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Abstract

Angiosarcoma is an aggressive malignancy of endothelial differentiation. Potential roles of the
endothelial angiopoietin-tunica internal endothelial cell kinase (ANGPT-TIE) system in
angiosarcoma diagnosis, pathogenesis, prognosis and treatment are undefined. To examine the
expression and prognostic significance of angiopoietin-1, angiopoietin-2, TIE1 and TEK (TIE2)
proteins in angiosarcoma, we immunohistochemically evaluated clinically annotated human
angiosarcoma samples. Correlations of protein expression with overall survival and pathologic
features were explored. The cohort included 51 patients diagnosed with angiosarcoma at age
30-86 years old (median 67). The 5-year overall survival was 45% with a median of 26 months.
Moderate to strong expression of angiopoietin-1, TIE1 and TEK (TIE2) was identified in the
majority of angiosarcomas and moderate to strong expression of angiopoietin-2 was observed in
42% of angiosarcomas. Increased angiopoietin-1 expression correlated with improved survival.
Non-significant trends toward longer survival were also observed with increased TIE1 and TEK
(TIE2) expression. Increased expression of angiopoietin-2, TIE1 and TEK (TIE2) was associated
with vasoformative architecture. No differences in expression of these proteins were observed
when patients were segregated by age, gender, presence or absence of metastases at diagnosis,
primary tumor location, radiation association or the presence of necrosis. We conclude that
components of the ANGPT-TIE system are commonly expressed in angiosarcomas. Reduced
expression of these proteins is associated with non-vasoformative and clinically more aggressive
lesions.
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INTRODUCTION

Angiosarcoma is an aggressive soft tissue sarcoma of endothelial differentiation. Current
therapies are woefully inadequate. Patients presenting with localized disease have a 5 year
overall survival of less than 60%. Those presenting with metastatic disease fare far worse
with median survival generally less than one year 1-°. The poor survival of patients with
metastatic disease is largely attributable to limited systemic therapy options. Reported
response rates with conventional cytotoxic chemotherapy are highly variable, however, they
are generally similar to the disappointing response rates seen in other soft tissue sarcomas
(i.e. 20-30%) 6.

Given the vascular differentiation of angiosarcomas, recent interest has turned to therapies
that target endothelium-restricted signaling pathways. Vascular endothelial growth factors
(VEGFs) and their receptors are expressed in angiosarcoma /-4, Moreover, activating
mutations in KDR (VEGFR-2), the major pro-angiogenic VEGF receptor, have been
reported in a small subset of angiosarcomas 1°. Consequently, the therapeutic use of anti-
VEGF agents has been explored in this disease. The pan-VEGF receptor tyrosine kinase
inhibitor, sorafenib, has modest single agent activity in angiosarcoma 16: 17 Similarly, the
humanized anti-VEGF monoclonal antibody, bevacizumab, elicits objective responses in a
minority of angiosarcoma patients 18: 19,

The ANGPT TIE pathway is largely confined to vasculature and consists of two tyrosine
kinase receptors, TIE1 and TEK (TIE2), and three corresponding ligands, angiopoietins-1,
-2 and -4. Although considerable context-dependent alterations in function have been
observed, generally, angiopoietin-1 acts as a TEK (TIE2) receptor agonist and
angiopoietin-2 as a TEK (TIE2) receptor antagonist. The TIE1 receptor has no known ligand
and appears to function primarily as a TEK (TIE2) receptor antagonist through interference
of angiopoietin-1 receptor interaction 20. Angiopoietin-1 plays a key role in maintaining the
integrity of existing vessels and enhances endothelial cell survival, proliferation and
migration in some settings 21-25, Angiopoietin-2 appears to play a critical role in vascular
remodeling and angiogenesis 6. The functions of the more recently described ligand,
angiopoietin-4, are less well understood and its expression is largely limited to the lung 7.

Little information is available regarding the expression of ANGPT-TIE pathway
components in human angiosarcoma samples 12:15. 28 Recently, after identifying TEK
(TIE2) expression in 11 human angiosarcomas, we reported that TEK (TIEZ2) inhibition
delayed angiosarcoma growth in two murine models of the disease 2°. To examine potential
roles for ANGPT-TIE pathway components in angiosarcoma diagnosis, pathogenesis,
prognosis and treatment, we assessed the expression of angiopoietin-1, angiopoietin-2, TIE1
and TEK (TIE2) by immunohistochemistry in 51 clinically annotated human angiosarcoma
samples.
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MATERIALS AND METHODS

Patients and Angiosarcoma Specimens

The study was approved by the Institutional Review Board. Patients were identified using a
surgical pathology database that spanned the years 1987-2012. Candidate paraffin blocks
were collected and the angiosarcoma diagnosis was confirmed by a pathologist with specific
interest in soft tissue and skin tumors (G.R.H. and B.J.L.). The presence or absence of
necrosis was noted. Tumor architectural pattern was assessed according to Shon et al. as
follows: vasoformative (> 75% of tumor forming vascular channels with identifiable
lumina), non-vasoformative (> 75% of tumor demonstrating architecturally solid epithelioid
or spindle cell morphology without vascular channels) or mixed 30. Patient records were
accessed for age at diagnosis, sex, disease distribution at diagnosis, date of last follow up or
death, primary site and tumor size. Clinical notes and radiation records were reviewed.
Angiosarcomas were deemed radiation associated if they occurred within or adjacent to
prior radiation fields.

Tissue Microarray Construction

Fifty-one paraffin blocks from angiosarcoma surgical specimens were identified. No
specimen was obtained following neoadjuvant radiation or chemotherapy. After
confirmation of the diagnosis, the most representative viable areas of the formalin-fixed
paraffin embedded angiosarcomas were formatted into a 4.5 x 2 x 1 cm recipient tissue
microarray in triplicate 1.0 mm cores using the MTA-1 manual tissue microarrayer (Beecher
Instruments, Sun Prairie, WI).

The eleven angiosarcoma cases previously reported to express TEK (TIE2) in whole mount
tissue sections were included in the tissue microarray 2°. In five cases (two breast, two head
and neck, and one Stewart-Treves), limited tumor tissue necessitated use of only two tissue
cores. Sections were cut (5 um) and standard H&E and CD31 stained slides were examined
to verify the presence of viable angiosarcoma.

Immunohistochemistry

Tissue sections (5 um) were cut using traditional water bath technique and dried overnight at
room temperature. Slides were deparaffinized in subsequent xylene and ethanol incubations
followed by heat induced epitope retrieval using the Lab Vision PT module (Thermo Fisher
Scientific, Fremont, CA) with Lab Vision citrate buffer pH 6.0 at 98 °C for 20 minutes
without boiling. All staining was performed at room temperature using the Lab Vision 360
automated staining system. Biocare Medical (Concord, CA) reagents were used except
where noted. Endogenous peroxidase was blocked for 5 min with Peroxidazed 1.
Nonspecific protein binding was inhibited by a 10 min (angiopoietin-2, TIE1, TEK (TIE2))
or 30 min (angiopoietin-1) block with Sniper. For angiopoietin-1, nonspecific avidin binding
was blocked using the Avidin Biotin Kit, incubating 15 min for each reagent. Primary
antibodies were diluted with DaVinci Green Antibody Diluent (angiopoietin-2, TIE1, TEK
(TIE2)) or Renaissance Background Reducing Diluent (angiopoietin-1). Slides were
incubated with primary antibodies for 60 min as follows: angiopoietin-1 (goat anti-
angiopoietin-1 IgG, 1:50, R&D Systems, Minneapolis, MN), angiopoietin-2 (mouse anti-
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angiopoietin-2 IgG, 1:50, Santa Cruz Biotechnology, Santa Cruz, CA), TIE1 (mouse anti-
TIEL IgG, 1:300, R&D Systems), TEK (goat anti-TEK IgG, 1:50, R&D Systems).

For angiopoietin-2 and TIE1 stains, slides were subsequently incubated for 20 min with
probe and HRP-polymer from mouse HRP-Polymer kit. For TEK (TIE2), similar
incubations were performed with the goat HRP-polymer kit. For angiopoietin-1, primary
incubation was followed by incubation for 15 min with biotinylated swine anti-goat 1gG
(1:50, Invitrogen, Carlsbad, CA) followed by a 15 min streptavidin-HRP treatment. Betazoid
DAB and Mayer’s hematoxylin were each incubated for 1 min. Slides were washed with
Tris-buffered saline-Tween between steps. For CD31 immunolabeling, the heat induced
epitope retrieval was performed using Dako’s FLEX Target Retrieval Solution, Low pH (pH
6.0) for 45 min in a decloaker. Endogenous peroxidase was blocked with 300 pL of Dako’s
peroxidase blocking reagent for 5 min. Slides were then incubated on Dako Autostainer with
Dako FLEX Ready-to-Use CD31 antibody (mouse anti-CD31 IgG, Dako, Carpinteria, CA)
at room temperature for 20 min followed by a Mouse LINKER for 15 min and Dako’s
FLEX detection reagent for 15 min. DAB reagent was then applied for 5 min followed by
hematoxylin counterstain. Immunoreactivity was scored by a pathologist blinded to patient
outcomes using conventional brightfield microscopy. Cytoplasmic and membranous staining
was interpreted as follows: 0, no staining; 1, weak staining; 2, moderate staining; 3, strong
staining. For each patient, a single immunohistochemical score was generated by averaging
the scores of all represented cores.

Statistical Analysis

RESULTS

Five-year overall survival comparisons were performed using the Kaplan-Meier method.
Statistical significance was calculated by log rank test. Survival curves were generated using
GraphPad Prism software (Version 5.0, La Jolla, California). Fisher’s exact test was used to
assess differences in protein expression between patient subgroups.

Patient and Tumor Characteristics

Patient and tumor characteristics are presented in Table 1. The cohort consisted of 30
females and 21 males, with a median age of 67 years at diagnosis (range, 30-86 years). The
majority (69%) of patients presented with localized disease. Sixteen patients (31%) had
distant metastases at diagnosis. Nearly 80% of patients presented with visceral/deep soft
tissue, head and neck or cutaneous primaries. Visceral/deep soft tissue sites included liver (N
= 3), bone (N = 3), bladder (N = 3), lung (N = 2), pelvic soft tissue (N = 2), bowel (N = 2),
and one each of the following: spleen, ovary, seminal vesicle, adrenal, and aorta. Twelve
cases (24%) were considered to be radiation associated, with the majority (7/12, 58%) being
related to radiation therapy for breast cancer. Two-thirds of primary lesions were 5 cm or
less in greatest dimension. The most common histologic pattern was vasoformative; 43% of
tumors displayed necrosis. Considering the entire cohort, 5-year overall survival was 45%
with a median of 26 months.
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Angiopoietin-1, Angiopoietin-2, TIE1, and TEK (TIE2) Expression

Angiopoietin-1 immunoreactivity was found in the vast majority of angiosarcomas; 3 (6%),
4 (8%), 26 (51%) and 18 (35%) of 51 lesions displayed no (0+), weak (1+), moderate (2+),
and strong (3+) staining, respectively (Figure 1, rows 1 & 2). Among the 7 specimens with
no-to-weak angiopoietin-1 immunoreactivity, 3 demonstrated weak, 3 demonstrated
moderate and 1 demonstrated strong TEK (TIE2) expression (data not shown).
Angiopoietin-2 staining was more heterogeneous with 19 (38%), 10 (20%), 10 (20%) and 11
(22%) of 50 specimens showing no, weak, moderate, and strong immunoreactivity,
respectively (Figure 1, rows 3 & 4). A single specimen, represented by two cores, was lost
from the tissue microarray during the angiopoietin-2 immunostaining procedure. TIE1 and
TEK (TIE2) immunoreactivity largely paralleled angiopoietin-1 staining with the majority
of samples displaying moderate to strong expression of these receptors. For TIE1, absent,
weak, moderate, and strong staining was observed in 5 (10%), 11 (22%), 15 (29%), and 20
(39%) of 51 angiosarcomas, respectively (Figure 2, rows 1 & 2). TEK (TIE2)
immunoreactivity was not observed in only one sample. In the remaining 50 specimens,
TEK (TIE2) expression was found to be weak, moderate, and strong in 9 (18%), 20 (39%),
and 21 (41%) cases, respectively (Figure 2, rows 3 & 4).

ANGPT-TIE System Proteins and Overall Survival

Correlations between angiopoietin-1, angiopoietin-2, TIE1 and TEK (TIE2) immunostaining
and overall survival are shown in Figure 3 and Table 2. Generally, expression of
angiopoietin-1, TIE1 and TEK (TIE2) was associated with improved overall survival.
However, this reached statistical significance only with angiopoietin-1. Among the 7
patients with no or low angiopoietin-1 immunoreactivity, none survived three years. In
contrast, among patients with moderate to strong expression of angiopoietin-1, median
overall survival approached 4 years.

Correlations of Angiopoietin and TIE Expression with Patient and Tumor Characteristics

To identify potential correlations between angiopoietin-1, angiopoietin-2, TIE1, and TEK
(TIE2) immunoreactivity and angiosarcoma patient and tumor characteristics, the samples
were segregated by clinical and pathological variables (Table 3). Expression patterns did not
differ by age, gender, metastatic disease at presentation, radiation association or tumor size.
Increased TIE receptor immunoreactivity was strongly associated with vasoformative
histology. Similarly, increased angiopoietin staining was observed in vasoformative
angiosarcomas; however, this did not reach statistical significance for angiopoietin-1. Breast
angiosarcomas and the three angiosarcomas arising in the background of chronic
lymphedema (Stewart-Treves syndrome) were associated with near-universal moderate-to-
strong immunoreactivity for angiopoietin-1, TIE1 and TEK (TIE2). However, this did not
differ in a statistically significant way when compared to more common primary sites.
Notably, all breast angiosarcomas and the three angiosarcomas associated with Stewart-
Treves syndrome displayed vasoformative architecture.
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DISCUSSION

The ANGPT-TIE system has an essential role in developmental angiogenesis 31-36.
Additionally, this complex vascular signaling architecture has been implicated in tumor
progression. Elevated angiopoietin-1 expression has been correlated with improved disease-
free survival in head and neck squamous cell carcinomas although it appears to have little
prognostic significance in most solid tumors 37-40. In contrast, overexpression of
angiopoietin-2 and elevated angiopoietin-2/angiopoietin-1 ratios correlate with worse
survival in an array of malignancies 4148, Importantly, agents targeting the ANGPT-TIE
system are in active clinical development 49-52,

Despite considerable examination of the roles of the ANGPT-TIE system in solid tumors,
little information is available regarding the significance of this predominantly endothelium-
limited signaling pathway in angiosarcoma. In our series of 51 angiosarcoma patients, we
observed moderate-to-strong angiopoietin-1 immunoreactivity in 86% of cases.
Angiopoietin-1 is not expressed in cultured human endothelial cells nor in the vasculature of
developing mouse embryos 25 53. 54, Rather, angiopoietin-1 is thought to be expressed
primarily by mural cells and signal through TEK (TIE2) in a paracrine fashion 2. Thus, our
observations raise the possibility that, in contrast to cultured and fetal endothelial cells,
angiosarcoma cells express angiopoietin-1. This is consistent with the findings of Brown and
colleagues who detected angiopoietin-1 mRNA in 2 of 2 angiosarcomas studied 28.
Alternatively, angiopoietin-1 immunoreactivity may be attributable to detection of receptor-
bound angiopoietin-1. Consistent with this possibility is the observation that angiopoietin-1
protein is observed in the vessels of unwounded skin 5.

Our observation that 4 of 7 angiosarcomas with no-to-weak angiopoietin-1 staining
demonstrated moderate-to-strong TEK (TIE2) expression suggests that detection of bound
angiopoietin-1 does not entirely explain the near universal angiopoietin-1 immunoreactivity
seen in angiosarcomas. Further investigation of the cellular source of angiopoietin-1 in
angiosarcomas is warranted.

Our observation that 62% of angiosarcomas express at least low levels of angiopoietin-2 is
consistent with the endothelial differentiation of this malignancy and the scant available data
regarding angiopoietin-2 expression in angiosarcoma. Brown and colleagues detected strong
angiopoietin-2 mRNA expression in 2 of 2 examined angiosarcomas 28. Angiopoietin-2
mMRNA was also found to be upregulated in angiosarcomas when compared to other soft
tissue sarcomas 1°. Amo and colleagues observed elevated serum levels of angiopoietin-2 in
11 patients with pathologically proven angiosarcoma of the face and scalp compared to
healthy volunteers 53, In this study, serum angiopoietin-2 was found to correlate with
disease burden. The high rates of TIE1 and TEK (TIE2) expression in our patient cohort are
also consistent with endothelial differentiation and the limited evidence of TIE receptor
expression in angiosarcoma. Strong TIE1 and TEK (TIE2) mRNA expression has been
observed in 2 of 2 angiosarcomas 28. Furthermore, levels of TIE1 and TEK (TIE2) mMRNA
were found to be elevated in angiosarcomas compared to other soft tissue sarcomas 1°.
Additionally, TEK (TIE2) expression was identified immunohistochemically in 7 of 10
examined pulmonary epithelioid angiosarcomas 12.
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Our observation that increased expression of ANGPT-TIE system components is associated
with both the more favorable vasoformative histologic pattern and improved overall survival
is consistent with a loss of endothelial markers with progression to more aggressive

disease 30. Consistent with this model is the observation that loss of vascular endothelial
growth factor receptor 2 is associated with worse survival in angiosarcoma patients 9. The
correlation between increased angiopoietin-1 expression and overall survival is not simply
explained by correlations with other known prognostic factors. The dominant, negative
prognostic factor in this patient population is the presence of metastatic disease at diagnosis.
The fact that angiopoietin-1 expression did not vary when patients were segregated by the
presence or absence of metastases at diagnosis (nor any other examined clinical or
pathological variable) suggests it may be a novel prognostic factor in this disease. Larger
studies are required to confirm this observation and define the potential utility of using
angiopoietin-1 immunoreactivity in clinical testing.

TEK (TIE2) inhibitor therapy has recently been reported to inhibit angiosarcoma growth in
two distinct murine models of this disease 29. Coupled with our observation that ANGPT-
TIE system components are commonly expressed in angiosarcoma, these findings raise the
possibility that manipulation of the ANGPT-TIE system may have therapeutic utility in this
poor prognosis malignancy. Thus, immunohistochemical evaluation of these proteins in
angiosarcoma could potentially be used as a part of therapeutic decision making. Further
studies on the mechanistic roles for this critical vascular signaling pathway in
angiosarcomagenesis are certainly merited.
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Figure 1. Representative images displaying the spectrum of angiopoietin-1 and angiopoietin-2
immunor eactivity in human angiosar comas
Corresponding H&E stained images are also displayed (original magnification 400x).
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Figure 2. Representative images displaying the spectrum of TIE1 and TEK (TIE2)
immunor eactivity in human angiosar comas

Corresponding H&E stained images are also displayed (original magnification 400x).
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Figure 3. Overall survival of angiosar coma patients segregated by tumor expression of
angiopoietin-1 (A), angiopoietin-2 (B), TIE1 (C) and TEK (TIE2) (D)
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Patient and tumor characteristics

Table 1

Patient Characteristics  Age, Median (range, years)

Tumor Characteristics

Total

Gender
male
female
Localized Disease
Metastatic Disease
Vital Status
alive
deceased
Primary Site
visceral/deep soft tissue
head and neck/cutaneous
breast
Stewart-Treves
Radiation Associated
breast
bladder
liver
sternum
scalp
Primary tumor size:
Total available
<5cm
>5cm
Histologic pattern
vasoformative
epithelioid
spindle
mixed
Necrosis
absent

present

N (% total)
67 (range, 30-86)

21 (41%)
30 (59%)
35 (69%)
16 (31%)

19 (37%)
32 (63%)

20 (39%)
20 (39%)
8 (16%)
3 (6%)
12 (24%)
7 (58%)
2 (17%)
1 (8%)
1 (8%)
1(8%)

45
30 (67%)
15 (33%)

30 (59%)
6 (12%)
2 (4%)

13 (25%)

29 (57%)
22 (43%)
51
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