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SRR EEEICB AT T Y3 VEBREE T Y b
k5 v A EKR— % — C6 (ATP-binding cassette transporter C6,
ABCC6) BIZT DT

SRAFREREEAFRMEREN EEIUNES TRIZF
(IH#ES | NREET)
(EfE: BH BH2)

gFooBE ®

B IR M 85 (Pseudoxanthoma elasticum, PXE) ERMAZ%, BREREZ 5 0N, EREIR, THRKBIRD
BT, MLERIE SOESOMERE & BEREORRILZ ML T2 H AL EREERETH Y, EERTAA~
0B MCIAEBE STV S, F0OEE#{ET 1L 20004512 ATP-binding cassette transporter C6 (ABCC6 or MRP6) #&fx¥
ThbERESNS. BEST TICHAPXEAEZIZBVTIZABCCEEETFDOMTAHEA TVDA, HERANIDWTIIRITOR
Zixnwv, 4H, BRAPXERE & FOREICD & ABCCOBET DR EITVIRE Lo, BRMARICK VEEBIOE SN
LHEAPXEEZ 6L FOREE NS L L7z, PCR—ASHMEB AL EE (PCR-single strand conformational polymorphism,
PCR-SSCP) , HEILE#EERFIRE (direct sequencing) = & ) ABCCOBETFNEREMM Lz, B2 L 2o 0B RZT
BRIZOWTIE, TR ) VIERAFIREEZYET (PCRrestriction fragment length polymorphism, PCRRFLP) = & 2 #EFE % 1T
ot ERILIEIZ VY BDIRIBEEOT I/ BTHATLVF2 3 0-FFT53F/CGCHYRTFA »2a—-F¥Ha N
TGO EBEEFT AT UERRIZICE LY VX 20ND157TFEBDT I/ BTHATM¥Z 22— F§53 FYCGGH H
YT T hkI— KT 53 FYTGENEEL LA T DERRISBTWOEAEAT OEEGKTH 5 L Z 2 bz, R1221C
L RISSTWITHED L, HLWERLE 2 b, EF2TIRZY V192542 FB0EETHL /7=y 0 LIEERE
(2542delG) N7 HIEAMER F D, Tz sV YISBEBOT I/ ETHL VY I Y& I—-FT53 F Y CAGHA
by 7O FYTAGNE BT 5 AT IERQITIX A S sz, EF3IE2542FB0EETHL /7 = v O LFEERE
(2542delG) FEESHKTH o7, THELE) REOREF (low density lopoprotein receptor, LDL-R) 12 6kb X%k FH
Tonami-1 ~F TEAEZHRE L7, S04, EHS5IZQI78X RTHEHETH Y, EF6IZQIEXAT UEEGETH > 7.
Q378X ERICIIBRETF» 5 OEGEFEROESIE 2 b AT OESEFEDOHE 1 Q78X PEEETFICHFET 5 2 ABCC6
BEFUEET LI PBERRETALE 2 L2007, BEA (LERT) OMEREEREEGERERE T,
Q378X, 2542delG ERDMEEIE WITREMEATRIB S iz, BAOHERER It EGEESE CHEOE v & 25 R1141X,
ABCC6del23-20 E 34 i R LFAMEIC X 2 BET-EE OBV ZEL oM. BEFRLRBEROBEEIOVWTIZHEL A
ZHhORRE SN oT,

Key words pseudoxanthoma elasticum, ATP-binding cassette transporter protein, ABCC6,
pseudogene

TR R M B B EE (Pseudoxanthoma elasticum, PXE) HT2ERTLH . BELARLEE HEREDOERIC

FEEREE, BEREL DO, TKEIR, TRAESROBEE,
WSR2 E OO MERE S BEREORKILERFH &
T B BEEERTHE VY. BLAYORZTOEEERRE
RERSEEETH LY, FREFBEERDERTRARAORE
bH 29, PXEOHEEIRTHFACIALS 00T A LIA LK
EZEDESRONEIY, 16FACIARENRD —HRNT
557

HERERRLECRLNEY, REECBVTEHPLH

TR134E 11 A 27 HEAF, FHI3F12A28HEH

LY BB EEEEFEREINE. ERREIIEHE, KRN,
WEmEs, SRS, BEBEIICRD 55 YN PXEOMKS
BREROEFERICEI VAR LEEREOEKE
Verhoeff-van Gieson ¥¢fs, Elastica van Gieson §E & % v it
Kossaffefa |z XL WEEAT A Z &l ko T EN A,
RERECHS, REREFERTALENS. HEEER
% (angioid streaks) & IFiZH 2 558K %2 BT R id Bruch IR OB £
Ik oTEl&RIsns, REOETICHEY, IRERIM, meE

Abbreviations ;| ABC, ATP-binding cassette; ABCC6, ATP-binding cassette transporter C6; DIG, digoxigenin; FH,
familial hypercholesterolemia; LDL, low density lipoprotein; LDL-R, low density lipoprotein receptor; PCR-DGGE,
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Fig. 1. Genomic organization of ABCC6. Intron-exon organization of the gene is shown. ABCC6 contains 31 exons, spans a 75-kh
genomic region on 16p 13.1., and is predicted to encode a protein of 1503 amino acids. The exons (vertical bars) and introns (holizontal
lines) are drawn to scale. The gene content of the PXE locus is represented from the telomere (left) to the centromere (right). The
transcriptional orientation of the gene is indicated by arrows. The exons are numbered from the 5' end of ABCC6.

PCR-denaturing gradient gel electrophoresis; PCR-RFLP, PCR-restriction fragment length polymorphism; PCR-SSCP,
PCR-single strand comformational polymorphism; PXE, pseudoxanthoma elasticum; TBE, Tris-borate EDTA buffer
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Fig. 2. Phenotypic characteristics of PXE. (A) Typical yellowish papules on the right neck of the case 1. (B) Skin biopsy from this area
revealed typical fragmentation and clumping of elastic tissue by Elastica van Gieson stain. Scale bar indicates 70 rm. (C)
Ophthalmologistic findings of the case 2. Macula bleeding and angioid streaks were found. (D) Cardiac catheterization revealed that she
(case 1) had severe coronary stenosis in both coronary arteries. (E) Yellow coloured skin eruptions were observed in neck, axilla,
umbilical and inguinal resion (case 3). (F) Remarkable calcification was apparent from ascending aorta to femoral arteries (case 3). (G)
Severe calcification was revealed by computed tomography in coronary arteries as well as aorta (case 3).

CGC-TGC

GTGGGTTGTTYGC A T GGAA
) 3

CGG—I>TGG

!

TGGCTCTCTG
b 79

A
3661 C—T; Arg1221Cys
B 2542delG
(Exon 19)
Val Cys Leu Leu
GTGT GTC TTCTG Normal
GGGGGCCCTCr TG TCT TCTGG Mutant
Gly Ala Leu Cys Val Phe Trp
(EXOH19) A‘:HGECGCKE(X;?GYG T:\'V(HTKAGEAIT
Proband (Case 3) |,
2542delG (homo.) |||
|

AAGGGGGCCCTC TNTTTTINTNNNG A

Proband’s son
2542delG (hetero.)

AAGGGGGCCCTCGTGTGTCTTCTGGA
30 140 150

Normal sequence

Q378X hetero. (Case 2) Q378 normal (C-8)
TGCTGCAGATG

Q378X hetero. (C-9)
TG CTGCAGATG
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Codon 377 378 379 377 378 379 377 378 379

Fig. 6. Automated fluoresent direct sequencing of the ABCC6
gene. Each curve indicates adenine (A), cytosine (C), guanine
(G), thymine (T). (A) The graph is the result of the case 1.
The left panel indicate the result of the exon 26 and the right
panel indicate the result of the exon 29. The arrow indicates
heterozygous C to T transitions. (B) The graph is the result of
the case 2. A heterozygous alteration (2542delG) is observed.
(C) The graph is the result of the case 3 and her son. The
proband is homozygous for 2542delG. And the proband’s son
is heterozygous for 2542delG. (D) The case 2 is heterozygous
for Q378X. The number 8 control subject is wild type for the

codon 378. The number 9 control subject is heterozygous for
Q378X.
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The pedigrees of the six index patients with pseudoxanthoma
elasticum. (Family 1) In the family of the case 1, there is no family
history of PXE and no consanguinity. (Family 2) The grandmother of
the case 2 became blind at her age of 40 and the father has visual
disturbance. The mode of inheritance of the PXE phenotype in this
family is likely to be autosomal dominant. There is a consanguinity in
this family. (Family 3) The pedigree of the case 3 at proband’s age of
53. There is no consanguinity. Her father, elder brother and the third
son died by heart disease at 58, 53 and 22 years old, respectively. She is
hypertensive and had the history of cerebral bleeding. The proband
and proband’s second son showed hypercholesterolemia, although the
other members did not show.

[J:Male, O:Female, [M:Hypercholesterolemia,
&l:PXE carrier

Upper numbers indicate their age, middle indicate their total
cholesterol levels, lower indicate their triglyceride levels.

(Family 4) There is a family history of cerebrovascular events. There is
no family history of PXE and no consanguinity. (Family 5) Both of the
proband’s parents died by cerebrovascular events. There is no family
history of PXE. There is a consanguinity in this family. SAH,
subarachnoid hemorrhage; DM, diabetes mellitus. (Family 6). There is
no family history of PXE and no consanguinity.

K:PXE
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RACTEE () k528, BEEICEME, BEED  (Sigma, St. Louis, USA) 12 Clfbfk, 7=/ — -7 BEFLL
Yy, FuES )V ERSSL, BEeEREREHMINL. PXE A:1) TLE, HOTZRERVAA VT IVTIVIT—)b Q4
SEhiEEREs L, REEFAERICTPXEZBITS N, D T2EmM L, BTy ) —VILBIC & ) DNAZS#E

WFRORR BT, BRMELSMNCHS PR EMREE L7>. =3 LTHES N7 DNA% TrisEDTAMRMHEH (10mM Tris-
ETBERERBO ol FNERORREERIIIRT. HCl, 1mM EDTA-2Na, pH 8.0) (Z###0 L 260nm (2 331) 2 Bk

BRIUL, BERAZLOPCEZORKHALIHFICLL BRI & D IREE RO,

AEIEOK ThbR. EFHEBE LTI00ADKRSES 2. PCR
oK EER L. ABCCEBEFNETMHILLY Y v 2MIBT 50077

K SRR EREE AR b/ A - BIET {w—kFRENOIY Y VEBOMBO A ¥ b o FHBIC
EHTEGREEANEAR G GFUEAR | FRIZF12A meae L7 (M1, £1). 77 47— &EIE Primer
3H, FUEE . E115, REL: R RN eEEE (http://waldo.wi.mit.edu/cgi-bin/primer/primer3) % L.
=13 % ABCC6 (MRP6) E{ZTF D). ABCC6BEF D4/ & DNAD KRS & GenBank accession

1.7 & No. U91318 31§ L 7. ABCC6 ™ cDNA D IFEACFY (GenBank

1. &4FDNAE accession No. NM__001171) & #°/ 4 DNA QRS % LK

i 2 OFAS BRI 10m] 4 EDTA-2Na £ HLEEEH & L TR TrokitihAvrarkrs Y v OBEREREL. TT
BMLATIKTHYE, —20CIETREFELZ. CORKELERRIC £ v — DA AR A A § L= A (FA, M)
CHREE N T A b Y X100 BBEED IS TR FDNAZ HEEL WL 7. RSB DNAWTH 12127 142bp 2 > 368bp
. FhhbLEEE (320mM v a B, 1% 7 1 X100, DRER|hBEEL LI, L7V Y3V TIEARE
5mM MgCly, 10mM Tris-HCl, pH 7.6) (& TARIER % &M & &, (« BEUB) Z2BHLTTIA~— B LL. (@Y.
Sl B0 ikme LCHMEkE Bk, ZhE 707 T €K DNA W o BB (2 1 Saiki & %12 & % PCRiE % A\ 7o, #i4

16.5 kb deletion
st

Exon 22 23 24 25 26 27 28 29 30 31

Fig.4. Schematic representation of the common deletion mutation in US families and the locations of primers for the detection. The 16.5
kb deletion mutation extends from intron 22 to intron 29. The positions of the three primers used for PCR detection of the deletion
mutation are indicated (circled numbers; ©DEL-1, @ DEL-2, ®DEL-3). (From Ringpfei F et al.*® with modification)

Variant Exon 26 Variant Exon 29

conformer conformer

Case1 Control Control Case 1 Control Control

Fig.5. PCRssingle strand conformation polymorphism (PCR-SSCP) analysis in the exons 26 and 29 of ATP-binding cassette transporter C
(ABCCS6) gene. In both panels of (A)and (B), the bars along the left side indicate the case 1. Other bars are control subjects. Th
patient showed the mutational pattern with variant conformer both in exons 26 and 29.



R AR M B (B BB AE 12 BV B ABCC6IR{ZF D fRAT 7

FDNA1ug 28R DNAL LT10pmol D7 I 4 w—1+&y b
EHBE200  MELABDETHF I X7 L4 F F(JATP,
dCTP, dGTP, dTTP) & 2.5 HAL» Taq RV 2 7 —+ (Perkin-
Elmer-Cetus, Norwalk, USA) %, 0.01% ¥ 5 F > % & U BEK
(10mM Tris-HC], pH 8.3, 50mM KCl, 1.5mM MgCly) (20 2 B
AR FUSHATS0 ul L e B & S WALz, Bl
THIGH % 50 1D I 2T AV (Sigma) 2T LTH
REPE, 95 CX500HMMEM.NE, 95TX 605, 60TX
60F, 2TXWNVHBEHEKZFNEFLOELY MMEIZHRELZE
LMD EIST A7 VORIGEITo 7.

WG L 22 DNAWTH 3, 2% 7 HFa— A4 VIZHET— 7 —
©-X174/Haelll 1§ GRES, T LLTRE LTI A

Table 1. Oligonucleotide sequence

Product size

Primer  Name Sequence (bp)
Exonl

EIF 5'-GAATTTGGGGGTCTCTCCTC-3" 191

E1R 5'-GCCCAGAGACTTAGCGACAG-3’
Exon2

E2F 5'-CGAACATTGCCTGGTTCC-3’ 268

E2R 5'-CCCTGCCTTGTACCATCCTA-3’
Exon3

E3F 5'-CTCCAGACTGAAGGCATCAT-3" 207

E3R 5'-CCAGTTTGCTGTGACCTCTCT-3’
Exon4

E4F 5'-ATGAGCCACCATTTTGGTTT-3" 206

E4R 5’-CTAAGGGGCCTCCCTGACT-3’
Exon5

E5F 5'-GGAACAGGAATGAGGTTGGA-3" 212

E5R  5’-CTGAGCACCCTCCTCTGTCT-3’
Exon6

E6F 5'-GGGAATCAGAGCAGCAAATG-3’ 180

E6R  5-GTCTTCCTACCCTTGCCACA-3’
Exon7

E7F 5'-TTCTTGACCTCCACCCACTT-3' 241

E7R 5'-ACCCAGGGTCACACAGCTAC-3’
Exon8

E8F 5'-GAGACCACCCACCTTAGCAG-3° 303

E8R  5-GCTGGCGGCTGAGAGTATAA-3’
Exon9

E9F 5'-CCCGCTCAGTGATACTGCTT-3" 271

E9R 5'-CAGCTGTACCTTCTCCCTCCT-3’
Exonl0

E1OF 5 -ACTCCGTTCAAATCCCGTCT-3° 239

EI0R 5 -GGCCTCCCCACTTTACTTCT-3’
Exonll

EllF  5-GTGGCTTCCTCCCTACTTCC-3* 200

E1l1R 5-CTCTGAGAGCTGGGCTCCT-3’
Exonl2

E12F 5-CAGTGCTGCTCAGCATAGAGA-3'306

EI2R  5’-GTCAGGGTGCAGGGAAGAAT-3
Exonl3

E13F 5 -GAAGCTGGAGCCAGGTGTAG-3" 263

E13R 5 -TATCCATGCTTGCGTGTCTC-3’
Exonl4

E14F 5'-CAGTACTGATGCTGGCTTGC-3* 217

El4R 5 -CTCTTCTTGCTGGGTGACCT-3’
Exonl5

E15F 5 -GGCTGGTTACTACGGGTGTC-3" 142

E15R 5-CAGGGGTCTCCTGTAAATGG-3’
Exonl6

E16F 5 -GATGGGGACATCCTAGCAGA-3" 198

E16R 5-CAAGGTCATGTCTCCCCTCT-3’
Exonl7

E17F  5-TGTCTCCCTGTCCCAAAAAG-3* 250
El7R  5’-CATCATCCTCCTGTGACCAA-3’

Tuw 4 Fi@g, EGRTEEICCHRE LT REMERL
7.

3. PCR— & i # Bt 1k £ A & (PCR-single strand
conformational polymorphism, PCR-SSCP) iZ & 2 ZE RO

KB B L LT Tris-HCl 54 g, &7 E27.5¢g, 0.5 M
EDTA 20 ml 2B K% MA 3 LIZ L7 D% FHFEH D5 X Tris-
<7 B&-EDTA (Tris-boric acid-EDTA, TBE) &k E)EB iR & Lk
BIERTIZ 1 X DBEECHR L7

0.5 mM EDTA 2 x1, 5 N NaOH 10 pl, W E#HBEKE8 ul%
BELATALHVEREMEY, PCREWS 17 VA ) EHE2
plEIZ 42°C 3458, 95°C 20In#k#, 0CIZ8w L—HRHIZ%E
M, FOIZT, W0%BYTFLZILT I KV (T F—,

Exonl8

EI8F 5-AAGTGCTTCCTCTGCCTTTG-3* 250

EI8R 5-CAGGCCACTGTTCCTTTTGT-3’
Exonl9

EI9F 5-GAATCAGCAAAGCCCACCTA-3" 269

EI9R  5'-TGTTGGGATTACAGGCATGA-3’
Exon20

E20F 5'-AGCCTGTGCCCTTCTGAGT-3' 200

E20R 5-AGAGCGGTTAAGGCCACATA-3’
Exon21

E21F 5 -ACATTTGGTGGGAGGACTTG-3’ 246

E21R  5-CCCACCATTGGGAGAGATAC-3"
Exon22

E22F 5-GATGAGGAGGGCAGGTGAG-3" 256

E22R  5-CCTCTCCCTCATGTGTGCTA-3’
Exon23

E23F 5-CCTCCCTGACCTCTCCGTA-3’ 368

E23R  5-TCCAGCCCTCATGCTCTTAC-3’
Exon24

E24F 5 -CTGCCCTGGCTCTTCCTAC-3’ 251

E24R  5’-CTCCTCTTCCCTCTCCCATC-3’
Exon25

E25F 5'-CCTCTGTCTGTCCCTCAAGC-3' 205

E25R  5’-TAACCACTCACCCTGCTGTC-3’
Exon26

E26F 5'-GATGTCAACAGGGACCCATT-3" 200

E26R  5'-CCAGAGAGGCTTTCTTGCAC-3*
Exon27

E27F  5'-GTCCTTTGGCCTAAACTCCA-3' 221

E27R  5’-ACTCAGTTTCCCCTCCTGCT-3’
Exon28

E28F 5'-ACCATGCCTCCCATCTITTG-3’ 260

E28R  5'-CCAATAAATGCCCACAAACC-3’
Exon29

E29F 5-ATTTCCTGAAGGCCCTTGG-3’ 303

E29R  5'-AAAGATGGGAGGCATGGTG-3’
Exon30

E30F 5-GGCTGCTGTGAGGTCAGG-3’ 258

E30R 5-CCAGCTAATTGTCCCAATCG-3*
Exon31 « *

E31Fa 5 -TGGGGTACCAAGTACACGAA-3" 360

E3IRe¢ 5’-AGACCTGTGTTTGCTCTCTGG-3’
Exon31 3 *

E31F 2 5’-GCCACTTTCTCTGCCATTTT-3" 286

E3IR 3 5’-GCCTCTCTGTCTCCCTCTCC-3’
ABCC6del23-29

DEL-1 5'-GGAATACTCAAGGCGAATGG-3" 652

DEL-2 5-TCTTGAAGCAGCAGTGAGTC-3" 552

DEL-3 5-TTGAGCAGGCTGACTGTAGG-3’

*Exon31 « primer set can amplify the first half of exon 31,
and Exon31 3 primer set can amplify the latter half.
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Table 2. Methods for reastriction fragment length polymorphism
Primer Primer Oligonucleotide *1 Annealing Restriction

Variant Name Sequence Temperature (C) Enzymes Product size (bp)*2

1132C—T ESM1 5’-CCGGTCACTACCGGCTGGCGTTGGAGTACA-3’ 62 Rsal 121, 48

(Q378X) EoM2 5"-GCAAGCCTTTTCCTGGAGTT-3’ 121, 30, 18
E9F 5'-CCCGCTCAGTGATACTGCTT-3’ 60 Pst1 163, 108
E9R 5'-CAGCTGTACCTTCTCCCTCCT-3’ 271

3661C—T E26F 5'-GATGTCAACAGGGACCCATT-3 62 TspEI 180

(R1221C) E26M1 5'-CAGGTGACCCAGACACTGCAGTGGGTTaaT-3" 149,31
E26M2 5’-GCTACGACAAGAGATCCAGACAGGTCAAa-3 60 Tag 1 168,25
E26M3 5’-TCCTCAGACTGTCCCATTCC-3’ 193

4069C—T E29F 5’-ATTTCCTGAAGGCCCTTGG-3’ 58 Maell 251

(R1357W) E29M1 5’-AGGACCCCATCCTGTTCCCTGGCTCTacG-3’ 222,29
E29F 5-ATTTCCTGAAGGCCCTTGG-3 60 T Accll 222,30
E29M2 5’-CCCCATCCTGTTCCCTGGCTCTec-3’ 252

*1 Small letter indicates mismatch in oligo to create restriction site. Upper: forward primers, Lower: reverse primers.

*2 Upper: wild-type allele, Lower: variant allele.

HR) 2RV TTBERBRFT4TOb £ 40V, 1216 KIHkE)
L7,

%0 121X SYBR Gold nucleic acid gel stain (Molecular Probes
Europe BV, Leiden, Netherlands) % v, 770 b 2— L |Z5Eo
THEET o7z, T4 b5, SYBR Gold nucleic acid gel stain J&
% TBERREHIZ & - T 10000542 AR L 2o ISk BY O T L
Z10%FI 77 IMTIFFVERL, 00MIRE S &7,
0%, BNERNEBICTERE LW EZEA L.

4. BEMLEHSEEEFISEE (direct sequencing) 12 & 535
ERFIDORER

BITRLETSAv—%2BWTRIb21T-7-PCREY %
2hDBEEOTAE—ATSVICHEEY— - L To-
X174/HaelllTE{L & SRICHREI L, WA B2 WAL ET, B
BWET2DNAMAF ONY FEELHFEMYH LA, —80C
THE S BRICFIRTHAE L7, Ultrafree-DA (Amicon) 12T
Z ODNAKTH % 10,000 rpm T 1553 L L7z, b Sh
DNAWih %<4 702> (Amicon) 2B L2 7-%ICHE
10,000 rpm TI5 ML L. FREEE K20 £ 2M2 TH
ERLL, BET2ERABIERS R SSI~—, BIUXIL
FFFERELSBBEDNAL L, SR A - ¥ —330—%
— YA TNV —=2TY A - F v} (Amersham) % H\ 1 2
Wy —0 Ty REFTo 1.

BBt R LRSI RER & L C ABI PRISM TM310 Genetic
Analyzer (Perkin-Elmer) % w7z, ZRid, FvEF ) —HEon
BHEFIFTEET, AWONIF—F -V Frar ¥
2 — % — Power Macintosh G3 (Apple Computer, Cupertino,
USA) K EAEDEET 1 A7 IZBMEF— % £ LCRIEE NI,
BB T HIIEERTIBT BT, B2 XEF—4
BIUEREOT7Z 7L LTHALE

5. BET Y VIEENHIRERZYNET (PCRrestriction fragment
length polymorphism, PCR-RFLP)

ERBAPREEIN- B, EROFEOHEEBIUVRZ ) —
ST DOREDHIREE TUMRUAETL L IICI R
VFTIAT—%BRELED. $Thbb, oIy FiEE

ERFIRET ST JEETHEONIBEBEERMIAI TS LI
Lz, —ICBEDTIA4v—%, icERTSS 1 ~v—%
v, BESEGZHEERGS LD 2 TPCRIEICL ) Ml
LRESZEAL-DNAWK 2 HWIBL/. £OLTERY b
WTIATINFANVOTRBLOPCRED MY H L, LI
fLIZIE 7= fBREESE & & o RS F AR & 0 2 B O EiRE
FHTIRT~12BBRIGSER. FRENOERES ICER
12/ PCRRFLP 2 KT (62).

1) 1132C D T~DZEE (Q378X)

EERPFETA2HEUHMSNELIICLUTOL S 12407,
Y IATIAT—LLTEML, TY¥FEr AT, <w—EL
TEIM2 (k2) #HV:7:. Bobh/PCREYWZ, HERH5-
GTAC3 £ EIICYINT T 2 HIRBEE Rea T (FIOE, B 2k
0 EWIRE 37 C T 6 R/ FIG & 72, PCREMY I 169bp D E
ThHoHH, HREZERe LIZLBRIEH, TREHEOTY VI
121bp & 30bp & 18bp DH 4 X122 7 BT CHIMF S NB. —F, I
BETUNELrBIOATHRT SN 121bp & 48bp DEHEIZ R 5.

T, BEIPHFETAHEUM SR, FET ) LHWHE
NBEIUTOLHIAT072. ¥ AT 54 ~v—& LTEIF,
TYFEATI74<—L LTEIR (%2 2. Bohi:
PCREW %, RS 5-CTGCAG-3'% BRI I ZWIWT+ 5 HIIR
BEPst I (AE, BE) 12X ) BEEESTCTI2EMEL &
7:. PCREMWIZ27Ibp DBERETH 2%, HIEBEPt LK
Bk, BEREFHOT7 ) VIZYET ST, EED T Y ILiE108bp
L 163bp DER IS Wb,

2) 3661CHOT~NZEE (R1221C)

BENHFETHHEEUMEND LI ICUTO LS 124Fo 7.
tYATGLAv—E LTEWF, TVvFEVATFI4w—L L
TE26M1 (382) # iz, B5N7-PCREWE:, EEES)5-
AATT-3 % R &I 2 HIBREES TopE 1 GREERS, WD IS
L0 ERHIEAE 65T TORMKIG & ¥/, PCREEW I 180bp D4
RThHa%, HIBBEETHELIZLBRIEH, ERZEOTIN
(£ 149bp & 31bp DR ICEINTE LB,

T, BERSFETHIHEWET ST, EE7 ) Lo s



SRR AR AR PR B LB AE 12 BT 5 ABCCH BR T D AT 9

Table 3. Genotype-phenotype correlation

Case 1 Case 2

Case 3 Case 4 Case 5 Case 6

Age and sex 23 female 48 male

75 female 65 female 46 male 52 female

Mutations in ABCC6 gene R1221C,R1357W 2542delG, Q378X?

2542delG (homo.) Q378X (homo.) Q378X (homo.) Q378X?

Skin findings
Yellowish papules Yes No Yes Yes Yes Yes
Eye findings
Angioid streaks Yes Yes No Yes No Yes
Retinal hemorrhage No Yes No Yes No No
Loss of visual acuity No Yes No Yes No No
Cardiovascular findings
Hypertension No No Yes Yes Yes Yes
Intermittent claudication No No No No No No
Gastrointestinal bleeding No Yes No No No Yes
Ischemic heart disease Yes No Yes Yes No No
Stroke No No Yes Yes Yes No
Vascular calcification No No Severe No Yes Yes

NBELEIUTDLI AT, BV ATFTAw—LLT
E26M2, 7o F v AT T4 v—& LTCEWBM3 (2 #FAwv
7o, BN PCREW R, HEES 5 TCGA-3 % RV I
¥ BHIBREESE Tag 1 GREERS, W) (0 & h EBIRREE5TTORE
BIRIG S 7. PCREEW X 193bp DEETH 5745, HIREEE
Tag L2 L B XIBH, EREFOT I MBI S AT, EHO
7 1) L% 168bp & 25bp DEEF LIRS 1B,

3) 4069C DT~DZEHE (R1357W)

bty ATSFA<T—& LTEWOF, FrFEVATITA<—L
LTE20M1 (382) # vl B 6N PCREW %, EEALT
5-ACGT-3' % 45 R IZ UM % HIIRE2EFE Mae 11 (Boehringer
mannheim, Germany) = & ) E@EE37 CToRMRIE S
72. PCREWIZ251bp DEERTH 545, HIREERE Mae i L 3
RIGtk, ZTEREFEOT ) VIi222bp & 29bp DEE DTSR
5.

F7z, BERIFETIHEUE ST, EFET VRS
NBLIDTFOEINFF27z. ¥ RATTF A ~v—& LTE29F,
FrFEryATTLw—ELTEWOM2 (82) e HW/. HBoh
7-PCRIEW %, YEEBH]5-CGCG-3 % HERAZYINT 4 5 HIEREY
F Ace T (FI3E, BIE) I & 1 ZERREE 65°C T ORI & & 7.
PCRIEEW 13 252bp DEETH 5 4%, HIREEE Ace 111 & 2 KD
%, BE2FEOTILEMN ST, EFEOT Y LIE222bp &
30bp D EICEIMT SN B,

6. “ABCC6del23-29" KI&nHEDMHEIT

ABCC6BEFDA ¥ rury22hbf4 rbary29izB LR
(=7 v v23d2 b 29% &%) 165kbiz B X SR %k
( “ABCC6del23-29" K52 DIEENE VI & D KADPXE
BETHRESNTWE I, KFFFEIZ BT b Ringpfei
LWOHEEHWCHERLE. T4abb, “ABCC6del23-29"
KEDSERBMOREKRML LY sV 22|04~ o222
Mzt A 754 v— (DEL-) % (X1, E4), “ABCCédel23-
29" REDIFKMBOREMALL Y 7V ¥ 290 OA > b
29I H—DD Y AT T 47— (DEL2) %&%ETH (FK1,
&4). F7-, “ABCC6del23-29" RED IR NORIHIM LY

IV 30D A POV 2ORART Y F R RT T AT —
(DEL-3) %#E T 5 (31, E4). Ringpfei 5* O HiEDHE D)
PCRZ TV, RIBHODNAWIKH 22% 7 40— A 4 W2 ikl
LeF ¥y L7av4 Fifimk, SRS E L THEL:.
FHETINTIEEVYATS4~<— (DEL2) £ 7> F L ATF
17— (DEL3) {2 & b 11§ & 1172 552bp D PCREW ATH S LS
A%, “ABCC6del23-29" REVFETHAHFEICEI LI AT I 1
<— (DEL-) £ 7Y FErA7F 47— (DEL3) 2L 1 652bp
DPCREMAE 5D (552bp @ PCREMILHE H L),

7. RRIIBTAHBELE)REAL LT ¥ — (low density
lipoprotein receptor, LDL-R) #{%5 T D E4T

FHRIT “FEMS I VAT O — VI %o AR
BEHEEEOIF" & L THBCUMSRE ENRRYTH 5.
LA L, REEEIL AT T —LHEICDWT L EFREBHTO &
TH ) BETH 2 IDLRAGRFEREDIC oV TR s h Ty
Lirorz. EBHIBWTIX, FFrTR T ¢ »7EY, PCR
SSCPi#%, PCRZEEMAMEELE 7 VESKE) (PCR-denaturing
gradient gel electropholesis, PCR-DGGE) #:% &% fiiv 7: LDL-R
BEFOBTETVE(OREEHEL TELYY. KRS
R LETFIRRTEI 7y 71 v FERHW TR
FraEiTo7s.

BESFDNA S pg %, HEHEEY)5-GGATCC-3 % ## £y |- WU
T A HIMREEFE Bam HI (F0E, HE) 12X ) E#REI?CTTL2
BRI RS S &7, RIGHODNAKIA % 08% 7 H 0 — A7 Lz
REILIZF YUy aTaw L Ve, RARREEE L CTHE
L. P YA 77—F 5[ iE) 1 0 E Nylon Membranes,
Boehringer mannheim, Germany) %*{#/H L 7:. LDLREEZFD
IV IP6Ls Y 18DESNEEL28kbDDNAT O —7
% long-range PCRIEIC & DR L7z, fERICSH /2o Tik, long-
range PCR¥ v b (FlE, BRE) 26Ty Ixsr=v
(digoxigenin, DIG) Ei#MBOBERENMFEILL 2T 10 B L
D FEFEHIBED 2D I2 PCR DIG probe sythesis ¥ v
(Boehringer mannheim, Germany) #{#/H Ui #HAEIZHE -
7z, EHENA ) VAL ¥ — 1 a YFEETTE (5xSSC, 0.1% N-F v
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Exon 26
Tsp El RFLP

Pre Pre Pre Case1 C C Pre Case1 C C

Exon 29

Mae Il RFLP Accll RFLP

———

Pre ’ Case1 C Pre Case1 C C

Fig.7. The results of restriction fragment length polymorphism analysis for the case 1. Mutation R1221C predicted the creation of a novel
recognition site for Tsp EI, and predicted the loss of a Tagq 1 restriction site, in the modified restriction digests. R1357W variant is
associated with the gain of a novel Mae II restriction endonuclease recognition site, and is associated with the loss of a Acc II restriction
endonucrease recognition site, in the modified restriction digests. The nonconservative amino acid substitution mutations found in the
case 1 were not detected in 100 clinically unaffected, unrelated control individuals. Pre, pre-digestion; C, control.

Exon 26
Taq | RFLP

By

Casel’s

Pre  Womer Control Control

Exon 29
Accll RFLP

C 1’
Pre  wter Control Control

Fig. 8. The results of restriction fragment length polymorphism analysis for the case 1’s mother. After the digestion of the exon 26 PCR
product with Tag I show 193 bp and 168 bp fragments while control subjects do not show 193 bp fragment, which indicates that she is
heterozygous for the R1221C mutation. After the digestion of the exon 29 PCR product with Acc II, only 222 bp fragment was seen, which
indicates that she is negative for the R1357W mutation



T A PR 8 E I 1 81T B ABCCR IR T DA

11
Exon 9 (Pst|-RFLP)
{bp) B (bp)
o271 N - - WP S YWy Sy —" ——
163 — e L T Pe— [
- e - 108 T - ~ 108
Marker pre | C-1 C-2 Pre Maker c.3 C-4 C-5 C-6 C-7 C8 C-9
Case 2
Exon 9 (Rsal-RFLP)

Marker ? c7 ¢Cc8 C-9 C-10 C-11  Pre
Case 2

Fig. 9. ‘The results of restriction fragment length polymorphism analysis for the case 2 and controls. Mutation Q378X predicted the loss of
a Pst I restriction site and predicted the creation of a novel recognition site for Rsa I (30bp fragment). Except the C-8 control subject, all

participant including the case 2 showed the result of Q378X heterozygote. Pre, pre-digestion; C, control with number 1 through 11 (C-1 to
C-11).

Exon 9 (Pst I-RFLP)

A
Marker 1 2 6 3 4 5 C-3 C-4 Pre Pre
Exon 9 (Rsa I-RFLP)
(bp)
— 121
B
|~ 48
30

1 3 4 4a 5 6 C3 C4 M

Fig. 10. The results of restriction fragment length polymorphism analysis for the case 1 through 6 and controls (C-3 and C-4). As shown in
the Fig. 9. The mutation Q378X predicted the loss of a Pst I restriction site and predicted the creation of a novel recognition site for Rsa 1.

Case 1, 2, 3 and 6 are heterozygous for Q378X mutation. Case 4 and 5 are homozygous for Q378X mutation. “4-a” indicates the case 4’s
daughter and she is heterozygous for Q378X mutation.
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Exon I
No. 1 2 3 4 5 6

B
|

FH Tonami-1

Normal

1

/‘?

5|

10

B
I T [ M1
1112 1314 15 16 17 18
Exon

5kb

FH Tonami-1

6Kb deletion

<+

HHHIHHHHR-

78 910

1112 1314 15 16 17 18

Fig. 11. (A) The result of southern blot analysis for LDL receptor gene in the family of the case 3. The proband (case 3) and proband’s son
have an abnormal 10-kb fragment derived from a mutant allele. a, normal control; b, positive control; ¢, proband (case 3); d, proband’s
son. (B) Comparison of restriction map of the 3’end of the normal LDL receptor gene and the 6kb deletion mutant gene of FH Tonami-1,
The solid segments indicate the exons, and the open segments indicate the introns. The Alu sequence in intron 15 is the shaded area. B
= BamHl site. (From Kajinami et al.™® with modification) (C) The positions of FH Tonami-1 6-kb deletion mutation is indicated with
respect to the exon/intron structure of LDL receptor gene. Boxes represent exons drawn approximeately to scale. The number of every
exon is indicated. Domain structure of the human LDL receptor protein and its relation to the exon organization of the gene is also
indicated. Exon 1 is a signal sequence. Exon 2 to 6 encode the ligand binding domain. Exon 7 to 14 encode a 400-amino acid sequence
that is 33 percent identical to a portion of the human epidermal growth factor (EGF) precursor. Exon 15 encode the attachment sites for
O-linked carbonhydrate chains. Exon 16 and the 5'end of exon 17 encode the membrane-spanning domain. The remainder of exon 17

and the 5'end of exon 18 encode the cytoplasmic domain.

oAfNFILadr, 0.02%SDS, 1% 70y Fr 78I 12T
68T XNFMDT NS TN FA4¥E—a v &ifToiz. 0
%DIGHE#DNA 70~ 7 10ng/ml 2 N A 7)) ¥4 ¥ — ¥
3 VBERICMARE LS DHVTT A2 /% 68 CTEH
BNATITAE—Ya v i{Tofz, EETHET T4
O EE SR F 2= 3 ¥ L7, Disodium 3-
(4-methoxyspiro{1,2-dioxetane-3,2-(5"-chloro)tricyclo[3.3.1.137]
decan}-4-yl)phenylphosphate #&Fi & M2 IS T #2 2 L7k,
FRTIE~2B50HXM7 AL (T2, BF) KEHSE
7=,

15 i

[. ®%F1DABCCS BIEFRMITER

PCRSSCPIEIZ L BA Y ) —= ¥ /12T, REE GEFLD 12
BWTABCCOEIZTLY V2627 29IZRENY FAF
BEENh ("5).

lafEEBEERNEEELTVI S vV V2612, 1221
BO7 I /HThbAgxI—FT50FCGCHCysk T —
F¥+ 223 FrTGC~EZEL LR Argl221Cys (R1221C) #
¥l L7z (B16-A). PCRRFLPIZ & 4 R1221C~F Ot
CREEE AN (M7, F7:, RO PCRRFLP % &5 x % 100
A Q007 YN 1T LTIT2 2 RIICE R ITHH sk 0

o7,

IV Y29 TIII37TBHDT I VB THAHArgk I~ F T
BIFYCGGHTrpEI— N5 FYTGGNEB{LLA%
£ Arg1357Trp (R1357W) »%iH & 17: (X 6-A). PCRRFLP 2
LD RISSTWAF AR MR SN ([T, /2, [
D PCR-RFLP # 4 & 100 A (200 7 ) V) (24 LTHT o
7=A RISSTWZE R IR S e oo 72,

FEBI L DRI, R1221C, RI357TW D ATAF oA L
#Zz b7, R1221C, RISBTWIZ D W TIEHMEN L (L WE
BrEzohi,

RAATDNADE SN TWER 1 OB L THiTE
fTo72. PCRRFLPIZ & ) R1221ICATF OEA K TH A Z &
I L7z, RISSTWISHRH SNz d o 7o (K 8).

I. ®% 2N ABCC6 #E{=TFREMNTRER

PCRSSCPIEIZE B R ) —= > 72T, FiwE GEF2) 12
BWTABCCOHIEFLZ VY 19IRENY FFRIB S 2 h
oo, HEEERFIREEIZTSER I Fr Lo 25423 H
DEXETH2 77 = DUEHERE (2542delG) ~7F DA R
BB s h7: (06B). 2542delGic Lk Y 7L —La 7 b &5
ERIL, T/VC2RA0aFYB0EFEEHNT IV BTHAEN
Jrka—-FT53 FYGTGIE, #IET FYThHETCGANL
BT sEFELLNI.

EEEEARFEREICTI Y V> 9Iis, 38FEOT I /8
THHGnEI—FT5IFYCAGHA by 72 FTAG™



AR A AR 1 2 B AE L2 351 B ABCCH B R T DT 13

ABCCé6del15
—

ABCC6del23-29

179del17 Q378X  Rs18Q

1967del22

ABCC1, ABCC8E, MYH11 del

3736-1G>A /‘

3798delT

1357W
3775delT f135

4243insAGAA

Fig. 12. Predicted topology of ABCC6 and the location of mutations causing PXE. The three membrane-spanning domains: with five, six,
and six membrane-spanning segments, respectively, the nucleotide-binding fold regions (NBF) and the Walker motifs are indicated.
Shaded dots indicate the location of reported mutations causing PXE. Black dots indicate the mutations found in this study. Holizontal
lines indicate three large deletions involving some or all ABCC6 exons. The holizontal line with dashes depicts a large deletion involving
all ABCCG, with deletion breakpoints both upstream and downstream of ABCC6. (From Le Saux et al.*"* with medification)

NBF: nucleotide-binding fold regions, mm: Walker motifs,
©@: mutations

& 2246 ¥ % 2552 GIn378Stop (Q378X) At Az (K 6-D).
PCR-RFLP | & V) Q378X ~F O#AMER LHA &R (M-
A). L2 LA omEmEIAbLEN2 LRABOBRERL
7z (M9-4). & HITHRT A0 OREEMIREBAILD
WTHFEE L7225, EET7INVOFRERLIZLIAEZRWE
N&TIEQITBXDAF IERDFER Lo/ (R9-B). EHT
DI OFERER LTI U T EEE R EE 1T
72, MGDIRT L IIC37T8FEHD I FUIXIEFEFIDCAGT
Hoi.

QITSXLERAFEAT 5 LHIBBEEAcc IIZL DTSN E D
T, PCRRFLPIZ & ) BEMRE LT oW HEBEOERTH o 72
([ 9-C).

ZORFERTOHQITEXAT UHAEROEEIL 9B LR Y,
RETHE L BEFHHEORIZABNEN—FT 1 - T4
VRN SHELPICANG, ZORRPLIEZ Y IR
DEF LB OHFALEE b o B EREF EOEROTFEELE2E
5. BBRETFLICERNTFEET 254120 QAT8X R EHREGHRD
4 (3 PCR-RFLP O£ 4 5 (& B ®{ETFI- b ABCC6#{ET- 12
L QX HHEAET AL D, T AERED DR
TEZET FUSEAEN mRNAIREE TR LELLNS
(nonsense-mediated mRNA decay). Z D728 Q378X R -EH A
OBEAFRERBETFRELZA0N:, AFOESEOBELZ
13 Q378X VA BIEF LICHFHET 2 ABCCOBIZFIZHET S
DEEICHERTAILENSH L EEZ LN, QIISXHFEEFT

138 AR ETICABCCE B G T EMRAME L T ad, ik
BRIEFORELREVGEZ LI,

L. 3% 3NABCC6 Bl FiRiFiER

FEFI 2054 & F#EIZ PCRSSCPEIC L B A 7 ) -2 7iC
T, REE (EM3) 2BV TABCCEHIEF T 7 v v 1912544
Ny NI S d o 7088, EERERNEERE T8
A2 FEHDIEETH A7 72D 1K L (2542delG)
FEHEAULER RS (M6-C). EF2DHFE &R
2542delGIz L D 7V — AT 7 FEFIERIL, ¥V 22K
DaAFRBOFEHOT I/ EETHBVale I —FT AT RN
GTGIZ, #IEa N> THHTCGANEELTA EEL SN,

FRNTDNADELONTWEMIO —Bizx L TRiT %
Tor. HEBEEEMRERIZT2542delG~T UHEFHER
F#o 7 (2 6C).

V. ®%4, ®H5, XFR6NDABCC6BETFHITER

RFZ4, RAS5, FR6IWL TR, ERZICHLTITo 2
Q378X DA% ) —= v F %R PCRRELPIEIZ X BT/ 2 AL
TORREEEZ KI0RT L IRER 413 Q378X F EHA R,
JEG 4D (D10-BIZ3B1T 5 4a) (ZQIT8XANFOHEKRTH -
7. FEIS 13 QITSX R EHAKTH » 12, FEBI61EQIT8E AT
AR TH o7,

V. “ABCC6del23-29” REDFEDERIER

FlZih 7z Ringpfei 5O FFEIZL W PXERMKESA L ZFD
FIZH L TR %17 o 7225, “ABCC6del23-29" K4 FL
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M. RR3ICH 13, IDLREETFDREMN

H11-AVHF Y 70y 54 ¥ FEIC L 2B OFERERT.
EEMBICEDND 16kb D5 Y FIZHIZ, EFI3EZNTHIC
1 10kh D EE Y FAHEE S 7z, B 11AD & LRI Kajinami
& O s | 7= 6kb K2k @ FH Tonami-l DA 7 TEEEDOBE
TORETHHH, EHSEZOTHOFERIZFH Tonami-19D
~NFIEARDOBREOERE-BLL.

% =

ERZETIE AAAPKERE & £ OFIEICB > TABCCERIR
FRE|-D % PCRSSCP#:, E#HEXEFIHELE, PCRRFLP
e AW TRET Lz,

FREOEEREOBHFEE LTRERV S LA FEITE,
PCRSSCPEAREE L W ECBunbh T &z, —F$HDNAKZ
OEREF KR LB L 5. FOBER—REDCE
B, REBALVoLbTrRENIEYEEE kh, ZTD
% % SSCP L IER. T OBAHE OB VIES VERKEIZB
IR BEENEE LTRETEL ZEHFEL, PCREY # 2
LT—ASE LTESKKBIL, ZMICE ) EREREMRINT S
D7 PCRSSCP#ETH 5.

PCR-SSCP i it LB AU MIfE 72 33 B TIT ) S LT H ) %
Ao METFERORETIE80% L2 N E <, 250bpRED
DNAKE TR L CGRETFERLRIBTE R, KiEEHE
FCIRLILA SN AREFERREET, BB THIA
K, EHAREMR T L AT 0 — VILE O AT I PCR-SSCP
*AVTLDLREETF R A7) —=¥ 7L, 5008kl
F% B FH Tsuruga, FH Kanazawa-2, FH Nanao, FH Yokote, FH
Morioka #FEE LT 299, L L% 475 PCR-SSCPEDMR
FIDWTHEEXNTHEY, PCRSSCPETHIB SN
72758 % PCRDGGE TR T &2 & DI N DD R
e i= T b PCR-SSCP#:IZ & 2 ABCC6IZFEAY ) —=~
I TIERESRIETE e o, HEEERFIREREIZ S
DRI E NSRRI b B S BRI R IRE T
PCRSSCPIEA 7 1) —= > ¥ L RIEEIT TIT o 72,

E1IE3K L VI EETHLIZ LI b b THEEDOTEHIR
Yere b LM CHET<ETHE. BHREVREDCKEICH
FENMENBERICL 28T, FERCELFERER
bRAGHIEBWTIAES I —EENTIESR oI, ML
HRBEEIC LB ARLOBHY LR TH L FREREH-
TWhEd ol FLBEORRBELICRONS L) RREDH
FHRAD RO FMERED A B = X LI L CHEF ICHIRE
v, MR R N7z R1221C, RISSTW i icHE S LT v L
WERTH- 7. PCRRELPHIC & ) RI221ICERITBITHER
Lz o7 SEMEE LA PXERENMBOS ATEH L2
B EEEOTHIRERIIED B\ 20 R1221C, R1357W iE PXE
OEROETLBEREEEZRET 2RETHHTHRMEND
D, ABEIRIETAILEFHS LERL LN,

RA2ZMBEBODHHRZTH L. KPLMABIRERD S
DEF2ESLHL I LEBEFEVICO A LT, RIERDSS
T WO ERaGERREFFSMIBESh, BRRE
o2 BRIL2543delG DAT O EEKTH B LEZ LN,
LaL, #EBI30 B E L 2543delGONT UEHEKRTH DI
b i &3 PXE DEEIRASE 5 1Lz WL & Ringpfei & 9 D 83

B

D471 PXE B A SR IRRE TS ) RIET-REN
—HLBRODo T D “BEEERE" THH LK
BMBETALENHBLENTVR I EPL EHIRREED
7o, EEEERHEEIC L D E 213 Q378X DA T R AR
Th Do kBT E oot FREO PCRRFLP % BT
#100 Al i L THF v 100 AH199 A%T Q378K DA T B E T
Hol.

ABCC6EGBEFNII VY IhbIr YV y9%EL (¥ T
vOn—HET) ML EAEO B ERET (ABCC6
pseudogene: ¢ ABCC) 7FEFET % BT 2001 4F 1 A UEi:P NS
ik K L7200 EE O PCRTIARET b FRICHIES R
27 DIZABCCOBIEF LN Z Vv V16T oV ¥ IITRRY
AT 354, REERBRATFOERE, AT AR/
REYFFNEETHIEIZRA. Q3T8XIET Y Y ¥ 9ITHE
+3. FDHCaib WD & )T U IVEERAY S Long-range
PCRiE# VT AERE & N7z Q378X 2 RIZTF ISHFET B
D ABCCEBHETF IS TEAET A O h # MR T A LENH B, Cai
B AOpsE L TVWA & )12, Q378X ATABCCEMET IITFEY
BB REREAEO AL ST AT IESERTOLHEHUATH
BEako—F e LORRRETRELR) 5.

FH31E “FHAE AP LAPKE” OFHRE LTI981HICHH
CHE SO (2001411 A) (BT b RO A
B HE ShTwawn,

FH I LDLREEF B Lo TET B, FE 24P
PHLOEELE) KEHI LV AF T -V (low density
lopoprotein cholesterol) MfE&, 7% VAERIZ LD LTS
HEED, BLUBRRBEEHREIGE? % 3EHL L, BhE
REERERRE L 5. RETOLRICL Y IDLRIZHERE
bLERRENFED o -EDY, KIEE) FEE (low
density lipoprotein, LDL), # & ' ML &E ) X & H
(intermediate density lipoprotein) ASILA THEIIT % . 1LDLR
BEFORIAETFOMHICRENH 5 R THEAEOEEDH
L10F A IATH Y, ARREEITONE T NITTH 265
CLBIFLBIE L %P2, HTREFO—HOHMREND
B AT ORI —I A 500 AC T AR LD THEEH
FEL, BEATHRTGENEELRRERETH 5.

FEBI3 & 20 B & LDLRBAZTFIRAT O # 5 6kb KK HFHERE
Spf. ARG FH Tonami-l DA F OHEEHTH S Z LA
BN o, S Kajinami 5 0545 L 7= FH Tonami-1
ONFT B TH A ENRFERFOMF TH o7z, HI-C
125R+ £ 5 12 FH Tonami-1 &4 >~ +a 14564 ¥ b0 Y15
B LREkbDRETHD.

FFR4, FHR5, RHR6EIFR L DANREEEMT OFR—H
HOLETHo72. QISXDA YY) —= v ¥ % PCRRFLPIEIC
INfForlb I pEpl4, EB5XQITBXFEREHETHY,
FEBI6 & FEFI A DIIE QATSX AT AR TH o7z, FBITHEN
72 1512 Q378X A7 D HARICH L TIX ABCCO#{ZTF Lizdh
BREIDELICHREILETHS. LiL, BFTHaZ L
CEUHBHE THEILEELD LE6LEFLORD
Q378X ~ F DHEEAKIZE T & b ABCC6EIETF LIZH B WHEME
BEVEEZBND. Caib i PXE B E D ABCCE BT AT
EBWTSIRATSRR 6%) THEREEXLNIRETERY
QITSK A EHA RS L VEESEATF UBEAETROONL
EHELTVWS, R TIH6RRT2RAMLE B3%LLE) T
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Q378X G LTWwA EEZ LR,

Q378X E RIS BRIETF 05 ORETFEROETFEL LN
29, b RHIFEOS L DBEFITAS —IL, BEEEDLD
BRIETFEHEMEE S o oBEBRET @EL L 2VEED &
FLTWE, BRETFERELET2RETHOBRETEER
FIAHE, BEEE L ORETORNO—EH 5 VI EERE ki
HEVEEBRTEZ LICLoTC, BAFFIERILIA. flL
i, LT b OoBETLHET I BEETHORNERLLICL -
T, W% b OBETORKS, BRETHROMAF ZEUR
BERIEFOTREEELD 5. HICEBET X, BEEFERCS
TAMEREIE LTRAT 2560, BT b oREFICRE
#ELAEREEAT LAY H S0, BETHBRETHR
WARERAT SR THMAMHLRHALLT, AFES F2le
Fr ¥y —¥RIBENH L. HREDERD IS %S, #iE
L0021 Fuxy 5 —HHETFCYP2IBE, TR &HDHT
EBRZTFCYP2ZIA L DM ORFIZROIERE LTEL B.
Collier 5 (3 #r2E (de novo) RPN LEBIRIET L AN =X 4
BHEL TV R, BRZTFHES T Mo e LT, BRAM
SRS (Adult polycystic kidney disease) DIFEETH 3
PKD1:# T4 5. PRKDLIB(ET X5 16 5Bk (16p13.3) @
50kb (2 7= AHEIC46 BTy Vo TSNS, b DM
ZF (PKD1M{ET) D5 KM% K  EiHEET (#70%0HE
M D) 1%, PKDIREFOZI V10534 EFDHDT
RCOA Y bu b b 3EBEICHBINLENEH
L, B4 a0 EI16pIS.LICIHEAZIRTVAE™,

Q378X e F 3 A IR AR B J5 DR —#R T i & O PXE B E I H
BEEICRONAZ LS ZOMIKEFER LT 5 PXEIZEET
TROBEEHKE WTFEMRE X bl

HI2 I ARFEICTRIEENERES T TORELHFET
R, ME SN TVIERENE (HBEEST S ABCCOERD
COOHKIBMOBZARMIZERLTWVWB I LA HA 5. Le Saux
5% A PXE B 122 5l CRIZFIFN L - EF TIIETH 2
At AERDADEE BT 24DRE, HHrWid2HF
BoATP# A& F A A V5% (NBF2) #a2— F45x27 V28
PH30NERTHB &SN BH, KHFIETILLES 10 RIZETW
BROMLDPHEY L bo7. FEULHERT, BABETD
RII41IX SR ZFRIH D PXE B E D 284 %IZFRD H 2%, KE
OPXEEETIH41% L2 EDLN o7, THIIWHLT
“ABCC6del23-29" REIZHIMNDOPXEBEEN43%IZ L DD S
Nl o7=2%, KEDOPXERETIZ284%IZEDO LN, AA
OB TITHENEENER L S5 RI141X, “ABCC6del23-29”
REFEDICAMETRRE SN a2 o7, HEADPXEEE
THABCCEHIEFEFIIAAL ZE->LHEKXEZRLTD &
Ez b,

FIRAEFECTRAESNRETFREF LT TLOESE
DERERT. Le Saux 5P 2°H APXE B & 1226 THEET#
W L-8E L ARICATEICTHOREFR EEABOMIZES
# 7 B8 (Genotype-phenotype correlation) (X523 274> o 7z.

ABCC6® * v 4 v ¥ + — RNADFR BT & B ICERLT
H52, L La2oHREERIIPXERETIRRSNEVE
BTehb, EOLIIZLTABCCHEETFOEFE I 4 2lgds
OHMEBHECEHEREZFERBITIPERELBRTHS.
ABCCO6 DHBEEREIZ L VDA EPEOBENEI L Bla
2, NI UYAR—Y —OEEEEIILD HHAEYHEOMER

ERAVEL EICET ) LI X ) HEREO BRILAE| &
BIENB L#EZ T, PXEREREOMMEBHEELY b S
LHEORBERTH L LEX ZEHTEL™. PXE TR
MEVBEELBBECHAMIZIEBERETITRI L WEEI
FICHEBREY. T, S0 vy y AENENPXEDEE
BICHERET L LORENH Y. BETFHEEBROMIZILH
OPDBEKNHL LELI LNBERTFOMS L LELN
&, B % 7% B (Genotype-phenotype correlation) T RH S
LVWELMBTES.

ABCCB N T ¥ AR— ¥ —OBHE+ WP+ AHF7E, AR
DEVABCC1D & DELBERMAD ABCC 7 7 3 1) — DEFAEIEAT
2L EfThNTE/. ABCC7 7 3V — 3B ENOERT
FEaAa ) AR VY F 4 L ASKEEETAEI D
5, RELEEMEL &0 RS L LELR &ETThLE 7L
¥ FF Sk, T su 7T —YTTF T A4T5F—R
BEICHBRTATAI M) LY CADNWBIZHE LTV B T
B DD WEMTIAOELZT 75 FoBTMETS &%
FENRETH A MEBBEOTHEAR S NIRIEZET T2,
ABCCL/ v 779 b Y AT IORIEARET 5 %\,
ABCC1/ v 279 he Y AT bRy PR EDH »HI28
FWIC BT e, EEROLHLHETPEY > 37 TR,
By - FYOHRIZL 2 EROHHIIBHOTHBEEILAT
W55 ABCCLIZAFMINE o R ANIZ BB L T a Y, i
IR TORBRIZL 2D,

EE (aa) &Y LY LA % /RT Dubin-Johnson fE i
TREBEY Y VY > RMUOFERT =+ » DEE~OHitIHE
5. ABCC2 IZFFR O IBEAIFRMICBRHAL T 5®
%%, Dubin-Johnson fFEERE CIZABCC2EHMRIBL TWE,

AR ZEE 2 ABCCL & ABCC2O#EE IZIE, ufa b))
IVC4, FREECYNME Y, AT DIV IOVEE
ek, TLFFAREERTNIFF T ANT 4 FOE
Tha®,

ABCC6iF T v M CHFBOEEBEMIzEICRERL, = Ft
) REEENAITH2BUETERTF FOBQL23 i ¥
BIENFELNPIIEoTWAEDY, "HHEM" ZABCCLL
ABCC2OEHETHITA I T C4, Fyaa—VEERE
TR R N o 2®, BERHTHS L BT 5B ABCCS
DEEL S PITREOBIT SR Z LSS,

SHEOFEICBVTERBEDO FETZAWT, BICHESRT
V5 b Db & A ABCCEBIET G189C, T190C, G2324, C473T,
A793G, Q378X, L381L, V614A, H632Q, T630T, P945P, R1221C,
R1268Q B L 'RISTWD 11FEN T I VEREBIRSERLIED
AL VEEEFBRB LA, TI/BEBRSERNI L
R1221C, RISSTW LM IEE M IRE b Rl s iz, F2188
RIS R 2542delG # R L7z,

PXERARRILEZHY LT 22 50MEREF SR THLE
EHOEREZEZOND D, TOREFEZI6HFACIALT
ZLRELEOATOBEAUEROEREEH200 NICIAL L
5. FETOBRETFHEITIBEB LURRABHICLEED
¥, B GCREBBRECEET AT OEARORRE I LE
WE Bl EMEDRKL) OBIENY AT THBMIREOL
BEHdHD. T 72 ABCCEEBIENHIFMMAEDER S PXE B HF L
E-REEDORBEICL) ABCC6 b 7 ¥ AR — & — OHEMRHA
oA E RO ZLENDH S, KFFETIIHARAAPXED
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e dhBE A IR S N BRI W T ORI TH - 72
A, SRR E QRS O & 17 IR E ORET LT
THA9.

AAAPXESBZ 28T, ABCCHRIEFLE % PCR-SSCP
%, EEEERIRESER X UPCRRFLPEE FH W TRE L,
DFoRieR:.

1. BERAOBEEREEREEGEERS WL, FR#EE
FCdHHABCCOEIZTOERME 21T R1221C, R1357W,
Q378X, 2542delG % R L7z, R1221C, RI357W 120 W T IL s
He{HFLWERLEZ LN,

2. BARN (bEEsF) omikREERES REERETE,
Q378%, 2542delG ERDEE B VAR ATRIE SNz, AA
OEEREEEEECERERE CTHEORE WL WDRD
R1141X, ABCC6del23-29 % 14t S 9" AFEIZ & 2 B{ETREF
ORRXDEADE L b, QIISKIZIMERET» S DEET
PEAMELTWALEILNLY, BATOWMELHELT
BEEFECIEESH D, ARAOPXERENLBERE LT
M5 L T A REMEASRIE S iz,

3. BEFREEHUOEE I >VTIHEL 2 L0 EH
ENRBhol.

RERZDIEA, HiRE, WRMEZEY LR BH £
FELIHBEERLET. 4, AR EREEE, AHREEEL
ERKREEFHRREEH MEBLBEE, SRAEREREEZN
FHERERFERMERERNNEOES TRIZE (AP HRE)
WHEFEEY, BF 2ELI0»LREERLET. 342, $k45
HENEES I LERREAREREX AN EREREHN S EIULE S
FRIzFE (BERBEETRE) F—MEZ0LM, 26T ICESFDNA
OFIFE LEH N 2 B IESEREK, KEERTFHMICES
LEY. 7, BELEAZHBATH -&RAERZRESERTER
BREHFEQMES THEMEREE - BAEARIE (BRBRE
) B FEEhEIE, AMBASE, BB RERERSN S5
FRFFEE, BN RERMHENE RKRE—E, AN RR
PR R EHEL L, A RIEAE BEEBLE, E610/RER
MR T RETFECAHNRL S RHEREH ES Fdkk, EF2OR
EEETRETHEV - SRAERZREE R FEINER MR RRES
ERIEES (HIRBIEHE) b BFded, Pkt o o mghn
7LET.

BERILOERDO—ERIE, 3" FEBS Advanced Lecture Course: ATP-
Binding Cassette (ABC) proteins: From Multidrug to Genetic Disease
(Mar. 3-10, 2001, Gosau, Austria), 14™ International Symposium on Drug
Affecting Lipid Metabolism (Sep. 9-12, 2001, New York, USA), 4 74E B
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Gene analysis of the ATP-binding cassette transporter C6é gene in Japanese patients with pseudoxanthoma
elasticam Yoshihiro Noji, Department of Molecular Genetics of Cardiovascular Disorders, Graduate School of Medical
Science, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med Soc., 111, 2 — 19 (2002)

Key words pseudoxanthoma elasticum, ATP-binding cassette transporter protein, ABCC6, pseudogene
Abstract

Pseudoxanthoma elasticum (PXE) is a rare, inherited, systemic disease of the elastic tissue that especially affects the skin,
eyes, and cardiovascular system. Recently, the ABCC6 (MRP6) gene was identified as being responsible for PXE. A
defective variant of the ABCC6 (MRP6) gene (16p13.1), encoding a 1503 amino acid protein of unknown function was
determined in six Japanese patients with PXE. In order to determine whether each patient had a defect in the ABCC6 gene,
we examined each of 31 exons and flanking intron sequences by PCR methods (SSCP screening and direct sequencing). We
found two missense variants in exons 26 and 29 in a compound heterozygous state in the first patient. One isa Cto T
substitution within exon 26 (R1221C) and the other is a C to T substitution within exon 29 (R1357W). These substitutions
were not detected in our control panel of 200 alleles. A heterozygous one base deletion (2542delG) and a heterozygous Cto T
substitution in exon 9 (Q378X) were found in the second patient. The third patient was homozygous for 2542delG in the
ABCC6 gene and heterozygous for a 6kb deletion of the LDL-R gene (FH Tonami-1). The fourth and the fifth patients were
both homozygous for Q378X. The sixth patient was heterozygous for Q378X. The allele frequencies of 2542delG and
Q378X in our Japanese PXE patients appeared higher than those in Caucasian PXE patients. The presence of one or several
copies of an exon 1-9 containing ABCC6 pseudogene has been reported. To confirm that Q378X is disease causing, a long-
range PCR of exon 9 starting from outside the genomic replication to circumvent interference from the ABCC6 pseudogene
sequences will be needed for PXE patients heterozygous for Q378X. Because the Q378X mutation in the ABCC6 gene is
derived by gene conversion from the silent Q378X variant in the ABCC6 pseudogene, gene conversion plays a significant role
in the mutational event, that leads to PXE. No significant correlation could be established between the clinical manifestations
and disease-causing mutations of patients with PXE.



