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EDITORIAL

Mast cells and angiogenesis

In health and disease there are two main mechanisms by
which blood vessels are formed, namely vasculogenesis
and angiogenesis.

Vasculogenesis is the formation of networked micro-
vasculature by incorporation of cells (angioblasts). This
happens mainly during embryogenesis; the origin of the
angioblasts is in the mesoderm [1].

Angiogenesis is the growth of new blood vessels from
pre-existing microcirculation [2]. This is the predominant
mechanism of blood vessel formation in later stages of
embryonic development and in the adult, for example in the
female reproductive organs [3,4] and in the retina [5]. It
also happens in pathological conditions in direct response
to tissue demands such as wound healing, inflammation,
tumour growth and others [4,6—8].

A third mechanism has been recently described in which
blood channels are formed by tumour cells of uveal
melanoma in the absence of endothelial cells [9]. This
mechanism has been termed ‘vasculogenic mimicry’.

New vessel formation is a multistep, highly orchestrated
process not only involving vessel sprouting but also
endothelial cell migration, proliferation, tube formation
and survival [1,2]. Various growth factors and proteins,
elements of the extracellular matrix, components of the
coagulation/fibrinolytic system, and platelets, interact with
the endothelial cells and pericytes of blood vessels to
regulate new vessel formation [1,2]. Mesoderm-inducing
factors of the fibroblast growth factor family (FGFs) are
crucial in causing mesoderm to form angioblasts and
haematopoietic cells in vasculogenesis [2]. In angiogenesis
the following are among the most important factors:
vascular permeability factor/vascular endothelial growth
factor (VPF/VEGF), basic fibroblast growth factor (bFGF),
tumour growth factor-beta (TGF-B), epidermal growth
factor (EGF), platelet derived growth factor (PDGF),
tumour necrosis factor-alpha (TNF-a) and platelet-derived
endothelial cell growth factor (PD-ECGF) [1,2].

VPF/VEGEF is the essential growth factor for endothelial
cells which is sufficient for the formation of new blood
vessels if over expressed in vivo [10]. VEGF acts as a true
growth factor. It induces an increase in the number of
endothelial cells [1], and is their survival factor [7]. It can
also act as a lumenizing factor by virtue of its ability to
increase vascular permeability [1]. Specific VEGF recep-
tors are VEGF-R1 (Flt-1), VEGF-R2 (Flk-1), TIE-1 and
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TIE-2 [2]. VEGF and its high affinity receptor tyrosine
kinase Flk-1 represent a paracrine signalling system crucial
for the differentiation of endothelial cells and the develop-
ment of the vascular system [2]. In contrast, bFGF, a
member of the heparin binding growth factor family, does
not induce new vessel formation. However, it is a potent
mitogenic factor and it has been shown to be one of the
most potent angiogenic factors in vitro and in vivo [11].
The role of other factors such as PDGF, PD-ECGF, TNF-a,
TGF-B, TGF-a and EGF seem to be complementary [1,12].

The producing cells of the main angiogenic growth
factors are variable according to the process in which
they are involved. In embryonic development where the
endoderm is adjacent to the mesoderm, VEGF can be
produced by the endoderm reaching the mesoderm by the
paracrine way [1]. In some tissues like the retina in which
the endoderm does not exist, VEGF is produced by
astrocytes and Miiller cells, that are the glial cells of the
retina, and is secreted to the adjacent endothelial cells [5].

In pathological situations the producer cells vary
according to the organ system affected and the aetiopatho-
genesis of the disease. In these cases, the angiogenic factor
can be secreted by cells other than those that secrete in
normal conditions [8].

In the vast majority of the pathological processes the
main mechanism of new vessel formation is angiogenesis.
In most of these disorders but not in all, the angiogenesis is
accompanied by and possibly requires inflammation [2].

In inflammation, infiltrating inflammatory cells and
some resident cells are the producers of the angiogenic
factors. All inflammatory cell types have been demon-
strated to produce VEGF. For example, human neutrophils
[13,14], CD4" and CD8" peripheral blood lymphocytes
[15] and T-lymphocytes synthesize and secrete VEGF [16].
Moreover, plasma cells have been found to express mRNA
for VPF/VEGEF [17]. Peritoneal macrophages of cirrhotic
patients express mRNA for VEGF and secrete, upon
activation, the protein [18]. Very recently also human
peripheral eosinophils were found to express VEGF and
especially when stimulated by granulocyte macrophage-
colony stimulating factor (GM-CSF) and interleukin-5 [19].
Fibroblasts, as resident cells, are also a demonstrated rich
source of VEGF [20,21].

Mast cells that are widely distributed in the connective
tissues, where they are frequently located in close
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proximity to blood vessels, can be considered both as
resident cells and as infiltrating cells that participate in a
number of inflammatory reactions [22]. Mast cells have
been linked for almost two decades to neovascularization.
Actually, several lines of evidence, many of them derived
from histological studies, have implicated mast cells in the
regulation of pathological or physiological examples of
angiogenesis, including that associated with haemangiomas
[23], neoplasms [24,25], rheumatoid arthritis [26], nasal
polyps [27], wound healing [28] and ovulation [29].
However, the exact contribution of mast cells to the
neovascularization process as a potential source of pro-
angiogenic factors still remains largely unknown and only
recently some research has focused on the production and
secretion of angiogenic factors from mast cells.

For example, mast cells from human tissues with chronic
inflammation [30,31] and rat/mouse tissues with anaphy-
laxis were shown to possess bFGF in their cytoplasmic
granules that can be released through degranulation [31].

Boesiger et al. [32] showed that murine or human cord
blood derived mast cells release VPF/VEGF upon stimula-
tion through Fc RI or c-Kit or after challenge with phorbol
myristate acetate, or calcium ionophore. Such mast cells
can rapidly release VPF/VEGF apparently from a pre-
formed pool, and can then sustain release by secreting
newly synthesized protein.

Also, the human mast cell leukaemic cell line HMC-1
can constituitively express and secrete three isoforms of
VPF/VEGEF and stimulation of these cells for 24 h results in
enhanced secretion of this factor [33].

Mast cells can contribute to various aspects of angiogen-
esis not only through the production of bFGF and VEGF
but also through other pre-formed mediators or cytokines.
For example, heparin that is contained in large amounts in
mast cell secretory granules, is important in angiogenesis.
In fact, it stimulates endothelial cell chemotaxis [34] and
proliferation [35] and, by binding bFGF, it renders it
biologically active and protected from proteoloysis.
Histamine and more recently tryptase have been shown to
be angiogenic factors [36,37]. In addition, TGF-8, TNF-a,
IL-8 and other cytokines produced by mast cells might
contribute to the angiogenic process [22,38]. Also the
production of collagen type VIII by human mast cells in
vivo may influence angiogenesis since this collagen is
believed to facilitate the assembly of endothelial cords and
tubes and its synthesis precedes that of pro-collagen type I
[39].

Interestingly, angiogenic factors are not only produced
by mast cells but they have also been shown to stimulate
mast cell migration at sites of angiogenesis [40].

The paper by Ribatti et al. [41] that is published in this
issue is an important contribution since it demonstrates a
direct role of mast cells in angiogenesis in an in vivo

model. The authors show that in the chick embryo
chorioallantoic membrane assay, degranulated mast cells
and their secretory granules induce an angiogenic response.
The addition of anti-FGF-2 (bFGF) or anti-VEGF anti-
bodies significantly reduces the angiogenic response,
indicating that these two factors are primarily responsible
for the mast cell vasoproliferative activity.

In allergic inflammation, the recognized key initiator and
effector cells are the mast cells. Also in allergy, as a
consequence of tissue damage, coordinated sequelae of
re-epithelization, angiogenesis and remodelling are evident.
Mast cells, that have the capability of surviving for
extended periods of time and being activated and
reactivated on a multiple basis, have been proposed to
influence these processes as well [42]. Recently, it has been
recognized that in the asthmatic lung, fibrosis can develop
as a major previously overlooked pathological process [43].
The contribution of mast cells to lung fibrosis and
especially to angiogenesis will have to be evaluated in
depth for a better understanding of the pathogenesis of
asthma.

Angiogenesis has been proposed as a target for anti-
cancer therapy [44] and for treatment of pathological
neovascularization such as in hypoxic retina [45]. We
believe that angiogenesis might be one of the targets also
for anti-inflammatory therapy.

Indeed, various anti-inflammatory drugs have also been
found to be anti-angiogenic. For example, glucocortico-
steroids that are the most potent anti-inflammatory drugs
employed, have anti-angiogenic properties [46]. Notably
glucocorticosteroid anti-angiogenic activity is not only due
to their recognized ability to decrease inflammatory cell
numbers and infiltration into the tissues, but also to their
direct inhibition of the expression of the VEGF gene [47].
This latter mechanism can be due to an interaction between
the glucocorticosteroid receptor with transcription factors,
such as AP-1 and NF-kB [48], whose response elements are
located in the VEGF gene promotor [49]. Also non-
steroidal anti-inflammatory drugs such as aspirin, indo-
methacin and ibuprofen were found to be anti-angiogenic
through a direct effect on COX1 and COX2 of endothelial
cells [50].

Other therapeutic possibilities would include the use of
neutralizing antibodies for the main angiogenic factors such
as VEGF and bFGF, as suggested by the report of Ribatti
et al. [41]. In addition, anti-receptor antibodies and anti-
sense therapies can be considered as well.

In conclusion, our current state of knowledge indicates
that the cascade of angiogenic events depends on complex
processes that include cell-cell interactions, various
intracellular signalling pathways, and the appropriate
extracellular micro-environment. Therefore, the important
observation that mast cells produce and release angiogenic
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factors is not enough to define the role of these cells in
neovascularization. It remains to be determined under what
circumstances mast cells represent a critical source of 16
angiogenic factors in vivo, and, in such instances, what
signals regulate their production and secretion in order to
build new therapeutic interventions associated with mast

.. 1
cell presence and activation. 7
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