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CHARACTERIZATION AND METABOLISM OF REMNANT LIPOPROTEINS
SEPARATED WITH HUMAN ANTI-APOLIPOPROTEIN B-100 AND
ANTI-APOLIPOPROTEIN AI MONOCLONAL ANTIBODY-COUPLED

IMMUNOAFFINITY MIXED GELS AND
THEIR ATHEROGENICITY

Norio TApa
Department of General Medicine, Kashiwa Hospital, The Jikei University School of Medicine

Remnant lipoprotein particles are recognized as being atherogenic. 1 separated lipo-
proteins directly from serum in the unbound fraction of immunoaffinity mixed gel coupled with
monoclonal antibodies against apolipoprotein (apo) B-100 and apo Al. Characterization of
these lipoproteins revealed that they contained apo B-48, were rich in apo E and AlV, were
large in size, had a heparin-bound property, a high triglyceride content, and a high cholesterol/
protein ratio. They were thus named remnant-like lipoprotein particles (RLP). Incorpora-
tion of ['C]-labeled cholesteryl oleate into rat peritoneal macrophages was significantly
greater during incubation with RLP than with native very-low-density lipoprotein (VLDL) or
native low-density lipoprotein, and was comparable to that with oxidized low- density lipo-
protein. These results suggest that RLP separated with immunoaffinity mixed gels are
atherogenic lipoproteins. In a cross-sectional trial of 132 subjects, the incidence of an RLP
cholesterol level greater than 5 mg/dL was 0% in subjects with normolipidemia but was 9%,
659, and 559 in patients with type Ila, IIb, and IV hyperlipidemia, respectively, and 10094 in
patients with type III or V hyperlipidemia. Treatment with three different hypolipidemic
agents (simvastatin, bezafibrate, and ethyl icosapentate) decreased cholesterol and triglyceride
in RLP (RLP-C and RLP-TG, respectively). However, the reduction rate of RLP-C and
RLP-TG was significantly different with bezafibrate, a finding that suggests that RLP is a
substrate of lipoprotein lipase.

(Tokyo Jikeikai Medical Journal 2002 ; 117 : 155-69)

Key words: remnant lipoproteins, hyperlipidemia, atherogenic lipoproteins, immunoaffinity
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WHTEE SN, & <1 LDL-C{# 1% 100 mg/dl
KENEWTHD LEhb,

—F, MErV 7V 274 R (TG) {HIZDOWT
FEIGE LR W 7 £ o R B R
(CAD) O L7-fEHAF & LT OREBEIHHR
SNDODH BV, EFINIFIAME L IS S
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i TG IMAE 2 #R B IRBEA L RE e 4 & o B 1
OF T 2 28, & TG MEICkERE S 2 StkE Y
REH (HDL) 2v 25 v —/ (HDL-C) O{E T,
JNEU e B LhEE LDL (small dense LDL) ®O#50,
VAT 2N REE ORI, MK E R O TTE,
BRERMER EOBSRH T 5N, HERES
ZEHE IC &0 % Syndrome X0 EDwib
® % multiple metabolic syndrome I J % {#{&
D—> & LTOE TG IMAE O \EEM b B S
Tw3,

T THLEE CMPEEILEY XEH
(VLDL) % ¥ ® TG rich ) REH DR TOH
MIRBEY TH 2 v 47> 1) REHOBIILE)
PREE R B FHEICE S BES L Tw s 2 LS
& e DI HEERRIC B W TE TG IME %2 2
TREFIOF S v A F > ) REASEES %
HAT 2 HEOHALASRD 5T w5,

N E T, HAL X heparin affinity column %
W VLDL @ heterogeneity ##& L, [E#H 7 A
WCVLDL 237 R&EHE (7R E)-poor VLDL
& 7 R E-rich VLDL IZ43H# & 41, 7 iR E-rich
VLDL 87 X E-poor VLDL X vV & flfg A4
Mim <, 7K E-rich VLDL 2SERIELIEHENE Y

H

REHTH S Z L9 & 527 K E-poor
VLDL & 7 E-rich VLDL 23 precursor-prod-
uct ORERICH % Z & k5 L, heparin affinity
column %z W T4 HE L7 7 &R E-rich VLDL
PHHK LV AP MY REHTHS ZEE2HEL
TERY, Z20%, LVHEROGTHws T
WV A 2 ) REAMEREZHRR T 2 7%
T, Pre 7R Al EFLe b 7R B-100 i2xfd
2%/ 70u—FVHEERWIA LT 742
TARET VEEKRL, Zhs 250/ 70—
FUTHRITHEE L WY REH, ThbbA A/
774 =T 4 BET VD pass 3 & LT T
20 REEICEEL, 20 pass 2H ) REH LV
L b ) REHEOHFMIC OV THRE L TE
7z, ZLTCZO EICHET % ) NEH Z rem-
nant-like particles (RLP) & &3 L7z, AfETiX
Hx NI N E TIT> T &% RLP @ characteriza-
tion & & NIC K FEFE IR TG w81 % RLP
ORFRIGEDWR O S /IR % Lo,
727 RLP WIE OEERISHANDED D &9 5
bOTH S,

II. & & B &

1. )REHOSHEE

V BUSARIMIE fB 3 2 & A2 RE R 2 L, &
EANEITY REH 25 E L 72, CM (S£>400) 1%
[M¥% 10 ml % Hitachi RPS 55T swinging bucket
rotor % f \» T 17°C T 12 T 30 43 [d # &= O
(20,000Xg) 9% Z &2 CTEHLL, buffer A (0.15
M NaCl in Tris-HCI with 1 mM EDTA, pH 7.4)
BYREE L UBEODIRIC T 1 g L 7 0 b BRI
HtL7. CM 4B OIME» & Hitachi RP 55T
angle rotor 2 WT 4£C T T #h2h 20 K
M, 24 R, 40 BERC 72 sequential (2B
5212 VLDL (d<1.006 g/ml), LDL
(1.006 <d <1.063 g/ml), HDL (1.063<d<1.21
g/ml) Z453E U7z, 25 L THamEniY) REH
B2 N NOZEFEILERIC Tl 0% Ay
YL, & 512 buffer A 12 TEHTL 72D 5 5k
WL 72,

2. 1L/ T74=2T1RETINVIZE S RLP D5

B (RLP ORI EE)
DIRTRE Sl Hikic T~ v ABERERIC B W T
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ErNL7RAlLE S 7a—F ik (H-12) &
N7 R B-100 $ifk (JI-H) % fER L, CNBr
activated Sepharose 4B 12 2+ o O¥ifk% con-
jugate 3% Z LI THLT KN Al & % WIFHLT RB-
1004 L5777 4=7 47 VERMERLI™Y, 2
NENDALS T T4=T 47 NVDOTRALD D
W7 R B-100 123§ 2 FEEHEIE F L E 043
%5 Nz 147 mg/mlofgel ThHo7z. 2h s 2F
DAL T T74=T 475 V% 151 (vol/vol) @
HETRELT7 R Al % 5 N2 7 R B-100 O
HIHEBRRE DDA L/ T 74 =T A RET IV E
BB L 7z,

RLP %%z S 57291213 20 ml O A
LT 74 =T A RETFNVEHIKE LIch T L%
RAwi, ¥ bb, 240V EEIEME & H
(patient 1 and patient 2) 7» & Z L2 HE Lk
WTHERL7z2ml © CM, &%k VLDL % A
LT 74 =T 4 BETNH T NTH. % D,
10 mM phosphate buffer, pH 7.4 i ThEBIJ % &
EWZT, 17 A0 pass 3 HETH S RLP & {55
U7z, 7 A% [EREIKC TRAEE LD 5,
ZAEIFTIMER, 0.5M NaCl % EBIW & LIk
H L C &7z bound 43 ) REH (AR bound 43
) ZEREY L 7z, I @ bound 43 2 1T B 72 0
H58 (vol/vol) @ 3.5M Tris-HCl 2E 51271
Z 7205, buffer AW THEN LI, 25 LTHEDS
N7z h 7 LD pass (unbound) 43+E TH 3 RLP
& bound 3l % 0k (40,000 rpm, 20 FEfE,
4°C. Hitachi 55P-72) #Mw»T, UKEOERICH
IR (#y1mg/ml) 2 x TEREFNENE L T2,

3. RLP RREEHAIEZE (RLP OXMTHISEER)

RLP OEF # BRI Ry & e 4 2 B
TLARTHRE U 7e F ki & 020 RLP O 5HTH 4
HEETo. Txbb, bul DIIED S5\ IZY
REHY 7NV ERBRO 7 R AL, 7RBA AL/
774 =T A BET VL0 ul ET 300 ul DTV
BRI (buffer A) wcyshn (Fig. 1), ¥ > 7 VER
hntg, ZORE 7V 2 i T 30 30 2 i
Rk, 10 5 MEECT7 RN ALZ S T 7 RB-
100 5HY) REHERFE LA L/ T 74 =7 4
BETZ VBB L 705, EEEITICEEL T
% RLP #&H 3 2% Lig% 50 pl BEHLL , SREE
DAVATH—VEX)VIATAL, M) TVkES

Procedure
Take 5u4 of sample

|

e o0
[ X} |
e o

Shake gently at room temperature for
30 min.

Add sample on 3004 of apo
B-100 and apo A-1 immunoaffinity
mixed gel suspension

Stand still for 10 min.

Take 30u8 of supernatant fraction
» w»| (unbound fraction) for assay

7774
|

Assay cholesterol and TG

Fig.1. Assay method for measurement of
remnant- like particles (RLP).

ARNEANVIVEYRRZTHEL, ZhZh
RLP-av x5 ua—)v (RLP-C), RLP-+1U 7'V
74K (RLP-TG) & L7-.

4. RLP O~/ AEEMDRTE

M3 #1 o RLP-C 32 & 3 5 mg/dl L | % 7= 3
10 FEFI2» & DI % 0.05 M NaCl pH 7.4 12 T
1 LU 72 % & @ Heparin-Sepharose 6B (Phar-
macia Japan, Tokyo) IZIEBFIREE (30 43, 37°C)
FEIMES O RLP-CIE ZFHEHE L7z, »<
LT, WEREOIMER RLP-CIEE® € =5 —
ELTRLP O~ UEEBERIE LTz,

5. %207 7—IAD cholesteryl oleate B ) 1A

HDIRE

Goldstein 5 D FE? #H T, ¥70 77—
¥ A D cholesteryl oleate Bt ¥ A &2t 3 %
RLP OofF%EMEI LIz, bbb, ¥#ET7 v ME
fewrsa7y—Y & 24well DEEELV—MIC 1
well H7: D 2X10° {HFHFE L, 2K 37°C 12 THE
#., BEMaEkER, COo~vrurr—vt
VLDL X v 43He L7z RLP (VLDL-RLP) % 5%
VREH 7Y —IMTE & 50 xg/ml O gentamicin
W CHE L 7201mlo [*Cl-oleate (1 xCi/
well) A D OEz#ERR RPMI-1640 (Hazelton Bio-
logics, St. Lenexa, KS) 1T 37°C T, 24 KrfEiss
#Z L7z, RLP OxHE & L T total-VLDL, native
-LDL, B{t LDL % MW CHREROEE %175 7z,
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24 BRI OB T, 2ml DA Y 7asN ) —)v %
rhzho well TFML, ~7u 7 7 —YHNOMH
BoMmii B L, NEAY v F—F LT
FY A4V A — ) (3:2) R LT [FH]
cholesteryl oleate (50 xg: 25,000 dpm), cold
oleic acid & cold cholesteryl oleate %%% well
WONIgg, ~ 7 v 7 7y —YHRolREY 2 EE
77U~ 777 4 —ICCRERL . BE# choles-
teryl ester 0 ZINEL, WK > FLr—va >~
A vy = CHESEO [HC] & [PH] ZHIE L,
<7 a7y —ID cholesteryl oleate H D iA A
PR LI, 8B, Bt LDL OFERKIE, 03
2 C LDL % 43Eu# EDTA % s 7 £ B R 1
KIZ T 24 BERENT L, 2 D 25 uM CuSO, DfF
FETFIICCI2EREM3TC I THEET 5 2 L ITTAT
Vv, 77— —u—2 ) REABESKENIC TOREIE
DEALZRT Z LW TRILLDL TH 5 Z & %
L7z,

6. EREE@EASOT T O—F

RLP OEFRIIER 2GS 3 27201280 O
FEEEAATZ, 2D 1 DiFsKEbEF O 132 £ 0
BEEHRE LWHFAETH D, MERE, I
H7 REH L RLP IEE & oBhEMEZHRE L, &
8 A 7 OEIRMAE I B % RLP HEOBA % /%
ALz,

2OHOMEERRaRs— NEARETHY, T
% 2 EREF 27> 3 O MEIREE T %
BE5 L7280 RLP-C, RLP-TG /R 321k %2 8l
ZL, OO LD RLP OFOHE %
BMEf L7, 22 CHWERERIZMENa v AT
O —VERDOERERTH 5 HMG CoA =ITE:
FrHET L LICTHIlEN T VAT 0 — VIRE
ZIRTL, ZOoFHT 5 LDL =2/ EEMIT
#E1z & v InyE LDL-C 2K T3 2 FEEER % £1F
i £ 3 % HMG CoA = T B 3% Bl & 3K simvas-
tatin, PPAR« (peroxisome proliferator-
activated receptor ) DV A > R &% b, ViRZE
HYNN—EiEEE T 2 FEBERA 2 FIERH & &
%7 4 77— b ZL#HH bezafibrate, [ To» TG
H R % 2 U C VLDL 45K % 16 3 2 SEE/EH
% FVEH & 4 % ethyl icosapentate (EPA) T®H
%. Simvastatin (5 mg/H) % 31 & O &5 ME &
# (Ila ZUSEARIMAE 20 4, 1Ib B SARIMIE 11 £4) %

H

WR & LT, bezafibrate (400 mg/H) % 28 & D
R IME B3 (Ha RS IR IE 10 4, 1Ib BUS /S
fiE 10 £, I BUEARINE 1 £, IV BUESARILEE 6 4,
V RS HRIMAE 1 44) ZX%e LT, EPA (1,800
mg/H) % 28 #OEIBIMESRE (Ila B EIRIME
10 %4, b RS ARIE 10 %, 1T 2SR IE 1 4,
IV BIEREIAE 6 %, V AIEIBIE 1 4) Z2R5R &
LT, ZhZi 4~12 %S5 L, BEEiEOII
WEHgE 7z » Nz RLP-C, RLP-TG O Z{L 2%
L7z,

NS DERFABRIC BV CTHRIMIZ A > 7 + — A
Farverbod 2z, 37XTHRL LD 12 KL
LFoMEDOD L OFEFZEER & L7z,

1. XoftinriE

EEISE X Lowry 32912 CHIE LU 7=, MyEHE
B2 o Oz HDL-C i3RI CHIE L, MET
R HHE I SE L ETE (Apo Auto 2 Daiichi
series, Daiichi Pure Chemicals, Tokyo) & TH#l
E L7z, &YV REASEFO 7 REOMEEOBE
X 4/209% RV 7 7 V7 & R —SDS FIVEE R
BB Sk ED Y 12 TfT 78y, Coomassie brilliant
blue 2 THEEHEA L 72, RLP OKFH 1 XX 5
Wtk o~ » 275 74— (HPLC, Toso,
Tokyo) 12T TSK GEL G5000PW (600 mm X 7.5
mm, Toso, Tokyo) 24 7 A& L THW, k1H
Dav A7 ua—)b% Kyowa Medex kit (TC 555,
Kyowa, Tokyo) 12 & 0 & =% — (&3 550 nm)
T 52 & THRE LT,

8. fRRtREAR

55 NIz BB DOMEHLERIZ BV THEEDE D
i 1& Student @ paired % % V> 1d non paired ¢~
test % Fv>, FHEEM#AT I Linear regression analy-
sis I THUE L7z, ARZEDHEICBE W T p<0.05
EHoTHEEDD & LT,

I #% R

1. ERAERTER

1) RLP k7Y A X

RLP DR FH% A4 X &2R"$ HPLC XY —> %
Fig. 2 12/~ . Figure I, FEfiZ 2 40 V BE/H
IMAE R (patient 1 and patient 2) 7» & 57z M7
rrznZ HPLCIZWiInL THEIME Y REH
DOPH/NY —> AV AT H—VE=Y —IZTH
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Fig. 2. HPLC eluting profile of the remnant-like particles (RLP) Solid lines show eluting profile
of serum lipoproteins and broken lines show that of RLP, monitored by cholesterol concentra-

tion.

LTy, E»s CM, VLDL, LDL, HDL & kit
YA XOREWHOrSIHICHE I NS, BHRIX
[ CBFME» & EREFESE L7 RLP %
HPLC CiRhIL, FEfIcav AT o— e CE=
F— L7y —r 2R LTS, ZORHED
5 RLP K744 X3k %2m~ L, RLP i CM
» o VLDL, LDL ¥ A X & TEER ki 79 A X
DY REHOEEERTH L Z bbb, L1,
ZD5AR1X CM, VLDL & [FH A A0 KH ) RE
FIRD 2R L TWwa, EE, AREICKEIZER
L T w7 \w)s negative stain %27 % W 72 BB HH
BRTHYA LT 74 =7 4AE7 VD unbound
SYETH B RLP 1 bound 43 ) REE & D bk
TH A ABKEDZ EDFEND ST,

2)  RLP OFEEK S

EEE2£40 VBEREIMERSE (patient 1 and
patient 2) @ CM 7 & (Mic VLDL ZzZ i A
LT 74 =T 4 RETVICHMLTES L
unbound 43 # 3" 7% 4  CM-RLP, VLDL-RLP
cxnZhobound 7Y REHO 7 REHM
B % Fig. 3 12779, Unbound 23E T& % RLP i
BHR7 REHTHL 7 KRB-48 L 7R A IV %
&8 L, 7 RE&GE bound 3 Y REH LY
YEETTHoMNT RA-1DOEFEEIZHERL 27
o tz, —F, CM-bound 43 EIZ X7 R A-1 H3FF
L, VLDL-bound 43 EIZ X7 K B-48 137 < 7
R B-100 WEETH L I ENERSI NI, Ths
DRI RLP O 7 REEMKSV A+ > MUK

R D R Sa §
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Fig.3. Apolipoprotein composition of remnant-
like particles (unbound fraction) on 5/20 gradi-

ent SDS polyacrylamide gel.
The unbound fraction, that is RLP, in CM and
VLDL had apo B-48 and apo A IV and was rich
in apo E but lacked in apo Al, whereas the
bound fraction of CM to the affinity mixed gels
had apo Al but no apo B-48 and was rich in

apo B-100.

CM : chylomicron, VLDL: very low density
lipoprotein

I: samples from patient 1, II: samples from
patient 2

EAY OEAMK EAUL TwE ZE2RLT
w3,

RLP oOfgEME % Table 1 127~9.2 40D V A
= IR IME 85 % i L 7245 5%, CM-RLP 7% & O
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Table 1. Composition of RLP in chylomicron and VLDL

Patient I Patient II

Composition TC TG PL Protein T el | TC TG PL Protein o T

CM unbound (RLP) 79 768 7.9 7.5 50.10 1.1 6.0 83.3 6.0 4.8 50.07 1.25

CM bound 7.9 66.0 13.2 12,9 10.12 0.61 | 7.2 725 7.2 13.0 [0.10 0.56

VLDL unbound (RLP) | 9.4 72.2 10.5 7.9 {0.13 1.19 | 8.7 74.2 10.3 6.8 (0.12 1.28

VLDL bound 9.7 64.5 13.4 12.4 (0.15 0.78 | 8.5 67.9 11.3 12.3 [0.13  0.69

TC: cholesterol, TG: triglyceride, PL: phospholipid

12 VLDL-RLP Tl # 1 F 1 ® bound 43 H & [F] Table 2. Affinity of remnant-like particles (RLP)
Bz TG & RAE <, —faV AT u—L/E {0 heparin
F1H 28 2 712 4 bound 43 i 12 H X T HI 2 5 C Subject RLP-C (mg/dD) Affinity to
b7z, O L RLP 28 TG rich ) KEHT Number ' pefore | after | heparin (%)
hrriblcavxsu—irichs) REHT 1 75 11 85.3
HBHZEERLTVS, 2 22 0 100

3) AU BRI 3 14 0 100

RLP O~% ) AT (EEHE) 1200 TOR : . X i
#E% Table 2 12 d., HEOHETHRNIZFHICT 6 108 % 23 1
AN T T 4 =T 447 TS Heparin-Se- 7 116 0 100
pharose 6B & BHIMFE A1 O M1y RLP-C % #l 8 95 0 100
ELlE 22, BWEZROMMED SO RLP-C#HH 9 50 0 100
E—E DR (EHI No 1, No6) 2EwTASHR 10 125 0 100

ipotz, 2O E1X RLP @sEWw AR ViEE

(n=7, Mean*S.E.)

RLP-VLDL
p<0.05

Total-VLDL —J %0.02

Native-LDL

Ox-LDL

10000 ' 20000 30000

1

O

'“C-oleate Incorporation (dpm day~', mg protein™')

Fig. 4. Incorporation of [C]-oleate into cholesteryl esters in the cultured rat peritoneal macro-
phages.
Rat peritoneal macrophages were incubated with remnant-like particles (RLP) and 0.1 ml of
[*“C]-oleate (1 xCi/well) in RPMI- 1640 supplemented with 5% LPDS for 24 hours at 37°C.
As controls, total VLDL, native LDL and oxidized LDL were incubated with peritoneal
macrophages in the same manner.
RLP-VLDL: RLP separated from VLDL
Native-LDL : unmodified LDL, Ox-LDL: oxidatively modified LDL
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PBS RLP

RLP : remnant-like particles
PBS : Phosphate buffered saline (control)

Fig.5. Rat peritoneal macrophages incubated with remnant-like particles (RLP)
Rat peritoneal macrophages incubated with RLP from VLDL show lipid deposotion in their

cells.

Right panel : macrophages incubated with RLP. See, red colored lipid droplet by the lipid
staining. Left panel: macrophages incubated with phosphate buffered saline (PBS) as

control.

HRHEZEERLTNS,
4) ~zrua 7y —Y D cholesteryl oleate M
B D A

Bk » MERE~ 7 07 7 — Y O cholester-

yl oleate OEL Y ;AAIZXF§ % RLP O KIT T 5%
% Fig. 412 7% 5. VLDL 7 & 4> @ L 7z RLP
(VLDL-RLP) & 77— 7 2R3 % WiEiiE o
HiBRHRI TH 5~ 7 a 7 7 — ¥ ~D cholesteryl
oleate DEY D A A &ML, Z OAEH I total
VLDL *° native LDL X b %50 <, BhikiiLER
VREH & H S5 BAWZE S LDL LR
EOshEERL . %, RLP & 3ticHi3 L7z
7 v NEREY 7 0 7y — O NICEBIR O FEAE D S
gtz ChEm o o7z (Fig.5).

2. BRPRHIBRATIER

1) W

132 &R & L7 WiTH & OfER, Table 3 @

Z e L MyE RLP-CEE G ME 2 v A 7 u—,
HDL-C & i3#HBEM: 2R & 3, i TG, Il 7 R
B, 7R Cll, 7R Clll, 7 X E &E & OMICIED
MRS e (22 h p<0.01, p<0.05,
»<0.01, p<0.05, p<0.01). ZL T, &2 THI
57 R ERE L OMBELE» -7 (r=0.651).
DT &, RLP-CHENTGIZE A7 KE
richZ V REHTH %V A F > METOME D
MEARBRLTWE ZEE2ELTWSE, —1,
RLP-TG 313 TG £ D b % 1 2w HEE
e (#2=0.953) ZRd 728, ERMEEE LT
BETGHEZRNMT 20ADEELPE>RL
Motz (Fig.6)., 2D Z Lo, O ER
RLP- C #I5E % Hia 2 7> 7z. RLP-C @ cut-off
iz 5meg/dl ICEE LI 25, Tabled 2R
ZE L IERRMEH 41 LB W Tid£ A cut-off
iR D RLP-C 22 L7z, —4, lla M
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fiE, IIb BUE RS, TV B S M 5 Be e ¢ i
RLP-C 5mg/dl L EDFERID, Z 020 9%,
659, 55% %57z, Table IZIZR L TWR WA,

Table 3. Correlation coefficient predicting RLP-C

Parameters Coefficient | P value
Serum Cholesterol —0.212 n.s.

Triglyceride 0.574 »<0.01
HDL Cholesterol —0.151 n.s.

Serum Apolipoproteins

Al 0.248 n.s.

B 0.354 £<0.05

cnh 0.507 »<0.01

C I 0.374 »<0.05

E 0.651 £<0.01

n.s.=not significant

Table shows the relationship between RLP-choles-
terol (RLP-C) and other lipid parameters among
subjects (2=33) whose RLP-C above 5 mg/dl.

H

5 %0 1 B EHRIE, 2 40 V RSB IIERE T
1345 RLP-CfE 5 mg/dl LA EZE U7,

2) a7k — b

HEMEREE T ER S 1 L 51ME RLP-C &
g RLP-TG %At % Table 5a, 5b, 5¢ 12787,
IDLZ A G2 i T 2 EBIEA 2D
simvastatin (5 mg/H) ##%5 L7z 31 ZOXRIZ
BT (Table 5a), M RLP-C 13 #5417 15+3.0
mg/dl 7 5 5%70+12mg/dl t EELIET
ZRL (p<0.001), ZoIE RLP-C DFRERK
T Ia B EIMAE, Ib B S ASIMAE & 612380 5
Nt (Zhzh p<0.001, p<0.001). FSEHHL
WX D IE RLP-TG dE T 2R L7720, AEE
BREDsNEpoT, ZOFRBRICBWT, MiEa
v A7 u—)v, LDL-C % [fi# RLP-C & [AlkE, &
RS L 2xRE e o N Ha B IRIEE
b BEREIMEOWTFhDY 77— 2B
THEERETFTERLE (£biz p<0.001)., —

Relationship between serum lipids and RLP-TG

(mg/dl) y —218.48+4.9911e-2x R*2=0.010

(n=132)
(mg/d2) | —66.313+1.5823x R"2=0.953
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Relationship between serum lipids and RLP-TG

RLP-TG shows very strong correlation to serum triglyceride.
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Table 4. Remnant-like particles cholesterol (RLP-C) in hyperlipidemia

RLP-C Incidence of subject
with RLP-C above
>5mg/dl =5 mg/dl 5mg/dl
Subject number %
Normolipidemia 0 41 0
Hyperlipidemia

type Ila 4 39 9
1Ib 17 9 65
v 12 10 55
Total 33 99 25

Table 5a. Changes in serum lipids, HDL-, LDL-cholesterol and RLP-lipids by the
administration of simvastatin (mg/dl)
Serum
Phenotype HDL-C LDL-C RLP-C RLP-TG
Cholesterol | Triglyceride
(19) (19)
Total before | 273+6.3 189+22 55+2.3 |182£7.0 15+3.0 65+2.0
N =31 *E|** a]-* *ﬂ** *E|**
after | 220+6.8 141+12 56+2.5 [137+7.0 7.0+1.2 34+7.1
(9) 9)
Ila  before | 272+8.8 123+7.8 60+2.3 |187+9.6 8.2+1.0 26+4.0
N =20 *E|** *ﬂ** *E|**
after | 224+9.9 106+9.2 62+2.7 [141+10 6.5+0.8 18+3.4
(10) (10)
IIb  before | 275+8.4 310+39 45+3.3 [173+8.8 24+5.0 108439
N=11 *E|** a]-* *%** *E|**
after | 214+6.8 203+18 45+3.0 [128+7.6 10+1.9 51+12
¥ p<0.05, **: p<0.02, *** . p<0.01, ****: p<0.001 M=+SE

() Subject number

PLP-C: remnant-like lipoprotein particles cholesterol
RLP-TG: remnant-like lipoprotein particles triglyceride

#, HDL-CI2iZiZ & A EEbB A SN o Tz,

VREH Y N —EIEME R NS 2 KEEH 2R
- bezafibrate (400 mg/H) 25 L7z 28 L DOxt
RicBWT (Tablebh), MFEIT VAT -, [
BHTGREEETL (2heh p<0.001, p<
0.001), HDL-C ix =& iz 7z (p<0.001). L
» L, IiE RLP-C DET I3 AEREEZ R, L
2 a 8 & JIg MLFE T 1% bezafibrate % 5. {2 T
3.2+0.7mg/dl 7» & 4.3£0.6 mg/dl ~ & I 75
RLP-C o#gmn s sz, —7, IiE RLP-TG
1% 99+29 mg/dl 7 & 31+7.3 mg/dl & B E %K
TERLUE (p<0.02), Ila BEIRIMEE & £,
IIb %Y & fig [l fiE C & bezafibrate ¥ 5. 12 C I #&

RLP-C, RLP-TG & b ICHFERIK F 2R LTz, fE
BB D i 0T DR GRIBE OB EEMREITTE &
o iz, HIBEBIMEE, V BERME & b
bezafibrate # 5 12 T Ifil i RLP-C £ RLP-TG
FIRE IR T 2R LTz,

FFT oD TG 455 %40 L VLDL OFF2 & D43
WEET 3 % EHEER %> EPA (1,800 mg/
H) 285 L7 1540 RF 2B W T (Table
5¢), EPA #5hi#%® LDL-C, HDL-C 3B E
BREALNE D Sk ir o 72038, [ME RLP-C % 5
W RLP-TG 3 EEZRIK T2 L (FhZEh
9.6+2.0 mg/dl »» 5 4.0+0.7 mg/dl: »<0.01,
63+17 mg/dl 75 25+6.2 mg/dl: p<0.05),



164 %
Table 5b. Changes in serum lipids, HDL-C and RLP-lipids by the administration of
bezafibrate (mg/dl)
Serum
Phenotype HDL-C RLP-C RLP-TG
Cholesterol Triglyceride
Tota Defore | =70 | 27xds 9 | 51x2.37 | 1334 9929
N=28 " fter 220i4.5] 124416 ] 61i2.7] 60.9 31+7.3]
. before | 262463 114+7.5 5743.6 3.240.7 20+4.2
N=10 fter 21316.0%** 78411 ] 64+3.5 4.340.6 1544.0
o, before | 266+7.6 254-+34 5243.6 9.4+1.8 71+16
N=10 er 23217.5% 114+17 } 65i5.2*}* 5.4i0.7jl 2144 8*}*
m  before 375 378 53 49.5 154
N=1" fter 232 105 64 19.7 25.1
v before 211+7.8 398-£68 4144.0 1645.7 16049
N=6 " fter 204-+10 213452 48i4.4*5|** 8.742.6 75427
before 245 1,232 42 83.2 751
N=1" fter 158 160 57 2.5 21.8
1 p<0.05, %% 1 p<0.02, ***: p<0.01, ****: p<0.001 M+SE

RLP-C: remnant-like lipoprotein particles cholesterol
RLP-TG: remnant-like lipoprotein particles triglyceride

Table 5c. Changes in serum lipids, HDL-C, LDL-C and RLP-lipids by the administra-
tion of ethyl icosapentate (EPA) (mg/dl)
Serum
Phenotype HDL-C LDL-C RLP-C RLP-TG
Cholesterol | Triglyceride
Total before 2514;5.4} 227i35} 55+3.4 154+6.2 | 9.6+2 0} 63+17 }
N=15 after | 230£8.3 139+21 56+3.1 146+8.0 | 4.0+0.7 25+6.2
la before | 281£6.0 124+15 61£4.9 166+4.9 | 4.8 .5} 19.2+3.9
N=8 after |228+13 97+15 60+4.9 | 149410 |[3.1+0.6- [14.741.2
b before | 249+10 3454_r41} 47+2.6 141+10 15+3.0 113+26 }
N=T after | 232+10 187+33 51+3.0 144+12 5.0+1.1 37+11
*: p<0.05, **: p<0.02, ***: p<0.01 M+SE

RLP-C: remnant-like lipoprotein particles cholesterol
RLP-TG : remnant-like lipoprotein particles triglyceride

=

=

Iv. %

EEIRE R, WM RS OFHEIC BT 2 MIEHE
BoOBESIZHs»THY, 1 TH LDL, v AF >~
MU REH, Lp(a) % £ DY REHIX atherogenic
ZVREHELTHS, 2TheD ) REHDOHE

B L IMREO#MEALDOLBEEDIFZ 51 Tw»
5. FHCVv A7 > M) RER ISR IEN O
fERRF T b 2 MG, THFERESEE & O REM: b i
Q1929 AyHEMERS & S BRI O T b B
BEO TV LY, [ERFOTERMMPERE DR
PREETH > 7z,



VAT N Y REHDRE & % OBk LA 165
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& 7253, RLP ORI 2 BRIKRIETRIC D W T DR
BRI RERE IR TR Y, 22 TEE,
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ORI D W Th TR, 7 REEMRK, BEH
B, ~o%) UiEGEE, Y/ U7y —YDIAVAT
O — VERIC RIT TRE R & OV
5K Y 4 7O EIRILAE I B 1) 2 FIMHE,
Kz O ERIME R T 2 P ToZsfhng £
DRI E RS E LTz,

VAF Y MYREHEWFCM VYV AF > b E
VLDL v AF > F 2 EFRT 204/ TH 5. CM
V2AFbMEVLDLVAF Y MNEZEBICTG
S5NCAVATa—VIZET 7 R E-rich ) RE
HTHD, 7RB(CM Vv AF > MEI7 R B-48 &
PEDO7 R B-100 #&F L, VLDL v A7) > M iZ
7R B-100 DA% ER) #EET REA LT 53
B EFED, NG TAR S RSN % ik
5 CM AR S N MR % &k 3 %
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L, VAP Y M) REHERINS, @k
12T 1.006<d<1.019g/mlDHEEZH DY TE
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WHN D, IR OETOE LT VLDL @EFWL
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LTw53,
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sa—F VPR ERR LA L T 74 =747
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TN ERIA L TR LT A L/ 7 7 4 =7 4
TFNVERTRB10A4 LT 74=T 47V E
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Zin%® RLP OB O Iz DIC AW, 22T
HOTHi7 RAIA LT 7 4 =T 4 7 VOFE
WDOWTIE T TIRAHRICERE L 72y,
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W THE & iz CM-RLP (unbound 43#) O 7
REAML I Fig. 2 R+ 2L THY, ZOHK
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UV WCEFEORTThD Z B ST, —
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Bonl)REHIIZT RNAl OBFEEPHER S
W, 7TRB-BERIFETLTW, ZLT, 20
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otz NEHET7T REHTHZ 7 KAV B
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ZEm5, 7K B-48 O £ &b VLDL 7
WWH CM VAT Y PNRIEL T3 L HERR
Shiz, Z2LTC, INHDHER, & o ricCM,
VLDL & &1z RLP (unbound 43}i&#) ®7 K E &
2 bound 4riE L IR L T W Z L p 6 RLP @
7 REEMEKIE VAT MY REFO Y REEME
B EFARIPE R RS 2 EARIB S L7z,

BB ORI T RLP 12 TG B ki
H5ZEPHEAL 7. CM ®° VLDL 1% TG 2% &
WERT LD, BEHKO S—k > FRRIEB
WT TG OEE&ED RLP & bound 3 H DD a
VAT H—VERDOEZHORIIREED DL
b, AVATu—)V/EHLERDI: L Z 5, CM,
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VA7 0 —)v/EHIE bound S BN B ANH 2 £
DiEZEL, RLP 3B a v A7 0 — Vv EgE
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ose 6B ZHW/-5EERTH RLP i~V U SERE
MbbdIehnadh, v a7y —YrHniE
BRic 5T o RLP 1316 LDL & [AF2 EE Al
PIZIa VAT Y — VAT VEREZET 521EH
NhsIENRINIZ., TS DREHEIE RLP &
VAF Y MY RER O Z S 513 /T 5
bDOTHo7z,
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My 2 v 2 57 u—)fE, HDL-C & & 136 &E 5
BIEERE T, 2o DfE L ikt L AEOMEBEHE
BHoNIz, 2O &3 RLP 23 LDL  HDL &
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MAZL, #E2 ) REHE L TORMEIRWZ &
R R AR L TEBY, 7RB TR
Al 2H2VRKEHAZE ./ 7 a—F ik 2 Huv
TS % &9 RLP O EET kO HESEM: 3G
IREIBAIC BT bR S ufz, 7z, RLP-C 2%
EOMEEM %L MmiE TG, 7 RCI, 7K
ClL, 7 REiZwshd CM S VLDL % £ TG
rich ) READE- 2HEESTH Y, Bkl
RLP &7 R&E A, BEEAHEOMRER T O &
—HT 2 ESEHRNFETIC Lo T B oni.
Biic7 REWR Zh s TG rich YV REH O M T
OFERIMECTH BV A5 > N REHE T2 T
REHTHY, RLP-C HIE@EL MMV A7 > b
UREHREZ RIS 2ETH L 2 LocFf s
2. —H, RLP DO TG E » % 3 RLP-TG b
RLP 0 #HEDO—ig 2~ 3 EHTIXH %55, RLP-
TG idd % v iy TG L OB E L (r2=
0.953; Fig.6), IiEH v AF > b REHZ K
THEELTIRHEHY EFHZ o,

EJgIMESE T3 RLP-C 5mg/dl YAk %3
Blid7z <, EBEVLAF Y ) REAEINT 55
JEMUETdH 2 1Ib A, 114, V R EASIE B
BOTEMEZRT Z &5 RLP-C O cut-off {8
13 5 mg/dl Bifeh Y] &% 2 s nizhs, Z Dcut-
of f fEDIRIE 1L X & ITHER 2 HE UIRET 3 2 A E
Wb,

LDL ZFEEOBWRAETHRIET 22 D% 0
Ha B EIEIMAE I B W T, I TGEZIEHR T
B> TH RLP-C 8 5 mg/dl BLE 2 7R 3 fEH 255
1E|2 D72 ik (Tabled) V47> b)Y KRE
BB FHRICHFEETLZ2T7RERZ)V TR ELT
LDL Z&F %20 L iRt ns 2 enrs
G303 JEFICHERE RN TH 5, £ 2T, #ifld
Wav A7 u— L&k %2REL T LDL 284k %
WAL 2 HEHIEM 2> HMG CoA =itk
FIHEHHK TH % simvastatin 5.1z & 5 RLP-C,
RLP-TG OZAt%2BIE LIz, Hb¥ T, MO
TER%2 b TIMGIRERE % 2 I1E 3 5 bezafi-
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MV 27V 274 FERIETC X % VLDL 43k
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H
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Fig. 7. Changes in reduction rate of cholesterol and triglyceride in RLP by using three different

hypolipidemic agents.

The reduction rate of RLP-C and RLP-TG was similar by the use of simvastatin or EPA.
However, RLP-C was increased after using bezafibrate in type lla hyperlipidemia and reduc-
tion rate of RLP-C and RLP-TG was significantly different in both hyperlipidemic subjects

administrated with bezafibrate.
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