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Hypercholesterolemia-Induced Oxidative
Stress & Its Link to Age Related Diseases

Hiperkolesteroleminin Indiikledigi
Oksidatif Stres ve Yaslanmayla Iliskili
Hastaliklarla Baglantisi

ABSTRACT Free radicals and oxidants, cause potential danger for cellular molecules during the life-
time. Oxidative stress is the imbalance between free radical formation and antioxidant defense to-
wards free radicals. Oxidative stress plays role in aging and pathogenesis of several diseases. In this
process, age related diseases such as Alzheimer and atherosclerosis are crucial. Since protein mech-
anisms play important role in these diseases, protein oxidation parameters are preferred as indica-
tor of oxidative stress. Protein aggregates as advanced protein oxidation products especially
accumulate with aging are widespread used in studies and investigation of their production and de-
termination of these products are thought to bring benefit for the prevention and treatment of the
diseases.
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OZET Serbest radikaller ve oksidanlar, yasam boyunca hiicre yapisindaki molekiiller igin hasar
olugturan yapilardir. Oksidatif stres, serbest radikal olusumu ile antioksidan savunma arasindaki
dengenin serbest radikaller yoniinde degismesi sonucu ortaya ¢ikmaktadir. Oksidatif stres, yaslilik
ve birgok hastalik patojenezinde rol oynamaktadir. Baslica Alzheimer ve ateroskleroz gibi genellikle
yaslilik sonucu ortaya ¢ikan hastaliklar, bu agidan 6nem tagimaktadir. Bu hastaliklarda cesitli protein
mekanizmalarinin 6nemli rol oynamasi nedeniyle oksidatif stresin gostergesi olarak protein
oksidasyonu parametreleri dncelikli tercih edilmektedir. Ozellikle yasla birikimi artan, ileri protein
oksidasyonu iiriinii olan protein agregatlari son zamanlarda arastirmalarda genis yer tutmakta ve bu
iriinlerin olusum mekanizmalarinin aydinlatilmasi ve tayini ile hastaliklarin &nlenmesi ve
tedavisinde klinikte fayda saglanacag: diisiiniilmektedir.

Anahtar Kelimeler: Oksidatif stres, protein oksidasyonu, yaglilik, hastalik
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ree radicals are atoms or molecules that contain unpaired electrons in their

outer orbitals and this feature makes them to take place in oxidation reacti-

ons easily. Free radicals include several reactive species such as reactive oxy-
gen species (ROS) and reactive nitrogen species (RNS). Reactive species (RS),
generated by diverse mechanisms, cause oxidative modifications of cellular com-
ponents. The most prominent feature of RS is their high reactivity with biomole-
cules, causing their denaturation and inactivation. Several cellular systems exist to
minimize oxidizing effects of RS are called antioxidant systems. Oxidative stress is
referred to as an imbalance between the RS generation and the corresponding an-
tioxidant defenses. Oxidative stress can produce injury by multiple pathways that
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overlap and interact in complex ways.'® Consequences
of oxidative stress include increased proliferation, adap-
tation by up-regulating of defense systems, cell injury
with increased burden of oxidatively damaged macro-
molecules like lipids, DNA, proteins and carbohydrates,
or senescence and cell death.* Following the interacti-
ons of RS with cellular components as DNA, lipids and
proteins, several products are known to be formed. The
main investigated products are malondialdehyde (MDA)
and 4-hydroxynonenal (HNE) for lipid peroxidation, 8-
hydroxydeoxyguanosine for DNA oxidation and protein
carbonyls for RS interaction with proteins.®

Protein oxidation is an important damage since pro-
teins are the most abundant molecules in the organism
and take place in the structures of receptors, antibodies,
transport proteins and enzymes. For the determination
of protein oxidation, several methods are used according
to the side chain or backbone oxidation of the amino
acids. Direct oxidation of lysine, arginine, proline and
threonine residues may produce carbonyl derivatives.
Since carbonyl groups are formed early and stabil, they
are the most commonly used markers of protein oxida-
tion.®® As another late product, insoluble protein aggre-
gates can be formed following cross-link formation,
hydrophobic and electrostatic interactions.”'° The accu-
mulation of the large aggregates are known to be often
toxic to cells and poor substrates for proteases.!! This ag-
gregate accumulation has been reported for many expe-
rimental models especially age related diseases, as
measured by several markers for protein oxidation.>'?

Protein damage may be caused by direct attack of
reactive species or by secondary damage involving at-
tack by products of lipid peroxidation, such as isoketals,
MDA and HNE. Proteins can also be damaged by glyca-
tion/glyoxidation.'®

The degradation of proteins is a physiological pro-
cess required to maintain normal cellular function. The-
refore, cells have developed highly regulated
intracellular proteolytic systems responsible for the re-
moval of such non-functional proteins before they start
to aggregate. Mammalian cells contain several pathways
for general protein breakdown, comprising membrane
proteases, lysosomal cathepsins, calcium-activated cal-
pains, caspases, mitochondrial proteases and the protea-
somal system.!*1¢ Besides all proteolytic systems, the
major proteolytic system responsible for the removal of
oxidized cytosolic and nuclear proteins is the proteaso-
mal system.” The proteasome, known to be localized in

the cytosol and in the nuclei of mammalian cells and fur-
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thermore attached to the endoplasmic reticulum and the
cell membrane, is mainly composed of 20S core protea-
some. This core complex degrades the oxidized proteins
as a ubiquitin and ATP independent manner.!>!81

Experimantal evidence from several studies shows
that many of the alterations during aging and the prog-
ression of certain diseases are the result of the occuren-
ce of protein oxidation products and decrease in the
degradation of oxidized proteins.?

OXIDATIVE STRESS IN AGING AND
AGE RELATED DISEASES

Biological aging is a process, results in the loss of cellu-
lar functions that leads to development of related neu-
rodegenerative and cardiovascular diseases and cancer.
Therefore understanding the mechanisms underlying
aging is necessary to develop therapeutic interventions
against age related diseases.”” The biomedical literature is
full of claims that reactive species are involved in age re-
lated diseases. Denham Harman introduced the free ra-
dical theory of aging in 1956 and proposed that aging
results from random deleterious damage to tissues by fre-
e radicals.!

Several in vivo and in vitro studies in this field re-
vealed that oxidative stress biomarkers are increased and
antioxidative defense is effected in several ways with
age. Protein carbonyl content was found to increase in
rat hepatocytes,16 human brain,”? human red blood
cells® and eye lens as age related.” The results from Gil
et al. showed an increase in oxidative stress during aging
process as measured by MDA, HNE, protein carbonyls
and GSSG.»

Age pigments such as lipofuscin, ceroid or AGE-
pigment like fluorophores are highlights those support
the free radical theory of aging. Lipofuscin is thought to
be conjugates of MDA and protein thiol groups deduced
from the fluorescence character® and it was recently
shown by several groups that the presence of such ma-
terial influences the proteasomal activity.?””-*® These ag-
gregated cross-linked material will be autophagozytosed
resulting in a major accumulation of this material in
lysosomes. The observed age-related accumulation of ox-
idized cross-linked material may be the result of both in-
creased protein oxidation followed by aggregation
and/or decline in protein breakdown and a malfunction
of the proteasomal system.”

Amyloid formation also underlie a range of age-re-
lated disease that results when protein aggregates form
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ordered filaments. Amyloid fibrils are resistant to prote-
olytic degradation and may act as nucleation sites for
further aggregation.”

Alzheimer is an important age-related disease, most
common form of adult onset dementia. The major alte-
rations in this disease are senile plaques (SP) and neuro-
fibrillary tangles (NFT) represent an accumulation of
intraneuronal and extracellular filamentous protein ag-
gregates. Major proteins in these formations are hyperp-
hosphorylated tau in NFT and amyloid beta (Af)
peptide, derived from amyloid precursor protein for SP.*
These protein aggregate formations in Alzheimer disea-
se (AD) cause the researchers to focus on the role of ox-
idative stress mainly protein oxidation in the process.
The oxidative damage found in AD includes advanced
glycation end products,®* nitration,* lipid peroxidati-
on adduction products,*3 carbonyl modified neurofila-
ment protein and free carbonyls.*¥ Oxidized proteins
(protein carbonyls) were found to be increased in fron-
tal pole and occipital pole in AD patients compared with
controls.*® Mishto et al. found a decrease in trypsin-like
activity of proteasome emerged in hippocampus and ce-
rebullum of AD patients.®® In a study of AD subjects
compared with control groups, there was a significant
increase in mitochondrial DNA oxidation in parietal cor-
tex.® Lovell et al. found elevated levels of free and pro-
tein-bound HNE in ventricular fluids of AD patients.40
Iron in a redox-active state, thought to play an important
role in free radical production in AD, was shown to be
increased in NFT as well as Af deposits.*"*? Iron cataly-
zes the formation of hydroxyl radical from HypOp and al-
so the formation of advanced glycation end products. Ap
itself, has been directly implicated in ROS formation
through peptidyl radicals.*** Additionally, advanced
glycation end products and AP, activate specific recep-
tors, such as the receptor for advanced glycation end
products (RAGE) and the class A scavenger-receptor, to
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Hypercholesterolemia is a major risk for coronary
artey diseases.*®* Hypercholesterolemia was reported to
increase the levels of ROS through stimulation of poly-
morphonuclear leukocytes and ROS have been implica-
ted in the development of hypercholesterolemic
atherosclerosis.®® In the development of atherosclerosis,
ROS are produced by endothelial cells, smooth muscle
cells and macrophages oxidize LDL in the subendotheli-
al space, at the sites of endothelial damage, initiating
events that culminate in the formation of a fibrous pla-
que. Rupture of fibrous plaque leads to thrombus forma-
tion and occlusion of the vessel.’' Prasad et al. showed
that cholesterol feeding of rabbits caused an increase in
MDA levels and glutathione peroxidase activities and a
decrease in superoxide dismutase activity in the myo-
cardium.>? High cholesterol is suggested to play role in
the Alzheimer disease.> Patients with elevated choles-
terol may have increased susceptibility to AD in additi-
on to coronary artery disease and hypertension.>*
Cholesterol may initiate AP formation, that mentioned
as a potent source of oxidative stress and irreversible pro-
tein aggregation. In a colloborative study of our groups,
to show the possible role of high cholesterol in AD, rab-
bits were fed with high cholesterol and following the in-
crease in the serum cholesterol levels, MDA levels were
shown to be increased consistent with the previous re-
sults.>>7 Additionally, slight increase in HNE-proteins,
3-nitrotyrosinated proteins and protein carbonyls was
observed in hippocampus area of the rabbits.

I CONCLUSION

Oxidative stress has been implicated as one of the earli-
est events in the pathogenesis of age-related diseases.
Inhibitors of oxidative stress and glycation may be effec-
tive in reduction of the clinical manifestations of age re-
lated diseases. Additionally, micronutrients may be
effective to protect the targets from oxidative damage

increase reactive oxygen production. 64 in aging.
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