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: Mitochondrial contents in mammalian cells ranges from

several hundred to thousand copy numbers, determined by the
cell morphology and energy needs. Mitochondrial functions
appear to be critical for embryo development during the
pre-implantation stages. Dysfunctional mitochondria are a
major cause of the infertility in aging women. Although
allogenic mitochondrial transfer is legally permitted to
rescue the mitochondrial activity of aging oocytes in the
UK, ethical concerns of three parents and the compatibility
of exogenous mitochondria have been challenged. We propose
to provide intact autologous mitochondria from somatic stem
cells of recipients to repopulate them in the oocytes for
rescuing the mitochondrial defects. Patients will be first
genetically examined for excluding the chromosome
abnormalities. The animal study tested the mitochondria
function in different age groups of mice by mitochondrial
membrane potential, ATP levels, and oxygen consumption
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measurement. In our results, that the amount of mtDNA are
associated with women age, embryo morphology, and the
pregnancy rate in this study. The mtDNA content may offer
as a valuable tool to select the blastocysts for single
embryo transfer. A statistically significant increase of
mtDNA copy numbers in euploid blastocysts from the younger
women was clearly revealed. Furthermore, in euploid
blastocysts derived from younger women, comparing mtDNA
contents between the examined morphological criteria showed
significant difference between good and poor quality
embryos. Our results of showed that the biological age was
similar with the actual age. By comparison with older and
younger women, the mitochondrial quantity in PBMC and
granulose cells was the same. In this study, we found that
infertility was associated with age related mitochondrial
abnormalities, mainly due to the number of mitochondria or
sequence problems. The data of animal tests showed that the
mitochondrial function in older embryos was lower than
those in younger mice. To providing intact autologous
mitochondria, we cultured mesenchymal stem cells (MSCs).
The cell cultures and isolation procedures have been
established with GTP compatible protocols and the
mitochondria functional analysis has been warranted with
TAF approval, assisted by the full supports from Taimito
Company. The high yield of harvested mitochondria, intact
integrity of mitochondria and functionalities of
mitochondrial respirationare the main criteria for
selecting the candidate cell types in this study. This
study will be critical for the evaluation of the impact of
autologous mitochondrial transfer for treating aging-
relatedinfertility in humans. The results provide strategy
for the development of new treatment for patients with
mitochondrial abnormalities.

mitochondria, infertility, aging
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Abstract

Mitochondrial contents in mammalian cells ranges from several hundred to thousand copy numbers,
determined by the cell morphology and energy needs. Mitochondrial functions appear to be critical
for embryo development during the pre-implantation stages. Dysfunctional mitochondria are a major
cause of the infertility in aging women. Although allogenic mitochondrial transfer is legally permitted
to rescue the mitochondrial activity of aging oocytes in the UK, ethical concerns of three parents and
the compatibility of exogenous mitochondria have been challenged. We propose to provide intact
autologous mitochondria from somatic stem cells of recipients to repopulate them in the oocytes for
rescuing the mitochondrial defects. Patients will be first genetically examined for excluding the
chromosome abnormalities. The animal study tested the mitochondria function in different age groups
of mice by mitochondrial membrane potential, ATP levels, and oxygen consumption measurement. In
our results, that the amount of mtDNA are associated with women age, embryo morphology, and the
pregnancy rate in this study. The mtDNA content may offer as a valuable tool to select the blastocysts
for single embryo transfer. A statistically significant increase of mtDNA copy numbers in euploid
blastocysts from the younger women was clearly revealed. Furthermore, in euploid blastocysts
derived from younger women, comparing mtDNA contents between the examined morphological
criteria showed significant difference between good and poor quality embryos. Our results of showed
that the biological age was similar with the actual age. By comparison with older and younger women,
the mitochondrial quantity in PBMC and granulose cells was the same. In this study, we found that
infertility was associated with age related mitochondrial abnormalities, mainly due to the number of
mitochondria or sequence problems. The data of animal tests showed that the mitochondrial function
in older embryos was lower than those in younger mice. To providing intact autologous
mitochondria, we cultured mesenchymal stem cells (MSCs). The cell cultures and isolation
procedures have been established with GTP compatible protocols and the mitochondria functional
analysis has been warranted with TAF approval, assisted by the full supports from Taimito Company.
The high yield of harvested mitochondria, intact integrity of mitochondria and functionalities of
mitochondrial respirationare the main criteria for selecting the candidate cell types in this study. This
study will be critical for the evaluation of the impact of autologous mitochondrial transfer for treating
aging-relatedinfertility in humans. The results provide strategy for the development of new treatment

for patients with mitochondrial abnormalities.
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ﬁﬁ%&ﬂiﬁﬁﬁ{i$AW°#ﬁW§4Aﬂ’%uﬁg%ﬁﬁﬁ%ﬁi(MEM%M%
A2 S S £ P MMDNA (mDNA) i 2§ 445 5 > & FRA FIR Z o MR DNA i 4
(Herbert et al., 2015) o d ** 4 2 i3 4 e o A DNA » H $ROS edf i { 5 AT > & lo¥e 2DNA
AP MEDNA ¥ 8 1110~20 B 2% F - ﬁ%m‘}__ BDNA % ff € @ ATP 04 & 5 i< >
Tig S f g d ’Eﬁ‘?ﬁm’i’s"’ LB 0 A4 k4 a3 & F  (Hudson and Chinnery, 2006) - B
e dro £ R AR i g %5%mWﬁ*TW AR T AR R
ATP #& % e7'% i (Duran et al., 2011; Koyama et al., 2014; Rebolledo-Jaramillo et al., 2014) o “F# ‘m
e A enF L X AR 0 BN H e T 2 s d G ehT % o BRI 4p B (Rambags et al.,
2014) - 4 ‘J*‘FTﬁTF\'!" e e v HTE;)U e SRS B ¥ By ,L@J fg’ét v u P OF IR H
Wt AR i EEDPF A AR g- F IR % (Simsek-Duran et al., 2013) o P & %ﬁé 3RS
FRhRPAFIZEEGRT LF B VR A BARNE TR MR AgTEM
WA AR E 2 LA N BT LA FREL A< e B E Frok L ra inw g
RYPIAET AT URFLPERE-HPRAE R P Ea- RELES 285D
*fﬁffﬁ*ﬂ oGt A C gt &L DT RRAL - %ﬁﬂ FMAEDNA AR @ 4 47 0 3tk

MPPAFIRREEEL T B b (ke %/Eﬂ’“ EoR MR A TIRR Z B ks X T Ao S
*A LB ERE P o RS PR £ GTPARF 2 mie B2 i 2 e il A PN A
GRS R ER A RIET > FHh O EFREFENL Fo

“FEL B

AP EAHEAMATIE N AREEF S R ONABREF L Y P R R L8
R~ 3;1%}5:3\37’?351 SRR ER R 1 AR A DNA 1 > (2 FRMMA 7|2 7 E 4475 Hipk S5
Tz R RERRAES D RE > PR FREFE AT > T A GE N AT
EE PR KL RBREF o T Mtk B ERA TR AM AL B &)
KL R N rflefe 2 P AWM ViR i bR TP ABBERR A & ITRP o F
7}:_ o~ 15”_5;?#%,#14& GTP*FL#T” e BT Jﬁ,Ly‘fﬂ‘ Jgé‘vo

3~¢%ﬁﬁ
A AL FlE (£ 7 16569bb) £ 13 B F Pk ipk R FA LS AR AN A
4 EART S BRI A MY AT AT RAADNA ¢ 722 BtRNA % 12S -~ 16S
RNA > F]pt e A A Flendd fas L A Fle ke B ¥ g2~ & (ATP) 22 2% - 2 ¢ D-loop ®
ﬁ%%*ﬁ%ﬂﬁa"z?%maa%ﬂ AR MR B A -
UL 1 (607 § i 5 RARMADNA B F fetiad B | 5 RS rot
L2 —«FL”ﬁ M, H¥ a0 i 758 L RFH A FahedE Hofp B ST N BpdE 0 g A 2 defe or
F A E RN ISE T A IR ‘?\ (Miao et al., 2009; Wang et al., 2009; Wang et al., 2011; Zhang et al.,
2013) 4= 4~4 78 'n?2 (primordial germ cell) € F| i F SR8 7 w42 4 @ F 9+ 24 2 (oogenesis)
ERT - R iEE LI (Fowden etal., 2006) > d »* 9P ‘¥z B> SURE »2i; 27 (AR 9P+ = 34 5 4 B
Mo F R AR A LT SRS R B A B R ERBES IR F T sk (Bl
Shourbagy et al., 2006; Michaels et al., 1982; Reynier etal., 2001) -
AP MG BB R o MR R B - LRI RE I



FHGFMFRHE LN PI N R TE P RET AL A I BT LS Y BR B
PR E 2 EH BTG ek HF A rS m‘f‘" MWHE 7 L~ R B R R S
o BT R & X &8 0 (Matthews and Hamilton, 2009; Tilly and Sinclair, 2013) BERBIAET §
R R DL o L e foiaisn 2 £ (Hyslopetal., 1988) - ’«’é;‘f’? PN o BxeEl (Tuckey,
2005)fei#% % wmre 3 «hig L (De Marco and Caniggia, 2002) 5% v ek A RR kA (Martinez
etal., 2002) o £ H P53 K it 2 R A 42 X G fR e DR B (Chappel 2013; Eichenlaub-Ritter et
al.,, 2011; Miao et al., 2009; Wang et al., 2011) > ¥ % #= 5 3F ‘ﬁ-#ﬁ dee 3 kg REF R A R R
B HA4r o ERPAMAFLARE IR PAWYT 5 M @R AMATP 7 & o & ¥ Fla 2
L 5 AR eiE e (Y 5 (reactive oxygen species, ROS) » ROS i % 3 #F 52 # AL FIRDNA &
SEDNAM BT F B ami o RARMDNA # 4 2% a5 £ 44 DNA vt 23 - L &
(Larsson, 2010; Lee and Wei, 2007; Taylor et al., 2003) » H # x ri 2488470 3 13459 = 2h% 4
4977 bp ek % i ¥ A (May-Panloup et al., 2005) * F ﬁﬁ W LR A 4 ¥ UL P F R LR
3z (Cortopassi and Arnheim, 1990; Cortopassi et al., 1992; Jacobs et al., 2007) o

L 1,3‘5 =2 R @ Ri%45 48 (Craven et al., 2010; Hyslop et al., 2016; Zhang et al.,
2016b)27 > 4E48/4 ¢ %84 45 (Paull et al., 2013; Tachibana et al., 2013)# i 5 17 & % 5 {2 “f BB
R SRR riE 2 2 P A I A Rl (T HO R "ﬁ AT B R T e
F mvE ?.‘rc* s ;ﬁi P g | Kfﬂ ¥ 2 F SRY LR P H AN 83 fmre P osr ikt G ,f@;}j;ﬁxﬁ’ge % PR
(Wolfetal.,, 2015) > $3 &2 £ 8] 5 REHBET JI* £rc2 S » Pt FiELHBEKRRH > @ >
/A MBERF RN AEZATHEDL Y AR IEEHE LA T RS GRS R
/A WAL SR

R EE TR 0 AFHRLEAPFEAS AR T e 3T S S REANSE
IR oo d iR E G op AR ARE T U2 RSN S TP iR o A - A
T RA Ml me aiE L > A 4 b 9ROS 0 B MAEDNAY RF R B R F o X P F
B A g i o P oa g0 en™ 2 > M Ovascience & 2 F p A gk Suk M £ HE A 2
Autologous Germline Mitochondrial Energy Transfer (AUGMENT) # 5 A #73 % (Woods and Tilly,
2015) o pt > 2 g d B dr A grimre o A B p MER e o AR > B A PR e P U
4o H B ds FIVE &5 K o

ZAm P oA gt Ovasciences = & #7Bs Iy 9P 2 5 fnbe el i 4 > A S R R SR e T
FEEEZ DI RRK - Pnideesr? > UFERRwed 252 8 o B9 o giginizine
(adipose-derived stem cells, ADSC) ~ 4 4 it #3355z 'm?2 (dedifferentiated fate cells,
DFATcells)(Lessard et al., 2015; Watson et al., 2014) LR G Ry ER hmbe (multilineage differentiating
stress enduring cells, Muse cells) (Dezawa, 2016) » 235 2 7 2 Ji % 3t 4 78 & Suen 4R 88 Kk o

TH A F B K 2 (http://www.hfea.gov.uk/9931.htm1?fldSearchFor=mitochondria) F¥ *& k> 4t 48
AR B LR MU B o 0 2016 & E§ 4§ fJohn Zhang ] F3F Wl S AERE/ A 4
RAS A2 fwoe [T B H BT 2 E @2 55 (Leigh syndrome) ~ 22T - % it § & (Zhang
etal, 2016a) ° 4p Fr W F 7750 o & 5 & 1% RS AEHITE XM im0 e 2 R R
ZEWFETBF o T A HES 2 #E A (Zhangetal, 2016b) o p ¢t o PR AR ISR £
‘f“@"l'ﬁgﬂrf‘m”é—prmn ko2 >N L EBIRAZD o ¥- 25 > FnEyFRIN4 ) R
PERAFR? > Tl VASA FRE AL § Ska B e o B BRI PRV RELS VA
x B x4 g M2 P .?:m e qrpAT At A P K¢ ¥ g B 5 P g w¥e (ovarian stem cells, OSC)
(Johnson et al., 2004) - 5 7 # 'Ff AIF AR ETT R E R 2 AP DA E Ap g2
fmP2 (White et al., 2012)



AOSC e > Pav e p Pt jtA N2 e 2 ko 2 0 2 ¢ — 38 AUGMENTSM :;Mz
T p RS2 A 0 #O0SC p A AR ﬁ.‘k PP w AL T B R RS R B
H XS o pa e gt'ﬁpg)%f ? '“F*'*ﬁr@ﬁ’ﬂ;%)%péﬁ R ﬂt?/"cfﬁ‘ﬁ-
AUGMENTSM # 3 4c % 2z B % 4 '}211? 2_ ¥ % (Fakih et al., 2015; Oktay et al., 2015) o #Rm » 11 OSC
ETIRE R TR 3R ’J"ﬁ‘-‘#”&?%# PHRWERNF TLOSC FAETE WL AT BT P
7k AR 2 TRh By T & 2 3 e AUGMENTSM. B a7 7 522 %3 (Grleve et al., 2015; Hanna and
Hennebold, 2014; Zhang et al., 2012) » ¥ if OSC #£F 3 %= * AUGMENTSM ¥ i£ "J ?ﬂF S SR
EEL B 5 B RRMERTAFY FH e L0 52 AT T ok e EIRE SR
Z_ P o
R
(—) PRUMAFIE VLIS Z gl
4.1.1 % B2 DNA
BRIk e 12 PBS ¥ # R Gik= 20 2 18 1345 QIAamp DNA blood mini kit 5 P~ 42
i {7 w2 DNA 0% B~ > 4o~ 400 pl lysis bufferr 4c »~ 20 ul Proteinase K (40 mg/ml) » *x ¥ 56°C >
10 ~ 48 > 4v > 400 pl 100% ethanol ;& & = 2 > il i column » Zr.= (8000 rpm > 1 4 4&) {6 - H#-*
bufferl wash — =% (8000 rpm,1 4 4&)- 4% * buffer 2 wash = = (12000 rpm,3 4 45){s > * TE buffer
FE 1 A4 3 fF%% f column + e DNA » Zw 8000 rpm > 1 4 48 > Rl & H wx sk Ede 5 ¢ 17 5
DNA k& -
412 3 2 E£PCR Pl i B
A B P AR WA - BKERSHE 4 «%Jf—-DNA ek & B9 (telomere
binding protein) = > A DNA 5 fj # 7 TTAGGG £ 4f & 7> & % 8§ & & ¥)5~15kb, #* £ 7 i
i G L iR R AR AT RS ﬂ;’%‘:#ﬁﬁ E T4 PR MR
FEWR G M s AP B A 4o 1990 # Harley % 7 £3% 41 im0e % ¥ ensh B30 T
“is’:—a‘ fmie e JHE S R TR ﬂ%a KTE'E']—- TARRE D R AFR S R 2 A
PR FHER AR AT AR e S e R EF df PR L o R A
.39_.?%‘22}3_% Mo — B2 B megi B i&q# etk o m AP R E S B R P TR FEE
Bk idrL R E 0 E 2 EREO FL A T AP L ﬁ&fig LR K R AAR Lo I
chim e hE X T % o 4;4{%-«%@.— 45w % w‘;;rhg;g RSy Sy STt T
R R o LT E A PTERE B R £ B A P B > e Cawthon 2002 £ B 4
% g2 § PCR i 'LQ#%}L‘_{» BAPEIT36B4 A Flz2 2 2Pl weagkend BB TR S e T
GGT TTT TGA GGGTGA GGG TGA GGG TGA GGG TGA GGG T » TCC CGA CTATCC CTA
TCC CTA TCC CTA TCCCTA, 7 36B4 A Fl & fip 73 — 247 WA (one copy) # v * *iF L 3+
o xhd & A7 Btk 2 iRy H WP A 7] 3 TCCCTACAGCAAGTGGGAAGGTGTAATCC -
CCCATTCTATCATCAACGGGTACAA » 1 pl (0.5 pg/pl) DNA%c » 14.9 ul ddH2038 £ » primer
% 5'CCCTAA3 2 5 TTAGGG3' > £ 4v »2.5ul ANTP (10 mM) 2 % 2.5 pl 10x PCR buffer (10 mM
Tris-HCI > 1.5 mM MgCI2 » 50 mM KCl 4r0.1%Triton X-100) > §-0.1 pl Taqg DNA polymeras %
PfuDNA polymeras (Super-Therm > SU/ul)>* T pr B & feid 4F F i &R+ md250°C> 24 4818 £ 95°C 10
AABIE SN B BRAILISC] A 4h 0 S4°C 24 48 0 2 F40 TR fic > 4°Cikis > & —
ERAFZ A RE S K EAFR Lo BB T2 CUES »2Act B3t o
4.1.3 o R REE AL %‘? (Zhang et al., 2016)
A R TR R TSR E ] T R EDNAZ genomic DNA 14 TaKaRa PCR:##| ‘e



7L P E9289bp hmtF1 569 (5-AACCAAACCCCAAAGACACC-3') % hmtR1
9819(5-GCCAATAATGACGTGAAGTCC-3') % 7626bp htmF2 9611
(5'-TCCCACTCCTAAACACATCC-3")%2 hmtR2 626 (5'-TTTATGGGGTGATGTGAGCC-3") Tag
DNA polymerase (Tang et al., 2010) & {75 R E4F 5 B3 < > 0.7%3 "q 7 A Rrr 5 B+
/] 0 4% ¥ 1345 I1lumina TruSeq NGS protocol s77z& 4| & {7 4> S DNA ¢ libraryfie ¥ > £ 12 Qubit
(LifeTechnologies) % % :& (FDNA Z_# » & {¢ /" [llumina Genome Analyzer Il T [ i& {7} 548 5 7|
445 o $24xIllumina mtDNA Variant Analyzer BaseSpace App» 17 » L% £ 2B Bhfl 7] » ¥
iaETdi s RR AT g @ Tp%ﬁ‘ REECR AR (LW %’f%%‘ Wk g o
414 5% 2 3P e M E B £ R

41 * Real-time PCR : TagMan probe assay ,,‘s S IR S B AR a2 5 R g F] RNR2
% ND4 > # i * Alu sequence i % internal control © & PCRenE 4 24T ] X SYBR®
GreenPCR Master Mix (Bt p ABI, Foster City, USA) » 100 nM 313 > F R34 525ul o #7i¢ * T_
¥ PCR## 7] 2 ABI PRISM® StepOne plus Detection System » & — B % 5 /F #a= € 4F » 11 Fx (%7
BN Tt o
4.1.5. *2P48 ~ w0 & E (2 FIARDNA 20 88 B 7R

EH¥PIA PR~ W R 8 2 FIADNA RME TR £ 2 FALS T HEBE ¥ R LD

Tl e Ry i % ¢ R F R, tlme—lapse Pl des, 2/ MERIRHBEE S LFHL
17042548 ~ T & H (ADNA #1421 18 2.5 i QIAGEN REPLI-gB Mitochondrial DNA kitig {7 442
AT L F RiER L T75°C 54 418 0 40 ~ 1 pIREPLI-g Midi DNA polymerase # ¥ 33°C 8| p# >
65°C 34 48 » #E154°C - B F M MMM A T A 7o 255 L B2 {FPCR > 513 & 5] 3
1F(5'-CTATCACCCTATTAACCACTCACGG-3') ~
IR(5’-CGCTTTGTGAAGTAGGCCTTATTTC-3’) ~ 2F(5'-ATCCCGATGGTGCAGCCGCTAT-3) ~
2R(5'-ACTATAGCAGATGCGAGCAGGAGTA-3') ~
3F(5'-AGTAATACCCATCATAATCGGAGGC-3') ~
3R(5'-GCTTCGAAGCCAAAGTGATGTTT-3') ~
4F(5'-TACAATTTTACTGGGTCTCTATTTTACCC-3') ~
4R(5'-TAAATCATGCTAAGGCGAGGATG-3") ~
SF(5'-TAATCTTAGTTACCGCTAACAACCTATTCC-3') ~
SR(5'-TGAGGCAGGAATCAAAGACAGATACT -3') » £ #PCRA 4 - &% ' Illuminar Miseq
system & {7 B 7|4 45 > 2] * [lumina mtDNA Variant Analyzer BaseSpace App~ 17 > BLE R 2
R AT A TR R A N E T TRA SR VHIE P 2 NS R ERRA R £
f6 0 st P ERTRABIGE > B EFE DL SR RS F RS A F o ¥ U SPSS fidl
i 7 Chi-square % student ttest & {7 5ot/ 47 o d 3097548 » o & e FDNA 1401k 18 105 s
SurePlex Extraction cocktail master mix i& {7 > /& F]#8 3 % » #7344 7DNA & 7| & ﬁi’v“ I V=
PP RATFHERIORT AT AT k> FPF A & 3 Flaboratory erE M & -4 T B R
A=A SRl /g | R T

(5) ASREA 2 | B4 05 2 AT AU R R 2 A

4.2.1 # BUAZ 'a 3t 9P o0 22 Fe fd

PE AT £ B LA R AL PASE > st 101LULR B b it
( pregnant mare serum gonadotropin, PMSG ) » »t 48 /| & {8 " 91 84 10 LU. A 3 5% £ 35 I“i’”jl-%
(human chorionic gonadotropin, hCG ) » g r#-* B & » 2 RHE PN £ H e (BR) IRPRAE*



4

83 & iE 4> (vaginal plug) »
422 82 b

hCG /18415 24 -] pF > PEiE B A a2 & EE%#’iﬁ’»:".ﬁ%ﬁ'“% (oviduct) » ™ 5 Bréh 2. 30G 4
S RS BTHCEL ™ 0w 2 HTF 33 i ¥ e o0 80230 30 R P a2, VK 2 7 6 dave
B Pl Rpats o RH B NRURMESY 23 A4 TR EF Bk fln 24 %
FIfE A E* A E IR P B v o B w HTF ¥ ik 3 =0 0 4§18 #—:%—i%i;ti’aiii B #HrF

=

3 747 (Paraffin Oil ) 22 HTF medium % jF ¢ > ** 37°CE 2 a7 B2 1 %75 B o

4.2.3JC-1 % ¢ 2 FCCP jad2

RESE T R ARBLERPED (S > B E ~ 75 10uM 2 JC-1 3R o 2 37CE & Y B & 30
A48 3 FCCP @2 e BB E > 75 10puM 22 JC-1 2 2Mm 2. FCCP 3% ® » * 37°C % $a 7
BA30 A4 530445 e 0 4 HTF medium 572 2 =0 (5 8 » HTF jRiF @ - 12 & kA st
BEAPREER - w2 Puipk JC-1 2 FCCP kR 2.8 % /a2 » ™ PBS i# 7 2 fs 0
WA E T RER - ¥ LE A7 * Image ] #7800 -

424 ATP 7z & &P
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CPER N P EE S SRS X ST SERECEE RN £ EY T Sy
AR Rar kL I
LJC-1 % & MHRRIP S B O RSN R AR o B {TAR AP P LR 8~ 12 i 2. B6D2FI1 /)
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M2 e AR ERRE L R F ) foh a2 s R FIBEFRRE D RS R
ZEP G L FRALIAFEE T HE2 S TR e L R BROMEST O
RWELAFEE(figl3) e m H P = lwmedp 7 & 5607 s av iy RIFIFEE S @ a2

SRE & 3035 0 BT A Tt HP 2 s R RN E R B B (figld) o

Mt RIFTIEFT2Z AFLAME ¥ e PR IS SRR TP o ap g
o n B UAEAR TR T T MRS TS T ﬁ“*{¢mfﬂw’ﬂﬁ\¢”*%
B2 M (fig 15) o« & 1235 B i & R4 1775 1130 H4 3 0) dhe S0 W FLOW 4 17 > ¥ 1ZNAO
BEFRS AT 0 F I8 A sl %%E’ TMRE#% ¢ > zitf P 85904 B i 1H(B "R )eh
F AR (figl6) -

SR AME R RE TREMEE R RPIEL F DS S UFMB2E A afie ok
% %47 (Table 2, fig 17) o B % ## £ GTP MSC 5k A2 2 = & » S p gk ~ LWk fR0 - %
FE R kR e B R0 e R A RRE B P E S AERAGE £ A S i
F o ATV R T TAMRITE o

Table i (FEBF A7 2 X PR AM > AT TR o2l - B R T HRAKEZ B R2Z AR

A R H-] H4]pF H2 P
ke 3

Bf: sz )}(;f ;J) 1 1/4 118

R = ¢ B

SR 2N 31 : 5 &

= & M(FRBERSE)  F



Table 2. % f&f S48 75 fie > B[
RAFH% B ERE Rt

Buffer

RAF1~2:8 RAFEVER  R®RIAF3MEA
= 25 i
FMB-1 185248 & #
FMB-2 2 £ 9% .2 BASALf BASAL &
FMB-2 7% b #; FMB-2 5 4F FMB-2 5z 4+
FMB-3 b 04 A B
A P<0.0001 el o B P<0_.0001
1800603 R o= =
- | £ —
2 o~
% 1400603 g
§ 1.2006-03 :
E 1000603 g 000k
__g 8.000E-08 %‘ 05
T oo 5
- e
% 2.000E-04 E b
E’ 0.000€+00 &) LR,
Euploidy Aneuploidy Euploidy Aneuploidy
X s o IES,
= C g ms D
2 A . SR
2 8 e
[4-3
E e 1 T
5 o ODEN
Z 2 SIEH
£ b E=g
=S S 0Ew1
gl @ WE-
& T e
‘q‘) (000¢:00 + - . . &" 00000
<38y =38 =38
1 = ® Euploidy s m Euploid
| o~ uploidy
é 1ees | E P=0:0007 B Aneuploidy % BO0ED: F E=0.004 H Aneuploidy
o < -
g 1000603 §
: g 5.0006-04
E et} E 5.000E-04
o G
g 6.0006-04 2 4.0006-04
5 -
g’ 4000604 g 3.0006-04
é 2000604 g =
i: é 1000604
0.000E+00 -+ Q00ED
<38y =38 <38y =38

Figure. 1. Comparison of mtDNA quantities between different chromosomal contents and age groups by

analyzing the ND4 gene or the RNR2 gene. (A, B) Significant differences of mitochondrial quantities

were shown between euploid and aneuploid blastocysts. (C, D) No significant differences of

mitochondrial quantities were shown in blastocysts derived from the women > 38 or < 38 years of age.

(E, F) Distinct differences of mitochondrial quantities were observed between euploid and aneuploid

blastocysts derived from women < 38 years of age.
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Figure 2: Comparison of telomere length between young and old age women in Blood and Granulosa

cell samples
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Figure 3. Comparison of mtDNA content between young and old age women in Blood and Granulosa
cell samples.*p <0.001
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(A)

D-loop mutation | Heteroplasmic
Sample Age No number mutation rate
(mean) (%)
Biood il iLy 37.45
13 13.4 38.93
(B)
D-loon mutation | Heteroplasmic
Age No Sample number mutation rate
{mean} (7o)
Young 6 Granulosa cell 11.33 33.26
Bilood 11.33 33.26
Embryvos 12.36 30.93
Old 10 Granulosa cell 13.2 39.75
Blood 13.1 40.688
Embryos 12.57 38.118

Fig4: Comparison of mtDNA D-loop region mutation numbers and heteroplasmic mutation rate

between_young and old age women in Blood and Granulosa cell

Mitochondrial sequence analysis results by [llumina Genome Analyzer II.

11

(A) or Embryo samples.(B)
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! i 2 2 2 ) ! 2 ! 3 1 14
2 1 {} 2 2 1 3 D 2 2 2 1=
1 1 1 1 3 4 2 0 3 1 2 2
1 1 0 1 1 0 i 0 1 0 0 )
2 3 i} [ 0 2 2 2 1 0 2
02 i i i i { i i I i i {
4 0 1 3 4 0 ] 1 § 3 g
0 0 0 1 2 0 0 0 0 1 0
(B)
Sample 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Average
age 40 44 12 40 39 12 a1 43 41 42 19 11 13 30| 4114
Single
Nucleotids i 29 23 48 34 24 3d 43 35 22 32 26 41 32 335
Vanants
Insertions E 2 [ 4 1 1 1 2 2 4 2 5 1 G 243
Deletions 12 ) 14 1 3 13 1 3 12 12 1 2 11 6.5
Oacyte 18 15 1w | 1 7 12 4 8 13 7 5 14 25 15 | 1271
number
Good - R . . < 5 o N am
Blastocyst - ! : - 4 - E : ! ! 4 - - -
RNR1 2 1] 1 1 0 & ' 2 [t} 1] 2 U 2 2 (.86
RNR2 & 1] 2 0 1 & 1 i} 1} 1 ] [ 0 z 0.3
ND1 1 1 i} 4 2 & 0 1 2 1] 1 [ 1] 0 086
ND2 1 2 2 2 O 2 El 2 3 2 {) 2 3 1 1.86
ND3 L 1 0 2 1 & 2 2 2 1] 1 U 3 ¥ L.07
ND4 1 2 i} 2 2 & z 4 3 1] 1 [ 3 0 1.43
ND3 1 ] i} 3 3 1 1 3 3 2 i} 3 2 1 207
NDa i { il O 1 1 2 il 1] 1] il il { 0 028
COl L 3 0 4 2 [ ' 1 2 1] 1 U 2 3 L.36
CO2 & 1 0 2 0 i } 1 [t} 1] 2 { 1] ¥ 043
CO3 1 1 [} 3 0 1 1 2 2 1] 1 [ 1 U} .93
CYB = 1 1 4 1 1 Y 3 3 1] 2 U 3 1 214
ATP6 2 1 1 1 O i 1 3 1 0 1 1 2 0 1
ATFS i i il ] ] i 1 il 1] [} il o] { 0 007

Fig5: Mitochondrial sequence analysis results by Illumina Genome Analyzer II. (A) Comparison of
mtDNA sequence between_young age(A) and old age(B) women in Granulosa cell samples.
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Figure 6. Results of JC-1stain in different stage of pre-implantation mouse embryos.
A. red fluorescence; B. green fluorescence; C merge red and green fluorescence .D, Quantity of JC-1

express by ratio of red to green fluorescence.

13



pronuclei 2 cells 4 cells Morula blastocyst
A.
Control
B
+
FCCP

. 2
5 1.5
gn .
-~ 1 I I
o O I = = I
Q
c | 2 | 1

= .
o] . JC-1+ FCCP
= Q\ \2‘\ N AN N S

A\ L X g & S

Q\’ f‘v ">‘ QO ,.\0
on N \(&9
Q

Stage

Figure 7. Results of JC-1stain or FCCP supply in different stage of pre-implantation mouse embryos.
A. Control groups, B FCCP supply groups, C Quantity of JC-1 express by ratio of red to green fluorescence.

Figure 8. Results of JC-1stain in MI stage of pre-implantation mouse embryos from 8-12 week old
and old (more than 32 weeks old) mice. A. Young group, B old group.
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A. B C
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JC-1 Stain
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° 4
- - I
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Figure 9. Comparison JC-1stain between B6D2F1 and plogA strain of in MII oocytes.
A. Control groups, B FCCP supply groups, C Quantity of JC-1 express by ratio of red to green fluorescence.
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cells embryonic stem cell adipose-derived stem cell,
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- .
e .
ESC JC-1 Stain JC-1 Stain
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C. = 13
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quantity 2 os
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Figure 10. Comparison JC-1stain between mouse embryonic stem cells and and adipose-derived

stem cell with or without FCCP. A. red fluorescence, B green fluorescence, C Quantity of JC-1

express by ratio of red to green fluorescence
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Figure 11. Quantity of ATP in oocyte and different embryo stage.
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Quantitation of Mitochondrial DNA Associates with Blastocyst Quality and Pregnancy
Rates in PGS-SET Cycles

En-Hui Cheng[1]; Chien-Hong Chen[1]; Hui-Hsin Shih[1]; Yi-Ping Pai[1]; Yi-Chun
Chen[1]; Yi-Ping Lin[1]; Chun-Chia Huang[1]; Tsung-Hsien Lee[2,3]; Maw-Sheng
Lee[1,2,3]

Lee Women's Hospital, Genetic Diagnosis Laboratory, No. 30-6, Section 1, Changping
Road, Beitun District,

Taichung, 40652 Taiwan

[1] Lee Women's Hospital, Genetic Diagnosis Laboratory, Taichung, Taiwan; [2]
Chung-Shan Medical

University, Institute of Medicine, Taichung, Taiwan; [3] Chung-Shan Medical University
Hospital, Department

of Obstetrics and Gynecology, Taichung, Taiwan

The content of mitochondrial in mammalian cells ranges from several hundred to
thousands, determined by the morphology of cells and energy needs. Mitochondrial
functions are critical during the pre-implantation stage embryos. The purpose of this
study is to investigate the relationships between the content of mtDNA and and PGS-SET

outcomes. Trophectoderm (TE) biopies (n=244) were collected from January 2017 to
5



August 2017to determine mitochondrial DNA (mtDNA) copy numbers in blastocysts
with different morphological quality, chromosomal contents, morphokinetic scores, and
maternal age before euploid single embryo transfers (SETs).The amount of mtDNA in
euploid (n=118) and aneuploid (n=126) blastocysts were assessed by the TagMan probe
assay. Embryonic morphokinetics monitored by the time-lapse photography was
evaluated by the embedded software, the KIDScoreTMDS5 model. DNA from biopsied
TE samples was amplified and then subjected to euploidy analysis using next generation
sequencing. Two separate custom-designed TagMan assays targeting on distinct mtDNA
sites (mt-RNR?2 and mt-ND4 genes) were used to increase the assay accuracy.The
mtDNA levels of euploidy blastocysts derived from patients with different maternal age

(younger age group <38y, n=77; older age group =38y, n=41) were analyzed. A

statistically significant increase of mtDNA copy numbers in euploid blastocysts from the
younger women was clearly revealed. Furthermore, in euploid blastocysts derived from
younger women, comparing mtDNA contents between the examined morphological
criteria showed significant difference between good and poor quality embryos. However,
there was no significant difference between euploid embryos with different
morphokinetic scores. Assessment of the implantation efficiency after euploid SETs
revealed that blastocysts containing lower mtDNA copy numbers have a higher
implantation rate. Our results demonstrate that the amount of mtDNA are associated with
maternal age, morphological quality, and implantation rates, suggesting detection of
mtDNA contents may be valuable tool to select the blastocyst for euploid SET.
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