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BHEEILL o THBRSOEHBGR IR E LB LI REIE L7200
HERKRfFO—DThd, REBEL LTy EZMNRE LLA., LHEL
WA Z BT ZRERICITHZENTE L AAFEMBT IRERE
FERZE LMY, ERNAFRITFAESENOHEA L AEAETRTET 52 & THT
WO, = TAENTZFHFORFTBINA G HERINAPR L > TWnD, EN
(ZIB W T A 2 838 9 5 M8 IR I3 B R 52 & PRI 2 LR A il 4% 4
HIRERE BEREEMEINDIFEEET HRERIC PN D ZEREZN
B, ZO)LEBEIHRFIT, FAERET 52 & TAERELTTWVND, BER
RMAEIRFRIZ L o TUEREAFOBEIAREILT O F FINAIZER T 2 F i
TERWVWHEHTH DM, DO ALK (Artificial Insemination; Al) 12 X
DA% BEZT, FEILBRFEHAOMNAEIL LD L

(http://liaj.or.jp/giken/hanshoku/jyutai.html) FLH 4= TE A C4E 12 62.4%
Tholeb DM, FaK 29 FITIT 41.6% LI L T\ 5, A4S AHFZ
ETIERWIT LA CEREICEIZ 67.5% Th 72 b D3 FiL 29 4F1213 51.9%
EZIHL BB LTS,

—HZDOXI R TICEWNTEIZEHELNOENFTERNSHZBHOS
EFHILTH Y, £7-. Trans-Pacific Partnership Agreement - Free Trade
Agreement * Economic Partnership Agreement TOWER L ONH K& H
E R R KRIRICTER L, WHIEKEZ L5 ERELTWVD, FEUE
HEAE L (BEFD 25 ARIEHEEE 209 %5) 3 & 2 2 HICKES&E B 24 3 H
RE S AV G S B I E AR T TEIEME R O ¥R I~ ORI
MR AT ZTE R Lc AR & K0 —BoRMFoLRE Ml 4 #H
TOMENRDH D] EHFELTWD, BARMICIE, T ORIEZ 5 2 4O
24.5 Hil» b4 12 2% 23.56 HEIZHEAM T2 2 & B X O hiFEkE %
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T2 FEED 400 BB 12 FEIZIT 380 H~EMSE L Z L3 iED
NTHY, MBEHESNFEHET, 5 244FEO 172 TN LA 12 454
213 243 PEAICHET 52 Z LA HIE L LTV D,

FHYW R AT 2B B A ERT 2 720IIF -0 R
EELT BRI DD L BEEBIR O &M RBMERIRTH D, APE
PR EAZ AT 72 B AT < BB A E N TR O | HEMSCHER D Z K Fs
FOEH LOERIZH T BN D,

HEMOBERELTIE, B TFoOEBLOEZR ENZETF S, MO ER &
TIIROE, WEBIRTFERERENET NS, £o, HEILBICER
FIER B L OVEYGYER E b BRI B2 52 5, BH EOER L L T
UYVOREEH, Al BLOREEHE (Embryo Transfer; ET) it & 61213
FHIEIRZEN 2 EDH 5, TNHEZ OBERPEMEICER L > TWD
e, AEpEMR BTN EZ RO T\ 5,

AWFFETIX RIS O RN 2 32 2 & THEEMR Eo—Bh &b Z
L AR E LT,

FTHROMEIZB T, RE O &I XZBIENE < IEH R ET &2 NI
BoENHEDZ L% F 97, International Embryo Technology Society

(IETS) O~ =aT7 NMIXLDLZHNPODORHICH ST HEEAT — V&R
LTWAZ & BN DN & OGRS W &8 L O
2 N + 45 T H B kL o E o KW L D

(https://www.iets.org/pub_manual.asp). EIZBMEE T TO B AMERN E
MCTHDLN, HIEHRIZLDENRELSMERH 2, MOMIBENZ DUV TIEF
{25 7 HHOKNIELE (in vivo developed; IVD) RO A WA IC L v 2%
BoDHbDD, K120 Hitk TH D | KEBRIMNRLE/ NS L ITK 3 Al s &
WENH S (Ann et al,1997; Deog-Bon et al.,2002) , & TYEIEAR &L F
HIoOZRtE L OB TIT N TE R oo, £ 2T EFEMB I EER
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BB v, FRENICROBRZEEEZWET 52 LT, K4
ZRC X W EH L7z (in vitro produced; IVP) RO 2 FE M E E VIR O FVE
DfFEL 25 Z LA v (Shiku et al.,,2001) . U R 0IZE 1T D8
FHEEIZZOMBEEHEERH L E0WMELHV (5H5,2015) . 2 5T
—EMEU EOMBWHEREOMBINEBMET S Z L TRVWZKRERGE LN D
EDHESHD (Lopes et al ,2007), LnLARNRNL I bOEWEILIVP L
TOHRETHY . IVD R TORE TR Y72 bR, BIfEY v IVP It
GG ISR OW I L OVERNII 75 R OM A EE S LTV D0,
IVD RE NS LZBBEBLIO TV VA~DEERTHDLEOWMED D D
(Takashi et al.,, 2001), TDOHERIIBHEEDOWEICLIDHDTHY . KT
FECIE M TT O AHE A& R L T2
WRIZET OFEIZHOWTHF Liz, 7 v ORI HELIL 1965 1242
TR EHE LTHRE S (BIL5,1965), £ D% ET 137 H#HE
PR TITOND LI H R L. 2hEzm LS5 OBETIEDR
FIBH L LR T 5M (FE5,1982; 5% K 5,2004) . IRFEFBAL (8
K15,1986)., BV AE (Anderson et al,1979 ; Sreenan et al.,1981 ; &K
5,1996) I L O %/ ME (Trophoblastic Vesicle, LAF TBV) @
(Nagai et al,2009 ; T & 5,2010) 72 EHkx RPN ITONBIEICE S
ZONZIRFEIRFBAE B WBHLII N APEIC LD EEZIH T b D ThH o T2
N, VY TERERFOGE, 7)) —~—F U OHBAREE o Tz, £
DH%ZHRIZ. MEV BB INDEERRBHEH S 7T VOFEENGEN S
(Imakawa et al ,1987), Z DA % —7 xuv %7 (Interferon t; LAF
IFNT) OHRBF & NFIZ & 2 FHARB A LIS TBV O HEEAE AL S
NIZ BB 45 E (parthenogenesis; UL T PA) 225 & IFNT 23 pEA S LT
WD ENRHB D E 7Y (Michael et al,2003), TBV OfEH X 0 B =
A MICHLEFERTETH D720, PAROZIEMER LR RICOWTHRETL
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7=,

S DT OREE & R ZEZMEIZ OV TR Lo, man B ORNINE I L OF
ERNICHFET DA ELITEZBENIIFEFTE D ET 2177256 &
IZZREZWRESIT DOEFRFORETH 5, ZHBICHEL B T TRFO
ERE L TIE, VANVA, fliERB X OB e & OJRRMAEMRYG, FEL L
WL DA ML A MGHREEIOREBHT N T UV ABIOMERVE V72 E
DT VINT VAR EZIGIT b5, Zb OER O BT RN MR
KMEN L7720, MR E2iET 5 2 L 13Zh s LA =lE0ER %2 8
BT ODICHETH L, 0F IO T e 77 A NVT A NEITH>ZET
HaRoZmErm EsE 2B bRInv=a2 7 b TWD (MNZAT
BUEN FZHEUB Y4 — BB, 2016), — 7, BERMBMLE» 555
HEHIIZIGIZ DT FTHEEBRBIRZOWRA B EL AL HERIZON
TIE, HIRMANKELLERESH, & P TIE—HEOHM T 50 L5 O
PERTAEW) DR & F DAFEIRAL 2 IEFEICHEE CT&E 2 & o E b 47z (Liu
etal,2020), L2> L7236 U v OB MR I 2 Hifush DNA (cfDNA)
DHET D70 < ALFMHIR & R TR 2 2 & T, RO ZRMEIC BT
DT R EEICOWTHRE LT,

BRI BRI 1T, IROE , BT K OV A= R 8 20 B B 70 A
ELTETDHIENTES, AFRIIEBHEICH LIS 3 DOERKIT
LT 2D RE R IR LB Gk BB EE/{ L7 DOFIEORHEZ
L TS OREB LIRS 2 FIEOHE 21T 7,



¥ F  in vitro B XN in vivo TH L ILT- U MR IR OB AL
FIRHBL I har RU 7Ok

BAEOD VAEEIZBON T, IWBAEIXASFIH SN TV D AFERTH 5,

U RN DA FEIZIE invitro B X N invivo D 2 DD FIERH Y . D
AEPEICEE LTI, RIS STV 5208, RO SVE ISR A 22 4 9 521
EORD D,

— RIS, IR RIR & 2 R IS L 72 5B OIEIRRIX, in vivo THA L
7= (in vivo developed; LA F IVD) W28 in vitro T¥/E L7 (in vitro
produced; LLF IVP) IRE v @<, OB X IVP Vg ¢, AR E 0
N ENTWS (Barnwell et al, 2015), IVD B LW IVP B % L
L7 I O TIE RO BRI K 0 IRENERE L G o A0 REOE
WHAHE &N TEY (Farin et al, 1995; Ushijima et al.,2008) . Z i in
vitro D575 (Thompson et al,1997; Iwata et al, 2000) (ZHEKT 5
EIRRHENTWND

7 BIRNTEAN & R LT B OfFFE Tk, IVD & IVP RO R TR B O
HEWRATF IR E = OFEWH LNICR>TEY 2o ROE
WRMROBEDOENIZH D Z ENRRBEINT WS (Bauer et al, 2010;
Salilew-Wondim et al., 2018)

B ZIA<IEHA LTS ET, MOEZIRY 72< invivolZili S5 Z &
Wb HRRTGETHY , 20X &, IVP RO 2 H 285 7E L,
IVP WAEFEDEBZESRMEZLETHZ LIk >, L LaRs, IVD iz
SRR 2 Z Lk m i IR & AL FE T D AN & A5 T IR & R A 70 FEA 12
HIsz itz FEETHY, IVD B L O IVP ROEWIZET 2 6
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FTIXIEEAEBDH T B,
ARBFZE T R — 7 v v 7B 2 W THEGE L a8 & ok
DRBRDWHETHE L . ZORREHEEZTHROFT LI har R 7L
Bewe 2 M E U e aT L7z,



B MER LUk

1) K & R

ZORBRTHEM LT X TOEANL, FrICHR LRWRY T4 T R
(Kyoto, Japan) 7> 6 HEA L 7=,

v PN DRI AR R IT1E 10% T VR F il (FCS) (FCS; 5703H; ICN

Pharmaceuticals, Costa Mesa, CA, USA) BL U5 mM ¥ 7 U &R
L7z Medium 199 Zffi [l L7z (IVM ¥ #f1),

4=k (IVF) B X ORISR (IVC) 121X, &RUIFERR (SOF) % fifi A
L7= (Iwata et al., 2004),

IVF Ti%. 5 mg/ ml BSA (Bovine Serum Albumin-fatty acid free) I X

N10U/ml ~/%VU > (Sigma-Aldrich, St Louis, MO, USA) %, F7-.

IVCiZix, AR IOIEMAET I /[ (Sigma-Aldrich) . 1%FCS, 5 mM

U, BLR1LSmM 7/ L2 —2% SOF 2RI LT,

2) BPELIS L OV REAE R O£ B

PREL IR, BB L0 BREMENGHER L, 10mM 72— 10 mM
A7u—A BLOBAEWEZET ) VEREEKR (PBS) T 25° C ITRE
L. 4 REELANICBFE == IS Bk L7,

IF A RO R AR (COCs) 13X, TEHFRIC 18 G OIEFE 2R L, £V
COINEN LS| LTz,

3) IR & ARSI N

COCs 1% IVM 541 T 21 BRI & LA & ¥72 (10 COCs / 100 1 1 drop) .
L 72 COCs 1., IVF 8580 Cyeitc . HBEFHE O U AR R & LG &
L7,



WS RS IR LAl AR % 45~60% /8 — 2 — L IR (Amersham Biosciences,
Uppsala, Sweden) (& T4 A fd = Oy BEE I L 0 P L (800xg, 10min)
SRV, K& COCs (3 6 Bpf i L (IVF B o ks F- R 1%
106 cells / ml), = D% COCs IX 1%FCS {0 IVC B5 i ThE 3% L 7=,

4) MROIRI LR

SR COCs % IVC KT 2 HREEE L7, =%, 7 Myl E
OEOIF M ZRE L, Hiz/250ul Fry 7O IVCEHIZBEL, &5
\Z 5 HEEGE L7z, BB OKMEMIE,. IVM, IVF, B X 0EHIO IVC (%
Fi#% 48 KFH £ T) TIEL 5%CO2, 95% in ZEZ5, 2 [ H D IVC (48 K>
LEREHTRHET) THE5%C02, 5%02, 90%N2 & L7,

IVC 7 H#% 2/ o Lz B8 8 I8 © 5 E 13 International Embryo
Technology Society ( IETS ) ~ = e 7 v
[https://www.iets.org/pub_manual.aspliZ X VY &F{fi L. grade 1 IZ3¥E X1
Te D Fr 2 BRI N T

5) WWPEIPLLER & R o> [E] Y

15 BHO BEFFE4 % In vivo TOMAEREICIE 15 BHO BFEMME 2 5L 72,

WHEIRLEE L, ETEAMOMRERNICHER Y 07 X7 1 R
(controlled internal drug release (CIDR). Livestock improvement

corporation, Tokyo Japan) Z#f A L 7=,

CIDR{EAHZOH & L.1HAICZEFRT A T P4 —/ (Asuka, Tokyo,

Japan) # 2mg#& 5 L. 6 HH» 5 3 HREMIEEGIEIC LY AE 20AU ©

FSH (Antrin. Kyoritsu, Tokyo, Japan) Z# 5 L7-, 8 HH® 9: 00 (2,

PGF2a (d-cloprostenol, Dalmazin, Kyoritsu, Tokyo, Japan) 0.15 mg #%

H 1L, 17:00!Z CIDR ##kiE L7, PGF2a 5 2 H#% D 17 : 00 12 A T4%
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R 2 92k Uiz, E o, M LR RIS MARA SR IS D TR R & (R — R Bl

D Rl PR AR R T 22 TN T

AE1% 6.6 H THESIHSABICFEEic LV Rz B L, F ol

MOMEIZIETS ~ =27 VI XV 3L, grade 1 I[Z5%H L 72 IR D A KER
(CHW, 7o O@EFIHEINAEIT, RAURERFOIBYERMEEZBRIC

T TT 2 72,

6) X b= U7 DNA = &2 — ¥ D7kl
gl I ha KU 7 DNA v —% (Mt %) 1. V7 v% 14 L PCRIZ
YXoTHlE L, &L, 6ul OBHENSy 77— (20 mM Tris, 0.4
mg/ml proteinase K, 0.9% Nonidet-40, and 0.9% Tween 20) (Z X ¥ 55 C
Sl RWT 95 °C, 5 M Cifig L7z, Mt £, Rotor-Gene 6500 U
TN A bua—H 1) —TFF 4% — (Corbett Research, Sydney, Australia)
AT TV E A5 PCR THIELZ, PCR 774 ~—t& >y (5"
ACCCCTTGTACCTTTTGCAT-3" and 5'- TCTGGTTTCGGGCTGCTTAG -3',
8lbp)lE, W b3y RUFTDOES ) L —4 2 Z(NC_006853. 1)1 351
7z Primer3Plus Y — /L& H W TE&EF L 7=,
PCR 44 1% initial denaturation 95°C, 1 min{7-> 7%, 98C, 5s & H(Z
60°C, 10s % 1PCR A 7 /L& LT 40 %A 7 VAT o7z, FEHERIRIZ, S50
FEAED 10 5 A FRR S 2 DT IE Z & ASHER L 7o A U 72 AR SRR HE I
Zero Blunt TOPO PCR cloning kit (Invitrogen. Carlsbad., CA, USA) %
ATy =2/ u—= 7 Iniexticd %810 PCR EY T, ]
ANCE S & = o 2 ko THgaB LTz, BR ORI R IT> 1.98 72
7o

7) ATP & DO HIE



o ATP &AL, ATP EFEL Y 7 2 ) vy 7 = 5 —BAEYFEKT
v A4 (ATP assay kit; Toyo-Inc., Tokyo, Japan) (Z & 0 & E L CHIE
L7z, BHEIZ, xR EiEE L, 71— kU —%— (Sperk 10M Tekan,
Tokyo, Japan) ZHWTEBIZHIE L 7=,

8) fukhet

A 4% /X7 RV LT 0T v RTHEE L,0.9%TritonX-100 % & ¢ PBS
T 30min HEAFE L7~%. 5 mg/ ml BSA 25 PBS T7uv%o 7L
oo —RPURIZIT T Y FH TOMM20 (Santacruz Biotech, 1:200) %, —
WHUAIZTE Alexa Fluor 555 (Cell signaling) & fEA L72H1 7 ¥ 1gG Fab2
ZAEA L7z, Wiz, BB IEFEE (Invitrogen, Carlsbad, CA, USA) %
WIZRE AT A4 R T AT, @tBMEE (DMI 6000 B; Leica, Wetzlar,
Germany) THIZE L -,

9) FT7 LRI VT b— LAY

24 {6 D in vivo THE S NI RGIIRIE, @PEINEE O BEFHE 6 BH 5
[B1JY X 41 (4 blastocysts head ; IETS standard T gradel 33 LT 2),
RNA-seq (Zfti L7z, 512, 100 BHO B EMFMIN S In vitro THRAE LT
200 & o I I it 2 RNA-seq (I3 U7z, IR O RNA fliH 1
RNAqueous kit (Life Technologies. Carlsbad. CA. USA) % w7,
RNA @ /& I+ 2100 Bioanalyzer ( Agilent Technologies . Agilent
Technologies, Palo Alto, CA, USA) ZH W THERE L, cDNA T4 771 —
IZ TruSeq RNA Sample Preparation Kit (Illumina, San Diego, CA, USA)
FHWCTHB L, 9477V —0ME L EIXZ, L Eh Agilent
2100Bioanalyzer & KAPALibrary Quantification Kit (KAPA Biosystems.
Wilmington, MA, USA) % H W TCHE L7-, cBot (Illumina) TV 7 A X —

10



Z 4R L, HiSeq 2500 (Illumina) T, #iE L7271 D 1 L—2 % 100
bp THiAH Y (singleread) > —4 > A Lz, BEfET O, N— 2 22— )L
mE 7 4N TR, A= — DRI S T bel2fastq2 (Ilumina) V
T =T EERLTIT o1, D= VAT =2 F T 4 Z =R LT, T
AT H =B AR X7 VAT R B I ORGE OB Z BRI LT, &Y
DY —7r2r v AT — X % Bos Taurus genome sequence (ARS-UCD1.2 /
bosTau9) ICHFHLETCY Yy LT LAY LT,

YT EINT =T AT =2 FBETORIBUE L ERIZREBL L
BT et o THWTRE L, 74V 2 )7 vy B 7 BLWY
Z D% D4y HriE,. CLC Genomics Workbench ¥ 7 k7 =7 (Qiagen,
Redwood City, CA, USA) #fEH L TiT- 7, #Hatfa EMIZ. DGE tool
AEH U7 EiEoHTIc L » Tk@® L7~ (Robinson et al, 2010), ZERHJIZ
3 HLL7-#Ex¥ (fold-change = 2.0, FDR adjusted P < 0.05, and q < 0.2

(Benjamini et al., 1995)) # & b 72 5 0TI Wz,
KB ARBERENH DB T O EROKFZ FHlT 272512, Ingenuity
Pathway Analysis ¥ 7 F 7 =7 (IPA. Qiagen) % f\7=, [E N7 4

AR OFFHEENZ X Fisher’s exact test # ), P<0.01 # A EZE L L
2o 22BBASF DN 7 — % (X DDJB (2 %8 L 7= (DRA006210).

10) #ERFHT

T harFU T MR SR AR ORI, B KUY 2 TR O IR
faffl > ATP & A &1L Student’s t-test Z VTl L7z, P<0.05 &gt
WICAFETHD E LT,

11



B R

IVP 8 X OV IVD RE THREICHEANELR D (2.5 HFOEFREE) BxTIZ
DWT, IVP (2488 ffl) F£7-1L IVD (1174 {&l) % functional annotation
tool (DAVID ¥ 7 kv =7 https : // david .nciferf.gov /) % FVTHEMNT L
72

IVP i e <id, B RsEE, s EE (ECM) &M A/EM. PISK-
Akt ¥ 7 FIVRZEICEGT 28I FREAEFHE L TEBY | IVD IR TIE, Bk
BrZuetx I bars R T7 B har R THEERICE ST 58
FTREVEmWEEZR LT (Tablel), £Z2 T, I bar FUTH U7 E
BT 2 BB FORBAL LK LI Z A, IVP JREETIVD BT b
Ay RYTT 7 Aa— FSNLBETFORAL ~NVTKS Zica— RS
NAHBEBETFORBL~ViXEN->7 (Table 2),

S5z, IPAFEFTIZ X Y 194 © LA 1 (Supplementary Table 1 A-
D ZzBANI L, 2060 EREFIIE, IVDIROT 77 4 N—F — &
L CmiRNADBEEN IVPRDOT 77 4 X—% — L& LTIEMT BT b
FOMEH TH D trichostatin A, A FAILEBERZOMREFEA TH D 5
azacitidine. #Eg{t./kFE. p38MAPK., ERK. B Xk O caspase & iz

(Table 3),

I, WERRERO I hay RY T EMELKRF Lz, IVD i
DI Far FU 7 DNA = E—#3 130,793+21,527 TH Y, IVP D%
#1(180,560+30,426) LV L HEIZAD 720> 7= (P <0.01, Figure 1-A), ¥
7. IVD IR fld o ATP & A &%, IVP MBI CBlIEZ SN bD L /07
Mm-o7- (0.40 £0.1 and 2.3 + 0.2, P < 0.01, Figure 1-B), IVP JE®D I | =
YR T Oabv—ERNLN LiE, 26O TO TOMM20 O 538 L
M E > THRER I 7- (1.44-fold, P < 0.01, Figure 2-A),

12



R CIR 2B T 5L IVDRIZ LV ERICR 2720, 2 DOk 7
N—T OEFMREIZENED v > 7= (Figure 2-B),

13



bt

HUE &

AWFFETIE, IVP B L OV IVD RO Bin F-RE A2 HHE& L, FEA
B RO RRASHR T E AT T REHERN L, 512, IVP B
FONIVD WM T, S ha v FUTHE ATP S A EICAER A% LWTE
L7,

ZNET, IVP BL O IVD MO B FHRBELOEWZH|E LIF5EIE, =
Yhr—E LT AR —E U TR H2A, B2M, ACTB, GAPDH 72
ExafiH L7 isE PCRICIKFE L Cu /= (Tesfaye et al., 2004), L L,
KRB OFERIZ, IVP BLOIVD IBOBTAY ZAF— L V@G F DR
LUV DEWE A S 502 L7z (Supplementary Table 2), L7=23-> T, LA
AT OEI FRBEAT RO ROSIHITEEITOLERNDH D LEX BT,

PEREMEMEAT O, IVP IRICIT 2 38l EFA-Bn 113, Millo#Es . ECM-%
KREOHAEH, BLOPIBK-Akt ¥ 7 FUriE L BEE L TWDH Z & 23
L7z THODORERIL, In vitro B3R LMD IR & 853 B O AH ALAE ] %2 4
LB ZRIIGZA TV ZE 2R L TWND, S HIZ, BREMITIZINA T
IPA Z HIWCHBZ#E =T O LIRIKF % [FE L,

IVP R C Tl S =G LI 7 (134 f#) X, IVP IR CIEE 7 & F bR
TAFAAEREZ > TWVWDHZ EHTRMEL TV D, trichostatin A & 5-
azacitidine 2% Eii[A1 & LTEHEENTEBY . LLETOMFS TH FERIC
vitro B5 B RN BB TR A MDA TF L E T BT ALICEL TS
HZEEWEL TS (Wuetal,2012), & 512, itk #E, p38 MAPK,
caspase, BL O NFkB & EiOFHHRE & LTTFHEIND, ZD DR
BRI EEBEBICEERBREBLOT R =2 2FET /M ~D R L&
HERPEGENDZEEZEHRLTEBY, 260 IVP IZEEL TWD AlhE
MRHHZ EERLTWNS, £, WL 222@ microRNA (miRNA) 723,

14



IVD JRICIEIZET 25 ERE & LTS 2 EnfEES N, 202
CIEHEANORERESIC miIRNA BNFEELIRICEEL 52 TnD 2 LA Bl
THN. T UEEAICKE TS 25O miRNA OBEREICET 2 @A I1TIF L A
ERM7=5720, 20X 57 miRNA XY VIVERE X OBl Cld= %V
V= LAHIZFEET D, miRNA 2 EKRFTH D & WO REIE, FFED
miRNA 7% in vivo TIROREEZFFH T 5 L 2R L TR Y, 5% D&
RO FICHAHRMATHD LB XD,

Fa—FaneI bary P 7EETFIEIVD BT Y mnI g L-ric
HoTl-N, I haRFITHHEOYF ) Aza— REn-#@&s ik, IVD I8
DFBLL )LD 72 (Table3), T HDOFERIFZ, BMOI ha U7
2N in vitro & in vivo DFEMBEO T TR STRETHIE SN TWD Z & &R
LTWn5,

SRR DS E X Fa sy FUTEREN LW ST RAF 2 INREM A O f5
BELHEINTWD (Zeng et al, 2007; Wai et al, 2010) 73, R i HA IR

DG EILFERR TILZR W,

A, MERTI Fa FUTEERRVWEGEG mWIHEENZAL T
HEDHMENTAEIND (Diez-Juan et al, 2015; Seli et al., 2016), &5
2, UICBWTIVD &g LT, IVP IR T, I h= R
7 DNA 2 v —#AEmn s ST (Hendriks et al, 2019), £7-,
S haryRYUT7DNAGEREWZ LT MOBREMHEEEEL TS Z &Y
MEIN TS (Maria et al., 2018; Klimczak et al., 2018), AWFFEH: &
TIE. PRI ORI SILE U TH 52, mtDNA & a2 v —# &
TOMM20 (UMD I har RYU TR N7 E) OB L~LiX, IVP I8
RO T NEN EER LT,

ATP OFEAIFZI har RUTHEOEER 1 > THY . ATP IZINRHI
DWEERRS H~—T1—D 1 >TH 5 (Stojkovic et al., 2001; Ge et al.,

15



2012), IVP B X OV IVD v ViR ATP & H &ICET 2 M Z £ Tl
Dl IO~ T AT IT 5898 (Spielmann et al., 1984) Tix, %
in vitro CH:ET D LW O ATP F&nEL-s®E L Tn5b, K
e ch . IVP IO ATP A ENE LS BWVWI L 288 L, Zhb
DFERIL, invitroFEESLMF T ba vy KU 7T OFEENREFICEH WD & &20R
LT\ 5,

ARG OGN X5 BUE, In vitro THUEN, =k, B X O E L7y
CAPEINALE L v o bR LA E L2 ETh D ER TR
DIRVERE AT » 7 F 72 X FEIHEI 7 v & 2L BO B E A2 5 2 7~ [ HE
HERH D EDOHRENH D (Urrego et al., 2014), AW THE L 72 I,
IVD AR Ja 232 k51% 6.5 H Tho7-DI2x L, IVP RIS kE% 7.0 A
ThHy, IVDERENWETH T, I b, ZOXA I T Thbb,
HEIRF L OURENORE - IR AAER O % 4 I > 71X, IVD JRIZ20
TIEAHATH S, ZoEWE, R L 72T EZ 72 DR EEFEORN G £ T
W FREMEZ RIBE L, OB FRBUCEE LM RH 5, Len
-C, IVD & IVP IBEICR O 6N 2 ZDO KRR 12 ZRICERT D2 LI
TERDol, TNOLDOMBEEZBRT H72DIZIZEI BT, KV EZ 02t
R LT REEITORERD D,

KEORE#HE LT, BETHREL~LE IVP 3L OIVD IR TR D |
BN CTIHROEICEZBEE KT T T ERLELZOMBPPALNERY &%k
RBRERREER T 2B E R 55 LB R D,
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Table 1. IVD £ & IVP M THRBLA R > TV (2.5 5)EIEF O
P BEFR AT

Origin Term P-Value
Focal adhesion 7.24151E-11
ECM-receptor interaction 1.8947E-09

IVP PI3K-Akt signaling pathway 1.3372E-06
Oxytocin signaling pathway 3.22306E-06
Protein digestion and absorption 1.1462E-05
Oxidation-reduction process 3.37163E-16
Mitochondrion organization 3.79235E-12

IVD Mitochondrial translation 7.73522E-12
Cellular respiration 4.16333E-11

Respiratory electron transport chain  5.72642E-10

Noguchi et al. J Reprod Dev.2020; 66(1):35-39
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Table 2. IVP R L Lt L IVD IR CTO I ha v RUT X X7 & o
—RFLEEL LLEFI hary R T 5 2o@BE1FEBEOENL

No of genes

Origin Location
Total Down Up
Mitochondria 19 19 0
Inner membrane 58 5 53
Outer membrane 23 5 18
Nucleus Matrix 82 19 63
Cytoplasmic side 24 7 18
Integral membrane 59 13 46

ZE B8 73<-1.0 Z Down,>1.0 % Up & L 7=.

Noguchi et al. J Reprod Dev.2020; 66(1):35-39

18



Table 3. IVD & IVP R[] D F LA #) 8 s+ O i [H -+

Activation in VIVO

Chemical drug Activation z-score P value
curcumin 2.741 0.00584
mir-210 3.096 0.000303
mir-17 2.537 0.000852
mir-10 2.341 0.00171
mir-15 2.214 0.0293
mir-193 2.530 0.0377
mir-25 3.106 0.0481
5-azacytidine -2.775 0.00384
Akt -3.785 0.00412
caspase -2.035 0.00296
Creb -2.541 0.0000136
D-glucose -2.184 5.39E-11
ERK -3.030 0.0000464
hydrogen peroxide -3.589 0.000283
NFkB (complex) -2.321 0.000851
P38 MAPK -3.852 0.00606
Tgf beta -3.942 0.00164
trichostatin A -2.403 0.00000227
Vegf -2.077 8.86E-08

Noguchi et al. J Reprod Dev.2020; 66(1):35-39
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Supplementary Table 1 A. IVD 35 X O IVP R THRELD 72 5 85 1O

¥ —&—

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State Z-score overlap

chemical -

geldanamycin (;(r)l:(—)genous Activated 2.452 0.0396
mammalian

LY294002 chemical - 4 tivated 3.713  3.4E-06
kinase inhibitor

PD98059 chemical - 4 tivated 2.975  1.35E-05
kinase inhibitor

SB203580 chemical - ) tivated 4.307 0.0129
kinase inhibitor

PP2/AG1879 chemical -

tyrosine kinase . L Activated 2.332 0.0482

. kinase inhibitor

inhibitor

sirolimus chemical drug Activated 2.262 1.48E-10

camptothecin chemical drug Activated 3.233 8.13E-10

plicamycin chemical drug Activated 3.478 2.26E-06

arsenic trioxide chemical drug Activated 2.347 9.74E-05

halofuginone chemical drug Activated 2.621 0.00382

curcumin chemical drug Activated 2.741 0.00584

actinomycin D chemical drug Activated 3.557 0.00871

vitamin E chemical drug Activated 2.297 0.0221

ramipril chemical drug Activated 3.162 0.029

eplerenone chemical drug Activated 2.597 0.0323

cycloheximide chemical Activated 3.207  0.000497
reagent

1,2-dithiol-3-thione  CneMical Activated 2.474  0.000676
reagent

BAPTA-AM chemical Activated 2.097 0.0176
reagent

4-nitroquinoline-1-  chemical Activated 2.236 0.0318

oxide toxicant

KRAS enzyme Activated 2.035 1.17E-10

RHEB enzyme Activated 2.382 7.85E-05

POR enzyme Activated 3.573 0.00114

ACACB enzyme Activated 2.425 0.0318
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Suupplementary Table 1 B.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State Z-score overlap
g-protein
GPR37 coupled Activated 2.216 0.0138
receptor
estrogen receptor group Activated 2.135 3.26E-08
ADRB group Activated 3.903 2.28E-06
ANGPT1 growth factor Activated 2.419 0.0204
PKD1 ion channel Activated 2.65 0.000211
PEX5L ion channel Activated 2.425 0.00851
PRKAA2 kinase Activated 2.034 0.0116
ligand-
AHR dependent Activated 2.003  0.000976
nuclear
receptor
ligand-
NROB2 dependent Activated 2.764 0.0153
nuclear
receptor
miR-200b-3p mature Activated 2.668  0.00726
microrna
mir-210 microrna Activated 3.096 0.000303
mir-17 microrna Activated 2.537 0.000852
mir-10 microrna Activated 2.341 0.00171
mir-15 microrna Activated 2.214 0.0293
mir-193 microrna Activated 2.53 0.0377
mir-25 microrna Activated 3.106 0.0481
FBN1 other Activated 3.12 0.0013
MIR17HG other Activated 2.474 0.00134
LMNB1 other Activated 2.621 0.00192
CR1L other Activated 3.212 0.00273
UPF2 other Activated 2.01 0.00424
NPPB other Activated 2.596 0.00424
PEBP1 other Activated 2.183 0.0226
RBM5 other Activated 2.012 0.0331
RB1 transcription 41\ ated 23 3.29E-08

regulator
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Suupplementary Table 1 C.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State z-score overlap
VHL transcription 4 ctivated 2212 3.29E-07
regulator
E2F3 transcription 4 tivated 2201  2.27E-06
regulator
KLF3 transcription 4 ctivated 2017  8.53E-06
regulator
SNAIL transcription 4 ctivated 2331 1.62E-05
regulator
SPDEF transcription 4 ctivated 3.549  3.43E-05
regulator
SMADY transeription — x tivated 4241  9.69E-05
regulator
SMADS transeription 4 4y ated 2395  0.000197
regulator
TAF4 transeription 4 4y ated 2.688 0.0017
regulator
HOXC8 transcription 5 4y ated 2138 0.00189
regulator
FOXAL transeription 4 4y ated 2011 0.00326
regulator
FOXF2 transcription 4 4y ated 2.425 0.0228
regulator
Wwwc1 transcription 5 4y ated 2.236 0.0376
regulator
GnRH analog biologic drug Inhibited -2.008 1.04E-10
ghrelin biologic drug Inhibited -2 0.00765
vancomycin biologic drug Inhibited -2.2 0.041
chemical -
D-glucose endogenous Inhibited -2.184 5.39E-11
mammalian
chemical -
tretinoin endogenous Inhibited -4.333 6.22E-11
mammalian
. chemical -
cejlhydrotestosteron endogenous Inhibited -2.458 7.39E-07
mammalian
chemical -
nitric oxide endogenous Inhibited -2.156 0.000134

mammalian
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Suupplementary Table 1 D.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State z-score overlap
chemical -
hydrogen peroxide endogenous Inhibited -3.589 0.000283
mammalian
chemical -
cholic acid endogenous Inhibited -2.17 0.00348
mammalian
sphinsosine-1- chemical -
Phingos! endogenous Inhibited -2.055 0.0313
phosphate .
mammalian
benzyloxycarbonyl- chemical -
Leu-Leu-Leu protease Inhibited -3.489 0.00351
aldehyde inhibitor
chemical -
lactacystin protease Inhibited -3.017 0.00471
inhibitor
lipopolysaccharide  chemical drug Inhibited -3.055 1.36E-09
dexamethasone chemical drug Inhibited -2.709 3.03E-09
decitabine chemical drug Inhibited -5.924 2.61E-07
doxorubicin chemical drug Inhibited -3.26 4,13E-07
trichostatin A chemical drug Inhibited -2.403 2.27E-06
CD 437 chemical drug Inhibited -2.083 4.08E-06
fulvestrant chemical drug Inhibited -2.138 1.81E-05
valproic acid chemical drug Inhibited -2.991 2.01E-05
calcitriol chemical drug Inhibited -3.271 6.82E-05
cocaine chemical drug Inhibited -2.644 0.000623
phorbol myristate .\ ical drug  Inhibited -3.847  0.000705
acetate
dimethyl sulfoxide chemical drug Inhibited -2.25 0.000902
isoquercitrin chemical drug Inhibited -2.975 0.00102
ezetimibe chemical drug Inhibited -2.796 0.0012
mitomycin C chemical drug Inhibited -2.191 0.00169
bexarotene chemical drug Inhibited -2.086 0.00191
5-azacytidine chemical drug Inhibited -2.775 0.00384
isoproterenol chemical drug Inhibited -2.968 0.00583
SN-38 chemical drug Inhibited -2.449 0.00719
lovastatin chemical drug Inhibited -3.109 0.0132
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Suupplementary Table 1 E.

Upstream Molecule Type Predicted Activation p-value of

Regulator State z-score overlap
phenacetin chemical drug Inhibited -2.271 0.0176
pitavastatin chemical drug Inhibited -2.957 0.0249
gentamicin C chemical drug Inhibited -2.236 0.0263
gemcitabine chemical drug Inhibited -2.019 0.0293
daunorubicin chemical drug Inhibited -2.037 0.0323
triamterene chemical drug Inhibited -2.046 0.0423
metribolone chemical Inhibited 2101 0.000327

reagent
cobalt chloride chemical Inhibited 2.1 0.000774
reagent

Eiesxaacrzteatm'dee”e f:aeg”;'rff' Inhibited 2,054 0.00633
fenamic acid f:;g”;'rff' Inhibited -2.303 0.0364
thioacetamide f:ﬁ?;?l Inhibited -3.622  3.66E-05
benzo(a)pyrene f[::xeizq;?l Inhibited -2.059 5.09E-05
thapsigargin f:xelgflf' Inhibited -2.209 0.0116
hexachlorobenzene f:ficm;fjl Inhibited -2.099 0.0179
NFkB (complex) complex Inhibited -2.321 0.000851
Cg complex Inhibited -2.381 0.00324
PI3K (complex) complex Inhibited -4.168 0.00418
Smad2/3-Smad4 complex Inhibited -2.184 0.0134
T3-TR-RXR complex Inhibited -3.85 0.0139
OSM cytokine Inhibited -3.165 1.17E-08
EDN1 cytokine Inhibited -3.909 5.37E-06
PRL cytokine Inhibited -2.273 1.92E-05
CD40LG cytokine Inhibited -2.103 0.000238
L4 cytokine Inhibited -2.305 0.00107
IFNA?2 cytokine Inhibited -2.73 0.00236
CD44 enzyme Inhibited -3.066 2.1E-06
OGT enzyme Inhibited -2 8.82E-05
CYPT7A1 enzyme Inhibited -2.538 0.000153
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Suupplementary Table 1 F.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State z-score overlap

GNA12 enzyme Inhibited -2.262 0.00728
AKR1B1 enzyme Inhibited -2.213 0.0217

g-protein
ADORA2A coupled Inhibited -2.003 0.00127

receptor

g-protein
GPER1 coupled Inhibited -2.077 0.0054

receptor

g-protein
FSHR coupled Inhibited -2.975 0.0242

receptor
Vegf group Inhibited -2.077 8.86E-08
Creb group Inhibited -2.541 1.36E-05
ERK group Inhibited -3.03 4.64E-05
Tgf beta group Inhibited -3.942 0.00164
caspase group Inhibited -2.035 0.00296
Akt group Inhibited -3.785 0.00412
P38 MAPK group Inhibited -3.852 0.00606
TGFB1 growth factor Inhibited -5.719 1.81E-16
TGFB3 growth factor Inhibited -3.907 3.62E-05
NGF growth factor Inhibited -2.201 3.66E-05
AGT growth factor Inhibited -4.727 5.18E-05
TGFB2 growth factor Inhibited -3.416 6.82E-05
INHBA growth factor Inhibited -3.805 0.000117
FGF2 growth factor Inhibited -2.853 0.00132
IGF1 growth factor Inhibited -3.388 0.00764
TGFA growth factor Inhibited -2.097 0.0362
PTK2 kinase Inhibited -2.01 6.19E-06
PRKCE kinase Inhibited -2.667 0.00181
RAF1 kinase Inhibited -2.439 0.00314
EIF2AK4 kinase Inhibited -2.382 0.0066
CHUK kinase Inhibited -2.8 0.00902
MAPK9 kinase Inhibited -2.555 0.0109
IKBKB kinase Inhibited -2.886 0.014
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Suupplementary Table 1 G.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State z-score overlap
MAP2K1 kinase Inhibited -2.414 0.0247
ligand-
ESR1 dependent Inhibited 2925  5.21E-24
nuclear
receptor
ligand-
dependent .
AR Inhibited -2.692 0.00001
nuclear
receptor
ligand-
PGR dependent Inhibited 22598  0.000269
nuclear
receptor
RICTOR other Inhibited -4.097  1.23E-11
NRG1 other Inhibited 2662  2.29E-05
PTH other Inhibited 22.027  0.000292
SERPINA3 other Inhibited -2 0.000452
CYR61 other Inhibited -3.485 0.0058
AMER1 other Inhibited -2 0.0192
SH2B3 other Inhibited -2 0.0192
F2 peptidase Inhibited -2.937 2.59E-06
MBTPS1 peptidase Inhibited 22333 0.000219
HTT transcription e 3.072  1.64E-11
regulator
CTNNB1 transcription Inhibited 3.814  1.58E-10
regulator
KDMS5A transcription ) Lo 23.979  1.89E-08
regulator
Sp1 transcription e 3785  6.25E-08
regulator
HIF1A transcription Inhibited 4284  1.02E-07
regulator
EGR1 transcription e -3.813  1.28E-06
regulator
GLI1 transcription Lo 23195  1.49E-06
regulator
CDKN2A transcription Inhibited 23474  1.72E-06
regulator
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Suupplementary Table 1 H.

Upstream Molecule Type Predicted Activation p-value of

Regulator yp State z-score overlap

TCF7L2 transcription L 4288  2.95E-06
regulator

SMARCA4 transcription e 23.328  4.42E-06
regulator

EP300 transcription g 2298 2.12E-05
regulator

PPARGC1B transcription ) 4 2566  2.18E-05
regulator

SREBF?2 transcription L 23535  2.26E-05
regulator

ERG transcription ) Lo 3772 2.52E-05
regulator

KLF4 transcription g 3.073  3.07E-05
regulator

MYOCD transcription Inhibited -2.316  4.76E-05
regulator

SREBF1 transcription ) Lo 5135  5.09E-05
regulator

SOX4 transcription g 3211 0.000744
regulator

MYOD1 transcription e 2386 0.00151
regulator

EGR?2 transcription ) Lo 2672 0.00254
regulator

CEBPA transcription ) e 2794 0.00293
regulator

HNF1A transcription g 2886 0.00307
regulator

ATF4 transcription ) Lo 2,91 0.0033
regulator

ETV4 transcription e -2.155 0.0166
regulator

EBF1 transcription g -2.839 0.0169
regulator

ARNT transcription e -2.093 0.0174
regulator

CDX2 transcription Lo -2.002 0.0177
regulator

TOB1 transcription Inhibited -2.164 0.0232
regulator
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Suupplementary Table 1 I.

Upstream Molecule Type Predicted Activation p-value of
Regulator yp State z-score overlap
SMAD2 transeription i ited 2,19 0.0414
regulator
SMARCB1 transcription - pipited 2,277 0.0425
regulator
ITGAS5 transmembrane i iied -2.991  0.000437
receptor
ATP7B transporter Inhibited -2.5 0.00104
ABCB6 transporter Inhibited -3.015 0.0037
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Supplementary Table 2 IVD 8 X O IVP IRl D /N7 X F —
U BETFORBL L

Name Fold Change P-Value
ATP5F1B 3.472468306 0
ATP5F1C 2.72931513 0
ATP5F1D 3.111822042 0
ATP5F1E 2.336884366 0
RPLPO -2.399189941 0
RPS18 -1.94437609 0
PPIA 2.26404619 0
TFRC -4.344992075 0
RPLP1 -2.548654792 0
HPRT1 3.427693936 0
TBP 2.055735901 0
GAPDH 1.570291761 6.197E-11
ACTB 3.476044971 0
B2M 1.9113208 0
PGK1 2.174724813 0
GUSB 1.234961642 0.003732
YWHAZ 2.170849883 0
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T

o U OEERE AT T B A R TR RSB W

WH I OF AT T 2 BIHMARIL. A AR Z F O ASE TRAIIETLT
BOHFTHLIE— T =30 ORLERBREHEED -S> TH D,
JE— F7 U =& — X 0T, BT BT 0 A B A 2 <L FE IR
iR 372 < ARG A 2 R~ T b o 67, 3 ELL EORES Al
ERATHBLZHE LRy E LTERIN TS (Dochi et al., 2008),
ZOREBOABLNRFERNITZIIZEY  FETHZ LIF#H LY, vilEk
FHVE— TV =X —EEFEORIEA D= ALFEMTHY TS RT
Yy (P4), =R MT VA= BEMERT. SEERALEC R EDOH
BoOWNYWHERERE®E %~ (Bige et al, 2002; Canu et al., 2010;
Katagiri et al., 2013),

VE— N7V — & —JEEREE TR X OWET D 72901 N WS RE O 7
iz B E L2 ORBEIEPRALN, BESNTE L, A2, VE—
R 7V =X — DX RROUEIIL, ERAERVE R LTS P4
#l (controlled internal drug release) . SMAMEZ B K/ A T VA — /L,
BLUOIOboMAGDLEREPREINLTWD (Son et al, 2007;
Rodrigues et al., 2010; Kim et al., 2007),

JE— 7V =X —D%hExtR & L TROFAbMRET s TE 72, 7 Uk
DHFER/NEE IVP RO R B T, EIRMH T IVP RO Z a4 &
¥ (Hashiyada et al., 2005; Mori et al., 2012), Al #%|Z ET * £+ %

“BOWBHE” TIX, U E— F 7 U =X — O RRN W E S, A B H
ELTHHTEAZ NG oT& 7= (Dochi et al., 2008; Canu et al.,
2010),
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EHXELIZVE— T —F—ICAIZICIVP RZBVBET 5 Z & T K
Y OEIRE# Y 7V TH 5 IFNT OFEA L A Z v (Imakawa
et al, 1987), ZENUFEL-Z E2WEL TS (Yaginuma et al,
2019),

LrL, AT #%® ET TliX, V=7V —=F—TOWTHEE (6.25~
18.4% (Dochi et al., 2008; Canu et al., 2010; Yaginuma et al., 2019))
23, BHE DAl TONFRAER (A4 T0.3%~5%) I~ 720 mET
D EDHREDRDH Y WA DI L PR FEROFEAR L ORI ITTR BT E M
N 5T (Miyake et al., 2010) , M+ Z [ELEE U H o5 q 23 4 255 5 3l
DFENRD HIL TN 5D,

PAIRIZ, A ADOEEF 72 U TR AT H2MWTH Y | MFIE TIX
HRFEA LW T mE A TH D, RIS, 71X TP R CH A P i B
VT LD RIEIB 2SI S E I, ZoMNI LT ART — 0T
WL DM OILFWEIT L > THBLTE 17 LTINS 2 EEb+ 27
D, BRALAHEGHKOU VB OIFF O EIC PA MAZEETE D

(Gémez et al., 2009; Labrecque et al., 2011),

PA IRI1Z IFNT % A3 KOV w3 5 alfgtkE 23 & 2 2% (Hirayama et al.,
2014), FENTZRTHZLER BFETHEBELLEL S b OIS
K48 AIFA(E LT & oW d 5 (Fukui et al., 1992),

K sE, PAMREKRZ L — RO IVP A FKBMH T HZ 212X 0, [T
L— KO IVP IREM TOMAN & il LT, 40 A B OIEIRE D KIFIC S S
ni-&Mms LTWwWb (Hirayama et al., 2014), ZiuiE., PA RBSEEIE O B
BORHZED DI +47 IFNT BE2EE L2 2R LT0nD, L
MLER G, 7 Al %, PAIRZBHE LB 2 cmETIEE AL
Y72 5720,

% 2T, PAWRIIHF OfEBRMEA FLEE L7223 6 IFNT 23 % & 8 5 Al e fk
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BNdHY . Al 12 PA REBMT 5 AEMERIT, VE— N7V =¥ —D%h
ReWHETEDL ERE LT,

JE— 7 U —&—TREMA PA KRBV % Ll 5 Aiic, 5
FL LT PA IEROFNME L LML MR T OI0NERND D &5
b,

L7 o T, ABFZETIE, £ PA RO IFNT BEA I K OVl o i (269
%5 IFN JEEMEIC DWW T, IVP IR & g L7z, RIZ. invivo T PA RO
EHL ST D20, mAHEE (I P4 ) B X OVIFN G (interferon-
stimulated genes (ISG). IFN O~ — 7 —#&& % AW I=54f) (2545
PAMBH O B L2 L BEMEORMMY 72 VA L, £72.
JE— 7 U —&—Zx LT PA BB WAL 2 3206 L 7=,
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5 Ml L U5k

1) RS & RS 2R

in vitro TORREA L ZK1X., BEHRIC LY (Hamano et al, 1993) Tio
EBVITo T,

BB H RO U IR 2 EERE(ED, BHE 2~5mm OIPfa XL v I8
M r#E &% (COCs) sl L, 5% v v+ iiE (FBS; HyClone,
GE Healthcare UK Ltd.. Buckinghamshire. England) % #00 L 72 20 mM
HEPES % & & TCM-199 (Gibco BRL, Rockville, MD, USA) T 3 [FI¥E
L7,

COCs IX. &XHM5M 2%C02, 98% in air T 100% 1R /%, 38.5°C T 20~
21 WP[H Rl RS 28 L 72,

FD%, 10mg/ml v vMmiE7 V7 I & 10pg/ ml ~NU & E&T BO
1 ml O T, A L7 IR AL & B A sORs Mg ks ik (2 X107 i/
ml (R & e EE s U KM 5% C02 95% inair T 100% 1% fE . 38.5°C
T 5 RFHBER L7,

J

2) HAREA

U IR RERE R O RS RV BEE 1) & RIERICAT o T2,

R, BT va =2 — a2 L CINREME 2 S IF A & bR LT,

YRR 1L, T% =% 7 — VY »BRFRE R I 1 o #&EZ 2 BTV,
KIZ, 10 pg/ ml cycloheximide (Sigma-Aldrich, St. Louis, CA, USA)
X V5 ug/ ml cytochalasin B (Sigma-Aldrich) % & tef&1E A IV E TR C.
SIS 5%C02, 95% in air T 100%iE, 38.5°CT 6 Rl ¥ % =
& TIEMH b S E T,

EMEAL S E T2 ONREMII I E L. TRED L D IThe#E LTz,
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3) IVP I LU PA IREE 3 I L N D B fG

K52 HE (IVF) E7 I3 AR AOEMEAO®R ., IPRHIL 2 B i 72 TCM-
199 Bz AL, BEH D & 350 IR Z PN i & k528 L 72 (Hamano et al,
1993),

Bl 2 Rl LT, 7 HHIZ, IETS ~v==2 7 L
[https://www.iets.org/pub_manual.aspliZ L Vi L. gradel 8 X2 D
PRAERRIC 2 L2 RIE, MR v v b ooic i, b LS IRE G 738
EoNrt oot Lz,

IVP 5 XU PA @ 10 8L EDOILREREEN 2 4% /ST RV LT VT e R T
&L, vk ey ACYE, BIMEE T CMndcz sl L7,

SHIZ,THRIZBAELEZEREORIE, 20mM HEPES 5 XU 5%FCS %
iR L7 0.35 mg/ ml ExREET Y U LAZEFTLEE TCM-199 (2 1.4 M
glycerol 2 NN L 7= s 55 H 0 G Ut L 7o, IR I SOl 55 o RIS L L 6 1R
% 0.25ml ®7Z AF v 7 A k r— (Fujihira, Tokyo, Japan) (ZE A L 7=,

MEFHALZA hr—L, -6CIcTFHLTEWVW LT Bl I L7 Y —HF—

(EYELA, Tokyo, Japan) ® 7 /L2 — L2 AL, 1 5%k, & 5129%
[FIHERE L7214, -0.33°C /min O T-25°CIZWmHAI Lz, T D#% 5 5y MR Fr
L. MR ERICRE LKRF L,

4) RNA fhitth, ¢cDNA k., U714 14 A PCR
ED# RNA X, RNAqueous total RNA isolation kit % ATl
(Thermo Fisher Scientific Inc., Tokyo, Japan) DfERIZHEWVTHELL 7=,
RNA Ol & cDNA O AERIE. D % »~ k (ReverTra Ace; Toyobo Co.,
Ltd., Osaka, Japan) % fH\ 7=,
Real-time quantitative PCR (RT-qPCR) /%, CFX ConnectTMReal Time
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PCR system (Bio-Rad., Hercules, CA, USA) % HW 47 i, IFNT,
ISG15. MX dynamin like GTPase 2 (MX2). %7213 glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) ® mRNA R Z 3 2 121X H iR
* v § (Thunderbird SYBR qPCR Mix; Toyobo Co., Ltd) % fHu 7=,

VT NZ A LPCRICHEMLIET A4~ =13 TD LB,

IFNT /% forward, 5 - CATCTTCCCCATGGCCTTCG-3" and reverse,
5 -TCATCTCAAAGTGAGTTCAG-3" (accession no. AF238613);ISG15
IZ forward, 5/ -GGTATGATGCGAGCTGAAGCACTT-3" and reverse,
5 -ACCTCCCTGCTGTCAAGGT-3" (accession no. NM_174366) ; MX2
IZ forward, 5° - GGACAGCGGAATCATCAC-3’ and reverse, 5’
CTCCCGCTTTGTCAGTTTCAG-3 *  (accession no. NM_173941)
GAPDH (% forward, 5’ - ACAGTCAAGGCAGAGAACGG-3’ and
reverse, 5 - CCACATACTCAGCACCAGCA-3 "’ (accession no.
NM_001034034),

RT-qPCR /. SYBR Green 10 pl, 788 /K 7.8 ul, 100 yM 7 + 7V — K35
TRV AN=27F 4 <—0.1 pl, BEPDNA T 7L — | 2 ul 25Tk
WSO 20 ul T 2 [ Y IR L TEIT LT,

WE 7' 1 77 F ME, 95°C T 6 M &M L Z e < 40 A 7 L DI

(95°CT 15 ., 60°CT 20 BH., BLT72°CT 10 BH) & L7z,
EHX =Ty PEMLBFORERI L ~LiL, A ACT comparative method
(Presicce et al., 1994) # M\, %57 %5 GAPDH threshold cycle (CT)

fECTEH L7,

% PCR EEM O X &1L, GAPDH #NEEHE L L T, #EHE L1z,

5) in vitro TOE  IVP WO AR L B b L H o IV ££
IVF 7213 ARATEM L%, COCs 1E3#H7-72 TCM-199 £5H1lZ Adu.
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HhE238 L L7z (100 fertilized embryos/1 ml of culture medium),

7T HEEBEE L%, MOBERNEZMHR L, £/, 3~5 FlORELE
EBRTER N/ A FEIL L7Z, IVP O84 . culture—conditioned media

(CM) HiZ, ¥ 15.3 fl#l o M iz & 38.6 8 0 AR 23 f£7E L. PA
TiE, CM H1iz, F¥T 9.2 (H Ol HIRAR D & 41.0 i o IR fa IR A3 f7 £ L
7=,

CM H# 70 (n=3-5) 1T, k92 THHKIRAF LT,

7T BB Lk, b LT IVP B8 X O PA JiE R i (grades 1
or2) IR L., Bl ke v (50ul) I2BL, &5I1C1 HEEEL, %
RO IREE (BN L ORI OFEE) 2R LIk, Hx ORAEE L
2-CM Yo7V T Lz,

ARFC. L L2 IVP-CM % 15 %> 7 v, FERR{L D IVP-CM % 30 ¥
7. Wk L7z PA-CM % 6 o 7L, BILOIHRILD PA-CM % 46
TR R E L, Z2h b CM o 7 ik, ISG15 7' e & — X — ki
AL E CHAEREL T,

6) Iin vitro TOYE : Mg E M O & IREE R CM o LB

RiEE O CM M OMIGIZ I JIFTHEZ D 72D, LMo
zHE LM A#EH L7~ (Yaginuma et al., 2019),

RRALBEGHRKO MK Z /DR ICEBH L, ~XU U HAEME

(amphotericin B and gentamicin, Sigma-Aldrich) % & & PBS THliH><
G F, 500X g T 10 /5 MiE O BE L 7-, BMEBRE KIS LMoL v k
% PRI L, A1 L 72 (70 pm, Corning Incorporated, Corning, NY, USA),
AR 2 Peve L. AR ER O P AE O 7= 12 Ammonium—Chloride—Potassium
lysing buffer (Thermo Fisher Scientific Inc.) THXEL L. 5%FBS # & i
RPMI 1640 £5# (Life Technologies Corporation, Carlsbad, CA, USA)
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(CHRRE LT,
RIZ, Mg o EMEZ, IVP IR KO PA k> CM T, 38° C T 6K
MALE L7-, Z OFE, vehicle CM i%, SO A ORI & LT,
K%, Mgz ISOGEN II (Nippon Gene Co.. Ltd., Tokyo. Japan)
EHWNTH 7Y 7 L, mRNA BB Z00 Lz, iz oiricfald 2
FTiE-80° C THRAF LT,

7) In vitro CDO¥4 : ISG15 promoter luciferase assay

EERIZH W CM 12815 % IFNT {EHZHE T 572, ISG15
promoter-reporter vector % & A L7~ MDBK #ifg zZ{# H L7 (Yaginuma
et al., 2019; Livak et al., 2001),

AR, Bk & 5%FBS =& ¢ DMEM/ F-12 (Sigma-Aldrich) % Uy,
96 ¥ = /LMIAEEEE 7 L — MIZ 1.0 X 105 M/ 7 = /b O % FE THERE L 24 W[
R LI,

Mifeix. IVP i3 KOV PA ff> CM T, 38° C T 6 R Lz, Z D
BX. vehicle CM IR DV CM (JF il D - D¥5%) & LTz,

MDBK fifla o i &hitia > 7 7 Licth, Vo7 =7 —BiEM%E
Luciferase Reporter Assay System % >, #i& ¢ (Promega Co., Madison,
WI, USA) #ERICHE> THE L7z, dOLEORIEE, v~ 7u 7L —FY
— 4 — (Spark 10M; TECAN Group Ltd.. Mannedorf, Switzerland) %

W TIiTo 77,

8) invivo TOh  ZR4 & PA IR

TRTCOEBRFIAIL, HRRERFOEXHMOEH L ERICET LT A
R4 R L TEBY , T X TOMUKEMOERFIAIL, KFOE) IR
ZEBICE s TEARSNTZ,
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EBRAEIS & o TR 75 L IV & £ - 7o AR 225 0 BB 4 itk
L7,

Lix, BEHHO 0 HBIZ, 1 ROHERE (kS TWwWd BEFE)
% 38°C DIRFHIZ 16 MR, MR L IR ERIEIE TIT - 72,

PA &%, GO 7 B B, wmIAEZ D IR o R 0O 75 A1 ISR
IR LT,

41X 3 7 v —712 431072 - Groupl (n=10) 1L Al Z%E i, Group2

(n=4) X PA WAt % EMi. Groupd (n=15) 1% Al £Mit% 7 B HIZ PA
WA BWBHE LT,

FAERM O 7, 14, 21, 28 ARICMIRY I 2 REIRE Y EREL 72,
mRNA F B2 bO & 1213, Blood RNA Cards (FortiusBio LLC, San Diego,
CA) ZHWw, ®E ORIV A WIS S, 2 RIS %,
20° C THiiE, o & THRE LT,

FEURZITIT. K 40 B HICERREIC L 52 TIT o 72,

9) P4 HIE

Mm% P4 JREEORIEIT, EEER R REREE (EIA) &2 AW TBEHRIC &
V FhE L7~ (Miyamoto et al, 1992), P4 DT vt A NBLOT v &A1 [H
EEMREIT, TN ZEN4TBEIC6.5%ThH o7z,

10)%Z M4 & PA IR - Br AN AE R

ey E HE IR OB G fRE D Y B — h 7 U — & — (Dochi et al., 2008)
EZMr ENToARNVAZ A WA LT L7z,

A oBE LML, (1) BIEFII AR Z &85 508, BIETEIX
WO BbIL, (2) BEREREICIHMPZICLY FEBLXOIIRICEFT 2R DT,
6T (3) EWARBEITHICHRS SEU LORETARAZBETHLZ L L L

I
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77,

TS OHEREIE, 4~6 mE 21X T~9 [ D Al THIE L2 0> 4B
DT R E E LT,

PARDBWBAEIZ AL © 7 £7-13 8 HRICHE L7z, £z, HilkORE
FofE RS SR &2 AT IS W 2,

PA I, 3RO H 2 JIE D RO+ A I IEAA R RIS AR L Tz,

BHHRLER D, 4~6 B ET T~9E D Al TR Lo TeRLVAH A
CHEOEDHD AT X DX RAAEE R E LTz,

PEWRTZWT I, K514 40~60 A BICHEBRAIC X 203 CFEM L7,

11) #Eataodr
TRTCOT — XTI EHECFERER =L L TR LT,
T — X MO A E ML, Student’s t-test 72 1% —CBLE S BT &

% D 1% @ Bonferroni’s multiple comparison test (Z X » THFEf L 7=,
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B AR

IVP 8 X U PA (R DKM D ELEE

R T BEIO 8 HRICIEEIICHEZ L IVP 83X PA ROEIE %
Table 4. (279, £53%8 8 H H £ TICMBEEM £ THAELTZWIZ, PAMRED
b IVP IR TR Th o1,

SHBICEETOIVPE X OPARONRER B E % Figure 3-A 2757,
PA IRIZ IVP IR L 0 b islifia s 7ehs > 72 (Figure 3-A),

BEeR & [FIERIZ, IFNT mRNA OFHLIL, s L OBEIZER R <, IVP
XYt PAIRTHEIZE > T- (Figure 3-B),

IVP 3 X O PA R D CM ALE 4% D IFN 54 0 ik

IVP 35 KO PA A5 | R AN 005 A0 2 & Tofih O Ml i 1 e B 2 d T
IFNT OPEAZ AT D720 IVP £ 72 1ZPAR S L < 1Z CM % 7213 cultured
vehicle CM (JF =il @ #) % Figure 4-A 3 X OV 4-B 2R T,

ISG15 & MX2 W5 mRNA Z 8%, IVP B8 X O PA IR% CM THLEEd
HZETHLMNTHIE S T,

MX2 mRNA BB O MO FHNRIT, IVP IR CM & kg L T PA RO
CM TL Vv @Eh»-o7z (Figure 4-B),

ISG15 HRBIZHT 5553 IVP BEL W PA MOR LR T 27201,
ISG15 promoter-reporter vector %3 A L 7= MDBK #fifid &2 f# ] L 7=,

CM THLEE L 7=, IVF B3 X ONPA IR CM & SOt D Fr B 72 590
Z ok L72A, cultured vehicle CM (I7x & 7202~ 7= (Figure 4-C),

ISG15 7' u & — % —{EHEOHEIIZ. IVP IfD CM & ki L T PA > CM
D> 7= (Figure 4-C),

IO DRERIZT, IVP BX O PA RO 573 IFNT Z AR L OSH L
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ISG15 @ REOHMZ /- H T 2 L2 REBLTWD,

IVP 3 XU PA D CM THLER L 7= fbal & btk o B af <o IFN
T 1 D HL Bt

FHIHR D OMEIL, BRAIER T EICMHET DO ORMRENETH D,

HBHE LB L7e %, MRS HEME 720 | IFNT O 53 80
95, Wiz, 7 HHTIHEMBRLOY UIRIZTFEWNTIFNT #/53WL., invivo T
T HOBUNREICEEST L 2 LRWE SN TS (Rashid et al, 2018),
ZITUEL TWARWIR LML L7c & il 2 (128538 LT, T2 o IFN
&M 2 bl LTz,

LR U 72 SN R 2 & 7= 13 fa 2 o WG ox LT b L7 PAR LV
b IVP o E & NAREICE N >T- (Table 5), X512, ISG15 YuE—4#
—IEMEI T D B2 L 72 bRl £ 72 138 k% o IVP B8 XY PA IR T
CM Ozh Rz #~7- (Figure 5),

AL L TV IVP B X OVPA RO CM 28 ISG15 7' & — % —iftk % %
LA L7z, BE L7 IVP B3 X OV PA IR CM 1%, (L L T\ IVP
BLXOPARDO CM LV b FEICHW IFNIGEHEEZ R LT,

AL L= &9 b b3, PA RO IFN {EIX IVP R L 0 b A E
2@ o7z (p<0.05),

BEMEICK TS PABHEDOREE

HRF 29 O BEBME LM L, PABEOKE LA LIz (Table 6),

Al Z V=T %% MEEE Lz, ZOIEIRFEIT 60.0% Th >7-, PA B
DL a2 IVP IRBAE D 22 eVt & FRRE & SR o7z I E o
7T HBIZ, PAMR 1 EZ 3mSR OF = A L7c, PAIREZBHEL 723~
TOUEZR Lgholz, Al %O PA R (AL+PA) OFFR. iERSE
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1353.83% THV, Al DALDGH LRIFOIERTH -7, 7o, AL, PA,
BIWAI+PA 7V —F TR Lo 720 8RR L2 % H 50T
FNEN 20.5, 26.0, BLW284 HTH-o7=, AINH 28~40 HTTEHD
FREBZWIC LD . AL TOMIRRE I T 258 U722, PARETITM
T DOHERBILITE Moo, 6110, IR Z2MR LaToftildy T, N+4
PEITHERS S72 o 7o, AL+ PA BEIZ 38\ TR IR I E 72 133 2E O sl 13
T&ET, T XTORRFTEF RO MPBIEINT,
HEEND 7, 14, 21, BXO28 Bz L, miEd P4 BERS LI OAHIM
EKICE T 5 ISG © mRNA FEHITx 35 PA MBMIC L 2B LA LTz,
PR PAREIZAIB IO PARE LI L CAI+PABTIZ 14 HE (B
iz 7 H) Twmoo7c (Figure 6-A), 21 H H TiX, PAB KLU ALl +PA (GF
WEHR) BECHIR L7228, AL (FHR) B X OVAL+PA (UTHR) BECTIXE VW EWL
LUV TTHERE L 72, 28 B H Tl AI+PA (EIR) BERLOREL D L AR
EUWEZ R L2 (p<0.05),
Figure 6-B 8 L 6C (2, ISG15 B L X MX2 ® mRNA %Il % R~§,
ISG15 & L O MX2 @ mRNA #HL%, #EiES 21 HHIC, AT+PA (3F
EHR) FEL DS AL (EIR) HETARICE N2, & HIZ, AT+ PA (UEiR)
SO 3 ODFEL Y b bIZEmWMELZ R LTc, £/, PARETIX., £z
LT L,

Y= T Y —F—DFENVRAEZA TEICBIT S PARBWBEORE . I
HhER

JE— 7Y ==L B SNToERVAZ A FE 95 BHIZ PA RO BV
W% 92k U= fE R, 38.9% M &ZMh L7, xR E LTt s Al 2506 L 7=
FRETIT 32.0% Th V PA MIBWBHERE TR @V EIM 2SR BTz,

ZORERE S BICREMICRFTT 2720, AT4~6 [BIZIE Liar o =8t & 7
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~9EIZHR Lol ICHy T 2 A, Al4d~6 BIORETITIBWEBIE A2 E
Jiti L7=REDZHERIL 37.9% (22/68HH) TH Y Al DA DR 32.7% (603/1,843
H) EHBERETRD N o728, A1 7T~9 [RIORETIX, 40.5% (15/37

¥l

GH) & 29.4% (158/536HH) L 70 PAMRBIHHE CABEICEWSZIBEERAZ R L
7= (Table 7).,
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RIFFETIE, £T PARORKMERE LT,

MOFZRHEN L OMEIE, FEICERT DO OMARFNTH 5, Wi
fali o T ieie L%, MELSHE L, IFNT o5wnEmn+s, —5, 7

L TWienwy UiRY IFNT 253 L. 5N OB/NREE 2 i
THEOWELH D (Rashid et al., 2018),

PA RO A FERNRIIMVRI R AL L OWHEHE T IVP &L TR
WA o T2,

ZoOHME LT, B PAROMIEEB O S, IVP I # fa J& 3 o
ESXD b EWVWEOWE (Somfai et al, 2010) o, AHFZE & R OIEME(L
FEIZE o> TERR S L7z PA IRTIE, MR I20 72y (Velasquez et
al,2013) LWL, 7o, PAROT A b —T 25X IVP RO T R ks —
TAEBE Y bEWy (Wang et al, 2008) L O#&ENH D Z L avb PA IS
DFSHARLEL A D 72N T2 B D DI T 2 OIS LB R B IE I SR+

D TH oo REES 2 BT,

wicvnaxF—BRF T 23 ) =7 U EHELIN T, U v OB ORIR
BFETHDZ ENME (Berg et al., 1992) SN THEY, PARIZIZ., ZD
BEENAE L TCWDLREENB Z NI, & 62, B M OMLEN, PA
RTIIMOI & IX R D ATREMEN B 2 BT,

Koester © | (Koester et al., 2011) \PA JRDEWE 5D DL (37%)
A IVP IR (52%) LV HA8< . &P O birefringence intensity 73 i fia
ERE L O LREDICEE L T\ 2 2 @AE LT 52, — 5 TPAKD
MRS & AT, AEFEICL > TETEEEZLN TV D, FlxiE
ionomycin X° 6-dimethylaminopurine 72 ¥ Zff fil L 7= PA IR A pE 57 1E T
X, IVP IR L 0 & fn s & Il AR E < SR S OEER G [F)
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B T®H -7 (Gémez et al., 2009a; Gémez et al., 2009b) L HE L THY |
EM LT EEZBRETT 2 2 & CUAESIRZ N LS5 WREMEZ R e L TWnD,

WIZ IFNT O AR L OO MfIZ 33 2 IFN OIGEMIC BT 5 PA IR
DEE Z IVP IR & g LT,

IFNT ®» mRNA % #HiX, IVP rL 0 & PAIRCTHREICEWVEOWERH
% (Labrecque et al, 2011; Gémez et al, 2009b), X 5|2, PAB IO
IVP £ CM Z 1 f L7238 Tk, PAKRO CM 1, B LOFEIZH DD S
T IVP RO CM LV & ISG EMHEEZ RE<HHT L2 A2FEIEL, 202
Lix, PAWRO IFNT £ Om & 2R Lz,

Yao 5%, IFNT mRNA 7% IVP IR Tl 16 M3, PA JR IR c
RELIED D Z L 2@mE LTS (Yao et al, 2009), X 512 Rashid &
1T, B L L T WIS IFNT 2 A B L O L, 7Y TEICHRIE
RIS #=#FHE+ 52 L &2%E5E L7 (Rashid et al, 2018),

AHFFROFE L LT, Al %O IVP B W2 TENT IGE % BN S,
JE—= 7V = —DOXHBFE2RETLOARELHDLZ L EZRL

(Yaginuma et al., 2019), ZH 6 DOHEIT, VE—F7 U —F—IZ PAIR
ZBWBHET 5 Z L TIFNT 2458 CT& 5 W RetE 2 "2 L T\ 5,

AL #% O IVP JROBWEAEIL, IFNT 25k 25 2 ik, VE— 7
J—F =DM W ET DO DOMRRTGELEEZL BTV (Dochi
et al., 2008; Canu et al., 2010), 7272 L, ZOFETEBHEKDS AL I X
LIEMEMICZIET DML H U NA IR EROIMB R E I D,

T ZTCARMETIE, PARMZHWAS Z Sl NFZhaFEEEL, Ho
IFNT &OHBIZ X 22 RMESEO RELRH D L& 2 R R EMiEZ
I URGEE L7 2R WA I3 AT, £, T oMoERZE LR I
MmoleZ &b Al %O PAMRIBWBAEIC X 222N R Iz, SbIZ
BEH & FIARIC, IR 7L — 7 Tl Al Bl & bl LT AL % 0 PA IR
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21 H HIZ AR A IMER T ISGs mRNAFBL L ~/L B3I L7- 2 & 2R L7

(Figure 6),

ILYRRRNL DA IS v B3, AL #% 14 B B ol P4 L, AL
M) L0 b AI+PA RO TR EWEM 2 H Y . Al %2 O PA I HELD
EARFETIL, AT 28 HH £ T, I Z@ U TE Y mu» L~UL Tk L 72,

Hirayama &%, PAROBAGIC LY PA JRA IFNT %253 L, FHAGERAT
ZHEST L2 L TUOMBEF PAREN G L-VICHEFRF S D 2 & & 5E5E
L7- (Hirayama et al, 2014),

UV OAERNTIE, IIZE Y AFES Lz IFNT (T8 N2 @i L e
#RIZA D (Oliveira et al, 2008) . 4R O p ik Z 3 oAl ik DA IZ E
el 2 Rio+ (Bott et al, 2010) L FbNTWVW5D, KERN 5, IFNT
213 P4 pEA 2 BB 5 %EX 202 (Nitta et al., 2011), G Eko
ILZFH5IWE TH 5 interleukin-8 (IL-8) #HNK L. 4F FEk % A NICE
f§4 % (Shirasuna et al, 2015), & 5|2, IFNT {EMA kiFHEk e IL-8
W%, in vitro THEARKINL D 5 O P4 436 Z R, 0K & 8 5 58] 5 Rig
SNTWD, 26O HEIT, Al %O PARIBWBHE CTY ¥ OILR% B &
WENLT D DI+ 537 IFNT 24T 2 2 L2 R"e LT 5,

ABFZEIZ BT, PAMBAEIL, EELBEBMEOZHRRICEE L5 272
Moz,

THIE RV RZ A CROBEE OZIRE L B L TEWRIRE RIFZED
EE AR TIX 60%) OREMMEA LM LI2/2D, b L <L PA O
RMNEN -T2 LICEDRRLEEZ BN,

— 07, BB ZENIE ERE < Vs, BAEER T AT %2 O PA B W AR
WED . V=TV = —ThHholt R NVAZ A VHOZHRELLETDH Z
LER LTz, Lieto T, PARIBWEMIL, BHREOENY E— 7Y
—H—DHRNVAZ A STEOBFEGE ) 2 BB TE D /R IF R S 723, Ik
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IR EIRAE OBENEZ S DS ESEDRERICIE R bR o T2,

TR EBR TiX, IVP IR & FERIZ, RS CTHRAE 7 PAD in vivo T
BHENOIMETES 2 2R LTS, L2L, VE—F T U —F—7K
WAL A CFENBOBIEER E LT, PAREHEL IVP IS 44.8% & &
WEIREThoTe, ZNHOMENS. PAROIERGIEEZ KR L, HHH
o O EEZ K L CTIFNT @ invivo TOREZ I BICEDDMEND
LEERD,

fhem & LT, AMFgE Tl WEaifio v > PARIZ IVP JRE Y & IFNT %
YU D ATREME DS NS IR R~ D FE AR R & F AR 0 B DR B ERME WV 2
EEH LM LT,

S 52, PARIZIFNT Z AR LT OV L, ISGs OFEBL ML, v
OMBFEF P4 LR ELS R SN D 2 & LB LT,

JE—RFT U —F—FRVAZ A FETIE AL O PARBEWBREIZL D,
SHEE (Al OA) OZHRELV LEVZRENGONEZZ L0, ATEO
PA IRIBWEHE O BHEEATIE, W7 ZhzEEL, JE— 7V =¥ —0D%
EEdETHOICAEEEZ DN,

AIFIEHRE R 2L o S D DITIE, R R ANEFERBREZ 1T, U B —
RNV —F—DZMHRIZE T D PARBHEIC L 2% EDROFEL in vivo
TDOAN=ZALZRRDLERD D,
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Table 4.  In vitro produced (IVP) ¥ X ' parthenogenetic (PA)JE®D
AR

AR IR e AR (%) *

1] N
VRS 5 Day 7 Day &
IVP & 33.3 (85/105) 38.7 2 (74/191)
PA & 24.8 (165/665) 26.3 b (175/665)

*ARIN OB TFTIIEH LI 0o RBELEZROKERT.
a,b ERIEXTICHEZEZDY

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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(A) Cell number in embryos
IVP

IVP PA

(B) IFNT mRNA

Relative expression

*
*
or-l l"'I._

IVP PA IVP  PA

Before After
freezing thawing

Fig. 3. IVP 5 X' PA MO D ik, 15:3%% 8 HH @ IVP B8 XU PA
MEZNEN 4% /3T KL LT LT e FTHEE L, BME T THROMEEk%
FHAIL 72 (n=10 LL k., A). F#H7e IVP B X O PA RO %R LTz, £
#% 7T HEHOWERBIMWZ B L, IFNT mRNA %3 2§l & L 7= (B,
GAPDH mRNA ¥H & CTHIE). 7 —#1X mean® SEM T/RrL7Z. * [I#
HCHEBREZENHDHZ L E R LTS (P<0.05).

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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(A) ISG15 mRNA (B) MX2 mRNA
* *

8 - % % * %

6 - e

*%*

Relative expression
N
AL
H
Relative expression

oON &~ O @

o L

Control Vehicle IVP PA Control Vehicle IVP PA

(C) ISG15 promoter
luciferase activity

S 20+ _
7 sk
o

Q‘ * %

o 104

Qo

> ‘ ‘

§

¢ olem =

Control Vehicle IVP PA

Fig. 4. IVP 5 L OV PA JE0> CM ALFE I X 5 TFN fEHE0 i, (A—B) v 3
[ R 70> & HELEE U 7= 96 AR I Control ¥R (3578#K) . Vehicle & (ARIETFETE D
O ARS8 HR) . IVP iR (JF i & IVP ROEERIK) F72iX PAWK (UP
FEfilE & PA RO % 6 RN L7\, ISG15 & MX2 mRNA
HHAZRE L7z (n=3-5 £EBX). (C) ISG15 promoter-reporter vector
ZH A L7z MDBK #MilgIZ#5fE &k 2 6 Rl L7z (n = 3-5, 4555
). MDBK 0l a0 £ # i % [5 ¢ L, Dual-Luciferase Reporter Assay
System ZHW T v 7 =7 —ViEEZHIE L.

PRI AMICARRERHDH L 2R LTS (P<0.05 and
0.01).

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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Table 5. In vitro produced (IVP) & parthenogenetic (PA) & i H =R
D bz

. Day 9 (2B ) B i H = *
1] N
ERATE  TEREm AT oHE BRI bHA
IVP & 26.2% 2 (50/191) 67.6% 2 (50/74)
PA IR 8.6% b (57/665) 32.6% b (57/175)

AR OFCF I LIl bR AE LT IRO % 278 .
a,b BRDLEXFICHAEEDY

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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ISG15 promoter luciferase activity

P=0.08
| %
l s
3 - *
c
O
? 2 - T
o
g -
o 1 -
=
E !
g 0.
Control + - + —  Hatched
IVP PA

Fig. 5. IVP B L' PA ROt O A HEIC X 5 TFN fEMEO i, Fi 7 H
BIZHEBLH O IVP 3 KOV PARRMIM A EIN L, S 51 1 H ORI #E %
K L. BN OBHOFEAZHER L, SRR ERFI L. ISG15
promoter-reporter vector Z & A L7~ MDBK #lfiic £ S ERZBIMNL 6
e 54 L 7z. MDBK i ja D 53 % % [A1UX L, Dual-Luciferase Reporter
Assay System ZHW\W TNV 7 =T —BiEMHEEZHIE LTz,

FIIBMEANCHBREN LD Z L ERLTWVDS (P<0.05).

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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Table 6. AI. PA JRAE° PA BWEBAEIC L 5 BREBMEOZ B EL LW
WAL DAL,

=% B4 532 Iz
TL == PE PE =2, AE ¥ XHD’#‘ ﬂ%¢‘
WL R it STE A = e SREK (%) (%)
Al 10 6 60 0
PA 4 0 0 0
Al + PA 15 8 53.3 0

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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(A) Plasma P4 concentrations (B) ISG15 mRNA
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©
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Fig. 6. BEMFIZI T 5 PA MBI ONE. FEiE%Z O days 7, 14, 21 &
28 MHEMZITV, MRS LUK M A mEkZ EU L. fEd P4 JREE
(A) % EIA T, KM AMmEo ISG15 (B) & MX2 (C) mRNA F . % il
ELT. ‘a, b, JIXFEBIEFICBWTCERXM TAERENHDL Z L ZRL
T3 (P<0.05).

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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Table7. VE— K7 U =X —DOKRNAZ A FEFITxT H AL £7213 PA
1B W AE O 5% i =%

L Al ZE i 4—6 [A] Al FEfE 7-9 [A]
= 5 Jiti BE 2% IR (%) 5 Jiti B %% EIRR (%)
Al 1843 603 (32.7) 536 158 (29.4) =
Al + PA 58 22 (37.9) 37 15 (40.5) b

a,b BLLFEXFIEAEEDY

Noguchi et al. J Reprod Dev. 2019; 65(5): 443—450.
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FIE 7O A% IZIIT 5 EF DNA OMEE B X iR
AR 43l & o BIfR
Fi S
BERFIBVWTALBEEZOZRRIIREICRESEET I ZFEUR
FHEMOZHERE (RELBFEMN 201712 K5 & BURERKRZ H V723
HMEED AL OZIRRITELABELT LTS, 20D, ZIHROKTICH
LD ZNT 52 EIFBRFREZODBREORETH 5,
FERFE B L ORPERRRICE > T, ok FHICREIO AL 2475 Z &
WA 7NV EERET D ZEARE FEETHY O DITIT %O
UL AR RRRE A MR T AL E N B D, L L, FEHROIRRE & Bl
HZHFEEIRT 4 —arF 4 var2arRBEORRICLD EZANDK
&< BB HIENIINEETH D,

R O RERDIR BB 12RR % 72 B TR S LT D, FATIE iR, AD=
RNF—NT 2D BRI B KT T Z RN TNDN, 2
AVZIEBERE R (NEFA) S R Y 77U & U R (TG) 72 & DIk 5k 57 D 224k
STl EN 5, ZOADZ XL —NT o 2 FINEEEEIC L ADKEL B
FIETZ ERRESNTWD (Leroy et al., 2011), A O 5K RERF(Z fL
TE LM &5 NEFA 13 908 0 2 & IEOMBN & 5 F (Vanet et al.,
201 3 RESNTHBY, @ NEFA [REDIIFORNDZEBIEL 2L b
(Desmet et al, 2016) HE SN TWVD, T HDIMF DT Y > DIREE
BRT D LIRS ELNTVDIR I HITH LWEEEZ Ao 52 &3y
COREBE LY EMICHEET20ICE2TH D, EFETIEMLPICHFET S
cfDNA BB OEFIREZ KM L TWDH EEZ LRIX LD, fDNA & i
A2 B I PIZH S 72 DNA TH Y, b FTIRMES O cfDNA O &=
FTREEZMHTT 52 LICL0 FHEVORANAETH L EHEINLTND
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(Bettegowda et al., 2014), =512, AFHICEIET 2 A Tlix e MEFEH
D cfDNA &R DO E D~ — N1 — L 72 % &3 54 (Chou et al, 2004) X
t MR D fDNA ENMEBHEE O BREHENH 5 &+ 5®E
(Dimopoulou et al.,2014) B3 5, F£7-, HIRFORETIIR FICHERT S
DNA 2’ oMEHIc Az o, & F TR OMET fDNA % Hu

THREOHHHIL TWDLHIRH Y | mWHRIERZHwE SN TS (Elena et
al,2013), VIZEWTH N EHB LI BNH Y 85% O Bl
STV D 2 (Priscila et al., 2012) 7 & TOHE LI, Z D K 9 72 fDNA
CAERDATERE ) L B L7 A N2 H e STV D — T, ofDNA O
FEZAIZ B W TUIIMEE I CEB R 202 &R0 MR RE & KRR &
DIEAVEREIEA B Z M LW e T 58 E S & 5 (Hart et al., 2005), 1
HefDNAIZEBRREI P2 FUTHROBORHHD, I har U7
kA St DNA (ef-mtDNA) %, #ifadh7=h o a v —HinLnwid, U7
V4 A 5 PCR(RT-PCR) IZ CTIERICHIET 5 Z &8 T& % (Kansaku et al,
2018), JRREIE > DA L7z cf- mtDNA Z WO CHlE L, 2+ & RT-PCR
THIE L7z cf-mtDNA 2~ 2 EIEFICHm WA S 5 (Kansaku et al.,
2018) Z ERHESNTVD, ZD72H RT-PCR % T fDNA &% &
L. 2D v ORERBOFMICHATE 2261, v OREEZ LY IE
MEICHIRE T D 2 LAl REIC R D,

FE R B W CITAFHLAEE IO N D U v O EZIE & BEEMEROIE)
WZEEND 4O b EERELFETH Y FHEMICH S 2152 FiEiEh
KB RALNTE T2, IMBAEZ W72 MR CiE, B2 & e o —58 % 1)
D ELY PCRIER FISH IEIZ K o THAIZHE LIm BB T 2R A8 Tbh
TW7e» (Huaetal,2013) | ZOHEITFEPEETHY | ZRELIK
T2 DIR ERIX LR o T, EF TIEMZEBEK Z iz AL 23w 6E
70 LR L TWAHA (Filho et al, 2012), @H OHERKK LY mEETH
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0. BTNV RIEN VRS 2D OZHRENIK N2 & (Sales et al,
2011) 2HETH D, S HICZMBPZEF HRAABIR & FAFICT D720, 1
EREEANR EDORAZ R L2 T Widnz L2 & Bz /e AT Hdiy
DBEANGMELE SNREE R TWD, FEDOHZG L HEDIENT, KA
HNZIEF oML+ 2 HENRH D | 2T BIEFT B AN TS5 ETHEEH
ZOND, ZORBIIHLSNBATRDATE Y, Muller &3 EFHZ W
£ 0 AFER IO E D BT OMER Z 2B L T D (Miller et al., 1986)
Fo. FARDPSEI L 720 Gk Hric X 545 (Bongso et al.,
1975) . & 5 W X RO A IZ 3 LT PCR J7iE % AW 72451 (Kamimura
et al., 1997) PMTONTWD D, WI b FKRDEUL FH TH D DI R
HThole, TZTARBEIZITHRHNTAI Ma R TH 7 AHKRD fDNA

(cf-mtDNA) OfIZEEH KD DNA 25 Z &2 Ko TH ORI
FRENE D DA LN T D Z & T efDNA OISHDENILRN S &5 2T,

RBFIE T, Sy mi s ORI % %1502, of- mtDNA &2k & R4k
#(NEFA. TG. AEMi/Kk#ERFE (LDH), 7/ a—R)#E & oK% &
WAL B OIEZEENZ SO W TRETT 5 & & bz, RSO miEE WG+ o
PEIR o AT REME 2 AR L 72,
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5 Ml L U5k

el 4

IR E LR EOM Y v & LT,

B L IXRERYNER CTHDLZ ENHRETEIANAY A U 15 FH
CE¥IH i 39.243.8 FHFERE 1.7+0.2) % /-, 72, RAB 2 1XE B
9HHL AN A K A FE 5 BHCZIRAY « ¥ H i 64.4+18.8 I PERE 3.441.3
REZRA - FE Al 67.1£14.9 “EHERE 2.6:20.9)% Ao, S HICHER 3
TIXEEBRMMEMC, REMEREK T AL 21TV, % 24~32 H OMLIRE

SR EMER L7z 16 314 H T,
INHDOTVOEBEHIT, RAVAX A U, BREMELE L ICEM KT,
WA FICAFES T AFA L=V 5255 LEGO@EEEHICCTERL
oo MIRERBUIAT O EREIM ZE B S OERREHFTIT o7,
1ff ¥ B B

a2 B L VEBRE T CTRHIRE D~
BT 2B L 7o, BRI L 72 R L E 612
EFE T - 80°C CHAEIRAF L7z,

T
=
\F
b
~
S
o
f

2
=

Bk
&
%&
(R
d
=
=
R
P
;‘:ﬁ}

15 % 45 00 30 7

MmAEHF > NEFA & TG, 7V a—AREIIE L7 v AFeisEgs
o (KBR) %> MF AT vt TM | NEFAZ7R7 v& A4 TM VU 7Y
vt IR, IRT vk ™ )La—R)&, LDH OWNEILX B T34 4
At DA KFZFHERZMEF ~ b (LDH Cytotocity Detection kit) %
AWTHIE Lz, FIEZRMAO 7 a b a— g L 2 BE L7z
Il & T
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cf-mtDNA = & —% o | &

M#%%/% DNase RNase free 7K (Invitrogen. Carlsbad, CA, USA) T 400
EFR U7, AR A RIT Sk 7 o 3 7 DSOS & BLSE L 72 VWV R JE 4 BTS2 B
I CHE L7z, DNA o#iH 1% (Kansaku et al, 2018) @ FiEIZHEW il R

(B A& L. 20 mmol/L U A2, 0.9% Nonidet P-40, 0.9% Tween-20,
Proteinase K 200 ng/ml, pH 7.8) & AR 4 % &R S L. 55°C T 30 47,
98°C T b ZyALBE L iR A+ L 72,

PCR iZ KARA SYBER (KAPA Biosystems) 10uL &7 > 7 L — bk 6uL ¥
FOENZEN 20L O 7 T A ~— (RKIRE 0.5uM) THEFF 20pL 12 LT,
CFX Connect RT-PCR # (Bio-Rad, CA, USA)IZ TiT>7=, 714 ~—D
THYA L FZ I bary P77 AEH(NC_006853.1) & A IC 1626—
1706 OER4y 81 bp & XFARIT primer3 plus & AW T it L 7= forward: 5°-
acccttgtaccttttgeat-3’, reverse: 5’-tetggtttegggetgettag-3'2 A7z, PCR @
ZAF1T 95CT 343t 9TCTH R, 60CT 10D 2 A7 v 7% 40 [Alf#k Y
KLUz, #MxtE&ED=® PCR EME 27 % —(PCR-Blunt2-TOPO)IZFHiA
Ty = ASTESN 2 MR L7 D T 10 A BRI 2 /ER L TR # &~
HF—FRELTHWE, T XTORISERIL 2.0-1.97 Th -T2,

PRI & SRR E

MmAEH @ DNA |X, NucleoSpin Plasma XS (# # Z4t) ZH\W7 o k=
—/VZHEVI L7,

PEYIBNEL, A AR 7 DNA Z it L T2 BE# (Lemos et al., 2011;
Carneiro et al., 2011; Surachai et al., 2011; Larson et al., 2001) 7> % Table
SIRTAMBOT T A ~—& i, £LT7 ==V TOIREIZHOWVTITL,
77 ryxmy Mz T 55-65C O Tl b IR 2 K5 R 3G b 7zl
E2H LoD & 138> T o,
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PCR /% KAPA SYBER (KAPA Biosystems) 10puL &5 > 7 L — b 6uL
Broenzh 2uLl 7 7 4 v — (BAERE 0.5uM) THEF20pL 1T LT
fTo7-, KIGIE Table 8 \Z/R- T 7 =—VU v 7 OiEEZHV, &I 95CT
34y, TNLE 9TCE M, 7T=—V 27 1TH% 39 [A# VK L7, KIS
T, BRIKEBLTAY RERER L,

Figure 712, N2 D77 4 ~—% H\T PCR Z1T\WEXKIKEN L 77
NDEEZRT, Pl TEBEWT 7L — NI L, FALERAZDODNN RO
MENRLSTWERT T L — FRELS 25 L HBINKREIZ /e 572, P2
Ti%, P1 LREERICEWT 7 L — R TIXFE UALEIC AN RO AL P3 T
X, RGBT A AL XA ZDHFIAREEL < 1,000 725 100 FEFRTIZR
7R EIBIN D N HEL D LN ROMBEZDOLONRTNIFERE -
2o PAIIZL ORI THOYONTWNE T T4~ —TlEdb DM, N FOE
THIBIDATRE T o D i, #< 722 LHRINEE LW, EOMO T DIk %
AWTER LA, BEERRbE NPT T T4 ~—38 & 4 ZROMIRF O
Mgz 7=,

A DM
FAEOPEIT R IC B AR TSRS & ERE LT,

AR 1 o iE O cf-mtDNA Z2#h & gk & o Bt

gk & LT NEFA, TG, LDH, 7 /La—2%l7E L, RT-PCR Tl
E L7z cf-mtDNA & & FHB 20 ~7-, migsBux, *54 15 BE(&IEAR v
A B A CFE) DB 4y iET 30 H~53Mt% 60 B £ TOROF 11 B, #EE% 2
RFLANIS . RBERR & 0 BRI L 72, MigIE~/~ Y 48 L, 3000 rpm T 20
sy o LB X0 i L L, ZhEEBRICH W, MR 30 A,
3 A, 40, 11 A, 20H, 30 A, 33 H, 37T H, 44 H, 51 HZ LT 60
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H# L& L7,

R 2 AN LEAEREOMAEMER & cf-mtDNA & & 22 %

WA 14 BHICKE LT, AT Rp(BRBSEAR) O F R 2 R #R R L 0 SRBe L. &
B 1 RO GIETIR L LD, HRIROMEEZIT>72, & HIZ fDNA
i L, cf-mtDNA # RT-PCRIECHIE L7z, £/ AT IXEEICL D, 4T
WREEE TR K% 60 B BICIR AR & B E 2 Wric TiT o 72, HlE L 72 ik
PR & ef- mtDNA X526 & Ao v Tl L7z,

AR 3 Al DNA 2 H v 7= M8 Bl
FABLORARATEND MR ZERILL, DNA Z#iH L7z, kW T, ik
FIZIRAT 2B FHKRDO DNADOENGDLTHL Z EAHERIL, Tt ho
DNA % 1,000, 5,000, 10,000, 100,000, 1,000,000 F X % 10,000,000 £
IZAR LT PCRIZE Y DNA #iE L. EXIKEIRE R A RO 7=, RIFEHRO
R, 794 ~—3BL04 &2 H T 16 EHOEIRFOMHBIZIT - 7=,

&

e

HRHT

HE L7~ %E B M oMEBEEIT= 7 v VIcf B o CORREL B% % v
THIE L7, F£72 2 KO #IZiX Welch @ t-test # H P<0.05 %A &
ZHh &L,

k=11
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B AR

AR 1 itk O cf-mtDNA £ &) & gtk & o Bt

LA 156 B3k 30 Al H 60 HiLZE ToMmMERAIFHEB LW of
mtDNA = v°—#{ % Fig. 8 |27 7, MAEH NEFA &%, 434k 30 H Al & b
Lotk 3 HAlA S 01 51 & CIXARICEWE L 72 - 72(P <0.05), ©
D% 60 HZITITABEZEN 2L 720 | FA%EOMICI T L7 (Fig. 8-A),
Mm% TG &I 504 30 HET& B L, 208 4 BLRICE W THERICERLS 72
D ZDE FIEMETHR L72(P <0.05) (Fig. 8-B), 4%+ LDH Wt E i,
i 30 A& D 0tk 51 AR E CIIARICEWE LS 720 (P <0.05), Z0
%ori 60 BRRICITAEZN 22V | FAEOMHIZIKT L 72 (Fig. 8-C), 1M
7L g — AR, SRR ER L, itk 33 B LAME, /o iAl 30 A
ICHRTHEBEICEWEE 72> 72 (P < 0.05) (Fig. 8-D), 7=, MmiEH cf-
mtDNA = B — #3504 30 AR & bk L, i 4 BELLHEEICHEVVE L
72~ 7= (P <0.05) (Fig. 8-E),

FREE B B OFBEREEAZ Fig. 8 ICR L7z, cf-mtDNA =2 & —#%
M %5 & LDH 2383 5 EO MBI BR AR D 5172 (P < 0.05)(Fig. 9-
A, —FT, Zha—AREL LDH MICEDOHHE., f-mtDNA = &—# &
TG JEEM. TG EE L LDHEZ LT/ a—AEE L NEFA B E ORI
A OMBEERRD 5= (P<0.05)(Fig. 9°-B~E), ZDfhofisbE T
»H 5 cf-mtDNA & NEFA BX OV o — Z2BIICITFHENRRD e snoT-
(Fig. 9F~G),

B 2 AL BRI Mk & ef-mtDNA & & 221
714 5HD AL BEO Mg IR & ef- mtDNA = ©°—%( % Table 9 |2~ L 7-,
FEIFIR DOEAR & LB U, IR L 72 EAE o Mg NEFA BE XA Z I mVE
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Lo 72(P <0.05), —J7 T cf-mtDNA = B —%01%, ZIEOKGIC X DI
BN oTo, 72 14 FHICITHRLV A ZX A FE 5 5 & BB ffE 9 50 T
SN0, MEMETHE LN TR TOEE TENRL MEI LI
TR AR OkEEITo7 8 2 A, NEFA B X O cf-mtDNA T
TEEIR AL & b IFEIRIZHENTHEA &SNS OO FEEITRD b i
ST(RNVAH A U FE vs. BREFIFE,NEFA, 0.17+0.02 vs. 0.17+0.02; cf-
mtDNA, 4,657.15+1,469.45 vs. 2,814.81+808.60, K/ A X A U FEZE vs.
R, NEFA, 0.21£0.01 vs. 0.12£0.01; cf-mtDNA, 5,609.30+2,169.98 vs.
3,228.92+1,100.31, B EMMEZNE vs. &% n ,NEFA, 0.19+0.01 vs.

0.15+0.02; cf-mtDNA, 3,537.10+1,126.52 vs. 2,236.97+463.10),

AR 3 MBI 77 A ~— O &5

PV B 24T > 7o it F % Table 10 IZ3”d, 77 A4 ~—38,4 HITARELEEZ X
525, bLIE—HTHA, RAHTHRHILBA WSS A A LHE LT,
a4 16 P FEAE L 72 F A4 DM R O ik iR & C 3l L7265 R & R EE T
oo 7B A1, 68.8%(11/16) TH - 7= (Table 10),

B ERE ORI 2 140 HLAN & 140 H BARRIZ 0 CTHIBIER Z F T 5
L. ENEN S0 B LB 0% Th -7z,
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AREBRTIE, VT V¥ AL PCRIEZHOTHIE L7z fDNA &8, 77k
AT OAFRENEZE LSBT I2RHICB VN TRESEHTLI L 20
MNIAER Sy o LDH & IEOAMBIA, TG BE L AOFHBIERIZH D = & G
D Hz, —hHTALICK 2% kFEIEZBAFDOMIZIL fDNA ®IZHER
AIBEINRNo T,

SRR CHRMER TR E S ZLT 2 2 SE—HKITm 5N TV D 3B
LIZBWWT S MR O Z LS R T & 72, M NEFA RE X0 i% 0
feMighBic kv ER 32282 E Tl ST % (Monteiro et al,
2017; McCarthy et al.,, 2016), F7-. itk © NEFA RE O EFIXEH 72
WFLBIAAICHE D IERFB B3 BMR LT W A 2 L3 ST 5 (Kunz et al,
1985), Fx DRMBRIZIHE W T H Mk, AE 2R NEFARE O LR ZED LR
73, ZOMEE ef-mtDNA [ZITMHBARRBO b oz, MEFO TG
FEVE, etk WELBHAA & & IR T35 2 & AHE &1 TV 5 (Nowroozi-
Asl et al., 2016), R TILFREO LB Z B L, Z OfEIL, cf-mtDNA =

E—3CADOHBNRD b, 2N E CTOREH T, M TG B E
DI HERITEWALTHD Z LR RBRINTEY ORF 5, 1993), RHE~D
AR OE S % cf-mtDNA &KL TS B 6N 5,

1> LDH &% — xS, B OERNTORIER EOFRIEL L THWS
NTW5, E-IF BRI & OWBE A2 5 & it o> LDH 723 E&-4
HEVIHEL H D (Hwang et al, 2013), FHx OB TII ok 30 H%
W25 7 EANREO bivlc, LA Tixim+ LDH R EIZITR & 722k H
BaRIsnN2VWEORENDH Y (Wall et al, 2015), A RIOFER L1 X8R > T
WD, D DBREE R CIIE AR WEE & LTl LDH AEL Ik &
NTVWLINHEERINTWOIR B ot fEORKRICITHER LY v
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BGOBREICH 2D TIE W EHR L Tnd, —F Tl o LDH % cf-
mtDNA & & b _ 72856, WA X EOHBENRD bz, —#%iZ LDH I
G EZRET 2HIEE LTRSS HWLNTE Y ko BimiEic s
WCHIH & TV A (Simon et al., 2017; Decker et al., 1988), 7 % O &k
JE M DORFBICB W T REEM LA CI har N TICEE L2 52256
cf-mtDNA 238 . 5 Z & (Kansaku et al, 2019), AR 9N e PN —CHERL & i ia
DT R P = AR LIVJIE T cf-mtDNA EIZIEOMHBERH 5 Z & WG S
Tk Y (Ichikawa et al, 2020), Ziu 5 LDH & cf-mtDNA [ CiE D B

RO BN E D cf-mtDNA £ I3 53 i 1% O REAR O HI R LKA AT S 2
DEENRDHY, ZHICEYMFIZ cf- mtDNA R ENSZ ENREBEZ LN
7o 2O LDH IZANRD TG L ADOHENRO LN &b, KN TEZ
% M D JIELCHEFE R 2NV & ofDNA 28 <. TG MKW &0 9 BIE A
THRENDN, 5B ZORIIHERT ILERD S,

PRI ef-mtDNA & U v O ORRBREZR &N 572012, Al O
W DR L ARG O I Ry A bl U7z, IRy Tl NEFA R JE A%
BARICBWTEL o T, & NEFA EIZEMM = XL —RED
REE SN TV L A EIOWE T OR S EZR L 2 &L 23R 7-
IO A AT AMER IOV THERT AL ERNS D, £ cf
mtDNA O EIZZIRFLEARZHRFO " KETHELEFHRETIAEENR
N0 T, KRR CIIARZELENOR LN 5D 7 v 2 LR T
bololod, mfl, ERESSEEO AU RERITLSERNHY | F—7F
HEHWTERHELRBRFEDILETHL B I bNT,

B %\ BEAE O BRI MLR C A1 O PERIHNE O FTREME A BT L e, A A B KO
A 24O iR 240pL 2> S AT L 72 fDNA % 1000 75 1000 522 #R L

THHBIHTZ A ~—%H\v PCR THtE LB H W& 2 A, MR

FEITHERRICRESHBL FFCHDBE LV E 2D EBEXIKEHO AN
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Y RTOHENHE L < o 7o hS | — EWREE O B AR T & FVIXB e 70 24151
MATRETd o 7o RRBRIZEB W T, B ORI IR 2 TG F oM 2 4051
L7236, 68%RREDHERL D | mOHTEITHLWERE o7,

FHEOIMARIZIE T O DNADNRAT 5 2 E BNARFIEORIRSGE 2D, —
07 TR O MR & AT U 72 5Bk TUIEME - O MBS AR L 722wy & Wy D s 8
SN TW5 (Hiroya et al., 1996), Z O#HETIE—>o>D[aEM: L L T DNA
BREF IO L2 EF TS, —5TPCR ZHWTRAFEDMEN S
filli L7 DNAIZIA T DNA R FEET 5 2 L 2R L85 S & % (Yang et
al, 1996), AR CITHBERKFHTH o 72n, BEICIRAT DB T 0
DNA ENERICEEL TWDHEEZOLNTE, V~EHWIEERDER TR
O MEN» S FHOMEZ EMICHEL TWDHHENH D (Priscila et al,
2012), £72t P TERHMEZANTZHERTETH L Z L bHRESNLTND

(Elena et al., 2013), Z @ @i [H O ZFIZ O W THREKIIA 5 2> TR WA,
JE AR DRLRR PRGN — K & B 2 D LTz, U O MG 1A SRR R IR
ThY MKERBOE N EITRHMAMIE & R AR Ot L7 K&
{RipoTWD, U~ ERMEREECTH D03, MM O 5 27 0 FEE D
TR VIENWI ERRIN TS (Silver etal., 1973), Z D7, 7D
AR ERIC IR 7O DNA BEHAD MIKIZBATT 2 MENMEL 2o T
WD RBEMNE 2 b,

ARBICB W TR A A L i CE D ER LR LTz & &
H.BFETOHERDEmLS o TR Y BEshk & [AAROMBA %2~ L (Lauretta
et al., 2007) . a7 DNA EAT 2 e R ITATLIR % W T ® < 72 2 ATREMED
RS,

ARHFFETIE, MAEF O cf-mtDNA ERSHEBERE S EET 52 L0, M
o LDH X TG 72 R E DR IR E & BEN & 5 FVR S 72 h iE 2
P& OMBEITR bR T-, o, BB KT IZHkF O DNA WA
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MIFET 2D 2 L BRI SN I FOMHB 2 FEICIT 5 ITEES 8 h-
7=
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Table 8. EBRICH W=7 F7 A4 ~—F& v k

T4 == B4 T=—VUI7RE

F  5-CCCGCACCTTCCAAGTTGTG-3’

o R 5-AACCTCCACCTCCTCCACGATG-3’ ®
F  5-CCCGCACCTTCCAAGTTGTG-3

v R 5-TGCTCCTCCACCGTCTTCT-3 °°
F 5-CTCAGCAAAGCACACCAGAC-3’

"o R 5-GAACTTTCAAGCAGCTGAGGC-3’ *
F  5-ATCAGTGCAGGGACCGAGATG-3

e R 5-AAGCAGCCGATAAACACTCCTT-3 °

6. HAEBEMFZHE 20195 14(1)) 19-23
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1,000 5000 10 105 106 107
S LT SL TR T

oo A ~q Raiad
i R T e s A SeR

P1

Figure 7. MAEH G HIH L7 DNA O A& RAE & MBI R

FAEARATHOBRBRM HEIM L Al L 72 DNA % 1000 2> 5 1000
TEIZAHAR L TPCR KIS ZE1T-72, /£ PL-PAIXT T4 ~—DR, EIFHW
7= K F—o xR,

6. HARKEMZHME 2019 14(1): 19-23
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2w 2 1000
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Figure 8. 43 Wit o M4 o sy 16 D HER

RIVAH A FE 15 O MEF Ok (NEFA, TG, LDH, 7 /v = —
2, of-mtDNA) ZHBIEL, HEITELOVHMEE EEREZ R LEZ. Al
NEFA REOHB %, B 1% TG REOHBE A, C I& LDH OWOLEOHE
Bz, DIiZZrva—RREOHBEEZ, £L T E X cf-mtDNA =2 &—# o
AR LTV D, MEENTREMEZ, I nke % 0 L LB ERL
TW5S. 3o 30 HAET (—30) SHBLAEZNHY (P < 0.05).

B 6., HELSH. 2020, 91(3): 227-232
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FEH L. AERMEENES b N/ZHHE % Figure 127779, A: MAEH cf-
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Y (P < 0.05). B: MR 7L o— 2y () & LDH O (B
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Table 9. Al D# OZ O RS & g MRS LY efmtDNA = v —%

A IE H =4 (n=7) REZM4 (n=17)
NEFA (mEq/1) 0.20+0.01a 0.14+0.01b
TG (mg/dl) 17.63+10.46 16.2+6.11
Glucose (mg/dl) 49.64*5.79 47.07+t4.85
LDH (absorbance) 0.98£0.04 0.93£0.03

Cf-mtDNA (copy)

4425.19£1195.28

2520.39*486.76

Zhad 7 BHEARZMEE T HOMBEMR &M 1 pl PO cf-mtDNA =
V&R Lz, ab MIZAEEAY . EIZVFHECFEERETRT.

B 5, HEZ#. 2020, 91(3): 227-2532
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Table 10. cfDNA 2 L 5 M5B & F4 o

Al D

Ne EHEAH H i PEVR fRILEFO Hiim  CHERR MR
1 2004/ 5/3 153.5 10 274 M M
2 2008/ 8/23 104.7 7 212 F F
3 2014/ 8/8 35.6 2 170 F F
4 2008/ 8/23 106.2 6 167 F F
5 2010/ 8/ 6 83.2 5 164 M M
6 2011/9/6 70.6 3 158 M F
7 2013/ 6/30 49.2 2 154 F M
8 2011/ 3/24 16.8 0 154 F F
9 2010/ 5/30 85.7 6 153 M M

10 2011/ 9/ 7 70.9 4 146 M M

11 2014/ 4/21 40.6 2 123 F F

12 2012/ 7/17 61.6 2 120 M F

13 2013/ 9/18 49.5 3 67 F F

14 2013/11/23 47.7 2 56 M F

15 2016/ 2/25 21.1 0 52 M F

16 2007/10/ 1 120.8 9 46 M M

6. HARIEMZME 2019 14(1): 19-23
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BEZOWRICTHEELZ 52 TV, ZORKIZZIZO Y STk > T
WIRWE S R Z W, BEFZDONAJRE L TFFDORFTBIZTEETHY | 204
PEFVE L L CIEBHE (Embryo Transfer; L F ET) M)A VWS TV 5,
REMMOIE RS LA L TR  BEMEF4OHENRD LT
Wo, ZO7w, ET HEAIs AR BMEAEE L S L7DITIERNTZ
EDOTERVENRTH Y RhEM e ETICL D TA4AEFEIITRNE G FEE DR
RBIZHST 5,

R BT 2%, MOE | BIEEIRS K OZ A ORENHERER &
LTCHETAHZENTED, REIIMBMICHLZINE 3 DOERITK L
T2 RERIBICHEREE SBR[ LD FIEORREZL L
THIAME S DORBAICET D5 FIEOHE ZIT- 12,

FPTROEIIxIT S L LT KN FEZE (in vivo developed; LA K IVD)
IR & RS 5 v B L7z (in vitro produced; LA T IVP) IR0 i {5+ %
BLOZEIZOWTHRF Lo, BIE—BIITEN2 HERET 5 IVD & JRRN
DIT-Z RN ZHE S CTERRT 2 IVP B2 H 5, IVP IRITEAE DR Hiff
DERIZH 2D 5T IVD I XTREIZHS S, £ 2 TIVD fiEd K&
flefr L, IVP & Rty — o —Z2 T L7 & 2 A IVP IR Tz
AR L ARCHIEN FIZ XD REPBEIN EI Far FUTICEAT S
BETFRIUCKERENBD N, I h2 2 R 70O DNA 2 —$% Y
TNEA L PCR THIET D EMEARICBITSI hary RY 7RV L,
SOOI Fary RFUTOBWED —>ThDH ATP E4 ki3 5 & IVD IR T
BWHRRE RS, 2O LTI F L RV BERRERKIZII P2 FU T
B D72 ATP D7 WO RGEDHAM A EAGEH LTV, Zhub DR
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FO IVP BOERICEWTIFEFERI Fa v U TOMNERE . B2 kA

FLAZOT XD REBREOLEENPPA SN E Lo,

WA HEN 72 BT Ei Otz B L, #i/=7e ET FiEOBIRICE Y flA
72, MITEEIRIAFD 1 D ThHhHA X —T7 a3 T 52 ERHMbN
TEY., FTERNCEBRPHFET 256, ZOBBHEINT LS, ZEL, v
THB OB TH DD, Zh &Rl GEHA R FHNEL D, BAFRL
(parthenogenesis; UL F PA) RIZZBT 52 B0 RA v —T s

W EDEF O TE L IVP IR LU PA OB F R L& TH M
flZ A 2 =T 20 U ~DISEEN TH D ISG15 MR TE AR EHET-,
Z Z CANL#HR (Artificial Insemination; LA F Al) #12. &M L72W PA
IR BA Uiz, PA IR OB HIXZBITEBE ST, Al %ISR E B

LB idmWZ B RB G o, Z2OFELZRNERILFO) B— |
TV —=F =T LT L 2ZAZRPHER TE 2D PARZHAERAF L. A
THRBEZRICBET 2 FIEC XV RZRFOEEEFE LTEHATHL Z L
AR L7z,

3 DOOBMB L L TP DZIMITHET 5 EBN RO - iR
Ji ik S ONC R O KRS I & FI A U 72 s o MEEIB o "TEENE I oW TRET
L7ce TNE TR BEDHWIIRFICEDRT A a2 T4 ra a7y
ZAHOREO EARE LTE2n, AR5 TidMiast DNAIWCER L,
Ifi. FAZ AR IZ k925 DNA & EN D508 Z O BITATRE & pl4 5
EZEZADNTWD, TR GAEHRENET D0 MATR 2RI 15 HO
Tymb 4 BBEICHRML, MERTOI Far FUTIZHKT 5 ast
DNA # U7 V%A 5 PCRICK - THIE L7, MEMIZSHE LA LZO
BT L, 207 =& EMKENTET — 22T 2L NV 7V 8T A4 R
EAD, LDH L IEDHENH 5 RGN E -7 (P<0.05), 2D Z &)
Lo I by FU T HRMES DNA &3V v OABMRE TR E <
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FALT 2 2 EDNH DN o0, WIT AL REIZER I 2 1TV 32 I 6 L & b L
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IIEH SN TV D RHED RKIE MIZ X 2 RO BREFEHROUWEIZONT, ¥
VTR OGS X N L S TWD A RIFSEIZ B0 TR O R I H
2 IEFOMAas DNA BFTET 2 2 ERFEA S v, T Ea Wiz 22 M4
BITHEO RS R S 7o, Ly LRHMAR ORI I L TW S IEF 0
ML/ DNA BIZALETHY Rl Lo THEDNH D T LRI NI,
WRARIZ X D2 BT, BhEtr, iRf o &gk & v 9 ERIC X
S THNLT D, IR Z F W2 T4 EREICIT 5% IVP IROTE AR & £
DEFZZDIV, AUTEHAIIIIER T EOWRBICET L EERX D, £123
FITBT DR EOFRTISKE LT PARDOHFADBENTH HF
AHBI L, SHUEH LW E L CIERAMNHRS LB 25, Kkl
A RPFHFICBWTRBENRRE LS ER o> TWDLRZ D55 FIT AR
Z &% <, Mkt DNA ORE XTI ICHE R FIETH DO FHEOXIR
MHBIIEHA T 53525, EBTOMHBO ARG LA OB
WEOMMATZENIIE TE2EE 25,
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Summary

Development of embryo transfer technology for high pregnancy rate

Tatsuo Noguchi

Management of a dairy farm depends on high pregnancy rates that follow
artificial insemination (AI) and/or embryo transfer (ET) and the income
obtained from calves. In Japanese dairy farms, animals are suffering
from low pregnancy rates, and the development of countermeasures
against these low pregnancy rates is crucial. In addition, milk type calves
are sold at a low price, whereas meat type calves, such as Japanese Black
Cow (JBC), are sold at a high price. Therefore, the production of JBC by
ET i1s an effective countermeasure for increasing the income of dairy
farms. In line with this, increasing numbers of in vitro-produced (IVP)
embryos, obtained from slaughter house-derived JBC ovaries, are being
used for cattle production; however, the quality of IVP embryos is lower
than that of in vivo-developed (IVD) embryos. Furthermore, conditions of
cows profoundly affect pregnancy outcomes; however, the lack of
molecular markers for cow conditions hampers the improvement of
pregnancy rate following insemination and/or ET.

In this study, I first explored the factors affecting embryo quality by
comparing the quality of embryos IVD with that of embryos IVP. Second,
I examined the effect of co-transfer of parthenogenetic (PA) embryos on
pregnancy outcomes following AI or ET. Third, I examined a novel
method of evaluating the condition of recipients using the cell-free

mitochondrial DNA (ef-mtDNA) content in serum.
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Experiment 1. ET uses embryos IVD or IVP for cattle production; however,
there is a difference in quality of the embryos obtained using the two
methods. The first study explored the differences in gene expression
between blastocysts developed 1n vitro and those developed in vivo. IVD
blastocysts were flushed from the uteri of super-ovulated cows, while
blastocysts IVP were derived from in vitro-matured and fertilized
embryos. The same batch of frozen bull sperm was used for insemination
and 1n vitro fertilization. Blastocysts were subjected to RNA sequencing.
Differentially expressed genes upregulated in IVP blastocysts were
annotated to focal adhesion, extracellular matrix-receptor interaction,
and PI3K-Akt signaling. Genes upregulated in IVD blastocysts were
annotated to oxidation-reduction processes, mitochondrion organization,
and mitochondrial translation. Although the total cell numbers of the two
types of blastocysts were similar, mitochondrial quantity (determined by
mitochondrial DNA copy numbers and expression levels of TOMM20) and
ATP content in the blastocysts were lower in IVD blastocysts than in IVP
blastocysts. In conclusion, RNAseq revealed the differential molecular
backgrounds between IVP and in IVD blastocysts; mitochondrial number
and function were found to be responsible for these differences.

Experiment 2. Repeat breeding is a reproductive disorder in cattle. ET
following AI improves pregnancy rate by replenishing interferon tau
(IFNT); however, it results in a notably high rate of twin occurrence. In
the second section, I conducted an experiment to test the hypothesis that
PA embryo transfer following AI (AI + PA) improves conception rate
because the PA embryo becomes a supplemental source of IFNT without

twins. PA embryos showed higher IFNT mRNA expression than IVP
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embryos. Examination of the effect of cultured conditioned media (CM)
of PA or IVP embryos on Madin-Darby bovine kidney cells with stably
introduced promoter-reporter constructs of interferon-stimulated gene 15
(ISG15, marker of IFN response) showed higher stimulation levels of
ISG15 promoter activity in PA embryos than in IVP embryos. We
investigated the in vivo effect of AI + PA on healthy JBC. Cattle
transferred with PA embryo alone were non-fertile, while those that
underwent Al + PA showed a pregnancy rate of 53.3%, similar to that
observed with Al alone (60%). For pregnant cattle in the AI + PA group,
adding the PA embryo upregulated the expression of ISGs and plasma
progesterone concentration. No twins were generated in the Al-only and
Al + PA groups. Using repeat breeding, Holstein cows, which did not
become pregnant with 4-9 instances of Al and transfer of PA embryo
following AI, had higher pregnancy rates than those in the control group
(AI only). We suggest that AI + PA may be beneficial for improving
maternal pregnancy recognition in repeat breeder cattle while avoiding
twin generation.

Experiment 3. Cell-free DNA is observed in the blood of cows, and
mitochondrial DNA is easily detected by real-time PCR. The third
experiment addressed whether the amount of c¢f-mtDNA in serum is
affected by maternal physical condition and associated with pregnancy
outcomes following AIl. I observed that the concentration of Nonesterified
Fatty Acid, Triglyceride (TG), Lactate Dehydrogenase (LDH), and glucose
content in serum notably changed after parturition. Significant positive
and negative correlations were observed between the amount of cf-

mtDNA and LDH and between the amount of cf-mtDNA and TG,
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respectively (p<0.05). There was no significant difference in serum cf-
mtDNA levels between pregnant and non-pregnant cows at Al.

In conclusion, results of the present study reveal the molecular
background underlying the low quality of IVP embryos and effectiveness
of using PA embryos in improving pregnancy rates following Al. In
addition, this study sheds light on the possibility of using cf-mtDNA in

evaluating the physiological conditions of cows.
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