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Abstract
AIM: To investigate the role of angiopoietin (Ang) -1, -2 
and -4 and its receptors, Tie-1 and -2, in the growth and 
differentiation of gastrointestinal stromal tumors (GISTs).

METHODS: Thirty GISTs, seventeen leiomyomas and six 
schwannomas were examined by immunohistochemistry 
in this study.

RESULTS: Ang-1, -2 and -4 proteins were expressed 
in the cytoplasm of tumor cells, and Tie-1 and -2 were 
expressed both in the cytoplasm and on the membrane 
of all tumors. Immunohistochemical staining revealed 
that 66.7% of GISTs (20 of 30), 76.5% of leiomyomas 
(13 of 17) and 83.3% of schwannomas (5 of 6) were 
positive for Ang-1. 83.3% of GISTs (25 of 30), 82.4% 
of leiomyomas (14 of 17) and 100% of schwannomas 
(6 of 6) were positive for Ang-2. 36.7% of GISTs (11 
of 30), 58.8% of leiomyomas (10 of 17) and 83.3% of 
schwannomas (5 of 6) were positive for Ang-4. 60.0% 
of GISTs (18 of 30), 82.4% of leiomyomas and 100% of 
schwannomas (6 of 6) were positive for Tie-1. 10.0% of 
GISTs (3 of 30), 94.1% of leiomyomas (16 of 17) and 
33.3% of schwannomas (2 of 6) were positive for Tie-2. 
Tie-2 expression was statistically different between GISTs 
and leiomyomas (P  < 0.001). However, there was no 
correlation between expression of angiopoietin pathway 
components and clinical risk categories.

CONCLUSION: Our results suggest that the angiopoietin 
pathway plays an important role in the differentiation of 
GISTs, leiomyomas and schwannomas.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are rare mesen-
chymal tumors of  the gastrointestinal tract that may 
occur from the oesophagus to the anus, including the  
omentum[1,2]. Despite their rarity, GISTs are the most  
common primary mesenchymal tumors of  the gastro-
intestinal tract[1-3]. The mechanisms of  tumorigenesis, 
progression and differentiation of  GISTs are unknown. 
Traditionally, all primary mesenchymal spindle cell tumors 
of  the gastrointestinal (GI) tract were uniformly classified 
as smooth muscle tumors (e.g., leiomyomas, cellular 
leiomyomas or leiomyosarcomas). Tumors with epithelioid 
cytologic features were designated leiomyoblastomas 
or epithelioid leiomyosarcomas[4]. Recently, Sircar et al[5] 
postulated that GISTs originate from Cajal cells in the 
gastrointestinal tract and differ from leiomyomas and 
schwannomas, which are of  mesenchymal cell origin. Cajal 
cells are thought to be gastrointestinal pacemaker cells 
that regulate intestinal motility[6]. GISTs are characterized 
by frequent expression of  the bone marrow leukocytic 
progenitor cell antigen CD34[7] and the c-kit proto-
oncogene[2,3,5].

Some GISTs have mutations in the genes encoding 
C-kit and platelet-derived-growth factor alpha (PDGFRA) 
that cause constitutive tyrosine kinase activation[3,8-10]. 
Tumors expressing C-kit or PDGFRA oncoproteins were 
indistinguishable with respect to activation of  downstream 
signaling intermediates and cytogenetic changes associated 
with tumor progression. C-kit and PDGFRA mutations 
appear to be alternative and mutually exclusive oncogenic 
mechanisms in GISTs[9,10].

Recently, there has been a g rowing interest in 
understanding the role of  receptor tyrosine kinases 
(RTK), such as vascular endothelial growth factor 



receptor (VEGFR), platelet-derived growth factor 
receptor (PDGFR) and stem cell factor receptor (KIT) 
in promoting tumor growth and metastasis[3,9,11]. As both 
Tie-1 and Tie-2 possess unique multiple extracellular 
domains, they are thought to represent a new subfamily 
of  RTKs[12,13]. Tie signaling is involved in multiple steps of  
the angiogenic remodeling process during development, 
including destabilization of  existing vessels, endothelial cell 
migration, tube formation and the subsequent stabilization 
of  newly formed tubes by mesenchymal cells[14-17].

The angiopoietin (Ang) family has been identified as 
a key regulator of  angiogenesis[18] and is composed of  
subtypes Ang-1, Ang-2, Ang-3, and Ang-4[18-21]. They are 
the ligands for Tie receptors and the major mediators 
of  the mitogenic and permeability-enhancing effects in 
endothelial cells[17,22]. In addition, angiopoietins are survival 
factors for endothelial cells, and a marked dependence on 
angiopoietins has been shown in newly formed, but not 
established tumor vessels[23,24].

Ang-1 has been shown to act as an obligatory agonist 
promoting structural integrity of  blood vessels[18,20], 
whereas Ang-2 has been found to function as a naturally 
occurring antagonist, promoting either vessel growth 
or regression depending on the levels of  other growth 
factors, such as VEGF-A[19,25]. The effect of  Ang-3 and 
Ang-4 have been less characterized, but they also show 
context-dependent actions as antagonistic and agonistic 
ligands, respectively[21,26]. Signaling through Tie-2 has been 
extensively studied, and the results suggest that signaling 
involving phosphatidylinositol 3’ kinase (PI3K) activation 
is a major pathway[27-29]. The ligand-independent function 
of  Tie-1 involves shedding of  the receptor[30,31] and 
heterometrix complex formation with Tie-2[30,32]. Recently, 
it has been found that Ang-1 and Ang-4 can activate 
Tie-1[33].

Coexpression of  angiopoietin and its receptor, 
either Tie-1 or Tie-2, has been reported in tumor cells, 
suggesting the presence of  an autocrine and/or a paracrine 
angiopoietin/Tie growth pathway in solid tumors[34-36]. 
Further, the expression levels of  angiopoietin and its 
receptors have been shown to correlate with progressive 
tumor growth and development of  metastasis by many 
types of  carcinomas[35-38].

These studies suggest that the angiopoietin pathway 
is involved in tumor cell growth and differentiation. 
However, there are no data detail ing angiopoietin 
expressions and Tie receptor expresions in GIST, 
leiomyoma or schwannoma, or the role of  angiopoietin in 
the etiology of  these tumors. The purpose of  this study 
was to investigate the expression of  angiopoietins and Ties 
in GISTs.

MATERIALS AND METHODS
Samples
A total of  thirty GISTs included 26 cases from the 
stomach and four from the small intestine. Seventeen 
leiomyomas included four from the oesophagus, five 
from the stomach and eight from the large intestine. Six 
schwannomas included five from the stomach and one 

from the large intestine. Specimens were selected from 
surgical pathology archival tissues at Nagasaki University 
Hospital between 2001 and 2006. The GISTs were 0.8-12.0 
cm in diameter, the leiomyomas were 0.1-4.5 cm, and 
the schwannomas were 0.6-5.0 cm. In this study, GISTs 
were defined as tumors expressing both c-kit and CD34 
surface antigens. GISTs were classified by risk categories, 
mitosis counts and tumor size[39]. The number of  mitoses 
was determined by counting 50 high-power fields (HPF, 
× 400) using a Nikon (Tokyo, Japan) E400 microscope. 
Leiomyomas were defined as expressing α-smooth muscle 
cell actin (SMA) but not c-kit, CD34 or S100-protein. 
Schwannomas were defined as expressing S100-protein but 
not c-kit, CD34 or SMA. Two independent pathologists (T. 
Nakayama and I. Sekine) determined tumor identification/
classification.

Immunohistochemical staining
The subcellular localization of  Ang-1, -2 and -4 and 
Tie-1 and -2 was determined in GISTs using polyclonal 
antibodies directed against unique sequences. These 
antibodies were devoid of  any cross-reaction with other 
proteins in the angiopoietin family. Formalin-fixed and 
paraffin-embedded specimens were cut into 4 μm thick 
sections, deparaffinized and preincubated with normal 
bovine serum to prevent non-specific binding. The sections 
were incubated overnight at 4℃ with primary polyclonal 
antibody to human Ang-1, -2 or -4 ([N-18],[N-18],[L-18], 
respectively, 1 μg/mL; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA), Tie-1 or -2 ([C-18],[C-20], respectively, 
1 μg/mL; Santa Cruz Biotechnology, Inc.), followed by 
alkaline phosphatase-conjugated anti-goat IgG antibody 
(0.4 μg/mL; Santa Cruz Biotechnology, Inc.) for Ang-1, 
-2 and -4, and anti-rabbit IgG antibody (0.4 μg/mL; 
Santa Cruz Biotechnology, Inc.) for Tie-1 and -2. The 
reaction products were visualized using a mixture of  
5-bromo-4-chloro-3-indolyl phosphate and nitroblue 
tetrazolium chloride (BCIP/NBT; Roche Diagnostic 
Corp., Indianapolis, IN). Negative controls replaced the 
primary antibody with non-immunized rabbit or goat 
serum, and the hemangioma tissue of  human skin served 
as the positive control[40]. Ang-1, -2 and -4 and Tie-1 and -2 
expressions were classified into three categories depending 
upon the percentage of  cells stained and/or the intensity 
of  staining: -, 0 to 10% tumor cells positive; +, > 10% 
tumor cells positive.

Statistical analysis
The Stat View Ⅱ program (Abacus Concepts, Inc., 
Berkeley, CA) was used for statistical analysis. Analyses 
comparing the degree of  Ang-1, -2 and -4 and Tie-1 and 
-2 expressions in GISTs, leiomyomas and schwannomas 
were performed using the Mann-Whitney’s test.

RESULTS
The results of  immunohistochemical stainings for Ang-1, 
-2 and -4 and Tie-1 and -2 are summarized in Table 1. 
Ang-1, -2 and -4 and Tie-1 and -2 were heterogeneously 
expressed in GISTs, leiomyomas and schwannomas and 
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localized to the cytoplasm and/or membrane of  tumor 
cells. Immunohistochemical staining revealed Ang-1, 
-2 and -4 in the cytoplasm of  GIST (Figure 1A-C), 
leiomyoma (Figure 2A-C) and schwannoma (Figure 3A-C)  
cells. Tie-1 and -2 were found in the membrane and 
cytoplasm of  GIST (Figure 1D and E), leiomyoma  
(Figure 2D and E) and schwannoma (Figure 3D and E) 
cells. Immunohistochemical staining revealed that 66.7% 
of  GISTs (20 of  30), 76.5% of  leiomyomas (13 of  17) and 
83.3% of  schwannomas (5 of  6) were positive for Ang-1. 
83.3% of  GISTs (25 of  30), 82.4% of  leiomyomas (14 of  
17) and 100% of  schwannomas (6 of  6) were positive for 
Ang-2. 36.7% of  GISTs (11 of  30), 58.8% of  leiomyomas 
(10 of  17) and 83.3% of  schwannomas (5 of  6) were 
positive for Ang-4. There were no statistical differences 
in Ang-1, -2 or -4 expression between GISTs and 
leiomyomas or schwannomas. 60.0% of  GISTs (18 of  30), 
82.4% of  leiomyomas and 100% of  schwannomas (6 of  6) 
were positive for Tie-1. 10.0% of  GISTs (3 of  30), 94.1% 
of  leiomyomas (16 of  17) and 66.7% of  schwannomas 
(2 of  6) were positive for Tie-2. Tie-2 expression was 
statistically different between GISTs and leiomyomas  
(P < 0.001). However, there was no correlation between 
Tie-1 expression and histological differences.

GISTs were classified by risk category, mitosis counts 
and tumor size in Table 2. All six cases within the high risk 
category expressed Ang-1 and -2 and Tie-1 and -2 proteins. 
All three cases with over 10 mitoses per 50 HPFs strongly 
expressed Ang-1, -2 and -4 and Tie-1 and -2. Finally, only 
two tumors that measured over 10 cm strongly expressed 
Ang-1, -2 and -4 and Tie-1 and -2. However, there was 
no correlation between Ang-1, -2 and -4 and Tie-1 and -2 
expression and each classification.

DISCUSSION
The coexpression of  Ang-1, -2 and -4 and Tie-1 and -2 has 
been reported in tumor cells, suggesting the presence of  
an autocrine and/or a paracrine angiopoietin/Tie growth 
pathway in solid tumors[35-38]. Angiopoietins (Angs) also 
have been shown to play a role in the proliferation and/or 
differentiation of  stromal tumors and normal mesenchymal 
cells[41,42]. Angiopoietin expression in GISTs has not 
been reported yet. Further, there have been no studies 
of  Tie receptor expression in GISTs, leiomyomas and 
schwannomas or of  the potential roles of  angiopoietins 
and its receptors in the growth of  these tumors. This is the 
first study to determine the expression of  Tie receptors 

aP < 0.001 vs leiomyoma.

Table 1  Tie and Ang immunohistochemistry in intestinal stromal tumors   n  (%)

Ang-1 Ang-2 Ang-4 Tie-1 Tie-2
n - + - + - + - + - +

GIST 30 10 (33.3) 20 (66.7)   5 (16.7) 25 (83.3) 19 (63.3) 11 (36.7)  12 (40.0) 18 (60.0) 27 (90.0)   3 (10.0)a

Leiomyoma 17   4 (23.5) 13 (76.5)   3 (17.6) 14 (82.4)   7 (41.2) 10 (58.8)    3 (17.6) 14 (82.4)   1 (5.9) 16 (94.1)
Schwannoma   6   1 (16.7)   5 (83.3) 0 (0.0)   6 (100)   1 (16.7)   5 (83.3)    0 (0.0)   6 (100)   4 (66.7)   2 (33.3)

D

CBA

E

Figure 1  Immunohistochemical staining of Angiopoietin pathway components. Alkaline phosphatase reaction products demonstrating Ang-1 (A), Ang-2 (B), Ang-4 (C), Tie-1 
(D) and Tie-2 (E) expression. Ang-1, -2 and -4 were expressed in the cytoplasm, and Tie-1 and -2 were expressed in both the cytoplasm and the cell membrane of GIST cells  
(x 200).
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in GIST and stromal tumors. Our results demonstrate 
substantial levels of  angiopoietins and Tie receptors in 
the cytoplasm of  GIST, leiomyoma and schwannoma 
cells. Therefore, we suggest that angiopoietins and its 
receptors may play an important role in growth and/or 
differentiation of  intestinal stromal tumors via autocrine 
and/or paracrine pathways.

We did not find any statistical correlation between 
risk grade and the expression of  Angs or Ties for 
GISTs. However, all four GISTs in the high risk category 

expressed Angs and Ties (Table 2). Further, all four GISTs 
that had higher mitosis counts (over ten per 50 HPFs) were 
positive for Angs and Ties. Our data suggest that high risk 
GISTs might express Angs and Ties at higher than normal 
levels. Future studies will examine angiopoietin pathway 
components in high risk GISTs.

Ang-2 induces a variety of  enzymes and proteins 
important in the degradation process, including matrix-
degrading metalloproteinases, metalloproteinase interstitial 
collagenase, and serine proteases, such as urokinase-

Figure 2  Immunohistochemical staining of human intestinal leiomyomas. Alkaline phosphatase reaction products demonstrating Ang-1 (A), Ang-2 (B), Ang-4 (C), Tie-1 (D) 
and Tie-2 (E) expression (x 200).

D

CBA

E

D

CBA

E

Figure 3  Immunohistochemical staining of human intestinal schwannomas. Alkaline phosphatase reaction products demonstrating Ang-1 (A), Ang-2 (B), Ang-4 (C), Tie-1 (D) 
and Tie-2 (E) expression (x 200).
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type plasminogen activator (u-PA)[43,44]. In this study, 
we did not evaluate the invasive activities of  GIST cells 
because all of  the GISTs were solitary and showed clear 
margins. However, the activation of  these various factors 
by angiopoietins may allow for the development of  a 
prodegradative environment that facilitates migration and 
invasion of  tumor cells.

There has been a growing interest in understanding the 
role of  receptor tyrosine kinases (RTK), such as vascular 
endothelial growth factor receptor (VEGFR)[11], platelet-
derived growth factor receptor (PDGFR)[9] and stem cell 
factor receptor (KIT)[3] in promoting tumor growth and 
metastasis. Joensuu et al[45] reported a patient in whom 
Imatinib (STI-571, Gleevec), a tyrosine kinase inhibitor, 
was effective against a GIST. Imatinib has proven to be 
remarkably efficacious in heavily pretreated GIST patients 
with advanced disease[46]. Further, anti-angiopoietin 
reagents are being used in clinical trials for the therapy of  
gastric, lung and breast cancer[47,48].

Sunitinib (sunitinib malate; SU11248; SUTENT®;  
Pfizer Inc, New York, NY, USA) is a novel multi-
targeted tyrosine kinase inhibitor with high binding 
affinity for VEGFR and PDGFR that recently has shown 
anti-tumor and anti-angiogenic activities[49]. This drug 
recently received approval from the US Food and Drug 
Administration (FDA) for two applications: advanced 
gastrointestinal stromal tumors (GISTs)[50] and renal cell 
carcinoma[51], in patients who are resistant or intolerant to 
treatment with Imatinib. Since the Tie receptor is an RTK, 
Sunitinib may be suitable to down-regulate the activity of  
the angiopoietin pathway. In fact, this study presents data 
that supports the clinical validity of  Sunitinib in GISTs.
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NS: not significant.

Table 2  Tie and Ang expression and risk categories for GISTs (30 cases)  n  (%) 

Ang-1 Ang-2 Ang-4 Tie-1 Tie-2
n - + - + - + - + - +

GIST 30 10 (33.3) 20 (66.7)   5 (16.7) 25 (83.3) 19 (63.3) 11 (36.7) 12 (40.0) 18 (60.0) 27 (90.0)   3 (10.0)
   Risk categories NS NS NS NS NS
   High   6   1 (16.7)   5 (83.3)   2 (33.3)   4 (66.7)  6 (100) 0 (0.0)   1 (16.7)   5 (83.3)   5 (83.3)   1 (16.7)
   Intermediate   4   2 (50.0)   2 (50.0)   1 (25.0)   3 (75.0)   2 (50.0)   2 (50.0)   2 (50.0)   2 (50.0)  4 (100) 0 (0.0)
   Low 15   6 (40.0)   9 (60.0)   2 (13.3) 13 (86.7)   8 (53.3)   7 (46.7)   5 (33.3) 10 (66.7) 13 (86.7)   2 (13.3)
   Very low   5   1 (20.0)   4 (80.0) 0 (0.0)  5 (100)   3 (60.0)   2 (40.0)   4 (80.0)   1 (20.0)  5 (100) 0 (0.0)
Mitosis counts (per 50 fields, HPF)  NS NS  NS NS NS
   < 2 19   7 (36.8) 12 (63.2)   3 (15.8) 16 (84.2) 11 (57.9)   8 (42.1)   9 (47.4) 10 (52.6) 17 (89.5)   2 (10.5)
   2-5   7   2 (28.6)   5 (71.4)   1 (14.3)   6 (85.7)   4 (57.1)   3 (42.9)   2 (28.6)   5 (71.4)   6 (85.7)   1 (14.3)
   6-10   2   1 (50.0)   1 (50.0)   1 (50.0)   1 (50.0)  2 (100) 0 (0.0) 0 (0.0)  2 (100) 2 (100) 0 (0.0)
   10 <   2 0 (0.0)  2 (100) 0 (0.0)  2 (100)  2 (100) 0 (0.0)   1 (50.0)   1 (50.0)  2 (100) 0 (0.0)
Tumor size (cm in length) NS NS NS NS NS
   < 2   4   1 (25.0)   3 (75.0) 0 (0.0)  4 (100)   3 (75.0)   1 (25.0)   3 (75.0)   1 (25.0)  4 (100) 0 (0.0)
   2-5 16   6 (37.5) 10 (62.5)   2 (12.5) 14 (87.5)   9 (56.3)   7 (43.8)   6 (37.5) 10 (62.5) 15 (93.8) 1 (6.3)
   5-10   7   3 (42.9)   4 (57.1)   2 (28.6)   5 (71.4)   4 (57.1)   3 (42.9)   2 (28.6)   5 (71.4)   6 (85.7)   1 (14.3)
   > 10   3 0 (0.0)  3 (100)   1 (33.3)   2 (66.7)  3 (100) 0 (0.0)   1 (33.3)   2 (66.7)   2 (66.7)   1 (33.3)
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