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b NMEBiEAf B £ (Assisted Reproductive Technology: ART)iZ. 5 AIC— i rgh D JE i
DEFLIRDDDB%, A ARERG AR FEICLVARINT-RET —ZI2&bE, 2017 FiT
BT ORTEEE AT 44,790 JE ], LI RARLLIL 64,497 JA 1, SRS AN AR AL
187,132 AN L0 AR O 18 A 1 ADY ART IZX - THEAL CTU5 (Ishihara et al.,
2020), —J5C, ART D KAZFEWEEL DR D [RIRFREHE N/ | FE i ST Z LS K0 ik fin
I A DHEDVAY L7225 B REITHRDSEIN LT, S ARAEIR OB INZ iR L 7= B AR A
B3, 2008 AR [AEFAH B =R I3 1T DA B TR R — & 972 | LW D B IEIR D 1k
Z AL LT R38R LTz, 20 RARIZED . 2005 FFITK] 15% Th 7= % it iR =13 2009
FEIZIIHI 5% IR T 3512 ED (Hayashi et al., 2015), B — A4 (Single Embryo Transfer ;
SET) 23 E D ART DAX A —R Lotz

PEREAE TId, AR & 2R BE R SER IR BAR ISR S0, £DOHD— 2L LT, BIHIEDOREF AT
—UNZRTOND, MR ~FE T LR TSR AN TR VIEIRRZ AT 22805
HZI TS (Papnikolaou et al., 2008), ZiuiL, A EFIHIROH H R~ H CTELIROE|S
1349 30-50% THY, MARRIA~FEE LI2LVHZE A RN OEDDEL IV ar bipoTDTzd
THHEBZ LN TS, F7o, IIRFRIEZ FIVWTERINET T 78 Tl HrE IR I
ATHE BRI OGRS = O IRBRIIT SMEED RV E AR BIZED B RO LH
Y=V Ol T o7 ET, FSH &G IV AR DO INEE T2 fetE 5, D72 SRINMZIE

KNRIVEL NT AN BIRE I E KIEIZ R ) = AR a0 AT7aL 708 O+ =N



BEOFRE I BV IEFIERE T, WERE FHRIND, —F7 . WAERLAF
R TIZ, BRIPJE BRI R N IR Al 2 F2hi TE D720 15 WIRA B I Lo TRRRE
HNZE=HU 7L, WIBEERSHUEMICEEL TORWGE IR T L ObWEE L, 4+
KD AT o7 vy AT a AZFREAT ORI ORI 2R 3, ZHIUZRD, 75D
HRBTIRAAI 7 CMBAEZ i § D LN TE DT | Fri AL L0 6 B AR IR D 4T
PREINEWNEFE 2 BV TUVS (Zhu et al., 2011, Roque et al., 2013, Kato et al., 2018) , ZD L9

207 B L HUREHAR O 1R 12 XD FSE O ART Tl — RS i s fa R i H e d A= U 8
BRI CEOBMITIED D EDESNTND,

BREOBRIEDFONT5E1E, T O G Eeh A V8GN L 2 @ Y1 ZFFAh U e

HINZREHE T 58T BAEIE O IR BE OB BB T2, BIfE, —ANICFIHE
TV DI R ORI 7 1513, FISTRERYRE A, TERBEINIRHRIE, BAsARHEED 35
(IZRBS D,

TERERIRMIEI ., FrRIZR 25 B CRR A LB & 3 BRIEE T CIAEE R oD o 500 B8 45 FE oD
E B AHT 4TS (Schoolcraft et al., 1999, Gardner et al., 2000), 0 J5iE1E., il >FH
MTHHIZD I M L THWDTFIELED, BB O THIE T 5720 BRI THY | fiax[#]
BLOBIEER TONRTOINKEINIENT AV THS (Storr et al., 2017)

TEREBN IR IEI L, XA LT T AL F 2 —%— (TLI: Time-lapse incubator)(Z X0 #5472
W7 —42% AT, IMOFEERESCZEENZ W TR 2715 Th D, ZHOFSCIRD
B AR X ER IR BRSO HR D IEF 5 L B 5 2 LA 5 L TV D (Reignier et al., 2018), 32

BRI, FERDTEREHIFH M DO A DL 7L a AT TEREEINIREA 21 2 5 2 & TR IR Rl



23E BT BT E 385 (Pribenszky et al., 2017), F7=, TLIHZ L > TGN/ R
Hr#E (Yang et al., 2015)<°, MV R Bl 5 (Marcos et al., 2015)72 & D A i 2 THLEE
SNADFEENRTT 47 ~—T— LU TIEHINCA I THALAZEL HESILTND, LIALARN
B, ROFEEARUE (EIRFKEE AT — U ~ORFERFH) B O T )7 — T a R TIEME
THVIARY—r%FEE L, £, TERBAIFHMIE E FERICBIZEH [ 36 L O RR [H] O3 A PEAMK
WZERT 4 —IRA L TEZDIND,

AT BARRYRHE 7 15T RO M 2 —HER UL E% DNA Z AT L CHROD Yy (AR 1E H 1
ZHEL, BEMRZHERT 271 THD, I, B>k A — 7% —(NGS:
Next genertaion screening) HEL 12 20 IS IE D Ye AR $50% [E MDD AR I ZAEAT L, B ARF]
M3 220 mIREE 72572 (Treff et al., 2013), BEMEMLOTNGIIRHMAF O MNEE EHIZ E5H-
L (Franasiak et al., 2014), #IHIVEERR AR DK 50%H RO Ye ta i B | 2L K372 (Goddijn et
al., 2000), D Fi%i%. Pre-implantation genetic test (PGT)EFEIE AL, KK TITEAERT DR K
PRSI TR IERSEMERO BRI L\ TR AR E A FH415 (Simon et al,

2018), —J5C, PGT D EJEIZIE, /A A7 2 — 2L F N A 5-10 (B E R AU 505
RY , IR~DIREERYIRE A— DD S D, £, PGT AT 1 & 7= Al LR %D
AANRFEAET DD BEOSEMAMIIIEINT 5, LLEDOIONC, BAFRIRODER D=0
(ThE & IR T EIMFAE T D08 TNE N — K —EBFET HLEbI2, BUR TIIREN R
TR CTHOND IS DI I A AR L 72 L U Ob AR 13134 50-700% THY | s D4t

238 % (Irani et al., 2018),



SR RUTIE, ATP OREA, TARM— ADHIE A1V w7 ITE P R0 TE Ml 35
(Reactive oxygen species; ROS) D4 /e & & AT O MNE O BEREAEFF LA T K 70 B IsSS 5 /e
INERE THD, IhURYTIIAZ AL &AL L= B IR oD — AR EH DNA (mitochondrial DNA :
MtDNA)ZF 5, 22 fE D tRNA, 2 fE D rRNA 38X 13 fH D& L " EF RV AT FRIZFIRRS
N5 37 DB FZ2a—RLTW\5 (Kim et al., 2019), A#IIEIZ351F% mitochondrial DNA
(MDNA)E1X ATP Ak EFHBI 525, IF OO IGEZ DEWE W IT /2D (Leese et al.,
2012), GRF- 123175 mDNA D2 Boae — O IR = R L ¥ — A PEIC L D52 KB 5
RFH DRI 725 (Reynier et al., 2001, Zeng et al., 2007), Ih=2 KU 7 D= —H LI+
DRI THINL , ZARHIIE — 7202 5, 1% I SFmE) 28 IH 2 A b s o=t
—EUIPD L, RO trophectderm (TE)IZI W TR ONEINT 5, IMEIIZEITHIb=RY
71X inner cell mass (ICM)IZEE~RT, TEIZEBWTEL IEHERII N R T OEES TEIZE
VT (Hashimoto et al., 2017) . IR & 130 RIS, IMEEIEIZ 51T 2 mIDNA D= — i)
ZVIRIEE | milin B HRIE, BEVEIR, AR IR THH LR ESNTEY, BOH
Rl 3T 4T~ — T — LR D A REME D RIB X AL TS (Fragouli et al., 2015, Diez-
Juan et al.,2015), L>L723n, AHIZMAEREIC 3517 D mDNA O=ae"—#03, B ln, Y
BARIER M, BRAARIZEE LNV MEDH D (Victor et al., 2017),

T4 . mtDNA 73 cell-free DNA (cf-mtDNA)E LTI -0 Bs 2 P it HEn a2 e
DIERESIVTEY Fox 137 XY RS L O R SR M P 2510 D of-miDNA O7E &
A EH L7 (Kobayashi et al., 2020), =512, ERIFJEHR HH O cf-mtDNA &3 RHAFI-CZ D14

B PHICH ] CEAZENE SN TS (Liu et al., 2019), 7=, 7SR TIL RS il iz



VEZAT ST IRD cf-mtDNA £33N 52 &AL T\% (Hara et al., 2018), 512, I
BN T — 0 2 BEE B 7= BB A 3 R 1 2 LB X T cf-mtDNA O BN N EA
S TEY (Nagata et al., 2020), ZAVHDZEIFRDOFHRIRFED cf-mtDNA O Iz 28
LHEAFIRL TS, Fo, EMATIIE?E 3 0 H ORI O cf-mtDNA =232 ) EE, IR
Fal 8 A SRy BRI D 25 R B W EM A ST D (Stigliani et al., 2014), LaL
IRMG, IMERHIIRIC BT D EE 2 R 5 L 0 of-mEDNA 5SRO RS2 i IR Bl i & D BE 4|
DWTIARAZRRN L, Flo, EDOLH2BERF T of-miDNA 23538 T S T
IZDWTH LTS TR,

ABFFEIE, E NI 351 DIRR A5 E B 250235282 BRYE L TiTo T,
AN, FA LT T AL F 2 X —=F— (LI EON TG RBEN) ST A— S — Db R AE 12 B
/T A= —=ZONWTEEERR T2 HWTHIT L., ZL T ZALT T AL F
NR—F— TR LT PROEE# % T A R L, real-time PCR [ZTHEHIH 2 & £4105 cf-
MDNA & & &L , A L7 7 ZAER LGOI RO BT 2—42 — 35 LOWRO FERERIFEAT
EDBIEMEZ AT LT, SHIT, H— 0 MR B 21T > Te MO EFIR kgL cf-mtDNA
BEOBEPEZ T, B %R O cf-mtDNA OE EARO AL A H CTih D0 2T

DOUNTHERNTLT=,
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PRI I 1T DI REENHY 2 ST A — 2 — LI PR RCiR O BE AR

HE S
IANTTAAL o FaXx—F—L T BWEE I ATPHBENT A o FaX—F—

Th o, WEEMOBKRFIRICRAL Lz TLIAIRGE S L, —RONIER R THASHITEA
FRE & 7p o 7o 2 & TR J Uiz, TLI TR 5 10 53R Eifs 2 4k
ML, DREH5bE 5 2L CHERBAZIZIEART Z ER<BEO X ) ICBET L L
MHRE L IR o7, TAUZ XY | ERIIHRE A o F 2 X—F = b L TBIET 5 BN
MR 720 MEANUICERBESEDL L R<BIRT L L AREE o7z, £z, TLI
PEANSND LN, FRO3E U7 B0 TR I 2 U7 e 4 IEfE 2 Blss . fidk s
5 Z EIFARFRETH 72, TLIOEAIZ X0 AT O B, ol FARPEZ AL,
ICM DHEL, k72 L. ZNE T BRPSTEIBOERNBEATREL oo Tc7od, b
MEDFE BRI T 5 LI REIA N T A —Z — LKA & OBEMEIZ SN T O
WFTER IR 2 &R E S, REMZREIE LT, —2OFIERN =L EI25yE1d 2 direct
cleavage (DC)°, —JE4yE| L 72BN —DIZ K 5 reverse cleavage (RC) 72 & D FL i 4y EkE
ADFER S, ZAUBITERRMGRICADOREL 52 5 2 L& STV 5 (Yang et
al., 2015), F7=. FIERMICHEEORENHEL 52 1<0 (Desai et al., 2014), HE3R AR
D RRRIE S NAE I 2 blastocyst collapse (BC)72 EDFFAENH SN E 72D . 2D b ERKK

i & OBE VRS LTV 5 (Bodri et al., 2016, Sciorio et al., 2019), & 512 PGT & f#fH



L. EOBRBEIN/NT A—Z =3, EFEME L BIE L TV D2 ONWTEEOMEN 7
EN T3 (Mumusoglu et al., 2017), LU 5, BRGSO EAF 5 (R A &
DB DIEREENN) T A — 2 — TG L > TR - TRV, MM TERHD Z i
BRETERY, TOHHR L LT, WRMICBT2BEER, 7/ 7 —Ya  FiE
R 70 & DFEOVDIBIEEIN R T A —F —|ZHB L WL 2 EnEZ LD, TDI-

D, WIEENT T A —F =N E RO TS B AR ISR D A ek C R
W HoUEPRD D, SHIT, WERORT — IR L~b T RERY R LR IR B 1
RKELHET L2 ENRHE S TEY (Ahlstrom et al., 2013, Thompson et al., 2013), FZHE
BT A — 2 —DFFNT IR G & 72 DIRO T REFTMRCILIRE 72 & DA 7 2 % FiHE L C
fERT9 5 Z L NEETH D, AFFETIEL, SRENE 170 pm (ZEE=E L 7- 4BB ML EDJE
REBAFIRD I IRE L, S IS/ T AFHEE D ATRE 72 228 a4 4 4 O CHL— B
RFR SRR 21T © 7o IR O FEREEN ) /N 7 A — & — L ERIR A & O BEEPEIZ DV T

%IRRT LT,



FH MBS LOGE

1) x5 EHE B L OYNEAIEL

AWFFEIE, W E OIRHRIBRE CRATDEG I LUK T — &2 2% 5 BN U 7B
T D, KGR EE I NG RPFFESNROKREBTOR LB IV PR RO T —FF|

(BT oA T — bR A Mz, 2017 4R 1 A 25 2018 4 2 A ETITHIR)IIL 7+

— AV =y 2B W TSI SAGIR 2 HiATL . B — RS AR IR fafz 4 (Single frozen-
thawed blastocyst transfer; FTET)Z 4T 7= 339 SEA 452 JA#i & xf Gl L~ T X CTOHEEIT
Gonadotropin releasing hormone (GnRH) 7= = A& E721% GnRH 7> X2 = ANEIZ L AP H
H 1T -7=, Follicle Stimulating Hormone (FSH)#% 51XV I DR F2EEL . EHA072
1. # Estradiol (E2)#2 & 3 L O F ORIEIZLV B G- 24 %L Uz, EINaFEAS 18 mm
PL_EZEIEE L 7-FEZ human chorionic Gonadotropin (h\CG)Z#¢5-L ., % 5-7>5 35~36 Kl 4
(R I LV I AW 5L, R 94 54K (cumulus oocyte complexes; COCs) % AL L
7=, COCs % Sydney IVF Fertilization Medium (FM; Cook Medical, Brishane, Australia)(Z CHt

L, B E TR R L,

2) FHIRHEE

B XV U7 BRI K IR FFEE R A R A HERS iR ELE
D Gamete buffer containing HEPES (GB; Cook Medical) &4 L., i D4y B 12 > Coeis s
#EL72(1800 rpm X 10 min), 5+ 2L vb% GB D AS7=F 22— 7 DJEICIEIEL | 45 45

37°CTA L Fa_X—hLIztk, EIEHIZ swim-up L7- EnE B 2 EI L7z,



3) RAZAE
COCs & 5X 10%/mL O iEE kS % 37°C. 6% CO,. 5% O, 89% N, T 5 Mtz 1 7-, 5

P % /SR — LB W2 E Ry T 72X 7T 5 IR O A fERR L 72,

5) BEISI K

COCs I 40 IU/mL DRz ke T in=4%—+F (ORIGIO, CooperSurgical, Mélov,
Denmark) (ZIZEL . 7XAY — L& Wy T o 2 X0 b LTz, BESEERS (Intra-
cytoplasmic sperm injection; ICSI) I3, PMM-150HJ PIEZO v /v~ ==t —4%—(PRIME
TECH, Tokyo, JAPAN)% H\ T, OVOIL™ (Vitrolife, Goteborg, Sweden) T/ 3—L7- GB K=

NI THE T LT,

5) HALTT AL FaX—H— LD

EmbryoSilide (Vitrolife)®>™ =/1{Z global total medium (LifeGlobal, Malov, Denmark)% 180
UL 9527 AL, 1.5 mL ® OVOIL™ (Vitrolife)iZ k> Th/ =172, A2 FaX—F—NT6
P[] DA LS b L7, SRR . IRZ BB DD = /WZEEIL | 37°C, 6% COa. 5% Oz, 89% N2 T

@ EmbryoScope + (Vitrolife) N Tk 6 H R IR 38 21T -7,

6) WRMERa DO REFEAT
AR R O REFEAIL, LA ICHER 3% Gardner 5004338 5 112 HeS W C i L 7= (Gardner et

al., 2000), MO AT — 13, JLIRBIOIFHLOIRTRIZEY 1726 6 DIEEFID 5D, Pl



Ja g (inner cell mass; ICM) 35 L O 55HEAE (trophectoderm; TE)iL, =241 AB,C @ 3 Bt
BECRHIEL 72, ICM OFHT A 1ZZ OISR TG Fo TODIRTE, BT EOMIEA K
MZEALTWDIREE, CIRIZEA LRIl 2V RIEE LTz, TE ORIl A 13X 50 Mifus

FRCRIZEREL TOHAREE, BT EmOMIEAEITHITEOIL> TWDIREE, CITfifus KE

IFEAETRREEE LT,

7) RS R L ORI O E 76

AWFFETIL, Embryoviwer OJIE Y — V& VT, FaRERH 2 FHRILNARDY 170 um BLE
(ZBELUT R KON, Gardner 3BT LD TEREREAT C 4BB LL_EOJEHE B AT LAR I i
fR D I RF 5 LT, INER 170 pum K, 4BB A DL REA B M fd . TESE-ICSI, rescue-

ICSI, IV BAT )7 5T FidT DRI RSN T2,

8) A e v i
B4 5 HE/213 6 A BiC, SR IR~ L 72 if% Vitrification kit (KITAZATO,
Shizuoka, Japan) O} Cryotop (KITAZATO)Z fAWTH T AL 21T -72,
JRAE i A SE-AiEe (ES: equilibrium solution) 2S8R T 15 23 BHRIEL . T Dk, Bk IR (VS:
Vitrification solution)(Z =R T 1 sy MlIRIE L 72, M b & D VS LILIZR% Cryotop LoD

B EBIREEZPICERAL, W7 AR LT,

Q) THi: i IR el RS A

10



A SRBEINE M F7 AR B AT AN LD, T E IR Z T NIREA 7 mm DL B
AR HEL U7z, $E90 A F72i3 7 e 27 a3 584 H D 5 B B ISRz @il . 3
~5 B[RS 53 21T - 72, flf#IE Thawing media Kit (KITAZATO)Z K-> TV, il
DIWFETL—H —125 D Assisted hatching Z 1T L7, BIGE G T ANICEIY - EE2E=4]

> 7L . IVF catheters (Fuji System, Tokyo, Japan)(Z FetE L 7= M i & & ~ B L 7=,

10) JTEREEN) /ST A— L —

BERERER 2 0 R &L, MERERTEZTE 2% (Pronuclear fading; tPNf)., 2cell 7°5 5cell £TODE5y
FIRER] (t2,t3,14,15), fuREHE i BR 44 (start of blastulation; tSB)., IR AR (full blastocyst ;
tB):F3 L OMESE MR I (expanded blastocyst; tEB)IZ DWW CT /7 —vavaEhiLiz, IHIT,
INHDOT —HEFLIT, 2cell 7> 3cell (ZFL =K (cell cycle from 2 to 3cells; CC2). 3cell 7>
5 5cell [ZZL7=IKf[H (cell cycle from 3 to 5cells; CC3). tSB 7> tB (ZEL L 7= REfE] (tB-tSB). i
MERI D PEFREIZE L 72 FEfE & LT tSB /75 tEB (tEB-tSB)3 L TN B 75 tEB (tEB-tB)Z i HH L
7o
11) Blastocysts collapse 7 &7

IR R oD R i 8152 (Blastocyst collapse; BC)i3. Bodri 5338 Sciorio HD F & —E#R ik Z28
L CEFLT- (Bodri et al., 2016, Sciorio et al., 2019), UHEEL SR AN X 5 E AT O B4 5
Embryo Viewer OHIE> — Lz W TRIRIEZE D e KFRZRIEL . £ D% b IUHEL 722 A3
27 TR O O N BRI E L=, U RO I i PN ANELRT D 50%LL F T BC &

717 R, 51%LL ETHILIE BC LI T M IWHEE L= (Fig.1).



12) BRI E D EF
HEERICL DM EOMEBICIVERR IR E L | ik 22 18 LART O EEZ W I FEE L

Tz W EUIBAZ & T e RVERHE O W A RO H PRI I A R L ER LT,

13) WAt

75 —4|% JMP statistical software version 14.0.0 (SAS institute inc)Z A\ CHEaHiENT 24T -
Too B0 BRIRAEAR, AEEEZ TN H AR L LT HE RO D AT 1o 7 [ElR AT I,
B BRI OWRY 5 (B A, BT 1A, BRS 0 . BARRERORE S, BRERE I, ICM 7L
—R, TE 7L —R)D#FHHIZRBIEMEI DWW TR LTz, Fo, v Aoy h=—D U iEx M
WTC, BICREBIIY T A— 2 —H AT HRIE FEATUREER] 3o JOVERERE, FEA ERER] CLudR L7,
Z D% AR BIRHTIZ X > TERIR AR L O BEMED RO - AR AT AR L L BRIRAT:
MR, EFEEZZNENEH WAL= E B 2T o 7 [alIR 3BT KO IEREB A /3T A—H —
C IR BRAR D BB E L DU TRENT L 72, P EAY 0.05 Rl D B IZHB W TR A 220305

SHIELT,

12



B RER

1) ERRRGE & B IR 5D BIEMEIZ DU T OfiRHT

FRARMEIR A BRAERE LT AR D AT v 7 BURaotric L0 BEFEls, RS
B, WA, TE Z b— FOSBRRIEIR E AR RBEEER S 5 2 L RSz, — T,
BRERINES R KON, BREBEEE, ICM 7 L — RIZBIEM: 2 38D 720> 7= (Table 1),
510, AEEZEMERE LERERr D AT ¢ v ZEUROITIC L D . BEFER, B
H. ZRHERONER, BEBMEER. TE 7 L— RWEE L AERBEMEN S 5 2 L3R

Sz, — T, ERTEB L OVICM 7' L — RIZBEM: 2380 720> - 7= (Table 1),

2) MHRERER K OGETIRRE DO TR REEN) /N T A — X — D [L#i
HRRER KL ORI B I D BB REEIN ST X — X —DNHHFH O 7% Table 2 12
KT, tEB B LN, tEB-tSB. tEB-tB N IELEARRTE & Lhlk U CHEIREEICB W TAHEIZE W

&R ST (Table 2),

3) R L OIFAFEREDIEREE) /X T A — X — D HHg
APERER L OEAEREIC B 1T 2 B TBREEIR) N T A — X — D FYJRFH D 7% Table 3 1T
~T, tEB, CC2 (t3-12)3 L (8, tEB-tSB, tEB-tB MFEAEFERE & s U CAEFEREICH T

HEIZEW DR E Tz (Table 3),

13



4) BEASEIRICB G- DI REEIRY /X T A — & — DT

ERIRIT R 2 HRAEE L U, ERICRE G T2 Z L DAL E R o TV D EF T, TE
7 L— R, EREHE, WRER . IDMATBRBEIR T A —2 — & ER e L2 A&
AT 4 v 7 BlRaT A M LT, £ ORR, TBREREIN AT XA —2—D 5 5| tEB-tSB

B L OMEB-tB 23R URICA BICEE T 2 2 & SR S 47z (Table 4),

5) AEIZEEE T HIRBEIN/NT X — & — DT

APER BRI E L, AEICHES T2 ERHALNE R TV D EEER, TEZ L
— R, BRERINE, BESMEE, O B IS BEEIN ST A — X —E B
L7e2ZEBn AT 4y 7 Elmalrad it Lc, ZO/R, BEHN/ T XA —F%—0D 5

B, tEB-tSB 35 XL TNMEB-tB N AEFEICAH BB G LT\ D Z L 23R & 4L7= (Table 5),

6) PLIREEM] (tEB-tSB, tEB-tB) & ik H 33 & OF Blastocyst collapse (BC) & 0 BE &M D fif#fr
YEIRFE] T & % tEB-tSB 38 JUMEB-tB I, #Ufif HX° BCE R L BET 2 Z & FHIS
iz, & Z T, BhEHBIIC tEB-tSB, tEB-tB OFTERFR DL g Uiz, 72, 5
[fH > BC DA #E & tEB-tSB, tEB-tB OFTERFH D24 thit L, BC O [HI%k & fLaRF
(tEB-tSB, tEB-tB) D FHEARISRIZ DU N THEHT L 72,

tEB-tSB 35 L ONMtEB-tB O AT R 1%, Day 6 (D6)IEAS Day 5 (D5)IE & i L CTHEICE
/3o 7= (tEB-tSB: D5; 16.6+4.3 vs. D6; 22.0=-7.2, P < 0.01, Fig 2-A)(tEB-tB: D5; 10.5+3.8

vs. D6; 14.7+7.2, P <0.01, Fig2-B), F7-. tEB-tSB 5 &L UM tEB-tB D EKffi %, BC 2L

14



X 7= (BCWEA, BC 2N & 727 o 7= (Non-BCOIR & Lk L CTHEIZE Do 7= (tEB-SB:
BC; 22.6 6.9 vs. Non-BC; 16.9+4.9, P < 0.01, Fig 3-A)(tEB-tB: BC; 14.8+6.8 vs. Non-BC;
10.9£4.7P <0.01, Fig 3-B), & 51T, BC ¥ tEB-tSB 3 L UMtEB-tB D P ELIRFfH] & 1E.0D

FHEABELR23FR B A7z (tEB-tSB: r=0.45, P < 0.01, tEB-tB: r = 0.33, P< 0.01, Fig 4),

15



FIUET B

ABFIEIZ LY . WL ODOTEREENG T A — & — N E— i m IR I B 5
IR K OVERERICHEL 52 5 2 LRSI, ERERIZIS T 5 tEB, tEB-tSB,
tEB-tB DSIEATARAE & it L CHRICE N Z E0VR SN, BEE RO RETHM 72
ExRTGAZE L LTIR L7c e P27 ¢ v 7 [BUFRHT OFE R Tk, tEB-tSB, tEB-tB O
HPIRIZ B L H2 537 A—82—Tholz, F£iz, HEEFIZEBIT 5 tEB, t3-12
(CC). tEB-tSB, tEB-tB 2FEAEFERE L iR L CHEICHW I LRSS, BEE R
SO REF Al 72 & 2 FALE E L TR L7 EEmn VAT 1 v 7 BlRaofrofE R T
IX. tEB-tSB. tEB-tB DANAFEIHEE 5.2 537 A—4 —Tholz, LEDZ & X
D ARWFFROIEFT — X Tk, BHEYOMORETAN, B A 72 EORKEK 7I2Bb
bR R L ORI B Z HT- 2 HTREEIRI /N T A — X — X tEB-tSB, tEB-tB ™ 2 f#
HOALTHDLZ ENHENE 75Tz, tEB-SB X, SEMIZHID CTRREENHER CE 7z
IR C & o MR N T R BRAAIRF R (1SB)22 & . AT 253 < 72 0 NS 170 pm (2 L7z
RECdb 2 ILIEHIIMEAD (IEB)~3E T 5720108 L= ReIc/H S 95, —J7, tEB-tB
(FNARIZE DS PR 0D 50% LA 7% d5 3D $E5RS 2 [ELRTONREE T d 2 MBI (1B)7> 5
tEB ~FEE T 570 OICE LRI Y T 5, B 5 tEB ~DOFERF ML, HA R
JRAHT TR K OVEEICEEOH HRF Th o723, LA REIF I CIIA B 7
MRD ORI 2T, ZDT ENG, BEIEEATOIL T BIRRT 5 £ TORFE A ERIR

RARICE TN T A= —Th b Z L P/RE S 7=, Campbell etal., (%, tSB & tB DiE
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FEAS aneuploid BRI E A 5 X HIEEININNT A —F —ThoHr Z L aHEL TS
(Campbell et al., 2013, 2014) , [FIEEIZ. Minasietal., |Z t4, tSB. tB, tEB. tHB DiEIES
aneuploid R E A H 2 5 Z L ##A5 LTV 5 (Minasi et al., 2016) ., = 512, Mumusglu
etal, [Xt9, tM, tSB, tB. tEB MOIEIE) aneuploid KIZHE A H 2 5 Z L 2@AE LTV
% (Mumusglu et al., 2017) , UL ED X 912, MERBHEIZ W TRIRBGEIZR LY 5 2
DIEREENNNT A —H—L LT, tSB, 1B, tEBIZHE R/ NNTA—HF =L VG5 L
MEZDIND, LLARBL, AFFETIXZ O OBERFFILEE IR ARIZ B 53 2 K+
TR olz, TR, RUFFETRG & L7 A 853 (ZHRaR U 7o LRI i T &
V. POBRRIEOHR ThoTloizh, tSB, tB, tEB DOBIEERFMH] A L < BIE L 72 it
WOETHATIDOTH L EEZDND, TDT, tEB-SB < tEB-tB 72 & DJLIEIZHE
U7 IR AR I 5B 2K & LTERmfb Lzt ZEx b b, £z, BEEHIEZIC
LRI 2 B D JRIA & L TH 2 bifG 255 & L T Blastocyst collapse (BC)<UX g
RBNEZBND, T I CTARIFFETIE, BC & YE5ERFE (tEB-tSB. tEB-tB) & D BHiE]
DUVWTHENT L, BC S & 7oL, E & Zeh o 7o & bl U CHEIRIF A B R <
$72 BC A & ILIRRFHIZEOMBARIRICH D = L Z/R LTz, BC A & 72RO IR
RANERRIIAEICKRTT 2 2 ENZHOFmIT LY #E ST 5 (Marcos et al.,
2015, Bodri et al., 2016, Sciorio etal., 2019), LA b Z & X0 HRIRRERE O BRIEF K o> —
2L LTBCHAENREE L TWVD ZEARaSn, &S6IT, IRRFFFAR VI
BEEBHNER SN TWDAREHENE X BN D, £ 2 THs A AN HR5RI ) 4 Hik L7z

&2 A, D6 EHAiRAS, D5 BAGHAE & bl U CHEICHRRRFH AR W Z E AL E o
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7z, D6 WUfERIE, D5 BRAEIE & Mol L CRRRBGEAME T2 Z LA ST g

(Ferreux et al., 2018), L 72>L 727256, AWFIED LA EElm o Aris R L 5 & 8ok B I3ER

RSB BE D & 5 K- Tl o2 Z &b JRIERFRI AR B £ 0 b BRI TR
HESTHRFTHY . D6 EREMOENME T T 2B H DO & -DIZHRaRIE ] O R IE D B

HLTW D algethovrmme S v,
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100 um

Fig 1. Representative images of human blastocyst collapse (BC) and contraction recorded by
time-lapse monitoring.

A and B: embryos with BC. A: Embryo before BC. B: Embryo at BC (volume reduction > 50%).
C and D: Embryos with contraction but not BC; C: Embryo before contraction. D: Embryo at
contraction (volume reduction < 50%). Red line, BC and contraction. Bar = 100 pm.

(Kobayashi et al., 2020)
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Table 1. Univariate logistic regression analyses for pregnancy and live birth.

Pregnancy Live birth

Odds ratio (95%Cl) P value Odds ratio (95%Cl) P value
Age 0.91 (0.86-0.96) <0.01 0.88 (0.84-0.93) <0.01
Type of insemination (IVF or ICSI) 1.58 (1.01-2.32) <0.05 1.37 (0.90-2.09) 0.37
Day of culture (D5 or D6) 0.65 (0.44-0.96) <0.05 0.54 (0.35-0.83) <0.01
Cumulative OPU cycles 0.90 (0.81-1.0) 0.05 0.80 (0.70-0.93) <0.01
Cumulative ET cycles 0.93 (0.85-1.0) 0.06 0.89 (0.81-0.98) <0.05
ICM grade (A or B) 0.79 (0.52-1.20) 0.28 0.60(0.38-0.97) 0.36
TE grade (A or B) 0.40 (0.27-0.60) <0.01 0.29 (0.18-0.46) <0.01

Table 1. Univariate logistic regression analyses for pregnancy and live birth.
Abbreviations: Cl, confidence interval; ET, embryo transfer; ICM, inner cell mass; ICSI,
intracytoplasmic sperm injection; IVF, in-vitro fertilization; OPU, ovum pick-up; TE,

trophectoderm.
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Table 2. Comparison of time-lapse morphokinetic parameters of pregnancy and non-pregnancy blastocysts.

Pregnancy Non-Pregnancy

Ms;s;;tizs:ic mean £ SD mean £ SD P value

tPNf 23.6+29 23.6+3.0 0.64

t2 26.2+29 26.1+3.0 0.56

t3 372142 37.2+4.1 0.77

t4 38.3+4.0 38.4+42 0.75

t5 50.6 £6.8 50.8+6.4 0.99

tSB 102.7+£8.2 103.2+9.0 0.65

tB 109.0+ 8.8 110.0+£9.6 0.33
tEB 120.1+£9.0 123.0+10.8 <0.01

t3-12 (CC2) 11.0+2.4 111+£23 0.56

t5-t3 (CC3) 134+4.0 13.6+3.9 0.78

tB-tSB 6.3+3.4 6.8+3.6 0.12
tEB-tSB 174+54 19.8+6.6 <0.01
tEB-tB 11.0+4.9 13.0+6.2 <0.01

Table 2. Comparison of time-lapse morphokinetic parameters of pregnancy and non-
pregnancy blastocysts.
Data are shown as means, SD and P value. Abbreviations: h, hours; SD, standard deviation; tB,
full blastocyst; tEB, expanded blastocyst; tPNf, pronuclear fading; tSB start of blastulation; t2, t3,
t4, t5 onset of 2 -5 cell divisions; CC2, second cell cycle from 2 to 3 cells; CC3, third cell cycle
from 3 to 5 cells; tB—tSB, duration of tSB to tB; tEB-tB, duration of tB to tEB; tEB—tSB, duration

of tSB to tEB.
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Table 3. Comparison of time-lapse morphokinetic parameters of between live birth and non-pregnancy+pregnancy loss
blastocysts.

Non-Pregnancy

Live birth + pregnancy loss

Ms;rp;;tzzm mean £ SD mean £ SD P value

tPNf 235238 23.6+3.0 0.88

t2 26.1+28 26.1+3.1 0.80

t3 37.0+4.0 373142 0.67

t4 38.1+£3.7 384143 0.73

t5 50.3+6.8 50.9+6.5 0.70

tSB 102.2+7.9 103.3+9.0 0.32

tB 109.9+9.6 108.7 + 8.6 0.25
tEB 119.4£9.0 122.8 £ 10.6 <0.01
t3-12 (CC2) 109+24 11.2+23 <0.05

t5-t3 (CC3) 13.3+4.0 13.6+3.9 0.56

tB-tSB 6.5+3.6 6.7+3.6 0.66
tEB-tSB 17.2+5.0 195+6.6 <0.01
tEB-tB 10.7+44 129+6.2 <0.01

Table 3. Comparison of time-lapse morphokinetic parameters of between live birth and non-
pregnancy+pregnancy loss blastocysts.
Data are shown as means, SD and P value. Abbreviations: h, hours; SD, standard deviation; tB,
full blastocyst; tEB, expanded blastocyst; tPNf, pronuclear fading; tSB start of blastulation; t2, t3,
t4, t5 onset of 2 -5 cell divisions; CC2, second cell cycle from 2 to 3 cells; CC3, third cell cycle
from 3 to 5 cells; tB—tSB, duration of tSB to tB; tEB-tB, duration of tB to tEB; tEB—SB, duration

of tSB to tEB.
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Table 4. Multivariable logistic regression analysis for pregnancy in FTET.

explanatory

. Odds ratio (95%Cl) P value
variable
Age 1.08 (10.2-1.14) <0.01
TE grades (A or B) 2.13(1.36-3.32) <0.01
Day of frozen (Day 5 or 6) 1.30 (0.65-2.57) 0.47
Type of insemination
(IVF or ICSI) 1.19 (0.78-1.82) 0.53
tPNf 0.87 (0.56-1.36) 0.55
t2 1.12 (0.70-1.75) 0.65
t3 1.06 (0.93-1.20) 0.39
t4 0.96 (0.84-1.10) 0.57
t5 1.00 (0.95-1.07) 0.79
tSB 0.96 (0.90-1.03) 0.23
tB 1.01 (0.99-1.04) 0.33
tEB 0.97 (0.94-1.01) 0.17
t3-t2 (CC2) 1.05 (0.95-1.15) 0.36
t5-t3 (CC3) 1.00 (0.94-1.06) 0.93
tB-tSB 1.04 (0.98-1.11) 0.17
tEB-tSB 1.07 (1.03-1.12) <0.01
tEB-tB 1.07 (1.02-1.12) <0.01

Table 4. Multivariable logistic regression analysis for pregnancy in FTET.
Abbreviations: CI, confidence interval; ICSI, intracytoplasmic sperm injection; IVF, in-vitro
fertilization; TE, trophectoderm. tB, full blastocyst; tEB, expanded blastocyst; tPNf, pronuclear

fading; tSB start of blastulation; t2, t3, t4, t5 onset of 2 -5 cell divisions; CC2, second cell cycle
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from 2 to 3 cells; CC3, third cell cycle from 3 to 5 cells; tB—tSB, duration of tSB to tB; tEB-tB,

duration of tB to tEB; tEB—tSB, duration of tSB to tEB.
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Table 5. Multivariable logistic regression analysis for live birth in FTET.

explanatory

variable Odds ratio (95%CI) P value
Age 1.09 (1.03-1.16) <0.01
TE grades (A or B) 2.92 (1.76-4.85) <0.01
Day of frozen (Day 5 or 6) 0.94 (0.56-1.59) 0.81
Cumulative OPU cycles 1.14 (0.92-1.45) 0.44
Cumulative ET cycles 0.95(0.82-1.11) 0.67
tPNf 0.81 (0.56-1.36) 0.41
t2 1.10 (0.67-1.89) 0.71
t3 1.11 (0.96-1.27) 0.16
t4 1.00 (0.86-1.19) 0.93
t5 0.99 (0.93-1.06) 0.97
tSB 1.00 (0.93-1.08) 0.84
tB 1.01 (0.99-1.04) 0.32
tEB 0.98 (0.94-1.01) 0.18
t3-12 (CC2) 1.09 (0.99-1.06) 0.08
t5-t3 (CC3) 0.99 (0.93-1.05) 0.86
tB-tSB 0.99 (0.93-1.06) 0.82
tEB-tSB 1.06 (1.01-1.10) <0.05
tEB-tB 1.08 (1.03-1.14) <0.01

Table 5. Multivariable logistic regression analysis for live birth in FTET.
Abbreviations: Cl, confidence interval; ET, embryo transfer; OPU, ovum pick-up; TE,
trophectoderm. tB, full blastocyst; tEB, expanded blastocyst; tPNf, pronuclear fading; tSB start of

blastulation; t2, t3, t4, t5 onset of 2 -5 cell divisions; CC2, second cell cycle from 2 to 3 cells;
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CC3, third cell cycle from 3 to 5 cells; tB-tSB, duration of tSB to tB; tEB-tB, duration of tB to

tEB; tEB—tSB, duration of tSB to tEB.
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Fig 2. Comparison of tEB-tSB and tEB-tB duration between Day 5 and Day 6 blastocysts.
Boxplots show Day 5 and Day 6 blastocysts. Y axis, durations of tEB—tSB (A) or tEB—tB (B)
(hours). P < 0.01. Abbreviations: tEB—tB, duration between blastocyst stage (tB) and expanded
blastocyst (tEB); tEB-tSB, duration between start of blastulation (tSB) and expanded blastocyst

(tEB).
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Fig 3. Comparison of tEB-tSB and tEB-tB duration between blastocysts with and without BC.

Boxplots show blastocysts with (BC) and without BC (Non-BC). Y axis, durations of tEB-tSB
(A) or tEB—tB (B) (hours). P < 0.01. Abbreviations: BC, blastocyst collapse; tEB—tB, duration
between blastocyst stage (tB) and expanded blastocyst (tEB); tEB-tSB, duration between start of

blastulation (tSB) and expanded blastocyst (tEB).

28



50 45
45 . 40 *
.
e ~ 35
2. g
2% B 30
2 30 =
S 825
© 25 =
2 22
m 20
2 D15
1 ]
m s
1o M 10
=045
5 P <0.01 5
0 0
0 2 4 6
Number of BCs Number of BCs

Fig 4. Correlation between tEB-tSB and tEB-tB durations and number of BCs.

A: Y axis, tEB-tSB durations (hours). X axis, Number of BCs. Spearman coefficient (r), 0.45.
P <0.01. B: Y axis, tEB-tB durations (hours). X axis, Number of BCs. Spearman coefficient (r),
0.33. P < 0.01. Abbreviations: BC, blastocyst collapse; tEB-tB, duration between blastocyst
stage (tB) and expanded blastocyst (tEB); tEB-tSB, duration between start of blastulation (tSB)

and expanded blastocyst (tEB).
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W= BRGNS 5 cell free mitochondrial DNA &

LIRDTEREBIHY ST A—H — LD AR

UTHE, B 4 B Hi (Spent culture medium; SCM)HZ & U TWOBIRH 3D of-DNA 1X, FEE
BRI IRZ TN DB Bi) Y — AU TR CED ATREME S A S Cunvd (Xu et al., 2016),
LSLZRA, SCM 10D cf-DNA ERHIAEN O DNA O Yefa fR—Er ML Z <0, I8 FEffl i
728 ORHAHIFLE K DNA O3 IR —a B HELENRNIEND, SCM 1D cf-DNA
Z O CIRO Y AR IE 52 IEFE IR 22 ST EE LW SV > 723568 5 (Capalbo et al.,
2018), —#7 T, SCM HIZI3kE S/ L 3D cf-nDNA OMLIZI b= RU T4 ISR O cf-
MIDNA 2MFLEL TWDZERFIHNTERY, IMaIIEE T/ L K06 Iha R T 22 <Ffolz
¥, SCM 10 cf-mtDNA |% cf-nDNA Wb A L) ThHHZ LB B 2615, FEEIZ, 74
YRR v o7 2 Rl 2 55 28 L7z SCM HHIZ & £ cf-mtDNA &3, cf-nDNA &&
LT B b E 2 <miHE N5 (Kansaku et al., 2019, Ichikawa et al., 2019,
Kobayashi et al., 2020), %7-. b Mi% 3 H 55 L7z SCM HIZH1T5 cf-mDNA &=23% W)
& EDO% DR RE A ROE R BN BN ENHESNTEY, SCM O cf-mtDNA &3
IREEAR R CE DI EARIBEN TS (Stiglani et al., 2014), L>L7R35 IH SO cf-
MIDNA 23E D LT SCM HIUZ /IS TWDNI DWW TIELE AR 72 8034, £72. SCM
1D cf-mtDNA B2 e D E LA DR IR BRI B 28 0N DWW TSNS

2o TR, ARRET Tl FALT T AL Fa_X—Z— | LRI i & 2R LT IR
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@ SCM Z [ L . real-time PCR (2t~ T SCM H1® cf-mtDNA &4 HIEL7-, #L . SCM
D cf-mtDNA £ & EE T 5. MBI DOIZRERFHNi I L OV A L7 7 AWig Loz e
17— & L DA I C DWW T LTz, 510, B — kS AR IS B T DAt R

SCM H1® cf-mtDNA & & D RS I Z DWW THEHT LT,
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B MR LUITE

1) AR
ARWFFEIE, 2017 FAZESNT-HR)NL T4 — A7V = 7 fHELE B S I2B W TR BEAGR
BT, Fl2. ARWFRITR FROBIERIE THY, Z2IMBE I 74— LR3I XS]

HERBEDOHZNREL,

2) XBEE BIOYNERITT

2019 AR T 4 —AZV = 7 IZB W TRV BTG R A T T L7- 20 RiFZ 3t el

7o OREAIPE T IEIZ DWW TR, 85 58 —Hia 2 M, COCs I% FM (Cook Medical)(Z THEH

L. PR TR R LT,

3) FEHEAHEE

B HiAZ M, UV MabRER . BEE T CRAAIN M M RS L TR )RS
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6) FALT T AL FaX—L—|ZLHEI G

EmbryoSilide (Vitrolife) >4 /112 global total medium (LifeGlobal)% 25 uL 3> AL,
1.5 mL @ OVOIL™ (Vitrolife)iZ k> Th/ =L, Ao Fa—%—NT 6 B L b L
720 WAE | AR I TAT 3G L7200 oAl s L O 703 2 &2 BAMMEE T CHERL -1, IF-+
Z LETOU =/ IBBILIZ, £D% ATAREIALT T A FaX—4—Tbd
EmbryoScope (Vitrolife)~ &L . 37°C. 6% CO2. 5% O, 89% N, T T K 7 H A 545

1To77,

7) AR R

8) RS bR R A

%R WS ERHE S, BRI K DR OMERR Ao THRR IR E &R LT,

9) EEGEEMOY LTI

HAEPCHT A TIZEVIRE T = LINBIIBR 212 | 25 pL DORFEZE O S 20 uL 2’

YR AZEDEIR LT, [ U725 28 5% Byt h O 5 AF O kG - D I —a & [mlikE

T BT 1O EEALER (2500 g X 1 min)E4T\ N, EIBEOZE —20°C TE IR LT,

10)  *IR PRI K OBRIMIAR L O 1E 2%
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AT TiL, Embryo Viewer OHIIE Y — /L& W TIMERONEEZRIEL . WEEDS 170 um
L BIZ Bz U R O A2 iR i i & T F UIFTExt G Uiz, VI~ E L7en -
7oA, PNEEDS 170 um AR O MR, IR b U7z IR, 38 L OVEME L7 IRIIARBFZE D R G5

BRAMLT=,

11) RO REREAM

12) JEREEIRY/ ST A—H—

SREEN) RTA—H—DT /T —ar1x, Mumusoglu 50 5 HEIZFRSWCEEL 7=
(Mumusoglu et al., 2017), BEFSREZ 0 RFfM & E L, MERERTEZTH 2 (Pronuclear fading;
tPNf)., 2cell 2>5 9cell FTD A4y BIRFR (12,t3,14,15,16,17,18,t9+), S FEILHZEL (morula
formation; tM). a2 Rk B 44 (start of blastulation; tSB). A% a #iA (full blastocyst ; tB)
BLOMEEMIRNERY (expanded blastocyst; tEB)IZOWTCT /7 —varaFhilLiz, IHIZ, 2
NHDT —57%FAT, 2cell 775 3cell IZEEL72K#fH] (cell cycle from 2 to 3cells; CC2), 3cell 725
Scell (ZF L 7= (cell cycle from 3 to 5cells; CC3), tSB 75 tB [ ZFE L 7= K[ (tB-tSB). ik

JRIDYEFRIZ L 7= FEfE & LT tSB 725 tEB (tEB-tSB)3 L TN tB /7 5 tEB (tEB-tB) & HiL 7=,

13) Blastocysts collapse D E#
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14) DNA it LT 41 2 PCR

[EIN L7 SCM > 7 /12 20 uL @ DNA fifiHi#& (20 mM Tris, 0.4 mg/mL proteinase K,
0.9% Nonidet p-40 35310 0.9% Tween 20)& /11, —=~< /L4 A2Z—(2C 55°CC 30 47,
95°C T 5 A F2\—F9 5L T SCM 10 DNA ZAliHH L 72, Cf-mtDNA D=t —%§
IZ. Real-time PCR (CFX connect, Bio-Rad)iZ &> CTHIEL Tz, 7T~ —IFERN) 7 7L A —
JTUANZEBITHINARYT S ) ADT —4 (NC_012920.1, 16,569bp) %2 FEL Primer-
BLAST Z WV TG, ZHDT T4~ —IFTE A RUT 7 L0 3486-3612 DFHIEIC
&% 126 bp ZHE 95 191Z5%FH L7 (Forward: 5’-ccctaaaaccgccacatct-3°, Reverse: 5°-
ggcctaggttgaggttgace-3’), PCR SUGRIZIZ, b7 vE 9L, 774~ —iR &K% 1
uL (0.5 uM)F3 L0 KAPA SYBR FAST gPCR Kit Master Mix (2X) (KAPA BIOSYSTEMS)%
10 L A LAEFF 20 pL &L7c, PCR UGS, initial denaturation 95°CC 3 43 fifTo72
#%.97°CT 6, 60°CT 10 & — 2DV AL ELT 40 A2V 1To7=, PCR ZhR 1L th
PRI L OVERKEMRIZ IR LT, A2 — R, MR ED 10 5 BRCRS1Z
THERR LTz, I L7- 4N #E T PCR PE#)% Zero Blunt TOPO PCR Cloning Kits (Invitrogen)
EHWC/a—= 7L /O T7AIR DNA Y — 7 T ALk >CTH O BE RS E
— L CWDIEEMR LT, AX L H —R D PCR FEW D= —%E DNA IR LT R IR afk
Boa AW TR Lz, CE-mtDNA o=t —%4i%, 20 uL ® SCM HZ & Ensar —# L TR

HLU7,

35



15) ATt
7 —41% JMP statistical software version 14.0.0 (SAS institute inc)Z A\ CHE et 247>

oo BR% 72T H & SCM H1D cf-mtDNA & &0 BENECAH BE BEAR 1T LA TR htat 52 M
WCHRIT L7, BB 5 [ 4. body mass index (BMI), I F1H13 27— 45/LE 2 (anti-
mullerian hormone ; AMH) L ~/L | RFEERIREIEL, BAEBAEEIE)ITRIE EEYFHET L, IR
MR OTZRERTM (A, B, C @ 3HEH])IX Kruskal-Wallis 7€ | FEREENH) /3T A—5 — L T2
[#]. BC D%k E o+ B BIFRIZZ 4 Spearman ONENAH BRI IS LT L 72, S5IC, B
K57 1EDEV(IVF or ICSI), BC DA M K57% H %i(Day5 or Day6). JEf& RAFIEN SIS
% SCM H® cf-mtDNA DX, v ARAYh=—0D U BREIZLVIENT LT, P72 0.05 A

DIHFIZBNTHATHIA B ENDLLEHIELT,
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B RER

1) HEEL SCM O cf-mtDNA Lo R E

53 fiEl D i & 1572 L7z SCM D cf-mtDNA &% E &L 7=, cf-mtDNA 2" — D4k
RIF 13.0 =°—/20 uL Toh o7z, V) F v (36.0 [31-44] %), BMI (20.9 [18.9-25.6]
kg/m?). IfiLFF AMH L1 (1.53 [0.03-5.82] ng/mL). B FEE-IFEI%L (0.9 [0-4]191), B FERHilla]

#5(0.8 [0-7]ET)i%, SCM H1 D cf-mtDNA &4 B2 HBERRITERO B/ -7z (Table 6),

2) M HE SCM H D cf-mtDNA £ o BeE
SCM H @ cf-mtDNA &%, Bk FiEDEN (IVF: 12.0 £6.9 vs. ICSI: 13.4 7.7, P = 0.79,
Fig 5)3 LN, 52 H #diE\» (Day 5: 11.2 + 7.2 vs. Day 6: 13.9 + 7.7, P = 0.18, Fig 6){Z35\>

THERAETRO N7,

3) JEHEHIEEAME SCM H1 D cf-mtDNA & B
SCM H1 D) cf-mtDNA £iT, 552 L TV - ICM (A: 11.9 £ 8.0, B: 14.2 + 6.8,
C:13.2+ 5.0, P =0.20, Fig 7-A)B L' TE (A: 12.1+ 6.4, B: 12.1 £ 8.2, C: 15.9 + 5.8, P = 0.20,
Fig7-B)DIZRERHIH CH ER ZITFRO LN T, F72, SCM H D) cf-mtDNA &%,
JERE BATIRREE (AA, AB, BA, BB)LTEZHEA BILHE (BC, CC) (RAFHE; 12.3 + 7.4 vs. N EAE;

15.5 + 6.3, P =0.20, Fig 8)[HIZ BV TAH BERZEITRO BN -T2,
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4) JEREHENR/ NTA—4Z—& SCM H D cf-mtDNA &0 B E

SCM H1® cf-mtDNA &%, & COFRREIRY /T A= —DOE|ERFH A BRI DS
NIphoTz (Table 7), — 77T, A7 — VO TR RO HILIRIZE L IZFRF[#] T % tEB-tSB
(r =0.46., P <0.01)3 XL Tx, tEB-tB (r = 0.47. P <0.01)i23 T cf-mtDNA &L A B2 1IEOFHES

DFRDH B (Table 8),

5) Blastocyst collapse (BC) 33508 SCM H ™ cf-mtDNA & & d BE

SCM H D) cf-mtDNA &i% BC 25 72 #E (BC)2S, #Z720> o7 HE (Non-BC) &L Ehig L
THEIZZWIED /RENT- (BC: 14.9 £ 7.7 vs. Non-BC: 7.7 £ 3.9, P <0.01, Fig 9-A), F7-.
SCM H1 D cf-mtDNA £& BC [BIEUI3A B2 EDOMBEBSRA RO b (r=0.31, P <

0.01, Fig 9-B),

6) BC LMD ILARIZEEL 7 RFfH & oD B

R = {I TR U@ IR OPERIZEE L2 R IR BC BLBIT Lo TRl I
THZETERIET D, 22T, REDOT —FIZBWTHIRBROME R A N EI0ZfEid 4
51z, BC DA HELPLIRIZE L - FE L O BAFR & AT L 7= (Fig 10),

44 tEB-tSB 35 L ONMEB-tB &H12, BC BEIZEVT Non-BC AL LI L THEICE W LR
SREAUTC (tEB-tSB; BC: 22.9 + 6.0 vs. Non-BC: 17.2 + 4.5, P <0.01, Fig.10 A) (tEB-tB; BC:

15.9 + 5.9 vs. Non-BC: 11.3 + 4.1, P <0.01, Fig.10 B) ,
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7) FERERAFIMED ST EIT HIRIERE 3 LTV BC & SCM H D cf-mtDNA &L BaE

AHFFEORE R TlE, WA OTEZREREE SCM H1 D cf-mtDNA & DA F 72 BEME T80
DRI TDN, RO T RERHAT b B IR R < e B4 B 2 DK 1 CTd D, £Z T,
KGR B A ia (AAAB,BA BB)DAIZIREL , SCM H D cf-mtDNA &7’ tEB-tSB,
tEB-tB I3 LU BC DA TELBEM N H 50 2L Tz, tEB-tSB (ZJERE R 4FIRD A TiE SCM
D cf-mtDNA £ & A E /2 IEOMHBIIFRD Lo T2 h, RO B il (r=
0.28, P =0.07; Fig 11-A), —J5 C. tEB-tB [ZERERIFIRD I TdH > Tt SCM H D cf-
MtDNA £ & B2 IEOMHBINTRS 547z (r=10.35, P = 0.025; Fig 11-B), Z. JEhE
RO I TH > TH SCM H D) cf-mtDNA £, BC 2ME 77 (BC)2S, &2 -o7z
#F (Non-BC) &Lt L CH EIZZ W EDVRES IV (14.9 £ 7.7 vs. 7.67 £ 3.9, P = 0.02; Fig

12),

8) SCM H1 D cf-mtDNA & &R 31T D il R Al iE & D B ME

28 {E D SCM H1 D cf-mtDNA &% 7 U7 R a2 sk Bl A B AR A I KO BB HE L | 8 {1
DRI D BRI IR 2 esB U7, WEARIGIEMAR IO SCM U E £ 5 F-1) cf-mtDNA &I
11.9 £ 7.3 (n =8)THY ., IFIRIEME IR IIZI1T5 15.5 + 8.1 (n = 20) & Ehilgs L TRV Vi 7] 23 &,
LT, ABERZETIRO LN -7 (P =0.33), £7-. IO EHETHS 14.5 %45
B2, cf-mtDNA Large FEL Small #EIZ 3L CRERIEIR R 2 bl U=, ZOfE %, 1EIERIL
Large #7273 23.1% (3/13). Small B£7S 33.3% (5/15) THY ., A B2 2 1TRDHNRNE DD

Small # THEARRAN @ ME R 23 22 S 7z (P = 0.20),
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FIUE A

AIFINE, A LT T AL F X —H— (IR AT S TV SCM H D cf-mtDNA
ZEBLIZAID TOWETHY, SCM O cf-mtDNA &I OILIRIZE L Z RIS LY
BC H 5 LDRBENEIC DWW TEREL 7z, BEFE° BMI, JHEEEREZ S b9~ 5 1 1 0> AMH
REREOBEY RIL, I ERBILOERREARICKEEI S L T 5 (Fedorcsa’k et al.,
2004, Ligon et al., 2019), £7=, RAE NN EE 2K 3 RFEBLIN A RIS 2V A
[T IR B DME Y, 2 2 TARBFZEClE, SCM 1D cf-mtDNA & & B E 1 5 & D B M DV
THEEYFIATICEOEEATL , & F i, BMI, I AMH B2 S OB ERIN R, BAdRE
B BEIREEN RN L AR LT, UL EICED ABFZEICH =T — 21X SCM 1D cf-
MtDNA & & BFH Y R OB RN RENT T2 | BEE RKFOREBLZETT
(LR DT ZAT o T,

CH-mtDNA OHIEIZIFa 23— a OB RE TR TS0 ENHD, €2 T
AHFFETIL, IRICAT A LTS - H kD cf-mtDNA D 23 30— 2 ZRET DT 1k 44 5%
K&\ CHEEE T TR ICA S TR 7032 V2 &2 BIZE LT, 72 ICSI Tk, B A
ETOINEMAAE Sy T A IRV FERICERE LT, SHIT, BRI . = 0Bk
S THERK T OMBORE 2L TaE, Ri0A% PCRICHLTZ, Fi=, RIFFETIX, IVF
H2kE ICSI HSRIRD [T SCM H1 D cf-mtDNA £ (ZZEILRD B -7, LLEDZEND,

AWFFEDTE & F1E TR O il D= 23Rk — g D Al REMEITRW B 2 Hils,
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— 5T, IROHIFEENZNEE SCM D cf-DNA BN 52 LR E 2 Hid, Ll
NG, 7B W% FWTEAFIEIZ 3RV T ISHa RIS SCM Hr D cf-nDNA B B2 G- 2 573,
cf-mtDNA [T B L 2N 2 EMEE STV % (Kobayashi et al., 2020), 7=, ARHFZEIZIB
T SCM H D cf-mtDNA &%, RO REFEN (ICM, TE ILI2)DiE W MNZ L > TEDRND
L RLTHY, cf-mDNA S IR OMEE BE MR LA RIEB ST,

AHFFETIL, SCM HHUZE 415 cf-mtDNA & tEB-tSB 6 LU tEB-tB O it ZLHF [l 23 IE D FH
BABARICH DT LA AL LT, T7200  JLIRICE L 2R N R VIR I E R R IR I
23D cf-mtDNA Zf L TWVAZ A E M3 %, Campbell et al., 13 tSB 5L UNMB 23 EELEL 7=
WEENET BEPEMRPSA BISEWIEEZ R, ZNLDA Y M 7 A2 ZNE < 96.6 h, <
118.1 h LiEF L7z (Campbell et al., 2013, 2014) , 7=, Desai et al., i& tEB 33 U tEB-tSB 7%
IEfEEMEICB B L TWnDZEE R L, TNEN< 116 h, < 13h DI A7 ilia EFE LT (Desai
etal., 2018) , ZIHD WAL, MR ~DO I R -CHER R DSINVE 2 5HlT 5% — 3T 2
— A —=TChHHIEHREL TND, SHIZANFFEDE FIZIHU VT, tEB-tSB B8 L UMEB-B (2
LT VE IR IIEE FTET ORI @2 EZ R L TnD, BLEDZEND,
SCM 1 cf-mtDNA &3, B R BRI 582 52 HYLIRRFF S BEE 35720 | HRaR iR
RADRITT 4T~ — T3 — 72D P REME D RIS LTz,

— 7577, SCM H®D cf-mtDNA 738 D IO IZIREE RN BEF K A~ STV DD
WAL 225 TR, AREFFEIE VIO BC B84 SCM 1D cf-mtDNA E: -5
THILEFERELT-, BCIIMERI O IHEB R O OEDTHY | 55\ IHE IR IZBI 5L, BC

DID7RIR L FFHRR ISR ) 2 29 5 L TIME AR F T2 280 s i S Tng
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(Niimura et al., 2003), EMRIZFISUVNT, BC 2N ET-RITE /e o TR E LG L CRAEZ D
IRIENRR I KO IRESR A B T 228038 E S TR, BClIMEuotL 7

NIH M7 FBEETH D (Marcos et al., 2015, Bodri et al., 2016, Sciorio et al., 2019) , AAHF4E
Tl, BC M E 72RO SCM T E /20372 SCM LLEEERL T, A EIC of-mDNA &4 &
INZNZEDIRLTZ, F72, BC [EIEXX SCM F10 cf-mtDNA &L EDOMBIBIRICHHZEHRL
72 EHIZ, BC DE X T-IRITHE E 720 o TR E LLER L C tEB-tSB 35 XN tEB-tB O T ZEIRE ] A3
AEIZEWIZEDHEN RS TND, ZHDZEIZED | BC I LOILRZ B S 5%
KD—>THDHEEBIT, D cf-mDNA 23 SO FF D — > TH L aIREME VRIS 1L
720 Fio, BCIXERRBAED AT T 4T~ —H—ThHHZ D, FHEARFRIZHS SCM H D cf-
MDNA & £/ 10T 47~ — T — L7255 A REMED VRIBS L7,

Stigliani et al., i%. 2> E/HAIR (Day 3)ETHsZE L 7= SCM 1D cf-mtDNA B2 E &L, =D
BOMFEE LI, BRBIEIZ OV TIREI LT, ZOR5 5, SCM H1D cf-mtDNA &EA3Z U\
E IR A~DRERB IOV EHIIEBAEICBITAE KRN GV EEHEL BRERBIO
ERR R TR 2R T 47 ~— B —E LU THERE T D &R T 7= (Stigliani et al., 2014,
2019), L L72d3n | AWFZEIIAE D ORI KL T, SCM 1D cf-mtDNA 23 MHENED 1 AT 7 4
T~ =T =D A REME A RIE L TVVD, fiam M T AR EL T, IRFEAEIZB T35
FOMEDINa R T EBOBACR BT NS, JIFIZRBITHIMar R T &L BOEGFEERD
ZENHESINTEY, KINa R T EOIN T2 FERERB LOFE B RENMEL Y (Reynier et al.,
2001, Zengetal., 2007) , SKxHZ, MR IO TE MifaiZis i AIha s RUT &R LW YR

R oD B QLR DA BISEWZ NS Tu% (Fragouli et al., 2015, Diez-Juan et

42



al.,2015) , 3fite . ROIM= RUT SEIFE LA L, MWEREIRIZE B L T8+ 5
(Hashimoto et al., 2017) , Z D7z, FIHARIZ T HIha R T &L, AU+ DIb= Ry
T REAEPERMLCTRBY, IBIRHIIRIVE IR N7 S/ &R neE X 65, SHIT
SCM H D cf-mtDNA /X Day 3 b LT Day 5 BL O 6 ICBWTHEIZZ W I Engss
ATHY, SCM H1D cf-mtDNA D& A #1335 H RO AT —VIC Lo TRARDTED RS
LT % (Hammond et al., 2017), ZiLHDZ e 0 AFFEERBERO ZZFIL, $tGL LR Es
BHERAT =V OEWICEDLD THLIENEZ LI,

AHFIEC, BAti % OGRS R L SCM H1 D cf-mtDNA EO BRI Z DUV THEHT L7223, cf-
MtDNA i EFA# 1% O BRIR BRSSOV TR A RS D NDIZEDeh o T, LLRds,
SRR A IR B 0D -4 cf-mtDNA &l AERFE MR B JO B AR ME 23 RS2 720D | i
S REIRE O INIZZD SCM H D cf-mtDNA 723 bR kA I B 59 o RS % ELND
AIREMEDS B Z BT,

AAFFENC L | YRR O cf-mtDNA 1% SCM IS TERY, ED A=A A
RARER I RS LTz cf-mtDNA 23, BC SO IZ & 2T SCM T HHEIL TN DHZEN
HegzETz, 370 B, SCM 1O cf-mtDNA &% BC DORIE-CRIRREF A S L TR0, B
RAAEICA D EE 52 D2 LD REITD BC [BIEC-CHL R OBEINZ LY SCM H1 o
cf-mtDNA LI INT 528035, SCM H D cf-mtDNA (35 A LT T AL L Fra_X—H—F B L

LW IR ERAY IR T4 7~ — T — U TR CED BRIV RIR S U7,
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Table 6. Patient background and association with cf-mtDNA abundance in SCM.

Association with

Explanatory variables Mean Median Range SD cf-mtDNA abundance
P values
Age (years) 36.0 35 31-44 35 0.50
BMI (kg/m?) 20.9 20.2 189-256 18 0.31
AMH (ng/mL) 15 15 0.03-5.8 11 0.52
Cumulative OPU cycles (times) 0.9 0 0-4 13 0.13
Cumulative ET cycles (times) 0.8 0 0-7 18 0.94

Table 6. Patient background and association with cf-mtDNA abundance in SCM.

Associations between abundance of cf-mtDNA in SCM and age, BMI, AMH level, cumulative
OPU and ET cycles (including frozen-thawed ET) were analyzed by multiple linear regression
models. Data are shown as means, medians, range, and SD. Abbreviations: AMH, anti-Mdllerian
hormone; BMI, body mass index; cf-mtDNA, cell-free mitochondrial DNA; ET, embryo transfer;
OPU, ovum pick-up; range, minimum to maximum; SD, standard deviation.

(Kobayashi et al., 2020)
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Fig 5. Comparison of cf-mtDNA abundance in SCM between insemination methods.

Cell-free mitochondrial DNA (cf-mtDNA) copy numbers in spent culture medium (SCM) of
expanded blastocysts were compared between standard in vitro fertilization (IVF: n = 15) and
intra-cytoplasmic sperm injection (ICSI: n = 32). Y axis, copy number of cf-mtDNA in 20 pL of

SCM. P =0.79. (Kobayashi et al., 2020)
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Fig 6. Comparison of cf-mtDNA abundance in SCM between Day 5 and Day 6 blastocysts.
Cell-free mitochondrial DNA (cf-mtDNA) copy numbers in spent culture medium (SCM) were
compared between SCM at culture day 5 (n = 18) and culture day 6 (n = 35). Y axis, copy
number of cf-mtDNA in 20 uL of SCM. P = 0.18. Abbreviations: cf-mtDNA, cell-free

mitochondrial DNA; SCM, spent culture medium. (Kobayashi et al., 2020)
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Fig 7. Comparison of cf-mtDNA abundance in SCM among morphological blastocyst grades.
Blastocysts were categorized as grades A, B, or C according to volume and tightly packed cells in
ICM and into grades A, B, or C according to numbers and cohesiveness of epithelial cells in TE.
SCM of expanded blastocysts was collected, and the cf-mtDNA copy numbers in SCM were
compared among ICM grades (A, n=27; B,n=23; C,n=3; P =0.21) or TE grades (A, n = 13;
B,n=28;C,n=12; P=0.36). Y axis, copy numbers of cf-mtDNA in 20 pL of SCM.
Abbreviations: cf-mtDNA, cell-free mitochondrial DNA; ICM, inner cell mass; SCM, spent

culture medium; TE, trophectoderm. (Kobayashi et al., 2020)
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Fig 8. Comparison of cf-mtDNA abundance in SCM between Good and poor blastocysts.

Cell free-mtDNA copy numbers in SCM were compared between morphologically good (AA,
AB, BA and BB, n = 40) and poor (BC and CC, n = 13) blastocysts. Y axis, copy number of cf-
mtDNA in 20 pL of SCM. P = 0.20. Abbreviations: cf-mtDNA, cell-free mitochondrial DNA,

SCM, spent culture medium. (Kobayashi et al., 2020)
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Table 7. Correlation between morphokinetic parameters and cf-mtDNA abundance in SCM.

Correlation with cf-mtDNA

Mpc;rgr:zzlzt:;lc Mean (range)h abundance P values
(r)
tPNf 24.7(19.5-33.4) -0.11 0.45
t2 27.2(21.6-35.9) -0.07 0.63
t3 39.8 (26.8 - 53.4) -0.08 0.60
t4 415(33.3-55.2) -0.16 0.28
t5 53.8 (34.1- 74.1) -0.10 0.50
t6 56.6 (38.6 - 76.1) 0.12 0.42
t7 60.0 (38.6 - 85.4) -0.06 0.67
t8 64.6 (47.8 - 86.4) -0.08 0.58
9+ 76.0 (49.8 - 95.6) 024 0.11
tM 98.0 (73.4 - 128.9) -0.08 0.58
tSB 106.9 (88.6 - 137.1) -0.26 0.08
tB 113.6 (94.1- 139.7) -0.28 0.05
tEB 128.3 (107.8 - 160.2) -0.05 0.75

Table 7. Correlation between morphokinetic parameters and cf-mtDNA abundance in SCM.
Data are shown as means, range, correlation coefficient and P value. Abbreviations: h, hours; r,
Spearman rank-order correlation coefficient; tB, full blastocyst; tEB, expanded blastocyst; tM,
morula formation; tPNf, pronuclear fading; tSB start of blastulation; t2, t3, t4, t5, t6, t7, t8, t9+,

onset of 2 -9 cell divisions. (Kobayashi et al., 2020)
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Table 8. Correlation between morphokinetic durations and cf-mtDNA abundance in SCM.

Correlation with cf-mtDNA

Morpho!qnetlc Mean (range) h abundance P values
durations
(r)
t3-t2 (CC2) 12.6 (3.3-17.5) -0.14 0.34
t5-t3 (CC3) 14.0 (0.0 - 25.6) -0.12 0.45
tB-tSB 6.7 (2.0 - 17.5) -0.06 0.68
tEB-tSB 21.4 (8.3 - 38.0) 0.46 <0.01
tEB-tB 14.7 (5.0 - 27.7) 0.47 <0.01

Table 8. Correlation between morphokinetic durations and cf-mtDNA abundance in SCM.

Data are shown as means, range, correlation coefficient and P value. Abbreviations: CC2, second
cell cycle from 2 to 3 cells; CC3, third cell cycle from 3 to 5 cells; h, hours; r, Spearman rank-
order correlation coefficient; tB-tSB, duration of tSB to tB; tEB-tB, duration of tB to tEB; tEB—

tSB, duration of tSB to tEB. (Kobayashi et al., 2020)
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Fig 9. Comparison of cf-mtDNA abundance in SCM between blastocysts with and without BC
and relationship between abundance of cf-mtDNA in SCM and number of BC.

A: Cf-mtDNA copy numbers in SCM were compared between blastocysts with (BC; n = 39) and
without (Non-BC; n = 14) BC. Y axis, copy number of cf-mtDNA in 20 uL of SCM. P < 0.01.
B: Y axis, copy number of cf-mtDNA in 20 pL of SCM. X axis, number of BC episode in
corresponding expanded blastocyst. Spearman coefficient (r), 0.30. P < 0.01.

Abbreviations: BC, blastocyst collapse; cf-mtDNA, cell-free mitochondrial DNA; SCM, spent

culture medium. (Kobayashi et al., 2020)

51



P<0.01 P<0.01

',
=
173
=

25

17 13
o th

2 g 20

= 25 T &

g g

g 20 ‘g 15

= B

g‘; 15 E 0

o)

o 10 l = L
5

th

=
=

BC Non-BC BC Non-BC

Fig 10. Comparison of tEB-tSB and tEB-tB durations between blastocysts with and without BC.
Boxplots show blastocysts with (BC; n = 39) and without (Non-BC; n = 14) BC. Y axis,
durations between tEB—tSB (A) or tEB-tB (B) (hours). P < 0.01. Abbreviations: BC, blastocyst
collapse; tEB-tB, duration between blastocyst stage (tB) and expanded blastocyst (tEB); tEB—
tSB, duration between start of blastulation (tSB) and expanded blastocyst (tEB). (Kobayashi et

al., 2020)
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Fig 11. Correlation between cf-mtDNA abundance in SCM and tEB-tSB and tEB-tB durations
using data from morphologically good blastocysts.

A:Y axis, copy number of cf-mtDNA in 20 uLL of SCM. X axis, tEB-tSB durations (hours).
Spearman coefficient (r), 0.29. P = 0.07. B: Y axis, copy number of cf-mtDNA in 20 pL of
SCM. X axis, tEB-tB durations (hours). Spearman coefficient (r), 0.35. P = 0.02. Abbreviations:
cf-mtDNA, cell-free mitochondrial DNA; SCM, spent culture medium; tEB—tB, duration
between blastocyst stage (tB) and expanded blastocyst (tEB); tEB-tSB, duration between start of

blastulation (tSB) and expanded blastocyst (tEB). (Kobayashi et al., 2020)
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Fig 12. Comparison of cf-mtDNA abundance in SCM between blastocysts with and without BC
using the data from good blastocysts.

Cf-mtDNA copy numbers of SCM were compared between blastocysts with BC (BC; n = 27) and
without BC (Non-BC; n = 13). Y axis, copy number of cf-mtDNA in 20 uL of SCM. P = 0.02,
Abbreviations: BC, blastocyst collapse; cf-mtDNA, cell-free mitochondrial DNA; SCM, spent

culture medium. (Kobayashi et al., 2020)
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Summary

Abundance of cell-free mitochondrial DNA in spent culture medium associated with

morphokinetics and blastocyst collapse of expanded blastocysts.

Single blastocyst transfer (SBT) is a useful method of reducing the likelihood of multiple
pregnancies that place patients at risk. Morphological evaluation with microscopy is a typical
noninvasive approach used in embryo selection. In addition to morphological evaluation,
morphokinetic data of embryos, including profiles of embryo cleavage and developmental speed
obtained using a time-lapse incubator, closely relate to clinical pregnancy rates (CPR), euploidy,
and live birth rates (LBR). A pre-implantation genetic test (PGT) has recently been developed to
select chromosomally normal embryos before SBT, which improves CPR and reduces
spontaneous abortion rates. Although these evaluation methods are useful for embryo selection,
the LBR after elective SBT remains low, at 40%-70%. Therefore, other parameters are needed
for embryo evaluation. Spent culture medium (SCM) contains cell-free DNA (cf-DNA) derived
from embryos and might serve as a non-invasive marker of embryo status. The mitochondrial
DNA (mtDNA) than nuclear DNA is detected in SCM because cells and embryos harbor more
copies of the mitochondrial, than the nuclear genome. However, how abundance of cf-mtDNA in
SCM relates to the developmental events and quality of the blastocysts remains unknown. In this
retrospective observational study investigated relationships between the abundance of cell-free
mitochondrial DNA (cf-mtDNA) in SCM of human expanded blastocysts and their
morphokinetics to address the question of whether the abundance of cf-mtDNA in SCM could

predict the quality of blastocysts. The physiological status of patients considerably affects the
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quality of embryos. Therefore, we investigated whether patient status affects the abundance of cf-
MtDNA in SCM. We confirmed that the abundance of cf-mtDNA in SCM was not associated
with the age, or the BMI, AMH level, or cumulative OPU and ET cycles of patient. These results
indicate that patient-associated factors did not strongly affect cf-mtDNA abundance in the SCM
in the present study. Furthermore, we found no significant differences in cf-mtDNA abundance in
the SCM with respect to morphological blastocyst quality (ICM and TE grades). In the other
hands, we found that cf-mtDNA abundance in the SCM significantly and positively correlated
with the duration of tEB—SB and of tEB—tB. In addition, when the data were filtered by
morphological blastocysts grade, the difference was also observed in good blastocysts.
Furthermore, we identified a positive association between cf-mtDNA abundance in SCM and the
presence and frequency of blastocysts collapse (BC), and confirmed longer tEB—SB and tEB—B
duration in blastocysts with, than without BC. BC is a hallmark of poor embryo quality, which
results in low CPR and LBR in human blastocyst transfer. These and the present results suggest
that BC is one cause of delayed blastocyst expansion, and that BC increases the abundance of cf-
mtDNA in the SCM. Stigliani et al. associated abundance of cf-mtDNA in the SCM of early
cleaved embryos (Day 3) with good blastocyst formation and implantation rates. Stigliani et al.
also summarized data derived from multi-center studies and found higher cf-mtDNA abundance
in the SCM of embryos derived from younger, than older patients. Therefore, they concluded that
cf-mtDNA abundance in the SCM of early-stage embryos is a positive predictive marker of
embryo development and clinical outcome. Hammond et al. also found more cf-mtDNA in the
SCM in day 5 and 6 embryos than in the medium of day 3 embryos, showing that embryos stage-
specifically secrete cf-mtDNA. We targeted cf-mtDNA abundance in the SCM at the expanded

blastocyst stage on days 5 or 6. Thus, the different developmental stage could explain the
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contradictory conclusions. In conclusion, this study revealed more abundant cf-mtDNA in the
SCM of embryos with delayed blastocyst expansion and BC. This suggests that cf-mtDNA

abundance in the SCM could serve as an additional or alternative marker of blastocyst evaluation.
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