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Expression and Clinical Significance of Angiopoietin-2 and
its Receptor Tie-2 in Invasive Breast Cancer
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Purpose: Breast carcinomas are highly malignant tumor that
the angiogenesis factor, vascular endothelial growth factor
and its receptors are overexpressed. To elucidate the role
of Angiopoietin-2 (ANG2) and ANG2 receptor Tie-2 in in-
vasive ductal carcinoma, we examined the expression of
ANG2, and Tie-2 at the mRNA and protein levels in human
breast cancer cell lines and samples.

Methods: Total RNA from 22 breast cancer patient biopsies
were extracted. ANG2 and Tie-2 mRNA expression was
measured by means of reverse transcription-PCR assay.
Results: RT-PCR indicated that the ANG2 and Tie-2 mRNA
levels in carcinoma samples were significantly higher than
those of the adjacent non-neoplastic breast tissues. For
ANG2 and Tie-2, 41 of 71 invasive ductal carcinomass
(58%) showed high expressions in Immunohistochemistry.
Immunohistochemical analysis demonstrated that ANG2 and
Tie-2 were expressed by both tumor cells and endothelial
elements. Expression in tumor cells were confirmed by
studying a panel of human breast carcinoma cell lines
cultured by RT-PCR. Our study showed that the ANG2
positivity was correlated with axillary lymph node metastasis
among the clinicopathological parameter and confirmed that
high expressions of ANG2 correlated highly with the axillary
lymph node metastases, histological grade, positive PR
status, and age, and Tie-2 expression correlated significantly
with the p53 status. Moreover, ANG2 and Tie-2 co-expres-
sion correlated significantly with the axillary lymph node
metastases, compared with ANG2(-)/Tie-2 (-) and ANG2
(+)/Tie-2 (-) or ANG2 (-)/Tie-2 (+) cases.

Conclusion: These findings suggested that ANG2 and Tie-2
might be involved in the progression of invasive ductal
carcinomas through autocrine and paracrine signaling and
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that it may be clinically useful in selecting patients who could
benefit from adjuvant treatment by further study. (Journal
of Korean Breast Cancer Society 2004;7:84-91)
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INTRODUCTION

Breast carcinoma is the most common malignancy affecting
women in Korea. Recent research for tumor biology has
resulted in new insights in the regulation of cell kinetics,
invasion and metastasis. However, the pathogenic mechanism
underlying development and progression of breast carcinoma
is still unknown. Recently, angiopoietins (Angs) have been
identified as a group of the major physiological ligands for
the tyrosine kinase receptor Tie-2 and are thought to be
important factors in vascular maturation and stability during
angiogenesis.(/-4) Angiopoietin-1 (Ang-1) binds to the Tie-2
receptor and activates it by inducing phosphorylation and
dimerization of the known domains. Angiopoietin-2 (Ang-2)
also binds to Tie-2 but dose not induce phosphorylation and
antagonizes the action of Ang-1. Ang-1 helps to maintain and
stabilize mature vessels by promoting interaction between
endothelial cells and periendothelial supporting cells.(5-7)
Ang-2 is expressed at sites of vascular remodeling and is
thought to block the stabilizing action of Ang-1. Desta-
bilization by Ang-2 in the presence of Vascular Endothelial
Growth Factor (VEGF) has been hypothesized to induce an
angiogenic response; however, in the absence of VEGEF,
Ang-2 leads to vessel regression.(2,5,8,9) Recently, the Ang-2
overexpression has been reported in brain tumor, gastric
carcinoma and hepatocellular carcinomas.(/0-13) However,

there is little available information about the expression of
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Ang-2 and Tie-2 in a series of human breast carcinoma.
Herein, we tried to reveal the correlations between the
expression of Ang-2fits receptor Tie-2 and the various cli-
nicopathologic prognostic factors such as age, lymph node
metastases, estrogen receptor (ER), and progesterone receptor

(PR), in the invasive ductal carcinoma of breast.

METHODS
1) Cell culture and Western blot analysis

Used cells were the human breast cancer cell lines; MDA231,
MCF7 and colon adenocarcinoma cell lines; HCT116, Colo205,
HT29, SW620 and KM12 (ATCC, Rockville, MD, USA).
The cells were cultured in appropriate media, as follows:
RPMI 1640 medium (Sigma Chemical Co., St. Louis, MO,
USA); each was supplemented with 10% fetal bovine serum
(Life Technologies, Inc.) and 1% antibiotic- antimycotic
solution (Life Technologies, Inc.). The cells were kept at
37°C in a humidified incubator which was maintained with
5% CO,. Protein isolation and Western blotting analysis were
performed as described.(/4) Immunostaining and protein band
visualization with the ECL system SuperSignal® (Pierce) was
carried out according to the manufacturer’s protocol.

2) Patients and specimens

The breast carcinoma samples were obtained from patients
who underwent routine surgery for breast cancer at the
Department of Surgery, Chonbuk National University Hospital
in 2002 ~2003. Patients included in the study had an axillary
dissection that sampled at least five lymph nodes. The can-
cerous breast and paired normal breast tissues taken from a
site distant from the tumorous lesion were snap frozen and
stored in liquid nitrogen till further use. For the immuno-
histochemical study, some of these tissue specimens were
fixed in 10% neutralized buffered formalin solution for 24
hours. Clinical state of each patient was classified according
to the pathological grade of the tumor size, lymph node state
and metastasis (pTNM) classification system.(15)

3) Reverse transcription-polymerase chain reaction
(RT-PCR) analysis

Total RNA was extracted from 22 breast carcinoma tissues
and non-tumorous tissues of the patients using the AGPC
method.(16) Reverse transcription reactions were done with a
cDNA synthesis kit (Stratagene, La Jolla, CA, USA) follow-
ing the instruction manual. cDNA was synthesized with 7ug
of total RNA and oligo (dT) primer in 50u of a solution

containing reverse transcriptase. The reverse-transcribed samples
were used as templates for amplification of Ang-2, Tie-2 and
G3APDH gene, which was used as an internal quantitative
control. For the PCR, the following primers were used: sense
primer of Ang2 5’-ACTGAAGAAAGAATGTGGCAGA-3’
and antisense primer 5’-CACAGCCGTCTGGTTCTGTAC-3’
sense primer of Tie-2 5’-AGCAGAAATGCATCGAACAA-3’
and antisense primer 5’-CCTAACCAGATGAAGTTGCTGA-3’.
With respect to G3APDH, the primer sequences were as
follows: sense primer 5’-CCCCTGGCCAAGGTCATCCATG
ACAACTTT-3’ and antisense primer 5’-GGCCATGAGGTCC
ACCACCCTGTTGCTGTA-3’. The PCR reactions were per-
formed following the cycling parameters on a Minicycler' PCR
system (MJ Research, Inc.): 10 min at 94°C followed by 25
cycles of 1 min at 94°C, 1 min at 55°C, 1 min at 72°C, and
a final cycle at 72°C for 10 min. Quantification of the PCR
products was scanned and performed using a Quantity One
program (Bio-Rad, Hercules, CA). Increased expression of the
Ang-2 and Tie-2 mRNA in tumor tissue was defined as more
than about 2~3 times higher than that seen in normal breast

tissue.
4) Immunohistochemical analysis

Commercially available goat polyclonal antibody against
Ang-2 (1 : 50, Santa Cruz Biotechnology, Santa Cruz, CA.,
USA), Tie-2 (1 : 50, Santa Cruz Biotechnology, Santa Cruz,
CA., USA), mouse monoclonal antibodies against p53 DO-7
(1 : 100, Dako, Glostrup, Denmark), Estrogen Receptor (1 :
50, Dako), and Progesterone Receptor (1 : 10, Dako) were
used as primary antibodies. A paraffin section of the breast
carcinoma tissue was deparaffinized and dehydrated in graded
alcohol. Antigenic enhancement was performed by submerg-
ing in Ix citrate buffer (pH 6.0) and microwaving. The
sections were then treated with 3% hydrogen peroxide in
methanol to quench the endogenous peroxidase activity, fol-
lowed by incubation with 1% BSA to block the non-specific
binding, respectively. The primary polyclonal anti-Bmi-1 anti-
body was incubated for 90 min at room temperature. After
washing, the tissue section was then reacted with the biotiny-
lated anti-goat secondary antibody, followed by incubation
with streptavidin-horseradish-peroxidase complex. The tissue
section was immersed in 3-amino-9-ethyl carbazole as a
substrate. In negative controls, non-immune goat IgG of the
same isotype or antibody dilution solution replaced the
primary antibody.

Each section was evaluated by at least two independent
observers, and moderate to strong nuclear staining was consi-
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dered as a positive reaction. The distribution of Ang-2 and
Tie-2 was scored on a semi-quantitative scale, as follows:
negative (<10% of tumor positive), focally positive (10~
50% of tumor positive), and diffusely positive (>50% of
tumor positive). For estrogen receptor, a nuclear staining in
>25% of the cells was considered estrogen receptor positive,
and similarly for progesterone receptor. A nuclear staining in
>10% of the cells were considered positive for p353.
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5) Statistical analysis

The relationship between the results of the immunohisto-
chemical study and the clinicopathologic parameters was
performed using the SAS® software package (version 8.01;
SAS Institute, Cary, NC, USA). Univariate and multivariate
analysis was carried out using the proc logistic module. In all
cases, the exact mid-P adjusted P values were reported and a
P value <0.05 was considered to be statistically significant.
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Fig. 1. The Ang-2 gene expression in human breast carcinoma. (A) Expression of the Ang-2 and
G3APDHin 22 patients with invasive ductal breast cancer, determined by RT-PCR. Data
were expressed relative to the expression of G3APDHgene in each breast carcinoma. The
relative band density shows high expression level on breast carcinoma tissues. (B) The
expression of Ang-2 gene was increased (P<0.0001) in tumor tissues when compared with
corresponding non-tumorous  tissues.
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RESULTS

1) Ang-2 and Tie-2 expression in invasive ductal
carcinomas

The relative levels of expression of the Ang-2 mRNA in 24
breast carcinoma tissues were compared with those of
non-tumorous tissues by RT-PCR. The expression levels were
determined as a ratio between the Ang-2 and the reference
gene (G3APDH) to correct for the variation in the amounts
of mRNA. The Ang-2 mRNA level was significantly
increased (P<0.0001) in all the examined human breast car-
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cinomas when compared with that of its corresponding
normal breast tissue (Fig. 1A, B). Meanwhile, Tie-2 mRNA
expression in breast cancer was not different from that in
adjacent breast tissue (Fig. 2A, B). In the immunohistochemi-
cal study, Ang-2 in tumor cells is positively expressed in
41(58%) cases of the 71 patients with breast cancer (Fig. 3).
Meanwhile, the normal breast tissue shows negative or weak
Ang-2 staining in the breast epithelial cells. Ang-2 was
largely distributed in the cytoplasmic areas of tumor cells(Fig.
3A, B). Of 31 (44%) cases of the 71 patients, Tie-2 is not
only expressed as membranous pattern in the endothelial cells
but also expressed in tumor cells (Fig. 3C, D). In all tested
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Fig. 2. The Tie-2 gene expression in human breast carcinoma. (A) Expression of the Tie-2 and
G3APDHin 22 patients with invasive ductal breast cancer, determined by RT-PCR. Data
were expressed relative to the expression of G3APDHgene in each breast carcinoma. (B)
The expression of Tie-2 gene was variablein tumor tissues when compared with
corresponding non-tumorous tissues.



Fig. 3. Immunohistochemical staining of human breastcarcinoma specimen using antibodies to Ang2 and Tie-2. (A) Ang-2 expression is
increased on the tumor cells of breast carcinoma (immunoperoxidase stain; original magnification x200). (B) Note the distinct
cytoplasmic staining in breast carcinoma cells (immunoperoxidase stain; original magnification x400). (C) Tie- 2 expression is
increased on the tumor cells of breast carcinoma (immunoperoxidase stain; original magnification x200). (D) Note the distinct
membranous staining pattern in breast carcinoma cells (immunoperoxidase stain; original magnification x400).

cancer tissues, Ang-2 were negative, focally and diffusely
positive in 27 (38%), 21 (30%), and 23 (32%) cases, res-
pectively. Ang-2 and Tie-2 expression in tumor cells was
confirmed by western blot analyses using a panel of human
two breast and five colon carcinoma cell lines (Fig. 4).

2) Relationship between Ang-2/its receptor Tie-2 ex-
pression and clinicopathological parameters in

invasive ductal carcinomas

We investigated the Ang-2/Tie-2 expression and various
clinicopathological parameters to elucidate the roles of the
Ang-2 and Tie-2 genes in tumoriogenesis of the breast cancer.
As the data summarized in Table 1 to 2, our study showed
that the ANG2 positivity was correlated with axillary lymph
node metastasis among the clinicopathological parameter and
confirmed by multivariate analysis that high expression of
Ang-2 was strongly correlated with axillary lymph node
metastases, high histologic grade, positive PR status, and
older age (Table 1, 2). Tie-2 expression was significantly
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Fig. 4. Western blot analysis for Ang-2 and Tie-2 expression in
two human breast and five human colon carcinoma cell
lines.

correlated with p53 positive status in univariate analysis
(Table 3). Our multivariate analysis using data from the
whole parameters also confirmed that high expression of Tie-
2 was strongly correlated with p53 positive status, axillary
lymph node metastases and Age (Table 4). Also, Ang-2 and
Tie-2 co-expression was significantly correlated with axillary
lymph node metastases, compared with Ang-2 (-)/Tie-2 (-)
and Ang-2 (+)/Tie-2 (-) or Ang-2 (-)/Tie-2 (+) cases.
These results suggested the Ang-2fits receptor Tie-2 co-



KS Park and SH lung : Exoression and Clinical Significance of Ang—2 and its Receptor Tie-2 in Invasive Breast Cancer 89

Table 1. Relationship between angiopoietin-2 expression and Table 3. Relationship between Tie-2 receptor expression and
clinico-pathological parameters in invasive breast clinicopathological parameters
cancers
Variable Negative (%) Positive (%) P-value Variable Negative (%) Positive (%) ~ P-value
Age (years) 0.2585 Age (years) 0-2086
' <50 28 (39 9 (13
<50 18 (25) 19 27) 50 )1 (30) 3 (18)
>50 12 (17) 22 (31) - ( (18
Lymph node metastasis 0.0524 Lymph node metastasis 0.0994
No 18 (25) 15 1) No 26 (37) 739
N, 12 (17) 26 (37) N 233 15@Dh
Tumor size (cm) 04126 Tumor size (cm) 0.5748
‘ <2 in di 21 1
<2 in diameter 1521 15 QD) in diameter (30) 9 (13)
2~5 in diameter 12307 23 (32) 275 in diameter 2535 1014
>5 in di 4 4
>5 in diameter 3 @) 3 4 3 in diameter 3@ 3@
Histologic grade (HG) 0.2303 Histologic grade (HG) 04915
HG I 50 13 (18) HG 1 12.47 6 ®
HG TI 20 28) 25 (35) HG 1T 0@ 15@h
HG I 5 () 3 @ HG II 7 (10) 1)
Estrogen receptor 0.3186 Estrogen receptor 0.9762
Negative 13318) 13 (18) Negative 182y 80D
Positive 17 (24) 28 (39) Positive 31 (44) 14 (20)
Progesteron receptor 0.3253 Progesteron receptor 0.6923
Negative 16 (23) 17 24) Negative 22 (31) 11 (15)
Positive 14 0) 2% (34 Positive 27 (38) 11 (16)
c-erbB-2 05651 c-erbB-2 0.4390
Negative 21 (30) 2 37) Negative 31 (44) 16 (23)
Positive 913 15 1) Positive 18 (25) 6®
p53 02114 p33 0.0325
Negative 2 (31) 35 (49) Negative 36 (51) 21 (30)
Positive 8 (11) 6 (8) Positive 13 (18) 1 (1)
Table 2. Results of multivariate logistic regression analysis with Table 4. Results of multivariate logistic regression analysis with
angiopoietin-II expression and clinicopathologic para- Tie-2 expression
meters
Categories P_value Odds 95% confidence
Categories P-value Od(%s 95% c.or}fldence ratio limits
ratio limits
p33 <0.0001 0.170 0.078 ~0.368
Nodal status <0.0001 3.341 2.237~4.988 Age 0.0007 1.994 1.337~2.975
HiStOlOgiC grade <0.0001 0.387 0.273~0.548 Nodal status 0.0009 2.098 1.375~3.201
PR 0.0003 2596 1.706-3.949 Histologic grade 0.2046 0827  0.576~1.189
Age 0.0003 1.966 1.325~2.919
c-erbB-2 0.0344 1.541 1.034~2.299

Size 0.0388 1.425 1.017~1.997
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Table 5. Relationship between Angiopoietin-2/Tie-2 receptor co-
expression and clinicopathological parameter; lymph
node metastasis

Lymph node

. metastasis
Variable

NO (%) NI (%)

All Angiopoietin-2 (+)

and Tie-2 (+)
Angiopoietin-2 (+)/Tie-2 (-)

or Angiopoietin-2 (-)/Tie-2 (+)
All negative

46 12317 <005

14 20) 17 (24)

1521 9 (13)

expression might play a role in the progression and
metastases of invasive ductal carcinomass. The Ang-2/Tie-2
expression may be also used as one of the novel prognostic

markers available for detecting invasive ductal carcinoma.

DISCUSSION

Human breast cancer has been increasing steadily and
many patients with this malignancy have suffered for several
decades. Available clinicopathologic prognostic indicators are
not accurate despite axillary nodal status being the most
important factor that determines the overall survival in pa-
tients with breast cancer, approximately 25~30% of node-
negative cases eventually relapse.(I7) Thus, it is important to
identify the marker that is associated with pathophysiologic
processes of human breast cancer.

Angiopoietins (Angs) has been identified as ligands for
Tie-2 receptor and are thought to be important factors in
vascular maturation and stability during angiogenic process.
Angiopoietin-1 (Ang-1) binds to the Tie-2 receptor and activates
it by inducing phosphorylation and dimerization of the known
domains. Angiopoietin-2 (Ang-2) also binds to Tie-2 but dose
not induce phosphorylation and antagonizes the action of
Ang-1. Ang-1 helps to maintain and stabilize mature vessels
by promoting interaction between endothelial cells and
periendothelial supporting cells.(5-7) Ang-2 is expressed at
sites of vascular remodeling and is thought to block the
stabilizing action of Ang-1. Recently, it has been reported
that Ang-1 was expressed in some human tumors and in-
volved in pathophysiologic processes of tumorigenesis and
worse clinical prognosis.(18-21) However, there is little
available information about the expression of Ang-2/its re-

ceptor Tie-2 and clinicopathologic correlation in a series of

primary breast cancer.

Herein, we demonstrated that the both angiopoietin-2 and
Tie-2 were expressed in the tumor cells of the invasive
carcinomass and was strongly correlated with various
clinicopathologic prognostic factors, such as axillary lymph
node metastasis. It is remarkable, indeed, that given the small
number of cases included in our study, Ang-2 and Tie-2
mRNA expression levels were higher in invasive ductal
carcinomass than in paired adjacent normal breast tissue.
Immunohistochemical analysis also showed that Ang-2 and
Tie-2 protein were expressed in 58% and 44% of breast
carcinoma, respectively. A correlation between the Ang-2
positivity and clinicopathological parameter; axillary lymph
node metastasis was detected and confirmed by multivariate
analysis that high expression of Ang-2 was strongly
correlated with axillary lymph node metastases, high histol-
ogic grade, positive PR status, and age. Tie-2 expression was
significantly correlated with pS53positive status in univariate
analysis and also confirmed that high expression of Tie-2 was
strongly correlated with p53 positive status, axillary lymph
node metastases and age in multivariate logistic analysis.
Interestingly, Ang-2 and Tie-2 co-expression was correlated
with the clinical grade. Therefore, it appears that a high level
of these two protein may contribute to the invasion and
progression of breast cancer, presumedly via autocrine and
paracrine mechanisms.

With the aid of univariate and multivariate analyses, we
identified the fact that the Ang-2 and Tie-2 co-expression was
positively correlated with axillary lymph node metastases, but
not with the other histopathological parameters in the primary
breast cancers. Indeed, axillary lymph node status is currently
one of the most significant prognostic factors for patients
with breast cancer.(22,23) Therefore, this finding suggests that
Ang-2 and Tie-2 co-expression may be one of the novel
independent prognostic markers available in invasive ductal
carcinomas.

p53 is a tumor suppressor gene and p53 mutations are
common in breast cancer.(24) The p53 protein normally has a
short half-life and is therefore not usually detected using
immunohistochemistry, except for cell cycle dependent expres-
sion in a small proportion of proliferating cells. Mutations of
the gene are generally associated with the accumulation of
the protein in the nucleus. The Tie-2 expression was cor-
related with positive p53 status, although the exact biological
meaning of Tie-2 over-expression in positive p53 status was
not known.

In conclusion, the present study described how the Ang-2
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and Tie-2 is expressed differentially in human breast car-
cinomas. These results suggests that tumor growth deregula-
tion by the Ang-2 and Tie-2 might play a role in the
progression and lymph node metastases of breast carcinoma,
probably through the modulation of both angiogenesis and

tumor cell proliferation.
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