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Angiogenetic axis angiopoietins/Tie2 and VEGF
in familial breast cancer

K Danza , B Pilato , R Lacalamita , T Addati , F Giotta , A Bruno , A Paradiso and S Tommasi*

Angiogenesis leads to the formation of blood vessels from pre-existing ones, allowing tumor growth. Vascular endothelial growth
factor (VEGF) and Angiopoietins (Ang-1, Ang-2) have a pivotal role in tumor angiogenesis but few data regarding their role in
hereditary breast cancer are available. The aim of the present study was to analyze Ang-1, Ang-2, tyrosine-protein kinase
receptor Tie2 and VEGF expression and their correlation in a cohort of familial and sporadic breast cancers in order to verify
whether the presence of germline mutations in BRCA may have a role in tumor microenvironment regulation. Tumor samples
from a cohort of 41 patients with a first diagnosis and a family history of breast cancer and 19 patients with sporadic breast
cancers were enrolled. The expression of Tie2, Ang-1, Ang-2 and VEGF were analyzed by quantitative real-time PCR. Patients
harboring BRCA mutations had higher levels of Ang-1 (P=0.05), Ang-2 (P=0.02) and VEGF (P=0.04) mRNA compared with
those without BRCA mutations (BRCAX). The same was observed in triple-negative breast cancer (TNBC). Moreover, a positive
correlation between Ang-2 and VEGF was found in both the familial breast cancer group (BRCA carriers: r=0.83; P<0.0001
and BRCAX: r=0.58; P=0.008) and in TNBC (r=0.62; P=0.007). The higher levels of Ang-1, Ang-2 and VEGF mRNA
found in BRCA carriers and TNBCs suggest that they could be attractive angiogenic therapeutic targets in these breast cancers.
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INTRODUCTION

Angiogenesis, the formation of blood vessels from pre-existing ones,
has a rate-limiting role in tumor development and progression.
Vascular endothelial growth factor-A (VEGF) and angiopoietins are
the pivotal drivers of tumor angiogenesis.! VEGF is the best
characterized member of a family that includes placental growth
factor, VEGF-B, VEGF-C and VEGEF-D. Binding mainly to VEGF
receptor 2, VEGF activates angiogenic signals that lead to the
proliferation and survival of endothelial cells.> Angiopoietin 1
(Ang-1) is a vascular stabilizing factor that is expressed by vascular
mural cells and non-vascular normal and tumor cells, whereas
angiopoietin 2 (Ang-2) is primarily produced by endothelial cells
during vascular remodeling. Both angiopoietins have the capability to
bind to Tie2 receptor with similar affinities, but they act as
antagonizing molecules: Ang-1-mediated Tie2 activation results in
survival signals for endothelial cells and allows vessel maturation and
maintenance of vascular integrity. Conversely, Ang-2 competes for
Tie2 binding, causing vessel regression in the absence of angiogenic
factors, whereas it potentiates angiogenesis in the presence of VEGE>*
VEGF and Angiopoietins have both been widely studied in breast
cancer, in which angiogenesis has a crucial role in tumor
progression.>® Some authors have reported that BRCA1, besides its
role in the maintenance of genomic stability, is also involved in
neovascularization through transcription regulation of some
angiogenic factors.” Specifically, VEGF and Ang-1 are negatively
regulated by BRCA1 through interaction with the estrogen receptor
alpha (ER-a)® and the complex CtIP-interacting protein (CtIP) and
BRCAl-interacting protein with a KRAB domain (ZBRK1),’

respectively. Inherited germline mutations in BRCAI or BRCA2 genes,
the best-known high susceptibility genes of familial breast cancer,
increase the life-time risk of the development of breast and ovarian
cancer' and are responsible for 5-10% of all breast cancers.!"'> BRCA-
related cancers show morphological and immunohistochemical
differences, as well as copy number aberrations compared with
sporadic breast cancers. These differences may explain the activation
of distinct pathways as promoters of carcinogenesis.

The aim of this study was to analyze the main angiogenic factors
such as Ang-1, Ang-2, their cognate Tie2 receptor and VEGF in a
cohort of familial and sporadic breast cancers to verify whether the
presence of germline mutations in BRCA1/2 genes may be associated
to peculiar expression of these angiogenic factors.

MATERIALS AND METHODS

Patients

Human breast cancer samples were obtained from 60 patients who underwent
surgery at the National Cancer Research Centre ‘Giovanni Paolo II" of Bari. The
cohort included 41 cases with a first diagnosis of breast cancer and with a family
history (22 BRCA1/2 carriers and 19 BRCAX cases) enrolled from patients
followed in our Genetic Counseling Program and 19 sporadic cancers. The
BRCAX breast cancers were defined as familial breast tumors without BRCA1
and BRCA2 pathogenic mutation. DNA from peripheral blood was screened for
whole BRCAI and BRCA2 gene mutations using DHPLC as a pre-screening
analysis and automatic DNA sequencing for the identification of specific
alterations, as previously reported.'* All patients signed an informed consent
form authorizing the research. Information about clinical parameters such as age,
tumor size, nodal status, grading, status of HER2, ER and PgR (progesterone
receptor) were obtained from clinical records as shown in Table 1.
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Table 1 Patient clinico-pathological characteristics in familial and
sporadic cancer (n=60)

BRCA1/2 MUTATION CAR- BRCAX  SPORADIC PATIENTS
RIERS (n=22) h=19) h=19)

Age

<45 14 7 2

>45 8 12 17
T

| 9 13

=111 12 6 11

Unknown 1
Lymph nodes

Neg 12 9 7

Pos 10 10 11

Unknown 0 0 1
Grade

1-2 8 10 1

3 14 9 16

Unknown 0 0 2
ER

Neg 12 2 9

Pos 10 17 10
PgR

Neg 13 2 10

Pos 9 17 9
HERZ2/neu

Neg 13 10 11

Pos 5 5 6

Unknown 4 4 2
Immunophenotype

NTNBC 11 13 9

TNBC 7 2 8

Unknown 4 4 2

Abbreviations: BRCA, breast cancer susceptibility genes; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; Neg, negative; NTNBC, non triple-negative breast cancer;
PgR, progesterone receptor; Pos, positive; T, tumor size; TNBC, triple-negative breast cancer.
Familial breast cancer patients have been divided into BRCA mutation carriers and
non-carriers.

RNA extraction and RT-PCR

Total RNA was extracted from formalin-fixed, paraffin-embedded breast cancer
and matched adjacent non-cancerous tissues by the RNeasy FFPE Kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s protocol. The
concentration and the quality of the isolated RNA was measured by a
NanoDrop 8000 Spectrophotometer v2 1.0 (Thermo Scientific, Essex, UK).
Total RNA was reverse transcribed to single-stranded ¢cDNA using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystem, Foster City, CA,
USA). Reaction was performed using 400 ng of total RNA in a total volume of
20 pl according to the manufacturer’s protocol (Applied Biosystem). cDNA
synthesis was performed at 25 °C for 10 min, then the reaction was incubated
at 37 °C for 120 min followed by 85 °C for 5min.

Quantitative real-time PCR

Quantitative real-time PCR was performed using 80ng of cDNA in a final
volume of 20 pl according to the manufacturer’s protocol (Applied Biosystems),
on the ABI Prism 7000 Sequence Detection System (Applied Biosystems).
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qPCR assay IDs used were the following: human Ang-1 (Hs00375822_m1),
human Ang-2 (Hs01048042_m1), human Tie2 (Hs00176096_m]l), human
VEGF (Hs00900055_m1) and endogenous control RN18S1 (Hs03928985_gl).
The samples underwent PCR analysis using the following cycling parameters:
at 50 °C for 2 min, at 95 °C for 10 min, then at 95 °C for 15s and at 60 °C for
1 min, for 45 cycles. The comparative Ct method was used by subtracting the
Ct value of endogenous control from the Ct value of the target gene (ACt=Ct
(target gene) —Ct (endogenous control)). The same calculation was done for
the RNA reference given by a pool of adjacent non-cancerous tissues consisting
of five samples per tumor subgroup. AACt was then calculated as the difference
of these values (AACt= ACt sample —ACt reference). Finally, the amount of
target was given by 2 ~(AACY_ Each sample was tested in duplicate.

Statistical analysis
Data analysis was performed using the GraphPad Prism statistics software
package (GraphPad Prism 5.01, San Diego, CA, USA). Normality of the data
distribution was checked by the Kolmogorov—Smirnov test. As the values were
not normally distributed, non-parametric tests were used to compare
angiogenic factor levels between groups, that is, the Mann—Whitney U-test.
The y?-test was used to compare Tie2, Ang-1, Ang-2 and VEGF frequency of
overexpression between the breast cancer groups. The Spearman correlation
coefficient was used to analyze the correlations between angiogenic gene
expression. The disease-free survival (DFS) data were analyzed by the Log-rank
(Mantel-Cox) test. The cases were divided into two groups with the expression
above and below the median expression of Tie2, Ang-1, Ang-2 and VEGE
A P value<0.05 was considered statistically significant.

RESULTS

Ang-1, Ang-2, Tie2 and VEGF expression in familial breast cancers
We used real-time PCR analysis to examine the expression of Tie2,
Ang-1, Ang-2 and VEGF mRNA within the familial subgroups
stratified by BRCA status. Figure 1 shows the distribution of the
normalized expression levels of the three angiogenic factors and Tie2
receptor in BRCA1/2 carriers and BRCAX-associated tumors. The
median levels of Ang-1, Ang-2 and VEGF mRNA were significantly
higher in patients harboring BRCA1/2 germline mutations compared
with the BRCAX group (Ang-1: 0.81 vs 0.41; P=0.05; Ang-2: 0.91 vs
0.41; P=0.02 and VEGEF: 1.9 vs 0.79; P=0.04). The median levels of
Tie2 mRNA showed no difference between BRCA1/2 mutation
carriers and BRCAX group. The frequency of Tie2, Ang-1, Ang-2
and VEGF overexpression in BRCAI/2 mutation carriers and
BRCAX-associated tumors was explored. The cases were divided into
two groups based on Tie2, Ang-1, Ang-2 and VEGF expression under
and over the levels in the matched adjacent non-cancerous tissues.
Ang-2 and VEGF were also more frequently overexpressed in
BRCA1/2 mutation carriers compared with BRCAX-associated
tumors (VEGF: 68.2 vs 36.8%; P=0.04 and Ang-2: 50 vs 15.8%,
P=0.02). There was still a higher frequency of Ang-1 overexpression
in BRCA1/2 mutation carriers compared with non-carrier breast
tumors, although this was not statistically significant (45.5 vs 21.1%,
P=0.1). Again, the frequency of Tie2 gene overexpression was not
different between the two familial breast cancer groups.

Angiogenic factor expression in sporadic breast cancers

The median level of Tie2, Ang-1, Ang-2 and VEGF mRNA were
explored in sporadic breast cancers (19 cases). These showed a
significant increase of Tie2, Ang-1 and Ang-2 levels compared with
the familial breast cancer group (Tie2: 1.54 vs 0.54; P=0.005; Ang-
1:1.01 vs 0.6; P=0.03 and Ang-2:1.32 vs 0.59; P = 0.008), whereas the
expression of VEGF mRNA was higher in the familial than in the
sporadic breast cancer group (P=n.s.). Sporadic breast cancer
patients also presented a higher frequency of Ang-2 and Tie2 gene
overexpression compared with familial breast cancers (Ang-2: 63.2 vs
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Figure 1 Levels of Tie2, Ang-1, Ang-2 and VEGF mRNA in BRCA1/2 mutation carriers vs BRCAX-associated tumors (a) and in familial vs sporadic breast
cancer groups (b). Bars indicate median values with interquartile range.

34.1%, P=0.03; Tie2: 63.2 vs 17.1%, P<0.001). On the contrary, ER (4.23 vs 0.96; P=0.01) and negative PgR (3.71 vs 0.95; P=0.009).
there was no evidence of differences in the frequency of Ang-1 and  Moreover, there was evidence of an association between a higher Tie2

VEGF gene overexpression between the two breast cancer groups. median level and positive ER (0.73 vs 0.26; P=0.003) and PgR (0.72

vs 0.28; P=0.01). Ang-1 median level was higher in low differentiated
Correlations between Tie2, Ang-1, Ang-2 and VEGF mRNA grade tumors (G3 0.9 vs G1-2 0.4; P=0.01); however, there was no
expression and clinico-pathological assessment evidence of any correlation between Ang-2 and any clinico-patholo-

The correlation between Tie2, Ang-1, Ang-2, VEGF and clinico- gical assessment. A correlation analysis within familial subgroups
pathological assessment was explored in the familial breast cancer showed that patients with BRCA1/2 mutations presented a positive
group (Table 2). Higher median levels of VEGF correlated to negative  and significant correlation between Ang-2 and VEGF (r=0.839,
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Table 2 Median levels of Tie2, Ang-1, Ang-2 and VEGF mRNA and clinico-pathological parameters in familial breast cancers

Tie2 median Ang-1 Median Ang-2 median VEGF median
(range) P-value (range) P-value (range) P-value (range) P-value
Age
<45 (n=21) 0.45 (0.01-1.63) 0.40 0.81 (0.01-11.75) 0.17 0.5 (0.01-34.89) 0.92 1.65 (0.03-72.25) 0.34
>45 (n=20) 0.55 (0.16-5.42) 0.43 (0.17-1.64) 0.63 (0.05-4.45) 0.87 (0.1-18.12)
T
1 (n=22) 0.53 (0.16-1.63) 0.5 0.47 (0.17-11.75) 0.2 0.49 (0.05-34.89) 0.47 0.96 (0.1-72.25) 0.51
1-111 (n=18) 0.75 (0.01-5.42) 1.01 (0.01-3.23) 0.71 (0.01-16.79) 1.58 (0.03-49.18)
Unknown (n=1)
Lymph nodes
Neg (n=21) 0.53 (0.01-1.3) 0.47 0.81 (0.01-3.23) 0.54 0.68 (0.02-34.89) 0.47 2.16 (0.23-72.25) 0.12
Pos (n=20) 0.55 (0.19-5.42) 0.52 (0.19-11.75) 0.49 (0.01-4.45) 0.95 (0.03-18.12)
Grade
1-2 (n=18) 0.5 (0.27-1.63) 0.75 0.40 (0.17-1.27) 0.01 0.73 (0.17-5.15) 0.1 1.26 (0.23-18.12) 0.65
3 (n=23) 0.59 (0.01-5.42) 0.9 (0.01-11.75) 0.46 (0.01-34.89) 1.31 (0.03-72.25)
ER
Neg (n=14) 0.26 (0.01-5.42) 0.003 0.78 (0.01-11.75) 0.28 0.73 (0.02-34.89) 0.38 4.23 (0.31-72.25) 0.01
Pos (n=27) 0.73 (0.27-1.63) 0.51 (0.17-1.94) 0.49 (0.01-5.15) 0.96 (0.03-11.27)
PgR
Neg (n=15) 0.28 (0.01-5.42) 0.01 0.75 (0.01-11.75) 0.52 0.78 (0.02-34.89) 0.29 3.7 (0.31-72.25) 0.009
Pos (n=26) 0.72 (0.27-1.63) 0.52 (0.17-1.94) 0.47 (0.01-5.15) 0.95 (0.03-11.27)
HERZ/neu
Neg (n=23) 0.46 (0.01-1.3) 0.1 0.75 (0.01-11.75) 0.48 0.49 (0.02-34.89) 0.62 1.63 (0.23-72.25) 0.23
Pos (n=10) 0.77 (0.24-1.63) 0.94 (0.34-1.94) 0.62 (0.05-2.49) 1.35 (0.1-6.08)

Unknown (n=8)

Abbreviations: Ang-1, angiopoietin 1; Ang-2, angiopoietin 2; ER, estrogen receptor; HER2/neu, human epidermal growth factor receptor 2; PgR, progesterone receptor; T, tumor size; Tie2, tyrosine
kinase with Ig and EGF (epidermal growth factor) homology domains 2; VEGF, vascular endothelial growth factor. Bold characters are significant statistic data.

P<0.0001) and an inverse and significant association between Tie2
and VEGF (r= —0.485, P=0.02). On the contrary, evidence of
positive and significant association between Ang-2 and VEGF (r=0.
582, P=0.008) and between Ang-1 and Tie2 (r=0.563, P=0.012)
was observed in BRCAX patients (Figure 2). The levels of Tie2, Ang-1,
Ang-2 and VEGF mRNA have been also explored in immunopheno-
type triple-negative breast cancer (TNBC, n=17) and non TNBC
(NTNBC, n=33) (Figure 3). Patients with the TNBC immunophe-
notype had a higher median level of Ang-1, Ang-2 and VEGF
compared with the NTNBC group (Ang-1: 1.97 vs 0.68; P=0.003;
Ang-2: 1.4 vs 0.68; P=0.03 and VEGF: 2.53 vs 0.96; P=0.005),
whereas Tie2 receptor showed no difference between the two groups.
Moreover, both Ang-2 and VEGF were more frequently overexpressed
in TNBC compared with NTNBC (Ang-2: 64.7 vs 33.3%, P=0.03;
VEGE: 76.5 vs 45.5%, P=0.03).

The analysis of the different immunophenotypes revealed a strong
correlation between Ang-2 and VEGF (r=0.627, P=0.007), Ang-2
and Tie2 (r=0.6, P=0.01) and between Ang-1 and Tie2 (r=0.55,
P=0.02) in TNBC.

When considering the role of Angiopoietin axis expression with
respect to DFS, a trend for a worse patient DFS with high expression
of Ang-1 and Tie2 has been shown in particular in BRCA1/2
mutation carriers (Figure 4).

DISCUSSION

Angiogenesis leads to the formation of blood vessels from pre-existing
vasculature, allowing tumor growth and progression. Central to
angiogenic sprouting is the imbalance between pro-angiogenic and
antiangiogenic factors.!* Our aim was to explore the hypothetical role
of angiogenetic axis Angiopoietins/Tie2 and VEGF in familial breast
tumors, as it has been well established that BRCA1 is involved in
neovascularization. Besides its role in genomic stability, BRCAI can
modulate the tumor microenvironment through the transcriptional
regulation of angiogenic factors and the stability of HIF-1 alpha.”!?
Previous studies have suggested that BRCA1 exerts a transcriptional
repression on Ang-1 and VEGF promoter through CtIP/ZBRK1
complex and via ER-0,3° respectively. Upregulation of VEGF in
patients who carried BRCAl mutations has already been
investigated,'® but this is the first investigation reporting Ang-1,
Ang-2 and their cognate Tie2 receptor expression in a series of
familial breast cancers stratified by BRCA status. In agreement with
previous findings in breast cancer cell lines,’ the present study
showed higher levels of Ang-1 and VEGF mRNA in patients
harboring BRCA1/2 germline mutations. Moreover, our analysis
also showed higher levels of Ang-2 in BRCAl/2-related breast
cancer. Ang-2 overexpression has also been previously reported in
breast tumors® but has never been investigated in familial breast
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cancer. In line with other studies,

correlation between Ang-2

17-19 we observed a positive

and VEGF in the familial cohort, which

was more significant in BRCA1/2-related cancer. The role of Ang-2 in
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and non triple-negative breast cancer. Bars indicate median values with

vascular remodeling was context-dependent. Ang-2 promoted
angiogenic sprouting in the presence of VEGE but vessel regression
occurred when VEGF was absent.? Moreover, previous evidence
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differences were assessed using Log-rank (Mantel-Cox).

reported that Ang-2 and VEGF expression occurred at the front of
invading sprouts during angiogenesis.”! The current data indicated
that although Ang-2 transcriptional regulation by BRCAI was
unknown, mutations in BRCAI/2 genes could result in a major
angiogenic sprouting through the increase of Ang 1, Ang 2 and VEGF
expression. We therefore supposed that VEGF and Ang 1/2 acted in
conjunction to stimulate the vascular remodeling in BRCA1/2-related
cancer. More recently, it has been observed that Ang-1, besides its role
in the maintenance of vascular stability, can lead to angiogenic
signaling in mobile endothelial cells through ECM-anchored Tie2 and
in the presence of a higher amount of VEGE*??

When Tie2, Ang 1/2 and VEGF expression in familial breast tumors
and sporadic breast cancers were compared, the former showed
higher VEGF levels compared with the latter, which is in line with
other studies.!® On the contrary, breast cancer patients without a
family history showed higher levels of Tie2 and Ang 1/2 mRNA, an
expression never investigated before in the two groups of sporadic and
familial breast cancer. Higher levels of Ang 1/2 and Tie2 mRNA
without a concurrent increment in VEGF may presuppose the
presence of a more quiescent vasculature in these cancer groups.
We also investigated Tie2, Angiopoietins and VEGF expression in
breast cancer showing the triple-negative immunophenoype. Triple-
negative are more aggressive breast cancers that lack hormone
receptor expression and HER2 overexpression.?? In agreement with
Linderholm’s study,?* our data showed higher levels of VEGF in this
group. Moreover, TNBCs, such as BRCA1/2 mutation carriers, also
showed higher levels of Ang-1 and Ang-2 mRNA. Interestingly, within
sporadic breast cancer, TNBCs showed higher levels of Angiopoietins
and VEGF mRNA compared with non-TNBCs (data not shown). The
prognostic significance of Ang-1 and Ang-2 in breast cancer is still
unclear. Overexpression of Ang-2 correlated with poor prognosis in
several tumors®>—27 including breast cancer,?® whereas other studies
were discordant.®?° Similarly, the role of Ang-1 as a prognostic
marker in tumors is uncertain.’> The present study showed a higher
expression of Ang-1 in low differentiated tumors, but no correlation
between Ang-2 expression and clinico-pathological assessment was
found. However, a higher VEGF expression has been found in ER and
PgR-negative patients. An inverse relationship between VEGF and ER
has previously been described.*® Furthermore, the preliminary data
on DEFS confirmed the role of Ang-1/Tie2 expression in BRCA1/2
mutation carriers in terms of a trend of correlation between higher
expression of the two factors and worse patient DFS.

In conclusion, this is the first study to evaluate angiogenic axis
Ang-1 and -2/Tie2 in familial breast cancer and relate them to BRCA
status. Our findings showed higher levels of Ang-1, Ang-2 and VEGF

expression in patients with BRCA1/2 mutations. The data indicated
that interrelationship between VEGF and the Ang/Tie2 axis can
stimulate the sprouting angiogenesis in BRCA-related cancer. More-
over, higher levels of these angiogenic factors in TNBC were observed
and it might be presumed that, besides BRCA mutations, other
mechanisms related to immunophenotype could allow a more
pronounced angiogenic activity. Our data need further investigation
in a larger cohort, but our evidence might suggest Ang-1, Ang-2 and
VEGF as attractive angiogenic targets for BRCA1/2-related cancer and
triple-negative therapy.
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