
                                                                                              497

  
                                                                                                                                                             Cell Research (2004); 14(6):497-506

                                                                                                                                                                       http://www.cell-research.comARTICLE

Downregulation of wild-type p53 protein by HER-2/neu mediated PI3K
pathway activation in human breast cancer cells: its effect on cell proliferation
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ABSTRACT
Overexpression and activation of HER-2/neu (also known as c-erbB-2), a proto-oncogene, was found in about 30%

of human breast cancers, promoting cancer growth and making cancer cells resistant to chemo- and radio-therapy.
Wild-type p53 is crucial in regulating cell growth and apoptosis and is found to be mutated or deleted in 60-70% of
human cancers. And some cancers with a wild-type p53 do not have normal p53 function, suggesting that it is impli-
cated in a complex process regulated by many factors. In the present study, we showed that the overexpression of
HER-2/neu could decrease the amount of wild-type p53 protein via activating PI3K pathway, as well as inducing MDM2
nuclear translocation in MCF7 human breast cancer cells. Blockage of PI3K pathway with its specific inhibitor LY294002
caused G1-S phase arrest, decreased cell growth rate and increased chemo- and radio-therapeutic sensitivity in MCF7
cells expressing wild-type p53. However, it did not increase the sensitivity to adriamycin in MDA-MB-453 breast cancer
cells containing mutant p53. Our study indicates that blocking PI3K pathway activation mediated by HER-2/neu
overexpression may be useful in the treatment of breast tumors with HER-2/neu overexpression and wild-type p53.
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INTRODUCTION
HER-2/neu (also known as c-erbB-2) gene encodes a

185-KD transmembrane growth receptor tyrosine kinase,
which is partial homologous to other members of the
epidermal growth factor receptor family [1]. Amplifica-
tion or overexpression of the HER-2/neu gene was found
in up to 30% of primary breast and other human cancers,
and it was often correlated with increased tumor invasion,
poor prognosis and therapeutic resistance [2-4]. However,
the molecular mechanism for these phenomena has not
been completely elucidated. It was reported that over-
expression of HER-2/neu gene can activate the phospha-
tidylinositol-3 kinase (PI3K)-Akt pathway without exog-
enous ligand stimulation [5], and PI3K-Akt pathway
activation was also reported to be able to delay p53-
mediated apoptosis [6]. These findings suggest the over-
expression of HER-2/neu may be involved in PI3K-Akt
pathway activation and in turn p53-mediated apoptosis.

The product of wild-type p53 gene is a tumor suppres-
sor that mediates growth arrest, senescence and apoptosis
in response to several cellular stresses. p53 is frequently
mutated or deleted in many types of tumors [7-8] and some
others with a wild-type p53 gene do not possess normal
p53 function, suggesting that it may be regulated by various
oncogenic signals [9].

In the current study, we found that the over expression
of HER-2/neu decreased the amount of wild-type p53
protein and induced MDM2 nuclear translocation by
activating the PI3K-Akt pathway in MCF7 cells. Inhibition
of PI3K-Akt pathway increased the amount of wild-type
p53 protein, thus decreased cell growth rate and enhanced
the sensitivity to chemotherapeutic drug adriamycin and
γ-irradiation in HER-2/neu overexpressing cells. However,
blocking PI3K pathway could not increase the sensitivity
to adriamycin in human breast tumor cell line MDA-MB-
453 that harbors mutant p53.

MATERIALS AND METHODS
Construction and reagents

pcDNA3.0-herw, which contains whole length of human HER-2/
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neu gene, was constructed by our laboratory. TfxTM-20 was purchased
from Promega. Mouse anti-human HER-2/neu monoclonal antibody
was prepared by our group as described previously [10]. Mouse
anti-human p53 monoclonal antibody (clone BP53-12) was pur-
chased from Sigma. Rabbit anti-Akt, p-Akt polyclonal antibodies,
goat anti-rabbit IgG-HRP, and PI3K pathway inhibitor LY294002,
were purchased from Cell Signaling Technology. Rabbit anti-human
MDM2 polyclonal antibody (H-221) was purchased from Santa
Cruz. Goat anti-mouse IgG-HRP was obtained from Jackson.
Adriamycin was provided by Zhejiang Haizheng Drug company.
RPMI 1640, fetal bovine serum and Trizol kit were purchased from
Invitrogen. Propidium iodide (PI) and tetrazolium-containing dye
solution (MTT) were purchased from Merck. CelLyticTM Nuclear
Protein Extraction Kit was kindly gifted by Dr. Chen YANG. BCA
protein assay kit was purchased from Pierce Biotechnology, Inc.
LY294002 was stored in DMSO and added to the medium to a final
concentration of 25 µM. DMSO served as vehicle.

Cell culture
MCF7 and MDA-MB-453 human breast tumor cell lines were

purchased from Type Culture Collection of Chinese Academy of
Sciences. Cells were grown in RPMI 1640 medium supplemented
with 10% heat inactivated fetal bovine serum.  MCF7-neu3 (MCF7
cells transfected with pcDNA3.0-herw) and MCF7-pc3.0 (MCF7
cells transfected with pcDNA3.0) cells were maintained in the above
medium containing 800 µg/ml G418. All cell lines were cultured at
37ºC under 5% CO2.

Plasmid transfection
Transfection was performed on 80% confluent MCF7 cells ac-

cording to the manufacturer’s instruction of TfxTM-20. Transfection
mixture (per well in 6-well culture plates) was consisted of 4.5 µl
TfxTM-20, 1.5 µg ultra-pure plasmid pcDNA3.0-herw and 900 µl
optimum reduced serum free medium. Cells were washed once with
optimum reduced serum free medium, then the transfection mixture
was added. 8 h later, cell medium was replaced with fresh completed
medium without antibiotics. After cultured for additional 48 h, cells
were selected in medium containing G418 (800 µg/ml) for 20 d.
Clones were in turn transferred to 24-well plates, 6-well plates and
finally flasks.

Protein extraction and Western blot analysis
Cells were collected and lysed in ice-cold lysis buffer (50 mM

NaCl, 0.01 M Tris-Cl pH8.0, 5 µM EDTA pH 8.0, 0.5% NP-40,
1 mM phenylmethysulfonyl fluoride, 1 µg/ml Aprotinin, 1 µg/ml
Leupeptin). After incubation for 20 min on ice, cellular debris was
removed by centrifugation at 10,000 g for 5 min, and then superna-
tants were transferred to new tubes. Nuclear protein was extracted
according to the instruction of CelLyticTM NuclearTM Extraction Kit.
Proteins were quantified according to the instruction of BCA protein
assay kit. Equal amounts of protein (30 µg per lane except for the
detection of p53, for which 100 µg per lane was used) were  seperated
in SDS-polyacrylamide gels (6%-10%) and transferred to
polyvinylidene difluoride membrane. After blocked with 5% BSA in
Tris-buffered saline-Tween 20 for 1 h at room temperature, the
membranes were incubated with the specific primary antibodies.
Subsequently, membranes were washed and incubated with peroxi-
dase-conjugated secondary antibodies. Following complete washes,
proteins bands were visualized with DAB system (Sigma). All the
experiments were repeated at least 3 times.

Indirect immunofluorescence
Subconfluent cells were detached and seeded on the 1 cm × 1 cm

slides. Slides were fixed in pre-iced acetone for 10 min, then stained
with primary antibody against MDM2 for 1 h followed by 45 min
incubation with FITC-conjugated goat anti-rabbit IgG. After 3 times
washing in PBS, cells were observed under fluorescence microscope.

In vitro growth rate analysis
All proliferation assays were carried out in quadruplicate wells in

parallel 96-well microtiter plates. 5 × 103 cells were plated in each
well added with LY294002 (25 µM) or vehicle. After cells were
cultured for 24 h, 48 h, 72 h, 96 h and 120 h respectively, 20 µl MTT
(5 mg/ml) was added and the cells were incubated for another 4 h.
The medium was aspirated and the purple formazan crystals were
solubilized in DMSO. Plates were read on Vmax Microplate reader,
at a test wavelength of 490 nm.

Cytotoxicity assay
Proliferation cells (105/ml medium) in 96-well plates were treated

in replicates of four wells with 2 µg/ml adriamycin combined with
LY294002 (25 mM) or vehicle.  Cells were incubated for a further 24
h, 48 h and 72 h, and then incubated with 20 µl of MTT (5 mg/ml) for
4 h at 37°C in a humidified 5% CO2 atmosphere. Purple formazan
crystals were solublized in DMSO and the absorbance at 490 nm
wavelength was read on Vmax Microplate reader. Cell viability was
calculated according to the following formula.

Cell viability (%) =     OD490 (adriamycin treated cells)
                                 OD490 (non adriamycin treated cells)

Flow cytometry
Cells treated with adriamycin (2 µg/ml) combined with either

PI3K pathway inhibitor LY294002 or vehicle were harvested at 24 h,
48 h and 72 h, after adriamycin treatment respectively. After fixed in
citric acid buffer for 30 min, cell pellets were resuspended in 100 mg/L
RNase and 10 mg/L PI diluted with PBS for 20 min. Apoptotic cell
fraction was analyzed by FACScan cytometry. The cell cycle distri-
bution of MCF7-neu3 cells treated with LY294002 or DMSO were
analyzed by FACScan cytometry.

Irradiation condition
The cells were irradated by a Gammacell-40 model low-dosage-

rate irradiation equipment, using 137Cs γ-ray. The radiation cavity
cubage is 7.5 liter, central most radiancy is 0.94 Gy/min.

Immunohistochemistry
Our study comprised 229 patients with invasive ductal breast

carcinoma, aged 29-89 years when operated on, in Huashan Hospital,
Fudan University. In each case, mastectomy was performed and no
treatment (radiotherapy or chemotherapy) was applied before
operation. Specimens of tumor were fixed in 10% buffered formalin
and embedded in paraffin blocks. Sections were cut to 4 µm thick.
Microwave pre-treatment was used for better antigen retrieval and
HER-2/neu, MDM2 and PCNA expression were stained with ABC
(peroxidase-avidin-biotin complex) detection system.

Image and statistical analysis
Gel-pro analyzer4.0 software was used to quantify protein bands

using β-actin as system reference. Data were expressed as Mean ±
SD. The students’ t-test was used to evaluate experimental data with
SPSS 11.0 software. Values with P < 0.05 were considered significant.
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RESULTS
HER-2/neu overexpression decreased the amount
of wild-type p53 protein in MCF7 cells

To determine the effect of HER-2/neu overexpression
on the amount of wild-type p53 protein, HER-2/neu gene
inserted in pcDNA 3.0 was transfected into MCF7 breast
tumor cells and high HER-2/neu expression clone (MCF7-
neu3) was constructed. The clone was detected to have
about 13 folds higher HER-2/neu gene expression than
that in parental MCF7 and MCF7-pc3.0 (MCF7 transfected
with pcDNA3.0) cells, and seemed as HER-2/neu
overexpressing MCF7 cell clone. Western blot showed that
the amount of p53 protein in MCF7-neu3 was only 40%
of that in MCF7 (Fig. 1) cells, suggesting that over-
expression of HER-2/neu decreased the amount of wild-
type p53 protein in the MCF7 cells.

Overexprssion of HER-2/neu induced nuclear local-
ization of MDM2

The main mechanism controlling the amount of p53
protein is posttranslational, through MDM2 mediated
ubiquitination and degradation system [11]. MDM2 is the
direct regulator in this controlling system. To investigate
whether HER-2/neu overexpression could affect MDM2
expression, Western blot and immunofluorescence were
used to examine the expression and localization of MDM2
in MCF7 and MCF7-neu3 cells. Western blot assay showed
no significant difference in the amount of MDM2 protein
when total protein from the whole cell lysate was used for
detection, while there was 2.1 times higher of MDM2
protein in MCF7-neu3 than that in MCF7 cells (Fig. 2A)
when only nuclear protein was used. Using indirect im-
munofluorescence staining, we found that MDM2 in MCF7

cell was predominantly located in cytoplasm (Fig. 2B) while
MDM2 in MCF7-neu3 cells was located in both nucleus
and cytoplasm (Fig 2C). These results indicated that
overexpression of HER-2/neu in MCF7 cells caused MDM2
protein translocation from cytoplasm to nucleus. To ex-
amine whether this is the same for in vivo experiments,
we then detected the expression of HER-2/neu and MDM2
in breast cancer tissues of 80 cases. Immunohistochem-
istry results showed that HER-2/neu overexpression was

HER-2/neu

p53

β-actin

Fig 1.   Overexpression of HER-2/neu decreased the amount of p53
protein in MCF7 cells.  Photograph of a representative Western blot
analysis of HER-2/neu, p53 and β-actin protein in MCF7, MCF7-
pc3.0, MCF7-neu3 cells. Lane 1: MCF7 cells, Lane 2: MCF7-pc3.0
cells, Lane 3: MCF7-neu3 cells. 100 µg total protein was subjected
to Western blot analysis to detect p53 while 30 µg total protein was
used to detect HER-2/neu and β-actin.
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Fig. 2   The overexpression of HER2/neu caused MDM2 transloca-
tion from cytoplasm to nucleus in MCF7 cells. (A) Western blot
indicates there was more nuclear MDM2 protein in MCF-neu3 than
that in MCF7 cells while the total protein of MDM2 remained
almost the same. (B) Immunofluorescence result showed MDM2 of
MCF7 cells was mainly located in cytoplasm (200×).  (C)  Immuno-
fluorescence result showed MDM2 of MCF7-neu3 cells was located
in both nucleus and cytoplasm (200×). Tissue section from HER-2/
neu negative breast cancer (D) showed MDM2 was mainly located
in the cytoplasm of tumor cells (E), tissue section from HER-2/neu
overexpression breast cancer (F) showed MDM2 was mainly located
in the nucleus of tumor cells (G).

1                2              3
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found in 35 cases while MDM2 was detected in 73 cases.
In the 35 cases of HER-2/neu overexpressing breast tu-
mor tissues, MDM2 was mainly located in the nucleus or
both cytoplasm and nucleus of these tumor cells, except
for 3 negative cases and 7 cases in which MDM2 was
mainly localized in cytoplasm. In the HER-2/neu non-
over-expressing cases, MDM2 was prominently localized
in cytoplasm in 23 cases, in 17 cases in both cytoplasm
and nucleus or mainly in nucleus, and in other 4 cases was
completely deprived (Tab. 1, Fig. 2). There was a great
difference between subcellular localization of MDM2 in
HER-2/neu overexpression and nonoverexpression groups
(P < 0.01). These results indicated that overexpression
of HER-2/neu caused translocation of MDM2 from cyto-
plasm to nucleus in human breast cancer tissues, which
further confirmed our in vitro experiment.

Blockage of PI3K pathway increased the amount
of wild-type p53 but not mutant p53 protein in HER-2/
neu overexpression breast tumor cells

Previous studies demonstrated that overexpression of
HER-2/neu can delay the p53 dependent apoptosis through
activation of PI3K pathway. From Western blot analysis,
we noted that there was a 3 fold increase in the amount of
p-Akt protein in MCF7-neu3 cells than that in parental
MCF7 cells, while the total Akt protein remained unchanged
in these two cell lines (Fig. 3A). To explore whether the

activation of PI3K pathway participated in the down-regula-
tion of p53 protein, we treated MCF7-neu3 cells with
25 µM LY294002, a specific inhibitor of the PI3K pathway.
Western blot analysis showed that after 24h treatment with
LY294002, the amount of wild-type p53 protein in MCF7-
neu3 cells was 1.7 times higher, compared with that of
the DMSO treated control cells. After 48 h incubation in
the presence of LY294002, a 4.7 times increase in p53
protein was observed, compared with DMSO alone treated
cells (Fig. 3B). Then we blocked PI3K pathway to deter-
mine its effect on the amount of mutant p53 protein in the
MDA-MB-453 cells, which is with HER-2/neu overexpression
and p53 gene mutation. Western blot result showed that
LY294002 treatment for 24 h or 48 h had little effect on
the amount of mutant p53 protein in MDA-MB-453 cells
(Fig. 3C).

Overexpression of HER-2/neu promoted cell pro-
liferation through activating of PI3K-Akt pathway

As shown in the cell growth curve (Fig. 4A), we found
that the MCF7-neu3 cells grew faster (20% increased)
than the parental MCF7 cells. Blockage of PI3K-Akt path-
way with LY294002 decreased the cell growth rate on
both MCF7-neu3 and parental MCF7 cells. FACS analysis
showed that inhibiting PI3K pathway with LY294002 had
an effect on the cell cycle distribution in MCF7-neu3 cells.
As shown in Fig. 4B and 4C, the vehicle treated cells

                         MDM2 (case numbers )HER-2/neu
  Mainly Mainly                        

 Total

cytoplasm nucleus negative
Nonoverexpression       23    18      4   45
Overexpression        7    25      3   35
Total       30    43      7   80

The difference of subcellular localization of MDM2 in HER-2/neu overexpression and nonoverexpression
group has great significance (χ2 test, P < 0.01).

Tab. 1   Immunoreactivity of HER-2/neu and MDM2 in 80 cases of human breast cancer tissue

                       HER-2/neu                                                        PCNA

+                    ++                      +++                  ++++
- 58 22 26 1
+ 23 8 9 1
++ 5 20 20 3
+++ 0 3 20 10

The correlation of HER-2/neu expression with PCNA index has great significance (analyzed by Kendall's
rank correlation method, P < 0.05).

Tab. 2   Results of immunohistochemical investigation of HER2/neu and PCNA in 229 cases of
human breast cancer tissues.
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age of positive cells: < 25% (+), 25-50% (++), 50-75%
(+++) and > 75% (++++). Our data demonstrated that
there was a close correlation of HER-2/neu expression
with PCNA index (Tab. 2, P < 0.05). Using Western blot
to determine HER2/neu and p-Akt in tissues of 6 cases
with human breast cancer (Fig. 5), we also found a high
correlation of HER-2/neu expression with the amount of
p-Akt protein except one case, No.13034, in which coex-
isted low HER-2/neu and high p-Akt expression. All the
above results suggested that HER-2/neu overexpression
may accelerate the growth of human breast tumor cells
through activating of PI3K-Akt pathway.

      24            48          72          96          120 (h)

MCF7-neu3

MCF7-neu + LY294002
MCF7 + LY294002

MCF7

showed a distribution of 63.85% in G1/G0, 25.70% in the
S phase, and 10.45% in G2/M. The treatment of LY294002
at a concentration of 25 µM increased the proportion of
cells in G0/G1 phase to 77.64%, while the cells in S and
G2/M phase decreased to 13.40% and 8.96% respectively.
indicating a G1/S phase arrest. We also analyzed the im-
munohistochemistry results of HER-2/neu and PCNA ex-
pression in tissues of 229 cases of human breast cancer
using Kendall’s rank correlation method. The expression
of HER-2/neu was determined according to the Herceptest
standard (DAKO): nonexpression (-), mild expression (+),
medium expression (++) and high expression (+++). The
index of PCNA was calculated according to the percent-

Fig. 4  HER-2/neu overexpression increased cell proliferation rate
via PI3K pathway activation. (A) MCF7-neu3 and MCF7 cells were
cultured in RPMI1640 supplemented with 10% fetal bovine serum
either with LY294002 or with DMSO for 24 h, 48 h, 72 h, 96 h, 120
h, then were detected for OD490 with MTT method, and growth
curve was made. (B) FACS analysis of cell cycle distribution of
MCF7-neu3 cells treated with DMSO for 48 h. (C) FACS analysis
of cell cycle distribution of MCF7-neu3 cells treated with LY294002
for 48 h. There were G1-S phase arrest when MCF7-neu3 cells were
treated with LY294002 (25 µM).

Fig. 3  HER-2/neu overexpression decreased the amount of wild-
type p53 protein via PI3K pathway. (A) Photograph of a represen-
tative Western blot analysis of Akt, p-Akt and β-actin in MCF7,
MCF7-pc3.0 and MCF7-neu3 cells. (B) Western blot results showed
blockage of PI3K pathway with LY294002 increased the amount of
wild-type p53 protein in MCF7-neu3 cells.  (C) Western blot analy-
sis indicated blockage of PI3K pathway did not change the amount
of p53 protein in breast tumor cell MDA-MB-453 that harbors
mutant p53.
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Tab. 1 here

Blocking PI3K pathway reversed cancer cell resistance
to γγγγγ-irradiation caused by HER-2/neu overexpression

When treated with 8Gy γ-irradiation, MCF7-neu3 cells
showed higher surviving fraction than parental MCF7 cells.
Combined treatment of LY294002 (25 µM) with γ-irradia-
tion resulted in the reduction of surviving fraction in both
MCF7-neu3 and MCF7 cells (Fig. 6).

Blocking PI3K pathway increased the sensitivity
to adriamycin in MCF7-neu3 cells but not in MDA-
MB-453 breast tumor cells

FACS analysis results revealed no apoptosis (with
apoptotic cell fraction less than 1%) when MCF7-neu3
cells were treated with LY294002 alone (data not shown).
Combining LY294002 with adriamycin caused a increase
in the apoptotic cell fraction compared with the DMSO
treated control group (Fig. 7A, P < 0.05). Cytotoxicity
experiment results indicated that blocking PI3K pathway
with LY294002 led to the reduction of cell viability after in
MCF7-neu3 cells when exposed to adriamycin treatment
(Fig. 7B). However, blocking PI3K pathway with LY294002
did not show any significantly effect on the cell viability in
MDA-MB-453 cells (in which p53 is mutated) after
adriamycin treatment (Fig. 7C).

DISCUSSION
Amplification or overexpression of HER-2/neu occurs

in about 30% of human breast cancers, and was corre-
lated with tumor progression and poor prognosis for some
complicated reasons not very clearly known so far [2-4].
Previous studies have revealed that overexpression of
HER-2/neu can affect the cell cycle or apoptosis regulat-
ing gene, such as p21, p27, Bad, caspase-9 and IKK-α,
thereby promoting cell survival [12-14]. However, little
was known about whether the overexpression of HER-2/

neu can affect p53 gene expression. In this study, we used
high amount of total cellular protein for the detection of
wild-type p53 protein and found there was a reduced ex-
pression of 53 protein in MCF7-neu3 cells than that in
parental MCF7 cells. Because MCF7 is a cell line express-
ing wild-type p53, these results indicated that overexpression
of HER-2/neu may decrease the amount of wild-type p53
protein in breast tumor cells.

The main mechanism controlling activity and quantity
of p53 protein level is through MDM2-dependent ubiquiti-
nation system. MDM2, an ubiquitin ligase for p53, plays a
central role in the regulation of the stability of p53 and
served as a good substrate for Akt [9, 11, 15]. It binds
directly to p53 and promotes its ubiquitination and subse-
quent degradation by the proteasome. Tumors with MDM2
overexpression or having MDM2 induced by other factors
do not have normal p53 function, because wild-type p53
protein in these tumors degrades more quickly. Although
MDM2 degrades p53 in cytoplasm, it is in nucleus for
MDM2 to bind p53 and repress p53-mediated apoptotic
activity. When MDM2 is sequestrated in the cytoplasm by
PTEN or other factors, its p53 binding and inhibitory func-
tion are blocked, and an increase of p53 stability can be
seen [16]. In the current study, we did not find that
overexpression of HER-2/neu could induce a higher MDM2
expression. However, an increased MDM2 nuclear local-
ization in MCF7 cells was observed. This may account
for the lower p53 protein in HER-2/neu overexpression
human breast cancer cells [17]. This relevance was further
tested in tissues of 80 cases with human breast cancer
using immunohistochemistry staining. And it was found
that in HER-2/neu overexpressing breast cancer tissues

Fig. 5  Western blot results showed HER-2/neu overexpression acti-
vated PI3K pathway in human breast tumor tissues. The membrane
was scanned, and the correlation of HER-2/neu with p-Akt was of
statistical significance performed by linear regression with spss 11.0
software (r = 0.91, P < 0.05).

HER-2/neu

p-Akt

Case
number

Fig. 6   HER2/neu overexpression decreased sensitivity to γ-irradia-
tion in MCF7 cells, which can be reversed by blocking PI3K path-
way with LY294002. Cells were treated with 8Gy γ-irradiation com-
bined with either LY294002 (25 µM) or DMSO. The cell viability
was calculated.
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Fig. 7  Blockage of PI3K pathway increased sensitivity to adriamycin in MCF7-neu3 cells with wild-type p53 but not
in MDA-MB-453 cells in which p53 is mutated. (A) FACS analysis results indicated blocking PI3K pathway with
LY294002 increased the apoptotic cell fraction induced by adriamycin in MCF7-neu3 cells. MCF7-neu3 cells were
treated with adriamycin (2 µg/ml) combined with either LY294002 (25 µM) or DMSO. When cultured for addi-
tional 24 h, 48 h, 72 h, cells were collected for FACS analysis. (B) Cytotoxicity experiments showed inhibiting PI3K
pathway resulted in reduction of cell viability after adriamycin treatment in MCF7-neu3 cell. MCF7-neu3 cells were
treated with adriamycin combined with either LY294002 (25 µM) or DMSO. When cultured for additional 24 h, 48 h, 72
h, MTT method was used to detect OD490, and the cell viability was calculated. (C) Cytotoxicity experiments showed
that inhibiting PI3K pathway did not significantly affect cell viability after adriamycin treatment in MDA-MB-453
cells. MDA-MB-453 cells were treated with adriamycin combined with either LY294002 (25 µM) or DMSO. When
cultured for additional 24 h, 48 h, 72 h, MTT method was used to detect OD490, and the cell viability was calculated.
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MDM2 was mainly located in nucleus or in both nucleus
and cytoplasm, whereas in HER-2/neu nonoverexpression
breast cancer tissues MDM2 was mainly located in the
cytoplasm of tumor cells. Our results strongly suggested
that HER-2/neu could induce MDM2 to translocate from
cytoplasm to nucleus both in vivo and in vitro.

It was well documented that PI3K pathway played an
important role in preventing cells from undergoing
apoptosis and contributed to the pathogenesis of malig-
nancy [18]. Activation of this pathway was also reported
to be able to delay the p53-mediated apoptosis. We then
wondered whether activation of this pathway contributed
to the change of the amount of p53 protein. As suggested
by Western blot analysis, the overexpression of HER-2/
neu led to PI3K pathway activation and reduced the amount
of p53 protein in human breast cancer cell line MCF7.
Blocking PI3K pathway with LY294002, a specific PI3K
pathway inhibitor, could greatly increase the amount of
p53 protein in MCF7-neu3 cells. Since MCF7 is a cell line
containing wild-type p53, we then tried to detect whether
mutant p53 protein would also be regulated through this
pathway. To test this, MDA-MB-453 breast tumor cells
was used, in which p53 is mutated and PI3K pathway is
activated by HER-2/neu overexpression. However, the
amount of mutant p53 protein in MDA-MB-453 cells did
not change when cells were incubated with LY294002 for
24 h or 48 h.

Previous studies showed MDM2 was an important
target of Akt to regulate the amount of wild-type p53
protein, however, researches from other groups showed
divergent effect of Akt activation on MDM2. Some of
them showed that Akt phosphorylated MDM2 at Ser166,
Ser186 [19, 20], increased its nuclear localization, enhanced
its interaction with p300, inhibited its intereaction with
p19ARF, thus increasing p53 degradation; others showed
that Akt phosphorylated MDM2 at Ser188 [21], resulting in
the change of its self-ubiquitination. The different results
may be due to that different cell lines with different genetic
backgrounds were employed, which may also reflect the
complicated regulation mechanism in the cell signaling
pathways. The findings of our experiment is consistent
with what was reported by Mayo LD and Zhou BP [19,
20], and explains the reason of lower p53 protein in the
HER-2/neu overexpressing breast cancer cells. As to the
mutant p53, which was modified in amino acid sequence,
may not be regulated through the MDM2 mediated
ubiqutination and degradation system, and the half-life of
mutant p53 is much longer (2 h or longer) than wild-type
p53 protein (5-15 min).

Wild-type p53 is critical in regulating cell cycle arrest
and apoptosis [9, 22]. p53 gene mutation or deletion and
loss of p53 normal function lead to many kinds of human

tumors.  Our work demonstrated that HER-2/neu
overexpression induced MDM2 nuclear localization and
reduced the amount of wild-type p53 protein in human
breast tumor cells. This may account for the poor prognosis
and therapeutic resistance in the HER-2/neu overexpression
tumors, at least in those cases containing wild-type p53
gene.

In this study, we also showed that HER-2/neu
overexpression in MCF7 cells promotes proliferation
through the activation of the PI3K-Akt pathway. Inhibit-
ing PI3K pathway caused G1-S phase arrest and decreased
the cell proliferation rate in MCF7-neu3 cells, which was
consistent with the other researcher’s report that elevated
amount of wild p53 protein could cause cell cycle G1-S
phase arrest [23]. We further examined whether HER-2/
neu overexpression activated PI3K pathway in human breast
cancer tissues using Western blot analysis. Our results
showed a good relevance between HER-2/neu over-
expression and high amount of p-Akt. By analyzing the
results of immunohistochemistry detection in 229 cases
of human breast cancer tissues, we found HER-2/neu
overexpression was correlated with higher PCNA index.
Since PCNA is the most common index used for reflect-
ing cell proliferation, our results both in vivo and in vitro
consistently proved that HER-2/neu overexpression can
promote cell proliferation through PI3K pathway.

p53 is a key regulator in determining cell response to γ-
irradiation and chemotherapeutic drugs [15, 21]. Since
HER-2/neu decreased wild p53 protein level through PI3K
pathway, we then detected whether HER-2/neu over-
expression could affect drug or irradiation sensitivity in
human breast cancer cells through this pathway. Our
results showed that there was a decrease in sensitivity to
γ-irradiation in MCF7-neu3 cells overexpressing HER-2/
neu than that in parental MCF7 cells. Blocking PI3K path-
way can decrease the cell viability after γ-irradiation. This
result suggested that the decrease of wild-type p53 protein
via PI3K pathway induced by HER-2/neu overexpression
also contributed to the γ-irradiation resistance.

Although chemotherapy for the treatment of cancer was
introduced into the clinic more than 50 years ago, chemo-
therapeutic resistance still remains a common clinical
problem in tumor therapy. The effectiveness of cancer
therapy has suffered from a range of confounding factors,
and the apoptotic capacity of the cancer cells is pivotal in
determining the response to chemotherapeutic agents.
Adriamycin, a topoisomerase II inhibitor, is commonly used
in chemotherapy of human breast cancer. However, the
use of adriamycin was to some extent restrained because
of its wide tissue toxicity. So, the question of how to in-
crease the sensitivity to adriamycin become a very signifi-
cant problem in tumor therapy. The effect of adriamycin
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relies on the p53 gene status, cells with p53 deficient or
mutated would be more resistant to adriamycin. In the
present study, we found that blocking PI3K pathway in-
creased the amount of wild-type p53 protein and the sensi-
tivity to adriamycin in MCF7-neu3 cells which contains
wild-type p53, an effect that was absent in the MDA-MB-
453 cells expressing mutant p53. These observations
clearly suggested that blocking PI3K pathway would be
an effective way for manipulating anti-tumor therapeutic
strategies in breast tumor with both HER-2/neu over-
expression and wild-type p53 gene. The relationship of
cell signaling pathway and chemical drug resistance has
been largely studied recently. It was widely accepted that
PI3K-Akt pathway activation was correlated with inva-
sive behavior of tumor cells and resistance to adriamycin
induced apoptosis [6, 24]. Our study showed inhibiting
PI3K pathway can increase the sensitivity to adriamycin
in HER-2/neu overexpression breast tumor cells with wild-
type p53, but not in MDA-MB-453 cells with mutant p53,
strongly suggesting that wild-type p53 is also required for
the proapoptotic effects of down-regulation of p-Akt
activity. Some other recent studies also revealed the sig-
nificance of inhibiting PI3K pathway or recovery of tumor
suppressor gene, PTEN function in modulating chemo-
therapeutic sensitivity and tumor angiogenesis in some kinds
of tumor, and some of the above effects also depended on
normal p53 function [25, 26]. These works further sup-
ported that both p53 and p-Akt can regulate adriamycin
sensitivity, and p53 played an important role in the forma-
tion and treatment of cancer through regulating of PI3K
pathway [27]. All of these prompted us to think about the
development of novel combination of inhibitors of the PI3K-
Akt pathway in the treatment of HER-2/neu overexpresssion
breast cancer, at least in those cases with wild-type p53
gene.

Taken together, the results of this study demonstrated
that HER-2/neu overexpression downregulated wild-type
p53 protein, increased cell proliferation and decreased the
sensitivity to chemotherapeutic drug adriamycin and γ-
irradiation through activation of PI3K pathway. In addition,
the ability to increase adriamycin sensitivity by blocking
PI3K pathway relied on normal p53 function. Our work
shed some new light on revealing the molecular mecha-
nism of human breast cancer progression, and may have
implication for the future therapy in HER-2/neu over-
expressing breast tumors.
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