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BE

WES OBEAFALEINZ RV INERIS X D AR MR T Z2 BRI NIRRT %

H oy TN O—& %5l > TV 5, BRI IC & 2 I REAR T34 72 R

HRETH D Z Lo, JilRibfiEE Td 5 Nrf2/Keapl #E# DTG ML A 18 C TR

A NV ADEBEZRD ST LT, B MEO~ T ZAIFERO NGRS %2 5

BAEZLENTEBLLWVWIHIRIDE & Nrf2/Keapl BRIEOINEICBITAEEL R

15 LRI, Z ORI ZTEM L S8 533K Dinethyl fumarate (DMF) % 55%%

b MERIER S L O~ 7 2 W, Nrf2/Keapl $RESITINEIC BV THIERL

B FREEZHIET D21ERANS D Z ENH O/ D . DMF X Nef2 Z3EME(L LT

TURIEWE ORHN LA T 5 L TRILA P LA ZD S8, w7 RS AHK

592 & YR hTE R Aa SRR O HE N -2 72 23 © IR NG % 38 & 5 Al Retk:

DIRIE X FL. A 1% DGR ~D R DMNE S L7,



Fr3C

PAEAFIC BN T, DRI OB LN EAT LT %, [EAET A
DN ABREFFTFHAIC K 2 & FRIEFEER T LA 26t T D, 20156 FTRMR
S3L1 k., FEM29. 4L 7eoTHRD, 30 401 (1985 4) &g+ 2 & K% 2.9
W, ZEE 3.9 ERH LD, Eo. H 1T HAEROREE O EEEERIT 2015 4F
(CBWTIE30. Tk &, 30 £FAT (1985 4F) LT 5L 4. 0 EF LTS (1K
1-1), TORBELH Y | LN —EDOBIC AL FE ORI H 72 5 A FHR R AR
1% 2015 45T 1.46 &, 30 4ERMCEE~N 0.3 TFLTRY ' (M 1-2), 4% bLEH
(ZBREE k. Db, HAFRRO FAITET T 5 EE 2 b D, THUICEWAREE
(2T oy ZAATEEI L TV %,

AU &%, [HETEFR OB L PITIREFE L, H2—EWHE, #5252 L7
B DOMER Z KRR AT > T DI S 300 b THEUR D RN & A 72 WA
ETEFR SN, AFITEVTIE 2015 FEI2ZF OHIMBHER D 2 FE00 5 1 AR HEHE
St TOHEME L THRZ AL 5 2 MEOFE RN LA 25 700 TR ED)
IRIBRE T H T LT 2 E~OHIFRET 6D °, KL TIH, Rtz
ODRLZZERH DTy 7 3 MIC 1M, ERICREDORAELCIRIE A 21T -
WL ELITBEZ T TWE L vy 7VE B I 1A L bl TE b,

Z DIRZAN AR 2 D



AED RN AN - BAER S ARSI S D "(K2), &35

(IEEVEN IR T T2 2 MO TS " T(¥ 3), £TDRE7R

R E L TIEA F L AR EOFERIZ L DINEOMEmAZET b s ¥, BRE

RSV SRR 222 L, —IRNIEIRR SN S 2 A I AP AL

NG T, MmN & N S Sk - IR~ L IR (X 4) 1B

EEEATITOND 2N RITH S (M 5-1), A TORAITEE L2

DI L TEY R TIXHEAEROK 20 A2 1 A (5.1%) 124725 5 55 1001

APENZRETHAL TV D (2016 4F) (K6), L LKAV EEZ LTHHIEIC

R L7220 EIE1X, 30 35T 21.5%., 35 & T 18.4%. 40 5T 9.1%. 42 %

TIE 4. 5% & FEABAFZITMR T L 2 IR OMEIZ L 2 BITEE SR E b -

TLTHIRAR LA, 7o, NMERBEITAER, e, BERICaENRE

< P 5-2) FRE TIEAGETRHR LALFO ML O W S 2 bR 2 S 5 245

RN E P AEREIC b REREL oo TV 5,

RS SRERISITPEINE DD AT B A KRBT DNRT U ADRAL

MENEL D, IWROMBECDRERIFAK &2 DL A PV AZED Z &

T UIPBROMEZ BSOS 2 ENEAVEORIFICAR TH D & & 2, EERHER

LR 1 Cd A Nuclear factor-E2-related factor 2 (Nrf2) / Kelch—like

ECH-associated protein 1 (Keapl)-antioxidant response element (ARE)'""



ULy

WCHEHB Lz, EFIREEIZEBW T, BRERF Nrf2 13 Keapl I2 L VY AIREICE O 5

&

. BBATHIE SN D 2 & TRIsFEINIHI ST D ¥ M3 (b= b

LRIZE L END L, Keapl IZFBLIERG SAUNrf2 & OFREG 23S L, Nrf2 |34

WABITT D, BENA~BAT LT Nef2 (138 s 1 EIRIC & 2 BB LB EC %)) ARE (2

fia L, TS FORHAZHET S " (X 1), FEEFICIEHIRREREE T

b5 Catalase X° superoxide dismutase 1 (SOD1). DNA [EEEZTH D 8-

oxoguanine DNA-glycosylase 1 (0GG1). NAD(P)H =/ »imJclEss (NQO1) 72 &

BRI EREN S END 2, Nrf2/Keapl SIS EUNIHERET S 2 & THEKIT

BRALA D LA DR S TER Y 0% 80 2 OB RA 2, MRt & o B

HITHEDL) S TE T Nef2 IEMA LA & L CTRAOFTH 5 Dimethylfumarate (DMF,

TINEEDATFV)RMBILTEY (X 8), 1959 FENLHMEDIRFEE L L TR

HIZIE Y fEH STy 205 3 E R 38 MERELIE (multiple sclerosis;

MS) O —JBINIE L L T 2013 I KERNEIHKSL A (Food and Drug

Administration; FDA) 25 7KGE S AU TCLAKE, 5 55 2cE (2017 R TK

REN, BET30 FALLEOBREFICRESNTEBY KEE I—10 v/ XTIHE—

BRFE L U CREH STV A B8 RIRIZIBUVTIE 2016 4FI2AGE, 2017 4212

FErE S, EHBIRE->TND %,

WL LA B U ATIRRZ M S5 2 & TREEICEN 52— T, #ilk



BEORELA N L RZIPFEOFEELCHEINCARI R THDH EEZHNTEY ¥ b
ARVAD LNV EBEYNCYF—V A N THZLIFAHATHDL EEZLND,
% Z T Nrf2/Keapl R OTEMAL BRI A b L A 2555 S, Il &2 R ikx
BEOEDZLIZORN L%, b MIFERERIESHIG &~ v R PREIC B TR

L7,



FHik
1. b MEACEERIEMD

BENOOEIZLDAE L, HR K EMIEESOAR (3594—(2)) @
b & BRI RFE S BRRL E ARGAR 2 Y = v 7 THRIZ RGBS 171 A (26
~46 %) OTRINRFIZINfIE A B L, LA S F5EEE s Lz FiEz AT
05 b N AR (granulosa cell; GC) % HiRERs#E L 7=, UIIRIK % 1500
m/s C 10 4rfEDoyEE L7=%%. 0.2 % hyaluronidase % % A/72 Phosphate
buffered saline (PBS) T L. 37 "C T30 41 > F =_—h L7-, BHIK
% Ficoll-Paque {#ff (GE Healthcare) (2%, 700 G C 30 Zyfilim. LBl .,
[FE A I L 72, PBS THE L. 10% T ¥ =2 — /LALER{T & < 1fiLiE (FBS ; Biowest)
EHAR] (= U > 100 U/ml, AL h~A 2 0.1 mg/ml, 7747
U r 250 ng/ml, Sigma Aldrich) % & A72 DMEM/F-12 (Invitrogen) T8
L. 2 x 10° cells/ml D¥EFET 5% CO,. 37°C DEMTER L, T3TDGCIE

2-3 HEDEEED O HIZEEFRNH 21T - T2,

2. GC DIRFHI
ClIZBWTE LA N L ADERIFRKWE Th HIEMHEERTE (reactive oxygen

species , ROS) (X 9)=X° DMF 73 Nrf2 BB RIFTHE LT 57Dz, Bip
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HYERE DR LAKSE (200 uM, 400 pM, 600 uM) F7~1XDME (50 pM, 100 pM)

B LAV ENVESRIRICERAN L C 48 WM L7-, 558803 E &P RT-PCR £ F

721X Western blotting (2t X7~

3. b MUREAHAR

FRRZPMEMBLZRZOARE (324) Ob L, XFICTREEZRFTEA O

BB 2 -, BRI 32~ 2 I CIER R AREAN 2 b B, RLE HIRR

GnRh 7 a7 OFGIIENTELT, FESEED LAITFENEREOT-OICHK

FURZEZEERB I B W TR T O BRI S e, WEFRIICIE

7R PN B R 2 L7,

4, <R LEKBE

P BRI 2 THIR R P EFSRAER E) R E B 2 078 (K P-17-009)

DY LT, FBERESMIL23 £ 2 ° C, B 50-60%, €5« K~NFT 7Y —7

7B ADEBRE T, 12 Kl Z & OB L Uiz, 20 Mo BALB/c i~ 2 (H

AKF ¥ —/L XY R"—) Z32MFETHBE L., DMF (Sigma Aldrich) DIFEE~D%)

REF~D 70T DMF FE & Control £ (45 15 L) @ 2 BEIZS5 1 DMF £ 13 0. 1%

AF N m — A ZREEIR R L 72 50 mg/kg @ DMF % 0. 1ml, Control HEIZIE 0. 1%
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AF Nt a—R2% 0. Iml, FHLFEN 32 B0 48 W F T 16 BELEH RO E

L7z (X10), JeA75E8R P20, 32 #liniZe N C 35 miaitk. 48 Ml 43 mkAl

TEBELTERZITo 1, TOK, UTITRT L ICHINEREZ1T - 72,

5. = U ADHEINFHESE - TRIN, IR, MIFLREX

DMF & 721% Control HAIFAEPE G- OB BT U, £OF, mmiHI IR EA H & Ok

PRI 2 WidT USEBRIC I Uz, R85 s H R MR R AR V€ » (Pregnant Mare

Serum Gonadotropin, PMSG; & 4/ HU3K) &k OV M EM: =2 N b2 B (human

chorionic gonadotropin, hCG ;&9 )HIFK) ZEPENICHR G- C L CHEING % %

1To7-, PMSG VE&I1% 47-49 BRI 12 hCG 2 H 5 L. # 0 13-18 W& I T

TR L. MO PN A IR L CERIRL 72, IR T A AV THEDILZ 60

ul ® Fe v 7% NIPEHRR (human tubal fluid , HTF; Merck Millipore) T

TERK L. SV R RES 2 a8 L CRBAMEE T CHIFI0 A A 4K (Cumulus—

oocyte—complexes , COCs) % 25 7 — U{EHEH CEREL L 72, AUFHIIEEEZE D

([ PERRE ARV~ U R TCEE, ZEINBITIRIA R A L T80 EEIRAFE LT,

6. ~URGIFDOHI T b

UP Ml 2 bR LT2ORFE D 7 v b ERARAEOBILZ 2 AN E LT, mibd
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D COC ZHHL L 72 B & [FER D HIF & iV, (RO 21T o 70, FMERLE L7z 3-
6 7 A DRIZAD A A~ T AOREE LR G 25 77— UiES$H4 AT 200 ul
Ry 7O HAFOICREIRZRILL, 1 RRA > F 2 _— & —NTHE L, C0C
EEEBL Fuy 7N 2 pl BEFEA LKA ZITo7, £ Fax—F—

WNT LR E L. ERIFOai ey ok Lz,

7. SPBAAERRSLRERuE,

E RO~ 7 ADIIEZ 10 % EFEE AL~ Y o CEEL, =%/ —/L T
KU, 2RXT 7 0@ L, B T4 pm, <7 AT 20 pm DY &2 1B/ L7,
PREAY) 2 iR 7 ¢ %%, Target retrieval solution % W THUFMRIE(L
L. Envision + Dual Link System/HRP (DAB) kit (Dako) % FUCHufEifa %
To72s FINEDOYIF D45 % Hematoxilin-Fosin (HE) Yl Uy, 45 F
FRROPUATHRE L, 1| kEiikE LT, B FHI-Nef2 HUIK  (16396-1-AP,
Proteintech Group) . t hHi-Keapl Hifk (ab66620, Abcam) . ~ 7 A anti-
Nrf2 $Hiflk (1:200, 16396-1-AP, Proteintech Group) & < 7 A$i— Human 8-
hydroxy-2’ —desoxyguanosine (8-OHdG) #Hif& (1:100, N45.1, JalCA) % FH\>,
4CT—MoA > F 2~_— |k L7z, Negative control & LC Isotype-specific IgG

PR L7, A7 A4 RixMayer-Hematoxylin ik (Wako Chemical) 2 CHEx| LYy

13



B LRI LT,

8. ~ U RIERDEHI

Bk U7e~ o ZONEHER 0O HE B ndiget A 2 IV JEZ2BRREE 2 VT 00

RH72 0 OISz FH L7z, Ikid, FAaile OF 1< O BRI E &

b)), kI (HE—7Z2 SR ORI E 2 H o) . —RINg (L ED

FERIIR AR & o) . iUl ORlalkEz &-o) o 4 FIZHB L 2, Mishra

SO7R b= 2T Uiz, RN & — kI Tk To, —RkEp

JaCIE 3 Bl &, AU TIT 6 B XTI A 28I L, EHOLRWE I

B L b Madca sl L7,

9. TUNEL ¥uf5,

< 7 RPPHSARRI R LT, TR F— AO\FE A U AW L DNA % in situ

cell death detection peroxidase (POD) Kit (Cat. No. 11684817910, Roche)

% FVNT TdT-mediated dUTP nick end labeling (TUNEL) YefaiElz LV RiHIL

7-o ONEYIR 2 NT 7 ¢ 1%, 20 ng/ml @ proteinase K solution (Roche)

8 SRR TA v F 22— b L, PBS el ICNIRPED LA % o & —F

TEVEZ 3 5 72012 16 43/, 3 %Efe{b /K822 L=, PBS YEi#{% (2 TUNEL

14



solution (450 pL label solution, 50 uL of enzyme solution) (Cat. No.

11684817910, Roche) ZFHWT 60 4rf=IE CHERR R G 21TV, PBS HeiE% i

converter-POD solution (Z 30 /=R TiE%E L7-, B PBS PiF#IC 3, 3-

diaminobenzidine (DAB) (& CHHI St Z 1T\, Mayer-Hematoxylin #& (Wako

Chemical) (2 CEEXFEEYLt 7214120038 L=,

10. RNA #iHH. RT R OVEERJ PCR

t I GC X SuperPrep Cell Lysis & RT Kit for gPCR (TOYOBO) Z FH\ T,

cDNA 2487~ ~ 7 ZPPEL) 5% ISOGEN (Nippon Gene) & FHUNT total RNA %l

H L7z, 1 ug @ total RNA % Rever Tra Ace qPCR RT Master Mix with genomic

DNA remover (TOYOBO) ZHNTRT L. cDNA #4537, 155 317- cDNA 2 T,

E &R PCR % LightCycler (Roche)iZ XYW 4T-o7~, glyceraldehyde-3-phosphate

dehydrogenase (GAPDH) % internal standard & L C/E#¥{r L. & FNrf2, B K

Catalase, & F SOD1. & K 0OGGl, =7 A Nrf2, =¥ 77 A Catalase, < 77 A SODI1.

~ U ANQL DFEHZFM LTz, 7T A ~—EHz Ll FIRT,

t b Nrf2

Forward : 5" — ACGGTCCACAGCTCATCATG -3’

Reverse : 5 — ACTCTTTCCGTCGCTGACTG -3’

15



b bk Catalase

Forward : 5" — TCGAGCACGGTAGGGACAGTTCAC -3’

Reverse : 5" — TCCGGGATCTTTTTAACGCCATTG -3’

t bk SOD1

Forward : 5" — CTGAAGGCCTGCATGGATTC -3’

Reverse : 5 — CCAAGTCTCCAACATGCCTCTC -3’

t bk 0GG1

Forward : 5" — CTGCCTTCTGGACAATCTTT -3’

Reverse : 5 — TAGCCCGCCCTGTTCTTC -3’

t k GAPDH

Forward : 5" — TGGACCTGACCTGCCGTCTA -3’

Reverse : 5 — CTGCTTCACCACCTTCTTGA -3’

~ 17 A Nrf2

Forward : 5" — GGTTGCCCACATTCCCAAAC -3’

Reverse : 5" — TCCTGCCAAACTTGCTCCAT -3’

~ 17 X Catalase

Forward : 5" — TTGACAGAGAGCGGATTCCT -3’

Reverse : 5" — AGCTGAGCCTGACTCTCCAG -3’

16



~ 17 A SOD1

Forward : 5" = CGGATGAAGAGAGGCATGTT -3’

Reverse : 5" — CACCTTTGCCCAAGTCATCT -3’

~ 7 A NQO1

Forward : 5" = GCAGGATTTGCCTACACAATATGC -3’

Reverse : 5" = AGTGGTGATAGAAAGCAAGGTCTTC -3’

~ 17 A TERT

Forward : 5" = GGATTGCCACTGGCTCCG -3’

Reverse : 5" = TGCCTGACCTCCTCTTGTGAC -3’

~ 17 A Telomere

Forward : 5" = CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT -3’
Reverse : 5" = GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT -3’
~ 17 A GAPDH

Forward : 5" = TCCACCACCCTGTTGCTGTA -3’

Reverse : 5 — ACCACAGTCCATGCCATCAC -3’

PCR D 4e4:1%. denaturing 98°C, 10 b, annealing 60°C, 10 ), extension 68°C,

30FEL, 40 A 70 LT-, &2 TDPCRIEmelting curve ZMER L7,
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11. short—interference RNA (siRNA) IZ L AWNEHEN2 D) v 7 X oy

GC DWNTEM: Nrf2 % Nrf2 F2H) siRNA (Genbank BC 011558. 1, Invitrogen)

EHNT v BT LT,

Sense IALHIT45 %< LLF D@ Y TH D,

Nrf2 siRNA #1

5> — CCAACCAGUUGACAGUGAACUCAUU -3’

5° — AAUGAGUUCACUGUCAACUGGUUGG -3’

Nrf2 siRNA #2

5> — CAAACUGACAGAAGUUGACAAUUAU -3’

5° — AUAAUUGUCAACUUCUGUCAGUUUG -3’

Nrf2 siRNA #3

5> — CAAUGAAGCUCAACUUGCAUUAAUU -3’

5° — AAUUAAUGCAAGUUGAGCUUCAUUG -3’

1 k@ —/ L siRNA (2% Stealth RNAi negative control (Invitrogen) % >

770GC~D T A7 =7 g % Lipofectamine RNAimax (Lifetechnologies)

ERHWT~Y =2 7 W SN HFIETIT o777, siRNA OFRHKERE X3 T 40

M E7RD LT LT, TR T =7 g 1% 48 BEREEEE & ks LT 1%,

18



FY L7zy NIEMENCE2 O 2 w7 X7 213 3 FEFED siRNA & W TETV, [RIEED
A SRINE LIz, Nef2 )3 ) w7 X R TW5DH Z EIXEER RT-PCR 8

J WO Western blotting IZ CHERR L7,

12. Western blotting

bt b GC &~ RPNEAHAKRZ phosphatase inhibitor (Nacalai Tesque) &
protease inhibitor (Roche)Z & A72 lysis buffer (Cell Signaling) TIafi#
L. AT T H— (aRF - A ARAEA) 2T 10 B, 20 #him Al
Z 10 [ 48 U C AR gk 2 s Uit DAL 247 o 72 MR ik o F16 % 10%
SDS-PAGE TikEIL., T A7 1 v be Turbo™ #5527 Ax W T 7wy T
AT, TRy T A THRAT L%, 106AF L IL7 AY TBS-T (10 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 0.05% Tween 20) TI1Hfffl7m v ¥ 7L
77 —KPUAE (Fr-Nrf2 (1:100; 16396-1-AP, Proteintech Group)., #Hi-Keapl
(1:1000; ab66620, Abcam Ltd.). Hi—-Catalase (1:200; ab16731, Abcam Ltd.) .
$1-SOD1 (1:1000; ab13499, Abcam Ltd.) . H1-0GG1 (1:1000; ab135940, Abcam
Ltd.) . $HT-NQO1 (1:1000; SC-32793, Santa Cruz, Texas, USA)., & Hi-
telomerase reverse transcriptase (TERT) (1:100; LS-B9932, LSBio)) AV

TBS-T IZ 4°CTA— 3 —F A . ZKPiK (anti-rabbit I1gG, 7074S, 1:3000;

19



anti-mouse IgG, 7076S; 1:3000, Cell Signaling) AU TBS-T |Z=Ei C 1 Iffid

BEL, AT UUTKEREET 3 B9 TBS-T T L=, “IRIUKRICHES

L T % horseraddish peroxidase iZ ECL advance (GE healthcare) d~—==

T IVIZHEVM S5 S 4. ImageQuant LAS 4000 (GE healthcare) THaiH L 7-,

K2 N7 OFBLEIT B -actin (1:2000; A2228, Sigma Aldrich) Z loading

control & L. Image J software (http://rsb. info.nih. gov/ij/) %z A\ TEHE

L7z, 3HIERZITWREMNRT 0y FEfR L, ERBORMEZR LI,

13. Mg LSRG TR

GC X 4-well HZ A Millicell EZ slides (Merck Millipore) @ . DMEM

(10% FBS) TEZZ L7-, 100 pM @ DMF, 400 pM O@EER{L/KEE . F - 13EHE KD

L TCHli% A U7~ 12 PBS + 4% Paraformaldehyde T[EE L. PBS + 0.2% Triton

X-100 Tig#E b L. PBS + 6% bovine serum albumin % F\ T blocking 3 =

7o Ttk Bi-Nrf2 Hiik (1:1005 16396-1-AP, Proteintech Group)., $1-8-OHdG

PLiR (1:100; 1b48508, Abcam) THUGH S W7z, —WRURZPEiE%. SR

WHiA L LT Alexa fluor 488 donkey anti-rabbit TgG (1:100; A-21206,

Invitrogen ) & Alexa fluor 558 goat anti-mouse IgG (1:100; A-

20



11004, Invitrogen) . £&ZYufa & LT 300 nM @ 4° , 6-Diamidino—2-Phenylindole,
Dihydrochloride (DAPI; D1306, Thermofisher) Z H\ 7=, DAPI Z VEifts. ILfE

SBERSSE (Carl-Zeiss) &= HWTHIlRZ8BIER LT,

14. ELISA ¥

~ U ARSI DB ER L 2 fi4T L. 10006 T 15 43 iz 0y L C Rig 2 [a]
IR U7z, By iEZ&H /KT 10 4R L. enzyme—linked immunosorbent
assay (ELISA) {EIZTHLIS =2 7 —%& A /LT (anti-mullerian hormone ; AMH)
& Nrf2 OFREZHIE L7z, AMHBEIZIX Mouse AMH ELISA kit (CSB-E13156m,
CUSABIO Life science) . Nrf2 #|7E(Zi% Mouse Nrf2 ELISA kit (CSB-E16188m,
CUSABIO Life Science) Z V>, Epoch Multi-Volume Spectrophotometer (Bio

Tek) & FAVNT. 450 nm W% EE 20 E LT,

15. & b GC KEFZMN ROS DI

t b GC DOHIAN ROS % fluoroprobe carboxymethyl-H2-dichlorofluorescein
diacetate (CM-H2DCFDA; Invitrogen)4efaz FVCTEHAI L7z, GC 1% 100 pM @
DMF, 400 pM OifEfg{b/k3&. 100 pM o DMF + 400 pM OiEEe{b k3., £721355%

HOITHIIZ L7-%12. 10 pM @ CM-H2DCFDA % & A 77 PBS |2 37 °C T 20 454

21



A F2_—]k L, 10 uM @D Hoechst 33342 (Thermofisher) T 5 4y fE%F YL,

ITUN, 772 I S MSE (Carl—Zeiss) THEIZL7-, WOEIRAE L LSM700

7EN Z FHWTEHEI L7,

16. HEFHFERIMENT

B SAIIMENTIZ JMP Pro 11 software(SAS Institute Inc.)ZHAWTIT-7-.

T = ZUTRARIR 3 181D FERRE R O VI fE KL QMR HERR A CTRidi L. 2 AFEEIT

Student ¢ test T, ZHE L Tukey—Kramer HSD test |2 THEMT 21T\, P <0. 05

AHEEE LT,
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o R

<t F>

1. b MIRBAIZEIT B Nrf2 B Keapl Z %7 OFRH,

SRR L Yk 2 W T B RIFEIZ T D Nrf2 OV Keapl & /X7 D3

Bt Uiz, Be i aBpE O & Hi-Nrf2 Hifk & 5 Keapl FUATHREL

7= (M 11-1,2), TOFEE., BIEEBEOIEIC I CHRIIEHIIE O M E %

LMINrf2 & Keapl # /37 OFRBLNMER S L,

2. LR D VRRBIIE MEEARMIARIZ VT Nrf2 R UGB LM E O REL %

EREED

GC IZBWTE LA b L AN Nrf2 N OWIERLE DI B RIT T 2% st

T HIOIT, Fif GC Mlalcib 2 b U AR & G- 2 7=, iElkiboksg (200 pM,

400 pM, 600 pM) ZFIEIESEIRICEM L C 48 BRI L=, CDOLETT

b IR S N0y o 7o, BRI EER RT-PCR EF 721X

Western blotting (Zft S 3172, ZDOREE. & &M RT-PCR IEIZHB W T bk

I e BE (R A7 12 Nrf2, Catalase, SOD1. 0GG1 @ mRNA F&EL% 5 X4, 600

uM ORI LK FZRNE TIIAEER ERER AL 7Z, SOD1 & 0GG1 TiX 400 uM DI

M b /KEBRE CHAER EANA LT, Western blotting IZ X AT TH IR
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FEMRAFMEIZ Nrf2, Catalase, SOD1, 0GG1 DX /37 3&Hi 8% LA X4 Keapl IX

HURTRERBEEOKR TINEZEINZ (X 12),

3. WERHENrf2 D/ v 7 FU ittt MNEKNEWR TORBICYEDORIREZET

S¥D

siRNA Z W Tk b 6GC ODNEME Nrf2 2 v 7 X T L=, ED%. EER

RT-PCR 7% F 721% Western blotting |2 X ¥ Nrf2, KUWIELWE DREEL K

U7, WERMENrT2 O v 7 X702k Catalase, SOD1. 0GG1 ¢> mRNA Z&

BEITABRICHEDT D Z 08l ST, £7-. Western blotting T & 2 f#HT

THHNEM: Nef2 D 7 v 7 £ 7% Catalase, SOD1, 0GG1 D& 1737 FEEL A K

T, Keapl # U X7 3RBEN EH L7 (X 13),

4. Nrf2 {EMEALA] DWF (2 X % b MEAERSHREES B b E DB L LF &

w5

Nrf2 {EMHALFICTH D DMF Ak~ GC IZBWTHIEEME DRI H x5 5

PRET DI, B2 GCIZDMF (50 pM. 100 pM) Z¥EinL. &&ARJ RT-PCR

HEE 71T Western blotting (2K YV Nrf2, M OWIRREME OB E LB LT,

ZFOFEHE. 100 pM @ DMF Hli#41% Nrf2, Catalase, SOD1, 0GG1l @ mRNA J&H & %
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A&l BRH X, Nrf2, Catalase, SODI, 0GGl D& L )7 3B EH M LT~

DMF #llE1Z L V) Keapl # o /37 OFBIXME T L (X 14),

5. b MNEAIEMIIIZIIT D Nrf2 OiEM kiX 8—0HdG FEEA & ROS EEA KT &

w5

8—0HdG | % DNA Z Ak A F D —-> deoxyguanosine (dG) D 8 iy b Ru

Vb EnNT- g Z RO, DNA BR{bEiE~— I —ThH 5, dG 1L 4 FEEED DNA 1

R D b bIFMHIRRIZ L DML 22TV, d6 OEERILERD TH

% 8-OHdG IFTIETERE R I X D AR~ DOEEZ G K L, BIfER LA HND

NTWDHRIEA P L A<= —D—>ThHo >, b MEREMILEZ T Zh 100

uM @ DMF (%] 15 E~H) F7-1% 400 uM O b/Ak#E (X 15 T~L) THIK L. 51

-Nrf2 HURE7213H1-8-0HdG HLiA TR S, @ mE Ok TR 21T - 72,

FDFER . DMF fill% % 5- 2 72 GC X Nrf2 O Yes@E NS FAH- LU (X 15 F) . 8-0HdG

DOENFREIZILT L (X 15 BE) . @b /KERIL % 5 2 7= 6C 1% 8-0HdG DL JG5R

ENEFRLE (K151), 20O &6, DMF (X Nef2 215 b L., Bk A F LA

DN A G325 2 ED/RE STz, F£72 GC N ROS % CM-H2DCFDA %t % v

TEH U7z, MRS CM-H2DCFDA ' —7 X ROS 12X W EBRLIBBLEIN D Z

& T, o< HE B L, 27, 77 -Dichlorodihydrofluorescein (DCF){ZZ8{b
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L= (K16), ZOHGIRE L ERT D Z LI KV Mo ROS pEAL & % & HH
T& 5, GCIL100 pM @ DMF (E~H), 400 pM Oifafg{bk#%E (G~1), 100 pM
DMF + 400 pM O bksE (J~L). FIIEEER DA (A~C) THIEA L, M-
H2DCFDA % & A7 PBS THOGYYE LMK O ROS FEA 2 E & L7 (¥ 17-1, 2),
DMF (& & 2 #li41% Control 12 ROS FEAE % 1/3 FREEICH BEACHD S8, KAFHIC
R LA ERNRIL ROS PEAZ I & W7z, F7o, WL AKERERIZ LD ROS FE
AOHNINE DMF Z RIS 2 2 & T, TOEARIIRO T2 ENREN

7‘/’
—o

<<TUR>
6. < U A0 DNF FE5i3PEIE & AT andR ez Ein s i

~ 7 A DMF #£ ¥ 721 Control #E~ORIEDOE G T, KEBAD, BELE W
STEEWERIFBZE IS, 48 Bl COREICHAEAITR bR > OIF
WE: 28.9 + 0.43g vs Control #f: 29.1 + 0.43g, p = 0.76), controlled
ovarian stimulation (COS)IZ & V155 2 HEIFEITRRRFAVICID 2 Z & A3
HTEY 120 A TOHEINEIL2-3 A B TODO TN 20%RETH 7%,
~ U ASO DMF 51T 18 1ITRT L 912, DMF BE(5.1 £ 0.3 oocytes per

mouse) |Zx%f L T Control £ (0.8 £ 0.3 oocyte per mouse) &A= 72HEINEL D
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AR S iz,

F 77 DUPEHHAL D HE Yuta C DMF B & Control BEDJFLAIPIE, —WRINFL, kI

fa. BRI OB %2 = EHHl L7z (X 19), — % INAd (DMF #: 108.2 * 38.7

vs Control #: 75.2 *+14.3, p = 0.12), —IKYPAL (DMF #£: 23.5 = 10.0 vs

Control #f: 21.6 = 5.9, p = 0.72), HLRIPAE (DMF #£: 7.5 = 3.7 vs Control

Bf: 8.0 £1.5 , p = 0.81) TIXAEEITALNL -T2, FARIII TITK

60 % %< OUIKA DMF BECBIZZ S 7= (DMF #£: 395.0 *+ 15.8 vs Control

BE: 251.2 £ 17.3 , p = 0.0002),

7. DMF 5 CHmES Nrf2 & AMH EEEIZ LR L7

<7 A~ DMF #5512 L 0 IfjEF o Nef2 & AMH O EE T A 237, 1

AMH [ FORBIZAFAET 2 AR IRAE & /NERIRIa D E 2 k9~ % & Wb it TR D |

A RS INRTHEEORHMEE LTAHTH S 7 LB N TN LD

BROAT == 7t L LTHIThND Z LN RIICR> TN D, 20

WRLT-E 91, DIFEEICL Y Nef2 (> he—/LEE: 6.79 = 0.12 ng/ml

vs DMF #£: 8.21 ® 0.11 ng/ml, p < 0.0001), AMH (=> h = —/ L#f: 13.93

+ 0.44 ng/ml vs DMF #£: 18.63 =£ 0.38 ng/ml , p < 0.0001) & FE/L LHN

FHIT,
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8. DMF #E5IZ XV Nrf2 IXiEMHIL L. P b EDOEAIZER L

~ 7 AYNBITIT D DNF B 5O BELZ MG 57290, Nrf2 B L OZ OEE

51 Tdh 5 NQOL, FiEBbYE Cdh 5 Catalase & SOD1 @ mRNA & & > 37 J8E &

ZWE L7-, mRNA F$H &1L Nrf2 (DMF #£ T 1.50 f%). Catalase (DMF A£C 1.91

fi2). SOD1 (DMF BT 1.424%). NQO1 (DMF BT 1.84 %) L FhFhAaEIC I

5 L. Western blotting IZ X2 % /"7 OFBL&EH Nrf2, Catalase, SOD1, NQO1

EHIT EADBA LNz, Keapl DX N7 BBUINKHIK T L7z (¥ 21),

9. DMF ¥t 5 XPRBMERE COBRER N L A ZERR LT

DMF ¢ 523 PN LR AR ST T 52 B A Rt 2 7212, %E Y C DNA BR{LR 15

~—H—Tdo % 80HdG &Z#HI L7~ DMF #5012 L ¥V 8-0HdG IZFHR N L7~

(X 22-1), £7=7 AR b— ZOEFETH U 5 A (b DNA Z2 &4 % TUNEL 4&f4,

T, DMF $5-12 &V TUNEL [GtEmiAa i3 Lz (¥ 22-2),

10. Telomere & TERT {&t%: i3 DMF ##5-C LA L 7=

DMF $¢ 5. D B8 % k53 A 7= Telomere & TERT @ mRNA FER &% W& L7,

Telomere (DMF FET 2.154%). TERT (DMF FET 1.90 %) & 412 mRNA |34 52125

BN EF LU, TERT X X738 E&S FER 2RO (K 23),
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HER

TMEARIEDJRR & U TEEA B L ZADFEEITIRENWLIRSEZL LN TEY

RFR 2 PIIR LR T D Nrf2/Keapl BRI OIEMAL B N KO~ 7 ZFPHEIZE

WTERIEA bV RAZET D02t Lc, Nef2 ZiEME b2 2 & Tmons

DMF 1%, 50 LI ERIEDIREIR L L CTREMIHR G SNLEEERENZ ERE LN

TRV, SEOKHTH BELRREERIIBE SN R0 -T2,

DMF O 5-81ZB8 L CIELA T O L 9 1THET L CIRIE L7z, DMF O &S5RI ES

U CIZBESR 27510 ROy, M IEIC T 580 DMF 38Cdh 5 Tecfidera®@d

BH&%5EI1Z LT, Tecfidera®D g K% 5-#1% 480 mg/ H . ¥ X% 10mg/kg/ H

THY . EEATEMERER "2 W T, =7 A~D 50, 100 mg/kg/H DL

BEHITEIWER NI SN2 o 7= DIk LT 250 mg/kg/ H O 5 TlLH KREE

(R D EBEAD ORWER A BT, 50 mg/kg/ H ZfA&KEG L, (AHE

W & RWERITBE I N2 o7, B b GC ~0 DMF HIlI & R4 &4 .,

B & e i sE I 3Bl a2 S o 7z,

Nrf2/Keapl #&¥&13% O RITE LA, AR EZERLA N L ANG T 2 [ v

PERSNTE R % L L. Nef2 OFFMAIZINEE 2 3 Lo O HLAS Al ~D

BT mREME A R S B, 20 ThAWHE] ICHIERNEE -7 1,

JEAIRIZFS T B Nrf2 IEMALDIEME/R A T = A LT ETEARHTH D2 1%, Keapl
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DAEFIZ XD Nrf2 FRBIEHLORIK EBEZ HND Y, £DTH, IEHF

falzxt UC Nef2 {EMALAITH D DIF 245 L T8, Keapl ~DOFLEEH LK

W THDHT=0 B Eb7e ED Y R 7130 72< . DNF (2 XD Nrf2/Keapl #&#& DG

PEAGIT AR PR RO 8) < WTREMEDN BV L BIEIZZ 2 BTV % ¥, FifD B T

FEDOFEENHINT 5 &V D T —2 1372 P SR IZZ R LIEEE 2 K H

BTDLILTIDRDIMANEOND LER D, I272 L, ZFMEMALIEIT S LT

DMF O [EfE 72 VEFAIRSE I & 2Tl e < . FOMHA B EFE- 5,

PHEIC B W TR 2 BUE T 2 DIRFRINEDOE L ZEX 6 TnD ¥, & b &

B OREZB OB W THIRA AN G A O THIE T 2, & RO

B BAESIZIIR 600~700 GEAAET 2 FAGIRILIX HAERHZITH 30 J7EIZ )8

DU ZRLES D L TO LSBT 5 2 L1320 %, 2 s A

BT DRI O 2 AT 2 2 Lid, RO ZES TS Z L1207

5N A~ DN OFRAOFKGITa bar— L BEIZH LT 60% 6% < DG

PR oz~ Lz (K 19), £7- COS 1< X H28E0% (DMF #£(.1 £ 0.3

oocytes per mouse). Control #£ (0.8 = 0.3 oocyte per mouse)) &HAH=ZIZ%

< (K18). A% S LR DMFHIMEETZAS . DMF 23N~ o7 A DIE22 2 1R A7

LAREMEDN R ST, LB T ORI LV | IR DR S & — T FIR D5,

VDAL NTIEZEDONRE = OIFPMER R I TS 2, A AMH B TR 4550
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RS EF T HRMGIRIIAKR AT 5 L BN TEY . TOMEITINENIZ

AT S D IR, D F VIR PIHEEZ 2 ™, B MW TIEmME 2RI

Bhreot—35Z LIZRETH D70, JIEFHEIESE LT AMH fEE2HIET S

ZENARAITH 5, AlEl~ 7 AZE T DIF HEITFARINE DR & & 61

MHEOHER FRAZR LT (1 20), iE. BENOOXLEICLDRE L.

FOX R e m BB S OKGE (3594— (4)) Db & ZIRMEMALIE DIEHE T

Tecfidera®% % 1 # G- X 3L T D BUEL KR 2= 2 E I B e O AFEFERIC & 5 &

PEBE OINEFERE 2B L TR Y (A RITINE PiaaEDFE & L Tl o AMH X0

Nrf2 ODEZNET D TETH D,

Telomere & IFEEZAEMDOGERDREGR/TIZHHILD TTAGCG DHEFERLH D

KIEHEE T D, Telomere |THIfE 3 EL0MRIEA N L AT VAT D ROS D%

> U908 L, AHERRIE 50 [EIFREE OAffa /3 S CHIBISEIZ T 5 °%%, A5

JATIET7T e X7 —BLEWIEEDIEENE <, Telomere MR T 52 LA 5

NTWD %, Telomere KIIMiin & & HITHM L, b Mo~ T ADAFHAES & D

BEMITEE DOME N D 5 O, AFEMIIAD Telomere [FHFFIC ROS DB A 21T

< T O/EMIIEIIROE DK T2 7206 LRSS % %, 71 A

FT—RBIEZ T uATEIOEGE R L /2% RNA ToH 5 TERC (Telomerase RNA

Component) & Wiz G TERT., FOMOHIEIY T 2=y " E 3 8EKTH
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V. ZOFEVEZ TERT {EVEICKTF T2 %, Telomere RX° TERT {&GME & . Nrf2 OB
BUIARTIEARHZR DL A Telomere K~ U XTI Nrf2 OFELINH] & A
FrHTz T, AAl < 7 A~D DVF $5-7C TERT @ mRNA 38 X VK > /7 FEHLI LI
MU TEY | DMF (2 K2 Nef2 i L & ORE VR S LD, LA L Telomere &

OME T HITHY R FIED S RERD T2, SR OMF N LETH D,
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Jz2A
y=gii

b MERIEMI I 3T Nef2 TR A DMF (2 X 2 B0 Nef2 e Ot (b
BOWBlAE LA X, 8-0HdG & ROS FEAEZIR T /72, £~ T A~0 DIF %
H #5133 HE IR & R A SRR B2 ARSI S, IREGEAR Toffb X - L
ADEIE A B TZ, LLEX Y DMF (2 X 5 Nrf2/Keapl f&EOTEMEAGIZ PR L
WMEORBN LR T2 LICIVEBEA L AL S, VRO MNGEZED

D ARt R ST,
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Bboyic
SR ITMED T A T AL A NDEACITENSEEE T OB LI, fFREY

(I Z KGR EOBmENEIRR 2T D50 v TMFENT 5 B2 615,

Nrf2/Keapl $REEOIEMALZ R C CIIEONMEZE S5 Z LR TE X, Eif

ZEBICAERREZ T 50 v T VEED T oA DY . ZHIEEERTT

T CIE R HERBEICL REWRIEN D D, 5%I1T. DIF 253N TW\Wb ke

PEEE OINRERE DB ZE Uz, S ORLMHZTEL TV,
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AT BT T DICHTY | KIAEYRIF 2THSE THREWZESE L |
SRR ERm AR R PR dR. [/ IR RTE0R. [F KRAAH
BERIZOLEVBILEZH L EITET,

FIMRE IR B RICBZE 2 W2 & & Lic, AARRFEESEER AR 8E
ISR . FOR R PR AR EER G AR 28 e AnEE gz, R HE»E
DR, (Al BRMZeamin, [/ FHPmEERn, [ R mSEHALE, F S
BR[| EARERRSEA, [R SEEFARORSEAE Bl Fu Houju Je4:, A %

BR[O ARBIERCICAE, A SFRRRIAEICEH L E T

0
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3

Tapl

hu|

DMF, Dimethylfumarate

Nrf2, Nuclear factor—-E2-related factor 2

Keapl, Kelch—like ECH-associated protein 1

ARE, antioxidant response element

SOD1, superoxide dismutase 1

MS, multiple sclerosis

FDA, Food and Drug Administration

GC, granulosa cell

PBS, Phosphate buffered saline

ROS, reactive oxygen species

PMSG, Pregnant Mare Serum Gonadotropin

hCG, human chorionic gonadotropin

HTF, human tubal fluid

COCs, cumulus—oocyte complexes

HE, hematoxylin and eosin

8-0HdG, Human 8-hydroxy-2’ —desoxyguanosine

POD, peroxidase
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TUNEL, Terminal deoxynucleotidyl transferase

Labeling

DAB, 3, 3—diaminobenzidine

GAPDH, glyceraldehyde—3—phosphate dehydrogenase

0GG1, 8-oxoguanine DNA-glycosylase 1

NQO1, NAD(P)H quinone dehydrogenase 1

siRNA, short—interference RNA

TERT, telomerase reverse transcriptase

(TdT)

DAPI, 4’ ,6-Diamidino—2-Phenylindole, Dihydrochloride

ELISA, enzyme—linked immunosorbent assay

AMH, anti-mullerian hormone

dG, deoxyguanosine

COS, controlled ovarian stimulation

TERC, Telomerase RNA Component

37

dUTP

Nick-End



XHR

10.

11.

12.

WNRIRE. Rk 29 4Rl Dbt BE. in L FAIEXSRDOHNL, Vol.
2018 (2017).

A ARERME ARHES. FAEEDEROEEIZOWVT. Vol. 2018 (2015).
N AR SRR - N O BEMFZERT. 2015 4EAR PR - N O RIEEATHE <
AEME & HEICET 2 2EFAE > 16 [ A8 m) FEASHH A RS RO BE 2L
in FEFDLAFEG T SAFEG 1IN, Vol. 2018 (2015).
AARPERARER. 2. RMBIEDES « 708 - kA Vol. 2018 (2016).
Dew, J.E., Don, R.A., Hughes, G.]J., Johnson, T.C. & Steigrad, S.]J.
The influence of advanced age on the outcome of assisted
reproduction. Journal of assisted reproduction and genetics 15,
210-214 (1998).

ACOG Committee Opinion. Age-related fertility decline. Obstetrics
and gynecology 112, 409-411 (2008).

Henry, L. Some data on natural fertility. FEugenics quarterly 8,
81-91 (1961).

Mihalas, B.P., Redgrove, K.A., McLaughlin, E.A. & Nixon, B.
Molecular Mechanisms Responsible for Increased Vulnerability of
the Ageing Oocyte to Oxidative Damage. Oxidative medicine and
cellular longevity 2017, 4015874 (2017).

Karuputhula, N.B., Chattopadhyay, R., Chakravarty, B. & Chaudhury,
K. Oxidative status 1in granulosa cells of infertile women
undergoing IVF. Systems biology in reproductive medicine 59, 91-
98 (2013).

Pasqualotto, E.B., Agarwal A, Sharma RK, Izzo VM, Pinotti JA, Joshi
NJ, Rose BI. Effect of oxidative stress in follicular fluid on the
outcome of assisted reproductive procedures. Fertility and
sterility 81, 973-976 (2004).

Martin—Romero, Ortiz—de—Galisteo JR, Lara—Laranjeira J, Dominguez-—
Arroyo JA, Gonzalez—Carrera E, Alvarez IS. Store—operated calcium
entry in human oocytes and sensitivity to oxidative stress. Biology
of reproduction 78, 307-315 (2008).

AARERS AR 2. Pak 28 FEEmMHERES Bk - AN EZESH
& (2015 5y DRI - EBAESE O BRIR iRk 3 L0V 2017 42 7 1
(ZFUT D BB 4) . Vol. 2018 (2017).

38



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Brandes, M., van der Steen JO, Bokdam SB, Hamilton CJ, de Bruin JP,
Nelen WL, Kremer JA. When and why do subfertile couples discontinue
their fertility care? A longitudinal cohort study in a secondary
care subfertility population. Human reproduction (Oxford, England)
24, 3127-3135 (2009).

JEAGEE [ Mo iE BHESEEXT — %X — 2. K
IR AL T OISR D REREIZ OV C O A BRI IE RS
Rt E Vol. 2018 (2017).

NPO JE AN Fine.  [fEE3 & RALREOMWNICEE 957 47—k Part 2] .
Vol. 2018 (2017).

Lu, M.C., Ji, J.A., Jiang, Z.Y. & You, Q.D. The Keapl-Nrf2-ARE
Pathway As a Potential Preventive and Therapeutic Target: An Update.
Medicinal research reviews 36, 924-963 (2016).

Kaspar, J.W., Niture, S.K. & Jaiswal, A.K. Nrf2:INrf2 (Keapl)
signaling in oxidative stress. Free radical biology & medicine 47,
1304-1309 (2009).

Chen, B., Lu, Y., Chen, Y. & Cheng, J. The role of Nrf2 in oxidative
stress—induced endothelial injuries. 7he Journal of endocrinology
225, R83-99 (2015).

McMahon, M., Itoh, K., Yamamoto, M. & Hayes, J.D. Keapl-dependent
proteasomal degradation of transcription factor Nrf2 contributes
to the negative regulation of antioxidant response element—driven
gene expression. The Journal of biological chemistry 278, 21592-
21600 (2003).

Singh, B., Chatterjee, A., Ronghe, A.M., Bhat, N.K. & Bhat, H.K.
Antioxidant—mediated up-regulation of OGGl via NRF2 induction is
associated with inhibition of oxidative DNA damage in estrogen-—
induced breast cancer. BMC cancer 13, 253 (2013).

Fahey, J.W., Haristoy X, Dolan PM, Kensler TW, Scholtus I,
Stephenson KK, Talalay P, Lozniewski A. Sulforaphane inhibits
extracellular, intracellular, and antibiotic—resistant strains of
Helicobacter pylori and prevents benzolalpyrene-induced stomach
tumors. Proceedings of the National Academy of Sciences of the
United States of America 99, 7610-7615 (2002).

Uruno, A., Furusawa Y, Yagishita Y, Fukutomi T, Muramatsu H,
Negishi T, Sugawara A, Kensler TW, Yamamoto M. The Keapl-Nrf2

39



23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

system prevents onset of diabetes mellitus. Molecular and cellular
biology 33, 2996-3010 (2013).

Chen, P.C., Vargas MR, Pani AK, Smeyne RJ, Johnson DA, Kan YW,
Johnson JA. Nrf2-mediated neuroprotection in the MPTP mouse model
of Parkinson’s disease: Critical role for the astrocyte.
Proceedings of the National Academy of Sciences of the United
States of America 106, 2933-2938 (2009).

W., S. Heilung von Psoriasis. Med. Monatsschr 13, 103-104 (1959).
Atwan, A., Ingram JR, Abbott R, Kelson MJ, Pickles T, Bauer A,
Piguet V. Oral fumaric acid esters for psoriasis. 7The Cochrane
database of systematic reviews, Cd010497 (2015).

{Age—associated telomere shortening in mouse oocytes. pdf>.

Lee, D.H., Gold, R. & Linker, R.A. Mechanisms of oxidative damage
in multiple sclerosis and neurodegenerative diseases: therapeutic
modulation via fumaric acid esters. [nternational _journal of
molecular sciences 13, 11783-11803 (2012).

Tanaka, M. & Shimizu, Y. [Dimethyl Fumarate in Multiple Sclerosis].
Brain and nerve = Shinkei kenkyu no shinpo 69, 1041-1046 (2017).
Shkolnik, K., Tadmor A, Ben-Dor S, Nevo N, Galiani D, Dekel N.
Reactive oxygen species are 1indispensable in ovulation.
Proceedings of the National Academy of Sciences of the United
States of America 108, 1462-1467 (2011).

Yoshino, 0., Osuga Y, Koga K, Hirota Y, Yano T, Tsutsumi O, Fujimoto
A, Kugu K, Momoeda M, Fujiwara T, Taketani Y. Upregulation of
interleukin—-8 by hypoxia in human ovaries. American _journal of
reproductive immunology (New York, N. V. - 19589) 50, 286-290 (2003).
Takahashi, N., Harada M, Hirota Y, Zhao L, Azhary JM, Yoshino O,
Izumi G, Hirata T, Koga K, Wada-Hiraike 0O, Fujii T, Osuga Y. A
potential role for endoplasmic reticulum stress in progesterone
deficiency in obese women. Fndocrinology, en20161511 (2016).
Saatcioglu, H.D., Cuevas, 1. & Castrillon, D.H. Control of Oocyte
Reawakening by Kit. PLoS genetics 12, 1006215 (2016).

Lim, J., Lawson GW, Nakamura BN, Ortiz L, Hur JA, Kavanagh TJ,
Luderer U. Glutathione—deficient mice have increased sensitivity
to transplacental benzola]pyrene-induced premature ovarian failure

and ovarian tumorigenesis. Cancer research 73, 908-917 (2013).

40



34.

35.

36.

37.

38.

39.

40.

41.

42.

Mishra, B., Ortiz, L. & Luderer, U. Charged iron particles,
components of space radiation, destroy ovarian follicles. Human
reproduction (Oxford, FEngland) 31, 1816-1826 (2016).

Kasai, H., Hayami, H., Yamaizumi, Z., SaitoH & Nishimura, S.
Detection and identification of mutagens and carcinogens as their
adducts with guanosine derivatives. Micleic acids research 12,
2127-2136 (1984).

Isono, W., Wada-Hiraike 0, Kawamura Y, Fujii T, Osuga Y, Kurihara
H. Administration of Oral Contraceptives Could Alleviate Age-—
Related Fertility Decline Possibly by Preventing Ovarian Damage
in a Mouse Model. Reproductive sciences (Thousand Oaks, Calif.),
1933719117746758 (2017).

Seifer, D.B., MacLaughlin, D.T., Christian, B.P., Feng, B. &
Shelden, R.M. Early follicular serum mullerian—inhibiting
substance levels are associated with ovarian response during
assisted reproductive technology cycles. Fertility and sterility
77, 468-471 (2002).

Ha, C.M., Park S, Choi YK, Jeong JY, Oh CJ, Bae KH, Lee SJ, Kim JH,
Park KG, Jun do Y, Lee IK. Activation of Nrf2 by dimethyl fumarate
improves vascular calcification. Vascular pharmacology 63, 29-36
(2014) .

Liu, Y., Qiu J, Wang Z, You W, Wu L, Ji C, Chen G. Dimethylfumarate
alleviates early brain injury and secondary cognitive deficits
after experimental subarachnoid hemorrhage via activation of
Keapl-Nrf2-ARE system. Journal of neurosurgery 123, 915-923 (2015).
Lastres—Becker, 1., Garcia—Yaglie AJ, Scannevin RH, Casarejos M]J,
Kiigler S, Rabano A, Cuadrado A. Repurposing the NRF2 Activator
Dimethyl Fumarate as Therapy Against Synucleinopathy in
Parkinson’ s Disease. Antioxidants & redox signaling 25, 61-77
(2016) .

WA F Dz P v BRMEIETRRIET 7 7 4 7 FIEELA 4
B —74—2A. Vol. 2018 (2017).

Itoh, K., Wakabayashi N, Katoh Y, Ishii T, Igarashi K, Engel JD,
Yamamoto M. Keapl represses nuclear activation of antioxidant
responsive elements by Nrf2 through binding to the amino—terminal
Neh2 domain. Genes & development 13, 76-86 (1999).

41



43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

van der Wijst, M.G., Brown, R. & Rots, M.G. Nrf2, the master redox
switch: the Achilles’ heel of ovarian cancer? Biochimica et
biophysica acta 1846, 494-509 (2014).

Wang, X.J., Hayes, J.D. & Wolf, C.R. Generation of a stable
antioxidant response element—driven reporter gene cell line and
its use to show redox—dependent activation of nrf2 by cancer
chemotherapeutic agents. Cancer research 66, 10983-10994 (2006).
Cho, J.M., Manandhar, S., Lee, H.R., Park, H.M. & Kwak, M.K. Role
of the Nrf2-antioxidant system 1in cytotoxicity mediated by
anticancer cisplatin: implication to cancer cell resistance.
Cancer letters 260, 96-108 (2008).

Grossman, R. & Ram, Z. The dark side of Nrf2. World neurosurgery
80, 284-286 (2013).

Marchan, R. & Bolt, H.M. The cytoprotective and the dark side of
Nrf2. Archives of toxicology 87, 2047-2050 (2013).

Wang, X.J., Sun Z, Villeneuve NF, Zhang S, Zhao F, Li Y, Chen W,
Yi X, Zheng W, Wondrak GT, Wong PK, Zhang DD. Nrf2 enhances
resistance of cancer cells to chemotherapeutic drugs, the dark
side of Nrf2. Carcinogenesis 29, 1235-1243 (2008).

Habib, S.L., Yadav, A., Kidane, D., Weiss, R.H. & Liang, S. Novel
protective mechanism of reducing renal cell damage in diabetes:
Activation AMPK by AICAR increased NRF2/0GGl proteins and reduced
oxidative DNA damage. Cell cycle (Georgetown, Tex.) 15, 3048-3059
(2016) .

Liu, M., Yin Y, Ye X, Zeng M, Zhao Q, Keefe DL, Liu L. Resveratrol
protects against age—associated infertility 1in mice. Human
reproduction (Oxford, FEngland) 28, 707-717 (2013).

Baerwald, A.R., Adams, G.P. & Pierson, R.A. Ovarian antral
folliculogenesis during the human menstrual cycle: a review. Human
reproduction update 18, 73-91 (2012).

Oktem, 0. & Urman, B. Understanding follicle growth in vivo. Human
reproduction (Oxford, FEngland) 25, 2944-2954 (2010).

Guzel, Y. & Oktem, 0. Understanding follicle growth in vitro: Are
we getting closer to obtaining mature oocytes from in vitro—grown
follicles in human? Molecular reproduction and development 84,
544-559 (2017).

42



54.

5.

56.

o7.

8.

59.

60.

61.

62.

63.

64.

Depmann, M., Faddy MJ, van der Schouw YT, Peeters PH, Broer SL,
Kelsey TW, Nelson SM, Broekmans FJ. The Relationship Between
Variation in Size of the Primordial Follicle Pool and Age at
Natural Menopause. 7The Journal of clinical endocrinology and
metabolism 100, E845-851 (2015).

Findlay, J.K., Hutt, K.J., Hickey, M. & Anderson, R.A. How Is the
Number of Primordial Follicles in the Ovarian Reserve Established?
Biology of reproduction 93, 111 (2015).

Cate, R.L., Mattaliano RJ, Hession C, Tizard R, Farber NM, Cheung
A, Ninfa EG, Frey AZ, Gash DJ, Chow EP. Isolation of the bovine
and human genes for Mullerian inhibiting substance and expression
of the human gene in animal cells. Cel/l 45, 685-698 (1986).

de Vet, A., Laven, J.S., de Jong, F.H., Themmen, A.P. & Fauser,
B.C. Antimullerian hormone serum levels: a putative marker for
ovarian aging. Fertility and sterility T7, 357-362 (2002).
Hayflick, L. & Moorhead, P.S. The serial cultivation of human
diploid cell strains. ZExperimental cell research 25, 585—621
(1961).

Blackburn, E.H. Structure and function of telomeres. Nature 350,
569-573 (1991).

Olovnikov, A.M. A theory of marginotomy. The incomplete copying
of template margin in enzymic synthesis of polynucleotides and
biological significance of the phenomenon. Journal of theoretical
biology 41, 181-190 (1973).

Liu, L., Blasco, M., Trimarchi, J. & Keefe, D. An essential role
for functional telomeres in mouse germ cells during fertilization
and early development. Developmental biology 249, 74-84 (2002).
Schaetzlein, S., Lucas-Hahn A, Lemme E, Kues WA, Dorsch M, Manns
MP, Niemann H, Rudolph KL. Telomere length is reset during early
mammalian embryogenesis. Proceedings of the National Academy of
Sciences of the United States of America 101, 8034-8038 (2004).
Kalmbach, K.H., Fontes Antunes DM, Dracxler RC, Knier TW, Seth-
Smith ML, Wang F, Liu L, Keefe DL. Telomeres and human reproduction.
Fertility and sterility 99, 23-29 (2013).

Huang, J., Okuka, M., McLean, M., Keefe, D.L. & Liu, L. Telomere

susceptibility to cigarette smoke—induced oxidative damage and

43



65.

66.

67.

chromosomal instability of mouse embryos in vitro. Free radical
biology & medicine 48, 1663-1676 (2010).

Keefe, D.L. & Liu, L. Telomeres and reproductive aging.
Reproduction, fertility, and development 21, 10-14 (2009).

Ling, X., Yang W, Zou P, Zhang G, Wang Z, Zhang X, Chen H, Peng K,
Han F, Liu J, Cao J, Ao L. TERT regulates telomere-related
senescence and apoptosis through DNA damage response in male germ
cells exposed to BPDE in vitro and to Bla]P in vivo. Environmental
pollution (Barking, Essex . 1987) 235, 836-849 (2018).

Sahin, E., Colla S, Liesa M, Moslehi J, Miller FL, Guo M, Cooper
M, Kotton D, Fabian AJ, Walkey C, Maser RS, Tonon G, Foerster F,
Xiong R, Wang YA, Shukla SA, Jaskelioff M, Martin ES, Heffernan
TP, Protopopov A, Ivanova E, Mahoney JE, Kost—-Alimova M, Perry SR,
Bronson R, Liao R, Mulligan R, Shirihai 0S, Chin L, DePinho RA.
Telomere dysfunction induces metabolic and mitochondrial
compromise. Nature 470, 359-365 (2011).

44



________________________________________________________________________________________________________ g 335
3 332 a3z 3 VA4 23

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA FiOm4es
........ v
1311

2.51|- = T SRR R RS ST
26 (:1‘/2]73 {282} LELEE bl 206] 202|208 204 [204) P

270 280| 282| 283 J

270

2aH |} -259)|--2831 ..

dab| 252 \\ u
22L|J_A " " O L L L " " A " " L

1975 1980 1985 1990 1995 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 (%)

[ O FHMMER (E) O FHOMEER (X)

W BERBE [ADEHAEHE)

X 1-1 AFUC BT D IR & P AR AR O e

BAROHAERESFHIFARBERDHER

RERLTHSHIBERIICH DA, GLHEEBM TSR,

O Fpi234F(F. HAE10575806 A SaTH1FFREH £ F1.39, FERU17HIC1.26LBERIEE

BIRNE—T— L

% 200 (g;ﬂg;2§> COoOHEK — AR 5
2,696,638 A
N . 45
FREN414E HARANRE—T — L SERR234E
20 VORSE (BRF046~404F) BAEDHES | 4
1,360 974 A 2,091,983 A R _ 1,050,806 A
»390, __— 15723y (ERTH)
200 - ey 1,246,802\ 35
m - - —
|4. = \——_ _ el 50153217:F- o
— - DEE
= 11N sEzet |-
100 2.14 O [ s
[1.58 1.57 [1.26] '
2 1
. 1.39
.5
o o
BRFN22 30 : 40 : 50 . 60 Frk2 7 12 17 p<]

RIFERFRD

PO FESWAT A OBREFE . EBATTR23F108 1 ARERTTAD)

X 1-2 AFIZHRT D A & ARHR BRI AR OHER

45




AT TN B REREEE ) 2017 FREERR K D

http://www8. cao. go. jp/shoushi/shoushika/whitepaper/measures/w—
2017/29webhonpen/html /bl s1-1-2. html

L ORI RIHE IR FIRRAE I NS HAERERIZFE 42 EH LT\ 5b, 202
PENE R ARITR T2 R LTV D,

46



NER

FEEF
Fanmn—7
. UES
FEHH &
‘FENRONE REEF
(Poir—T ERN) . AMFRE

BERT
HFITIEBE K
-BEAE%

#RERF

-W70S0F mE

. ".ll&-l!ﬂ.

“RRUR

HAToh M FEER

-RRIEBRBETS HERF
-HRRAESBF2
E

BT

Moran DT. and Rowley J.C. © Visual Lea & Fedige 201, 1988
LHoEERE

2 FEDFIA (AAEMMs AR ER R — L= X0 51 H)
R A BYERA- TR KB S,

47



100+

80- - —_—
H 60-
Z
E w T
20-
=

20-24 25-29  30-34 35-39 40-44  45-49

ZHED Fin

3 LMEDHERIZ K D) DAL (B RIEIR)

AR, et 1,000 Nd>7z 0 O AR (17~20 HAZDT A U B, 3 —nw v /x|
AT 10 »FTdOFT —#  Henry, L. (1961). Some data on natural
fertility. Eugenics Quarterly, 8(2), 81-91.) ZJtlZ. 20~24 %% 100% &
L CRHE U7z, Sl OB AN (BRI 35 i LARR) iR DK T iR Hiv b,
T H IS LR A TR L,

48



< NIk > <IHhks BRIP&MBAH) >

RN sewita it FHRop

|

FRENIBTZE
#BOH—FILT
FEOPNFEALET .

EEHE ET (Embryo Transfer)

.

4 NIHHS & R OEEE (http://www. ivE. co. jp/ &V 5IH)

N LRIV 2 0 7 — 7 LV CHEEFENITEAT 5, RIS ITRINERIC
B o T2 R TR D ZREU L, IR L 7o e RS TR L
e % FENICIEBHT 5, WTOFIRSIFZ B T 2572 DI RIELESIC
L DHEINFEFR 21T O 2 EhZ0,

49



—RREVIT IR E
(FE2- FMRRASE)

—REVITERE
(BRRERBTE- FILEVIRE- FEHE
ESERE BERHERELY)

p pre ([ [= BT \ | [~
[ s | n@&{;&g [ [F=rmE | EEEC I e TR
EORE -SRI || - FEmTwireoseE || prsnmseaya VFSRIESE
-FERSHA T DU || @K EDEIDER
(EEFRERAS | | - PR O
3 ) ¥
[ AT | | % - BEESN T DR
&0 (GPETENH#D)
2 i
| AT
#
1 BB EED
.\ A A
*BEOIERHADIETOBE

FFORAATIRE. FAW RIS MEMR

5-1 MBI O (AARERGE AR FER R — L= X0 5 H)

" AEAMCLOBREROEE
= _— Bt
PREsfE 1[0 30 HEED@ER:48~78 O~%H
— IR AIBRBETIHE. LRITmX. . o = N
BRBMAN | D2BMEEOBR: 1A~ | o e onncEEER

~1
SRR ER % O~ H

DEEM 1 EhrYEA~1 AEEOER 28 )| <7 mer o BEEEIELR
5-2 RIEIBEEIZRBIT 2 HRRE Z L ombt B0 B2 (JBAET#E &= — L
—Y X V51 H)

FIERR A DOFER TR Z KA LIgE 2D 5, — X AEER EMEEIN D 4 1 2
V7 NIRRT, BERLIRE & FEX RSk & B 25 A T AT
T T T LT ZER—EITH D, ZAUTE, IRESES o, b

A O, REOEVER L 2> T e BEIZE > TREARE 2o
T,

[t‘;ﬁﬂ#l‘-‘l 1 @1 ~ 28R EDRERE: 4~108

50



T BNEMTEENL
61 FEBLOHMDOHE mw
¥EAFERBABZRICKD.

5

4 FRRAENZWMERBUILF 2805
(2 7%) /

3 (112

2 Illl

]

e |II|||||||||

199255 95 2000

X 6 sz comAd R e amARICED 58S (HAERG AB AR —
DAL= D B Y TE)

RN ZRE TOHAITFE LB L TE Y 2015 F121359 20 A2 1T AIZHT=5 5. 1%
DEINZRETHAEL TV D,

51



Nrf2/Keapl Theory

Unstressed Condition Stressed Condition

Cytoplasm

ﬂ Nuclear Translocation Stabilization!
Degradaj‘tign’g Nucleus

- Phase Il Detoxification Enzymes

1 Antioxidant Proteins

ARE H Cytoprotective Genes }—
rf2: NF-E2 related factor 2,
Keap1rKeleh ke ECHass0ciated protein 1

ARE: Antioxidantresbonse element

7 Nrf2/Keapl #&I& OHEEL
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% & Keapl IZBE(LIERT S 4L N2 & OFEA NG L Nrf2 (IN~BITT 5,
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BFORREFET L, Fi#EE FICENBLERE Th D Catalase X
superoxide dismutase 1 (SOD1). fREfCHER 2 ENEGEN 5,
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ROS, Antioxidants and OS

H,0

ROS == antioxidants,

by converting ROS to H,0 P GSSGm,
glutathione }
peroxdase

WY “~.2GSH ‘

ROS > antIOXIdantS, ::::;rl::l:e ’@ nluhse»llxo
OS occurs

catalase
damage to DNA, * M""/‘
RNA, protein, lipids E e
ROS: reactive oxygen species (in red), antioxidants (in green),
OS: oxidative stress

9 fEfb A N L AILROS & HIRRLE OB A AN D & AT D
(Squier TC, Bigelow DJ. Protein oxidation and age—dependent

alterations in calcium homeostasis. Front Biosci. 2000 May 1;5:D504-

26. X0 5/H)
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Drug administration protocol ¢ BALB/c mice (n=15)

ODMF group:
50 mg/kg DMF in 0.1ml methylcellulose orally/day

Ocontrol group:
0.1ml methylcellulose orally/day sacrifice

pAN | l

~~ 32 weeks ——) 48 weeks

10 <7 A LA

20 HE D BALB/c M~ A% 32 # £ CTEIE L. DMF BE & Control BE (45 15 JE)
D 2 BEITAY T DMF BEIZIZ 0. 1% 2 F &L v — | THREBIEFT L 7= 50 mg/kg @ DMF
Z 0. 1ml, Control BEIZIZ 0. 1% A F L/ m—A% 0. Iml., ZNZFI 32 D
48 I F T 16 WAFHE A fE N &5 L7z,
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