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[HE] EF  Leber miff M 9% 48 (LHON ) J& — il 2 b7 1A B0 40 A% 05 4% 2 ( mtDNA ) 28 5 17 5 301
B R G, Hoi WA R A 54 m. 3460 G>A,m. 11778 G>A Fl m. 14484 T>C, H fih 58 28 KA 58 Hy D I,
T T i B4 1 miDNA S48 (5% FRRE MIBIT A BB MR R X, BH 454 LHON B 19 &5 H Sk
MR R B AR A A S . ik AIA 2010-2014 4EfEJb st K2 A RIEBE W2 M E L LA 12 )
LHON 2, % B i SR SR AT 00y LB R Y L5875 & (i IR IS SR IR BHAG Y o R 4R B 3 I8 ik 14 ml,
R PCR 355 (B3 1Y mtDNA JEA7 7 385 I 00 5, X6 58 3 #8505 1 3 A8 I 98 25 7 s A0 il 28 75 97 553 38 17 4 #7
SR 12HEEDE 6], 21 6 RER ) R TR T B AR SE R 3 0 A IR e R 1 B, B
FEATHRTEI AL ) B AR LW B R, BEIE I N E AR I7 & 18 WL W1k 17 & 3 IR R T J6
HLMGEM AR I2FH VIR, BEER SN TFa/MArE 1R O6EE 1R ,0.01 ~0.1 3 18 I1,0.12 ~0.3 &
2R, BB OB e AR 7 AR 0 A0 e R i R G 3 OMR, P e U B 8 R 12 B EH W
mtDNA U J5 % B, m. 3460 G>A 375 % 3 fiil ,m. 11778 G>A 875 % 5 ff] ,m. 14484 T>C 22745 % 2 f],2 il %
L 3 A8 WAL B2 AE 40 9 S MT-NDI FI MT-ND4L 3[R /) ¥ 51 28 78, F 98 A8 437 g5, 43 B O m. 3497 C>T il
m. 10663 T>C, 458 LHON 3 LSk 2 WL, fB SR 10 ) W i R B S ), 22 45 R R i 300 8 o
N, B E PO XN W, ARBFIE R BT P E R LHON R /9 /0 W28 ki PR L [ m. 3497
C>THI m. 10663 T>C {37 15 2875 .
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[ Abstract] Background Leber hereditary optic neuropathy ( LHON) is a maternally inherited disease
caused by mitochondrial DNA (mtDNA) mutation with the common mutation sites of m. 3460 G>A,m. 11778 G>A
and m. 14484 T>C, and other mutation sites are rare. Understanding the mutation type of mtDNA in LHON patients
has an important clinical significance. = Objective  This study was to analyze the clinical features of LHON and
detect the mitochondrial mutation. Methods Twelve unrelated Chinese patients who was diagnosed as LHON were
included in Peking University People “s Hospital from 2010 to 2014. The visual acuity, perimetry, ocular segment,
visual evoked potential, fundus were binocularly examined. The peripheral blood of 4 ml was collected from each
patient and mtDNA was amplified and sequenced by using PCR. Three common genetic mutation sites for LHON and
other mutation sites were determined and analyzed. This study protocol was approved by Ethic Committee of Peking
University People’s Hospital and complied with Helsinki Declaration. Written informed consent was obtained from each

patient prior to any medical examination. Results Of the 12 patients,11 were male and 1 was female. The visual
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acuity of both eyes reduced simultaneously in 7 patients, and the visual acuity of left eye and the right eye first
reduced in 3 patients and 1 patient,respectively. There was no significant correlation in the visual impairment between
the left and right eyes ( P>0.05). In the near vision of the patients,J7 was invisible in 18 eyes,and J7 were obtained
in 3 eyes, J6 were obtained in 2 eyes and J2 was obtained in 1 eye. In the distant vision of the patients, hand
movement was obtained in 1 eye,light perception was obtained in 1 eye,0.01-0. 1 were obtained in 18 eyes and 0. 12—
0. 3 were obtained in 2 eyes. The visual field defect of nasal lateral was found in 7 eyes, visual field defect of temporal
lateral was found in 3 eyes and the visual field defect of central was found in 8 eyes. mtDNA sequencing revealed that
m. 3460 G>A mutation was seen in 3 patients, m. 11778 G>A mutation was seen in 5 patients and m. 14484 T>C
mutation was seen in 2 patients. In addition, other 2 mutations were found in 2 patients,which were m.3497 C>T and
m. 10663 T>C mutations at the MT-NDI and MT-ND4L genes,respectively. ~ Conclusions LHON is more common
in male. Visual impairment shows the varying degrees between both eyes of patients and appears to be severe in near
vision. Central visual field defect is common in LHON patients. This study detects m. 3497 C>T and m. 10663 T>C
mutation in Chinese LHON patients.

[ Key words]  Mitochondrial disease; DNA mutational analysis; Genetics; Optic atrophies, genetic;

Polymerase chain reaction; Leber hereditary optic neuropathy; Vision
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Leber 18 1% 4 #1 #41 4% 95 2% ( Leber hereditary optic
neuropathy , LHON , MIM535000) £ I, T ¥ 4 55 ¥, Foom
P B AR o L 2 R R A 4 R R 5 B R A R £ A Y
WA T 5 R RCHR S B S ek, T
JE# 25t . LHON J& — f B R 1 f& 19 £k ki f& DNA
( mitochondrial DNA , mtDNA ) ZE A5 5505 , 27 90% 1) i &
5 MT-ND4 MT-ND6 FI MT-NDI 3 | 11778 G>A |
4484 T>C Fl 3460 G>A H AT At — > i 1Y i A2 A7
R IX B G AR  ZR AR S IT IR BETh AR T
Rl , T 7T A IR ST IR I B 1 56 e o el 42 200 L Bl 4 T
o R A 4 LHON (% 3R E d1 3R miDNA g
ZE A% T B, W] RE A7 8 b 52 i) 31 2R 1A S 16 I 10 £ 1)
BERY AU L ARBESE X I FR2 8T LHON g
H AT mtDNA U7 43 Hr, #4817 LHON £ 3% mtDNA [
MR

1 AMSHE

1.1 — sk

F AR ERE T 7 5, 91 A 2010-2014 4 T 46 5t
R KRB BE IR B 512 1Y Wi PR 12 W o THON | i 5%
12 5] 4F 4% 8 ~42 % P4 (21.5+9.3) % . BH LMK
18] Jo = R, AR IR A AT 24 ) a8 2 8% TAEAT 2R/
TSR o SR Y 2 TR A ) ) R A SR N 0 s 0 HEBR
PR A& A AR B AR 5 B0 3 PR B 2 7 A
R R X B A 28 R SRR M A I 4 B 25 1) R BN B
PEALAI 20748 o f8 5 0 BUHR 4 42 2 IR B 5 RS L
55 ) e o MR A A BT R A R 8 23 )
PR A Goldmann F PR H 11 &2, (W] Bsf 47 40 B 4R 1%
JE e & L TR OB AR 6 15 & B (v ( visual evoked potential

VEP) i 7B AR ME MRT A6 £ f 906 2 IR I 1l % 3 5%
(fluorescein fundus angiography, FFA) , 2 iff 5% 38 1 i
IRERE F R TT R A R R AAAE B T2 1 4t
B 2K 2 28 B A TR =4

1.2 Fk

1.2.1 @M Ikd a8 J ok A Snellen
PRl 71 4¢ 500 cm , 3t L 73 K5 A5 R ] jaeger B 1 1 A
138, BUR BB L B8 33 em b FRAS RIS, N TR
B % B S 300 ~ 500 Ix

1.2.2  PCR IEAGIN 2R AR 5 A8 7 A6 >R ] BIO-
RAD PCR X (SEHEA R AR #E47 PCR 74 . Hli R
B R MK 4 ml, 0 4R fE EDTA 4T BE 4 (BD
Vacutainer® ,K2 EDTA 3.6 mg REF 367841, Lakes NJ
USA) v, 2 BRSCHER [ 5 ] i 07 i, JH W R A WA 8 A 4 46
KA 4 FE P41 DNA, 4% B LHON 8 45 ) mtDNA % 4
Xit 9 X5l ( LigETAYTEARAA) (£
1), >R H] PCR BEEATY 4. § KR 50 ul, {45
DNA #ifg 2 pl (50 ~ 100 ng/wl) . E TSI #1451 pl
(5 pmol/L) .2 £% Premix Taq Hot Start Version & i
25 pl(Taq™HS 1.25 U/25 wl.2 f% PCR 2% sh ¥ .ANTP
B4 W 0.4 mmol/L Mg™ 3 mmol/L ) 2 f% ¥k IR &
1) (Code: DRO28A, H 7 TaKaRa 2% ), fill #8 4l /K
21 pl, PCR [ 2514 :94 C HZZ % 1 min;94 C 48 Pk
305,58 CiE k 30 5,65 C ZE i 3 min, 3£ 32 NF 3R,
65 CAE A 10 min, >R JH 35U HH 58K L VKA DI PCR 7
YB3 pl PCR S A1 pl 6 £5 EAEGE oh il (1 £
TBE) , 76 5 it 43 5 1. 5% 35 g i B e b 47 F Uk 40 7 o
145 V {85 HL UK 23 min, 85T B MEIF DR A5 R . R
F 3730XL BIPNFF AL (36 [ ABL 23 W) ) % 4 5L R Be Ay
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TE Sz SCEE Y, B P 30580 24 Big Dye 3. 1v I S %
DU T S A v o K (P A N AN
PCR A UUUE . B e AL IS HOWiE 38 0 fr il . 8
W 4 2R 5 28 I I ST AR W B R AF & L ((National
Center for Biotechnology Information, NCBT) #2 {1t i) A 2&
LRARFER 4 2% )7 51 NC_012920 #E17 Xt %K
{F Mutation Surveyor V5. 0.0 ( 35 [# SoftGenetics 2\ &) )
PEAT S R o
F1 ZHNGEERYTENSY

LRk T4 IS5 37) 7K JE (bp)

M1 F:TAGCCATGCACTACTCACCAGA 1811
R:GGATGAGGCAGGAATCAAAGAC

M2 F:CTGTATCCGACATCTGGTTCCT 1758
R:GTTTAGCTCAGAGCGGTCAAGT

M3 F:ACTTAAGGGTCGAAGGTGGATT 2453
R:TCGATGTTGAAGCCTGAGACTA

M4 F:AAGTCACCCTAGCCATCATTCTA 3005
R:GATATCATAGCTCAGACCATACC

M5 F:CTGCTGGCATCACTATACTACTA 2709
R:GATTGGTGGGTCATTATGTGTTG

M6 F:CTTACCACAAGGCACACCTACA 1738
R:GGCACAATATTGGCTAAGAGGG

M7 F:GTCTGGCCTATGAGTGACTACA 1 866
R:CAGTTCTTGTGAGCTTTCTCGG

M8 F:CTCCCTCTACATATTTACCACAAC 1853
R:AAGTCCTAGGAAAGTGACAGCGA

M9 F:GCAGGAATACCTTTCCTCACAG 1872
R:GTGCAAGAATAGGAGGTGGAGT

2 #FR

2.1 B R R FRE

12 I8 F 5 11 ), 2 1] R <18 B &
541,18 ~35 %K 6 il ,>35 &35 1 fii], [ X g XUR
KA, HerbOSUIR TRl B s & 7 1), 2 R S A & 3
LR mes 1B, s ANTEE 1 . A YR
RGO HUR (L0 AN M O A 57 I 15 16 A 55 A7 B
O IV E R8I N N <RI K R T
F i AR BE R Ge bt 9 (25 1T ML BE DL SRR 5 T ) 558
2.2 BIRMLILRENE DL

Jir A B SR R A A ) e E W R 25 5% (R 2) .
24 MR Ao J7 AN 18 R, J7 35 3 R L 06 & 2
R,02%E VIR, BEEMIATEhHE TR, CEHE 1
fE,0.01 ~0.10 3% 18 fIE,0.12 ~0.30 F 2 R, 1 ik
H R e 0 U AL ) R A

Fr A sz kR 4 RS A 45 1 8 R RO 1 Rl
358 B BT R A 2 20 B, HE b S0 R BT S T
AR, SO0 AL B st 45 5 3 MR, rp S A B R S 8 IR L2 MR
A 2GR B

®2 BEEREMAGERBR

I i\

B G

oD 08 oD 08
101 0.05 0.025 17 A0 17 A
102 0. 04 0.02 J7 NI 7RI
103 0.03 0.01 J7T R0 17 R
104 0.025 0.01 N N
L05 0.16 0.05 17 12
L06 - - 7 AW, 7T AW,
L07 0.075 0.075 17 J6
108 0.2 0.05 7 R0 AN
109 0. 04 0. 04 17 N
L10 0.05 0. 025 J6 N
LIl Sl F3 7 AW, 7 AW,
L12 0.025 0.1 77 A0 7 AR

TE:OD AR08 Ze R 5 — R AEIN 2

2.3 H#% mDNA JF5 254k

12 ] LHON £ % (5 4> mtDNA ] )5 5 /5%, m. 3460
G>A MV EEAH 3 4, 5 25.00% ,m. 11778 G>A fif f5
RASE S B, 15 41.67% ,m. 14484 T>C i A % 2
B, b7 16.67% ,2 ] i85 R K BIX 3 A~ WL A i o8 A8
(£ 3),Hr 1 68 & LR RN T 5K HE G
m. 3497 C>T fii i 748 (K 1A), 55 1 il &
m. 10663 T>C i fi %48 (B 1B) , X 2 5] i & 3k il
MRI £ A5 3 oK & B 5 8, m. 3497 C>T i s A5 1) /&
AR A g (6] s 5230 2 vE R B, e A IR A e, A2
IR AR 8 T3 /0T, NG VEP £ 28 & B il sk A 21,
RS Ay A5l B PR 38 ) 1 s m. 10663 T>C A i 28748 1 %
TR 2B AL ) R R, SEi2 B ) 4R 0. 025,
ZEMR 0. 1, RUHR J7 8 A] UL A HR 458 R ] DL AW 2 8 3R 2
MAELBAIME 5K (B 2A) , FFA £ 2 a] Wl £ & 40
MY 58 (& 2B) , 40 84S 2wl UL g8 AR rpos i s ([
3) NG VEP AT UL P BRI AE 4 AR IR R AIG (11 4)

£3 12flEEN mtDNA IFER

FEARZFR  m.3460 m.11778 m. 14484 m.3497 m.10663  JEL[H
Lo1 - - T>C - - MT-ND6
LO2 - G>A - - - MT-ND4
Lo3 G>A - - - - MT-NDI
LOo4 G>A = = = = MT-ND1
LO5 G>A - - - - MT-ND1
L06 - - T>C - - MT-ND6
LO7 - G>A - - - MT-ND4
LO8 - G>A - - - MT-ND4
LO9 - G>A - - - MT-ND4
L10 - G>A - - - MT-ND4
L11 - - - C>T - MT-ND1
L12 - - - - T>C  MT-ND4L

T :mtDNA : R {& DNA 5 - R 848
3 i

LHON % J 4 I 9 18 ~ 35 % | Ho Rl R 249 0
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1% 7R m. 3497 f i RAZ (k) B:J3 1 R E ¥ R
m. 10663 {7 51 5848 (Hi 3k )

@M(J
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W JEG AR ] LR (R, BARIAT B 9K B FRA AL E LA B AN
JIREE/AI

30

B3 m.10663 T>C i A REZZFNRMWEFKE AR ILP
SALEF G, L REA B 2 HR O A

o eownvee  OS
fopvidv | ] o = TR [10 uVidiv
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P1 P100
| | S NsTHT
% i o f S 14 N135 .
. -t T F 4
1 [ | + 1
| | | |
| P100 | |
:m ; A i
PREE, |- =2 -l A XU 7 B e AT TN S,
— N % 1 "
P100 |
P100 il
& T N1 | N75
S e 7 ~r N13s !‘
= f [ ¥,
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Diagnostic data:
Channel N75 [ms] P100 [ms] N135 [ms] N75-P100 P100-N135
1 right VEP 88 137 217 585 v 465 pv
2right VEP 11 176 253 322V 5.07 pv
3right VEP 60 153 218 429 v 334V
4left VEP 75 110 220 386 v 7.02 0V
5left VEP 86 135 234 7710V 669 v
6 left VEP 66 132 245 529 pv 732V

4 m.10663 T>C L RREBENK VEP & o[ WL Py, I 15
FRIAE | 3R 15 22K

1:50 000, LHON £ 2 3l ¥ ¢ BLA WL 253K 3 1 /K i
S I A 4 R 4 B 2 B 2L
YR FRER L JE R 2 A S JOLI 1) 2 R G S
W ARBETS o 12 B G E 4 0 R 9 LHON % if
PR BR 2  A FE PR J, Hovb 53 10 0, % 0 4 I A

18 ~35 % ¥ 5 50.00% ,iiE 55 LHON DJ 5 PE A 4 &
WHEZ, 5UAERMIREEMS . AR EY,
BENLAGRA T FTHEEETHEZS . WA, A
F% IR T BB AL B R A 2 SRR T T A, R IR 4y
S SV AR &, T RE S B LR ER O LT A
A 45 L R HRIR O B B 45 L b st X B B O 2 UL
10 1] J 5 ke A WL By 58 A8 A i R 7E (m. 3460 G>A |
m. 11778 G>A .m. 14484 T>C) ,2 il B FZ I K LB iR
RAS  E— kA & L2 B B85 19 mDNA 58748 3 {7
F m.3497 C>T il m. 10663 T>C {if i, m.3497 C>T
F1 m. 10663 T>C 245 5% W 1y 3 5 4> 9] J& MT-ND1 Fn
MT-ND4L, T 3X 2 A~ FE PR G Bt 7 ) 41 2 480 I W% i
AT, R m. 3497 C>T Fil m. 10663 T>C 2845
SR E AP I B e e . A TP M S oo
KA R, AL IR WA B4 AT ] R T M A B A 2 ol
B G = feHE, Tl 40 gE T OO g 4 P b
A A A RE G AR M 20 AR . JuAh FEHE A
H 3 A5 K HZ2AS 7 5 1 LHON 35 5 A8 5 i A BE
29 1/3 fe & % & g LHON'™ A it Hi b §% 0 LHON %
55 PR 2 14 T 9 A A% 3T 00 A B Al 422995 455 ) 9 L2 3 2 L
] v o AR TS g3 1 A T R A 40 R € R A G A AR
5% mtDNA AR 5 (0 S i pE A 3 B DA K & R R R R
AU ARBFSE LA LHON % #E47 7 mtDNA f)
J¥ . B 10T — 045 # 1 J2 TR F 58 1 S A 1 4 A I g
HERYB IR X LHON i (94 1T, A #F 5% 1) 25 2R 4o 3
114 I 348 7 12 DR Wi S0 A 7 Wi 45 1) JEL At 437 8 05 e 4
BRI AT AT R A DESE, AT #8 75 LHON
HRAS 1) 2505 I 22 FAIL ], #F — 25 5¢ 1 LHON ) B 2
bT 1 R AT
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L5 ,41 % OB AR 3 T B 2 JE 3 R T AR B g gt
Lo B 1 ERTARS AU TR, 0 IRZ 967 (B4R 2
Wy 24 Bk SR 1 AN WD) S 0 15 A L MUK R 9 T S TR SMBE DL 25 iR
IR YA TE) TR, AR JE 2 B i s IR S s
HR A 2 W0 7 A7 R 0.2, 2 HR 0. 3, SR M 7 35 A RE G IE 5 XUHR 45
DU PR E 6, BT e ORI IR 1 R I B 5 . IRIE
HRAH T DL SO HR A 28 25 TS0 S DR A8, A 28 T B B XK il (P 1A )
OCT (R A MRS AR R BE DX 22 ke it 22 I B 2 I, /IR 8
BEXANZ R EBE AR EEEE(E IB) . 9O RRIE
1fil 4% 1% % (fundus fluorescein angiography, FFA ) & 75 X AR # #% 1fiL

%) E3 3NMAREREXERKRE OCT M FFA RIM AR QKR /R A IR IER , 72 IR LB BEDC B iy M ik (R %)
7R A MR BRE DX R I A A R, ZE IR B BE X M 8 R (A k) RO R R E AR A RER (%)

BRI IR, AT LGRS, A2 IR G AR AL R B SR 98 e R B
I (B1C) o RIS W SRR A A2 o 4% T FY ik 5 19 408 T 5 ki
11 400 mg P iRYT 5 B W R 2 FIR, [F) I 25 7 00 S2RHA T o
TRYTIE 10 d AR AR 1.0, 2R 0.5, 5 iE AR J) A 2w , LR i 00 FR
JEIEH SR AR AR WL 53 % o MR AR 22 A OCT I # Bon A
R A0 TS B B BXE D /K i3 , 20 IR B BE DK el (181 2) o 3 A
Jr BB N ZE AR T BT IR DN T IR B R B 12, AR A A
BSAR 1.0, 720 0. 2, S5 TEAS§i g, Ui 00 MR S 1E 4, UAR AR Ay
TR RS H . IR OCT K2 i /R B BE X 5 M kL,
Mg b BRI R b BRSO R B R R (181 3) .

1 BEVRRICHZBRERME.OCT F1 FFA #
TR A HRE M R R WUHR WL 2 58 AT UL R A
A R W BE X KD B OCT SR 45 BR J5 W 3
BEIX 2 A0 28 b B2, A0 IR B B X A 2 b % 2
B(ATR) RO E ERERE(BEHL) C.FFA BR
BCHR AR A% 1t A5 0 B K, m] WL 26 6 28 B U , 22 R A% 346
0 B 1 RCIR OO R B (AT k) OD: A7 IR ;08: 22
R B2 BFE10d 2BEHERERBRMEN OCT £H
A0 MR R BEAR 7R A R A S B 3 BT IX K ik 31 3B

B0 IR IC MR S 7R 22 IR JE ARk i C: A5 IR OCT
TR P BE XL R I SE R S AIE R D ZE R OCT R #BE
X2 b R R (k) 6 R b 2 sk (B
B.OCT ¥ %
C:FFA £ 7 Bn 47 IR

FBIE R, 76 IR BPE XL RO 906 CH TSk ), 8 J5 DI [ B2 1 A% 22757 BeR 9t e (0 (B i Sk ), SUIR B RE O3 38 (£0 %)
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