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Agenda

Introduction to p21-activated kinases
(Paks)

Role of Paks in ERK pathway

Role of Paks in inflammation and cancer



ERK Signaling in the Good Old Days

Clinical Cancer Research 14, 342-346, January 15, 2008



ERK Signaling, circa 2000



ERK today



Roberts and Der,  Oncogene, 2007, 26:3291



New opportunities to inhibit ERK
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p21-activated kinases (Paks): 
cancer relevant pathways

small (p21) GTPases

Paks

Cdc42 Rac

Directional
Motility

Differentiation

Angiogenesis

Energy
Metabolism

Anchorage
Independence

Hormone
independenceCell

Survival



The Pak family
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Structural comparison of the Group A and Group B Paks
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p21-activated kinase (Pak) signaling
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Knock down of Pak1 + Pak2 selectively 
affects PDGF activation of ERK
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IgE-stimulated phospho-Erk is reduced in 
Pak1 KO mast cells
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IgE-stimulated degranulation/cutaneous anaphylaxis
is reduced in Pak1 KO mast cells



Pak in asthma: Pak1-null mice don’t wheeze
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Q: Why would anyone want to inhibit 
Group A Paks?

A: Because they are required for Ras
signaling.

Test plasmids
K-ras

pCMV6 Pak1 Pak1R299 Pak1L83,86,R299

Tang et al, MCB 1997



and HER2 transformation 
of breast epithelial cells

MCF10A cells

Pak inhibitor + - +
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Chernoff



and group A Paks are frequently activated 
in breast cancer

Many metastatic breast cancer cell lines show 
constitutive activation of Rac3 and Pak. 

Pak1 is frequently upregulated in human breast 
tumors, and is associated with tamoxifen
resistance.  

In mouse models, transgenic expression of 
activated Rac1 or activated Pak1 in breast 
epithelia gives rise to hyperplastic glands with 
aberrant ductal development that can progress to 
full-blown malignancy.



and other cancers too

Kumar et al. Nature Rev Cancer 6:456, 2006



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Pak1::K5-kras(D12) Study

Tet-kras X  pak1 HETK5-tet X  pak1 HET

K5-tet::pak1 HET X  tet-kras::pak1 HET

K5-tet::tet-kras::pak1 WT*

K5-tet::tet-kras::pak1 HET*

K5-tet::tet-kras::pak1 KO*

*induce transgene expression w/doxycycline pellets (2mg/kg)



K5-kras(D12) Induction in WT and pak1 KO mice



K5-kras(D12) Induction in WT and pak1 KO mice

WT (N = 19) KO (N = 20)
No disease 0 6

Hyperplasia/papilloma 8 10

SCC 11 4



Summary

In higher eukaryotes, there are two distinct 
groups of Paks.  These two groups differ in 
structure, biochemical properties, and function.

Inhibition of Group A Pak by siRNA or gene 
deletion results in decreased ERK activity in 
response to selected growth factors.

Inhibition of Pak blocks transformation by Ras 
and HER-2 in vitro.

Pak1-/- mice are healthy, but show defects in mast 
cell function and resist transformation by Ras. 



Pak inhibitor screen

No current selective Pak inhibitors are available.

Pak inhibitors could be useful in probing Pak 
function.

Such inhibitors might have therapeutic value.
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