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Metadopa HNTPLKAG ATPAKTOU

OL Bepareleg HtoxovopLOKAG AVILKATAOTOONG £XOUV TtpoTaBEel yia TV tPoAnyn
NG petadooncg pitoxovopLlakwy acBevelwy.

KAnpovououpevo armo tn pntepa | pnopetl va odnynoest oe coBapeg
Q0OEVELEC;

H petadopd tng MNTPLKAC atpaktou Paociletol otn petadopd TG LELOTLKAC
QTPAKTOU ATtO £VA SUCAELTOUPYLKO WOKUTTOPO OE EVOL EKTIUPNVIOUEVO WOKUTTAPO
uyloug 60TpLaC;

Patient’s (%ﬁ» Donor’s oocyte

In vitro culture

Patient cytoplasm
discarded

\ /
Healty baby genetically related ‘.'

with the patient -.';

Donor spindle
discarded
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Metadopd UNTPLKNC OTPAKTOU

OL Bepareleg HItoxovOpLAKAC AVILKATAOTOONG £XOUV TIpoTABEl yLa TV tPoAnyn
NG petadoonc pitoxovoplakwyv acBevelwy.

KAnpovopoupevo armo tn pntepa | pnopetl va odnynost oe coBapeg
a0O€VELEC.

H petadopd tng LNTPLKAC atpaktou Paciletol otn petadopd TG LELOTLKAC
QTPAKTOU ATtO £VA SUCAELTOUPYLKO WOKUTTOPO OE EVOL EKTIUPNVIOUEVO WOKUTTAPO
uylouc 0Tplac.

Mo mpoodatn KAWVLKN ebappoyn AuThnC TS TEXVLKNG 08nynNoE otn YEVVNON ToU
npwTtou matdov to 2016.

L)

Article

Live birth derived from oocyte spindle transfer to @C,wm,k
prevent mitochondrial disease

John Zhang ***, Hui Liu ®, Shiyu Luo *, Zhuo Lu &,

Alejandro Chavez-Badiola ?, Zitao Liu ®, Mingxue Yang °, Zaher Merhi “,
Sherman J Silber ©, Santiago Munné ’, Michalis Konstandinidis ',
Dagan Wells ’, Taosheng Huang =*
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Alepelivnon TNC OKOTILMOTNTAC TNS XPNONG TNG TEXVIKNAC TNG
LETADOPAC LELWTLIKNAC ATPAKTOU (ST) yLa TNV OVTIMETWTILON TNG

MTWXNG EUBpULKNC avamtuénc.

ATtobeLén tTNG €vvolog 0To OVTEAO TOU TTOVTLKLOU :

JUypLlon tng avarmntuéng in vitro kat in vivo tTwv uBplwv Tou apayovTol
arto 1o ST KoLl TwV avTioTolXwV EUPpL WV paptlpwy.

A&loAoynon twv emumedwv mtDNA nou petadEpovrtal kata tn Stapkela ST
TOOO O€ MPOEUPUTEVUTIKA EUBpUA 000 Kol 0 SLaOPETIKA Opyava
(mAakoUvta, oupad, eykepalouv, veppoUl, AMATOC Kol KapSLAC) TwV
TIOPOYOLLEVWV TIOVTLKWV.

MNoapakoAoUBNoN TN KATAOTAONG TNG LYELAC, TNC CUUTTEPLDOPAC KOL TNC
yovipotntac Twv ST MoVTIKwVY o€ OLadOopPEC YEVLEC.
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MepapaTIKOG OXEOLAOUOG

Neipapa 1: EmikUpwon mpwtokoAAou pe apolfaia ST og uBpLOLKA WOKUTTAPA TIOVTIKOU
B6CBAF1. Mooooto emttuxouc ekmupnvion kat ocuvtnéng| MopdoAoyia atpdktou | in vitro

avantuén| aplBuog kuttapwy

P S Hybrid B6CBAF1 females
@ Superovulated 5 IU PMSG + 5 IU hCG

Oocyte collection

a»
Control @
=
/ \

ST oocytes

ICSl in control non-manipulated In vitro culture o)
and ST oocytes Daily assessment of development

and Good Quality blastocyst rates
Fixation and staining for total cell
counts at 120h post-ICSI

Spindle transfer among fresh oocytes
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MeBobdoloyia kot arnoteAeopata

Neipapa 1: EmikUpwon mPwTtokoAAou pe apolBaia ST o UBPLOLKA WOKUTTAPA TTOVILKOU
B6CBAF1. NooooTto emituxoug ekmupnvion Kat ocuvinénc| Mopdoloyla atpaktou | in vitro
avantuén| aplBuoc kuttapwyv

n n
Nocooto Aplotn
BAaotokUoTEWV popgolAoyia
(%) (%)

AplOpuog
KUTTAPWV
mean £ SD

n n ]

Eknupnviopéva | Tuvuypéva | Empiwon ICSI
(%) (%) (%)

Control ICSI 85 N/A N/A 85 (94.3) 77 (90.5) 72 (92.2) 193.5 +45.3
ST + ICSI 107 102 (95.3) 100(98.0) 91(91.0) 81 (89.0) 68 (84.0) 177.8+48.2
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MeBodoAoyla kal amoteAEopaTo

Neipapa 1: Emikupwon mPpwTtokOAAou pe apolBaia ST o UBPLOLKA WOKUTTAPA TTOVILKOU
B6CBAF1. Nooooto emituxouc ekmupnvion kat ouvinénc| Mopdoloyla atpaktou | in vitro

avantuén| aplBuog kuttapwv
N WOKUTTAPWV 1ov avaAudnkav (%)
OuaAeg popdoAoyika OpaAn XPWUOCWULKA
atpaktol (%) Stavoun (%)
Control fresh 13 (100.0) 13 (100.0)
ST (Fresh-fresh) 20 (100.0) 20 (100.0)

Control ST ST
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Neipapa 2: AOSeLEN TNS EvvoLlac UE XPronN WoKUTTApwWV TtovtikoU NZB kot B6CBAF1
MoocooTo emituxoUC eKUpRvLon Kat ocuvtnéng | in vitro and in vivo avamtuén
-+

I|
ENVIGO

Research Models Rats Mice
and Services
Inbred Mice

(@) RESEARCH MODELS

Other rodents

B6CBAF1 Mouse

B Straln name: BECBAFLUR]
B Type: Hybrid mouse
prior - )
balsa-wood gnawing activity (Fawdington and B Origire from & C57BL/EIRj and J CBAJR] fram JANVIER LABS)

sting, 1980). B Colour and related genotype: Agouti mouse, A/, Adebas
MHC: Haplotype Hist

NZ B (New Zealand Black)

Origin

utbred mice from Imperial Cancer Research Fund,
don, to University of Otago Medical School in
Inbrec by Bielschowsky in 1948, A number of
otheMgtrains, including NZO, NZC, NZX and NZY,
were di\gloped from the same stock

1970). Strain NZW was derived from the,

Drugs
ngh ‘coumarin hydroxylating ability (Lush and Amu\d

i B Breading: Easy to rear, good matemal instinct

v hydrasz(ozsm o TS et o afcts

same ut was inbre et al, 1973). Resistant to the

by Hall {Hall and Stmgzon, 1975). \nducﬂwn of atherosclercsis by an atherogenic diet
o (Paigen et al, 1990). The administration of synovial inkh

NzB/Olatsd fuid of theumstoid arthritis patients inducad DESCI'IptICII'I of our model

To Laboratory Animals Centre, Carshalton in 1964, to production of autoantibodies in NZB, NZW and (NZB

OLAC (now Enviga) in 1979 x NZW)F1 mice but not in CBA mice (Abedi-Valugerdi

etal, 1959 These F1 hybrids are the result of a cross between a CS7BL/EIR]
female and 3 CBA/JRj male. F1 hybrids are heterozygous at every

Research applications

Genetics locus (provided that the parental strains have differant alleles). As is
behavior, immunolagy, repraduction, Coat calor genes -3,B,C, D:black N N
\hupus N i t ef ¥
ippocampus. unifarm.
Biochemical markers - Apoa-F, Car-Z, Es 1,

FI hybrids are often used for their hybrid vigour (resistance and
acitivity). They are espedially interesting as genetic background
(vigour and repeatability of genetic inheritance) for harmful

Characteristics

L%, Mod- 1%, Pgm-,

Animal model

The NZB is 3 mouse model for autoimi|
anemiz, immune complex glomenlond
systemic hupus erythematosus.

Anatomy
About 30-40% develop neocortical ec]
recessive gene with incomplete penetf
etal, 1994). High bane density of femy
etal, 1996). The comparative study of

in autolmmune and normal strains, rev]
important changes of the large medull
cells, invlved in the formation of Has:

occur in NZB, NZW and NZB x NZW)F
the NZB mice the [arga epithalial calls
decraasad in number in the first wesks
birth. The depletion of epithelial cells
ascribed to a secondary degeneration
soon after birth (De Vries and Hijmans)

eproduction

Poar reprad uctive performance Litter size 3.8 at
colony out Eyoung/ fernale/weaek
{Festing, 1978). First litter size high but fourth litter
low. Low proportion of females produce four or
mare litters and low percentage of fertile matings
{Fernandes et al, 1973). Intermediate breeding
performance (Hansen ot al, 1973).

Divergent mitochondrial haplotypes
(SNP located at position m.3932)

phenotype models, for tissue transplantation, to determine
mechanisms of inheritance, to areate or improve axpression of
polygenic disease.

F1 hybrid females are used at JANVIER LABS's as surogate mothers
for embryo transfer thanks to their maternal qualities.
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MEpApATIKOG OXESLAOHOG

Neipapa 2: AOSeLEN TNS EvvoLlac UE XPronN WoKUTTApwWV TtovtikoU NZB kot B6CBAF1
MoocooTo emituxoUC eKUpRvLon Kat ocuvtnéng | in vitro and in vivo avamtuén

Hybrid B6CBAF1 females
NZB/BINJ (spindle donor) (cytoplasm donor)

X

(@
ICSI in control oocytes \A
/ V'
A7

In vitro culture comparison Blastocyst

‘ L el

ICSlin ST oocytes
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MeBoboloyla Kat amoteAeopato

Neipapa 2: in vitro avarmntuén

100

80

60

40

20

Survival ICSI

B Control B6CBAF1 Control NZB  m ST (NZB/B6CBAF1) *

* NZB spindle transferred into BGCBAF1 cytoplast (ST Group: N = 275 | 98% Enucleation rates | 95.7% Fusion rates).
ab differ statistically significantly p < 0.05.
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MeBoboloyla Kat amoteAeopato

Neipapa 2: in vivo development

60
40
20
0
Implantation sites
*
W Control B6CBAF1 Control NZB W ST (NZB/B6CBAF1)
N =58 N =43 N =61

* NZB spindle transferred into BGCBAF1 cytoplast.
ab differ statistically significantly p < 0.05.
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MeBoboloyla kat amoteAeopata

Neipapa 2: Bapog mAakouvTa KoL VEOYVWV

Control ST
Méoo Bapog | Méoo Bapog
nAakouvta VEOYVWV
(xSD) (xSD)
Control ICSI (B6CBAF1) N/A N/A
Control ICSI (NZB) 171.1 mg (27.9) 747 mg (76.9) °
ST (NZB/B6CBAF1)* 1683 mg (14.0) 923.5mg(1465) |

* Spindle from B6CBAF1 strain transferred into NZB cytoplast
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MeBoboloyla kat amoteAeopata

Néwpapa 2: ST (NZB/B6CBAF1) veoyva LEPIKWV NUEPWV
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MepapaTIKog oXESLAGUOG

Neipapa 3: mtDNA carryover og deiypata Bloiag kol cupmAnpwpATKA EUBpua

NZB/OlaHsd strain Hybrid B6CBAF1 strain
(spindle donor) (cytoplasm donor)

o® -

@
/:astgxmeres
%@ P —=
i — I

8x complementary
biopsied cleavage
N\ stage embryos

n vitro culture Cleavage stage biopsy

&
ICSlin control and
ST fresh oocytes

/}

8x trophectoderm
biopsy samples
Control non-manipulated oocytes /
NZB/OlaHsd >

B6CBAF1 = OS>
&
Blastocyst biopsy :
8x complementary

biopsied
blastocysts
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MeBoboloyla kat amoteAeopata

Neipapa 3: mtDNA carryover og deiypata Bloiag kol cupmAnpwpATKA EUBpua

EteporAacpuia og deiypata Blodiog Kot cUUTANPWHUATIKA
EuBpua (Day 3 & Day 5)
10 1

e Blastomere

e Complementary Embryo G

2,5 T 2,9 52'4._”_

7,5 -

% of mtDNA Carryover
(6, ]

Day 3 Embryos ID #
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MEPAMOTIKOG OXEOLAOUOG

Neipapa 4: MovipHOTNTA KOL TTOCOOTO ETEPOTIAACULOC O Opyava EVNALKWY ST TTOVTLKWY

i

“p

Analysis of health status and fertility condition of the
ST mice (NZB spindle / B6CBAF1 cytoplasm)

F1 — ST adult mice

(NZB spindle / BGCBAF1) Offspring of ST adult mice
(NZB spindle / BECBAF1) (F2)
crossed with wildtype mice

@ § ey -

Collection of organs (tail, heart, liver, kidney and brain) from ST mice
for analysis of mtDNA carryover levels at adult age
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MeBobdoloyia kot arnoteAeopata

Neipapa 4: Novipotnta Twv ST MOVTLIKLWY

OAa ta ST movtikia KaBwc Kol oL artoyovoL ToUG NTaV YOV
LLE LECO APLOUO OITOYOVWY TIOPOUOLO LE TOUC HAPTUPEC

3,5 3,5 W Males

Females

Litter size
(average no. Of pups)

STF1 ST F2
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MeBobdoloyia kat amoteAeopata

Neipapa 4: EtepomAacpia ota opyava evnAikwv ST TTOVTIKLWVY

| -
3
>
S
= 7,5 :
"
L e > 456 ........
% 5 4,5
-'é’ 33 ‘
5O 2’5 21 2,2 22 2P

0 N

Tail Heart Liver Brain Kidney

B Mouse ST1 Mouse ST3 Mouse ST4
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1. To KuttapOomAQoMa TOU WOoKUTTAPOoU SLtadpapatilel (WTLKO pOAO
oTNV avarmntuén tov epBpuov.

2. H petadopd TG MNTPLKAC ATPAKTIOU ETILTPETEL TNV
QVTLIKOTAOTOON TOU KUTTAPOTIAACHOTOC TWV TIOLOTLKA TITWXWV
WOKUTTAP WV TIOVTLKWYV YLl TNV QVTLUETWTILON TNE TTTWXNG

EUPBPULKAC avaTTuENC.

3. Ta MST movrtikia tapouvolalouvV xounAad kot otabepa emineda
geteportAaocpiac mtDNA ota Opyava mou avaAvovtal o€ eVAALKN
NALKLOL KOIL KOLTALOTOLON LYELOC KOl CUUTTEPLPOPAC TIAPOUOLAL UE TAL
TOVTLKLO LLAPTUPEC.

4. Eav amodeyBel emtuxnc n edappoyn otov avbpwro, to MST
LLTTOPEL VO amtoTEAECEL Eva TTOAUTLMO EpYAAELD, OXL LOVO yLa TNV
npoAnyn puLtoxovopLokwV KANPOVOULKWY VOOWV, aAAAA KAl yLo Th
Bepareia TNC UTTOYOVLLOTNTOC TTOU TIPOKAAELTOL ATTO TLC
KUTTOPOTIAQLOLLOTIKEC SUCAELTOUPVLIEC TWV WaPLWV.
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