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Angiogenic factor with G-patch and FHA domain 1 (AGGF1) is a novel angiogenic factor
that was first described in Klippel-Trenaunay syndrome, a congenital vascular disease
associated with capillary and venous malformations. AGGF 1, similar to vascular endothelial
growth factor (VEGF), has been shown to promote strong angiogenesis in chick embryos in
vivo. Blocking AGGF1 expression prevented vessel formation, which suggests AGGF1 is a
potent angiogenic factor linked to vascular malformations. So far, AGGF1 expression studies
in human vascular lesions have not been performed. Here, we immunohistochemically
investigated AGGF1 expression in venous, arteriovenous or capillary malformations, and
infantile or congenital hemangioma. We found that AGGF1 was mostly expressed in
endothelial cells with plump morphology. Moreover, the majority of mast cells strongly
expressed AGGF1. Notwithstanding our incomplete knowledge of the molecular mechanism
of AGGF1 in angiogenesis, our results show for the first time that AGGF1 is expressed in

plump endothelial cells and mast cells.
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I. Introduction

Angiogenesis, a process where new blood vessels
sprout from a preexisting vascular network, is essential in
integrated biological processes such as wound healing [8]
and tumor growth [4, 9], which are tightly controlled by
multifunctional molecules called angiogenic factors [17].
Angiogenic factors regulate vascular differentiation and
maturation, and are vital for initiation of angiogenesis and
maintenance of vascular networks [19]. Several angiogenic
factors are derived from mast cells, which are involved in
physiological and pathological angiogenesis [14].
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Angiogenic factor with G-patch and FHA domain 1
(AGGF1) is a novel angiogenic factor that was first charac-
terized as a susceptibility protein in Klippel-Trenaunay
syndrome [2, 18], a congenital vascular disease associated
with capillary and venous malformations in the absence of
arterial defects [1, 11]. Consistent with this, a recent study
by Chen et al. revealed that AGGF1 was involved in the
establishment of venous identity in zebrafish embryos [5].
AGGF]1 knockdown leads to vein loss but has no effect on
arterial development [18]. The well-established role of
AGGFI in angiogenesis brought new insights to vascular
lesion research, including vascular malformation and tumor
research. Vascular malformations result from aberrant
development of vascular elements in capillaries, arteries,
veins or lymph vessels [6]. Even though the pathogenesis
of vascular malformations is not clear, their formation and
progression are closely related to angiogenesis [16]. To
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Table 1. Clinicopathological features of examined cases
Number of Gender Age
cases (male:female)  (median)
Venous malformation 62 23:39 1-78 (34)
Arteriovenous malformation 22 12:10 7-63 (28)
Capillary malformation 14 4:10 1-76 (30)
Infantile hemangioma 7 1:6 0-4(3)
Congenital hemangioma 2 2:0 6-20 (13)
Angiosarcoma 12 8:4 31-85(72)
Pyogenic granuloma 7 5:2 5-70 (27)
Granulation tissue 14 6:8 38-66 (55)

date, no studies have investigated AGGF1 expression in
human vascular lesions. Here, we immunohistochemically
investigated AGGF1 expression in various vascular lesions,
such as venous, arteriovenous or capillary malformations,
and infantile or congenital hemangioma. We found that
AGGF1 was primarily expressed in endothelial cells with
plump morphology. Moreover, we found that mast cells
strongly expressed AGGF1.

II. Materials and Methods

Patients and cell line

From the database of Osaka University Hospital,
Japan, during the period between 2010 and 2014, we
identified 119 patients with a diagnosis of vascular mal-
formation or hemangioma (62 venous malformations, 22
arteriovenous malformations, 14 capillary malformations,
7 infantile hemangiomas, 2 congenital hemangiomas, and
12 angiosarcomas). In total, 14 cases of granulation tissue
and 7 cases of pyogenic granuloma were also included in
our study. Clinicopathological features of included cases
are summarized in Table 1. Specimens were fixed in 10%
formalin, embedded in paraffin, and stored in a dark room
at room temperature in the Department of Pathology at
Osaka University Hospital. Then, 4-pum thickness sections
were made and stained with the hematoxylin and eosin
(H&E) and immunoperoxidase procedure. This study was
approved by the Ethical Review Board of the Graduate
School of Medicine at Osaka University (No. 13044).
The human mastocytoma cell line, HMC-1, was cultured
in Dulbecco’s Modified Eagle medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS; Central America
Origin, Biosera, Kansas City, USA).

Immunohistochemistry

AGGF1 expression was immunohistochemically exam-
ined with polyclonal rabbit anti-AGGF1 antibody (x500,
final 1 ng/mL, HPA043500, Sigma, St. Louis, MO, USA),
using a Ventana Benchmark GX autostaining system
(Roche Diagnostics, Tokyo, Japan) in accordance with the
manufacturer’s instructions after extended heat-induced
epitope retrieval in cell conditioning 1 (CC1) buffer (Roche

Diagnostics). For the negative control, staining was carried
out in the absence of primary antibody. In a second nega-
tive control, in addition to the absence of primary antibody,
sections were incubated with rabbit immunoglobulin
(DAKO, Glostrup, Denmark) instead of primary antibody.
Moreover, sections were incubated with anti-AGGF1 anti-
body pre-incubated with AGGF1 antigen (APrEST80107,
Atlas Antibodies AB, Stockholm, Sweden) to test the spec-
ificity of the anti-AGGF1 antibody. Briefly, 0.5 pg of anti-
AGGF! antibody was incubated with 10 pg of AGGF1
antigen for 10 min, and then immunohistochemistry was
carried out as described above. Stained sections were inde-
pendently evaluated by two pathologists (YH and EM).

Sections were also double stained for AGGF1 and
c-Kit. After antigen retrieval with a Pascal pressurized
heating chamber (DAKO), samples were simultaneously
incubated with rabbit polyclonal anti-AGGF1 (Sigma) and
mouse monoclonal anti-c-Kit (clone 1C5, Thermo Fisher
Scientific, San Jose, CA, USA) antibodies, and then incu-
bated with Alexa Fluor 488-conjugated anti-mouse IgG
(Thermo Fisher Scientific) and Alexa Fluor 568-conjugated
anti-rabbit IgG (Thermo Fisher Scientific). Images were
taken with a Keyence Biozero microscope (Keyence
Germany GmbH, Neu-Isenburg, Germany).

Immunocytochemistry

AGGF1 expression was immunocytochemically exam-
ined in HMC-1 cells. Cells were cytospun and then fixed
with 10% formalin. After treatment with peroxidase block-
ing solution (DAKO), cells were incubated with anti-
AGGFI antibody. Then, cells were treated with ChemMate
EnVision kit (DAKO) and DAB (DAKO) was used as a
chromogen.

Immunoblotting

HMC-1 cells were lysed in buffer containing 10 mM
HEPES, 10 mM KCI, 1 mM EDTA, 1 mM dithiothreitol,
0.1% Nonidet P-40 and 10% protease inhibitor cocktail
(Sigma). Human vascular endothelial cell (HUVEC) lysate
was kindly provided by Dr. S Kobayashi (Osaka Univer-
sity). Electrophoresis was performed with 10% sodium
dodecyl sulfate polyacrylamide gels (ATTO, Tokyo, Japan),
and proteins were transferred to polyvinylidene fluoride
membranes (Merck Millipore, Billerica, MA, USA). Mem-
branes were incubated with anti-AGGF1 (1:1000 dilution,
Sigma) and anti-o-actin (1:1000 dilution, Sigma) primary
antibodies. HRP-conjugated anti-rabbit IgG (H+L chain)
(1:2000 dilution, MBL, Nagoya, Japan) was used as the
secondary antibody. Data were analyzed with Image Lab™
software (Bio-Rad, Hercules, CA, USA).

Statistical analysis

The Chi-square test was used to analyze the correla-
tion of AGGF1 expression in plump endothelial cells. p-
values <0.01 were considered to be statistically significant.
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Fig. 1. Angiogenic factor with G-patch and FHA domain 1 (AGGF1) expression in vascular malformations, hemangiomas, and angiosarcomas. AGGF1
expression was patchy in venous malformation (A). AGGF1 was detected in plump endothelial cells (B) but not flat ones (C). AGGF1 expression was
detected in plump endothelial cells from arteriovenous malformation (D and E), capillary malformation (F), infantile hemangioma (proliferating phase
G and involuting phase H), congenital hemangioma (I), and angiosarcoma (J). Arrows in F and H indicate cells strongly expressing AGGF1 in connec-
tive tissues (Bar=200 nm in A, D; 100 nm in B, C; and 50 nm in E-J).
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Table 2. Number of cases with plump and flat endothelial cells and the status of AGGF1 expression

Number of cases

Plump endothelial cells Flat endothelial cells p-value
AGGF1 (+) AGGF1 () AGGFI1 (+) AGGF1 (-)
Venous malformation 50 8 15 34 <0.01
Arteriovenous malformation 21 1 14 <0.01
Capillary malformation 14 0 8 <0.01

III. Results

AGGF1 expression in vascular malformations

AGGF1 expression was immunohistochemically exam-
ined in vascular malformations. In venous malformations,
AGGF1-positive signals were detected in a limited portion
(Fig. 1A, upper half). Endothelial cells with plump mor-
phology expressed AGGF1 (Fig. 1B), but endothelial cells
with flat morphology did not (Fig. 1C). Among 62 cases of
venous malformation, 45 contained both plump and flat
endothelial cells, 13 contained only plump cells, and 4 con-
tained only flat cells. Among 58 cases of venous malforma-
tion with plump endothelial cells, 50 showed AGGF1
expression in plump cells (Table 2). In total, 34 out of 49
samples did not show AGGF1 expression in flat endothelial
cells (Table 2). Therefore, AGGFl was preferentially
expressed in plump endothelial cells but not in flat ones.

AGGF1 expression was examined in other vascular
malformations. Of 22 cases of arteriovenous malformation,
21 showed AGGF1 expression in plump endothelial cells
(Fig. 1D and 1E, Table 2). Flat endothelial cells were
present in 16 out of 22 arteriovenous malformation cases;
of these, only 2 showed AGGF1 expression. In capillary
malformation, AGGF1 expression in plump endothelial
cells was detected in all 14 cases (Fig. 1F, Table 2). In
total, 10 out of 14 capillary malformation cases contained
flat endothelial cells, and of these, only 2 showed AGGF1
expression. These findings indicated that preferential
expression of AGGF1 in plump endothelial cells was appli-
cable to arteriovenous and capillary malformation as well
as venous malformation.

AGGF1 expression in hemangiomas

To examine whether the preferential expression of
AGGF1 in plump endothelial cells of vascular malforma-
tions was applicable to vascular tumors, AGGF1 expression
was immunohistochemically investigated in 7 cases of
infantile hemangioma (six at involuting phase and one at
proliferating phase), 2 cases of congenital hemangioma,
and 12 cases of angiosarcoma. In all examined cases,
plump endothelial cells expressed AGGF1, whereas flat
cells did not (Fig. 1G—-11).

AGGF1 expression in other vessels
Since AGGF1 was expressed in plump endothelial
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Fig. 2. AGGF]1 expression in pyogenic granuloma and granulation tis-
sue. Plump endothelial cells in pyogenic granuloma expressed AGGF1
(A). In granulation tissue, plump endothelial cells, but not inflamma-
tory cells, expressed AGGF1 (B) (Bar=200 nm).

cells of vascular malformations and hemangiomas, we next
examined other vessels with plump morphology, such as
those found in pyogenic granulomas and granulation tissue.
In pyogenic granulomas, plump endothelial cells expressed
AGGF1 (Fig. 2A). Granulation tissue consists of endothe-
lial cells and many inflammatory cells such as macrophages
and lymphocytes. AGGF1 was expressed in endothelial
cells but not in inflammatory cells (Fig. 2B). AGGF1
expression was also examined in lymphatic endothelial
cells but was not detected (data not shown).

AGGF1 expression in mast cells

In addition to plump endothelial cells, several cells in
connective tissue strongly expressed AGGF1 (arrows in
Fig. 1F and 1H). Signals detected in Fig. 3A were abol-
ished by the absorption of anti-AGGF1 antibody with
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Fig. 3. AGGF]1 expression in mast cells. A capillary malformation specimen was immunohistochemically stained. Strong signals were detected with rab-
bit anti-AGGF1 antibody (A). In contrast, no signals were detected when anti-AGGF1 antibody was absorbed with AGGF1 antigen (B) and when no
primary antibody was used (C). Double staining of AGGF1 and c-Kit (D-G). AGGF1 was stained in red (D) and c-Kit in green (E). Nuclei were stained
with 4,6-diamidino-2-phenylindole (DAPI, Sigma) (F). (G) Merged image. Arrow indicates mast cells expressing AGGF 1, whereas arrowhead indicates
mast cells with almost undetectable AGGF1. (H) Immunocytochemistry of HMC-1 cells to show AGGF1 expression. Most HMC-1 cells contained
AGGF 1 -positive signals in their granules. Part of HMC-1 cells did not express AGGF1 (Bar=100 nm in A, B, C; 10 nm in D-H).

AGGFT antigen (Fig. 3B). The absence of primary AGGF1
antibody signals (Fig. 3C) indicated that the signals in Fig.
3A were specific for AGGF1. Double staining of AGGF1
and c-Kit revealed that AGGFI1-expressing cells in con-
nective tissues also expressed c-Kit (Fig. 3D-3G). This
indicated that AGGF1-expressing cells in connective tissue
were mast cells. Although most mast cells expressed
AGGFI, some did not (Fig. 3G; arrow indicates AGGF1-
positive mast cells and arrowhead indicates AGGF1-
negative mast cells). The proportion of AGGF1-positive
mast cells did not correlate to that of AGGF1-positive
plump endothelial cells.

Next, AGGF1 expression was examined in HMC-1
cells. Strong granular staining was observed, indicating
AGGF1 was contained in mast cell granules (Fig. 3H).
Consistent with histology results, part of HMC-1 cells had

almost undetectable AGGF1 expression. We further exam-
ined AGGF1 expression in HMC-1 cells with immuno-
blotting (Fig. 4). AGGF1 expression levels in HMC-1 cells
were comparable to those previously reported in HUVEC
[18].

IV. Discussion

In complex multicellular organisms, such as humans,
angiogenesis leads to the development of a highly devel-
oped vascular system to precisely control the supply of
oxygen to cells. Endothelial cell precursors differentiate to
form a basic fetal network of veins, which subsequently
remodel into a more mature network of large and small ves-
sels [10]. During this process, angiogenesis becomes more
complex and is controlled by local changes in angiogenic
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Fig. 4. Immunoblotting for AGGF1. Chemiluminescent blot band for
AGGF1 was detected with HUVEC and HMC-1 cells. Actin was
detected by re-blotting with the same sample set.

factors. When remodeling fails to occur normally, vessels
may become deformed, resulting in vascular defects [3].
Some molecules, such as VEGF and basic fibroblast
growth factor, have been implicated in vascular defects;
however, most vascular malformations remain unexplained
in terms of the genes and molecules involved. AGGF1 is a
new angiogenic factor that was first described in Klippel-
Trenaunay syndrome [2, 18], a congenital vascular disease
associated with capillary and venous malformations [1, 11].
AGGFI, similar to VEGF, was shown to promote strong
angiogenesis in chick embryos in vivo. Furthermore, block-
ing AGGF1 expression prevented vessel formation [18].
These results suggest that AGGF1 is a potent angiogenic
factor linked to vascular malformations. In the present
study, we found that AGGF1 was expressed in vascular
lesions, including vascular malformations, infantile or con-
genital hemangiomas, pyogenic granulomas, and granula-
tion tissue. These findings were consistent with AGGF1
being a potent angiogenic factor. However, AGGF1 did not
seem to be a specific marker for vascular malformation,
since vascular lesions other than malformations also
expressed AGGF1.

AGGF1 was detected in endothelial cells with plump
but not flat morphology. Endothelial cells become plump
when activated; this indicates that AGGF1 expression is
up-regulated during endothelial cell activation. This is con-
sistent with a previous in vitro study that found AGGF1
expression in HUVEC was up-regulated by lipopolysac-
charide, interleukin-1 and tumor necrosis factor-alpha [13].

In addition to plump endothelial cells, for the first
time, we found that mast cells, which are often found near
blood vessels [14], also express AGGF1. Many multifunc-
tional cytokines and growth factors are produced in mast
cells. These include VEGF [7] and bFGF [15], which are
known to enhance angiogenic phenotypes. A previous

report indicated that these factors could simultaneously
recruit mast cells to these sites [12]. The local accumulation
of mast cells is believed to facilitate new vessel formation
through complex cell-to-cell interactions. We found that
part of mast cells did not express AGGF1. Therefore, fur-
ther studies will be needed to clarify the role of AGGF1 in
mast cells.

Notwithstanding our incomplete knowledge of the
molecular mechanisms of AGGF1 in angiogenesis, our
results for the first time show that AGGF1 is expressed in
plump endothelial cells and mast cells. Patients with vascu-
lar system defects face serious medical and social problems
and we know little about the cause of these anomalies.
Future studies on the function of AGGF1 may lead to the
development of therapeutic approaches to modulate angio-
genesis. The exact molecular mechanisms responsible for
AGGF1 expression in various vascular malformations are
still a matter of debate; therefore, further studies are war-
ranted.
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