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A.Prikaz mitohondrija pod elektronskim mikroskopom. Vidljiv je dvostruki membranski sustav
u kojem unutarnja membrana oblikuje nabore (kriste) koji se protezu u matriks mitohondrija,

B. Elektronsko mikroskopska tomografija mitohondrija Zivéane stanice (preuzeto iz Perkins i
sur. J Struct Biol 1997;119:260-72).



ATP univerzalna energetska “moneta” stanice

AdDENIN

Kako bismo ilustrirali znacaj mitohondrija dovoljno je reéi da odrastao zdrav Covjek
dnevno proizvede oko 50 kg ATPa.



Unutarnja membrana
uloga mitohondrija kao generatora energije
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Mitohondrijske bolesti su grupa klinicki heterogenih bolesti zajednicki definiranih gubitkom
stanicne energije radi neispravne oksidativne fosforilacije.

Extensive clinical and genetic heterogeneity means that the exact prevalence of mitochondrial
disease is difficult to establish. The true prevalence of mtDNA disease is unknown. However, it
is estimated that approximately 1 in 4,000 children are born with mitochondrial disease.
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Velik broj identicnih kopija mtDNA

mtDNA sekvencirana je 1981. (tzv. Cambridge referentna sekvenca), a prva mutacija
mtDNA Covjeka sa patoloskim posljedicama otkrivena 1988.
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lako mitohondrijska DNA (mtDNA) sadrzi samo 37 gena, promjene mtDNA danas su
funkcionalno i geneticki vezane uz Citav niz bolesti Covjeka.



m.1555A>G — gluhoca

m.1624C>T - LS

m.3243A>G — MELAS/MIDD/CPEO
m.3271T>C - MELAS

m.3460G>A — LOHN
nekoliko mutacija — MELAS

m.4300A>G
kardiomiopatija

m.5545C>T multisistemski
poremecaji

m.14709T>C — miopatija, slabost,

dijabetes

m.14484T>C— LHON
m.14459G>A, m.14487T>C- LS

ND6

m.13513G>A i ostale mutacije
MELAS, LS i preklapajudi sindromi

4,977-bp delecija
CPEO/KSS/PS

m.7445A>G, m.7472Cins
gluhoca, miopatija

m.11778G>A — LHON

m.11777C>A - LS

m.10158T>C, m.10191T>C, m.10197G>A

LS/Leigh sindrom

m.8344A>G, m.8356T>C
MERRF

m.8993T>G/C, m.9176T>G/C
NARP/MILS

Mitohondrijska DNA i mitohondrijskih bolesti u ljudi. Prikazane su najpoznatije mutacije koje uzrokuju
mitohondrijske bolesti. CPEO (chronic progressive external ophthalmoplegia)-kroni€na progresivna vanjska
oftalmoplegija; LHON (Leber hereditary optic neuropathy)-Leberova hereditarna optiCka neuropatija; LS (Leigh
syndrome)-Leighov sindrom; MELAS (mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like
episodes)-mitohondrijska miopatija, encefalopatija, lakticna acidoza, epizode sliche mozdanom udaru; MERRF
(myoclonic epilepsy and ragged red fibres)-miokloni¢na epilepsija i crvena pokidana vlakna; MILS (maternally
inherited Leigh syndrome)-Leighov sindrom naslijeden od majke; NARP (neurogenic weakness, ataxia, and
retinitis pigmentosa)-neurogenska slabost, ataksija i retinitis pigmentosa; PS (Pearson syndrome)-Pearsonov

sindrom. (Prilagodeno prema Tuppen i sur. Biochim Biophys Acta 2010;1797:113-28).




Jedan od razloga velike kompleksnosti i heterogenosti mitohondrijskih bolesti svakako je
uklju¢enost obaju genoma, i mitohondrijskog i jezgrinog, u njihov nastanak. Oko 10% proteina
ove organele sintetizira se u mitohondriju, a ostatak proteina mora se transportirati iz citosola

u organelu. Proteini sintetizirani u citosolu po uputi jezgrine DNA ulaze u mitohondrij
posttranslacijskim procesima.

Mitochondrial protein aggregates are assembled from the products of expression of nuclear genes and

mitochondrial genes.
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Mitochondrial biogenesis and the clinical features of mitochondrial disease in adults
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Mutacije mtDNA
uzrokuju nasljedne
mitohondrijske bolesti.
To su rijetki sindromi
uzrokovani ostecenjima
brojnih tkiva. Tkivna
oStecenja slijede
redoslijed osjetljivosti
tkiva na energetsKi
manjak. NajCesSca su
oStecenja oCnog Zivca i
SZS, zatim skeletnih
miSic¢a i srca, stanica
gusteracCe, bubrega i
jetre. Za razliku od
nasljednih, steCena
oStec¢enja mitohondrija
poglavito nastaju
ucinkom slobodnih
radikala kisika.
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Mitohondrijske bolesti mogu se javiti u svakoj zivotnoj dekadi, s time da su one koje se
javljaju u djetinjstvu uzrokovane recesivnim mutacijama gena jezgre teske i progresivne.
Pojava u odraslih osoba uzrokovana je pretezno mutaciama mtDNA. Kombinacija
slijedecih simptoma sugerira na mitohondrijsku bolest. Vrlo je malo specificnih simptoma.
Neki bolesnici imati ¢e samo neke od dolje navedenih simptoma, dok Ce drugi razviti
multisistemske bolesti. Preporuka je posumnjati na mitohondrijsku bolest kada su
zahvacena tri ili viSe organska sustava.

Simptomi koji jako upuéuju | Misic¢ bol, gréenje, hipotonija, rasCupana crvena vlakna (‘ragged red fibers'),
nedostatak citokrom oksidaze, progresivna vanjska oftalmoplegija, ptoza
Metabolizam | poviSena razina laktata u cerebrospinalnom likvoru, laktacidoza u krvi
Mozak magnetna rezonanca otkriva hiperintenzivna podru¢ja na T2/FLAIR
sekvenci u podrucju bazalnih ganglija, infarkti Cesto u parieto-okcipitalnoj
regiji. Kalcifikacija bazalnih ganglija. Hemipareza i/ili hemianopija.
Demencija, zaostajanje u razvoju; migrene, napadaji
Oko pigmentna retinopatija, gubitak vida, ptoza, oftalmoplegija
Srce kardiomiopatija bez vidljivog uzroka, sréani blok
Bubreg oStecenja tubula, renalna tubularna acidoza
Krv sideroblasticna anemija sa vakuoliziranim eritrocitnim i leukocitnim
prekursorima
Simptomi koji se mogu vezati | Mozak demencija, mioklonus, ataksija, fokalni napadaji, glavobolje
uz mitohondrijsku bolest
Oko katarakta, atrofija optickog Zivca
Uho gluhoc¢a sluSnog zivca
Gusteraca disfunkcija egzokrine gusterace
Probavni atrofija resica, epizodno povracanje , gastrointestinalni problemi
sustav
Endokrini diabetes (oba tipa I i II), hipoparatiroidizam, nedostatak hormona rasta
sustav
Kostana srz sideroblasti¢na anemija, vakuolizacija, pancitopenija
Jetra disfunkecije jetre bez drugog objaSnjenja, hipoglikemija

DIJAGNOSTICIRANJE PREDSTAVLIA IZAZOV!



Klinicka slika Molekularna abnormalnost

Leighov sindrom bolest koja nastaje zbog deficita oksidativnog metabolizma uzrokovanog
mutacijama u mitohondrijskoj ili jezgrinoj DNA. Mutacije mitohondrijske
DNA slijede¢e su toCkaste mutacije: m.8993T>C, m.8993T>G,
m.10158T>C 1 m.10191T>C. Mutacija na mjestu 8993, sa zamjenom
T>C/G u mtDNA se nalazi u genu MTATP6 koji kodira za ATP sintazu 6.
Druga poznata mutacija mtDNA je ona u gena za NADH dehidrogenazu 3.

Kearns-Sayreov sindrom Uzrok nastanka bolesti velike su sporadicne pojedinacne delecija u
mitohondrijskog genoma koje obuhvacaju od 1000 do 10000 nukleotida.
Najcesc¢a delecija, koja se javlja u jedne treCine oboljelih od Kearns-
Sayreovog sindroma, zahvaca 4997 nukleotida, odnosno 12 mitohondrijskih

gena.
Pearsonov sindrom velike delecije kao u KSS.
Leberova nasljedna opti¢ka neuropatija (LHON) Bolest je uzrokovana tockastim mutacijama mitohondrijske DNA. Najcesc¢e

mutacije (viSe od 95%) su: m.11778G>A (MT-ND4 gen koji kodira 4.
podjedinicu NADH dehidrogenaze), m.3460G>A (MT-NDI gen za 1.
podjedinicu NADH dehidrogenaze), 1 m.14484T>C (MT-ND6 gen za 6.
podjedinicu NADH dehidrogenaze).

MELAS sindrom (mitochondrial encephalopathy, lactic NajceS¢a mutacija koja pogada 80% bolesnika sa sindromom MELAS jest

acidosis and stroke-like episodes) toCkasta mutacija m.3243A>G. Mutacija je smjeStena u genu MTTL1 koji
kodira za mitohondrijsku tRNA. Medutim poznate su i druge mutacije u
genu za ovu tRNA kao 1 u genima za druge mitohondrijske tRNA, te genima
koji kodiraju proteine. To su mutacije: supstitucija na poziciji m.3271T>C
takoder u genu MTTL1; m.1642G>A u genu MTTV za drugu
mitohondrijsku tRNA; m.9957T>C u genu MTCO3 za citokrom oksidazu
IIT; zatim nekoliko mutacija m.12770A>G, m.13045A>C, m.13513G>A,
m.13514A>G koje se sve nalaze u genu MTNDS5 za podjedinicu 5
mitohondrijske  NADH-dehidrogenaze. Mutacija u genu MTNDI =za
podjedinicu 1 mitohondrijske  NADH-dehidrogenaze su m.3697G>A,
m.3946G>A i m.3949T>C.



Nastavak tablice

Klinicka slika Molekularna abnormalnost

Kroni¢na progresivna vanjska oftalmoplegija Primarni  geneticki  dogadaji su velike delecije
mitohondrijske DNA, te mutacije u mitohondrijskim
genima za tRNA ili onima koji kodiraju proteine (e.g.
MTTL1, MTTI and MTND4). Tockaste mutacije koje
uzrokuju kroni¢nu progresivnu vanjsku oftalmoplegiju su:
m.3243A>G (kao 1 u MELAS sindromu) i m.12316G>A u
genu za mitohondrijsku tRNA. Sekundarne mutacije koje
uzrokuju bolest visestruke su delecije gena POLG, C10o0rf2,
RRM2B, i SLC25A4 smjestenih u jezgrinoj DNA.

Neuropatija, ataksija, retinitis pigmentoza (NARP) NARP je kao i Leighov sindrom uzrokovan tockastom
mutacijom mitohondrijske DNA, m.8993T>G u genu MT-
ATP6 za ATP-sintazu 6. Opseg mitohondrija zahvacenih
mutacijom utjece na klinicki fenotip i pojavu bolesti u
djetinjstvu.

Mioklona epilepsija s ragged-red fibers (MERRF) MERRF je wuzrokovan tockastom mutacijom u
mitohondrijskom genomu. NajceS¢a mutacija koja se javlja
u 80% slucajeva jest supstitucija m.8344A>G, u genu
MTTK koji kodira mitohondrijsku tRNAlys. Gubitak
neurona u bolesnika sa mutacijom m.8344A>G najizraZeniji
je u nucleus dentatus, no zabiljezen je i u mnogim drugim
podrucjima srediSnjeg ziv€anog sustava. Rjede mutacije
koje uzrokuju MERRF nalaze se u genima MTTL1, MTTH
ili MTTSI1 koji takoder kodiraju za tRNA.



Od vremena prve mutacija mtDNA Covjeka sa patoloskim posljedicama otkrivene 1988.
godine do danas, lista gena, mutacija i bolesti uzrokovanih promjenama mitohondrija svakim

Mitochondrial genes associated with mitochondrial disease

Primary mitochondrial disorders due to mitochondrial gene defects

Maternally inherited disorders

Hypertrophic cardiomyopathy, neuropathy, ATP deficiency

LHON

Leigh syndrome

Leigh syndrome (late onset)
MELAS (MIDD)

MELAS (atypical)

MERRF

Mitochondrial myopathy

Myopathy and diabetes

NARP (MILS if homoplasmic)

Reversible COX deficiency

Sensorineural deafness

Sporadic disorders

Exercise intolerance

Fatal infantile encephalopathy (Leigh-like syndrome)

CPEO

Diabetes and deafness

Kearns—Sayre syndrome

Pearson syndrome

Secondary mitochondrial disorders due to nuclear
gene defects

adPEO

arPEO

DOA/DOA “plus”
MNGIE

POLG

MT-ATPS

MT-ND1, MT-ND4, MT-ND4L, MT-ND6, MT-CYTB
MT-ND2, MT-ND3

MT-ATP6

MT-NDI, MT-NDS5, MT tRNA(Leu(UUR))
MT-RNR2

MT-ND1, MT-ND5, MT tRNA(Lys)

MT-CYTB, MT-CO1, MT-CO2, MT-CO3, MT tRNA(Ala, Asn,

Leu(CUN), Phe, Ser(AGY), Ser(UCN), Tyr)
MT tRNA(Glu)
MT-ATP6
MT tRNA(Glu)
MT-RNR1, MT tRNA(Ser(UCN))

MT-CYTB

MT-ND3

mtDNA deletion/depletion
mtDNA deletion

mtDNA deletion/depletion
mtDNA deletion

POLGI, POLG2, ANTI1, TWINKLE, TK2, DGUOK, RRM2B,

DNA2, MGME1, MPV17, OPAl
POLGI
OPAl, MFN2
TYMP
POLGI

adPEOQ, autososomal-dominant progressive external ophthalmoplegia; arPEO, autosomal-recessive progressive external ophthalmoplegia; ATP,
adenosine triphosphate; COX, cytochrome C oxidase; CPEO, chronic progressive external ophthalmoplegia; DOA, dominant optic atrophy;
LHON, Leber hereditary optic neuropathy; MELAS, mitochondrial encephalopathy with lactic acidosis and stroke-like episodes; MIDD, mater-
nally inherited deafness and diabetes; MERRF, myoclonic epilepsy with ragged-red fibers; mtDNA, mitochondrial DNA; NARP, neuropathy,
ataxia, and retinitis pigmentosa; MILS, maternally inherited Leigh syndrome; MNGIE, mitochondrial neurogastrointestinal encephalopathy;
POLG, polymerase gamma-related disease; rRNA, ribosomal RNA.

Genetic mode of inheritance is indicated by color. Magenta, maternal; orange, sporadic; blue, autosomal-recessive; red, autosomal-dominant;

purple, autosomal-dominant or recessive.

danom sve je duza.

From: Davis et al,
Mitochondrial Diseases. In:
Handbook of Clinical
Neurology, Vol. 147
Neurogenetics, Part | DH
Geschwind, HL Paulson, and
C Klein, Editors,2018
Elsevier
https://doi.org/10.1016/B9
78-0-444-63233-3.00010-5



Nuclear genes associated with mitochondrial disease

Respiratory enzyme

Respiratory

enzyme assembly

subunits factors Mitochondrial DNA maintenance
Complex 1 NDUFAL 2, 9, 10, ACADY APTX, DGUOK, DNA2, MFN2, MGME1, MPV17, OPAl,
11, 12 TWINKLE, POLGI, POLG2, RRM2B, SUCLA2, SUCLGI,
TDPI, TK2, TYMP
NDUFB3, 9 AIFM1
NDUFS1, 2, 3, 4, 6, FOXRED] Mitochondrial DNA transcription and translation
7, 8
NDUFVI, 2 NDUFAFI, 2, 3, AARS2, AFG3L2, CARS2, CLPB, DARS2, DNAJC19, EARS?2,
4,5, 6 ELAC2, FARS2, GARS, GFM1, GFM2, GTPBP3, HARS2,
NUBPL HSP60, IARS2, KARS, LARS2, LRPPRC, MARS2, MRPL12,
Complex 11 SDHA, B, C, D SDHAF1, 2 MRPL3, 44, MRPS7, 16, 22, MTFMT, MTOI1, MTPAP,
Complex ITT UQCRB, QO BCSIL NARS2, PARS2, PNPTI, PUSI, RARS2, RMNDI, RMRP,
HCCS SARS2, SPG7, SPG55, TACO1, TARS2, TIMMSA, TRMU,
TTC19 TSFM, TUFM, VARS2, YARS?2
Mitochondrial dynamics and membrane integrity
Complex IV COX412, 6B1, 7B COAS AGK, CHKB, DLP1, GDAPI, LPINI, MFF, MFN2, OPAl,
SERACI, TAZ
NDUFA4 COXI0, 14, 15
FAM36A4 Mitochondrial metabolism
FASTKD?2 ANTI, CYCS, ETHEI, GFER, MPCI1, PDHAI, SLC25A43
LRPPRC
SCOl, 2 Mitochondrial iron homeostasis
SURF1 ABCB7, BOLA3, FXN, GLRXS, ISCU, NFUI
Complex V ATP5A1, ATPSE ATPAF2 Coenzyme Q10 homeostasis
TMEM70 ADCK3, COQ2, 4, 6, 9, ETFDH, PDSS1, 2

Genetic mode of inheritance is indicated by color. Magenta, maternal; orange, sporadic; blue, autosomal-recessive; red, autosomal-dominant; pur-
ple, autosomal-dominant or recessive; green, X-linked.

From: Davis et al, Mitochondrial Diseases. In: Handbook of Clinical Neurology, Vol. 147 Neurogenetics, Part | D.H. Geschwind, H.L. Paulson, and C. Klein, Editors https://doi.org/10.1016/B978-

0-444-63233-3.00010-5



Pathogenicity in POLG syndromes: DNA polymerase gamma DNA polymerase gamma (POLG) is the
replicative polymerase responsible for maintaining mitochondrial DNA (mtDNA). Disorders related
to its functionality are a major cause of mitochondrial disease. There are currently 176 unique point
mutations reported and found in mitochondrial patients in the gene encoding the catalytic subunit
of POLG. The mutations are distributed nearly uniformly along the length of the primary amino acid
sequence of the gene. Our analysis shows that most of the mutations are recessive. The POLG
Pathogenicity Prediction Server (http://polg.bmb.msu.edu) is targeted at clinicians and scientists
studying POLG disorders, and aims to provide the most current available information regarding the
pathogenicity of POLG mutations.

Structural model of the POLG holoenzyme
in complex with primer-template DNA.
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Do danas opisano je preko 300 mutacija mtDNA i rearanzmana koji uzrokuju
mitohondrijske bolesti koje su povijesno klasificirane u poznate sindrome.
Baza prijavljenih mtDNA mutacija i varijanti moze se naci na
www.mitomap.org.

Razumijevanje mitohondrijske genetike dovelo je do poboljSanja dijagnostike, kao i do novih
pristupa sprijeCavanja nasljedivanja teskih mitohondrijskih bolesti. Trenutno se dijagnoza
temelji na klinickoj slici, biokemijskim nalazima kao npr. povisene serumske razine laktata,
kreatinin kinaze i alanina; zatim biopsije miSi¢a (Cesti lazno negativni rezultati), kao i genskim
analizama (biopsija blastomera). Obecavajuéi pristup detekcije mutacija svakako je
sekvenciranje slijedece generacije (Next Generation Sequencing).


http://www.mitomap.org/

Nasljedivanje mitohondrija i mtDNA

Spermij ~100 kopija mtDNA
Zrela oocita >100 000—-600 000 kopija mtDNA

I1

Destrukcija oCeve mtDNA
putem ubikvinacije ili lizosoma.

1

o . o
STERITYIT

Mitohondrijske bolesti ne nasljeduju se po
Mendelovim zakonima, jer citoplazma zigote sadrzi
nekoliko stotina tisu¢a molekula majcine mtDNA, dok
spermij unese u zigotu tek nekoliko molekula o€evih
MtDNA. Mehanizmi kojima se selektivno eliminiraju
oCevi mitohondriji joS uvijek su nepoznati. Nedavna
istrazivanja provedena na C. elegans pokazala su da
oCevi mitohondriji ubrzano gube integritet svoje
unutrasnje membrane odmah nakon fertilizacije.
Pokazalo se da proces eliminacije oCevih
mitohondrija uvelike ovisi 0 mitohondrijskoj
endonukleazi G, toCnije endonukleazi CPS-6.
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lako je broj mitohondrija po stanici velik, a mtDNA po stanici broji vise od 100 000 kopija, svejedno je ukupna
koli¢ina mtDNA prema jezgrinoj DNA malena i iznosi manje od 1%.

From: Novel reproductive technologies to prevent mitochondrial disease
Hum Reprod Update. 2017;23(5):501-519. doi:10.1093/humupd/dmx018

Hum Reprod Update | © The Author 2017. Published by Oxford University Press on behalf of the European Society of Human
Reproduction and Embryology. All rights reserved. For Permissions, please email: journals.permissions@oup.com



Vrlo je malo efektivnih terapija za
mitohondrijske bolesti. Za vecinu
bolesnika postoji samo suportivna i
simptomatska terapija. Suplementi u
prehrani kao npr. koenzim Q10 i terapija
tielesnom aktivnoS¢u spadaju u ove

pristupe. Medutim u posljednjih 10 godina,

u laboratorijima se razvijaju nove terapije,
koje ulaze u kliniCka ispitivanja.
Nepersonalizirane terapije obuhvacaju:
aktivaciju biogeneze mitohondrija,
regulaciju mitofagije i mitohondrijske
dinamike, zaobilazenje biokemijskih
greSaka, terapiju zamjene mitohondrija i
hipoksiju. S druge strane personaliziranim
ciljanim terapijama pripadaju: CiS¢enje
toksiCnih spojeva, deoksinukleozidna i
deoksinukleotidne terapija, terapije
zamjene stanica, genske terapije,
promjene heteroplazmije mutirane
mitohindrijske DNA. (Hirano M, et al.
Emerging Therapies for Mitochondrial
Diseases. Essays Biochem. 2018; 62(3):
467-481. doi:10.1042/EBC20170114.)

Mitochondrial DNA (mtDNA) is a multi-
copy genome whose cell copy number
varies depending on tissue type.
Mutations in mtDNA can cause a wide
spectrum of diseases. Mutated mtDNA is
often found as a subset of the total
mtDNA population in a cell or tissue, a
situation known as heteroplasmy.



LE'I“"ER 270 | NATURE | VOL 540 | 8 DECEMBER 2016

doi:10.1038/nature20592

Mitochondrial replacement in human oocytes
carrying pathogenic mitochondrial DNA mutations

Eunju Kang"?f, Jun Wu?, Nuria Marti Gutierrez?, Amy Koski'?, Rebecca Tippner-Hedges"?, Karen Agaronyan?,

Aida Platero-Luengo?, Paloma Martinez-Redondo?®, Hong Ma'2, Yeonmi Lee'?+, Tomonari Hayama'-2, Crystal Van Dyken"?,
Xinjian Wang®, Shiyu Luo®, Riffat Ahmed"?, Ying Li'?, Dongmei Ji®, Refik Kayali’, Cengiz Cinnioglu’, Susan Olson?®,
Jeffrey Jensen?, David Battagliag, David Lee?, Diana Wu°?, Taosheng Huang‘s. Don P. Wolf"2, Dmitry Temiakov?,

Juan Carlos Izpisua Belmonte?, Paula Amato® & Shoukhrat Mitalipoy’2%10:11

Maternally inherited mitochondrial (mt)DNA mutations can  heteroplasmy in blood and 100% in skin fibroblasts, while in a second
cause fatal or severely debilitating syndromes in children', with  1-year-old asymptomatic sibling, the mutation load was 50% in blood
disease severity dependent on the specific gene mutation and the  and 62% in skin fibroblasts. Their 23-year-old mother, who is the elder
ratio of mutant to wild-type mtDNA (heteroplasmy) in each cell sister of the subject from the first family, carried this mutation at 13%
and tissue®. Pathogenic mtDNA mutations are relatively common, m blood and 16% in skin fibroblasts (Fig. 1a, left). In the third Leigh
with an estimated 778 affected ¢ g -old boy had a G13513A substi-




Three-parent in vitro fertilization: gene replacement for the prevention of inherited mitochondrial diseases

1. Patient's egg with
abnormal mitechondria
fertilised with partner's
Sperm

2. Patients’ zygote with
abnormal mitochondria

3. Patients’ pronuclel removed
from zygobe and transferred to
enucleated egg, which has
normal mitochondria

Q 4. Cleaving embryo with
normal mitochondria and

maternal and paternal
genome can be transfemred
to the uterns

Donated egg fertilised Zygote Zygote enwcleated Zygote reconstructed
Mormal mitochondria Hormal mitochondria Hormal mitechondria Hormmal mitochon dria

Tehnike transfera prounukleusa (Pronuclear transfer technique) bazirane na metodi transfera u misjim zigotama

(McGrath J, Solter D. Nuclear transplantation in the mouse embryo by microsurgery and cell fusion. Science
1983; 220:1300-1302.

From: Fertility and Sterility. Amato, Paula, M.D.; Tachibana, Masahito, M.D., Ph.D.... ; Sparman, Michelle,
M.S.; Mitalipov, Shoukhrat, Ph.D.. Published January 1, 2014. Volume 101, Issue 1. Pages 31-35. © 2014.
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Spindle transfer technique

1. Unfertilised patient's egg 2. Spindle and associated chromosomes

with abnormal mitochondria removed as karyoplast from patient's egg
and fused into “enucleated” donor egg

3. Reconstituted egg
is fertilised (by ICSI)
with sperm from
patient's partner

-

Unfertilised donated egg

: : : Spindle and associated
with normal mitochondria chiomosoncs S
karyoplast from donated 4 Cleaving embryo with
egq and discarded normal mitochondria

and maternal and
paternal genome can be
transferred to the uterus

https://www.ncbi.nlm.nih.gov/pubmed/24382342

Spindle transfer technique. Maternal spindle or metaphase Il (Mll) spindle-chromosome
complex formira se u oociti tijekom druge mejoticke diobe.

Image reproduced from www.hfea.gov.uk/6372.html , with permission.
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More recently, mitochondrial donation (MD) has become a credible alternative. MD techniques include pronuclear
transfer (PNT), maternal spindle transfer (MST), polar body transfer and germinal vesicle transfer (GVT). PNT and
MST are the most extensively studied MD techniques and have been legally approved for use in the U.K.

GV is the
nucleus of an
immature
oocyte
arrested in
prophase | of
the first
meiosis.

A

PNT

MST

PB1T

PB2T

GVT

Patient

PO @@

Donor Enucleatlon

I i o

Mil oocyte

Development

’ _____
( d\,\
— >
PB2 extrusion

.....

Development

In vitro maturation

—————d>
S\

GV oocyte

@ Mitochondria with wild-type mtDNA @@ Mitochondria with mutant mtDNA . @ Pronuclear

il

B

Embryo transfer

‘ \ Blastocyst

Stem cells

R -

Tt

Heteroplasmic mtDNA drift

am» Cell with Heteroplasmic mtDNA
a» e Cell with Homoplasmic mtDNA

’ ’ Spindle-chromosome complex . . Polar bodies

.. Germinal vesicle nucleus

From: Novel reproductive technologies to prevent mitochondrial disease
Hum Reprod Update. 2017;23(5):501-519. doi:10.1093/humupd/dmx018
Hum Reprod Update | © The Author 2017. Published by Oxford University Press on behalf of the European Society of Human
Reproduction and Embryology. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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