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Abstract: As heterogeneous disorders, mitochondrial diseases can affect various tissues and organs. They can be
caused by genetic defects (nuclear and mitochondrial DNA) or environmental factors. Last decades, substantial
progress has been made among the diagnosis and pathogenesis of mitochondrial diseases. However, there have been

not many reports about development of therapies approaches for these disorders. In this review article, we will

discuss emerging therapeutic and intervention strategies of mitochondrial diseases.

Key words: mitochondrial diseases; gene therapy; oxidative phosphorylation defects; heteroplasmy

2 RLAR 9595 AL Fig Ze R R FE PR 41 (mitochondrial
DNA, mtDNA) 1 ( 5% ) #2541 (nuclear DNA, nDNA)
54 S AR 1L (oxidative phosphorylation system,
OXPHOS) Ly BE @ e 11ty 57 1S 0 o mtDNA FE A%
A S BT ) B AR BN 58 AR B mtDNA 431 AL A7,
AR T mtDNA R £ i 8 1R B E (BB RN
AR I B A . Tk, LR BRI AL IE
LRI I A SR B KR YT S A3 ) TR R, B
CAEAN A )40 i M S AL I RS . AR LR
XX AT TSRS HEA TR AR

1 HEREFRMEEE

S P mtDNA 542 S0 ) 8 {EL/K P A A
KZ 1t 80%~90%, Jr LI ZERAR 52 R 412110 %

Az AT R BLIE B R 9T AR, BT g R A Y
mtDNA #4748 % 87 2E A mtDNA . X FEAAE 5848 1)
mtDNA LEAREFENEH R B, iy HLEF R mtDNA ()
S SIS IN =R
1.1 Zhi (AR @ PRI 4 A YIEE L TR T R R IE

PR il ¥ N 1) B (restriction enzyme, RE) HE 7F 45

s HEA: 2011-07-19; f&[E HER: 2011-10-13
HEEmB.: HEKESIEMYINEETRI “9737 1
H)(2004CCA02200); Wivl44 =2y TR AiF 5L 4
T H (2006A100); W4 “HILAATHR]” £EA0 5
BB H (2006R10021);  WivE 4 H KR T Itk & %
JETH (2007C13021);  #iVL44 i 90 A A8 Bt I H
(YK2010084)

*BIE1EE: E-mail: gminxin88@gmail.com



186 1t

R 244

SEPERR AL AR BRI 1) DNA XU, HE48 mtDNA
TR e AN (1 BRAIPE R DI A7 A, S b A )
RE 0] LRAX AN i, FFATSAR (1) mtDNA ST F
fil, A 158 4 BT 2R B mtDNA HCR A TF s, A
T P 40 i rp 5848 mtDNA (1) LG, 38 i S o e i
oeAs M, R ARBE ) RE S FH 1 S5 95 4 b 4 1) 2%
HU. KR mDNA 62 Psd {5 ¥, 2Rtk
Pstl RE(mito-Pst) [¥] 1A fig 1% 5042 [A] I 25 A /N BUA
KR AL A 40 M () mtDNA 5 5 M. 2 0 AP LK
mtDNA .48 (BALB F1 NZB) [ JCAER /N LA L P
(1) 44 SR04 N R0 R B, R 2 0 R A e A T
LR RAART) REs 234 1] AT 2 20 mtDNA ik
XA mDNA HLARIGEGS I I RE Apall X4y, ¥
fit i BALB mtDNA [#]—AM 1, AR NZB
mtDNA H1 ({7 5. 1EF 4 HA BALB mtDNA 5848
WEAT Apall 5 S PEBE DI A0, 5 5 U=
T S 2 B 2 R AR HE 1) Apalll RE(mito- Apall) [¥) &
IR FE IS, JULPRRI R R e, 1) ELAES 1)
mtDNA 5574 . mtDNA 5 50 2038 () R 1
RO M TR 1% BT V) 1F) mtDNA # & . [K 4 Apall
U BY 1] BALB mtDNA, £ F [#] NZB mtDNA 4k 4
A2 DA4ERR IE % mtDNA $5 ULEL, A W 22 )
WA &) mtDNA FET e 2R A48 7] REs 7] LUAE R
S O A R SR, L R S R A P R A
PEAL BRI RAH OGS AE 2D o
1.2 SRR EEHEALEREE N T R T R R

B 48 7% MR I (zinc-finger nucleases, ZFNs) /& —
KREMAIN LRI, 1E R —A s R A% HE & A
T H Y, ZFNs A8l i b 240085 5 S R JE E 4 1
e IR A R 7 ok s B B A

ZFNs fH 3~9 > B I [F 41 48 DNA 45 4 45 /4 15
RS 50 Fokl N DI 45 /8 2 1. BEFR X DNA
(1% 8 17) 75 ik Fokl 1) — B840 F e s ZFNs A [
(a1 30 fes L sh e e 5 R R 1
Minczuk 25 P #5546 % Bl ZFNs w45 J T 2eokiik, I
J T K B AR B B S A G A B 2ok, AIE e
mtDNA R 5 Pk B AR AL A Bl S, SORs sk
ZFN 5 N\ 2 #717 85% T8993G 78 4% 4t faf 1) 2 A% 44
o U0 ZFNs 76 5 15 T8993G 575 [ 2 Fii {4k v 5 %]
ik, FEEEM mtDNA LR FEE BT, 48 h 5
SO BLER G mtDNA $5 DA b 4 & X
D-loop #4474, ZFNs [EKIEF A AR T8993G
(M9 far, 2 d JEEH L™ 1) mtDNA $5 DUE %
ke IXRH], T8993G /KT I B /& th T~ 5 AL E

PEM) ZFNs EAT LR ARE 7] RE (35 FRAEH -
1.3 H4AmDNAMNEENTRT SR

B S P 00 3 5€ 45 mtDNA [ 18 5 5 4 87 2k 0
mtDNA A P FR 775« A2l £ R 1AL 41 B 1R BT
A AR A R AR R 5 7 R Bt mtDNA 5l 2% (1 41 i &
BTWAT, 5548 mtDNA e M, 2k
WK G T30 97 B bR B b 5 R R o s
AT LA 9697 I mtDNA G 2 50 2 5 S0k ki 44
fift e BB 1R/ B, OB OXPHOS /K, B
B 8 R AR e i I R AH DG I R R AR L IR 1 . AR
iy, ZEEIRCE AN g b AR R R Y, A
0 R LA A LIS i A M AT AT DA
BUbAE Sl AL 2 PR A0 5 s, T AR BB %2
PG LF4E s ELRRZOR T 5N, B2
AR 5 A% G gy LU R A TR LA 27 4 U s el T
RIS A A O T S T, I ILAL 2 i 1
SN 8 i 1) M A R RE PRI A

2 B4 B mDNAE{LRITE mtDNA

AN 53 4 S BN A LA AN [ 0 58 A% 47
i, X R ZE RS AT S SR AU IR
(28 bR Th e b 5. mtDNA 545 58 ik BF 2 B 0 4%
T, AN X RE R D A AT R IR A 5 i TR
M5 T mDNA S8 ke F—AR%. Plitk,
A7 mDNA AR 5457 mtDNA 2B 11 i1 mtDNA
SEAR 5| 1) BE 2R 35t A 2 b AR 098 B U 1RIR 9T T ik
HHATIXF R A A 5« SRR RO i S 75
2.1 [R5

JE R S FR K 5717 mtDNA 5878 1) 52 K Ui 44
AhBR 2T (F K2 Bk ), AR A K A i %
RSBS54 B 7 mtDNA (TSR IR, Jf

W IR N BB U B X AR AR PR
Ky« —A> nDNA LA 55— 4> mtDNA {4 (K]

JURJI6 G 40 I R 7T R T — A R g 1 X
ARATE T HB)5 5 S A K SEAZAH K IR B R dgt A%
P, AHASBE F P A 4T
22 fafRER

IR s i i M5 I PR SR AR S 3] B
RESH M, 3K F R LU B B 1¥) mtDNA L 1] B A
PSS 4 5 v B A B 0 BB R, A 3K TR
PR TR AR BB WG T  (HR Il X
TR — 2821, AATH mtDNA K [ BE44 5
A0, DR RACE SR T N BRI S
7, RERS X PP EAR S ) mtDNA K /D 5



21

IR, 55 BRI AMICIIPIRIRTT LT TR 187

mtDNA ] 1/3, KRR 7o A7E 7 AORE 2 1
TITRCRITARILE B T LA A B A X mDNA
RAR K WIRTT A=

3 BRfaSRAERMERR

3.1 ZZRIKRNASA

48 K2 % mtDNA AR AL SRR tRNA |,
HAR (RNA B LR AR AR BE L SE TR, (X
W LB — Bk . BERE (RNA™ BE gl i zh
TN B LR ZE VR RGIA FE 7 20 2T 4E99 (myoclonic
epilepsy with ragged red fibers, MERRF) SE4% £ 35 4|
M, SONEERE (RNAR A] LU/ Pk 5 28R A4 B
A1 OXPHOS fig ™, R 3% — Iy ik (M b 76
RO, AT B RBAE R ATk
IR & dL RNA A SR (RNA import complex,
RIC), XFh&E &R 2 AN NN, kif S
tRNA"® 5 APk 52 MERRF 41 J 1) £ b A 0 15 Al
OXPHOS i1k HAb R )5t t(RNA ] DU S Ff
JHE S NBIRAA, FIFAHR RNA AR5 5 Y,
Ft & 5l RIC ILHE ;e X RNA P AZRi A4 LE i,
N0 B 11 £ AT B A4 RNAPY,
3.2 IREZARRNARIEE S

tRNA 5847 [E AR Z BE Ak t(RNA /K, SR H
VAR R AT W B I o 0, RN £ B 1) i R0k
AT SRR (RNA SEAL IR 40 M bR PR B g . AR
tRNA 5 B i #2310 40 A8 I 17 (RNAOP (15
sEVE, (EER 75 BRI S AR SR Al e A — 8 B,
3.3 EAR¥ES/EARER

1T mtDNA g i) (1) 4 br A4 2 1 & B K Pk
KN R A AR E MR, RO S
W — A 2 H B SRR R N T, R
A7 G0 3233 M DI B 1 DR 3 A R ) IR R e i
b A T Al R Y EeH R (U G4
FB 2 TAT, ‘& HIV _ERCRIA IR, B8 %
REAN M B, TAT @A 2 PR A a0 A% 58 A5 5
(nuclear localization signal, NLS) ml £k Ji {4 % 7] )7 5]
(mitochondrial targeting sequence, MTS) fe % 44 S ik
NI I 52 A7 A B A ST 40 A I X sk B ok ik
FSCEHE ) N (P HRIE WL TAT A3 (5 e A
1 (lipoamide dehydrogenase, LAD), #JH[d&4 [1] MTS
PAZ T LAD i e 8 40 10 P ok A D I 1 T 2= g
AR . B R S L AE TS
AV TIM F1 TOM E 544 7, i 93545 TiX 02—
TR AT

I LA, James [A1BARI A 85 1 5% S Jm 2 5cadt
T ERARE O U SO, O E A, A
AT FH Rl i 1 B 5 R EORT B b A o 647 o R
AN R AR #: 5 45 Ky d (mitochondrial transduction
domain, MTD). & ] MTD A2 T8R4 5%
¥~ A(mitochondrial transcription factor A, TFAM)
454 DNA [FBEJJ. I i MTD-TFAM W] L5 i 4%
SO TR (VAR 5 YA U
34 ZRRERBRARKIE

mtDNA JE K [ 1% R 5 e — Fh e A Rk ¢
7 2 1) S I 5 B AA T 65 A R () gt A% 25
fiho BEAL, BYY) S 2R A4 HE [n) P 40 5 N 21 i 4
o ALRIE E ARS8, BB
R R IKFE I IE ATPS, &Rl S b AL 1n) 2 1) )
N FEAERL TR Rk . B R AR IE )G
SANFEHIH T SRV, W T EERE ATPS 55 M
Wi 4 oh g B

4 BREEPEIK

OXPHOS ik [ 3t B ¥ FL 5 FHL 5 FE 512 1 2
1 NADH/NAD (1) it & #l 9, M1 5 £ OXPHOS
ARSI s 25 B BOH 1) IR R o Horp— L
Vst AT s, R AR LRLAR PR R ) T 22 i A
o DI, THERIXEEREE P R4 Bl 1B A A
I HE, 2 OXPHOS ik [ BLAR IR 6 7 AT il

SRS o
TRIEY

FLIR T B A M R R0 AA B R IR, A
OXPHOS [ FH ¥, 7o PR 6 4 i3k — 28 AR B e 3,
1%, A HER R B0R . BRI i 5L
PR LR 73, WA B R Eh R vl s — = &
st iR TR T Y, (A A CRINIRTT & B
NN EZE 3 oo
42 EREE

BRI ZE Y Jii VLW (mitochondrial gastr-
ointestinal encephalopathy, MNGIE) J& £ % %t 5 Ji »
SRR ™ 1) W TE D e R AR A8 R ph 2 AR
PR R 0 15 e A, T M IR B PR AL (thymidine
phosphorylase, TP) #cff 5 5 *. TP 3%y B A% vl 51
FEC I 98 O 4 B R B 4R KO BT . H R
TR AZ T = AN 7k s BaENT . I
T4 RS RELRT MR A
43 mEALFTBER

OXPHOS ## 3 ] fig T BUd th A = =1, JF



188 1

R ERYED

BRI IR mtDNA™ S S0 MR S A
IAE SRR ER T B, 38 HIAEVF 2 B AT 1
YA, QN Friedreich 2L50 2R 5 @M. L2548
) 2% T A RE A 4 AR 98 5 Y O T i B ROS,
LR BRI 6T SN T P b B R
I U — 2RI K e HAE S i pise 7).
CoQ10( 4filiff Q10). L HuLZKE, MitoQ &5, WAL
WP R HAWEEH . ERAEAKT / TAMES
PRTIT W~ s 2 5 [, 2 584 7 19 ROS
THERA . A i aUA, BRAEYS 504 R IR Gk I it
R AR RS o /E O ROS TR A, BRIEH T
KEZ B BRARTIG o« 25 AN 7] 1 SR A I 2 5 b
78 CoQ10 A LA ATP )% . {H CoQ10 235
PRI, BT LAEE NG AN 2 R AR R . iR
EE'MEIL: CoQ10 fy—Hp N L& B, nf LA &5t
EMEM,H$%ﬂ%Kﬁ+mm MitoQ & /it
KIH, B TSRk, B 455 26 5 &
Tt = K (triphenylphosphonium, TPP)™, 4%
DR SDER (VAR Sy T A= = R S R N =) SRR DA S )
FHES F A TR BRI HLE T LA I B 7 1 )2, 9F
FELRRIR P IR EE B Ly R AR SR AL, )
I 53— A R B B R AR . MitoQ 1153 25
fILeRifh. anie. SR Ak 2 ase B2, ik
W5 7~ MitoQ v LART ki s 44k, XSk, -
FRREVEVS TIOR3 NP, R AR T 45 A0
I 1% SK R REI 1 T AT — s AR 4 B

5 Hit

OXPHOS i 3 T 2 (1] ATP L B fE LA 4
ST SRR I ZEEUR LT 2 — . LA e ATP
BEgh H AT B SRR A5 UT,  BITER KT
PR B LR AL Y 3y ATP ik BEAR, K
FH AR il 258 5t 55k [ ) OXPHOS i 11 7 =t v 75 11
H, 7% 336 BEL 9 K% B AN NADH/NAD [ 3t 52 sk /b 9 B
1E ROS F=A R fA ittt . A EMFLH LB
PRI - A HE I A BBUBK ) NADH Jii &0 (NDi-
1) B0 R Ak 4 AN S0 IR PR AT 8 (AOX)P™,
PR T LS 5 T AR I

6 RE

i 25 (0 AF BLAT R ERL A0 A LI AT 5
TR T R R, RN EIE 1R AT FSR N A
AN B i JLAFE I AE O LobL AR B b, st
e AR EM 5 1 SE 56 7 iRl M. IX L8y

AT, AT REIE I A 1 R LR AR B G
SKIFE . 4 AN Sh e 1Y uz&%mmx%mm
FURA B) T 187X L T AR VR S 7 AT TR A
3 TP I FH RT3 o

(& % 3 K]

[1]  Jenuth JP, Peterson AC, Shoubridge EA. Tissue-specific
selection for different mtDNA genotypes in heteroplasmic
mice. Nat Genet, 1997, 16: 93-5

[2] Srivastava S, Moraes CT. Manipulating mitochondrial
DNA heteroplasmy by a mitochondrially targeted restric-
tion endonuclease. Hum Mol Genet, 2001, 10: 3093-9

[3] Bayona-Bafaluy MP, Blits B, Battersby BJ, et al. Rapid
directional shift of mitochondrial DNA heteroplasmy in
animal tissues by a mitochondrially targeted restriction
endonuclease. Proc Natl Acad Sci USA, 2005, 102:
14392-7

[4] Bacman SR, Williams SL, Garcia S, et al. Organ-specific
shifts in mtDNA heteroplasmy following systemic
delivery of a mitochondria-targeted restriction endonuc-
lease. Gene Ther, 2010, 17: 713-20

[5] Kim S, Kim JS. Targeted genome engineering via zinc
finger nucleases. Plant Biotechnol Rep, 2011, 5(1): 9-17

[6] Urnov FD, Miller JC, Lee YL, et al. Highly efficient
endogenous human gene correction using designed zinc-
finger nucleases. Nature, 2005, 435: 646-51

[71 Perez EE, Wang J, Miller JC, et al. Establishment of HIV-
1 resistance in CD4" T cells by genome editing using zinc-
finger nucleases. Nat Biotechnol, 2008, 26: 808-16

[8]  Carroll D. Progress and prospects: zinc-finger nucleases as
gene therapy agents. Gene Ther, 2008, 15:1463-8

[9] Minczuk M, Papworth MA, Kolasinska P, et al. Sequence-
specific modification of mitochondrial DNA using a
chimeric zinc finger methylase. Proc Natl Acad Sci USA,
2006, 103: 19689-94

[10] Minczuk M, Papworth MA, Miller JC, et al. Development
of a single-chain, quasidimeric zinc-finger nuclease for the
selective degradation of mutated human mitochondrial
DNA. Nucleic Acids Res, 2008, 36: 3926-38

[11] Maurer GD, Brucker DP, Baechr O, et al. Differential
utilization of ketone bodies by neurons and glioma cell
lines: a rationale for ketogenic diet as experimental glioma
therapy. BMC Cancer, 2011, 26:11(1): 315

[12] Kang HC, Lee YM, Kim HD, et al. Safe and effective use
of the ketogenic diet in children with epilepsy and mito-
chondrial respiratory chain complex defects. Epilepsia,
2007, 48: 82-8

[13] Ahola-Erkkila S, Carroll CJ, Peltola-Mjosund K, et al.
Ketogenic diet slows down mitochondrial myopathy
progression in mice. Hum Mol Genet, 2010, 19: 1974-84

[14] Morgan JE, Partridge TA. Muscle satellite cells. Int J
Biochem Cell Biol, 2003, 35: 1151-6

[15] Hawke TJ, Garry DJ. Myogenic satellite cells: physiology
to molecular biology. J Appl Physiol, 2001, 91: 534-51

[16] Clark KM, Bindoff LA, Lightowlers RN, et al. Reversal of



4 HORG, 55

LORLARAH S IR I T BT TR

189

[19]

[20]

(22]

(23]

[26]

[27]

[31]

a mitochondrial DNA defect in human skeletal muscle.
Nat Genet, 1997, 16: 222-4

Brown DT, Herbert M, Lamb VK, et al. Transmission of
mitochondrial DNA disorders: possibilities for the future.
Lancet, 2006, 368: 87-9

Fulka J Jr, Fulka H, John JC. Transmission of mito-
chondrial DNA disorders: possibilities for the elimination
of mutated mitochondria. Cloning Stem Cells, 2007, 9:
47-50

Kuehn BM. Scientists probe method to prevent inherited
mitochondrial gene diseases. JAMA, 2009, 302: 1409
Tachibana M, Sparman M, Sritanaudomchai H, et al.
Mitochondrial gene replacement in primate offspring and
embryonic stem cells. Nature, 2009. 461: 367-72
Thorburn DR, Dahl HH. Mitochondrial disorders:
genetics, counseling, prenatal diagnosis and reproductive
options. Am J Med Genet, 2001, 106: 102-14

Tarassov I, Kamenski P, Kolesnikova O, et al. Import of
nuclear DNA-encoded RNAs into mitochondria and
mitochondrial translation. Cell Cycle, 2007, 6: 2473-7
Kolesnikova OA, Entelis NS, Jacquin-Becker C, et al.
Nuclear DNA-encoded tRNAs targeted into mitochondria
can rescue a mitochondrial DNA mutation associated with
the MERRF syndrome in cultured human cells. Hum Mol
Genet, 2004, 13: 2519-34

Mahata B, Mukherjee S, Mishra S, et al. Functional
delivery of a cytosolic tRNA into mutant mitochondria of
human cells. Science, 2006, 314: 471-4

Mukherjee S, Mahata B, Mahato B, et al. Targeted mRNA
degradation by complex mediated delivery of antisense
RNAs to intracellular human mitochondria. Hum Mol
Genet, 2008, 17:1292-8

Enriquez JA, Chomyn A, Attardi G. MtDNA mutation in
MERREF syndrome causes defective aminoacylation of
tRNA""® and premature translation termination. Nat Genet,
1995, 10: 47-55

Ling J, Roy H, Qin D, et al. Pathogenic mechanism of a
human mitochondrial tRNA™ mutation associated with
myoclonic epilepsy with ragged red fibers syndrome. Proc
Natl Acad Sci USA, 2007, 104: 15299-304

Park H, Davidson E, King MP. The pathogenic A3243G
mutation in human mitochondrial tRNA""""™ decreases
the efficiency of aminoacylation. Biochemistry, 2003, 42:
958-64

Sasarman F, Antonicka H, Shoubridge EA. The A3243G
tRNA " MELAS mutation causes amino acid
misincorporation and a combined respiratory chain
assembly defect partially suppressed by overexpression of
EFTu and EFG2. Hum Mol Genet, 2008, 17: 3697-707

Li R, Guan MX. Human mitochondrial leucyl-tRNA
synthetase corrects mitochondrial dysfunctions due to the
tRNA""Y"® A3243G mutation, associated with
mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like symptoms and diabetes. Mol Cell Biol, 2010,
30: 2147-54

Park H, Davidson E, King MP. Overexpressed mito-
chondrial leucyl-tRNA synthetase suppresses the A3243G

(32]

[33]

[35]

[36]

[37]

[39]

[40]

[41]

mutation in the mitochondrial tRNA(Leu(UUR)) gene.
RNA, 2008, 14: 240716

Wagstaff KM, Jans DA. Protein transduction:cell
penetrating peptides and their therapeutic applications.
Curr Med Chem, 2006, 13: 1371-87

Becker-Hapak M, McAllister SS, Dowdy SF. TAT-
mediated protein transduction into mammalian cells.
Methods, 2001, 24: 247-56

Vocero-Akbani A, Chellaiah MA, Hruska KA, et al.
Protein transduction: delivery of Tat-GTPase fusion
proteins into mammalian cells. Methods Enzymol, 2001,
332:36-49

Vyas PM, Payne RM. TAT opens the door. Mol Ther,
2008, 16: 647-8

Rapoport M, Saada A, Elpeleg O, et al. TAT-mediated
delivery of LAD restores pyruvate dehydrogenase
complex activity in the mitochondria of patients with LAD
deficiency. Mol Ther, 2008, 16: 691-7

Yamada Y, Akita H, Kogure K, et al. Mitochondrial
drug delivery and mitochondrial disease therapy an
approach to liposomebased delivery targeted to mito-
chondria. Mitochondrion, 2007, 7(1-2): 63-71

Keeney PM, Quigley CK, Dunham LD, et al. Mito-
chondrial gene therapy augments mitochondrial physio-
logy in a Parkinson’s disease cell model. Hum Gene Ther,
2009, 20: 897-907

Gray RE, Law RH, Devenish RJ, et al. Allotopic
expression of mitochondrial ATP synthase genes in
nucleus of Saccharomyces cerevisiae. Methods Enzymol,
1996, 264: 369-89

Warner A, Vaziri ND. Treatment of lactic acidosis. South
Med J, 1981, 74: 841-7

Walia A, Thapa BR, Kim V. Mitochondrial neuro-
gastrointestinal encephalopathy syndrome. Indian J
Pediatr, 2006, 73: 1112-4

Lara MC, Weiss B, Illa I, et al. Infusion of platelets
transiently reduces nucleoside overload in MNGIE.
Neurology, 2006, 67: 1461-3

Schon EA, Dimauro S, Hirano M, et al. Therapeutic
prospects for mitochondrial disease. Cell, 2010, 16(6):
268-76

Balaban RS, Nemoto S, Finkel T. Mitochondria,oxidants,
and aging. Cell, 2005, 120: 483-95

Finkel T. Radical medicine: treating ageing to cure
disease. Nat Rev Mol Cell Biol, 2005, 6: 971-6

Mancuso M, Coppede F, Migliore L, et al. Mitochondrial
dysfunction, oxidative stress and neurodegeneration. J
Alzheimers Dis, 2006, 10: 59-73

Rego AC, Oliveira CR. Mitochondrial dysfunction and
reactive oxygen species in excitotoxicity and apoptosis:
implications for the pathogenesis of neurodegenerative
diseases. Neurochem Res, 2003, 28: 1563-74

Murphy MP, Smith RA. Drug delivery to mitochondria:
the key to mitochondrial medicine. Adv Drug Deliv Rev,
2000, 41: 235-50

Orsucci D, Mancuso M, Ienco EC, et al. Targeting mito-
chondrial dysfunction and neurodegeneration by means of



190

24

[55]

coenzyme Q10 and its analogues. Curr Med Chem, 2011,
18(26): 4053-64

Artuch R, Aracil A, Mas A, et al. Cerebrospinal fluid
concentrations of idebenone in Friedreich ataxia patients.
Neuropediatrics, 2004, 35: 958

Nitta A, Murakami Y, Furukawa Y, et al. Oral administra-
tion of idebenone induces nerve growth factor in the brain
and improves learning and memory in basal forebrain-
lesioned rats. Naunyn Schmiedebergs Arch Pharmacol,
1994, 349: 401-7

Cocheme HM, Kelso GF, James AM, et al. Mitochondrial
targeting of quinones: therapeutic implications.
Mitochondrion, 2007, 7 (Suppl): S94-102

Ross CM. Folate, mitochondria. ROS, and the aging brain.
Am J Med, 2005, 118: 1174; author reply 1174-5

Adlam V], Harrison JC, Porteous CM, et al. Targeting an
antioxidant to mitochondria decreases cardiac ischemia-
reperfusion injury. FASEB J, 2005, 19: 1088-95

Seo BB, Nakamaru-Ogiso E, Flotte TR, et al. A single-

[56]

[59]

subunit NADH-quinone oxidoreductase renders resistance
to mammalian nerve cells against complex I inhibition.
Mol Ther, 2002, 6: 336-41

Park JS, Li YF, Bai Y. Yeast NDI1 improves oxidative
phosphorylation capacity and increases protection against
oxidative stress and cell death in cells carrying a Leber’s
hereditary optic neuropathy mutation. Biochim Biophys
Acta, 2007, 1772: 533-42

Siedow JN, Umbach AL. The mitochondrial cyanide-
resistant oxidase: structural conservation amid regulatory
diversity. Biochim Biophys Acta, 2000, 1459(2-3): 432-9
Hakkaart GA, Dassa EP, Jacobs HT, et al. Allotopic
expression of a mitochondrial alternative oxidase confers
cyanide resistance to human cell respiration. EMBO Rep,
2006, 7: 341-5

Dassa EP, Dufour E, Goncalves S, et al.The alternative
oxidase, a tool for compensating cytochrome ¢ oxidase
deficiency in human cells. Physiol Plant, 2009, 137: 427-
34



