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Abstract
3-phosphoinositide-dependent protein kinase-1 (PDK1) 
is a central mediator of cellular signaling between 
phosphoinositide-3 kinase and various intracellular ser-
ine/threonine kinases, including protein kinase B, p70 
ribosomal S6 kinase, serum and glucocorticoid-inducible 
kinase, and protein kinase C. PDK1 activates members 
of the AGC family of protein kinases by phosphorylating 
serine/threonine residues in the activation loop. Here, 
we review the regulatory mechanisms of PDK1 and its 
roles in cancer. PDK1 is activated by autophosphoryla-
tion in the activation loop and other serine residues, as 
well as by phosphorylation of Tyr-9 and Tyr-373/376. 
Src appears to recognize PDK1 following tyrosine phos-
phorylation. The role of heat shock protein 90 in regu-
lating PDK1 stability and PDK1-Src complex formation 

are also discussed. Furthermore, we summarize the 
subcellular distribution of PDK1. Finally, an important 
role for PDK1 in cancer chemotherapy is proposed. In 
conclusion, a better understanding of its molecular reg-
ulatory mechanisms in various signaling pathways will 
help to explain how PDK1 acts as an oncogenic kinase 
in various cancers, and will contribute to the develop-
ment of novel cancer chemotherapies.
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INTRODUCTION
The regulation of  individual protein components of  
signaling cascades provides biological specificity and flex-
ibility, and allows cells to respond quickly to extracellular 
stimuli in a physiologically appropriate manner[1]. Protein 
phosphorylation is the most common and universal mode 
of  regulating protein function in eukaryotes. Since its dis-
covery over a decade ago, 3-phosphoinositide-dependent 
protein kinase-1 (PDK1) has emerged as a master regu-
lator of  the AGC family of  protein kinases, which also 
includes protein kinase B (PKB)/Akt, p70 ribosomal S6 
kinase (S6K1), serum and glucocorticoid-inducible kinase 

EDITORIAL

World J Biol Chem 2010 August 26; 1(8): 239-247
 ISSN 1949-8454 (online)

© 2010 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1949-8454office
wjbc@wjgnet.com
doi:10.4331/wjbc.v1.i8.239

World Journal of
Biological ChemistryW J B C



(SGK), and protein kinase C (PKC)[2]. Initially, PDK1 
was identified by its ability to phosphorylate Thr-308 on 
PKBα[3-8], which has been shown to play a crucial role in 
normal and pathophysiological conditions (e.g. diabetes 
and cancer; reviewed in[9-11]). PDK1 was named for its ki-
nase activity, which is dependent on phosphatidylinositol 
3,4,5 trisphosphate [PtdIns(3,4,5)P3) or phosphatidylino-
sitol 3,4 bisphosphate [PtdIns(3,4)P2][12,13]. Activation of  
PDK1 has been established to regulate cell survival and 
growth, cell cycle progression, gene expression, and dif-
ferentiation[2]. 

PDK1 recognizes substrate kinases in each signaling 
pathway through a distinct regulatory mechanism. In the 
case of  PKB, this recognition appears to be facilitated 
by the pleckstrin homology (PH) domain, which medi-
ates recruitment of  both PKB and PDK1 to the plasma 
membrane to promote phosphorylation of  PKB[3,6,14]. The 
C-terminal PH domain of  PDK1 has been shown to bind 
the phospholipid second messengers PtdIns(3,4,5)P3 and 
PtdIns(3,4)P2, which target PDK1 to the plasma mem-
brane[13,15]. The N-terminal lobe of  the catalytic domain 
of  PDK1 contains a docking site that recognizes the non-
catalytic C-terminal hydrophobic motifs of  substrate 
kinases[16]. Therefore, it has been proposed that PDK1 
and SGK/p90RSK/p70S6K associate transiently via the 
PDK1-interacting fragment (PIF) motif, thereby leading 
to subsequent phosphorylation by PDK1[17]. 

SECONDARY STRUCTURE OF PDK1
PDK1, which is 63 kDa, consists of  an N-terminal kinase 
domain (amino acids 71-359) and a C-terminal PH do-
main (amino acids 459-550), which binds PtdIns(3,4,5)P3 
and PtdIns(3,4)P2

[18-21] (Figure 1A). Identification of  the 
PH domain as a specialized lipid-binding module has 
been a crucial clue in understanding the mechanism by 
which membrane-bound lipids convey signals to the cy-
toplasm[7,22]. Deletion of  the PH domain prevents PDK1 
recruitment to the plasma membrane and affects the ac-
tivation and membrane localization of  PKB[23-25]. Binding 
of  PDK1 to PtdIns(3,4,5)P3 induces a major conforma-
tional change that is likely required for the activation of  
substrates[15]. However, PtdIns(3,4,5)P3 binding to the PH 
domain of  PDK1 does not affect the activity of  PDK1 
directly[3].

As an AGC protein kinase, PDK1 belongs to the same 
subfamily of  protein kinases as its substrates. Like all mem-
bers of  this family, the catalytic core of  PDK1 possesses 
an N-terminal lobe that consists mainly of  a β-sheet and 
a predominantly α-helical C-terminal lobe[26] (Figure 1B).  
Unlike other AGC kinases, PDK1 does not possess a hy-
drophobic motif  (HM) C-terminal in its catalytic domain. 
Instead, it has been proposed that PDK1 possesses an 
HM pocket in the small lobe of  its catalytic motif[26]. The 
αC-helix (residues 124-136), located in the small lobe of  
the kinase domain, is a key regulatory domain because it 
links a substrate-interacting site (HM pocket) with Ser-241 
in the activation loop. The HM pocket in the kinase do-

main of  PDK1 has been termed the PIF pocket after 
the first discovery that the C terminus of  PKC-related 
kinase-2, which contains an HM motif, interacts with the 
kinase domain of  PDK1[22]. Subsequent studies have indi-
cated that this PIF pocket in PDK1 functions as a docking 
site, which enables the kinase to interact with some of  its 
physiological substrates[26]. The crystal structure of  PDK1 
reveals that phosphorylation of  Ser-241 results in a hydro-
gen bond interaction with four residues, namely Arg-204 
and Lys-228 from the C-terminal lobe, and Tyr-126 and 
Arg-129 from the αC-helix in the N-terminal lobe[26]. The 
highly conserved Arg-204, which immediately precedes 
the catalytic Arg-205, is connected directly to the catalytic 
machinery due to its position within the catalytic loop. 
Arg-204 controls the folding of  the activation loop after 
interaction with phosphorylated Ser-241. Lys-228 might 
also play a role in aligning catalytic site residues including 
Arg-223, which interacts with Mg2+[27].

REGULATORY MECHANISM OF PDK1 
ACTIVITY
Regulation of PDK1 activity mediated by 
phosphorylation events
Protein phosphorylation, which plays a key regulatory 
role in nearly every aspect of  eukaryotic cell biology, is a 
reversible and dynamic process that is mediated by kinases 
and phosphatases[17]. PDK1 is thought to be a constitu-
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Figure 1  Secondary structure and phosphorylation sites of 3-phosphoinosit-
ide-dependent protein kinase-1. A: 3-phosphoinositide-dependent protein 
kinase-1 (PDK1) consists of an N-terminal kinase catalytic domain (CD; amino 
acids 71-359) and a C-terminal pleckstrin homology (PH) domain (amino acids 
459-550). The nuclear export sequence (NES) (amino acids 379-388) is essential 
for exporting PDK1 into the cytoplasm from the nucleus. The phosphorylation 
sites of PDK1 include Ser-241 and Tyr-373/376, which is dependent on Tyr-9 
and required for PDK1 catalytic activity; B: Crystal structure of the human PDK1 
kinase domain. Residues 71-163 are green (small lobe) and residues 164-358 
are blue (large lobe). The αC-helix (amino acids 124-136) is boxed in black and 
encompasses residues 287-295, which are purple. The hydrophobic motif (HM) 
pocket with the Ser-241 in the activation loop is also shown. This figure was ad-
opted from Biondi et al[26], 2002. 
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tively active kinase that can use distinct mechanisms to 
phosphorylate different substrates within cells[17]. PDK1 
undergoes autophosphorylation and growth-factor-
induced phosphorylation at different sites, and its activity 
is correlated with its phosphorylation status. Therefore, 
understanding the mechanism of  PDK1 phosphorylation 
could lead to greater knowledge of  its function.

Ser-241 is required for PDK1 catalytic activity 
Autophosphorylation in the activation loop is required for 
PDK1 kinase activity[28-30] (Figure 1A). The phosphory-
lation level of  each serine is unaffected by stimulation 
with insulin growth factor-1 (IGF-1). However, S241A 
mutation abolished PDK1 catalytic activity completely. 
The binding of  14-3-3 to PDK1 negatively regulates its 
kinase activity through the autophosphorylation site at 
Ser-241[28]. Activation of  mouse PDK1 (mPDK1) requires 
phosphorylation in the activation loop at Ser-244, which 
corresponds to Ser-241 in humans[29]. Kinase-defective 
mPDK1 (K108M) was phosphorylated in intact cells 
whereas another kinase defective mPDK1 (S244A) re-
mained unphosphorylated[29], which suggests that Ser-241 
is a major active site of  PDK1. mPDK1 also possesses 
Ser-163, which corresponds to Ser-160 in humans, and is 
located in the hinge region between the large and small 
lobes of  the kinase domain. The residue that corresponds 
to Ser-163 of  mPDK1 in other AGC kinases is glutamate, 
which is negatively charged. Substitution of  this serine 
residue with glutamate (S163E) leads to a twofold increase 
in mPDK1 activity[29]. 

Reports have also indicated that IGF-1 stimulates 
PDK1 phosphorylation at Ser-396[31]. Alanine substitu-
tion of  Ser-396 reduces IGF-1-stimulated PDK1 nuclear 
localization. These results suggest that mitogen-stimulated 
phosphorylation of  PDK1 at Ser-396 provides a means 
for regulating PDK1 subcellular trafficking with a poten-
tial implication for PDK1 signaling. It is noteworthy that 
Ser-396 resides in close proximity to the nuclear export 
signal of  PDK1. 

Autophosphorylation of  mPDK1 occurs at multiple 
sites through cis and trans mechanisms, which indicates 
that dimerization and trans-phosphorylation might serve 
as mechanisms to regulate PDK1 activity in cells[29]. As 
expected, trans-autophosphorylation of  mPDK1 occurs 
mainly on Ser-244, as demonstrated by phospho-amino 
acid analysis and phospho-peptide mapping. In contrast, 
Ser-399 and Thr-516, two recently identified autophos-
phorylation sites of  mPDK1, are phosphorylated pri-
marily through a cis mechanism[29]. mPDK1 undergoes 
dimerization in cells and this self-association is enhanced 
by kinase inactivation. Deletion of  the extreme C-terminal 
region disrupts mPDK1 dimerization and Ser-244 trans-
phosphorylation, which suggests that dimerization is im-
portant for mPDK1 trans-phosphorylation.

RAFTK/Pyk2 and Src are essential for regulating 
tyrosine phosphorylation of PDK1 
The candidate kinases that phosphorylate Tyr-9 in PDK1 

have been suggested by two independent groups. How-
ever, much less is known about the role and regulation of  
PDK1 phosphorylation of  tyrosine residues[32]. There is 
evidence to show that insulin induces tyrosine phosphory-
lation of  PDK1[23]. Insulin binds to the extracellular α 
subunit of  the insulin receptor (IR), which is a heterotetra-
mer that consists of  two α and two β subunits. Binding of  
insulin to the IR transduces signals across a series of  intra-
molecular trans-phosphorylation reactions in which one β 
subunit phosphorylates its adjacent partner on a specific 
tyrosine residue[33-35]. The IR binds to and phosphorylates 
PDK1 on tyrosine residues in response to insulin, thereby 
leading to PDK1 activation. Membrane anchoring of  
PDK1 through the C-terminal 1340-1382 region of  the IR 
is a crucial step in insulin metabolic action and can affect 
PDK1 signaling in response to other hormones as well[36]. 

It has been proposed that rearranged in transforma-
tion/papillary thyroid carcinomas (RET/PTC) acts as a 
thyroid-specific oncogenic kinase in the development of  
spontaneous and post-radiation papillary thyroid cancer[32]. 
Co-localization of  RET/PTC and PDK1 in the cyto-
plasm leads to Tyr-9 phosphorylation of  PDK1, which is 
independent of  phosphoinositide 3-kinase (PI3K) or Src 
activity[32]. Studies have shown that RET/PTC3 enhances 
insulin-stimulated PKB activity via PI3K[37]. Consistent 
with this, the levels of  total and phosphorylated IR sub-
strate 2 (IRS2) protein increases, PDK1 activation is ob-
served, and IRS2-p85 interactions are enhanced in RET/
PTC3-expressing cells[38]. 

Furthermore, the calcium-activated tyrosine kinase 
RAFTK/Pyk2 acts as a scaffold for Src-dependent phos-
phorylation of  PDK1 on Tyr-9[39]. The tyrosine phospha-
tase SH2 domain-2 (SHP-2) is recruited to SH2 domain-
containing protein tyrosine phosphatase substrate-1 and 
associates with RAFTK/Pyk2 in a PI3K-dependent man-
ner[40]. Compared to Tyr-9 phosphorylation of  PDK1, 
the mechanism of  Tyr-373/376 phosphorylation has not 
yet been proposed. Tyr-373/376 phosphorylation, which 
is important for PDK1 catalytic activity, is dependent 
on Tyr-9 phosphorylation[23,39]. In this regard, it is neces-
sary to elucidate the SH2-containing protein that binds 
to PDK1 and is dependent on Tyr-9 phosphorylation 
for Tyr-373/376 phosphorylation. Src, an SH2 domain-
containing protein, has been identified to further activate 
PDK1 by mediating phosphorylation at Tyr-9, Tyr-373, 
and Tyr-376 residues[41]. Recently it has been proposed 
that Tyr-9 and Tyr-376 are binding sites for SHP-1 (pre-
sumably via its tandem SH2 domains), whereas Tyr-333 
and Tyr-373 are potential catalytic targets[42]. In addition, 
tumor suppressor candidate 4 (TUSC4; also known as 
nitrogen permease regulator-like 2) has been suggested as 
a novel regulator of  PDK1 by using Escherichia-coli-based 
two-hybrid screening[43]. TUSC4 forms a complex with 
PDK1 and suppresses Src-dependent tyrosine phosphory-
lation of  PDK1 in vitro and in vivo. Furthermore, TUSC4 
inhibits PDK1 downstream signaling, including PKB and 
S6K1, and increases cancer cell sensitivity to several anti-
cancer drugs[43].
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Roles of Src in PDK1 tyrosine phosphorylation
Src, a non-receptor tyrosine kinase, is the prototypic 
member of  the Src family of  kinases (SFKs). SFKs are 
involved in multiple signaling pathways, with roles that 
are crucial to tumor development, including prolifera-
tion, invasion, adhesion, angiogenesis and survival[44-47]. 
Src contains an N-terminal 14-carbon myristoyl group, an 
SH4 domain, a poorly conserved unique domain, an SH3 
domain, an SH2 domain, a tyrosine kinase domain, and 
a C-terminal regulatory tail[48]. The SH2 domain of  Src, 
Crk, and GTPase activating protein recognizes tyrosine-
phosphorylated PDK1 in vitro. Src binds to Tyr-9 and 
Tyr-373/376 in vivo and phosphorylation of  PDK1 on 
Tyr-9, distinct from Tyr-373/376, is important for PDK1/
Src complex formation, which leads to PDK1 activa-
tion[41]. Furthermore, overexpression of  heat shock pro-
tein 90 (Hsp90) enhances the binding affinity of  PDK1 
and Src, increases PDK1 tyrosine phosphorylation, and 
promotes PDK1 downstream kinase activity[23,41]. In ad-
dition, the screening of  drugs, which could interfere with 
the PKB signaling pathway, has revealed that Hsp90 inhib-
itors (e.g. geldanamycin, radicicol, and its analogs) induce 
PKB dephosphorylation, which results in its inactivation 
and apoptotic cell death[49]. Hsp90 inhibitors do not affect 
PKB kinase activity directly in vitro, but destabilize PDK1 
without affecting its activity[49-51]. These results suggest 
that Hsp90 plays an important role in the PDK1/PKB 
survival pathway. 

Hsp90-mediated stabilization of PDK1
The function of  Hsp90 might be to form complexes 
with client proteins and thus to stabilize their functional 
structures[50]. Hsp90 exerts its chaperone activity together 
with a number of  co-chaperones (e.g. cell-division-cycle 
37 homolog: Cdc37/p50, activator of  heat shock 90 kDa 
protein ATPase, p23, cyclophilin 40, and protein phospha-

tase 5). In particular, Cdc37 facilitates the interaction of  
Hsp90 and kinase, which leads to the stabilization of  ki-
nase clients[50]. Cdc37 has been shown to have molecular-
chaperone-like activity for substrates including kinases[50], 
which indicates that Cdc37 performs more tasks than 
simply functioning as a stable bridge between kinases and 
Hsp90[52]. 

Intracellular PKB is associated with Hsp90 and Cdc37 
in a complex in which PKB is active and regulated by 
PI3K[49]. Inhibition of  Hsp90 function causes dephos-
phorylation and proteasome-dependent ubiquitination of  
PKB, which shortens the half-life of  this kinase from 36 to 
12 h and reduces its expression by 80%[49]. Hsp90 inhibi-
tors do not affect PKB kinase activity directly in vitro and 
decrease the quantity of  PDK1 by occupying the binding 
sites of  Hsp90 with PDK1, which results in proteasome 
targeting[51]. In addition, Hsp90 inhibitors also decrease the 
levels of  mutant PDK1 that possess phenylalanine sub-
stitutions for tyrosine residues (i.e. Y9F and Y373/376F), 
which indicates that PDK1 stability is independent of  
Tyr-9 and Tyr-373/376. These data are consistent with 
previous observations that show that PDK1 binds Hsp90 
in an expression-dependent manner. Thus, the binding 
is not affected by the Tyr-9 and Tyr-373/376 residues[41]. 
PDK1-Y9F does not respond to the treatment of  cells 
with pervanadate[23], and overexpression of  this mutant 
completely blocks Tyr-373/376 phosphorylation. How-
ever, Tyr-9 phosphorylation is still detected in bound 
PDK1-Y373F/Y376F[41]. Furthermore, PDK1-Y9F ap-
pears to inhibit vascular smooth muscle cell migration sig-
nificantly[53], and to block focal adhesion formation[39]. As 
illustrated in Figure 2, growth factor binding to its cognate 
receptor activates PI3K, which results in the generation 
of  PtdIns(3,4,5)P3. PDK1 is then recruited to the plasma 
membrane and phosphorylated by the IR, RET/PTC, and 
Pyk2 on the Tyr-9 residue. This phosphorylated amino acid 
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then acts as a docking site for Src, which leads to Tyr-373 
phosphorylation and activation of  PDK1. In this context, 
Hsp90 serves as an adaptor molecule that enhances PDK1 
stability and PDK1-Src complex formation.

SUBCELLULAR LOCALIZATION OF PDK1
PDK1 is localized in the cytoplasm and membranes in 
unstimulated cells and can shuttle between these compart-
ments[31,54-57] (Figure 3A). Although the mechanisms of  
translocation to the plasma membrane are well-established 
for PI3K, PDK1, and PKB[58], it remains unknown wheth-
er these proteins accumulate in specific micro-domains of  
the plasma membrane. Specific tyrosine residues in PDK1 
contribute to its activation as well as to its ability to local-
ize to the plasma membrane[23]. Significant amounts of  Src 
also are translocated to the plasma membrane under these 
conditions. Overexpression of  either constitutively active 
Src (Src-CA) or Hsp90 leads to membrane translocation 
of  PDK1 in serum-starved conditions[41], which clearly 
shows that Src-CA and Hsp90 play important roles in 
regulating PDK1 subcellular localization (Figure 3B). 

PDK1 associates with caveolin-1, the principal 22-kDa 
integral membrane protein that is crucial to the structural 
and regulatory component of  caveolar membranes[14]. 
PDK1 localization to the plasma membrane can be dis-
rupted by caveolin-1 binding. In transient transfection ex-
periments, the interaction of  caveolin-1 with PDK1 inhib-
its serine/threonine phosphorylation of  PDK1 in vivo[25]. 
Lim and colleagues have shown that PDK1 can localize to 
the nucleus during specific signaling events[56]. Mutation or 
deletion of  the nuclear export sequence (NES), which is 
required to bind chromosome region maintenance 1, also 
leads to constitutive PDK1 nuclear localization, similar to 
the effects of  leptomycin-B, a nuclear export inhibitor[56]. 
These results suggest that the NES has an important 
role in PDK1 export from the nucleus. Reports indicate 
that growth factors (e.g. insulin, nerve growth factor, and 
IGF-1) not only promote PDK1 tyrosine phosphoryla-
tion, but also stimulate its translocation into the nucle-
us[31,56]. However, the physiological significance of  PDK1 
nuclear translocation in response to insulin remains to 
be addressed. Insulin-induced accumulation of  PDK1 
into the nucleus can be enhanced in phosphatase and 
tensin homolog (PTEN)-deficient embryonic fibroblasts 
and blocked by PI3K inhibition using wortmannin and 
LY294002[42,56]. This finding indicates that PDK1 nuclear 
import is regulated by the availability of  PtdIns(3,4,5)P3. 

A recent study using PDK1 that lacked its nuclear lo-
calization signal suggested a mechanism for PDK1 nucle-
ar import. In this mechanism, the SHP-1/PDK1 complex 
is recruited to the nuclear membrane following binding 
to perinuclear PtdIns(3,4,5)P3

[42]. SHP-1 and its nuclear 
localization signal (NLS) facilitate active import, whereas 
export from the nucleus relies on PDK1 and its NES. 
Expression of  activated Src kinase in C6 glioblastoma 
cells promotes the association of  tyrosine-phosphorylated 
PDK1 with the NLS-containing tyrosine phosphatase 

SHP-1, as well as the nuclear localization of  both pro-
teins[42]. However, the role of  SHP-1-mediated nuclear 
localization of  PDK1 in the physiological and pathophysi-
ological environment should be further investigated. In 
addition, deletion mapping and mutagenesis studies have 
further revealed a functional NES in mPDK1 between the 
kinase and PH domains. Mutation of  Ser-396 to alanine 
disrupts IGF-1-induced phosphorylation of  PDK1, there-
by reducing nuclear localization. Ser-396 phosphorylation 
places the serine-rich motif  (Ser-389 to Ser-396) proximal 
to the putative NES region, which suggests that Ser-396 
phosphorylation provides a means for directed PDK1 
subcellular trafficking[31] (Figure 3C). Constitutive nuclear 
localization of  PDK1 does not dampen its kinase activ-
ity. However, the ability of  constitutively nuclear PDK1 
to promote anchorage-independent growth and protect 
against UV-induced apoptosis is impaired[56]. Although 
PDK1 nuclear localization might sequester the kinase 
from activating cytosolic signaling pathways (e.g. PKB), 
it might also position PDK1 near nuclear substrates (e.g. 
p70S6K1β), which enable the activation of  other signaling 
pathways[56]. Taking these results together, PDK1 subcel-
lular trafficking provides another means for understanding 
the potential implications of  PDK1 signaling in disease. 

PDK1: A TARGET FOR CANCER 
CHEMOTHERAPY
PDK1 mediates diverse and important cellular functions 
and contributes to many human diseases such as cancer 
and diabetes[42]. Further investigation into PDK1 regula-
tion will probably establish this kinase as a promising 
anticancer target for the prevention of  tumors. There is 
increasing evidence that PDK1 is involved in cancer pro-
gression and invasion[59]. Tissue microarray analysis of  hu-
man invasive breast cancer has revealed that phosphoryla-
tion of  PDK1 on Ser-241 was strongly enhanced in 90% 
of  the samples tested[59]. Immunohistochemical analysis 
using anti-phospho-Tyr-9 antibodies has shown that the 
level of  Tyr-9 phosphorylation is increased markedly in 
diseased lung, liver, colon, and breast tissue compared to 
normal tissue[41]. Studies have shown that angiotensin-II-
induced focal adhesion formation is inhibited by infec-
tion with Adeno-PDK1-Y9F (adenovirus that expresses 
PDK1-Y9F mutant) via paxillin[39]. This regulation of  focal 
adhesion suggests that PDK1 participates in integrating 
signals that control cell growth, apoptosis, and migration. 

Increased expression of  PDK1 has been detected in 
various invasive cancers[59-62]. In breast cancer cells, PDK1 
plays a crucial role in metastasis[59]. This kinase medi-
ates mammary epithelial cell growth and invasion in the 
transformed phenotype, in part, by membrane type 1-ma-
trix metalloproteinase (MMP) induction, which in turn 
activates MMP-2 and modulates the extracellular matrix 
proteins decorin and collagen[59]. Knockdown of  PDK1 
inhibits spontaneous migration and epidermal-growth-fac-
tor-induced chemotaxis in breast cancer cells[42]. In severe 
combined immunodeficiency mice, PDK1-depleted hu-
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Figure 3  Regulation of 3-phosphoinositide-dependent protein kinase-1 cellular localization. A: 3-phosphoinositide-dependent protein kinase-1 (PDK1) resides 
in the cytoplasm and membranes in unstimulated cells, and can shuttle between these two compartments. The treatment of cells with leptomycin-B results in PDK1 
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man breast cancer cells form tumors more slowly and are 
defective in extravasation to the lungs after intravenous 
injection[42]. These results indicate that PDK1 plays an 
important role in regulating malignancy in breast cancer 
cells. Moreover, reducing PDK1 expression in PTEN+/- 
mice protects these animals from developing a wide range 
of  tumors[63], thereby providing genetic evidence that 
PDK1 is a key effector in mediating neoplasia that result 
from loss of  PTEN. These results also validate PDK1 as 
an anticancer target[63]. Recently, it has been revealed that 
PDK1 regulates Rho-associated, coiled-coil-containing 
protein kinase 1 (ROCK1) positively at the plasma mem-
brane, by opposing the inhibitory effect of  RhoE, thereby 
promoting ameboid cell motility. This mode of  ROCK1 
regulation is not required for PDK1 kinase activity, but is 
instead involved in direct binding of  PDK1 to ROCK1 at 
the plasma membrane[64]. Evidence accumulated over the 
past several years suggests an important role for PDK1 in 
cancer progression and mobility, in addition to its func-
tion in PI3K signaling. 

Accumulating reports have suggested that PDK1 can 
be considered as a promising target for anticancer drugs, 
because PDK1 plays a key role in cancer cell growth and 
survival and tumor angiogenesis[11,65]. Various classes of  
small-molecule PDK1 inhibitors have been proposed[66]. 
Novel small-molecule inhibitors of  PDK1 have also 
been suggested, including BX-795, BX-912, BX-320 and 
OSU03012[65,67,68]. BX-320 inhibits the growth of  LOX 
melanoma tumors in the lungs of  nude mice after injec-
tion of  tumor cells into the tail vein[65]. OSU03012 induces 
mitochondrial-dependent apoptosis of  medulloblastoma 
cells and inhibits the growth of  established medulloblasto-
ma xenograft tumors in a dose-dependent manner[68]. The 
effect of  BX-320 and OSU03012 on cancer cell growth  
in vitro and in vivo indicates that PDK1 inhibitors have 
clinical utility as anticancer agents. These findings demon-
strate the importance of  PDK1 and rationalize PDK1 as 
a therapeutic target in treatment of  cancer. 

CONCLUSION
PDK1 has been well-characterized as a kinase. In the field 
of  cancer therapy, much research on PDK1 has focused on 
its involvement in signaling pathways such as PI3K, PKB 
and mammalian target of  rapamycin. However, PDK1 is 
also a key anticancer target[69]. In our opinion, identification 
of  a novel role for PDK1 in cancer has significant benefits. 
Therefore, further investigation into PDK1 function will 
reveal the potential of  PDK1 in cancer therapy. Thus far, 
the regulation of  PDK1 activity, its subcellular localization, 
and its interactions with other proteins have been intense 
areas of  investigation. PDK1 mutation or dysregulation 
results in the pathogenesis of  many human diseases, in-
cluding cancer and diabetes. A better understanding of  its 
molecular regulatory mechanisms in various signaling path-
ways will help to explain its diverse and important cellular 
functions. Furthermore, PDK1 is a promising target for 
the development of  novel cancer chemotherapies.
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