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Mitochondrial replacement therapy for germline gene therapy
and its potential application in ART
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EE  HBHERMIE, RAEZANIABRE*BRIIFIMCHHY, I b2 K 7E#H (MRT: Mitochondrial
replacement therapy) DT &E ABK T A TES. FIMREICEEALI PO N7, $LUI FI2 R
TEHEDEEF (2 h3> K17 DNA: mtDNA) »FEEL, MERICEIZIREETE YR - ML TWVW3. BRE
{5 THIRMEAE Z D& VWmtDNA 3, JIFXRMHIEIC S WO & £ IRICBET 2RIy HhIE, R —n
MPRECBRTZIENTREE LS. ZD =0, MRTEIK, MAEMDNAERRICEETSI FIX KU 7ROE
WEGEE B E L AREBEFRIEGFABRE L TERS N, EETRERRABRI»BBINATVS. ZOEBETE,
BB TRINEETAESE L TOMRT R L, RET DEBHBEBRANDICHDRIEEE 2 BN T 3.
F—TJ—K:3IrICKYT, I bR 7EER PARE, EEFaEE

Abstract: Transferring nuclear material between oocytes from unrelated females offers the opportunity
to exchange not only nuclear genetic materials but also their cytoplasm. Cytoplasm of the mammalian
oocyte contains large amounts of mitochondria/mitochondrial DNA (mtDNA) that is maternally inherited
and only passes down from mother to child through the egg. For this unique feature of mitochondrial
inheritance, it would be feasible to replace mitochondria/mtDNA with donor cytoplasm if there was a
reliable technology to allow efficient transfer of only nuclear material in eggs or in early embryos, which
is called Mitochondrial Replacement Therapy (MRT). In this regard, several MRT techniques are now
considered to be germline gene therapy for inherited mitochondrial diseases in the U.K., and the world’s
first clinical trial is underway. In this article, we described utilization of MRT as for germline gene therapy
for inherited mitochondrial diseases and also discuss its potential applications in standard ART practice.
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U= (ATP) s EATAEELMREA/NEZETH Y,
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H L < IZINEBEDZTEmIDNA I, FIFX#IHARRIC &1 5 4
fREE# (I I RUTEBRMRT) 2752 &ICE0T
BEENDI PO RKUT7 (BLUmMIDNA) ICEXH#Z S
ENTFIRETHB. DY), MRTIEI b KU 7EEFE
HEAEL, TOMELTNET SO TV 3.

IPACRITORBLEERR

I PACRYTEEFEREICERT 2%EEIF 1988 F (2]
HTHEEH>Y, ZhETIC150%# 23 (1000DKIBE
50423 ERALTELXET) TR/ FOKRBEREEL
THESNTWBY. 2<DI haL FY TEGREER,
BEANTOTTZXI— (Heteroplasmy) EMFIFh BIEE &
TEAOREELZRKEZREL, ZOHEEHEBICL-TE
13 RESPBRKRERBEE L TRAZDICIE, ZEEFDE
& (D% V) Heteroplasmy M#2E) »'B5 L, Mutant load (%
HEW, dThbb, TEEAFAMEEI A3 KU 7DNADLH
R) PHEBEE4ICEEORELBA LSS ICHBRKENE
HET3 (BlAE, BEEFOEEHI0%EETIRELT,
70% LI EDZEREIC &V BKRERNITEEIEL, 90% TlE &
WEEREREETSEV-ABM). I PR 7O
BERBIMIEOATPEE 2@ €< 83 2 EICERALT,
ZHBCWEROMEEETERT LD, EREPSEFE
HOWThOREICHREL, HBEENSIUZEMD
DATIVILEEBEEECERLE NOBRKEEEZ TS
CERRBICHEGTES. RE, I b2 RUTEGFETOR
& Alzheimer#%s, Parkinsonf&X° Huntington#s, AEi, #E
RIBEXELE EOHESHICHLEEICEME A TVBIEEAN
DEEMFRES N TS .

S MOCRUTOREREIZIEICHAY, 24D bD
FRECHEL WS HPEAEENLAREAIEFELAV. £
7=, DEEDZ < 1" mDNADZEEKRDE]S (Heteroplasmy)
PREDREFEVOVTWVWDE 2 E, QINFRABIZICSE T
% bottleneck 3R (JARETBMIBOMEIAICI I KD &
S PICRUTEGBFORRLRKD & ZDEROIPFHEKE
FRICHUZ2REEMN) 4 &, RBEAOEREICL Y R2RAE
=002 8 (genetic drift) #ELEBZ 2L, @& 5(Z, #ias
HMZEHHESI PO NYVDORHENE L E, HBETE
BENDE|E (Heteroplasmy) DEE4EL B2 &N D, —ED
BRAEDERETOBR (REE) 2RBLUEVABEEY H 2
f=%, TEHERT (BFRATEZZET © PGD, pre-implantation genetic
diagnosis), b U< I3HERIDBEFERPERE AT €
Y2 TDREIRETHS. DEIFAOPGD 24IIC & 3 &,
EERDEEDOEVEIERDZHNIER SN ABEICE, B
BEMNEL, ZTOBHRYTHD. 22T, BFEITHOEE
MDNA D=k A EEICBALE T 2 2 &N T & ZFHIBEED
RESLEENR TS,

EfEFRIERFEEL L TOMRTE

BREETHSEI P KUT (LU mtDNA) #51F
PHEREICENTREEDNDI hO> KUT (LU mtDNA)

ICBEHAZZEFATENE, BRI MO N7 8RR
LI FIPRUTEGROREEBLETEDEEZOSND.
ChETRER2DEBHBFEMHIPMRTE L TRIBEN TS
V), BRt%EE (GV) HABRF % A\ 7z germinal vesicle transfer
(GVT), &% OIE %\ /= pronuclear transfer (PNT) X
blastomere nuclear transfer (BNT), #{&% F|FH L 7= polar
body transfer (PBT) »#R& S h T 3. FMRT OFF#l L1t
DRWHESBWELE VT,

RIS U T4 1E, BRAAERF (5 iR E s 24 ER - M1 HR)
BBABEETIVORREICSEWTELZDT KN T -2 &HD
EEZ E—IS, MIEASRFIZIRET DN TV B ART
(Assisted reproductive technology) AEICHE W TRAZI N
THh, EZIZ, MIEASIFOFERICEWT, RKEETIE
JRF D donation program ¢ TIZ—MIEL THY), ZHEE
D E % B\ 7= pronuclear transfer (PNT) *X° blastomere
nuclear transfer (BNT) % &, K+ —fF (SHEOLES) O
HE3E X reproductive cloning (@ L 5 &V =& EREE
B OMEBNLMEEZEB T 30NN H 5. FE=IS,
SREOMEMEFEREICIEI hOC U 7OEB,F &V
ZEPS, BEIPMIALRUTOEAZH/NRICTE S &
Zio60n3d (K1A). L LAENS, REASHEMETHY),
OO EREG AR EREPRETH - 2 T/,
ZREDMPF (maturation promoting factor) (2 & V) MERT
21k UL TV 2 ipsRfAE, TRMIR(EL EDRIBICEZSMEN S
<, BHREMAL (premature oocyte activation) H4 U5 7-.
F 413, Oosight® (HAMILTON THORNE, MA, USA) %
W3 ZEIC&Y, FREBRICMIEAIEGA Z R L
(K1B), & 5(CL—H— (XYClone Red-i laser objective,
HAMILTON THORNE) # B\ /= @EBA®BZEFLICEL > T, &£V
BELOBEZICMIEMHEE Z R/ ROMBEZ 1+ -
karyoplast (£#IIEDH1.5%NHEME) & L (HEET S 2
EEAREE L7 (K1C). 7=, ERMBEAMAICHVNSIT
WEBRREEICEDY, NEtE 4474 LRAT N
O — 7 (HVJ-E; GenomeONE-CF, Ishihara Sangyo Kaisha,
Ltd., Osaka, Japan) #EA L2 &IC& > T, REEMAL
EFRIT I ELCRE L AEMIEHHEED K- —IREAD
EA(ZEIN L, Maternal Spindle Transfer (MST) ® L < I,
Spindle Transfer (ST) &&& L7">". MSTIC& - THIE
ELAEMFRNBEDOICSIREREDHEREEEEL
(FR1), FBHEICL>TIMOLYETY MAFEIRL, 551
CAMBETH > 7=7=, dILDBELET HT YV IVOEFIE
H U7 3R EBRERIE Z M Eh 33% (3/9) & 27% (4/15)
THhY, ThHBLENICHE LAT AT ILOARTICE DK
BERE BLLRIWERTH -/ /-, MSTHRER
& W3 DNDESMBIME ERIL L /-1, ZOBIIINEIL33.3%
EMBEEERE CH /. Z LT, Short tandem repeat
(STR) microsatellite parentage analysis X mtDNA D15 Ef7
SEEAT 4 & DMBBEEEN E DL 5 1E, WThOEFP
ES#if2 & B F I3 MR K+ — (2, mtDNAIZMERE K
F—ICHEL TV 2D EHLS, ROEFUEEBLEHT



spindle

spindle
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Mitotracker:.red OosightTM

K1 7AH7YLEHEIND I b3 v B 75540, MILE#GEAR, &0, Karyoplast

A3 PV P 7IIIIE NS —ISAHE T 2 43, Mk — QLG R E S N DOERITRD S gy, B:
Oosight™ 12 & - THHUL X 117= MILIR#EIA. C : Oosight™ & XYClone Red-i laser % il T/ NROAINE &

& B ITHLEE X 72 M SEIA % & 4 Karyoplast (Tachibana et al., Nature 2009 & 0 —RdiZ) .

%1 Maternal Spindle Transfer (MST) HEDREFEA

n e () ZHG () Sl () A ()

MST ¥ 87 78 (95) 74 (95) 69 (93) 45 (61)

popiliyies 72 L 68 (94) 57 (84) 41 (60)

(Tachibana et al., Nature 2009 X 1) ¢%)
K2 SN T & 72 MST O RRGE

n FEEER MSTHAAFINT () ICSIRAEMRINT (F) 2K () R i (38)

HRBE BN IcsI 34 5 NA 33/34 (97) 30733 (91) 17/30 (57)
T O M P2 RS R At 0l S s 36 6 34/36 (94) 32/34 (94) 28/32 (88) 19/28 (68) '
BAG A EIAE  HT e SR R e+ 35 6 35/35 (100) 34/35 (97) 17/34 (50) * 0/17 (0)

[RIA DS 2 A 305 (1, 1) BMETERICERZES D (P<0.05). * BIASRLARIN & BrEEIN DB 551 % MST I & 2 M (¥
$EIR) DEARIZE D, BN ORI SRS EMRIN ORGSR & FEAE U 22007 o SASRMRIN & Bl ORTIC 31 2 MSTHAIZ X %
AR (RESTAR) ORIz & 0, BRASRIARIN O MR ZL L B IR O R §TA & #448 L 72907~ (Tachibana et al., Nature 2013 & 0 &%) .

2, S PACRYTOBBRDPETRETH B RS h "2,

BETIE, 65MEF64EDIIFTMSTICHKIIL (98%), 5B

BOWREITIE, MSTEFREFLRBEREERL, K
RIC&H G D #sEAE K F—HB%RD mtDNA Heteroplasmy D
BRSO TWEW, F, #5EE K- — EMRE R —
DHESIFEROREA E M FEHOFEH %2 TR T 2 728, RiEH
BN FE# AW BT - IIFREMBIREDOZ 4 —
TIERHEFRICIEEC T, IMMREEEE TS I &R
ShEny), £z, HECHMREANOFRERARZ T MR
FOBHEICEWNTIE, HEIIDICSI EREDRIEE I RD
Shi(E2 ™ 20z Eh D, BEOERGAIC LT,
BEINFIIMSTEICEILI - THERRERELTHE, BEED
50 K+ —IFMREIEMSTEBTURICHEINL ) #7
52&8T, HIERERPILELEVEV TR VWEEE R
THZENTEREEA SN &REIC, 7TADHEEIIF
KF— (E#21-321%) LWEBSh7k MBF (n=106) %
FAWT, MST (n=65: MST&) &ICSI (n=33 : x{88E)
EHIT L (%Y 8MA IR eEBR LS ICfts) Y. MST

6018 (94%) HICSITEHEF L TN . SHEINIL 4418 (73%)
TH 7=, HFEEHD 2316 (52%) PHZPCEFDEE %2
U7 xdEBEF D ICSIFEIE, 33MEh 3218 (97%) PAETFL,
2418 (75%) »=#EL, 2118 (88%) PIEREZHETH - .
EEZHELZMSTH21ME (48%) ®> 5, 1318 (62%) »*
RN ERE L. 2hid, HEEEEODICSIEESHEROKT
BREERTE% (16/21) BBV LI >/ £/, Bk
RIS MSTR EXEREF T, ZhZh5/13 (38%) &
9/16 (56%) THEBEZEEZAEOHLE P oz EEZHEMSTR
SO LASDOMRMHMRKkEIETEEREERL,
amplification refractory mutation system quantitative PCR
(ARMS-qPCR) |Z & % #h§#{& K+ —HE3E mtDNA carryover
130.01~1.7%T&Y), 7HTrHILORERREIC, (ZITHE
B RF—mEEmDNAICBIE AT,
COULAEIEFCZAOEREICLY, MSTIEI FOX KU
TROEHEEE T 5 RIBFRIEGEFAREEE L TER
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Oocyte from aged woman or frozen for fertility preservation
Four oocytes from young_healthy donor

Huband ‘s
sperm(n)

/?? /;ii//// *
“Husband ‘s “Husband ‘s
sperm(n) sperm(n)

ST eve ent
Four blastocysts

*All sibling embryos are derived by serial MST techniques with maintaining nuclear inheritance from single oocyte

K2 Mitochondrial replacement therapy (MRT) {2 & %P1 DRTOMKEILZT (4n) #HHL 724 DD W - WiIEDIER
HEOITIEEmEOIT, &L <%, FRFNEIL CHAS S N2l 2808, U2 202 nDEIZ X v & MII
SRR & SR ICA 3 5. 200 FF =04 (k& @ dde ) dMITHSEROBRIZIC &L D, Ml & (Cytoplast) FF—
ELTHEh, 2 nOMGBIET TH % MIDITHEAR & S5 —Hik & 2N 2 MSTIA L PBITHRIC TR & 1, ICSHIZ& 5%
KIS LD 2000 - Wik ER S 5. 2O, ZhZhonraq P70 o (HITHEROMEMEN) 5 fxfke L
THYREN T 5. BE2 D007 (hk: A L) &, 75— b F — ORI TbE & 8, iR HEVERTRZ O 2 % B
13 5. HEVERTEE (n) DA EHET 2 RIEINN, JEOE Mk (FHINFHOROMEEN) #FMid 2 PB2TIHAIZ K 5T, &
SIZ2DDNH - MR AERATRECH 5. 215 MRT DMlAS HE TRk & L GEFIZZRPREIZH G LAV 3n
BOREIETFAFHT 2 Z AR TH UL, Hi—DINF2 5400 FF =+ 4% HOTHERINIZIZ4 DO - fifikk
REAERK G 5 Z & 23 ABETH 5 (Tachibana et al., Reprod. Med. Biol. 2018 & ) —Bek %) .



& h (http://www.hfea.gov.uk) ', 2015 FEE T3 LTk
TEREHNE S h, 2017 E L V) HRMOBRBFRIEETF
BEE LU TEBRARICASTWS.

MRT DIt:F

EBRRICHEVWTIE, SBHAEOEREINCELZREIVFER
BRIIFIP KEEEEELR->TWD. ZOEKRBEIFFOMEZ
BRFELT, S PALRUTOEERE & OREEDRE
IhTW. SRFRACZHEICSENTDH, MDNAZEDE
BIIATPEEICHEEZRIZL, BREANRIIH I EBHS
BECHEBLS3EE25N0, EMIFICHEVTHMBIC L
34,977 bp REDEEHFHMS> N TWBE 'S 22T, MRT
EAVARELI PO RUTA2ECEVIFOMBEED
AMPEehlREER I, MRERFICERT 32~ E%
HRTBZEEAODND. D%V, ThETCESBOREIVFR
WINBHCRR T—RREICITh h TV B EIFREICKH Y,
MREEREHRE R -3 ) EVWIH LW 2T ILD,
B=FBPNATI2XBHERCRETE 2 0gEM 2O
—(b‘é 10,11)-

—7, IFORBBIRICENTIE, BFERELY, 3D
DONTOA R/ LEBREE L THRET S (B—1E%2 n,
BMBEn) ZEICL-T, —DDEARGHBEICHERE
EHR—FTBICHAEI IS RY TS/ LOT])
HEICES T 5BMMRNAZE Z T3, ik E L THEIME
A 2 M3 EEDIZERT 3n) b, MIERECESF HN
i, MRTO1DTH3PBTE#REWSZ &IC& > THIAFEE
THBZEPRENRTWVSE Y 5%, PBTHEDMRT
HifICHAT3 2 &I0E-T, BHMICIE—DDIIFH 54
DOREH - WHHREEERT B ENFIRETH S (KM2)
%), MRTICIEHIRERENL X X1 -DAEST, 5
FOHRMMEEE bR T2 gEM 2O TWVWD. Zhig, 5B
EFHEDRT L -m@ A ELMEICH T BFR5 h - 3RIIEK
DR, EENSAY NI N—DQOLDORIEE LTEE %
EHDIEFUMNABETCOESZIEICIC L 2E0FFEE R
ERICR P HDBHEICE T, FEICEHAEFEREE
Abh3. L LESD, —DOIFASDADDRE -
R ER DERATAEEMIERE N THE ST, SHEOKRIAELF
=h3.

=m1EIC

COETE, SIFRMEBRICS I 2MBEEER,s S-S

BEOAREMEBS L. e HEELAMSTEE, 2
hE CHREETH - =RAHIMIIFIFTOMIZE B % AJHE
L, SPACRUTEGBEREVOIEREIBZDIEEEFRE
(C&E2T, S FALRYTRBEE RN X7 & &/NR
IS Z DD, BEWOEN W E SR EEIFIREM £
He 3. T, AEIHEGAEMREZ VBT EICK ),
MR EREDLEEFIMERIEEE T2 2 &ICL 0T,
REFRBOHTWEWIIBICS T2 EILEINDAE % iz
BHEDOED? ST TI2EHEY —IWICEDEEZD. L

STE 89

PLEDNS, MRTIFENRD & 212, BRBFRIEETFARE
CH v, E=ZEOmMDNAERKEGTZFOHBAY
Heteroplasmy D% &, KREZLICBRICE-> TR WA
WEEEDY & 3. SHROBRCHAPESEAICOVWTS, RE
ETRTHIEETOBRKABROBERIF/ 3.
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