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I M2 N7 DNAIZZEREZ AL D72 sensory ataxic neuropathy,
dysarthria, and ophthalmoparesis @ 1 %l

Hh BV SR BAY R SR
KOAABBY  HHFERALY HR s

EE  EMII2EEETHS. SERILNHITHDSS DEHHIE. B 20K SEEEHRANPHIBL, 46
WMEFICET. ARBRIGEEREE, BEERE TROFHERT, TROMBERETEZAEHE MK BERFOD
B EVECBPBETH - 2. HERTHESR CABIEI AR 2, HRER TABREHERHELO#HBIER,
FEREWKEAED. S RO R 7 DNAREICTEZERKE A LB, sensory ataxic neuropathy, dysarthria,
and ophthalmoparesis (SANDO) &L 7=. AFBT SANDO DEEFRIETI kO K7 DNA DREFPREN

FREE G CEERERNEEASNE.
(BapR#42 2013;53:205-211)

Key words : 3 b > NV 795, YHIRFG#GE, sensory ataxic neuropathy, dysarthria, and ophthalmoparesis (SANDO),

Iba» FY T DNA, LEKK

FU &I

IMIYFYTHICBITLI M 3T )7 DNA (mtDNA)
BROFFIE, mAR K& EEIZTFON, HERO
% (I RERBEOELIERE £ 5 VY. —7, SO DNA
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55 aBEETFORFTIIL o TELLEEEZEZLNTED,
mtDNA £ E R SFEGRE L T T 5 Y. A,
Za—u’NF—, SHEFRRE, BERE L AL ®, mtDNA
(2% H /R4 % FEMH L sensory ataxic neuropathy, dysarthria, and
ophthalmoparesis (SANDO) L ZWi L7z 161 % &L 72D T
WET 5.
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Fig. 1 Pedigree tree of the present SANDO family.
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EEHETLL) -7z 56 L ) A TIROB A H
B, BB ED LAY, ZOBE FEOBRIIAE % 12 H
Bl, 1T L7z, STREMEL DWW OB ATHIE, 59 B X

DB 2L, Z0H% b LRlfEikA e 2 (HEAT, E
BB L D ERES 7T kg lAP L, RECRDVE EHFDLO
WL EHTHBE R o270, FEEEH A LR ARE L 72

ABERERT 5 0 & £ 166 cm, £ 59.5 kg, il 141/103
mmHg, JRH185/45, 1R 36.6°C, — Mt B RFT R IC R IE
7w, AREEEIET LTI E R, IRl o iR
W FEAD Y, AFEHIIEE T REN O 4P OIR
FEEIEEE R L. AEOHBREA SN o7z 1]
FEDLT RAG ML TR, o Er U % A & 72, 55k
IR TH 57208 XL RNTBY, BOFROZSE 1
BIFTH o 72h%, fok, BFRFICREORTRE A5 h 7z
TEEDR CIRPUEIC OV F A 200 & DU AL AL O 5 7)
KF2H Y, HiEE) CEm TREMIC KL AL O/
JBECRESCFHE T 2 L T 72, Romberg &, Gowers
BERVECHATIZH IR T D72 OREETH L DI2INAZ, M
AT, AT T, MERBTIEIATRTH o 72 KR
TIERIERIZIER THh o 7275, WEIR, (ERIEW T T
ST LT,

MeAHT L - AR A TR B R, — e LS Tid CK
13139 U/l & IEF#iBAN T, AST 45 TU/I, ALT 50 U/, y-GTP
68 TU/l EWFENTIER S LA L, FLFE 19.9 mg/dl, ¥V ¥ VR
1.05 mg/dl L8 B LTz F72 IgAk B M & H & M
H L7278, IgA 13 437 mg/dl & IEEFFNTH - 72, BT
TI3HEH 29 mg/dl, MARE ul TH - 7225, FLEE 16.3 mg/d,
YL E VR 0.96 mg/dl L RFE EH LTz BEE X Mk T
I OREIRIEAZE L LTl Y, itk <l VC 1960 m/,
%VC 57.1% & EZ 2 L, BRI A A 547 CTid pCO,
60.1 mmHg & bR FE 5 EDS EA L Tz (LEKIZT
sEEfiM7ay 7, EMuiEi 7oy so27ay 7kkE
D7z, DT I — TIEBEETH OB T M EOZLiE A SNk
Ao 72 IR TIE M B R IR DS B L T /s
WIS 2l A L Do 7o, MR T, MRS
EHEDORT 2 AL O LD -7z, AR, s
ROBEHIEETEN. (compound muscle action potential: CMAP)
XZNZEN29mV,22mV,24mV SR TxAED F72,
FATIEHRE, Jo RVETRRE, 5 BRI RE o IR A T B A AL
(sensory nerve action potential: SNAP) (£ 11241 4.1 pV, 3.3 pV,
260V, L7uV EIRTL, HREHEE AR TIZ SNAP
MEFK SN o7z, SHH BRI TG E—H 0 M5
LW B, IS, A ORBRIMEE,  MEheE A A S
FRGET AL RN & THIRIE 0 7 & OB AR T R
RAH LD, L=, MR Il E AL 2 &
DO BRI R % & L7z, GEES MRI Tl i i o K F1
], BERIC T, IEERE A LD, MR AXZ hO AT —
WCCTHEICRE L E R WP HABO Y — 7 2 A L o7z, Bl
7t SPECT TlIFEEAM % 5 L ARBCLFER CHLTRE T 2 & &
72 (Fig. 2). wRIMEEBERA CIIETERINRGRAE A 7 —
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Fig. 2 Brain MRI (a), MR spectroscopy (b), and SPECT (c)
of the present patient.
(a) T,-weighted MR images (axial, 1.5 T, TR 3,000 ms, TE 80 ms)
showing hyperintense lesions in the bilateral basal ganglia and

cerebral white matter. (b) A small peak for lactate is visible on MRS.
(c) Cerebral blood flow is diffusely decreased in basal ganglia and
cerebral cortices.

V28 ., fESMAERER 26 5T, Y = 7 AT — A HIRERHI
R CIESREME1Q 90, BEMEIQ 59, #E&1Q 72 TH)ME
PEIQ 2MET LTz, MRIEMA IS CHIIREFRAMIE A &0
Lo fz, AR EB) AR RER Tl 15 40 M o E) B 12 C
MR, YU UM o L2 (Fig 3). M4EEHSRTO
MRAEOFER, Wi, W I EE o 5 R ZIHEEMEERS O f5 KT
(B R NP1 R (Wl



Ji

b2 K1) 7 DNA IZEER I % A & o7z SANDO 53 1 207

(me/dI) Lactic acid (me/dl) Pyruvate acid
45 2

;: prd -~ \\. 15 /\‘
R —

20 / !

[ 4
15
5
0 0
Aerobic Aerobic
Omin €XErcise 15 min 30 min Omin €Xercise 15 min 30 min

Fig. 3 Aerobic exercise test.
In an aerobic exercise test, marked increases in both lactate (left) and pyruvic acid (right) levels in serum are observed.

Fig. 4 Left lateral vastus muscle biopsy (a, b, c), and left sural nerve biopsy (d, e) findings.

(a) Hematoxylin and eosin staining shows variation in muscle fiber size accompanied by a few inflammatory cell
infiltrates. (b) Modified Gomori trichrome staining demonstrates ragged red fibers (arrows). (c) These ragged red fibers
show diminished cytochrome c oxidase (COX) activity on COX staining in the biopsied muscle (arrows). MBP staining
(d) shows a marked loss of large myelinated fibers. Toluidine blue staining (e) also demonstrates marked loss of large
myelinated fibers and some onion-bulb formations (arrows).

Scale bars: 50 pm in (a), (b), and (c), 30 pm in (d), 10 um in (e).
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ANTI1 5’UTR
105G>A

!1' POLG1 exond
1218G>A

POLGI1 exon23
3920C>T

Fig. 5 Sequencing results indicating the mutations in ANTI and
POLGI genes.

Direct sequencing shows single base substitutions in AN7-1 (exon 1

¢.105G>A, 5' untranslated region) and POLG-1 (exon 4, ¢.1218G>A,

p- and exon 23 ¢.3920C>T, p.A1217V).

BRPR##Z% 53737 (2013:3)

LERBAMINE T 7 & O A TldN~ b ¥ ) v F T v
(HE) Befi |2 CHEEE D S OB, A 0 /A %
TEY M) 7 U= 2 EOICTHROIZABHEEALD, F N7
0 — 4 CHRALEESE (CCO) Heft TIEARMEIT A MAE DI
—H L TR T LTz (Fig. 4a ~c¢). BEIEMEED
ARClE HE e 10 CHRAEMIREIE A L od, I 1) VIE
HPEBROGIELD, PVA Y T — et TR BRI
B DO MRRHEL % 250 72 5b iy, VO FRERM % &
L7z (Fig.4d, e).

5 A Ak © mtDNA #8248 |2 T np8470 7 5 npl3446 £ T D
4977 bp @ common deletion (212 T, np3258 %5 npl6569 F
T 15863 bp, np3263 %> 5 npl6569 F TP 15757 bp, np3270
75 npl6569 F T? 15750 bp & 10 Kbp 2 AR & Kk L
np9923 7 5 npl6072 ¥ T D 6149 bp @ &1 5 FEH D £ F X
FrAbLDl ZEREONTOTTAI—ERmIL55%T
& o 7:. ANTI, Twinkle, POLGI, POLG2 O 4 (5T DE(x
THEZBIho7k A, POLGI #E{5T ? exon 4 12
1218G>A, L316L & 7 X / MRt % & b b WS, exon23
123920G>T, A1217V &7 3 VBl %E & L 7% ) BRIFHAS
7z (Fig. 5). F72, ANTI @ exon 1 @ 5' FEFNFRHIH 105G>A
WERE R LD INHIFVTNOANT UL T, Twinkle
& POLG2 |\ZIFERITA LN o Tz

z B

SANDO (&, Fadic 57°1997 124 RAZHE L 723 b3
YRUTT, BRI 2 —uo8F - BT, K
WEREEE 3 EME LD Y BRI BT E TR
L, i, B oFLERMEA S <, SRR - REAERY

Table 1 Reported cases of SANDO with mitochondrial DNA or nuclear gene abnormality.

. Ragged red fibers Demyelination mtDNA deletions Nuclear DNA

Age/Sex Onset age Family history (muscle pathology) (nerve pathology) (muscle) mutation
37y/F* 26y =) (+) (+) (+) N.D.
40y/M” 10y - (+) (+) (+) N.D.
41yM” 31y ) =) N.D. (+) N.D.
44y/F* 24y =) =) N.D. (+) N.D.
9y/M"” 20y - - N.D. (+) POLGI
57y/M'® 52y ) =) (+) N.D. POLG1
43yM*” 40y =) (+) N.D. (+) N.D.
52y/M" 12y &) =) (+) N.D. POLGI
48y/M™” 18y (+) (+) (+) N.D. POLGI
39y/F* 36y (+) N.D. N.D. N.D. Twincle
15y/M™® 8y =) N.D. N.D. (+) POLGI1
44y/M™ 39y - (+) +) +) POLGI
54y/F*" 46y +) (+) N.D. (+) POLGI
34y/F* 31y (+) =) N.D. (+) POLGI
33y/M* 32y (+) (+) N.D. (+) POLGI
30y/F*” 27y (+) N.D. N.D. N.D. POLGI
58y/M*” 38y (+) (&) N.D. (+) (blood) POLG1
62y/M 54y +) (+) (+) (+) POLGI, ANTI

(this case)

N.D. = not determined
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VAL O IR ER O KR MR E A 2 L, SiNET
AR ABAER AL O HNDE T ED% . mtDNA TS
TEHEREEZT D720, 18 PEMEFTVEF A b5 AL 5 5
(CPEO) O—FRERBEIZI ba >y ¥ 7L ERKEREED
—DEEZLNTWAED Y, BB RS R A5 T
K= 2 —aXF—% 23 55T, CPEO &IZ#EL->Tw
Lo F, KA ma—unNF—2ETLI I FY TR
ORI E U TR ) - WBY ST - M S P e
(NARP)”, 3 ko> Y 7 Mg E B ERGE (MNGIE)?,
autosomal dominant progressive external ophthalmoplegia
(AdPEO)” 732513 5 1L % A%, AJEHITIE NARP THHES 5
A REEEL AL DT, BRELROEXE LoTnh
o7z, F7: MNGIE CABEY 2 FRRE, T1LamiEikit %
<, AdPEO @ & ) IZHE R EEEEERIZL > TEL T
MREGEBIRE X ) S UEOKAE= 2 —aF— % Eh LT
LIERRGE S, TNHIEEENE#E 2 7. SANDO IEARHFT
BB 1IBIOBEA R SN TWE Y, LRt 2 — 085 —
EAEIRE UM REE, REEBREL 2L, Mk cLy
DOFRMNE S HIHE L CCOTHIERMMAME L AL O TWD LD,
5 O mtDNA B CLERRIHIB SN T v, ARE
BN = 2 —a N F -2 Fhk e L, MEisE, REkES)
0 SANDO @ 3 £ % H L, KN mtDNA 12T EX
RexALDH7=Z L 05 SANDO & Bl L 72 ARIB1E L dTOHE
BITH5.

INFE TCOREHB (Table 1) & LT 2 &, KIEH D
SANDO O¥#TH 2 B ATHE THAE L, 2% EIZFHRF
MR, METERE, EMAEMOMIMLT & LIk
Za—uNF -k L, ME, SRR TR, Ere s
ERDSEET, RIS TR RS 2 TR L L 72y
MR E Y A L D7 F AR TREIZA M, mtDNA
DEBERFE R LD, WRERTIIRBBEMLEZZ SN M
BHMHEOREL EDIPBD LT hERRE AL D
SANDO DOFEFRBIOD 5 HAMBE T T v 7 583 & 6 L7z
B1BIOARTH-72Y. I hay N 7R TIROHEDIEA
W7 ay 7% &7-3F 2 EHBH 1Y), Kearns-Sayre SEMEHEIC
BUAEETOy 7 BHMENTWE, ZOFEE LTLHD
TS A2 3BT CCO TR T O LMD FTE S 5 2
ETERABEOEEICEENB XY, EHEEZLELLL0
EEZLNTWAE Y, KEFATRLEBERE2K 70y 7 %
AL, [ EREEGH 70y 2 RO bR TV,
B, BEEETOY 7 E2ELLEDVIMENR A=A X —
H— MR ABDBIGERY, I MY FYTIHIZLE DR 2
ruay 7 38RIIEEBET Oy INEBITT 520D
Bizay W A b B L GRS SLE L E 2 b

I IR TEERIGEGEHIIEEETERIZ L > TR
A TO mtDNA DL ER K H &2 THRBOBHBTH Y, 3
k3 Y BT OHEFSEIC A A BRI ST D By & %
AHLNTWE Y, ZhETHRESN TV IREETERE LT
POLGI, POLG2, Twinkle, ANTI, TP, DGUOK, TK2,
MPVI17, SUCLA2, RRM2B, SUCLGI »3&% % W Z05 LE
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FRH912 SANDO % THiS & LT\ % 0 1d POLGI™ %,
Twinkle ™ T % 7%, AT ¥k 44 IR /5 k9 T & POLG2 ™,
ANTI®® DR BFE STV D. £072d4 0 POLGI,
POLG2, ANTI, Twinkle ® 4 HETIZH L THREEZBZ 2V
POLGI & ANTI \ZEREZ R E DI Lo L, BROMA
EEEGI E R 5T Y, FRRORERE 2 LT zRaflo
LT A2 B o TV RWDT, ZOZEED SANDO D
WD E ) DDV TIEE R 2 REPLE L E 2 Sz,

Z IS OFEAE T2 5 mtDNA B8 % A L CORRS e
EhEXTRFEIAA L SNTWEA, CMT2 DJEHO—D
T& % mitofusin 2 (MFN2), BX U CMT4 DJERHD—>TH
% ganglioside-induced differentiation-associated protein 1 (GDAPI)
EBIZI by FYTHE LICAEL, s oifn TR
WIZEb o TI bay FY THEOREZ X721, Kt
BOMBEYOEBITEEZLNTWL Y KD
SANDO D561 ¥, AKEBI 5 X RKLHIIZ 35\ T b BERE i
FEAEMIC CREBENICZFRERKRTALDTED
SANDO O FAEMIfREREE 2B VT L CMT2, CMT4 & [AED
WS 5 2 LRI NI,

mtDNA 2512 TEE R K% A & 72 SANDO O — Bl % #t
L7z, ARFIC T SANDO DOEFRS % 5 L mtDNA DX K F
THREH S N7z 13, BEREMEZ Z o7,

RE OB T35 186 o] H AR AR IUNI T 2 (2009 4F, EIG)
THRL.

BMEE AR 2 12H2Y, BT W2 & F L RBURT
TG EAB 0N BAD LB L R E .
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Abstract

A case of sensory ataxic neuropathy, dysarthria, and ophthalmoparesis
with multiple mitochondrial DNA deletions

Koji Tanaka, M.D.”, Takahisa Tateishi, M.D."”, Nobutoshi Kawamura, M.D., Ph.D.",
Yasumasa Ohyagi, M.D. Ph.D.”, Michiyo Urata, Ph.D.” and Jun-ichi Kira, M.D., Ph.D."

YDepartment of Neurology, Neurological Institute, Graduate School of Medical Sciences, Kyushu University
“Department of Clinical Chemistry and Laboratory Medicine, Graduate School of Medical Sciences, Kyushu University

We report the case of a 62-year-old man with sensory ataxic neuropathy, dysarthria, and ophthalmoparesis (SANDO).
He developed gait disturbance at 54 years of age, muscle weakness at 56 years, and difficulty hearing at 58 years. His
brother had muscle weakness in both legs from age 20 years, and was diagnosed with Charcot-Marie-Tooth disease
because he had muscle weakness of the four extremities, decreased CMAP and SNAP amplitudes on peripheral nerve
conduction tests, and loss of large myelinated fibers and onion-bulb formations on sural nerve biopsy. His brother died
aged 46 years, but no accurate cause of death was identified. Neurological examination of the present patient revealed
bilateral ptosis, external ophthalmoparesis, dysarthria, dysphagia, sensorineural hearing loss, mild weakness and atrophy
of proximal muscles in all four limbs, severe sensory ataxia, and disturbance of deep sensation in his legs. He showed
elevation of lactate and pyruvate levels in cerebrospinal fluid and serum. An aerobic exercise test disclosed a marked
increase in lactate and pyruvate levels in serum. On nerve conduction study, amplitudes of CMAP and SNAP, and F
wave-evoked frequency were decreased. Needle electromyography showed chronic neurogenic patterns with fibrillation
potentials in the extremity muscles. Head MRI demonstrated T, prolonged lesions in the bilateral basal ganglia, while
brain MRS revealed a small lactate peak. Biopsy of his left lateral vastus muscle showed ragged-red fibers and group
atrophy, and some muscle fibers had decreased cytochrome c activity. Left sural nerve biopsy revealed a marked loss of
large myelinated fibers, and some onion-bulb formations. Genetic testing disclosed a large mtDNA deletion in the
biopsied muscle. Among nuclear genes, we found point mutations in ANT-/ (exon 1 ¢.105G>A, 5' untranslated region)
and POLG-1 (exon 4, ¢.1218G>A, p. and exon 23 ¢.3920C>T, p.A1217V). We diagnosed SANDO. This is the first case of
SANDO with large mitochondrial DNA deletions in Japanese.
(Clin Neurol 2013;53:205-211)
Key words: mitochondrial disease, external ophthalmoparesis, sensory ataxic neuropathy, dysarthria, and ophthalmoparesis
(SANDO), mitochondrial DNA, multiple deletion




