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REZUMAT

ABORDARI METODOLOGICE IN ANALIZA MOLECULAR-GENETICA A ADN-ULUI
MITOCONDRIAL LA PACIENTII CU SIMPTOMATOLOGIA CARACTERISTICA
DEREGLARILOR MITOCONDRIALE

Introducere. Bolile mitocondriale sunt una dintre cele mai frecvente erori innéscute ale metabolismului, cu o prevalentd
estimatd de aproximativ 1: 5.000. Disfunctia mitocondriala poate aparea din cauza unor defecte ale genelor din ADN-ul
mitocondrial si nuclear care codificd proteine mitocondriale structurale sau cele implicate in functia mitocondriala.

Scopul: Detectarea si cuantificarea heteroplasmiei ADN-ului mitocondrial la pacientii cu simptomatologia caracteris-
tica dereglarilor mitocondriale.

Materiale si metode. Studiul a implicat un grup de cercetare format din 20 de pacienti cu simptomatologia caracteris-
tica deregldrilor mitocondriale §i 10 persoane sanétoase ca grup de control. Tehnica ARMS PCR a fost realizata pentru
toate probele din grupul de studiu si din grupul control. Ulterior, s-a aplicat tehnica ARMS-qPCR doar in cazurile in
care mutatia a fost detectatd prin tehnica ARMS PCR.

Rezultate. Tehnica ARMS-PCR, efectuatd la ambele grupuri de cercetare, a determinat prezenta mutatiei 3243A>G
la toate persoanele din grupul de studiu si cel de control si mutatia 3460G>A la 4 pacienti din grupul de studiu.
Datele preliminare cu privire la analiza heteroplasmiei ADN-ului mitocondrial au relevat un nivel inalt de hetero-
plasmie (55-78%) la 5 pacienti cu mutatia 3243A>G si la 4 pacienti cu mutatia 3460 G>A, fiind in concordanta cu
semnele clinice.

Concluzii. Metoda ARMS-qPCR este o tehnica simpla, eficientd din punctul de vedere al timpului si costului, compa-
rativ cu alte metode.

Cuvinte-cheie: ADN mitocondrial, mutatii punctiforme, ARMS-qPCR, heteroplasmie.
PE3IOME

METOOO/TOTNMYECKUE ITOAXOAbI B MOJIEKY/IAPHO-TEHETUYECKOM AHAJIN3E MU-
TOXOHJIPUATBHOM THK Y MAIIMEHTOB C KJIMHUYECKMMU IIPOABIEHUAMU MUTO-
XOH/JIPVAJIBHOV BOJIE3HU

Beenenne: MutoxouapuanpHble 3a60/eBaHNA ABIAIOTCA OJHUM M3 Haybojee pacpOCTPAaHEHHBIX BPOX/EHHBIX
HapylIeHNT 0OMeHa BellieCTB, C PaCpOCTPaHEHHOCThI0 Ipnb/M3uTenbHO 1: 5000. MuToxoHApKanbHast AUCHYHKIMS
MOJKeT BO3HMKATD U3-3a NedeKTOB FeHOB B MUTOXOH/puanbHolt 1 AnepHolt JTHK, koTopble KOTUPYIOT CTPYKTYpHBIE
MMTOXOHZpMANbHEIe OeNKM WM OeNKM, yJacTByIOIIMe B MUTOXOHApManbHOU ¢yHKkimu. Ilenb: BbiABIeHUe n
KONMYeCcTBeHHas OlleHKa TeTepOoIIa3MIuecKoll MyTaHTHOI MuToxoHApuanbHol JTHK y manyeHToB ¢ KIMHMYeCKUMUI
IIPOAB/ICHUAMI MUTOXOHIPMAIbHOI 60TIe3HIL.

Marepuainbl 1 MeTOAbL: B 1ccnenoBanny yqacTBOBaa rpynmna 13 20 manyeHToB ¢ KINMHIMYECKMMH TPOABICHUAMNI
MUTOXOHZIpMaNbHON 6071e3HM 1 10 3TOPOBBIX IIEPCOH B KadecTBe KOHTPONIbHOI rpymmbl. Meros ARMS-PCR 6b11
BBIIIOJIHEH i1 BCeX 00pas1ioB 13 CCIeR0BATeIbCKOI IPYILIIbI M KOHTPO/IbHO IpyInslL. Jasee, 6bUT IpoBeféH aHaIN3
ARMS-qPCR T07bKO B Tex cyvasx, Korga MyTanus 6puia ugeHTudunmposana meroroM ARMS-PCR.
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Pesynbrater: Metor, ARMS-PCR 6511 BBIIIOTHEH Y Cy6'beKTOB 00eUX MCCIeI0BaTeIbCKUX IPYILI U ObIIO OIIpefieieHo
Hamaue MyTaumu 3243 A> G y Bcex cyObeKTOB B I'PYIIIe VICCTENOBAaHNA ¥ KOHTPOJLA, 1 MyTaumu 3460 G> A 'y
4 TaIMEHTOB MCCIENOBATENbCKON Ipynmbl. IIpeBapuTeNbHbI aHA/MN3 YPOBHA IeTEPOIIa3MUM BBIABU/I BBICOKYIO
cTeneHb reteporviasmun (55-78%) y 5 mayeHTos ¢ MyTtanuei 3243 A> G u y 4 nanuenTos ¢ myrauueit 3460 G> A B

COOTBETCTBUM C KIMHNYIECKNMN IIPOABIEHUAMN.

3axmouenne: Merox ARMS-qPCR yro6eH B 1CIO/Ib30BaHUM, SKOHOMIYEH 1 9 (PeKTUBEH 110 CPAaBHEHUIO C APYTUMMA

METOMaMU J/I1 OIpe€NeIeHNA TeTePOIIa3MIN.

Knrouesbie cnoBa: mutoxonapuanbHas [JHK, roueunsie myTanun, ARMS-qPCR, rereponnasmus.

Introduction.

The mitochondrion is a highly specialized organelle,
present in almost all eukaryotic cells and principally
charged with the production of cellular energy through
oxidative phosphorylation (OXPHOS). In addition to
energy production, mitochondriaare alsokey components
in calcium signalling, regulation of cellular metabolism,
haem synthesis, steroid synthesis and, perhaps most
importantly, programmed cell death (apoptosis) [1].
Mitochondrial DNA is a maternally inherited, circular
double-stranded molecule of 16 569 base pairs, encoding
37 genes (13 proteins of the OXPHOS system, 2 rRNAs,
and 22 tRNAs) [2].

Mitochondrial diseases are one of the most common
inborn errors of metabolism, with a conservative
estimated prevalence of approximately 1:5,000 [3].
Mitochondrial function is under dual genetic control -
the 16.6-kb mitochondrial genome and the nuclear
genome, which encodes the remaining ~1300 proteins of
the mitoproteome. Mitochondrial dysfunction can arise
because of defects in either mitochondrial DNA or nuclear
mitochondrial genes, and can present in childhood or
adulthood in association with vast clinical heterogeneity,
with symptoms affecting a single organ or tissue, or
multisystem involvement [2]. Clinical symptoms can arise
in childhood or later in life, and can affect one organ in
isolation or be multisystemic [4]; the minimum disease
prevalence in adults is ~12.5 per 100 000, and ~4.7 per
100 000 in children [3]. Nuclear DNA defects tend to be
autosomal recessive and are transmitted in a Mendelian
fashion where half of the genetic material of a fertilized
egg derives from each parent. Since the egg has multiple
mitochondria while sperm has virtually none, mutations
of mitochondrial genes in mtDNA are transmitted through
the maternal line, or they may be sporadic. The number of
mitochondria within cells varies depending on the energy
needs of the cells. Cells which have more ATP requirements
will have more mitochondria. As an example, muscle cells
and heart muscle cells need more energy than the cells of
the liver and have more mitochondria to generate more
ATP. The heart muscle cells have about 5,000 mitochondria
and each liver cell contains 1,000-2,000 mitochondria [5].
Point mutations and large-scale mtDNA deletions
represent the two most common causes of primary
mtDNA disease, the former usually being maternally
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inherited, and the latter typically arising de novo during
embryonic development [2]. The multicopy nature of
mtDNA gives rise to heteroplasmy, a unique aspect of
mtDNA-associated genetics that occurs when there is
coexistence of a mix of mutant and wild-type mtDNA
molecules (heteroplasmy). In contrast, homoplasmy
occurs when all of the mtDNA molecules have the same
genotype. Heteroplasmic mutations often have a variable
threshold, i.e. alevel to which the cell can tolerate defective
mtDNA molecules [6]. When the mutation load exceeds
this threshold, metabolic dysfunction and associated
clinical symptoms occur. The degree of mtDNA mutant
heteroplasmy can vary significantly across different
tissues of the same individual, and the percentage of
a mutation is an important contributor to the clinical
phenotype [7]. Due to heteroplasmy, mitochondrial
disease takes many forms and even family members may
present differently with the disease. Determination of the
heteroplasmic status of any mtDNA mutation is clinically
important to providing a family with informative genetic
counseling regarding recurrence risk. Therefore, accurate
measurement of heteroplasmy is an essential component
of the molecular diagnostic scheme for mtDNA-related
disorders. Methods widely used to detect heteroplasmic
mutations include Restriction Fragment Length Poly-
morphism (RFLP), direct sequencing, TaqgMan allelic
discrimination analysis, Amplification Refractory Muta-
tion System Quantitative Polymerase Chain Reaction
(ARMS-qPCR), and PCR/allele-specific oligonucleotide
(ASO) dot blot hybridization [8]. ARMS-qPCR is a cost-
effective method that measures the relative amount of
wild-type and mutant mtDNA in a single step.

The most common mitochondrial diseases are MELAS
syndrome (Mitochondrial Encephalopathy, Lactic
acidosis, Stroke-like episodes), LHON syndrome (Leber’s
Hereditary Optic Neuropathy), Leigh syndrome, NARP
syndrome (Neuropathy, Ataxia, Retinitis Pigmentosa).
The presence of mitochondrial diseases presents a social
problem, leading to substantial direct and indirect costs
of medical care for the patient and for society as a whole.
Genetic testing for mitochondrial diseases is important
because it allows early access to standard care, avoiding
invasive investigations and significant impact on the
evolution of the disease, but also genetic counseling of
the family.
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The aim: Detection and quantification of heteroplasmic
mutant mitochondrial DNA in patients with common
clinical features of mitochondrial disease.

Materials and Methods. Patients were referred to the
Human Molecular Genetics Laboratory at the Institute
of Mother and Child, for genetic counseling. The
most frequent mutations involved in occurrence of
mitochondrial disease (MT-TL1-3243A>G, MT-ND1-
13513G>A, MT-ND1-3460G>A, MT-ND4-11778G>A,
MT-ND6-14484T>C, MT-ATP6-8993T>C, MT-ATP6-
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mutant sequence, only in cases where the mutation
was identified by ARMS PCR technique. The ARMS
qPCR was run in Applied Biosystems™ 7500 Real-Time
PCR System using 7500 Software (Version 3.2). The
percentage of mutation heteroplasmy was calculated
by AC, (C*¢bpe — C ™). Mutation % = 1/[1+(1/2)
¢ ] x 100%. The threshold cycle (C)) is the cycle at
which a significant increase in the reaction product is
first detected. The higher the initial amount of DNA,
the sooner accumulated product is detected in the PCR
process and the lower the C, value.

Table 1. Primer sequences for ARMS PCR

Name Forward/ Sequence Size
Reverse (pb)
Forward wild-type AGGGTTTGTTAAGATGGCtcA
MT-TL1-3243A>G Forward mutant AGGGTTTGTTAAGATGGCtcG 97
Reverse TGGCCATGGGTATGTTGTTA
Forward wild-type CTCACAGGTTTCTACTCCAALG
MT-NDI -13513G>A Forward mutant CTCACAGGTTTCTACTCCAAtA 145
Reverse TTCTTCTCACCCTAACAGGTC
Forward wild-type TACTACAACCCTTCGCTGcCG
MT-ND1 -3460G>A Forward mutant TACTACAACCCTTCGCTGcCA 120
Reverse GTAGAAGAGCGATGGTGAGAGCTAAG
Forward wild-type ACGAACGCACTCACAGTgG
MT-ND4 -11778G>A Forward mutant ACGAACGCACTCACAGTgA 143
Reverse CACAGAGAGTTCTCCCAGTAGGTTAA
Forward wild-type GTAGTATATCCAAAGACAACgAT
MT-ND6 -14484T>C Forward mutant GTAGTATATCCAAAGACAACgAC 161
Reverse GGGTTTTCTTCTAAGCCTTCTCC
Forward wild-type TACTCATTCAACCAATAGCCaT
MT-ATP6 - 8993T > C Forward mutant TACTCATTCAACCAATAGCCaC 75
Reverse TTAGGTGCATGAGTAGGTGGC
Forward wild-type TACTCATTCAACCAATAGCCaT
MT-ATP6 - 8993T > G Forward mutant TACTCATTCAACCAATAGCCaG 75
Reverse TTAGGTGCATGAGTAGGTGGC

8993T>G) were verified by ARMS-PCR technique in a
research group of 20 patients presenting common clinical
features of mitochondrial disease and 10 healthy
persons as control group. Total DNA was isolated
from peripheral blood lymphocytes by a salting-out
method. The ARMS PCR technique was performed for
all samples from the study group and from the control
group. ARMS PCR primers are able to discriminate
a single nucleotide change on the template DNA due
to the absences of 3" exonucleolytic proofreading
activity associated with Taq DNA polymerase. Under
appropriate conditions, oligonucleotides containing
a mismatched 3’ -residue are unable to function
as primers. Introducing a mismatched nucleotide
immediately 5° to the mutation site will further
increase target DNA amplification specificity. ARMS
primers for PCR analysis of seven common mtDNA
point mutations used in the study are listed in Table 1
[9]{10][11][12].

Subsequently, the real time ARMS qPCR assay was
performed in duplicates for each wild-type and
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Results.

The ARMS-PCR technique was performed in patients
presenting common clinical features of mitochondrial
disease and in healthy persons in the control group. It was
determined the presence of the 3243 A>G mutation in all
persons in the research and control group and the 3460
G>A mutation in 4 patients of the research group.
Preliminary analysis of heteroplasmy level revealed
a high degree of heteroplasmy in 5 patients with 3243
A>G mutation, indicating the presence of MELAS
syndrome, a multisystem disorder characterized by
stroke-like episodes, encephalopathy with seizures
and/or dementia, lactic acidosis, muscle weakness
and exercise intolerance, recurrent vomiting, hearing
impairment, peripheral neuropathy, and learning
disability (Fig. 1-3).

MT-ND1 - 3460 G>A mutation was established in
4 patients of the study group, which confirms the
presence of LHON syndrome, a disorder with bilateral
loss of central vision predominantly in young males
(Fig. 4-6).
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Conclusions.

The real-time ARMS-qPCR method

Fig. 5. Melting curve of mutant primer,
3460 G>A mutation
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Fig. 6. Melting curve of wild-type primer,

3460 G>A mutation

provides a simple, easy-to-read output that is cost- and
time-effective, thus providing an alternative method to
individual endpoint PCR-restriction fragment length
polymorphism (RFLP) or PCR followed by Sanger
sequencing. The ARMS-PCR technique was performed
in subjects of both research groups, determining the
presence of the 3243 A>G mutation in all persons in
the research and control group and the 3460 G>A
mutation in 4 patients of the research group. Preliminary
analysis of heteroplasmy level revealed a high degree
of heteroplasmy (55-78%) in 5 patients with 3243 A>G
mutation and 4 patients with 3460 G>A mutation, being
in accordance with clinical manifestations. The control
group had a low-level of heteroplasmy, which implies the
absence of clinical features of mitochondrial diseases.
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