitaxel, J Biol chem. 
277:33490-33500. 
 
Marsh DJ,Ritz J,Freedman A,Dahia PL,Auuiar 
RC,Alberta J, Kum JB, Caron S,Sill H,Stiles C,Eng 
C,1999. PTEN is inversely correlated with the cell 
survival factor akt/pkb and I inactivated via multiple 
mechanism in haemotological malignancies, Hum Mol 
Genet 8:185-193. 
 
Matzte MA, Birchler JA, 2005.RNA i mediated 
pathways in the nucleus.Natl.Rev Genet .6:24-35. 
 
Mayo LD, Donner DB, 2001. A phosphatidylinositol 3- 
-kinase/akt pathway promotes translocation of Mdm2 
from the cytoplasm to the nucleus.Proc Natl Acad Sci 
USA 98:11598-11603. 
 
Mazyre NM,Chen EY,Loderoute KR,Giaccia 
AJ,1997.Induction of vascular  endothelial growth 
factor by hypoxia is modulated by a PI3K /akt 
signaling pathway in Ha-ras transformed cells through  
HIF-1 transcriptional element.Blood,90:3322-3331. 
 
McCubrey JA, Steelman LS,Blalock WL,Lee JT, Moye 
PW, Chang F et al., 2001. Synergistic effects of 
PI3K/akt on abrogation of cytokine dependency 
induced by oncogenic REF. Advances in Enzyme 
Regulation 41:289-323. 
 
Mukhopadhyay T, Tainsky M, Cavender AC, Roth JA, 
1991.Specific inhibition of K-ras expression and 
tumorigenecity of lung cancer cells by antisense 
RNA.Cancer Res.51:1744-1748. 
 
Muraille E, Pesesse X,Kuntz C,Ereneux C,1999. 
Distribution of the homology -2-domian containing 
inositol -5-phosphatase ship both haemopoitic and 
haemopoietic cells and involvement in SHIP-2 in 
negative signaling of ß cells. Bioclinica 342: 697-705. 
 
Murillo H, huang H, Schmidt LJ, Smith DI, Tindall DJ, 
2001.Role of PI3K signaling in survival and 
progression of LNCaP prostate cancer cells to the 
androgen refactory state.Endocrinology.142:4795-
4805. 
 
Nakahara Y,Nagai H,Kinnoshita T, Uchida T,Hatano 
S,Murate T,Saito H,1998.Mutational analysis of the 
PTEN/MMAC1 gene in non-hodgkins 
lymphoma,Leukaemia.12:1277-1280. 
 



Review Article  Biology and Medicine, 1 (4): Rev1, 2009 

11 

 

Nakashio A, Fujita N, Tsuruo T, 2002.Topotecan 
inhibits VEGF and Bfgf-induced vascular endothelial 
cell migration via down regulation of the PI3K-akt 
signaling pathway.Int J.Cancer 98:36-41. 
 
Nakatani K,Thompson DA,Barthel A,Sakaue H,Liu 
W,Weigel RJ,Roth RA,1999.Up-regulation of Akt3 in 
estrogen receptor-deficient breast cancers and 
androgen-independent prostate cancer lines, J Biol 
Chem,274:21528-21532. 
 
Ng SS, Tsao MS, Chow S, Hedley DW, 
2000.Inhibition of PI3K enhances gemcitabine 
induced apoptosis in human pancreatic cancer 
cells.Cancer Res.60:5451-5455. 
 
Olayioe MA, Neve RM, Lane HA, Hynes NE, 2000. 
The Erg B signaling network: receptor 
hetrodimerization in development and cancer EMBO 
J.19:3159-3167. 
 
Parsons DW, Wang TL, Samuels Y, et al., 2005. 
Colorectal cancer: mutation in a signaling pathway. 
Nature.436:792 
 
Pawson T, Nash P, 2000. Protein–protein interaction 
define specificity in signal transduction. Gene 
Development  14: 1027-1047. 
 
Persad S, Attwell S,Gray V,et al.,2000.Inhibition of 
integrin –linked kinase (ILK)suppresses activation of 
protein kinase B/AKT and induces cell cycle arrest 
and apoptosis of PTEN-mutant prostate cancer 
cells.Proc Natl Acad Sci 97:3207-3212. 
 
Philip AJ,Campbell IG ,Lect C,Vincan E,Rockman 
SP,Whitehead RH,Thomas RJ,Philip WA, 2001.The  
PI3K p85 alpha gene  is an oncogenic in human 
ovarian and colon tumors.Cancer Res,61:7426-7429. 

Phillips WA,St.Clair F,Munday AD,Thomas 
RJ,Mitchell CA,1998.Increased levels of 
Phosphoinositol 3-Kinase activity in colorectal 
cancer.Cancer,83:41-47. 

Powis G,Bonjouklian R,Berggren MM et 
al.,1994.Wortmannin ,a potent and selective inhibitor 
of PI3K.Cancer Res.54:2419-2433. 

Prigent SA, Gullick KIJ, 1994. Identification of c-erb B 
-3 binding sites for phosphatidylinositol 3-kinase and 
SHC using an EGF receptor/c-erbB-3 Chimera EMBO 
J.13:2831-2841. 

Qi JH, Claesson- Welsh L, 2001. VEGF – induced 
activation of phosphoinostide -3-kinase is dependent 
on focal adhesion kinase. Exp.cell Res263:173-182. 

Rasheed BK, Stenzel TT,McLendon RE,Parsons 
R,Friedman AH,Friedman HS,Bigner SH,1997.PTEN 

gene mutations are seen in high-grade but not in low-
grade gliomas.Cancer Res,57:4187-4190. 

Saito M,Okamoto A,Kohono T, Takakura S,Shinnozki 
H,Isonishi S,Yasuhara T,Yoshimura T, Ohtake 
Y,Ochiai K,Yotota J,Tanaka T,2000.Allele imbalance  
and mutation of the PTEN gene in ovarian cancer.Int 
J cancer 85:160-165. 

Sakki A,Thieblemont C,Wellmann A,Jaffe ES,Raffeld 
M,1998. PTEN gene alterations in lymphoid 
neoplasms. Blood 3410-3415. 

Sanchez-Margalet V, Goldfine ID, Vlahos CJ, Sung 
CK, 1994. Role of PI3K in insulin receptor signaling 
studies with inhibitor LY294002.Biochem Biophys Res 
Commun.204:446-452. 

Schultz RM,Merriman RL,Andis SL et al., 1995.In vitro 
and in vivo antitumor activity of the PI3K 
inhibitor,wortmannin-anticancer.Res.15:1135-1139. 

Semba s,Itoh N,IIto M, Harada M, Yamadakawa M, 
2002.The in vitro and in vivo effects of 2-(4-
morpholinyl)-8 phenyl – chromone(LY294002),a 
specific inhibitor of PI3 K ,in human colon cancer 
cell.Clin Cancer Res,8:1957-1963. 

 Shaikenov TE, Adekenov SM, Williams RM, Prashad 
N, Baker FL, Madden TL, et al.Arglabin-DMA, a plant 
derived sesquiterpene inhibits 
farneysyltransferase.Oncol Rep.8:173-179. 

Shayesteh L,Lu Y,Kuo WL,Baldocchi R,Godfery 
T,Collins C,Pinkel D,Powell B,Mills GB,Gray JW, 
1999.PI3K CA is implicated as an oncogenic  in 
ovarian cancer .Nature Gent.21:99-102. 

Sioud M, Sorenson DR, 2003.Cationic liposome 
mediated delivery of siRNA in adult mice.Biochem 
Biophys Res Commun.312:1220-1225. 

Skorski T,Kanakaraj P, Nieborowska-skorska M, 
Ratajczak MZ,Wen SC,Zon G et al., 
1995.Phosphotidylinositol-3-kinase activity is 
regulated by BCR/ABL and is required for the growth 
of Philadelphia chromosome –positive 
cells.Blood.86:726-736. 

Sonoyama J, Matsumura I. Ezoe S, Satoh Y, Zhang 
X, Kataok A Y, et al., 2002.Functional cooperation 
among Ras, STAT5, and PI3 kinase is required for full 
oncogenic activities of BCR/ABL in K562 cells.J Biol 
Chem.:277:8076-8082. 

Sun M, Paciga JE, et al., 2001.AKT/PKB alpha kinase 
is frequently elevated in human cancer and its 
constitutive activation is required for oncogeneic 
transformation in NI H3T3 cells.Am.J pathol.159:431-
437. 



Review Article  Biology and Medicine, 1 (4): Rev1, 2009 

12 

 

Sun M,Wang G,Paciga JE,Feldman RI,Yun ZQ,Ma 
X,Shelly SA,Jove R,Tsichlis PN,Nicosiaa SV,Cheng 
J,Q,2001.AKT1 /PI3K is frequently elevated in human 
cancers and its constitutive activation is required  for 
oncogenic transformation in NIH3T3 Cells. Am J 
Pathol, 159:431-437. 

Taal SP, 1987.Molecular cloning of the akt oncogene 
and its human homologues AKT1 and AKT2: 
amplification of AKT1 in a primary human gastric 
adenocarcinoma, Proc Nat Acad Sci, 84:5034-5037. 

Takeda A, Osaki M, Adachi K, Honjo S,Ito H, 
2004.Role of the PI3K-AKT Signal pathway in the 
proliferation of human pancreatic duct l carcinoma cell 
lines.Pancrease.28:353-358. 

Takuwa N, Fukui Y, Takwa Y, and 1999.Cyclin D1 
expression mediated by PI3K through Mtor –p70 
(s6k)-indepndent signaling in growth factor-stimulated 
NIH3T3 fibroblasts.Mol Cell Biol.19:1346-1358. 

Tateshita F, Minatkuchi Y, Nagahara S et al., 
2005.Efficient delivery of small interfering RNA to 
bone-metastatic tumors by using atelocollagen in vitro 
.Proc.Natl Acad sci USA.102:12177-12782. 

Taylor V, Wong M, Brandts C, Reilly ED Ean NM, 
Cowser et al., 2000. 5 Phospholipid phosphates 
SHIP2 causes protein kinase inactivation and cell 
cycle arrest in glial. Cell and Molecular Biology 20: 
6860-6871. 

Taylor V,Wong M,Brandts C,Reilly L, Dean 
NM,Cowsert LM,et al., 2000.5- phospholipid 
phosphatase SHIP-2 causes protein kinaseB 
inactivation and cell cycle arrest in glioblastoma cells. 
Mol Cell Biol.20:6860-6871. 

Testa JR, Balacosa A, 2001. AKT plays a central role 
in tumorigenesis. Proceedings of the National 
Academy of Sciences, USA. 98:10983-10985. 

Uchida H, Tanata T, Sasaki K et al., 2004. 
Adenovirus-mediated transfer of siRNA against 
surviving induced apoptosis and attenuated tumor cell 
growth in vitro and in vivo. Molecular Therapy.10:162. 

Urbano A, Gorgun G, Foss F,2002.Mechanism of 
apopotosis by three trypsin AG957 in hemopoetic 
cells. Bio chem. Pharmacol.63:689-692. 

Vanhaesebroect B, Waterfield MD, 1999. Signalling 
by distinct classes of phosphoinositide 3-quinces. 
Experimental Cell Research 253: 239-254. 

Vazquez F, Sellers WR, 2000. The PTEN tumor 
suppressor protein antagonist of phosphoinositide 
signaling. Biochemistry Biophysics Acta.1470: M 21-
M 35. 

Vivanco I, Sawyers CL, 2002.The PI3 kinase AKT 
pathway in human cancer. National Review 
Cancer.2:489-501. 

Vlahos CJ,Matter WF,Hui KY,Brown RF,1994.A 
specific inhibitor of PI3 KINASE,2-(4-Morpholinyl)-8-
Phenyl-4H-1 –benzopyr N-4-one(LY294002).J Biol 
Chem,269:5241-5248. 

Wang SI,Puc J,Li J,Bruce JN,Cairns P,Sidransky 
D,Parsons R,1997.Somatic mutations of  PTEN in 
glioblastoma multiforme.Cancer Res,57:4183-4186. 

West KA, Sianna Castillo S, and Dennis PA, 2002. 
Activation of the PI3K/AKT pathway and 
chemotherapeutic resistance.Drug Resist update, 
5:234-248. 

Whang YE, Wu X, Suzuki H, Reiter RE, Tran C, 
Vessella RL, Said JW, Issacs WB, Sawyers CL, 1998. 
Inactivation of the tumor suppressor PTEN/MMAC1 in 
advanced human prostate cancer through loss of 
expression, Proc Natl Acad Sci. 95:5246-5250. 

Woscholski R,Kodaki T, Mckinnon M,Waterfield 
MD,Parker PJ,1994. A comparison of 
demethoxyviridin and wortmannin as inhibitors of 
PI3K.FEBS Letters 342:109-114. 

Wux , Seneschal K, Neshat MS,Wahang YE,Sawyers 
CL,1998. The PTEN /MMAC1 tumor suppressor 
phosphatase  functions as a negative regular of the 
PI3K kinase /AKT pathway. Proceedings of the 
National Academy of Sciences, USA 95: 15587-
15591. 

Yin JQ,Gao J,Sho R et al.,2003.siRNA agents inhibit 
oncogene expression and attenuate human tumor cell 
growth.J.Exp Ther.3:194-204. 

Zang X, Chen Z, Chae MS et al., 2005.Tumor growth 
inhibition by simultaneously blocking epidermal 
growth factor receptor and cyclooxygenase-2 in a 
xenograft model .Clin.cancer Res.11:6261-6269. 

Zhang L,Yng N,Kataros D, Huang W, Park 
JW,Fracchioli S,Vezzani C,Rigault de la Longrais 
IA,Yao W,Rubin SC,Coukos G,2003. The oncogene 
phosphatidylinositol 3’-kinase catalytic subunit alpha 
promotes angiogenesis via vascular endothelial 
growth factor in ovarian carcinoma. Cancer Res, 
63:4225-4231. 

Zhang Y, Mukhopadhyay T, Donehower LA, Georges 
RN, Roth JA, 1993. Retroviral vector-mediated 
transduction of K-ras antisense RNA into human lung 
cancer cells inhibits expression of the malignant 
phenotype.Hum Gene Ther.4:451-460. 



Review Article  Biology and Medicine, 1 (4): Rev1, 2009 

13 

 

Zhou BP, Hu MC, Miller SA et al.,2000.HER-2/neu 
blocks tumor necrosis factor-induced apoptosis via 
the AKT/NF-Kappa B pathway .J Biol 
Chem.275:8027-7031. 

Zhou XP,Gimm O,Hampel H,Niemann T,Walker 
MJ,Eng C,2000.Epigenetic PTEN silencing in 
malignant melanomas without PTEN mutation,Am J 
Pathol,157:1123-1128. 


