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FU &I

JiriBE B BB JiE (cerebrotendinous xanthomatosis; CTX) 13,
HEATHEORIFEACT, SEREER, ANBIEIR, 7 % L At
FHAEVEEAEE, BEETE T2 SI2 X 0 O SR A R et
BHUEREERBTH Y Y, WY TR 300 B, REICBWT
50 BIE S HE STV P 1968 4, Menkes 512 & 1) AL
MIZILAFa—)Ea LAY — VBT 5 IFE AR
WRETHHZEHPWSPIZENY. ZDH%F b2 104 P450
& (cytochrome P-450) T % 27-/KFE{LE43% (27-hydroxylase;
CYP27) OKIBNEDHNL Z EDHBIL Y, B3 ik
TVRAY ) — VIERENEDSA R LTERE S TWD Y. 7
JFE Y a— VEEASERICH VS LAY FRIEIEIG &
BIcORMEESIMT T CIUMM 2 Z L o8E, BB RS
BB E . STk A ZERFEHE S I ba v Y
TIRHEE D NI DRI R TREO/ ARG ENTH Y,
MBI OWTHRBE L2 2AMBI LAY ) — ViRl
& CYP27A1 #BmT OFHEE I HHL, CTX OBWIZE-
21 BIERER L 72, RBIOERIZOWT, T eEsts L
DT 5.

E B

BE 37, B

EF o BITHOLLO X

BEAEIE @ 20 ikl W~V = 7 i

FIEEE - 2 AN ZTE R IEH Y. FER L.

HURIE TR, W\ EE e h o 7o SIRER O GRS
AR S, - PR ORI AN R CHEE b
WFRTH o7z, EREFERICH BB SR R aE 2 IS L,
T x =27 MEREMET AR L7z 1998 4 (23 %)
DTN ARIERREDEL, BETTADA»TEDNT
=M OWIRDBEME Sz, S OB EFLERIE % 155 &
N7ens, Ee CBEKERREEZIER Cho72. 0tk
WA IRATIREE, R, e T RE, AT ASIL
7. 2010 4 (35 %) 2 S BATHED 55D XS L, BN
BT A LI o7z 2D 2012 4E 1 HIZHTEE o fix ke
IVEE 2235 L 725, BEE MRI T/ & eI BB E S & IR
i S NEAFE 5 HICSFHZ AR E o7z,

ABEIERT B 0 B & 160.0 cm (30~39 j% 14 0 -1 & K
1715em®), K 72.0kg, [T 120/82 mmHg, HNkdt1 84/ 43 %,
it 35.6°C, — M RPN L CILIGHESS, FAEY >/ EICHE
7, AWEE, BEEVETR, I AETREO B o 7 Mk
RIS B R E2 7: <, mini-mental state examination (MMSE)
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1319 Ji72 o7z, itk T IR B EIREREB) S E B TH D
S R, WO ISR, W T REE 2 oo IRIRIZ 25 o
7o, BELR TG LEORBINRR ARV TI A 70— X A
7 EARREEEENL 7 {, W ORMERIIEM CHh o7z, B
312523 kg, oAt 24 kg, WUELOGEFHHIIT A MIIEF -
7o, ROEFEPUES) WA TR, JERRER BEMGAER, R
SREBL, vy NV ZHBIC R L R h o 720, FESRAT AR
O EREITIIANRETH > 7. BERICEE o7z TH
FOAF & U OB RCAH e 27 CFEHICTHE L TEB D,
Babinski S 4f, Chaddock KA XTI TH:TdH - 7z, ML
REE AR R AR A R 72,

MBI R © MEICRE 2 h o7z, B TiE ALP 367 U/
(FLHEE 115~359), y-GTP 102 U/l (F:#efl 10~47), PR
i 176 mg/dl (F&HEME 30~149) LS TH 7. CK, #&
IV A7 u—)v, HDL-C, LDL-C, &)1 7J 23 VIXIEH
HFTH o7z, LigEOFLIRIE 19.8 mg/dl (FEHEE 4.7~18.7),
VY ERIT 1.76 mg/ml (FEHEMH 0.30~0.94) L mfETH -7z

BRARMAES 56 5105 (2016 : 10)

7S, WFEGER AT B CILILEE, YLV E VRO ED
L3R TH o 7z, BRI A R 5307 (BENA) T, pH 7.387,
Pa0, 81.9 mmHg, PaCO,34.0 mmHg, HCO;-21.2 mmol/l T& -
72, 72 = M A YOI 446 ng/ml (FEHEAE 10~20) T
Holr. FHURIE AV %3 ¥ — BHik, Julbufk, HuSS-A
Hifk, #TSS-BHufk, MPO-ANCA, PR3-ANCA ZfattTdH -
7o, BB COMBUI I ELE I, MRS & BRI E R 72
7278, Z&E 50 mg/dl (FEHEfE 10~40), FLEE 20.8 mg/dl, Y
Y 1% 0.98 mg/dl & NN & RO 7z, S HERIEIC BT S R L
Thdo 7z, BEHEFHAL MR Tl o /N 23k N 8 14
T, R B R4, IERE O $EMRREE 1S T, MFN % & FLAIR
W CTEEFIRE % BOA (Fig. 1A, B), #FU =7 Al
IEEBEBENR Lo 72 BERIBARY bz a
Y'— (MRS) Ti&, WHl/NH:ERT choline DM, N-acetyl-
aspartate (NAA) OXT, FLEROEEEHIINA RO 72, BRI
YUF 57 4 — (P"Te-ECD) TlE, Wi/ & KR
DIFATE AT LB Y, Rl w5 5 i B 3E T3

Fig. 1 Neuroimaging and pathological findings.
A, B: Axial views of the brain on fluid attenuated inversion recovery images (TR 10,000 ms, TE 120 ms) and T, weighted images (TR 3,000 ms,
TE 80 ms) show hyperintense lesions in the cerebellum (left), and cerebral peduncles (middle) and internal capsules (right), bilaterally. C:
Muscle specimens obtained from the left biceps brachii. Hematoxylin and eosin staining reveals mild variations in fiber size with occasional

central nuclei. D: Modified Gomori trichrome staining shows very few ragged-red fibers (black arrow). Bar = 100 pm.
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HCTholz MREERE CHR T NERFE I o7z
i 7B [ e A T A M o0 = A i & b BE A T 55 LA R o
motor unit potential AMEIRIE T - 72 b O DL H SR
137 <, ORI O TR 725 72, BB AR
T, FREFR MR, RLERC I O AR (RS RS A3 11.20 ms,
/1145ms LIER L CTH Y (FEHEME 10.67 ms LLT), JHEERE
AV RL AR T CHAR (B 25 22.40 ms & MER L C
7z (FEHE(E 21.04 ms DUT). I RA TIEE RIGE)E 7 He
Hith, HEERIGO 09T, O 2R EMEENII R 7.
TP A B £ 6 L P 5 E IR O B B © D S I K kL R

L, ZEMEEER I BRIE A 7 B PE § P 2SR IS B L T
72, 24 BRI ARV & — VBT T, Wenckebach 11 #l 5= 7

Oy 7 &R0 70h, MELLL g — CREF RIE k2o 72
P&y 3 hay FY 79, %12 myoclonic epilepsy with
ragged-red fibers (MERRF) OW Ee: % % 2 /2 b — B &
DA ERIT L, A< hFT ) v -F Y g (Fig 1C)
T #HES A XDK/NAE, modified Gomori trichrome 4
¢ 2 D ragged-red fiber (RRF) #7872 (Fig. 1D).
KM% 723 b 2> FY 7 DNA #{5F##H7 T MERRF
DA E E4 b 8344A>G, 8356T>C, 8363G>A D71
FAI—, ZOMEERE OBy HE SN TV 2 ERITHD
otz I b3y R 7 EEEEE (cytochrome c oxidase,
succinate-cytochrome c reductase, rotenone-sensitive NADH
cytochrome ¢ reductase, NADH dehydrogenase) it IZ1EH C
& o727, reference enzyme & L CTHll%E L 7 citrate synthase
&P 14.39 pmol/min/g Ak (FEHEME 7.33~12.43) & mifi%
RL7z, eI ba vy P TR EMESKICE o7z
7O e ORI W TR 2T o 72, €0
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MR MBI LAY =204 ng/ml &N (EH ASEY
2+2)" MiEILAY /— ) aLAFa— b 1.22%
(LA < 03) E@fli® THDHZ EAHPIL72720 CTX %
Bevy, Wity —r v —2HnwCe v ey Ay —r R
FRAT % 4T o 72458, CYP27A1 AR T2 8\ T .43 44delGG
DOREBREERTHLZ LD L. EHIEERABIDY
EHADT 7 5 DNA Z 8Tl L |LC, CYP27A1 #ixTT7 v
¥ 10 43 44delGG % & &Ik % PCRETHIEL, ¥4 L
Y= v AEEHWTEFYET ) - = U —
(ABI3130 ¥ = A7 1 v 7 7 F I 4 ¥—) 12 & ) SHEEL % i
WrLMERR L7 (Fig.2). 7/ 74 %> a—)ViEE (375mg/ H)
R LB L ol 20k, MEEAFT D729 2013 4F 12
AN THBLREHIHET & L7275, 2 ORISR Aot
Blxmrorz. BB, RADWIRKEICAREE 25720, #
DR Z il LTz 2 EASHIB L 7z,

£ =

RENIHEY R ERGRBETIRIEL, KR, M2
W7z NI O D 7 & /N 3 B 2 3R E 0 BTl 1 R 8T
BHo7h, Witk ISR MR FEHUR BN 2 & /MK AR
I SO, R oL Er e L BE
flicH o722 L5, 44 MERRF % 5> 72, ABITRH7:
I N Ty R TIPS SR AT IR C citrate synthase 74
AL COAEGE I N T > B 7 O L EAE R kR
LR DL SN, [WRERTIIRTHL. —HTIF
U= ARBDGEPo2 8, WG R CHEE OB
LD 54 2 2 L 72513 MERRF & LCHEIZL 20D

CGAGGCTGAGGTGGGCGCTGCGAGGGGLCLCGGLCCGTGGCC
120

Normal

125 130

135

140 145 150 155

Patient

105 110

115

hhmnm

CGAGGCTGAGGTGGGCGCTGCGAGGCLCGGLCCGTGGCCTCC
100

120 1\ 125
c.43_44delGG

lﬂumlhh

130 135

Fig. 2 Genetic analysis by direct sequencing of CYP27A1 gene of the patient.

Integrative Genomics Viewer analysis (data not shown) indicated homozygous deletion mutation of GG at nucleotide position 43 44 in exon 1
of CYP27A1 gene (c. 43_44delGG). Direct sequencing (data shown) confirms the deletion mutation.
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OOIEMAI L E 2z SNz FRITER - BRI L bi2%
MR TH Y, ORI T A — IR D &R S
BN ENS Y, BICEE L. S5 IIAREIO/NRIERLC
DV, BEPABEEEO 7 o = b A SR L IEEE DT
PZolbon, BEHMRHL CW/FAEORELRETX %
Dotz WEMICIE I LAY — ViRl b 5 E s T
B 230, CTXDBWIE-72. Lo LABIO ZEF RIS
DWTARIOWIGEH OB W ERE LS LEDbE D L, THL
AN 0 I & AR TN 2 RO 7 W DT, possible 12 b 7%
BLAv, ZORIIOWT, REITIEIFRIZ CTX ICH#E
BRI R A UCL 2R D IHETE WS, SRH
SNTFHBELRTFERLAET L CTXORHTHL I LD
EZON, SHROFZRRVBIEVVLETH 5.

CTX X3 b2 ¥ BV 7IZ/IET % 27-hydroxylase O i 41K
TICEDHMRICI LAY ) — VT AFO—LHEET S
HROAESEREERORERBETET, 62 FhikE
foi (2q35) E2d % CYP27A1 #inTAEEMFKE ST
%Y. BRI 472 AN I BUEEE ISR 1 & > T 40~90%
FRRE & M2 TH 2 ™. BRI RAT R Tl ER R /MR
BAIEARFREDIRE, IV F AVEDO KN - NNZEfHz o 5
LA TH S Y. MRS Tld NAA DA & FLER OB %
RTAS, BIEIEEREE, REICIAROKI P R
THRERE A L Y, ABID S HUCERT AT RSB LN
72, FIRELCIEBIARHEY A X ORI % 310, TR
Frc3 bay P 7REEREMERSNATWE Y, 2 ha
> B 7 SRR R IR T R AL AR, YLV 2 R
JEXFRO7AYI b3 ¥ K1) 7 DNA #fmFERD %\ CTX
MY Y, GEHE & LT 27-hydroxylase IE PR T IS L 72 3
Fay R THEBEEESHEZ SN TS DL EoBIEE, CTX
TS My R 7 e I LR EBA Y B2 L1554 T HE
1% RS 575, ARBICIEMAMEO R TR HEMIZD I b
Y N TICHGET AT R A 2 L S CHEERR G, FRICR
BICTRRD 1ZHEREICOWT, CTX TRELSHmATTRTH 5.
Mondelli & (ZIMERTERFIETRALC & A5 247V, CTX JER]
? 50% C LI 9% & 1V EOBIER % 20 7225 TV E O
WEASIEH Ch o722 L5, ETERYIC A PE O M- e
PHTAIEANGAEST A EZHE LAY, S bary YT
TR RO RO KIZOWT, FOLmED DS
WS A & VAR O 72 O ANE S 20 H AL T b LW F o
MESRE, I b3y B 7ICEENAE L2 EIFREEOREE |
L0 ATP AT U i#nic LRMIEsEIcian w2 &
PHEENTVDE Y, ftoT, I baY P THEEDHRLE
HY HARBNCBNT S REOTEAGFIEL, BEHEONE A
FEICHS722 b ERY, BRWICHBZEST 512872
T E 2 7.

CTX DZBMICHWONBIMET LAY/ — ik Y oy
1%, B ATIZ2+2 ug/ml, CTX TIE 23212 pg/ml TH 5 7.
%72 Kasama & 13, CTX OA&MFmzi~—7 — & LTIl
HILAY ) —)ialAFu— Vi (BET03%LLE) %
WRIELCWS, MEIVAY ) — VBRI REIIMICR

BRERH##ES 56 % 10 % (2016 : 10)

YR T L AT O —)VIE, ¥ M AT U= VIIEZ &2 5
2 ARBNIARAETT R S RIS O L AT 0 — VIE I3 7
EEIT, ¥ AT = VIE S — B ARSEIR 2 b 2 v
ZEDOERENEE Z T

CTX &7 / 74 F ¥ 3 — VIEBH5\ THIEHE R Ot 23
BONDEEDNH LY. Z0OI Fay N TIHORKRN
e BT HEMNTH- TH, HERTIHRIZZ L CEIET
FENT T B S N WA CTX 2 8R515 % LA
HY, FOBRICIIEI LAY 2 — ViIllGE & 85 RS2
WHGTHb0EEZ LN RENIEFC, HKEETOR
R RO THRIOBWEEREZ 72 & 7w CTX BIAFAET
LHEIRL, R BRI RIZZ L WG OSERNICE B
VIETH 5.
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Abstract

A case of cerebrotendinous xanthomatosis mimicking the clinical phenotype
of mitochondrial disease with a novel frame-shift mutation (c. 43_44 delGG) in CYP27A1 gene exon 1

Junpei Koge, M.D."”, Shintaro Hayashi, M.D., Ph.D.", Hiroo Yamaguchi, M.D., Ph.D.”,
Takahisa Tateishi, M.D., Ph.D.", Hiroyuki Murai, M.D., Ph.D."” and Jun-ichi Kira, M.D., Ph.D."”

PDepartment of Neurology, Neurological Institute, Graduate School of Medical Sciences, Kyushu University

A 37-old-male with a history of early childhood mental retardation was admitted to our hospital. He experienced
recurrent syncopes at 23 years old, and at age 35 gait disturbance and hearing impairment developed gradually and
worsened over time. His grandparents were in a consanguineous marriage. He was of short stature and absent of tendon
xanthomas. Neurological examinations revealed scanning speech, dysphagia, right sensorineural hearing loss, spasticity
in both upper and lower extremities, and spastic gait. Tendon reflexes were brisk throughout, and Babinski and Chaddock
reflexes were both positive bilaterally. Laboratory tests revealed elevated lactate and pyruvate concentrations in both
serum and cerebrospinal fluid. Fluid attenuated inversion recovery magnetic resonance imaging showed high intensity
lesions in the bilateral cerebellar hemispheres, pyramidal tracts in the brainstem, and internal capsules symmetrically.
Brain magnetic resonance spectroscopy measurements revealed an elevated lactate/creatine plus phosphocreatine ratio
and a decreased N-acetyl-aspartate/creatine plus phosphocreatine ratio in the cerebellum. At this point, mitochondrial
diseases, particularly myoclonic epilepsy with ragged-red fibers (MERRF), to be the most likely cause. We performed a
biopsy of his left biceps brachii muscle, showing variations in fiber size with occasional central nuclei and very few
ragged-red fibers. Blood mitochondrial respiratory enzyme assays showed normal values with elevated citrate synthase
activity, and mitochondrial DNA analyses for MERRF revealed no pathogenic mutations. We then explored other
possibilities and detected an elevated serum cholestanol concentration of 20.4 ng/mi (reference value <4.0) and genetic
analysis by direct sequencing method disclosed a novel frame-shift mutation (c. 43 _44delGG) in CYP27A1 gene exonl,
leading to a diagnosis of cerebrotendinous xanthomatosis (CTX). This case emphasizes importance of awareness of CTX
as a possibility when patients present with clinical phenotypes mimicking mitochondrial diseases, but with negative
results for muscle pathology or genetic analyses. The measurements of serum cholestanol concentrations might be
useful in diagnosing such atypical cases.

(Rinsho Shinkeigaku (Clin Neurol) 2016;56:667-671)
Key words: cerebrotendinous xanthomatosis, mitochondria, cholestanol, CYP27A1, MERRF




