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Phosphatidylinositol 3-kinases (PI3Ks) are a class of lipid kinases
that phosphorylate phosphatidylinositol 4,5-bisphosphate (PIP2)
at the 3-OH of the inositol ring to generate phosphatidylinositol
3,4,5-trisphosphate (PIP3) which activates Akt and its downstream
effectors like mTOR, and therefore play important roles in cell
growth, etc [1-3]. The phosphatase and tensin homolog deleted in
chromosome ten (PTEN), acts as the catalytic antagonist of PI3K by
dephosphorylating PIP3 to PIP2. Because gain-of-function mutations
of PIK3CA which encodes PI3Ka,, as well as loss-of-function mutations
of PTEN, were frequently found in human cancers, PI3K became a
potential drug target for cancer therapy. Correspondingly, development
of PI3K inhibitors has led to a race among pharmaceutical companies:
until now, over 20 compounds targeting PI3K have been in clinical
evaluation for cancer therapy.

Akt, the downstream effector of PI3K, is well known to be closely
involved in cell survival, however, targeting PI3K seems not necessarily
leads to apoptosis [4]. Accumulating preclinical data have shown that
G1 arrest is the main mechanism contributing to the antitumor efficacy
of PI3K inhibitors [4], while some of them were reported to induce
apoptosis in a subset panel of cancer cells particularly those with HER2
amplification and/or PIK3CA mutation [5]. Anti-angiogenesis and
normalization of the vasculature in tumor may also contribute to the in
vivo antitumor effect [6,7].

PI3Ks include 4 isoforms: a, B, 8 and y. Discovery of PI3Ka.-
specific inhibitors was originally pursued for cancer therapy based
on the understanding that only PI3Ka gene (PIK3CA) mutations
and amplification were observed in human cancers, and that further
inhibition of other isoforms might cause side effects. However, most
PI3K inhibitors in clinical evaluation are pan-PI3K inhibitors (without
obvious isoform selectivity) [8], and they exhibit no obvious toxicity
[9]. Moreover, accumulating reports have indicated that besides
PI3Ka, other PI3K isoforms are also involved in tumorigenesis [3,10],
suggesting that a pan-PI3K inhibitor might offer enhanced therapeutic
efficacy compared with PI3Ka-specific inhibitor, which has been
demonstrated in preclinical experiments [11].

Predictive biomarker identification has provided important
information for patient selection in the future: PIK3CA mutation,
HER2 amplification and p-Akt expression have been reported as
potential predictive biomarkers [12,13]. On the other hand, p-Akt and
p-S6 may be feasible pharmacodynamic biomarkers for monitoring
treatment with PI3K inhibitors [14].

Since PI3K inhibitors mainly exhibit cytostatic activity, combination
with cytotoxic therapy approaches might be a better strategy for cancer
therapy. Some PI3K inhibitors have indicated synergic efficacy with
radiotherapy or conventional chemotherapy [9,15,16]. Increased
antiumor effects were also reported for combination with other
molecular-targeted antitumor drugs which target MEK, mTOR, etc
[17].

As an exciting information, some phase I data of the most advanced
PI3K inhibitors such as GDC-0941 have been available, which indicate
that patients generally tolerate these drug candidates, demonstrating
their safety. As the remaining clinical trials go forward [16], the first
PI3K inhibitor is expected to appear in clinic in the near future.

Acknowledgments

This work was supported by a grant from The Natural Science Foundation from
Tianjin (12JCZDJC25800), a grant from “211” project of Tianjin Medical University,

and a grant from Japan Society for the Promotion of Science (FY2012, S-12105).
References

1. Toker A, Cantley LC (1997) Signalling through the lipid products of
phosphoinositide-3-OH kinase. Nature 387: 673-676.

2. Kong D, Yamori T (2009) Advances in development of phosphatidylinositol
3-kinase inhibitors. Curr Med Chem 16: 2839-2854.

3. Jia S, Liu Z, Zhang S, Liu P, Zhang L, et al. (2008) Essential roles of PI(3)
K-p110beta in cell growth, metabolism and tumorigenesis. Nature 454: 776-
779.

4. Dan S, Yoshimi H, Okamura M, Mukai Y, Yamori T (2009) Inhibition of PI3K
by ZSTK474 suppressed tumor growth not via apoptosis but GO/G1 arrest.
Biochem Biophys Res Commun 379: 104-109.

5. Brachmann SM, Hofmann |, Schnell C, Fritsch C, Wee S, et al. (2009)
Specific apoptosis induction by the dual PI3K/mTor inhibitor NVP-BEZ235 in
HER2 amplified and PIK3CA mutant breast cancer cells. Proc Natl Acad Sci
U S A 106: 22299-22304.

6. Kong D, Okamura M, Yoshimi H, Yamori T (2009) Antiangiogenic effect of
ZSTKA474, a novel phosphatidylinositol 3-kinase inhibitor. Eur J Cancer 45:
857-865.

7. Fokas E, Im JH, Hill S, Yameen S, Stratford M, et al. (2012) Dual inhibition
of the PIBK/mTOR pathway increases tumor radiosensitivity by normalizing
tumor vasculature. Cancer Res 72: 239-248.

8. Kong D, Dan S, Yamazaki K, Yamori T (2010) Inhibition profiles of
phosphatidylinositol 3-kinase inhibitors against PI3K superfamily and human
cancer cell line panel JFCR39. Eur J Cancer 46: 1111-1121.

9. Kong D, Yamori T (2008) Phosphatidylinositol 3-kinase inhibitors: promising
drug candidates for cancer therapy. Cancer Sci 99: 1734-1740.

10. Kang S, Denley A, Vanhaesebroeck B, Vogt PK (2006) Oncogenic
transformation induced by the p110beta, -gamma, and -delta isoforms of
class | phosphoinositide 3-kinase. Proc Natl Acad Sci U S A 103: 1289-1294.

*Corresponding author: Dexin Kong, Department of Molecular-Targeted
Anticancer Drug Discovery, School of Pharmaceutical Sciences and Research
Center of Basic Medical Sciences, Tianjin Medical University, 22 Qi-Xiang-Tai
Rd, Heping, Tianjin 300070, China, Tel: 86-22-23542805; Fax: 86-22-2354-2775;
E-mail: kongdexin@tijmu.edu.cn

Received June 12, 2012; Accepted June 12, 2012; Published June 14, 2012

Citation: Kong D (2012) PI3K Inhibitors: Novel Molecular-Targeted Drug
Candidates for Cancer Therapy. Biochem Pharmacol 1:€126. doi:10.4172/2167-
0501.1000e126

Copyright: © 2012 Kong D. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1 ¢ Issue 6 * 1000e126


http://www.ncbi.nlm.nih.gov/pubmed/9192891
http://www.ncbi.nlm.nih.gov/pubmed/19689267
http://www.ncbi.nlm.nih.gov/pubmed/18594509
http://www.ncbi.nlm.nih.gov/pubmed/19094964
http://www.ncbi.nlm.nih.gov/pubmed/20007781
http://www.ncbi.nlm.nih.gov/pubmed/19144509
http://www.ncbi.nlm.nih.gov/pubmed/22108822
http://www.ncbi.nlm.nih.gov/pubmed/20129775
http://www.ncbi.nlm.nih.gov/pubmed/18616528
http://www.ncbi.nlm.nih.gov/pubmed/16432180

Citation: Kong D (2012) PI3K Inhibitors: Novel Molecular-Targeted Drug Candidates for Cancer Therapy. Biochem Pharmacol 1:e126.

doi:10.4172/2167-0501.1000e126

Page 2 of 2

Edgar KA, Wallin JJ, Berry M, Lee LB, Prior WW, et al. (2010) Isoform-
specific phosphoinositide 3-kinase inhibitors exert distinct effects in solid
tumors. Cancer Res 70: 1164-1172.

Turke AB, Engelman JA (2010) PIKing the right patient. Clin Cancer Res 16:
3523-3525.

Dan S, Okamura M, Seki M, Yamazaki K, Sugita H, et al. (2010) Correlating
phosphatidylinositol 3-kinase inhibitor efficacy with signaling pathway status:
in silico and biological evaluations. Cancer Res 70: 4982-4994.

Salphati L, Wong H, Belvin M, Bradford D, Edgar KA, et al. (2010)
Pharmacokinetic-pharmacodynamic modeling of tumor growth inhibition and
biomarker modulation by the novel phosphatidylinositol 3-kinase inhibitor
GDC-0941. Drug Metab Dispos 38: 1436-1442.

Anzai K, Sekine-Suzuki E, Ueno M, Okamura M, Yoshimi H, et al. (2011)
Effectiveness of combined treatment using X-rays and a phosphoinositide
3-kinase inhibitor, ZSTK474, on proliferation of HeLa cells in vitro and in vivo.
Cancer Sci 102: 1176-1180.

Wallin JJ, Guan J, Wei Prior W, Lee LB, Berry L, et al. (2012) GDC-0941, a
Novel Class | Selective PI3K Inhibitor, Enhances the Efficacy of Docetaxel in
Human Breast Cancer Models by Increasing Cell Death In Vitro and In Vivo.
Clin Cancer Res.

Hoeflich KP, Merchant M, Orr C, Chan J, Den Otter D, et al. (2012)
Intermittent administration of MEK inhibitor GDC-0973 plus PI3K inhibitor
GDC-0941 triggers robust apoptosis and tumor growth inhibition. Cancer
Res 72: 210-219.

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1« Issue 5 » 1000e125


http://www.ncbi.nlm.nih.gov/pubmed/20103642
http://www.ncbi.nlm.nih.gov/pubmed/20538763
http://www.ncbi.nlm.nih.gov/pubmed/20530683
http://www.ncbi.nlm.nih.gov/pubmed/20538720
http://www.ncbi.nlm.nih.gov/pubmed/21352422
http://www.ncbi.nlm.nih.gov/pubmed/22586300
http://www.ncbi.nlm.nih.gov/pubmed/22084396

	Title

	Corresponding author
	Editorial
	Acknowledgments
	References



