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ABSTRACT

AIMS: Soluble angiogenic factors could be altered in patients
with Crohn’s disease (CD), since inflammation and angioge-
nesis may play a critical pathogenic role.

METHODS: Serum samples were collected from 30 patients
with CD (50% female; median age 44 + 14 yrs) grouped ac-
cording to their phenotypic behavior into equal subgroups:
inflammatory, fibrostenotic and fistulizing; and 30 healthy
controls (50% female; median age 43 + 14 yrs). Vascular en-
dothelial growth factor (VEGF), placental growth factor
(PIGF), angiopoietins (Ang) and receptors (VEGFRI,
VEGFR2 and Tie2) in sera were assayed by ELISA.
REesuLTS: Serum levels of VEGF (494 + 247 pg/ml), PIGF (36
+ 11 pg/ml), VEGFR1 (1.9 * 0.3 ng/ml), Ang2 (6.0 + 2.3
ng/ml) and Tie2 (36 £ 5 ng/ml) in CD patients were signifi-
cantly higher than those found in healthy controls (335 +
118 pg/ml; 23 + 9 pg/ml; 1.0 = 0.3 ng/ml; 3.9 + 2.0 ng/ml; 22
+ 7 ng/ml, respectively). Conversely, CD patients showed
significantly lower serum levels of Angl than healthy con-
trols (46 + 11 versus 67 + 23 pg/ml). In the case of VEGFR2
serum levels, no differences between groups were found. Fi-
nally, patients with fibrostenotic CD were characterized by
elevated VEGF and Ang2 levels, while patients with an in-
flammatory phenotype by elevated Tie2 and PIGF levels.
CONCLUSIONS: An activated «pro-angiogenic» profile of an-
giogenesis soluble markers was observed in CD patients, in
comparison with healthy controls. According to the phe-
notypic behavior, these patients showed differences in serum
levels of angiogenic factors.
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ANALISIS DE LOS FACTORES ANGIOGENICOS
SOLUBLES EN LA ENFERMEDAD DE CROHN: UN
ESTUDIO PRELIMINAR

OBJETIVOS: Los factores angiogénicos solubles podrian estar
alterados en los pacientes con enfermedad de Crohn (EC),
dado que que la inflamacién y la angiogénesis pueden de-
sempefiar un papel de caracter critico en la patogenia de
esta enfermedad.

METODOS: Se obtuvieron muestras de suero en 30 pacientes
con EC (50% mujeres; edad media, 44 + 14 afios) agrupados
subgrupos equivalentes en funcion de su comportamiento feno-
tipico: inflamatorio, fibroestenosante y fistulizante, asi como en
30 controles sanos (50% mujeres; edad media, 43 + 14 afios).
Mediante analisis de inmunoabsorcion ligada a enzimas (Elisa,
enzime-linked immunoadsorbent assay) se evaluaron en el suero
el factor de crecimiento endotelial vascular (VEGF, vascular
endothelial growth factor), el factor de crecimiento placentario
(PIGF, placental growth factor), las angiopoyetinas (Ang) y los
receptores VEGFR1, VEGFR2 y Tie2.

RESULTADOS: Las concentraciones séricas de VEGF (494 =
247 pg/ml), PIGF (36 = 11 pg/ml), VEGFR1 (1,9 = 0,3 ng/
ml), Ang2 (6,0 + 2,3 ng/ml) y Tie2 (36 £ 5 ng/ml) en los
pacientes con EC fueron significativamente mayores que las
observadas en los controles sanos (+ 118 pg/ml; 23 + 9 pg/
ml; 1,0 £ 0,3 ng/ml; 3,9 + 2,0 ng/ml; 22 + 7 ng/ml, res-
pectivamente). Por el contrario, los pacientes con EC pre-
sentaron concentraciones séricas significativamente inferio-
res de Angl, en comparacion con los controles sanos (46 +
11 y 67 £ 23 pg/ml, respectivamente). En el caso de las
concentraciones séricas de VEGFR2, no se observaron dife-
rencias entre los 2 grupos. Finalmente, los pacientes con EC
fibroestenosante se caracterizaron por una elevacion de las
concentraciones de VEGF y Ang2, mientras aquellos que
tenian el fenotipo inflamatorio presentaron concentraciones
elevadas de Tie2 y PIGF.

ConNcLUSIONES: En los pacientes con EC se detect6 un perfil
«proangiogénico» activado en lo relativo a los marcadores
solubles de la angiogénesis, en comparacion con lo observa-
do en los controles sanos. Segin el comportamiento fenotipi-
co, estos pacientes presentaron diferencias en las concentra-
ciones séricas de los factores angiogénicos.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disorder
that involves different sites along the length of the gas-
trointestinal tract. The well known transmural and sca-
rring character of this inflammatory bowel disease can
explain the common local complications, such as deep si-
nus tracts and fistulas, mesenteric abscesses, and obstruc-
tion'.

Although remarkable advances have occurred in recent
years in the diagnosis and therapy of CD, the factors
which lead to differences in the clinical evolution of this
disorder among diverse patients are still unknown'. The
finding of pathophysiologically relevant markers reflec-
ting disease progression would be helpful in order to pre-
dict the evolution of CD patients or to optimize the treat-
ment for each individualized patient. Diverse serum
mediators have been analyzed in order to propose them as
biological markers, but a general agreement does not
exist in this field

Angiogenesis, or the formation of new vessels from pre-
existing ones, is a natural process that occurs in the orga-
nism in association with both healthy and pathologic con-
ditions®. This complex process, which involves
endothelial cell proliferation, migration, and adhesion,
matrix remodeling, recruitment of pericytes and stabiliza-
tion of neovessels, is triggered through mechanisms re-
quiring the participation of proinflammatory cytokines
and growth factors®*. Inflammatory mediators can, either
directly or indirectly, promote angiogenesis. Angiogene-
sis, in turn, contributes to pathological inflammation by
permitting the recruitment of inflammatory cells; therefo-
re, inflammation and angiogenesis are linked processes’.
Neoangiogenesis is tightly regulated by a balance of pro-
and anti-angiogenic factors, which are expressed in res-
ponse to external stimulatory or inhibitory agents®. Under
pathological conditions, an excess of pro-angiogenic fac-
tors occurs, leading to an ‘angiogenic switch’, which ini-
tiates the pathological formation of new vessels®.

In the case of chronic inflammatory diseases, angiogene-
sis is initiated as a defence mechanism aimed at preven-
ting tissue ischemia caused by inflammatory infiltrates
and at facilitating the access of immune cells to the site of
injury. However, the newly formed vascular network is
structurally and functionally abnormal and may also con-
tribute to tissue damage’. Derived from several studies,
blocking agents against angiogenic factors have been pur-
posed as potential candidates for diverse chronic inflam-
matory diseases treatment®. The study of the relationship
between vascular development and inflammatory bowel
diseases could be helpful to elucidate the pathogenesis of
this chronic inflammatory disease’”.

Among the major mediators implicated in the angiogenic
process are the members of vascular endothelial growth
factor (VEGF) family (VEGF and placental growth fac-
tor, PIGF), the angiopoietins (Ang), both Ang-1 and Ang-
2, and their respective tyrosine-kinase receptors: VEGF
receptors (VEGFR1 and VEGFR2) and Angl and Ang2
receptor, Tie2357,

Little data exist regarding the role of soluble angiogenic
factors in the pathogenesis of CD. Regarding VEGF, pre-
vious results are controversial, possibly due to the diverse
population of the patients studied and the differences in
the laboratory’s techniques used®!?, which are probably
not suitable for comparing them. In the case of Ang2 and
Tie2, one study has measured their serum levels in pa-
tients with active and inactive CD and found significant
differences in respect to the healthy controls!4. Therefore,
as angiopoietins may play a critical role in adult angioge-
nesis related with the inflammation, they should be furt-
her investigated in CD.

In this preliminary study, we analyzed whether serum le-
vels of angiogenic factors are increased in patients with
CD as compared with healthy controls. We further evalua-
ted whether patients with distinct CD clinical phenotypes
express different amounts of angiogenic factors in order to
find a possible marker, which could predict the evolution
of the EC patients. Thus, serum levels of several angioge-
nic factors (VEGF, PIGF, and their receptors, as well as
the angiopoietins —Angl and Ang2-, and the receptor
Tie2) were studied in CD patients, which were stratified
into inflammatory, fibrostenotic and fistulizing sub-types.
Finally, we attempted to elucidate the possible separate or
combined role of all these soluble factors on CD.

METHODS

Patients and controls

Thirty patients (50% female, ranging in age from 23 to 72 yrs; mean
age, 44 + 14 yrs) with a diagnosis of CD and Crohn’s Disease Activity
Index (CDAI) = 150 were studied. Diagnosis of CD was established by
standard clinical, radiological, histological, and endoscopic criteria'.
Patients were matched for age and sex with thirty healthy controls (50%
female, ranging in age from 25 to 71; mean age, 43 + 14 yrs). Using the
Vienna classification, CD patients were classified according to their cli-
nical phenotypic behavior into 3 equal sub-groups: inflammatory, fi-
brostenotic and fistulizing. Signed informed consent was obtained from
each participant under a protocol approved by the Ethical Committee on
Clinical Investigation of our hospital.

All patients and controls were Caucasian. Patients receiving biologic
therapies, or those presenting with cancer, coronary disorders, malig-
nant hypertension and pregnant women were excluded from this study.
Serum levels of standard laboratory parameters including hemoglobin,
leukocyte count, platelet count, albumin, erythrocyte sedimentation rate,
C-reactive protein, fibrinogen and orosomucoid were measured by rou-
tine determination.

Determination of angiogenic soluble factors

Serum levels of VEGF, PIGF, VEGFR1, VEGFR2, Angl, Ang2 and
Tie2 were determined both in CD patients and healthy controls. Perip-
heral blood samples were allowed to clot for 30 min at —4 °C temperatu-
re before centrifugation for 10 min at 2500-3000 rpm. Serum was stored
at —80 °C. The angiogenic soluble factors levels were measured by
enzyme-linked immunosorbent assays (ELISA) (Human Immunoassay
Quantikine, R&D Systems, Minneapolis, USA). Their concentrations
were determined by the standard curve obtained when using the stan-
dards supplied with the kit according to the manufacturer’s instructions.

Statistical analysis

For quantitative variables, mean and standard deviation were calculated.
Student T-test was used to carry out the comparison between serum le-
vels of angiogenic factors in CD patients and healthy controls. Statisti-
cal analysis in order to evaluate the differences of angiogenic soluble
factors concentrations depending on the behavior of the disease was per-
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formed by the analysis of variance (ANOVA) with Bonferroni’s correc-
tion for multiple comparisons. The relationship among the serum levels
of the diverse angiogenic factors was analyzed by a linear regression
model. A value of p < 0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics of both CD pa-
tients and healthy controls are summarized in table I. Of
the 30 evaluated patients, 50% were women, 50% smo-
kers, 10% had extraintestinal manifestations and 43% had
ileocolonic disease. The mean of the evolution of the di-
sease was 10.2 + 6 years. With regard to the phenotypic
behavior of the disease, 10 patients were included in each
sub-group: 10 inflammatory, 10 fibrostenotic and 10 fis-
tulizing. 76.7% of EC patients received maintenance
therapy: 20.0% aminosalycilates and 53.3% immunomo-
dulators, including azathioprine, mercaptopurine and met-
hotrexate.

In CD patients, most of the soluble angiogenic factors
showed significantly higher serum levels than in healthy
controls (VEGF: 494 + 247 vs. 335 + 118 pg/ml, p <
0.01; PIGF: 36 + 11 vs. 23 = 9 pg/ml, p < 0.001;
VEGFRI: 1.9 + 0.3 vs. 1.0 £ 0.3 ng/ml, p < 0.001; Ang2:
6.0 £ 2.3 vs. 3.9 + 2.0 ng/ml, p < 0.001; Tie2: 36 + 5 vs.
22 +7 ng/ml, p < 0.001) (fig. 1). Conversely, lower Angl
serum levels were observed in CD patients than in he-
althy controls (46 = 11 vs. 67 + 23 ng/ml, p < 0.001) (fig.
1). However, no difference existed in VEGFR2 serum le-
vels between CD patients (10.2 + 2.0 ng/ml) and healthy
controls (10.4 + 3.2 ng/ml).

Results were also compared according to the behavior of
CD. In patients with fibrostenotic CD, a tendency to-
wards increased VEGF (610 + 237 pg/ml) and Ang2 (7.2
+ 2.6 ng/ml) levels compared to those with inflammatory
(439 = 213 pg/ml and 5.2 + 1.2 ng/ml, respectively) or
fistulizing (432 + 268 pg/ml and 5.7 + 2.4 ng/ml, respec-
tively) behavior was observed (fig. 2). On the other hand,
the patients with inflammatory phenotype showed
slightly elevated PIGF (38 + 18 pg/ml), Angl (49 + 12
ng/ml), and Tie2 (38 + 5 ng/ml) levels compared with fi-
broestenotic (35 += 5 pg/ml, 46 = 9 ng/ml and 36 + 5
ng/ml), and fistulizing (35 = 6 pg/ml, 43 + 11 ng/ml and
35 + 4 ng/ml) behavior (fig. 2). However, these trends did
not reach statistical significance, probably due to the limi-
ted sample size. Noteworthy is the fact that there were
statistically significant elevated Angl serum levels in CD
patients with perianal fistulas in comparison with those
with internal fistulas (51 £ 11 vs. 35 £ 3 ng/ml, p < 0.05).
Significant differences of the levels of the angiogenic fac-
tors were not observed when EC patients were classified
according to the fact of presenting stenosis (yes/no) or
fistulas (yes/no), independently.

When the CD patients were compared according to their
disease location pattern, differences did not reach statisti-
cal significance. In colonic CD, VEGF (336 + 151 pg/ml)
and Ang2 (5.4 + 1.7 ng/ml) serum levels were lower than
in ileal (590 + 268 pg/ml; 7.1 + 2.8 ng/ml, respectively)
or ileocolonic CD (524 + 247 pg/ml; 5.7 + 2.1 ng/ml, res-
pectively).
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TABLE 1. Demographic and clinical characteristics
of Crohn’s disease (CD) patients and healthy controls

Crohn’s disease Healthy control
Number of patients 30 30
Age, mean (SD) 44 (14) 43 (14)
Gender
Female 15 15
Male 15 15
CD localization
Tleal 9 -
Tleocolonic 13 -
Colonic 8 -
CD behavior
Inflammatory 10 -
Fibrostenotic 10 -
Fistulizing 10 -
Perianal 5 -
Internal 5 -

SD: standard deviation.

The EC patients who received maintenance therapy
(76.7%) showed an increase of the levels of VEGF and a
decrease of the VEGFR2 levels as compared with those
who did not take such medication (557 + 243 vs. 287 +
113, p<0.001; 9.8 £ 2.0 vs. 11.3 + 1.2, p < 0.05, respec-
tively). Additionally, significant altered levels of VEGF
and Angl in EC patients who took immunomodulators
regarding those who did not take azathioprine, mercapto-
purine or methotrexate as maintenance therapy were ob-
served (VEGF: 583 + 236 vs. 391 + 224, p < 0.05; Angl:
42 +£ 10 vs 51 % 10, respectively).

The correlation between pairs of these angiogenic factors
was also studied. VEGF correlated positively with Ang2
(r = 042, p = 0.001). VEGFRI, as well as its ligand,
PIGF, correlated positively with Ang2 (r = 042, p =
0.001; r = 0.30, p = 0.019, respectively) and Tie2 (r
0.76, p < 0.001; r = 0.53, p < 0.001, respectively). Howe-
ver, they showed negative correlation with Angl (r =
—0.45, p < 0.001; r = -0.30, p = 0.021, respectively). Co-
rrelations were also observed between receptors and its li-
gands. Thus, VEGFRI1 correlated with PIGF (r = 0.58, p
< 0.001), and Tie2 with Ang2 (r = 0.30, p = 0.021, positi-
vely) and with Angl (r =-0.49, p < 0.001, negatively).
Moreover, CD patients showed a statistically significant
correlation between serum VEGF levels and leukocyte
count (r = 0.42, p = 0.03). Finally, serum levels of both
VEGFR1 and VEGFR2 were correlated with orosomu-
coid (r = 0.49, p = 0.021; r = 0.44, p = 0.042, respecti-
vely).

DISCUSSION

In the current preliminary study, CD patients presented a
pro-angiogenic profile reflected by elevated serum levels
of two angiogenic systems consisting of ligands and
their receptors, VEGF-PIGF/VEGFR1 and Angl-Ang2/
Tie2. This supports the hypothesis that an alteration in
the neoangiogenic process participates in the pathogene-
sis of CD. Most of our knowledge about the VEGF-
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PIGF/ VEGFRI1 system arises from recent oncology stu-
dies in which the PIGF has shown to play an important
role in the angiogenic switch in pathological angiogene-
sis by interacting with VEGFR1 and synergizing with
VEGF'.

In theory, we would expect that the soluble form of the
VEGFR1 would function as a «decoy» during the deve-
lopment of blood vessels, and prevent VEGF from bin-
ding to its signaling receptors. However, PIGF, which is
produced and released in abundant amounts by activated
endothelial cells, could displace VEGF from VEGFRI,
thereby favoring the fraction of VEGF available to bind
to and activate VEGFR2'". The same may occur with the
extracellular domain of Tie2 that is detectable in serum
and its two ligands, Angl and Ang2. One of them may
displace the other to interact with the binding ligand site
of the soluble receptor.

In our study, CD patients presented statistically signifi-
cant higher serum levels of VEGF, PIGF and VEGFR1
than healthy controls. Few reports exist that focus on the
differences of angiogenic serum factor levels between CD
patients and healthy controls. Our findings are consistent
with previous reports, that were carried out in children
and young adults with CD!"!®  in which an increased num-
ber of VEGF and VEGFR 1-positive blood vessels in colo-
nic mucosa were seen'®. Conversely, other authors obser-
ved either no differences between these two groups®!>!° or
even lower serum levels of VEGF in CD patients'>?. In
the case of the Angl-Ang2/Tie2 system, information on
its pathophysiological role in CD is even scarcer. There is
only one study that has observed elevated Ang2 and Tie2
serum levels in active CD patients compared with healthy
controls' and, to the best of our knowledge, the present
study is the first one to examine Angl serum levels and
the relationships among diverse angiogenic factors in CD
patients.

Both Tie2 and Ang2 levels are increased in CD patients
in remission, allowing the development of new vessels,
together with the system VEGF-PIGF/VEGFRI1. By con-
trast, the Angl levels in these patients were lower than in
healthy controls, suggesting that there is a decoy of the
constitutive stabilizing effects of this angiopoietin on new
blood vessels. This suggests that an abnormal and patho-
logical angiogenesis in the bowel wall exists, and thereby
further studies would be necessary to evaluate if these
new vessels are irregularly shaped, tortuous, and lack the
normal hierarchical arrangement, as in the case of tumor
blood vessels?'. These results are consistent with the
knowledge that angiogenesis requires blockage of Angl-
mediated signaling and hence Ang2 tends to be upregula-
ted by stimulus associated with angiogenesis including
VEGF%.

Perhaps the most interesting observations in this study are
the differences of soluble angiogenic factors when the pa-
tients were classified according to CD behavior. Howe-
ver, these differences were not statistically significant,
possibly due to the limited number of patients investiga-
ted. The fibroestenotic behavior of CD was characterized
by elevated VEGF and Ang2 levels, which could favor

the formation of new blood vessels, supplying nutrients
and oxygen to the new tissue. On the other hand, an in-
crease of Tie2 and PIGF levels in the inflammatory pat-
tern, both of them previously related with inflammation®
and activation of monocytes?, was observed. Moreover,
the differences in Angl serum levels of CD patients with
internal or perianal fistulas could reflect the local distur-
bed equilibrium between the systems of angiopoietins.
These findings could be helpful to elucidate the evolution
of each CD patient and thereby to adapt the follow-up or
the therapeutic strategy.

The intake of maintenance therapy, especially immuno-
modulators, may have a significant influence on the le-
vels of VEGF, VEGFR2 and Angl in EC patients. Howe-
ver, in our opinion these results are not conclusive due to
the inequality of the group compared.

Observed correlations between some pairs of angiogenic
factors reflect a possible interplay between these systems
of angiogenic mediators. Thus, it could be more appro-
priate to evaluate several angiogenic mediators rather
than only one. Moreover, the obtained correlation among
the members of the system Angl-Ang2/Tie2 reflects, as
already described, the necessary balance between resting
and activated vascular endothelium?’.

To conclude, angiogenesis in CD patients appears to play
a role in CD reflected by abnormal levels of angiogenic
mediators. Moreover, differences seem to be present in
patients according to their clinical phenotypic behavior.
Wider and prospective studies are necessary to determine
if these angiogenic soluble markers could be useful to
predict the evolution of patients with CD.
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