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Abstract. The aim of the present study was to analyze the
expression levels of angiopoietin‑like 4 (ANGPTL4) in breast
cancer to investigate the association between ANGPTL4
and breast cancer. Immunohistochemistry was performed
on formalin‑fixed paraffin‑embedded tissues, including
205 invasive ductal carcinoma (IDC) of no special type, 40
normal breast, 40 atypical ductal hyperplasia (ADH) and 40
ductal carcinomas in situ (DCIS) tissues. The non‑parametric
Kruskal‑Wallis test was used to evaluate the differential
expression of ANGPTL4 and clinicopathological parameters
in breast cancer. Kaplan‑Meier analysis and Cox regression
analysis were used to evaluate the association between the
expression levels of ANGPTL4 and the prognosis of breast
cancer. The results revealed that ANGPTL4 expression was
higher in IDC (63.4%; 130/205) compared with in normal
breast tissues (17.5%; 7/40), ADH (30%; 12/40) and DCIS
(37.5%; 15/40). The clinical significance of ANGPTL4 expression was analyzed in a total of 205 IDC tissues, and high
expression levels of ANGPTL4 were positively associated
with pathological stage (P<0.001), tumor size (P<0.001), histological grade (P<0.001), lymph node metastasis (P<0.001),
distant metastasis (P<0.001) and local recurrence (P<0.001).
Kaplan‑Meier analysis revealed that patients with high
ANGPTL4 expression had a shorter overall survival (OS;
P<0.001) and disease‑free survival (DFS; P<0.001) compared
with patients with low ANGPTL4 expression. Multivariate
Cox regression analysis revealed that ANGPTL4 was an independent prognostic factor for breast cancer OS (P=0.034) and
DFS (P=0.011). The results of the present study demonstrated
that ANGPLT4 was associated with malignant progression and
poor prognosis of breast cancer, suggesting that ANGPLT4
may be a novel therapeutic target for breast cancer.
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Introduction
Breast cancer is a complex and heterogeneous disease, and it is
the most common type of cancer and the most frequent cause
of cancer‑associated mortality among women worldwide (1,2).
Although there has been a rapid development of therapeutic
modalities that resulted in a ~38% decreased mortality rate,
patients with metastasis and local recurrence continue having
a poor prognosis (3). The degree of malignancy, prognosis and
treatment failure is associated with numerous factors, including
the existence of stem cells, GTPases and angiogenesis (4‑6).
Angiopoietin‑like 4 (ANGPTL4) is a protein belonging
to the ANGPTL family that was discovered in 2000 (7,8).
ANGPTL4 is involved in regulating angiogenesis, fat metabolism, energy homeostasis, redox reactions, inflammation and
endothelial cell integrity, which is associated with complex
protein structures (9,10). ANGPTL4 serves an important role
in tumor‑associated activities, such as tumor cell motility and
invasiveness, cell migration, endothelial cell function, vascular
leakage, neoangiogenesis and cell adhesion and motility, by
interacting with matrix proteins in a variety of solid tumors (9).
ANGPTL4 has been reported to prevent lung carcinoma and
melanoma metastasis via the inhibition of vascular permeability and tumor cell motility and invasiveness (11). By
contrast, Chen et al (12) reported that ANGPTL4 is involved
in gastric cancer (GC) cell proliferation, apoptosis and metastasis in vitro, suggesting that it may act as a novel potential
therapeutic target for patients with GC. High ANGPTL4
expression is associated with poor prognosis in oral cancer (13).
Conversely, ANGPTL4 expression is lower in hepatocellular
carcinoma tissues than in non‑tumor tissues (14). For other
tumors, such as colorectal cancer and renal cell cancer, studies
have reported that ANGPTL4 promotes venous invasion
and distant metastasis (15,16). Although ANGPTL4 appears
to serve a controversial role in a number of tumors, there is
currently no effective targeted therapy against ANGPTL4.
ANGPTL4 induces obesity‑associated metabolic disorders through various insulin signaling pathway‑associated
genes (17). One of the most important signaling pathways is
the PI3K/AKT signaling pathway, which can improve systemic
glucose tolerance and simultaneously induce hypertriglyceridemia and liver steatosis (18). The PI3K/AKT signaling
pathway has been intensively investigated in cancer due to its
important role in cell survival and anti‑apoptotic mechanisms.
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Patient samples. All patients in the present study were female.
IDC of no special type tissue specimens were consecutively
collected from surgical resections of 205 female patients who
underwent mammectomy at the Cancer Hospital of Tianjin
Medical University (Tianjin, China) between January 1, 2003
and December 31, 2003. A total of 40 normal breast tissues were
selected randomly and taken from the distal end of the IDC
surgical specimens (mean age, 50 years; range, 28‑70 years), 40
ADH specimens were taken from the adjacent tissues (≥1 cm
away) of DCIS surgical specimens (confirmed as ADH by pathological examination; mean age, 45 years; range, 28‑65 years) and
40 DCIS specimens (mean age, 48 years; range, 28‑67 years) were
selected randomly from the surgical specimens of 896 patients
diagnosed with DCIS at the Cancer Hospital of Tianjin Medical
University during the aforementioned period, and were used as
controls. The present study followed a retrospective approach. The
clinicopathological characteristics, including age, histological
grade, lymph node metastasis, distant metastasis, pathological
stage according to the American Joint Committee on Cancer
staging (21) and follow‑up, were evaluated by reviewing medical
charts and pathological records from the Department of Breast
Cancer Pathology and Research Laboratory (Cancer Hospital
of Tianjin Medical University). The patients had a median age
of 55 years (range, 25‑81 years) and a median follow‑up period
of 54 months (range, 30‑71 months). Overall survival (OS)
was defined as the time from the date of surgery to the date of
mortality. Disease‑free survival (DFS) was defined as the time
from the date of surgery to the date of recurrence. Cases lost
to follow‑up or death by causes other than breast cancer were
censored in the survival analysis. Patients with incomplete
pathological and clinical information, or recurrent patients were
excluded. None of the patients received preoperative radiation
or chemotherapy. The present study was approved by the Ethics
Committee of the Cancer Institute & Hospital of Tianjin Medical
University (Tianjin, China; approval no. EK2012053).

Table I. ANGPTL4 expression in normal breast (n=40), ADH (n=40), DCIS (n=40) and IDC (n=205) tissues.

Materials and methods

Normal breast vs.
DCIS P‑value
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ADH vs. IDC
P‑value
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P‑value

A previous study has demonstrated that the AKT signaling
pathway is frequently altered in numerous types of cancer and,
in some cases, is associated with tumor aggressiveness (19). A
number of cancer types, including breast cancer, are associated
with AKT upregulation. The importance of AKT in breast
cancer makes it an attractive target for anticancer therapy, and
multiple drug discovery programs are focused on finding selective and potent AKT inhibitors (18,20). Several compounds,
including GSK2141795, AZD5363 and Perifosine, have been
demonstrated to inhibit AKT in in vitro and in vivo models,
and some are currently under clinical evaluation (18,20).
Nevertheless, the role of ANGPTL4 in breast cancer
remains unclear. In the present study, the association between
ANGPTL4 expression and breast cancer was investigated.
ANGPTL4 expression was examined in normal, atypical
ductal hyperplasia (ADH), ductal carcinoma in situ (DCIS)
and invasive ductal carcinoma (IDC) tissues, and its prognostic
value was analyzed in patients with breast cancer, revealing an
association between ANGPTL4 expression and breast cancer.
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Figure 1. The IHC staining of angiopoietin‑like 4 expression in normal breast, atypical ductal hyperplasia and ductal carcinoma in situ tissues. Angiopoietin‑like
4 in normal breast tissues: (A1) Negative, (A2) positive; in atypical ductal hyperplasia tissues: (B1) Negative, (B2) positive; and in ductal carcinoma in situ
tissues: (C1) Negative, (C2) positive. Magnification, x200.

Figure 2. Angiopoietin‑like 4 expression in invasive ductal carcinoma. (A1) Negative (magnification, x200); (A2) negative (magnification, x400); (B1) weakly
positive (magnification, x200); (B2) weakly positive (magnification, x400); (C1) moderately positive (magnification, x200); (C2) moderately positive (magnification, x400); (D1) strongly positive (magnification, x200); (D2) strongly positive (magnification, x400).

40 normal breast, 40 ADH and 40 DCIS tissues. The tissue
samples were fixed in 10% formalin for 24 h at room temperature and embedded in paraffin. Tissue sections (4‑µm‑thick)
were deparaffinized in xylene and rehydrated in a descending
ethanol series (100, 95, 80 and 70%) at room temperature.
Following de‑waxing and hydration, 4‑µm sections were treated
with EDTA buffer solution (pH 9.0) using pressure cooking
for 2 min. Endogenous peroxidase activity was inactivated
by incubation with 3% H2O2 for 10 min at room temperature.
Non‑specific binding sites were blocked by incubation with
10% normal goat serum (cat. no. ab7481; Abcam) at room
temperature for 20 min. Tissue sections were then incubated
with a primary ANGPTL4 polyclonal antibody (dilution,
1:100; cat. no. A01147; Boster Biological Technology) at 37˚C

for 2 h. All sections were subsequently incubated using the
Dako REAL™ EnVision™ Detection System (cat. no. K5007;
Dako; Agilent Technologies, Inc.) containing biotinylated
anti‑rabbit secondary antibodies (dilution, 1:100) for 20 min
at 37˚C, and peroxidase‑labelled streptavidin for 20 min at
room temperature (dilution, 1:100). For the negative control,
the primary antibody was replaced by PBS. All sections were
stained with 3,3'‑diaminobenzidine tetrahydrochloride at
room temperature for 15 sec.
Samples were considered positive for ANGPTL4 if cytoplasmic immunoreactivity was observed in the tumor cells.
Protein expression was evaluated using a semi‑quantitative
system after a series was examined on a double‑headed light
microscope with magnifications of x5, x10, x20 and x40. The
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Table II. Association between ANGPTL4 expression and clinical parameters in 205 patients with invasive ductal carcinoma.
ANGPTL4 expression, n

Variable

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Negative

Weakly positive

Moderately positive

Strongly positive

P‑value

Age, years					
0.371
<55
38
28
30
12
≥55
37
25
22
13
Tumor size, cm					
<0.001
≤2.0
46
10
15
7
2.1‑5.0
29
41
30
8
>5.0
0
2
7
10
pTNM 					
<0.001
I
30
6
4
0
II
29
38
28
7
III
16
7
14
12
IV
0
2
6
6
Grade					<0.001
I
25
8
4
0
II
34
31
31
15
III
16
14
17
10
ER					0.955
‑	
38
29
28
12
+
37
24
24
13
PR					0.793
‑	
41
30
22
18
+
34
23
30
7
HER2					0.211
‑	
35
32
22
9
1+
16
5
18
8
2+
14
4
6
4
3+
10
12
6
4
Lymph node metastasis					
<0.001
‑	
51
29
25
6
+
24
24
27
19
Distant metastasis					
<0.001
‑	
68
46
37
15
+
7
7
15
10
Local recurrence
‑	
75
51
48
19
<0.001
+
0
2
4
6
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; ANGPTL4, angiopoietin‑like 4.

staining was scored independently by two pathologists blinded
to patients' outcomes. The immunoreactive intensity of each
sample was scored by two pathologists as follows: 0, negative;
1, low; 2, medium; and 3, high. A total of >50% positively
stained tumor cells were scored as 3, 30‑50% as 2, 10‑30% as 1
and <10% as 0. The final scores were evaluated by multiplying
the intensity score by the percentage score: 0, negative (‑); 1‑2,
weakly positive (1+); 3‑5, moderately positive (2+); and 6‑9,
strongly positive (3+).

Statistical analysis. The positive expression levels of
ANGPTL4 among normal breast, ADH, DCIS and IDC
tissues were analyzed using χ2 test with Bonferroni correction. The distribution of ANGPTL4 expression in patients
with breast cancer according to clinicopathological features
was analyzed using the non‑parametric Kruskal‑Wallis test.
Multiple comparisons among the groups were performed
using the Nemenyi test. The Kaplan‑Meier method was used
to evaluate the association between ANGPTL4 expression and
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Table III. Cox proportional hazards regression analysis for DFS and OS.
DFS

Parameters
Age, years (<55 vs. ≥55)
ER (negative vs. positive)
PR (negative vs. positive)
HER2 (0 and 1+ vs. 2+ and 3+)
ANGPTL4 (negative vs. positive)
pTNM stage (I+II vs. III+IV)
Grade (I+II vs. III)
Tumor size, cm (≤5 vs. >5)
Lymph node metastasis (no vs. yes)

OS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

P‑value

Relative risk

95% CI

P‑value

Relative risk

95% CI

0.066
0.110
0.059
0.943
0.011
0.004
0.524
0.876
0.021

1.644
0.440
0.324
1.014
2.353
2.450
0.764
1.075
1.844

0.240‑3.217
0.161‑1.205
0.101‑1.042
0.733‑1.403
0.733‑3.403
1.338‑4.488
0.378‑2.468
0.435‑2.656
1.098‑3.099

0.075
0.210
0.078
0.956
0.034
0.002
0.645
0.896
0.043

1.234
0.330
0.225
1.002
2.034
2.678
0.534
0.989
1.234

0.256‑2.768
0.330‑1.789
0.134‑1.567
0.567‑1.876
0.534‑3.567
1.448‑4.213
1.456‑2.145
0.546‑2.132
0.987‑3.007

DFS, disease‑free survival; OS, overall survival; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; ANGPTL4, angiopoietin‑like 4.

Results
Differential expression of ANGPTL4 in normal breast tissues,
ADH, DCIS and IDC. The expression levels of ANGPTL4 were
analyzed in 40 normal breast, 40 ADH, 40 DCIS and 205 IDC
tissues. Notably, ANGPTL4 was expressed differentially in
normal, ADH, DCIS and IDC tissues. The positive expression
rates of ANGPTL4 were 17.5% (7/40), 30.0% (12/40), 37.5%
(15/40) and 63.0% (130/205) in normal, ADH, DCIS and IDC
tissues, respectively (Table I). The expression patterns in the
different tissues are shown in Figs. 1 and 2.
Association between ANGPTL4 expression and clinical
features of IDC. The clinical significance of ANGPTL4
expression was analyzed in 205 IDC tissues. High expression
levels of ANGPTL4 in breast cancer were positively associated
with pathological stage, tumor size, grade, lymph node metastasis, distant metastasis and local recurrence (Table II). No
association was identified between ANGPTL4 expression and
age, and estrogen receptor, progesterone receptor and human
epidermal growth factor receptor 2 expression (Table II).

Figure 3. Survival curves based on ANGPTL4 expression. (A) DFS and
(B) OS analysis of ANGPTL4 in breast cancer. ANGPTL4, angiopoietin‑like 4; DFS, disease‑free survival; OS, overall survival.

breast cancer prognosis, and differences in survival distributions were evaluated using the log‑rank test. Cox regression
analysis was used to identify the factors that may have a
significant influence on survival. Statistical analyses were
performed using SPSS v17.0 (SPSS, Inc.). P<0.05 was considered to indicate a statistically significant difference.

Association between ANGPTL4 expression and prognosis of
breast cancer. In the analyzed cohort, there were 12 patients with
recurrence, 37 patients with metastasis and six patients with both
recurrence and metastasis. A total of 28 patients died of breast
cancer and three patients died of other reasons. Kaplan‑Meier
analysis of the present cohort of patients with breast cancer
demonstrated significant differences in DFS between patients
with breast cancer with negative expression of ANGPTL4
and those with positive expression of ANGPTL4 (P=0.0087).
Additionally, the OS between patients with negative ANGPTL4
expression and those with positive ANGPTL4 expression was
significantly different (P=0.0139; Fig. 3). ANGPTL4 expression
was associated with poor prognosis in patients with breast cancer.
Variables with P<0.05 in the univariate Cox regression analysis were included in the multivariate analysis.
Multivariate Cox regression analysis revealed that pathological stage, lymph node metastasis and ANGPTL4 expression
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were significant prognostic factors for breast cancer. Patients
with positive ANGPTL4 expression had 2.353 and 2.034‑fold
higher relative risks of DFS and OS, respectively, than those
with negative ANGPTL4 expression (Table III).
Discussion
Previous studies have demonstrated that ANGPTL4 is involved
in cancer growth and progression, angiogenesis, metabolism
and metastasis (11,22,23). In a number of cancer types, the
diverse roles of ANGPTL4 remain controversial and are mainly
attributed to different cellular system targets, such as the microenvironment of the tumor and endothelial cells. One theory is
that ANGPTL4 expression is increased by hypoxia‑inducible
factor 1‑α (HIF‑1α)‑stimulated tumorigenesis, which has been
demonstrated in Kaposi's sarcoma (24). Additionally, a previous
study demonstrated that ANGPTL4 upregulation in endothelial
cells expressing G protein‑coupled receptors serves a key role
in the tumorigenesis of Kaposi's sarcoma, supporting the aforementioned results (25). Another theory is that ANGPTL4 acts
via the transforming growth factor β (TGF‑β) signaling pathway
to promote tumor metastasis (26). Controversially, another study
has reported that ANGPTL4 serves an anti‑angiogenic role as
a suppressor of tumorigenesis (24). The pro‑ or anti‑angiogenic
effects of ANGPTL4 are associated with the tumor microenvironment. The role of ANGPTL4 in human cancer is most likely
complex. In addition to angiogenesis, ANGPTL4 is involved
in inflammation and energy metabolism depending on the
context of the cancer (9). In colorectal cancer, pre‑clinical and
clinical studies have demonstrated that ANGPTL4 overexpression promotes cell migration and invasion (9,15). Additionally,
ANGPTL4 has been revealed to promote metastasis in oral
cancer (27). These findings suggest that ANGPTL4 may be a
potential biomarker and therapeutic target for oral squamous
cell carcinoma and colorectal cancer. Additionally, ANGPTL4
may serve a diagnostic and prognostic role for patients with
hepatic cell cancer and renal cell carcinoma, and may be used
as a potential biomarker for future targeted therapies (28,29).
In preclinical models, treatment with anti‑ANGPTL4 antibody
blocks angiogenesis, motility and metastasis by destroying the
tumor‑favorable microenvironment (28). In vitro, the downregulation of ANGPTL4 and simultaneous upregulation of
fibronectin 1 have been implicated in the antitumor activity of
the oncosuppressor U94 in androgen‑resistant prostate cancer
cell lines (30). Additionally, ANGPTL4 is associated with the
AKT signaling pathway, which is critical in breast cancer, and
clinical trials of AKT small molecule inhibitors are ongoing.
The role that ANGPTL4 serves in breast cancer has attracted
considerable attention. Wei et al (31) reported that inhibiting
ANGPTL4 in a breast cancer cell line could inhibit cancer cell
invasion. However, to the best of our knowledge, the mechanism
by which ANGPTL4 promotes metastasis in breast cancer has
not been established. One study reported that TGF‑β primes
breast tumors for lung metastasis seeding via ANGPTL4 (32).
Another study reported that ANGPTL4 promotes breast cancer
metastasis via the HIF‑1 signaling pathway (33). Although this
remains controversial, this phenomenon was consistent with the
results of the present study.
The present study demonstrated that ANGPTL4 served
a key role in breast cancer. First, IHC staining was used to

analyze 40 normal breast, 40 ADH, 40 DCIS and 205 breast
cancer tissues, and the results demonstrated that as the degree
of malignancy in epithelial breast tissue increased, the positive rate of ANGPTL4 expression also increased gradually.
This suggested that ANGPTL4 can be regarded as a gene
closely‑associated with breast cancer.
To validate the role of ANGPTL4 in breast cancer, the
expression levels of this protein were analyzed by IHC in
205 samples of patients with breast cancer. The results of the
present study revealed that ANGPTL4 served an important role
in the malignant progression of breast cancer. Furthermore,
ANGPTL4 expression was positively associated with poor
prognostic factors. In vivo and in vitro models in previous studies
of other tumors have demonstrated the ability of ANGPTL4 to
regulate cell‑cell and cell‑matrix communication, cell migration, invasion and metastatic dissemination (34,35), which is
consistent with the findings of the present study in breast cancer.
Finally, the association between ANGPTL4 expression and
prognosis in 205 patients with breast cancer was analyzed. The
current results revealed that positive expression of ANGPTL4
was associated with poor DFS and OS. Cox regression analysis
demonstrated that ANGPTL4 is an independent prognostic
factor for breast cancer, suggesting that ANGPTL4 may be a
novel therapeutic target for breast cancer.
Although the function of ANGPTL4 has been controversial in different types of cancer, the present study was, to the
best of our knowledge, the first to analyze ANGPTL4 expression in breast cancer tissues and to demonstrate that it was
associated with the malignant progression and poor prognosis
of breast cancer. Previous studies have reported inconsistent
mechanisms mediated by ANGPTL4 in breast cancer (36,37).
The present study suggested a potential carcinogenic and
pre‑metastatic role for ANGPTL4, which needs to be further
elucidated in future studies.
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