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INTRODUCTION
The functionality of the umbilical cord (UC) blood vessels is crucial for the
proper supply of oxygen and nutrients to the developing fetus. The UC is fully
embryonic in origin and the vessels within can be considered as an extension of the
fetal vascular system. Oxygen-rich blood is transported from the placenta to the fetus
by the UC vein, and the two arteries carry oxygen-poor blood back to the placenta.
Therefore, these vessels are directly and primarily exposed to harmful substances
not retained by the placenta, so changes in their condition may indicate damage to
intrauterine development. The UC vessels are almost completely lack innervation,
therefore the regulation of their tone is governed by locally acting effects and active
communication with their environment (endocrine factors, oxygen concentration,
shear force, etc.). One of the most important parameters is the amount of
bioavailable nitric oxide (NO), which determines endothelial function and regulates
redox balance. NO is a highly diffusible, vascular relaxant molecule, and its main
source is the nitric oxide synthase family. In endothelial cells the dominant isoform is
the endothelial nitric oxide synthase (NOS3), which is activated by well-coordinated
pathways that can be compromised at several points. Activation is regulated at
several levels by e.g. dimerization, post-translational modifications, and proteinprotein interactions. Thus, analysis of UC vessels, including endothelial cell-related
complications, could be a useful tool for understanding pathological pathways leading
to vascular complications in neonates. Because endothelial cells play a complex role
in maintaining homeostatic conditions, their morphological and functional changes
clearly contribute to the development of cardiovascular disease.
Although little is known about the molecular consequences / background of
toxic substances on fetal exposure, there is growing evidence that these
environmental factors can adversely affect intrauterine development and even
mediate long-term health consequences. During pregnancy, transitional organs such
as placenta and UC ensure fetal development. Therefore, changes in intrauterine
conditions are directly or indirectly associated with placental or UC disorders such as
intrauterine hypoxia and / or inadequate fetal blood supply. In addition, a recently
published chemo-biological interactome analysis confirmed and provided evidence
that components of tobacco smoke have intense effect on gene expression during
both embryonic and fetal development. The effects of conventional cardiovascular

risk factors, such as diabetes, smoking, or dyslipidemia, on the cardiovascular
system in adults are well-studied and associated with the development of endothelial
dysfunction (ED). One of the main starting points for ED is the reduced NO
production and / or bioavailability. As a result, oxidative stress in the endothelium is
increased, leading to further severe consequences. If NOS3-dependent NO
production get compromised, alternative compensation mechanisms can be
activated. In addition, vascular endothelium is in constant contact with circulating red
blood cells (RBCs) and a close relationship between the two has recently been
reported in a number of diseases. Assuming that circulating RBCs sense ED, the
bioavailability of NO could possibly be increased by the NOS3 activation pathway of
RBCs. Based on our previous studies on maternal and fetal RBCs, we observed
significant changes in the morphological parameters, elasticity and plastic properties
of RBCs and, in this context, altered composition of their membrane-forming lipids.
These alterations are related to an impaired RBC-NOS3 activation, which can be
clearly associated with maternal smoking. The results thus suggest that this route
cannot give a sufficient compensation. Another obvious solution could be an increase
in the expression of inducible nitric oxide synthase (NOS2) in the endothelium due to
its high catalytic activity (100-1000 times that of NOS3). Activation of xanthine
oxidoreductase (XOR) is also a potential candidate. Although the latter may seem
astonishing due to the basic properties of XOR, but recent studies have clearly
demonstrated that activation of the XOR pathway contributes beneficially to NO
production through reduction of inorganic nitrite.

AIMS
Initially in this study, we hypothesized that improper maternal lifestyle e.g. smoking
can induce morphological and functional alterations in the UC vessels that could
serve as fingerprints of harmful effects on the developing fetus. Accordingly, we
searched for parameters that could serve as early markers, indicating, not only the
direct damages to the UC vessels, but also the general condition of the vascular
system of new-borns. In our work, we have pursued the harmful consequences due
to maternal smoking on the UC arteries and veins, which could be a long-term
determining factor for theirs later life. The objectives of the project are summarized as
follows:
1) Study of the NOS3 endothelial expression and its active state determinant i.e.
phosphorylation at SER1177 position in parallel to the stress-inducible ARG1
expression as a key player in L-arginine substrate competition
2) Investigation on the role of NOS2 and XOR in the light on possible
compensatory mechanisms
3) Evaluation of the redox status in the blood vessels and analysis of the
subsequent macromolecular damages
4) Examination of the endothelial cells ultrastructure in connection with their
molecular alterations, and endothelial cell viability
5) Comparative gene expression analysis upon acute stress effects in the
smoker and non-smoker derived umbilical veins

APPLIED METHODS
1) Transmission electron microscopy
2) Immunohistochemistry on frozen sections
3) In situ detection of O2•- with dihydroethidium
4) Laser scanning confocal microscopy
5) Evaluation of confocal images with an objective semiquantitative approach
developed by us
6) Isolation of humane umbilical vein endothelial cells (HUVEC)
7) Viability assay with annexin V and propidium iodide
8) Flow cytometry
9) Development and application of an acute stress response induction model
10)Isolation, pulverizing and homogenization of UC vessels
11)Determination of the total nitric oxide derivatives (tNOx) concentration with
Griess reaction
12)RNA extraction, reverse transcription
13)Quantitative real-time PCR

RESULTS AND CONCLUSIONS
Using the umbilical cord system in our study is advantageous over any general
practices, such as studying the placenta, the umbilical cord blood, or in vitro cell
cultures. The umbilical cord blood vessels can be considered as a direct elongation
of the vascular system of the developing fetus. Thereby, any alteration in the vessel's
functionality reflects the in-vivo circumstances, experienced by the fetus. Our results
may contribute to a better understanding in the molecular changes occurring during
intrauterine toxic exposure, and in-depth comprehensive knowledge of the pathways
involved in these alterations. These may identify additional therapeutic targets for
clinical outcomes and applied research in the future.

1) NO production is impaired in the directly exposed veins, which can be
attributed to the altered phosphorylation of the NOS3 at SER1177 position. In
the arteries, apart from the decrease in NOS3 levels, the NO supply is
considered to be more or less satisfactory. Evidence of this can be traced
back to the retained phosphorylation, therefore the arterial NOS3 population
can be considered as active. The competitive ARG1 enzyme showed
significantly higher expression in smoker-derived arteries, compared to the
veins. The detailed effect of this result on the NOS3-NO pathway is not clear,
since in the arteries the dimeric form of NOS3 appears to be intact based on
their phosphorylation. In parallel, in the case of veins, it can be assumed that
NOS3 loses the dimer structure, which is ultimately manifested to a decrease
in activating phosphorylation.

2) NOS2 and XOR expression showed significant induction in veins. Based on
the Janus-faced properties of NOS2, NOS2-NO pathway may promote
vasodilation to a limited extent. Furthermore, it contributes with higher extent
in the increase of passive, non-directly available tNOx pool. Elevated tNOx
levels in a hypoxic environment may help to reveal the active role of the tNOxXOR-NO pathway. In addition to NOS2, XOR expression was also drastically
increased in the veins. In contrast, we found lack of compensatory pathways
induction in the arteries.

3) Significant macromolecular damages were observed in veins with primary
exposure. This may be greatly contributed to the large amount of NO,
synthesized by increased NOS2 over a short period of time. This pathway, in a
highly oxidative environment, shifts the role of NO, toward nitrosative stress
rather than in a biologically active and beneficial direction. This is based on the
high concentration of O2•- observed in the veins, where most likely ONOO- is
formed in a spontaneous reaction. Traces of nitration and / or oxidation of the
macromolecules, potentially associated with ONOO-, which were significantly
detectable in the veins. The presence of 4-HNE adducts as the marker of
membrane damage and 3-NT-type modification of proteins also showed a
significant increase. The sign of macromolecular damages in arteries are
negligible, presumably due to their secondary, indirect exposure. In this case,
the increase in 4-HNE compared to the veins is very small in our smoking
samples. In parallel, the 3-NT level also does not reach the value of the control
arteries. The latter can be associated with NOS2 expression in both vascular
types. Our results in evaluating DNA double strand breaks and the related
repair mechanisms revealed a smaller average size of the foci detected in
smoker veins. This suggesting, that the proper assembly of the DNA repair
pathways was inhibited.

4) The ultrastructural changes observed with transmission electron microscopy
also suggest varying degrees of exposure of vessel types, which supports our
molecular data. The lesions observed in the vascular endothelial layer indicate
increased venous damage due to direct exposure to toxic substances. In the
case of veins, progress of degenerations has been observed that lead to
increased CASP3-mediated cell death. Examining the MMP-9 – TIMP-1 ratios
in the vein, it was demonstrated that MMP-9 expression exceeds TIMP-1
levels, which despite the generally decreasing trend, leading to tissue
degradation.

5) Comparing the basal expression levels, we found that all the examined genes
(hsp90, mmp-9, timp-1, mt1e, mt2a) with the exception of mt3 are lower
expressed in smoker-derived veins. Based on this, the direct damaging effects
on the smoking vein lead to a general decrease in transcriptional mechanisms.

The stress response of the smoker group to Cd 2+ treatment was less
pronounced compared to the control samples. In parallel, we hypothesize that
the expression level of these genes never reached the control level due to the
continuous stress effect (lasting for several months) and proves prolonged
heavy metal exposure has occurred during pregnancy.
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