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Abstract

AIM: To study the expression of endothelial and
inducible nitric oxide synthases (eNOS and iNOS) and
their role in inflammatory bowel disease (IBD).

METHODS: We examined the effect of sera obtained
from patients with active Crohn’s disease (CD) and
ulcerative colitis (UC) on the function and viability of
human umbilical vein endothelial cells (HUVEC). HUVECs
were cultured for 0-48 h in the presence of a medium
containing pooled serum of healthy controls, or serum
from patients with active CD or UC. Expression of
eNOS and iNOS was visualized by immunofluorescence,
and quantified by the densitometry of Western blots.
Proliferation activity was assessed by computerized
image analyses of Ki-67 immunoreactive cells, and also
tested in the presence of the NOS inhibitor, 104 mol/
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L L-NAME. Apoptosis and necrosis was examined by
the annexin-V-biotin method and by propidium iodide
staining, respectively.

RESULTS: In HUVEC immediately after exposure to UC,
serum eNOS was markedly induced, reaching a peak at
12 h. In contrast, a decrease in eNOS was observed after
incubation with CD sera and the eNOS level was minimal
at 20 h compared to control (18% £ 16% vs 23% £ 15%
P<0.01). UC or CD serum caused a significant increase
in iINOS compared to control (UC: 300% +21%; CD:
275% £27% vs 108% % 14%, P<0.01). Apoptosis/ne-
crosis characteristics did not differ significantly in either
experiment. Increased proliferation activity was detected
in the presence of CD serum or after treatment with
L-NAME. Cultures showed tube-like formations after 24 h
treatment with CD serum.

CONCLUSION: IBD sera evoked changes in the ratio
of eNOS/iNOS, whereas did not influence the viability
of HUVEC. These involved down-regulation of eNOS
and up-regulation of iNOS simultaneously, leading to in-
creased proliferation activity and possibly a reduced anti-
inflammatory protection of endothelial cells.
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INTRODUCTION

The two major forms of inflammatory bowel disease
(IBD), ulcerative colitis (UC) and Crohn’s disease (CD)
are charactetized by chronic inflammatory ulceration of
the intestine. In an early™, and in some recent studies™*,
the contribution of mucosal microvascular dysfunction is

implicated in the development of CD. Histological analy-
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Group n Age (yr)(range) M/F
ua 21 27 (18-33) 3/8
CD 18 31 (23-45) 13/5
Control 16 29 (25-39) 8/8

Endoscopic activity score

G:4G:9G,;:8

8<CDEIs=14

Clinical activity score CRP (mg/L) Treatment

4<UC-DAI >10 5-ASA

150=CDAI=450 >10 5-ASA

G, Endoscopic grading of UC (Br Med ] 1964; 1:89); CDEIS: Crohn’s disease endoscopic index of severity (Gut 1989; 30:983-89); UC-DALI: Ulcerative colitis
disease activity index (Br Med J 1955; 2:1041); CDAI: Crohn’s disease activity index (Gastroenterology 1979; 77:843)

sis of IBD colonic mucosa indicated structural changes
of the vascular system. In CD, arterial thickening and the
appearance of an increasing number of capillaries were
observed™ ¥, Dysfunction in the vasodilatory capacity of
microvessels from areas of chronic inflammatory damage
was also shown in IBDY. Inflammatory cytokines modify
and regulate the level of NO, and they are also involved
in vascular endothelial response to inflammatory injury® *.
Apoptosis of endothelial cells induced by proinflamma-
tory cytokines and reactive oxygen species is counteracted
by the endothelial nitric oxide (NO). The suppression of
apoptosis may contribute to the anti-inflammatory and
pro-angiogenic effect of endothelial NOP,

The endothelial form of nitric oxide synthase (eNOS)
plays a significant protective role against experimental
colitis'”. Decrease of eNOS immunoreactivity in the
endothelium is suggested as a putative cause of arterial
thickening and the appearance of an increasing number
of capillaries in the mucosa of Crohn’s colitis”. Moreover,
weak eNOS immunoreactivity in the endothelium together
with structural alteration of the vascular wall, both found
in biopsies of Crohn’s patients suggest that malfunction
of local blood supply may also contribute to the develop-
ment of the disease”. Human umbilical vein endothelial
cells (HUVEC) ate frequently used as a specific model for
studying endothelial function. HUVECs are also sensitive
to pro-inflammatory stimuli induced by interleukins. NO
is produced in HUVEC constitutively by eNOS and by
inducible nitric oxide synthase (iINOS) in the case of dif-
ferent stimuli™®. NO also contributes to the regulation of
apoptosis, cell differentiation and proliferation (angiogen-
esis) in this cell type” ",

The changes in the activity of eNOS and iNOS as
well as their role in the endothelium of IBD patients have
not been examined in detail. In the present study, we ex-
amined the effect of sera from patients diagnosed with
UC and CD on cultured HUVEC. The exptession and
localization of eNOS and INOS were determined in highly
confluent and in semi-confluent HUVEC cultures, and the
apoptotic/necrotic charactetistics and proliferation activity
upon distinct treatments were also assessed.

MATERIALS AND METHODS

Collection of blood sera
Blood was sampled for examination from patients who
had relapsing UC or CD. Among 21 UC patients, 16 were

on their 1% relapse (mean time from diagnosis [#¢d] was
1 y1), and 5 on 2™ relapse (mtd = 3 yr), whereas all the 18
CD patients were on their 1% relapse (mtd = 4 yt). Control
sera wete obtained from 16 healthy volunteers. They re-
ceived no systemic or locally applied corticosteroids, and
their medication was stable for the last four weeks before
sampling. All the patients were on 5ASA oral therapy. Pa-
tients diagnosed as having UC had left side colitis (Table 1).
Crohn’s patients had colonic localization and a non-stric-
turating, non-penetrating form of the disease (Table 1) ac-
cording to the Vienna classification (1998), and an elevated
C-treactive protein level (CRP>10 mg/L), without abscess
ot sign of infection (all of the patients had negative ab-
dominal ultrasound). In cases which raised the suspicion
of abdominal or pelvic abscess, CT or MRI (to exclude the
presence of petianal / petirectal abscesses) was petformed.
Five milliliters of blood were taken from patients of UC,
CD and control subjects respectively, placed into collecting
tubes, and centtifuged at 2000 t/min for 10 min. The seta
were temoved and mixed, and kept frozen at -80°C until
use.

Preparation and culturing of HUVEC

Freshly isolated umbilical cords were obtained from the
Department of Obstetrics and Gynecology (University of
Debrecen, Medical and Health Science Center). Umbilical
cords were immersed into a stetile flask containing culture
medium (components are described below) and carried to
the cell culture room. Both ends of the cords were bound
and the ends of the umbilical vein were cannulated. The
vein vessel was washed through the cannules by sterile
PBS, followed by Hanks” Balanced Salt Solution (HBSS),
and M199 media (all purchased from Sigma, Budapest,
Hungary). Then, the vein vessel was filled with 1 g/L col-
lagenase in M199, and placed in a CO, incubator for 12
min at 37 ‘C. Endothelial cells were isolated in a sterile
centrifuge tube from the vessel by washing twice with 20
mL M199 medium. Cell suspension was centrifuged at
1000 t/min for 15 min, and the supernatant was discarded
and the cells were resuspended in the culture medium.

The cells (2 X10° cells/1) were inoculated into a plas-
tic culture dish. The culture medium contained the follow-
ing components: 500 mL/L normal human serum, 20 g/ 1s,
HEPES, 10 g/L L-glutamine, 10 g/L amphoteticin, 10 g/
L penicillin, 450 mL/L sterile filtered M199. One day after
inoculation, dishes were washed with 37 *C HBSS, and put
into the culture media again. After 4-5 d of culturing, dut-
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ing which time cells grew extensively over the entire space
of the dish, cells were washed with HBSS, then digested
with 1 mL tripsin-EDTA (tripsin : EDTA = 1 : 25). The
cells wete suspended in 1 mL culture medium and col-
lected into a sterile flask, then mixed well. The cells were
inoculated into the culture dish and the cell propagation
and collection procedure were repeated again as described
above. Then, cells were passed onto culturing plates at
about 2 X10” cell/L concentration. Cell monolayers that
reached 20%-30% or 70%-80% confluency were used for
the experiments. The cells were kept in 50% normal, 50%
UC or 50% CD sera dissolved in cultuting medium for 2, 4,
8,12, 20, 24, 36, and 48 h, then processed for visualization
of eNOS or iNOS.

Western blot

After removal of the culture media, cells were washed with
ice-cold PBS, then hatrvested by a cell scraper into 50 uL
RIPA lysis buffer (0.01 mol/L NaH,PO,, 10 g/L Nonident
P-40, 10 g/L Na-deoxycholate, 1 g/L Na-dodecyl sulfate
(SDS), 0.15 mol/L NaCl, 2 mmol/L EDTA), containing
100 kU/L protease inhibitor mix (Sigma-Aldrich, Buda-
pest, Hungary). Cell lysis was accelerated by continuous
shaking. Five microliters of this mixture were added to 45
uL RIPA buffer for protein measurement. All protein solu-
tions were frozen and kept at -80 ‘C until use.

The protein concentration of the lysates was deter-
mined by the BCA method using BSA as standard in an
ELISA reader at 540 nm. Data were analyzed by Graph-
Pad Prism softwate using linear regression to determine
the protein concentration (g/L). Proteins were resolved
by sodium dodecyl sulfate-polyacrylamide gel electro-
photesis (SDS-PAGE) using the conditions of Laemmli
(1970) on 100 g/L actylamide gels in a Bio-Rad MiniPro-
tean apparatus”. Samples for immunoblot analysis were
diluted in the RIPA buffer, dissolved in an equal volume
of 2 XSDS sample buffer (100 mmol/L Tris pH 6.8, 2
g/L bromophenol blue, 200 mL/L glycerol, 200 mL/L
B-metkaptoethanol) and boiled for 5 min. From each solu-
tion, aliquots (30 pg protein) were applied to SDS-PAGE
and electrophotesed at 120 V for 1 h. Separated proteins
were blotted onto a nitrocellulose membrane (Pharmacia,
Vienna, Austria) at 100 V for 90 min during the continu-
ous mixing and cooling of the transfer buffer (192 mmol/L
glycine, 25 mmol/L Tris-base, 200 mL/L methanol).
Membranes were rinsed twice in 0.1 mol/L PBS (pH 7.6)
containing 1 g/L Tween 20 (PBS-Tween), then blocked for
1 h with 50 mL/L non-fat dried milk in PBS-Tween. Aftet
3 X 5 min of washing with PBS-Tween, the membranes
wete incubated overnight at 4 ‘C with the anti-eNOS (di-
luted into 1 : 5000, Cat. No.: 482726, Merck-Calbiochem,
Darmstadt, Germany) or anti-iINOS (1 I 2000, Cat. No.:
AB5384, Chemicon, Temecula, CA) polyclonal antibodies
raised in rabbits. After washing with PBS-Tween for 3 X
5 min, membranes were incubated with horseradish per-
oxidase conjugate of anti-rabbit IgG (diluted into 1 : 5000
in PBS-Tween, Vector, Bulingame, CA) for 30 min. After
washing the membranes subsequently with PBS-Tween for
2 X5 min, and once with PBS for 5 min. The blots were
developed with the enhanced chemiluminescent (ECL) re-
agent kit (Pierce, Rockford, IL) and the immunoreactions
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wete visualized on X-ray films.

Densitometry of the blots was petformed and the
scans were analyzed by the Volume Analyse feature of the
Molecular Analyst Software (Bio-Rad, Hercules, CA). The
densities for the NOS bands were normalized in each blot
to the NOS-IR band obtained from the sample of 2 h
treatment with normal serum and expressed as percentage
of this control. Means of the percentages obtained from
three independent experiments were presented in figures
as mean + SEM. The significance of the data between
groups (normal, UC, CD) was tested by analysis of vari-
ance (ANOVA). Differences were considered significant
for values of P < 0.01.

Immunofiuorescence

Cells were cultured on coverglasses coated with sterile fil-
tered 100 g/L gelatine in PBS. Cultures showing 20%-30%
confluence were used for detection of proliferation,
cell distribution and apoptosis/necrosis characteristics,
whereas those with 70%-80% confluency were used for vi-
sualization of NOS isoforms. After treatments, cells were
fixed in an ascendant ethanol gradient (500 ml/L, 700
mL/L, 960 mL/L), then rehydrated with PBS. For specific
detection of eNOS and INOS proteins, non-specific bind-
ing sites of ptimary antibodies were blocked by incuba-
tion of the fixed cells for 1 h with 50 mL/L normal goat
serum in PBS also containing 1 g/L bovine serum albumin
(BSA), 1 g/L Triton-X 100 and 0.1 g/L Na-azide (referred
to as solution-A below). NOS primary antibodies used for
immunocytochemistty wete the same as those used for
immunoblotting. Both eNOS and iNOS antibodies were
applied at 1 : 200 dilution in solution-A overnight at 4 “C.
After extensive washing with PBS (3X5 min), cells were
incubated with FITC conjugated anti-rabbit IgG diluted to
1 : 40 in solution-A for 30 min at room temperature. Cells
were washed for 3 X5 min with PBS and coverglasses were
mounted on microscope slides (with one drop of PBS-
glycerol (1 © 1) solution on them).

For evaluation of the proliferation activity, HUVECs
were incubated in a medium containing 500 mL/L normal,
500 mL/L UC or 500 mL/L CD sera, ot in 2 medium
containing 500 mL/L normal sera plus 10 mol/L nitro-L-
arginine methyl-ester (L-NAME, Sigma-Aldrich), an NOS
inhibitor. Cells wete exposed to a monoclonal antibody
(at 1 : 100 dilution) specific for the proliferation matker
Ki-67 antigen (clone No. MIB-1, Dako, Denmark) for 2 h
at room temperature. In this case, FITC-conjugated anti-
mouse IgG (1 © 40 in solution-A, Dako) was used as a sec-
ondary antibody. For testing of the effect of normal and
IBD sera on the viability of HUVEC, apoptotic/necrotic
cells were assessed by the annexin-V-biotin kit (Cat. No.
1828690, Boehringet-Mannheim, Germany). Briefly, after
removal of the incubation media and washing with PBS,
cells were labeled with the annexin-V-biotin/propidium
iodide solution (1 © 50 annexin-V-biotin stock solution
diluted in a 0.01 mol/L HEPES buffer, pH 7.4, contain-
ing 0.14 mol/L NaCl, 0.005 mol/L CaCl,, and 1 mg/L
propidium iodide) for 15 min. After subsequent washing
with HEPES, cells were fixed with methanol-ethanol
(1 : 1) solution for 1 min, and labeled with 5 mg/L avidin-
fluorescein for 15 min. After consecutive washing with
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Figure 1 eNOS content in HUVEC treated with IBD sera (Western blot. Mean +
SE, n=3;°P<0.01 vs normal).

HEPES and PBS, cells wete put on microscope slides as
described above. Preparations used for the assay of prolif-
eration activity and assessment of apoptosis /nectosis wete
stained prior to covering with 10 g/L toluidin blue in PBS.
The latter labeled the cell nuclei and helped to determine
total cell numbers for calculation of apoptotic/nectotic
indices. The integrity of the cytoskeleton was examined by
visualization of actin filaments by incubation with 0.2 mg/
L phalloidin-FITC (Sigma-Aldtich) for 1 h.

Examination was carried out and digital images were
captured with an Olympus AX-70 fluotescence micro-
scope. In each case, the brightness-contrast of the images
was set in the same manner by the Jasc software Paintshop
Pro 7.0. Images were taken from Ki-67 immunoreactive
(IR), annexin-labeled, and propidium iodide teactive cell
nuclei, respectively. The same sites of the preparations
were also captured in bright visual illumination to count
the toluidin blue stained nuclei (total cell number). The
images were quantitatively analyzed by the computer im-
age analysis software Olympus analysis 2.11 (SiSoft), de-
veloped and validated by Olympus (Tokyo, Japan). At least
10’ cells were counted for each data point and the ratios of
proliferative, apoptotic and necrotic cells wete given as the
percentage of total cell numbers.

Statistical analyses

Statistical analyses were performed to compare the data
obtained from the different treatments groups of IBD
and normal sera using the ANOVA test. P<0.05 was
considered as significant.

RESULTS

eNOS

Western blots from HUVEC lysates detected eNOS im-
munoreactive bands at approximately 160 kU, cottespond-
ing to the molecular mass of human eNOS (Figure 1A).

Figure 2 eNOS in HUVEC (immunoreaction was visualized by FITC. bar: 10 um).

HUVEC was cultuted in a medium containing 500 mL/L
normal human serum. The amount of eNOS did not
change significantly during the experimental period (0-48 h).
However, in the presence of 500 mL/L UC serum, eNOS
level increased after 8 h, and peaked at 12 h (relative opti-
cal density value was 188% * 23% and 229 %+ 26%, P <
0.01, respectively). At 12 h, eNOS level appeared to have
doubled compared to the normal level at 2 h (100% +
15%). Over the 12 h petiod in the presence of 500 mL/L
UC serum, eNOS level began to decline (36 h, 153% *
23%, P < 0.01), and reached control level at 48 h (100%=+
8%). In the presence of 500 ml/L CD serum, the level of
eNOS was close to normal until 8 h, and decreased after
12 h (41% % 12%, P < 0.01), reaching the lowest level at
20-24 h (18% * 16% and 23% £ 15%, P < 0.01, respec-
tively), and then slowly increased rising close to normal at
48 h (65% = 8%, Figure 1A, B).

Localization of eNOS in HUVEC by immunofluo-
rescence revealed that the enzyme mostly accumulated in
the nuclear area of the cytoplasm and was also detected
at the periphery of the cells (Figure 2). Normal human
serum had no effect on the distribution and intensity of
eNOS immunoreactivity in HUVEC. Prolonged treatment
(12 h) with UC serum extended eNOS immunoreactive
area and simultaneously enhanced slightly the intensity of
eNOS immunofluotescence in HUVEC. In contrast, in the
presence of CD serum (after more than 4 h), eNOS im-
munoreactivity seemed to contract toward the centre of
the cells and its immunofluorescence intensity decreased
(Figure 2). At the end of the experimental period (48
h treatment), no visible difference could be detected in
eNOS immunofluorescence of HUVEC in the presence
of normal, UC or CD sera.

iNOS

Western blots in HUVEC lysates detected faint iNOS
immunoreactive bands at around 130 kU, corresponding
to the molecular mass of human iNOS (Figure 3A). HU-
VEC was cultured in the presence of 500 mL/L normal
human serum, the relatively low level of iNOS expression
did not change significantly during the 48 h incubation
period. In the presence of 500 mL/L UC serum, iNOS
level increased at 4 h (relative optical density value was
225% % 20%, P < 0.01), peaked at 8 h (300% * 21%, P
< 0.01), and then declined to about notmal level at 48 h
(117% = 15%). In the presence of 500 mL/L CD setum
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Figure 3 iNOS content in HUVEC (Western blot. Mean * SE, n=3; ®P<0.01 vs
normal).

Figure 4 iNOS in HUVEC (immunoreaction was visualized by FITC. bar: 10 um).

the iINOS level in HUVEC incteased after 2 h (201% £
19%, P < 0.01) and peaked at 8 h (275% * 27%, P < 0.01).
From 12 h iNOS level declined and was not distinguish-
able from the control during the 24-48 h period (at 48 h:
92% % 18%, Figure 3A, B).

In the presence of 500 mL/L normal serum, HU-
VEC exhibited faint iINOS immunofluorescence (Figure 4).
Expression of iNOS in HUVEC by immunofluorescence
could obviously be detected in the presence of IBD sera
during the 4-12 h period. Figure 4 shows that iNOS was
dispersed in the cytoplasm, accumulated in certain areas
showing a high intensity of fluorescent signal. Both UC
and CD sera significantly increased iNOS immunofluores-
cence at the 4-12 h petiod. Before and after this time inter-
val, INOS could not be detected unequivocally in HUVEC
by immunofluorescence (Figure 4).

HUVEC proliferation activity

Ten to fifteen percent of HUVEC was observed to be in
the state of proliferation in the cultures with 20%-30%
confluency at the beginning of the experiments as re-
vealed by Ki-67 immunostaining (Figure 5). During the 2
to 48 h period no difference was detected in the ratio of
Ki-67-IR/toluidin blue stained cell nuclei in cultures in
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Figure 5 Proliferation activity of HUVEC (Ki-67 immunoreactivity was visualized
by FITC. bar:50 pm. mean + SE, n = 3; °P<0.01 vs normal).

the presence of 500 mL/L normal (at 48 h: 19% * 10%)
or 500 mL/L UC seta (at 48 h: 10% £ 3%). In the pres-
ence of 500 mL/L CD serum a significant increase in the
number of proliferating cells was apparent at 20 h (41%
+ 12%, P < 0.01). About 50%-65% of HUVEC nuclei
exhibited Ki-67 immunofluotescence in the presence of
CD serum for 24-48 h (Figure 5). The presence of 10*
mol/L L-NAME in the medium containing 500 ml/L
normal serum, increased the proliferation activity signifi-
cantly from 24 h (42% * 5%, P < 0.01) to 48 h (48% =
7%, P < 0.01).

HUVEC viability

By the annexin-V-biotin method, early apoptotic cells
revealed fluorescent signals only on the cell membrane
(Figure 6A), whereas necrotic cells showed propidium
iodide binding to DNA (nuclear fluorescent signal, Figure
6B). Both signals could be detected in late apoptotic cells
(Figure 6C). During the experimental period (2-48 h), the
number of apoptotic cells was low (1%-3%) in the pres-
ence of 500 mL/L normal serum, but a continuous in-
crease of apoptotic cell numbers was observed in the pres-
ence of 500 mL/L CD serum (2%-5%, with a maximum
level at 36 h), which proved not to be significant (Figute
7A). In the presence of UC serum the apoptotic index did
not differ from that of the control. Incubation of HU-
VEC with normal ot CD seta slightly increased the num-
ber of necrotic cells during the examination period (2-48
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Figure 6 HUVEC viability. A: Early apoptotic cells; B: necrotic cells; C: Late
apoptotic cell; D: Phalloidin conjugated with TRITC labeled actin filaments. bars:
10 pm.
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Figure 7 HUVEC 48 h incubation with CD sera (mean * SE, n = 3).

h), but no significant changes were observed between the
necrotic indices (Figure 7B). Actin filaments visualized by
phalloidin-FITC seemed to be intact in cells independent
of the media used and the time of incubation (Figure 6D).

Figure 8 HUVEC visualized by eNOS immunofluorescence in culture. bar: 50 pym.

Shape and structure of HUVEC

HUVEC cultures of 20%-30% confluency were used also
to investigate the effect of IBD sera on the distribution
and shape of the cells. Cells visualized by eNOS immu-
nofluorescence wete partly found to be accumulated in
islands exhibiting polygonal shape and attached to each
other. In addition, single cells exhibiting long processes
were also present. In the presence of 500 ml/L normal or
500 ml/L UC seta cells did not change in distribution and
shape over the 48 h experimental period. However, in the
ptresence of 500 mL/L CD serum, after 20 h cells were
distributed in a two dimensional teticular network, which
changed the shape of the culture reminiscent of the ap-
pearance of early vascular vessels in tissues (Figure 8).

DISCUSSION

In this study, we investigated the effect of sera from
patients with active UC or CD on the expression and
localization of eNOS and iNOS in HUVEC cultures.
Induction of both iNOS and eNOS was observed in the
presence of UC serum. In contrast, upon addition of CD
serum to HUVEC media a transient increase in the ex-
pression of iINOS was obsetved in parallel with a marked
decrease in the exptression of eNOS. The number of
apoptotic and necrotic cells was not altered significantly,
and the structural integrity of the cytoskeleton (revealed
by staining of the actin filaments) remained intact during
the exposure of the cells to either CD or UC serum.

It has been shown previously that NO might enhance
ot reduce the cascade teaction of chronic inflammation in
humans and animal models"*"?, We found opposite chang-
es in the exptession of eNOS in HUVEC exposed to UC
and to CD sera. The generation of eNOS is modified by
elevated levels of cytokines (Th1 in CD) and the cytokine-
induced expression and presentation of endothelial cell ad-
hesion molecules”. UC and CD sera are known to contain
a distinct cytokine and pro-inflammatory molecule profile.
It was reported that TNF-a reduced eNOS protein expres-
sion in a time dependent manner in human endothelial
cells"® . Moreover, TNF-« downregulated eNOS mRNA
by decreasing its stability"®. In our expetiment, the low
eNOS level in the presence of CD serum, could be due to
TNF-«, which is a key cytokine in Thl mediated inflam-
mation in CD. Inflammation could result in functional and
antigenic changes of the endothelium, including eNOS
down-regulation and consequently increased expression
of leukocyte adhesion molecules (ICAM, VCAM, E-se-
lectin)!"”®), At the same time, a lag in the fall of enzyme
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activity was observed which may reflect a greater stability
of eNOS protein compared to its mRNA, ot may involve
posttranslational modification(s) in the increase and sta-
bilization of the enzyme activity”. Leukocyte-endothelial
binding is exacerbated in an eNOS deficient state and in-
jury during ischemia-reperfusion is more severe™ *J,

A high amount of iNOS is generated during inflam-
mation which can be harmful, worsening the course of
disease in the animal colitis model®. In Crohn’ colitis, hu-
man intestinal microvascular endothelial cells may lack the
capacity to express iINOS, which makes them susceptible
to leukocyte mediated injury”” . In UC, it has been shown
that there is an elevation in iINOS level which is well cot-
related with disease severity™. Elevated iNOS activity was
demonstrated in the mesentetic microvascular endothelial
cells in active UC, indicating a close relationship between
vascular activation and the pathogenesis of UCP”. Stimula-
tion of HUVEC with pro-inflammatory cytokines (I1-18,
TNF-«) or hormones (eg. relaxin, estrogen) induces the ex-
pression of iINOS and the NO produced increases the bio-
synthesis of prostaglandins and other mediators® ™. The
maximal level of iINOS detected in primary cell cultures
was not related to lipopolysaccharide contamination. It did
not affect cell proliferation and was decreased when cells
became confluent™. Dual modulation of NOS expression
was detected upon estradiol treatment in a concentration
dependent manner; estradiol in nanomolar range could
induce eNOS, wheteas in micromolar range it could evoke
iNOS expressionp‘r’]. In previous studies, INF-y in conjunc-
tion with TNF-«, or together with IL-18, increased NOS
activity, whereas these cytokines alone had different effects
on NOS expression” *>*. Up-regulation of iNOS by IBD
sera may be an adaptive response of HUVEC to this cul-
ture environment.

The effect of UC and CD sera on eNOS expression
could be of special interest and may be implicated in the
distinct pathophysiological and morphological features
of the two diseases. Inhibition of NO ptoduction 7 vive
results in reduced VEGF induced angiogenesis and vascu-
lar permeability®™. Recent studies have provided evidence
that basic fibroblast growth factor (bFGF), which is an
important component of CD serum, induced angiogenesis
by different mechanisms™. An impaired VEGF response
was suggested in CD with down-regulation of the VEGF
receptor (VEGF-Ets-1) and the angiogenic cascade sup-
porting the vascular hypothesis of the disease™**. The
deficiency in eNOS expression and concomitant alteration
of VEGF-induced angiogenesis and vascular permeability
could be an important step in the pathomechanism of CD.
However, bFGF, the most potent angiogenic molecule
in CD has an NO independent activity™ *. In addition,
the pathomechanism of UC appears to be VEGF inde-
pendent®™ *). The reciprocal reaction of cytokines and
angiogenic molecules results in changes in the expression
of eNOS and iNOS and causes an imbalance between the
two isoforms which may play a role in the dysfunction of
angiogenesis in IBD.

Angiogenesis is an important pathophysiological pro-
cess in chronic inflammation and it includes proliferation,
migration, and tube formation of endothelial cells. This
process is tightly regulated by different angiogenic fac-
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tors, and one of them is NO which has a pro-angiogenic
effect™ *. HUVEC, in the presence of CD serum, but
not in the presence of UC serum, showed morphological
changes reminiscent of vascular like structures, forming
loop like rearrangement of the cells. It was shown recently
that reactive oxygen species (ROS) have a putative pro-an-
giogenic activity iz vivo possibly via iNOS up-regulation'”,
ROS also play a significant role in proliferation through
regulation of eNOS activity, whereas antioxidants stimulate
NO production and proliferation of HUVEC™. However,
it was suggested also that antioxidants may enhance the
activity of NOS™ . This dual effect could have a role in
the pro-angiogenic and proliferation activity of HUVEC.

Recent data revealed that NO, by regulating mito-
chondrial respiration and cytochrome c release, triggers a
defensive mechanism against cell death induced by pro-
apoptotic stimuli® >, In the present study, HUVEC
incubated in the presence of CD serum exhibited a low
expression level of eNOS, which could explain the slightly
elevated apoptotic index. It also suggests a defective anti-
apoptotic mechanism. The TNF-u« level is known to be
high also in CD serum and this could alter cell viability by
inducing apoptosis in an NO independent pathway®". In
contrast, in control and UC sera treated cells, the higher
eNOS level may result in protection against apoptosis.

Our present results correlate well with our previous
immunohistochemical findings through biopsy studies, and

“suggest the presence of a cytokine composition, which is

able to evoke changes in the eNOS /iINOS ratio in endo-
thelial cells in the blood of IBD patients. Simultaneous
down-regulation of eNOS and up-regulation of iNOS,
together with the increase of cell proliferation activity
may treduce the anti-inflammatory capacity of endothelial
cells. The latter may contribute to the initiation of pro-
inflammatory cascade reactions leading to endothelial
bartier dysfunction and causing structural changes in the
microvessels in Crohn’s mucosa.
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