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ABSTRACT
Agents that target angiogenesis have shown limited efficacy for human triple-negative breast cancer
(TNBC) in clinical trials. Along with endothelium-dependent vessels, there is also vasculogenic mimicry
(VM) in the microcirculation of malignant tumors. The role of VM is not completely understood regarding
anti-angiogenic treatment. In this study, human TNBC MDA-MB-231 and Hs578T and non-TNBC MCF-7 and
BT474 tumor-bearing mice were treated with sunitinib, an anti-angiogenic drug, using a clinically relevant
schedule. The drug was administered for one week and then discontinued. Tumor growth and invasion
were observed, and the microcirculation patterns were detected with PAS/endomucin staining. Moreover,
hypoxia and VM-associated proteins were evaluated with Hypoxyprobe kits and immunohistochemistry,
respectively. Sunitinib significantly inhibited tumor growth in the TNBC and non-TNBC tumors. However,
MDA-MB-231 and Hs578T tumors regrew and were more aggressive when the treatment was stopped.
The discontinuation had no significant effect on the behavior of the non-TNBC MCF-7 and BT474 tumors.
The growth of endothelium-dependent vessels in the TNBC MDA-MB-231 and Hs578T tumors were
blocked by sunitinib, during which the number of VM channels significantly increased and resulted in a
rebound of endothelium-dependent vessels after sunitinib discontinuation. Moreover, the VM-associated
proteins VE-cadherin and Twist1 upregulated in the sunitinib-treated MDA-MB-231 and Hs578T tumors.
Furthermore, the clinical significance of this upregulation was validated in 174 human breast cancers. The
results from human breast cancer specimens indicated that there were more VM-positive TNBC cases than
those in non-TNBC cases. HIF-1a, MMP2, VE-cadherin, and Twist1 were also expressed in a higher level in
human TNBC compared with non-TNBC. In aconclusion, sunitinib promoted TNBC invasion by VM. The VM
status could be helpful to predict the efficacy of anti-angiogenic therapy in patients with TNBC.

KEYWORDS
Sunitinib; triple-negative
breast cancer; Twist1;
vasculogenic mimicry

Introduction

Breast cancer is one of the most malignant threats among
women worldwide.1 Based on the status of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2), there are 2 subtypes of breast
cancer: triple-negative breast cancer (TNBC), which does not
express ER, PR, or HER2, and non-TNBC, which expresses at
least one of these receptors.2-3 TNBC and non-TNBC differ in
behavior, prognosis and treatment. Compared with non-
TNBC, the survival of TNBC patients is poor.4 TNBC tumors
are more likely to be aggressive and have a higher tendency to
metastasize to visceral organs.5 Patients having TNBC do not
benefit from either endocrine therapy or anti-HER2 therapy.6

Furthermore, it is not sensitive to chemotherapy. Although
clinical trials have been performed to find an efficient drug or
therapeutic strategy for TNBC patients, no effective agent or
treatment strategy has been developed to date.7

Anti-angiogenic agents such as the vascular endothelial growth
factor (VEGF)-neutralizing antibody Avastin (bevacizumab) and

VEGF receptor tyrosine kinase inhibitors (sorafenib and suniti-
nib) have been used to treat TNBC in clinical trials.8-10 Although
anti-angiogenic agents have shown some effectiveness in the
treatmentof non-small cell lung cancer, renal cell cancer, and
hepatocellular carcinoma,11-12 they have shown limited efficacy
against TNBC.8-9, 13 This is thought to be in part due to the angio-
genesis rebound and tumor regrowth sometimes observed either
during drug-free periods or upon treatment discontinuation. Fur-
thermore, Paez-Ribes Met al.have reported that VEGF inhibitors
increase tumor aggressiveness and metastasis in a mouse model.14

The mechanism of anti-angiogenic treatment failure remains
unclear and remains an important area of investigation for the
advancement of TNBC therapy.

Vasculogenic mimicry (VM) involves tumor vascularization
in malignant tumors.15 VM channels are formed by tumor cells
instead of endothelial cells.16 VM channels connect with endo-
thelium-dependent vessels to provide blood for tumor.17-18 VM
has been observed in many aggressive tumors such as mela-
noma, gastrointestinal stromal tumors and carcinomas
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including inflammatory breast, prostate, ovarian, and hepato-
cellulartumors.17,19-23 Tumors that exhibit VM are more
aggressive.15,24 Moreover, targeting VEGF, VEGF receptors or
endothelial cells shows limited effectiveness on VM formed by
tumor cells.25 Previously, we found there is increased VM in
TNBC compared within non-TNBC. Based on previous studies,
we hypothesize that the VM channels in TNBC are responsible
for the tumor rebound and treatment failure of anti-angiogenic
agents. In this study, we provide data from human samples and
experimental evidence in a mouse model to support this
hypothesis.

Results

Discontinuation of sunitinib promoted MDA-MB-231 and
Hs578T regrowth and invasion

To study the effect of anti-angiogenesis agents on TNBC and
non-TNBC, MDA-MB-231- and MCF-7-bearing nude mice
were orally administered sunitinib on a clinically relevant
schedule. The mice were treated for one week, after which the

treatment was stopped. When mice were treated, the tumors
grew at a significantly slower rate in the MDA-MB-231- and
MCF-7-bearing mice than those in the control groups
(Fig. 1A). The sunitinib-treated MDA-MB-231 tumors regrew
after treatment discontinuation, while the discontinuation had
no significant effect on the volume of the MCF-7 tumors
(Fig. 1A). H&E staining indicated that MDA-MB-231 tumor
cells invaded into adipose and skeletal muscle tissue after treat-
ment discontinuation (Fig. 1B). Moreover, MDA-MB-231
tumors expressed more invasion-relevant protein MMP2 dur-
ing the post-treatment period than during the sunitinib treat-
ment (Fig. 1C and D). There was also no increase in aggressive
behavior in MCF-7 tumors after sunitinib discontinuation
(Fig. 1B to D).

To verify the effect of sunitinib on TNBC tumor-bearing
mice, human TNBC Hs578T and non-TNBC BT474-bearing
mice were administered sunitinib on the same schedule. The
growth of both tumor types was inhibited by sunitinib
(Fig. S1). Similar to the MDA-MB-231 tumors, sunitinib-
treated Hs578T tumors regrew upon treatment discontinua-
tion; however, discontinuation did not influence the BT474

Figure 1. Discontinuation of sunitinib promotes TNBC tumor regrowth and invasion. (A) Effects of sunitinib on the tumor volume of TNBC and non-TNBC cells. There wa
sno significant difference in tumor volume when the treatment started. After mice were treated with sunitinib for one week, both the TNBC MDA-MB-231 tumors and the
non-TNBC MCF-7 tumors in the treatment groups were smaller than those in the control groups. The sunitinib-treated TNBC MDA-MB-231 tumors regrew after treatment
discontinuation, while the discontinuation had no significant effect on the tumor volume of the non-TNBC MCF-7 tumors. (B) H&E staining indicated that the TNBC MDA-
MB-231 tumor cells invaded into adipose tissue (arrows) and skeletal muscle tissue (arrow heads) after treatment discontinuation. There was no aggressive behavior in
the non-TNBC MCF-7 tumors. (C) IHC for MMP2 staining shows that TNBC MDA-MB-231 tumors after treatment was stopped expressed a higher level of MMP2 than
tumors during the sunitinib treatment. There was nodifferenceinMMP2 expression in the non-TNBC MCF-7 tumors between the sunitinib treatment and after sunitinib
was discontinued. (D) Quantification of MMP2 expression in the different groups. The scale bar represents 100 mm, and the error bar indicates the standard deviation
(SD). �P < 0.05, �� P < 0.01, ��� P < 0.001.
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tumors (Fig. S1A). Sunitinib treatment discontinuation also
promoted the aggressiveness of Hs578T tumors (Fig. S1B).

Effects of sunitinib treatment on microcirculation patterns
in TNBC tumors

To examine the possible mechanism of the regrowth and aggres-
siveness of MDA-MB-231 and Hs578T tumors after discontinu-
ation of sunitinib treatment, double staining for endomucin and
PAS as well as immunofluorescent staining (IF) for endomucin
and hypoxia were performed to investigate the microcirculation
patterns and hypoxic regions in the MDA-MB-231, Hs578T,
MCF-7, and BT474 tumors. VM channels formed by PAS-posi-
tive deposits and tumor cells were observed in the human
MDA-MB-231 and Hs578T tumors, whereas no VM channels
were observed in the human MCF-7 tumors (Fig. 2A). The
development of endothelium-dependent vessels in the MDA-
MB-231 and Hs578T tumors were blocked by sunitinib, during
which the number of VM channels was significantly increased
(Fig. 2A to C and Fig. S2A to S2C). The number of endothe-
lium-dependent vessels rebounded in the MDA-MB-231 and

Hs578T tumors after treatment discontinuation, but there was
no significant difference in the number of endothelium-depen-
dent vessels during sunitinib treatment and after discontinuation
in the MCF-7 and BT474 tumors (Fig. 2A to D). IF double stain-
ing for hypoxia and endomucin showed that the sunitinib-
treated MDA-MB-231 and Hs578T tumors had more hypoxic
regions compared with the other groups when the endothelium-
dependent vessels were inhibited (Fig. 2C to D and Fig. S2C to
S2D). The hypoxic area in the MDA-MB-231 and Hs578T
tumors was decreased after endothelium-dependent vessels
rebounded upon treatment discontinuation (Fig. 2D to E and
Fig. S2D to S2E). The hypoxic area in the MCF-7 and BT474
tumors was similar during sunitinib treatment after discontinua-
tion (Fig. 2D and E and Fig. S2D and S2E).

Effects of sunitinib treatment on EMT-associated
transcription factors in breast cancer

To investigate the possible molecular mechanism of VM in
TNBC after discontinuation of sunitinib treatment, VM-associ-
ated proteins and EMT-associated transcription factors were

Figure 2. Effects of sunitinib treatment on the microcirculation patterns in TNBC tumors. (A) PAS and endomucin double staining in TNBCMDA-MB-231 and non-TNBC
MCF-7 tumors. There were VM channels formed by PAS-positive molecules and tumor cells in the human TNBCMDA-MB-231 tumors, whereas no VM channels were
observed in the human non-TNBC MCF-7 tumors. Growth of endothelium-dependent vessels in the TNBC MDA-MB-231 tumors was blocked by sunitinib, during which
the number of VM channels significantly increased. Endothelium-dependent vessel growth rebounded in MDA-MB-231 tumors after treatment discontinuation, but there
was no significant difference in the number of endothelium-dependent vessels between sunitinib-treated and post-treatment non-TNBC MCF-7 tumors. (B)Quantification
of VM channels in the different groups. (C)Quantification of endothelium-dependent vessels in the different groups. (D)Hypoxia and endomucin double staining
inTNBCMDA-MB-231 and non-TNBC MCF-7 tumors. There were more hypoxic regions in the sunitinib-treatedMDA-MB-231 tumors compared with those in the other
groups when the endothelium-dependent vessels are inhibited. After treatment discontinuation, the hypoxic area in the MDA-MB-231 tumors decreased after the endo-
thelium-dependent vessels rebounded. The hypoxic area in the MCF-7 tumors was similar in the sunitinib-treated and discontinued groups. (E)Quantification of the hyp-
oxic area in the different groups. The scale bar indicates 100 mm, and the error bar indicates the standard deviation (SD). � P < 0.05, ��P < 0.01, ���P < 0.001.
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detected via immunohistochemistry. The expression of VE-
cadherin, a VM-associated molecule, was upregulated in the
sunitinib-treated MDA-MB-231 tumors compared with the
placebo-treated MDA-MB-231 tumors (Fig. 3A and B). More-
over, sunitinib increased Twist1 expression in the MDA-MB-
231 tumors, and Twist1 was localized into the nuclei of tumor
cells in the treatment group (Fig. 3A and C). There was no
change observed in the MCF-7 groups. The MDA-MB-231 and
MCF-7 tumors did not express Snail (Fig. 3A). The MDA-MB-
231 tumors expressed higher levels of Slug than the MCF-7
tumors. However, sunitinib did not influence the expression of
Slug in the MDA-MB-231 tumors (Fig. 3A and D). The results
of the Hs578T and BT474 tumors were consistent with those of
the MDA-MB-231 and MCF-7 (Fig. S3).

Twist1 expression and VM in human TNBC and non-TNBC

To validate the clinical relevance of sunitinib-induced Twist1
expression and VM, 67 TNBC tumors were collected, and 107
non-TNBC specimens were used as controls. The morphologi-
cal characteristics and genotypes of the human TNBC and
non-TNBC samples are shown in Fig. 4A. TNBC tumor nests
comprised poorly differentiated small tumor cells, and there
was necrosis in the center of the tumor nest. Human TNBC
tumors did not express ER, PR, or HER2. The PAS and CD31
double staining confirmed that the VM channels were formed
by a PAS-positive matrix and tumor cells (Fig. 4B). There were
more VM-positive tumors in the TNBC group than in the non-

TNBC group (Fig. 4B and Table 2). IHC staining indicated that
human TNBC tumors express higher levels of HIF-1a, MMP2,
VE-cadherin, and Twist1 than human non-TNBC tumors
(Fig. 4B). The differences in MMP2, VE-cadherin, and Twist1
expression between the 2 groups were statistically significant
(Table 2). The correlation analysis revealed that the invasion-
associated protein MMP2 was positively correlated with HIF-
1a and Twist1 expression (Table 3). The presence of VM
showed a significantly positive correlation with high levels of
HIF-1a, MMP2, VE-cadherin, and Twist1 expression in TNBC
(Table 3).

Discussion

Anti-angiogenic therapy is based on the theory that blocking
new blood vessel formation in tumors will either slow or stop
tumor growth. Currently, several molecular-targeted drugs that
act by disrupting the VEGF signaling pathway have been
approved by the FDA.26 Though these anti-angiogenic drugs
can affect disease stabilization and improve progression free
survival or overall survival, a sunitinib study in patients with
renal cell carcinoma reported tumor and blood vessel rebound
following treatment discontinuation.27 Moreover, blocking the
VEGF pathway leads to increased invasive behavior or dissemi-
nation as well as metastasis in some clinical and preclinical
models.28-29 In this study, sunitinib was administered to murine
models with TNBC (MDA-MB-231 and Hs578T cell lines) and
non-TNBC (MCF-7 and BT474 cell lines) tumor burden. The

Figure 3. Effects of sunitinib treatment on the expression of EMT-associated transcription factors in TNBC tumors. (A) IHC staining for VE-cadherin, Twist1, Snail and Slug.
VE-cadherin is upregulated in the sunitinib-treated MDA-MB-231 tumors compared with the placebo-treated MDA-MB-231 tumors. Sunitinib increased Twist1 expression
in the MDA-MB-231 tumors, and Twist1 localized to the nucleus in the treatment group. There was no change observed in the MCF-7 groups. Sunitinib did not affect the
expression of Snail and Slug in the TNBC MDA-MB-231 tumors and the non-TNBC MCF-7 tumors. (B) Quantification of VE-cadherin expression in the different groups. (C)
Quantification of Twist1 expression in the different groups. (D) Quantification of Slug expression in the different groups. The scale bar indicates 100 mm, and the error
bar indicates the standard deviation (SD). � P < 0.05, �� P < 0.01, ��� P < 0.001.

208 H. SUN ET AL.



mice were treated for one week and observed for one week fol-
lowing sunitinib discontinuation. During the drug-free period,
the primary tumors from the TNBC cell lines MDA-MB-231
and Hs578T regrew with decreased survival, while no signifi-
cant change was observed in MCF-7- and BT474-bearing mice.

The potential molecular mechanisms of resistance to anti-
angiogenic treatment have been investigated; these reports
indicated that the disease progression changes in response to
therapy, including the tumor and host responses.30 Disruption
of the VEGF pathway could increase the expression of prome-
tastatic proteins, upregulate the secretion of exosomalproteo-
lytic enzymes, create ‘premetastatic niches’ and acute hypoxic
stress, and activate alternative angiogenic pathways.30-31 These
effects may influence eventual tumor progression and inva-
sion.32 In addition, different microcirculation patterns may
lead to resistance to anti-VEGF therapy in malignant tumors.
VM channels, mosaic blood vessels, and endothelium-depen-
dent vessels can be seen in a variety of malignancies.17 VM
channels are formed by tumor cells rather than endothelial
cells, and importantly, VM channel formation is VEGF-inde-
pendent, which make anti-VEGF signaling treatments ineffec-
tive.33 Similar to tumor angiogenesis, VM channels can provide

blood circulation for tumor growth. Furthermore, hypoxia in
tumors caused by anti-angiogenic therapy can induce VM.
Accordingly, in this study, an increased number of VM chan-
nels was observed in sunitinib-treated mice with MDA-MB-
231 and Hs578T tumors in association with areas of increased
hypoxia. VM channels can support tumor growth and trans-
form to endothelium-dependent vessels, thereby resulting in an
angiogenic rebound after sunitinib discontinuation. As the
non-TNBC breast cancer cell lines MCF-7 and BT474 have no
ability to form VM channels, halted sunitinib treatment did not
lead to endothelium-dependent vessel regrowth. Therefore, our
findings provide evidence that VM mediates TNBC resistance
in the setting of anti-VEGF signaling therapy.

Inhibition of endothelium-dependent vessel growth by anti-
angiogenic agents results in acute hypoxic stress, a known pro-
moter of tumor invasion and metastasis.34 Low levels of oxygen
block the degradation of hypoxia-inducing factors (HIF), which
allows HIF-1a or HIF-2a to translocate into the nucleus and
bind to the initiator or enhancer hypoxia-response elements of
their respective target genes.15 HIF-1a, a transcriptional activa-
tor, upregulates the expression of tumor progression-mediated
genes such as matrix metalloproteinases (MMPs), epithelial-

Figure 4. The expression of Twist1 in human TNBC and non-TNBC. (A) Morphological characteristics and genotypes of human TNBC and non-TNBC. H&E staining indicates
that TNBC tumor nests comprise poorly differentiated small tumor cells, and there is necrosis in the center of a tumor nest (black arrow). Human TNBC tumors do not
express ER, PR, orHER2. (B) PAS and CD31double staining showed that TNBC has more VM channels compared with non-TNBC. The arrow indicates a VM channel that is
formed by PAS-positive matrix and tumor cells in TNBC. IHC staining indicates that TNBC tumors express higher levels of HIF-1a, MMP2 and Twist1 than non-TNBC tumors.
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mesenchymal transition (EMT) inducers and stemness-associ-
ated genes.35 In TNBC, nuclear HIF-1a expression is associated
with MMP-2 and Twist1, both of which are implicated in
TNBC invasion. Moreover, sunitinib treatment upregulates
MMP-2 and Twist1 expression in MDA-MB-231 and Hs578T
cells but not in MCF-7 or BT474 cells. MMP-2 can degrade the
extracellular matrix (ECM) to induce tumor infiltration. Twist1
is an EMT transcriptional activator, and its downstream genes
can accelerate tumor cell progression toward EMT and result
in increased aggressiveness and metastasis.36

Hypoxia in the tumor microenvironment is the most impor-
tant trigger of VM.15 HIF-1a-induced MMP-2 expression and
EMT play significant roles in VM.37 MMP-2 digests laminin-
5g2-chain into promigratory g20 and g2x fragments, which are
PAS-positive components of the VM lumen38. Hypoxia-associ-
ated Twist1 upregulation can also induce VE-cadherin expres-
sion in TNBC and hepatocellular carcinoma cells.21,25,38 VE-
cadherin can activate MMPs via the EphA2 signaling path-
way.39 Furthermore, hypoxia-induced Twist1 expression also
induces MDA-MB-231 cells to generate more CSCs, which
then promote VM channel formationin Matrigel.25 Hence, hyp-
oxia induced by blocking the VEGF pathway not only directly
promotes TNBC tumor invasion but also accelerates VM. Snail
and Slug belong to the superfamily of EMT transcriptional acti-
vators and have been proved to be involved in VM on hepato-
cellular carcinoma and epithelial ovarian carcinoma.40-42

However, these factors had no significant relation with suniti-
nib-induced VM in TNBC MDA-MB-231and Hs578T tumors.

Our previous study showed there are 3 stages of tumor
microcirculation in malignant tumors.17 During the rapid
growth in the early stage, endothelium-dependent vessels
cannot provide an adequate blood supply for tumor pro-
gression. Therefore, VM channels serve as a primary pro-
vider of microcirculation for some tumors. With tumor
growth, endothelial cells bud into VM channels, and endo-
thelium-dependent vessels can transition to become the
major conduit for tumor microcirculation. This study indi-
cated that this process can be modulated by changing the
tumor microenvironment. Hypoxia induced by blocking
endothelium-dependent vessels can promote VM, which in
turn replaces the endothelium-dependent vessels and sup-
ports tumor growth, invasion and metastasis.

To investigate the clinical significance of these findings in an
animal model, we used a set of human breast cancer samples to
detect the difference of VM and the expression of invasion-
related proteins between human TNBC and non-TNBC
tumors. The results indicated that there were more VM-posi-
tive cases in the TNBC group than in the non-TNBC group.
HIF-1a, MMP2, VE-cadherin, and Twist1, which can induce
VM, were also upregulated in human TNBC tumors compared
with non-TNBC tumors. The presence of VM is a marker for
poor prognosis in patients with malignant tumors and also
presents a challenge to anti-angiogenic treatments that target
endothelial cells. As there is increased VM in TNBC compared
with non-TNBC, the VM status should be considered when
anti-angiogenic therapy is proposed. In addition, studies are
warranted to investigate therapies targeting both VM as well as
endothelium-dependent vessels for TNBC and other VM-asso-
ciated malignancies.

Materials and methods

Cells and drugs

The human breast cancer cell linesMDA-MB-231, MCF-7,
Hs578T, and BT474 were cultured in RPMI-1640 medium sup-
plemented with 10% FBS, 4 mM L-glutamine, and 1% penicil-
lin-streptomycin. Matrigel (BD Bioscience, USA) was diluted
with RPMI-1640 medium for cell transplantation. The VEGF
receptor tyrosine kinase inhibitor sunitinib malate (S-8803)
was purchased from LC Laboratories (Boston, USA). The
Hypoxyprobe-1 Kit (HP1–1000Kit) was purchased from HPI
Hypoxyprobe, Inc. (Burlington, USA). Information regarding
the primary antibodies used in this study are listed in Table 1.
All secondary antibodies were provided by Zhongshan Golden
Bridge Biotechnology Co., Ltd. (Beijing, China).

Tumor-bearing Nude mice models and sunitinib treatment

The animal experiments were approved by the Tianjin Medical
University Ethics Committee. All steps were carefully followed to
protect the welfare of the animals and prevent any suffering. Forty
female Balb/c nude mice (6 weeks old) were purchased from the
Beijing HFK Bioscience Company. Approximately 1–2 £ 106 of
MDA-MB-231, MCF-7, Hs578T, and BT474 breast cancer cells
were subcutaneously injected into the hindlimbmammary glands
of mice (ND 13–20/group, respectively). Tumors were measured
every day, and the tumor volume was calculated using a standard
formula (length£ width2£ 0.52). Sunitinib malate was used in a
clinic-related schedule, one week on and one week off (Fig. S4).
Tumor-bearing mice were administeredwith sunitinib daily when
the tumor size reached up to 0.05 cm3. Mice in the treatment
group were gavaged with sunitinib for 7 days at a dose of 60 mg/
kg. Distilled water was used as the placebo. All mice were killed
one week after treatment discontinuation. Pimonidazole HCl was
i.p. injected (60 mg/kg) 60 min before the mice were killed. The
tumors and organs were collected, weighted, and fixed with 4%
paraformaldehyde (PFA). All organs and tumors were embedded
in paraffin and sliced into 4-mm-thick sections.

Immunohistochemistry and immunofluorescence of
formalin-fixed, paraffin-embedded tissue

Formalin-fixed, paraffin-embedded tissue was sectioned,
dewaxed, and rehydrated using graded alcohol dilutions.

Table 1. Information of primary antibodies used in this study.

Antibody Source NO. Company Dilution

HIF-1a Rabbit ZA-0552 Zhongshan Golden Bridge ready-to-use
MMP2 Rabbit 10373–2-Ap Luosai 1:100
VE-cadherin Rat ab33168 Abcam 1:200
Vimentin Rabbit EPR3776 Epitomics 1:200
Twist1 Rabbit sc-15393 Santa cruz 1:200
Endomucin Rat 11–5851–80 eBioscience 1:400
snail Rabbit ab180714 Abcam 1:50
slug Rabbit sc-166902x Santa cruz 1:50
ER Mouse ZM-0104 Zhongshan Golden Bridge ready-to-use
PR Rabbit C-20, sc-539 Zhongshan Golden Bridge 1:100
HER2 Mouse ZM-0041 Zhongshan Golden Bridgse ready-to-use
CD31 Mouse ZM-0044 Zhongshan Golden Bridge ready-to-use
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Endogenous peroxidase was blocked using 5% goat serum
at room temperature for 10 min. Antigens in the sections
were retrieved bymicrowaving the samples in citrate buffer
for 20 min. The slides were incubated with primary anti-
bodies overnight at 4�C, washed with PBS, and individually
incubated with either biotin-labeled or FITC-labeled sec-
ondary antibodies. The color was developed using DAB.
The sections were counterstained with hematoxylin or
DAPI and observed using an epifluorescence microscope
(80i, Nikon) or a confocal laser scanningmicroscope (A1,
Nikon).

Immunohistochemical staining for endomucinand
histochemical double staining for CD31 and Periodic Acid
Schiff (PAS)

After immunohistochemical staining for endomucin, the sec-
tions were exposed to 1% sodium periodate for 10 min and
incubated for 15 min at 37�C with PAS after washing with dis-
tilled water for 5 min. Afterward, the sections were counter-
stained with hematoxylin and observed under a microscope
(80i, Nikon).

Patient samples

We collected samples from 174 breast cancer patients who
underwent surgeryat Tianjin General Hospital from 1997 to
2004. All clinical investigations were conducted according to
the principles of the Declaration of Helsinki. All studies involv-
ing human samples were approved by the Tianjin General Hos-
pital Ethics Committee. The participating patients were clearly
oriented about the aims, methods, and other details of the
study. All patients had detailed pathological and clinical infor-
mation. The median age of the cohort was 51.0 y (31 y to
74 years). All patients had invasive breast cancer, and 76 cases
of axillary node metastasis were reported. The diameter of the
primary tumor in 31 of these cases was less than 2 cm, whereas
the diameter in 24 cases was over 5 cm. The follow-up period
ranged from the time of the surgery to December 2008.

Tissue microarrays and counting methods

Formalin-fixed, paraffin-embedded tissues from the patients
were analyzed after H&E staining. Specific tissue samples were
chosen for tissue microarrays with 1 mm cores (with 1.5 mm
between each core). IHC was performed on the tissue microar-
ray sections by following a standard protocol.43 Protein expres-
sion was quantified according to the method of Sun et al..43 In
terms of staining intensity, “0” indicated no staining, “1” indi-
cated weakly positive staining, “2” indicated moderate staining,
and “3” indicated strong staining. The number of positive cells
per 100 tumor cells per field was visually evaluated and scored
as follows: “0” for < 10% positive cells, “1” for < 25%, “2” for
< 50%, and “3” for > 50%. The staining index, or the sum of
the staining intensity and the positive cell score, was used to
determine the final result for each sample. A sample was
defined as positive when the staining index was greater than 1.
The VM and endothelium-dependent vessels were counted at
400£ magnification, and the number of each vessel type per
sample was defined as the average of 10 randomly selected
fields.

Statistical methods

SPSS version 17.0 (Chicago, Illinois, USA) was used to evaluate
the data in this study. The x2 test was performed to assess the
pathological and clinical characteristics of the TNBC and non-
TNBC groups. The rank-sum test was used to compare tumor
size among all the groups. The 2-tailed Student’s t-test was per-
formed to compare the protein expression between 2 groups.
The significance level was set to P < 0.05.
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Table 2. Comparison of VM and VM-associated proteins between triple-negative
and non-triple-negative breast cancer cases.

Factors TNBC (%) 67 non-TNBC (%) 10 X2 P

VM
Negative 43 (64.2) 88 (82.2) 5.237 0.002��

Positive 24 (35.8) 19 (17.8)
HIF-1a
Negative 24 (35.8) 49 (45.8) 1.276 0.259
Positive 43 (64.2) 58 (54.2)
MMP2
Negative 12 (21.1) 42 (39.3) 3.687 0.050�

Positive 45 (78.9) 65 (60.7)
VE-cadherin
Negative 23 (57.5) 37 (74.0) 3.977 0.046�

Positive 17 (42.5) 13 (26.0)
Twist1
Negative 22 (55.0) 38 (76.0) 6.810 0.009��

Positive 18 (45.0) 12 (24.0)

�means P < 0.05,
��means P < 0.01.

Table 3. The correlation of VM and VM-associated proteins between triple-nega-
tive and non-triple-negative breast cancer cases.

TNBC VM VE-cadherin Twist1 MMP2 HIF-1a

TNBC r 1 ¡0.227�� ¡0.185� ¡0.343�� ¡0.188 ¡0.106
P — 0.001 0.047 0.000 0.056 0.263

VM r 1 0.297�� 0.333�� 0.158� 0.195�

P — 0.002 0.000 0.050 0.013
VE-cadherin r 1 0.494�� 0.192 ¡0.300��

P — 0.000 0.067 0.003
Twist1 r 1 0.236� ¡0.192

P — 0.031 0.067
MMP2 r 1 0.692��

P — 0.000
HIF-1a r 1

P —

�means P < 0.05,
��means P < 0.01,
���means P < 0.001.
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