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[Abstract]  Mitochondrial abnormality is the main cause of oocyte aging. Mitochondrial transfer
technology is expected to be a novel treatment to improve the oocyte quality and the potential of embryo
development,as well as increase the pregnancy rate of assisted reproductive technology. This paper reviews

the relationship between mitochondria and the quality of oocyte,the development history of mitochondrial

transfer treatment in the field of assisted reproduction and its possible mechanisms of improving the quality

of oocyte.

[Key words] Oocyte aging;

EWNNE i AR NN T e = NS S Ve
W RVEPR AN B B A B TR
RFEE R AR, (it 0 B 2 85 s — B R A
LU TR R S R R S B R LA F e
FTF R R E R TFEMA . R ZI TN
it 2 0 A0 LA L BB A ATP M Z R AE Y A
IR, Sk B 7 1) B L A2 RS VR iR Kk 7 o R R it e
it [ 2 5 20 N 22 A i Sl R 2 RS
TS MNESES AT AR 55 .

T BN JEUUG A 40 M v 2ok A B <10 AL
IO TR G A R R B g & 1 X 10° A4
DA 334 s 2R A B N ) B AT A A e R R
W E SRR . SR, SR
i 2R DNA (mtDNA) 28745 56 B g 1 155 1 4% 11
A OSEFTREN R VAL RT3 R L (o B2 R TR N
LI RE A/ Bl 38 0 1 2R 1A B AT LSR5 2 Ak O

Mitochondrial transfer;

Oocyte quality; Assisted reproduction

(J Reprod Med 2019,28(10):1120-1124)

o, e R BUREE . H 1997 AR fd R Lok i B
20 00 3 S N 2 1) O v R AR A I 7 1 1 4
B DL, 45 Fh 2R A B AR T RN ZROR A B Al B R AH
2k )t L A B RO B M L 5 R R RS AR AR RS A
P A 7 200 it 28 AR RS A L 1A O DB R 4T i £ R
TR . F ARG 5 T 4 SR AR B 1 | A B ) 72
g 11V S YA N A A AT e i o 0 WA (o
[F] R A5 DR 3R 3 S R R 4 I IR 0L P 4 ) A A2 il
I ERF, AT 0T 2ok AR A% 4 1 VE AL T M b AR
SO R A 2R A 5 O T R 22 R YOG & L iE T A 24
L7 R B A A A S 2 AR Y 2 B g s R A A H T

ks A3HY 2019-07-31; [ H T 2019-08-13

[(E4WHY EZRELSTFEDH 2016 YFC1000302)

CEFE AT XUBRI, Lo, 7 ZR0R OGN, M0+ 1 55 A, AR 41 IR 2
Ll . (7 3@ IR/E#E . Email : drhuangr@ sina. com)



R R 2R 24 A 2019 4F 10 A SE 28 B4 10 )

HE I VE FIPLH

— KL 5 DY

SRR [ AN 2R KIS, M Y
U5 R 3 S AR . N SRR AR 38t 1% 0 i (mtDNA)
K2y 16. 6 kb, XEEARR, TAE A, LB E 37 4
FE L i 2 FhekiiA rRNA 22 Fl tRNA FI 13 Ff
AR IR AL A2 A R (3L . ok A2 O 7 i
R i 22 1Y AR B A L S R B I 2N SO iR
% H i RO AE A R R S AR A A T
0 A5 A i i B R LR B ) RE R EORE 4 0 B
T2 K5 MG & 45 7 1 L

1. mtDNA $8 DU 5 ) B2 & . mtDNA $5 D15
TEARTR S B M A e 22 S . 5 MRt B AR L, B0
JIF mtDNA it 202 MR K. T L
AVRWETE MERERE SN BEHA mtDNA &
& sh') L bR AR B A0 R A A 4 200 4 mtDNA
¥ DUE B OF T KA ORI BB AT mtDNA #5 1
BB B BN, 112 9T B 58 A2 RS B mtDNA
¥5 DURGR B0 ; 78 98 IR & F B B, VR mtDNA #
DUz eyl /b o R 55 PN 40 B AT A L L % 3R A IR 2 T i
mtDNA $5 D1E 8 3 38 i, 10 P 240 i 1A D) 26 454K 7K OF
) mtDNA & i, 3 KA 2 5 5 IR IE B e G
T4 Ml mtDNA JF 43 5 i, A A 50 A6 28 il 9 miDNA
Kyt il 5 A0 A I 02D, BR O mtDNA F6 B B
EHERGH  mtDNA B 1k, e R T R85
9 mtDNA, & 43 b 40 M & 4% 58 09 5 2 19 40 i
igg- .

B ER T P RS B 702 A9 mtDNA $5 D1, M
W PR FE MR IG5 R 5 » BT 40 A 2 85 1) mtDNA
TEGERCAERGORGLZE SR EEN
AEf. 1Z mtDNA #5 DU BR(ERD MO T 2 B e
(14 O H B, 72 NS {E D 100 000°™ /)N B S 58
F W, mtDNA ¥ D1 F /> S 80U i 98 I8 % T
RELS) S TIT BT AR A1 327 065 B 1 - 35 mtDNA $5 D18
B E T AR AZ K U0 ) mtDNA #0155, X it
BB i mtDNA $8 DG e H R 08 Be A2 A
RE 7 3G 2o (R 25 i 7T RE B2 /5 K U R LI R ARG
e S, P, gob R8s o mtDNA #5 DUECAT LA
Al i P T R L AR AR

2. mtDNA 2875 5 0 7 i & : mtDNA /020 5
1, &R T 09 oL 1% 3 4 e 7 2R K TS PE A (ROS)
H mtDNA W& E mife 1A R L5 5 kAR,
mtDNA [ 2R A FIEZ L 25 £5° . 28748 mtDNA

« 1121 -

18 SR A T L 3 5% e I 1 i ) g T O 1Y R
6 U BT R e L SO R A0 4 4 B i o
it 2R AR, — FUVE I RE T RE A2 BB, ATP
PR AR R AN BE R AL R B R L S TS
R L O R R A R R B R B ) e £ 1A
(14 53 B 5 5% ] B F o o

HErA Ik W58 AN G C &8 150 # A [H]
B mtDNA 2= 48 Jy 2L, B 7E 1993 4, Kitagawa
FELOI IR R BN O A ZUAE A mtDNA4977 bp
B HLE A A 30 L R B R, 2
J&i Keefe S5 IESE SAR R W AH L, i 8 2o AT
= ) mtDNA 4977 bp $4 %R, HIANAX 5 HA i
REAR T A 36, KRz 4h, Hsieh 202 78 A 50 b 6 il
F| T HA 12 B mtDNA B2k, 3FIA 8 mtDNA %k
A SR A ) fE RS A ATP A2 sz 451, il
WO 2R it — e ie & T . PURTER AR
AR AERE A ROS 1 7= A5 Bl %5 45 8 16 14 i AL 1k
SR ROS 23 19, = 1% 10 22 51+ e i BE 1Y
ROS D) J 52 45t 1 40 484k B A8 AL 1 4 75 miDNA
G A iy MR 5 R SR RAR IR R E RH SR
B EANREE R,

3. SEUAK N S O T A RORLIRATE S A ATP
(IR B ARl ROS 1974, IEE GO T HLIE N A
FEAKF T SE A IKOF b T — B Sl A . RT3
B, 3E 1) ROS 2 5000 K& 001 e HEDP L 2
(NG o I o i T G ol s U A o R NI
ROS 54t &4k 3 2Z 18] (1 3l 45 - i %F B 1F 8 28 K
KB H EEWAEN DU WP S LR T B A i
BRI 8 55 . B 2 T 9 2 ROS IR, T2
ROS 7] il I G b A4 N B (A A PR FL (mPT) L 3 B85 25
TRIANL @ R C A, 2 52 R A B H 07 3 2%, 2k
LA TR T I 20 S 08K A3 2 SR 045 i R 44 i O
TE A i v ) 3% B Ay B SR VA S e A B A
Z . J3Hh, EHE ROS B B4 85 58 6 1A 45 18 115
5 R AR S P R I it i A T
ok /0 7T 40 5 v A R T DR A Y T R
BT A BEFRET. FRRE, 5SS
IEH ARG AE E . R B0 40 B R 5 A RR iR ATP Al
ROS 7K F & 3 Tk s xd /N M 3 B9 32 47 5% 3
B R R IR L S SR R G & T i R
A Ry Z BT,

ORI AEOY T B 2K R R B A
& B E B AR SR R B0 A R (0 T RE RE



1122 -

i HRBE 00 G R 25 Jry . ORISR YT 4 H B A i 2 )
R i DR SR AL TR Y O )

ZBRLARIR YT R R

L. SRR ARST I LRI YT 1 (mitochon-
drial replacement therapy, MRT) , Bl Ff fg 5 (19 b IR
1652 R VA N W AW R A i R R D 2R AT
AT LSS O 1 5T 6 e R I RE L H O AR i 2
Sl RS B R 5] kg . AR 1997 4,
Cohen S5 5 YK filt B o M 1) O 48 Jfg 3% 7 23 3 )
SUR T R 22 0 BB O T R AR AR TR . AR,
Van Blerkom 2§ B 7 o & 15 4R A4 1) i 5 43
BIFES A — MR, & B2 R 5 F ATP
B HAOR R —E BT . HEIA S E Y BT
O S S 194 <22 4 ) R ] I B P 5 A ) He At A= )
S35 2% B - 3 N AR R Y. B A v R
BRI A S R T 08 B Fe A A1 S5 A% A (pronuclei
transfer, PNT) 4= & U B #H (germinal vesicle transfer,
GVT).Zi & 4 (spindle transfer, ST) M &#
¥ (polar body transfer, PBT) 4 ¢ A #H 4% 1 ¥,
2016 4 A ) =R L7 T AT AR AR IR
Bl TE 2R ST AR5 #E47 5 By Az 58 £ R B 22 91 B
2 AR SR AR LR AR 1 ST A AT R R
ARAE T P RB A [ e 51 ZORn A, 2o A 1 S o 1 =
VF AT DL o e WL st 4% 52 w7~ AL AR mT AR 4 AR
A A DA R S B B A, RTINS T A = g
BB 5 AFTIE - =55 LR A S5 R %
B 4l

2. BORLARRE AR H AR < LR RS A A, BV A Sh
3 B HE A A0 A 2ok R R U G O S T A
M HAGR 5~ BERE SR 1 70 25 O B o R A% B8 A8 25 R
SR R B TR AL T AR 0 A S A B R
JEWR D T 5 22 A8 B IA) L B A 12 4 R ) B Y
P

Tzeng 55V 7E 2001 4F B YCARIE T 1 44 JB0RL 20
JfLR IR LALAR R A A OF 7 IF I A Wk ) S 491, LA
SLAE o 26 B 1 AR S0 200 il 24k 1A% A AT B
UGB IR & B B P S AR . & K OvaScience
JN )43 B R OP A LAY B D A 20 i CBR ET 4
HE) o DA T B IO AV S A B T R R AT AR
ARG HEA T HESR B A T A B LY. 2015
F, Oktay 552 %F 10 v J &2 Bh 22 2k Wi H % 6 AT
B J5L T A 200 it 2 R A B A I DR AT R 3R 38 4020, fH
Labarta 5 ff) — 50 519 J52 7 445 2 i 4247 44 7% A8 Bifi AL

MR R 2R 24 AE 2019 4F 10 A5 28 B4 10 )

Xof FE S 50 2 SRR 3 T R I A BB Bl A IR 4
ST R 3 F B e 9 6 2ok A I A 41 i 2k 7
TUE AR ISR 57 4 WYt L 20 i S [ A Y A
T AL AT A A L S R R 8 DB T i e
A G 300 L PO O A BB 4 0 A5 e X A 2SR
HAMCEAE . 2018 AF R Ie e A AR AE T 1 B N
FH R A V) 78 5 1 48 Sk Y 1) e R IR B A A B
JEL AT B AR B H R B A O s e B R
B BR T R GE LS, sl S 56 & R 40 i =K
14 N 15 20 20K U 1) SR 1A B Al B8 T 5 341 0] LA BH
B B /NI T R B RE

=GR AR A 2 BRI AL 1 T RE L

IR Rk iAot D B mtDNA 5878 2 S 8k by
PRI RE 5 o 52 W0 OF - BU3 2R IR iG kK & L iR
e T e R 5 A A A ) i T AR R B T
i, OB AT RS SR . O A SRR L 4 B 2k 1 4R
WA w] LR | L 3 A L 3h 4 4 PO IR R R
HEHBIIEE . R4 SRR M J5 2 ] i 35 o
TR A7 N I LR AT R Y R AL E AT R A

ATP 7= AR T 2 bt 9 B8 | — 258 1
R AL Rk =R ALY R R (TR e
ROS /K FF,ATP /K FRE, Tarin 229321 5
T AR R H bR — R R 2 A Bl
HFEW R B0 F S HER T 210 ROS 441 52
ATP 4 A . B8tk AR 32 BH 25 1 40 2 il A 1 A 3R 1
(R M Rt A L e AR 4 B e R 32 B I, DA T
V| L YN RS N N N e (S RN N ]
T M T mtDNA (1 # DAL, 8 fim ATP 19 4=
B AR OAE BR BR R A SR R Y AR A DL AR
LI F AR R R R A AT SO T A E
TREE

SRR ELAT R B S Bl M AT DA 3% SO W Hl i
Tl A 503, SRR MR-G5 50 247 v 4 15 2k
KR IEHEIEA Dife A mEEH ., Kbk & EA
Min2 XF /Iy BB - B 2 &8 56 J 22000, 2 i ok 2k A
flt A JE R W] B0 F AR L IR G kB T g
FH I AR B 5 R B . A0 R T R Y ROS
BT R RN NN TR 87 N TR UNEOR G o T =1
W4 L P B0 - 5 AR 5 L 1 O T AH Bl 2R IR 2 24T B
LR BN VR ol A DS TR LN IS U i A )
2R 43 B4 3 Al 3E i ROS/NF-£B {5 5 18 B -9
AR H AR 4% F (STIM1) 26 3K 14T 1t 45 9\ PE 45
DAL DA T 5 380 M 0 A B T R RE R L AR BT A



R R 2R 24 A 2019 4F 10 A SE 28 B4 10 )

S AR ST S 1 R R/ AR B (A
S RG I 45 Fp & B E R b R E B AR, 1T
M) 40 4 43 Ak A ds A 25 . A0 TR M 2ROk R a0E A B
TJ5 AT AR E T R ORIk LA R M R SO
A VR T A R P A S S R Al A A A A% R B
TG Zh A5 LLIE & 647, DT o 36 22 4k B - 3 &, 42 &5
HkBWEE.

55— J7 1 AL I T ROS 1 R T 30 A 1k 4t
i » B R R T fil B A5 R 40 e 84500, H o B
ROS BB SH M ZopiR [ 1, ROS W48 4k 1A [ 10
(#4245 ROS-PINK1/Parkin, ROS-HIF1-BNIP3/
Nix, ROS-FOX03-LC3/BNIP3 il ROS-NRF2-P62 %
P Niu 589 [ 50560 245 R 2 B PINK1 /9 T 14
P LR AN, BEARZORLIR DNA $5 D14, &
3 ATP =, 1 380 [ R A T, S 2 5 e 2 R Y
JEBURIS . ROS 4 ) PINK1/Parkin 38 #% 9 - i
5551, B0 F N & EE R ROS 25 T~ T
PINKI [R50 A W) fig 52 B e & S 8000 7 & B %
AR 22 , DL B NI 20 b A% 2 755 3 ok i R 4 ek
I3 T A3 B O e, X R — A S KRR

R

FEIE T JUAR B B B AR B B R T E R
A ARG 2 Ak B IR i 5 AR A7) 4R O 2R A B 2 4
SR HE RS, O R 22 1 2 N HOG R B E R IR RS
FEVRYT b o8 H TR SRR B% A T6 7 19 I PR N e
R B A8 BN 22 A [ AR AE 4 L. R TR R
I7 ¥k I I IE 15 20k 95 K L Rl ATF 9 R R A /0, HOR B
PR 4 4 P Al T 2 T £ ) SE IR B 5T i — A RIE

(& % x %]

[1] Luke B,Brown MB,Wantman E,et al. Cumulative birth rates
with linked assisted reproductive technology cycles[J]. N
Engl ] Med,2012,366:2483-2491.

[2] Van Blerkom ]. Mitochondrial function in the human oocyte
and embryo and their role in developmental competence[ J].
Mitochondrion,2011,11:797-813.

[3] Santos TA, El Shourbagy S, St John JC. Mitochondrial
content reflects oocyte variability and fertilization outcome
[J]. Fertil Steril,2006.85:584-591.

[4] Ravichandran K. McCaffrey C. Grifo J, et al. Mitochondrial
DNA quantification as a tool for embryo viability assessment:
retrospective analysis of data from single euploid blastocyst
transfers[J]. Hum Reprod,2017,32:1282-1292.

[5] St John JC. Transmission. inheritance and replication of

mitochondrial DNA in mammals:implications for reproductive

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

+ 1123 -

processes and infertility [ J ]. Cell Tissue Res, 2012, 349.
795-808.

Evans M], Kaufman MH. Establishment in culture of
pluripotential cells from mouse embryos[ J]. Nature, 1981,
292:154-156.

Reynier P,May-Panloup P, Chrétien MF, et al. Mitochondrial
DNA content affects the fertilizability of human oocytes[ J].
Mol Hum Reprod,2001,7:425-429.

Ge H, Tollner TL, Hu Z, et al. The importance of
mitochondrial metabolic activity and mitochondrial DNA
replication during oocyte maturation in vitro on oocyte quality
and subsequent embryo developmental competence[]]. Mol
Reprod Dev,2012,79:392-401.

Lynch M, Koskella B, Schaack S. Mutation pressure and the
evolution of organelle genomic architecture[ J]. Science, 2006,
311:1727-1730.

Kitagawa T,Suganuma N, Nawa A, et al. Rapid accumulation
of deleted mitochondrial deoxyribonucleic acid in postmenopausal
ovaries[J]. Biol Reprod,1993,49:730-736.

Keefe DL, Niven-Fairchild T, Powell S, et al. Mitochondrial
deoxyribonucleic acid deletions in oocytes and reproductive
aging in women[ ] . Fertil Steril,1995,64:577-583.

Hsieh RH, Tsai NM, Au HK, et al. Multiple rearrangements
of mitochondrial DNA in unfertilized human oocytes[ ] ]. Fertil
Steril,2002,77:1012-1017.

Eichenlaub-Ritter U, Wieczorek M, Liike S,et al. Age related
changes in mitochondrial function and new approaches to
study redox regulation in mammalian oocytes in response to
age or maturation conditions [ ] ]. Mitochondrion, 2011, 11
783-796.

Das S, Chattopadhyay R, Ghosh S, et al. Reactive oxygen
species level in follicular fluid—embryo quality marker in IVF?
[J]. Hum Reprod.,2006,21:2403-2407.

Tiwari M, Prasad S, Shrivastav TG, et al. Calcium signaling
during meiotic cell cycle regulation and apoptosis in
mammalian oocytes[ J]. ] Cell Physiol,2017,232:976-981.
Zhang CX, Cui W, Zhang M, et al. Role of Na +/Ca2 +
exchanger ( NCX) in modulating postovulatory aging of
mouse and rat oocytes[ J/OL]. PLoS One,2014,9:e93446.
Van Blerkom ], Davis P, Mathwig V, et al. Domains of high-
polarized and low-polarized mitochondria may occur in mouse
and human oocytes and early embryos[]]. Hum Reprod,
2002,17:393-406.

Thouas GA, Trounson AQO, Jones GM. Developmental effects
of sublethal mitochondrial injury in mouse oocytes[ ] ]. Biol
Reprod.2006.74:969-977

Cohen J, Scott R, Schimmel T, et al. Birth of infant after
transfer of anucleate donor oocyte cytoplasm into recipient
eggs[J]. Lancet,1997,350:186-187

Van Blerkom J, Sinclair J, Davis P. Mitochondrial transfer

between oocytes: potential applications of mitochondrial



- 1124 -

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

donation and the issue of heteroplasmy[J]. Hum Reprod,
1998,13:2857-2868.

Tzeng C, Hsieh R, Chang S, et al. Pregnancy derived from
mitochondria transfer (MIT) into oocyte from patient’s own
cumulus granulosa cells (¢cGCs) [ J]. Fertil Steril, 2001, 76
S67-S68.

FLALL R A 2r, A5 B R TBURE 40 I 2R 7R F% AN IR i R
B AW ], AR R K 2004,39:105-107.

Oktay K, Baltaci V, Sonmezer M, et al. Qogonial precursor cell-
derived autologous mitochondria injection to improve outcomes in
women with multiple IVF failures due to low oocyte quality: a
clinical translation[ J]. Reprod Sci,2015,22:1612-1617.

Labarta E, de Los Santos MJ, Herraiz S, et al. Autologous
mitochondrial transfer as a complementary technique to
intracytoplasmic sperm injection to improve embryo quality in
patients undergoing in vitro fertilization-a randomized pilot
study[J]. Fertil Steril,2019,111:86-96.

DN RS Y R IR N SR TR N
GRG0 B ARGE L), AR R B S 4 2k A, 2018, 38
937-939.

Yi Y, Chen M, Ho JY. et al. Mitochondria transfer can
enhance the murine embryo development[J]. ] Assist Reprod
Genet,2007,24:445-449.

Wang ZB, Hao JX, Meng TG, et al. Transfer of autologous
mitochondria from adipose tissue-derived stem cells rescues
oocyte quality and infertility in aged mice[ J]. Aging (Albany
NY),2017,9:2480-2488.

McCully JD, Levitsky S, Del Nido PJ, et al. Mitochondrial
transplantation for therapeutic use [J]. Clin Transl Med,
2016,5:16.

Tarin JJ. Potential effects of age-associated oxidative stress on

mammalian oocytes/embryos[ ] ]. Mol Hum Reprod.1996,2;

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

MR R 2R 24 AE 2019 4F 10 A5 28 B4 10 )

717-724.

Zhang JH,Zhang T,Gao SH,et al. Mitofusin-2 is required for
mouse oocyte meiotic maturation[ J]. Sci Rep,2016,6:30970.
Zorov DB, Popkov VA, Zorova LD, et al. Mitochondrial aging:
is there a mitochondrial clock? [ J]. J Gerontol A Biol Sci
Med Sci,2017,72:1171-1179.

Huang Q,Cao H,Zhan L,et al. Mitochondrial fission forms a
positive feedback loop with cytosolic calcium signaling
pathway to promote autophagy in hepatocellular carcinoma
cells[J]. Cancer Lett,2017,403:108-118.

Chakrabarti S, Jahandideh F, Wu J. Food-derived bioactive
peptides on inflammation and oxidative stress[ ] |. Biomed Res
Int,2014,2014:608979. doi:10. 1155/2014/608979.

Tracy K, Dibling BC, Spike BT, et al. BNIP3 is an RB/E2F
target gene required for hypoxia-induced autophagy[ J]. Mol
Cell Biol,2007,27:6229-6242.

Zhao J, Brault J J, Schild A, et al. FoxO3 coordinately
activates protein degradation by the autophagic/lysosomal and
proteasomal pathways in atrophying muscle cells [ J]. Cell
Metab,2007,6:472-483.
Taguchi K, Motohashi H, Yamamoto M. Molecular
mechanisms of the Keapl-Nrf2 pathway in stress response
and cancer evolution[ ] ]. Genes Cells,2011,16:123-140.

Wei X, Qi Y, Zhang X, et al. Cadmium induces mitophagy
through ROS-mediated PINK1/Parkin pathway[ J]. Toxicol
Mech Methods,2014,24:504-511.

Niu YJ, Nie ZW, Shin KT, et al. PINKI1 regulates
mitochondrial morphology via promoting mitochondrial fission
in porcine preimplantation embryos[ ]J]. FASEB J, 2019, 33:

7882-7895.

[ G AH . 1 DR



