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Abstract The Watanabe Heritable Hyperlipidemic rabbit
(WHHL rabbit) and the cholesterol-fed rabbit have been re-
ported to show elevations of very low density (VLDL), inter-
mediate density (IDL}, and low density lipoproteins (LDL), and
a broad-beta band on agarose-gel electrophoresis. We have stud-
ied the lipid and lipoprotein composition of WHHL rabbits and
cholesterol-fed rabbits using ultracentrifugal analysis and iso-
electric focusing. The total cholesterol (TC)/triglyceride (TG)
ratios of VLDL, IDL, and LDL in WHHL rabbits were slightly
elevated, but almost normal compared with those of cholesterol-
fed rabbits, whose TC/TG ratios were markedly elevated com-
pared with normolipidemic rabbits. ApoVLDL of WHHL rabbits
showed no compositional changes in apoE and apoC isoforms,
and no marked changes in the apoE /apoC ratios. But apoVLDL
of cholesterol-fed rabbits showed a significant decrease of apoC-
I11, a significant increase of apoC-V, and marked elevation of
the apoE/apoC ratio.Bli We conclude that serum lipoprotein
compositions in the WHHL rabbit were normal, while the li-
poprotein lipid and apolipoprotein composition in the WHHL
rabbit are different from those in cholesterol-fed rabbits.—
Wakasugi, T., H. Mabuchi, Y. Sakai, T. Sakai, A. Yoshimura,
A. Watanabe, J. Koizumi, S. Miyamoto, R. Takeda, and Y.
Watanabe. ApoVLDL of the Watanabe Heritable Hyperlipi-
demic rabbit and the cholesterol-fed rabbit. /. Lipid Res. 1984.
25: 246-253.
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The Watanabe Heritable Hyperlipidemic rabbit
(WHHL rabbit) is the first inbred strain with spontaneous
hyperlipidemia and develops atherosclerosis and xan-
thoma on the digital joints. The inheritance is an auto-
somal recessive trait. There are elevations of VLDL, IDL,
and LDL levels, and a broad-beta band on agarose-gel
electrophoresis (1, 2). Kondo and Watanabe (1) reported
that the hyperlipidemia in the WHHL rabbit was anal-
ogous to type III or II hyperlipidemia in man. Recently,
deficiences of the LDL-receptor on cultured fibroblasts
(3, 4), cultured hepatocytes (5), and membrane of liver
and adrenal gland (6) were demonstrated in the WHHL
rabbit. Thus, the WHHL rabbit is thought to be an
animal model for familial hypercholesterolemia (FH) in
man (3, 4).
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Cholesterol-fed rabbits also show elevations of VLDL,
IDL, and LDL levels, and a broad-beta band on agarose-
gel electrophoresis. They also develop atherosclerosis (7),
as does the WHHL rabbit. The hepatic lipoprotein re-
ceptors of cholesterol-fed rabbits were reported to be
saturated and suppressed (8), or undetectable (5). The
abnormality of receptor activity was phenotypically anal-
ogous to that in the WHHL rabbit liver.

The resemblance of the WHHL rabbit’s lipid profile
to type III hyperlipidemia raised a possibility of some
abnormalities in apolipoprotein E (apoE) isoforms as in
primary dysbetalipoproteinemia in man (9). Therefore
the purpose of this study was to compare the lipoprotein
lipid and VLDL apolipoprotein compositions of normal,
cholesterol-fed rabbits and WHHL rabbits, in order to
determine if the similarities in lipoprotein electrophoretic
patterns in the WHHL rabbit and in human dysbetali-
poproteinemia are due to some abnormalities in apo-
VLDL composition, particularly apoE, in the WHHL
rabbit.

METHODS

Animals and sample collections

Eight male Japanese white rabbits weighing 2.8-3.4
kg were fed, for 1 week, 100 g/day of normal standard
laboratory chow (Type ORC-4; Oriental Yeast Co., Ltd.,
Japan). Twenty ml of blood was obtained after an over-
night fast (normal rabbits). These rabbits were then fed
100 g/day of commercial chow containing 1% cholesterol
(Oriental Yeast Co., Ltd., Japan). Ten ml of blood was
obtained after 1 week (Chol-fed rabbit). Ten ml of blood

Abbreviations: VLDL, very low density lipoprotein; IDL, inter-
mediate density lipoprotein; LDL, low density lipoprotein; HDL, high
density lipoprotein; TC, total cholesterol; TG, triglyceride; PL, phos-
pholipid; apoVLDL, apolipoproteins in VLDL; apoE, apolipoprotein
E; apoC, apolipoprotein C; FH, familial hypercholesterolemia; WHHL,
Watanabe Heritable Hyperlipidemic rabbit; IEF, isoelectric focusing.
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was also obtained from eight male WHHL rabbits fed
100 g/day of normal chow for 1 week.

Analysis of lipoprotein lipids

VLDL (d < 1.006 g/ml), IDL (1.006 <d < 1.019 g/
ml), LDL (1.019 < d < 1.063 g/ml), and HDL
(d > 1.063 g/ml) fractions were obtained sequentially by
preparative ultracentrifugation of 1 or 2 ml of serum
according to standard procedures (10).

Total cholesterol (T'C) and phospholipid (PL) in serum
and each lipoprotein fraction were determined enzy-
matically (11, 12). Triglycerides (TG) were determined
by the method of Fletcher (13) using triolein as a standard.
Protein concentration in VLDL was determined by the
method of Lowry et al. with modification (14, 15).

Isoelectric focusing (IEF)

VLDL was isolated by ultracentrifugation from serum
at d 1.006 g/ml (105,000 g, 10°C, 20 hr). VLDL was
refloated under identical conditions.

The washed VLDL containing 250-300 ug of
apoVLDL was delipidated two times with 5 vol of ace-
tone—ethanol 1:1 (v/v) and diethylether according to
Warnick et al. (16). The apoVLDL was solubilized in 200
ul of 8 mol/1 urea containing Tris (hydroxymethyl) ami-
nomethane-HCI (10 mmol/l, pH 8.6) and dithiothreitol
(10 mmol/1) at 4°C for 4-6 hr (16).

Electrophoresis was performed essentially according
to Warnick et al. (16). IEF gels, which contained 7.5%
acrylamide, 0.2% N,N"-methylene bisacrylamide, 8 mol/
| urea, and 2% ampholine, pH 4-6, were focused at a
constant voltage of 150 V for 16 hr at 4°C. Proteins
were fixed, stained (Coomassie brilliant blue), and de-
stained (17). Relative proportions of the isoforms were
determined by densitometry at 550 nm with a scanning
densitometer. Isoelectric points were determined ac-
cording to Warnick et al. (16).

Identification of protein bands and comparison with
human apoVLDL

ApoVLDL from a normal rabbit was electrophoresed
in a discontinuous buffer system on 10% polyacrylamide
gels that contained 8 mol/1 urea (15). One gel was stained
to locate the apoE and apoC bands with their characteristic
mobilities (7), and these regions were then sliced from
the parallel unstained gels electrophoresed together. Hu-
man apoE and apoC bands were sliced from the electro-
phoresed gels of normal human apoVLDL. These slices
were used in the next two analyses.

SDS electrophoresis. SDS electrophoresis was performed
as follows according to Neville (18). The upper reservoir
buffer contained 0.04 mol/1 boric acid, 0.041 mol/I Tris
(hydroxymethyl) aminomethane (pH 8.64), and 0.1%
SDS. The upper polyacrylamide gel (T = 3.2%, C

= 6.25%) contained buffer of 0.0267 mol /1 HySO,-0.054
mol/] Tris(hydroxymethyl)aminomethane, pH 6.1. The
lower polyacrylamide gel (T = 9.4%, C = 0.9%) con-
tained buffer of 0.0237 N HCI-1.3147 mol/I
Tris(hydroxymethyl)aminomethane, pH 9.81. The lower
reservoir buffer was the same as the lower gel buffer.
Two of the slices containing rabbit apoE were incubated
at 100°C for 30 min in upper-gel buffer containing 0.2%
SDS, 0.2% B-mercaptoethanol and 0.005% bromophenol
blue. These incubated gel slices were placed on top of
an SDS gel and electrophoresed. Gels containing rabbit
apoC, human apoE, or human apoC were also incubated
and electrophoresed together.

Isoelectric focusing. Gel slices were placed on top of IEF
gels and subjected to focusing as described in the previous
section. Rabbit apoVLDL was also electrophoresed in
order to identify the IEF bands.

Data were analyzed using Student’s #test and Wilcox-
on’s test.

RESULTS

Serum and lipoprotein lipids (Table 1)

The serum TC levels were significantly elevated (517
+ 160, 891 + 230 and 1657 * 392 (mean + SD) mg/
dl) by feeding the 1% cholesterol chow diet for 1, 2, and
4 weeks, respectively, compared to the level in normal
rabbits (58 + 19 mg/dl). The serum TC levels in rabbits
fed the 1% cholesterol chow diet for 1 week did not differ
from WHHL rabbits, whose serum TC levels were sig-
nificantly higher than normal rabbits. However, serum
TC levels of rabbits fed the 1% cholesterol chow diet for
2 or 4 weeks were significantly higher than in WHHL
rabbits. Therefore, we compared WHHL rabbits with
normal rabbits and rabbits fed the 1% cholesterol chow
diet for only 1 week (Chol-fed rabbits). The data from
this study cannot be extrapolated to all cholesterol-fed
animals regardless of their plasma cholesterol concentra-
tions.

The TC levels of VLDL, IDL, and LDL fractions in
Chol-fed and WHHL rabbits were significantly higher
(>10-fold) than in normal rabbits. There were no sig-
nificant differences between Chol-fed and WHHL rabbits
in the TC levels. However, the HDL-TC levels in WHHL
rabbits were significantly lower than in normal and Chol-
fed rabbits.

In WHHL rabbits, serum and lipoprotein TG levels
were significantly greater than in normal rabbits except
for HDL-TG, which was significantly lower. In contrast
to WHHL rabbits, lipoprotein TG levels in Chol-fed rab-
bits were similar to those in normal rabbits except for
the significant decrease of HDL-TG level. The changes

Wakasugi et al. TEF pattern of apoVLDL of WHHL rabbit 247

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 1. Serum and lipoprotein lipids

Serum VLDL IDL LDL HDL

Total cholesterol (mg/dl)

Normal 58 £ 19 6+3 b+ 4 17 £ 12 24 + 4

Chol-fed 517 + 1607 120 + 629 97 + 38% 2928 + 59¢ 22 + 3¢

WHHL 609 + 2247 157 £ 1057 75+ 259 312+ 188° 10 + 49¢
Triglyceride (mg/dl)

Normal 63 19 20+ 7 6+4 13+ 8 14+2

Chol-fed 33 + 20° 12 +10 5+ 2 105 7+ 49

WHHL 509 + 33399 228 + 18394 48 + 3394 166 + 550 7+ 90
Phospholipid (mg/dl)

Normal 85 + 14 9+3 5+3 14+9 56 + 7

Chol-fed 205 + 66¢ 37 + 197 36 + 159 92 + 25¢ 45 + gt

WHHL 414 + 1284 98 + 647 48 + 187 203 + 8994 38 + 3ad

Levels of lipids were determined in serum and ultracentrifugally separated lipoprotein fractions of
eight normolipidemic rabbits (Normal), four rabbits fed a 1% cholesterol chow diet for 1 week (Chol-

fed), and eight WHHL rabbits (mean + SD).
2 P < 0.01 versus normal rabbits.
b P < 0.05 versus normal rabbits.
¢ P < 0.01 versus Chol-fed rabbits.
4 p < (.05 versus Chol-fed rabbits.

of serum and lipoprotein PL levels in Chol-fed and
WHHL rabbits were similar to those of TC levels, but
the degree of change of PL levels from normal values
was smaller than those of TC levels.

Lipid ratios in lipoprotein fractions (Table 2)

The TC/TG ratio in Chol-fed rabbits was markedly
higher than in normal rabbits, 99-fold for VLDL, 38-
fold for IDL, and 24-fold for LDL. The ratios in WHHL
rabbits were significantly (twofold) higher than in normal
rabbits. Although there were large variations of serum
and lipoprotein TC levels among rabbits, there were no
specific differences of the ratios between rabbits with high
cholesterol concentration and those with low values.

The TC/PL ratios in these lipoprotein fractions of
Chol-fed and WHHL rabbits were significantly increased,
differences in ratios between normal and WHHL rabbits
were smaller than those between normal and Chol-fed
rabbits.

TC/TG and TC/PL ratios in HDI. decreased in
WHHL rabbits and increased in Chol-fed rabbits.

The ratio of VLDL-TC/serum TG, which is elevated
in type III hyperlipoproteinemia in man (19), increased
significantly in Chol-fed rabbits by 56-fold and in WHHL
rabbits by only 3-fold.

There were marked differences in these ratios, espe-
cially TC/TG and VLDL-TC/serum TG, beteen Chol-
fed and WHHL rabbits. The ratios in Chol-fed rabbits
were more than 15 times higher than in WHHL rabbits.

TABLE 2. Lipid ratios in lipoprotein fractions

VLDL IDL LDL HDL

TC/TG ratio

Normal 0.29 + 0.11 0.83 + 0.19 1.26 = 0.32  1.76 + 0.28

Chol-fed 28.8 =+ 87.8° 81.7 + 23.4¢ 30.4 =+ 18.1¢ 4.16 + 2.33%

WHHL 0.74 + 0.28¢ 1.95 + 0.98%¢ 198+ 1.20° 1.54 % 0.66%
TC/PL ratio

Normal 0.64 + 0.27 5+ 0.18 120+ 0.20 0.42 + 0.04

Chol-fed 3.49 + 1.26¢ 9+ 041 251+ 032 0.49 + 0.08

WHHL 1.58 £ 0.299¢ 1.60+ 0.30% 149+ 0.23% 0.27 +0.12%¢

VLDL-TC/serum TG ratio
Normal 0.09 + 0.02

Chol-fed 5.04 * 3.427

WHHL 0.30 £ 0.11%*

TC/TG and TC/PL ratios in each lipoprotein fraction and VLDL-TC/serum TG were determined
in eight normolipidemic rabbits (Normal), four rabbits fed a 1% cholesterol chow diet for 1 week (Chol-

fed), and eight WHHL rabbits (mean * SD).
@ P < 0.01 versus normal rabbits.
b P < 0.50 versus normal. rabbits.
¢ P < 0.01 versus Chol-fed rabbits.
4 p < 0.01 versus Chol-fed rabbits.
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Fig. 1. Isoelectric focusing pattern of rabbit apoVLDL and identification of protein bands. 1) Polyacrylamide-gel disc electrophoresis in a
discontinuous buffer system. A, Normal rabbit (TC 25 mg/dl); B, cholesterol-fed rabbit (TC 401 mg/dl); C, human VLDL. ApoE and apoC
are indicated according to their characteristic mobilities (7). 2) SDS electrophoresis was performed according to Neville (18). The upper gel
contained 3.2% polyacrylamide and HySO,-Tris(hydroxymethyl)aminomethane buffer, pH 6.1. The lower gel contained 9.4% polyacrylamide
and Tris(hydroxymethyl)Jaminomethane-HCI buffer, pH 9.81. Gel slices (from parallel gels electrophoresed as in Fig. 1-1) were incubated in
buffer of the upper gel containing 0.2% SDS, 0.2% B-mercaptoethanol, and 0.005% bromophenol blue. The incubated gel slices were placed
on top of SDS-gels and electrophoresed. Columns D, E, F, and G are the electrophoretic patterns of the protein designated in Fig. 1-1 as rabbit
apoE, human apoE, rabbit apoC, and human apoC, respectively. Rabbit and human apoE had identical R, values. Rabbit and human apoC also
had the same R values. 3) IEF electrophoresis. Gel slices (from parallel gels electrophoresed as in Fig. 1-1) were placed on top of IEF-gels, and
focused as outlined in Methods. Columns M and N are IEF patterns of proteins designated as apoE and apoC (rabbit) in Fig. 1-1, respectively.
Columns I, J, and K are the IEF patterns of apoVLDL of a WHHL rabbit (TC 370 mg/dl), apoVLDL of a cholesterol-fed rabbit (TC 479
mg/dl), and apoVLDL of a normal rabbit, respectively. Column L is rabbit albumin. Gels K, M, and N were electrophoresed together; the
others were run separately. 4) Comparison of IEF patterns of rabbit and human apoVLDL. Rabbit apoVLDL (column O) and human apoVLDL
(column P) were electrophoresed together. There were no apoE isoforms of rabbit corresponding to human apoE-3 and apoE-4.
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IEF pattern of rabbit apoVLDL

ApoVLDL from normal rabbits were subjected to
polyacrylamide gel electrophoresis by Kane’s method (15).
Protein bands, presumed to be apoE and apoC according
to their characteristic mobilities (7) (Fig. 1-1), were sliced
from the gels and subjected to SDS electrophoresis and
IEF as described in Methods. Human apoE and presumed
rabbit apoE had identical Ryvalues by SDS electrophoresis.

a)

Human apoC and the presumed rabbit apoC also had
identical Ry values (Fig. 1-2).

The IEF patterns of VLDL apoE and apoC are shown
in Fig. 1-3. Rabbit apoE was separated into at least six
isoforms by IEF electrophoresis. The most basic isoform
was designated E-6, and more acidic isoforms were E-5,
E-4, E-3, E-2, and E-1, respectively. Apparent pl values
at 4°C of the apoE isoforms in 8 mol/1 urea ranged from
approximately 5.4 to 5.7 (Fig. 2). These plI values were
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Fig. 2. Densitometric pattern of rabbit and human apoVLDL. IEF gels of rabbit and human apoVLDL were
scanned at 550 nm. a) Normal rabbit apoVLDL; b) human apoVLDL. Apparent pl values (at 4°C) of rabbit
apoproteins were as follows: apoE, 5.4-5.7; apoC, 4.4-5.2.
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slightly more acidic than those of human apoE. There
were no clear apoE bands corresponding to human apoE-
3 and apoE-4 (Fig. 1-4). ApoVLDL proteins more acidic
than apoE were primarily C-apoproteins. Apparent pl
values of these proteins ranged from approximately 4.4
to 5.2 (Fig. 2). The most basic of the C-apoproteins was
designated C-6, and other more acidic isoforms were
C-5,C4, C-3, C-2, and C-1, respectively. For comparison,
IEF patterns of apoVLDL from a Chol-fed rabbit and a
WHHL rabbit, whose serum TC levels were 479 and 370
mg/dl, respectively, are shown in Fig. 1-3.

ApoVLDL compesition of normal, Chol-fed, and
WHHL rabbits (Table 3)

The relative proportions of apoE isoforms in WHHL
rabbits did not differ from those of normal rabbits. How-
ever, E-4 increased and E-6 decreased significantly in
Chol-fed rabbits. Since there were no changes of apoE
isoforms in rabbits fed the 1% cholesterol chow diet for
2 or 4 weeks compared with those of normal rabbits (data
not shown), the observed changes of E-4 and E-6 bands
in Chol-fed rabbits might not be meaningful.

The relative proportions of apoC isoforms in Chol-fed
and WHHL rabbits changed as follows. In Chol-fed rab-
bits, C-3 decreased and C-5 increased significantly com-
pared with bands of normal rabbits. These changes were
also demonstrated in rabbits fed the 1% cholesterol chow
diet for 2 or 4 weeks (C-3, 25.9 + 3.7 and 20.1 £ 5.1%,
respectively; C-5, 8.7 + 1.6 and 15.9 + 4.4%, respectively).
There were significant correlations between C-3 and
VLDL-TC (r = —0.52, P < 0.05), and between C-5 and
VLDL-TC (r = 0.69, P < 0.01). In WHHL rabbits, only
the C-6 increased significantly compared with normal

rabbits. Since there was no significant correlation between
C-6 and lipoprotein lipids, the observed change of C-6
in WHHL rabbits might not be meaningful.

We summed the total area under all of the isoforms
for the two proteins, and calculated the apoE /apoC ratio.
This ratio was significantly (P < 0.01) increased in Chol-
fed rabbits (18.6 = 9.7), but did not change in WHHL
rabbits (8.0 + 6.8), when compared with normal rabbits
(3.2 £2.1).

DISCUSSION

Japanese white rabbits fed a 1% cholesterol chow diet
for 1 week and WHHL rabbits had equally elevated levels
of cholesterol in serum, VLDL, IDL, and LDL. However,
the HDL-TC level decreased significantly in WHHL rab-
bits. Serum and lipoprotein triglyceride (except HDL)
levels were markedly increased in WHHL rabbits, but
were unchanged or decreased in Chol-fed rabbits. These
changes observed in WHHL rabbits and Chol-fed rabbits
were identical to those previously reported (3, 7).

WHHL rabbits, Chol-fed rabbits, and patients with
homozygous FH all have hypercholesterolemia (3, 7, 20),
but there are marked differences in the serum TG levels
between WHHL rabbits (hypertriglyceridemic) and pa-
tients with FH (almost normal TG levels (20)), and be-
tween WHHL rabbits and Chol-fed rabbits (normotri-
glyceridemic). In order to clarify these differences, we
examined the lipoprotein lipid ratios of normal, Chol-
fed, and WHHL rabbits.

Chol-fed rabbits had much higher TC/TG ratios in
VLDL, IDL, and LDL than normal rabbits. In contrast

TABLE 3. The relative proportions of rabbit apoE and apoC isoforms

ApoE
E-1 E-2 E-3 E-4 E-5 E-6
%
Normal 09+ 1.1 35« 4 129 + 8.7 172 £ 6.3 35.8 £ 6.0 29.7+ 4.8
Chol-fed 1.7+ 0.3 58+ 1.1 128+ 1.4 24.7 £ 0.7 350+ 22 20.1 + 2.2
WHHL 0.8 0.5 25+ 0.7 79+ 21 19.5 + 5.1 37.0+ 28 323+ 6.1
ApoC
C-1 C-2 C-3 C-4 C-5 C-6
%
Normal 10.2 £ 5.2 368 +11.8 347+ 9.3 7.1 +43 2.1+ 1.1 11.3 +11.4
Chol-fed 16.6 + 3.8 298 + 4.7 21.5 + 3.4% 11.2 £ 2.7 13.8 + 4.1¢ 6.0 29
WHHL 7.1x£35 28.7+ 9.6 32,7+ 11.1 35+28 4.7 + 3.3 234+ 95°

VLDL from eight normolipidemic rabbits (Normal), four rabbits fed a 1% cholesterol chow diet for 1 week (Chol-fed), and eight WHHL
rabbits was isolated and washed once by ultracentrifugation. The VLDL was delipidated and the apoproteins were subjected to IEF as described
in Methods. The proteins were fixed, stained, and destained (17), and the gel was scanned at 550 nm (mean + SD).

@ P < 0.01 versus normolipidemic rabbits.
b P < 0.05 versus normolipidemic rabbits.
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to Chol-fed rabbits, the ratio in WHHL rabbits was slightly
higher than in normal rabbits. There were also marked
differences in the VLDL-TC/serum TG ratio between
Chol-fed and WHHL rabbits. The ratio was 56-fold
greater in Chol-fed rabbits and only 3-fold higher in
WHHL rabbits than in normal rabbits. These data showed
that lipoproteins of Chol-fed rabbits were markedly en-
riched with cholesterol. Lipoproteins of WHHL rabbits
were slightly cholesterol-rich but the lipid ratios were
essentially normal.

The lipid profile of Chol-fed rabbits might be analogous
to that seen in human type III hyperlipoproteinemia,
inasmuch as lipoproteins in Chol-fed rabbits were cho-
lesterol-rich, and their VLDL showed 8-mobility on aga-
rose-gel electrophoresis (8-VLDL) (21). Patients with FH
have been reported to show a slightly increased TC/TG
ratio in VLDL (22) and LDL (23), as did WHHL rabbits
in the present study. Therefore, the lipid compositions
of WHHL rabbit lipoproteins are analogous to those of
human FH, and different from those of type III hyper-
lipoproteinemia; WHHL rabbits had increased concen-
trations of lipoproteins with normal compositions. There
remain differences between WHHL rabbits and patients
with FH. WHHL rabbits have high levels of VLDL and
IDL, while patients with homozygous FH do not.

Utermann, Jaeschke, and Menzel (9) reported a de-
ficiency of VLDL apoE-3 in human primary type III hy-
perlipoproteinemia, in which there were elevated levels
of VLDL and IDL (21). Our first interest in this study
was whether or not the apoVLDL of the WHHL rabbit
was abnormal, inasmuch as it was previously reported to
resemble type I1I hyperlipoproteinemia (1) based on the
broad-8 band on agarose-gel electrophoresis and the ele-
vation of VLDL and IDL levels.

Chol-fed rabbits showed marked and significant ele-
vations in the apoE/apoC ratio of VLDL and several
compositional changes of C-apoproteins. In contrast to
Chol-fed rabbits, WHHL rabbit had no meaningful ab-
normalities in the apoE /apoC ratio or in the IEF patterns
of these apoproteins, when compared with normal and
Chol-fed rabbits. We conclude that the lipoproteins of
WHHL rabbits were essentially normal in lipid and apo-
lipoprotein composition compared with rabbits fed a 1%
cholesterol chow diet for a week.

Kita et al. (6) reported that the hepatic LDL-receptors
which bind 8-VLDL and LDL were defective in WHHL
rabbits and that EDT A-resistant 8-VLDL binding sites
were decreased. The receptor corresponding to the hu-
man apoE receptor (24) has not yet been demonstrated
in rabbits. Even though the chylomicron remnant receptor
(25) functions normally in the WHHL rabbit, it does not
mediate normal clearance of plasma VLDL and LDL,
because the clearance of VLDL and LDL has been shown
to be delayed in WHHL rabbits (26). Therefore, VLDL
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and IDL probably accumulate because of the decreased
functioning 8-VLDL binding sites in WHHL rabbits.

Binding sites for 8-VLDL and LDL in liver, which are
probably identical to the LDL-receptor, were suppressed
(8) or undetectable (5) in cholesterol-fed rabbits. The
differences in the serum TG levels between Chol-fed rab-
bits and WHHL rabbits cannot be the result of the change
in LDL-receptor activity alone, because the receptor de-
creased in both types of rabbits as discussed above. There
may be some unknown mechanism other than the change
in LDL-receptor activity for the difference between Chol-
fed and WHHL rabbits. For example, the activity of li-
poprotein lipase may increase enough to catabolize the
increased amount of secreted VLDL in cholesterol-fed
rabbits, inasmuch as there are changes in the proportions
of apoC isoforms. In WHHL rabbits these changes may
be insufficient to affect lipoprotein lipase activity. Ac-
cumulation of chylomicron remnants in plasma (27) in
cholesterol-fed rabbits may account for the abnormalities
of VLDL. The hepatic uptake of chylomicron remnants
may be less active in cholesterol-fed rabbits than in normal
rabbits, inasmuch as the clearance of remnants was de-
layed (27). The LDL-receptor was not detected because
of its suppression in cholesterol-fed rabbits (8), whereas,
it was not detected in WHHL rabbits because of a genetic
deficiency. This difference of pathogenesis for LDL-re-
ceptor abnormality may account for the difference of
serum TG levels. Havel et al. (28) reported on the con-
centration and composition of lipoproteins in blood
plasma of the WHHL rabbits. They discussed the point
that the differences of the lipoprotein abnormalities be-
tween WHHL rabbits and human homozygous FH were
likely to reflect a difference in lipoprotein metabolism in
the species.

In cholesterol-fed rabbits, there are several changes in
lipid and apolipoprotein compositions which have not
been reported in human FH. Lipoproteins of WHHL
rabbits were almost normal in lipid and apolipoprotein
compositions as in human FH. Therefore, the WHHL
rabbit is a promising model of human FH, but the cho-
lesterol-fed rabbit is not.Bll
Manuscript received 8 November 1983.

REFERENCES

1. Kondo, T., and Y. Watanabe. 1975. A heritable hyperli-
pidemic rabbit. Exp. Anim. (Tokyo). 24: 89-94.

2. Watanabe, Y. 1980. Serial inbreeding of rabbits with he-
reditary hyperlipidemia (WHHL-rabbits). Atherosclerosis. 36:
261-268.

3. Tanzawa, K., Y. Shimada, M. Kuroda, Y. Tsujita, M. Arai,
and Y. Watanabe. 1980. WHHL-rabbit: a low density li-
poprotein receptor-deficient animal model for familial hy-
percholesterolemia. FEBS Lets. 118: 81-84.

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10.

11.

12.

13.

14.

15.

16.

17.

. Shimada, Y., K. Tanzawa, M. Kuroda, Y. Tsujita, M. Arai,

and Y. Watanabe. 1981. Biochemical characterization of
skin fibroblast derived from WHHL-rabbit, a notable animal
model for familial hypercholesterolemia. Eur. J. Biochem.
118: 557-564.

. Attie, A. D., R. C. Pittman, Y. Watanabe, and D. Steinberg.

1981. Low density lipoprotein receptor deficiency in cul-
tured hepatocytes of the WHHL-rabbit. J. Biol. Chem. 56:
9789-9792.

. Kita, T., M. S. Brown, Y. Watanabe, and J. L. Goldstein.

1981. Deficiency of low density lipoprotein receptors in
liver and adrenal gland of the WHHL-rabbit, an animal
model of familial hypercholesterolemia. Proc. Natl. Acad.
Sci. USA. 78: 2268-2272.

Shore, V. G., and R. G. Hart. 1974. Changes in apolipo-
proteins and properties of rabbit very low density lipopro-
teins on induction of cholesterolemia. Biochemistry. 13: 1579—
1584.

Kovanen, P. T., M. S. Brown, S. K. Basu, D. W. Bilheimer,
and J. L. Goldstein. 1981. Saturation and suppression of
hepatic lipoprotein receptors: a mechanism for the hyper-
cholesterolemia of cholesterol-fed rabbits. Proc. Natl. Acad.
Sci. USA. 78: 1396-1400.

Utermann, G., M. Jaeschke, and J. Menzel. 1975. Familial
hyperlipoproteinemia type I1I: deficiency of a specific apo-
lipoprotein (apoE-I1I) in the very-low-density lipoproteins.
FEBS Lett. 56: 352-355.

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

Allain, C. C,, L. S. Poon, C. S. G. Chan, W. Richmond,
and P. C. Fu. 1974. Enzymatic determination of total serum
cholesterol. Clin. Chem. 20: 470-475.

Takayama, M., S. Ito, T. Nagasaki, and I. Tanimizu. 1977.
A new enzymatic method for determination of serum cho-
line-containing phospholipids. Clin. Chim. Acta. 79: 93-98.
Fletcher, M. J. 1968. A colorimetric method for estimating
serum triglycerides. Clin. Chim. Acta. 22: 393-397.
Lowry, O. H., N. ]. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193: 265-275.

Kane, J. P. 1973. A rapid electrophoretic technique for
identification of subunit species of apoproteins in serum
lipoproteins. Anal. Biochem. 53: 350-364.

Warnick, G. R., C. Mayfield, J. J. Albers, and W. R. Hazzard.
1979. Gel isoelectric focusing method for specific diagnosis
of familial hyperlipoproteinemia type 3. Clin. Chem. 25:
279-284.

Utermann, G., G. Albrecht, and A. Steinmetz. 1978. Poly-
morphism of apolipoprotein E. I. Methodological aspects

Wakasugi et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

and diagnosis of hyperlipoproteinemia type I1I without ul-
tracentrifugation. Clin. Genet. 14: 351-358.

Neville, D. M., Jr. 1971. Molecular weight determination
of protein-dodecyl sulfate complexes by gel electrophoresis
in a discontinuous buffer system. J. Biol. Chem. 246: 6328
6334.

Fredrickson, D. S., ]J. Morganroth, and R. I. Levy. 1975.
Type III hyperlipoproteinemia: analysis of two contem-
porary definitions. Ann. Intern. Med. 82: 150-157.

Brown, M. S., and ]J. L. Goldstein. 1975. Familial hyper-
cholesterolemia: genetic, biochemical, and pathophysiologic
considerations. Adv. Intern. Med. 20: 273-296.
Fredrickson, D. 8., J. L. Goldstein, and M. S. Brown. 1978.
The familial hyperlipoproteinemias. /n The Metabolic Basis
of Inherited Disease. 4th edition. J. B. Stanbury, J. B. Wyn-
gaarden, and D. S. Fredrickson, editors. McGraw-Hill Book
Company, New York. 604-655.

Takegoshi, T., T. Kametani, H. Oiwake, M. Imura, N.
Takeuchi, K. Shinozaki, T. Nishino, S. Miyamoto, and H.
Mabuchi. 1981. Serum lipid and lipoprotein levels in het-
erozygous familial hypercholesterolemia with special ref-
erence to high density lipoprotein subfraction. J. Jpn. Ath-
eroscler. Soc. 9: 167-171.

Mabuchi, H., R. Tatami, K. Ueda, R. Ueda, T. Haba, T.
Kametani, A. Watanabe, T. Wakasugi, S. Itoh, J. Koizumi,
M. Ohta, S. Miyamoto, and R. Takeda. 1979. Serum lipid
and lipoprotein levels in Japanese patients with familial hy-
percholesterolemia. Atherosclerosis. 32: 435-444,

Mahley, R. W,, D. Y. Hui, and T. L. Innerarity. 1981.
Two independent lipoprotein receptors on hepatic mem-
branes of dog, swine, and man. J. Clin. Invest. 68: 1197-
1206.

Kita, T., J. L. Goldstein, M. S. Brown, Y. Watanabe, C. A.
Hornick, and R. J. Havel. 1982. Hepatic uptake of chy-
lomicron remnants in WHHL rabbits: a mechanism ge-
netically distinct from the low density lipoprotein receptor.
Proc. Natl. Acad. Sci. USA. 79: 3623-3627.

Kita, T., M. S. Brown, D. W. Bilheimer, and J. L. Goldstein.
1982. Delayed clearance of very low density and inter-
mediate density lipoproteins with enhanced conversion to
low density lipoprotein in WHHL rabbits. Proc. Natl. Acad.
Sci. USA. 79: 5693-5697.

Ross, A. C., and D. B. Zilversmit. 1977. Chylomicron rem-
nant cholesteryl esters as the major constituent of very low
density lipoproteins in plasma of cholesterol-fed rabbits. J.
Lipid Res. 18: 169-181.

Havel, R. J., T. Kita, L. Kotite, ]J. P. Kane, R. L. Hamilton,
J. L. Goldstein, and M. S. Brown. 1982. Concentration and
composition of lipoproteins in blood plasma of the WHHL
rabbit. An animal model of human familial hypercholes-
terolemia. Arteriosclerosis. 2: 467-474.

IEF pattern of apoVLDL of WHHL rabbit 253

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

