
ized microvascular cells, like those in high en-
dothelial venules, selectively govern the in-
flux of T-cell subsets into the gut4. During in-
flammation the mucosal microvasculature
controls the nature and magnitude of such in-
flux through cell adhesion molecules (CAM)
expression and chemokine secretion, which
further amplify the communication with
leukocytes and other cells5. In particular, re-
cruitment of blood circulating leukocytes is a
crucial multistep process in inflammation, in-
volving sequential capture on, rolling along
and firm adhesion to the microvascular en-
dothelium, following by transmigration
through the vessels wall and further migra-
tion in the surrounding tissue6. Several CAMs
are involved in mediating leukocyte-endothe-
lial interactions, such as selectins, adhesion
molecules and integrins. Besides this classical
task, a novel role for endothelial participa-
tion in inflammation is represented by angio-
genesis.

Immune-Driven Pathological Angiogenesis
One of the very new aspects that directly

implicate endothelial participation into in-
flammation is the process of angiogenesis7. It
is now very well established that angiogenesis
and microvascular remodeling are elements
of the tissue remodeling in chronic inflamma-
tory diseases. Both types of change in the mi-
crovasculature result from endothelial cell
proliferation and often occur together, but
they represent different phenomena and re-
sponses to different stimuli. Angiogenesis is
the growth of new blood vessels from existing
ones, whereas microvascular remodeling in-
volves structural alterations – usually enlarge-
ment – of arterioles, capillaries or venules,
without the formation of new vessels. As in-
flammatory diseases evolve, the microvascu-
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Introduction

Crohn’s disease (CD) and ulcerative colitis
(UC) are the two major forms of inflammato-
ry bowel disease (IBD). Although the etiolo-
gy is still unknown, the pathogenic mecha-
nisms underlying intestinal inflammation
have made impressive progress in our under-
standing1,2. In particular, the abnormalities
underlying IBD pathogenesis are not restrict-
ed to those mediated by classical immune
cells such as T and B lymphocytes,
macrophages and dendritic cells, but also
nonimmune cells3. Interestingly, endothelium
has become one of the major area of investi-
gation in gut inflammation. It is now well rec-
ognized that endothelium plays an active role
in the pathogenesis of inflammation, since
endothelial cells play a key role in mucosal
immune homeostasis, acting as “gatekeepers”
that regulate the quality (type) and quantity
(number) of leukocytes migrating from the
intravascular to the interstitial space. Special-
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lature undergoes progressive changes in
structure and function. Blood vessels enlarge
or proliferate to supply nutrients to accumu-
lations of inflammatory cells in chronically in-
flamed tissues7. Changes in the microvascula-
ture in chronic disease may be out of propor-
tion to the increased metabolic needs of tis-
sues because of the overproduction of growth
factors that stimulate vessel growth and re-
modeling8. The contribution of blood vessels
to inflammation can be divided in two phases.
In the first phase, functional changes prevail
that include dilation, increased permeability,
activation of the endothelium, and dia-
pedesis. In the second phase, structural
changes occur, with capillary and venule re-
modeling and proliferation of endothelial
cells9. In chronic and autoimmune disorders,
infiltration by macrophages and lymphocytes
ensues, and tissue damage and repair contin-
ue concurrently10,11. With time, the endothe-
lial cells in the inflamed capillaries multiply,
and these newly formed and remodeled ves-
sels are maintained10. The anatomical expan-
sion of the microvascular bed combined with
its increased activation state fosters further
influx of inflammatory cells, and angiogenesis
and inflammation become chronically co-de-
pendent processes12. 

Also, blood vessels in diseased tissues
usually have multiple abnormalities, ranging
from the expression of molecules not found
on normal vessels to alterations in endothe-
lial barrier function and leakiness. When en-
dothelial cells are involved in angiogenesis,
they display a cell surface molecular not
found on resting vessels. The hallmark of an
angiogenic vessel is the expression of cer-
tain integrins, particularly αvβ3 and αvβ5,
characteristic of endothelial cell undergoing
active proliferation13. Furthermore, angio-
genic vessels up regulate several receptors
for various angiogenic factors9. Angiogene-
sis in inflammation is a very complex bio-
logical process, and requires the coordinat-
ed involvement of multiple cells and growth
factors. Up today, besides the classical ma-
jor angiogenic factors such as VEGF, bFGF,
TGF-β, and TNF-α, a large myriad of new
angiogenic factors are daily reported, and
these include growth factors, cytokines, ma-
trix metalloproteinases, cell adhesion mole-
cules, integrins and extracellular matrix
components.

Pathological Angiogenesis in IBD
Neoangiogenesis, the growth of new blood

vessels, is not only critical for cancer growth,
but also several chronic inflammatory disor-
ders, like rheumatoid arthritis, psoriasis and
atherosclerosis. Whether neoangiogenesis al-
so occurs in IBD has not been explored. 

We investigated neoangiogenesis in
Crohn’s disease (CD) and ulcerative colitis
(UC) by quantifying mucosal vascularization
state, assessing local expression of the neoan-
giogenic marker αvβ3, and exploring the
presence of functional pro-angiogenic activity
of IBD tissue. In vivo levels of the key pro-
angiogenic molecules IL-8, bFGF and VEGF,
and their cellular source(s) were examined,
and whether they could promote angiogene-
sis in vitro was tested with human intestinal
microvascular endothelial cells (HIMEC).
ELISA and immunoblotting measured IL-8,
bFGF and VEGF in mucosal extracts, and in
cultures of human intestinal fibroblasts (HIF)
and lamina propria mononuclear cells
(LPMC) stimulated by TNF-α, and LPS or
anti-CD3, respectively. Chemotaxis tested the
extracts’ capacity to induce HIMEC migra-
tion, and the contribution of individual angio-
genic factors was assessed by antibody block-
ade.

Control and IBD colonic mucosa was im-
munostained for the endothelial antigen
CD31, and vessels quantified by morphome-
try (vessel density/field). Microvessel αvβ3
expression in vivo was verified by confocal
microscopy, and in human intestinal mi-
crovascular endothelial cells (HIMEC) cul-
tures stimulated by bFGF, VEGF and TNF-α
by flow cytometry. Pro-angiogenic activity of
mucosal extracts was tested in vivo using a
chick embryo assay, and in vitro by induction
of HIMEC migration (cells/field).

Microvessel density was significantly (p <
0.05) higher in CD (25 ± 6) and UC (24 ± 4)
compared to control mucosa (15 ± 3). αvβ3
was only sporadically detected in normal
mucosa, but was ubiquitously expressed on
IBD vessels as revealed by co-localization
with CD31. bFGF and TNF-α ,  but not
VEGF, markedly upregulated αvβ3 expres-
sion in HIMEC. IBD extracts visibly in-
creased vascularization in chick embryos to
the same extent than VEGF. Both CD (65 ±
12) and UC (62 ± 10) extracts dose-depen-
dently induced HIMEC migration to a sig-
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nificantly (p < 0.05) greater degree than
controls (25 ± 6), a phenomenon primarily
dependent on IL-8, and less on bFGF or
VEGF, as shown by antibody neutralization
studies.

Compared to controls (22 ± 6 pg/ml), IL-8
levels in IBD extracts were remarkably (p <
0.01) higher in UC (698 ± 180) and CD (456
± 170), and the same was true for bFGF
(UC: 1450 ± 60, CD: 1376 ± 55, control: 802
± 33). VEGF showed a 5-fold increased in
IBD compared to normal mucosa. Unstimu-
lated HIF produced negligible amounts of
IL-8, but low and high amounts of bFGF
and VEGF, respectively. After TNF-α stim-
ulation, production of IL-8 and VEGF in-
creased dramatically, while that of bFGF re-
mained unchanged. In contrast, LPMC
spontaneously produced large amounts of
all three mediators, and these increased
with LPS and anti-CD3 stimulation for IL-8,
while only LPS enhanced bFGF and VEGF.
Both CD and UC extracts induced a 4-fold
increase in HIMEC migration, which was
inhibited primarily by blocking IL-8, but
less bFGF and VEGF. 

Based on morphological and functional
evidence of pro-angiogenic activity in CD
and UC mucosa, it is concluded that IBD
microvasculature undergoes an intense
process of neoangiogenesis. This suggests
that neoangiogenesis is a vital component of
IBD pathogenesis, and provides the materi-
al and conceptual bases for considering an-
ti-angiogenic strategies for IBD therapy, as
currently being tested in other autoimmune
disorders.
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