Identification of Novel Low-Density Lipoprotein
Receptor Gene Mutations and their Frequencies
in Japanese Patients with Familial
hypercholesterolemia
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SIRKFESWES L E RE (B BN 53D
® K7 M fE

REEMS T L A7 0 — VIASE (familial hypercholesterolemia, FH) 13@507 L A5 10— Vi, #EalE, RREMEEIRGE
1biE % 3 B8 &+ B8 et (R EVERIEMR B T 1, RIE ) KB E$EMK (ow density lipoprotein receptor, LDL-R) &fzF
BEIZLVRET S, DAAFHIZBL CEBETEROSREIRR ST T 27, BEEORGFEROTHENAEIIH
LA ENT VARV, 22 CREEAREFH 26 % 2N ENFME L L /22K R THEAIZ BV CLDLREZT DRI 247 - 72,

2R e B I, (BB ML) O FH2S RABEM SR L L, SEEICERT 2 BETEROBFMIIDERE
L7 WEEoFRRAMEEL )5 2%5TDNA%ZHWT, LDLRBEFOLEI8TY Vv OEFNFNIIHILE LT T A<
— %35 L PCRIZ & ) DNAWTH- % #iiF X &, PCR—A$#EM A% % (PCR-single strand conformational polymorphism, PCR-
SSCP) i3 & U Fl3sE ik (direct sequencing) % iV CEIETFEROMEE T - 72 & 6 I PCRFIRERDITS L
(PCR-restriction fragment length polymorphism, PCRRFLP) 12 & ) ~F 0 &R HEFH 201 #1214 % & L TOdE S /el
ETERAOEE LM, REFHERBHE L LE-BOBOIRRIIBVT, LDL-RE(ZFDOI 7 V> 9D FHETRRIIB/W
(CGG >TGG: TVF=rinb N T T 72) BEULI V> 15DFHEE Q718K (CAG > TAG: vy I U biféika F )
FERVHIL, BMEOLEMmIZL ) N5 2ER% Fh ZRFH Morioka 33 & U°FH Yokote & #4 L7:. FH Morioka ® = E$H
LHIEEM L IDLRIGHEOIE T LB I L AT O— VIEE B L TVreds, FESGREFH L LTREORFETH /2. £
DEFIGEETEROMS L £ 7 5 — G TREBTE T, BETFRRTRES LAV »OBERFIZ L 5 CHES L.
K5I ERBUI BT A FH 256 OEETRITIZB VT 7 vV » 20 W23XER (TGG > TAG: NNV : 3 =l
) #RWHLFH Nanao & &% L7z, REBIIKREABLIC NI VRIFIALD HuwwH & Twv 3 FH Cincinnati-5 & [/]—
DERTH 7278, RENEEOMED S LDLRAETFIZBT 5 KHEER (recurrent mutation) & ¥ 2 b7z, HERAIZ L
YA EE S N3 ERD S b, FH Nanao DABRMBRALMNO LR RIZB VTR S/2A%, FH Morioka 3 & U'FH
Yokote M FE R AT B I E ad o7z, LA o TIRS3ERIG VT b @B Th B afETE3 R, FREibism s
IR A BIZTEROFEELEEMTH Y, ARAFHIZB 2 BIGTEBOSREDRE S k.

Key words familial hypercholesterolemia, low density lipoprotein receptor, gene mutation, genetic

epidemiology

BIRAAL IR RO ) BREBIIREEIE, EARRRO AL ST H IDL) T L AFO— b, 7FLAREZIGUHETHHG
KIZBOTHEEND iz idb LI llhoa7, HaILVATH T, 3L ONREEBIRMLNE Y % 3 Bl L T BN e L
~VHEEAZ O & 9 B EEREE O R NOFEMRKFTHHZ L SE{EMRECH Y, BLDL I L AT 12— b & EIR AL
L IEREE) R 2 WHEE RN, 3 FOF L3 A F fE L OO EELRETVHRETHA. Ko 1d LDLS:
TV &) OLiEEFE A (3-hydroxy-3-methylglutaryl coenzyme A, 71k (LDL receptor, LDL-R) #M{s-0% 5> 124 ) LDL-RIZ
HMG-CoA) BB HEMEAII LS L AT T - VKT Heiz Mg 4 L IS 2 o o4 S, DL, WNIbE Y K&
LU, EEREDRBIEOE I L XA F 0 — L IMERE O [l (intermediate density lipoprotein, IDL), H{GILE ) Fa11
FETAE L LMAF R BIZ L AETHEMRT LA L) b 4 (very low density lipoprotein, VLDL) O IfiLIPilBEAs L5 L T
ENTWn5B2, JE9 %Y. LDLREET-OXNTEETOWTIZR/EFSHLFE

FiEME 2 L A7 10— VILjE (familial hypercholesterolemia, HAKVEFHIZH 100 GAIZIAN, —HORIEENHEATH
FH)* I3 440 & ) OB E ) R E R (low density lipoprotein, BEARMEFHIZ500 A TALL LoSE CRO LN, RERSGHE

TR 94E 1A 3L ASf, SFROEIA1THZHE

Abbreviations ; Arg, arginine; Asp, aspartic acid; Cys, cysteine; ddA, dideoxy adenine; ddATP, dideoxy adenine
triphosphate; ddC, dideoxy cytosine; ddCTP, dideoxy cytosine triphosphate; ddG, dideoxy guanine; ddGTP, dideoxy
guanine triphosphate; ddT, dideoxy thymine; dNTP, deoxy nucleotide triphosphate; dTTP, deoxy thymine
triphosphate; EGF, epidermal growth factor; FH, familial hypercholesterolemia; HDL, high density lipoprotein; HDL-C,



258

PEFHIZFER 26 R TEpPLHL T BITE Y., £ T OEE
EHFH T, B0 HH?H 10 EEHIREE O FHEH T < Wik
TR BEEBREZRLBET LI LPFHON TV LA, FF
BEKRTERZD L) 2HERALNEL kD,

E POLDLRIZB3IT I /EEL D 2B HERT, MKz 1

Table 1. Clinical data of M.N. family and N.S. family

Pl

EEET 551 7OMEEEL 75 —Thsb. LDLROMEY

ETIIE 19 FREAOFMIAMEE (913.1-13.3) IZ/HFELY, 4

£ 45 % n g4t (kilobase pair, kbp) T174 » b1 18Ty
Y5 7% Y, 53kbpmRNA % I — N§ 599,
ZAOLDLROBEFOVTIOEMIZERLIZEL THFH

. R Age TC TG ATT

Patient (initial) (v egar) Sex (mg/dI) (mg/dl) (mm)
M.N. family

Proband (M.N.) 72 F 697 96 17

Sister (N.NJ) 69 F 690 102 30

Brother (A.L) 74 M 323 166 Thick
N.S. family

Proband (N.S.) 2 F 596 146 Not thick

Father (H.S.) 30 M 342 102 Not thick

Mother  (Y.S.) 24 F 346 341 Not thick

Brother (W.S.) 2 mo M 188 / Not thick

M, male ; F, female ; mo, month ; TC, total cholesterol ; TG, triglyceride ; ATT, Achilles tendon thickness on X-ray
film ; Thick, more than 9 mm ; Not thick, less than 8 mm ; /, not examined. All values were obtained during pre-

treatment period.

Table 2. Clinical data of the patients with familial hypercholesterolemia examined in Noto area

Patient . TC TG ATT

Subgroup number Sex (mg/dl) (mg/dl) (mm)
Heterozygote 1 M 365 403 16

2 M 255 76 13

3 F 300 202 10

4 F 254 156 Thick

5 M 273 165 Thick

6 M 217 50 22

7 F 278 94 13

8 F 296 87 Thick

9 M 265 80 17

10 F 334 50 Thick

11 M 399 78 19

12 M 280 321 12

13 M 307 125 19

14 M 238 145 Thick

15 M 311 106 Not thick

16 M 259 176 Thick

17 F 266 135 10

18 F 341 291 13

19 F 376 134 14

20 F 216 60 11

21 F 327 107 Not thick

22 F 308 121 Not thick

23 M 305 224 Thick

24 M 284 125 10
Homozygote 25 M 500 291 28

M, male ; F, female ; TC, total cholesterol ; TG, triglyceride ; ATT, Achilles tendon thickness on X-ray film ;
Thick, more than 9 mm ; Not thick, less than 8 mm. All values were obtained during pre-treatment period.

high density lipoprotein cholesterol; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; IDL, intermediate density
lipoprotein; Kbp, kilobase pair; LDL, low density lipoprotein; LDL-C, low density lipoprotein cholesterol; LDL-R, low
density lipoprotein receptor; PCR-SSCP, polymerase chain reaction-single strand conformational polymorphism; PCR-
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HRAET B, LDLR O&MR, #EED LORBTREIESL»
2k o T1HE, AHEE (class 1, receptor synthesis defective),
ol WIHLPEEEREE (class 2, transport defective), 3%, LDL
=& E (class 3, ligand binding defective), 4%, LDLAHRP
BUAAEE (class 4, internalization defective), 5%, L+=7%
— BRI AREE (class 5, recycling defective) @ 5D DHEAERY 7 T
A ENBY.

BEREEDZWIZDERBIC LI DTN E I ENETLAL
Td - 72H%, 1984 4F Yamamoto » {2k V) & } LDL-REZFD
DNAMZ O —=> 7 TR, REICHTEEET LAV
TOMFNUEEIZ R o 72, DHERE SN/ LDLROBIZFER
Hrid 1992 4E ® Hobbs D FH CIX 150 FHHIZ Lo TV B, £0D
SRRSO TFEEKRE LEZOINTHY, 20K HE
FHKNT VB, REOBE, BN EEEE, ~TOES
HOEDSEBRED, S BT TR, BRETHRIE»SOLENE
I TETEY, WERLFHILEGEF LNV TR D HE
DEATEED—D o7z,

BIZFRITICE ) FHZ RIIZWI T2 EEMEIE S & LY, FH
L) =2 DEBBEOHT, BAORR, BHVILHEL DA
BATRT ERRERD SRR EFBEFLARAVTHESATWS Z
LHH G E mRIE, FRICEDWAREDIER, HIISHRR
EOBIRAN L TRERAI 2N, ZOEEIREO, EFEKET
WAE T 2 BIETHEROBREIRE SNBIZE-TWD T
ERBLY, BETFHITOEREIET > TWVA,

IDLROBEFERDAS ) == VB LOHENZDILE
FTHHF 70974 Y TFE L LEHESAVwLRTE
72, WMEHZB VT D Mabuchi 55 & ' Kajinami & ¥ #2454
v 70y 5147kl CFH Tonami-1, FH Tonami-2, FH
Okayama, FH Kanazawa-lDE{EFEELHEEL/. LaL?
W7oy Ty FETHESNAERISERDOI0BIDOA
THY), FHF 7Ty F 42 FETIERGEE 2 WEIRRE L
HONERPFFHEEDHI0%E FH B L EZL LN TV,

1989 % » PCR— A 1 ¥ i 1A % # (PCR-single strand
conformational polymorphism, PCR-SSCP) {&* # DI X
D, FHO &L LFEHAREBEZEFEHRE LAERORET L
AT ORE A —FIIE L7z, BEHC S /ARAFHO LDLR
BIETEROWMEIZPCR-SSCP i35 & UV HE 0 B HE 41 s i
(direct sequenicing)®* %, S HIZERNRA 7 ) —= 2 7 LR
D72 PCREIMEEZE UK % 1 (PCR-restriction fragment
length polymorphism, PCR-RFLP) {:*" &AL, 22072
2B {z 74 ¥ FH Tsuruga, FH Kanazawa-2 % L72®. L&
LIhb b ThibEbXOFHZ I L I 5 DIL155%
XS, SHEICERTIRETAROFERIZMLIREIN
Twiz,

MRS v R A FHR RS S R Sz |z
FERIEEEEICOA L TOAIRENEWI L2 s, 40K
|12 PCR-SSCP i B & VIR AR hE®E e BT, KEFH
EHRBEE L22RAICB VT LDLRERF ORI 1T o 72.
EOWER200H b BB TERERVIH L.

FAFHIZB VTR, AWM, FHROEEIC L DI

LBETHEML Tuo RERICBVT, &5REDREFE
BAESHEERTL2E VI VbW B EIBESE (founder
effect) HED LN LGEDVH L. BT 7VAN, 77 A%
HFFN, 717 ANFEFORETHLH®, HEAFHICBIT 5
BIAEMBOFEIIPSMIEN TRV, FITHAIEHIC
RS ERE SO FH AN RE L, FIICHEEICE
BT EETEROARIIDERFL, 1ERBzHBELL.

ZLTINGE3DDERORY ) -V 7Dz IZPCR-
RFLP#: % H\,, BAAFHIZBIT AN NEROPEFEIZDE
HE L7z, ‘

& B L UHE

I.% =B

EW S 0ZWEE™, Thbbl) MERKIVATO -
230mg/dl1Ll E CREBEZEDO S Z L, 2) —HENITRED
HYMiERI L AFO—230mg/dIETHBEI L, ODWT
NGRS BB RO RN H S FHER DS 5,

1. MBI L AFo—ViRE, 7% ABRRECKRE, %
R EOWESE» S S THESEREFH EEA D226 %

' FNENIIME LT B 2KRTER (K]).

Kanazawa

Fig. 1. Geographical distribution of homozygous and
heterozygous patients with familial hypercholesterolemia (FH)
examined in Noto area in Ishikawa Prefecture, Japan. Noto
area is located on peninsula part of Ishikawa prefecture {gray).
@, homozygote; O, heterozygote.

RFLP, polymerase chain reaction-restriction fragment length polymorphism; PNK, polynucleotide kinase; TBE, Tris-
boric acid-EDTA; TC, total cholesterol; TG, triglyceride; Tyr, tyrosine; Trp, tryptophan; VLDL, very low density

lipoprotein
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2. JbBEEHIRKICBVTEERR, BEMIIMEES»SORED
WAN DLV EEZ SNZEBE (GINEILETEUL) &5
DFHT, MEDL V25 KA 25EF CREEAELH,
A R2460) (&2, X1).

3. ANTOEAFEFI T LEL 8% 2 RAHRED 201456,

FEL, 2R BIZTRTONEE L, 3TRESNIBETE
BOAY)—= 0 O3 E L.

.5 &

1. &5+ DNAOHH

ka‘%%m}i*ﬁ%mmwml%EDTA~2Na TAEER & L TR
WMLACIZTHEL 20 CICTRELZ, ZoRMm%FiEIz
THEESE -5 1 b > X-100 ﬁiﬁ%k&“‘"t:fﬁﬁ}%DNA THHEL
2. Tb b 320mM ¥ afE®, 1% b5 A4 N X-100, 5mM

~NT 2

MgCl,, 10mM Tris-HCl, pH7.6 % & T BT CARILER % 741

&, L DikiEe LCARLEE RO, ZhETOFT
—+ (Sigma, St. Louis, USA) (2 Ci{k#, 7x./——201
kA (1:1) CLE, $WTZHaFLA—4 VT ILT L

a—b (24:1) 12
DNA % 57§ L 7.

T2EMB L, FEizzsy /-
Z9 LTH 572 DNA % 10mM Tris-HCl,
1mM EDTA-2Na, pHS8.0 |Z#&f#® I 260nm |2

NP )|

BT BYABERE

i higEE%E
2. PCR
Leitersdolf 5 D FEB LNV = N I DF— & —~N—2

IZBFENTwb e FLDLRERFRIIZ S &2, 18227V

FTRTCUCDWTEHE L7225 ERZO V7 4 ~~51 194 %

R L7z (£3). =7 »413400bpLL | & % H) PCR-SSCP 1z

HVBIZIEKREBED 0201258 L7,

75 4 <% — 2 DNAS K # % 5 L ABI381A (Applied
Biosystems, Inc., Foster City, USA) # Hl\wWX—¥% 7 /=5
WERART I T FEPIZTER L. T2 TRIZEBL
S5CT—HMEE L) A T—20CIZHH, ERTTHELLT
HoBe, PR K ImlIZIEM L s J 4 NAP-5 (Pharmacia-
LKB, Uppsala, Sweden) (238 L CHE L/, %2 T2001510
AL 260nm TOBEE L D IRELHIEL 10pM 2% 5 & 512
WL

DNAWF O 3EIEIZ13 Saiki 512 & 2 PCRi#Ex W2, &5
TDNA1ug%#RIDNAL LT4pMD T I 1 <w—1+t v b &

Kb 7z,

200 MDOETFHF X7 LA F
TTP) & 2.5H 47D Taq F) A7 —+¥ (Perkin-Elmer-Cetus,
Norwalk, USA) % 10mM Tris-HCI,

Table 3. Oligonucleotides flanking exons of the LDL-receptor gene for PCR amplification

F(dATP, dCTP, dGTP,

Oligonucleotide

Exon Sequence
name
1 SP90 5-CAT TGA AAT GCT GTA AAT GAC GTG G-3'
SP91 5-TTC TGG CGC CTG GAG CAA GCC TTA C-3'
2 SP57 5-CCT TTC TCC TTT TCC TCT CTC TCA G-3
SP58 5-AAA ATA AAT GCA TAT CAT GCC CAA A-3
3 SP59 5-TGA CAG TTC AAT CCT GTC TCT TCT G-3
SP60 5-AAT AGC AAA GGC AGG GCC ACA CTT A-%
4 4A-1 5“GTT GGG AGA CTT CAC ACG GTG ATG G-3'
4A-2 5-ACT TAG GCA GTG GAA CTC GAA GGC C-3
4B-1 5-CCC CAG CTG TGG GCC TGC GAC AAC G-3
4B-2 5-GGG GGA GCC CAG GGA CAG GTG ATA G-3
5 SP62 5-CAA CAC ACT CTG TCC TGT TTT CCA G-¥
SP63 5-GGA AAA CCA GAT GGC CAG CGC TCA C-3'
6 SP64 5-TCC TTC CTC TCT CTG GCT CTC ACA G-3'
SP65 5-GCA AGC CGC CTG CAC CGA GAC TCA C-3
7 SP66 5-AGT CTG CAT CCC TGG CCC TGC GCA G-3'
SP67 5-AGG GCT CAG TCC ACC GGG GAA TCA C-¥
8 SP68 5“CCA AGC CTC TTT CTC TCT CTT CCA G-3¥
SP69 5-CCA CCC GCC GCC TTC CCG TGC TCA C-3
9 SP70 5-CCT GAC CTC GCT CCC CGG ACC CCC A-3
SP71 5-GGC TGC AGG CAG GGG CGA CGC TCA C-3
10 SP72 5-ATG CCC TTC TCT CCT CCT GCC TCA G-3'
SP73 5-AGC CCT CAG CGT CGT GGA TAC GCA C-3
11 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 SP76 5-TCT CCT TAT CCA CTT GTG TGT CTA G-3'
SP77 5-CTT CGA TCT CGT ACG TAA GCC ACA C-3
13 SP78 5-GTC ATC TTC CTT GCT GCC TGT TTA G-3'
SP79 S-GTT TCC ACA AGG AGG TTT CAA GGT T-3'
14 Oligol 5-CCT GAC TCC GCT TCT TCT GCC -3
Oligo2 5-CCA CAC CTG TGA GGC AGC TCC -3'
15 SP82 5-AGA AGA CGT TTA TTT ATT CTT TCA G-3
SP83 5-GTG TGG TGG CGG GCC CAG TCT TTA C-3
16 SP84 5-CCT CAC TCT TGC TTC TCT CCT GCA G-3'
SP85 5-CGC TGG GGG ACC GGC CCG CGC TTA C-3
17 SP86 5“TGA CAG AGC GTG CCT CTC CCT ACA G-3
SP87 5-TGG CTT TCT AGA GAG GGT CAC ACT C-3
18 SP150 5-TCC GCT GTT TAC CAT TTG TTG GCA G-3'
SP11 5-GCT TTG GTC TTC TCT GTC TTT GAA T-3'

Oligonucleotides complementary to DNA sequences flanking exons of the human LDL réceptor gene were

synthesized on ABI 380A DNA synthesizer and used to amplify the intervening sequences with PCR.

pH 8.3, 50mM KCl,
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1.5mM MgCl, 0.01% ¥ 7 ¥ % & {r AR M i L 2 2 15 i A
KAEMAZE50 218 25 XL THIELA. &L L TRICHE
3EDH0ID IR T LA AN (Sigma) TH T LTEEZEE,
95°C, 14, 68C, 3k AIcEznFNOXy MEIZIEL
rEEEEODL LY A I VORIEETo. T2V 90
PCR T{Z SP70 (5-CCT GAC CTC GCT CCC CGG ACC CCC A-
3'), SP71 (5-GGC TGC AGG CAG GGG CGA CGC TCA C-3')
NTIAR—FHOTHERDRESCTRILETo/2. =
5% » 150 PCRTCI3SP82 (5-AGA AGA CGT TTA TTT ATT
CTT TCA G-3), SP83 (5-GTG TGG TGG CGG GCC CAG TCT
TTACS ) DT I4~v— % HOWTHERICREZTCTT7.
% 20 PCRTIZSP57 (5-CCT TTC TCC TTT TCC TCT
CTC TCA G-3’), SP58 (5-AAA ATA AAT GCA TAT CAT GCC
CAAAS) DT FA43— % HOWTHERIDREE2CTT-72.

R L 72 DNAWTH 1L 3% KAl 7 &' 0 — 2 77 )b (Nusieve,
FMC Corporation, Rockland, USA) 24 1 X< —% — -
X174/Hae M ¥4 ¥ = A b (BUERE, B &IZEE) L Tk
ErAHRL, BEOREFEOTLLTCrOORL AT L
JAR

3. PCR-SSCPi#:

KB RRE & L C Tris-HCI 54g, & 7§ 27.5g, 0.5M
EDTA 20ml 2265 K % m 2 3000ml 2 L7z & @ % R H D 5x
Tris--k ™7 #-EDTA(Tris-boric acid-EDTA, TBE) ik i #& ik &
LikBIE AT Ix DR AL 72,

0.5mM EDTA 2,1, 5N NaOH 101, #ii £ Kk 88,1 % iR

Arg Thr GIn His Thr

Normal-2-- AGG ACA CAG CAG ACA -2
Genomic DNA Ex15MM---AGG ACK:
sequence
\ Mismatch ,
Mutant 5--AGG ACA TAG CAC ACA >
Stop
Normal -£-~AGG AC': CAG CAC ACA -
PCR-amplified
sequence
5 3

Mutant £-aca Ac.:TaG cac aca -2

=

Q718X
i v
5 L. Ea 3
Exon 15
Ex15MM — ~-+—iSP83
Mael
Mutant }
25 bp 122 bp
Normal
147 bp

Fig. 2. Rapid detection method for an exon 15 nonsense
mutation (Q718X) employing the mutagenic primer-mediated
restriction map modification. Using a mutagenic primer
Ex15MM and a reverse primer SP83, gene amplification by
PCR introduced an artificial Mae 1 site in the PCR product
only for the C to T mutated allele (Q718X). Digestion of the
PCR products with Mae I generates polymorphic restriction
fragments of 147 bp and/or 122 bp. Heterozygotes show
double band of 147 bp and 122 bp.

HSLF VA IWEEREY, PCREWSLZT VA ) E2ul%
Nz 42°C34, 95°CHOMER, —20TIZEm L—KIEM
Xgr, FOLETI0—-20%BENRRIT 27 NT I NSV
(7 b—, B % HWTTBEREIRHP TL4TCTH b & 100V Tik
gL, KBTIy Y CEICIELR. 2oV X IBL U
7V 15OBEIZIL 4R, =7V 208 E3 12 MK
L7

Yeth |2 |3 BIO-RAD #R 42 % v | (Bio-Rad Laboratories,
Richmond, USA) %W\ 7" 0 b a2 — W IZHE - THREBEITo 72,
10% A TV 7 )V 2 — 3L 100ml 42 T 30 — 60 43- [ 7V Dl & 17\
ML 100ml iz TS5 M L 872, BYEAKTIEZMIZ6—7
MAZHA LD STT ERT LA LK E, REmEHEm
Z 204 BB EIRE S S, FoH30 ML HE LBURIK
BMASY FORBEMHRE L. HARE LY P2
o 2R T 5% EERE 100ml % 554 BN 2 BUs & 1k s &, R
THELI0% AF L7V —L100mlZ3 A EBELTY IV
UG &, 7 EF =V ERMEICHSIC®BA L TKRIZRLC
LU= AT 4L THOBIIE S AEFEORCEE L T
B,

4, EEEAEEFHERE (direct sequencing)

1) 99474V = 7EEEERT ek

yaasMLTHELZPCREDZ Vv, £+ 330
(Amicon, Denver, USA) \ZF B &Y K 2ml% Ah, PCRE
100 — 150, 1% N % 2000 MR 30 3 FE-L L7z, 2l &Y
30 Il A LAMIIAT R TIAT—BLIUFX I LI F

Tyr Lys Trp val Cys
Normal -2~ TAC AAG TGG GTC TGC 3
Genomic DNA o] }‘AG ACG -+ Ex2MM

sequence Mismatch

Mutant 5-—TAC AAG TAG GTC TGC -
Stop

PCR-amplified
sequence

Mutant -2--TAC AAG TA'G ATC TGC -3

w23X
y

5 |

SP 57;—*

Mutant

89 bp

Normal

115 bp

Fig.3. Rapid detection method for an exon 2 nonsense
mutation (W23X) employing the mutagenic primer-mediated
restriction map modification. Using a mutagenic primer
Ex2MM and a reverse primer SP57, gene amplification by PCR
introduced an artificial Bgl I site in the PCR product only for
the G to A mutated allele (W23X). Digestion of the PCR
products with Bgl Il generates polymorphic restriction
fragments of 115 bp and/or 89 bp. Heterozygotes show
double band of 115 bp and 89 bp.
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Leu Asp Arg Ser Glu

Normal 5. CTG GACICGG AGC GAG &
PCR-amplified Hpall
sequence
Mutant %--CTG GAC TGG AGC GAG 2
\ Trp/
R395W
5
Exon 9
SP70 i—» - 5p71
Normal prors pvye —
P o] P
; Hpall
Hpall
Mutant + —
55 bp 168 bp
223 bp

Fig.4. Rapid detection method for an exon 9 missense
mutation (R395W) employing the mutation-mediated
restriction map modification. Using one pair of primers SP70
and SP71, gene amplification by PCR introduced two Hpa I
sites in the PCR product for the normal allele, but only one 5’
terminal side Hpa 1 site in the PCR product for C to T
mutated allele (R395W). Digestion of the PCR products with
Hpa I generates polymorphic restriction fragments of 168 bp
and/or 138 bp. Heterozygotes show double band of 168 bp
and 138 bp.

Normal

§§ —

§§ ——
SS

S§ —

ds —

Proband
(M.N))

FEREL, Nz EEEERFEEAOHDNA L L.

10pM DT Z 4= —=3ulxT4R) X7 LFF FFF—¥
(poly-nucleotide-kinase, PNK, H#EHH) 1.1, 10x PNKKIS#g
i 1,1, “P-y ATP (>185TBq/mM, 37MBq/ml) (Amersham,
Buckinghamshire, UK) 5,1% 84 L 37T, 605 KI5 &2 95T,
54 TPNK % 49 &4 5 # % RIS L 7.

PFEFFUECORRETCH S Higuchi b0 70 ba—p»
> TTthRY AT —E (F— MFA IV —F P ZAF 5},
Autocycle Sequencing Kit, Pharmacia-LKB) % Fi\> KIG %47 -
72, BILE5MIDNA 0.2 —4pg, D L CIIRIERL 72 1pM
F5 4721, FUGHBER2 ], FAEL A LAF K=
8 (deoxy nucleotide triphosphate, dNTP) ##i5.1, KIHE
R ARARE R TL25BAL/p 18 L2 Tth R ) AT =¥ 2,1
WHREESRERE18, 142 X )28 L0 Fl
L7bD&E4ul$To8h, RIGHTA A 70F2—7I12L Dih
LTBWAKEY T4 F 77 =6 (dideoxy adenine
triphosphate, ddATP), Y7+ F 3 ¥ M3 v =8 (dideoxy
cytosine triphosphate, ddCTP), ¥ 74 F L 77 = v = #il
(dideoxy guanine triphosphate, ddGTP), dTTPiE 2,13 21z
MA50pulDIAXTNFANE LITHTL, 95C, 36%,
72°C, 143724F 250 R SR THRIICEIRE 4 1%
Z=20CICREL, REIERTICI5T, 54 & —20CIca
HLIkE L7z,

FOLT6—8%DKR)TZIUNT I FFANV[TZ)NT I
K/ ¥ A(19:1)] (Pharmacia-LKB) T#&F 1200 — 2000V, 8 —12
B D BSIKBY R 1TV, BT RSN ZHEMRICER LKER S 7
WCCRBIEIZ L %256 80 CLIimEk L THzR & 70, BB XM7
AV LIZ24—T2BMBE XL 71 V2 ZHEL, £—FFTF
75 LER.

I r2BLU9TIEThR") A5 —+¥ THiguchi b 70

Brother
(A.L)

¥
: i

} —— SS
— 8§
} — SS

Variant
conformer

Fig.5. PCR-single strand conformational polymorphism (PCR-SSCP) analysis in the exon 9 of low density lipoprotein-receptor (LDL-R)
gene. The bars along the left side indicate the wild pattern (normal). The proband (M.N.) shows the mutational pattern with variant
conformer, and the brother (A.L) shows the coexistence of the wild pattern and mutational pattern. ss, single strand band; ds, double

‘strand band.
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=T TRIB %17 - 72, iKE)Z40cm ED 8% KR 7 7
YT IR VER, EiRob L TBE kB R E T 1200V,
Iy V2 TIEANE, =7V o TIZ8EMA T TikE L7,
PLEERLTXE7 A VLI R2EBREL LA - TV F ST
LR

2) T VAT AV b — T EEE LR E

PCR TH#iiE L 72 DNAKT % 1% D@ E DT H 1 — A7 V¥
{ A2 —%— OX174/Haelll ¥ 4 ¥ = Z b (BEEHH) & 12 ikED
LETHEZHELALLT, HNETZ2DNAKARONY Fed
BESEYNHLE. KL A TIAY—, w4707,
4 #1230 (Amicon) ZHAEHLEA T LIZZ DT IVETH
EEREEEA100.1% AN, 14,000 T20FB®EL Lz
LD 30u LIZIEMT A L ARG LTI/ —BLUR
Lt F FEREL, SFIDNAL L7,

SUFTA V=TI & B L EB, Higuchi 5070 b
D= WS> TTth B AT =¥ HWLIFEIT T4V b=
TDNAY =V 2y 0%y b (V=02 PN, =TT
A—, BERR) CRIEE1To 7.

HI 58T DNA02 —4ug, IpM 7 I 47— 2], T4 270V
— 7 LY AR S, l, ANTPHEHL — 2,1, BUSERIZ
FREBE N CABA /1 L LAETh R Y A 7 — ¥ L NIEWE
EHKEREIT— 181 R 5 X5 BN LD LELLZ
bOFApITOLY, RIEARA 70 F2—7I2ENHHALT
Buwig Y4+ F 2ddGTP, ¥ F F-ddATP, Y% F »-ddTTP
Mg"), ¥FF »-ddCTP Mg") & 2x19212mA L. 20
B o »-ddTTP, €4 F »-ddCTPIZIEZhEFNREF F -
ddTTP: MgCl,=1:1, ¥4 F »-ddCTP:MgCl,=3: 1DEAET
MgCLZ#EEL 72, ZHIZ50u1D I AT A A V% RITHT L,
Iy 1505 495C, 308, 61T, 158, 60T, 2408 T

S0 BGE & W T HIC KB EIE R4 1 2 N2 — 20 CIZRFL
IKENERTIZ80C, 5t E ~ 20 Clz Rl LikBy L 72,

FOLT6—8%DEY T 7Y VT I F7IVTEEL00 -
1400V, 3~ 6B B OESKE 21TV, BTHE I VICERA Y7
L >~ (Hybond™-N", Amersham)# Bt L 8Bl L7 0w 74
YL TRy TFA Y IRTHREAF Y -TEIVRIZLS
EHALTVAY 7+ A7 75 —EPPDIC K AH R EFH
LEETVFTAV P=THRHEF Y NA A=V TN, =7
I I, WEEAVTY A F VS DNA R {LER L S,
X7 1 VL2303 —2MFERLL T + VarBEL, £— 1
VAR AN % -

IV IBTIEHIOThEY AT —EEHWEET IF T4
VF—FDNAY—2 L ¥ Ey PEROWTRIEEZIT- 7.
KB 40em BED TR REN T2 ULT I FFLVERHY, BEOD
& TBE kB FH#E M T 1200V, 4BRRIAT CIkBIL 72, ¥4 F
UIEHDNA# LR SE, X7 4 VA 1IGMELL 7 1
NAEBBL, A= TV F T T LR/

5. PCRRFLPiE
COERERRESNLE, FROFEOHEBLTRASY) -
22 T DO EEOHIREE TN AEL A LTI A
=R L. —~HISBEEDO ST A v —F VR AR
T Av—e R, REEFTBERME LA L TPCREIS
&0 iR B 7B A L7 DNARTH g L7, 20
FTERY PIZTIATLAAADOFTE L) PCREYEZIND
L, CIWIERALIZIE U 2= MR SR & 2 o0 BUIG F AR 167 1 % 0 & B
EOEFRESFTIZCORMRIESEZ. £LTI0-20%
FIrUNT IS MIICEDEEL 2 RESOYT (A2 —7
— L KEI LT, UNOEETERORE S SR EREK
EnTFUEAKEOENET- 2.

ACGT ACGT

5!

T
391 Met G

~A
392 Thr| C
LG

—C
303 Leu| T
LG
~G
394 Asp| A

~C
Trp 395Arg g -

A
396 Ser G——

3 Brother

(A.)

‘ T Met 391

Thr 392

Leu 393

Asp 394

| Trp 395
@ Ser 3%
Proband 3

(M.N.)

Fig. 6. &mmmgmmwﬁmmeaWQdunRym.ﬂwdﬂ%mﬂmmmﬁ%mmmmmﬂMMMMCmemmmame
codon 395. Proband (M.N.) shows the mutational band (T), indicating the homozygote of this mutation. Brother (A.L) shows the
coexistence of the mutational band (T) and wild band (C), indicating the heterozygote. The numbers along both sides indicate the codon
numbers of the LDL-R gene. Met, methionine; Thr, threonine; Leu, leucine; Asp, aspartic acid; Arg, arginine; Trp, tryptophan; Ser, serine.
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IV Y15 TIEEREGT O RREE Mae 1 GERERS) 12
L BYMEAIAIRT B L3 ICBE LS KBHER ST 1<
— Ex15MM (5~ GGT CAG CTC CAC AGC CGT AAG GAC C -3)
T RREF L7z,

5 RN ExISMM % B3 FHlIC SP83 % Fiv T 95C,
14y, 61°C, 343, 3041 7 LDRELLETOPCREEC X ) DNA
WA %HEIBLE., FOLETIAILFTALDOTRB LY PCRE
WaETp B L, 10xHIRBEE Mae 1T FFUSHRET R 112 6]
TREEZE Mae 1 2,1 %A 45°C T REMIMT G S &7z, 2L T
10—20%7 # U LT 3 NI 10u 1 DRUGEY, HIRBEEY
e 8 ¢ T Wi \WPCREY, 4 X7 —9— ¢-X174/Hae 1 ¥
AV AMNERBICKE LA, RIRBEZEHIET TR
147bp D PCREM L FE L K& SNy FLABES N ZITUE
WL % ML BEFOCTIIZ S FERIIHEELST, S
N72122bp DS PO R HITREROFEHEESE, WHAE
DHENNIEF AT HESE KL (M2).

FERIC 7 Y Y2 TIEERREN COAHIREER Bgl I (EE
) X BUIBTEME ASHIRT A L) ICHEF L3 RIGHERY
Z 4 < — Ex2MM (5- GGC ACT CAG CGC TGC CAT CGC AGA
TC -3) ZE&Et L7, 5 KM SP57% H v 3 KM
Ex2MM #H\WT95°C14, 64°CT34030% 1 2 VDBESLMT
DPCR& Ty, PCREW 741, 10xHIMREEFE Bgl 1 Fi IICHE
W1yl EHIBREESE Bl 0 2 1 % i % 37 CC 6 BRI RIS &
IV VIBERBIZTZ)LT I FEMIZIKE L7, HIFREE

il

FREH S TR WIIbpDPCREY EF UL KEZ DY K
LB SN2 TSI 2 B R ETFOVTIIC L AL
RIITFEEY, UM SN/289bpD /Sy FOAL SIZRERD
REFAEK, MEVRD SNAUTFE L < A~F OBk e HwL
72(1 3).

—HI7VYIOTREREFDR ) —= v FIITERTS
1w —{dAVT5 K@ SP70 % v 3 A2 SP71 % Flw
7oBHE O PCREWIZHIREE S Hpa T CEERS) % 37°CC6HER
YRIB &7z, =27V 9PUIIRIER OE&EEFICB VT2,
FTHpa 1 ORBBEFFHEET 205, BROGEIZEINIINI B
3 EIRHU—ART ORI AEL LHIRERIC L 2800 %2217 %<
%5, TORKRES Kinll—2FFO AL HIRBEECL Vs
ToAERAT 5 168bp /Ny FL2BE S RIT T oL E
FOWTFNIZ S RERPHEET B FTHEhE HEE, o
UM SN THT % 138bp DN R & —DFFD A DI ST H
T AL £ 72 168bp D /N ¥ N AIFRD b NIUTERERDOA~F
TESER, Z2BiAI SN THET 3 138bp DN Y KO AHFE
OLNNTERTHF LRV EHET LA (K4).

6. IMFHRHE D3I

WHREIZI6FREMMAERAOEPIZRERCERRO L, nEe
21 A5 1 — ) (total cholesterol, TC), H{4:fgH; (triglyceride,
TG) EEEETHNE LAY, SEYREHILAFO— )
(high density lipoprotein cholesterol, HDL-C) (&t CilllE
L% KEEYREHIL RAFT— L (low density

Died
at 80
i
Died  Died ::
at80 atss
TC1TC?t 74 72
— - 323 697
-~ -~ 166 96
39 19
47
7 297
AR,
40 37 70
167 187
194 71
Marker 41 39
234

194

118 &

72

69

690

102 Died Died

26 ata at50 59

N

N

- TCtTCt
et @@)g T
) 44

41 38 Age (year)

238 196 256 TC (mg/dl)
85 119 272 TG (mg/dl)
50 50 56 HDL-C (mgadi)

Fig. 7. The pedigree and result of PCR-restriction fragment length polymorphism (PCR-RFLP) analysis of M.N. family. The arrow in the
pedigree indicates the proband. Digestion of the PCR products with Hpa Il generates polymorphic restriction fragments of 168 bp
and/or 138 bp. The proband and her sister show 168 bp fragment only, which indicates the homozygotes for FH Morioka mutation. All
other patients with hypercholesterolemia show both 168 bp and 138 bp fragments, which indicate the heterozygotes for FH Morioka
mutation. This pedigree shows that patients with FH Morioka have a tendency of relative longevity not only in homozygotes but
also in heterozygotes. The square and the circle in the pedigree indicate male and female, respectively. @ , homozygous patient
with FH Morioka; &, heterozygous petient with FH Morioka; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein
cholesterol. All values were obtained at the age shown in the pedigree during pre-treatment period. TC 1, a patient with

hypercholesterolemia (The values of TC were not examined.); -

‘double strand DNA digested with Hae .

--, not examined; Marker, the molecular size marker of ¢ X174

N
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lipoprotein cholesterol, LDL-C) {3 Friedewald O3 "™ TH i L
7.

5% &

1. FH Morioka D FE

1. PCRSSCP#:IZ & 2 Bl kil
REHEASEEFHE MMN.2 BHE &5 KR12817% PCR-
SSCPIEWC LB A7) -2y 7FIZBWwT, LDLREGTFOLY
v IZBRERRAIME SN, FHSIIEFES LU, B
EM.N.EFDORA LOSSCPIkE)/ Sy — THbH. HmEILE
FEEZIZEEDONEVIROSSD/S Y F2%, O RITIZIEHR
LB EOWFTONY FHRERVH 87z, PCREHOKE &
IIEIEHE, BB L FOMIZEIIR L, BRE/Y FOBE
= LR TRME Iy Y INDNERDFERERT
FORIZFAEROANT A BEAROWEEEI T LE X b,
2. EREEMRIREREI L 2 BETERRENORE

M EM. N.BL UFORA LOLDLRZ 2V ¥ 9285
ERAGBFOEELE6IR L. FHEETIECHONRYFD
AEELTOAMBIZEEETIEITONY FOABESN, £
DWIECETONY FEAMBE SN, Lidto TERLE
BZ 7V 9NDCHhLETADLFEEERTH Y, BmEM N
BAEROSEEAE, BALEATOEGREBERSNL
ALEBRIZIYLDL-RO3IBFEHOT I /BT VF =¥

(arginine, Arg) #*+ Y 7 b7 7 ~ (tryptophan, Trp) (2 S
MBI RS (RIGW) (K6). RERIIN T CISHENE
{, FEIBEOM M L ) FH Morioka & fr% L7z,

3. PCRRFLPE & 2 BMERANTOEROHER

7 |2 555 M. N.O R %M & PCRRFLP#: & A R OMEHERE
Boam L7, WIS MBEEEE C, 69 FDBRN. N.b Em&E
LABAERO R RS LRI,

4, AZERCTOMBEREMES & CEREZ ORI

M7 IR ER AN TRIEFERERZET S I LR S
N7REBARB L UNF OB FENOMFREEZRL,
FAIKRERESE, ~TFOBAKRITEOEHEE R L. R
B L Ok s EE L% m#E TC 697mg/dl, LDL-C
659mg/dl, TG 96mg/dl, HDL-C 19mg/dl, #kTC 690mg/dl,
LDL-C 644mg/dl, TG 102mg/dl, HDL-C 26mg/dl & &M% &
IDLaLAFa—LifEd BL Tw/i figke 25 FEHELDY
HaEE R0, HEMISINE, SR, N, FF EY 7
FlLARLEHIHDON, TR THEHLIEIL A
FO—VIEEFEHEATE Y, 604 E L ) Pl iERIELHo

TRLOMEER TS, FEEGHMEFH T2 8 L0569

EVI)EBIIRBINEHETH /2. T2, AT RESKTIZN
IS o> SEH#IL TC 261 + 50mg/dl, LDL-C 180 + 44mg/dl,
TG 123 + 68mg/dl, HDL-C 56 - 15mg/dl ® £SD) TH h, &
FHRCIEANT IEARICB VTS BHAMITGED b,

Table 4. Lipoprotein profiles of homozygous and heterozygous patients with FH Morioka

Number Age LDL-C TG HDL-C
Subg
ubgroup of patients (year) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Homozygotes 2 71 652 99 23
Heterozygotes 8 39+18 261£50 180+44 12368 56£15

TC, total cholesterol ; LDL-C, low density lipoprotein cholesterol (calculated by Friedewald formula) ; TG,
triglyceride ; HDL-C, high density lipoprotein cholesterol. All values were obtained during pre-treatment.
Values represent x £SD.

Proband Father Brother Mother

Normal

(NS) (HS) WsS) (V.8)

Variant
conformer

SsT

S§—

ss—
ds—

Fig.8. PCR-SSCP analysis in the exon 15 of LDL-R gene. The bars along the right side indicate the wild pattern (normal). -Although
mother (Y.S) show the wild pattern, the proband (N.S.), father (H.S.) and brother (W.S.) show the coexistence of the wild pattern and
mutational pattern with variant conformer. ss, single strand band; ds, double strand band.
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5' 5'
“A—— ——A-

716 Arg| G G |Arg 716
-G G-
~A A-

717 Thr| C C |Thr 717
LA A-

718 Gin ;% ;G_ Gin 718 Stop

—C C—

719 His | A A |His 719
Lc Cc-
~A A

720 Thr| C C [Thr 720
LA A-
A A

721 Thr| C C |Thr 721
-C 2—
—~A , ] .

722 Thr| C PR C |Thr 722
_c/ Normal Proband _\c—
3 (N.S)) 3

Fig.9. Sequencing analysis in the exon 15 of LDL-R gene. The circles at the both sides indicate the position of C to T mutation at the
codon 718. Proband (N.S.) shows the coexistence of the mutational band (T) and wild band (C), indicating the heterozygote of this
mutation. Control (normal) shows the C residue, indicating the wild type. The numbers along both sides indicate the codon numbers of
the LDL-R gene. Arg, arginine; Thr, threonine; Gln, glutamine; His, histisine; Stop, stop codon.

30 24 Age (year)
342 346 TC (mg/dl)
102 341 TG (mg/dl)

39 53 HDL-C (mg/a))

2mo

Fig.10. The pedigree and result of PCR-RFLP analysis of N.S. family. The arrow in the pedigree indicates the proband. Digestion of the PCR
products with Mae I generates polymorphic restriction fragments of 147 bp and/or 122 bp. All of the proband, her father and brother
show 147 bp and 122 bp fragments which indicate the heterozygotes for FH Yokote mutation. The mutation of proband and her brother
were derived from their father, and their mother don’t show 122 bp fragment. The square and the circle in the pedigree indicate male
and female, respectively. (M, heterozygous patient with FH Yokote; €, heterozygous patient with unknown mutant; @), compound
heterozygous patient with FH Yokote and unknown mutant. TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein
cholesterol; mo, month. All values were obteined at the age showed in the pedigree during pre-treatment period. - - -, not examined;
Marker, the molecular size marker of ¢ X174 double strand DNA digested with Haell.
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5. JbREHLX 23T B HHERE

~F A M FH- 2014512 %) L PCR-RFLP 12 TR LR
OHERBE LT MBORRIRL Sk o7z,

I. FH Yokote D[EITE

1. PCRSSCP#IZ & 2 FE AR O T

REBAMHMFHN. S .2 BiiE &L TAH5KRIIBITHPCR-

SSCPEIZ LB A Y — = FI2BWT, LDLREETFZ7 Y
SIS BB AT Sz, SIZEREB LY, Bm#E
N.S.L#DRH. S, HW. S, BY.S.0SSCPik@/8y —>» T
HhH, FRELFORBLIURILIEEFLRRB1IERDNYF
WERB LN, BEAY FOHBSY -0 o HEELEOK
BLUBIEILy Y Y I5RNONEROANT OBEAETH 5T

Normal Proband
(M.M.)
Variant
—Gg conformer
S§—
— ——8S
88 Variant
conformer
ss— i —sSS
S5 — Variant
—8S conformer
ds— | —ds

Fig. 11. PCR-SSCP analysis in the exon 2 of LDL-R gene. The bars along the left side indicate the wild pattern (normal). The proband
(M.M.) shows the coexistence of the wild pattern and mutational pattern with variant conformers. ss, single strand band; ds, double

strand band.

5 GATCGATC 5
T e T+
21 Tyr[A A |Tyr 21
C C-
L [ﬁ AL
22 Lys s 22
G G~ y
23 Trp _@ ~=— ®|Trp 23 Stop
-G G
24 Val | T T |Val 24
~-C C
_g T
25 Cys G |Cys 25
Yy L3 i ys
asp A Al
26 As Asp 26
Pl A A Asp
G G~
27 Gly| G _ , G (Gly 27
C - e C-
28 Ser[G Normal Proband G |Ser 28
C Cc-
pY (M.M.) 4

Fig. 12. Sequencing analysis in the exon 2 of LDL-R gene. The circles at the both sides indicate the position of G to A mutation at the
codon 23. Proband (M.M.) shows the coexistence of the mutational band (A) and wild band (G), indicating the heterozygote of this
mutation. Control (normal) shows the G residue, indicating the wild type. The numbers along both sides indicate the codon numbers of
the LDL-R gene. Tyr, tyrosine; Lys, Lysine; Trp, tryptophan; Val, valine; Cys, cysteine; Asp, aspartic acid; Gly, glycine; Ser, serine; Stop,

stop codon.
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HEFEEEZ SN,

2, MESEMEIIREEIC L 2BEFERE OME
ZDORMED LDLRBET- X7V 1512 84F 5 IERIEHEE
HEFVREEIZL BT OEELT KR LA, EEHETIC
DN FORFEL TV AUEBIZRBEN. STIECLETO N
FREPEE S, LD ->TEBEZ 7Y v 15DCH 5T
ADIREBITSH ) BRFIAEROAT DESHREHER X

60
289
117

42

nri.
AERIZLIYLDL-ROTIBHEHOT I VIV Y 30
(glutamine, Gln) (235§ A B2 2 > (stop codon) |2
EfRINBIEI225(Q718X) (H9). KERIIINETIIR
ENR L, BMEOH S L Y FH Yokote & % L 7z,

3. PCR-RFLPi: X 2 BB R RN CTOERDIER

B 105 Mm#H DK AR & PCRRFLP ¥: & 2 KR OB O R

57 Age (year)
224 TC (mg/dl)
117 TG (mg/dI)

48 HDL-C (mg/di)

39

72
(bp)

36 32
500
291

Fig.13. The pedigree and result of PCR-RFLP analysis of M.M. family. The arrow in the pedigree indicates the proband. Digestion of the
PCR products with Bgl Il generates polymorphic restriction fragments of 115 bp and/or 89 bp. The proband and his father show 115 bp
and 89 bp fragments which indicate the heterozygotes for FH Nanao mutation. The mutation of proband was derived from his father,
and his mother don’t show 89 bp fragment. The square and the circle in the pedigree indicate male and female, respectively. [H,
heterozygous patient with FH Nanao; @, heterozygous patient with unknown mutant; A ,compound heterozygous patient with FH
Nanao and unknown mutant. TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; All values were
obtained at the age showed in the pedigree during pre-treatment period. ---, not examined; Marker, the molecular size marker of ¢

X174 double strand DNA digested with Haelll .

Table 5. Frequencies of LDL-receptor gene mutations in Hokuriku district according to screening studies of

201 FH families

Name§ of LDL-receptor mutation Numl')c.r of Frequency

mutation families (%)
FH Tonami-1* intronl4-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-intrond4 12kb deletion 1 0.5
FH Tsuruga** D280Y 1 0.5
FH Kanazawa-2*% P664L 6 3.0
FH Morioka**¥ R395W 1 0.5
FH Yokote*#* Q718X 1 0.5
FH Nanao*** Ww23X 2 1.0
Total 35 17.5

*, identified by Southern blottingls)'m ; **, identified by PCR-SSCP and direct sequencing’s) ; ¥¥% identified

in this study.




HAAFHOLIDLL 7% —#ETERRL TOHKE 269

PR L7z BRI S CREREIXBBRTHY, #
g, CEHB L UBGRET LAEROATOEGRTHL L
gERan, EF-BREAEREE LA I LRSI
4, FERTOMEREMS & CHRIGOWRE

RN, S22 X DI IR, Mg E EIXTC 596mg/dI T 1),
20 RBULTC 342mg/dl, FHIZTC 346mg/dl TH B Z L H b
I BERAYIC R B AR FH L B s Twis, 5%
1AER 22 A OB TTC 188mg/dl TH 5 2 &5 5 & [
BERTESHKEFH TH 2R LN T ™, L LS
BELEET AT OESETH Y, BRREL P THERAN
FHEAaREELLN, FRRBEBLUREANTOBEEKREE
ioNnt. FBBEHOEREETAIESEESR, B
FOEREYETHUREEITRSD.

5. bR HR IZ BT BHEORE

AT T FESRPEFH 2014860128 L PCR-RFLP 12 THRER
OEEREL T 20 AERIMORRIBEB SN Lo 72,
M. BEZth/5H & O FH 25 K% TOMRE

1. PCRSSCPEIZ & 2 BEMELAEOMIM

Be i FH B OFH (32, K1)z & L2 PCRSSCP#IZ
YBAY) ==y 7l BWT, FEHEAEMEFHE M. M. LDL
REEZEFT 7 v v 21 BHBRAD B Sz, MILZIERE
BLU, RuEM. M.OSSCPikE)/ ¢y — v Thib. Fh#id
CEEELRELIRONY FHERD LN, BE/NY FOH
Wy — 2 XN REBBEIY Y L 2NONERDAT OBSE
ThHLUREEIEEELLNL.

9. EEYEEREIERE & A BIEFERET ORE
ZORMEM. MOLDLR I Y » 2128517 5 RUEHIEAA
FISE B L AT O REMI2IIR L, ERHETEGCH
Ny FOBFEL TV LUEBIZEBEETIEGCLAD/NY P

Japanese
( Our Laboratory )

4 Deletions

FH-Tonami 1
FH-Tonami 2
FH-Okayama
FH-Kanazawa 1

17.5%
N=201

FH-Kanazawa 2 (P664L.)
FH-Tsuruga (D280Y)
FH-Morioka (R395W)
FH-Nanao (Stop23)
FH-Yokote (Stop718)

FEEINS, AFIEIZ V2RO GHEAND LFEEER
Th ) FmBIRAEROAT OESRLHER SN
AIERIZL Y IDLROBEFEHD 7 3 /@ Trp 12353 A HC5Y
Aol 3 K> (stop codon) (2B EID Z &Il B (W23K) (K
12). AZRIZPCR-SSCP#k, HMERERFIFEEREMN VT
1992 4£ |2 Hobbs 5 12 & ) REAR U N A ¥ /A + 5 AOFHIE
BlZRENRTVAEY, LaL, REMNERSSEOHEE
BT o gL, MUEGFERFRLLNIICRRLH
KOFEFZH IR o2b 0, BIBEREER (recurrent
mutation)® & F 2, FEHEOH B X ) AL R % FH Nanao
Lz,

3. PCRRFLP#: & A3 EFR AN THOEROME

B13 12568 0 K R & PCRRFLPH: & 2 £ ROMEEOFER
L7, W MERESIE 2 CAERIGBEERTH Y, %
W L RBIGEE T EABROAT OB AR TH B &R
KN, FARBEAEREEE LAV EAHREINL.

4. FERTOMBIREMS & CRHRREORE

2%y oo ol 35 5 & 1L TC 500mg/dl, £ XHIETC
289mg/dl, BEBIETC 224mg/dITh B & &, HBEORE
Mo, BEEIERGICRTEAEREFH B ST,
L2 LEBELREF EATOBEARTH Y, RREG LT
BEAMAFOESKREELLN, KHEEIATUEGKRTHD L
E i L. BIEEIE36 S EICHEMREL T ENEES
FE L HB L, BEH4EOLDLTY 72 L — Y AZTHES
NTnab,

5. duBElX iz T 2 HEORE

~F DA FH 201 EH12 % L PCR-RFLP #:12 TH#I{EF
RO FIENE L 1T o 45 HR, IS &R CaRCR
HB O LR RIAE R Sz,

British
( Medical Research Council)
10 Deletions

FH-Gujerat (P664L)
FH-Lancashire (E80K)
G +1A in intron 3
Stop292

D471N

6 Minor base changes
in exon 4

Screening for
10 known point
mutations

34.3%
N=200

Fig. 14. Comparison of the frequencies of LDL-R gene mutations detected in our laboratory and United Kingdom. Both where similar
numbers of FH patients from the single ethnic background were studied. In our laboratory 4 deletions and 5 small rearrangements in
LDL-R gene account for 17.5% of FH patients from Hokuriku district of Japan. In the United Kingdom 10 deletions and 21 small
rearrangements in LDL-R gene account for 34.3% of FH patients, and most frequent mutation shares only 3%.
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£ &=

EHIETIEAARAFHIZB 132 LDLROBIEFERL F08
BT A2 51To72. ¥, FERAMEMFH 261% 21
FHRMELTI2R R R E L 72 LDL-RE(E T2 &
D, TNETIHREDLVH 2 ABETEEFH Morioka B &
U'FH Yokote % LV H L 7=,

FH Morioka T3 LDL-R ® EGF RIS FfEs % = — F§ 5
IV YIMIZC S TADOERHHY 395 H D Arg 23 Trp 12
LRTDHIAL ALER (R395W) THA. LDLRD EGFRTER
HHEEEIZAYV E— R, BUE—-FBLUCYE—F LT
NI2BOBOIODT I/ BEALKEIDDY AF 1 >
(cysteine, Cys) B2EMERTREHEEYL, BUE-hrELC)E
— MOHZEED L 280D 7 3/ BRELTIN 5 H D AR —¥ — iR
(spacer region) THE & 1Ld, AUVYE— b, BUY— FBLUC
VE—MIERFRZI VLT, 20V 8BLU0T 7Y 14
&N a—FaEh, ANR—F—FEEBIZIT IV 995 13D5D
TV la—=Fahds", FERIZL o TAR—-H—FEEHK
DEFELATHAgIIRDYIEMETSA > F—-LEBEET2
TrpdEASN L7y —DOBEICEA L LD ETFHER
%, EGFHTERMAAHFIEI, ) RERK T2 IDLREFEALT
I—T v FRY 7V ER DRI AENIzR, =V FY
— L 2BV TERETE I LDLR & /%8 U LDLRASHFIH S h 2
BRIZBOWTARTREZIONTWSY, REWAO/NERIZ
L0, ERESNEOOEREEIEL LRSS T
TUNOBEIHEES NS D, b L IRLDLROBFHAMEE
SNBEEZOND, BEINITIIHEENAR—Y—4F
BATOI ALY AEROSTHBEN 7 5 2548 Ll
EEE2HL LA E LTy —HAHBESIICSE S TY
BV KEFIDOL LTI —iEHOKRL LT ¥ —KIBHTH
D, LDL-ROHEEN 7 7 A58 LHBNIEEESE, Le7y
—HAAEEDOTRMELH S V2, LEOHROR MM LT
BLTWwa,

FH Morioka |2 BV THETE HIX, BHEM N.BLUZ
DN NAE IZT0E FTHEFELTHE D, FEBESKNE
FHE L CTRERDALZ LS, IHRNIZATLREREEbh
LATHE, LObAAORE CTHEETLNVh0 b RERE
REMERE N,

FH Morioka & E# &GO HRIEE, MISEETERI T
&, LDL-REMOFMiA % 8 T 5 FHTsuruga 5 & OFFH
Tonami-2 O Mk THEE A L i L 7.

FH Tsuruga (X LDLREEFDL 7 V¥ 6 GH 6 T~DE
BHRY O280FH 0T I VBT X85 F L (aspartic acid,
Asp) BAF 1T » (tyrosine, Tyr) IZZR4 5 I ALy A4ER
(D280Y) THA. LDLRIEMHIZ25% & L 7% —IBHTH Y
EIEOEREWZA™, —J5, FH Moricka® L &7 ¥ —j&%:
1220 % T™ FH Tsuruga & FFEEIZKT LCH Y, FH Morioka
DI TC 694mg/dl (& FH Tsuruga ?FH#TC 557mg/dI™ &t
BMLTHETH 7. FH Tonami-2iZ LDLROA » M a ¥ 14
LAY FIXSICRAI0kbDREIZE B F Y FEGEMOKR
ROKER, FEHEAETLLDLRIGHEA66HRIET LERTH
. IO REFEAEEFHIEN 3 O FHTC 596 +
41mg/dl L LLREERETH ), TEIRBLE S BEO~F OES
FHFHBRE CHBRNES (FHEHM 115, BEkHed L

i

) Th o7, ZiiZxf L FH Morioka D& {ZFERIL ko
Z&  EGFRTER AR IRz & 0, FW % LDLRIER O T
L) BB ERA R FHIELCAI6H (R TER26F) o
FETC 772 £ 158mg/dl & FREOEH I L A7 0 — L IlfEF 5
LTwWia® REBEAMEMEFH Morioka l2 BT AEEMD L
AT U= EIRARBLEDS, Tl AREGEORE L 1 B
DEHIVATH—VIERFEEL TV b0 LN S,
L7t > T, wEEAEMEFH Morioka 2 2% & L EH T3
2 7ZREE, FEEAMENFH Tonami2 ® & 3 12 LDL-REET
FRIZE->THESNTVALE Ty —ERBLOMmEIL 2
FO—UEE A LDV E T AT H B, —i1z
BEMREIIB OV CEREBETORNZOHEREREHET
BEGENE V. FHIZBWT O ER T L ORKRIGEDER 4 IR
RLBCHED 2SN TEB N ™, Liliod) FH Tonami-2 13 70
BRI E W5, LA LFH MoriokalZ3BW T, MRINE
BFERPSTFRENDZHHRE L IO, IIRL 5 BHE*
ELTwa. BEIBIT20ROEHGEBEL & - BER
T EBIETERILLE > TRESNZWAIOEF OS2
END, ZOMLREEIBETFRESFRE SN DL S 2
W o7zDTHY, BIZTFHNOBENERD -2 L LTEE
THab.

FH Yokote (X LDL-R®D O ¥t A 2 — F$ 527 15
PIZCLTADERDHRZ Y LDLRO7ISFHD T I /i
Gln (2 Ied % By A1k 2 N> (stop codon) IZERT 2+
v AR (Q718X) THA. LDLRD O S HEERIZ 58D 7
IJMABED, TV ISORIZEY I - FENEY, K4
BoEBERNERITRZPES A TIE RV, Davis b, 044
RO KRS %48 L7 LDLRE(E T & ALWIZHER L 20
BEERET LA™, ZOMBIZL D EHEFIZFEEOLDLRE
ELELDob v, L2L, SBTHICEESATVS
FH Tonami-1id4 > F T 1425 4 » b 2 2 1542 ] & 6kb
ERBLIZERTHY, 2V 15D RETHDH 044
WHEEZETRREL LY —DRARERT VDL EELD
Np WD EEMBCLDLROESH EMETHE, FHLY
NEVGFRDL LT Y —BEHPER IR, HR,ICGHS
N7z L7t TOR A LDLREFI 0L ELIVLETH
52 EDSRIE S N7z, FH Yokote Tl L. 7 v & 15D & ik -2
by SHERT A 729 FH Tonami-1 & V) & 51255 < A48 2 il
TEEBHEES L BN oMM S KB L REL v Sy —
PEREND EEZ DN, BEEEN 2 5 A58 LM A b sk
2TNZDEN AR, LA LTV 15D F >~ &
YABREIINETICEEN R, MRRE BRSO &
REDMREH 52129 5 1T, FH Yokote @ LDL-Ri&EH: % /: 4
BOMFITSHEELEbh 5.
FEMHERARTIE, PCRRFLPEIZ & 0 5mE, LHB LU0
IGEIE T ERERO~NTF AR RSN, BERIIAERY
HLoWwIZ e Mans, LaL, BERIAALEZOmH
DTV AT O — AED S BRI S A RPEFH & SIS 1
THBH, BLEBRZPAORETOIL AT O - LEL S FE
BAREFHTH 2T d LI TWA?, SEOR %
DRIEFEROPEIZL ) BIREIIEE~T Ak B S
h, AOTHBHFEROBOBEETEROFENS RSN, 5
WEDHLGLTHS ZORETEREAE L T DRI ES
BEDRBEEHEOBRETH S,
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FEEAEEFHIZH 100 M LA LTS 5%, EER
LA OFRIED D TR, RIGERDO B ETH 26 25 TLIKIE
#FTA. Lo TEORMBIE X RGO Rl 6
BEFSWOEHRIIAE V., T4, HICDESEOLRVREE
SEEFHESZRD? L RVH SN BIETFEREEEEICOA L
TOATREMD BN E W B2 S, SEEASEMEFHRER
PEETFETONRET A2ERITKE W, LA LUFH Morioka
$ L U'FH Yokote DHHE I PCR-RFLPIEIZL BA 7 ) —= 7
DERLDIRMERROATERSNAIZEEY, LdItH
BEYBIEZTFER (common mutation) Td 5 W FEEIEBENTH
o7z,

K iRl B O FH25 Bl % 3% & L7247 12 & 1, FH Nanao
Z#EWH L7, FH Nanaol3 LDLR® Y 4 > FiE&HEEz I —
FFAZZ VY 2HAIZGHHANDERYEY) LDLRD23FH
DT I 7B Trp i3 HET 5 EFIAMEE 2 N> (stop codon) (2%
BYar+ by AERW23X) THEH, ZOLHIC oLy
VB WTREHIKRIE D FUATHIT 2 ERIE, IEEICED
L7 mRNAIZEEZ NS DDDFOHENE V), b L I
Ve 7y —BAVELESNTOBOTHIETH A0, FHEM
BTLDLREHAVFEVEOARBE NS D, &2{BDLNME
WOSRBEEITICHMESNALELOND.

RRERRITBVTIX, PCRRFLPEIC & W A 0@ ET
ERIXFTHETH), BREFLZORETFEROEEG~TT
BEK, KPEIATFOEAE, SHIBBEARRZHELRV
LR AN, ARRTIRMER I L AT 0 — VEFEHR
CHBLTRETINEETHY, I-EmELLRLOBD
ILVAFU—VEDKE BEMNER SN Tz (X13). BEIE
OFRE, TEIIRTELE O RITHE & fh& CRImE XK FE
BAMKMEFH &2 5N TWwizh®, FH Yokote DIEMERR &
Ak, 4ERXTHEOBETERPRESNAIELLEDT
BHHEONOEIETERNFELVRIZ SN,

FH Nanao lZ KB AR N4 YR A+ 7 AOFHEFNIZ RV iR
2TV 5% FH Cincinnati-5 & [fl—DB{EFERTH B0, £
NEFLOREKE, HENTEOMEDS, LDLREETFIZET
AR (recurrent mutation) & Z 2 bh b, REERITIFH
CBWTHICOBMRE SN TWAY, LIZAKRSHELTWA
FH Kanazawa-2 (P664L)* % ZDXEZE ML TH Y, AsianIndian
THR EN7-FH Gujerat® L f—DEETFERTH 7. TD
P664L25 %43 CpG & W ) B R ICBETFERVRET L
iz 2 o T35 ™9 FH Nanao (W23X) D54 HAILZ
CpG LR RE LN ID L) B RIEERVREET HIAIZHT S
MEOERIABBETFEROBERTOBRBIZBVWTEREL
EzobNb.

1984 4E ¥ b D LDL-REFET D DNANS 7 B —= v FETLL
%, #E & N7 LDLR OBETFEREKIT 1992 F 0BT 150
BEABTONLIZE-TWAY, F0LMEITLMOTFHE
KRELEAEALDOTH D, 20OHIMEIMAE, BETK
200BEEICd o TWA, —F, FHIZBWTIRMY LZR
BTHEML TV o2 ERIZBWT, EOHEEY L FIHEVT
1 Thr) EE£LLENAPHENEEDRITTERIEHEI
ERTDEN) VDD ZEIGER (founder effect) R0
DNBBENH Y HTT7VANTD, TFTRARATS
AN~ 7 AFENTH B, Aalto-Setala b "B LU
Koivisto & ®@~™|z X niE, 7 1 ¥ ATiEFH Helsinki & FH

North Karelia CFHEED#H 68% % 5, E5IZRAOHEET
B7TOE—y—HBOERFEOTELIZI2OERMRES
NAFF B HBEEN TN D

HAAMIIZIZE—ORETHER ST, BHEMICOL-
THEPSIZLABE o2 VI FERL L, HEAFH
121E, BIREMEIEET AR D EA OGN, BEE SN
T AERYBETFEROFEEOFEIIBOFR LTV, 4
HOREEMKX TCORIAEEANTE S IIMHTRELTIO
BlEENROFEEZHRE L2 b D TH 5%, FH Nanao i 1Li%
DVFHER 201509 bRBERR L TOTC2ERFRL SN
ROHRTHY, EENEGETFERTHIWEEIMEVEEZSL
N7, 72 PCRSSCPEEIZBIT 2 EEMAMKICR-TYH, W&
5B IIEHEE RO bN A D DRIFERLE L o7, ThE
Thivbh g L 72ERIC4ERE & 72 FH Morioka, FH
Yokote 8 & OFFH Nanao 3B L 7 &8 9ERIZ & DK
FH® 17.5% (3B ZF VANV TR RE L & o 7228 (#5), BE
AFHIZBWTHE RN RETEROFERIGENEEA LN,
BIEFEROSHEITRIEEN. TLREIIBV THREE
&7 o1z 3B DR EBREEIEFH O ) b 2FEENT DEAE
ThorzZ b HRAFHIZBIT 3 LDLREETEEOEHN
2¥EETEEEDNS.

biibh bt FAHCA—ORENT R FoEMAeIRLL,
HH L TO YT 4 v B L UPCRSSCPHE:, EHEIE £k
FEEHAVWTFHOBETFEROHBNTB L L OHEEORE &
ToTWAHEEOHEOMER LB L 2™ (X 14). 1ZIZFAE
OBERIIH LT, EETFERORL 27V r ORAEIIKER
LN, EERACBNTIZI0NLIEHAKERREL 21D
HERL#AhETLREFLALTHIF SN L DIE343%12
LEEoTHY, IDLREETEROSSMEIARALHEL
TEIZHATH S, Lad> THRARERAD L 2BIHE
AT L VSIS B A FH OE G T2y, 1~ b
Oy 70E— 7 — G CRIRFEOEE L EOEL LT L
HREOERILETHS ).

A7 O HEAREE FH OB X AI0E S AT L 2 0 huidi
HOITE A EOHIBETHS00AZIAEEZLNTEN?, &b
WEOBWREEERBN-—-2TH5. FHEATIHEAKL W
ZELYAIE Y S L A0 - VIER BT 5720, B3
'l‘fﬁci?bﬂlﬂ%ftﬁé% ERIZEIET D, & HITIEETIE HMG-CoA
BB HEAN OEMI L Y EBIRTELRERER & )RR 2
BELSHIRE L o 2?. INHOERL S AT UESHKMFH
¥ERYDO LS TALDOEEFRMITOERIIKE N, 12
FHE W) —DDRBEEDWT, Me0RR, BbVIIHA
OB DRS RRIER O SAREM P RET LNV TRES A TY
BIEDHS ML AT, FRICESVHEONIE, HIZIE
BRREOBIRA E AR AT A, BIRFRTOBRRIIEILS
WD ERSTITL{THA).

& i

HAAFHIZH} 5 LDL-RBETER L #0EHE £ PCR-
SSCP#:, EEEEETIRERB L UPCRRFLPEIZ & 1) BRES
LUToMREHL.

1. REBSEEFHEREE L L1RRIZBENT, LDLR
OEGFHIERGAMRAEE T 2 — FT A2V Y ID3%BEFEDT
3 B Arg lo3HiE T A BLH CGG A5 Trp I3 IE ¥ 5 B TGG ~
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EERLT AHER (R395W) % R 73 L FH Morioka & €744 L
7z BMEBIUEOKIIE S CALRORERESKTH o7
A, FEBEAEUFHE LTRARNOERTH 72, F0O8E
FEREFEREROMC L7y — G CIIEATEY, #HETE
BRTHESNBLRVHETICL B EfEEEN.

2. TR EHAREFH EHEME & L0 1IRRIZBVT,
ILDLR® O &4 Z - FT ALV X 150718 FHDO T
3/ B Gln a3 5 L F CAG 2K 1k 2 F > Zxd s 5 BLF
TAG~E LT A HER (Q718X) % R\ 75 L FH Yokote & 67
%L,

3. HEERLISIC BT 5 FH25 61 O B{EF T OBV T LDLR D
VA FEEEEE I - TRV 202BFHOT I /B
Trp (2353 5 BLSI TGG 25 1k 2 F Y \Zxtind 4 B F TAG ~
LAY %R (W23X) %5\ 7 LFH Nanao & % L 7=, &
KREIRBABLIO RS VDRI FTADPLRREEN LD L
—OERTHEY, RENEEOHEDSKELER (recurrent
mutation) & & % Sz,

4. TNL3DODH LVWEREEDLAFIODRETERIC
LD JeREERX FH O 17.5% 253 s L7z8, Ths3oiwdh
bHBHEEAMERL, BERENICREOBEFERSEHEEIC
T ANEEIEITENTho72. U LEOERITAARAFHIZ
BULRETEROSHRUERETLLEZ SN

MERRBIZHA, BB BRMEB  L2EM B £8810
FEELAIMBLERLET. F/o, FMELEEMNEE BHEOREEFL
rERREEFREZR RS ZHEO /ORI At L, IREBL L,
BEREZE L% o CICAREZBER L2 OHEFELRLET. $45
Kz HWHNETEE T LI SIRKERERESER AFS2E T HEE—
REOER, %56 UICESTFDNADERICE L) 2 TH Y -1l
REK, REPHFRICEMNZLET. F72, BESEFALEEMEVS
HEEREE, MAHEREE (EFEMRFEE N, Bl %%
(EEAERESE AR, MO EE, HOEREE GEERAHRE
TRBREFRED B L E T

RAFFED 1355 26 [ A RE R EHB S (FHG6E6H9—10H)
R 7TEERRBRBELFERLFRET -7 a3y 7 CERTHEILA
24—25H) BLUE28E OABRMILEEBE CFR8ESHA 13— 14
M IEBLTREL.
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Abstract

Familial hypercholesterolemia (FH) is an autosomal dominant disease, clinically characterized by increased levels of
plasma cholesterol, tendon xanthoma and premature coronary artery disease. FH is caused by various mutations of the low-
density lipoprotein receptor (LDL-R) gene. It has not been established whether there is a common mutation of LDL-R gene in
Japanese FH patients, and this study was performed to examine the existence of common LDL-R gene mutation. Firstly, two
unrelated homozygous FH patients and their family members were studied. Secondly, twenty-five FH patients originating
from one small selected area (Noto, Ishikawa Prefecture) were studied to find a common mutation in the area. All 18 exons of
the LDL-R 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. Screening studies
of the identified mutations among 201 unrelated heterozygous FH patients were performed through PCR-restriction fragment
length polymorphism (PCR-RFLP). Thereby, two novel point mutations in the LDL-R gene were identified from each of two
homozygous FH patients; one was a C-to-T mutation in the exon 9, resulting in amino acid substitution of Arg to Trp at the
codon 395 (R395W), and the other was a G-to-A mutation in the exon 15, resulting in amino acid substitution of Gln to stop
codon at the codon 718 (Q718X). These mutations were named FH Morioka and FH Yokote, respectively, after the districts
where their probands originated. Although homozygous patients with FH Morioka showed decreased LDL-R activity and a
high plasma cholesterol level as do other classical homozygous FH patients, they showed a tendency to relative longevity
possibly by some environmental factors. Among the twenty-five patients originating from Noto, a novel G-to-A mutation in
the exon 2 was identified, resulting in amino acid substitution of Trp to stop codon at the codon 23 (W23X). This mutation
was named FH Nanao. Although FH Nanao had the same nucleotide substitution as the mutation identified in Americans and
German Canadians (FH Cincinnati-5), these were thought to be a recurrent mutation of the LDL-R gene because of the
differences in their ethnic backgrounds. Through the screening studies of these three mutations, one family with FH Nanao
was identified, but no families with FH Morioka and FH Yokote were found. These results suggested that the LDL-R gene
mutations were highly heterogeneous in Japanese FH patients, and that a common mutation of the LDL-R gene was unlikely
to exist.



