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Background : PTEN is a novel tumor suppressor gene located at chromosome 10q23.3.
Loss of PTEN function has been implicated in the progression of several types of cancer.
Angiogenesis is a critical factor in tumor growth and metastasis. We investigated PTEN
expression in invasive breast cancers and described its role in the regulation of angiogenesis
related to vascular endothelial growth factor (VEGF). Methods : Forty-five, surgically resect-
ed, formalin-fixed and paraffin embedded breast cancer tissue samples were analyzed for
PTEN and VEGF expressions by immunohistochemistry and for microvessel density (MVD)
by CD34 immunostaining. Results : Loss of PTEN expression was found in 35.6% (16/45)
of the breast cancer tissues, all of which showed positive VEGF expression. Among 29
cases with normal PTEN expression, 15 (51.7%) were VEGF positive. MVD was significantly
higher in tumors with a loss of PTEN expression than in those with normal PTEN expression.
Conclusion : A loss of PTEN expression might increase the VEGF-related angiogenesis in
breast cancer. There was no correlation between PTEN expression and clinicopathologic
parameters. Detection of the loss of PTEN expression may serve as a useful biologic marker
for progression in invasive breast cancer.
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The PTEN/MMAC1 gene (PTEN: Phosphatase and TENsin
homology; MMAC1: mutated in multiple advanced cancers;
hereafter called PTEN) is a novel tumor suppressor gene, locat-
ed in the chromosome 10q23.3.1 Genetic alteration of the PTEN
locus has been reported in Cowden disease, an autosomal domi-
nant familial neoplastic syndrome characterized by a variety of
benign hamartomatous tumors and a high risk for development
of breast and thyroid cancers.2 Somatic alteration of the PTEN
gene has also been described in a variety of neoplasms, includ-
ing breast, prostate, renal, bladder, lung and endometrial carci-
nomas, glioblastomas, melanomas, and sarcomas.3-8

The product of PTEN was identified as a dual specificity phos-
phatase,9 showing both protein tyrosine phosphatase and inosi-
tol 3-phophatase activities. A major target of PTEN is a lipid
phosphatidylinositol 3,4,5-triphosphate (PIP3), which is a pro-
duct of phosphatidylinositol 3-kinase (PI3-kinase). PTEN blocks
inappropriate activation of the serine-threonine kinase and thus
expresses tumor suppressive roles, such as growth arrest, inhi-
bition of invasion, and induction of apoptosis.10,11 On the other
hand, loss of PTEN results in an accumulation of PIP3 and acti-
vates the PI3-kinase/Akt pathway, which, in turn, stimulates
cell cycle progression, cell survival and migration.12,13

Angiogenesis is a critical factor in tumor growth and metas-
tasis. Activated PI3-kinase is a strong inducer of neovasculariza-
tion and endothelial cell proliferation. PI3-kinase is activated
by a variety of growth factors, such as fibroblastic growth fac-
tor, epidermal growth factor, vascular endothelial growth factor
(VEGF), and hepatocyte growth factor. 

Recent studies have suggested that PTEN regulates angio-
genesis under hypoxic condition and in prostate cancer,14-16 and
that a functional loss of PTEN has the effect of increasing angio-
genesis by inactivating PI3-kinase. 

Based on the roles of PTEN and VEGF in the PI3-kinase/Akt
pathway, we investigated, in the present study, a possible corre-
lation between the loss of PTEN expression and VEGF-medi-
ated angiogenesis in breast cancer by immunohistochemistry.

MATERIALS AND METHODS

Patients and tumor samples

Paraffin-embedded tissues were randomly selected from 45
patients who underwent mastectomy for breast cancer in Kosin
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University Hospital, Busan, Korea, between 2001 and 2002. All
cases were diagnosed as invasive ductal carcinoma. The original
diagnosis was confirmed by examining hematoxylin-eosin stained
slides. Tumor stage (TNM system) was determined by chart
review. Tumors were graded according to the modified Bloom-
Richardson grading system17 and classified as grades 1, 2 or 3. 

Immunohistochemistry

Immunohistochemical studies were conducted in 45 cases of
invasive ductal carcinoma using antibodies to PTEN (mouse
monoclonal anti-human PTEN, Novocastra, Newcastle, UK),
VEGF (rabbit, polyclonal, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), and CD34 (CD34 Class II, Dako Cytomation, Den-
mark). Briefly, 4- m thick sections of formalin-fixed, paraffin
embedded tissue were deparaffinized in xylene and hydrated
through a graded series of ethanol. The slides were immersed
in 3% hydrogen peroxide, rinsed in deionized water and placed
for 5 min in 95% alcohol to inhibit any remnant protease. To
retrieve antigens, the slides for CD34 were placed in a microwave
oven in 10 mM citrate buffer (pH 6.0) for 30 min. After being
rinsed in phosphate-buffered saline (PBS) and incubated with
normal goat serum for 6 min, the sections were incubated for 40
min with PTEN at a dilution 1:70, VEGF at 1:100 and CD34
at 1:50, and washed 3 times with PBS. The sections were then
incubated with biotinylated or mouse anti-mouse immunoglobu-
lins for 13 min. After rinsing with PBS, slides were treated with
peroxidase-conjugated streptavidin for 15 min and developed
by 3-amino-9-ethycarbarzole (AEC). A light counterstaining
with Meyer hematoxylin was carried out. Tonsilar lymphoid tis-
sue was used as a positive control for PTEN expression.

Staining interpretation and microvessel counting

The PTEN staining used in this study was widely expressed
in the nuclei of tumor cells as well as in adjacent nonneoplastic
ductal and myoepithelial cells. PTEN expression was evaluated
based on staining intensity and distribution according to a pre-
vious study.18 Intensity was scored as strong (staining equal to
or stronger than the internal positive control), moderate (less
than the internal positive control but still positive staining) and
weak (trace or no expression). Distribution was scored as diffuse
(>50% tumor staining), regional (15-50% tumor staining) and
focal (<15% tumor staining). Tumors showing intense reactivi-
ty with any distribution and moderate or diffuse staining were
regarded as normal expression, whereas those showing moder-

ate intensity and regional distribution, moderate intensity and
focal distribution, or weak staining with any distribution were
considered as loss of expression. 

VEGF staining was graded as negative (staining in less than
10% of tumor cells) or positive (staining in more than 10% of
tumor cells). 

We used CD34 immunostaining for the analysis of microves-
sel density (MVD) which was based on the method described by
Weidner et al.19 After scanning at 40× and 100× to determine
the highest spot of neovascularization, vessels were counted in
five adjacent fields at 200× using a Nikon Labophot micro-
scope (200× field; area=0.73 mm2). All of the stained endothe-
lial cells and endothelial cell clusters were counted, except large
vessels with thick muscular wall. The presence of vessel lumen
was not necessary to be defined as a microvessel. MVD was ex-
pressed as the mean number of microvessels per field at 200×. 

Statistical analysis

Data were expressed as the mean±SD. Statistical Package
Service Solution software (SPSS 10.1 for Window, SPSS Inc.,
Chicago, USA) was used for statistical evaluation of data. The
relations between PTEN and VEGF expressions, MVD and
clinicopathologic parameters were evaluated by 2 test. Differ-
ences in the mean age of the patients, the median tumor size
and the median vessel count between the two groups with or
without PTEN expression were evaluated by unpaired t-test.
Median microvessel counts of the VEGF-positive and -negative
groups were compared by t-test. ANOVA was used to evaluate
differences in the median vessel count between the three groups:
PTEN expression-loss/VEGF-positive, PTEN-normal/VEGF-
negative and PTEN-normal/VEGF-positive. A difference of p<
0.05 was considered statistically significant. 

RESULTS

Clinicopathologic findings

The median age at diagnosis was 48 years (range, 21-73) and
the median tumor size was 2.5±1.1 cm. All cases were diagnosed
as invasive ductal carcinoma: 8 (17.8%) of stage I, 32 (71.1%)
of stage II and 5 (11.1%) of stage III. Lymph node metastasis
was found in 20 cases (44.4%), but not in the other 25 (55.6%).
The tumor grade according to the modified Bloom-Richardson
grading system was grade 1 in 7 cases (15.6%), 2 in 25 (55.6%)
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and 3 in 13 (28.9%). 

Loss of PTEN expression 

PTEN protein expression in tumor cells was mainly nuclear.
The epithelial and myoepithelial cells of normal ducts showed
strong positive reactivity and were used as internal positive con-
trol. Of 45 cases of invasive sporadic primary breast carcinoma
analyzed for PTEN expression, loss of PTEN expression was
found in 16 (35.6%) (Fig. 1). The remaining 29 cases (64.4%)

showed normal PTEN expression. The mean age of the patients
with a loss of PTEN expression was 51±10 years, compared to
46±9 years for those with normal PTEN expression. The medi-
an tumor size was 2.9±1.4 cm and 2.3±0.8 cm for the reduced
and normal PTEN groups, respectively. No statistically signifi-
cant difference was observed between the two groups in terms
of age or tumor size. Other clinicopathologic parameters ana-
lyzed in the present study showed no apparent correlation with
the loss of PTEN expression (Table 1).

Changes in VEGF expression with a loss of PTEN
expression

There was a significant correlation between the loss of PTEN
expression and VEGF expression (Table 2). All 16 cases with a
loss of PTEN expression showed positive VEGF reaction (Fig.
2). In the 29 cases with normal PTEN expression, the incidence
of VEGF-positive and -negative expressions was approximately

Fig. 1. Immunstaining for PTEN. (A) Tumor cells show strong nuclear staining for PTEN. (B) Tumor cells show negative reactivity for PTEN,
whereas entrapped normal duct cells (arrow) and some myoepithelial cells (arrow head) show positive reactivity.
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Loss of PTEN 
expression

(number of cases)

Normal PTEN 
expression 

(number of cases)

Ratio of PTEN
expression 

loss

Histologic grade
1 (7) 2 5 0.28
2 (25) 6 19 0.24
3 (13) 8 5 0.67
p value 0.066

Stage
I (8) 2 6 0.25
II (32) 12 20 0.55
III (5) 2 3 0.4
p value 0.785

Lymph node metastasis
Positive (25) 9 16 0.36
Negative (20) 7 13 0.54
p value 0.597

Table 1. Correlation between clinicopathological parameters
and expression of PTEN

Negative Positive
(number of cases) (number of cases)

VEGF expression

PTEN expression
Normal (29) 14 (48.3%) 15 (51.7%)
Loss (16) 0 (0%) 16 (100%) 
p value 0.001

Table 2. Changes in VEGF expression with a loss of PTEN ex-
pression



similar (51.7% and 48.3%, respectively).  

Loss of PTEN expression, VEGF expression and
angiogenesis

Angiogenesis was associated with both a reduction in PTEN
expression and an increase in VEGF expression (Table 3). The

median microvessel counts in the 200× field were 66.1±14.7
in tumors with normal PTEN expression and 98.5±34.9 in
those with a loss of PTEN expression (p<0.05) (Fig. 3). Tumors
showing positive VEGF expression presented higher median
microvessel counts (85.9±30.2) than those with negative VEGF
expression (59.2±8.6) (p<0.05). However, multiple comparison
tests indicated that the increase in angiogenesis in the VEGF
positive group was significant only in the cases with loss of PTEN
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Fig. 3. Comparative features of CD 34 immunostaining. A case with loss of PTEN expression shows relatively higher stromal neovasculari-
ty (A) than a case with normal PTEN expression (B).

A B

Fig. 2. Immunostaining for VEGF. Tumor cells in the case of PTEN
protein loss show strong cytoplasmic reactivity for vascular endo-
thelial growth factor.

Microvessel counts
mean±SD (range)

PTEN expression
Loss (16) 98.5±34.9 (63.8-199)
Normal (29) 66.1±14.7 (37.6-90)
p value 0.027

VEGF expression
Negative (14) 59.2±8.6 (43-75)
Positive (31) 85.9±30.2 (37.6-199)
p value 0.048

Table 3. Microvessel densities according to PTEN or VEGF ex-
pression

Microvessel density
(mean±SD)

PTEN and VEGF expression No. of cases

PTEN(+)/ VEGF(-) 14 59.2±8.7
PTEN(+)/ VEGF(+) 15 72.6±16.5
PTEN(-)/ VEGF(+) 16 98.5±34.9*

*Significantly different from the other groups (p<0.01).

Table 4. Microvessel densities according to the PTEN and VEGF
expression



expression; not in those with normal PTEN expression (Table
4). Thus, the apparent increase in angiogenesis observed in the
VEGF positive group in Table 3 was due to the cases with loss
of PTEN expression.

DISCUSSION

PTEN has been generally considered a cytoplasmic phosphatase.
However, its nuclear localization in normal tissue has been also
reported and may play a role in tumor development20. Recent
research suggested that nuclear PTEN activity might directly
regulate the cell cycle21. We used PTEN antibody against pro-
karyotic recombinant corresponding to a 200 amino acid C-ter-
minal region of the PTEN molecule and the PTEN staining pat-
tern was mainly nuclear or nuclear membranous. 

In the present study, we observed a loss of PTEN expression
in 35.6% of the invasive breast cancer cases, a finding similar
to those previously reported (33-48%).22,23 The loss of PTEN
protein did not show any correlation with clinicopathologic
parameters tested. Other studies, however, showed conflicting
results. Depowski et al.18 observed that a loss of PTEN expres-
sion is associated with poor outcome in breast cancer and described
significant correlations between the loss of PTEN expression and
disease-related death, lymph node metastasis and the loss of estro-
gen receptor staining. Perren et al.22 noted an association between
the loss of PTEN expression and negative estrogen and proges-
terone receptor staining. On the other hand, Bose et al.23 observed
no difference in the estrogen and progesterone receptor statuses
between the cancers with and those without loss of PTEN expres-
sion. Although we did not evaluate the status of the steroid hor-
mone receptor, there was no apparent correlation between the
PTEN protein loss and the tumor stage or lymph node metas-
tasis, unlike the reported findings in other studies.18,22,23

In this study, we focused on the role of PTEN expression on
angiogenesis, as specifically mediated by VEGF in invasive breast
cancer. An increase in MVD in cancer tissues with a loss of PTEN
expression over that in tissues with normal PTEN expression
suggested that PTEN protein loss may lead to angiogenesis. This
finding is consistent with the proangiogenic role of inactivated
PTEN gene observed in a study on prostate cancer, in which
MVD was assessed by immunostaining of factor VIII-related
antigen.24 In addition, Wen et al.25 used immunohistochemical
analysis of CD31 to document that PTEN negatively regulates
the angiogenic response in glioma cell lines. 

We observed that all PTEN negative cancer tissues showed

increases in VEGF expression and MVD, supporting the hypothe-
sis that PTEN loss induces angiogenesis through VEGF expres-
sion in breast cancer. Impaired lipid phosphatase activity of PTEN
may cause an accumulation of PIP3, a product of PI3-kinase,
and consequently activate the downstream signaling molecule,
Akt/PKB.13 VEGF expresses its angiogenic action through acti-
vation of the PI3-K/Akt pathway.14 Loss of PTEN expression
may influence VEGF expression and accelerate the VEGF-medi-
ated angiogenesis by activating the PI3-K/Akt pathway in breast
cancer. 

In tumors with normal PTEN expression, there was no appar-
ent difference in the incidence of VEGF positive (48.3%) and
negative (51.7%) expressions (Table 2), nor was MVD signifi-
cantly changed with VEGF expression. Gomez-Manzano et al.26

observed a decrease in VEGF expression in PTEN-treated human
glioma cells and suggested that PTEN down-regulates VEGF
expression in the transcriptional level. However, we observed
no distinct effect of PTEN expression on the VEGF expression
per se. The VEGF level may also be regulated by factors other
than PTEN. Lack of angiogenic regulators (such as p5327,28) or
abnormal amplification of proangiogenic signals (c-erbB229,30)
may cause overexpression of VEGF, leading to angiogenesis. 

In summary, we found that loss of PTEN expression in inva-
sive breast cancer induces VEGF-mediated angiogenesis. How-
ever, VEGF expression may not be regulated solely by PTEN
expression. Further evaluation of other angiogenic factors is need-
ed to clearly delineate the PTEN- and VEGF-related angiogenic
mechanisms in breast cancer.
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