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Exogenous p27KIP1 expression induces anti-tumour effects
and inhibits the EGFR/PI3K/ Akt signalling pathway in PC3
cells
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Abstract

p27 is a cyclin-dependent kinase inhibitor that regulates the progression of cells from G, to S phase of the cell
cycle. Loss of p27 has been associated with disease progression and with an unfavourable outcome in prostate
cancer. In this study, we investigated whether exogenous p27 expression in the human androgen-independent
prostate cancer PC3 cell line had any effect on cell growth, and we studied the molecular mechanisms involved.
p27 expression was restored in PC3 cells by plasmid delivery. Cell proliferation and apoptosis were assessed in PC3
cells transfected with p27. We also investigated the effects of p27 on the epidermal growth factor receptor (EGFR)/
phosphatidylinositol 3-kinase (PI3K)/Akt signalling pathway in PC3 cells. By restoring p27 expression in PC3
cells, we observed that p27 reduced proliferation and induced arrest in Go/G; phase. Moreover, p27-transfected PC3
cells underwent apoptosis, as shown by flow cytometric analysis and western blotting analysis of Bcl-2, Bax, Bad,
caspase-3 and poly(ADP-ribose)polymerase expression. Furthermore, the p27-induced anti-tumour action corre-
lated with inhibition of the EGFR/PI3K/Akt signalling pathway, as confirmed by western blotting analysis and den-
sitometry of EGFR, PI3K (p85), Akt and p-Akt™” expression. Our results suggest that exogenous expression of p27
inhibits the proliferation of PC3 cells through induction of G, arrest and apoptosis, and this process correlates with
inhibition of the EGFR/PI3K/Akt signalling pathway.
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1 Introduction cidence is increasing across the world. Although most
cases initially respond to androgen deprivation, eventu-

Prostate cancer is one of the leading causes of ally this therapy fails, and the patients die of recurrent
death from cancer in developed countries, and its in- androgen-independent prostate cancer (AIPC). Cur-

rently, there is no effective therapeutic option for this
form of disease. The precise molecular mechanisms of
AIPC development are poorly understood, and elucida-
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mal growth factor receptor (EGFR). EGFR has a criti-
cal role in tumour growth, and prostate tissue becomes
more susceptible to the growth-promoting action of
EGF family growth factors during androgen withdrawal
[1, 2]. The general inhibition of tyrosine kinase signal-
ling pathways provides a therapeutic advantage against
prostate cancer metastasis [3]. Therefore, inhibiting the
activation of growth factor receptors, especially that of
EGFR, may be a promising strategy for the treatment of
prostate cancer.

Expression of the cyclin-dependent kinase inhibi-
tor (CDKI) p27 is lost in a large fraction of human pros-
tate cancers, and reduced or absent expression of p27
correlates with poor clinical outcome [4]. Exogenous
p27 overexpression results in cell cycle regulation and
an increase in cell apoptosis in human prostate carcino-
ma cell lines [5]. In addition, some studies have shown
that EGF-induced stimulation of growth in prostate can-
cer cells is associated with downregulation of p27 [6, 7].
Based on these theories, we hypothesized that the anti-
tumour action of CDKI p27 may be through the EGF
signalling pathway in prostate cancer cells.

The aim of this study was to determine whether resto-
ration of p27 expression in human hormone-independent
prostate cancer PC3 cells has a significant effect on prolif-
eration, apoptosis and EGFR signalling in PC3 cells.

2 Materials and methods

2.1 Cell culture

PC3 and LNCaP cells derived from human prostate
cancer specimens were obtained from the American
Type Culture Collection (Rockville, MD, USA).
These cells were maintained at 37°C in a humidified
atmosphere of 5% C0O,/95% air and serially passaged in
RPMI-1640 (Hyclone, Utah, USA) supplemented with
10% fetal bovine serum.

2.2 Expression and reporter plasmid construction

Total RNA was isolated from normal prostate tissue
using TRIzol™ (Invitrogen Inc, CA, USA) according
to the manufacturer’s instructions. Two micrograms of
total RNA was used for cDNA synthesis (SuperScript
IT Reverse Transcriptase; Invitrogen), and one-tenth
of the obtained cDNA was used for PCR to amplify
p27 and p27-HAtag. The conditions of PCR for each
individual gene were optimized to analyse the amplified
product in the linear range of amplification by adjusting
the amplification cycles for each set of primers. The

nucleotide sequences of the primers used to amplify the
p27 and p27-HAtag genes were as follows: p27, sense
primer 5'-CGC GAA TTC GCG ATG TCA AAC GTG
CGA GTG TCT-3’ and antisense primer 5'-CCG GGA
TCC GGC GTT TGA CGT CTT CTG AGG CC-3";
p27-HAtag, sense primer 5'-CGC GAA TTC GCG
ATG TCA AAC GTG CGA GTG TCT-3' and antisense
primer 5'-GCC GGA TCC TTA AGC GTA ATC CGG
AAC ATC GTA TGG GTA CGT TTG ACG TCT TCT
GAG GCC-3'.

The amplified p27-HAtag and p27 DNA were cloned
into a pGEM-T Easy vector (Promega, Wisconsin, USA),
following the protocol provided by the manufacturer.
The DNA was digested with EcoRland BamH1
restriction enzymes, and the fragments representing
p27-HAtag and p27 cDNA were excised from a 1%
agarose gel. The DNA was purified using a QIAquick
Gel Extraction Kit (Qiagen, Hilden, Germany). The
resulting p27-HAtag fragment was directionally cloned
into the EcoRland BamH]1 restriction sites of plasmid
pcDNA3.1(-) (Invitrogen). p27 was cloned into
pEGFP-N1 (Clontech, California, USA) at BamH]1 and
EcoR1 sites. The success of the cloning was confirmed
by sequencing the plasmid.

2.3 Transient transfections

For transfections, plasmid DNA was prepared using
a Qiagen plasmid midi kit (Qiagen GmbH, Hilden,
Germany). A total of 5 x 10° cells were plated in six-
well plates for 24 h. Plasmid DNA was delivered
into cells with Lipofectamine'" 2000 (Invitrogen)
following the manufacturer’s protocol. Briefly, 4 ug
of tested plasmid DNA was mixed with 10 pL of
Lipofectamine™ 2000 at room temperature before
addition to a well containing 2 mL of serum-free RPMI
1640 medium. After 30 min, DNA-Lipo complexes
were added to the well and incubated for 4—6 h at
37°C in a CO, incubator. The DNA-Lipo-containing
medium was then replaced.

2.4 Reporter gene assays

PC3 cells were transfected with pEGFP-N1-p27. At
24 and 48 h after transfection, reporter gene expression
was monitored by fluorescence microscopy, and GFP
fusion protein was quantified by flow cytometry (Becton
Dickinson, FACScan, San Diego, CA, USA).

2.5 Cell proliferation assays
Cells were plated in 96-well plates at a density of 1.0 x
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10* cells per well containing 100 pL of culture medium;
after 24 h of cultivation, the cells were transfected with
plasmid DNA. The control group was transfected only
with pcDNA3.1 (black, vehicle alone). After a period
of incubation, cell viability was evaluated by 3-(4,5'-
dimethylthiazol-2-yl)-2,5'-diphenyl tetrazolium bro-
mide (MTT) assay. All experiments were performed in
triplicate. In a parallel experiment, we also determined
cell viability by trypan blue dye exclusion assays.
Trypsinized cells were stained with trypan blue, and the
total number of cells and the number of viable cells in
each well were counted.

2.6 Flow-cytometric analysis of cell cycle and apoptosis

The cells transfected with various plasmid DNAs
for 24 or 48 h were assayed for cell cycle progression
by the propidium iodide (PI) staining method. Briefly,
PC3 cells were harvested in saline-EDTA, fixed in
cold 70% ethanol and stored at 4°C for 24 h. After
storage, the cells were pelleted at 800 x g, aspirated
and re-suspended in RNase A (Invitrogen) in PBS and
incubated for 30 min at room temperature. PI was
added after RNase digestion, and cells were incubated
for an additional 30 min in the dark. Cells were then
analysed for cell-cycle distribution using a Becton-
Dickinson FACScan.

Annexin V (Annexin V-FITC) and PI double
staining was used to determine apoptosis. Annexin
V binds to cells that express phosphatidylserine on
the outer layer of the cell membrane, and PI stains
the cellular DNA of cells with a compromised cell
membrane. Cells that stain positive for Annexin
V-—FITC and negative for PI are undergoing apoptosis.
Cells that stain positive for both Annexin V-FITC
and PI are either in the end stage of apoptosis or are
already dead. Cells that stain negative for both Annexin
V-FITC and PI are alive and not undergoing measurable
apoptosis. Cells were collected and washed twice with
cold PBS and then resuspended in 1 X binding buffer
at a concentration of 1 x 10°cells mL™". Cells were
double stained with FITC-conjugated annexin V
and PI for 15 min at room temperature. Annexin V
and PI were added according to the manufacturer’s
recommendations (BD pharMingen, San Diego, CA,
USA). Samples were immediately analysed by flow
cytometry.

2.7 Western blot analysis
Treated cells were washed with cold PBS and lysed

in protein extraction buffer containing protease inhibi-
tors. The protein concentration of each sample of the
tumour cell lysates was quantified using Coomassie
protein assay reagent (Pierce, Rockford, IL, USA). An
equal amount of protein was subjected to 10% SDS-
PAGE and transferred to polyvinylidene difluoride
membrane by blotting overnight at 30 V/35 mA. Mem-
branes were blocked for 2 h at room temperature in 5%
(w/v) non-fat milk/Tris-buffered saline with 0.1% (v/v)
Tween-20. Western blotting was carried out overnight
at 4°C using the following antibodies: p27 monoclonal
antibody (1:200; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), HA-Tag monoclonal antibody (1:500;
New England Biolabs, Ltd, Ipswich, MD, USA), Bax
monoclonal antibody (1:200; Santa Cruz Biotechnol-
ogy, Inc.), Bcl-2 monoclonal antibody (1:200; Santa
Cruz Biotechnology, Inc.), Bad monoclonal antibody
(1:500; Cell Signaling), caspase-3 monoclonal antibody
(1:200; Santa Cruz Biotechnology, Inc.), poly(ADP-
ribose)polymerase (PARP) monoclonal antibody (1:200;
Santa Cruz Biotechnology, Inc.), EGFR polyclonal
antibody (1:200; Santa Cruz Biotechnology, Inc.),
phosphatidylinositol 3-kinase (PI3K) (p85) (1:1000;
Cell Signaling), Akt and phosphor-Akt>™*” (1:500;
New England Biolabs) and glyceraldehyde-3-phosphate
dehydrogenase monoclonal antibody (1:5 000; Acris
Antibodies GmbH, Hiddenhausen, Germany). Blots
were then incubated with a 1:2 000 dilution of goat
anti-rabbit IgG peroxidase-conjugated secondary an-
tibody (Sunnyvale, CA, USA) or a 1:2 000 dilution of
goat anti-mouse IgG peroxidase-conjugated secondary
antibody (Santa Cruz Biotechnology, Inc.), washed and
developed with enhanced chemiluminescence (Pierce).

2.8 Statistical analysis

For all groups, data are presented as the mean + SD of
the mean. Results were analysed by one-way analysis
of variance (ANOVA) and unpaired #-test to identify
significant differences between groups. The level
of statistical significance was set at P < 0.05, and all
statistical analysis were done using SPSS 11.0 software
(versionl1.0; SPSS, Inc., Chicago, IL, USA).

3 Results

3.1 Characterization of the reporter gene in PC3 cells
PC3 cells were transfected with pEGFP-N1-p27.

At 24 and 48 h post-transfection, reporter gene expres-

sion was monitored by fluorescence microscopy, and
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the fluorescence signal was quantified by flow cytom-
etry. Many brightly fluorescent cells were found among
the transfected PC3 cells. The GFP fusion protein was
readily detectable by flow cytometry, and the transfec-
tion efficiency was about 53%—-55% at 24 h and about
45%—48% at 48 h.

3.2 Plasmid-mediated p27-HA expression in PC3 cells

To address the question of p27-HA expression
after transfection into PC3 cells, western blotting
was performed using cell lysates at 24 and 48 h after
transfection. Figure 1 shows the results for anti-p27
and anti-HA. There was a basal level of p27 expression
in LNCaP cells. No p27 protein was detectable in
untransfected or pcDNA3.1-transfected PC3 cells,
whereas p27-HA delivery resulted in strong expression
of p27 protein. To further assess the p27-HA fusion
protein, western blotting was performed using anti-HA.
The results indicated that the expression of HA was in
accordance with that of p27.

3.3 The antiproliferative effect of p27 was associated
with G/G, arrest in PC3 cells

Table 1a shows the effects of p27 and the vehicle
on the proliferation of PC3 cells. Proliferation status
was assessed by MTT assay. Transfection of PC3 cells
with p27 produced a significantly lower absorbance
compared with the control group (P < 0.05) at the
48-h time point, but it failed to produce a measurable
difference at the 24-h time point. In parallel, trypan

GAPDH

LNCaPI PC3

Figure 1. Plasmid-mediated p27-HA expression in PC3 cells.
Cells were harvested and lysed for Western blot analysis at 24
and 48 h after transfection. There was a low level of p27 expres-
sion in LNCaP cells. Control plasmid-transfected PC3 cells and
PC3 cells did not show any detectable p27, whereas p27-HA-
transfected PC3 cells were positive for p27 staining. The expres-
sion of HA was in accordance with p27 expression in transfected
PC3 cells. GAPDH was used as a loading control. Lane 1,
LNCaP cells; lane 2, p27-PC3 cells 24 h; lane 3, p27-PC3 cells
48 h; lane 4, pcDNA3.1-PC3 24 h; lane 5, pcDNA3.1-PC3 48 h;
lane 6, PC3 cells.

blue assays were performed to study cell viability.
Table 1b and ¢ show that the expression of p27 led to
significantly lower numbers of viable cells and higher
numbers of dead cells.

DNA content cell-cycle analysis was performed
on PC3 cells transfected with control plasmid and
p27. Cells were harvested after transfection at the 24-
and 48-h time points. Cell-cycle distribution analysis
revealed the average percentage of cells in Go/Gy, S and
G»/M after transfection. The proportion of cells in the
different phases of the cell cycle were analysed by flow
cytometry using PI staining. Representative histograms
and the mean percentage of cells in each cell-cycle
phase derived from multiple experiments are shown
in Figure 2. Consistent with the cell proliferation
studies, transfection of PC3 cells with p27 caused
cells to accumulate in G¢/G; and reduced the number

Table 1. Effect of p27 transfection on the growth of PC3 cells.

Time (h) Control (Mean = SD)  p27 (Mean + SD)
(a) MTT assays
0 0.668 +0.042 0.678 +=0.038
24 0.893 +0.055 0.732 +0.068
48 1.380 +£0.083 0.963 +0.057"

(b) Trypan blue dye assays of viable cells ( x10%)

0 1.45+0.29 1.42+0.31

24 2.92 +0.42 2.08 £ 0.38"
48 438 +0.47 3.17 + 0.50°
(¢) The proportion of dead cells (%)

0 4.98 +0.53 5.03 +0.47

24 5.26 +0.64 7.78 £ 0.73°
48 5.88 = 0.60 8.76 + 0.79°

Cell proliferation was assessed at 0, 24 and 48 h after transfection
using the MTT assay. PC3 cell viability was analysed by
trypan blue dye exclusion assays. Significance levels pertain to
unpaired #-test from one-way ANOVA.

‘P < 0.05, °P < 0.05 and °P < 0.01 relative to the corresponding
control groups at the same time point.

Table 2. Quantitative analysis of apoptotic cells (%) by means of
Annexin V-FITC analysis.

Time (h) Control (Mean + SD) p27 (Mean + SD)
24 6.76 =£0.52 18.59 + 1.24°
48 6.90+0.46 21.60 + 1.56"

‘P <0.01 and "P < 0.01 relative to the corresponding control
groups at the same time point.
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of cells in S and Go/M. These results indicate that the
antiproliferative effect of p27 was associated with cell-
cycle arrest in Go/G.

3.4 Effect of p27 on apoptosis and apoptosis-related
proteins in PC3 cells

To clarify whether p27 induces apoptosis in PC3
cells, an alternative evaluation of apoptosis was done
using Annexin V-FITC analysis. Through this assay,
apoptotic and necrotic subpopulations can be distin-
guished. The apoptotic rates of PC3 cells after control
plasmid or p27 transfection were quantified by Annexin
V and PI double staining followed by flow cytometric
analysis. The loss of plasma membrane asymmetry
is an early event in apoptosis that results in the expo-
sure of phosphatidylserine residues at the outer plasma
membrane leaflet. Annexin V, a phospholipid-binding
protein, specifically binds to phosphatidylserine resi-
dues. The results from an annexin V-FITC binding
assay showed that higher proportions of annexin V-pos-
itive cells were observed in the p27-transfected group
at the 24- and 48-h time points, with values of 18.59%
and 21.60%. These values were greater than those of
the control-plasmid-transfected group (Table 2).

To provide further confirmation that p27 inhibits

24 h 24 h 48 h 48 h

100
90 r
80 r
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60 |
50
40
30
20
10 +

5 G/M
ms
0 GGy

% Cells in phase

Control p27 Control p27

Figure 2. Effect of p27 transfection on cell cycle progression.
Cells were transfected with control plasmid and p27. Cells were
harvested 24 and 48 h after transfection. Cell-cycle analysis
of PC3 cells treated with a control plasmid or p27. Cells were
exposed to propidium iodide and analysed by flow cytometry
as described in Materials and methods. Histograms show DNA
quantitation. "P < 0.05, compared with the control groups.

cell growth owing to the induction of apoptosis, we
examined the expression of the Bcl-2 family proteins
caspase-3 and PARP after transfection. As shown in
Figure 3, the effect of p27 on cellular apoptosis cor-
responded to lower caspase-3 protein levels (caspase-3
activation is represented by the loss of its pro-form),
concurrent with lower Bcel-2 levels and higher Bax and
Bad levels in transfected cells. Caspase-3 is one of the
executioner caspases that responds to the activation of
the intrinsic mitochondrial apoptotic pathway, which
can be triggered by blockade of ErbB signalling [8, 9].
When caspase-3 is activated, the intact 33-kDa form is
cleaved into an activated form of 17/19 kDa, which in
turn cleaves PARP [9]. Consistent with the caspase-3
activation results, p27 markedly increased the level of
cleaved PARP. The results suggest that cellular ap-
optosis induced by p27 was triggered by activation of
caspase-3 and regulated by Bcl-2 proteins.

3.5 Exogenous expression of p27 inhibits EGFR/PI3K/
Akt signalling pathway in PC3 cells

EGFR signalling might be one of the most critical
signalling mechanisms for cancer cells, including pros-
tate cancer cells [1, 3, 10]. To investigate the effects of
EGFR on PC3 cells, we analysed signalling molecules

Control p27

Time (h) 24 48 24 48

Bcl-2

Bax

Bad

Caspase-3

PARP -116 kDa

Cleaved PARP -85kDa

GAPDH

Figure 3. Effects of p27 on apoptosis and apoptosis-related
proteins in PC3 cells. Western blot analysis of apoptosis-related
proteins expressed in PC3 cells after control plasmid or p27
transfection.
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related to the EGFR pathway. EGFR, PI3K (p85), Akt
and p-Akt (S473) were detected by western blotting. As
shown in Figure 4A, the expression of EGFR declined
after transfection with p27; densitometry analysis re-
vealed that EGFR protein levels were reduced by 47%
and 62% at the 24- and 48-h time points, respectively.

To analyse downstream signalling events in the
EGFR pathway, we next examined the phosphorylation
of PI3K (p85), and this also showed noticeable inhibi-
tion by the exogenous expression of p27 (Figure 4B).
In addition, when we examined the downstream signal-
ling molecules Akt and p-Akt (S473), the level of p-Akt
(S473) was reduced by exogenous p27 in PC3 cells
(Figure 4C). Densitometry analysis shows that p-Akt
(S473) protein levels were reduced by 43% and 50% at
24 and 48 h after transfection, respectively. These data
suggest that the exogenous expression of p27 can in-
hibit EGFR-mediated cell survival signals such as PI3K
and Akt.

4 Discussion

Prostate cancer is one of the most common human
malignancies, and so far, there is no effective treatment
for the hormone-refractory stage of this disease. In this
report we show that transfection of PC3 cells with a
plasmid expressing p27 (pcDNA3.1-p27) results in high
levels of p27 expression. In PC3 cells, this marked
increase in p27 levels inhibited growth, caused G1 cell
cycle arrest and triggered apoptosis. Importantly, we
observed that the EGFR/PI3K/Akt signalling pathway
was inhibited by exogenous p27. These results suggest
that p27 expression induces antitumour activity at least
partly through the inhibition of EGFR signalling in PC3
cells.

p27 is a CDKI, and it has been shown to inhibit
the kinase activity of cyclin A—Cdk2, cyclin B-Cdk2,
cyclin D-Cdk4 and cyclin E-Cdk2 by preventing Cdk
activation [11-13]. In prostate cancer, p27 expression
progressively declines with increasing tumour grade
and stage [14, 15]. p27 protein has also been shown to
have a critical role in promoting apoptosis in breast, re-
nal, lung and prostate cancer cell lines [5, 16-19]. Our
findings are therefore in close agreement with those
of Katner et al. [5], who found that p27 significantly
reduced the proliferation of prostate cancer cell lines,
causing a visible increase in cellular apoptosis and ac-
cumulation of cells at G,/G,.

To clarify further the mechanism by which p27
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& § 8 -84

b M s Al oy
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Figure 4. Effects of p27 on epidermal growth factor receptor
(EGFR), PI3K (p85), Akt and p-Akt (S473) expression. PC3
cells were transiently transfected with control plasmid and p27
and then harvested 24 and 48 h after transfection. Cell lysates
were analysed for EGFR by Western blot using a specific anti-
body to EGFR (A), or analysed for PI3K phosphorylation using a
specific antibody to PI3K (p85) (B), or analysed for Akt activity
using antibodies to Akt (S473) and Akt (C). GAPDH was used a
loading control. The western blots were quantified by densitom-
etry using ImageQuant software (Amersham Biosciences, New
Jersey, USA). The inhibitory effect of each treatment condition
was plotted as a bar graph.
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induces apoptosis in PC3 cells, we analysed the expres-
sion of apoptosis-related proteins after transfection. A
number of pathways are known to lead to apoptosis or
inhibition of cell cycle progression. The Bcl-2 family
and caspase-3 are important regulators of apoptosis.
Several studies have shown that elevated expression of
Bcl-2 in prostate cancer cells confers androgen resist-
ance, particularly in advanced disease, and it may fa-
cilitate progression to androgen independence [20-22].
Bcl-2 is part of an expanding family of apoptosis-
regulatory molecules, which may act as either death
antagonists (Bcl-2, Bcl-xl and Mcl-1) or death ago-
nists (Bax, Bak, Bcl-xS, Bad and Bid). The selective
and competitive dimerization between pairs of these
antagonists and agonists determines how a cell will
respond to a given signal [20]. These findings suggest
that reducing the expression of the antiapoptotic gene
bcl-2 may be a rational strategy for treating AIPC. In
our study, we found that p27 induced higher expression
levels of Bax and Bad. Conversely, Bcl-2 was mark-
edly downregulated in the p27 group, more than in the
control group. Caspase activation leads to cleavage and
inactivation of key cellular proteins, such as poly(ADP-
ribose) polymerase [23]. Our results show that trans-
fection of p27 causes activation of caspase-3, and this
coincides with cleavage of PARP. Based on the above
information, it is suggested that p27-induced apoptosis
occurs predominantly through the activation of intrinsic
apoptosis pathways by causing the downregulation of
Bcl-2 expression, upregulation of Bax and Bad, and ac-
tivation of caspase-3 in PC3 cells.

Progression to hormone refractory disease is often
associated with overexpression of growth factors and
receptors. It has been suggested that upregulation of
EGFR is involved in the development of AIPC [24-26].
In addition, the AIPC cell line PC3 was found to ex-
press higher levels of EGFR than the LNCaP cell line [1].
These findings provide additional evidence supporting
the hypothesis that EGFR expression has a role in the
development of AIPC. However, the molecular mecha-
nisms responsible for the activation of EGFR signalling
in prostate cancer cells are not clear. Several stud-
ies have revealed that inhibition of EGFR signalling,
which inhibits the growth of androgen-responsive cells
as well as androgen-independent cells, is accompanied
by a blockade of the progression of cells from G; to S
phase owing to the upregulation of p27 protein, which
in turn inhibits the CDKs [6, 27]. Notably, experiments

in cultured breast cancer cells have implicated p27 as
an inhibitor of EGFR signalling [28]. In this study,
we found that EGFR levels were lower after p27 was
transfected into PC3 cells. This result suggests that p27
protein acted as an inhibitor of EGFR. We believe that
the likely mechanism behind this phenomenon is that
p27 negatively regulates EGFR expression in PC3 cells.
However, the exact molecular mechanisms require fur-
ther investigation.

Activated EGFR may induce distinct mitotic
cascades, including the MAPK, PI3K/Akt, Shc, NF-
B and phospholipase Cg signalling pathways, which
stimulate the proliferation, survival, motility and inva-
siveness of prostate cancer cells [29-32]. Elevated Akt
activity may have a profound role in the progression of
human prostate cancer. Akt regulates many of the proc-
esses associated with metastatic progression and the
emergence of AIPC cells, such as diminished apoptotic
response [33] and release from the cell cycle control
that follows androgen ablation [34]. Akt can dampen
the normal apoptotic response by suppressing the activ-
ity of numerous pro-apoptotic proteins, including Bad,
caspase-9 and the Forkhead family of transcription fac-
tors [35-37]. In this study, we investigated an EGFR-
inhibited signalling pathway in p27-transfected PC3
cells. Our results suggest that Akt was inhibited by
EGFR through inhibition of PI3K (p85) and subsequent
phosphorylation of Akt at Ser473. We also found that
the reduced Akt activity in these p27-PC3 cells cor-
responds to enhanced expression of the pro-apoptotic
protein Bad. Bad promotes cell death by interacting
with anti-apoptotic Bcl-2 members such as Bcl-2 and
Bcl-xL, which allows the multidomain pro-apoptotic
Bcl-2 family members Bax and Bak to aggregate and
cause the release of apoptogenic molecules from the
mitochondria to the cytosol, culminating in caspase ac-
tivation and cell death [38, 39].

In summary, we showed that transfection of p27
plasmid DNA into PC3 cells (which do not express this
gene) inhibits their proliferation by causing cells to ac-
cumulate in the G, phase of the cell cycle and by induc-
ing apoptosis. These effects are due, at least in part,
to direct inhibition of the EGFR/PI3K/Akt signalling
pathway. Therefore, our results provide a mechanistic
explanation for the anti-tumour effects of exogenous
p27 expression and, importantly, suggest that the p27
gene and its regulated pathway are promising targets
for AIPC treatment.
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