Biosynthesis of Low Density Lipoprotein Receptor
in the Fibroblasts from Patients with Familial
Hypercholesterolemia
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FIEMR 2 v X 7 @ — L [YE (familial hypercholesterolemia, FH) 10883812 81 2 EHE ) X%
B (low density lipoprotein, LDL) Z2EEDREREIZIDWT, SRAEHEAR OB A» o BRE 21T-
fo. RRFOEERES MR EEEL, "LLDL 0fs, WDiAs, BrWEL T LDL KSR
BRMEL, REBEEE AT OBESEERILL. Kz, [%S] AF 4= CHIROER 2 ERL, #72
o —Hifk 1gG-C7T 2T LDL REGEEH25ML, PTFEOELTRZEROABMAE EREHL
To. REEEGHEM FH 446013, EALE>HCEREAZ VWL O (BEHARKER, null alleles) 1
P, ERENLBEHOMBEREAOBHNEE AN TWwa b0 (EXEEM, transport-deficient
alleles) 14, #fEEEREMTO LDL tDFEEBEEENL TV B D (EABER, binding-deficient
alleles) 24 E& N, ~7T oEEEME FH 6 ik, IXEEN 2§, EEARKBNE - 3EaE
EHAPlc e NIz, LDL ZEBBEFOI8D LY D3 BEIS 7 Y U SRBLTWVS
FH-Tonami-1 ZIEEBMMEE L D 205 05V b /S WEBELHEREIZTE 228, 2 ORIERE R
WO BV THRENICL L2 D ERPI B S NG EEEERN L E2 0N, E22 7V LE3x
7Y BRIBL TS FH-Tonami-2 i& LDL & OIS TERIMAESR D405 — > b OEEEER
tEzZ N, BEXY, HAA FH 3802 LDL ZRGEFIHEBEHKTHB3 LEDMT.

Key words familial hypercholesterolemia (FH), low density lipoprotein
(LDL) receptor, biosynthesis of LDL receptor protein,
FH-Tonami-1, FH-Tonami-2

KEEE 2 Vv X7 u— L ME (familial hyperchol-
esterolemia, FH) ik, i L VE oV A Fu— LM
ErEL, BMEMEREERIAHT 2 HEH
BHEREORETHS. MFPOIVATO—-VIFER
{EHE ) KBS (low density lipoprotein, LDL) iz &
DEME T, FETIE 20 LDL MW
DAL B LDL 2R BCRERH L 20
MFDIVATFa—LBEMNT 3 2 enBEsnrizsh
T3 ™, LDL 2FMFRE 7L E10B L OF O EHE
I EEL TR Y U 6D Y, W& &

FO—FDHBRETHIANTUESRLAAL LR
HThDREHEAEIELET 5. LDL ZERORY
BEOEHBRED S QEAMV E oL EREREVD
D (BEAKKEE, null alleles), @4k s hicEH
DfEEREAOBEBEE s T3 L0 EEE
E#  transport-deficient alleles), @HIMIERE TO
LDL t0EEBNEEEA TV b0 WAREY,

binding-deficient alleles), @& L 72 LDL % #ifgH
AR DADBESEEIATHLI LD @Y ALESE
A | internalization-defective alleles) ¢ 4 fE£g iz K

Abbreviations : CHAPS, 3-[(3-cholamidopropyl) dimethylammonio]-1-propane-sulfonate;
DMEM, Dulbecco’s modified Eagle medium; EDTA, ethylenediamineteteraacetic acid;
EGF, epidermal growth factor ; FH, familial hypercholesterolemia ; HEPES, N-2-hydroxy-
ethylpiperazine-N’-2-ethanesulfonic acid ; kb, kilobasepairs; kd, kilodaltons ; HMG-CoA,
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shTw3® FH @ LDL 2F4KBE*TEHL LT
BETBHIEICLY, LDL B2HEEOEE L #eE0 M
FmEESLICT R L EDIC, FH ORENHLn LY
D, MEBOBINICLVERTHZ L Bbh s, AFE
ik, H&ED FH 8173 LDL BE AR E » R
L, 20D ERTo. 35610, BEFOREHMM
FTRHE SN LR > Tw3 FH (FH-Tonami-17,
FH-Tonami-2%) W BWITREEOMEG LML, 2
AEOME L L L OBTERBH S Mz L7z,

HEs L UHE

I.¥ %

BT (>350mCi/ml), L-[¥*S] X # & = > (> 800Ci/
mmol), EN°*HANCE i3 New England Nuclear
(Boston, USA) X W BEA L. 1gG-C7 (clone C7) iZ
Amersham (Buckinghamshire, England) £ 0, &
v~ R IgG (No. 0211-0081) {3 Cappel Laborat-
ories (West Chester, USA) X hEEAL /2.
(Streptomyces griseus ¥, B grade) i Calbio-
chem-Behring (La Jolla, USA) & b B A L,
phenylmethylsulfony fluoride, leupeptin, 3-[ (chol-

Pronase

amidopropyl) dimethylammonio]-1-propane-sulfon-
ate (CHAPS) it Sigma Chemical Company (St.
Louis, USA) X WAL .

. A &

1. #pE

WREW FH L2 ahizBE L1085 X UERMD
EE3ROREREFMuEEMRL. FH 02
i, BHE S ORENCHESHTITo. s, QMEHR
VAT u—L 250mg/dl BT, BEOEYD
3lt, QIESRRENHD, MEBEILV AT 00—
Wt 250me/dl lETHBZ D TFhbEBELT
Wiz,

BRI, NREONME IR EREDE
Smm BEOKEH ZHBML, X~ 270v b
BRI L, 5 BREY RIS T 5 %
vy R Mm% (fetal calf serum) (Gibco, Grand
Island, USA) & 5 %7 > I # (bovine serum)
(Gibco) % &t Dulbecco’s modified Eagle medium
(DMEM) (H/k8438, Hm) THMARISE L. EBIZ S
DERDOETITV, T5em® DAHBEE Y 5 X 0

3-hydroxy-3-methylglutaryl coenzyme A ;

LDL,

(Falcon, Oxnard, USA) 2\ o i$ 58 U 7o 1 fa i
0.05% MV 7y > %&$0.02% ethylenediaminetetr-
aacetic acid (EDTA) #&#% 1ml hl 2 ¢ BB fa i 1 vk
EL, B 60mm ©¥ v —1 (Falcon) i 155D HH
FAEHEZRAH, 3 A LITHEER Iml 250HL, 55
5 8 BRIERRB T 1.

2. LDL B &) XEARBIE

16RMLU EEOEE AL ) BHHEML, FOME
2 5 Havel & O F &Y™ @ #t v B0 58 L855
(Beckman, Calfornia, USA) 8 X t*'u —% — 50.3Ti
(Beckman) % Fi\ > TELE 1.020 > 5 1.050g/ml O 438
ZEHRLCLDL L, Z0BERIFEEEEL L TEE
L7z, "I.LDL Z & & A (0.15M NaCl, 0.3mM
EDTA, pH 74) T2 @ L EZEH L 72 LDL %
MacFarlane @ ICl HOZE 2z CTEBRL TIERL,
BEHEMEDIS% LA Lvs LDL DBHER/BEL TS Z
LEMERELL. EEALVRML, Z0MmEEh s B85
(S TELE 1.215g/ml BLEDAE 2R L TV #EH
KB Mm% (lipoprotein-deficient serum, LPDS) & L
7o IH S OHMBHIEEIRA T 2 A EEREER
WAL,

3. LDL ZAKEEORE

LDL RFAERRREREFHEBcB T 3
“I.LDL O#&, lhias, Blk% Goldstein &9
Haba 59D Fkicft > TUT O L 3 cfllIEL 7.
LPDS #* 5 %&% DMEM 2.5ml {2 CHIRE » 48R RS 352
Lo, “LLDL 10p g/ml (EERBTEE 33 » 5
100cpm/pu g) #&¥5 % LPDS &% DMEM 1.5ml
PINZCORMEBEELL. UEBOERI 4°CTIT-
7o, HilE® 6mg OV YMETNT I RS 3ml D
BEW B (50mM trishydroxymethylamionmethane
(Tris)-HCI [pH 7.4], 0.15M NaCl) T5 EH#EL, &
5 dml OV YIBET VT I EE E R EERB
T1E¥E-7:#, 2ml OFEWC (10mM N-2-hydro-
xyethylpiperazine-N'-2-ethanosulfonic acid (HEPE-
S) [pH 7.4], 50mM NaCl, dmg/ml ¥+ A + 5 >k
B) %0z 1 BB CHBlaRE L 0¥ L 2 *1.LDL
OREEEERBESE L. BolilREEHEKB T
Yeo 2%, lml @ 0.IN NaOH o CEELEs> W1 K
HEEEZIOAALL, TOBROEARLZHEL
T, MlgoZERE L L. S8R 0.375ml ©50% +
LPDS,

low density lipoprotein;

lipoprotein-deficient serum ; ND, not detected ; PAGE, polyacrylamide gel electrophoresis ;
SDS, sodium dodecyl sulfate; Tris, trishydroxymethylaminomethane; WHHL rabbit,

Watanabe heritable hyperlipidemic rabbit
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) 7 o —VEEE & A2 T 3000rpm TI04FELL T
Baht: By 101 040% KI & 40 1 D30%:E/
fbAkERIZ 5 HMERTEVLE, 2ml 07 oK
A A EINZ T 1500rpm TI0RLEL L TR
AERBOKSEE R L. WERZEICT
Vv, BENRSEREEERE T 52720, *LLDL O
AEMATEBONS-HEMEED, &5 300k g/ml
@ LDL #mx<T Gl s L WIEBENEEZ SN
ZPEEEELI W TEHEL:. HRIARCERE
FohEERBOREECNT 2HETRLE.

LDL 2k LDL OBAEE, UTD LD WHIE
L7#2®, LPDS % 5 % &t DMEM 2.5ml TR %
37TPCTARMERAEE L, 5w 4°C W30 FMEREL 72
%, BrxOBED “LLDL *SDEREA EEELE
F 7 \» DMEM, 10mM HEPES [pH 741, 5%
LPDS) & 4°CT 2 B§RMEREL 72 W E Yy vyME7
LTIy REAPERRBT6ERK, &5
B7ATIVvEEERVEERBT IEE >,
1ml @ 01N NaOH 2 TS L BahEtt e EREZ R
=L, WERSEITY, BERILEEGERE TS
7-®, ®I-LDL OHEMEITESNIRAEELD, &
51c20fE 80 LDL iz T b & hiz L IRHRD
rEZLNAHEMEELIILCEHEL . #ilas &
U LDL 0BHER Lowry BT THIEL .

4. Hifk

0.15mg D& 7 o — > Hifk IgG-C7"% 3301 [pF-3-4
AL, 3501 DEEED (50mM Tris-HCl

Tablel. Activities and biosynthesis of
with familial hypercholesterolemia

[pH 8.0], 200mM NaCl, iImM EDTA, 0.5% [v/
v] Nonidet-P40) 2/1%, &5 12mg DtV Vi<
w2 1gG % 300x] OBEFEKCHEMBL TMA TERT
0B E, ZOHACTIHEBV. WBRICEERD
% oml Mz CHEEES ¥, 1000rpm T 14MELL
7. chBR2EBODEL, Bohl-REHEEGHE R
05ml OBEWD EMA Iz,

5. LDL Z&EOERARE

HEGYEEMmC 817 5 LDL 2EFO akEE
1%, Tolleshaug 6D HE WHEUTLUTOL I
FoTHRE LIz, LPDS % 5 % &1 DMEM 2.5ml T
R % 1285, LPDS 25 RBAR A F A=
k¥ DMEM (B EMEEFEAN, 5 o (8] »
F4=> 60»5 250k Ci/ml) 2N - REK
15ml T2 BRI EL (SR - T0), —HO#E
TiE s 512 LPDS % 5 %&¢:@% © DMEM 1.5ml
MizTHEEREELL (F x4 R). PO ERIT T
T 4°CTIfo7:. 3ml OFHEKEE (10mM HEPES

[pH 7.4, 0.15M NaCl, 2mM CaCl) T¥&- 7z #ila
%, 02ml O BEHE®EF (10mM HEPES [pH 74],
200mM NaCl, 2mM CaCl,, 2.5mM MgCl, I1mM EiE
# A F 4 = >, 01lmM phenylmethylsulfonyl
fluoride in 0.25% [v/v] dimethylsulfoxide, 0.1mM
leupeptin, 1.5%[v/v] Triton X-100) TW&#L , @&
038 1855 B8 L ' —F — 42.2Ti (Beckman) 28\
< 150,000xg T30AMELL:. & D EES0ul
BRI E S IR D100 ] 2N, 1RMEE

1DL receptors in fibroblasts from patients

Patient Receptor-bound Internalized Degraded Biosynthesis of the receptor
*I-LDL *I-.LDL *I-.LDL Precursor Mature Processing
FH homozygote
YS 16% 9% 1% ND ND —
KT 2% 4% 1% 120kd ND Impaired
EK 5% 3% 3% 120kd 160kd  Normal
HaY 62% 43% 669 ND ND Normal ?
FH heterozygote
HiY 88% 5% 80% 100kd ND Impaired
K1 64% 25% 56% 150kd ND Impaired
Y] 94% 83% 2% 120kd 160kd  Normal
HI 38% 29% 2% 120kd 160kd  Normal
KT 66% 27% 70% 120kd 160kd  Normal
SM 52% 27% 65% 120kd 160kd  Normal

Activities are shown with percentages o

f the same strain of normal control in each

experiment. ND, not detected ; kd, kilodaltons.
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Fig.1. *S-labeled LDL receptors in fibroblasts from a normal subject and
subjects with homozygous FH. Fibroblasts were pulse labeled with [*S]
methionine for 2 hr, and followed by a 2-hr chase with unlabeled methionine.
The immunoprecipitates were subjected to SDS-PAGE and fluorography.

Fig.2. *S-labeled LDL receptors in fibroblasts from a normal subject and
subjects with heterozygous FH. Fibroblasts were pulse labeled with [#S]
methionine for 2 hr, and followed by a 2-hr chase with unlabeled methionine.
The immunoprecipitates were subjected to SDS-PAGE and fluorography.
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L7, 4ABOY s EWEOR B oR 2800rpm T
WA EL L. TATO Y z ik 10mM Tris-
HCl [pH 8.0] & 1mM phenylmethylsulfoxide L=
&, BB 12ml THUTRRT LD [ 35 AP A

HEI1E ELBE): 10%> 258, 0.5% CHAPS

w2B L 20% Y 3 ¥, 0.2% Nonidet-P40, 0.5M

NaCl
=3B 30%y 3, 0.2% Nonidet-P40, 0.1%
sodium dodecyl sulfate (SDS)

HAE (BTE): 0% a5

BLLTES RS 600k DEEWG (G0mM
Tris-HCl [pH 8.0], 2mM CaCl) THEES €
12,000rpm T2OMRBEL L, % 5041 @ 8M R
% 0.2M dithiothreitol TEMEL . T O 2541
CEm®H (20% [v/v] glycerol, 10% [v/v]
9-mercaptoethanol, 4.7% [w/v] SDS, 150mM
Tris-HCI [pH 6.8)) % 2510z, 90°Cic 3 SHEIEV
72120.1% D SDS # &1 6 %YDEY)TIZVIFIIRETN
% & vk B (polyacrylamide gel electrophoresis,
PAGE) iz plF =™, BLIKENE 25mA T6 FERETT L,
AFBOE#LLTIF Yy, 2005050 ¥
(kilodaltons, kd); A # 5 7 b ¥ ¥ —¥, 116kd; 7 #
27 x5 —¥b, 97kd; vymME7T VT S,

66kd; A 77N T 2 v, 43kd (Bio-Rad Laboratorie-
s, Richmond, USA) 2 F\>7:. BREKEIEDO T V%2 &
B L%, EN'HANCE 0SB L, SHE
KON L. ¥ VERRE THRRE, —80°Ck
CHTMEED A — s S YF T T T 4 —%fT27,

54 ##

1. LDL S8&EH

wL DL OfEE, BORAH, REOD bR LEBRE
DEWRELE LDL BREKER TS &, BRNE
FH 23 -BELVES hiziBEFMao
LDL ZFEERER, ERSIMEF 2 LR8O/ S — & » b
DFIETFTLTCWw (#1). 2055 YS, KT,
EK T3 LDL SFEMEFEMMNERMER DL/ —2
FUTF EIEEICETLTE D, 20 THATE,
LDL Z&AyEM, 300 580 — ¥ b THoT. —
Mo FH k=440 LDL BHEEEEZIEROL0
K-y FUTFEshTsY, YS, KT, EK &
FH w ek £z ohi:. HaY ik, ¥¥ 7oy
bz & 2 LDL BREEETFORFTT, EELY
#7104 oDt (kilobase pairs, kb) /& R BE#EE
FHOEBORTESETHEILBHLITHD
#%, LDL SEMAEEIIHN60% e FH ~7 OEEED

Chase thry [ 0|

Fig.3. Time course for biosynthesis of LDL receptors in fibroblasts from a

normal subject and FH heterozygote Tonami-1. The cell extracts were
immunoprecipitated and subjected to SDS-PAGE, and the LDL receptor was

detected by fluorography.
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EECTH-7:. FH ~7uEdko LDL REMEN
RIEFEOKSM S~ > b Ebh T, HiY, KI,
YJ, HI, KT, SM @ 6§li3, FH ~7 nifgk e £
rohiz. WMOAHABEN TR, HEREECIHA
HERCHMET T 2%, SEORMNESIZIE, B0 A
HEERRIFEL 2o 7.

II. LDL 2% 0E8BE

1. [ERBMER
EfRMEEOMIE T, 2BEMD/SVR « S0
THFE 120kd & 160kd D 2 KD Ny FRBED S I
7o, HFEBAFAZVT2REF 42 T2 2L IC L
D, FRVLLEANED L S ICELT 2 rEEL
I3, 120kd @Y RIZEKL 160kd D8 KD &
kigode (1), 2@ 120kd Dy Fik LDL 225144k
BETF»SESN: LDL B EOHEETHY,
WSO EE LTIAYEB T OHBEEL S0
BEHOMIMEZ T THFEL 40kd B0, 160kd D

BBRE 2B &2 B,

2. REESEGFEL, ®@1)

YS TRHIFALHEAELED O NT, SEUEY
BEOTCER SN L OEHERREBRE L E 150
7z. KT Tid, 120kd ORIEEEIZRED s hizhs, F =
1AL TOEBBEEREDohahrof. 2Rz, M
HATOBEEAMPEEI R THWE I L2 RLTH
D, REGBEOOHBEET~OBREREEsSA T,
SEREERM rE 2 stz KT T, B8k & 5%
ESERMES & REC D 5>hiz28, LDL Z544&
EESN -y PEETLTVWEILED, SHHK
BEORMAEERE: TEEYT 55 LDL & 04k
FINTHHREREN £ 2 oz, HaY Tikal
BBk B o iz o788, LDL SEAEE
BBNERORKE0 - bROBATEY, UTOMK
MEMZIBER, BEBEROREESHLELI LR
7.

FH-Tonami-1

- Molecular Weight X107 ey

Pronase

Medium

Fig.4. Localization of LDL receptors from a normal subject and FH
heterozygote Tonami-1. Fibroblasts were pulse labeled with [®*S] methionine
for 2 hr. Then the medium was replaced with 1. 5ml of buffer containing 10mM
HEPES, 150mM NaCl and 2mM CaCl, at pH 7.4 in the absence or presence of
20x g/ml Pronase B. After incubation for 20 min at 37°C, Pronase activity was
stopped by chilling the cells to 4°C and adding Iml of ice-cold phosphate-
buffered saline containing 25% (v/v) human lipoprotein-deficient serum, 25mM
EDTA and 2mM phenylmethilsulfonyl fluoride. The cells were scraped from
the dish, centrifuged at 2000 rpm for 5 min and washed twice in phosphate-
buffered saline. The cell extracts (left) and the medium (right) were
immunoprecipitated and subjected to SDS-PAGE, and the LDL receptors were
detected by fluorography.
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3. ~TulEek (E1, H2)

HiY Ti, 2EMO/ VR« SV TERMES
THR&5#7N 3 120kd & 160kd D3> FLHMN I, #
100kd ODRBE N BB D SR, &5 2EFHF =
ARTBEZORENVROBERET LS, Th
DA CEERA Y FRBOSNE DT, 20
100kd DN FIZBRE LHIERAET, Th3EEE L2
SR WEXEER LEZ Shl. Fk KIATY,
#1 150kd O BEE RIREERD 3 BEBEIED S
ATEXEERLEZ R, ZhUAD 4HITE,
ERSMES & [EfEz 120kd & 160kd D /3> F 550D
shiz. ZOXIREITIR, ~TOESETHILD
CREZZAKREALEE R ZEREOLER S
&, BEBSE o ERE BT VWEOERRBETDH
200, FELRAUCAFEOEEANTE T 3 HEERE
EHNTHI2OPORFIFERETH o7z

M. SREORIEFRE L HEEL ORE

1. FH-Tonami-1

HiY DR%E% LDL 2EGEETIX, ¥¥ > 7oy
MR X BT, T2V 15% &tk 6kb OISR
EREETZILNEor L -TEY, ZOEHR
{£¥13 FH-Tonami-1 & an T3 HiY &
FH-Tonami-1 O~F uE&ETH %, FH-Tona-
mi-1 TiZ# 100kd ORE LFREERTDH SN, IO
FIERAI 2 BB D F = 4 A T b FREARIC & 5 3, #la
HNTOREEMAMBThbhRwEEZ SR:. Fx AR
ORREE, 4FEM, SHELERL THERMELEZ

150

.
A
100 1

e-—e:Normal

50 *
%‘ A-—a:FH-Tonami-2

(ng/mg)
>

125]-LDL Bound

T T
[« 10 20

125).LDL Free (pg/ml)
20

= |®

E|E

SIS

HES

\o o— o :Normal

8 \ X

4 .. A—a4 FH=Tonami~2
-

N 10 \

T a3

5 A~a A.\

o

: \A

a

-

J

)

o T T v

[ 100 200 300
125|-LDL Bound (ng/mg)

Fig. 5. Surface binding of ™I-LDL in fibro-
blasts from a normal subject (@) and FH
homozygote Tonami-2 (A ). After incubation
for 48 hr in DMEM with 5% LPDS, medium
containing ®I-LDL (1, 2, 5, 10, 204 g/ml) in
the absence or presence of a 20-fold excess of
unlabeled LDL was added and the cells were
incubated at 4°C for 2 hr. The cells were
washed and dissolved in 0.1N NaOH for
determination of the specific cell-associated
[.LDL. The date are shown with saturation
curve (A) and Scatchard plot (B).

Table2. No effect of 17-estradiol on activities of LDL receptors in fibroblasts from

FH-Tonami-2
Receptor-bound Internalized Degraded
Patient and assay condition =L LDL WI.LDL I-LDL
(ng/mg) (ng/mg)  (ng/mg/6hr)
Normal
ethanol only 34 76 1914
50ng/ml 17 B-estradiol in ethanol 32 50 2337
HaY(FH-Tonami- 2)
ethanol only 21 107 454
50ng/ml 17 8 -estradiol in ethanol 13 83 303
KT(FH homozygote)
ethanol only 0 17 124
50ng/ml 17 B-estradiol in ethanol 12 10 208

Cell monolayers were grown in dishes containing 3 ml of growth medium. On day
6, the monolayers received 2 ml of medium containing 5% LPDS and 0.1% ethanol

with or without 50 ng/ml J -estradiol.

Forty-eight hours later, the cells received

1.5ml of fresh medium containing 5% LPDS, 10 x«g/ml of “I-LDL, and 0.1%

ethanol with or without 50 ng/ml

B -estradiol.
surface-bound, internalized, and degraded I-LDL were determined.

After incubation for 6hr,
Each value

represents the average of duplicate incubations.
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shanNYRFREREDSNT, ERSFIHRED > RO
BERREEE L HETL, 8RFMBRICIIZEA LT
pohizroie (83).

QEREIDNN A« TSN, HIFAETE % Pronase
THET % L, ERMESED 160kd O/ F OBEEIR
BT L2, 120kd DY RRAETH -7 (K 4).
Zhid, 160kd DO REHEIZHIBRE CHFE L, 120kd
OHFFEEHBENCEET 2 2L ERLTWVS.
FH-Tonami-1 @ 100kd /s> FIXFRETH D, il
WIcEET LEZ N, &7, ERENLZEHE
EHsEitc i L TR BHTERS - 2
RVA > TRVEBEOEMERSTREFLILZS,
FH-Tonami-1 Tix 100kd O RiER{E b # DB & &
PoNBEELEBIPICRIED o h Y, EEMES &
FAROFBRNLEZ SN2 NNV FLrELOLE
potz (F4). Mbokstizck v, FH-Tonami-l T
&, FRRMAEHZ LD H#7 20kd /N v BE % FIER A
TEBH, IORMBEIEREOTINERT S TR
s THEBAIZE Y E hESHMIZHEERS
rEZ N,

2 . FH-Tonami-2

HaY 0 & ¥ 7% LDL 2FEBLFIX, 2V v 2 &
3L 10kb OFSXRBEEF O I LBHLNTE
H, FH-Tonami-2 &L E N T\ 3°. HaY i
FH-Tonami-2 O R EEESEKTHS. =27V 21,
REREA TR 7 o— v Hifk 1gG-CT S E&T 25
ATHAZERHOENTWBE®, K0 LDL &G
BRBRBOME TV FBITED MR B0, B
AREHORF W [gG-CT 2 AV HEEL N
Tz,

IhETHSNTWwW3 FH s &40 LDL 2%
BEM I ERMEE OL10% AT TH 25, AHTREH
60— > FOFENEERDH . EFD LDL Z&HE L
LDL & oEf0t 245+ L, Scatchard ® FEPCHER
T3, AOMESE TREIN LB IZERENES DK
WN— v ThHY, XYIFTRENS LDL B&EE
DY TEREIMEZ D150/5—€ > FTH o7 (F5).
ME& b, FH-Tonami-2 1, LDL & OEMMEHIELE
MAEE DHI40/8— & > b UL WRE L LDL 284k
BTETVRIRERER L EZ SN,

HaY i, HIEHBS L 2R + 5 ¥4 — 0 (estrad-
iol) 5 ICZB L LDL v AT u—LDET %R
LTni®, RFOSMESFMIET, BRET TR b
TVF—NEHMLC LDL SEBEE2AEL 2
B, FRMELENTEEORMZAD S ho ke
(&2).

% %

FH i3 LDL ZAKBETORKE I L-TRIB,
BREFEERTEORBTHS. 20REESEIR,
WI0TAIZ—ALFEREZHETH 255, ~TFogEsk
i, K50AIC—ALBBEFOREEICLBERL
LTERRVFAEIFL?. BEELIVEMEMEERE2E
RIZRIET 2720, BENCLEELRRBTHE .
FECRHITE, —BICBENRL L URRBESE
VBHERTW 3, MMOREBIE: OERCREBEAE
EATFOESAROELN I, LDL SEKEEORE
PEETHZ. ChETORE T, STEAEKD
LDL ZFEEME I EEMEED10S—2 > AT T
by, ~FogEsko LDL SHEEER FELEE
OIS0 S—X > FTHB. LaL, SEREL-ES
TR, BEFOHTC LD REFESGHEEEL T3
FEFIO LDL ZEKIEM M ERMAES D#160,¢— & >
FOFFEL . Lizdio T, LDLEZEEEHRICL>T
bREEEE L AT OBESEOENNTELZWEED
BETZEEzZLN:.

LDL Z&&EZ, 4FE 115kd OEEOET249F
D NREEBELISDTFD O-REHEESATHED,
SDS RV 727V 7 I NERUE LOR»TDHF&E
2% 120kd O FIBE R E L CTHE/NMEGETER S L, T
VEBETHEHEOEH*ZY, ROTOSTFE 160kd ©
BEEk 2o THIEEE CERXN 2. IARE T
LDL 2%z, LDL 41O 7 REABEHEAL T,
LDL P EL D iAte. LDL FZEOER T,
LDL 2FFOEHAR» SQEAERKIEE, Ok
FEELR, QECBEELN, ORVALEEND 48
WRAlEh TS, SEOERNTE, RYAABER
Ao 3BEORENRO S, Lry, ALEX
BEH-EZz oNENTLRTBEDOKRE s8R
Y, BEANZB IS LDL R2FEOREREE 44
THbHEEZSNIZ™.

WHE, N BIT2 3L AT a0 —LEESRORH
B% T4 % 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) BLBRORIRWEEHBHE s, &
AVATE—VIEDEBICE WO T VL2,
FH m=#&&0> %, LDL ZEFEOANELER T
LDL Z2REEELTED ok WER T, mF o2
VAT O— )L ERIESE D AD RV I OEOIEH|
BWERTHS. —F, LDL ZEREAREALEEL
LDL & EESE 2L T2 TR LES T3, LDL
ZEEEE LS D57 HMG-CoA BLEREEH
DHEIEHHHB. 2D &3, LDL BEEOEME*RIE
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Normal /"\

fH=-Tonami=1 /ﬂ\

FH=Tonami=2

—NH2

COOH

COOH

COOH

Fig.6. Structural models of normal LDL receptor and mutant FH-Tonami-1 and
FH-Tonami-2 receptors. A, ligand binding domain; B, EGF precursor homology
domain; C, O-linked sugars domain; D, membrane-spaning domain; E,

cytoplamic domain.

L, LDL SHAEHOABARERN T I ),
FH OBRBEHFEORBRCERTHS.

Yamamoto 52 & » T, LDL SHMERBET O
3% DNA (complementary DNA) #87 o —=> 73
h, Z0&—FEENREINE®. ZO0—REBED
Wtfz kb, LDL 2AEGERR, NRKEEDA. U
VRS A4y, B. ®RERERTF (epidermal
growth factor, EGF) HIEEGAME K 2 4 >, C. O-#
AEREEN A4 Y, D. BREAF XA, E. A
RAAYDEDDEEE AL BRI EEZON
Tw3 (F6). LDL ZEFERFORE LEB LR
LVTORErOBEFE, £ LT Goldstein 507
L—77, FH 8L UCATWICRIB2FERL I2RETF
OHEBOBSIC L > T, BHEATEL™. ThiC
Ik, VHYREGR A ORETFERIFESE
TR D EMNEL, BEEA R A4 MR Y A
4 OBREIIE ALEERIC 2 B2 L OMELRED
TW3.

FH-Tonami-1 Tix, =7V Y 1528KEL T 543,
ZOWAREETIE O-BEHEE N A4 v icHET
2 (6). ZOWANKEBLTWBzH FH-Tona-
mi-l TIRIEE LD b# 20kd /A& 7% 100kd O FIEE
PTE, - OMEREEOMNINERY 5T ERE
s FIHIENC E EE D ERPEAEES RSO
LDL SHXEEHEMET T2 eExohi ®T7).

—
Normal —*—g-llo—'
L ER Golgi

[ )
A(
[ 1

F H-Tonami-2 %—* —()/-k)/]—"“o
W W

—J

Fig.7. Biosynthesis of LDL receptors in fibro-
blasts from a normal subject, FH-Tonami-l
and FH-Tonami-2. —Q, normal precursor;

40, normal receptor ; <Q, precursor lacking
0-linked sugars domain ; =), receptor partial-
ly lacking ligand binding domain; ER, endo-
plasmic reticulum ; Golgi, Golgi complex.
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Davis 53, O-EEHRES N 2 1 v ORBHVKIE
L1 LDL SREREFEALMICERL, b7V R
727¥aYOFERAVWTEZORBEERT L. 2
OERBETF T, 100kd OFTEELS 120kd O BRBE
Ahr7b, 20 LDL 2AKEERIEETH k.
BHRELTHLSE O-BAEEBE N A4 VB EEL &
¢TH LDL BREOBE T RELSZVELTY
5. HoDOBREAER & DHHEIE, FH-Tonami-1
i, O-BEFEREE N A4 U0, BREKIBLTVWE0
L, BSORBRERAREE LD EEZ >N, M
MEEOLMWEAR, T LTIV VEBTHEED
MAINe2 208, ZOBHZ DLW TIRRPIZELAS
nTwiy. ZORMEOMESE I FH-Tonami-1 i3 HH
THEMH LR,

VH YRS A4 VE2REO7 2/ B2eKD
MoTED, 407 2 /Erok2 THEORERT S
ATWSE. 7Y 2k 3DKELTv2 FH-Tona-
mi-2 Tk, ZOTHEORERFIOE1FELE2EN
TELTWREEZLNTWS (F6). ZOFDTH
7u— ik 1gG-CT ST 3 MITH B DI
ZOERITIE, 1gG-C7T 2 AW -#E Tid LDL 2&#&
BaMNIEHs Ao, 5%, LDL ZREO MO
REHEET A EERAL T, LDL REEEAA K
BEZRN T L BLETHS . LDL ZEKENS
BLU LDL M EDO#ET» 5, FH-Tonami-2
Ti LDL ZEEOHILHEA L Cvrewss, LDL L D
BRMRTEEOROB L R WEELZHEENTET
Wiz, LDL 2EREESETLTW L EEZ
sz (7). Esser 5*%, ATBNICIER L RE %
LDL RAREETERE s, BETFREBOTM L
REROME L OBFRERE L. FhicihiE, Y
HYFREER A4 v ORBEFNOE 1 FLE2BOR
BT LDL tOBANEFEONTO - bR
D, 20FEAEE L LT LDL BEEFEOHDOETF T
otz HoOREE ZDER EOMOFEVDOERIZ
HonTidwd, VY FFEEN AL O—EMNK
BLTwB3DOTH2m5, LDL SEKEOBMOET &
DYBEMEDETOEIBEZIRT W EEDNS. 2
nET, LDL RAKOEMESEHE D60/ =1 > b b
B3 FH w2 HEKOHEIZ R, FH A T#EE&E
O LDL ZAEERIITXTEEDLORUT EEZ 5
NTwiz. FH-Tonami-2 I3:@% @ FH & E~EERR
CHBECEBRELCOERLELS, REOEAM
bo7:. LDL ZAROBEEFREH LV ANV OHFEH
Eiwoh, 4% FH-Tonami-2 D & 3 i H 3 BED
LDL RAGER 28> FH »EB &S h 2 L FEX

n, BIVvATo—LVIEERE EOREEE IV A
T u—VIELFEET DRSS DS . BRI,
REREBI VAT o~ VIEL W BERERTH S
2, FEBRACIE LDL SREEFE LIERED 2
BYITHBEREDLNEG.

HaY i, BRFBLUZA SV F - L EERIC
ZB LDL 2V AFU—NVOETERL TWwiz®,
EOEGESIEME v ¥ ¥ (Watanabe heritable
hyperlipidemic rabbit, WHHL rabbit) iz 3 \» TIEiR
iz LDL ZAEEEOEMATD s, & 7z g
BHFEOEEMIET LDL SR/EOFESEN LA oy
> (estrogen) THEINZ LOBEN B IR T WL
39 KEIOFEFSHEFERCBLTEREC A b
5 Ut —n%iNx T LDL BEKEM & #7208, Hik
DEMIED shnr-o7-. 2OEHEIE, HEHEkO
BEICLI>TZA MY VOBEORESER B0
LEieni. —#0 FH Tk, HiEkO LDL a1V
AT O—LETEZNEZSEHETEZL. BETFOR
BEMEZIDIA PO YR T2RENEL2 LR
bhay, ZORREHES T2V, REOMEHEI
FH-Tonami-2 3HEATH5» b Lkl

]

FH o Rtz Av T LDL 8F0RE
2EHLVOVTRE L, UTOHRE2EL.

1. ®"EEAEE FH 4 fIREASKKIER 14,
HEXEED 14, HeRER 2P EI N, AT
oY FH 6§z, XBER 2 4], EHARK
B IEAEENAHTH .

2 . FH-Tonami-1 1}, EAEMAER & » & 20kd /h &
WEELITEREIZTE 20, RPEIZ2 S ISR
EXENTARLIIMES N ZIEEEERN L EZ SN
7z

3. FH-Tonami-2 13 LDL & QIS IE S E
EDL08— 1> FDRY LDL SEEEEOBEEE
HrEz oz,

PEDZELY, HAA FH 812 LDL 2/ KR
HRERCSHETHILEE L N

El

H 5

BaRRAD A, RS L HRMEBD £ LI BERMTHE
RGBIICRER 2 HEERL 7. - APR 2 EEHE
B, EECREE £ L ERRFEFRNBEE BERNE
PER L oHEERLET. BELESOHBREEE
2 L RREARE EHRESRLE, BEERREE=AMA
BEREE, BRTRARAMAHEZESE, BFRIDRR
HNEAMTBEEEECE(RBOLET. $ER22H1B



312 3

JIRTEE 3 L @RAEEFHRE_NRE-FREO RN,
i 5 NS HBEEER B L 2 TROL 72 (U T B I B
tLET.

ERFED—FIEE21E B FEIRFE L2 SRS GRFE, 1989),
PROTEE BABIRELFEESLERE (B, 1990) 128 W T
FRL.

X S

1) Goldstein, J. L. & Brown, M.S.: The low
density lipoprotein pathway and its relation to
atherosclerosis. Annu. Rev. Biochem., 46, 897-930
(1977).

2) Goldstein, J. L., Brown, M. S., Anderson,
R. G., Russell, D. W. & Schneider, W. J.:
Receptor-mediated endocytosis: Concepts emerging
from the LDL receptor system. Annu. Rev. Cell
Biol,, 1, 1-39 (1985).

3) Lindgren, V., Luskey, K. L., Russell, D. W.
& Francke, U.
cholesterol metabolism : Chromosomal mapping of

Human gene involved in

the loci for the low density lipoprotein receptor
and  3-hydroxy-3-methylglutaryl-coenzyme A
reductase. Proc. Natl. Acad. Sci. U. S. A, 82,
8567-8571 (1985).

4) Siidhof, T. C., Goldstein, J. L., Brown, M.
S. & Russell, D. W.: The LDL receptor gene: A
mosaic of exons shared with different proteins.
Science, 228, 815-822 (1985).

5) Siidhof, T, C., Russell, D. W., Goldstein, J.
L. & Brown, M. S.: Cassette of eight exons
shared by genes for LDL receptor and EGF
precursor. Science, 228, 893-895 (1985).

6) Goldstein, J. W. & Brown, M. S.: Progress
in understanding the LDL receptor and HMG-CoA
reductase, two membrane proteins that regulate
the plasma cholesterol. J. Lipid Res., 25, 1450-1461
(1984).

7) Kajinami, K., Mabuchi, H., Itoh, H.,
Michishita, 1., Takeda, M., Wakasugi, T.,
Koizumi, J. & Takeda, R.: New variant of low
density lipoprotein receptor gene. FH-Tonami.
Arteriosclerosis, 8, 187-192 (1988).

8) H|EE=:LDL v &y —RBEFEE L THR
WALAE, BHAREE(L, 16, 1039-1044 (1989).

9) B £, 24RR=, LHZE4L, LHEN, ¥F
BRI, saEx, FREEE, IRE=, BT &,
ABEEZ, ITEARHE, TEEX: HERAAOREMER 2

i}

VAT u—VINEOBKHEEZONT, EI%EE;%

14, 475-479 (1977).

10) HE &, BEREED, EESR: REFER. /
3, 12, 948-958 (1975).

11) Havel, R. M., Eder, E. A. & Bragdon, J,
H.: The distribution and chemical composition of
ultracentrifugally separated lipoproteins in human
serum. J. Clin. Invest., 34, 1345-1353 (1955).

12) MacFarlane, A. 8.: Efficient trace-labelling
of proteins with iodine. Nature, 182, 52-53 (1958).

13) Goldstein, J. L. & Brown, M. S.: Binding
and degradation of low density lipoproteins by
cultured human fibroblasts: comparison of cells
from a normal subject and from a patient with
homozygous familial hypercholesterolemia. J.
Biol. Chem., 249, 5153-5162 (1974).

14) Goldstein, J. L., Brown, M. S. & Stone, N,
J.: Genetics of the LDL receptor: evidence that
the mutations affecting binding and internalization
are allelic. Cell, 12, 629-641 (1977).

15) Haba, T., Mabuchi, H., Yoshimura, A,
Watanabe, A., Wakasugi, T., Tatami, R., Ueda,
K., Ueda, R., Kametani, T., Koizumi, J,,
Miyamoto, S. & Takeda, R.: Effects of ML-236B
(Compactin) on sterol synthesis and low density
lipoprotein receptor activites in fibroblasts of
patients with homozygous familial hypercho-
lesterolemia. J. Clin, Invest., 67, 1532-1540 (1981).

16) Goldstein, J. L., Basu, S. K., Brunschede,
G. Y. & Brown, M. S.: Release of low density
lipoprotein from its surface receptor by sulfated
glycosaminoglycans. Cell, 7, 85-95 (1976).

17) Lowry, O. H., Rosebrough, N. J., Farr, A.
L. & Randall, R. J.: Protein measurement with
the Folin phenol regent. J. Biol. Chem., 193,

265-275 (1951).

18) Beisiegel, U., Schneider, W. L., Goldstein,
J. L., Anderson, R. G. W. & Brown, M. S.:

Monoclonal antibodies to the low density lipo-
protein receptor as probes for study of receptor-
mediated, endocytosis and the genetics of familial
hypercholesterolemia. J. Biol. Chem., 256, 11923-
11931 (1981).

19) Tolleshaug, H., Goldstein, J. L., Schneider,
W. J. & Brown, M. S.: Posttranslational process-
ing of the LDL receptor and its genetic disruption




FH w2 LDL 28 kESHK 313

in familial hypercholesterolemia. Cell, 30, 715-724
(1982).

20) Tolleshaug, H., Hobgood, K. K., Brown, M.
S. & Goldstein, J. L.: The LDL receptor locus in
familial hypercholesterolemia : multiple mutation
disrupt transport and processing of a membrane
receptor. Cell, 32, 941-951 (1983).

21) O’Farrell, P. H. :
dimensional electrophoresis of proteins. J. Biol.
Chem., 250, 4007-4021 (1975).

22) Laskey, R. A.: The use of intensifying

High resolution two-

screen or organic scintillators for visualizing
radioactive molecules resolved by gel electropho-
resis. Meth. Enzymol., 65, 363-371 (1980).

23) Southern, E.: Detection of specific sequences
among DNA fragments separated by electropho-
resis. J. Mol. Biol., 98, 503-517 (1975).

24) Brown, M. S. & Goldstein, J. L.: Analysis
of a mutant strain of human fibroblasts with a
defect in the internalization of receptor-bound low
density lipoprotein. Cell, 9, 663-674 (1976).

25) Cummings, R. D., Kornfeld, S., Schneider
W. J., Hobgood, K. K., Tolleshaug, H., Brown,
M. S. & Goldstein, J. L.: Biosynthesis of N-and
O-linked oligosaccharides of the low density
lipoprotein receptors. J. Biol. Chem., 258, 15261-
15273 (1983).

26) Van Driel, I. R., Goldstein, J. L., Siidhof,
T. C. & Brown. M. S.: First cystein-rich repeat
in ligand-binding domein of low density lipoprotein
receptor binds Ca* and monoclonal antibodies,
but not lipoproteins. J. Biol. Chem., 262, 17443-
17449 (1987).

27) Scatchard, G.: The attraction of protiens
for small molecules and irons. Ann. N. Y. Acad.
Sci., 51, 660-672 (1949).

28) Mabuchi, H., Sakai, Y., Watanabe, A.,
Haba, T., Koizumi, J. & Takeda, R.: Normali-
zation of low-density lipoprotein levels and
disappearance of xanthoma during pregnancy in a
woman with heterozygous familial hypercholester-
olemia. Metabolism, 34, 309-315 (1986).

29) Mabuchi, H., Tatami, R., Haba, T., Ueda,
K., Ueda, R., Kametani, T., Itho, S., Koizumi,
J., Ohta, M., Miyamoto, S., Takeda, R., &
Takeshita, H.: Homozygous familial hypercho-

lesterolemia in Japan. Am. J. Med., 65, 290-297
(1987).

30) Mabuchi, H., Koizumi, J., Shimizu, M.,
Takeda, R. & the Hokuriku FH-CHD Study
Group : Development of coronary heart disease in
familial hypercholesterolemia. Circulation, 79,
225-332 (1989).

31) Funahashi, T., Miyake, Y., Yamamoto, A.,
Matsuzawa, Y. & Kishino, B.: Mutation of the
low density lipoprotein receptor in Japanese
kindreds with familial hypercholesterolemia. Hum.
Genet., 79, 103-108 (1988).

32) Mabuchi, H., Haba, T., Tatami, R.,
Miyamoto, S., Sakai, Y., Wakasugi, T.,
Watanabe, A., Koizumi, J. & Takeda, R.: Effects
of  3-hydroxy-3-methylglutaryl coenzyme A
reductase on serum lipoproteins and ubiquinone-10
levels in patients with familial hypercholester-
olemia. N. Engl. J. Med., 305, 478-482 (1981).

33) Mabuchi, H., Sakai, T., Sakai, Y.,
Yoshimura, A., Watanabe, A., Wakasugi, T.,
Koizumi, J. & Takeda, R.: Reduction of serum
cholesterol in heterozygous patients with familial
Additive
compactin and cholestyramine. N. Engl. J. Med.,
308, 609-613 (1983).

34) Mabuchi, H., XKamon, N., Fujita, H.,
Michishita, I., Tadeka, M., Kajinami, K., Itho,
H., Wakasugi, T. & Takeda, R.: Effects of
CS-514 on serum lipoprotein lipid and apoprotein

hypercholesterolemia : effects  of

levels in patient with familial hypercholester-
olemia. Metabolism, 36, 475-479 (1987).

35) Yamamoto, T., Davis, C. G., Brown, M. S.,
Schneider, W. J., Casey, M. L., Goldstein, J. L.
& Russell, D. W.: The human LDL receptor: A
cystein-rich protein with multiple Alu sequences in
its mRNA. Cell, 37, 577-585 (1984).

36) Esser, V., Limbird, L. E., Brown, M. S.,
Goldstein, J. L. & Russell, D. W.: Mutation
analysis of the ligand binding domein of the low
density lipoprotein receptor. J. Biol. Chem., 263,
13282-13290 (1988).

37) Davis, C. G., Goldstein, J. L., Sudhof, T.
C., Anderson, R. G. W., Russell, D. W. &
Brown, M. S.: Acid-dependent ligand dissociation
and recycling of LDL receptor mediated by



314 B

growth factor homology region. Nature, 326,
760-765 (1987).

38) Esser. V. & Russell, D. W.: Transport-
deficient mutations in the low density lipoprotein
receptor. J. Biol. Chem., 623, 13276-13281 (1988).
39) Davis, C. G., Elhammer, A., Russell, D. W,,
Schneider, W. J., Kornfeld, S., Brown, M. S. &
Goldstein, J. L.: Deletion of clustered O-linked
carbohydrates does not impair function of low
density  lipoprotin  receptor  in transfected
fibroblasts. J. Biol. Chem., 261, 2828-2838 (1986).

40) Shiomi, M., Ito, T. & Watanabe, Y.:
Increase in hepatic low-density lipoprotein re-
ceptor activity during pregnancy in Watanabe
heritable hyperlipidemic rabbits ; an animal model
for familial hypercholesterolemia. Biochim.
Biophys. Acta, 917, 92-100 (1987).

41) Semenkovich, C. F. & R. E. Ostland, Jr.:
Estrogens induce low-density lipoprotein receptor
activity and decrease intracellular cholesterol in
human hepatoma cell line Hep G2. Biochemistry,
26, 4987-4992 (1987).

Biosynthesis of Low Density Lipoprotein Receptor in the Fibroblasts from
Patients with Familial Hypercholesterolemia  Hajime Fujita, Department of Internal
Medicine (I), School of Medicine, Kanazawa University, Kanazawa 920—J. Jezen Med.
Sco., 99, 302—314 (1990)

Key words familial hypercholesterolemia (FH), low density lipoporotein (LDL)
receptor, biosynthesis of LDL receptor protein, FH-Tonami-1, FH-
Tonami-2

Abstract

Abnormalities of the low density lipoprotein (LDL) receptor in 10 Japanese patients
with familial hypercholesterolemia (FH) were studied. Human fibroblasts were obtained
from the skin of these patients, and homozygous FH and heterozygous FH were
distinguished by measuring the receptor binding activity, internalization, and degradation
of ®I-LDL, and by the gene analysis of the LDL receptor. The biosynthesis of the LDL
receptor was analyzed by the incorporation of ®S-methionine followed by immunoprecipi-
tation with anti-LDL receptor antibody (IgG-C7). Of the 4 patients with homozygous
FH, one showed null alleles, one transport-deficient alleles, and two showed binding-
deficient alleles. Of the 6 patients with heterozygous FH, two showed transport-deficient
alleles, and four showed null alleles or binding-deficient alleles. FH-Tonami-1 is known
to delete exon 15. The skin fibroblasts from FH-Tonami-1 patients synthesized the
precursor of the LDL receptor, with a molecular weight 20 kilodaltons, to smaller than
normal, in SDS polyacrylamide gel electrophoresis, the precursor was not converted into a
mature form and degraded for 8 hours. FH-Tonami-2 is known to delate exon 2 and exon
3. The skin fibroblasts from FH-Tonami-2 patients synthesized the LDL receptor, to an
affinity of only 40 percent of normal. Thus, these mutations of the LDL receptor with FH
are suggested to be heterogeneous.




