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© 2 p21-Activated Kinases(PAKs)

p21-activated kinases (PAKs) are a family of serine/threonine protein kinases comprised of
six isoform (PAK1-6), all of which are direct targets of the small GTPases Rac and Cdc42.
PAKSs have recently been shown to regulate various cellular activities, including cell motility,
survival and proliferation, the organization and function of cytoskeleton and extracellular
matrix, transcription and translation. PAKs are overexpressed or hyperactivated in several
human tumor, such as breast cancer, gastric cancer, ovarian cancer etc., which makes them an
attractive new therapeutic targets. Thus, there has been considerable interest in the development
of inhibitors to the PAKSs, as biological markers and leads for the development of therapeutics.
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Fig. 1. Structural domains of PAK isoforms. The p21 (Rac/Cdc42)-
binding domain (PBD) and kinase domain as well as proline-rich
putative SH3-binding motifs are shown. Group | PAKs additionally
contain an autoinhibitory domain (PID) that is overlapping with the
PBD. PAKs: p21-activated kinases.
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Fig. 2. Schematic representation of PAK1 and some of its sub-
strates regulating various cellular functions. Various stimuli, such
as growth factors and integrins, activates PAK1 via GTP-bound
Rac and Cdc42. PAK1 is known to protect cells from apoptosis
through at least three different pathways involving FKHR, Bcl-2
and DLCH1. In the regulation of cellular proliferation, PAK1 regu-
lates activity of Raf and Aurora kinases. The most studied and
well characterized function of PAK1 is in the regulation of cyto-
skeletal remodeling. While PAK1 regulates microtubule dynamics
through inhibition of stathmin and activation of TCoB and DCLA1, it
also regulates actin assembly and disassembly through phos-
phorylation of LIM Kinase and cytoskeletal proteins such as Fila-
min A, Arp2/3, Caldesmon, Cortactin and Paxillin. Apart from this,
PAK1 also phophorylates myosin binding unit (MBS) that in turn,
inhibits phosphorylation of myosin light chain (MLC). PAKs: p21-
activated kinases, MLCK: myosin light chain kinase, TCoB: tubulin
cofactor B, RTK: receptor tyrosine kinase, LIM-K: LIM kinase, DLC:
dynein light chain, FKHR: Forkhead box protein O1.
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AT G AR QR (platelet derived growth factor)4
A&t 59 A=F0] Al 9= PAKIE Al oF 71
At2f(leading edge)ol| 419 ¥F9}Z-(lamellae)©|H dorsal ruf-
fles S} 28 m7o] oHE]l J-Z(cortical actin structure)©l]
At sh A|454%0 PAK1S] E443t= lamellipodia,
filopodia, dorsal ruffles®] B4 GE3lal AEH A 4189
Eaf|e} =423 (focal adhesion turnover)2 57FA%1
oh Y o] A at B PAKs?] 7] 2ol LIM kinase, myosin
light chain kinaseMMLCK), merlin, filamin A, p4l-actin—
related protein 2/3 complex 41kDa subunit(ARC), Opl8/
stathmin 5-°] A (Fig. 2).
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oflA] el P = Y EQ] A (actin filament network)$] 24
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QUASIE AAAA AEZZ ] 2lmdof 7]ojgtet” Eat
PAK1Z Opl8/stathmin®] A& E3f n]4AT -5 (micro-
tubule dynamics)< 2Aslo] A= AT 2dg]o]
7143t} (Fig. 2).9
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Table 1. Cancers with altered expression of PAK family members

Cancer Pak .
. Type of alterations
type isoform
Brain Pakl  Increased phospho-Pakl in cytoplasm
Esophagus Pak4  Protein overexpression
Breast Pakl, Protein overexpression and increased
Pak4  nuclear localiazaion: Gene amplifica-
tion (11913—q14 amplicon)
Liver Pak1 Protein and gene overexpression
Kidney Pakl  Protein overexpression and increased
activity
Pancreas Pak4  Gene amplification (1913 amplicon),
protein overexpression
Colon Pakl, Protein overexpression
Pak4  Pak4 gene amplification (19913
amplicon) and 2 somatic mutations
Bladder Pakl  Gene amplification (11913—ql4
amplicon)
Ovarian Pakl  Protein overexpression and gene
amplification (11913—q14 amplicon)
Prostate Paké  Protein overexpression
T-cell Pak1 Gene amplification
Lymphoma

PAK: p21-activated kinase
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