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P21-activated kinase (PAK)2, a member 
of the PAK family of serine/threonine 
protein kinases, plays an important role in 
physiological processes such as motility, 
survival, mitosis, and apoptosis. However, 
the role of PAK2 in resistance to 
chemotherapy is unclear. Here we report 
that PAK2 is highly expressed in human 
breast cancer cell lines and human breast 
invasive carcinoma tissue compared with a 
human non-tumorigenic mammary 
epithelial cell line and adjacent normal 
breast tissue respectively. Interestingly, we 
found that PAK2 can bind with caspase-7 
and phosphorylate caspase-7 at the Ser30, 
Thr173 and Ser239 sites. Functionally, the 
phosphorylation of caspase-7 decreases its 
activity, thereby inhibiting cellular 
apoptosis. Our data indicate that highly 
expressed PAK2 mediates 
chemotherapeutic resistance in human 
breast invasive ductal carcinoma by 
negatively regulating caspase-7 activity. 

Breast cancer comprises 10.4% of all 
cancers diagnosed in women and is the fifth 
most common cause of cancer death 
worldwide (1). In 2009, 209,060 new cases 

of breast cancer were diagnosed and 40,230 
deaths occurred from breast cancer in the 
United States (2). One of the important 
problems confronted during the course of 
breast cancer treatment is resistance to 
chemotherapy (3). Accumulating evidence 
indicates that the expression of several 
growth factor receptors, including the 
epidermal growth factor receptor (EGFR) 
(4), human epidermal growth factor receptor 
type 2 (HER2) (5), and insulin-like growth 
factor-1 receptor (IGF-1R) (6), are often 
elevated in chemotherapy resistant breast 
tumors. The elevation of these growth 
factors is associated with increased 
expression and/or activation of their 
downstream targets such as Akt (7), 
extracellular signal-regulated kinases 
(ERKs), p38 (8), and p21-activated kinase-1 
(PAK1) (9). This suggests that the 
expression and modification of growth 
factor receptors and their downstream 
kinases might correspond with breast cancer 
chemotherapy resistance (10).  

The p21-activated kinase (PAK) family of 
serine/threonine kinases, which was initially 
identified as binding partners of the Rho 
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manufacturer’s suggested protocols. After 
treatment with different concentrations of 
staurosporine, cells were harvested at 24 h 
and washed with phosphate-buffered saline, 
then incubated for 5 min at room 
temperature with annexin V-FITC plus 
propidium iodide. Apoptosis was analyzed 
by a FACS Calibur flow cytometer (BD 
Biosciences, Inc., Sparks, MD). 

 
Statistical analysis. Statistically 

significant differences were determined 
using the Student’s t test and a P value less 
than 0.05 was considered statistically 
significant. 
 

RESULTS 
 

PAK2 is highly expressed in human 
breast cancer tissues and breast cancer cell 
lines.  A human breast invasive ductal 
carcinoma tissue array was used to 
determine the expression level of PAK2 in 
human breast cancer tissue compared with 
normal tissue. The array slide contained 
duplicate core samples of 100 cases of breast 
invasive ductal carcinoma and 10 cases of 
normal breast tissues adjacent to cancer 
tissues. The results revealed that the PAK2 
expression level was significantly higher in 
breast invasive ductal carcinoma tissues, 
with a median expression level of 43.67, 
compared with PAK2 expression in adjacent 
normal tissues, which had a median score of 
17.47 (Fig. 1A). Moreover, the expression 
levels of PAK2 in different breast cancer cell 
lines were determined and the results 
indicated that expression level of PAK2 was 
higher in the MCF-7, SK-BR-3 and 
MDA-MB-468 breast cancer cell lines 
compared to MCF-10A, a human 
non-tumorigenic mammary epithelial cell 
line (Fig. 1B). We chose MCF-7 as the major 
cell line in our experiments, because these 

cells do not express the caspase-3 protein. 
This is important because caspase-7 has 
some of the same downstream target 
substrates as caspase-3, e.g., PARP. To avoid 
interference from caspase-3, we therefore 
chose MCF-7 as the major cell model to 
study the relationship of PAK2 and 
caspase-7. Following treatment with 
staurosporine (25 nM), phosphorylation of 
PAK2 at Ser141 increased at 1 h, was 
maintained at 6 h, and decreased after 12 h. 
Phosphorylation of PAK2 represents its 
activity (25) and, notably, the decreased 
phosphorylation of PAK2 corresponded with 
a marked increased  expression level of 
cleaved-caspase-7 (Fig. 1C), suggesting 
some kind of regulatory activity. 
Furthermore, staurosporine (25 nM) 
treatment induced apoptosis of MCF-7 cells 
in a time-dependent manner (e.g., 13% at 12 
h and up to ~34% at 48 h; Fig. 1D). Overall, 
these results indicated that PAK2 is highly 
expressed in breast invasive ductal 
carcinoma tissue and breast cancer cell lines. 
In addition, staurosporine can induce MCF-7 
cellular apoptosis and phosphorylation of 
PAK2, whose activity might be directly in 
opposition to caspase-7 activity.  

 
PAK2 interacts and co-localizes with 

caspase-7. To determine whether PAK2 can 
directly interact with caspase-7, HEK293T 
cells were transiently transfected with 
pc-DNA3.1-V5-pak2 and 
pCMV-Myc-caspase-7. Anti-V5 was used to 
immunoprecipitate V5-PAK2 and anti-Myc 
was used to detect Myc-caspase-7 by 
Western blot. The results confirmed that 
PAK2 can bind with caspase-7 in vitro (Fig. 
2A). To further verify that PAK2 can bind 
with caspase-7 in cells, MCF-7 cells were 
harvested and disrupted. PAK2 was 
immunoprecipitated with anti-PAK2 and 
caspase-7 was detected with anti-caspase-7. 
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caspase-3. We next determined whether 
knockdown of PAK2 has a similar in 
SK-BR-3 and MDA-MB-468 breast cancer 
cells, which express both caspase-3 and 
caspase-7 proteins. The sh-RNA (#1, #2) 
construct was introduced into SK-BR-3 and 
MDA-MB-468 cells. Knockdown PAK2 
stable cells were established with puromycin 
selection. The knockdown efficiency was 
assessed by Western blotting and the results 
indicated that knockdown of PAK2 
suppressed the endogenous PAK2 protein 
expression level compared with control cells 
(Fig. 6A). Staurosporine could induce much 
more apoptosis in sh-pak2 cells compared to 
control cells (Fig. 6B), and also caused more 
cleavage of caspase-7 and PARP in sh-pak2 
cells compared to control cells (Fig. 6C). In 
addition to staurosporine, doxorubicin HCl, 
a chemotherapeutic drug in clinical use for 
treatment of breast cancer, has similar 
effects on MCF-7, SK-BR-3 and 
MDA-MB-468 cells (Fig. 6D, Supplemental 
Fig. 2). These data indicated that knockdown 
of PAK2 expression can enhance caspase-7 
activity and induce more apoptosis in breast 
cancer cells with or without caspase-3. 

 
DISCUSSION 

 
Caspases, a family of cysteine proteases, 

are central components of cellular apoptosis 
(33,34). Based on their different functions 
and structures, caspases are classified into 
two groups. Caspase-1, -2, -8, -9, and -10 
belong to the first group, called initiator 
caspases, which can auto-cleave and activate 
the second group of caspases, referred to as 
executioner caspases, which include 
caspase-3, -6, and -7 (34). Accumulating 
evidence reveals that inhibition of the 
apoptosis cascades plays an important role in 
tumor therapy resistance. For example, 
upregulation of caspase-8 inhibitors like 

FLIP or inhibition of caspase-8 by Bcl-2 can 
induce tumor resistance to chemotherapy 
drugs by decreasing cellular apoptosis (35). 
Suppressing the activation of caspase-9 
downstream can cause chemotherapy 
resistance in diffuse large B-cell lymphoma 
(36). Overexpression of the inhibitor of 
caspase-3 can activate deoxyribonuclease in 
human renal carcinoma cells, therefore 
enhancing their resistance to cytotoxic 
chemotherapy (37). These studies strongly 
suggest that regulating the activity of 
caspases might be beneficial in tumor 
chemotherapy. 

Recently, research results suggest that 
caspases can be regulated by kinases through 
phosphorylation. Conversely, kinases can be 
regulated by caspase cleavage, which 
provides a balance of cell survival and death 
through crosstalk between the two enzyme 
families (38). For instance, caspase-8 can be 
phosphorylated at Tyr465 by Lyn, which 
inhibits caspase-8 activity (39). Caspase-3 
can be phosphorylated by protein kinase C 
(PKC) to enhance caspase-3 activity, 
whereas PKC can be downstream of 
caspase-3 and activated by caspase-3 
cleavage, providing a positive feedback to 
amplify caspase-3 activity and enhance 
apoptotic signals (40). However, the 
modification or regulation of caspase-7, the 
other executioner caspase, remains unclear. 
Caspase-7 was long assumed to be 
redundant with caspase-3 function because 
of their similar structure and common 
protein substrates (30). Recent studies 
indicate that caspase-7 has some distinct 
functions in apoptosis and inflammation. For 
example, caspase-7-/- murine embryonic 
fibroblasts (MEFs) are more resistant to 
ultraviolet-induced apoptosis compared to 
caspase-3-/- MEFs.  In addition, activation 
of caspase-7, but not caspase-3, requires 
caspase-1 complexes during cell 
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inflammation (29). Furthermore, caspase-7 
knockout, but not caspase-3 deficient, mice 
are also resistant to lethality triggered by 
intraperitoneal injections of 
lipopolysaccharide (41). These distinct roles 
of caspase-7 suggest that regulating 
caspase-7 activity might be beneficial in 
preventing cell inflammation and 
suppressing tumorigenesis. 

Here, we found that PAK2 phosphorylated 
caspase-7 (Fig. 2C) resulting in decreased 
caspase-7 activity (Fig. 4). PAK2 also 
suppressed the effect of chemotherapeutic 
drugs on apoptosis of MCF-7, SK-BR-3 and 
MDA-MB468 breast cancer cells. Moreover, 
knockdown of PAK2 in MCF-7 cells 
restored caspase-7 activity and increased 
apoptosis of MCF-7 cells (Fig. 5). 
Knockdown of PAK2 expression in 
SK-BR-3 and MDA-MB468 cells also 
enhanced the level of cleaved-caspase-7 and 
increased the ability of chemotherapeutic 
drugs to induce apoptosis. This suggests that 
highly expressed PAK2 can inhibit cellular 
apoptosis by phosphorylating caspase-7. 
PAK2 has both pro- and anti-apoptosis 
functions, making it unique in the PAK 
family of proteins. Full-length PAK2 can 
induce cell survival and caspase-mediated 
cleaved PAK-2p34 can induce apoptosis. A 

recent study indicates that full-length PAK2 
can negatively regulate caspase-3-activated 
proteolytic PAK-2p34 and activation of 
caspase 3, and apoptotic histone H2B 
phosphorylation (42). This suggests that 
full-length PAK2 can negatively regulate 
proteolytic PAK-2p34 to promote cell 
proliferation. 

 Accumulating evidence indicates that 
PAK2 is among a panel of 
“invasiveness-associated” genes that 
correspond with cancer proliferation and 
survival (43). Our data revealed that PAK2 is 
highly expressed in breast cancer cell lines 
and breast invasive ductal carcinoma tissue 
(Fig. 1). These results suggest that highly 
expressed PAK2 might promote breast 
cancer progression and restrain the cell death 
response induced by chemotherapeutic drugs. 
In conclusion, our results suggest a 
mechanism by which breast chemotherapy 
resistance might be associated with a high 
expression of functional PAK2, which 
results in decreased cellular apoptosis 
mediated by low caspase-7 activity. Overall, 
our data suggest that PAK2 might be a novel 
target for breast cancer chemotherapy. 
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