I
ACE PUBLICATIONS

e theacepublications.cam

ACE JOURNAL OF RESEARCH

STUDIES IN

BIOSCIENCES

Review Article

Review

% Molecular Physiology of Oxidative Stress in Telomere Shorting and Repair Possibility in Disease: A

f ‘Methaq J. Al-Jboori, 2Shaimaa A. Al-Oubaidy and *MonaN. Al-Terehi

IDepartment of biology/College of Science/ Mustansiriyah University /Iraq

1 2Department of human anatomy and histology/ Medical college/ University of Babylon/Iraq
*Department of Biology/College of science/ University of Babylon/Iraq

KEY WORDS:

Oxidative DNA damage
Telomere shorting
Repair possibility

Abstract:

Telomeres have significant focusing researchers in last decades belong
to its role in aging and cancer development in mammalian genomes.
ROS represented as second messengers contributed in several signaling
pathways, the current review discussed the impact of oxidative stress
(OS)inaccelerating telomere length reduction in human, animal and cell
line. Different ROS types react with DNA causes more than 100 kinds of
oxidative damaged bases, include pyrimidine and purines damages, like
single strand breaks and a basic site. Guanine (G) is more common
oxidation to generating 8-oxoG, Free radicals can be oxidized Pyrimidine
to generate different lesions as well as 5-hydroxy cytosine, thymine
glycol (Tg) and 5-hydroxy uracil, the 8-0xoG is the common oxidative
injury. DNA oxidative lesions can be repaired by some pathways, In form
of 8-0x0G, OGG1 glycosylase discriminate the complement C, to form a
basic site by removing the lesion, Which enhanced by XPC, NEIL1 and
APE1, further oxidized to other lesions can be occurred like
guanidinohydantoin (Gh) and spiroiminodihydantoin (Sp). These
destruction distorting hydantoin lesions implicated DNA transcription
and replication. OS has significant role in the telomere shortening and
human tissues dysfunction, biochemical researches and cell culture.
Some mechanisms have been suggested to demonstrate how ROS high
level effect on the telomere length homeostasis., belong to the high
effective of ROS in cell components, further studies must be
implemented to explain if the telomeres legend affected by direct or
indirect ROS impacts.
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INTRODUCTION

In last decades the Telomeres has significant
focusing researchers regarding to its role in aging and
cancerin mammalian genomes. First, the DNA replication
causes lose about 20-50n from chromosome and each
cell division. Therefore, development chromosome
shortening observed through cell proliferation is found
with aging. Several stem cells, Germ cells and some
tumor cells protect chromosome shortening by enzyme
telomeres level, which added consecutive 5-TTAGGG-3
repeats to chromosome. The telomeres in humans have
about 10-15 KB of motif duplex repeats consists of
TTAGGG and in a single stranded 3 and that depended as
a telomeres substrate'”. Meanwhile some somatic cells
missed telomeres, thus when telomeres become in
critical short length, the longer cannot implemented in
the chromosome and protection crucial function.
Critically short telomeres missed enough region of
binding for protein complex, called shelterin, that reform
telomeres to a “capped” structure. The telomere cap
losing caused exposure chromosome and to destruction
and false DNAinjury response proteins determination as
chromosome parts®®*, this triggers senescence in normal
cells and replicative capacity losing. The Senescent cells
increased with inflammatory cytosine secreting, age and
well-studied impacts in degenerative diseases and aging
pathology™. However, the p-53 lacking in pre-malignant
cells by passes senescence and continues dividing. The
repair of DNA double strand break processed uncapped
ands by machinery that leading to fusions and instability
in chromosome, which lead to cells kills, but malignant
transformation drives in the survivors®™. Up regulate
telomeres occurred in several survivors to telomeres
maintain for continues proliferation, so approximately
15% use the pathway of alternative lengthening of
telomeres (ALT)". Demonstrate the critical effect of
telomeres in aging and cancer, the telomeres shorten
rate can profoundly impact in the stability of genome,
like an organism well-being and health span.

Several factors contributed in the accelerated
telomere shortening like genetic and environmental
factors, the more cited underlying mechanism is
oxidative stress (0OS), which generated by unbalance
between free radicals and antioxidant mechanisms,
furthermore its involved in the etiology of different
disease like cancer, pulmonary, neurological and
diseases, diabetes atherosclerosis,
arthritis and obesity®*?. Several of these diseases are
the primary ROS source via mitochondrial dysfunction
or/and inflammation, the ROS is produced by immune

cardiovascular

cells because of injury or infection and by oxygen
metabolism, moreover it raised in chronic inflammation
sites and is common in chronic inflammatory disorders
like  Barrett’s esophagus, colitis and
hepatitis™*'. Epidemiology studies found that about 20%
of cancers is caused by Chronic inflammation and it is
main risk factor of aging-related diseases™™.
Environmental exposures factors are associated with
elevated Oxidative stress as well as smoking, radon,
pollution molecules, toxic metals, pesticides and
ultraviolet light™> ", Likewise, numerous reports have
been demonstrated that mitochondrial dysfunction and
inflammation contributed in the ROS generation like
many cancers and associated with telomere shortening
acceleration™ . The average of telomere length test in
white  blood cells is depended in These
experiments?®?!, Hear we discussed the role of OS in
accelerating telomere length reductionin human, animal
and cell line by evidences in different studies.

ulcerative

Antioxidants Molecules: The mitochondrion has
significantrolein the cell survival, because it contributed
in the generation of ATP in the respiratory chain by
electron transport enzyme complexes, in which ROS, like
superoxide radical (Oz°’) are always production by
electron transfer to molecular oxygen in complexes |
(Nicotine adenine dinucleotide reduced, ubiquinone
oxidoreductase)  (NADH)-(ubiquinol-cytochrome ¢
oxidoreductase) Ill of the inner membrane of
mitochondria®®?.

Inthe normal conditions, ROS represented as second
messengersinvolved in some signaling pathways to some
processes maintain such as growth, homeostasis and
normal aerobic organisms development®?!. The
Oxidative Stress (OS) happenedin animbalance between
oxidants and antioxidant mechanisms, where the first
presence in a higher proportion®?. As reported, ROS
like the OZ°’ are produced via the electron transport
chain and its transformed to hydrogen peroxide (H,0,) in
the existence of transition metals like Fe**, that becomes
hydroxyl radical (*OH) with 0,®  during Fenton and
Haber-Weiss reactions”, oxygen singlet ('0,) and
Hydroxyl radical can produce DNA adducts, like 8-
hydroxy-2-deoxyguanosine (8-OHdG)-TG, 8-OHdG results
from the ®OH linked with the eighth carbon of the
guanine™, which transformed to its oxidized base 8-
oxo-7-8-dihydro-2-deoxyguanosine (8-oxodG) via
reaction of ketoenol tautomerism, it is considered the
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most important oxidative damage, it forms
approximately 100,000-8-oxodG in single cell every
day[zs,zs]_

Although of elevationin ROSin the body, antioxidant
defense mechanisms were generated via exogenous and
endogenous mechanisms to elimination ROS impacts
directly or indirectly, moreover, studies found other
oxidative molecules like reactive nitrogen species (RNS)
or reactive sulfur species®®*". On the other hand, 0,*
can transform by superoxide dismutase enzyme (SOD)-
H,0,, that is converted to less toxic molecules by
glutathione peroxides (GPx ) or catalase (CAT)
enzymes®. Gradually oxidative damage raised over time
because of decline in antioxidant mechanisms with
age®. The OS theory has been proposed a direct cause
for aging, according to the molecular disorder produced
by the accumulation of free radical® and alteration of
redox homeostasis lead to age-related diseases*").

Telomere Shortening / Dysfunction by Oxidative Stress:
In recent years, many studies have been observed the
oxidative stress biomarkers were associated with
telomere length reduction in WBC"?. Same results were
found in perceived and higher inflammatory loads and
higher psychological stress populations’. In spite of
subjects interesting, the information conclusion is
difficult from these kinds of studies. More research about
direct association of OS in homeostasis of telomere
length derived frominflamed tissues report. High level of
ROS and pre-neoplastic lesions development are
characterizations of Chronic inflammatory diseases which
canleadto cancer. Patients with Barrett’s esophagus and
Ulcerative colitis (UC) have shortened telomeres in
affected mucosa than controls individuals®. Reports
found shorter telomeres associated with infiltrating
leukocytes and chromosomal instability™®**?), in addition
to liver cirrhosis and inflamed livers from chronic
hepatitis, atherosclerotic lesions which have also shorter
telomere length in compared with unaffected
tissues**!. Telomere shortening is caused by Hyper-
proliferation cells. However, in a review found that the
rates of natural telomere shortening prostate cells need
about most years of proliferation to reach the sensitive
telomere lengths belong to the oxidative stress role in
the precancerous prostaticintra epithelial neoplasia (PIN)
and prostatic inflammatory atrophy and“®. In sporadic
disease the telomere shortening Mechanisms are under
investigation, so, it may be related to OS"”.

In cell culture studies, Numerous reports found that

OS-ROS exposure factors hasten telomere shortening,
while free radical scavenger and antioxidant are
eliminated shortening rates and elevated proliferative
lifespan*®.

Telomere Changes Induced via Oxidative Stress
Mechanisms: The telomere shorting mechanisms by
oxidative stress have been elucidated by Several models,
the OS induced cell death or senescence is one of these
mechanisms, consequences to survivors undergo more
cell proliferation that caused telomere shortening. its
does not clarified hasten telomere shortening in non-
cytologic and mild OS conditions®®. More cited study
proposed that ROS caused direct single strand cutting at
telomeres, or as lesion repair intermediates causes
replication fork dysfunction and telomere loss™®.
Otherwise, lesions can accumulate un replicated ssDNA
in telomere and represented as fragile telomeres via
multi-telemetric injury at chromatid ends™. In non-
proliferative cells proliferation interference does not
clarified how OS impacts telomeres. Some probabilities
are that oxidative injury interplay with shelter in is
association or transcription at telomeres into TERRA
transcripts, oxidative injury mechanisms cause alteration
in repeat number of telomere.

Damage Telemetric DNA by ROS: Different ROSs
reacted with DNA causes more than 100 kinds of
oxidative damaged bases, include pyrimidine and purines
damages, like single strand breaks and a basic sites.
Guanine is more common oxidation to generating 8-
ox0G, that its more susceptible to oxidation, finally lead
to hydantoin lesions®®*". Biochemical evidences
observed that TTAGGG repeats are favorite location for
iron interaction mediated Fenton reactions, to form
hydroxyl radicals that remove 5 of GGG">**. Likewise,
some studies mentioned SSBs-8-oxoG in cellular
telomeres exposure to oxidation condition in compared
with other DNA sequence types®**. Another study
implemented by Aeby®® mentioned that peroxiredoxin
1 (PRDX1), that work as H,0, scavenger is found in high
level in telomeres and its depleted leads to DNA damage
at telomeres. In telomeres there was fluctuation about
theincreased of oxidative damage were happened based
on the decreased repair or/and increased damage
susceptibility. However in the structure of folded
telemetric G-quadruplex complex, 8-oxoG molecules
cannot be repaired®™. Cellular researches proposed that
shelter in protein TRF2 could interplay with BER**?.
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Oxidative Base Damage Correction by Base Excision
Repair: Base excision repair is contributed in several
oxidative lesions repaired, for genome stability maintains
and maintains telomeres. The accumulation of these
lesions leads to carcinogenesis due to cytotoxic or
mutagenic effects®. The mono-functional DNA
glycosylase in BER detection specific DNA damage and
removing it to form a basic site. A basic site generate by
cleaves 5 via APE1 endonuclease to form an SSB with a
5 sugar phosphate and a 3 hydroxyl and. DNA
polymerase (Pol) B excised 5 sugar phosphate by lyase
function, in addition to template DNA synthesis, gap is
filled, then ligated nicks by DNA ligase I-111®Y,
Furthermore, these steps are conserved, some sub-
pathways of BER assisted by further proteins. five
glycosylase In mammalian cells recognized oxidative base
injury like (OGG1-NEIL1-NEIL2-NEIL3 and NTHL1)"*%%,
They are bi-functional glycosylase, for excision the injury
base and break the strand of DNA 3 to a basic site and
then APE1removed 3 blocking sugar or phosphate group
or polynucleotide kinase®®*®. In normal conditions BER
used single nucleotide replacement, even so if refractory
of 5 end to Pol B processing, Pol 6-€ put some bases, to
form a offered DNA flap that is breaked via FEN1
endonuclease’®.

The 8-0xoG Telomeres Processing: The 8-oxoG is an
important oxidative injury. In form of 8-oxoG, OGG1
glycosylase discriminate the complement C, to form a
basic site by removing the lesion. Studies observe that
0OGG1 glycosylase function is enhance by XPC, NEIL1 and
APE1*?) 0GG1 can more process this lesion with AP-
lyase function, nevertheless strong affinity of 0GG1 for
a basic sites and may trap by its own product®®”.
Furthermore, the deoxyribose moiety is removes by APE1
endonuclease to form SSB. Moreover, the 8-0xoG in
single strand DNA cannot remove by 0GG1®".

This lead to ask about how the 8-0x0G is repaired if
it located in telomere ssDNA regions Remarkably, in
yeast study, the OGG1 deletion strain has short telomere
than normal strain®®. In vivo The longer telomere is
observed in mice with Oggl™", but in vitro pro-oxidant
conditions of cell culture demonstrated decreased in
telomere length, malformation and loss in compared to
control group™®. This may occur a hormesis situation,
little amount of 8-oxoG at telomeres enhanced
lengthening, while large amount lead to telomere lack

and degradation. Moreover, a 8-oxoG in ssDNA telomere
causes folded G-quadruplex complex disruption which
obstructs telomeres loading, thus enhancing telomere
elongation™. On the other hand, the synergies of OS
with unrepaired 8-oxoG to stimulate telomere loss in cell
with Oggl-/- is under investigation, because this lesion
cannot prevent replication or transcription of DNA. The
large amounts of 8-oxoG in telomeres cause shelterin
destruction”” or companied with other ROS-injuries like
SSBs, oxidized pyrimidine to telomere dysfunction and
processing.

Here again, when 8-oxoG escapes from repair
mechanism, a round DNA replication can cause an
opposite 8-0xoG misincorporation. Telemetric sequence
alteration would lead to shelter in binding disruption. A
opposite 8-0xoG was excised via MUTYH glycosylase
forming a gap that would fill by Pol B-Pol A in
BER"?. When the error is not repaired the motif
sequences change TTA(8-0x0G)GG repeats to TTATGG
that didn’t observed commonly”®. This referred to that
either 8-oxoG is which MUTYH efficiently excise A
opposite 8-o0xoG at telomeres to eliminate mutations or
well repaired at telomeres prior to replication, the 0GG1
and MUTYH deficient cells need to be sequenced
telomeres motifs which under  oxidative stress
conditions to discriminate the 8-oxoG mutagenic
potential at telomeres. Biochemical studies have been
found that free bases are more possible to oxidative
injury than basesin DNA duplex and chromatin. Likewise,
cells have machinery like MTH1, that hydrolyze damage
dNTPs before insertion in genome during DNA
replication””. Oxidized dNTPs perhaps more harmful to
telomeres than oxidative base injury in the DNA duplex,
during replication The 8-oxodGTP incorporation opposite
A would change TTAGGG repeats to GTAGGG-TGAGGG.
Notably these motifs are common in telomere
sequencing reports”. On the other hand, during
telomere extension telomeres can insert 8-oxodGTP,
which leads to misincorporated the oxidized dGTP
opposite AP Lee et al.”® mentioned that GTAGGG
motif high percentage observed in distal telomere sites
in cells with telomeres positive proposed that formed by
telomeres errors, Consistent with 8-oxodGTP acute
MTH1 deficient raised telomere missing and cell death in
cancer cells with telomeres positive have short
telomeres, but not in longer telomere tumor cell®*7%.
This proposed that 8-oxodGTP and oxidized form of
dATP, that are excised by MTH1, blocked telomeres
restoration of critically short telomeres. Several tumor
cell lines are more sensitive to MTH1 blocking, in
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contrast with normal cells that depended on telomeres
function for short-term survival”™. The role of MTH1
blocking in telomeres mutagenesis still under
investigations. In spite of telomeres chain terminator of
8-0x0dGTP, factors like POT1-TPP1, may help extension
of telomeres following misincorporation of dNTPs
damaged in cells"®),

Other Oxidized Purines Types Processing: Biochemical
reported other oxidized nucleotide that are more toxic
belong to its ability to prevent DNA replication, While 8-
ox0G is primarily mutagenic, the other oxidized purines
are cytotoxic effect according to their ability to DNA
replication and transcription block. Belong to lower redox
potential of 8-oxoG than the unmodified bases, further
oxidized to other lesions can be occurred like
guanidinohydantoin (Gh) and spiroiminodihydantoin
(Sp)””. These destruction distorting hydantoin lesions
implicated DNA transcription and replication”®”?,
however, it can be removed by NEIL glycosylase
enzymes®’. Notably, mNeil3-NEIL1 excise Gh and Sp
from structures of telemetric G-quadruplex and single
strand DNA, while 8-0x0G don’t be corrected®”. The
lesions processing in telemetric ssDNA and G-
quadruplexes has significant contribution in telomere
integrity. Reports have been shown that NEIL3 in
telomeres through the S/G2 cell cycle-NEIL3 deficiency
elevate telomere missing, aberrations and fusions and
resultantanaphase DNA bridges®®". The offending lesions
contributed of telomere missing is difficult to
discriminate as NEIL glycosylase excise some injury kinds
such as oxidized pyrimidine and ring opened 2-6-
diamino-4-hydroxy-5-formamidopyrimidine (FapyG).
Notably, mice  with Oggl” -Neil2”~ showed high
susceptibility to LPS and inflammation stimulated by
0S®2%I Because of implicated of NEIL2 in BER through
transcription, interfere may be happened between
unrepaired hydantoin lesions with telemetric TERRA
transcripts generation. The Roles of NEIL1 in telomeres
still under investigation. However, triple knockout mice
(Neil1-Neil2-Neil3) did not elucidate telomere
shortening™®.

Oxidized Pyrimidine Processing: Free radicals can be
oxidized Pyrimidine to generate different lesions as well
as 5-hydroxy cytosine, Tg and 5-hydroxy uracil. The Tg is
the more wide thymine oxidation injury with cytotoxic
effects according to its ability to DNA replication
block®!. These lesions also can be removed by either
NEILglycosylase in duplex or ssDNA-NTHL1 glycosylase in
duplex DNA®*® Rather than, just Neil3 has strong

preference toremove Tg from a telemetric G-quadruplex
than non-telemetric duplex DNA®”. Thereby, Tg lesions
in unrepaired form may be partly contributed of defects
in the telomere in cells with deficient Neil3 and/or
Neil2®® Nth1”~ mice showed higher oxidized
pyrimidine frequency. Several studies indicated that a
single Tg present tiny distortion telemetric G-
quadruplexes , The Tg causes changes in the structural
conformations and the telemetric G-quadruplex
dynamics in a way that prefer telomeres binding!™.
These reports prove implication of Tgin telomere defects
via interplay with telomere replication and telomeres
inhibition.

Repair Systems in Oxidative Base Damage Processing: In
addition to BER proteins other repair systems also
promote correct oxidative injury, such as, Nek7 kinase is
enrolled to telomeres after exposure to superoxide
anion, and shelter in TRF1 stabilizes®®. Xeroderma
Pigmentosum (XP) complementation group C protein,
that is an integral composition of nucleotide excision
repair (NER), stimulate OGG1 and thymine DNA
glycosylase activity in vitro®*¥. Furthermore, CSB
(Cockayne Syndrome Type B)-XPG, a structure-specific
endonuclease stimulate NTH1-NEIL2 glycosylase
activity®®?. Cell lines with XPB-XPC-XPD and CSB
deficient exposed to oxidants condition elucidated an
oxidized purine repair disrupt, elevated cell mutagenesis
and death compared with normal cells®***, likewise,
some NER proteins have protected telomeres against
oxidative DNA injury. Mice with ch’/’ grown at 20% O,
causes a fragile telomere™. Deficient XPB-XPD of Human
cells exposure to H,0,demonstrated high percentage of
chromosome ends missing telemetric DNAFY.
Remarkably, some reports mentioned that XPA does not
impact in telomere specific oxidative repair® %, These
proteins protect telomere against oxidative damage by
stimulate BER or oxidative damage removing.
Moreover, in human cells Mismatch repair also
involved in repair oxidative damage. losing of mismatch
repair proteins MSH2-MLH1 increased the amount of 8-
0x0G in cell lines under H,0,". Its can be reduced with
MTH1 over expression, referred to MMR adding 8-oxoG
misincorporated through repair or replication. Notably,
the MMR complex MutSa discriminate 8-oxoG opposite
A-Cvery weak, but has robust affinity of 8-oxoG opposite
T-G®. While these mispairings are unlikely, 8-oxoG
opposite C its favorite via OGG1-A opposite 8-0x0G is
favorite by MUTYH, thus, it indicated the mechanism
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that evolved by cells to treat the other two 8-oxoG
pairings, by MutSa. Reports are also referred to
influence proteins of MMR possibility are essential to
protect telomeres from oxidative injury.

Defects in Oxidative Lesions Repair Systems: Oxidative
DNA injury processing can be further discriminated than
initial injury, if toxicintermediates increased in the repair
mechanism that are not fully understood. function of
PARP1/2-poly(ADP-ribosyl)ation (PAR) in BER following
nucleotide injury transform to an SSB. Otherwise, the
impact of repair system in telomeres protect against OS
still under investigation. Studies found extensive
telomere shortening in cells with PARP1”™ mice!*®*”).
The Blocking of PARP1 in Hela cells, which exposed to
20% 0,, supported these results®®. Notably, the activity
of telomeres didn’t change in cells with PARP17 or
PARP2™", ruling to telomeres activity modulation by
PARP enzymes. Furthermore, these cells demonstrated
a significant elevation in end-to-end fusions of
chromosome via 26 population doubling. The poly(ADP-
ribose) glycohydrolase (PARG) depletion, thatisinvolved
in PAR degradation, protects against telomere
destruction stimulate by irradiation'®®. Studies found at
damaged telomeres PARP1-PARP2 interplay with shelter
in TRF2 that perhaps regulate PARP1/2"%* These
reports demonstrate that the telomere deficiency found
in the lack of PARP1-PARP2 most likely increase from
aborted BER of base injury.

Evidences proposed when ssDNA intermediates that
create through BER persist or accumulate, they can cause
collapse the replication fork and subsequent DSB
formation'®. SSBs repair Failures leads to some
neurological disorders™®!. The SSBs or processing impact
of oxidative injury in telomeres in normal cell still
studied. The repair of clustered injuries on opposing
strands can also causes Duple strand break (DSB)"*".

Its important to mention, the DSB accuracy and
efficiency repair at the telomeres can be changed via
shelter in proteins and the highly repetitive structure of
the sequence™®.

CONCLUSION

Studies proved that OS has significant role in the
telomere shortening accelerated and dysfunction in
human tissues, cell culture and in experiments. some
mechanisms have been suggested to demonstrate how
ROS high level effect on the telomere length

homeostasis., belong to the high effective of ROS in cell
components, further studies must be implemented to
explain if the telomeres legend affected by direct or
indirect ROS impacts.
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