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ABSTRACT

Mitochondria are key organelles in eukaryotic cefisincipally responsible for multiple cellular futions.

Mitochondria play an important role in programmeellacdeath and regulate a multitude of different ahetic and

signaling pathways. The primary function of mitootiva is to produce ATP through the process of atick

phosphorylation, which is conducted by the fourd@@plexes (complexes I-1V) and the ATP synthaseplex V),
all located in the inner mitochondrial membraneukeplakia was most recently defined as a potegtiaalignant
disorder with recognizable white plaques of questlde risk having excluded (other) known diseasedisorders

that carry no increased risk for cancer. Aging oaght to be a degenerative process caused by adated

damage that leads to cellular dysfunction, tissikife, and death. A decline in mitochondrial funat plays a key
role in the aging process and increases the inaideof age-related disorders. We study the presate¢ ®f our
knowledge regarding the role of mtDNA copy numbenge in bodily fluids (saliva) of leukoplakia sedts in

aging, We describe here a rapid, simple and aceurptantitative real-time PCR method for direct@yonized
analysis of mitochondrial (mtDNA) DNA in saliva gaes by using tag man probe and primers.
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INTRODUCTION

Mitochondria are unique cytoplasmic organelles led eukaryotic system that play a central role igulaing
metabolism, cellular energy production ,apoptosig]8], cell motility, transport, cell proliferati¢4], and calcium
homeostasis and are involved in free radical privdofs, 6]. Mitochondria have their own genome, namely
mitochondrial DNA (mtDNA), which possesses hundrédsthousands of copies per mammalian cell. Human
mtDNA is al16,569 bp, maternally inherited, closédtudar double-stranded molecule[6] encoding,2 rRINA2
tRNAs demanded for mitochondrial protein synthd§proteins(total of 37gens) necessary for oxidative
phosphorylation,[7, 8]and displacement loop (D-Lpuampich regulates mtDNA replication and transcripfh.

mtDNA may independently duplicate and does notadmwith nDNA[7]. mtDNA is highly susceptible tachage
by environmental carcinogens because of the absahpeotective histones, lack of introns, limitedNB repair
capacity, and its closeness to high levels of eadogs reactive oxygen species (ROS) in the mitatigninner
membrane as a by-product of the oxidative phospaon system[5, 9, 10].

Oral leukoplakia is a lesion that presents as Aevpiaque in the oral mucosa that cannot be ctexiaet! clinically
or histopathological as any other disease[11, 12]
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Age-related changes in mitochondria are associaid decline in mitochondrial function. With advatt age,
mitochondrial DNA volume, integrity and functiortglidecrease due to oxidative damage induced andradation
of mutations by reactive oxygen species (ROS)[IiBlaged subjects, mitochondria are characterizetnpaired
function such as lowered oxidative capacity, deswsdaATP production, reduced oxidative phosphomytati
increase in ROS generation, and diminished antamtidefense.[14, 15]

A number of aging theories have been proposedtladnitochondrial free radical theory of aging (MR has

taken center stage for several decades. Accorditigis theory, mitochondria play a crucial rolenmediating and
amplifying the oxidative stress that drives thenggprocess According to this theory, with age, sfitlmdria
accumulate ROS-induced damage and become dysfoakttibhe increased ROS production with age becafise
decline in mitochondrial function, activity of seaé ROS-scavenging enzymes declines with age, antdtions of
mitochondrial DNA(MtDNA) accumulate during agingan subsequently lead to a vicious cycle of exptagn

increasing levels of mtDNA damage and oxidativesgf16] in the cell which in turn results in a hat increase in
ROS production.[14, 15]ROS are considered to beamted toxic byproducts of aerobic metabolism thauce

oxidative damage to various cellular macromolecdies to their high chemical reactivity[17, 18]. Tiespiratory
chain (RC), located in the inner mitochondrial meanie[19], is a main production site of superoxaeabundant
ROS in the cell formed at the level of complexean Il during electron transport The superoxidéoans

converted to hydrogen peroxide by SOD. Althoughrbgen peroxide itself is not a free radical, it t@nconverted
to the highly reactive hydroxyl radical in the prase of transition metals through the Fenton reaf2D]. The

hydroxyl radical is considered to be the most danméprm of ROS, as it is highly reactive and causgidative
damage to virtually every molecule type in the,celtluding lipids, proteins, and nucleic acids[22].Our study
evaluate the relationship betweenmt DNA copy nunibéodily fluids (saliva) and aging, To test thésgotheses,
we did quantitative PCR for calculating the ratibtiee quantity of a given mtDNA-encoded gene taot thiia

nDNA-encoded gene in saliva samples obtained frarsubject.

EXPERIMETAL SECTION

Sample Procurement:
Damascus university approval was obtained to perfetudies at the Laboratory of National Commission
Biotechnology and to acquire a salivary samplelofe2ikoplakia subject from the Faculty of Dentistry

Subject:

Written consent forms were collected from all pattiewho were involved in this study. The institatib ethics
committee approved the protocol for the study. dpasi data (age, tobacco and alcohol consumptiwig, tking,
systemic disease, tumor size, lymph node involvémextent of metastasis, and histopathological n¢peere
obtained from the pathological reports. We alsaniified all individuals with a history of any otheystemic
disorder, individuals suffering from acute inflamtory conditions of the oral cavity (e.g. dental edss,
pericoronitis), patients receiving chemotherapyitigbrapy, individuals taking drugs that induce tsalivation
(e.g. anticholinergics, antihistaminics, antihypadives and beta adrenergic blockers) and indilsduaing
secretogogues and excluded them from the study.

Processing of saliva samples:

Whole unstimulated saliva was collected from al Hubjects. The subjects refrained from eatingkdrg, using
chewing gum, mints, etc., for at least 2 h priorthe evaluation. We instructed the subject to do times of
gargling for 15 seconds with 60 mL of de-ionizedyrifled water and to throw out The 60 ml gargle phes.
Samples were obtained by requesting the subjectsvidlow first, tilt their head forward and expélet saliva
(500ml) into 2-ml sterile plastic vials for 10 min.

The samples (500ml) were centrifuged at 1600 rpmi@ominutes. The supernatant was discarded ancethpellet
(200ml) was retained and stored at —80 °C untildioehemical analysis.

DNA extraction:

Salivary DNA was extracted from cell pellets usiagstandard laboratory invisorb spin forensic kiraf®c
molecular GmbH). Briefly, the saliva sample wasuinated at 56°C for 20 min under continuous shakintp0 ml
lysis buffer M, 100 ml ddkb, carrier RNA and 10 ml proteinase K. The samphs then transferred to a new RTA
spin filter tube to which 200 ml binding buffer Bé&s added, centrifuged for 1min at 12,000 rpm. Ahirg buffer
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was added and centrifuged for 30sec at 12,000 Tinen we added elution buffer D and centrifugedsaeple for
1 min at 8,000 rpm and stored the eluted DNA ab <@.

Real time qPCR:

MtDNA content was assessed by quantification ohigue mitochondrial fragment relative to a singbpy region
of the nuclear b2M using a tagman assay. A 65-bgnfient of MtDNA was amplified using the primers TEdb
hmito-F, hmito-R, and hmitoP were used as the liyiation probe, containing the FAM (6-carboxy flascein) as
a fluorescent reporter dye and NFQ as a quencheratithe 3 end. Nuclear content was quantified by targeting a
unique region of the B2 M gene using the JOE/TAMRA&Y6bes, primer limited (VbCBiotech, Vienna). Fack
20 pul reaction, 3 pul of DNA was amplified contaigi@ pl of each mtDNA primer (0.4um), 2 pl (1um) fAdDNA,
2ul (0.4um) probe, 3 ml nuclease free water andnB8ter mix (Kapabio systems, USA). The real-timeRPC
conditions consisted of initial denaturation andj fwlymerase activation at 95°C for 3 minutes fokd by 40
cycles mtDNA-50 cycles nDNA of 95°C for 3 secon@@;C mtDNA-55°C nDNA for 20 seconds, and 72°C for 1
second. Some measurement was repeated in triplasatea non-template control and a positive contvete
included in each experiment. mtDNA to nuclear DNMDNA) ratios were calculated by dividing the mtDIs#&gnal
for each gene by the corresponding nuclear signal.

Tablel. Primers/probes used in the study

Gene accession no Prime r/probe Oligonucleotide sequen Product size (bp)
Human mitochondrial genome NC_012920 hmito F CTTCTGBCAGCACTTAAAC 65
hmMito R GCTGGTGTTAGGGTTCTTTGTTTT
hmito P FAM-ATCTCTGCCAAACCCC
Human b2M Accession number M17987 hB2M F GCTGGGTAGTASACAATGTATTCA 95
hB2M R CCATGTACTAACAAATGTCTAAAATGGT
hB2M P JEO-CAGCAGCCTATTCTGC

Statistical Analysis:

The copy number of mtDNA among 21 leukoplakia salfvspecimens(more than 45 years, less than 45)yware
compared by the parametric test T-student, Diffeesnin host characteristics (Table2) such as kklafecopy
number with age subjects were assessed via Peaoa@tation coefficients. All statistical analysesre performed
using the SPSS statistical package (version 1hEago, IL).P values < 0.05 were considered sigaift.

Table2. Distribution of selected host characteristi

variable More than 45 year Less than 45 year

Sex 57.10% 42.90%

Male 8(66.7) 8(88.9)

female 4 (33.3) 1(11.2)

Age

Std+ 7.4 6.8

Mean 52.1 38.2

Oral health

Good 0(0) 0(0)

Mid 6(50.0) 6(66.7)

Bad 6(50.0) 3(33.3)

Smoking

Never 4(33.3) 2(22.2)

current 8(66.7) 7(77.8) |
RESULTS

We determined the ratio of copy number of mtDNAt@y number of2 microglobulin $2M) gene nDNA in cells
from the saliva of 21 leukoplakia subject by indhgl the sample in the real time quantitative PCRIysis.
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However, there were statistically significant diffaces between theAge related with m DNA / nDNA{043)
and m DNA/ n DNA cases in advance age and early{Rge0.017)as presented in (Table 3,4).

Table3. Show that Age related with m DNA / nDNA: wa significantly elevated in mtDNA / nDNA In the sala with advance age
(Pearson correlation coefficients)

Subject p-value
MtDNA 0.037
nDNA 0.328
mtDNA / nDNA 0.0.43

Log Conc Of mDNA mDNA In Saliva
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Figl: Scatter plots of mtDNA / nDNA content in saliva shws that advance Age subject have significantly higer mtDNA content
compared with early Age

Table4.shows there were statistically significantifferences between theAge related with m DNA / nDNA

subject mtDNA nDNA mtDNA/ nDNA
More than 45 years
Mean 8.89 6.35 14
Scd+ 1.35 0.44 0.17
Less than 45 years
Mean 7.51 6.13 1.23
Sd+ 0.86 0.41 0.11
P value 0.015 0.259 0.017
DISCUSSION

Mitochondria is essentially involved in many imgort physiological processes and cellular bioenéngiuding
metabolism, apoptosis, signaling, cell cycle, aiffentiation, Unlike nuclear DNA, mtDNA is predeat a
consistently high level in normal cells, and theaoiondrial genome lacks protective histones atrms and is
involved in free radical production[4, 23].

As a consequence, the mutation rate of mtDNA istauntially greater than that of nuclear genomic D& copy
number variations have been frequently reportedaiious ages. It is clear that a role of mitochdmdn aging,
Age-related changes in mitochondria are associatddecline in mitochondrial function[15]. With wanced age,
mitochondrial DNA volume, functionality decreaseedo accumulation of mutations and oxidative danmiadeced
by reactive oxygen species (ROS), decreased AT@#uption, and diminished antioxidant. Previous stadihowed
that the increased mtDNA in human cells have loagrbsuspected as contribute rages[4, 13, 14]. Hawéve
prognostic value of copy number variations of mtDNAage subjects remains to be explored. In thidystwe
investigated relative mtDNA/NnDNA copy number inigalof (more than 45 years, less than 45 years)udiyg
real-time quantitative PCR method. Our data showet relative mean mtDNA content showed significant
differences in more than 45 years and less thageds subjects. This does not correspond with tbhe(l et
al)[24]studies that showed no relationship betwa&NA content and age of patient, but also ourg@respond
with the (Jiang et al, Kim et al) studies becausieA content was identified to be altered by aghd!5].
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CONCLUSION

we investigated relative mtDNA/nDNA content in saliof advance and early age in leukoplakia suhjects
demonstrated that statistically significant difieces of mtDNA / nDNA content exist between (mdrart45 and
less than45 subjects).Therefore, the mtDNA copylmemeontent method is an accurate method for dgiggdhe
relationship between the age of leukoplakia sulgadtmtDNA copy number.
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