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Oxidative stress, by resulting in a maladaptive endothelial cell phenotype, is one of the
common means by which conditions such as hyperlipidemia, hypertension, advanced age,
hyperhomocysteinemia and diabetes, all of awhich are associated with an increased risk
of vascular diseases, lead to a dysfunctional endothelium

K. Irani, in Endothelial Biomedicine, 2007



1. Definition

2. Reactive oxygen species

3. Sources of reactive oxygen species in the vasculature

4. Antioxidant enzymes

5. Non-canonical functions of some anti-oxidant systems



Imbalance in the production and inactivation of reactive oxygen species

Role of oxidative stress

1. Physiological signaling
2. Pathophysiological

Influence of oxidative stress is determined by:

a) site of the production - the same enzymes may play a different role in various
cells (eg. NADPH oxidase in professional phagocytic cells and vascular wall cells)

b) amount of ROS generated

c) activity of antioxidant systems



*ROS are chemical species containing oxygen atoms with unpaired electrons that may be
charged or uncharged. The unpaired electrons render the molecule unstable, allowing the
ROS to react with electrons, other chemical species or macromolecules such as proteins
and nucleic acids

*Molecular oxygen serves as the primary electron acceptor yielding the superoxide anion
*Subsequent univalent reductive steps can lead to the generation of the whole range of ROS

*The distinct physical and chemical properties of each of these ROS determine its toxicity as
well as its suitability as a signaling intermediary



1. Free radicals
a.Superoxide -0O,~
b.Hydroxyl radical - OH™
c. Peroxy-radicals - ROO

d. nitric oxide — NOr

2. Not free radicals
a.Hydrogen peroxide - H,0,

b.Peroxynitrite - ONOO"



Sources of O, in ECs:

NADPH oxidases

Xanthine oxidoreductase

Uncoupled endothelial nitric oxide synthase
The cytochrome P450-based enzymes
Mitochondrial respiration

uhwh e

Other mechanisms:

1. Catalytic conversion of other ROS, such as H,0, by dismutation of O,

2. Conversion of H,0, to hypochlorus acid

3. Reduction of ROS by transition metals such as th eferrous ion to the highly reactive
hydroxyl radical



In physiological conditions
mitochondrial respiratory
chain is the main source of
superoxide radical,
transforming about 5% of

molecular oxygen to O,
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1. Detrimental —
targeting macromolecules — lipids, nucleic acids — may result in damage

2. Physiological — involvement in signal transduction
a.Tyrosine kinases - PDGF

b.Tyrosine phosphatases
c.Serine/threonine kinases



1. Enzymatic systems
a.Superoxide dismutases
b. Catalase
c. Glutathione peroxidases
d. Heme oxygenases
e. Thioredoxin/thioredoxin reductase

2. Non-enzymatic systems
a.GSH
b.TRX
c.Heme byproducts: CO, ferritin, biliverdin and bilirubin
d.Vitamin Aand C



Enzymes generating and inactivating reactive oxygen species

Forstermann U, Nature Rev Cardiol 2008
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Diminishes oxidative stress by using GSH to reduce H,0,
and lipid peroxides to their corresponding alcohols

2GSH + H,0, > GS-SG + 2H,0

GS-SG + NADPH + H+ - 2 GSH + NADP+

Gpx-1: the most abundant intracellular isoform of glutathione
peroxidases

a selenocysteine-containing protein


http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate
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tissue injury
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Heme
proteins

Ferritin

- can be potentially toxic, giving rise to
hydroxyl free radicals.
- upregulates fe.rrltl.n Fe2+
protecting cells from oxidative stress.

H 0_1 biliverdin

Iron efflux
CO

protection
p38

- inhibits TNF, IL-13, MIP-1§3
- upregulates IL-10

protection

tissue injury

-Scavenges peroxyl radicals
-Inhibits complement

soluble guanylyl cyclase
GTP cGMP

- inhibits platelet aggregation
- decreases leukocyte adhesion
- reduces endothelial cell
apoptosis
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1. Increased reactive oxygen species
production from parenchymal,
endothelial cells and inflitrating
leukocytes
» incomplete reduction of oxygen
by damaged mitochondria

» action of oxidases

» decreased antioxidant reponse —
can be additionally compromised
by hypoxia

2. Inflammation — due to increased
production of cytokines and
increased expression of adhesion
molecules by hypoxia parenchymal
and endothelial cells : leads to
recrutiment of leukocytes and
aggravation of injury

2. Activation of complement



Contribution of Lethal Reperfusion Injury to Final Myocardial
Infarct Size

Yellon & Housenloy, NEJIM 2007



Cardiac-Specific Expression of Heme Oxygenase-1
Protects Against Ischemia and Reperfusion Injury
in Transgenic Mice



Atheroprotective properties of heme oxygenase

Chan et al. (Stocker) Clinical Science 2011: 120: 493-504,



Vascular disorders associated with HO/CO

Dulak et al., Circulation 2008: 117: 231-241



Support for the protective role of HO-1 against atherosclerosis
and related diseases

Stocker R, Perella M, Circulation 2006: 114: 2178-2189



Non-canonical functions of pro- and antioxidant pathways

Oxidative stress and blood vessel formation



Vasculogenesis

‘ bFGF > capillaries are formed from
VEGF vascular progenitor cells

angioblast capillary

O VEGF, bFGF, O O Angiogenesis

SDEFE-1 - formation of new blood vessels
O from pre-existing capillaries



angiogenic growth factors
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Involvement of reactive oxygen species in angiogenesis

Ushio-Fukai & Nakamura, Cancer Letters 2008: 266: 37-52



NO works upstream and downstream of VEGF

Dulak & Jozkowicz, Antioxid Redox Signal, 2003: 5:123-32



, SDF-1



Human Endothelial Progenitor Cells Tolerate Oxidative

Stress Due to Intrinsically High Expression of Manganese
Superoxide Dismutase

Tongrong He, Timothy E. Peterson, Ekhson L. Holmuhamedov, Andre Terzic, Noel M. Caplice,
Larry W. Oberley. Zvonimir 5. Katusic
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Impaired Angiogenesis in Glutathione Peroxidase-1-
Deficient Mice Is Associated With Endothelial
Progenitor Cell Dysfunction



EPC dysfunction in Gpx-1 deficient mice

Galasso et al. Circ Res 2006
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Dulak et al. - Current Opinion Lipidol, 2008;19:505-12.

MECHANISM

ROS scavenging

ferritin synthesis
iron ATP-ase pump

p38 MAPK activation

Ca?*-dependent K*
channels regulation

increased VEGF
& SDF-1 expression

ACTIVITY

antioxidant
anti-inflammatory
anti-apoptotic
pro-angiogenic

antioxidant
anti-
inflammatory
anti-apoptotic

activation of sGC leading
to cGMP production

anti-apoptotic
anti-proliferative
anti-thrombotic
anti-inflammatory

pro-angiogenic




Synthesis of VEGF

Cytokines LPS
PGJ, Prolactin
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Skin wound healing
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Number of vessels per surface
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Wound closure [% of day 0]
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Proliferation



Role of heme oxygenase in vascular repair

Chan et al. (Stocker) Clinical Science 2011: 120: 493-504,
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Role of Heme Oxygenase-1 in Human Endothelial Cells: Lesson From the
Promoter Allelic Variants
Hevidar Taha, Klaudia Skrzypek, Ibeth Guevara. Anneliese Nigisch, Stefan Mustafa,
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glutathione [nmol/mg]
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Glutathione concentration in endothelial cells
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MTT [% of control]
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HO-1 expression and activity

number of GT repeats




Evidence supporting the vascular protective role of HO-1 in humans

Chan et al. (Stocker) Clinical Science 2011: 120: 493-504,



inflammatory oxidants hypoxia

cytokines irradiation
heme chemo-
therapeutics
HGF/cmet

Effect of HO-1 induction:

* Cytoprotection
(resistance to oxidative stress)

* Immunomodulation
(inhibition of inflammation,
induction of Treg cells)

* Modulation of angiogenesis




» Reactive oxygen species are produced by a number of enzymes which are regulated by
environmental, chemical and mechanical stimuli

» The synthesis and level of ROS in vascular system is determined by the interactions
between the pro- and anti-oxidant pathways

» ROS can exert both physiological and pathophysiological effects on endothelial and vascular
functions

» Redox homeostasis is perturbed in many cardiovascular diseases states - may result in
oxidative stress

However, the ,,non-canonical ,, functions of anti-oxidative enzymes are recognized to play
more and more important role



6th European Meeting
for Vascular
Biology and Medicine

Krakow, 21-24 September 2011
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