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Introduction

Inflammatory Bowel Disease (IBD) is defined as chronic
idiopathic inflammation of the intestines which includes two
gastrointestinal disorders of unknown etiology: Ulcerative Colitis
(UC)and Crohn’s Disease (CD) [1]. The nature of clinical symptoms
persistence is connected with different factors, among others
angiogenesis plays an important role in development of changes
within bowel wall [2-4]. Nonetheless, it is not clear whether this
process is a pathological consequence or has a positive impact
to resolve the inflammation. Study conducted on mice model
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Abstract

Inflammatory Bowel Disease (IBD) is defined as chronic
idiopathic inflammation of the intestines which includes two
gastrointestinal disorders of unknown etiology: Ulcerative
Colitis (UC) and Crohn’s Disease (CD). The nature of clinical
symptoms persistence is connected with different factors,
among others angiogenesis plays an important role in de-
velopment of changes within bowel wall. Both macro- and
microscopically examined bowels from patients suffering
from acute phase of IBD revealed sometimes dramatically
congested vessels with hemorrhagic foci. These changes
are also connected with angiogenesis — the process, which
plays crucial role in persistence of inflammation. Most au-
thors examined mucosal samples taken during endoscopy,
have tried to assess changes within the whole bowel wall
thickness. To determine intensity of angiogenesis we used
monoclonal antibody against Vascular Endothelial Growth
Factor (VEGF) receptor R2 (VEGFR-2). We also compared ob-
tained results with previously tested antibody against VEGF
receptor 1.

of acute colitis suggested that inflammatory lymphangiogenesis
may have pleiotropic effects at different stages of IBD [5].
Further trials on people are necessary. However, most papers
concerning histopathological aspect of this topic are focused
on bowel’s mucosa investigations. We examined full-thickness
intestinal samples using immunohistochemistry with antibody
against VEGF receptor 2. According to our experience gathered
during over thirty years of dealing with pathological findings in
IBD [6,7], there is a striking pattern of vasocongestion within
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bowel wall both macro- and microscopically. Bowels of IBD
patients are usually resected in acute phase of disease, therefore
either fresh or clots of blood may be often found within
intestines lumen. That finding raises the question if hyperemia
with vasodilatation are the only causes of such findings.

Material and Methods

We examined full thickness samples of intestines taken from
patients suffering from ulcerative colitis, Crohn’s disease and
patients without IBD, as a control group. In order to compare our
previous work concerning VEGFR1 [8] we examined the same
set of cases. We collected 35 cases with ulcerative colitis: there
were 15 women aged 14-57 and 20 men aged 30-70; mean age
of CU patients was 39,55 years. The number of Crohns diseases
patients was 37: 21 women aged 20-63 and 16 men aged 22-
59 with mean age of all patients- 35,83. Control group (NO)
consisted of 30 cases with no IBD. These were mostly intestines
resected due to bowel cancer and diverticular disease but also a
case of intestinal lipoma and bowel endometriosis. There were
11 women and 19 men with mean age 65,15.

All samples of bowels in the IBD group were resected due to
complications of acute phase of the disease. All resected cases
were assessed as grade 5 in UC according to grading scale for
histological assessment of inflammation proposed by Geboes et
al. [9]. Crohns disease activity was estimated as severe according
to method showed in another Geboes’s study [10].

All tissue specimens were collected during standard grossing
procedures.

Tissue samples from the NO group were taken from regions
that were in a distance of at least 15 cm from the tumor,
endometriosis foci or inflamed diverticuli.

Tissue samples were fixed in formalin, embedded in paraffin,
and sectioned into 4 micrometer sections, according to standard
histopathology protocol.

One section from each case was stained routinely with
hematoxylin & eosin to evaluate the extent of the disease or to
confirm the lack of pathology (in the NO group). Other sections
From the same sample were stained with immunohistochemical
technique, using antibody against receptor 2 for vascular
endothelial growth factor. Primary antibody VEGF Receptor 2
(D5B1) Rabbit mAb was obtained from Cell Signaling and used
with dilution 1:400 with antigen retrieval at pH=9. Visualization
was performed with En-Vision Flex visualization system (Dako).
All obtained sections were scanned using Panoramic viewer by
3DHistech Company.

Each bowel section was divided into four layers according
to histology: mucosa, submucosa, muscularis propria and
subserosa. From each layer 10 randomized photos using 40x
magnification were performed, so each case was photographed
40 times. Morphometric analysis was done using Leica
Quantimet workstation along with ImageJ custom macros [11-
13]. Number of stained vessels was counted independently by
two experienced pathologists, with the use of computer assisted
morphometry. Statistical analysis of the results (Mann-Whitney
U test, Kruskall-Wallis test) was performed with the use of R
programming language [14].
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Figure 1: Number of VEGFR-1 and VEGFR-2 -positive vessels dis-
tribution according to disease and layer of the bowel wall. Color
signifies number of patients with given values. (A-mucosa, B- sub-
mucosa, C — muscularis propria; D — subserosa).
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Figure 2: Chart showing CD31, VEGFR-1 and VEGFR-2 -positive
vessels number according to type of disease and layer of the bowel

wall. (A-mucosa, B- submucosa, C — muscularis propria; D — sub-
serosa).
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Figure 3: Microscopic view of four bowel layers from CD patient.
(A-mucosa, B- submucosa, C — muscularis propria; D — subserosa).
All vessels presenting VEGFR-2 are brown stained. Magn. 20x. Blue
measure marks 100pm.
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Our study showed statistically significant (p <0.05) differences  Ulcerative colitis:
in number of VEGFR-2 — positive vessels in the mucosa, between
Crohn's disease and control (Table 1). The number of positive

vessels stained with VEGFR2 was much bigger and was less than

revealed with VEGFR1 as shown in the Figures 1 and 2.

Table 1: Comparison of VEGFR-2 positive vessels No between
Crohn’s disease and control (A-mucosa, B- submucosa, C — muscu-
laris propria; D — subserosa).

B e e

A T
Layer p-value =55
St.
Group Mean Deviation Valid N
A <0,001
cD 49,79 25,32 30
NO 18,67 12,21 30
St.
Group Mean Deviation Valid N . . o
B <0,001 Figure 4: Microscopic view of four bowel layers from UC pa-
b 28,32 14,87 37 tient. (A-mucosa, B- submucosa, C — muscularis propria; D — sub-
NO 14,33 8,68 30 serosa). All vessels presenting VEGFR-2 are brown stained. Magn.
St. 20x. Blue measure marks 100um.
Grou Mean Deviation Valid N - s .
c i 0,498 There was statistically significant difference between UC and
co 26,63 14,07 37 control with p<0,001 (Table 3), whereas reaction with R1 was
NO 24,9 17,29 30 no valued within mucosal layer (Figures 1, 2).
St.
Group Mean Deviation Valid N Table 3: Comparison of VEGFR-2 positive vessels No between
D 0,0434 . o
cD 23,53 12,09 37 ulcerative colitis and control (A-mucosa, B- submucosa, C — muscu-
laris propria; D — subserosa).
NO 15,57 8,92 30
Significant difference between CD and control group (Table Layer p-value
2) were also found within submucosa. There was no difference Disease.gr st
between R1 and R2 (Figures 1,2,3,5).
p Mean Deviation Valid N
. . A <0,001
Muscularis layer revealed no differences between CD and NO 18,67 1221 30
control (Table 2) as well as between R1 and R2 VEGF receptors
(Figures 1[2)_ ucC 50 21,71 35
. s Di . St.
Differences between CD and control were detected within Isease.gr
subserosa (Table 2), while no statistically differences between p Mean Deviation Valid N
. B 0,855
R1 and R2 (Figure 1,2). NO 14,33 868 30
o . . uc 14,55 10,63 35
Table 2: VEGF-R2 positive vessels in Crohn’s disease group by
layers (A-mucosa, B- submucosa, C — muscularis propria; D — sub- Disease.gr St.
serosa).
p Mean Deviation Valid N
c 0,754
NO 24,9 17,29 30
Layer Marker Disease Mean St. Deviation Valid N
uc 21,95 12,45 35
A VEGFR2 cD 49,79 25,32 37
Disease.gr St.
B VEGFR2 cD 28,32 14,87 37
p Mean Deviation Valid N
C VEGFR2 cD 26,63 14,07 37 D 0,948
NO 15,57 8,92 30
D VEGFR2 cD 23,53 12,09 37
uc 14,8 6,21 35
p-values for layer comparison:
Submucosa, muscularis propria and subserosa not show any
A B C significant differences between UC and control (Table 3, Figures
0012 i i 4, 5) as well as within R1 and R2 (Figures 1, 2).
0,0016 0,77 -
<0,001 0,365 0,5491
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Table 4: VEGF-R2 positive vessels in ulcerative colitis group by
layers (A-mucosa, B- submucosa, C — muscularis propria; D — sub-
serosa). Control group (NO):

Layer Marker Disease Mean St. Deviation Valid N
A VEGFR2 uc 50 21,71 35
B VEGFR2 uc 14,55 10,63 35
c VEGFR2 uc 21,95 12,45 35
D VEGFR2 uc 14,8 6,21 35
p-values for layer comparison:
A B C
B <0,001 - -
C <0,001 0,0562 -
D <0,001 0,4897 0,083
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Figure 5: Microscopic view of four bowel layers from control
group patient. (A-mucosa, B- submucosa, C — muscularis propria;
D — subserosa).

All vessels presenting VEGFR-2 are brown stained. Magn.
20x. Blue measure marks 100pum. Number of vessels stained
with VGFR1 was significantly much higher than those with R2
receptor (Figures 1, 2).

Other layers of bowels walls not show any differences.

Table 5: VEGF-R2 positive vessels in control group by layers (A-
mucosa, B- submucosa, C — muscularis propria; D — subserosa).

Layer Marker Disease Mean St. Deviation Valid N
A VEGFR2 NO 18,67 12,21 30
B VEGFR2 NO 14,33 8,68 30
C VEGFR2 NO 24,9 17,29 30
D VEGFR2 NO 15,57 8,92 30
p-values for layer comparison:
A B C
B 0,23626 - -
C 0,12142 0,00947 -
D 0,52883 0,56211 0,02502

CD vs UC:

While using antibody against R2 receptor we could show
statistically significant differences in number of vessels between
CD and UC within submucosa and subserosa (Table 6). No
differences were observed in R1 staining as well as between
those two receptors (Figures 1,2). One could explain this
phenomenon bearing in mind broad range of vessels number
between bowel layers (Figure 1).

There are no differences with other layers stained with R2.

On the other hand VEGFR1 did not discriminate CD and UCin
any bowel layers (Figures 1,2).

While comparing particular layers within control group R2
revealed differences between submucosa and muscular layer
as well as between muscular layer and subserosa (Table 5, 6).

Both IBD diseases revealed significant differences only
between mucosa and other layers (Tables 2,4).

Table 6: Comparison of VEGFR-2 positive vessels number be-
tween Crohn’s disease and ulcerative colitis (A-mucosa, B- submu-
cosa, C — muscularis propria; D — subserosa).

Layer p-value
Disease.gr St.
p Mean Deviation Valid N
A 0,811
CcD 49,79 25,32 37
uc 50 21,71 35
Disease.gr St.
p Mean Deviation Valid N
B 0,00328
CcD 28,32 14,87 37
uc 14,55 10,63 35
Disease.gr St.
p Mean Deviation Valid N
c 0,376
CcD 26,63 14,07 37
uc 21,95 12,45 35
Disease.gr St.
p Mean Deviation Valid N
D 0,0211
CcD 23,53 12,09 37
uc 14,8 6,21 35
Discussion

Authors mostly examined VEGF or its receptors in blood
serum or within mucosal samples obtained from endoscopic
examinations. The main goal of our study was to determine
intensity of angiogenesis across the full bowel wall thickness
using tissue antibody against VEGF receptor R2 (VEGFR-2),
taken from patients suffering-from IBD.

Based on the increased angiogenesis which favours
carcinogenesis some authors postulated this phenomenon in
IBD. In 2006 Danese et al. stated that angiogenesis was a novel
component of inflammatory bowel disease pathogenesis [3].
Until then more than a hundred reports of the angiogenesis
in IBD have been published. Some authors also stressed
that angiogenesis in IBD is accompanied by expression of
thrombospondin. Punekar et al. examined murine model of DSS-
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induced colitis. They found that Thrombospondin-1- deficient
mice presented more active inflammation [15]. Alkim et al.
revealed that both VEGF and Thrombospondin-1 (TSP-1) were
increased in active phase of IBD [16]. Zak et al. [17] noticed that
TSP-1 may decrease angiogenesis by reducing the levels of pro-
angiogenic factors and inducing apoptosis in epithelial cells .
However, in our previous work, this thesis was not supported
[8].

Angiogenesis in IBD could be a target for drugs used in
therapeutic efforts for UC and CD cure. In 1979 Folkman et al.
published their excellent work presented efforts of capillary
endothelial cells in long-term cultures. They stated that, “tumor
angiogenesis takes place at the level of capillary endothelium,
not aortic endothelium. Then these new cloned capillary
endothelial cells may serve as a quantitative in vitro assay system
to detect stimulators as well as inhibitors of angiogenesis” [18].
Next step to understand the role of angiogenesis and for the
treatment was connected also with culture of Human Intestinal
microvascular Endothelial cells (HIVEC) [19]. The concept of
HIVEC was the base of therapeutic properties of Thalidomide.
Rafiee et al. noticed that, ability of endothelial cells to migrate
and form capillary- like structures ts was critical in growth factor-
induced angiogenesis. The antiangiogenic effect of thalidomide
on VEGF-induced HIMEC activation was evident by its inhibitory
affect on cell migration, growth, proliferation, in vitro capillary
tube formation, and Akt phosphorylation [20]. The effectiveness
of thalidomide treatment cause clinical remissionin 51.5% cases
[21]. Infliximab is also in use as antiangiogenic drug [22,23].

Angiogenesis is the process of new blood vessel development
from existing vessels and running through several steps with
vasodilation and increased permeability induced by vascular
endothelial growth factor (VEGF) in the beginning [24]. Vascular
endothelial growth factors (VEGFs)—VEGF-A, -B, -C, and -D, and
PIGF (placental growth factor)—are a family of homodimeric
proteins. VEGF-A is generally referred as VEGF; it is the major
angiogenic factor [24]. VEGF induces angiogenesis by promoting
endothelial cell migration, proliferation (capillary sprouting),
and formation of the vascular lumen. VEGFs also induce vascular
dilation and increased vascular permeability [24]. VEGFs bind
to a family of receptor tyrosine kinases (VEGFR-1, -2, and -3);
VEGFR-2 is highly expressed in endothelium and is the most
important for angiogenesis [24]. Zhou et al. in paper concerning
wounds healing stated that activation of VEGFR-2 was the major
reason for mitogenic, angiogenic and permeability-enhancing
effects, abnormal lymphangiogenesis, promoting cell adhesion
and migration by VEGF-A [25]. Scaldaferri et al. in their series
of examined IBD tissues found no differences between control
and IBD concerning VEGFR-1, which is in accordance with our
own experience. Whereas VEGFR-2 expression was strongly up-
regulated in actively inflamed CD and UC comparing with control
mucosa - the finding we could confirmed in our study [26, 8].
However mentioned authors compared mucosal reactions in
their figures pointed mostly submucosal vessels. We concluded,
that biopsy containing submucosa and stained with R2 could be
useful in recognizing CD -see results.

Kapsoritakis etal. examined level of VEGF in plasmaand serum
patients with IBD and also performed immunohistochemistry in
tissue samples. They not find VEGF expression within muscular
layer and intestinal epithelium was negative in CD, while a
cytoplasmic reactivity was noted in UC and normal controls
[27]. VEGF serum levels were significantly higher in IBD patients
compared to controls- according to Kopanakis [28]. The level

of serum VEGF patients with IBD could be modified by using
exclusive enteral nutrition [29].

Comprehensive data of definitions, diagnosing and
management of UC and CD are published by European Crohn
and Colitis Organization (ECCO) [30-33].

Conclusions

There are some differences within expression of VGFR2 while
comparing ulcerative colitis and Crohn’s disease. Within mucosa
UCvs. control group differences are significant, whereas staining
against R1 show no such distinction.

Unfortunately, we not revealed any significant difference in
expression of R2 within mucosa patients suffering for UC and
CD, thus such immunostaining could not be used as a marker
of differentiation in shallow endoscopic biopsy. Deeper biopsy
containing submucosa could be helpful, but as results revealed,
this needs further investigations.

The answer for the title question of our work is: angiogenesis
remains in deeper layers of bowel wall and these fact should
always be kept in mind concerning clinical course and treatment
of the disease.

As we revealed above shallow endoscopic biopsy containing
only mucosa is sufficient to assess angiogenetic condition within
suffering bowel, which may be useful to collect group of patients
who may benefits from receiving anti-angiogenic drugs. This
may be also useful for monitoring such a treatment.

The assessment of angiogenesis could not unequivocally
discriminate ulcerative colitis and Crohn’s disease in endoscopic
biopsy samples. In such cases concerning also troubles and
doubts with classic histopathological patterns we recommend
term in use as inflammatory bowel disease unclassified- IBDU.
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