
Impaired plasma cholesteryl ester transfer with 
accumulation of larger high density lipoproteins in 
some families of baboons (Papio sp.) 

Rampratap S. Kushwaha, '.* David L. Rainwater, t Mary C. Williams, * Godfrey S. Getz, * * 
and Henry C. McGill, Jr.*'tt 
Department of Physiology and Medicine: and Department of Genetics,t Southwest Foundation for Bio- 
medical Research, San Antonio, TX 78228; Department of Pathology,** University of Chicago, Chicago, 
IL; and Department of PathologyJf University of Texas Health Science Center, San Antonio, TX 78284 

Abstract Baboons from some families have a higher concen- 
tration of plasma high density lipoproteins (HDL) on a chow 
diet and accumulate large HDL (HDL,) when challenged with 
a high cholesterol and high saturated fat (HCHF) diet. HDLl 
from high HDLl animals contained more (1.5-fold) cholesteryl 
ester than HDL (HDL? + HDL3) from high or low HDLl 
animals. HDL from high HDLl baboons had lower triglyceride 
content than that from low HDLl baboons. HDL3 or HDL la- 
beled with ['H]cholesteryl linoleate was incubated with entire lipo- 
protein fraction (d<1.21 g/ml) or very low density lipopro- 
tein + low density lipoprotein (VLDL + LDL) (d < 1.045 g/ml) 
and with lipoprotein-deficient serum (LPDS), and the radioac- 
tive cholesteryl ester and mass floating at d 1.045 g/ml 
(VLDL + LDL) after the incubation was measured. The trans- 
fer of cholesteryl esters from either HDL or HDL3, prepared 
from plasma of high HDLl animals fed chow or the HCHF diet, 
was slower than the transfer from either HDL or HDL, of low 
HDLl animals, regardless of the source of transfer activity or the 
ratio of LDL:HDL-protein used in the assay. Addition of HDL 
from high HDLl baboons into an assay mixture of plasma com- 
ponents from low HDLl baboons decreased the transfer of cho- 
lesteryl ester radioactivity and mass from HDL to VLDL and 
LDL. In addition to HDL, a fraction of intermediate density 
lipoprotein (IDL) and denser HDL were also effective in inhibit- 
ing the transfer. M i  These observations suggest that accumula- 
tion of HDL, in high HDLl baboons fed an HCHF diet is asso- 
ciated with a slower transfer of cholesteryl esters from HDL to 
LDL. This slower transfer of cholesteryl esters appears to be re- 
lated to HDL protein composition rather than differences in 
transfer protein activity. -Kushwaha, R. S., D. L. Rainwater, 
M. C. Williams, G. S. Getz, and H. C. McGill, Jr. Impaired 
plasma cholesteryl ester transfer with accumulation of larger 
high density lipoproteins in some families of baboons (Pupio sp.) 
J. Lipid Res. 1990. 31: 965-973. 

on the basis of their flotation rates (1). These subclasses of 
HDL are heterogeneous in particle size and lipid and pro- 
tein composition (2-4). Plasma levels of these lipoprotein 
subpopulations are affected by age, sex (5, S), diet 
and drugs (7-lo), exercise (ll), and hypertriglyceridemia 
(12). Among some families of baboons (genus Pupio) that 
had been selectively bred for cholesterolemic response to 
a cholesterol- and fat-enriched diet, we found progeny 
with plasma lipoproteins intermediate in size and density 
between low density lipoproteins (LDL) and HDL (13). 
These lipoproteins, termed HDLl, are 1) induced mainly 
by feeding a diet rich in cholesterol and saturated fat (14); 
2) rich in cholesteryl esters and apoprotein (apo) A-I; and 
3) heterogeneous (15). As hypothesized for HDL, (16), 
HDLl may be formed by the accumulation of cholesteryl 
esters and apoE in HDL2, except that in the baboon only 
the largest HDLl particles contain apoE. 

Recently, subjects with hyperalphalipoproteinemia 
were reported to have major population of HDL larger 
than normal HDL2 (17, 18). Their HDL differed from 
HDL, in that it did not inhibit binding of LDL to LDL 
receptors in cultured human fibroblasts (18). The HDL 
from these subjects showed a low rate of cholesteryl ester 
transfer to LDL (17, 18). Since baboon HDL, appeared 
to be similar to the larger HDL that accumulates in the 
plasma of hyperalphalipoproteinemic subjects (17, 18), we 
compared the rates of cholesteryl ester transfer among the 
lipoproteins of high and low HDLl baboons. 
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sity lipoprotein; HCHF, high cholesterol, high saturated fat; LPDS, 
lipoprotein-deficient serum: CETP. cholestenrl ester transfer urotein. - _  
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High density lipoproteins (HDL) have been divided 
into three major subclasses (HDL,, HDL2, and HDL,) 
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MATERIALS AND METHODS 

Animals and diets 

Adult male and female baboons (genus Pupio) were se- 
lected for high and low HDLl levels on the basis of their 
lipoprotein profiles on a chow diet and on a high cholester- 
ol and high saturated fat (HCHF) diet described in Table 
1. The animals selected for the high HDLl phenotype ex- 
hibited large amounts of HDLl in their plasma while con- 
suming the HCHF diet and lower amounts while consum- 
ing chow. The control animals (low HDLl phenotype) had 
low levels of HDLl in plasma on both diets. For this study, 
the baboons were fed a chow or HCHF diet once a day 
ad libitum with access to water at all the times. The 
Southwest Foundation is accredited by the American Asso- 
ciation for Accreditation of Laboratory Animal Care and 
is registered with the U.S. Department of Agriculture. 
The protocol for this experiment was approved by the in- 
stitutional Animal Research Committee. 

Detection of HDLl in plasma 

To detect the presence of HDL, in plasma, fasting (14- 
18 h) animals were bled after immobilization with keta- 
mine HCl (10 mg/kg). Blood was collected in tubes con- 
taining EDTA (1 mg/ml) and plasma was obtained by low 
speed centrifugation at 6OC. The plasma was treated with 
sodium azide (2 mg/dl), chloramphenicol (0.5 mg/dl), 
gentamycin sulfate (1 mg/dl), and phenylmethyl-sulfonyl 
fluoride (0.05 mg/dl). For isolation of lipoproteins used in 
the cholesteryl ester assay, DTNB was added to give a 
final concentration 1.4 mM in the plasma. The plasma (2 
ml) was adjusted to a density of 1.30 g/ml and was layered 
with solutions of different densities, from 1.21 g/ml to 
1.006 g/ml, in SW41 Ti rotor tubes as described earlier 
(14). The plasma was then ultracentrifuged in an SW41 Ti 
rotor using a Beckman ultracentrifuge Model L8-70 (Beck- 
man Instruments, Palo Alto, CA) at 39,000 rpm (175,000 
g) for 24 h at 6OC. After ultracentrifugation, the tube con- 
tents were fractionated as described previously (14). Alter- 
natively, the plasma lipoproteins were separated by high 

TABLE 1. Compositions of chow and high-cholesterol, high-fat 
(HCHF) diets 

Nutrients Chow Diet HCHF Diet" 

Carbohydrates (5% cal) 62 40 

Fat (% cal) 10 40 

Cholesterol (mglkcal) 0.03 1.7 

Protein (% cal) 28 20 

Energy (kcal per 100 g diet) 329 377 

"HCHF diet was prepared by mixing 81.4% (dry weight basis) of Pu- 
rina monkey meal 5-5045-6 (a special mix with no added fat, dehydrated 
alfalfa, sodium chloride, ascorbic acid, or retinyl acetate) with lard 
(16.5%), sodium chloride(l.l%), retinyl acetate (0.005%), ascorbic ace- 
tate (0.2%), and cholesterol (0.74%). 
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Fig. 1. Plasma lipoprotein patterns of low (A, C) and high (B, D) HDL, 
baboons separated by high performance liquid chromatography using a gel 
filtration column (A, B) and by density gradient ultracentrihgation (C, D). 
For HPLC, 0.2 ml of lipoproteins (d<1.21 g/ml) was injected and the absor- 
bance at 280 nm was recorded. For density gradient ultracentrifugation, 2 
ml of plasma was adjusted to d 1.30 g/ml by adding solid KBr and layered 
with various solutions of different densities. After ultracentrifugation, 
lipoproteins were fractionated and absorbance at 280 nm was recorded. 
Numbers 1, 2, 3, and 4 correspond to VLDL, LDL, HDL,, and HDL 
(HDL? + HDL3), respectively. 

performance liquid chromatography (HPLC) using a gel 
filtration column (a combination of PW 4,000 and PW 
3,000) (19). As shown in Fig. 1, both density gradient ul- 
tracentrifugation and gel filtration methods demonstrated 
the presence of HDLl lipoproteins occurring between 
LDL and HDL in high HDLl animals. Thus these lipo- 
proteins are different from Lp[a], which is larger than 
LDL (13). 

Preparation of [3H]cholesteryl ester-labeled 
HDL and LDL 

HDL and HDL3 from both high and low HDLl ani- 
mals were labeled with [3H]cholesteryl ester by the meth- 
od of Stein et al. (20). In the first set of experiments, 
[1,2,6,7- 3H(N)]cholesteryl linoleate (New England Nuc- 
lear, Boston, MA) was sonicated (Fisher Scientific Co., 
Pittsburgh, PA) with Intralipid (Kabi Vitrum Inc., 
Alameda, CA) diluted in saline. After treatment with 1.4 
mM DTNB, plasma lipoproteins (in 10 ml plasma) were 
labeled by incubation with the Intralipid/[ 3H]cholesteryl 
ester mixture for 20 h at 37OC under nitrogen (method 1). 
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In later experiments, the use of Intralipid was avoided be- 
cause it could affect the composition of lipoproteins. Tri- 
tiated cholesteryl ester (125 pCi) was dissolved in 30 pl of 
ethanol and added to 6 ml of plasma containing 1.4 mM 
DTNB and incubated for 20 h at 37OC under nitrogen 
(method 2). After incubation, the LDL and HDL frac- 
tions were isolated by density gradient ultracentrifugation 
(14). Lipoprotein fractions were dialyzed against saline/ 
EDTA and used as substrates in the cholesteryl ester 
transfer reaction. In some experiments, HDL3 (d 1.125- 
1.21 g/ml) labeled with [3H]cholesteryl ester was prepared 
by sequential ultracentrifugation in which lipoproteins of 
d < 1.125 g/ml were first removed. The density of the infra- 
natant was adjusted to 1.21 g/ml by adding solid KBr and 
was ultracentrifuged for 24 h at a speed of 42,000 rpm 
(110,000 g) at 6OC using a Beckman 50 Ti  rotor and an 
L8-70 ultracentrifuge (Beckman). The HDL3 was ob- 
tained by slicing the top 3-ml layer. The purity of the sub- 
strate was checked by ultracentrifugation and greater 
than 95% of the radioactivity was recovered in the HDL 
fraction. The substrate was freshly prepared for each ex- 
periment. 

Assay for cholesteryl ester transfer activity 

Cholesteryl ester transfer activity was assayed as 
described by Koizumi et al. (17). For the first set of experi- 
ments, the assay mixture (3 ml) consisted of the entire 
lipoprotein fraction (d < 1.21 g/ml), [3H]cholesteryl 
ester-labeled HDL (HDL3 or HDL2 + HDL3) from 
either high HDLl or low HDLl animals, and lipopro- 
tein-deficient serum (LPDS) from either high or low 
HDLl animals, in phosphate buffered saline, pH 7.4, with 
1.4 mM DTNB to inhibit 1ecithin:cholesterol acyltransfer- 
ase. In subsequent experiments, [ 3H]cholesteryl ester-la- 
beled HDL (125-500 pg of protein) was incubated with 
VLDL and LDL (equal protein content) in the presence 
of LPDS from baboon plasma (equivalent to 50-100 pl of 
plasma) as a source of cholesteryl ester transfer protein 
(CETP). The incubations were carried out for 1 to 8 h at 
4OC (control) or at 37OC and were terminated by placing 
tubes on ice. The density of the assay mixture was ad- 
justed to 1.045 g/ml by adding solid potassium bromide 
and overlayered with d 1.045 g/ml potassium bromide so- 
lution. The assay mixture was ultracentrifuged in a 50.3 
Ti rotor at 45,000 rpm (150,000 8) for 22 h at 6OC. The 
lipoproteins of d < 1.045 glml (VLDL + LDL) were ob- 
tained by tube slicing. Radioactivity in fractions was 
counted by mixing 0.5 ml with 10 ml scintillation fluid 
(Scintisol, Isolab, Akron, OH)  and using a liquid scintil- 
lation counter (Searle, Nuclear Chicago, Des Plaines, IL). 

In all experiments, the difference in transfer at 4OC and 
37OC incubations was considered to be due to transfer ac- 
tivity in the LPDS (17). In some cases incubation at 37OC 
without LPDS was used as control. Values at 4°C with 
LPDS and 37°C without LPDS were similar. The choles- 

teryl ester transfer activity was expressed either as percent 
of total radioactivity or percent of mass transferred. The 
mass of cholesteryl ester was calculated by dividing the 
number of counts transferred to VLDL + LDL (after 
subtracting the counts for 4°C control) by the specific ac- 
tivity of HDL (the average of initial and final specific ac- 
tivity of HDL cholesteryl ester). All experiments were 
continued for only 4-5 h to avoid isotopic equilibrium. 

Analytical methods 

HDLl and HDL from high HDLl baboons and HDL 
from low HDLl baboons were characterized for protein 
and lipid composition. Protein contents were measured by 
the method of Lowry et al. (21) using bovine serum albu- 
min as standard. Total cholesterol and triglycerides were 
measured by using enzymatic kits from Sigma Chemical 
Co. (St. Louis, MO), and free cholesterol was measured 
using an Autoflo cholesterol kit (Boehringer Mannheim 
Diagnostics, Indianapolis, IN) with the modification 
described earlier (22). Phospholipid phosphorus was 
measured by the method of Ames and Dubin (23), and 
the values were multiplied by 25 to estimate phos- 
pholipids. HDL delipidation was carried out using 8 
volumes acetone-ethanol 2:l at 4OC followed by ether 
alone. HDL apoproteins were separated by 10% SDS 
polyacrylamide slab gel electrophoresis (24). 

Statistical analysis 
standard 

deviation. The values were compared using Student's t -  
test. The data described in Fig. 3 (time-course experi- 
ment) were analyzed by analysis of variance using 
repeated measures. 

Values in tables are presented as mean 

RESULTS 

Composition of HDLl and HDL from high and low 
HDL1 animals 

To compare the composition of HDLl with HDL from 
both high and low HDLl animals, plasma from five high 
and five low HDLl animals, maintained on the HCHF 
diet, was separated by density gradient ultracentrifuga- 
tion. Fractions corresponding to HDLl and HDL (densi- 
tites of 1.045-1.07 and 1.07-1.21 g/ml, respectively) were 
pooled and analyzed for lipid and protein. The composi- 
tions of HDLl and HDL are given in Table 2. The lipid 
and protein compositions of HDL from both high and low 
HDLl animals were similar. Both HDL and HDLl had 
no detectable apoB. The composition of HDL1, however, 
differed considerably from the HDL of both high and low 
HDLl baboons. HDLl had significantly ( P  < 0.05) lower 
protein content and higher cholesterol content than HDL. 
Cholesteryl esters were the major HDLl component. The 
apoprotein composition of HDL (d 1.063-1.21 g/ml), com- 
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TABLE 2. Composition of HDLl and HDL from  low  and  high HDLl animals 

Lipoprotein  and  Number 
HDL, of Cholesterol  Cholesteryl 
Phenotype  Animals  Protein (Unesterified) Ester Triglycerides Phospholipids 

% of total wtight (mean * SO) 
HDLl 

Low HDLl 
High HDLl 5 29.1 f 5.1' 6.9 * 0.4' 33.5 5 8.5' 0.7 * 0.6 29.8 f 5.3 

- - - - - - 

HDL 

Low HDLl 5 46.4 * 7.0' 4.1 * 0.9' 17.4 * 2.8' 1.2 * 0.2'  30.7 * 3.5 
High HDLl 5 40.9 f 3 . Y  4.8 * 0.5'  21.8 * 0.5' 0.8 + 0.2  31.7 f 2.7 

'Protein content of HDLl is  significantly  lower (P < 0.05) than  that of HDL from either high or low HDLl 

'Values for HDLl are  significantly  higher (P < 0.05) than  the  corresponding values for HDL from either high 

Triglyceride content of HDL from  low HDL, animals  is  significantly  higher (P < 0.05) than  for HDL from  high 

animals. 

or low HDLl animals. 

HDL, animals. 

pared by SDS gel electrophrosis, was not different (Fig. 
2). 

Effect  of LPDS on cholesteryl  ester  transfer  from HDL 
to VLDL and LDL 

To determine whether the transfer of cholesteryl ester 
radioactivity  from HDL to VLDL was mediated by 
CETP, [3H]cholesteryl  ester-labeled HDL (from low 
HDLI baboons) was incubated with VLDL + LDL and 
increasing concentrations of LPDS as a source of CETP. 
The transfer of cholesterol ester radioactivity from HDL 

I I1 I11 
. I  

5 

. A  

B 

O C  

Fig. 2. HDL apoproteins  Separated by slab gel elecvophot&is  from  a ba- 
boon  with high HDLl (11) and  a  baboon  with low HDLl (111). A, B, and 
C correspond to albumin,  apoE,  and  a@-I.  mpectively. The apoproteins 
were identified by immunoblotting  the  polyacrylamide gels with  antibodies 
against these  apoproteins.  Lane (I) shows  protein  standards  with  the  follow- 
ing  molecular  weights: 1) phosphorylase  b, 94,000, 2) bovine  Serum  albu- 
min, 67,000,  3) ovalbumin, 43,000, 4) carbonic anhydrase, 30,000, and 5) 
a-lactalbumin, 14,400. 

to VLDL + LDL increased linearly with concentrations 
of LPDS up to 60 pl (equivalent to 60 p1  of plasma), be- 
yond  which there was no further increase  in the transfer 
rate. Thus, the rate of the transfer reaction was dependent 
on the LPDS concentration. 

Effect  of time on the  transfer  of  cholesteryl  ester  from 
HDL3 to VLDL + LDL in both high and low 
HDLl baboons 

To determine the time course of the transfer of 
cholesteryl ester from HDL3 to VLDL + LDL in both 
high and low HDLl animals, HDL3 isolated  from plasma 
of high and low HDLl baboons were  labeled by method 
1. The specific activity of HDL3 from  high HDLl baboons 
was 3.67 x lo6 and from low HDLl baboons was 
3.64 x lo6 dpm/mg cholesteryl  ester. A similar volume of 
HDL (171 x lo3 dpm for high and 136 x lo3 dpm for  low) 
was incubated with  0.3  ml of lipoproteins (d<1.21  g/ml), 
representing 0.8 ml  of plasma in the presence of  0.5  ml  of 
LPDS, derived  from 0.57  ml  of plasma and 2.1  ml 
phosphate-buffered  saline containing DTNB. The incu- 
bations were conducted for  0,  2, 4, 6, and 8 h at 4OC and 
37OC. Fig. 3 shows that the transfer of radioactivity to 
VLDL + LDL from HDL3 was strongly affected by the 
HDLl phenotype of the HDL3 donor. The transfer of 
cholesteryl ester radioactivity  from HDL3 of high HDLl 
animals was  slow, appeared to be linear over the time 
tested, and did not  reach equilibrium. The transfer of 
cholesteryl ester radioactivity  from HDL3 of  low HDLl 
animals to VLDL + LDL was much faster but was also 
curvilinear over the time tested. At 2 h more radioactive 
cholesteryl ester was transferred from HDL3 of  low HDLl 
animals than was transferred in 8 h when the HDL3 sub- 
strate was from  high HDLl animals. The LPDS derived 
from  both low and high HDLl animals possessed  similar 
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Fig. 3. Transfer of cholesteryl ester radioactivity (% of total) from HDL, 
to VLDL + LDL as a function of time. HDL, from the high HDL, ani- 
mals and from hvo low HDL, animals was labeled with [3H]cholesteryl lin- 
oleate. The differences in radioactivity transferred to VLDL + LDL at 4OC 
and 37OC are plotted, A, HDL, from high (0-0) and low (@---e) 
HDL, baboons in the presence of LPDS from high HDL, baboons. B, 
HDL, from high (0-0) and low (0-0) HDL, baboons in presence of 
LPDS from low HDL, baboons. The experiment was conducted with one 
assay for each time point except at 6 h time point where duplicate assays 
were performed. 

cholesteryl ester transfer activities, whereas the HDL3 
substrate prepared from the two groups of baboons 
differed dramatically in the rates of cholesteryl ester trans- 
fer. Since the LPDS source did not affect cholesteryl ester 
transfer, the data for HDL3 from each phenotype with 
two sources of LPDS were considered as duplicates and 
analyzed by analysis of variance with repeated measures. 
Cholesteryl ester transfer from HDL3 of high HDLl ba- 
boons was significantly higher ( P  = 0.006) than that from 
HDL, of low HDLl baboons. The cholesteryl ester trans- 
fer from HDL3 to VLDL + LDL increased with time 
(P = 0.0001) but this increase was significantly higher 
(P = 0.0001) from HDL3 of low HDLl baboons. 

In a similar experiment, where four different animals 
were used as sources of LPDS, the transfer of cholesteryl 
ester from HDL3 of low HDLl baboons (21.5 * 0.8% 
transfer of radioactivity to VLDL + LDL, n = 4) was 
significantly higher (P> 0.01) than that from HDL3 of 
high HDL, baboons (4.8 * 2.7% transfer of radioactivity 
to VLDL + LDL, n = 4) in 7.25 h. 

Cholesteryl ester transfer from HDL to VLDL + LDL 
of baboons on an HCHF diet 

In this experiment three animals with each phenotype 
were selected for the study of cholesteryl ester transfer 
from HDL (HDL2 + HDL3) to VLDL + LDL. These 
animals were maintained on the high cholesterol, high 
saturated fat diet for at least 4 months. HDL (d 1.063-1.21 
g/ml) from individual animals was labeled with 

( 3H]cholesteryl linoleate by method 2 as described above 
(Le., without Intralipid). The specific activity of HDL 
from low HDLl baboons was 4.15 * 1.11 x lo5 dpm and 
from high HDLl baboons was 2.68 0.72 x lo5 dpm/ 
mg cholesteryl ester. An equal amount of HDL (0.5 mg 
protein) was used in the incubation. The LPDS (d>1.21 
g/ml) used for incubations was obtained from one baboon 
with a low HDLl phenotype (equivalent to 100 pl of plas- 
ma for each incubation). The incubations were carried 
out for 4 h using VLDL + LDL (0.5 mg protein) from a 
common donor source. The transfer of cholesteryl ester 
(both radioactivity and mass) from HDL to VLDL + 
LDL is shown in Table 3. As in the first experiment, the 
transfer of cholesteryl ester was significantly higher 
(Pc0.05)  when the HDL substrate was from low HDLl 
animals than from high HDL, animals. The specific ac- 
tivity of cholesteryl ester in VLDL + LDL was approxi- 
mately one-fourth of that of cholesteryl ester in HDL after 
the incubation. Thus the isotopic equilibrium was not a 
factor in these measurements. 

Cholesteryl ester transfer from HDL to VLDL + LDL 
of baboons on a chow diet 

To determine whether the different cholesteryl ester 
transfer rates from HDL to VLDL + LDL noted above 
were observed only when HDL3 or HDL was obtained 
from animals on the HCHF diet, three animals with high 
HDL, and three animals with low HDLl were main- 
tained on a chow diet for at least 3 months. HDL 
(HDL2 + HDL3) from these baboons was labeled with 
[ 3H]cholesteryl linoleate as described (method 2, without 
Intralipid). The specific activity of HDL from low HDL, 
baboons was 6.43 3.68 x lo5 dpm and from high 
HDL, baboons was 5.26 0.53 x lo5 dpm/mg choles- 
teryl ester. The assays were carried out as described above 
using VLDL + LDL and LPDS from a common source. 
The transfer of cholesteryl esters from HDL to VLDL + 
LDL is shown in Table 3. The transfer of cholesteryl ester 
from HDL of low HDL, baboons was significantly higher 
(P < 0.05) than that from HDL of high HDLl baboons. 

TABLE 3. Cholesteryl ester transfer from HDL to VLDL + LDL 
in baboons fed chow and HCHF diets 

~~ 

Cholesteryl Ester Transfer 

DiettPhenotype Percent of Mass Percent of Radioactivity 

A. Chow diet 
1. High HDL, 17.1 f 6.7" 16.2 f 6.3" 
2. Low HDL, 29.9 f 2.8 28.2 f 3.1 

B. HDHF diet 
1. High HDL, 12.9 f 7.7" 11.7 f 4.8" 
2. Low HDL, 37.1 f 8.8 33.2 * 5.9 

"Values for high HDL, baboons are significantly lower (P < 0.05) 
than those for low HDL, baboons on both diets. 
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As in previous experiments, the specific activity of cho- 
lesteryl ester in VLDL + LDL was considerably lower 
than that for cholesteryl ester in HDL after the incuba- 
tions. 

Effect of HDL/(VLDL + LDL) protein ratio of 
cholesteryl ester transfer 

This experiment was conducted to determine whether 
increase in the HDL/(VLDL + LDL) protein ratio 
would affect the cholesteryl ester transfer from HDL to 
VLDL + LDL and whether the differences between high 
and low HDL, baboons were affected by this ratio. For 
this experiment, HDL from both high and low HDLl ba- 
boons (fed the HCHF diet) was incubated with 
VLDL + LDL in the presence of cholesteryl ester trans- 
fer protein source (LPDS) for 5 h. The experiment was 
conducted using three replicates for each assay. The 
VLDL + LDL protein in these assays varied from one- to 
sixfold of that of HDL protein added in the assay. The in- 
cubation conditions were similar to those described above 
for the HCHF diet. The cholesteryl ester radioactivity 
transferred from HDL to VLDL + LDL after 5 h incu- 
bation was measured. There was an increase in the per- 
cent of HDL radioactivity transferred to VLDL + LDL 
with the increase in the HDLIVLDL + LDL protein ra- 
tio (Fig. 4). However, the HDL cholesteryl ester radioac- 
tivity transferred to VLDL + LDL was less in high 
HDLl baboons than that in low HDLl baboons at each 
HDL/(VLDL + LDL) protein ratio. 
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Fig. 4. Effect of HDL/LDL (VLDL + LDL) pmtein ratio on the transfer 
of cholesteryl ester radioactivity from HDL to VLDL + LDL mediated by 
cholesteryl ester transfer activity of the LF'DS. [SH]Cholesteryl ester was ob- 
tained from low HDL, baboons (.---.) or from high HDL, baboons 
(0-0). 
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Fig. 5. Effect of added whole HDL from high HDL, (0-0) and low 
HDL, (0-0) baboons on the transfer of cholesteryl ester radioactivity 
from low HDL, baboons. The results are expressed as percent change 
in cholesteryl ester radioactivity transferred to VLDL + LDL. 
Cholesteryl ester radioactivity transferred from HDL to VLDL + LDL 
in the experiment without added HDL from high or low HDL, baboons 
was considered as 100% transfer. HDL from low HDL, baboons was la- 
beled with [3H]cholesteryl linoleate and was incubated with 
VLDL + LDL in the presence of LPDS and an increasing amount of 
HDL from high and low HDL, baboons. 

Effect of added HDL from high HDLl baboons on the 
transfer of cholesteryl ester radioactivity from HDL of 
low HDLl baboons 

This experiment was conducted to determine whether 
a component of HDL in high HDLl baboons may have 
inhibitory activity against CETP, thus slowing the choles- 
teryl ester transfer reaction. HDL (125 pg protein) from 
a low HDLl baboon (X4038) was incubated with 
VLDL + LDL (125 pg protein) and LPDS (equivalent to 
100 pl of plasma) in the presence of increasing concentra- 
tions of HDL (10, 20, 40, and 80 pg of HDL protein) from 
a high HDLl baboon (X2033) and a low HDLI baboon 
(X4038). The incubations were carried out as described 
earlier for 4 h. Fig. 5 describes the results of this experi- 
ment. The addition of HDL from the high HDLl baboon 
decreased the CETP-mediated transfer of radioactivity in 
VLDL + LDL. Cholesteryl ester mass transferred to 
VLDL + LDL also decreased parallel to cholesteryl ester 
radioactivity transferred. However, there was very little 
decrease in the radioactivity (Fig. 5) but no decrease in 
the mass of cholesterol (data not shown) transferred to 
VLDL + LDL when HDL from the low HDLl baboon 
was added to the reaction mixture. HDL from the high 
HDLl baboon thus decreased the transfer of cholesteryl 
ester radioactivity and mass from HDL. 
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Distribution of inhibitor activity in the plasma 
To determine the distribution of inhibitor activity in 

plasma lipoproteins of high HDLl baboons, 2 ml plasma 
from a high HDL, baboon was ultracentrifuged by densi- 
ty gradient ultracentrifugation and 24 fractions were col- 
lected as shown in Fig. 6. A small amount (0.05 ml) of 
each fraction was added to a cholesteryl ester transfer as- 
say set up with HDL from a low HDLl baboon, and the 
effect on the transfer of cholesteryl ester was examined. As 
shown in Fig. 6, fractions 6, 14, and 20 inhibited 
cholesteryl ester transfer from HDL to VLDL + LDL. 
These fractions correspond to IDL, HDL, and denser 
HDL. 

Characterization of inhibitor 

This experiment was conducted to determine whether 
the inhibition of CETP activity in the plasma of high 
HDL, baboons was attributable to a protein component 
of HDL. Delipidated HDL (apoHDL) from a high and a 
low HDL, baboon, after solubilization in 1.0 M Tris 
buffer (pH 7.4) was added to the reaction mixture in 
which HDL from a low HDL, baboon was incubated with 
VLDL + LDL in the presence of LPDS (HDL to 
VLDL + LDL protein ratio was 1:4) as described for the 
experiment using whole HDL. As a control, a similar 
amount of protein from a low HDLl baboon was added. 
After 4 h of incubation, the VLDL + LDL fraction was 
isolated by ultracentrifugation and the radioactivity in 
both VLDL + LDL and the infranatant fractions was 
measured. There was no change in radioactivity of choles- 
teryl ester transferred to VLDL + LDL when delipidated 
HDL from the low HDLl baboon was added. However, 
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Fig. 6. Effect of added lipoprotein fractions separated by density gradient 
ultracentrifugation from a baboon with high HDL,, on the transfer of cho- 
lesteryl ester radioactivity from HDL to VLDL + LDL from low HDL, 
baboons. Absorbance at 280 nm (---) shows the lipoprotein pattern and 
numbers I, 11, and I11 correspond to VLDL, LDL and HDL peaks, respec- 
tively Percent inhibition of cholesteryl ester transfer by each fraction is indi- 
cated by bars. 

the addition of apoHDL from a high HDL, baboon at a 
concentration of 50 and 100 gg decreased the cholesteryl 
ester transfer by 48% and 7076, respectively. 

DISCUSSION 

Summary of results 

This study suggests that some families of baboons that 
have high levels of HDL on the chow diet and accumulate 
HDLl in their plasma on the HCHF diet have impaired 
transfer of cholesteryl ester from HDL to lower density 
lipoproteins. This impairment appears to be attributable 
to the presence in the HDL of a protein inhibitor of cho- 
lesteryl ester transfer. This protein is probably a minor 
component of HDL protein as described by others (25). 
The inhibitor is present not only in HDL but also in the 
IDL fraction. 

Observations in other species 

Several other species, including rats, pigs, and dogs, 
have been reported to accumulate HDLl in their plasma 
rather readily. The basis of this accumulation is not fully 
characterized, although either decreased cholesteryl ester 
transfer protein or activity or increased activity of a 
cholesteryl ester transfer protein inhibitor is possible. 
Kurasawa et al. (26) reported that a homozygous subject 
with familial hyperalphalipoproteinemia had impaired 
cholesteryl ester transfer between HDL and LDL. They 
also reported (18) that the plasma fraction d > 1.21 g/ml of 
the subject had substantial transfer activity with normal 
HDL, a finding that suggests potentially adequate levels 
of transfer activity. The HDL from the subject with 
hyperalphalipoproteinemia was, therefore, suggested to 
be a poor substrate in the transfer of cholesteryl esters to 
LDL in the presence of LPDS from normal subjects. The 
HDL particles that accumulated in this subject, like 
HDLl in baboons, were substantially larger in molecular 
size than ordinary HDLz (26), and their accumulation 
may have been due to the presence of an inhibitor of 
cholesteryl ester transfer. 

Koizumi et al. (17) reported two hyperalphalipoprotein- 
emic patients with a large HDL that was clearly separated 
from LDL. The patients' plasma showed no cholesteryl es- 
ter transfer, apparently due to a deficiency in transfer ac- 
tivity rather than to abnormal HDL substrate. 

Role of CETP in cholesteryl ester transfer 
The transfer of cholesteryl ester is catalyzed by protein 

factors as characterized by several investigators (27-33). 
Hesler et al. (34) has recently reported that monoclonal 
antibodies to CETP with a molecular weight of 74,000 
neutralize all the cholesteryl ester transfer activities in hu- 
man plasma, suggesting that a single cholesteryl ester 
transfer protein is responsible for all transfer activity in 
the plasma. Both the transfer of cholesteryl esters from 
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HDL and its particle size are affected by the lipid transfer 
protein (35). Upon injection of exogenous lipid transfer 
protein into rats (which are deficient in CETP activity), 
there is a total loss of apoE-rich HDLl particles that pre- 
dominate in the plasma of rats (36). This loss of larger 
HDL is associated with an increase in the relative choles- 
teryl ester content of VLDL and an increase in the triglyc- 
eride content of HDL (36). Accumulation of triglyceride- 
poor and larger HDL due to slower cholesteryl ester 
transfer reaction in baboons of some families is consistent 
with these observations in rats (36). 

CETP inhibitor 

Son and Zilversmit (25) have isolated a plasma protein 
that inhibits lipid transfer activity. Nishide, Tollefson, and 
Albers (37) have also reported that an inhibitor of CETP 
is present on the plasma lipoprotein particles. Our studies 
also suggest that such an inhibitor protein is present in 
baboons that may lead to the accumulation of HDLr in 
their plasma. This inhibitor appears to be associated with 
particles in IDL and HDL regions. Studies are in pro- 
gress aimed at characterizing the properties of the inhibi- 
tor of CETP associated with HDL particles of some fami- 
lies of baboons. I 
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