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Abstract

Purpose: To investigate SHIP2 expression in breast cancer tissues, and its correlation with clinicopathological
features and with the expressions of VEGF and HER-2 in cancer tissues.

Methods: Immunohistochemical staining for SHIP2, HER-2 and VEGF was performed on paraffin-embedded
tissue specimens, including 80 specimens of breast cancer and 53 adjacent tissue samples. Two pathologists were
invited to interpret the immunohistochemistry results using double-blind method. Expression profiles of SHIP2,
HER-2 and VEGF were evaluated and scored according to percentage of positive cells and positive signal intensity.
The correlation between SHIP2 and clinicopathological features was analyzed by chi-square test and fourfold table
exact test. The correlation among SHIP2, HER-2 and VEGF expression were analyzed using Pearson contingency
coefficient analysis for evaluating prognostic relevance to breast cancer.

Results: The positive expression rates of SHIP2, HER-2 and VEGF were significantly higher than that of
adjacent normal tissues (p<0.05). SHIP2 expression was significantly increased, in the case of the four risk factors
(the poor histological grade, the later stages, lymph node metastasis, and higher BMI) (p<0.05). Positive rate of both
SHIP2 and VEGF protein expression indicated a significant correlation between the two proteins (r=0.30, p<0.05). In
addition, in the HER-2 protein positive group, SHIP2 protein expression also showed a positive correlation (r=0.71,
p<0.05) between these two proteins. Expression of all three proteins were highly related to tumor histopathologic
grade, clinical terms, and lymphatic metastasis (p<0.05). Our data indicates that SHIP2 expression in tumor tissue is
significantly correlated with HER-2 and VEGF expression.

Conclusion: Our study provides a proof of concept that SHIP2, correlated with HER-2 and VEGF, plays
important roles in tumorigenesis, infiltration, and metastasis of breast cancer, and are highly associated with
prognosis.
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Introduction
The increasing incidence of breast cancer has seriously endangered

women’s health world widely. Currently, a large body of studies points
out that the aberrant activation of PI3K/AKT signal pathway plays a
critical role in breast cancer development. PI3K/AKT is an important
intracellular signaling pathway, and the high frequency alterations of
elements in this pathway can cause cell transformation and promote
the proliferation and survival of tumor cells. Studies have shown that,
PI3K-AKT signaling pathway activation may be a prerequisite for
oncogene activated in breast tissue, thereby causes malignant
transformation of cells [1]. PI3K-AKT signaling pathway is activated
in many human malignancies, and the activation of this pathway in
breast cancer is up to 70% [2]. In a normal physiological situation, this
pathway is regulated by multiple factors, and SH2-containing-5'-
inositol phosphatase-2 (SHIP2) and phosphatase and tensin homolog
(PTEN) mainly comprise the negative feedback regulation. However,
in an abnormal situation such as tumorigenesis, unlike PTEN, SHIP2
does not negatively modulate PI3K/AKT pathway. Instead, highly

expressed SHIP2 is correlated with breast cancer and other
malignancies, and becomes one of indicators in breast cancer [3].
Human epidermal growth factor receptor-2 (HER-2) is one of
upstream factors in PI3K/AKT pathway. Overexpression of HER-2 can
activate PI3K/AKT kinase pathway, thus promote tumor cell survival
[4,5]. Further, overexpression of HER-2 is also associated with the
prognosis of breast cancer according to recent studies [6]. Vascular
Endothelial growth factor (VEGF) has been reported, in various
studies, to be a key mediator of angiogenesis in cancer, and VEGF-
mediated signaling occurs in tumor cells and this signaling contributes
to tumorigenesis. A few studies also find that increased PI3K-AKT
signaling pathway activation including HER-2 results in upregulation
of VEGF mRNA as well as expression of VEGF. As a positive feedback,
the increased VEGF binds to its receptor and stimulates PI3K/AKT
pathway [7]. Positive VEGF has been reported highly associated with
breast cancer despite cancer forms [8]. However, the influence of
VEGF on breast cancer outcome is not well clarified [8,9].

Here, we hypothesize that the activation of upstream regulators such
as HER-2 and VEGF in PI3K/AKT signaling pathway may lead to
increased expression of downstream proteins including SHIP2, and
together they play a synergistic role in the development and
progression of breast cancer. Analyzing the correlation of SHIP2,
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HER-2 and VEGF can provide important information for earlier
detection, early treatment and prognosis assessment of breast cancer.
Currently, the correlation among the three proteins in breast cancer
has not been reported clearly. So we propose to investigate the
expression of SHIP2, HER-2 and VEGF in breast cancer using
immunehistochemical method, and explore the relevance of these
proteins and their possible roles in the process of invasion and
metastasis for breast cancer. Our study is a preliminary report of the
correlation among these three elements in PI3K/AKT pathway in
breast cancer.

Material and Methods

Specimen collection
Samples were collected from Department of Pathology of Liaocheng

People's Hospital during the period of 2004-2008, including 80 cases of
invasive breast ductal carcinoma and 53 cases of adjacent tissues. All
samples were collected from females, aged 26-72 years old, mean age
45 years old, during their first surgeries. These patients did not
undergo preoperative chemotherapy and endocrine therapy.
International clinical stage of disease classification (TNM staging) for
malignancies was based on the American Joint Committee on Cancer
(American Joint Committee on Cancer, AJCC) criteria [10]. Among
these cases, 28 cases were at stage I, 38 cases at stage II, and 14 cases at
stage III. In addition, Nottingham histological grading standards were
used for histological grading of breast cancer. As a result 15 cases were
of grade I, 32 cases of grade II, and 33 cases of grade III. This study was
approved by the Ethics Committee, Liaocheng People's Hospital. The
study neither had impact on clinical diagnosis and treatment, nor had
influence on final diagnosis and treatment recommendations.
Therefore, informed consents can be exempted from the patients’ and
family members’ signature, which was approved by the Ethics
Committee consent.

Reagents
Rabbit polyclonal anti-human SHIP2 antibody (C-term) was

purchased from American ABGENT companies. Rabbit polyclonal
anti-human HER-2 antibody, polyclonal rabbit anti-human VEGF
antibody, SP universal kit and DAB chromogenic kit were purchased
from Beijing Zhongshan Biotechnology Co., Ltd.

Immunohistochemical analysis
Specimens were fixed in 10% neutral formalin, and then were

embedded in paraffin. Tissue was sectioned at 4 μm thick, 6 slides for
each sample were selected randomly. A routine H & E staining was
performed on 2 slides for pathologists to validate the diagnosis. Three
slides were used for immunostaining using SHIP2 (diluted at 1:100),
HER-2 (dilated at 1:100) and VEGF (diluted at 1:100) antibodies
respectively. Signal was detected using SP kit following the
manufacturer’s instruction. One slice was used as negative control in
the absence of primary antibody.

Evaluation Criteria for Immunohistochemical Results
Two experienced pathologists were invited to evaluate the results of

immunohistochemistry using double-blind method. SHIP2 protein
expression is detected in cytoplasm, as well as on cell membrane. Both
HER-2 and VEGF are detected in cytoplasm. All three proteins are
stained brown as positive signal. Expressions of SHIP2 and VEGF are
evaluated and scored according to percentage of positive cells and
signal intensity based on literature [11]. The evaluation criteria are as
follows: positive cells are quantified by using 9-point scoring system:
<10% scored as 1 ≥ 10% -50% scored as 2>50% of the total counted
scored as 3. Staining intensity criteria is as followed: no coloring or
uniform yellow background is defined as 0 point, light brownish yellow
as 1 point, brown as 2 points and tan as 3 points. Finally, the
combination of the two values are used for assessment criteria ( ≥ 3
positive expression, <3 divided negative). HER-2 protein was
quantified by the results of a positive signal intensity determination: 0
(no staining or membrane staining in less than 10%), + (>10% of cells
carrying incomplete membrane staining), + + (>10% cell carrying
weaker but complete membrane staining), + + + (>10% of cells stained
with a strong and complete signal on membrane). As the result, for
HER-2, 0 to + is considered as negative, + + to + + + is considered as
positive.

Statistical analysis
All statistical analyses are carried out using SPSS 19.0 statistical

software. Data are represented as mean ± SD. Enumeration data are
analyzed by chi-square test and fourfold table exact test to determine
the association between SHIP2 and the clinical and pathological
features, including patient's ages, tumor grades, clinical stages, and
lymph node. The correlation among SHIP2, HER-2 and VEGF
expression is analyzed using Pearson contingency coefficient analysis
to evaluate prognostic relevance to breast cancer. Moreover, we can
speculate the correlation between the expression of SHIP2 and the
prognosis of breast cancer. Results with P<0.05 are considered
statistically significant.

Results

Expression of SHIP2, VEGF-C and HER-2 protein in breast
cancer tissues

SHIP2 protein in breast cancer cells is mainly localized in the
cytoplasm (Figure 1), and positive expression is characterized by
brown color staining in cytoplasm in a patchy distribution fashion.
VEGF protein is mainly localized in the cytoplasm of tumor cells and
some nuclei (Figure 1). HER-2 protein is mainly located on cancer cell
membranes (Figure 1). In 80 cases studied here, the positive expression
rates for SHIP2, HER-2 and VEGF are 42.5%, 50.0% and 71.2%
respectively in breast cancer tissues, significantly higher than the
positive rate in 53 adjacent normal tissues which has 9.4% for SHIP2,
11.3% for VEGF and 7.55% for HER-2 (p<0.05) (Table 1).

 cases
SHIP2 VEGF HER-2

(R %) P (R %) P (R %) P
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Breast cancer 80 34 (42.5%) X2=16.819
p=0.000 57 (71.2%)

X2=45.926
40(50.0%)

X2=25.953

p=0.000 p=0.000

Normal
tissues 53 5 (9.4%)  6 (11.3%)  4(7.55%)  

R: expression rate

Table 1: Expression of SHIP2, VEGF and HER-2 in breast cancer tissues and adjacent normal tissues.

Figure1: Expression of SHIP2, VEGF and HER-2 in breast cancer
tissues. Immunochemical staining shows SHIP2, VEGF and HER-2
protein expression in adjacent normal tissues and breast cancer
tissues (×200).

Association between SHIP2 expression and
clinicopathological features in breast cancer
The correlation between SHIP2 expression and clinicopathological

features of breast cancer is shown in Table 2. In total 33 of G3 grading
cancer, 24 are SHIP2 positive (72.7%, p=0.000). In 52 of stage II+III
cancers, 32 are SHIP2 positive (61.4%, p=0.002). In total 46 breast
cancers with lymph node metastasis, 31 are SHIP2 positive (67.4%,
p=0.000). In BMI greater than 28 group, 81.3% are SHIP2 positive
(p=0.005). These results indicate that SHIP2 protein expression is
significantly increased in breast cancers and this increase is highly
associated with four risk factors: the poor histological grade, the later
stages, lymph node metastasis, and higher BMI (p<0.05); whereas
there is no significant association between SHIP2 expression with age,
tumor size and menstruation (p>0.05).

Pathological
parameters Cases SHIP2 expression χ2 value p value

Ages      

<35 12 10 2 3.374 0.111

≥ 35 68 24 44   

Tumor size      

≤ 2 cm 32 13 19 0.212 0.818

>2 cm 48 22 26   

Histological
grading      

G1+G2 47 12 35 17.448 0

G3 33 24 9   

Clinical stage      

I 28 7 21 9.725 0.002

II+III 52 32 20   

Lymph node
metastasis      

Positive 46 31 15 21.926 0

Negative 34 5 29   

BMI      

<28 64 26 38 8.455 0.005

≥ 28 16 13 3   

Menopausal
status      

Before 42 19 23 0.08 0.824

After 38 16 22   

Table 2: Correlation between SHIP2 protein and clinicopathological
features in breast cancer.

Correlation between SHIP 2 and VEGF or HER-2 expression
in breast cancer

Expression of HER-2 and VEGF and their correlation are listed in
Table 3. In total 33 of G3 grading cancers, 24 of them are HER-2
positive (72.7%, p=0.003), and 28 of them are VEGF positive (84.8%,
p=0.004). In total 52 of stage II+III cancers, 37 are positive for HER-2
(71.2%, p=0.000) and 37 are positive for VEGF (71.2%, p=0.017). In
total 46 cancers with lymph node metastasis, 35 are positive for HER-2
(76.1%, p=0.001) and 40 are positive for VEGF (87%, p=0.000). These
results indicate that not only there is a correlation between VEGF and
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HER-2 protein expression in breast cancer tissue, but also this
correlation is highly associated with classification, stage and lymph
node metastasis.

Pathological
parameters Cases

HER-2 VEGF

+ Significanc
e + Significance

Histological
grading      

G1+G2 47 18 X2=9.216 25 X2=8.690

G3 33 24 p=0.003 28 p=0.004

Clinical stage      

I 28 3 X2=19.226 12 X2=6.140

II+III 52 37 p=0.000 37 p=0.017

Lymphnode
metastasis      

Positive 46 35 X2=13.095 40 X2=20.755

Negative 34 5 p=0.001 13 p=0.000

Table 3: Correlation between HER-2 and VEGF protein and
clinicopathological features of breast cancer.

Of the 57 VEGF positive cancers, 31 are also positive for SHIP2,
which leads to a 38.8% positive rate of SHIP2 and VEGF expression in
total 80 cases studied, compared to only 6.2% of SHIP2 positive but
VEGF negative tissues (r=0.30, p<0.05), suggesting a positive
correlation between SHIP2 and VEGF. Of the 40 HER-2 positive
cancers, 31 are also positive for SHIP2, leading to a 38.8% positive rate
of HER-2 and SHIP2 expression in total 80 cases studied, compared to
only 3.8% of SHIP2 positive but HER-2 negative tissues (r=0.71,
p<0.05) (Table 4), suggesting a positive correlation between SHIP2 and
HER-2.

Together, these results strongly demonstrate the correlation of
SHIP2, HER-2 and VEGF in breast cancer.

Discussion
Angiogenesis is an important factor in tumor progression, which is

regulated by a variety of pro-angiogenic factors such as VEGF and
anti-angiogenic factors. Previous studies have shown that, PI3K/AKT
signaling pathway not only takes effect in cell proliferation and
apoptosis [11], but also plays an important role in angiogenesis as a
regulation center of signaling pathways. Together, they decide the fate
of vascular status generation [12]. Activated PI3K/AKT can increase
the expression of VEGF and thus induces tumor angiogenesis and
formation, and increased activation of PTEN reduces VEGF
expression and suppresses tumor angiogenesis, suggesting that PTEN
may be a modulator in the pathway [13-15].

VEGF is one of the most critical factors to promote tumor
angiogenesis, which participates in the invasion and lymph node
metastasis of breast cancer. Therefore it has been considered as an
independent prognostic indicator for breast cancer [16]. Our results
show that VEGF expression in breast cancer tissues is significantly
higher than that in normal tissues. We also identify that higher
expression of VEGF is significantly correlated with poor

clinicopathological features in breast cancer, such as lymph node
metastasis, a later TNM staging. This means the later the TNM stage
patients are, the higher VEGF expression they have in breast cancer
tissues. Our results are consistent with the findings reported by
Linderholm et al. [17] who suggest that VEGF expression has
prognostic significance for breast cancer patients.

 Case
s

SHIP2 (+) SHIP2 (-) Significance

Cases % Case
s %

VEGF expression

Negative 23 5 6.20% 18 22.50% X2=7.057

Positive 57 31 38.80% 26 32.50% p=0.012

      R=0.297

HER-2 

Negative(0-+) 40 3 3.80% 37 46.20% X2=28.872

Positive(++-+++) 40 31 38.80% 9 11.20% p=0.000

      R=0.708

Table 4: Correlation among the expression of SHIP2 and VEGF and
HER-2 in breast cancer.

Large amount of studies has shown that HER-2 overexpression
enhances invasiveness of malignant cells, and ultimately leads to tumor
invasion and distant metastasis-prone and also been a target for breast
cancer treatment [18]. In breast cancer, HER-2 activates NF-κB
through the PI3K/AKT signaling pathway and thus promotes cell
malignant transformation [4]. After analyzing 506 cases of breast
cancer, Yamashita et al. confirm that positive HER-2 expression is
correlated with prognosis of breast cancer [6]. Yang et al. [19] report in
their study that HER-2 overexpression is significantly correlated with
cancer histological grade and lymph node metastasis. Our study shows
that HER-2 expression in breast cancer tissues is significantly higher
than the adjacent normal tissues, and this elevated expression is
positively correlated with histological grade and lymph node
metastasis, which suggests a poor prognosis.

The correlation between HER-2 and VEGF shown in this study
synchronizes with others. A large scale of study shows that there are
72.5% of breast cancers are positive for VEGF despite the cancer forms,
with high frequency in HER-2 positive cancers [8]. In cancer cells,
overexpression of HER-2 elevates VEGF significantly [20], which may
underline this positive correlation between HER-2 and VEGF in breast
cancers.

SHIP2 is currently known as a very important negative regulator
in the insulin-signaling pathway [21]. In PI3K/PIP3/AKT signaling
pathway, SHIP2 as well as PTEN protein make PIP3 phosphate groups
dephosphorylated at different sites, therefore execute their negative
regulatory roles by inhibiting AKT in PI3K/PIP3/AKT signaling
pathway [22]. Previous studies have found that SHIP2 deletion could
prevent obesity caused by high-fat diet [23]. Unlike PTEN, SHIP2
plays a key role in the development and progression of malignant
tumors. Clinical studies indicate that the incidence of breast cancer
may increase in premenopausal women over 35 years old with a high
level of body mass index (BMI) [24]. After analyzing 285 cases of
primary breast cancer by using immunohistochemical assay, Prasad et
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al. [3] find that SHIP2 is highly expressed in invasive breast cancer, and
the disease-free survival and overall survival are significantly
shortened in these patients with SHIP2 over-expression. The study
suggests that SHIP2 overexpression can promote breast cancer cell
proliferation, thereby promoting disease progression and metastasis.
So SHIP2 is considered as a very important indicator for breast
cancers.

The BMI of Chinese women is significantly different from that of
European or American women [25,26]. Based on population study, we
refer to indicators used in Chinese population, which is different from
the BMI cut off index used in previous study [26]. Our study BMI was
divided into three grades: <18.5 for low body mass, ≥ 18.5 to <28 as
normal, ≥ 28 for overweight.

SHIP2 protein expression in different BMI groups was analyzed by
using immunohistochemistry in our study. We find that the high
expression of SHIP2 is correlated with obesity, clinical stage, lymph
node metastasis, estrogen and progesterone receptors. In physiological
situation, like PTEN, SHIP2 plays a negative regulator in the PI3K/
PIP3/AKT signaling pathway. We speculate the possible mechanisms
for SHIP2 playing a pro-oncogenic role instead of anti-oncogenic role
in cancer cells: studies have reported, AKT activation is via PI3K
directly, and EGF/EGFR pathway may also indirectly activates AKT
[27]. SHIP2 overexpression activated AKT by blocking EGFR
endocytosis degradation [28]. In addition, SHIP2 can
dephosphorylated PI3P, and then generate phosphatidylinositol 3,4-
bisphosphate, which is necessary for activating AKT signaling pathway
[29]. SHIP2 can regulate tumor cytoskeletal reorganization and
filopodia formation, thereby accelerating the migration of tumor cells
and promote tumor metastasis [30]. Future study of PI3K pathway
activity such as pAkt correlated with positive SHIP2, HER-2 and VEGF
in breast cancer will provide information for the correlation and
mechanism.

In our study, SHIP2 expression rate is 56% in the group with
positive VEGF expression, indicating a significant positive correlation
between SHIP2 and VEGF expression in breast cancer (p<0.05). In
addition, in the group with positive HER-2, SHIP2 expression rate is
75%, indicating a significant correlation between SHIP2 and HER-2 in
breast cancer (p<0.05). These results suggest that these three proteins
possibly correlate synergistically to promote the development of breast
cancer. We recommend that the combination of these three proteins
expression can be considered as factors for poor prognosis.

In conclusion, our study finds that SHIP2, VEGF and HER-2 are
highly expressed in breast cancer. SHIP2 is associated with obesity, and
co-expression of three proteins may indicate a poor prognosis for
breast cancer. Further study needs to be done such as expanding
sample volume to and dissecting focal location of these three proteins
to validate this conclusion. In addition, quantification of transcripts
and proteins of SHIP2, VEGF and HER-2 combined with other
elements in PI3K/AKT pathway in breast cancer tissues will help us
understand the dynamic alteration of these elements, which will
provide valuable information for disease prediction and treatment.
However, tumor metastasis involves multiple aspects, which is an
extremely complex process. In order to improve understanding for the
mechanism of metastasis, we need to analyze multiple factors involved
in PI3/AKT pathway, and thus provide much accurate assessment for
prognosis and better guidance for clinical treatments.
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