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p21-activated kinase 6 (PAK6) is a member of a group of serine/threonine kinases that are 

involved in a variety of cellular processes. Overexpression of PAK6 has been found in prostate 

cancer cells versus normal, however, the function of PAK6, both in vitro and in vivo has not yet 

been elucidated. We hypothesize that PAK6 plays a role in cancer progression and the metastatic 

potential of cancer cells. We use two cellular models to study PAK6 function: 1) an overexpressed 

model (MCF7, WT, SN-constitutively active, KM-kinase dead) and 2) an endogenous model 

(LAPC4, 457-knockdown and PC3 cells). Characterization of these models via Western blotting 

and qPCR reveals stable expression of PAK6.  Results from cell growth assays reveal that the 

growth rate of the kinase dead mutant exceeds that of the constitutively active. In addition, 

knockdown of PAK6 results in an increase in the growth rate of the cells, suggesting a growth 

regulatory function of PAK6. We have confirmed, via immunocytochemistry and bimolecular 

fluorescence complementation (BiFC) assay, that PAK6 is localized on the membrane, suggesting 

that PAK6 may function in intracellular signaling. We’ve also demonstrated that constitutively 

active PAK6 increases phosphorylation of GSK3β, whose inhibition studies indicate promote 

prostate cancer. Moreover, qPCR results indicate a relationship between PAK6 overexpression 

and increased TGFβ2 and caveolin-1 and 2; which are involved in promoting cancer progression. 

These findings suggest that PAK6 has a positive correlation with the expression of proteins 

involved in cancer progression and thus is contributing to the metastatic potential of cancer cells.  
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 Cancer is one of the leading causes of death in 
the United States. Some of the characteristics of 
cancer are sustained proliferation, resistance to cell 
death, replicative immortality, genome instability, 
deregulation of cellular energetics and invasion and 
metastasis. p21-activated kinases, a family of 
serine/threonine kinases, have had implications in cell 
survival, proliferation and migration. PAK6 is a 
member of the Group II PAKs and was first 
discovered as an AR/ER interacting protein which 
inactivates AR-mediated transcription. It is directly 
activated by auto-phosphorylation and the p38/MKK6 
pathway. Studies have shown increased expression 
of PAK6 in primary and metastatic prostate cancer 
and in tumors that relapsed after androgen 
deprivation therapy. PAK6 may also play roles in the 
regulation of motility and in stress responses as well 
as the cell survival of prostate cancer cells.  
      A microarray analysis 
      previously conducted 
      reveals the increased 
      expression of genes 
      involved in cell  
      proliferation, motility, 
      and epithelial   
      mesenchymal - 
      transition when PAK6 
      is overexpressed  
      (Figure1).  The  
      increased expression 
      of genes such as  
      TGFβ2, Protein   
      Kinase N3, and  
      Caveolin are increased 
      in many cancers and 
contribute to the motility and invasiveness of the 
cancer cell.  
 TGFβ2 signaling is associated with EMT 
contributing to cell motility and adhesion. The 
induction of autocrine production of TGFβ2 reinforces 
and amplifies EMT in the cell. The increase in 
expression of this gene with PAK6 overexpression 
suggests PAK6 promotes EMT. 
 Caveolin overexpression is linked to the 
aggressiveness of prostate cancer, and 
phosphorylation of caveolin has been shown to 
enhance tumor motility and invasion through 
Rho/ROCK signaling. The increased expression of 
caveolin seen in the microarray analysis suggests that 
overexpression of PAK6 may promote cancer cell 
motility through caveolin.  
 

1) The overexpression of PAK6 is positively correlated with 
the increased expression of EMT-related genes such as 
TGFβ2 and Caveolin-1 and -2. 

 
2) Although PAK6 is positively correlated with increased 

caveolin mRNA expression, activation of PAK6 results in 
the movement of PAK6 from the  raft domain into the 
cytosol. Therefore, PAK6 does not colocalize with 
caveolin when activated. 

Endogenous PAK6 vs. Knockdown 
In vitro studies (LAPC4 ) 
 1) Determine if K.O. of PAK6 affects the  
 motility of the cancer cell 
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In vivo studies (LAPC4-Luc) 
 1) Xenograft male athymic nude mice with prostate 
cancer cells and monitor tumor growth and size over a 
period of six weeks via IVIS imaging 
 3) Immunohistochemistry of tissue samples 

 MCF7 breast cancer cells stably expressing WT-PAK6 and PAK6 
mutants (SN-kinase constitutively active and KM-kinase dead) were 
used to investigate PAK6 function. 
 
A) Total RNA was isolated from cell culture using an RNA isolation Kit 

(Qiagen, Valencia, CA). Quantification of genes of interest were 
conducted using qPCR (Stratagene) and Taqman probes. 

B) Raft Domain Membrane Isolation was achieved using 1.25 mM 
DTSSP crosslinking agent and a iodixanol gradient of 5, 30, and 40 
percent.  

A B C 

Figures A  and B. qPCR Comparative Analysis of the Effect of PAK6 
expression on Caveolin mRNA expression 
Microarray analysis revealed increased expression of caveolin-2  when PAK6  
Is over expressed.  We confirmed this revealing that expression of caveolin-1 
and -2 are increased 3-fold as compared to normal when PAK6 is 
overexpressed and constitutively active (SN). 

Figure C. qPCR Comparative Analysis of the effect of PAK6 expression 
on TGFβ2  mRNA expression 
Microarray analysis revealed increased expression of TGFβ2 in both SN and 
KM, with the greater increase being when kinase activity is constitutively 
active (SN). We confirmed this revealing that TGFβ2 expression is increased 
12-fold with respect to normal when PAK6 is overexpressed and 6-fold when 
kinase activity is inhibited (KM). 

Caveolin-1 Caveolin-2 TGFβ2 

Figure G. Western Blot Analysis of MCF7WT Membrane Isolation  
without Forskalin stimulation (G), and with Forskalin stimulation (H). 

Figures D, E, F. Western Blot Analysis 
of Membrane Isolation in MCF7 cells. 
Previous results have shown PAK6 
localization to be on the membrane. To 
determine if PAK6 is colocalized with 
caveolin in the raft domain we conducted 
a membrane isolation. The results indicate 
that there is an increased presence of 
PAK6 found in fractions 4 and 5 outside of 
the raft domain when PAK6 is 
constitutively active (SN) as compared to 
normal (WT). This suggests that PAK6 
may move  away from the membrane 
when activated. 
   

Figure 1. Microarray 
Analysis. Gray 
indicates no data was 
collected. Black 
indicates no change. 
Red indicates 
increased expression 
and blue indicates 
decreased expression.  
*Color shades denote 
intensity. 

Hypothesis 

1) PAK6 may be contributing to the cancer progression by promoting 
the increased expression of proteins involved in epithelial-
mesenchymal transition -TGFβ2 and Caveolin. 
 

2) PAK6 colocalizes in the raft domain of the membrane with caveolin, 
thereby promoting cell motility. 
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