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Abstract

We report extensive deletion of muscle mitochon-
drial DNA and ophthalmological findings in a
patient with progressive external ophthalmoplegia.
The patient was a twenty-nine-year-old female who
had suffered from slowly progressive external
ophthalmoplegia for ten years. No abnormal finding
was observed in the funduscopic examination, but
fluorescein angiography showed mottled hyper-
fluorescence. The final rod threshold for the dark
adaptation testing was slightly elevated. The flash
electroretinogram showed a slightly attenuated b
wave. Ragged-red fibers were observed in muscle

biopsies. A biochemical and histochemical study
showed that cytochrome c¢ oxydase activity was
reduced. The length of deletion of the mitochondrial
DNA, determined by polymerase chain reaction, was
4977 base pairs, flanked by a 13-base pair direct
repeat. (J Jpn Ophthalmol Soc 98 : 1036—1042, 1994)
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FET 5. — 7, HAHRED & ORI A F—12s
WT b, MUEFOMHER THBLZH, BFEMSinoER
BTREI bV FYT7HRREAEENE T EBHNY, L
L, RS A SF — AR E RS LI EwS
WERYR, B ANF—D 1flicsnwT, MRS
MICEENED shkhoic bbb, MKER
(electroretinogram, ERG), B E 5, #E 3 56 b #%
(visual evoked cortical potential, VECP), #Z&JCHRE
W LICRE 2D, & 512, ABHO mt DNA f#
Hick D, mtDNA CERNEREEZRDI: O THRET
b,
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FKIGEE . UG IR TEREZFRD 5,
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HIRTEAECHELGRENTE Y, LB PHEICE
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7R MIRMETH- . FOH, FRORKERRESE
Eo i e, 1HERCEHIRE b ehRtoEE
DR % L7z,

MR | IREHYMTE ; Goldmann IR AHEF I IE
W TH -1z, Flash ERG TIZ, b #O#EEF L 7z subunor-
mal pattern T L7z, Pattern VECP T3 & ndn i
HiRFEDLro72 (1), HECRET, Sofhiag
BEME 1 10° (IEEHEFE 101.62£0.2, n=5) & FRL Twiz,
HCIRESE T, B e ol & Lz W#EiFC win-
dow defect iC k5 bDEEbhsB@EEEHEDT: (K
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MR EETHD, LEMCBLT HIEEEELZ D
oz, MERTHE, —Hofcsw THREEE(%E
t-, B CT HETIE, MEER SOBRERRIZA
Shgipofz, MBEWEKIEA L, MMEELEEF CK X
43 TU (GE#1# 100 BUF, DUFHEMMPIZIER(E), FL86.4
mg/dl (3.3~14.9) BIEETHYH, ELEEIX1.77
mg/dl (0.3~0.94) F@EEIC FRLTWw/:, RERILE
B, 17KS 1.8 mg/day (2.4~11.0), 170HCS 1.6
mg/dl (2.2~7.3) £ £6 6 b{EfEZR L, NEERR
BT, S, Sl b EERR <, BEAR 31 mg/
d1(40 BAF), #E 13.0mg/d1(3.3~14.9), ENE VR
0.83mg/dl (0.3~0.94) EWTFhbIEEMBETH- 7.

L, TTRA—%—157 v b, 1540 & 5E8H
Tt 21T o o R, 3 Es L Ulihen Bz
AEFEIC R, AR FRERLT.
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1 HEEERERR.
20] F+ ./ »HE D single flash #BEE (ERG) TIXWR & & 12 b ##K55 subnormal pattern %75 L
1z, Y — RESERMEE (VECP) TIREEIIFZES Sy,
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2 EAEREERERER.
YRR E R T I IR O I window defect 12 &k 2 6 O L b 2 HECKORE #3880 5, HHR 433
B, KR 117 %

3 &£BEFOFRR (modified Gomori trichrome 3),
JEERRITIEH 553, ragged red fiber #5885

I & B AEFT AR R A3 < SEb i, KERER O 4 (PAS) ﬁl‘L Tl IR0 o o, B FHEMEI
BT S Lle, BRI ERTHEL, 7744 A & é%ﬁ% ERE AR EE T REI b MY
¥ v bz & o THEYIH 2k L7z, Modified Gomori 713 R ft*& 7‘)\-)7“

trichrome 8T, FREEICELT 2HALER2ET I har R 7EFEERBEREEONE X, Wik
LSRR SR, UL, ZORMEIZTE T IcRE FCRE LI EM 2 5 Bookelman 570D 5T 2 b
BicFE L3 bary ) 7OEREMNERL TnSHER aYRY7ESEL, 2 har P T7ETFEEREBEED
7t ragged red fiber LidHEE->Twiz (3). Cyto- 5 %, cytochrome c¢ oxydase, succinate cytochrome
chrome ¢ oxydase 85 TiF, HREOB L Z 8% fa ¢ reductase, NADH cytochrome ¢ reductase 35 £ T

HarHE 287 (M 4), Periodic acid Schiff staining complex II ¥l L7, & &iz, citrate synthase % i
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FEtEiE R0 5,

£1 BEAOI bOXF) 7PEEEME

T hav k) TR wEeE M

(n=20)
Cytochrome ¢ oxydase* 0.143 | 0.203%0.051
Suceinate cytochrome c reductase** 66 81.8+32.5
NADH cytochrome ¢ reductase** 84 | 147.4%27.5
Complex II* 25 23.0411.:3
Citrate synthase® 90 131.3%+40.5

*

Psec lemg 'eml™!

*

I n moles/min/mg protein

ElLl, AEBRIEZI I PV T7EREBCEEL, TF
W CoA EAFVulieffiagst, 7L CoA%®
R D RIG M 5, iS4 2O 2 b2
YR 7 OREREEZRTIEREE LTHE L., 20/
&, NADH cytochrome ¢ reductase & cytochrome ¢
oxydase OFHE FFEL 6z (F1).

Wik s R AR L TEW AR (]9 50 me) %
R, 1% SDS/proteinase K (20 mg/ml) @ k- T
37°C, 4 BFfH incubate L7z#, 0.1M NaCl, 7z ./ —
Nz LI XY FREOR, =5 /-t o
T DNA ZiBis w7, 517 DNA 1 mg % Takara
Gene Amplifire Kit (F2{#EHE) % Hva 7z polymerase
chain reaction (PCR) #¥zfitL7z. AV ITX 7 v A
# FiZBHE DNA & E (ABL, €72 381A) TH
L7z, PCRIZREXDA VTR 7 vAF FERHWE,
Forward primer & L T 5-TGGTTTCAAGCCAACC-

Cl P C2 Marker

6744bp -

1700bp -

X5 = pkarbF1 7 DNA,
P idAfER], C i IEFENEAIERT. 8 X % 5,000 HEHE
MORKHFBD S,

CCAT-3 (EHEES 7477~7496) B L Uf reverse primer
¢ LT5-TTAGTAGTAGTTACTGGTTG-3" (H##F
5 14201~14220) % M7z,
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kb | . 4 e A e 18
128 165 NDi ND2 CO1 CQO2 €03 ND4 ND5
HEH 11 RN T I SRS 1T 11
L§Y I T N1
] l ND6
RI8$BI%
8470 8480 13460

CCTACCTCCCTCA(ECA — - —(acctcectcacca) 'II'TGGCAG

8483-13459 (—4977)

6 mt DNA ORESAE & U & LIEEES.
5 8,483 Hiont A & 13,459 Mt 4,977 I O R L EFED (B, KEWE I 13 3t ACCTCC-
CTCACCA O## D3R LEgF %= (TE). 12, 16S 13V K —A4 RNA, ND1 3#ESH IOV S 2=y
F1, CO1l BHEHKIVOY 72=y + 1 OFNFLOBEFEIET.

A5, PCRIZHA ZNMEROEETITS .
Heat-denaturation 94°C, 30 #, 774 ~v—7=—1 >
7 45°C, 30 ¥, polymerase-extension 72°C, 343 Td
5, AR LIIEE, 1% 77 0—AY LV TESKE

L, ubhofFent Ny FEaiH L. 2% tem-

plate &£ L, Zh» & EBEHIRY) 2 g Lz, IR
DOWEICIE, HEEERYIFT3E (ABI#%) & Tag
Dye Deoxy Terminator kit (E#HSE#HE) % M7z,

mt DNA Oz T#tTi3, PCR & TH# 5,000 bp @
RE#ETRTER mt DNA 35388 & hiz (5 ), HEERDY
DIFAT T, 55 8,483 bp 0 5 13,459 bp DRI H 8
Sh, REWN X 13 FHEx ACCTCCCTCACCA @
B0 U s (B6).

I %

Kearns-Sayre fE{RFEE, SMEDFE, WEEZELNE,
7oy 7% 3 EEET 50003, SERAFREED A DR
B4 F—TbBEBRBO Fa > ) 7ORER, £
bR ESRED 5, 2512, mt DNA ORE L EE
T 2397 L&, Kearns-Sayre iE{REE & R = A %
F—LEFA—DERICETLERLEEZ oh, HETMES
HRARRBE R L VW ) — D DIRBHEM E L TARENT
5 R

Kearns-Sayre fEfEFED 3 MO —>2 L L THESRE
EENO LN TV EH, TLETIIERERENE %KL
bOMBBLEEN, KTFoWziid, BLE 50% IcH
HNDIT EE EWV D, ARSI, HETTYE S HR AT R
AN R SR L AER 2 MG L Twa,

Kearns-Sayre fEfREEIc B 1 2 i 0 EE 1 o X%,
Eagle &3 % OHBEEIC BT, REEHA I EE 6O HR
LEThY, RHEOBEZIZ ML LD TH S L
L Tw3, McKechnie 5'{Z, outer retina, 2% D i
it b & SR & 3EEE X TEB D, outer retina

CERO= 707 7 - ORMERDI ERRT 0B,

Steindler 5'"1%, 17 #ith 6 #IT ERG D%, Ficb
WO 2RO RT3, 512, ERG TRE
ROz b DR EPIBRNPEEE TRELZEDTVD, &
7z, ERG ®REDIEHE & & O Th SN REEE TR
HOFEDShEbOBH-T LHEL Tw b, Berdiis
5184 g 3 i single flash ERG @84 %388 7>
ELTWAEY, fREREN EOFEIZIZ-& D Loy
EEELTWS, &5, pattern VECP i3 8 4 2 4
(Wb FiR) T P 100 HABRFOER 2580 7z L~
Twa, EF59DHRETYH, flash ERG 23i{H&HE T
pattern VECP @ P 100 TH /S ERHER 2388 I ER 23 5
5.

AHTH pattern VECP IRZIEE TH 7243, ERG IE b
#3585 O subnormal pattern #5 L, HIGIRE S ERA
T window defect ZFHTED, HEIC—HL T3,
¥/, BIECTIIREBEO ERBALNT, e
AL ETH MR REEE R I B W T b, WET 58
BEROBERENFET LI LERBET20LEbR
5,

& Bz, BHOERE TI13IEE R A% ragged-red
fiber & > #® cytochrome ¢ oxydase EE{EiRHE DT 8
SNTWwEH, BETHEMECIEAREARESORE
IharFYT7TREHSI AR %, LHLESS, 3
PPV 7OBRFEEROBREEORETE,
NADH cytochrome ¢ reductase $ X Uf cytochrome ¢
oxydase DIEMEMEIFE T L Twiz, BETFhERERERE S
Far RV T7HBICEEL, dBOEAK» SRS, #
&1 (NADH CoQ oxyreductase) (X 250472
—wy b E, ZO3ETHOY 72=v i
mtDNADEY TH 5. #HEMWIV (cytochrome ¢
oxydase) 12 13DV 72—y v B DE, 03
L3OV 7 2=y F S mt DNA EWTH 5, A6 TR
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» 5T ER mt DNA ORERCE, HEEKI OV 72
—v k4, 5, HEBNVOY 2= 3 %a2—-FT3
DNAMEFhTWEZ Ehb, LROBEBTEEREE
EEOETIE, 2oREMtDNA ICERT 2 EHZ N
D,

HEFT M IR AR R AE B T 1k, IEH mt DNA & RE
mt DNA 5BfELTW A, KEmtDNAD LD 3
BEH60% % B2 5 L, MLOBEEEIMET 252 L
DBHISN T WA, KHITHERH TEHREEOE TS
A s Z ik, RE mt DNA OEISHE W I L5
fils %, Kearns-Sayre fEMEEE Tld, WO bESE = &50F
THZEDHY?, REITHED SN Z &3, BRI
W2 TRh<, BSRKERNRI P FUTHA N
F—hiH B I LR E NS, Yamamoto %2, I b
AP T7REOHLBEHEDI L, BLZ 1/3TRES:
Tz BrTBY, BE bary P 7OHEED 50%
2z AEEFITIRIEEER SR {, ragged-red fiber &
B RO EHRELTWS, S baYFITO
DNA &%z 2w T ik, Kearns-Sayre fEfREEZ S T2
ETHESHRSEEEREOL I ZI P a vy FUTEED
ABNBEBTIE, 1/2~1/30FEFMTE barFI7
DNA OKREDH SN S T EBH SN T\ 5202029

AF DK S4 mt DNA OIEEEH % HIE L 7253, KK
Pl E A I3 HEENORDIELETBED sl 208
DK LEF I, METHEARERREERERRED 1/3 BLEDOSE
FliciBed 5T w3232 Holt 5% % W | Shorn
BENE, 20X I REBEVELESOD, mt DNA O
WS DR 12 BOHER O F6 4 Vs (misreading) 234210 5% &
HEALTWw2D, L, REEICIELTL DKLU
FIDFEE L BWEFS A6N5DT, hREE ST
mt DNA 23ft5#fE I £ D FticfEb b, REBEL S
EEzohd, i, MECE2I b P T70%EE
DIELH DY, REDFEDO—DELTHEIGNS,

IO S REFOFFICLY, RIBSHNCEKDAS
Nz WERAS 3 A4 28F — & Kearns-Sayre fEREE & A5[E—
B &R A EEEE, o & D ETEA R FREEERE T
haZedTHHEIND,
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