Low-Density Lipoprotein Receptor Mutations in
Homozygous Patients with Familial
Hypercholesterolemia
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SRKFTLELEME H1035 H1T 81-95 (1994 81

REZEEREFERS 2 VAT v — )V MFEE BT 5
EHEY REAXARER TERTET 5032

SRKAFEFRABISE BB CEE | HHREEED)
AN KK &

FHEME 2 VAT r— L MfE (familial hypercholesterolemia, FH) I3{EE YV £ B {24 (low density lipoprotein
receptor, LDL-R) BEFORBIL L -TRI ), SHECESRE(LEZ T2, SoreE4EY FH EFATIR, 52
O CHEMMEOERC L 0T TR R LURBBEVEETHS. s 2EAHM FH EFI9F R DT
LDL-R BEFOBHET 7. WREOKBHMER L H o #LcES>F DNA AT, LDLR EEFDI8=2 Y vDEh
FREHIGLIZIONDO T T 1 = —% &t LR Y 2 5 — € FEEERE (polymerase chain reaction, PCR) %47\ DNA MK % #ig
X, PCR —Kgi#m A4 (PCR-single strand comformational polymorphism, PCR-SSCP) #:1- T RE MG BH L, &
BEBRAICH L TESEEERIIREL (direct sequencing) ¥ TV BETERDOEEYT- 7. TORR LDLR #ETOH
=V vDBEER (D280Y: GAC (T AASF Vs b TAC(Frwv) t8BlA=2 Y v EER (P664L: CCG (Fr Y
N CTG (rA o) D2O0%BELETREFNOBTEYREEOH E#H X FH Tsuruga, FH Kanazawa-2 &6 L7z,
& 5z PCR 4BEBEZE W4T (PCR-restriction fragment length polymorphism, PCR-RFLP) 312 X h ZRABM R O~F =
BEAEMEG20002 HEE L TOBEGTFERDOAZ YV —= v % {J 7. FH Tsuruga TREWELEH O TFESEMFH fE
BITHY, TORB~T rEEHNE FHEATH L LARRILL:. OFRCRZAERIRVEEhich 7. FH
Kanazawa-2 % FH Gujerat & [AEDOERTH BT m 2 14 BT L D HFER (new mutation) & Ex bht. REEIZI=2 v
Ry FEA~T 2 A& FH FEF (compound heterozygote) THV, TDORIAERL AL, FRINFHKTH 1. B
ERETROEOE 6 RRIIBKFAERVHER SAGRILTCHERTHIRETERLELDA .. TOERBIEHIRESR
PEFBIN % BEM FH TH 5 &# x bhiz. FH Tonami-l, FH Tonami-2 O MEHEEE & i L ¢ HDL-C EMEOEE A S
h, FRAABKEBEOEEECEE L TWATRERINRE IR, o s E44YE FHEATOERRM OREH L h HHSED
LDL-R BETFERDSEUEIFER S I,

Key words homozygous familial hypercholesterolemia, polymerase chain reaction-single strand

comformational polymorphism, direct sequencing, FH Tsuruga, FH Kanazawa-2

mEaLvATFre - NOERERAETHLABLEY AEA
(low density lipoprotein, LDL) (2}FiE, BIBERBZoMEFER
WHE#E+ 5 LDL Atk (LDL receptor, LDL-R) /2 X » CHijl
HIZE O AEND. aLAFR—LT3 e FrEs 3251
AV LVFEEERE A (3-hydroxy-3-methylglutaryl coenzyme A,
HMG-CoA) BUEE*BFEBME L TR+ L THRAS
BhXhsh, LDLR AN L AT e — ARSI BT
FORIEE R B LTw5. LDLR 27 £EH B E 284K
) REER T A DA%, M LDL % X UFOFBRETH 5
PRILE V REH (intermediate density lipoprotein, IDL), #B1E
WE Y HEZE G (very low density lipoprotein, VLDL) D fR#HE
FHREL T B

&+ LDL-R 128397 ¢ VER X h s 2 HEEE T, Mlaly 1
EEETS 51 FOMEW L« 7 % —TH%. LDLR O

FRSFILA 9B AT, PR SFI2ZA2THZR

BEFIIEIIBRREGOERTMAE (p13.1-13.3) WFELY, £
B45% v 3%t (kilobase pair, Kbp) T174 v bt vi8=2z v v
Mnb7eh, 5.3Kbp @ mRNA %3 — V3 2™,

Z®O LDL-RBEFOER®IC L H LDLRICHEERTE L LS
WZREMESD . LDL-R O&R, #iED L OBRETREI LD
12 & - TEREE (receptor synthesis defective), #IAR A%
< (transport defective), 7 REHEESERE (ligand binding

_defective), 7 X/ B M BN A & EE (internalization

defective), L& 7 % —DBEF|FHEE (recycling defective) D 5
DOBEN 2 T ACSEIRS.

LDL-R ofEEO#ER LDL, IDL, VLDL o merrb0 27 U7
FYAMETLOFREN ERTARENERUEG= VAT
B )VIFECH B,

FEUEE2 VAT v~ VMFE (familial hypercholesterolemia,

Abbreviations: Asp, aspartic acid; dATP, deoxy adenine triphosphate: dCTP, deoxy cytosine

triphosphate ; dGTP, deoxy guanine triphosphate; ddATP, dideoxy adenine triphosphate: ddCTP, dideoxy
cytosine triphosphate ; ddGTP, dideoxy guagine triphosphate; dTTP, deoxy thymine triphosphate; EDTA,
ethylenediaminetetraacetic acid; FH, familial hypercholesterolemia ; HDL, high density lipoprotein ; HDL-C,
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FH) g B IV OEa VAT v — L FEQHHMOBER, 7+

VARRIZ LD LT IRECE SHMNBRFTREAEL, B
FEUTBRE(LELZ X LROE OCREY BRICRIET 2% ¥
REENEEREORBTHA.

LDLR BEFONVBEEFOMLCREN D Bk ERHE
# FH 121005 Alc— A, —FDIIERER DD ~T o g 1E
¥ FH I3500AI— AU LOEHETRD b, s EEEEHE
FH 3 E#H26R T AN LEIELZRF 5", Licdi->T FH ik
LDL 2 VA7 r — L BHRE(LFRE & OBED ORBICER
TEEFNMEETHD.

RFRKEDOZMIZI T OBERBIZ L 0 fTbRb Z LT EAY
ThoTon, Fiok #6844 FH 2@ TR L ) B2
B LREHIERT 2 Z L REOSOCERD FH OB IEET
H5.

AECHTHEBTLVIAnE OBRFIZI984F L b D
LDLR BIZFD cDNA B 7 r—=v 7 8 TPLRTEEI
7t-fz. LDL-R DBEFERORAZ YV —= v I BIUHED
T HF T ey 7, vIIEYRRLE LERERETHAL
BRTEL., Thic X bh%phzk\~Td Kajinami 5234 2D
BEFER FH Tonami-1, FH Tonami-2, FH Kanazawa-1, FH

XK

Okayama % R\ 22 LTWB039" ) FH FEGI&H0#10% % 3
LS 2ICEET, B DAMSIBEERUNDNER L #
FEINT o,

SEVVF VT Ry T4 VIETRRWE LB - NER
BT 5o PCR —KgE#EHELE (PCR-single strand
comformational polymorphism, PCR-SSCP) &'"~® % X O'E #
HEHEEFIRE (direct sequenicing™ %, IHWERD R »
V=V EHERODIC PCR $IBEEYN £ (PCR
restriction fragment length polymorphism, PCR-RFLP)
EHRBEA L. TORR, 200F L EEFERYHES
L LDLR ZR L EREOBEEY B L.

HRI SV HE

. &
BHOLORMERY, Tbbl) ARz VAT -2
230mg/dl DA CREGEEYRDH L, 2) —BENCKE
RHHMER=2 VAT e —A 230mg/dl L ETHBZ L, DO
ShbkERETSHE L, G EFOKED SRt FHEF
DHH, MERIVATr—LEBE, 7 VARIEEORE,
FERRE LS TEAGKE FH L £ 2 DRI I9FKR2AEL (&

Table 1. Clinical-data of the patients with homozygous familial hypercholesterolemia (FH)
Laboratory data®
Patient Age Sex”
number (year) T-Chol TG HDL-C ATT IHD
(mg/d1) mg/dl) (mg/dl) (mm)
1 33 M 560 254 28 9 +
23 M 589 96 28 6 -
2 52 F 626 334 31 -
54 M 558 388 26 31 +

3 28 F 535 98 -
4 37 F 613 59 36 26 -
5 45 M 536 49 42 +
8 38 F 460 79 15 +
7 25 M 760 97 34 +
8 52 M 540 104
9 20 M 567
10 39 M 550 27 +
11 30 F 427 99 27 23 +
12 40 F 550 143 8 -+
13 34 M 500 115 40 17 —
14 69 F 697 20 i
15 M
16 F
17 25 F 530
18 38 F 590 14 -+
19 36 M 500 291 26 +

¥ M, male; F, female.
b}

T-Chol, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol ;

ATT, Achilles tendon thickness on X-ray film; IHD, ischemic heart disease; —, load

negative ; +, load positive.
All values are pre-treatment for FH.

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; Leu, leucine; PCR, polymerase chain reaction:
PCR-SSCP, polymerase chain reaction-single strand comformational polymorphism ; PCR-RFLP, polymerase
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1) &~7 e A FH TR KREKDO200MEH % A 2
)=V I/ONEE L.

1.5 &

1. &% T DNA OHiH

WHEEORMBIRD 10ml =51 v o7 3 VPOEEEF
Yy 7 & (ethylenediaminetetraacetic acid 2Na, EDTA-2Na) % i
WAL LTRALL 4 CIRTBR L —20CIC TR LR, 20
KHMAPBRICTHEE L 54 + v X100 BFEE I TES
F DNA BB L7, $icbb 320mM v a FEHE, 1% 54
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kv X-100, 5mM MgCl,, 10mM Tris-HCL, pHT7.6 % & L:RuARH
ORMRAEMEIE, BOC L0 EEE LTHMELYED
fo. ZTh#% 7257 —+ (Sigma, St. Louis, USA) &= T#H(L
®, 7/ —N=zramria(1:]) TLlE, HLTZark
NA=AVT IATNA—L24: )T 2@ L, BEIC=
B =LA EBET-. 25 LTHELRNL DNA ¥ 10mM
Tris-HCl, ImM EDTA-2Na, pH8.0 i 5 % 260nm 2 FiF
DERFENEC L HBELRDT.

2. RY *5 —-HHEPERILE (polymerase chain reaction,

Table 2. Oligonucleotides flanking the exons of the LDL-receptor gene for PCR
amplification
Exon Oligonucleotides Sequence
name
1 SP90 5-CAT TGA AAT GCT GTA AAT GAC GTG G-%
SPo1 5-TTC TGG CGC CTG GAG CAA GCC TTA C3¥
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 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-%
4A-2 5-ACT TAG GCA GTG GAA CTC GAA GGC C%
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-%
5 SP62 5-CAA CAC ACT CTG TCC TGT TTT CCA G-%
SP63 5-GGA AAA CCA GAT GGC CAG CGC TCA C3
6 SP64 5-TCC TTC CTC TCT CTG GCT CTC ACA G-3
SP65 5-GCA AGC CGC CTG CAC CGA GAC TCA C¥
7 SP66 5-AGT CTG CAT CCC TGG CCC TGC GCA G-¥
SP67 5-AGG GCT CAG TCC ACC GGG GAA TCA C-¥
8 SP68 5-CCA AGC CTC TTT CTC TCT CTT CCA G-%¥
SP69 5-CCA CCC GCC GCC TTC CCG TGC TCA C-3
g SP70 5-CCT GAC CTC GCT CCC CGG ACC CcCC A%
SP71 5-GGC TGC AGG CAG GGG CGA CGC TCA C¥
10 SP72 5-ATG CCC TTC TCT CCT CCT GCC TCA G-3
SP73 5-AGC CCT CAG CGT GGA TAC GCA CCA 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¥
12 SP76 5-TCT CCT TAT CCA CTT GTG TGT CTA G-¥
SPT77 5-CTT CGA TCT CGT ACG TAA GCC CA (C3
13 SP78 5-GTC ATC TTC CTT GCT GCC TGT TTA G-%
SP79 5-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 C7¥
17 SP86 5-TGA CAG AGC GTG CCT CTC CCT ACA G3
SP87 5-TGG CTT TCT AGA GAG GGT CAC ACT C.¥
18 SP150 5-TCC GCT GTT TAC CAT TTG TTG GCA G-3
SP11 5-GCT TTG GTC TTC TCT GTC TTT GAA T3

Oligonucleotides complementary to DNA sequences flanking exons of

the human LDL

receptor gene were synthesized on ABI 380A DNA synthesizer (Applied Biosystems, Foster
City, USA) and used to amplify the intervening sequences with the polymerase chain rection

(PCR).

chain reaction-restriction .fragment length polymorphism; PNK, polynucleotide-kinase; Pro, proline; RI,
radioisotope ; TBE, Tris-boric acid-EDTA ; T-Chol, total cholesterol; TG, triglyceride; Tyr, tyrosine; TTP,
thymine triohosphate ; VLDL, very low density lipoprotein
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PCR)

Hobbs HDBEN HBEWC Lich b, v—v v I20DF —
A —N—ALZBEHIN T b LDLR FEFEIE L &1
18=2 Y v F_XTEEL L OWHRT LSEERIT®RO 51
v —FI9EAER LA (2 2). =2V v 42 400bp LhEETsh
PCR-SSCP iAW AIZRAZBE R b 2 2T HE L.

7% 4 < —1i2 DNA &5 =5, 381A (Applied Biosyst-
ems, Inc,, Foster City, USA) i\~ &2 > 7 ) =F )Lk Ak
TIEA FEPRTAERLE., Tve=7 KIZERLECT—
BB L5 X T—20CKBA, EETTERLL THE, BR
BEYK Iml WEML #» 5 4 NAP-5 (Pharmacia-LKB,
Uppsala, Sweden) I L THEE L. ZZ T200B8FRL
260nm TOWMME X DBEXREL 10pmol/ul Kics X 512
BEYHAE L.

DNA MR OHEIRIZI2 Saikib® i &b PCR gk V. &
2F DNA 1pg #8% DNA L LT 40pmol 754 < — 1
oy b & 200uM DEFAXVRIVAF P [FAFvTF=
v =i® (deoxy adenine triphosphated, ATP), &4 %>+ +
v v = (deoxy cytosine triphosphate, dCTP), ¥4 %> 7
7 = v ={#® (deoxy guanine triphosphate, dGTP), %3 v =
%8 (thymine triphosphate, TTP)] &2.5BAzD Taq £ Y 2
S — 4 (Perkin-Elmer-Cetus, Norwalk, USA) % 10mM Tris-
HC|, pH8.3, 50mM KCI, 1.5mM MgCl, 0.01% £ 355 v & &
BERC ML BRERBREINAE 250 &7cd L 5w LT
L, BEOLTREBREED 50 © 2 x5 4410
(Sigma) T L CHEFLIE, 95C 14, 68C 3 H&&EARK
THATID Ly MELRELIEELED L L3091 7 VDR
Exffote. =27V v 6D PCR-SSCP B K IE Tt Spbd
(5>-TCC TTC CTC TCT CTG GCT CTC ACA G-3'), Sp65
(5°-GCA AGC CGC CTG CAC CGA GAC TCAC3) mF5
1= BUTHERIGRESSC TRIEEZTV, EEEEES]
REETREL T 54 ~ - EMEERIGRET2C TRIERTT -
te. =27 v v14® PCR-SSCP ADKIE T Oligol (5-CCT
GAC TCC GCT TCT TCT GCC-3), Oligo2 (5-CCA CAC
CTG TGA GGC AGC TCC-3) 0 7°5 4 = —# AL THENIG
BERCTREET, BERERIIREETIAL S 71
< —RERREICRETAC TRIGE T -1z,

108 L7 DNA WA i3 3 BIERLS 7 #7 e — 2 %L (Nusieve,
FMC Corporation, Rockland, USA) =% 1 X~ — % — Phy
X174/Haell &4 2 = A b (R¥EH, TR & KB L TR
BRyHAL, BEORFA L DT LTr7em b L A THEL
fo.

3. PCR-SSCP #

BB ME & LT Tris-HC 54g, = v E 27.5g, 0.5M
EDTA 20ml 7&K % fnx 3000ml iz L7z DA FEFERD x5
Tris- 7 #-EDTA (Tris-boric acid-EDTA, TBE) ¥k By FHEE 1
ELBBEIMCEY T RECHRLL.

0.5mM EDTA 2g4], 5N NaOH 104, BWEEEEK 88u % &
HELT A VEREIED, PCREY 6Ll ITT A5 ) B 2ul %
nx42C 34, 95C 5 MBE—20C I aH L— A ER I
iz, TDOETIV e —A &ML —8KDORYV T IV
TIFFA(TLZUAT I F/EA (48: 1) (Bio-Rad Laborator-
ies, Richmond, USA) kB L1z, XkBKBORE, ©Y1rOR
B, KDESEHROBRE, /) tr— L OFEEDOLHFII s

VUVBIZRELL., =2V VBRIV Y VIADKEIDES
2 A0ecm BDHFFAT V- b HHAVTEY RV T 27 VLT 3
Frozls% 7y w4 — ki ¥ VR EER L, x0.6TBE
PREVARERA VT4 COd & 800V TLOREIHE) L1z

ik BIO-RAD #¥ifa+ » + (Bio-Rad) ¥ v 7 = +
TN S TEBEEX T . 10 AFALT A2 -0
100ml = T30—60%R # L DEE R 1T\ x1 B{EH 100ml 12T
5 oMb, BEKTIBHENCE — TERIKEPEL LS
TITERDIEBLHIERRE, x] BYRERKEEINZ 2008 L
e S>3, TOBOMUNCEHEE L x1 BERBEL N v
FOMBLHERELL. HOBEULAV FRRLokH5%
Eef 100ml % 5 fmx RIGEE - 28, ZBEAKTHE L30%
AFNTa -0 100ml 123 HEUEB LTy V2 IR 2,
V) eF - R HECEECEHA L TKICB LAz — 2
T4 AT ORI ERESHORCEE L TR XLk,

4. BEEEEERTIHRERE (direct sequencing)

1) 32474 Vb — 7 (radioisotope, RI) B 8 £ 5k E
%

PCR-SSCP HICAWA L Y BENRISRE® 2 -4 C I T
RIE#% 1T -7 PCR E#px H\v, £ + U = v-30 (Amicon,
Denver, USA) W B HBEAE K 2ml # Ah, PCR E®
1001504 % 0 2. 2000EER30 FEL Lc. ZAH X h 304
IZEBETA LRI FA v —BIVR 7 LA F PR
EL, ThrEEEERIIREEMAOER DNA &L L1,

10pmol/ul D75 A4 <=— 3ul % T4 RV R 2 LAF FFr—
-+ (polynucleotide-kinase, PNK, #H{##%5) 1ul, x10 PNK KIG4E
&R 1ul, *P-r ATP (>185TBq/mmol, 37TMBq/ml) (Amersh-
am, Buckinghamshire, UK) 541 %#E& L37C 600 RE X+
95C 54T PNK %#4&iE3® 5 Kiwx Rl E#E L.

CFFEVEN DHRBRTH S Higuchi D72 b2 -1
W-7T TT DNA RY # 5—+ (v — 4 % — A, Sequenase
Ver2.0, United States Biochemical Corporation (USB),
Cleaveland, USA) T, H LIZ Tth RV 25— (£ — b4 A
2N —4 U AF ., b, Autocycle Sequencing Kit, Pharmac-
ia-LKB) # iV RIEx 1T - 7e.

T7 DNA RV 25—+ TORE%7T. Higuchi @7 =
o — B T EET DNA 9l % 5K RI B2 7" 5 1 = — 3ul
IZINZ95C 5HTENIE, TORIC-20TIERTAZLE
THI DNA 2754 v —LREHSRHBU/ 751 ~ - BEK
L7z 1ROEYY x5 RIGEEEH 0.376ul, 0.1M DTTO.224l,

Cv—rk— A 0154 HBA LHIRAME Ltk TOF A+

7 ¥ = v = # B (dideoxy adenine triphosphate, ddATP)/
dATP, v 54 % v > + v v =#& (dideoxy cytosine
triphosphate, ddCTP)/dCTP, ©FA +v /7 = v =i
(dideoxy guanine triphosphate, ddGTP)/dGTP, ¥4 F v &+ 3
v = (deoxy thymine triphosphate, dTTP)/TTP D& KIE
HIRE AW 250 WWRTRAW 0.75u £z 7c®& AT EEY
Jul g/ 7 54 = —BEW 250 #NZ3TC ISHREEE
RIGEIEE 2 M2 —20CI R L, KBIERNCI5TC 591kt
E-20CKEE LB L.

Tth RV A 5 —ETORELRT. $HEH DNA 02—4pg,
¥d LI RIS L7z 1pmol/ul 75 A1 = — 2ul, RIGREHE

W o2ul, FAFYR I UFF FZHE (deoxy nucleotide

triphosphate, ANTP) &% 5ul, RICERMICHFRAREH®E T



wEEESEN FH o83 % LDL v+ 7% — LR 85

1.25units/ul & L7z Tth BV 25— 2ul WEHRERZKEE
B 18y LicALOWBMLERO LEL LSO 44l $0
Eh, RISE~A 75 -7wEbBHLTEWRE
ddATP, ddCTP, ddGTP, dTTP ¥ 24l 212Nz 50u @
sRSFAFANE EWCicb L, 95C 368, T2C 14248725
BISIG SR T B SUGME LR 4pl % —20CIRFL, Hk
BERNCT 5 E —20CREA LkF L.

FOLETE—8%DRYTZIAT I RFAL (T2 YT 3
F/€ A (19: 1) (Pharmacia-LKB) TE&HE 1200—2000V, 8 —
128 O BRIKBY 2T\, RTHERS AR ERICEMS LKE R v
FIC TR LA b80CIK A L CRBX 2. HfK% X
BT g VAU —T2RRIB L7 4 A BBEL, - +F O
+7 T awBr.

=7V VBT —4%%*—AT Higuchi 72 b 2 —1®%
AWTRIER T o7, kBL 40cm BED BB EV T 2 VAT 3
FAAR AV, BiEOS E x0.6 TBE kB AZEE®R T 1200V,
SRR CTIKBI Lo, P ARBBRLT X 7 4 N AIT28
BEXLA— 5o 5a%Bl. $hxyy VINI TR
B Y= X - ATCRHERCERRE LRI, - oD
=t H ANy~ VARF L T Tth KY 2 5 - ¥DFIL
BT otz KENL 60cm RO 88U RV T 7 VAT 3 F¥FAv [
Vv, 4CTx] TBE wEVABER T 1500V, 12K:/IAM T THkE)
Lz, “ARERLT X B7 4 LAT2BEEL LA -+ 5
DE W TV

2) BEBLEEEARIIRERE

BE{LEEEERIIREES L LTV - Vv —Fr v
#+— (A.L.F., Auto Read Sequencer, Pharmacia-LKB) # >
7o, %% DNA QB RIERRAL. 754 ~—%751
- —WWAEHF » b (Fluore Prime, Pharmacia-LKB) I TAR
BREC SURVRBOEEERR L. BEEERTIRERICE FiZEiz
T LA R BEEERFIREELRABRTY—r 2 —2% LY
BA—trHA A o700y =5 v AE, VERBOCTEIEY T 7.

Homnzygpxc Hewerozygote

Fig.1. Polymerase chain reaction-single strand comformat-
ional polymorphism (PCR-SSCP) analysis in the exon 6 of
low density lipoprotein (LDL)-receptor gene. The bars
along the left side indicate the wild pattern. The bars
along the right side indicate the co-existence of the wild
pattern and mutational pattern in the heterozygous
patient. ss, single strand band; ds, double strand band.

BREVTZIAT I FFLRT2ZIALT I F/ €A (19:
1) /v, kEFEEERIL x0.6 TBE B ARZERYE, £
RBODLE 1300V 6BEEL T TRIGETT » 7. kENEL. 258
WA —F) = Fy—lr v === AL s TAF
viIR=VFLavE L —&— PS/2 EF A 70 (IBM,
Armonk, USA) AERBEOBEE T4 A 7 AIEET -2 —-& L
TEHI A, RIGKRT B EE DI 2 BBIRNCTT VB
DYFEF—2—LLTHAL, AR F s v LEKET —
s —~wEHO IS 7L LTHL LK.

5. PCR-RFLP &

BEREIIVREINIE, BEOHBEERE COBSMALE T
BIAT I~ —Fit L. =2V Y6 TIIERREFICOAR
HIBREE SR Mbo-1 (GRS I X 2 UINHSAL A IR 35 & 5 1cBkat
L IXRMEER TS 1 ~— Mbo-m (TGA TGG GTT CAT
CTC ACC AGT CCC GGC AGG) LIEEEF|ToAEIREER
Hin{-] (New England Biolab, Beverly, USA) = X % JWr A7 2
HET2 & 5T L SRIBAZER Y S5 1 < — Hinf-n (TGA
TGG GTT CAT CTG ACC AGT CCC GGG AGT) &##H&tL
7.

BROAZ ) —=v I/ Dld—flCEED TS5 <—2Hu
BRI ERTS 4 <—% Ay, BELEEERAGKLLES 2
T PCR B & DKM ERE S A EA L7z DNA Mih %
BL, FOLTZ ek aiiVTEy FIZTIXxI0
FANVDTRELH PCR EMEEOIHL, VIMHICE Ul
RERL TORIGHRER Y N BEEOER/BE &M TICT60
SERIGEE S HIHIRERZBINL C0ARIEZ €. Zhid
HIBREESR O SIMT BT A B4 RIS 7 b IR 2 B Licdi b 4)
Wi hicw PCR EMRBRA LEOMICEEY 525 & %
WTDDTH-7. FLTIREMET # e — 25 LRI
EME Ui KEIDG A X< - — L FHICkE LT YW OE
ETEROFEY, BROVEETHE R TESBHEMN»~F
v BEA AR Bl SR L7z

=70V TRETERBINOER A A2V = v /T H
8, 5 REIC Spbd A v 3K EAIC Mbom *FHVT9T 1
4, 68C 37330441 7 L DEESHRHETD PCR iz & » DNA
Wi ERRIE L. £OLTi x50+ 4 LD TFELH PCR E

Fig.2. Automated fluorescent direct sequencing of the
exon 6 of LDL-receptor gene. Each curve indicates
adenine (A), cytosine (C), guanine (G) and thymine (T).
The graph below is the result of homozygous patient with
FH Tsuruga. The arrow indicates G peak of the mutant.
The graph above is the result of normal subject. The
arrow indicates T Peak of the wild type only.
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Mg 124 BROHIL, x10 HIRBEER Mbol AR IGAEE K 1.50
L HIIREER Mbo-l 154 2Nz 37TCO0HRIGIR, X 5i124B
B#SR Mbo-l 1.5ul M MW LICHD Bicws X 5 I GRS
SR, T LT3 BEMAT H e ~R 5N 5ul ORIGEY,
IR A (FA S - Ty ie\» PCR @4, +1 X~—»— Phy
X174/Haell &4 ¥ = A F R [RIBIZHKE) L1, HIREBERE % (E A
2T PCR EMERAUAKERD A Y FLOEEI N
FHIEONL e CRNLEETOWThIC L AT RIZEEE T,
P eV FOZTe b TR A ARG, MANEDS
hhl~7 e SRR LW L, ERABRAIH-BE
BT r EAEHES L E L b MNEEERFOFEYHE
T 578 5RMANC Spbd A FVy IFEEIC Hinfn % HuT
95C 1 4, 68C 343091 7 LV DIRELETD PCR Kic X b
DNA B 28 Uiz, SEIXHIREES Hinfl 2EE 3wk
TH A X=—%— Phy X174/Haell &4 &= 2 + & HICHE L
72. Mbom ORIGTEROEENHBEIATVWSHLLT
Hinf-l TH O RBhE~T s EAHSER, &
TESEES & Ik L.

—H=r Y VATRERRIIDAZ YV —= v J I3 BER TS S
A — 3T SRMM I Oligol % A\ 3% @l ic
Oligo2% A\ 7= 8% D PCR EMHIIBEEEK Pst-]l 2 3w T
LEREARCIMOFELYBRE L EROEFELYHE L. ~
T e A IEME Bl R B B M E B A O RERE 24 7 PR B
RERETETHRLI PCR EDEIBEEEL 4@EBML T
fERZE, 1/20BECHFR LI PCRESGS WTLTHREL
TDAY FDEI LT HZ &L, PCRSSCP v Fod
HIE 2 — I THIMT LT

6. MmENEED ST

wEE 16K R REIZ R BIREL L, v AEA
DEBE LTI Havel 5% OFFEECFE R OB 18-55 % L O
= — & — 50.3Ti (Beckman, Carifornia, USA) T - 7-.
ME# = L A5 7 — L (total cholesterol, T-Chol), rb¥:fE N5
(triglyceride, TG) IXBRETREL ™. 7 XEH (A-1,
A-1, B, C-T, C-II, E) 3 ®& L\ (immunoturbidimetry,
TIA) TRELAY. BEEY AEH =2 V27 = — L (high

.~ Mutant. " Normal
5 A CGT ACG T 5
; { C Ala
ST
o
gl G Arg
LA
r @
A Asp
O
G Cys
SN
&
3 3

Fig.3. Sequencing analysis of FH Tsuruga. The circle
indicates the position of G to T mutation in the homozyg-
ous proband (left). Control (right) shows the G residue,
indicating a wild type. Ala, alanine; Arg, arginine ; Tyr,
tyrosine ; Cys, :cysteine..

density lipoprotein cholesterol, HDL-C) 13k i TRIE L7,
BHEEVREFAa2L AT 22— (low density lipoprotein
cholesterol, LDL-C) 1% Friedewald O CEH L. MEEE
EOHEEREIZ - RETH P<O05 HFL L7,

2% #

[ . FH Tsuruga

1. PCR-SSCP iz I 5 REHRMEOBKRE

LDLRO7 RBHEAEETHD =2V v 6D PCR-SSCP #
KEBAZY) -2 v B T— B BREBBEABE S H
2. KIRIEEER IO, EME SY. L0 KY. Ths,
RREBCRERE LRI -7 3KD SS DAY ¥, ORIz
BEFEELRBEDTAD AV FRRE VW2 X hic. PCR EH
DREJWCREEE, BRELTORCERLL, REASVY
DHE 2 - LB TRFEZ=2 YV v 6 ND/INERDKRE
BEAUHESITTORIZAERO~T v BA RN F O TTHEN
BRWEEL LN DROBRERED .

2. BEHEARIFIREEC L 5BEFERES|OHRE

EFFA— Y~ Ny —r vy - HCT B E B
WEERT-7. M2 FBOTEETIEGC O -2 DLEE
LTW2FICR 2 TRORBMETIZ T O — 2 DAMNEEX
ffe. RI ESEEEIIREZECTOIRSICTRT L 5 CERSE
TG ORY FOBRFELTOAFCRBEETIZT OV P
DEHBEEShic. AEORIYHE Lk REA—HMLThH b
G b T ~DEXEBEND b REZEIRALERO S TEShY
EflEE L bR,

TIVBEROFEYRN LicESE, LDLR D280FRDT
3BT A8 F VR (aspartic acid, Asp) IZRHIET B B 5
GACWZ D G-TERIXB7 I/ 8F = v (tyrosine,
Ty IR T AT TAC £ -Tw5 (K4) LHRIA
o, AERIINFEF CIRBEN L, REHEDOHIH X b AL
R4 FH Tsuruga %4 L7z,

3. BEHILOWT

FEmE SY. BEHREETHSOMTERTHIME I F
DEFRBE R LIz, BEIZGE 2B, FRADMO+ 24Kk

GAC TAC

(aspartic acid) (tyrosine)
CoOO Ccoo

"H)N —I—‘ H “H,N H
sz CH,
C
VRN
0 0
OH

Fig.4. Change of amino acid sequence of FH Tsuruga; G
to T mutation in the exon 6 of human LDL-receptor
gene.
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¥ FH EEFIOG, PEME3 TIOOIEIE L T iz, e DR
# 1% T-Chol 655mg/dl, TG 95mg/dl, LDL-C 602mg/dl,
HDL-C 34mg/d]l, MEOEBIRRELHE LEEFH L £25h
7o (E3). REEAGN FH TUFT LW ERIZE VR, Zh
1224F TRGCIESHUEEEMCHRREI R TE DT, BE
LB EDO LDL 77 2 V=Y AR THEBEIRTWVA. R
K.Y. % T-Chol 396mg/dl, LDL-C 337mg/dl & &, PCR-
RFLP BRI CHARDO~7T v EAAM FH LR IR (E3).

4. LR BT B EE O FE

~F mEEA&M FH200 SEFic st L PCR-RFLP iz Ti#iE
FEROEEMRELXT > LARERIIMOF R ITBE S hic
ot

I. FH Kanazawa-2

1. PCR-SSCP i k 2 REHBR GO

LDL-R @ EGF fiRGAHRAME TH A =27V v 14D
PCR-SSCP I LA A2 ) —= v 0BT —Hlic REHER
R I, REREEER IV, BiE AT tF0R
YT, 8#YT., R MT. Trhrs. BmELLTOR, MCIERHE

ERLBIARDAY FRBEDLRI. BEAY FOHBE &~
VI D RRBLRAERDO~T v ESEMIEGTH D ATREN S
WERbhis, L LEBKRGRAEESEEESITHD, av
SNy FHAT e A EHEFAOTEEAEV EE L BRED
BEL D,

2. HEEEERIREEC XA EETFERRIOkRE

RI EBEERIIREEC TR TIZRT LS EEETIZ C
DAY FDEFELTWAFFIZREBETE C L T DAY Fa
BRINhC, KHZ=2 Y V14D Chb T ~ADEEBRTH
DRMEIFERD~T v BEAGHIEG L E 2 SR,

T3V BEROEELRI LR, LDL-R DIEHD T
3 /@72 ) v (proline, Pro) W33 AE% CCG A =& E D
C oD C->T FERILHrA v (leucine, Leu) W54 % E 5
CTG Liso T B EERINA (K8). KARBEFE~T
RESRKTHD, BRELFRE T vy v FEI~T oS
BHEFIEEL bhi. BRMEOERRYE 9IZFRT. $1F
BoSv YOHB A2~V I AERILBEERTHEB LE L
bhit.

O
& O+ O+

Died 43y
Sudden
death - ~
. - 460 | 230 285 | 259 T-Chol
i Died 25y _, o
Died 31y Heart Died 61y E:i‘ily (mg/dI)
disease disease
"y
| ©@|m@d©DOD®OC@@
300 586 272 250 536 198 609 260
Died 41y Died 27y
Sudden Sudden
death death

Fig.5. The pedigree of S.Y. family.
member was indicated with deceased age.

A first cousin marrige is observed between the parents of S.Y. The deceased family
The arrow indicates the proband. T-Chol, total cholesterol; O, non-FH members;

@, heterozygous patients with FH Tsuruga : {4, homozygous patients with FH Tsuruga; y, year.

Table 3. Clinical data of the patients with homozygous or heterozygous FH Tsuruga

Laboratory data®

Patient Age Sex”
(year) T-Chol TG LDL-C HDL-C
(mg/dl) (mg/dl)  (mg/d]) (mg/dl)
S. Y. with homozygote 44 M 655 95 572 34
K. Y. with heterozygote 54 M 396 121 337 35
Y M, male.
Y T-CHol, total cholesterol; TG, triglyceride; LDL-C, low density lipoprotein cholesterol

(calculated by Friedewald formula); HDL-C, high density lipoprotein cholesterol. All values are
pre-treatment for FH.
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LDL-R D664FH D7 I / BACHIET AEF|MN C-»T BRI
&b Pro 2B Leu WEAL T 5 & R P66AL 121989412
Souter HIZ L h A v FEARERBZT Gujerat HHF DK L

Normal Proband(A.T.} Poband's brother(M.T.)

S8 mmcena—

Variant
conformer

— G

SS

[o FY— e [

Fig.6. PCR-SSCP analysis in the exon 14 of LDL-receptor
gene. ss, wild band; variant conformer, mutant band; ds,
double strand band.

Mutant Normal
A C G T A CG T

C|Pro

C [Ala

Leu(D Pro |©

Gln| A A |Gln

Ile | T

Fig.7. Sequencing analysis of FH Kanazawa-2. The circle
indicates the position of C to T mutation in the compound
heterozygous proband (left). Control (right) shows the C
residue, indicating a wild type. Pro, proline ; Ala, alanine;
Leu, leucine ; Gln, glycine; Ile, isoleucine.

/N

P FH fES MM K RWEIATE I ™ e v KBTS 4
BERVHERINTVLAY, Lhl, ~"Traf 7BFEOKE (5
4) T HBEIHFETITEL, AUEEFERMNBC BADE
BRI 5>7c b DTAERYFHER (new mutation) & H¥F L,
RINE R LOMDEFDSH L h AL R4 FH Kanazawa-2 &
g L.

3. BREOWT

FREGIZERAHFO3LT FiE, WEI & ZH R
PCR-SSCP ## X U' PCR-RFLP (I THRMEE E~F r iz

CCG CTG
(proline) (leucine)
TOO' CoOr
*HN H "H,N _‘—’*H
(ILHZ C|H2
CH, CH, CH
CH, CH, CH,

Fig. 8. Change of amino acid sequence of FH Kanazawa-2;
C to T mutation in the exon 14 of human .LDL-receptor
gene.

D

Age (year
333 63 372 Tonor ((n);g/d)l)
106 118 TG (mgdl)
49 28 HDL-C (mg/dl)
560 589 23
254 96
28 28

Fig.9. The pedigree of A. T. family. The FH Kanazawa-2
mutation of the proband and his brother derived from
their father. T-Chol, total cholesterol: TG, triglyceride ;
HDL-C, high density lipoprotein cholesterol ; B, heterozyg-
ous patient with FH Kanazawa-2 @, heterozygous patient
with unknown mutant ;Hll, compound heterozygous patient
with FH Kanazawa-2 and unlnown mutant.

Table 4. Haplotypes of patients with LDL-R P664L mutation

N . Ethnic RFLPs
ame of patient background
1 Ava I ApalLl Pwvul Neo 1
A. T. (Kanazawa-2) Japanese + + - - +
M. M. (Gujerat proband) Gujerat - + + - +
iM Gujerat - + + - +
3K Norway - + -+ - +
18 English - - - - —
2Y English — - - — -

RFLP sites were listed from 5' to 3'.
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HHHEEXDNDXLIAEREYETHZ EHHERIH, AE
BAXFHRTHHEELDN . BEEDEKE L T-Chol
589mg/dl, TG 96mg/dl THENRIEEREOHT A4 2 L EIE
FH £ %2bh7™ (%5). ABLdHAELAR LI -2ED
IDL 77 = V=Y AR THEFEIA TV 5.

4. AR BT A HEORE

~F v ESEYE FH200 %1% L PCR-RFLP #ic T FH
Kanazawa2 BRODA I YV —= vV I BT o 2 AL ITRT
X6 RRIGEDEFAVBRV IR, TOEFH, HEH
BERFEBEFOLE LCHE TS -7, AERIC TS
35 FHOKIXZHBLEBZI LELDR. ¥EEEOTE
REEY BT 5F4 % { FH Kanazawa-2 \Z2EER FH Th 5
WEEAEVEEL DR,

5. MERTOMmMBREEORE

~TeEadlE FH omBEEME% FH Kanazawa-2, FH
Tonami-1, FH Tonami-2 @ 3 THE L (7). T-Chol ©
W IBICEEZE TSN oA, LDL-C X FH Tonami-1 #% FH
Tonami-2 £ Hh HE (P<00) wE@ETHH, TG ix FH
Tonami-2 2 FH Tonami-l X v HE (P<0.0]) “HETH L,
HDL-C % FH Kanazawa-2 #* FH Tonami-l1 X h F & (P<
0.014) IWEETH - 1.

z =4

LDL-R DE{EFHERHUL19904 © Hobbs DA TIX427EH
DERNET LR TR O 992 RKICITI50EE L 7t - T
WA® Zhiz FH ORGTEROBBICHERDY Y v T r
Fu VI ECNMA T REENEAIR D THS.
Goldstein & Brown OF$+ 5% 35 2 a2 L 7 v 3 v (Dallas

Table 5. Clinical data of the patients with compound heterozygous or heterozygous FH

Kanazawa-2

Laboratory data”

Patient

Age Sex" T-Chol TG LDL-C HDL-C

(year) (mg/dl)  (mg/dl) (mg/dl) (mg/dl)
A. T. with compound heterozygote 23 M 589 96 542 28
M. T. with compound heterozygote 33 M 560 254 481 28
Y. T. with true heterozygote 65 M 333 106 261 49

Y M, male.

¥ T-Chol, total cholestercl; TG, triglyceride ; LDL-C, low density lipoprotein cholesterol (calculated
by Friedewald formula); HDL-C, high density lipoprotein cholesterol. All values are

pre-treatment for FH.

Table 6. Clinical data of the heterozygous patients with FH Kanazawa-2

Laboratory data®”

Patient Relation Age Sex?
number (vear) T-Chol TG HDL-C ATT IHD
(mg/dl) (mg/dl) (mg/dl)  (mm)
1—1 1—1 23 M 589 96 28 9 -
1—2 1—1's brother 33 M 560 254 28 9 +#
1-3 1—1's father 85 M 324 100 47 7 -
2—1 2—1 60 M 259 158 30 9 -
2—2 2—1's sister T1 F 382 138 22 15.5 +
2—3 2—1’s sister 43 F 292 106 49 12 +
2—4 2—1’s cousin 66 F 263 96 36 9 —
2—5 2—1's relative 45 F 304 71 57 14 -
3—1 3-1 59 M 383 96 45 24 +
4—1 4—1 29 F 440 196 11.5 -
42 4—1's father 85 M 364 97 +
4—3 4—1's son 5 M 337 202 32 -
4—4 4—1's sister 25 F 392 T8 58 -
5—1 5—1 48 M 334 82 29 12 +
52 5—1’'s son 21 M 312 39 45 7 —
6—1 6—1 43 M 322 251 22 ++
6—2 6—1's brother 34 M 345 228 21 +
6—3 6—1's mother 66 F 363 141 24 -
6—4 6—1’s sister 39 F 298 93 31 -
6—5 6—1's niece 13 F 318 ‘ -

Y M, male; F, female.

" T-Chol, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; ATT,
Achilles tendon thickness on X-ray film; IHD, ischemic heart disease; —, load negative; -+, load
positive ; H, 2—3 vessel disease; All values are pre-treatment for FH.
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Collection)® & X i¥h % r e EA M FHIM ZR~T = E4E
¥ FHI3 FRiTI0ERD 5 LUBERNFIBIEE TRV v 7
2y 74 VIR THEEINL, ¥BHZB T Kajinami b
By vre .y, 5y vIER T FH Tonami-l, FH Tonami-2,
FH Okayama, FH Kanazawa-1 D@EEFREYHEE Lz, Lx

Ly F v T ry 7 VIETHEEINAERISERDOI0NY
DHZRTHD, v ¥ v 7wy T4 v IETRREWE R WX
AR DPERYS FH £408090% % D5 EELHR5.

INERORBEOHXKFITEEETIREE TN Sanger BT L 5
CFFECVERERTHS. RNBEEFIDITHIELES
HFPRELLEBOERLBRRBLTLRELLFIIE L g,
L L LDL-R @ X 5 KEXICRETFT THEM L S BE—F—
#l% %'/ 2 (genomic DNA) VA TLEEBETIRE L b
FREYBRLTVWLS DRFRTRCE . ¥/ 4TS
cDNA 288 & THIELDFINTIET B85/ Ad e + DEHY
B2 SFRICEERTES01ZM L, cDNA 084 mRNA
OHFERBEL Eh, EFAOE W FH OLEROBRAFERL LT
TEER D ST

19894£® PCR-SSCP &= HIHIZ FH O &7s 5FERIGRE
FEREE LEBETFEROBRBLSWTEBPH TH . &
SARAVIZY a0 BI90FE F TOMITERC 9 FDNER
DHEESNIcOMNZ D IEMTIWIHE IR Z LixThixm
FWXHPE-CTW5D. THE CRHEEINIT/NER P HHIEREE
FOUMSAL L 4E LI RHREDBRTHEINTVLIZON,
PCR-SSCP I3 EBRMCICRATE, TOREREL®
CERMELEVHERLE.

PCR-SSCP &3 BA D EIEHENMOEE 2+ — 7 211989
FRRERELIHETHS. PCR A2 —KFHeERE L LT
ZVeF—AMT ZINAT I FFARCKETS. BEFEEN
FETHHA TRORBEIELL, kBBECENTED L
A LREERGYRETS. REREIZE< PCR EHO
KEEH 200bp LT THIIE 1 FHOELRBTES

NEEBEHOHHE 2L PCR-SSCP #:4EA L. KBk
DERE, YVORE, KBAGEHROBRE, YV e —10F
i, BESOLHCRTHENLETH Y, BEREL N
DT REXEREN, b &EORGTA Y FHAR
Toofot g —viTinh s, sEgEAEN FHI9 FR01IE42H]
T EBFRD—FRDOWTZ 2 Y vORENREIIE
oAy HD THBTER.

PCR-SSCP i TREROHEIICETREBB B ORI
BTN ABEETFERD,, HCEEBRIAFELTCLT
IOBERBRDD,, FERERED - CHBERRCEEY 5 L

K

WEEFSE R Y A7 4 XA, polymorphism) Tig L A BE
BLisdhidisnicu.

WERIIREW B b 7 v — = v T FEFEME TR
PO ~T R EEENRECOREFMIEL b, RER
B CHEERT|OREICIZEEEEARTIRESE Y B .

LDL-R BEFICZv AT A vick GC BFALLBEIIRNT
TRHEEYRYBEL, BRERTRERT AT —F7 7 7 M
L HB L. Be~F e E5EEEF D A D FH Kanazawa-
2 TREREAVFEZRBECI > TELRE I —AVFFED
KAHREL L, BRHPFEDNBHAIC O THEEED PCR-RFL-
PENMMERE . FLERELTHEER L —EHXOBRT
B VIEERT|F — 2 OBRIBEZ TH-7cd, HEOFA, &
REOWHERLH D, TOBEEHHERIIREETIILLM
RT&/e s, BEEEERIIREECHBENT 52T
B—= V7 RED B TR _ERBEN 2D D, SHOHE
EEFIBRETR I e —=v 73 BFLTAIZERNEE L,

BEFEREDA 7Y —=v 7 Ofdc PCR-RFLP Er#EA
L7z, ARD RFLP 134/ & LOHIRER O YIMSA D F
I Y D BEFREYRETAHET, ZhTRERER LS
Do THBHTELERNBEINSOWRH L, PCR-RFL-
P BERERTFA4 <~—%HT PCR LTREMZEIRERED
WA A EA L, HIRBER TN L CEETFEROEEY M
5. ChZ I WEROHEZRFBECTEAZ V- =V IREL
WWied. Flor e BEEWEN, ~7 rEaEMEF DK
LERTHD. EEIE PCR-SSCP s TR 27 Y —=v 7L,
BEASAVIAKRE IS PCR-RFLP THETA W5 BK
TRAELEDDHZ LILKRDBTHHS.

FH Tsuruga TiX LDL-R D7 R BESHEKO=27 Y v 61T
Gob TOERIEDY SSHEAELNLTEAOHEECKE
Te&dh 52 5>~ 25 4 v (Cysteine, Cys) DBED280FBE DT
/@D Asp 2D Tyr CERTA. BRIZX » T Cys DRI
RVYEVEBIEAIh V72 - DOEERELZLE UL EBD
ha.

BEEFTCRBREINE=IV VDI A Vv AERY (F
8) IR L7, BTHEN 2 5 ASEFMRNEXEETH L
72 - BB RBE AR T N EXEE 2B B EINT
Wh., KEGID LS 2 —FERORERLLESE-RBTH
h*, LDL-R OfER 7 S 2 oM EHMRNEXEE, L&
 —BFABEOTEER DS . BEOEBGHEFMROEE
RETHAR -F o AETRT — K THBILTE L
2 M NS REEE 2B Bic oS h A ARt L.

FH Kanazawa-2 T LDL-R ® EGF §i&EHEHREO = 2

Table 7. Comparison of lipoprotein profiles among FH Kanazawa-2, FH Tonami-1 and FH-Tonami-2

Laboratory data®

Mutation Number Age
of patients (year) T-Chol TG HDL-C LDL-C
(mg/dl) {(mg/dl) {mg/d]) (mg/dl)
FH Kanazawa-2 15 40+16 309145 12651 N 35+14 251+43
FH Tonami-1 22 48+19 338142 - 97+41 46+12 - 272143
FH Tonami-2 34 52421 31069 158+126 40+11 222+61

“T-Chol, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesteral (calculated by Friedewald formula). All values are pre-treatment for FH.
Values represent the meanzstandard deviation. **p<0.01, *P<0.014.
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v vAe C-»T ERAB TS, Cys BERERFREHERD 3
ZRCHIH C V-t =7V vidpia—-FL, =27V v
UOFRZIZ 6D Cys WFELT~T VYD L3I, 1HBLGB
#B, 2&ELO5BH, 3BELABBHD Cys I~ T
SS HERHH LVt 2 —~D=Rk#BELEETH LT,
AERTIZ3IFEHD Cys L 4FEED Cys DEDBBIFBED T ¢
J BRI Pro 7vb Leu "OEENBEZI D V72 - ZELE D
=hThnLBbhs.

IDLR OHHEEMN 27 S AoED L ToOBE 2, FH
Kanazawa-2 i3+ T EAGBREMIBSTER L7 2 -0
BEEM R TcH S, L L FH Kanazawa2 13 FH
Gujerat ¢ FBED L7 2 —DPRER & 572% FH Gujerat &
AR RNEREE 2B HeErx bht. KEMAOL LS
F—TEHORRELL T ZF—RETHIOFF L.

MERK VT X —DHEEEORECEET LV RAFA VDF
BOERTZREEY EDARAET THR EhlilNGEXES
ETBbDEBbNS.

FH Kanazawa-2 &% P664L R CpG &5 BE&FHE
RIFRBAIK - T, Soutar HYDWE TEH 5 ZRNWE
EhTEH 2FRD Gujerat HE, 2FRH 1) AL, 1
RN/ VY = —~HET, Gujerat &/ 47z —HEDENF
CAT R A7 THEH, BEPRTEI D WThbil«cER
BiE-dbDE XN T W5, FH Kanazawa-2 13 0908 3 5
b, WTFhoflL bBOMELETHILRIELRS . &
BFERFRIMCTH D B EER BT TH « K ERM
BokFEREEZ DR,

R 1eBFAbAUEERVEE ShfIIFE I RT X
SIA2HANFEBOALEL AT, BERMFIADTEILE
LTkE-TctZELHRBDI245EDFH D FH French Canadian-
3 & FH Mexico DFIBBHBHDATHSH . AERD6LT 3 /
DNBEIBCERYE LSV ERTERFREBIO—DLEL
bhtc.

BEHEECIEETEROERVERIERDERLHAL
550, EHFKDOLFH TREREOEKBOERYIRLR
3, 4@ FH Tonami-1, FH Tonami-2, FH Kanazawa-2
DT o ESEMAO IBRICEWT, BREBCEEEYTRT
ERTER.

FH Tonami-l WHIREEEHK THL =2V v 1523 RKAT
AR VUNBLT Ve VIBERE 6Kb OREBTHD £
DEEREBITH AR FH (classical FH) WE S BETH 2. { LT
FH Tonami-2 137 £&H B OFEHEHETHB v b v I h
LA rrv3 ks 10Kb ORETH HEKRIBIZEETRE
BEABHATLREBNHRELCESTH B Z L 0%\, FH
Kanazawa-2 TRIMMEOCEBEEZETH SO RN196F 9 6,
CABG % [iff RN T 24D 4], LDL 77 =V —> A%
BITIRTWBLOMNIFILEEFNS .

SERBHB LR TIZIRT (1) T-Chol EicEEE I
. (2) LDL-C vvit FH Tonami-l 1% FH Tonami-2 &
& <, FH Tonami-2 & FH Kanazawa-2 TE X7\ . (3)
HDL-C V<4t FH Tonami-1 13 FH Tonami-2 ¢ HEE W
' FH Kanazawa-2 {3 FH Tonami-l £ W (EETH 5.

3B TERIREDOEIL T-Chol fETH M TE AL, LDL-C L~

Table 8. Previously described missense mutations in exon 6 of human LDL-receptor gene

Mutation Codon change  Nucleotide change LDL-receptor activity Functional class
(%)
FH Greece-2 S265R AGC—AGA 5 —15* 2B
FH Denver-2 D283N GAC—AAC 5—15 2B
FH Baltimore-1 D283E GAC—-GAG 2—5* 2B
FH Amsterdam S285L TCA-TTA 2—5* 2B
FH Tsuruga D280Y GAC—-TAC 6—8

*Compound heterozygote.

Table 8. Same LDL receptor one point mutations detected in the different places of the

world
Mutation Ethnic background Exon Codon change  Nucleotide change
FH Kanazawa-2 Japanese 14 P664L CCG — CTG
FH Gujerat Asian-Indian
Italian
English
Norweigian
FH French Canadian-3  French 4 E207K GAG - AAG
FH Mexico Mexican-American
FH Africaner-1 Africaner 4 D206E GAC — GAG
FH Maine American ‘
FH ].D. Syrian 17 Y807C TAT — TGT
FH Bari Italian
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AT FH Tonami-1 #' FH Tonami-2 X h EETH h, FH
Tonami-2 & FH Kanazawa-2 IZRBEL FHINE. Lol
FH Kanazawa-2 |3 FH Tonami-2 & h BIETH H , FDEEE
DEW HDL-C VAL DENFELTWHEEZBRS.

HDL O#fBRE(LERILELREDHA TV 59®, FH DR
Tk LDL-C v~ BiRE(LERICE ST 28— DREF &
LC#TF 5B, 4HO L35 LDL-C VA TREBED
eV 2 BTEREFE L HDL-C LAAMCEEERD LI LT
FH o®RE{LOERRTS HDL DE»E 2 5 LTEE
L#2 5. LDLROFERDETHDL-CEOZRHBAL > 5,
REBEOBRHMETHS.

FH Tsuruga (I ZFRITIT RV T HERNRTICE -
REREEZLN, HHEBOSVRGEBICEMARSH LT
DhH0 &SR,

Table 10. Frequencies of LDL-receptor mutations in
Hokuriku district according to the result of mutation
screening of 200 families

Mutation Families Frequency (%)

FH Tonami-1 10 5.0

FH Tonami-2 11 5.5

FH Okayama 2 1.0

FH Kanazawa-1 1 0.5

FH Tsuruga 1 0.5

FH Kanazawa-2 6 3.0

FH Morioka 1 0.5
Total 32 16.0

EN

FH Kanazawa-2 13 FH 24603 %2 HBLELLELS
NEBMEE SVERTH S, FH Gujerat iZm v F VAL
TORETH 2% ZHATH EE %2 LRI FH Kanazawa-2 D
NARHAPCPRGIRCERY R LD EEX bR, 4
I EBZNECEHEINCTERCHBECFET A2 ~T R
EAEN FH O16%1Z3 A0 X 51t - (&R10).

SERERBFTO R THESEME FH © 5 BEFIRE £ K
TLic2flemLich, MOEADFHOERD=2Y VDR
FEEDCTIRRYUADIT BT (F1D). TOKRTRERKC=
7y vDREHIL, BB ERETFHR (founder gene
effect) MER LCE—DOERNKEL EDDH Z L7723 L 3
CTHAAD FH KB 2B ETERISHE L OHIRE .
7 4 v 5 v FTIX FH Helsinki & FH North Kerelia ¢ FH £
FEOKET%H HD BV HWAKXAD FH W EENWEZTFER
(common mutation) ZFELELITE5TH5S.

# B

REESEYEFEEE 2 VAT L MER BT A LDL %
BEEEFERY PCRSSCP #:, EEHERIREE L
PCR-RFLP BRIz X h & LLAT ORER LB,

1. FH Tsuruga: AZF212 LDL-R 078 B H&HEHETSH
=7V Vv E0B0BEEDT I ) BICHIET B EERSI
GAC 25 TAC ~NEELLEZRIZHEVCT ASSEF VL L F
B UNET I VBERLTRIBZH LV 21 TOERTHS
CHRIN, Ve -FEROBREI VHERAREEES
2B WoFRLHEN S hic. FERIRBHREOCRZARLUAMCZA
WHEINTHENF LEEERIEEI N,

2. FH Kanazawa-2 : AZ &% LDL-R @ EGF EiER(FAHMR

Table 11. Previously comfirmed mutations of patients with homozygous FH in Hokuriku
district according to polymerase chain reaction-single strand conformational polymorphism

(PCR-SSCP)
Patient Name Age Sex® Mutation Comments
number of patient (year)
1 M. T. 33 M FH Kanazawa-2 Compound heterozygote
A T 23 M FH Kanazawa-2 Compound heterozygote
2 Y. L 52 F FH Tonami-2 True homozygote
T. T 54 M FH Tonami-2 True homozygote

3 Y. S. 22 F Exon 117

4 H. Y. 37 F FH Tonami-2 True homozygote

5 S Y. 45 M FH Tsuruga True homozygote

6 A. S 38 B Exon 9 (N412H) True homozygote

7 ? 25 M

8 K. M. 52 M Exon 137

9 T. K. 20 M Exon 4 Compound heterozygote
10 K. T. 39 M Exon 10

11 F. T. 30 F Exon 7

12 M. K. 40 F FH Tonami-2 True homozygote

13 A Y. 34 M Exon 12 True homozygote

14 N. N. 69 F FH Morioka True homozygote

15 G. E. M Deletion?

16 S. H. F Exon 4

17 A.T. 25 F Exon 7

18 N. Y. 38 F Exon 12 Compound heterozygote
19 M. M. 36 M Exon 2 - Compound heterozygote

Y M, male; F, female.
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FKO=2 Y VIADBBAB B DT 3/ BICHIET B EER S|
CCG 2 CTG KE(LL7 s VBIZImr Y vihbr A o vyad
EREMEZHLOLHRIAL. RERECREDSH S FH
Gujerat EFA LHOBERTH AN T r 2 TRRLHIFER
L#Ex bR, ¥ FH Gujerat & [ UHIfRAEESRESE 2B &
DEREEX I, MERIIAZ Y —= v I HED200F %
D~F v gELSEN FH EFAOFTERRCEWEINFH 2%
DH3UXHEBELEDbDEEL bR, Fiot DERBIT
FH Tonami-1, FH Tonami-2 & ki L7354 HDL-C {EEOHE
DD FANERNEEEREE LTV A0 L#HlZh
fo.

3. f10> LDL RBFEEFERICOVWT: ThE TLHER
At TERIZE DItEED FH ORI6BNFHATE L LD LE L
bhiz. PCR-SSCP Wk 3EROFEET L =27V VOBRE &
DHAAD FH 23135 LDL-R BEFERDLEE/HER X
hic.

H &

YR 2 5B EAHREAKMYE D ¥ LBl HRb R R
RABBERLET. TAPRLUD L HEEEAEY, HHRHE ¥
LiSRAFEFMAREE_HEEY FHEE b T/NRIRZH
i, BEE_ML, Mg bBMELRLET. TSR
ZEABHIEEE E L SRAEEERNBEE - HEE—FREOH
i, 7S U ES T DNA ORBUCER LG 2 RV LA FERRICE
WMBELET.
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Abstract

Familial hypercholesterolemia (FH) results from mutations in the low density lipoprotein receptor (LDL-R) gene, and is
accompanied by coronary atherosclerosis. Homozygous patients with FH usually die of coronary heart disease at about 26
years of age. In the homozygous patients, early diagnoses based on gene analysis are required to prevent premature coro-
nary atherosclerosis by early introduction of intensive cholesterol-lowering therapy. Twenty-one homozygous patients with
FH from nineteen families were studied for the analysis of LDL-R gene. Genomic DNA samples were obtained from the
peripheral WBC of the patients. Each 18 exon of the LDL-R gene was amplified by polymerase chain reaction (PCR) with
19 pairs of oligonucleotide primers. Variant conformers were detected by PCR-single strand comformational polymorphism
(PCR-SSCP). Subsequent direct sequencing of the PCR products confirmed their mutations. Thereby, two new point muta-
tions in the LDL-R gene were identified;one was a G-to-T mutation in the exon 6 of LDL-R gene, resulting in amino acid
substitution of Asp to Tyr at the codon 280 (D280Y), and the other was a C-to-T mutation in the exon 14 of LDL-R gene,
resulting in amino acid substitution of Pro to Leu at the codon 664 (P664L). These mutations were named FH Tsuruga and
FH Kanazawa-2, respectively, after the districts where their probands originated. Screening studies of the mutations in the
proband's family members and 200 unrelated heterozygous FH were performed through PCR-restriction fragment length
polymorphism (PCR-RFLP). In the FH Tsuruga, the proband was the true homozygote with this mutation, and his elder
brother was the heterozygote. No other family members with this mutation and his elder brother was the heterozygote. No
other family members with this mutation were identified. The nucleotide substitution in FH Kanazawa-2 was the same
change as that in FH Gujerat, but the haplotype of the LDL-R gene in FH Kanazawa-2 revealed that it derived from indepen-
dent mutational events. The proband and his elder brother were clinically compound heterozygotes with FH Kanazawa-2
from the paternal side and another unknown mutant. The screening studies indicated that 19 patients from 6 unrelated fami-
lies with this mutation originated in the northern part of Kanazawa city. As the HDL-cholesterol levels in FH Kanazawa-2
were low in comparison with FH Tonami-1 and FH Tonami-2 and many of the patients with FH Kanazawa-2 accompanied
advanced coronary heart disease, FH kanazawa-2 was considered as a severe type of FH. The results of PCR-SSCP analysis
suggested a high mutational heterogeneity in LDL-R gene mutations in FH in the Hokuriku district of Japan.



