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EREEIEMAERRD ) REHOFH L
ZDRRERIZEET S5

FIRKHIEFEIRARPE S ZINFHEEE (E(E © ITRITEHBGD)
w2 BOM

(BEFN614F 8 H30H Z 1)

BIEMSBIEMAERRE (Watanabe heritable hyperlipidemic rabbit, WHHL &) 0V KEHOE
BBIUFEEE VAT o—VIED Y REQcDERIZHEO M ET5 I 22, ARRFEDEE 1 OEINTSH
3, E20EHME, WHHL KRIZBF 2 BELEY KEB (very low density lipoprotein, VLDL) # X
U7 %Y FEH E (apolipoprotein E, apoE) BIMOKEEZRET T2 2 L TH D, N—_US5DHFEH-
T, VREAOBEREOO 2T o ER, WHHLRRSREES 2L AT o VIEL B4 2 i 8, )
DEETHote, PHLEY XEQ, EEE) REAOEMELE (15~20 %) »REESILV A7 o—1
MAE (2~ 3% ICHANERHEAEWI L, VLDLEIFRER IV AT o—VIECIRIER 40 LERER
MTHBDICRL, WHHL RRTREEIC MM (12665 LT/l &, WHHL RED~7 0 #a
REEDOY REABIMUMRS AV, BETHoT., MIBE7 RV REHEE* —RTRIFLEEETH
5L, WHHLERA TR 7 8 Y BEE B A 14 %, apoE 3 90 5L EICEBF ML T fod, FRE
oL AFu—VILETKE, FAZTR2ME, L5EOMIMTH-7. WHHLRRTRD Sh iz VLDL #
MOBFEIE LT, 2 008 %2{T-o7, £, vary MBI % apoE OMETIZ, HESERK
Bz & 2 apoE 4 V EH R KRIBXHEBE IR D Shah o7, Wiz, VLDLthD U 7Y 254 N &S
BT a) N —FEEE2 7 IV ASOFETRAELE. aVATFo—LEEHRHAAFRETIE, VRESY
SS— PEEMES 2,145, MY S—PEER 3B EREL T, WHHL RR T, Y S—E2E%®R
3AIfEIC LR LTS, VEREHY S—EEEDO FRIZ R o7, apoE SEEDIEEE LT, O apoE
E4RNAB®R, Fy b 7av 7427 N4 754 ¥— 3 VIRTREL 2. EERRCEEX, WHHL
KEIFD apoE 54 RNA &2 2 fEiz3nL Tv»7:, WHHL RRIIKEES VAT o—LVIIENRY
EFLEYTH B, BHEY XEAZBFHREEUNAORELTFEL .

Key words Watanabe heritable hyperlipidemic rabbit, lipoprotein properties,
apolipoprotein E, messenger RNA, postheparin lipolytic activ-
ities

EEMEREIBIERE (Watanabe heritable hyper-
lipidemic rabbit, WHHL R®R) &, @2V A70—
NVIME%R R L, fERBEETERo # M S YRR (L AE % 7
BT A ENRFESNTLE Y, ZOFRIL, SHHEEF
fat®, Fr#fgen, BIBMAED TR s iz & 5, (B
HE Y KBS (low density lipoprotein, LDL) #&
HOBEHNLRETHLEEINTVES, WHHLKR

OERP LDLZEEOERH X, REES IV AT
o — L IHUE 0D B ER AR e~ 2 Rl R Y R I B L
Twb, > TWHHLRREREES 2LV AT O~
VEDEF VB E SR TR, LaLass
WHHL RRO ) REAGREREE&GIV AT 0L
MUE & bolekass L 78R3 72 <, WHHL RO FHA
DEEREIC S LTy, TV AT o—LaEREES

Abbreviations : apoB, apoC, apoE, apolipoprotein B, C, and E, respectively ; bp, base
pairs; cDNA, complementary DNA ; C-fed, cholesterol-fed (rabbit) ; C-fed-1, C-fed-2, C-fed-
4, and C-fed-6, rabbits fed 100 g/day of 19 cholesterol chow diet for one, two, four, and six
weeks, respectively ; FFA, free fatty acid; HDL, high density lipoprotein; HTGL, hepatic
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% 12K R (cholesterol-fed A, C-fed RA) Tix, #F
o LDL BEEBENETL, @3 v A 72—V IiE
o, BRI LE 2 FAET 52, WHHL RED Y X&
Bgx, BEUORE FRT Cled FRR & EEMIC &R
HLAHmEL R, 2T, KR T, LDL 25K
BEFETAREMEE 2V A7 o —NME, WHHL
K3, C-fed RAD Y XEH % BT L, WHHL
KROV REEROFHEES»EL, REEED LV
AFo—VIFED Y REEHRE DRRIEHSMITS
TEREIOHME LR,

RIEMB IV AT O0—VIETIE, BELEY KE
B (very low density lipoprotein, VLDL) i35/ ZTEH
ThH B0, WHHL RE Tk VLDL #5312 5
mLTwi, 2O VLDL OENHECHES L LTE
HrEz ohi:, WHHL RRIWCBI1F % VLDL 8o
#Er L, LDLEZFEEE BT 5 VLDL ({# D
BETLH»IEZIN TR NSS b Mk, VoS- ¥iE
MORIBIZ L 2 I HBEME"P, 7R REBE

(apolipoprotein E, apoE) ®E% = & 5 A EfEMm
EST, LEOEN ) REFOHEMBHA SN TR
bbb T, WHHLRARD ) /L iEMHR apoE 2
EyamEtideah kv, WHHL %D VLDL
iz, V/S—EiEMES apoE DEELEE T Y
IDERNT S L, KFROE2DENTH 3.

MRE & UHE

I.x B

1. b

RIGRAT DBEGHEREER 2 v AT 0 — VIIE
BELISG (BF, L66) T, )V EBHOERELS
We7RY REAEEOHE 2RBCT L, 25,
FEMEE IV AT o—VIEOZKHIIER SO
B E DD CITo %, EHE ML, TEROLHESR
TEMLI 1661 (BL0F), 66 Tha., Fm
HORRE - FFEAE BRA - NIER «+10% 8 ED
B - ERIEEE SRV IE, MEBRIVATFO—L
WA 230 mg/dl AT, MEN Y 7Y £ 54 NI 150
mg/dIATTH2Z k, VRBEADBRLAOHE 7 K
VREHBEOHENSFEFIC 2L, THD

2. KK

1) RROBHE L8

NEHEESHNE WHHL R5RI3, #FEAFEDEEE

T X OB, AT oESEE WHHL R,
REEAEEWHHLERCEE 2 BAEHARA

(ZHIE ¥ - R, BU) 22T dbbe CTERL
7o, BERRFEFER (Type ORC4, #V x> ¥ VER
T, H5) #1H100g 1 BMEZ B, KEd
BVBEATUBESEEWHHLEREEA L2, &
B, RRXTWE, WHHLERR AT oESHE%
WHHL %% (~F o WHHL K&R) ¥b s 0»E
D, REREHETH S,

E¥FKE (normal rabbit, NR) i3, AEEHER
RICEERRAKE 18 100g, 1 BME27-60T
5%, Cled RFBW, HABEHEFRIZ1%I VAT
—VEEER (RIS, 4V 2y 9 VEBERTE)
% 1H 100 g, BEOHMES 2 TERL .

LEREEORRE 12 BEM R S w058, g
BEI# £ 02 38R 5 VI BT OERIZHER L .

2) EEBRCHEALL-KEOEE LK

KR 10Y REABE LB L UER 2 THEAL
e RREFA—E&ETH S, WHHL RHIH# 8 3% B
WWHHL B, %7:, NRIZ#ESPTE2HEWNREELL
7o, Cled KRR, 1%V AFo— LS5 138
52 14 Pk Cfed RE— 1 (Cfed-1) BEE L,
2BMIS 2 - 63, 4:BMESZMS TR Eh TR
Cfed-28%, Cfed-4 Br LIz, EBR1D7 XY RE
BHIEWCHEL Jo NR (##ES 2 P)), ~7 o WHHL R
B (M3, &€ WHHL KA (W& 23 &, =
Bl OBERLAFETo KR REETH 2.

EER3 TR, EBR1B L2 L 3FEED ARER
BREEEMALL. NREIZHES TP, Cfed-6 B
1%aVvA7To— LR R % 6 BRS8N TH
5, WHHLRRRZER1BI U2 THERLA-HES
D>HOEPERAY, ThEER3OWHHLEE L
7z,

RER4TIX, EBR1, 2BLU3 LIEBHEAKDBA
BEHARAB LU WHHL £R2EH L. NREIG
MR 20, WHHL BRIZEE LT, M2 Th 3.

I. 5 &

1. VREBHBEEORE

U REAOBE LI N—_L 5D HFEZ -
Ty, Ry 27y (FAYH) WilE O L8-55 5 &
VRSB o -4 —50.3Ti AW TTo7. Mm%,
VLDL (ftE d<1.006 g/ml, 10°C, 40,000 rpm, 20 &

triglyceride lipase; IDL, intermediate density lipoprotein; LDL, low density lipoprotein ;
LPL, lipoprotein lipase; mRNA, messenger RNA; NR, normal rabbits; PHLA,
postheparin lipolytic activity ; VLDL, very low density lipoprotein; WHHL, Watanabe

heritable hyperlipidemic (rabbit).
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), BMtEY REH (intermediate density lipo-
protein, IDL)( 1.006 g¢/ml<d<1.019 g/ml, 10°C,
40,000 rpm, 30 FEfE), LDL(1.019 g/ml<d<1.063 g/
ml, 10°C, 40,000 rpm, 30 B¥fH) B X U'ELLEY RE
B (high density lipoprotein, HDL) (d>1.063 g/ml)
AL, AduizoriRoBLsrod, MiE
BLURY REASHEORI L X 70—V idBERED
WE2752+-TC (BRAFv 27X, HR), U~
EEREBREDICLBPLEyY —K (HEAHE, K
R) #HWTHIELK, MUY EFA4ANE, BT
EEEEIC L3V E PRz — 2 (RS, KR %
Ao, RETR7EFALT 2 rENZLZ MUY
S KB (RFLE, BER) 2RV THIEL -

2. 7R NEBBEORE

ME7RY REBE, —YTREIERBIENC X 55
Fy b (E1E%E R 2HEVWTHELL.

FExv b, EVOT7RYREAEINT 2HHEE
FRLTWwS, READ 7 R XEH B(apolipoprotein
B,apoB)B L F apoE 3, LEHALREIETE L :
ROESFETHERLL. TRIBHOBESR
apoBHIZR 7V — b OREBRICIEAL, BEROF
EEBELL. 3EHOMRKZ, OELAEOFRM
&, @QVLDL, IDL, LDL £~/ »— ¥ i
TEE wmE, O8E LK THI VLDL 2%
OFAETHEL, 7 KVLDL ¥ % 10mMTris

(hydroxymethyl) aminomethane(Tris), pH 8.6 i
VU MHE, Th. RIEVLDL 2Rk, WE2
mm OF 7 AERNICER L8 MRE (Y271 Y/
< vtt, #4E Ultrapure) 2 &8 WWBRV 727 INT
IRFNTT 4 A7EKIKEP 21T o7, WKEEROXR
VZ2YUNTERINELIRTTa—AT MICEHEL
2. KUV 727U N7 RANMECAITIZRERER DL D,
it + apoE B EAL 2. SRR &, FERIC
BLWEIL, 72— A—THRELEEV T 27U
TEFT7FNVOBBMEL 2HEL 7.

3. 7R VLDL 0&E S ELIKE

HER 018 VLDL W HE 1.006 g/ml O3k +
V7 A EMZ, 10°C, 40,000 rpm, 20 BFEIOELE
FEORToOTHE L, VLDLOEHREYu—) —%
N TRIE LR, BEHEE LT 250~300 g FHHD
VLDL %#, 5%BEDOT7 X b>-x¥ /- VIEBK (BE
l:1)C2@, YxFrz—F 1T 1 B0 %
T, 7R VLDL 2= LTEL EBXRHT CEE
#%, 8 M R3®K, 10 mM dithiothreitol #&ts, 10 mM
Tris,pH 8.6 I L7z, 0.2%methylene-bis(acryla-
mide), 8 M JR#&, 2 %ampholine(pH 4 — 6) (LKB
#H, AT 2=F ) EGLIS%RIVF 7 IULTIRY

Mz LER7 R VLDL B+ EREL, 4°C, 150V, 16
REOFESEIKE 2177, 79y —7n—0
HEL, ERS50 nm TRAEEZEELHFLR &
E— 7 TOEEEERD, apoE BL U7 HYREHC

(apolipoprotein C, apoC) D ZNZFNDIED,
apoE E 7z iZ apoC &kl i 0 2 S XK &, apok/
apoC LR EE L /2,

SEABSIKENIC B 3, apok B & U apoC Dk
BN IE, RO & S 2 FETHER L. 7X¥ VLDL %
BIEIOHECTT 4 A7 BREKEI 21T 72, 7=y -
TN —THBL T, apoE £ X U apoC DAIBEW 2 RER
L7z, ARRCWKELLBOY VLD, apopEB L8
apoC IZHY T 24291V Y, FESAELKER
FNCER TRENL 72, pl &, BELAESKBZRO S
LVE2mm BHTIL, 10mMIEED Vv LEBEK?
ml I AN THREL 7.

4. Y —EERORE

KBEIWHEEL kg b2 100 BAEID~NY >3 ET
GEEIR & D B L, 10 ARk L HBRE BBk
XD 3mIBMLY, EbiZ, 4°CTELL CIMEES
BEL, —80°CTHRIEL T2,

AN ENER Y N—¥EM (postheparin lipoly-
tic activity, PHLA) &, 77 7 A 5D HFEMZHL
WDEIBABETHEL:, bVA VA (¥I=y
T A Nt) 113 gmoles, HHEERSRAEE (free fatty acid,
FFA) #8830y y 7L 73 > (A4 200mg, 1%
FY R X—100 0.6ml, 0.15M¥E{EF P Y vk
&1 0.194 M Tris—HEAEEVE (pH 8.6) 11.4ml 2,
glycerol tri (1 —*“C) oleate (7<= + A%, 56.6
mCi/mmol) 2 £Ci %Mz, BEFHETHRBELLHOE
HEHEE L/, MPHLA i3, £EE LR UBER 75 ul 2
IRyl 202, 2T°CC 0 OMMEL 2%, &%
0.9ml /0%, 560 FHMBL:. v avvbd
TEEICHEVS, 0.1N KER1EA U » LVEWRCHEREL 72
RERSEE I L, “C OFEELHIE L, Y 3
+ (hepatic triglyceride lipase, HTGL) %, #IE%
BT a ¥ 2 > 3mg #MZ THIEL 72, Y REH
Y ,¥—<¥ (lipoprotein lipase, LPL) &, # PHLA &
D HTGL #Z L5 TEHL .

5. FF® apoE {4 RNA OHIE

4) Fa—7OER

t » apoE 37 2 fi#if4 DNA (complementary
DNA, cDNA) 2&% 75 2 3 N®D DNA %, #lR
B Pstl (FEE, 3 TYIL, 5%KV 77
VT ERERSVCERKEI L7z, 759F & D915
Bz YT % 167 XR— A7 — (base pair, bp) @
Ny RRYIDHL, FBEAKTHE BRI MI37
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g—=y 7%y b (FTe¥viatt) 28, AFEy b
BHROFET, TCER L DNAWREE27 79
M13mp9 @ Pst] ZIWC K AZAK. ZDT7 7= T
KIEE IMI03 e TEERE L, EAY R4 ADH
EOTT 7 — Y DOEEE DNA 2L, ZhOHIR
BRI LAWY —> & D{ES RNA (messenger
RNA, mRNA) L[ UMERERY % b DJESE DNA 3¢
azEhicrso—yRERL,

KBEEBER LD 77—V 5 2.1% KV zF LS
) a—)L 6000 TILEE R, 72/ —VTHREALTI
A DNA %187, ZODNA %2 0.8%7Hu—R%F
VTBSWKEILT, 77—YDNA BRI 20
DNA &) 7Fu—7%E32 59 %, UTCKET 5,
HEDNA X I7THEDO MI3 754 v— (Zr ATy
TH) 27 ==V L. TAFYGTP, ¥+ F*y
TTP, 74 % ¥ ATP, (a-¥P) ¥4 *¥ CTP (7~
Yy L) ZMZ, DNARY X5 —¥, 7L viFE
(7 7=y TH) RERL CHERHE DNA &KL
fo. HIREER HindIll TYIHE, 90% KA A7 3 FEE
Wz, 100°CT 5 FMMEAL T 1 R BEE s v
2 BIEETIAL T T MEZEE2EL 5%
V727007 3 RERANTERIKEIL:, 7 —+ 5
VAT 74— 2T TERNET B3NN FOMBERE
EL, FARYDHLTHHL a—7E L7,

2) B apoE-mRNA 2D HIE

REF LD 77 =9 VEEEOTRNA 2 L
2. RNABR ALY /= VRIS TEEL 2.
FFRNAWOug @k A7 LT ER 21 MIZR S
&z, 55°C, 15 4RmEAL . 3 Mk b
Vo 2,03M 7283 MY » A% 10 &M
Rz, FHAR OO 2umD=boe O —R « 74
F—(YaF4ktr—-vazitt, FEH)IZER4mm
OABICRZ &I Tayi 4 7L, 80°CT 2 R
AIZABEITE L 7%, 1.5 M~V w4, 0.15M 7=
YB3IF MY e, 0.2%7 43—, 0.2%FY =
Moy Ry, 02% 777y, 7 EF DNA
(50 ug/ml) O 5.2ml 1z, v —7 2 X10%pm
HYEEMAIE, = PORLT—RA T4 LI —5A
N, 65°C, 2B NA 7N 4 ¥~y 3 v B iFo T,
BmM#+ b Y oA, 15mM 2 VB3F MY o
LBWE T, 55°C, 15 S3RIMEERo L 72, —80°C, 48 H5fS
A=bS94 757 4 —%1F», TuvFi4y7LT
BOBARE 7o -7 OR p R BEO RV I & A
BLi, 204, 7oy 74 7 LEESEHLICT X
TmmKRKIZ= PO O—AT 4 VT —%H o7, 4]
R OZE % 0.5N ## 0.1 ml T 90°C, 2 BFRIANA
PR, BRI F L 0.2ml MR CT 4 LF —%

BoLl, iy FLr—8—ACSI (7o ¥ vL
#) 5ml 0%, SEELHELL. To-TOHY
ELT77—YDNA 2 AHICLEL THRER 2F
D, apoE mRNA %&H L 72,

6. HEHLEE, X F2—7 > Dt RE, —TEE
G, V437 Y U OIBMFRE, 7 7 A A v—
7Y A0 HRE, RNv7 xu=ES B, HHEES
mEEERL L.

B #

1. £8 1 —REEMEI L XA Fo—JLAE, C-fed
FiE, WHHLRRO U £EAH & U7 HREH
Lo a5

1. REMEB I VAT o—VIEQMES L YR
EHERE (&1)

MEa LR 7 o—UEE, E&: MO 2Bt
LT, VREAICAB L, LDLa VAT o—
NMEDHEIMPRLEHTHD, Lrb2fitHEDLeh
7z. VLDL 8 X ' IDL 2 L A 57 o — {1k, SEHED
BEOLAGTD 725, EREE(EFE o FEHE+
2SD LAF) 2R3 HIbEH (Fheh, 126, 64D
oz, HDL 2V A Fo—{Hix, EEE PEELE
Birol,

MEBLIDL LDLO MY 7V &5 4 F{Eiz EF
LTwie, VIDLBLUHDL MY 7Y 254 NE
IXEHE PR ENZ LT,

m¥EsL &L 'IDL, LDLOV v iEEER LA L,
VLDL 8 & U HDL V) Y IREEI 3 E{bas % o o,

2. Cled REROMBEB L VY XEAIE (F2)

m#E2 L AT o—/VElE, NRBICEERERICE |,
Lo BN EmL 2. VREARICA S &,
VLDL, IDL, LDL SRR Thadz, LEEDANE
WY REHIZ CENOBESKEL, Lrdy, EHE
RN 2 W7z, HDL 2 v 2 7 o— ik, NR
B b, Cfed 1 BETIIAE, Cled2 BB L UC
fed-4 BECIIBEIML TWwiz,

JVATu—NMMEOKEZEICHL, PY ISV x
T4 FEZEHLTHOERLL RO o1z, U i
BEOEOBEIE IV AT o — L EOELELIL
Twi, TOREREETH /2.

3. WHHL REOMEL & V) REHKEE (£2)

ME 3V AT o — 0B, NR B0HK 11 {EOEE % T
L, VLDL,IDL 8 & ' LDL £ ETHEML TW7z, C
fed RREFEL D, LEO/NS OHEIF CBINRED
FHrwWS Zkidedot, REESIVATo—
MEE &R D, VLDL 2 v A 7 u— B0
EETRD S h, ZOEMNEBE (26 %) i LDL (18 f%)
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Tablel. Serum and lipoprotein lipid levels of normal and familial hypercholesterolemic
subjects.
Normal Hypercliai?e];léiolemia ttest
Total Cholesterol Serum 168+26 (16) 339+51(15) p<<0.001
(mg/dl) VLDL 12+ 7 22+ 9 p<0.01
IDL 5+ 2 1611 p<0.001
LDL 17423 215+42 p<0.001
HDL 55417 50£11 ns
Triglyceride Serum 82+31 114£45 p<<0.05
(mg/dl) VLDL 3726 38+33 ns
IDL T£ 3 11+ 6 p<0.05
LDL 13+ 4 30x10 p<0.001
HDL 15+ 3 16+ 3 ns
Phospholipid Serum 180+£31 246+54 p<0.001
(mg/dl) VLDL 13+ 8 17£10 ns
IDL 5% 2 13+ 9 p<0.01
LDL 53+14 138+29 p<0.001
HDL 10827 94421 ns

Values are mean-+SD(n).

Table 2. Serum and lipoprotein lipid levels of normal,

ns ; not significant.

C-fed-1, C-fed-2, C-fed-4, and WHHL rabbits.

Normal C-fed-1 C-fed-2 C-fed-4 WHHL ANOVA

Total Cholesterol Serum 58+ 19(8) 517160(4) b | 891+230(6) c | 1657+392(5)c | 609+224(8) ¢ | p<0.01
(mg/dl) | VLDL 6+ 3 120+ 62 2034 95 b | 603172 c|157+100 a p<0.01

IDL 5+ 4 97+ 38 b|198%+ 60 «c| 351k 62 c| 75+ 256 b p<0.01

LDL 17412 2284+ 59 a {286+ 52 c| 341+ 82 c|312+188 ¢ p<0.01

HDL 24+ 4 22+ 3 4+ 3 ¢ 34+ 9 c| 10 4 c¢| p<0ol

Triglyceride Serum 63+19 33+ 20 47+ 25 61+ 21 5094333 ¢ p<0.01
(mg/dl) | VLDL 20+ 7 124+ 10 124+ 10 29+ 10 228+183 c¢| p<0.0l

DL 6 4 5+ 2 10+ 4 11+ 4 48+ 33 ¢ p<0.01

LDL 13+ 8 10+ 5 13+ 7 13+ 5 166+ 55 ¢ p<0.01

HDL 14+ 2 £ 4 ¢ 9+ 3 a 8t 3 b T+ 2 c¢f| p<001

Phospholipid Serum 85+14 205+ 66 3734+ 81 | 6504190 c| 4144128 ¢ p<0.0
(mg/dl) | VLDL 9+ 3 37+ 19 80+ 47 176% 52 c| 98+ 64 b p<0.01

IDL 5+ 3 36+ 15 af 80+ 25 c| 131+ 28 c| 48+ 18 <c| p<00l

LDL 141+ 9 92+ 25 126+ 28 ¢ 143+ 33 ¢ [203+ 83 ¢ p<0.01

HDL 564 7 454 9 a} 46+ 5 a 65+ 6 a| 38+ 3 ¢ p<0.01

Values are mean+SD(n). After the one way analysis of variance (ANOVA), simultaneous multiple

comparisons between normal rabbits and other rabbits were done by Bonferroni's method. a,
p<0.05; b, p<0.01; ¢, p<0.001.
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IDEHTH-7:, HDL 2L A7 u—fElx NR #
D 1/21ZFP LT,

miE#H L VLDL, IDL, LDL FV 7V £ 5 4 F{&E
OEBESEMASH D, KEEG IV AT o—VIIER
Cled RREBEL B >TWwi, VUV EBEEOREM
i, PUZVETA P EBERBETHH .

mE7 #VRXEAORBECERLEEERREAT
o WHHLRROMBEB L) KEAREELRS
RLE, VAT VERIZERERER Lok
M, MiEB L VLDL, IDLHDL + ) 7V &5 4 N#E
2, ~7o WHHLRETEEEICLEREL Twi,

4. FEEIVATo-VIED ) RESOIEER
o (#4)

ERE MR, 2L ATFO—L/ b )TV T A
Rt L Fav 2T o—i/) VBB, LEDO/NE
WHET EF L T, HDL & T, ER e bRk
EERROLMoI,

5. KRNV READOIEME (£5)
Cfed FRATIE, WFhDY REFLIVAT O~

NTE HERICEL L T,

DUREHIVATO—

MMERBEENC LR L (R2) 28, IRELCER

MEB DM &R Bd o7,

WHHL R®E T, NR #izkt~, VLDL, IDL, LDL
BFHBEOREELY, BETRZVMBERL TV
Cled REDIEEHEEHIIRE L, REME®a v
AFo—LIfE (£4) PWHHLRRE LB £<E

Table 3. Serum and lipoprotein lipid levels of normal and heterozygous WHHL (Hetero.

WHHL) rabbits.

Normal I{%ﬁfﬁ_&i‘ t-test
Total Cholesterol Serum 4049 (4) 49414 (3) ns
(mg/dl) VLDL 2+1 5+ 5 ns
IDL 1403 3£ 3 ns
LDL 3+4 4+ 5 ns
HDL 23+£5 22x 6 ns
Triglyceride Serum 5949 10628 p<0.01
(mg/db) VLDL 2345 42+ 9 p<0.05
IDL 3+1 9+ 2 p<0.01
LDL 1042 13+ 4 ns
HDL 2441 31+ 2 p<0.001

Values are mean+SD(n).

Table 4.

ns; not significant.

fractions in normal and familial hypercholesterolemic subjects.

Cholesterol/triglyceride and cholesterol/phospholipid ratios of each lipoprotein

Normal Familial Wilcoxon's
Hypercholesterclemia test
Cholesterol/Triglyceride VLDL 0.36+0.12 (16) 0.95+0.70 (15) p<0.01
ratio IDL 0.80+0.27 1.5140.68 p<0.01
LDL 6.10+1.90 7.69+£2.58 ns
HDL 3.89+1.71 3.24+1.02 ns
Cholesterol/Phospholipid VLDL 1.05+0.48 1.54+0.69 ns
ratio IDL 1.28£1.25 1.54+0.96 ns
LDL 1.42+0.10 1.56+0.08 p<0.01
HDL 0.51£0.05 0.53%£0.10 ns

Values are mean=+SD(n).

ns; not significant.
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o Tz,

6. KEHERIVATo—VIWED T R Y RESR
E (%&6)

apoB B X UapoE S EE E ML DEE WML
Tz, apoB &, VLDL, IDL 8L U'LDL a VAT
o—NVEEDOEICE, FhFh, r=0.62, 0.70, 0.86
DOFE (27T p<0.001) OEDQHEABERD >,
apoE L 2o ) REHIVATFu—L{EEDOBICY
FE (#h#¥h, p<0.05p<0.05p<0.001) DED
FEBEREME (2 hEh, r=0.42, 0.42, 0.59) 27,
D7 RY RESBER, FEE MBrE2Rok
»oiz,

7, WHHLRROD7 RV RESEE

%% apoB, apoE LHit b 7 HE Y REAAKLOR
ISEDCEREERRD & 5 Lk FETHNT . apoB 28
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FThY oL EREEEWIEEMZ 3 &, apoE, apoC
2% EIZEHE T 5 28, apoB BIEH LR, ZOEBELE
RSINVFTHBEREES o (B1-a), 78
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Table 5. Cholesterol/triglyceride and cholesterol/phospholipid ratios of each lipoprotein fractions in
normal, C-fed-1, C-fed-2 C-fed-4, and WHHL rabbits.

Normal C-fed-1 C-fed-2 C-fed-4 WHHL H-test
Cholesterol/ VLDL 0.284+0.11(8) | 28.8 +37.8(4) b | 26,5 £17.9(6) c | 21.5 +6.0 (5) c | 0.74+0.23(8) p<0.01
Triglyceride | IDL 0.8340.19 317 £234 b|236 £ 78 b|350 £6.7 c{1.95+0.98 p<0.01
ratio | LDL 1.13£0.32 305 181 b|268 + 93 ¢ 284 6.1 b | 1.98+1.20 p<0.01
HDL 1.7640.28 4,16+ 2.33 4834 244 a| 4.73+192 a|1.5440.66 p<0.01
Cholesterol/ VLDL 0.64+0.27 349+ 1.26 b| 2.65+ 0.75 b| 3424004 ¢ | 1.584+0.29 p<0.01
Phospholipid | IDL 1.154+0.18 2.794 041 c| 248+ 0.18 b| 269+0.12 ¢ |1.60%£0.30 p<0.01
ratio | LDL 1.2040.20 251+ 032 b| 2.28% 0.16 b| 240£0.08 «c|1.49%0.23 p<0.01
HDL 0.4240.04 0.49+ 0.08 0.80+ 0.12 b | 0.54-+0.10 0.27+0.12 p<0.01

Values are mean=SD(n).

¢, p<0.001.

After the Kruskal-Wallis one-way analysis of variance by rank, simultaneous multiple
comparisons between normal rabbits and other rabbits were done by Bonferroni’s method.

a, p<0.05; b, p<0.01;

Table 6. Apolipoprotein concentrations of normal human, familial hypercholesterolemic patients, normal
rabbits, heterozygous WHHL (Hetero. WHHL) and homozygous WHHL rabbits (Homo. WHHL).

Normal Familial ) t-test Norm.al Hetero. Homo. p-value
Human Hypercholesterolemia Rabbit WHHL WHHL
Apolipoprotein A-1 147 43209 135 42509 ns ND ND ND
Apolipaprotein A-I 36 =9 32 £38 ns ND ND ND <001
Apolipoprotein B 83 £18 170 +31 p<0.001 | 100+274) 127+£29(@3) | 1420+224(4)c (ANOVA)
Apolipopratein C-1 3.04 0.9 34+ 12 ns ND ND ND
Apolipoprotein C-1 T4+ 3.0 824+ 1.8 ns ND ND ND <001
Apolipoprotein E 364 1.4 54+ 16 p<0.01 ND 0.58+0.04 51.9€ 9.3 t-test)

Values are mean+SD(n). ND, not detected.

ns, not significant.

After the one way analysis of variance (ANOVA),

simultaneous multiple comparisons between normal rabbits and other rabbits were done by Bonferroni's method. ¢,

p<<0.001.
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Fig.1. Reactivities of anti-human apolipoprotein
antibodies with rabbit apolipoproteins.
a) Reactivity of anti-apoB antibody. Ten or
five (wells with a prime ”’”) microliters of
samples were applied to agarose gel containing
anti-human apoB antibody. Samples were rabbit
whole serum (S, S’) , HDL fraction obtained by
precipitating VLDL, IDL and LDL by Heparin-
Mn?** method (H, H’), and apoVLDL solubilized
in 10 mM tris (hydroxymethyl) aminomethane-
HCl, pH 8.6 (V, V).
b) Reactivity of anti-apoE antibody. ApoVLDL
of rabbit (R) or human (H) were electrophoresed
in 10% polyacrylamide gel containing 8 M urea,
and then diffused in 19 agarose gel against anti-
human apoFE antibody (Ab). Arrows indicate the
rabbit apoE band in the polyacrylamide gel.

BELO LREBETHET 2 &, RiEMHI LV AT
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B EE (p<0.001) OEDFEMEERE (rs=0.74) 43
= b iz, Mo apoC 4 VERICDWTIE, Cled &
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AVEOIEL TS, WHHL# & NRE: ORICI

ijs
X

HELEIRD L2,
apoE/apoC Hit, Cfed- 2 Bt r Cfed- 4 BETHE

FRELTW/A, WHHLE Y NRE:OMIZBEE
BREIZRNo T,

Table 7. Comparison between lipoprotein profiles of familial hypercholesterolemic patients
and those of rabbits.
Familial '
Hyperchole- | C-fed-1 | C-fed-2 | C-fed-4 WHHL
sterolemia
VLDL | Cholesterol 1.83* 20.0 33.8 100.5 26.2
Triglyceride 1.03 0.60 0.60 1.45 114
Phospholipid 131 411 8.89 19.6 10.9
Cholesterol/
Triglyceride | 264 102.9 94.6 76.8 2.64
Cholesterol/ 147 5.45 4.14 5.34 2.47
Phospholipid
IDL Cholesterol 3.20 1940 | 396 70.2 15.0
Triglyceride 1.57 0.83 1.67 1.83 8.0
Phospholipid 2.60 720 | 16.0 26.2 9.6
Cholesterol/
Triglyceride | 189 382 | 284 422 2.35
Cholesterol/ 1.20 2.43 2.16 2.34 1.39
Phospholipid
LDL | Cholesterol 2.79 13.4 16.8 20.1 18.4
Triglyceride 2.31 0.77 1.00 1.00 12.8
Phospholipid 2.60 657 | 9.00 10.2 145
Cholesterol/
Triglyceride | 128 27.0 23.8 25.1 1.75
Cholesterol/ 1.10 2.09 1.9 2.00 1.2
Phospholipid
HDL Cholesteral 0.91 0.92 1.50 1.50 0.42
Triglyceride 1.07 0.50 0.64 057 0.50
Phospholipid 0.87 0.80 0.82 1.16 0.68
Cholesterol/
Triglyceride | 083 2.36 2.74 2.69 0.88
Cholesteral/ 1.04 117 1.90 1.29 0.64
Phospholipid
ApoB 2.05 Hetero 1.27
Homo 14.2
ApoE 1.50 Hetero vs. Homo
89.5

The values in this table were calculated by dividing mean levels of diseased subjects
(familial hypercholesterolemic patients, C-fed rabbits, and WHHL rabbits) by mean
levels of normal controls. For example, the value (1.83) of VLDL-cholesteral of
familial hypercholesterclemia, which has an asterisk(*) in this table, was calculated by
dividing the mean level of VLDL-cholesterol of familial hypercholesterolemia
(22 mg/dl) by the mean level of VLDL-cholesterol of normal human subjects
(12mg/dl). An exception was the value of WHHL apoE (89.5), which was the ratio
of mean level of apoE in homozygous WHHL rabbits versus that in heterozygous
WHHL rabbits.
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Fig.2. Isoelectric focusing pattern of rabbit
apoVLDL,

a) Identification of protein bands. Rabbit’s
apoVLDL was applied to polyacrylamide gel disc
electrophoresis (D). ApoE (E) and apoC (C)
sliced from the unstained parallel gel were
electrofocused. For comparison, apoVLDL (V)

\ku! LML wid ol u

and rabbit albumin (A) were also electrofocused.
b) Comparison between rabbit and human
apoVLDL. Rabbit (R) and human (H) apoVLDL
were electrophoresed simultaneously. Another
gel was cut into 2 mm thick slices, and placed in
10 mM KCI solution for determination of pH.
Each protein bands were designated as shown in
this figure.

¢) Comparison between normal, cholesterol fed
and WHHL rabbits. ApoVLDL samples from a
normal rabbits (N), a rabbit fed 1% cholesterol
chow diet (C) and a WHHL rabbit (W) were
electrophoresed simultaneously.

d) Optical density scanning. The gel designated
as “R” in the former figure (figure 2-b) was
scanned at 550 nm.
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M. E8 3 —~RABO~NRY UERERY S—EEHE

NR B, C-fed-6 #% L WHHL #0 HTGL &
W, #hFR 0.910.4(FEHELSD), 2.6+£0.7, 2.7%
0.8 gmoles FFA/ml/hr Th o7:, &FD LPL &N
X, #nZFN5.4+1.7, 11.5£1.8, 5.6%1.5 gmoles
FFA/ml/hr Th - 7=, ST ORR, HTGL &,
LPLEM b HFE (L W p<0.001) OXE&#H%ERL
7z, Ry 7 x n = ESEHBOBR, HTGL &M C-
fed-6 Bt X P WHHL B & NR B & Off], LPL &%
T Cled-6 BEEM 2B L ORMICER (bFhd p<
0.01) DENDH T,

Cfed-6BB LU NRBw2W0WT, Co&EL
HTGL y&M % /21 LPL & & OB 0 tHEABE R 0 H i
BRI, WFROEES, CoRLOMZERE(L S
2, p<0.01) QENHEERBR (ZhTh, r=0.83,
0.89) &RL7.

IV. £84 —REFO apoE{E4 RNA B

apoE cDNA WiH % < & Z A 72 M13mp9 TKREFH
RPEERLIZE S, 5EQ7a—-rRELsNT.
EED W0ED Y u—> & DB EMA DNA %z Pstl
T L, 5%®YV T 27 YT S FERS VTERK
BL7. K3 —allmT &3, GO apoE cDNA
W LRAICESERTAVESELN, Tho107
o—i34C apoE cDNAWIH 2E T % Z LR
T&7,

RS

apoE cDNA #ff, M13mp9 O fHlIfREESRUTHTERL %
METLIcE 23, ROLDERFEH->72. K4 —aiz
R &9, mRNA® & UEEERTIOIESE DNA 12
W5 RIS < 1o Stul YJ#FERI 3D 5 72438, M13mp)
w=ix Stul BIMRERALIE A o 7o, —F, M13mp9 izl
Pstl $IWFERAL L Y 5@ Hind HIYIHTERGL, 3z
& Accl YIBTERGIHSH - 7258, apoE cDNA #F i3
Hind IR Accl i & 2 SIETERALIZ 22 20 o 7z,

LIEORE L DIRD & 5 RHIREERTIN/ Sy — i
#3507, Hindll: Stul iz k2 2 BEYW %172
¥, MI13mp9 iZJEsH2 < & Z & N7 & &4 7400 bp
r20bp® 2 Kz % (M4 —boD kEEME,
M13mp9 I HERIEN < & 2 gheEElE, M4-bT
AN RE L & D #7200 bp £ #9160 bp D 2 K
wird, Acel & Stul 12k 2 2EVIMOBER,
P AT ER TV AITH 7200 bp & #7150 bp D 2
A (4 —-b FEARED 12, HEESAZERTVA
1$#9 7400 bp ¥ 10bp D 2 & (K 4 —b TEAMR) ok
3,

BIE 10 2 o—> % Hind I & Stul 2 & % 2 EY)
Wixlizel?, K3-bDLInERABONL &
AU EIHT 8y — > X DEIERT 2 &, FRUINESE, 3
BT b o T, B3 -bOkiRLY 7TER
Dr7a—vikhE-EENDNA %, Pstl 04,
Hind & Stul, Accl & Stul THIHTL . B3

Table 8. The relative proportions of apoE and apoC isoproteins in normal, C-fed-1,
C-fed-2, Cfed-4, and WHHL rabbits.

Normal C-fed-1 C-fed-2 C-fed-4 WHHL H-test
C1 1102 = 5.28)| 166 = 38@) | 88 * 6.7(6)| 88 + 1.56)| 7.1 + 3.5(@8) | p<0.05
C2 1368 +11.8 | 298 + 47 |143 + 1.0b[27.0 £ 19 [287 + 96 | p<0.01
c3 1347 + 93 |215 + 34 |259 + 37 |201 £ 51a|327 £11.1 | p<0.05
Ca | 71 +43 |112+27 |378+£41c|130+69 | 35+ 28 |p<000l
5 | 21 +11 |138 + 41b| 87 + 162|158 + 44 c| 47 £ 33 | p<0.001
C6 1113 +114 | 60 £ 29 | 46 £ 16 |193 £ 92 |234 £ 95 | p<0.01
(%)
E1 | 093% 1.09 | 170+ 035 | 008+ 008 | 084% 028 | 0.79+ 046 | p<0.05
E2 | 35 +44 | 58 +11a| 24+ 14 | 3810 | 25+ 07 |p<0.05
B3 |129 +87 |128+14 | 90+16 | 91 =16 | 78 £ 21 ns
B4 |172 + 63 | 247 + 072|208 + 20 |233 £ 12 |195 £ 51 | p<0.05
E5 |358 + 60 (350 + 22 |347 + 24 [376 + 19 |[37.0 = 28 ns
E6 | 297 + 48 |201 + 22 |331 = 30 |254 = 31 [323 £ 61 | p<00l
(%)
E/C| 370+ 212 186 = 97 |250 = 68b|31.0 & 67 c| 7.99% 682 | p<000!

Values are meanzSD(n).

After the Kruskal-Wallis one-way analysis of variance by

rank, simultaneous multiple comparisons between normal and other rabbits were done
by Bonferroni’s method. 2, p<0.05; b, p<0.01; ¢, p<0.001.
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DY REAREORKHIZ, LDL oiNTh he-to12,
VLDL BBEOHENERTOATH S, ORI,
FHEORRE Lic~T 0ESEOA TR, KEE
BRCBWTHEKICED SN T2, 3,
WHHL K& Tid, £2wRL7 &5z, LDLIEMD
A 67, VLDLOZEHEZEMb R ohnl. 20D
VLDL Oz, KEEEIVATFo—VIEE B
2 WHHL RROBHEO 12 EL1LNS, RTIIR
LifERIE, VREROWMLEESKE LI D
WHHL RROEHDO 12 ThHs L 2BHemIIL
fz. 7272L, LDL Vv A 7 o — L {EOENERIZ D
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Fig.3. The M13 mp9 clone containing human
apoE ¢cDNA fragment,
a) Identification of clones-1. Replicative form
DNA of ten M13 mp9 clones were digested by a
restriction endonuclease, “PstI”, and electro-
phoresed in 5% polyacrylamide gel. ApoE
cDNA fragment, which was inserted into Pstl
site of M13 mp9, was electrophoresed in lane E.
and is indicated by an arrow.
b) Identification of clones-2. Same samples as
figure 3-a were digested by two restriction
endonucleases, HindIII and Stul, and electro-
phoresed in 5% polyacrylamide gel. See the
legend to figure 3-a for the lane E and an arrow.
¢) The template clone for the probe. The
seventh sample from the left in figure 3-a was
electrophoresed after digestion by Pst I only (lane
P), HindIII and Stul (lane HS).and Accl and Stul
(lane AS). Open and closed arrows show DNA
fragments of approximately 7300 bp and 150 bp
long, respectively.



742 &

ERBLTWBEEZD ZEDNTER,

KEEE IV AT u— VIETIE, LDL 25EEE
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W5, METHREETLDL #KB%E3 5 L LDL O
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Fig. 4. The recognition sites of restriction endo-

nucleases in apoE cDNA fragment and M13 mp9
clones.
a) Recognition sites. The sites of Pstl and Stul
in apoE ¢cDNA fragment are overlined to the
upper strand, which is the general strand. The
lower strand is the complementary strand. The
hatched and shadowed boxes denote nucleotides
which are not listed here. Nucleotides denoted
by large letters and boxes are inserted into the
Pstl site of M13 mp9. The first and last
nucleotides of the general strand inserted in mp9
are numbered according to J. W. McLean, et al®®.
b) Expected double digestion pattern of clones.
The hatched and shadowed boxes denote the
general and complementary strand, respectively.
These strands are inserted in Pstl site of mp9
(solid line), and their directions are indicated in
this figure. Arrows show the recognition sites of
restriction endonucleases, HindIII (H), Stul (S),
and Accl (A).

W2REIRELEEL NS, % D P 72 B 13 e
TH57, LDLEZEEEED - 2 mA gL 1
VLDL*% IDL*ig, Y S—EERICL>ThY 7
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e, ZDZ ki, R5IWWRLA: WHHL RROSEH,
Zb, REEE VAT 0 — VI & /I, U
EESWET 25900 2 RERELTHL L%
L TWw3, WHHL RR T, VLDL O ISEHERE D
iz, FEDamansav A7 o—nyi 3
BMLTw29Z b5 LT0w3LEL603,

NR

WHHL

Fig.5. Measurement of apoE messenger RNA.
Total RNA were prepared from livers of normal
(NR) and WHHL rabbits. Ten micrograms of
each RNA samples were dot-blotted onto a
nitrocellulose filter, and hybridized with the *P-
labelled probe made from a mp9 clone containing
human apoE DNA. The filter was exposed to a
X-ray film. The template mp9 DNA was also
dot-blotted onto the same filter and hybridized
for constructing a standard line (St). The
amount of M13 mp9 DNA were 0, 23, 69, 138, 230,
345, and 460 picograms from the top to the
bottom of this figure. All samples were blotted
by triplicate.
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Abstract

The present study was performed to compare the lipoprotein abnormalities of Watanabe
heritable hyperlipidemic (WHHL) rabbits with those of familial hypercholesterolemic patients,
and to examine mechanisms producing the lipoprotein abnormalities of WHHL rabbits. WHHL
rabbits showed marked (15-20 times) elevation of cholesterol-rich intermediate density and low
density lipoprotein (LDL) levels, while familial hypercholesterolemic patients showed only twice
or threefold elevation. All the rabbits showed marked (26 times) elevations of very low density
lipoprotein (VLDL) cholesterol levels, whereas a few familial hypercholesterolemic patients
showed slight increases. The lipid levels of heterozygous WHHL rabbits were almost normal.
The increment of apolipoprotein E (apoE) levels (more than 90 times) were much greater than that
of apolipoprotein B (apoB) levels (14 times) in WHHL rabbits, whereas in familial hyper-
cholesterolemic patients the increment of apoB levels (twofold) was greater than that of apoE
levels (1.5 times). Two experiments were performed in order to study the mechanisms increasing
VLDL levels. There was no difference between WHHL and normal rabbits in the apoE
isoprotein pattern examined by isoelectric focusing electrophoresis. Rabbits fed on 1% choleste-
rol chow, whose lipoprotein cholesterol levels were increased and lipoprotein triglyceride levels
were normal, showed 2.1 times elevation of the activities of lipoprotein lipase (LPL) and 3.0 times
elevation of hepatic triglyceride lipase (HTGL). In WHHL rabbits, the activity of LPL was not
increased, while that of HTGL increased by 3.1 times. Thus the activity of LPL in WHHL rabbit
was considered to be relatively low. The amounts of apoE messenger RNA in rabbit livers were
measured by dot-blotting of RNA prepared by the guanidine-HCl procedure and hybridization
with the “P-labelled probe made from a M13 mp9 clone containing human apoE DNA. The
amounts of apoE messenger RNA in WHHL rabbits were increased twofold compared with
normal rabbits. This increment might have stimulated apoE synthesis and elevated plasma apoE
levels. In conclusion, althought the WHHL rabbit is a good animal model of familial
hypercholesterolemia, there are several differences in the lipoprotein and apolipoprotein
abnormalities other than those resulting from the LDL receptor defect.



