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PR EGEEOBLTHRITE r / THF 2 VRRIZE S
BRI T 0%

SIRKFERZREE RN EREREREER N ES FREF
(IRsERES © ARLEEEE )
(EE . Bl FEdR)

FR il

Fpili ¥ &S (cerebrotendinous xanthomatosis, CTX) 1, ZIFEIET, SEEEEIR, MNMERZ & OEITHMERSE, 7
FUABEGED L UEEHEANE, EEEBRMEELZ SIC L ) ERIST o FRGASEREMREETH L. CTXiE
R TI00FHEVEFIARE STV B, 205 b b ETIRSFANHE S MEBEEENEVE VWb TWA, REH,
3 b & 9 4 P450 (cytochrome P-450, CYP) & H Td 5 27-/kE{LEEFE (27-hydroxylase, CYP 27) B{ZFHEIC L W BHEL, MEH
B RBICBITACYP 27T RIBL TV A0, 4/ 7+ % 30—V (chenodeoxycholic acid, CDCA) D& AT NT,
TVAY = VRBEHT VI - LASBREICER S D, S OIEHERT - VAR T A0, TV AT I — VAR, MR
A NEROBEREIINT L 74— F v oA L, ABESIZEHICHEENG. KR TIE, HARACTXEE2E
O CYP 27 BIZTHIT 4TV, CDCAIC X AEHEREZRET L2, WREOKMHMERL h 58 L 2B S FDNAZ VT,
CYP 27 RIZTFDEIT Y VL TRE—S—FIH, VAT FVOEREFNIHIE LTS A< —%8E L, PCRICLY
DNAKF % 1818 4, PCR—A§{84 %L (PCR-=single strand conformational polymorphism, PCR-SSCP) #: 3 & UM 35 5
EFIHERE (direct sequencing) # AV THRETFEROMEEITo 72, & SICPCREIREEFEWKT ST (PCRrestriction fragment
length polymorphism, PCR-RFLP) #iZ & W BIZTEROMER 21T o 72, EFILIZBWT, CYP2QTRIETFOI 7 vV 20HER
R104Q (CGG->CAG: TV F=v by 3 V) BLUFL sV Y 8DORMIQEE (CGG->CAG: TIVForhbrivy I V)
rRWHL, FEMAIIRIMQER E RUIQBEROEABEATOESETH DL I LA L. EF212BWT, CYP 27#(%
FOLI V) 8DRUIWER (CGG->TGG: TVWF=hb b 777 Y) 2RVWH L. 4ERVH L300 S%RIE,
NLABRFICHTAUL Y FELTEELZERTH ), BAOHEE L OBRET ORI TWwabnLELILRL. 2
FEFNICHF L TCDCA (600mg/H) ##%5- L, 4:BRICFOYHRICOVTHRE LA, MEI VA5 ) —)VE, MRIFFRIIAET
o7, BRABBICHEOWE, EROWE, MREROKELZRD. REIHT 5 CDCAI L 5 EHIE, WEFRRD
BELANCFESEROBENEEL B 2 REMEATRIE S,

Key words cerebrotendinous xanthomatosis, cholestanol, 27-hydroxylase, chenodeoxycholic acid,
gene mutation

figi g # B EAE (cerebrotendinous xanthomatosis, CTX) &, 41
FEfET, $EEEER, ARERL COBTEMREREE, THL
ABRBREBES I UCEFEANE, FESBREEREICID
OO NS BB ESEREERETH D,

19374E |2 van Bogaert & 212 X Y RAMOEFIHRE S, I
%, CHETCHREFTI0FEVEAIFELRTNE. b
E T 558l0#ENT A 5N, CTX DFEEIZbHETII B
BEwEnbhTns,

1968 4E Menkes & Y12 & 1) #] THALFRIICRE & h,
HEICERLERR, avAru— IR Fu—
CEU LSRRI IVAY ) -V THB I EFHELMIE

FRI3FEILA 28 B34S, PRI 12A 28 HXH

N, KIEZERBAT O - LVERETHSL I LPRIES N,
1970 FERITIE, CTX CTHIBEHBEMBRICRES S ), L iy
/74 % a— VB (chenodeoxycholic acid, CDCA) A»SE# |2
BALTWAEZLED 7, EETRIELAEALARZVE
BEHOBT T VI - VESBIZEEESNTWAEZ EMHL
W2hY, RERC-AF 0 — VABEOBLESE I L 2 EHHEES
BREETHL Z EFPELMIC SN, 1980EM[RICA D, FIE
Tk b7 0L P-450 (cytochrome P-450, CYP) &H Td 5 27-
KEE(LEEE (27-hydroxylase, CYP 27) D/RiBHH B = & A HiE
Ehizd.

19914, Calin@izk h b k CYP 27D cDNAN 7 0—= ¥

Abbreviations ; CDCA, chenodeoxycholic acid; CETP, cholesteryl ester transfer protein; CTX, cerebrotendinous
xanthomatosis; CYP, cytochrome P-450; FH, familial hypercholesterolemia; HDL-C, high density lipoprotein
cholesterol ; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; 27-hydroxylase, CYP 27; LDL, low density



CTX O B{ETHAT & CDCAIC & % iBFsh R 21

FER, CTXEZIIBWTCYP 27 EEFIC2EEN AL RS
oz anz®, Kok, CTRKEED S DZEREDNA% Cos
MBa~EAL, CYP2TEHIIED Y, HHAFFEFRICETL

TWAZ E2MELLY. F72, CYP27TH/IETFIE, & FTIZ
Beta k20033 & qter L DRIZALBT B L vy ErrEnit,
0%, Lee 512 & Y EHMITAIAT &0, CYP 27 /(5T
BB 20D q35 1B T A Z AL PIZE R

CYP27H 3 b v Y THBICMETS Y b2 0 ALP450T
HHP AFu4 FEASEOBIERCxMETIBETDH
BMB 7 FORBIEZONESR, NADPH-7 = L F¥ ¥
VBT RESE (NADPH-ferredoxin reductase) & 7 =L F¥ ¥ >
(ferredoxin) % MEFE L LTULELTAREHRTHS. CYP 27
IEN-RHIZ33MWMOT7 I /BRSO RBIaryFI7 -7
WARFFFELHEY . FNICHEL48EOT I/ BP LR AR
HTH5M,

17 2F VHiBEEA (acetylcoenzyme A) 725 I L AT T
—VERCHRABITER S NAEEERT. ZORBIMERY
LaLAFO—LEHEET A EELBETHL®. oL AT
— VBT - KEEBEICL Y, 7o kKB LAFO— LAt
s, a—VEE CDCARESRT 2ERIZHPI T
MBS SR S5, CTXTIRCYP 27OKIRIZE D, H1iz
IRUEBFCIEHRERPEEsh L, HLCRTI)ICa—
VBRI MIBIERS 4 L T AH & B 45, CDCADAR IR Fhh
9, ALARY S —NRBH T LA BRRICERENEZ &
(2% B. OB TS - VANRAT A, I VAT

HMG- CoA reductase

EHEROBEERECH B FOXF I3 AF NI NVT ) IV
B#A (3hydroxy-3-methylglutaryl coenzyme A, HMG-CoA) &
TERER L U A RSO RS TH 5 7 a KB LEEE
WIS A7 4 — ¥y AN L, MEEREEGIEL, L&
DRHEEIELICHESNE. a2V Ay ) —VOESKRICH
L CidSalen b VI BHHERMTEICL 2 ZEI ISR
N rBERAV, ILAFU-LhbEEHENEZ LEHEL
o l7e, Lal, KEICBWTEEENLZILVAY )~V
&, 7« KERVEEERH LRI VSRITEESNAT o KB
ftavzxFo—i, BLUOF0bBAHED>OEL LTEE
ENBLEILNTVRED,

CTXIZBI1T 2 BEEROTEIL, HAETIIEE446E, &
H36.85%, HAETIZEM85R, Wik3BemMTHELLE bz
IZEERTH Y, 0BULOEEMUBROBENT7T%E HD
Twa, —%, BEOHRERDBIEERSMIL, 5~158IC
Y-y i, 08D OREIBREHOTHED, BH
WL, THLLERADBHRERTHY, TETITHELS
#20~30ENEBERTRBMENTVBHFTKRERTH S
BB e s hk v, TEIRE, FR, SEEBRER, DY
FER, FRMRER, TvhA & vo BT EEE S N
LT 2%, HRETIXCDCANRLHZEIZL Y, FFEERONL
B LETEHIETAZLNTETH L LWV RENDD
B BTk, REEEAGTE DO TEELRbNRS. 22
T, A% Tid CTXBE D CYP 27 RIETFHAT %17, CDCA
W& B EHERR TR L.
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Fig.1. Major pathway for the biosynthesis of cholic acid and chenodeoxycholic acid in humans. There is an inborn defect of 27-
hydroxylase in CTX.

lipoprotein; LDL-C, low density lipoprotein cholesterol; MRI, magnetic resonance imaging; PCR-DGGE, PCR-
denaturing gradient gel electrophoresis; PCR-RFLP, PCR-restriction fragment length polymorphism; PCR-SSCP, PCR-
single strand conformational polymorphism; TC, total cholesterol; TG, triglyceride
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y)— ) alLAFa—jblt 04%) L ERLTWAZE, &

Wl S UTE EIViE, TilE, M7THFVARCEBEL*ROLZ L, BR,

I.3 =% SRR, ANEEIRE D B 2 & & 0 BRI CTX & Bl
#EE, SRAEREREZRAMERERERFELNER R

REHMSEEENES FRIEET, BENIZCTX LB SN FEBI 2 67 BB, MIET VRS ) —IVfE 11.0 pg/ml (T LA

BEUEFTH 5. )= albAFa—VE07%) EERELTWAEIE, F

FEBIL; 65 B, MBI VAY J —HE 7.7 ug/ml (T LA O, W, W7E VAR, METICEGEELRDL

Table 1. Clinical data of two patients with CTX

Variable Patient I  Patient2 Variable (  mol/l) Patient 1  Patient 2
Age (year) 65 67 G-colic acid * *
Sex M M T-colic acid * *
TC (mg/dl) 191 167 Colic acid * *
HDL-C (mg/dl) 60 26 G-chenodeoxycolic acid * *
TG (mg/dl) 62 124 T-chenodeoxycolic acid * *
LDL-R activity (%) 120 - Chenodeoxycolic acid * *
CETP (p g/ml) 2.3 24 G-deoxycolic acid 0.5 0.5
Cholestanol ( # g/ml) 7.7 11.0 T-deoxycolic acid 0.2 0.2
Sitosterol (p g/ml) 1.4 54 Deoxycolic acid 0.4 0.1
Cholestanol/cholesterol (%) 0.4 0.7 G-litocolic acid * ES
G-ursodeoxycolic acid (z mol/l} * T-litocolic acid * *
T-ursodeoxycolic acid ( « mol/l) * * Litocolic acid * *
Ursodeoxycolic acid ( « mol/l) * * Total 15.6 3.5

M, male; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; LDL-R, low
density lipoprotein receptor; CETP, cholesteryl ester transfer protein; -, not examined; G-, Glycine-
conjugated; T-, Taurine-conjugated. * Not detected. All values were obtained during pre-treatment period.

A B

Glu His Arg Asp GIn
Normal  5’-GAG CACCGG GAC CAG-3”
Hpa Tl
Mutant  5°-GAG CAC CAG GAC CAG-3”° Marker Lanel Lane2 Lane3 Lane4

\ Gln / (p)

Hpa I 194 —»
Normal \

5’——( Exon2 I—— 3’ 118 >
T T T2 —»
Mautant 161bp 38bp
55— Exon2 F—3

199bp

Fig. 2. (A) Rapid detection method for missense mutation (R104Q) of the exon 2 employing the mutation-mediated restriction map
modification. Gene amplification by PCR introduced one Hpa II site in the PCR product only for the normal allele. Digestion of the PCR
products with Hpa II generates polymorphic restriction fragments of 199 bp and/or 161 bp. Heterozygotes show double band of 199 bp
and 161 bp.

(B) Patient 1 show both 199 bp and 161 bp fragment after digestion with Hpa II, which indicate the heterozygote for R104Q. Lanel, PCR
product in patient 1; Lane2, Digestion of the PCR product with Hpa II in patient 1; Lane3, PCR product in normal allele; Lane4, Digestion
of PCR product with Hpa 11 in normal allele; Marker, The molecular size marker of ¢-X174 double strand DNA digested with Hae III.
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Table 2. Oligonucleotides flanking exons of the 27-hydroxylase gene for PCR amplification

Primer Location Amplification Sequence 5’ to 3’ PCR product size (bp)
FRup 5’-flanking Promoter GGTGTGGGGCTTCCCGATTT 363
FRd Exonl Promoter CCTCAGCCTCGCGCAGCCCA

Elup 5’-flanking Exonl ACAACCCATGGCTGCGCT 267
Eld Intronl Exonl GTTACCTGTAACTGGTGC

E2up Intronl Exon2 CTCCACAGGTGCTTTACAAGG 199
E2d Intron2 Exon2 GTGGTGAACGGCCCATAG

E3up Intron2 Exon3 GCTTATCTTTGTGCTGTTCCTCTGC 290
E3d Intron3 Exon3 GAGCACAACCTCTCCCTGACCCATT

Edup Intron3 Exon4 TCTGCCTCCTGTGATGGCCTCTGTG 295
Edd Intron4 Exon4d GCTGATGCACAGACCTGGAGTCACC

ES5up Intron4 Exon5 GCTCTTGGTCCTTGGAGATCATGAC 291
ES5d Intron5 Exon5 ACTGGTTACGGTTGGGAGCTGGGGG
E6up Intron5 Exon6 TTCCTAGAATCGCCTCACCTGATCT 259
Eé6d Intron6 Exon6 TTCCCTCCCCACAAAGAGATCCTGT

E7up Intron6 Exon7-8 GCAGACTCCAGACATTCTTTTCCCT 264
E7d Exon8 Exon7-8 TGGAAGCTTTCAGGCTCAGAGAAG

E8up Exon8 Exon8 CCTTCTCTGAGCCTGAAAGCTTCC 292
E8d Intron8 Exon8 GTGGATTGTGTGTTTGCCATCCACT

E9up Intron8 Exon9 AGTGGATGGCAAACACACAATCCAC 194
E9d 3"-flanking Exon% CCCAGCAAGGCGGAGACTCA

POup 3’-flanking poly-A CCCTTTATCGCATTGCTGTC 103
POd 3’-flanking Poly-A CCCTAAGATGCTGGGTAGTCA

Oligonucleotides complementary to DNA sequences flanking exons of human 27-hydroxylase gene were
synthesized and used to amplify the intervening sequences with PCR.

A B

Gly Val Arg Ala Cys
Normal  5°-GGG GTC CGG GCCTGC-3”

Gln
y
Mutant 5°-GGG GTC CAG GCC TGC-3 ©p) Marker Lanel Lane? Lane3 Lancd

\ V 310 —»
Normal

5-{  Exon8 3 .k
t t

292bp 118 —
Aat]
Mutant v

5—| Exon8 —2=3
t t

114bp 178bp

Fig. 3. (A) Rapid detection method for missense mutation (R441Q) of the exon 8 employing the mutation-mediated restriction map
modification. Gene amplification by PCR introduced one Aat I site in the PCR product only for G to A mutated allele (R441Q). Digestion
of the PCR products with Aat I generates polymorphic restriction fragments of 292 bp and/or 178 bp. Heterozygotes show double band of
292 bp and 178 bp.

(B) Patient 1 show both 292 bp and 178 bp fragment after digestion with Aaf I, which indicate the heterozygote for R441Q. Lanel, PCR
product in patient 1; Lane2, Digestion of the PCR product with Aat I in patient 1; Lane3, PCR product in normal allele; Lane4, Digestion of
PCR product with Azt I in normal allele; Marker, The molecular size marker of $-X174 double strand DNA digested with Hae IIL.
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A B

Gly Valv Arg Ala Cys
Normal  5°-GGG GTC CGG GCCTGC-3’
Hpa I

Mutant 5’-GGG GTCTGG GEC TGC-3~

\ Trp / Marker Lanel Lane2 Lane3 Laned

Normal Hpa I

5’—{ Exon; }————— 3
| f

110bp 182bp

Mutant
5’—[ Exon8 l'————— 3
t f

292bp

Fig.4. (A) Rapid detection method for missense mutation (R441W) of the exon 8 employing the mutation-mediated restriction map
modification. Gene amplification by PCR introduced one Hpe II site in the PCR product only for the normal allele. Digestion of the PCR
products with Hpe 11 generates polymorphic restriction fragments of 292 bp and/or 182 bp. Heterozygotes show double band of 292 bp
and 182 bp.

(B) Patient 2 show both 292 bp and 182 bp fragment after digestion with Hpa II, which indicate the heterozygote for R441W. Lanel, PCR
product in patient 2; Lane2, Digestion of the PCR product with Hpa 11 in patient 2; Lane3, PCR product in normal allele; Lane4, Digestion
of PCR product with Hpa II in normal allele; Marker, The molecular size marker of ®-X174 double strand DNA digested with Hae IIL.

A B
Patient 1 Normal Patient 1 Normal

Variant

conformer Variant
conformer
Variant
conformer

Fig.5. PCR-single strand conformational polymorphism (PCR-SSCP) analysis in the exon 2 and the exon 8 of 27-hydroxylase gene in
patient 1. The bar along the right side indicate the wild pattern (normal). (A) PCR-SSCP analysis in the exon 2. (B) PCR-SSCP analysis
in the exon 8. The patient 1 shows the mutational pattern with variant conformer in both the exon 2 and the exon 8.
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&, AR, HEARBEEER, DEERZEOL I E X DERNIC
CTX & W s hi.

RUESI L L EFI2OBET— 2R Lz, EF1OMFEE
HHEIIM T L A5 0 — ) (total cholesterol, TC) 191mg/dl, &
LEEYVREHRI L AF T - )L (high density lipoprotein
cholesterol, HDL-C) 60mg/dl, btV 7V &3 4 F (triglyceride,
TG) 62mg/dl, JEF 2 D IMFHIEE M TC 167mg/dl, HDL-C

Normal

Patient 2

Variant

conformer
Variant

conformer

Fig. 6. PCRssingle strand conformational polymorphism (PCR-
SSCP) analysis in the exon 8 of 27-hydroxylase gene in patient
2. The bars along the right side indicate the wild pattern
(normal). The patient 2 shows the mutational pattern with
variant conformer in the exon 8.

102 103 104 105 106
Gl Hi

U 5 Gm

T T T 1
GA GCACC, GGACCAG

Fig. 7. Automated fluorescent direct sequencing of the exon 2
of 27-hydroxylase gene. Each curve indicates adenine (A),
cytosine (C), guanine (G) and thymine (T). The graph is the
result of patient 1. The arrow indicates A peak of the mutant
and G peak of the wild type.

26mg/dl, TG 124mg/dl & fEFI 1IZIERGMAE, fEM21Z/XHDL o
LAFO—VETH o7z, MiEI VR Y/ —MEFZRETN
7.7 ug/ml, 11.0 pg/ml& EHLTEBY, aLbRAY/—Nbal
AFa—LDbFNLEFNR04%, 0.7% & EHL T,
Kasama 523 CTX O aBlif e LCa LAy /=L 2L A
FO—LIEA03BULETHBEI L ZREL TS, MFEMET
B8 A ECIECDCAIR & b ici s o7z,

Ih S DEFIOHMETEREXH TH o 7225, REIZEL -
THouHBIcEICRARzEL. 2, RB2ELLTS S
& TR REEFIEEL S0 VWE I FBE L. 7,
HAERIEERIIECERINTREs R TV, DEomIZ
DT ERAFREFEERMRRE, b7 L4 BIET
RS MBEERSORE LR WIAFTEARD FERI3E
12A3H, #EES $125, HEE WeEaEEO#ETZ
).

I. /5 &

1. B7-TDNAfTH

WREEFY ST - TR LEBICES CREE
7o, RAYIM 2RI L 2. EREIR L 10ml % EDTA-2Na & #T
BRERIE LCIFIL, 4CTICTREL-20CICTRELL. o
DERIM A FBICTHAE 54 b > X-100BHBREEDIZTH
STDNAZHEEL7:, Tab bl 320mM ¥ a i, 1%
54 b > X100, 5mM MgCl2, 10mM Tris-HCI, pH 7.6) = Tk
MEkEEM S, oI E Dkl LTHIMRE EO/2. Th
%705 7 —+K (Sigma, St. Louis, USA) {ZCiE{lfk, 7=/
—N-7aaiibh (1) TLEH, HwTrzooskibh-f V7 3
MT7ha—)b 24: 1) T2 L, REBEIZT Y S — Ik
L YDNAZSHEEL/:. 29 LTE SN/ DNA % TrisEDTA#%
B (10mM Tris-HCl, 1mM EDTA-2Na) (pH 8.0) (Z#fE 0 I,
260nm (2 B 1 BBEEREIC X D IREERD 2.

2. PCR

Cai b DHEOB LT — VN DT —F R— A TBERE
NTwae b CYP 2T#EEFERFIZH LIZ, &9V ET
OE— ¥ —4E, BU-AY T FLTRTUIZDOWTERE L2 18-
WHFEREDT I A7 —L1IHMEER LT (F2). 74 ~v—D
GRE, AAREBEMREMER (V74 F— - Prvr, K
) IZREL . TmEDBAFTIZIE MacMelt™ v 7 72 7
(Bio-Rad Laboratories, Richmond, USA) %/ L 7.

DNA WA D #IEIZ 13 Saiki 5 #PZ X APCREZH W, &5
FDNA 1 g #$HDNAL LTAPM OFF 4 v—1%kv b &
B 200 M OETF F L XY LA F F (dATP, dCTP, dGTP,
TTP) &£ 258 DTaqR) AT =¥ (FF74F— - T xs8,
HE) 2 0.01%YT F % EUREHR #i#E 10mM Tris-HC,
pH 8.3, 50mM KCl, 1.5mM MgCl) (2iiZ, RE#EAES0 ul &
ALY CEHREEEREMAERELA, SO LTRIGEE %
B, 50uldIFTFNF A4V (Sigma) T LTEFEEHE,
95C 14, 68CHFFERIZENLFhDL Yy PEICHELICR
EiEEob L, ¥—< - F A% 5 — (Perkin-Elmer
Corporation, Norwalk, USA) # VT304 4 7 VORI 21T -
AR

WIE L 72 DNAKTFIZ3 % OEELE 7 0 — A5V (Nusive,
FMC, Corporation, Rockland, USA) IZ$f&~— % — &-X174/Hae
AL GRS, BE) L RIkB LTI REMEE L/,

3. PCR—A M E%LH (PCR-single strand conformational
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polymorphism, PCR-SSCP) i#

RENFISE@ME & L C Tris-HCI 54g, kv E27.5g, 0.5M
EDTA20mZ#F A% M2 3000mlic L7 D& REHDS5 X
Tris-= 77 B-EDTA (Tris-boric acid-EDTA) (PH 8.0) k&%
& L, TKENEATIZ I X DEBEICHFRL L.

0.5mM EDTA 2 .1, 5N NaOH 10 »], BHEHE#EL K88 1% B
ELAZTNMA VBEHEMED, PCREDS ulIZ7 L VB2 »
1Mz 42CT55, 96T 3TMELE, 0TIZRA L—REIE M
SH/. EDH T, 10%20%EBEARENTZINT IR
Fh (7=, BE) #HVWCTBEREHRPTLT, k%
BOb L1000V, 10~ 128 TikE) L 7o,

KNI T 2, 73 Fo#H i SYBR Gold nucleic acid gel stain

439 440 441 442 443

Gly Val Arg Ala Cys
Gln

] I L | )
G

G GGGTCC, GGCCTGC

A

Fig. 8. Automated fluorescent direct sequencing of the exon 8
of 27-hydroxylase gene. The graph is the result of patient 1.
The arrow indicates A peak of the mutant and G peak of the
wild type.

Patient 1

91 84

x

(Molecular Probes, USA) 2 iV 70 F 2 — W |Zfito THME L,
BAREICTIRE L. BENY MFRO NIV Vi3
ROBEHARHEEFIRE ZTo 7.

4. EEMLEBEEIRSHEFE (direct sequencing)

PCRTH¥IR L7 DNAWKH 2 1% DEBE 7o — 245 )
(Nusieve, FMC, Corporation, Rockland, USA) IZ8{E~ — 7 — @-
X174/Hae ITHALH) GRPERS, WE) LITHkEIL, B EEH
RBLALET, BWETADNAKKF ONY FEEGESEEY
WML7, w4 s0¥=7ev (272350 (Amicon) %HAE
HETZ DODNARKH % 10000 [Bl4E 20 4> B0 L7z, TR 2
K20 Iz MABERLL, BETIERABIIET R TS4
T, BIUOX I VFAFFEREL, ThEEBEEREEY
HEOHFEDNAL L7z, ZhiZ¥df - ¥—35—%— 417
Vo= TR - F v b (Perkin-Elmer Corporation) % Hvy4

439 440 441 442 443
Ar
Gy  Val & An Cys
e O s s A e I

GGG GTCCGGGCCTGC

Fig.9. Automated fluorescent direct sequencing of the exon 8
of 27-hydroxylase gene. The graph is the result of patient 2.
The arrow indicates T peak of the mutant and C peak of the
wild type.

Patient 2

30 79

Vol "o o
.

* *

O

10 ’

—

* *

Fig. 10. The pedigrees of the two patients with CTX. The arrow in the pedigree indicates the proband. The square and the circle in the
pedigree indicate male and female, respectively. The number in the pedigree demonstrates age of death. There is no consanguinity in
both patient 1 and patient 2. , compound heterozygous patient with R104Q and R441Q. , compound heterozygous patient with
R441W and unknown mutant. [742s , deceased. * Not genetically examined.
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Table 3. 27-hydroxylase gene mutations reported in Japanese

27

Position Mutation Nucleotide change Amino acid change First report
Missense mutation

1. Exon2 R104W 430 C—T Arg 104 Trp Nakashima, 1994
2. Exon2 R104Q 431 G—A Arg 104 GIn Nozue, 2001

3. Exon6 R3628 1204 C—~A Arg 362 Ser Chen, 1998

4. Exon6 R362H 1205 G—A Arg 362 His Chen, 1996

5. Exon7 P368R 1223 C—~G Pro 368 Arg Okuyama, 1996
6. Exon7 R372Q 1235 G—A Arg 372 Gln Chen, 1997

7. Exon8 R441W 1441 C—T Arg 441Trp Kim, 1994

8. Exon8 R441Q 1442 G—A Arg 441 GIn Kim, 1994
Nonsense mutation

9. Exon3 E162stop 604 G—T Glu 162 stop ‘Wakamatsu, 1999
Splicing mutation

10. Exon2 G112G 456 G—T Skipping exon2 Chen, 1998

11. Intron7 1284+1Gto A 1284+1 G—A Skipping exon7 Shiga, 1999

Three missense mutations: R104Q, R441W, R441Q shown in bold letters were identified in this study.

LNy — oy AEe{FoT.

S LY Y SRITIRIET O IERAIZ BT Aat 1O

BB ML B e M5 & LT, ABI PRISMTM 310
Genetic Analyzer (Perkin-Elmer Corporation) % v /. Z#uid,
F ¥ 7)) —HoOMERTIRTEERT, FAROoNAT—5 ik
W=V F N3 r¥a—4%—Power Macintosh G3 (Apple
Computer, USA) RIEMNBOEE T 1 A 7 I2KlF— 5 & LT
TSNz, FUSHT BT IR FRAT & BEIMICFTY, 5
EXFETF— I BLPEBOIS 7 LTHAL.

5. PCRIiIBREEFELINTL B (PCRrestriction fragment length
polymorphism, PCR-RFLP) #:

BREFIVREEINR, EROFEEOMBB IR Y —
=70z, KEEOHIRESZECPCREW . DIk L. HE
PCRIETDNAWH #IIEL, ¥Ry FIZTIFINA I LD
TRI)PCREMZILY WL, SIWFERALIC U FIRBESE &
ZORIERBHREME, BEOEERELRGTICTeRMK
BEE/. ZOH10%-20 BIREARBR) 72 UNVT I FF L
(7 F—, H/E) T, 10 1 OFUCEY, HRBEEZEBsET
Wi WWPCREEY, S~ — % — &-X174/Hae IUE{LY) (BT3RS,
R’H) ZREECKEIL, YOFECEROREB X UF T4
ERENTOESEROEN 2ITo /2. KB TR, Y FoBk
HidrFyoaroes @ L, RAMEXICTHREL
7=,

LIV V2IIBITARIMQERDRAZ ) —= v 72k, #F
O PCREEW I HBREESE Hpa 11 (FHHH) % 37T T 6 RFERIYIMTRK
e, T2V Y2RICREFEOEXREFICB VT LIDHT
Hpa U ORBBRFIDEET 55, EROFELEICE Y LIRFERE O
FRHIAELL, FIRBECL 200 EZIT 2L 25, FOBEE,
HIREEFR I & D YIRS 7R ET 2 161bp DN Y FLIERE
ENBITIITEEREAF LT a W LN, HIRBEZICL g
Wi &7z 161bp D/ FEEIRF S Nz v 199bp D8 KO
PBEISNNIEREBREOANT OHEAE, 199p D> FL2E
BANBRITNEERERO RS THEEE L HW L7 (F2A).

LV /8IZBITARMIQERDAZ V= v 7\2iE, BF
DPCREEM \ZHIRREER Aat T (RIE¥RS) % 37°C T 6RERILIHT RS

BLHVAFAE L eIz O B IREESE S & B E00F 2 i v s, 28R
DIFAENZ & ) 1HBTRIREESE O BMAT AT 5. 2O,
I BREEHE I & ) GOUF S AR 4235 178bp DN v B L AR ER
SNBTITRERO R EHEAR LRI, HIEREESEC & ) LI
ENTZ1T8hp D3V F L GIWF & i v 292bp DN Y K DT A5
BESNMIEEREROAT oA, 292bpD Ny F L EE
SN ITNERERZFL T2V EHET L2 ("3-4).

IV YBIBITARMUIWERORA 7 Y —= v 7I2iE, AH
O PCREEW) (2 fIMREESE Hpa 11 GRIEERS) % 37°CC 6 R[0T
G &%, T2V yBRICIEIEFEOEERTICB VT 1LHFT
Hpa U DRIV FIET 525, BROEEIZ L ) WEEHELO
EEFIAELL, HIRBEREC L2022 2 &b, FO0E,
HIBREESE I & D EDUT S dL7o R4 5 182bp D /N> L o ER
ENRITIEAREREA LT L HIbE, HIBREBEEIC L h
Wi & 4172 182bp /3 F LI E M v2292bp D32 F O )5
AR SHAIETHRERO AT O HEAE, 2020p D32 FLAM
BENRITNIEERERO R EBEAE LMWL 72 (L4-4).

6. RRMAE

CTXIZFREALUEREHEBRCH I -0F AN EER L,
MUBRREIEA 2 AT BE 2 BR D) RIERE % R L 72,

7. CDCAIZ & % & Esh5

CTXEE 2R LT, CDCARSHICMEIL Ry J —
W, Y FRATFTO-, BGERT, MRIMAEZGTL, HREOF
M ERAN RS MEETMR & — v HDSR) 7. ot
FE T 16 MM AZ O RPZERICHIRIRILL, TC, TG
FEPICREL, HDL-CIRtBEDClEL 7. EivE ) K
#H (low density lipoprotein, LDL) SAMIEMEIX, 7o —4 1
FAMY—EOTHIEL, ILVRAFYLIRAFLVIEREE N
(cholesteryl ester transfer protein, CETP) #ill5 3 ELISA £
THZELA. MEIVRY ) —VEHFAI O P 5T 7 482
TER L.

CDCA (600mg/ H) #%5-4:87% - FRREE 4 B L, CDCA
WL BEBEMREHEL
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4 #

1. CYP 27 BIzFHiER

1. PCRSSCPiEIZ & 2 BHEBA ORI

CTXAE 2RI BT S PCRSSCPEIL LB A ) —=v 7
IBWT, EFA1ITIECYP 2THEFOTI YV 2LV 8
12, EF2TIRI S Y Y BICEERARHE &,

W5 EEES XL UER1DSSCPikEN /Sy~ ThH b, EF
1z, FEZBLRERZDLNY PPV Z2I01K, 7V 8
IZ2&FH LT,

E6IEEEES & UER20SSCPkE /7y —>Thb. EH
2021E, FEBERLDINY FEZZ Y VBIZ2KED L.

2. EHSEEEFIREE L ABRETFERENORE

JEGILIZBIT 5 CYP 2T #EF O 7 v ¥ 2O EFTIET O
HRAFETIRLY:. TEETIEGONY FOARFELTYVS
HEIZEFLITIIGLADM AN/ Y FHIFHES AL, LA
S THEBERIITZ VY 2HDGHLAND—HEBIRTH Y,
FER1EAEEOANTFOEAEREHERS N, FERIZLY,
CYP 21D 104FEB DT I /B ArgH GIn 2B INB 2 LA
2 (RI04Q) (E7). REHRE, IhETCLHRENRWHERT
Hol.

JEFI1I2B 1T B CYP 2THHETF D = 7V » 8 DIEHEFIRITO
HEREMBIRLE, ERETRGONY FORFELTVS
Bz, EFLTIHGLADOWADNN Y FHFBES N, L
HoT, KEREBI 7Y Y8RDGHRHANO—IEHERTH

ES

D, EFLEAEROANT DEARLHR SN, FEEICL
D, CYP2TO 41 FHDT 3 /B Arg A Gln icBiR SN BT &
2% 5 (R441Q) ([8). AZERIE, Kim 571994 EICHE L
FRBRLALERCHo7. BEdD, ERALIZRIAQERL
RMIQEEDEATIANF O EGHRTH S Z LIRS NI
JFEFI2 1B 2 CYP 27T HIEF DLy v > 8 DIFIEFEFIIRAT D
HWEEZFEIRLA., EEETRHCONY FOARFELTVS
ffgls, EPI2THCETOMED NN FAFHEE N, Lk
HoT, REREIZIV8HROCHLTAD—HELFEIRTH
D, EF2IATEOAT OBAREHR S FERICE
h, CYP2TO441FH D7 3 /B Arg FTrp i2BH s ha T &
2% A (R44IW) (9. AZEED, Kim 5®HT1994FI2HE L
FREREEERTH o

3. PCRRFLP#IZ & 2R OHERD

[12-B |2 PCR-RFLP 12 & 5 RIMQZER OB O REZRL
7o, FEBILIE, AEROATFOESEKTHL EHRENL. —
I RRZ T2 1005 Q0 L#IET) B RICAERD R
T == v FEWAT LAY, —BIbRERERO LD o7

[(13-B {2 PCR-RFLP#:1Z & B RA4IQ B ROMEHROFERERL
7o FEBILIE, ABROANTOESKRTHL LR SN

[4-B 12 PCR-RFLP 12 & 2 RMIW LR OO RERL
7o, JEBI2IE, FEROANTFOEAETHL EHFRI N

I. RRARE

10 HERI 1 & EFI 2 ORBMER Lz, MR E SIHIC
MRS R Dot EFILORRTIE, FMEDKREIIEMN

Fig. 11. (A) T2-weighted MRI of patient 1 in transverse orientation before treatment. (B) T2-weighted MRI of the same patient 4 weeks
after treatment of CDCA. Cerebral and cerebellar atrophy is evident. The arrow indicates hyperintensity of bilateral internal capsule,
cerebral peduncle, pons and cerebellar hemisphere in both (A) and (B).
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Fig. 12. Electroencephalogram (EEG) in patient 1. The EEG in panel (A), obtained before treatment, shows theta and delta polymorphic
activity. The EEG in panel (B), obtained from the same patient 4 weeks after treatment with CDCA, shows appearance of alpha rhythm

and elimination of abnormal slow activity.

BHEED D00 CYPTEGTOMITILRBITOLD, &
fEE DREMFIIFAHTH o7

. CDCAIZ & BREIE

FEFI 1123817 5 CDCAR 5% O MRIFT R #1112, Mk
FR%#M 121K L. CDCAKSRY, MRITII KR, /Mo
EmLEAONE, KKK, 1§, AhEskic T2RREETSE
AR, WETES~THzD Y — ¥ EASTEBEICHIRL T
BY, LEIBRBOTNV Y EERD . CDCARET 4B,
MiEa LAy —NE, MRIFTRIZAZE (K11) THho 2P,
B E 7V 7 7RO HEEFED (M12), HDSR 14525 19 1
CHERAHREL, £RAUET, 2ERET, 0L TREO
LETRDI.

FREL, FEF218 L TCDCATRS %4T-7:&£ 25, CDCA
BEMBETMEIVASY /— Vil MRIFTRIEAETSH o 12745,
CDCA# 5 4387, Wik ET V7 7EDORBE Lo, HDSR 4
HAL 10 SICERESSREL, RRMET, EEFTOUEY
7.

% =

KRFETIE, BARACTXIZBF5 CYP 27T RIZTEEICHT
BT R To7. BRWICCTX EBH SN 2ERNENSRE L
72CYP 27T BEFEIFICLY, TRITIIHREDO L VH /- %E
EFER RI04Q) ZRVWH L. EFILIZZORIMQERL
RUIQERODEESHATFUEABTHE I LFHL MR-
7-. RMIQZEEIIKim 5P 1004 FEICHE L ERLEFNER
Thotz. Wb, RMIQERLFT HEFOER > oML
WMBEEHRL, CYP2THEEZHEEL TS, TOFKFE,
RUMIQER#HT 5 FEHAGTIBEFEINETE 2 b o
FrrELTWDEY, 72, ChenbiiRMIQLERDCDNA%
Cosiifa~EA L, CYP 2THEMIFEFIET LTIV 2 L]

HLTWsY,

F72, FEBI2 O CYP 27 MIFTMATIZ L D, RAIWEFRD
FUESETFEELS. TORMIWERD Kim & ¥ L
TERLFAERETHo. O DOMETIE, RMOAWEREH
FTARREBESHETEHREEUIEERTD L4BITETLTW
7239 AEFID BRI CTX LB SN TH Y, FEIH Rt
G HREGERETH LI EPLRMIWERDREIZL DE
SHEATOESEEBU SN, O THOREFEROTES
EME X7, PCRSSCPEMODWHICL Y, BizHERAEICSE
1T ABRIEFREEORF—F MR L. EE, SEROFL
WiEHEE LT, PCREMH REAR 7 VEKIXE (PCR-
denaturing gradient gel electrophoresis, PCR-DGGE) {E4YJEH,
WEBETSH S Z L BHE SN, AEEIZPCRSSCPEIT A,
MEDBLUEBREO S TELTEY), PCRSSCPHETH I
HTh o/l HERENPCRDGGEET R TIETH o/ ®
MEVFHELRDON LY, KEFALNOBETFERLH
LTWwaATEEMEATE Y, PCRDGGEEIZ L 2RS4 H O
BETH5b.

FIZ, TNEFTICHARACTREE #WIRICHE & h/-CYP
RIEFLEELEBB 4 F LOTRLADWNO 4358 FH )
LAMFTREOT I BIEALAHERTIIHT) A FELTE
ELREHTHY, BIEE,LHIEFEOT I /JBET LK
* 3 v (ferredoxin) EFEETHHIMEE L SN T B 1O,
IoT, EELHAMTOERIBEROMAE(LERT LR
Tlondsb0EEZLATWAY, HRATHRESNTWS
CYP 27 RIZFEH D, INOEELFMIZE (RO LILD (&3)
AIFFETHE SN RIVMQZER, RU4IQZER, RMIWERD
ANLFRFIHT AT FELTEERERPTH Y, &5
OREEL SEEBETIZOREoTwAE LD LER i,

ILAFO—LEEBCHE T A BBIE o LMEEL &
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Vv, =2l I L AT O — VR EERG R A TR D,
b5 —old T L AF O — L2 RHECEE LB s HRET 2
BHTHE, FELILVATO-LHEERHEIE, 2L ATF0—
LR BRI 2R LB AT 2 g 0B TH . AT
BARACHEDLIERIIBOTHTHEH, ILVATOI—LD
2 BT A O IR REEELREFVTHD. €0~
ONCTXThY, CYP27TREFREIZLY, ¥ o LP450
T#H % CYP 2T {EMEAUE T4 A RA RS ERIEERETSH 5.
AL, MBI L AFO— VEFLE CRECEEZDL 2L,
BEEAHOLENAMELRO B &, MEET, SEARAER,
INER L EOMBIEREZROLI E LN BH NS, T,
KECEEEENREIERRT. OEa3 VX5 —VEFE
BLTWAILLBEETHSHN, 2VAY /) —VED ERER
Wl a2 L A5 2 — VILE (familial hypercholesterolemia, FH),
Y PAF O VIGE, BEEIEERESR, PIRIREEETETS
oA, FHIZ, IDLERHERIETOER LV RET
Bt ERAEEERTH Y, BLDLIVATI— VL
fiE, TXLARFIELHETHIRHAMEY, BLURREERD
MELED 23 EME T4, CTXEDENE, BRNICIELDL
TVATFO— VS L RENES THEA, ZETCTXKE
LTRWERIIHEENTVADOOHRIZE, HaLATO—
VMIEYEL LI PSHESREEFETEW N, L 27
O— VIR, EHEASUREERAT, MR T e LN
SRICERT AR, BEAE, SHEUBIREGELRL, I
EALRY - MEDEEOHI0FREFET BT, —HKI
MEEREEDLEVI LI NEHTES Y,
EEEBIREER V LEREEESIRELAEIX, CTXTIEH
FEICHETLAMMEN—2TH 2D, JEHEAHHIT LA
FO— VEEBEROBIH K ABRRTHY, BVIZBEELR
EidsEE b o, CTXCHI VAT T — VESRIITHELTBY,
BT AHRE{LOERE, TRbLEIRE~NDA T T -V
ERBFEOENIZL o THWIHRE - ) RESNRH© I RE
T2 LREETHA. Fujiyama  Pid CTXSERFIC BTl
HRE, U REAOKREET, EFar bo—-LERELT
TC, KHLE ) RKEBZ L AT T —)b (low density lipoprotein
cholesterol, LDL-C), TG, #@{ELE ) KEH (very low density
lipoprotein, VLDL) % EXHEIZETFTLTWwAZ E, %/-HDL
C, £<IZHDL2C, 7RV BEHAIFEEEZRT I L2 LE
BELTWA, HOITBERESMEIRL L URHILER/ <2
U7 7—JHilaEAWTLDLB L U7 £ F IV LDLOB Y A H
EEHITo7, BE/vr707 7— VMO T7 £FVIDLED
AHDIEREDT, BEFMEOLDLOKS, WY ALD
FEAMTED LN, LDLEAERIT v 7L Fal—YaryLTw
BIENEESRTVWS, CTXIZBIT 2 EEHOE IR
ThAHY, AVAFO-MEAEITTELTVWEZ L EHLR
ThHh, LPOBETRBIVATO—VEAENTELTYD
LEIEODLNAMENA P LD VAT U— VY AAOH
H, ¥4 bbIDLERENF Y YL ¥ b - a Y EROL
W, bLA7 vy 7L Fal—YayLTH), CIXTIEHID
(Gl L¥E2L—2a vy LTnwa I ehREEROBFICHAS
LTW2DTiEwhEiEEEnS,

CTX I BV A AEHEA~OIRE LR, S5ICTH2RH%
V. Byun 5%, v AIZ1% I LAY/ — L x32BMKS
4P, MEB LU TRE2~4BMBICIEILRS /=

¥

MR RBENT0~ 100/ EE L, Z0BE4IZHASL, 328
BRSO 50 ~ 60 %422k L 7248, AN CIRE#AY 123
ML, 32:EHICIX10M5HAE 2% L7z, Buchmann 5%, IL
AFO—VEEETFOHERE LTWD2Y, I VAT — U
E4FULEHTHo TORMAD AT T — VREEIZIIELERD
TwHWw, b0 Ehsh, MFEPa LAY ) —VigERE
H4ak, B TE—FmIca LAy ) — VEIY AAER
45, MEETEFEREERERY, AFT—- VoMb
Tl T b RO BT ERIN IR D /20, Al
BHAOATFO— VERIERL TV DD LEERILND. &
7z, Salen HPECTXBEDOMBEFROIVASY ) — VB LUT
B HRBEAFMNEL, TV RS — VEFEFHRICIERT
1.5~204%, 7RUREHBATI00EEMEERT EMEL
CTX G UL~ AN B A 4R A B s e b LT B e %
L TWa, o lE, Mm~REM RS L TRERT
ba—LAHEEE O ERI TR L TV AT, JEHEES
nTiEWwhiwn,

AL A T O = L OBERAET T B & MR OB
24U, ARIGBTERLTICRES S bNA. T/, o
LVAFO—Mid 3 ) »OFEEBEEG THEY, TVAY/
—WiEa bV AFu— b EELOEER oI L ATFE -
LML, 33 OIS E O SR IR ATIE S
A, Pop &L, AHMEOMEEREE SRR ORRPEET
HbEHELTWS, 7, Inoue 513 ALBBIN TOHEER
T, IVAY ) - VIEEMRO T b~ AR FHET 5 LMW
HLTWD,

CTXEBEZORKMRIFTR L LT, HEBLUVEEKIIBITA
BB T2HAGTOBRESHE, KM, Ao
EHEPRESNRT0ED O KEgeicBWTh 2EME IS
K, IO L EEM, 18, AREKOT2HMAETOW
EEmERO. EE, REICBIAEMN S MRIFT RS &
I R MERII LD TV A, Stefano b ™id, FRIETIEN-7
EFNT AT F VBEOBRERISET L, LBEOMEHR L
BLTWREHELTWA, N-7TEF VT AT F VIO
FOETIRMELEEZELTBY, AREOWUAAO LAGT
BEORI Far K TOREEENHOTHLEEILNT
W,

CTX &, MEHEsARbEE D7 dFFRPAIRIEE 7 — L ASEd L
Twa, 2078, HMG-CoABTEERE, 7 o KEMLEEREICL
FTBT 4= Ny ZHETFT 5 oMBEEEEHEML, FIE
BT ARHEE, T hbbaLAFO—), ALAY -,
fE7 L2 — V7 EDEEEIBESN S, Salen H MBI
T VERBRTHEMNT, & ICEEFERLTWSCDCAZ
B5L, aLVAFO—, VAR —VEERIHTAZE
FWE L. F0%, HHII17HOCTXEBE ICEPRS 21T
v, Pl D VESRPSHMBET, SERER, NREIR,
KASHRER L EOBKRERS L UMERE, CTA*y T
DEEFROUELYRDTVEY, KIFETIECTXEAE 24ER
23 LT CDCAR S 217\, 4LV HHETCDCAIL &
LRBETML. 2EFAEIMBI LAY/ —)VE, MRIF
RIZCDCABERI% CRETH » 7247, CDCARS 4:BH% I
EOWE, BRONE, MBEROUBLRD L. FECHT
5 CDCAIZ & B HfRIE, RERROWBELENPIRMEROM
BEHELE 2 FR 0 B W REMEATIRIZ & L7z,
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INLDERPS L CTXEBMD LR T2 2D0MIETF
T OBEFHIETKE W, TRETIC, REBORGTH L FEREZ
DHBIZDVTRE LR RS ME SN TV BEH, WIS B
HA2BREROTWRVDD, CTX &) —2DEEHSDH
T, HADFRZR, BVILE 4 OIEFIATTRTEERIEIR D S
BETLVAVTRESRTVWAEZ ERPEL L 2RIE, ZFHIC
D OTIFREOIR, BICIIEME OB & TREE B 2,
METMITOEHEEILBE VLD L 2o THLTHA S,

5

Dun

A
]

AAN CTX #% 256112 3517 B CYP 27815 7% ¥ % PCR-
SSCPik, MM YIHEES L UPCRRFLP L & 1) %k
L, FAEIIHTSCDCAIL L BEFDEEZRAL, LTD
WREEL,

1. CTXBEIZBWT, CYP2TM{ETFOL Y V201043
BOT7 378 Arg (2335 T % B CGG A GIn WX TE$ 5 L7
CAG~E LT A% R R104Q) 2#MH L7, ZoLRIIZH
FTCITMEN R, HERTH o/, $7/, R—ERD S CYP
2IMETF DTy Y 8N4 FEHDT I /B Arg IZ2HWIET 55
5 CGG 2% Gln i1 5 A BeH CAG N & LT 5 R (R441Q)
BRI Lo, REGHIRI04AQZE MR & RM4IQEROHATINT
DA TH B Z A L 72,

2. MWOCTXBEIZB T, CYPTH{ETDZ Y Y 28D
UIHFEOT I 7B Arg 120 BT 5 BH CGG A3 Trp 12K IGT 5
ALFI TGG~ & 1L ¥ B 2T (RA4IW) & itk L7z,

3. CTX!Zx4 % CDCAIZ & 5 iR#EE, WRAHT A OB ELIRT
IR AR R O BEREIIS % D 22 O T BRI K s,

il 33

WERZbIClHa, WIRE, HEEEEBY £ LB BH f5de
WCIESGAHERRLET. T/, KR EENEE, WERES S
L = EiRK S KERES AR IS 5 F R E SR EO R AR 1,
W EELcLrLEERRLET. £, HME, #iFhrHEE
L 72 iR RS E S IR SR R B R B 3 I Al L LT 4.
F7, BREHEBNEHE T L SIRKEREREERF AR E S
FRIZERESE—FIRBORM, &0 UIHSFDNADEIUIM L #
WhzETECLLARRERE, KEFERTRBICESCLET. 4, B
T2 B & AR AT - W BB ERUE (BIR KRR ES R EAT
AJERp U OB A T 4 A B AR TR R 2E), R =0RE4E (FILRTF9%
BErED) IS LEY. E7, FEFOHKSENPTR ©HERETE &
F L2 B3Fie st (SRR KB IR RS R Fe R E o i A e
R - AR IR W L E .

ARFFED—ERIL TR 13 455 B AR BHARTE(LF e CPBII34E6 A 7H-
8H, HID) ICBWTRELL.
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Abstract

Cerebrotendinous xanthomatosis (CTX) is a rare autosomal recessive sterol storage disease caused by mutations in the
sterol 27-hydroxylase gene. Japan has a relatively high prevalence of CTX, with more cases of the disease found here than in
any other country. This disease is characterized by the accumulation of cholesterol and cholestanol in various tissues.
Accumulation in the central nervous system leads to neurological dysfunction including dementia, spinal cord paresis, and
cerebellar ataxia. Accumulation in other tissues causes tendon xanthomas, premature atherosclerosis, and juvenile cataracts.
In this study, two Japanese CTX patients were studied genetically and evaluated for the effect of treatment with
chenodeoxycholic acid. All 9 exons, the promoter regions and poly-A signals of the 27-hydroxylase gene were amplified by
PCR and variant conformers were detected by PCR-single strand conformational polymorphism (PCR-SSCP). Subsequent
direct sequencing of the PCR products confirmed their mutations. Three missense mutations in the 27-hydroxylase gene were
identified at different sites. The first mutation was a novel G-to-A mutation in exon 2, resulting in amino acid substitution of
Arg (CGG) to Gln (CAG) at codon 104 (R104Q). The second mutation was a G-to-A mutation in exon 8, resulting in amino
acid substitution of Arg (CGG) to Gln (CAG) at codon 441 (R441Q). The third mutation was a C-to-T mutation in exon 8,
resulting in amino acid substitution of Arg (CGG) to Trp (TGG) at codon 441 (R441W). These three point mutations were
located in the heme-ligand binding domain. Case 1 was a compound heterozygote of R104Q and R441Q and case 2 was a
heterozygote of R441W. These three different mutations were detected by three PCR-restriction fragment length
polymorphisms (PCR-RFLPs) using the enzymes Hpa II and Aat 1. On conventional MRI, bilateral hyperintensities of the
dentate nuclei on T2-weighted MRI and cerebral and cerebellar atrophy were clearly seen in both cases. The
electroencephalograms showed marked derangement with irregular slow theta and delta waves in both cases. Four weeks after
treatment with chenodeoxycholic acid (600mg per day), serum cholestanol levels and MRI of the brain showed no change.
However, the electroencephalogram, dementia and other neurological dysfunctions improved significantly in both cases. This
suggests that treatment with chenodeoxycholic acid may improve the function of central nervous systems even before
improvement of the biochemical findings.



