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BEEEELE) REQ I VAT BT — VIED S TEEFE

SRKFELHEFHAREEME (RI1E: B£8R
g OK &

BZEMHELLE) REBE I L A7 2 - (low density lipoprotein cholesterol, LDL-C) IflfiE X448 & 1) & LDL-C If15E
PEEL, RERMESHRBCESSEEICRETS. BAETZ CIELE ) RELZAML (ow density lipoprotein receptor,
IDLR) BEFEEIZL VEFTARBEEE 2L A5 0~ VIIHE (familial hypercholesterolemia, FH) # & UFLDLRIZES T2 1)
#Hv FTH5sB7 R REHB-100 (apolipoprotein B-100, apo B-100) B(ZFEHIZ & ¥ 455 FIEM K7 FBIMME (familial
defective apolipoprotein B-100, FDB) 2S#DFHE & %222 A O6NTWAE, KR TRFEEDRIETRELRET 270
o, EEAEERYEBREIIRILTEIF LV EEE LTHEE &R TWA PCREMHIEENER S VELK XS (PCR-denaturing
gradient gel electrophoresis, PCRDGGE) £ H W T T ORI 21T-7:. FTHREISFHRTEAELEZ S N5
e FOFERENREL, FOLDLREETFOEI /Y Yy BIUSOE— 5 —HEORETREOEEZRI L. HoH
Lo RRIBTFERIZDWTIE, PCRHIREEZLINT SR (PCRrestriction fragment length polymorphism, PCR-RFLP) #:#% Hi
WO L7220l RAD FHAT S hRENE L LEERE LT o 72 RICERSE SN FHAT 04 200ERIZ B
Tapo B-100:&(EF 3 ¥ > 3456 4> % 355312 81T 5 B FRE DA % PCRDGGEE T AV THE L7z, FHREEAHIZBLY
LHEOHKE, 2RKRIBVT, IDLREBETFLZ Y X 17TOT0FBDT I /BI Y v 3—FT52 FrAAGHEILT ¥
THBETAGN BT HER, KT90X%RW2Z L2 FHEREZ BT A2HEEFAEOHKR, TOBRIZ209% EHHEILEDS
n, dbBE T OFHIZB ) 2 EBIEETFEE (common mutation) & &2 bz, FARHNNDIRRIIBWT, LDLREZEFT
SV VEDUERBDT IV BT ANGF U I—FT5a NV GATY T I/ BT ANIF Uy 2a—-FT5a R0 Thb
AAT~NE LT BH 7R, D245N%* R L, FHNahat &g L7, ZOMEBICHREENTWA2OoD I Aty AER
(W23X & P664L), B LU3DDH A L v MER (C202C, P518P, V632V) # Zh 2573 L7, PCRDGGER:IZ TRE/vY
FEELZETZ7 Y VICDNAKEREFIOERZED 22 L OREOHERMAITRE &R, apo BI00EEFEFEIZOVWTO
BETIE, 4ExRE LAERICEGTERIITEOON 2 o7z, K790X B & U'FH Naha # &%, &5t 11#E O LDL-REET
BRIZLY, JbEMFOFHEZEDISERVHE SN/, —F, HRANIIBIT2EEEELDL-CIMENFEK & L TFDB K
DTERCEE L EZ b

Key words familial hypercholesterolemia, familial defective apolipoprotein B-100, denaturing
gradient gel electrophoresis, low density lipoprotein receptor, gene mutation

BEBHIVAF O —VIE, HFIZERIEEY) RBEAIL AT
2=V (low density lipoprotein cholesterol, LDL-C) IfiLiE AN E)
RELEREN ERKTH Y, LDL-CHE FHEIE & 2 REBRRT
ED—RFB5, R FBREIIS SR TER.

HE{ZME® LDL-C i ClaghAr e & 1) % LDL-C MAEATE5E L,
ERUMBIRFELE ) SR S RET S, BEL TIKILEY
FEHSAE (low density lipoprotein receptor, LDL-R) & & Of
7R REH B-100 (apolipoprotein B-100, apo B-100) ®i#&{5F
AEPRENS IDLCIEDBRFE & 22 2 EATRENTH D Y9,
BEFLAVTINEEET 52 212 & 0 #{EMS LDLC g
EHEZWL, BMIAL0I L AT O LETERELBGT
ZENRTES.

LDLREBEFREICIVESLOEIREEGILAF T -

FR104E 9 A 29 HAF, FRL104E11 8 2 HH

MIfE (familial hypercholesterolemia, FH) T& 5, AJfEld%h
PVEELALOBLDL-CIMESE, THFLARZILDET L
HOEY, BIUBERESHREIETEIFHME L, BieE
HRERRTZIEXEL L 2. BETOERIZL) LDLRICHEER
FLLCURENFRI > 72HERYY, RILE Y RXEY (low
density lipoprotein, LDL), B L 't E ) K E G
(intermediate density lipoprotein) ATIfid CHHN4 %Y. LDL-
RAIEF O LBIEF OB H I REN 5 B K EHABOWRE
100 ANCLATH Y, BRGEFEIT LT IEEY
26 TEBMNOCIHILE ZHTEY, WYL EETO—HFOAIZR
WD DANTOESEIE A0 A TAL EEHD TEE
BICHFEEL, FESEHRECEDEELRRERTHS. L
725 CFH & BMICHEERH L, RELHEL ) mR»»0%

Abbreviations : apo B-100, apolipoprotein B-100; bp, base pair; FDB, familial defective apolipoprotein B-100; FH,
familial hypercholesterolemia; HDL, high density lipoprotein; HDL-C, high density lipoprotein cholesterol; LDL, low
density lipoprotein; LDL-C, low density lipoprotein cholesterol; LDL-R, low density lipoprotein receptor; PCR-DGGE,
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BT 2 I EPEGTHROUBIZOLNFILEEZLONS., §F
CEBECLFIEEHR CERVERIZIE, BEFEHTL
BEARARTH .

Yamamoto 5 2 & ) & » LDLRBIZFDODNA I/ B—=>
FENTUSR, RIEET 5 BET LAV TORMA RS
272, LREE S W7z LDL-R 0@ R T2 54013 1992 4E @ Hobbs
OFBITIZ150MEFIZ LY PHAETIZ400EE A TWw5 Y.

LDLREEZEFEREDOAZ )~y FBLUHEDOIZET
FHFr 7Oy F a4y IEEPLE LEEEFAVORTE
72, SR B VT D Kajinami 5 POy 7oy 74 v 7
12T FH Tonami-1, FH Tonami-2, FH Okayama, FH
Kanazawa-1 D E{EFREETHEL. LrLYF 7oy 7
4V VHETERPBESNZORESEND BN DS THY,
CORFETRREVHEZWEEEGLDAONERD;ERLY
Nz HEDBEEEZ LN TN,

1989 4F » PCR — — A M H k£ T (PCR-single strand
conformational polymorphism, PCR-SSCP) #:'9~® i HIC &
D, BEMEBRICBTARETREOBREF—KICIEL 2.
VETHAKRB L PESHFFHO LDLREETERDREKIC
PCR-SSCPi:# A L, 520 7- % RIZTFEEFH Tsuruga,
FH Kanazawa-2, FH Nanao, FH Yokote, FH Morioka % FE%E
L7228 LhLlIihbzbbe TChitEHBEOFHDNH b
17.5% % 3BHL I 2B R, DEOKRIIFHIIBITA
IDLRAGFEROZHMUZRET S L & 12, PCR-SSCP:
THRETFERPEEI OO VEFAIBECHFELTNS
e ZFELTWA. L -T, LVBRHDOBEVEETFE
B2 = FEOBELFRO LN TND,

FH Ef 2B Z% % LDL-C L i % & 72§ apo B-100# {5+
REELLTHREMEKRKT A B (familial defective
apolipoprotein B-100, FDB) #*#% %%, M#»HLDLIX, £D&
FI§5C# % apo B-100A9) %> F & LTIV TLDLR & &4
L, MM yAshs. FHTIXLDLREGTERIZLD
& LDL-C MFEA LT A A%, —J7) ¥ FTH 5 apo B-100H D
BETERIZL 55 LDLCMEANFDBTH 5. Soria b 24,
apo B-100 D 3500 FEH DT IV BICBWTT A F = U b N
¥ IyAOBBIFBLDLCIES & /-T2 LML PIC L.
Z WASFDB R3500Q T# 5. FDB 3 # fea b EERERN 2R

)

TEEERE-HIDLCIEZE L, REEEEIRMELES
Xt CEERBIEFH L [F—T, 0K apo B-100#EF
LREOFEIZL > THENS. FDB R3500Q ixF & AFETIE—
EAI500 AIZ LA & FHICIER S 2 E THRE I TwaD,

FAIZENSOBMEEDIZL VFERELOFH LIS
7oA L7-350 KR 2R E LT, PCRAIREZRYKSH
(PCR-restriction fragment length polymorphism, PCR-RFLP) i
WCEBRY ) == 7 %475 7245, FDB R3500Q 131613 #w
Shzdho722, LA LFDBIZIZR3500Q LLSHIZ R3531C,
R3500W 7% E DG ONHTH 1), REOER D &8 TR3I500Q L
440 apo B-100:B{ZFZE R A H R A#R{RM S LDL-C IfE o B E
Lo TWATEEMDH L., LIzdSo> Tapo B-100 DFi7- 7438
FFER*RBTELAL ) — =V TEOHBLPLETH .,

HEROHF L WREEE LT, PCRESFIBREQE S VER
kB (PCR-denaturing gradient gel electrophoresis, PCR-
DGGE) 2R IZERTH AL I LA RIHRE S 7z Kk
PCR-SSCP iz, MHE OB L UBBEEORTELTSEY,
PCR-SSCPILE T N#ETdH » 7= AR I PCRDGGE ETHH
HEEETH o 72 L OBMEFE L B ERTWE DD,

ARFge TIEZ IS LDL-C ME % 2 UBRRAVICFH & 2 s
Nr-gEE g L L CPCRDGGE % iV TLDLR B & Uapo
B-100 RIEZFEROBH 17\, ZOFREERE L.

HERVFE

I.¥ £

FH A7 04 KOBHTIZ, BHOOBWEEDS, T4by
1) MiEH DL A5 O— )b (total cholesterol, TC) 230mg/dl}A
remEaEERDL L, 2) —HEIIKENSHY, TC
230mg/dlAETHBZ L, DWTFRrEHETHdNLLL
FH R EBAROZIIIMETCH, 7L AREGEORE,
RAPEL EOBKRED SFTo72. TGO FHE ZLUTO
30T, FNFhOREORE L.

1. EEREZM &N/ FH A TEEESER &L 128175 LD
R#BIETFEROBRE

2. EEIRBWN S N7z FH AT DHEAR 160 5% 200 4 FlIZ 81T
% apo B-100:# {521 I > 3456 4 5 3553 (2811 5 BT ERO
IRET

Table 1. Clinical data of the patints with homozygous familial hypercholestrolemia

Patient Age TC TG HDL-C ATT L
(Initial) (year) Sex (mg/dl) (mg/dl) (mg/dl) (mm) IHD Consanguinity
M.T. 36 M 589 96 28 Thick PTCA No
M.M. 42 M 500 291 28 Thick CABG No

Y.S. 34 F 535 98 20 Thick - No

CK. 13 F 584 115 31 Not thick - No

H.Y. 50 F 533 229 24 Thick CABG No

M, male; F, female; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; ATT, Achilles
tendon thickness on X-ray film; Thick, equal to or more than 9 mm; Not thick, less than 9 mm; IHD, ischemic heart disease;
—, load negative; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting; No, no

cansanguinity.
All values were obtained during pre-treatment period.

PCR-denaturing gradient gel electrophoresis; PCR-RFLP, PCR-restriction fragment length polymorphism; PCR-SSCP,
PCR-single strand comformational polymorphism; TC, total cholesterol; TG, triglyceride; Trm, midpoint temperature
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Table 2. Oligonucleotides flanking exons of the LDL-receptor gene for PCR amplification

Oligonucleotide

Exon Sequence
name
LDL-R
Promoter PR-5 5%-AGG ACT GGA GTG GGA ATC AGA GC-3'
PR-3 5"TGC TGT GTC CTA GCT GGA AAC CC-3'
1 EX1-5 5'%-TTG AAA TGC TGT AAA TGA TGA CGT GG-3'
EX1-3 5.CTG GCG CCT GGA GCA AGC-3'
2 EX2-5 5'%.CGT GGT CAG TTT CTG ATT CTG GCG-3'
EX2-3 5'-ATA AAT GCA TAT CAT GCC CAA AGG-3'
SP57 5'.CCT TTC TCC TTT TCC TCT CTC TGA G-3'
SP58 5-AAA ATA AAT GCA TAT CAT GCC CAA A-3'
3 EX3-5 5"%.TCG GCC TCA GTG GGT CTT TC-3'
EX3-3 5'-ACT CCC CAG GAC TCA GAT AGG C-3'
4 EX45-5 5"-ACT GCG GCA GCG TCC CCG GC-3'
EX45-3 5-GGA TGC AGG TGG AGC TGT TGC-3'
EX43-5 5'-ACC TGT GGT CCC GCC AGC-3'
EX43-3 5" CCA GGG ACA GGT GAT AGG ACG-3'
5 EX5-5 5".GGC CCT GCT TGT TTT TCT CTG G-3'
EX5-3 5-AGC AGC AAG GCA CAG AGA ATG G-3'
SP62 5'-CAA CAC ACT CTG TCC TGT TTT CCA G-3'
SP63 5-GGA AAA CCA GAT GGC CAG CGC TCA C-3'
Ex5SMM 5-GAA TAT GAC TGC AAG GAC ATG ATC-3'
6 EX6-5 5'".ACG AAA CTG AGG CTC AGA CAC ACC-3'
EX6-3 5'-GCT CCC CAC AAA CTC TGC AAG C-3'
SP64 5-TCC TTC CTC TCT CTG GCT CTC AGA G-3'
SP65 5'-GCA AGC CGC CTG CAC CGA GAC TCA C-3'
7 EX7-5 5"%-AGA GTG ACC AGT CTG CAT CCC TGG-3'
EX7-3 5"TTG GTT GCC ATG TCA GGA agc-3'
8 EX8-5 5'.TCC CCA CCA AGC CTC TTT CTC TC-3'
EX8-3 5'-CCA CCC GCC GCC TTC C-3'
9 EX9-5 5'*.CTG ACC TCG CTC CCC GGA CC-3'
EX9-3 5-GGC TGC AGG CAG GGG CGA CG-3'
10 EX10-3 5".CCT GCA GCC CTC AGC GTC G-3'
EX10-5 5'.GCA GTG AGA TGA GGG CTC CTG G-3'
11 EX11-5 5'*.GGA TCC TCC CCC GCC CTC-3'
EX11-3 5TGG CTG GGA CGG CTG TCC-3'
SP74 5'-CAG CTA TTC TCT GTC CTC CCA CCA G-3'
SP75 5-TGG CTG GGA CGG CTG TCC TGC GAA C-3'
12 EX12-5 5'-GGC CCT CAG GCC CTC TGG-3'
EX12-3 5'%-CCG AGT TTT CTG CGT TCA TCT T-3'
13 EX13-5 5'%-GTC ATC TTC CTT GCT GCC TG-3'
EX13-3 5-CAC AAG GAG GTT TCA AGG TTG G-3'
SP78 5-GTC ATC TTC CTT GCT GCC TGT TTA G-3'
SP79 5'-GTT TCC ACA AGG AGG TTT CAA GGT T-3'
14 EX14-5 5'%-TCT CGT TCC TGC CCT GAC TCC-3'
EX14-3 5'-GAC ACA GGA CGC AGA AAC AAG G-3'
Oligol 5'-CCT GAC TCC GCT TCT TCT GCC-3'
Oligo2 5'-CCA CAC CTG TGA GGC AGC TCC-3'
15 EX15-5 5"+, GGC ACG TGG CAC TCA GAA GAC G-3'
EX15-3 5'%-GTG TGG TGG CGG GCC CAG TC-3'
16 EX16-5 5'%-CTC CAT TTC TTG GTG GCC TTC C-3'
EX16-3 5-CAT AGC GGG AGG CTG TGA CCT GG-3'
17 EX17-5 5'#-GGG CAG CTG TGT GAC AGA GCG-3'
EX17-3 5.CAT GGC TCT GGC TTT CTA GAG AGG-3'
SP86 5TGA CAG AGC GTG CCT CTC CCT ACA G-3'
SP87 5'-TGG CTT TCT AGA GAG GGT CAC ACT C-3'
Ex17MM 5'.TGA TGT TCT TAA GCC GCC AGT TGT-3'
18 EX18-5 5'%-CCT GAG TGC TGG ACT GAT AGT TTC C-3'
EX18-3 5'-AAG GCC GGC GAG GTC TCA GG-3'
ApoB APOB-5 5"%*.GGA GCA GTT GAC CAC AAG CTT AGC-3'
APOB-3 5'-GGT GGC TTT GCT TGT ATG TTC TCC-3'
# 50 bp GC clamp 5'-CGC CCG CCG CCG CCC GCC GCG CCC
CGC GCC CGT CCC GCC GCC CCC GCC CG-3'
* 40 bp GC clamp 5-CGC CCG CCG CGC CCC GCG CCC GTC
CCG CCG CCC CCG CCC G-3'
o 46 bp GC clamp/10 bp AT clamp 5'-CGC CCG CGC CCG CCG
CGC CCC GCG CCC GTC CCG CG CCC CCG CCC GAA ATA ATA AA-3'
wokk 3 bp GC clamp 5'-CGG-3'

Oligonucleotides complementary to DNA sequences flanking exons of the human LDL receptor gene and
apolipoprotein B-100 gene were synthesized on ABI 380A DNA synthesizer and used to amplify the
intervening sequences with polymerase chain reaction.
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3. M L 72201 RO FHAT 0 A& kRIC BT % LDL-R &R
TEREOHE DR

.5 &

1. %4 F DNAFIH

35 # O ERS IR 1 10m] % EDTA-2Na & HLEE A & L TR
WMLATIZTHE, —20CICTREFELL. ZoEMMZHRIC
TR b F 4 b o X100 BB IC THS T DNAZ BEE L
7. T bbERE 320mM ¥ a MR, 1% FF 1 b X100,
5mM MgCl,, 10mM Tris-HCl, pH 7.6) iZ THRIMEK % &1L £+,
X Db E L THNEREED/. ThixTu7T7T -4
(Sigma, St. Louis, USA) IZT#H{kfE, 7=/ —n—2ronosk
Vi (1) ClE, fwTrzoaibi—-4 VT ILT LI
= 24 D ICT2EMB L, FERIZLE S —VRRIZED
DNAZ 4L, 29 LT 5N/ DNA% Tris EDTA KR K
(10mM Tris-HCl, 1mM EDTA-2Na, pH 8.0) |Zi&f# 1 260nm
2B DEIEEMEIC & D iREERD 2.

2. PCR

Nissen b PO #HE#BEIZ, V- NI DF—FN—R |
BEHEshTwb e N IDLREEFESI»S, 1817 Y »§C

A1l B1

A2 B2

E2 F1 F2

Fig. 1.

C1

G1

B

BLUTOE—F —FHBIZOVTDGGE 1 TR 2 5 ik
H A8k & 4 % fREERE (midpoint temperature, Tm) & %22
HMETLA T T A v —EF20 M 2 /ERL L 72 (3R2). Tm 0w
(2 1 MacMelt™ > 7 b 7 = 7 (Bio-Rad Laboratories,
Richmond, USA) Ml L7z, —D2DL7 Y YT AHTS54
T——HOVTNDDE FiiZ40HEN (base pair, bp) H5
50bp D GCHN W LENDAOWMD GC 7 7 Ta2li7:. 27
54 ABMEOBRBOF-OETT AV —1ET7 ) ¥ IZBHET
A rELRCLL5EEEDIOL L. BRORY
BT LT Ao sy A2 o BE L,

apo B-100@{EF22W\Tix, TNFTFDBE LTHESH
TWARBEFERNFLY V26 03500FE DT 3 /BRI
ENTWAEZ N, 34567005 3553 FH ZFFliT& 2 L)
W74 —%BELLY. Bikar bu— & LT, apo
B-100#{&ZF 10708 FH O HEAGH H AIWCER L2FDB
R3500Q (Dr. Illingworth, Oregon Health Sciences University,
T fES) BLU10800FH DIEHEAC A6 TIZZ S L 7-FDB
R3531C (Dr. Pullinger, University of California, San Francisco,
X fEE) W

C2 D1

D2

G2

H1

Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) analysis in the exon 2, 5, 6, 11, 13, 14 and 17 of

low density lipoprotein-receptor (LDL-R) gene and the codon 3500 region of the apolipoprotein B-100 gene. Al, LDL-R exon 2, normal
control; A2, LDL-R exon 2, proband M.M.; B1, LDL-R exon 5, normal control; B2, LDL-R exon 5, proband CX.; C1, LDL-R exon 6, normal
control; C2, LDL-R exon 6, proband H.Y.; D1, LDL-R exon 11, normal control; D2, LDL-R exon 11, proband M.T; E1, LDL-R exon 13,
normal control; E2, LDL-R exon 13, proband M.M,; F1, LDL-R exon 14, normal control; F2, LDL-R exon 14, proband M.T;; G1, LDLR ?XOU
17, normal control; G2, LDL-R exon 17, proband M.T.; H1, apolipoprotein B-100 codon 3500 region, normal control; H2, apolipoprotein B-
100 codon 3500 region, R3531C; H3, apolipoprotein B-100 codon 3500 region, R3500Q.
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75 4 < —I3DNA & T 7)1 ABI3S1A (Applied Biosystems,
Inc., Foster City, USA) # Fi\WR—% 27/ ZF VRAKRT 3
FA FE®ICTHEBLE. TrEoT7TRIZEMRLSSCT—I
BELZIZAT—20CICWH, BEETTELL THEE, BiE
EHE AR Iml 2B L % 5 4 NAP-5 (Pharmacia-LKB, Uppsala,
Sweden) 1B L CHEH LAz, 22 T200I2&F L 260nm TD
R & Vmﬁlﬁ%«ﬂl EL10pM 2% 2 & ) IZIREER R L /2.

DNA T OB 121 Saiki 5 *12 & 5 PCRiEF V72, &5
FDNA 1ug#8BIDNAL LTAPM DT I A <=1ty M &
200uM D% T A F ¥ X7 LA F F(JATP, dCTP, dGTP,
TTP) & 2.5 B A D Taq KV 27—+t (Perkin-Elmer-Cetus,
Norwalk, USA) %, 0.01%¥ 5 F > % &te 5 (10mM Tris-
HCl, pH 8.3, 50mM KCI, 1.5mM MgCl,) =72 F5 i 8 2858 7k

BEMS0.1E A EIIMAMMH L. &L TRIGIEE #
50p10 3 4 F VA € )b (Sigma) &l T LTHEFEEHE, 95T
550%, 94T 14, 66 CHTEERIZENEFLOL Y NMEIZ
FELLRBESREOS L4004 7 VORIEEFTV, S5I10K
BB I UEEAYDZH99TT4H, 65T604, 37C600DK
Bx 14 7 ViTo 7.

WIE L 7-DNAWTH 133 %SRS 7 0 — X4 (Nusieve,
FMC Corporation, Rockland, USA) (21 X< —7% — &-
X174/HaeMl ¥ 4 ¥ = A b CGRERS, HH) &3IKBIL THiAF
RAEMEERL .

3. PCR-DGGE #

PCREY % Tris — ik # — EDTARRE K T /2 L 72 B %
60 C CRE® I FRAET A fE e B8R (Bio-Rad Laboratories) %
BHL10%ARY 7 2T I K4V T 140V 360 4 M kB L 7-.
0%KFIT7 7 )NT I FEEFIEROE S VISEERz &E 2%
WL PRI B 0 % VA R & B MR B RE 80 9% VAT (B AR B
100% T, RETME40%FNVLT I FaED) HEL,
IV I DBEDE30%2570%, L i340% 05
80% & BRIKE) E MBI & PATIKIEELOBBEE LD
I, BEQEA VIEK 2 %9 — (Bio-Rad Laboratories) fﬂ'—]

TACAAGTGG GTCTGC

N

G
A

s Tyr Lys Trp Val Cys 4
Normal--- TAC AAG TGG GTC TGC -~

Mutant -- TAC AAG TAG GTC TGC-
Tyr Lys Stop

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

\z"C{'FJ'ﬂZZ L7z, kR TH, Ny FombBlizoFyyarsow
Foets & LIS RIS TIRE Lz, BE ANV PO b6
s B/ RVINRE- &/ ) ﬁ-}ﬁﬁ%ﬂn&'ﬂ&%ﬂz%ﬁo 7z
4. BEMLHEEEEELY J g i (direct sequencing)
B LRI AL H JeaE s & LT ABI PRISM™ 377 DNA &
— % »% — (Perkin-Elmer Corporation, Norwalk, USA) % fiv»
2. GCO Ty TEREF VT IA T~ (K2 - THE%
7o 72PCREEM * BV, &> M) 2 —30 (Amicon, Denver,
USA) |2 B & 2ml # A4, PCRIEEY 100 — 150, 1% 112
2000 [G145 30 A BIE O L7z, SHUS XY 30 LIC e 4 2 & [FiE
RO TIAT—BLUX 7Lt FFEBREL, #neEl
EERTIREFET OB DNA L L7z, T A - F—3I5—%
— AN =7 F v b (Perkin-Elmer Corporation)
FHWSY A - =343 —F — TG o7, 4% R T2
UVTIFFELTZINT IR EA 19D 2HV, kEbEE
X1 x Tris — >k 7 ik — EDTA S BRI £ vy, RO
b & 1680V 7HER A CykBh L7z, dkENS 125 R EIZ L — -
E—LiZX»TifAr&D, W=V FLaY¥Ea—%— Power
Macintosh 7200/120 (Apple, Cupertino, USA) Ao [EE
TARATICEBET— ¥ & LTRFS L, UK T HICHEAR
SUREHT 2 BEIIZIT, BIE LT T BLOREN TS 7
ELTHAL.
5. PCR-RFLP#:
BERENRE SN, FROGEOHEEBLTRAY )~
=Y T OTOIFEDOTIRBEE TUMSUAE LR LTI A
ZERE L7 (K2, —MWICEED T T A~ — % H
WCERTIA~v—cHv, mEEGEHERNE L) A TPCR
B2 & DRI A REN ¢ B A L DNAMF Z3EIE L 7-.
FOLETERY FIZTIATIALFTALDOTEL ) PCREYS
B H L, COBRERAZIZRS U2zl BREEE & 2 o UG AR %
ABMEFORHEBESRETIZTeHMMLDS SR, FLTI10—
20%7 7 )NT I NPV RIDHEY £ EA 2 KE S0 1 X<
—H = IR E LT, YUMo ETEROBIEE L Ui

ATGAGCNATGAAGTT
1 1

5 Met Ser Asp Glu Val

Normal--- ATG AGC GAT GAA GTT -
Mutant --- ATG AGC AAT GAA GTT -~
Met Ser Asn Glu Val

Fig. 3. Automated fluorescent direct sequencing of the exon 5
of LDL-receptor gene. The graph is the result of proband C.K.
The arrow indicates A peak of the mutant and G peak of the
wild type.
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SR ATFOEAREDENEITo 72,

6. MiEEEDTH

W53 16 T G A O LR ZE B LB RBRML L, TC, b
US4 N (triglyceride, TG) ZBFE TRz L7220,
BILEY REH 2LV AFT O~ (high density lipoprotein
cholesterol, HDL-C) i3t TllE L2, LDL-Cid
Friedewald D3O CHH L 7z,

159 &

1. LDL-RE{EFEE

1. PCRDGGE D #E 5

FH & EHA K5 FEMIZ 483 2 PCR-DGGE#1C & A3 O
B OMIZRT LS ICLDLREEFLY V2, 5, 6, 11, 13,
14, 1TIZBVWTRENY FHFROLN. BENL FHFREDL
Ni=xz 7 v 220w TIE, §l&HEEEEERFIEEIZL b
EROFEEEITo72.

2. v v ARERIORE

1) PCRDGGEEIZ X B RE /N FOM

PCR-DGGE#:I2 k2 A7) —= v 7T, FHAEEAK
MM.®OLDLR#ET L7V Y 2I2BWTRE/NN Y M2 &
FVAR

2) EEIEERSIREE L A RETERENORE

ZEmEMM. O LDLREET-T 7 vV ¥ 2128 B IR IR HIf#
o, 23FH0 M) 777 23— FT5TGGAHTAG

Met Ser Asp Glu Vva

Normal -5-. ATG AGC GAT GAA GTT .. 2.
Genomic DNA EXSMM - ATG ATC
sequence
. ismatch ,
Mutant -5.--ATG AGC AAT GAA GTT 2.
Asn
Normal -5---ATG ATC GAT GAA GTT -2
PCR-amplified
sequence v
Mutant 5.--ATG ATC AAT GAA GTT >
Bel |
D245N
y
5' 3
ExsMM  — Exon 5 ~—SP63
Bel | :
Mutant :
20 bp 51 bp
Normal
71 bp

Fig.4. Rapid detection method for an exon 5 missense
mutation (D245N) employing the mutagenic primer-mediated
restriction map modification. Using a mutagenic primer
Ex5MM and a reverse primer SP63, gene amplification by PCR
introduced an artificial Bel I site in the PCR product only for
the G to A mutated allele (D245N). Digestion of the PCR
products with Bel I generates polymorphic restriction
fragments of 71 bp and/or 51 bp. Heterozygotes show double
band of 71 bp and 51 bp.

ANLERL, B N ERAEROANTOEARTH
(42).

3. = v EiRkE ORE

1) PCRDGGE - & % EH /N FORL

FH R EBEHECKOLDLREB{ET LY V Y 5IZBWVTEY
VAR Vi iy (AN

2) EERERIILEEE L 2 METEREF O

% CKOLDLREET T 7 V¥ 51281 B EEES i
OEREZMIIIRL. EEHEIBTGDNY FOAFEDL
NAHMEID, ABITIXAL GO/ FABIESN, LDLR
USEHEE DT AT F Bk T — F¥ 2 GATHAAT~ L %L
L, 7ANTF L ICERENDER (D245N) O~ T uHEsk
Thot, INFTHEDLVHLLERTHY, BHEOL
izt ) FHNaha&drf L7,

3) PCRRFLPIC & 5 5B R RMATOERRO MR

75 4 < —Ex5MM & & UFSP63 DA A 12 & 2 PCRE
Wi, BIGTERYFDHBHEOAMREETR Bl 1124 D LIl
N2 (X4). M5125MECKNOFKAR L PCRRFLP I & 2%
BOREERMERER Lz, EHE &2 0KE X U EBIZIER Y
FEEEE NNy FOMGHHEES L, HERO~NTOES
KCH D LBl Sz

4) BERTOMEREMS L OCRREOME

FE CKITMHME M o 13F ok, WRICIBEREELR L.
TC 584mg/dl, TG 115mg/dl, HDL-C 31mg/dl T& -7z,

4, T7 7 v GIRBERTIORE

FH A EHE&AKAY.O LDLREEF LYV Y 6IZRFENLF
HED b AL, EERERYI P EEIC T C202C (TGC %5 TGT

43 41
277
109

58

13 Age (year)
584 234 TC (mg/dl)
115 87 TG (mg/dl)
31 \ 50 HDL-C(mg/dl)
Marker

194

118

Fig. 5. The pedigree and result of PCR-restriction fragment
length polymorphism (PCR-RFLP) analysis of C.K. family.
The arrow in the pedigree indicates the proband. Digestion of
the PCR products with Bcl/1 generates polymorphic
restriction fragments of 71 bp and/or 51 bp. The proband, her
mother and sister show 71 bp and 51 bp fragments, which
indicate the heterozygotes for FH Naha mutation (D245N).
Her father doesn’t show 51 bp fragment. The scquare and the
circle in the pedigree indicate male and female,
respectively. (B, heterozygous patient with FH Naha; .
heterozygous patient with unknown mutant; ¢, compound
heterozygous patient with FH Naha and unknown mutant; TG,
total cholesterol; TG, triglyceride; HDL-C, high density
lipoprotein cholesterol; All values were obtained at the age
showed in the pedigree. Marker, the molecular size marker of
¢ X174 double strand DNA digested with Hae IIL.
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ADER, EFBELLVATAY) O ALY MVERTHL L
AR s 7z (H6).

5. 7 v ILEHREHI O P

FHAREHEEAEMT.B X O YS.OLDLR#MEZE T 7 v > 1112
F—r8% — v ORFEN Y FOED SNz, LR P ik
1zt ) P518P (CCCH 5 CCT, LHud 7)) o1 L
FERTH B EHER I [J).

6. L7 » 13RO P

FHAEESAMMB LUCHY.OLDLREEZFEZ V13
E—RY — Y OREN Y PR LN EEEERYRE
Bz & b V632V (GTCA5H GTT, Eb6H (2N V) ot (1L
FVERTH DI LR E NI (K8).

AAG AGTGTGGTGAG

Vo
®

« Lys Glu Cys i
Normal-- AAA GAG TGC Ggt gag -
variant-- AAA GAG TGT Ggt gag -

Lys Glu Cys

Fig.6. Automated fluorescent direct sequencing of the exon 6
of LDL-receptor gene. The graph is the result of proband H.Y.
The arrow indicates T peak of the variant and C peak of the
wild type.

GAATCCCGCCA?

W e
¢

T

g Gy Thr Pro Ala Lys 4

Normal--- GGA ACT CCC GCC AAG--

Variant--- GGA ACT CCT GCC AAG--
Gly Thr Pro Ala Lys

Fig.7.  Automated fluorescent direct sequencing of the exon 11
of LDL-receptor gene. The graph is the result of proband M.T.
The arrow indicates T peak of the variant and C peak of the
wild type.

7. IV 2 AEEET OWE

1) PCRDGGEEIZ & 2 B/ >y Fos

FH+EHAMGMT.OLDLRBE T 7 V v 4IZBWTEY
Ny NHRI S s,

2) EHEEERIPEE L A BT ERE O

3 E MT.O LDLREET-I 7 V7 > 141281 5 15 2L 0 51
WORKR, 64FHO T %3 — FF5CCEHCTGNE
TERL, Of DV ERPERONTUHESEKTH 72 (M9).

8. TV ITIEERY DPE

1) PCRDGGE Iz & 5 BE N> FoMl

FH R EHAKMT.S L UYS.OLDLREEF L7 V> 1742
By Ry s e,

s ATATGGTCCTCT
0 0

- Asp Met Val Leu Phe ,

Normal-- GAT ATG GTC CTC TTC -~
Variant-- GAT ATG GTT CTCTTC --
Asp Met Val Leu Phe

Fig. 8. Automated fluorescent direct sequencing of the exon 13
of LDL-receptor gene. The graph is the result of proband
M.M. The arrow indicates T peak of the variant and C peak of
the wild type.

'TGCCCCGCAGA
0

5 Pro Ala Pro GIn lle 3

Normal---CCT GCC CCG CAG ATC-
Mutant ---CCT GCC CTG CAG ATC-
Pro Ala Leu GIn lle

Fig. 9. Automated fluorescent direct sequencing of the exon 14
of LDL-receptor gene. The graph is the result of proband M.T.
The arrow indicates T peak of the mutant and C peak of the
wild type.
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2) EEHERESIPEEI L ARG T EREN OUsE

& MT.0 LDLRBEZTT 7 v ¥ 1712817 23 HEEE
M OHREEZRI0IR L. EFEHFICBVWCADNN Y FORGED
LNBMEIL, REITIHZALTHFONY FAFE SN, LDL-
R70OFHD) ¥ % a— F+BAAGHTAG~EZBLL, &1L
T RYELRBER (KT90X) OANFREEETH - 7.

'CTATGGTAGAACTGG

M P

5 Leu Trp Lys Asn Trp g
Normal--CTA TGG AAG AAC TGG--
Mutant --CTA TGG TAG AAC TGG -~

Leu Trp Stop

Fig. 10. Automated fluorescent direct sequencing of the exon 17
of LDL-receptor gene. The graph is the result of proband M.T.
The arrow indicates T peak of the mutant and A peak of the
wild type.

Leu Trp Lys Asn Trp
Normal -2.. CTA TGG AAG AAC TGG --3.

Genomic DNA AC AAC TGG ----- Ex17MM
sequence , Mismatch 3
Mutant -2-.-.CTA TGG TAG AAC TGG 3.
Stop
Normal -3.---CTA TGG AAG AAC TGG -3--
PCR-amplified
sequence
Mutant 5....CTA TGG TAG AAC TGG .. 3.
\Rsa | /
K790X
y
5 3
SP 86— Exon17 o lexizmm
Rsal
Mutant !
69 bp 24 bp
Normal
93 bp

Fig. 11. Rapid detection method for an exon 17 missense
mutation (K790X) employing the mutagenic primer-mediated
restriction map modification. Using a mutagenic primer
Ex17MM and a primer SP63, gene amplification by PCR
introduced an artificial Rsa I site in the PCR product only for
the A to T mutated allele (K790X). Digestion of the PCR
products with Rsa I generates polymorphic restriction
fragments of 93 bp and/or 69 bp. Heterozygotes show double
band of 93 bp and 69 bp.

69 64
382
123

28

27 Age (year)
589 TC  (mg/dl)
96 TG (mg/dl)
28 HDL-C (mg/dl)

~ag— 03

| 69
(bp)

Fig. 12. The pedigree and result of PCR-restriction fragment
length polymorphism (PCR-RFLP) analysis of M.T. family.
The arrow in the pedigree indicates the proband. Digestion
of the PCR products with Rsa I generates polymorphic
restriction fragments of 93 bp and/or 69 bp. The proband,
his mother and brother show 93 bp and 69 bp fragments,
which indicate the heterozygotes for K790X mutation. His
father doesn’t show 69 bp fragment. The square and the
circle in the pedigree indicate male and female,
respectively. (B, heterozygous patient with K790X; &1,
heterozygous patient with FH Kanazawa-2 (P664L); /A,
compound heterozygous patient with K790X and FH
Kanazawa-2; TC, total cholesterol; TG, triglyceride; HDL-C,
high density lipoprotein cholesterol; All values were
obtained at the age showed in the pedigree. Marker, the
molecular size marker of ¢ X174 double strand DNA
digested with Hae III.

34 49 Age (year)
535 374 TC  (mg/d)
98 718 TG (mg/dl)
20 32 HDL-C(mg/dl)
Marker \ Normal
194 3 )

118

72
(o) e - (op)

Fig. 13. The pedigree and result of PCR-restriction fragment
length polymorphism (PCR-RFLP) analysis of Y.S. family. The
arrow in the pedigree indicates the proband. Digestion of the
PCR products with Rsaz I generates polymorphic restriction
fragments of 93 bp and/or 69 bp. The proband shows only 69
bp fragment, which indicate the homozygotes for K790X
mutation. Her mother, father and cousin show 93 bp and 69
bp fragments, which indicate the heterozygotes for K790X
mutation. The square and the circle in the pedigree indicate
male and female, respectively. (B, heterozygous patient with
K790X; @, homozygous patient with K790X; TC, tot?l
cholesterol; TG, triglyceride; HDI-C, high density lipoprotein
cholesterol; All values were obtained at the age showed in the
pedigree. Marker, the molecular size marker of ¢ X174
double strand DNA digested with Hae I
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3) PCR-RFLPEIZ & 2 B F AN TOEROMRE

735 47— SP86 B & 'Ex17TMM DHLA & b2 & % PCRE
wid, KIOOXBETERNHDHEDHHREEFERa TI12L Y
grs s (M11). K121238mE M T.O KARK & PCR-RFLP
HIAEROMRGRERLL, BEEL OB LUBHI
FEny FEYM SNy FOMGAMESH, AEREOA
FOBEAETH L LB S, BHEMTIERLS L h LDLR
BETEAEP664L (FH Kanazawa-2) % 8fz5 LT 54 2 &A%

Wild type DNA Mutant DNA
[ E—
e
[ T—
Denature
e—— \IT-—
Single strand
—% z‘)o conformation m
wt

Non-denaturing
gel electrophoresis

Fig.14. The principal of PCR-single strand conformational
polymorphism (PCR-SSCP). Wild type (wt) and mutant (m)
PCR products are shown at the top. The presence of a point
mutation is represented by a dot on the DNA strands.
Different single stranded conformation lead to differential

mobility in the gel.

ENTVBEFTH Y, SEHOMEIZLY, K790X % v #Ho
BWENT HEARTH L Z DM SN,

BIHRA GEIHEY.S) ODFAME PCRRFLPH:Z & 2 RO
AR EZRKIBIIRL:. BHEY.SISUW S NNy Nk,
ZOMBITEE N FEDW Ny FOMEIFRER SR, g
I K7OOGEET AR ETEAL O FRF STV 2 S B EAk
ThbDIZEHFERINI,

Wild type DNA Mutant DNA
i ——————————————— [ T
— _—
\ Denature /
and mix
4,
‘—-—_\—f‘"_:-__—.._
e

Low denaturant B

Denaturing gradient
s—  gel electrophoresis

High denaturant —

Low denaturant =

High denaturant

Fig. 15. The principal of PCR-denaturing gradient gel
electrophoresis (PCR-DGGE). Wild type (wt) and mutant (m)
PCR products are denatured and reannealed to generate 4
species of hetero- and homoduplexes. Differential melting
behavior leads to altered migration in a gradient of denaturing
agents compared to wild type homoduplex.

Table 3. Frequencies of LDL-receptor gene mutations in Hokuriku district according to screening studies of 201

FH families

ﬁi‘:;fig]: LDL-receptor mutation N::;?ﬁi :t Fre?é/lc?my
FH Tonami-1 Introni4-intron15 6kb deletion 10 5.0
FH Tonami-2 Intronl-intron3 10kb deletion 11 5.5
FH Okayama Intron7-intron14 13kb deletion 2 1.0
FH Kanazawa-1 Intronl-intron4 12kb deletion 1 0.5
FH Tsuruga D280Y (exon 6) 1 0.5
FH Kanazawa-2 P664L (exon 14) 6 3.0
FH Morioka R395W (exon 9) 1 0.5
FH Yokote Q718X (exon 15) 1 0.5
FH Nanao W23X (exon 2) 2 1.0
FH Naha D245N (exon 5) 1 0.5
K790X K790X (exon 17) 42 20.9
Total 78 38.8
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4) RAERCTOMBIREMES L UBREORE

FEMAMTIE SR S O36F Bk, MBI IMmRE IS4
VL s e S PERAL B L TKTIOX D E~T UHEAKTH L.
M3 B B 3 TC 589mg/dl, TG 96mg/dl, HDL-C 28mg/dl T
BEVCERLERSREL TH Y, BEA2EMNIDLT 7 Lb—2 2
IZEDBEESh TN S,

b —ADOREMEYS.AE, BEAHSOM LM, WEicm
RS USIE v, M NE B fE13 TC 535mg/dl, TG 98mg/dl,
HDL-C 20mg/dl CHELDL7 72 L— L AIZ L higES T
Wb,

9. K790X O ¥R

HIECHEM L 72 PCRRFLP# % vy, AvBedh s o flisr L7
FH 201 RA TR L LRBETFERZFEEREZIT > 162,
L2FF (20.9%) ICFIZEREERL:.

I. apo B-100:&{=FEE4T

1. PCRDGGE D55

FKADER D & TR3IZ00Q LA apo B-100:8(EF LR AH
EABEEHESLDLIENEHE L &> TV ALY S, [
IREIZB M S 7= FH 160K R 2006 % 5% & L, PCR-
DGGEHZ VT2 F 3500 BN EREEHE L7, R,
A7 —= v R E L7z 2005E & (2 id apo B-100 B{Z T4
RO Naro7 (H).

% =

FHOIRRK & 7% % LDLRBIZFRHEIL, HEE TIZ400FL
ESREINTWEA, 70w T v VETHES R
EREISEROIOHBDATH Y, HEERNEHE HDTW
5. LDLR#EE X187 v >, B & #45kbp & iny k&
FHOBEWLRBRIZ&T 7 Y @ 2 BERFRET L 2 & 13%
RKOHETFEMAL )T &85 L2 5. PCRRFLP i ZIFED
WOENLEROABRUT 2 HETH 205, TROMED LW
BHERE IR D 2 RET 20, RAOBIZEFLEROR Y
—Z Y FICIERTIE R,

RHMOFEROBREFBE LTHEHEH VSR B FEIZE,
PCRSSCP#:, ~FuF=27L v 7 A (heteroduplex) ¥, PCR-
7)) ==Y 1Y% E (PCR-Cleavase I fragment length
polymorphism) #, PCR—{bZMA—ETIK (PCR-chemical
mismatch cleavage) %, & & (245 L 72 PCR-DGGE i 7
ENHBb. TOPTIEPCRSSCPEVRERIIIL S HVWERT
&7,

—ASMDNAZZDIRERIIRF L g klgtr s b, £
DRI —IREOER S, REBAL Vb P RENIZL
DERELY, TOHELESSCPLIER, ZOBLMEDEN
BT VESIKEBI BT ABBENZE L LTRINTES Z LS
{, PCREMZEELT—KHL LTERKIIL, Thizky
ZEIRERERINT B D PCRSSCPH:TH B (K 14)9.

PCR-SSCP I LB MIE 2 83 B TATH S L HTWHETH V) &
PoRETEROMENIES0% L »% D E L, 250bpTRED
DNAWIH CTHR L (EETEREZRETELY, THo—FK
WONY 2R, RERETFOANTOESETHETIED
N FHFRBT S, RERBREE CUREDNA SN HEFE
BRIET, SFHIBVTH K, FHATPCRSSCPEE Al
CTLDLRBEFEFAZ ) -7 L, 520087 B ETER
FH Tsuruga, FH Kanazawa-2, FH Nanao, FH Yokote, FH

Morioka # 5E L 72295

LOLABEIZO W DPOMBEELIRIBEN TV, 35
PCR-SSCPE: T4, REE, pH, IRIRMEE % & DNA DB kit
BT LEENEL, BEOERZ VL OORELTHRET
ERVEENHL. LizdoT, RANBETEROE4,
DEDDRBIEBETOAL ) —= v T+ EEV ARV,
i sn. E—BRE(CENTRBIEET TOBRBRLIS
Il OWENLH B,

DGGE %13 1983 4E 12 Fischer 512 L Y BE & s, Ay
DNAIL, MRED L IIEHFIEE LAICONZEL ¥ AEE
P HETRE TR RS RPN BT 225, EER)
LN RHEREATLE S NS Z EPLERERMT S (M1, &
EUIHMBTE2Z20BEMOBEAOERIIRE TE v,
Sheffield & ‘@13 40 — 50bp ® GC X h DEF] (GC— 2 T > 7,
GC-clamp) % PCREM O —WZfHNT 2 Z LTI E Mkl
7z, 2AGH DNALIR AT IR L - B 3 s,
Tl BN HSREEREEOE T b bIRET 2 L HRREOR
&b, PCREMIZ, HAICEMAIBED LAY 57 VESK
BB WT, MEEERINCIE U2z BRI 8 IE o i TE S Ml S
AT, WO IREET 5 & REDRE AR IR T 2 7 IR
FIOBO D PREME LA EOE N E LTREBENS. FHEOERE
FTIEIRDNY F, AT UEASEFETITEELERD S FHH
B4 s, FLVESKEIHFICRERSOTE 5 EEBMICITHT
9. EEILEE60CT—EICL, BEAROA T BHOEE
FEFILZIG L CTHed 5. PCREEMIZ600bp T TIFMMIZEL, #
HEIZ95% L BB, SSCPId & RHE DL M TH
B0 L, DGGEFIZIEAERINIC L g S W 5 BERED
METH ) BREISTH W & QML &5,

DGGEETIE 7T 94 v — % M4 2 1 S CHIREIZ L A8
MERE 2T L C, #EWAMICGC -2 5 > T olf, IR
HERETELENHD. $/2GC—2F > THEODVTVEE
&, PCROFMFREDSH L WIHEND 2 W EHMEIERITTH A,
REEHOCE ZHEHBMEILETHY, TLBRENRT DT
TN EREMTDLEND S,

PCR-DGGE % llV 72243 12 BV T, 4 MFk 4 12 LDLRHA
57-W23X, D245N, C292C, P518P, V632V, P664L, 5L U
KI9OXD AN T I /ERE3HEOY ML PEREHAL
72. 209 B LDL-REEF W2BX X LLET S #F 2 B5 VT PCR-
SSCPEEIZ & A AZ ) —= v 72k b B &7 FH Nanao &
[fl—DERTH 272", LDLR2USFEEH D7 R85 F VBT,
CNEFTGATHGAA (F V% 3 v ) &7 % FH Cincinnati-1"
DR STV 275, D2UASNIE I N LGB |- ERTH
5. LDLREETFC22CIET 7V v 6 H, 5 2FH OIEED
BRTHLY, BEfvnarbryrx - v—r1r 2B
MY UBLUF I OHEBHFEEIEFRENI12%BLU15%
THO", ATT4 Y0 FIZEET ATREEIRE LB bR,
WERBEIZR DAL A Vb0 E# 2 bhi. LDLREET
P518P |3 Yamakawa-Kobayashi & ¥4 PCR-SSCP i1z & h #iL
WEEFEHE LTHRELTVL D EF—TH 7. LDLR
BIZT- V632V IE B SE Avall THRIL S5 RFLP & L THD
NTVARETFEE TH o7, LDL-REET P664L 13 AT
BHIBWCPCRSSCPHEIZ L B R 7 ) —= v Zic L Y RIS
7-FH Kanazawa-2 & [l — DB RETH » 722, LDL-REET
K790X i3 Maruyama & %5 L 2 ER LA —Th - 7.
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SR A HHCEEITT 281 A FHO# 20 %12 R L7 LDLR
BEFKI90XERIE, PCRSSCPEILL A A ) —= v 7Tk
REENTESY, 4EPCRDGGEEIZ L N IZ L TRHEN
v e LTHi &7z, Zh$ TPCRSSCPE L PCR-DGGE i
FREL 72\ oD DB AT BTV 57, PCRSSCPIET
BHTE Lh o 2ER % PCRDGGE HEAMRH L7z & OEHS
£V F - AFRRE L7z apo B-100 B {EF4H8 T 1 FDB
R3BICHZ &, b &b L PCRSSCPETHIBLENIERTH 2D
AP ST, FOHROFIM &S TPCRSSCPHE:TIZ A
L% ) PCRDGGEET L ) (R & iz L D#EN Y &
ntwa,

AHOPCRDGGEHEIC L BA L) —= v FizBwTid, &
BN FPRALNIZE B TEUTL »OEEERFEHE ST
BY, BHEEEIAON ol EbREDFIHEOVED LT
ErdbOLBbsb.

IHETFHICBW T LR clmL - E£FICBw
T, £BOWEED O ZTHOW L REFERSEHEEICERTS
whw 2 BAE SR (founder effect) 25V DA E I TW
63)51)*65).

BAANRIZIZE—ORKRTHEE SN TR Y, MEHERNY
BROOEN ORIV 2 DGR INTEL, Lt o THE
AFHIZBVEERIRES A LN 20 &) DB LT &7
B, INFTTOETA, BEEICERTAZREIMERIATY
Liroiz.

AEOFFFEI BT 2 HERE Tk DML LA FH 201
REPA2RFR (209%) \CKT90X L EZMHER L. HAEANT
FEIN TV B RIETERTIE 2N T Maruyama 5 O3B
BHEAEE LAFHETA Y PO Y120 1845+2T—~C LR
B3I TRIFEEIEP 72205, ININ L ELIIEHVEET
HY, LEIYBIETEE (common mutation) &\ o T\,
KO0X it ZhF CHAEANTOARE SN TWBEERTH Y,
FCEECHRENE VS L2 S RIE L & Td 2 THe
Wb, SHBNANTOY L4 TORNDPLETH D,

FHIZBWTIE, 20BERTERILI, FOBRERBIZI—E
DEEPHALNDE Z DR ENTVSEA, KIOXERAT O
BEROTE MR EE (0= 39) 13 TC 340mg/dl, TG 158mg/dl,
HDL-C 42mg/dlCH h, TNEFTRENTVAHAAFHEE
DPHMFEFT L XA F T — UEIIEIZ T AR TH o729,
LOLTGRR @ EL L 2 HIMIZH Y, SHRIENTERSS
KT 0EYN S 5.

AEOMEN & YR S N 72 K790X B & U'FH Naha % &9,
SR UIEO LDLREIZFERIZL Y, bR OFHELE O
38BN LFIH & Nz (3£3).

SEOHE T, PCRDGGE#IZ & ) apo B-100&EF 7 F o
356 ~3553 % A 7 1) — = LA, BRIZEFERIED LN
¥, FDBIZ H A A ®&{EM# LDL-C MfE D KK & L T T
BBEEZ b7z, FDBOM B & U, MBI HIE
W20 Y 29E% 128y, B AT FHICISHT 2 BETH
A0 L IIIRANS, T4 YTV RN, 4 259 BV
PRETRAOPL R b oL HESNTVE, EEALD
FDBIER3500Q & 1), L7 b 132 T OMEHITHEIH %
F—®apo B-100MEFNT I A TEEOZ LB D, —AD
T=AFANFERE N U RETEEIL SN b
DEJRENT 2™, SEOKRFCHAAZBWTFEDBAS

RodbhdholZbid, LD LS IZFDBIIERIC ATEE
DHHBEBTHEIEHEMNTTVEENL S,

LL, 727 AETECERE 2275 FDB R3500W A3
NTEY™DP? 4 AL0Dapo B-100BETEENSE A NEE
P LDL-CHEDEK & %> TV AT REMIZSH 5. F7-FDB
DERBEFEEDETHFI N 3500FATHLI LD,
A7) =y ZORADIF L ALIET F 3500 BB CHbR
T&72Y, apo B-100EEHDLDLR & OEROKBSERIT T F
73500 L Y b2 ) EICHFAET A ZENTCRERESA
2P, BENL ZAZOERIIBITABETERTEIDLCIH
ET o L2 TAMBER VD, 4B HOITRE 3 & 4858
LB,

4 HEO#ETIE PCRDGGEENEAIZ L ), PCRSSCPIET
B SN h - - LDLREEFEREZRILTE 7228, BETL
ZZFHREEEERSBIO) 5, MM.B XU CKENTRETD
—FHOEERPELHBINTE ST, HY.@H A L - VEED
AP ENZIZE LT o T, FEORETFHER»S, =
TV =A A YEEIMETTIELR L, 30bp bEn S v
Moy OBITRE (FU Ty s Y-y R) ORIETE
BYERTIAS VI ORE#ET I ENIDLRTAHRE SR
TWwaE™, ZoX) ZEERETZT->Twkwvg ¥ b o v s
DREEDPERE & 2 EFOFEELBESNS.

TINIETYH, HLDRBEICL ) FHORETFZHIH
BHENTELD, FOKREL L TLDLRIEEDVETHASLNT,
FDB T b ZEBIA S BT 2 I EFME SN T VR P®,
Z) Vo ERINED L ) RERIZL VB IDLCMEF* 2L T
WBDRIE, A0EZAWLNIZIEEN TRV, LDLRH
% \iidapo B-100EEFUSOBRIEZFEEIEE TS 2wl fetk
bREEINTBY, 4BORFARETH .

& B

AAABZES LDL-CMMERE 2B VT, LDLRB X Fapo
B-100:#{5f% R % PCRDGGE #, EEEEEYREESL LU
PCRRFLPiEZ IV CHE L, DIFOEEZE.

1. FHAEHEAE Y #EmE L LZ2KRIZBWT, PCR-
DGGE#EIZ L B RE DS LDLRI Y Vv X 17D 790EFHOT 3
B Yraa—-F§5a FYAAGHEIET F2Ch B TAG
EBALT HHERKTX % R 72 L7z, 23 LLET o PCR-SSCP
ECOMRFTIEIRE SN G h 72 EBRCH Y, LDLREE [E
FARIIZ BT 5 PCRDGGE FEOH B EARE S 17z,

2. FHAREHAKEBHREL LZ1KRICB VT, PCR
DGGE##EIZ X 2 ME»SLDLREZ V v 50 245FHOT 3/
BT ANTG X B a— FT 23 FY GATHT 3 /BT A8
X EI-FTBINYTHDLAAT~N BT HER
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Abstract

Familial hypercholesterolemia (FH) and familial defective apolipoprotein B-100 (FDB) are caused by mutations in the
genes encoding the low density lipoprotein receptor (LDL-R) and the apolipoprotein B-100 (apo B-100), respectively. These
inherited disorders are characterized clinically by elevated concentrations of LDL, deposition of LDL-derived cholesterol in
the arterial wall (atheromas) as well as in the tendons and skin (xanthomas), premature coronary heart disease, and autosomal
dominant trait inheritance. Nine mutations at the LDL-R locus—four large deletions and five missense mutations—have
been previously identified in Japan’s Hokuriku district by Southern blotting and polymerase chain reaction-single strand
conformational polymorphism (PCR-SSCP) analyses. Although these nine mutations accounted for 17.5% of the FH patients
in the Hokuriku district, the majority of the mutations are still not detectable by these two methods. FDB has been frequently
identified among many Caucasian populations, but no patients with FDB have been reported in Japan. Recently, many reports
have suggested that PCR-denaturing gradient gel electrophoresis (PCR-DGGE) analysis is more sensitive than the previously
employed methods. Thus, we designed a mutation screening assay based on the DGGE technique for the promoter region and
18 exons of the LDL-R gene, and the region around the codon 3500 of the apo B-100 gene. Five homozygous FH patients
were examined, and two previously unreported mutations were identified: a nonsense mutation in exon 17 (the K790X
mutation) and a novel missense mutation in exon 5 (the D245N mutation). The D245N mutation was named FH Naha. The
frequency of the K790X mutation was examined by PCR-restriction fragment length polymorphism, and this mutation was
identified in 42 individuals in 201 unrelated heterozygous FH patients in Hokuriku district (20.9%). Including the nine
previously identified mutations, eleven LDL-R gene mutations were found, identifying 38.8% of the FH patients in the
Hokuriku district. In the case of the codon 3500 region of the apo B-100 gene, 200 unrelated heterozygous FH patients in the
Hokuriku district were examined, and no individuals with apo B-100 mutation were detected. This suggests that FDB is very
rarely the cause of genetic hyper-LDL-cholesterolemia in Japan.



