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ment with the MEK inhibitor, U0126 (Figure 1E 
and 1F).

CXCL12/CXCR4-stimulated proliferation is 
PTEN- and MEK/Erk dependent

WST assays demonstrated that parental and 
scrambled sequence control N15C6 and RWPE 
cells proliferate to levels 20-30% higher than 

un-stimulated cells over a 24 hour period in the 
presence of low (1-100 pM) concentrations of 
CXCL12 (Figure 2). Dimethyl sulfoxide (DMSO), 
which can be toxic in vitro [17], dampened, but 
did not abrogate CXCL12-promoted prolifera-
tion. However, PTEN knock-down N15C6 and 
RWPE-1 cells failed to proliferate in response  
to CXCL12, suggesting that activation of the 
P13K/Akt pathway repressed CXCL12-medi- 

Figure 1. PTEN deficiency dysregulates CXCL12/CXCR4-mediated intracellular signaling. (A) Immunoblot of prostate 
cancer cells LNCaP (L) and PC3 (P), and benign prostate epithelial cells BPH-1 (B), N15C6 (N) and RWPE-1 (R) 
demonstrate loss of PTEN protein in LNCaP and PC3 but retention in all 3 benign cell lines. (B) N15C6 and RWPE-1 
cells were transfected with shPTEN vector TI379211 (sh11) or TI379212 (sh12) and PTEN protein knock-down was 
followed by immunoblot after increasing concentrations of puromycin. Following passage of cells into new plates, 
selection with puromycin began and knockdown of PTEN protein expression was followed by Western blot. Maximal 
knockdown without excessive cell death occurred at 6 ug/ml puromycin; Parental and SS cells demonstrate in-
creased levels of pErk in response to CXCL12 whereas shPTEN cells demonstrated higher levels of basal pErk and 
pAkt. (D) RWPE-1 parental, scrambled sequence (SS) control, and shPTEN cells (as indicated) and treated as in (C) 
All cells demonstrated increased levels of pErk in response to CXCL12 whereas shPTEN cells demonstrated higher 
levels of basal pAkt. (E) N15C6 shPTEN cells were treated with vehicle (DMSO), the MEK/Erk inhibitor U0126 or 
the PI3K inhibitor Wortmannin for 0, 10, 20 or 60 minutes and 10 pM CXCL12. U0126 ablated Erk phosphoryla-
tion in U0126-treated cells, and phosphorylation was partially restored with Wortmannin treatment. Wortmannin 
treatement ablated Akt phosphorylation. (F) RWPE-1 shPTEN cells were treated as in (E) and responded with similar 
signaling profiles as in (E).
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ated proliferation. CXCL12-mediated prolifera-
tive responses were modestly restored in both 
PTEN knock-down cell lines upon pre-treatment 
with Wortmannin, which represses P13K/Akt 
signaling (Figure 2). This proliferative response 
was likely due to MEK/Erk signaling, as pre-
treatment with U0126 completely abrogated 
CXCL12-mediated proliferative responses and 
repressed cellular proliferation to levels 10- 
20% below parental and SS cell basal levels 
(Figure 2). Moreover, pre-treatment with Wort- 
mannin partially restores MEK/Erk signaling in 
CXCL12-treated shPTEN cells (Figure 1E and 
1F). Taken together, these data suggest that 

activation of the MEK/Erk signaling pathway, 
but not the P13K/Akt pathway, is intrinsically 
coupled to robust CXCL12-mediated prolifer- 
ation.

P13K/Akt pathway stimulation is associated 
with cellular survival. Therefore, it would be rea-
sonable to expect that PTEN knock-down cells 
might exhibit lower levels of apoptosis than 
PTEN competent cells. The overall percentage 
of cells undergoing apoptosis over a 24 period 
was decreased by ~10% for scrambled sequen- 
ce control and PTEN knock-down RWPE-1 cells 
compared to parental cells (Figure 3). Apoptotic 

Figure 2. PTEN deficiency ablates CXCL12/CXCR4-mediated proliferative responses. N15C6 (left) or RWPE-1 (right) 
parental, scrambled sequence control (SS) or shPTEN cells (as indicated) were treated with ascending doses of 
CXCL12 (as indicated) and assessed for proliferative responses. Parental and SS N15C6 and RWPE-1 cells prolifer-
ated to levels 20-25% higher than basal levels at 1-10 pM CXCL12. This effect was dampened but not ablated by 
DMSO. Parental and SS N15C6 and RWPE-1 cells also proliferated when pre-treated with Wortmannin. However, 
pre-treatment with U0126 ablated CXCL12/CXCR4-mediated proliferative responses and reduced these responses 
below basal levels in both cell lines. PTEN deficiency repressed CXCL12/CXCR4-mediated proliferative responses 
for both N15C6 and RWPE-1 shPTEN cells (as indicated). However, this repression was partially lifted by pre-treat-
ment with Wortmannin. Both N15C6 and RWPE-1 shPTEN cells were unable to respond proliferatively to CXCL12/
CXCR4 axis activation and basal proliferation was repressed in both PTEN deficient cell lines.



PTEN dependence of CXCL12 signaling

96 Am J Clin Exp Urol 2015;3(2):91-99

rates were not significantly affected by CXCL12 
treatment or pre-treatment with the inhibitors 
Wortmannin and U0126. Apoptotic rates incre- 
ased for scrambled sequence control and PTEN 
knock-down compared to parental N15C6 cells, 
and these rates were unaffected by CXCL12 
treatment or pre-treatment with the inhibitors 
Wortmannin and U0126 (Figure 3). The incre- 
ased apoptotic rate in transfected N15C6 cells 
is unexpected but may be due to inherent dif-
ferences in viability in response to transfect- 
ion.

PTEN downregulation Is insufficient for 
malignant transformation

PTEN knock-down clearly dysregulated CXCL- 
12/CXCR4 axis-mediated N15C6 and RWPE-1 

proliferative responses. In order to determine 
whether these effects were associated with 
malignant transformation, RWPE-1 cells, which 
demonstrated the most completed PTEN abla-
tion, were assessed for ability to migrate 
through a porous membrane, which is a mea-
sure of cellular motility and invasiveness. 
RWPE-1 parental, scrambled sequence control, 
and PTEN knock-down cells were seeded onto 
a membrane in the upper chamber of a modi-
fied Boyden chamber assay and assessed for 
their ability to migrate towards serum-free 
media supplemented with PBS or 20 nM 
CXCL12 over a 24 hr period. As shown in Figure 
4, none of these cells were able to migrate 
through the membrane. In contrast, PC3 pros-
tate cancer cells were able to migrate and 

Figure 3. PTEN deficiency alone in insufficent for reduced apoptosis. N15C6 (left) or RWPE-1 (right) parental, scram-
bled sequence control (SS) or shPTEN cells (as indicated) were treated with ascending doses of CXCL12 (as indicat-
ed) and assessed for apoptosis. Untransfected parental N15C6 demonstrated a low, < 10%, apoptotic rate whereas 
SS and shPTEN cells demonstrated an overall higher 20-25% apoptotic rate. RWPE-1 cells demonstrated a higher 
basal apoptotic rate of 10-25% which was somewhat reduced in SS and shPTEN cells. Treatment with CXCL12 did 
not reduce or increase the apoptotic rate in any cells tested, and pre-treatment with U0126 or Wortmannin resulted 
in minimal affects of the apoptotic rate.
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accumulate on the other side of the membrane 
(Figure 4). These data showed that, although 
ablation of PTEN expression in benign RWPE-1 
cells was sufficient for dysregulation of CXCL12/
CXCR4-mediated responses, it was insufficient 
for malignant transformation.

Human BPH tissues are marked by a benign 
proliferative protein signature

We had previously reported that human BPH 
tissues, particularly epithelial BPH nodules, 
express higher levels of CXCR4 than normal 
prostate tissues though the difference was not 
statistically significant [7]. Using the same tis-
sue microarray (TMA) from those experiments 
we have now analyzed pErk, pAkt, and Ki67 lev-
els in normal prostate and BPH tissues. As 
shown in Figure 5, both pErk and Ki67 expres-
sion levels were significantly higher in BPH 
compared to normal tissues. In contrast, pAkt 
levels were not significantly different between 
BPH and normal prostate glands (Figure 5). 
Taken together, these data are consistent with 

a benign proliferative signaling mechanism that 
is coupled to MEK/Erk- rather than PI3K/
Akt-signaling.

Discussion

The intent of the studies reported here was to 
test the hypothesis that CXCL12/CXCR4-
mediated activation of downstream pro-prolif-
erative signaling is modulated by PTEN status. 
The results of these studies clearly demon-
strate that PTEN status largely dictates down-
stream signaling consequent to CXCL12/
CXCR4 activation in benign prostate epithelial 
cells. Parental and shControl N15C6 or RWPE-1 
benign prostate epithelial cells responded pro-
liferatively to CXCL12/CXCR4 axis activation in 
a MEK/ERK-dependent and PI3K-independent 
manner. In contrast, shPTEN cells lost the 
CXCL12/CXCR4-mediated proliferative respon- 
se, which was exacerbated when MEK/Erk sig-
naling was inhibited but was partially restor- 
ed when PI3K signaling was inhibited. These 
results are consistent with our overall hypothe-
sis and suggest that: 1) PTEN acts as a ‘switch’ 
to direct signal transduction downstream of 
CXCL12/CXCR4 axis activation; and, 2) CXCL12-
mediated proliferative responses are coupled 
to MEK/Erk signaling in benign prostate epithe-
lial cells. Moreover, there is some evidence 
from our studies that PTEN expression actively 
represses MEK/Erk signaling.

Figure 4. PTEN deficiency alone in insufficent for ma-
lignant transformation. Motility and invasiveness are 
traits associated with the malignant phenotype. PC3 
cells or RWPE-1 parental, SS or shPTEN cells were 
seeded on the upper surface of a porous membrane 
and assessed using a modified Boyden chamber as-
say for their ability to migrate towards complete me-
dia supplemented with PBS or 20 nM CXCL12 over a 
24 hour period. PC3 cells migrated towards complete 
media and CXCL12-supplemented media at 10X and 
100X, respectively, higher rates than RWPE-1. This 
showed that PTEN deficiency alone was insufficient 
for expression of the malignant phenotype by this 
measure in RWPE-1 cells.

Figure 5. Human BPH tissues exhibit a benign pro-
liferative protein signature. Immunohistochemical 
analysis of a tissue microarray was performed to 
assess expression levels of the proliferative antigen 
Ki67, pErk, pAkt, and CXCR4. The staining intensi-
ties of pErk and Ki67 expression levels were signifi-
cantly higher in BPH compared to normal tissues. In 
contrast, pAkt levels were not significantly different 
between BPH and normal prostate glands.
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Our group previously published studies show-
ing that benign N15C6 prostate epithelial  
cells, but not malignant PC3 prostate cancer 
cells, exhibited transactivation of EGFR and 
downstream MEK/Erk signaling in response  
to CXCL12/CXCR4 axis activation. Moreover, 
EGFR transactivation was required for CXCL12/
CXCR4-mediated cellular proliferation in N15C6 
cells [18]. This previously reported data is con-
sistent with new information reported here,  
and shows that CXCL12/CXCR4-stimulated 
intracellular signaling is EGFR-dependent. In 
turn, EGFR preferentially signals intracellularly, 
and produces proliferative responses, through 
the MEK/Erk pathway in PTEN competent cells.

Immunohistochemical analysis reported here 
correlated high pErk and Ki67 levels, suggest-
ing that BPH tissues express a MEK/Erk signal-
ing signature concurrent with a high prolifera-
tive index. Data reported by others showed that 
expression of activated Akt and activated ERK 
are inversely correlated in human prostate 
tumors [3, 4]. As reviewed by McCubrey et al., 
the PI3K/Akt and Raf/MEK/Erk pathways inter-
act with each other to regulate growth, and sug-
gests that cancer cells inactivated for PTEN 
may exhibit suppression of the Raf/MEK/Erk 
cascade due to the ability of activated Akt to 
inactivate different Rafs [6]. Along with the data 
reported here, these studies demonstrate that 
PTEN incompetence may actively suppress 
EGFR-mediated Raf/MEK/Erk signaling thro- 
ugh multiple mechanisms and alter cellular 
response to anti-proliferative therapeutics.

The results of these studies have high thera-
peutic relevance. A recent study showed that 
cultured prostate epithelial cells lacking PTEN 
(e.g., PC3, LNCaP) were partially resistant to 
the anti-proliferative effects of the EGFR small 
molecule inhibitor, Gefitinib, but that sensitivity 
could be improved by co-inhibiting PI3K activity. 
Moreover, cells with at least one intact copy of 
PTEN (e.g., DU145) were more sensitive to the 
anti-proliferative effects of Gefitinib than PTEN-
deficient cells, and that this sensitivity was 
modulated by the MEK/ERK pathway [19] 
These findings have been mirrored in the 
results of a randomized phase II clinical trial 
examining the efficacy of Gefitinib for hormone 
refractory prostate cancer (HRPC). The results 
of this trial were disappointing, and the study 
coordinators concluded that a better under-
standing of which cell growth and signaling 

pathways were modulated by EGFR alone or in 
combination with other major signaling proteins 
was necessary to develop more efficacious 
therapeutics [20]. These data suggest that the 
utilization of tyrosine kinase inhibitors (TKIs) 
may be more effective in PTEN-competent 
benign proliferative conditions, such as BPH, 
than potentially PTEN deficient malignant prolif-
erative diseases such as PCa.

It should be noted that PTEN deletion failed to 
transform normal benign RWPE-1 prostate epi-
thelial cells or render either N15C6 or RWPE-1 
cells more resistant to apoptosis. These results 
may indicate that PTEN knock-down was incom-
plete in these cells, hence, the cells were ‘leaky’ 
for PTEN activity, or that PTEN deficiency alone 
is insufficient for manifestation of the malig-
nant phenotype and apoptosis resistance. 
Regardless, these data indicate that PTEN 
competency may dysregulate intracellular sig-
naling but other genetic or environmental fac-
tors may be required for cellular transforma- 
tion.

In summary, the data reported here shows that 
PTEN acts as a ‘switch’ to direct signal trans-
duction downstream of CXCL12/CXCR4 axis 
activation, and that CXCL12-mediated prolifer-
ative responses are coupled to MEK/Erk signal-
ing in benign prostate epithelial cells in vitro. 
Examination of human tissues shows that pErk 
and Ki67 levels are correlated and denote a 
proliferative profile in PTEN competent BPH tis-
sues. The clinical relevance of these studies  
is the utilization of tyrosine kinase inhibitors 
(TKIs) may be more effect in PTEN-competent 
benign proliferative conditions, such as BPH.
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