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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
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ERK Signaling, circa 2000
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Hormaones,
Neurotransmitters
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O EGFR overexpression:
» Colorectal cancer (27-77%)
Q0O » Pancreatic cancer (30-50%)
O « Lung cancer (40-80%)
* Non-small cell lung cancer (14-91%)
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: S — Ras mutation:
EGFR 0S ‘l * Pancrealic cancer (90%)
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* Papillary thyroid cancer (60%)
* Colon cancer (50%)
» Non-small cell lung cancer (30%)
EGFR mutation: ‘l B-Raf mutation:
« NSCLC (10%) A0 . | * Melanoma (70%)
» Glioblastoma (20%) ' MEK‘ 7 | = Papillary thyroid cancer (50%
* Colon cancer (10%:)
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*Mutated in human cancers

Roberts and Der, Oncogene, 2007, 26:3291




New opportunities to inhibit ERK
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p2l-activated kinases (Paks):
cancer relevant pathways

small (p21) GTPases
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PH Paks

he Pak family

Group A Paks
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Structural comparison of the Group A and Group B Paks

GROUP A: PAK1 —H—mi }l
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GROUP B: PAK4 PBD

PAKS5 PBD
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PBD p21 binding domain
PID Pak inhibitory domain
proline-rich regions
acidic region




Merlin MLCK  RhoGDI

L IMK GEFH1/
Vimentin Actin NIET=
D41 Filamin
« Pak TCoB
(QRRDa;cSY) . . taroets MTSs DLC
Mek >2%8 - < Stathmin

(R

Aurora A H3.3
Mnk Snalil

ER Myc Statba

CtBP (KKATAY)



p2l-activated kinase (Pak) signaling
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Knock down of Pakl + Pak2 selectively
affects PDGF activation of ERK
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IgE-stimulated phospho-Erk is reduced In
Pakl KO mast cells
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IgE-stimulated degranulation/cutaneous anaphylaxis
IS reduced in Pakl KO mast cells

Evan's Blue extravasation

(OD at 6207.)
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Pak in asthma: Pakl-null mice don’t wheeze
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Resistance (mH20.s/ml)

baseline saline 0.33 1 3.3 5 7.5 10 33 50
Ach (mg/ml)



Q: Why would anyone want to inhibit
Group A Paks?
A: Because they are required for Ras
signaling.

Tang et al, MCB 1997



and HER2 transformation
of breast epithelial cells

MCF10A cells

HER2
Pak inhibitor + - +

Chernoff



and group A Paks are frequently activated
In breast cancer

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

& Pakl is frequently upregulated in human breast
tumors, and Is assocliated with tamoxifen
resistance.

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



and other cancers too

Table 2 | Human cancers with altered expression of Pak family proteins

Cancer type Pak isoform Type of alteration References
Breast PAK1 55% protein overexpression 18
Breast PAK1 Protein overexpression and tamoxifen 33
resistance
Colon PAK1 Protein overexpression 117
Ovarian PAK1 30% gene amplification; 85% protein 118
overexpression
Bladder PAK1 Gene amplification H. Nishiyama and O. Ogawa,
personal communication
Pancreas PAK4 Gene amplification; protein overexpression 12
Brain PAK1 Protein overexpression Y. Kondo and K. D. Aldape,

personal communication

Neurofibromatosis PAK1 Protein stabilization 24

T-celllymphoma PAK1 Gene amplification 119




Pak1::K5-kras(®'?) Study

QuickTime™ and a
[TIFF (Uncompressed) decompressor
eeeeeeeeeeeeeeeeeeeeeeeee

K5-tet X pakl HET Tet-kras X pakl HET
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K5-tet::pakl HET X tet-kras::pakl HET

|

K5-tet::tet-kras::pakl WT*

K5-tet::tet-kras::pakl HET*

K5-tet::tet-kras::pakl KO*

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



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

#228 KO female;
2.4 mos;
follicular and
sebacious

hyperplasia;
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#240 KO male;
1.1 mos;
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1.1 mos;
papillomas, SCC




K5-kras(D12) Induction in WT and pakl 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.

& Pakl’ 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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