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Abstract

The cholesteryl ester flow between high-density lipoproteins (HDL) and triglyceride-rich
lipoproteins was investigated utilizing HDL fractions and synthetic lipid emulsion particles (EM).
HDL was labeled in vitro with [1,2-3H(n)kholesteryl ester or with [1,2,6,7->H(n)kcholesteryl
oleate, whereas EM were made with [4-'“Ckholesteryl oleate (CO) or [carboxyl-'*Cltriolein
(TO). The cholesteryl ester (CE) transfer rate between HDL and EM was spontaneous to some
extent (because it occurred in saline medium), saturable, enhanced in a dose-dependent manner by
the plasma fraction at D > 1.21 g/ml ascribed to its CETP activity, and greater for HDL , than
for HDL,. Unesterified fatty acids in the medium elicited two opposing effects: (1) enhanced the
spontaneous cholesteryl oleate shift to EM and inhibited the reverse flow from EM to HDL ; but
not to HDL,; (2) partially impaired the plasma D > 1.21 g/ml-induced bidirectional cholesteryl
oleate flow. Approx. 2 mol TO from EM exchange for 1 mol CO from HDL ;. Net cholesteryl
ester balance was dependent on the concentration of HDL-cholesteryl ester, and independent from
EM-cholesteryl oleate, possibly due to the much smaller concentration of the latter. These in vitro
experiments shed light on the complex physical chemistry of transport of cholesteryl ester and
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triolein between HDL and TG-rich lipoproteins which occurs during the metabolism of chylomi-

crane in nlacma
CIrois 1l prasiia.
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1. Introduction

In vitro and in vivo experiments have shown that HDL-cholesteryl ester is transferred
to lighter density lipoproteins [1,2]. This process may have opposite consequences
concerning atherogenesis. It may protect against it because apoB containing lipoproteins
(chylomicrons, VLDL and LDL) are taken up by specific liver receptors [3,4]. On the
other hand, it may elicit plasma accumulation of remnant lipoproteins that also are
atherogenic [5,6] particularly in the hyperlipidemias [7]. In this regard, animal species
containing high plasma levels of cholesteryl ester transfer protein activity (CETP), such
as humans, non-human primates and rabbits, are more prone to diet-induced atherogene-
sis as opposed to low CETP activity species, such as dogs and rats, that are relatively
resistant although pigs are an exception [7,8].

The enzyme lipoprotein lipase enhances the HDL.-esterified cholesterol shift to VLDL
mediated by CETP [9]. During lipolysis, unesterified fatty acid concentration increases
in VLDL remnant particles and in HDL while the latter also gains phospholipids [10].
These processes induce a greater binding of CETP to the lipoproteins [10] and
lipoprotein composition and size modifications [11]. In this regard, as compared to the
fasting state, in post-alimentary plasma the transfer of cholesteryl ester is markedly
increased [2,12].

Several authors have utilized different lipid emulsions to investigate possible factors
controlling the transfer of apoLP and lipids [16,17] between plasma lipoproteins in vitro
[13-17] and in vivo [18] but these mechanisms are not fully understood. For instance,
CETP promotes the heteroexchange of cholesteryl ester and triglycerides [17,19],
however, whenever donor and recipient lipoproteins bear the same triglyceride /esteri-
fied cholesterol ratios an exchange of cholesteryl ester predominates between these
lipoproteins [2,20,21].

The present experiments were designed to characterize in vitro the cholesteryl ester
flow between different HDL fractions (HDL, and HDL,) and a triglyceride-rich
lipoprotein emulsion (EM) that exhibit a metabolic behavior in vivo that is similar to
that of natural chylomicrons [22-24]. Specific objectives were to: (1) compare HDL,
with HDL, in regard to their capacity of exchanging cholestery! ester with EM: (a) in
the absence and in the presence of plasma containing CETP activity; (b) along different
concentrations of the latter; (c) under the influence of unesterified fatty acids; (2)
measure net balance of cholesteryl ester in HDL and in EM: (a) along variable
HDL-cholesteryl ester and EM-triolein concentrations; b) under the influence of modifi-
cations in the EM composition, such as presence or absence of cholesteryl oleate; (3)
quantify the molecular exchange between HDL-cholesteryl ester and EM-triolein.
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2. Material and methods
2.1. Radioactive materials

[1,2-3H(n)]Cholesterol, [1,2,6,7->H(n)lcholesteryl oleate, [4-'*Clcholesteryl oleate,
[carboxyl-'*Cltriolein (N. England Nuclear, Boston, MA) were more than 99% pure as

shown hv silica opl TLC with the solvent system hexane /Pthvl pther/arphr acid

(70:30: 1, v/v).
2.2. Triglyceride-rich emulsion

Cholesterol, cholesteryl-oleate and triolein were obtained from NuChek Prep (Ely-
sian, MN, USA) and lecithin from Lipid Products (Surrey, UK). They were more than
99% pure as shown by TLC. Lipid mixtures (2% cholesterol, 6% cholesteryl oleate, 23%
lecithin and 69% triolein, by weight) together with ['¢Clcholesteryl oleate or with
[carboxyl-'*Cltriolein were sonicated in a sodium bromide water solution (D = 1.101
g/ml) utilizing a Branson Cell Disruptor (Branson Ultrasonics Corp, Danbury, CT)
model B-30, with a 1 cm probe, at 70-80 W for 30 min under nitrogen flow.
Triglyceride-rich particles were purified after discontinuous gradient ultracentrifugation
as previously described [25]. The triglyceride-rich emulsion composition achieved was:
4.5% cholesterol, 6.8% cholesteryl oleate (CO), 9.5% lecithin and 80.3% triolein (TG),
by weight.

2.3. Lipoprotein isolation and labeling

Blood was drawn from a pool of normolipidemic donors on EDTA (1.5 mg/ml of
blood) and immediately centrifuged at 2000 rpm at 4°C for plasma separation. Plasma
lipoproteins were obtained by sequential ultracentrifugation utilizing a 50Ti rotor in an
L7-55 ultracentrifuge (Beckman Instruments, Palo Alto, CA) [26]. Light lipoproteins
were removed by spinning at D = 1.063 g/ml for 20 h and thereafter, HDL, and HDL 3

Ahtainad hey oninmd -~
WEIC O01ainea vy Spinmniilg seqi 'cuuauy at D<1.125 g/ /ml and at D < 1 210 5/ uu,

respectively.

[1,2-*H(n)ICholesterol (50 p.Cl) dissolved in ethanol (100 1) was added dropwise to
the HDL , fraction (D > 1.125) (10 ml) with gentle mixing and incubated at 37°C for 20
h in a tube rotator (Scientific Equipment Products, Baltimore, MD). After adjustment to
D =1.21 g/ml, labeled HDL ; was purified by ultracentrifugation. About 25-30% of
the radioactivity was recovered in HDL,. After TLC on silica gel H, unesterified and
esterified cholesterol bands were scraped into counting vials and radioactivity was
measured in Aquasol (New England Nuclear, Boston, MA) in the beta scintillation
counter (LS 6000TA, Beckman Instruments, Fullerton, CA). About 77% to 88% of the
HDL3 radioactivity was present as esterified cholesterol. An identical procedure was
utilized to label I nux_,z and ru_u..3 with 50 [.L\A of 11,2,0,/-3u(n)]C1101esteryx oleate.

Labeling efficiency was 30% but 97-99% of the radioactivity was present as cholesteryl
oleate ((*HICO).
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2.4. In vitro studies

The following assays of cholesteryl ester transfer between HDL and TG-rich emul-
sions were developed' (1) time course study; (2) effects of lipoprotein and emulsion
concentrations; (3) influence of CETP-rich plasma fraction (D > 1.21); (4) infiuence of
the emulsion composition; (5) influence of unesterified fatty acids in the incubation
medium.

All incubations were done at 37°C utilizing a tube rotator. After incubation, mixtures
were adjusted to D = 1.101 g/ml utilizing a NaCl 1.53 g + KBr 3.54 g/ml water
solution of D = 1.346 g/ml [26]. Samples were immediately transferred to ultracen-
trifuge tubes, the volume was adjusted to 7 ml with NaBr solution, D = 1.101 g/ml,
and overlayered with 4 ml saline, D = 1.006 g ,/ml. This gradient was u]tracentrifuged at
40000 pm in an SW41Ti rotor at 4°C, for 30 min. The top pu&Sé (3 mD contau“ung EM
was vacuum aspirated and radioactivity measured in this phase and in the infranatant
HDL fraction. Less than 1.0% of the HDL radioactivity added to duplicate blank tubes
(incubation without EM) in all experiments was found in the D < 1.006 g/ml layer.

The following incubation media were utilized: (1) 0.15 M NaCl, pH 7.0-7.2; (2) fatty
acid-free bovine albumin (Sigma, Chemical Co., St. Louis, MO) 4.0 g% in saline; and
(3) ultracentrifuged plasma D > 1.21 g/ml fraction drawn from a pool of healthy blood
donors. Before incubation, this fraction was submitted to exhaustive dialysis against

saline and shown to be cholesterol-free I'\v the Chod pan enzvmatic method

line and sho to be cholesterol-free the Chod enzymatic method
(Boehringer-Mannhein, Germany) and mglycende free by the ENZ color method (Bio-
diagnostica, Paran4, Brazil).

In the studies utilizing HDL labeied with {*H]cholesteryi ester ({ *HJCE) prepared by
incubation of the lipoprotein with [1,2-*H(n)lcholesterol, EM and HDL fractions
obtained by ultracentrifugation after the incubation were extracted with
chloroform /methanol (2:1, v/v), and the esterified and unesterified cholesterol ra-
dioactivity bands separated by TLC were measured by liquid scintillation as described
above. In studies utilizing [1,2,6,7->H(n)lcholesteryl oleate ([*H]CO), or [4-
14Clcholesteryl oleate (['*C]CO), aliquots of EM and HDL drawn from ultracentrifuged
tubes were directly counted in Aquasol.

Result ara avnraccad ag nercent nf radinact or mag A Tha latt,
SE5UIls WEIe eXpressea as percent ot radioactivit ty Or as mass wransieirca. 1nf 1autlr

was calculated as radioactivity (dpm) in the acceptor particle measured after incubation,
divided by the specific activity (dpm/ug) in the donor particle measured before the
incubation.
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3. Results

The [*HICE content transferred from HDL ; to EM or from EM to HDL, seems to
increase along time in saline but could not be acompanied for periods much longer than
8 h due to EM clumping. However, incubations were stable for 2 to 24 h in the presence

o rnmofar watna Frame LIMT | o) V, SR RO
of plasma D>1.21 g/m!, 'whn,h stimulated the transfer rate from i {0 &M about

four times (Table 1). On the other hand, average [*CICO flow from EM to HDL, in the
presence of plasma D > 1.21 g /ml had already reached a plateau at 2 h, and at 4 or 8 h
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Table 1

Time course of esterified cholesterol transfer between HDL . containing [1,2- H(n“nhnlpctprvl ester

INC COURSE O CSWCIINCE CROCSICID: WIAans:Cr DOIwWeen 0L 5 ConNZining TARJICN0IESE

CE

r ([3H
and TG-rich emulsions (EM) made with [4-'*Clcholesteryl oleate ([“C]CO) in saline and in plasma D > 2
g/ml media

N

Media Time(h) Esterified cholesterol transferred( ug)
HDL, to EM EM to HDL , Net balance in EM
Saline 2 33 17.1 —138
4 43 32.7 —28.4
8 5.6 40.8 —35.2
Plasma(D > 1.21 g/ml) 2 18.3 28.0 -97
4 19.8 26.2 —-6.4
8 203 340 —-13.7
24 21.8 247 -29

HDL, was labeled with [*Hlcholesterol that had been esterified in vitro by previous incubation with plasma.
[*H]cholesteryl ester transfer was measured after separation from H-unesterified cholesteryl by TLC.
Amounts of esterified cholesterol ( ug) in each incubation were: HDL ; = 29; EM = 126 (containing 1405 ug
of triolein as the major lipid). Incubation conditions: 1.1 ml, 37°C. Data shown as ug (mean of duplicates).

was not greater than the corresponding values in the presence of saline. Consequently,
net gain by HDL, was considerably smaller in the plasma D > 1.21 g/ml incubation
than in the saline medium. Nonetheless, transfer activity in saline might to some extent
be ascribed to residual CETP attached to HDL ;.

During 2-h incubations the effect of variable HDL /EM ratios on the bidirectional
transfer of cholesteryl ester between these particles, in the presence of plasma D > 1.21
fraction, is shown in Table 2. Either HDL; or HDL, were utilized in the assays.
Cholesteryl ester flows were greater with HDL ; than with HDL,. The CE flow from

Table 2

Effects of amounts of lipoproteins on the transfer of esterified cholesterol (CE) between HDL, or HDL,
(containing [1,2-*H(n)]cholesteryl ester) ([ *HICE) and TG-rich emulsions (EM) (made with [4-'*Clcholesteryl
oleate) ({1*CICO) incubated in plasma D> 1.21 g/ml (1.1 mi) at 37°C for 2 h.

Quantity of lipids (CE and TG) in incubations( ug) Esterified cholesterol transferred( wg)

[*HICE-HDL, [*4CICO-EM HDL to EM EM to HDL Net balance in
EM
(% variation)
CE CE TG
20 120 1601 9.2 17.1 -7.9 (-6.6)
40 40 533 12.9 12.8 +0.1 (+0.2)
120 20 267 10.7 6.8 +3.9 (+19.5)

[PHJCE-HDL,  [“C]JCO-EM

CE CE TG
29 126 1405 183 28.0 -9.7 (=711
49 40 446 16.8 15.3 +15 (+3.7)
120 20 223 6.3 12.1 +4.2 (+21.0

Labeling procedures are described in Table 1. Data in ug are means of duplicates.
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Table 3

Transfer of cholesteryl ester (CE) and triolein (TO) between HDL, and TG-rich emulsions incubated in
plasma D> 1210 g/ml during 2 h at 37°C in the presence or absence of inhibitor of the enzyme
lecithin-cholesterol acyl transferase (DTNB)

Lipoproteins DTNB (1.5 mM) Transfer of CE (ug)
Donor Receptor
[*HICE-HDL, ? EM?® + 15.76

- 16.30
[*HICE-HDL,* to EM(-CO) © + 17.42

- 15.75

Mean 16.31
[*“C]CO-EM ¢ to HDL , + 11.69

- 12.53

Mean 12.11

Net transfer to chylomicrons +4.20 ¢

Transfer of TG ( 128}

["CITO-EM | to HDL + 43.55

- 39.04
['*CITO-EM(CO) & to HDL , + 40.87

- 40.34

Mean 40.95

In two incubations triglyceride emulsion was made without cholesteryl oleate (—CO). All experiments in
triplicate assays

*HDL, was labeled in vitro with [1,2-*H(n)Jcholesterol which had previously been 77-88% esterified:
{(*HICE. HDL , incubated contained cholesteryl ester (120 ug) and triglycerides (23 ug).

® Triglyceride-rich emulsions in incubation: triglycerides (223 ug) and cholestery! oleate (20 ug).

¢ Triglyceride-rich emulsions without cholesteryl oleate mass: triglycerides (230 ug).

d [4-*C]Cholestery! oleate added during the emulsion preparation.

¢ p <0.001 (Student’s r-test of the difference) between the two means (16.31-12.11).

*{ carboxyl-'*Clriolein added during the emulsion preparation.

¢ [14CITO-EM(—CO) = emulsion without cholesteryl oleate mass.

HDL to EM did not change significantly as the HDL/EM cholesteryl ester ratio
radically increased from 0.16 or 0.23 to 6. Nonetheless, there was a simultaneous
decrease of cholesteryl oleate mass flow from EM to both HDL fractions bringing on a
positive net cholesteryl ester balance in EM.

A net shift of cholesteryl ester from HDL ; to EM was also shown at 2-h incubation
when the HDL,/EM cholesteryl ester proportion was high in the plasma D > 1.21
g/ml incubation medium (Table 3), namely, the contents of cholesteryl ester were 120
pg in HDL; and 20 ug in EM. Addition of DTNB, an inhibitor of the enzyme
lecithin-cholesterol-acyltransferase (LCAT), as well as incubations of HDL , with EM
made without cholesteryl oleate, did not influence the CE net flow. This assay also
disclosed that the mass transfer to HDL , of EM-triolein labeled as [carboxyl- 14 Clriolein
(["*CITO) was roughly about three times greater than the cholesteryl ester mass
(identified as [1,2-*H(n)Icholesteryl ester) that shifted from HDL, to EM.

At 2-h incubation periods the influence of increasing amounts of plasma fraction of
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27 HDL2

CE (ug)

Y T d
0.00 0.2§ 0.50 0.78 1.00

204 HOL3

CE (ug)

-o—HDL ~+ EM
-o—- EM —* HDL

L] L Ld
0.00 0.28 0.50 0.75 -1.00

D>1.21  plasma (ml)

Fig. 1. Influence of plasma fraction of D> 1.21 volume on the bidirectional transfer of cholesteryl oleate
between TG-rich emulsion (EM) and HDL, or HDL . HDL labeled in vitro with [1,2,6,7->H(n)]cholesteryl
oleate ([*H]CO) and EM made with [4-'4Clcholesteryl oleate ({'*CICO). Incubations contained cholesteryl
ester (40 ug) as HDL and as EM; total volume 1.1 ml, at 37°C, for 2 h. Resuits in ug are means of duplicates.

D> 1.21 g/ml on the bidirectional transfer of cholesteryl ester is shown in Fig. 1.
Cholesteryl ester flow from EM to HDL, and vice versa, was proportional to the plasma
D> 1.21 volume in the incubation either with HDL, or HDL ;. Nonetheless, as the
plasma fraction volume varied from zero to 1 ml, cholesteryl ester flow value from EM
approached the flow value from HDL, so that the net balance transfer was no longer
observed. In regard to HDL , there occurred a small but significant (2.07 ug) net gain
of esterified cholesterol by the EM particles.

It had previously been shown that free fatty acids can influence the cholesteryl ester
transfer process between HDL and triglyceride-rich lipoproteins [7,10,27] and also the
size and composition of these lipoproteins [11]. The role of unesterified fatty acids in our
assay conditions was investigated in incubations utilizing oleic acid either added to
plasma at D> 1.21 g/ml or in albumin solution (molar ratio of free fatty acids/al-
bumin = 5) (Table 4). This ratio was chosen because lipoproteins effectively compete
with albumin for fatty acid binding only when the molar ratio is greater than 4 [28].
Oleic acid induced a spontaneous transfer of esterified cholesterol from HDL, or from
HDL, to EM and diminished the reverse flow toward HDL, but not HDL,. Further-
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Table 4
Role of oleic acid on the bidirectional transfer of cholesteryl oleate between HDL, or HDL, and TG-rich

emulsion (EM)

Incubation medium Cholesteryl oleate transferred
{*HJCO-HDL to ["*CICO-EM 1o Net balance in EM
['*CICO-EM [*H]CO-HDL (ng)
HDL, to EM EM to HDL,
Saline 5.83 1.52 +4.32
Albumin (4 g%) 3.10 1.80 +1.30
Albumin /oleic acid * 8.24 1.72 +6.52
Plasma D > 1.21 g/ml 12.88 12.80 +0.08
D> 1.21 g/ml + oleic acid ° 6.36 5.45 +0.91
HDL, to EM EM to HDL,
Saline 5.20 3.34 +1.86
Albumin (4 g%) 312 3.70 -0.58
Albumin /oleic acid * 12.84 0.80 +12.04
Plasma D > 1.21 g/ml 16.82 15.32 +1.50
D> 1.21 g/ml + oleic acid ® 5.56 5.10 +0.46

oA 14 ~

j and EM made with {4-'*C]choiesteryi
s HDL and EM in 1.1 ml, at 37°C, for 2 h.

ey FR7oRN) /r3

HDL labeled in vitro with [1,2,6,7- *H(n)lcholesteryl oleate {[° ]C
oleate ({'*C]CO). Incubations contained 40 g of cholesteryl ester as

Data as means of duplicates in ug.
2 Alhumin 4 o% solution rnnrmnmo 6 mM oleic acid (molar ratio |- 3).

oumin 4 g soiuiion contamin mM oleic acid (molar ratio

® Oleic acid (6 mM) in chloroform /methanol (2: 1, v/v) was dried down under N, flow. Plasma D > 1.21
g/ml fraction (1 ml) was added to the fatty acid and vortex stirred prior to incubation.

more, in the presence of plasma D > 1.21 g/ml, this amount of oleic acid impaired the
esterified cholesterol exchange between EM and both HDL fractions.

4. Discussion

hangae hatuwan nlag

v pvn o lemsmsentaioo
Yy c;\\.uausca UCLWCCII piasilia IIPUPI UtClllb

1T o hAlag 1 o *
unesterified cnoiesterol spoitait

[29,30]. However, equilibration of the neutral lipids cholesteryl ester and triglycerides
among plasma lipoproteins is slow and requires the intervention of the cholesteryl ester
tranfer protein (CETP) [7,17,31]. Furthermore, several physiological factors might
intervene in this exchange process, such as: (1) relative concentration of the acceptor
and donor lipoproteins [16]; (2) size and composition of the lipoproteins [32—35]; (3)
concentration of the plasma fraction of D > 1.21 g/ml containing CETP activity [19];
(4) presence in the incubation medium of unesterified fatty acids [7,10,11,27]. Nonethe-
less, it is not known how these factors influence shifts of cholesteryl ester between
triglyceride-rich particles and specific HDL fractions, namely HDL, and HDL ,.

In the presence of a large quantity of the TG-rich emulsion particles (EM) in relation
to that of HDL}, as opposeu to what occurred in the saline medium, the plasma fraction
at D> 1.21 gml did not influence the largely predominant cholesteryl ester flow from
EM to HDL at 4 and 8 h; and even at the 24-h plasma incubation the flow rate value
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was not greater than at 4- or 8-h values as obtained in saline (Table 1). Although the

£l £ 18 aaYd Wlatad 2 &£ tA & & 1 N~ 1721 tha mat
IEVErse NiOW II0il nsi.3 Was stimulated 3.6 to 5.5 times uy' piasia o/ > 1.21, the net

balance attained still favored a shift of cholesteryl ester from EM to HDL , (Table 1). On
the other hand, as the HDL /EM cholesteryl ester mass ratio increased (Table 2), the net
balance of the cholesteryl ester mass favored EM in regard to both HDL fractions and in
spite of a decrement in the acceptor EM particle number, that is, in the concentration of
triglycerides. Nonetheless, although the HDL /EM cholesteryl ester ratio rose in the
incubations a steady cholesteryl ester flow toward EM was observed, simultaneous to a

progressive decrement in the reverse flow from EM. Also, since the TG/CE ratio was
kPnt constant in the three incubations the diminished flow observed toward HDL must

be ascribed to a greater cholesteryl ester concentration in HDL as compared to that in
EM. Present data confirm those of Martins et al. [16] which showed that emulsion-
cholesteryl ester transfer to HDL, but not the reverse, was unrelated to the lipid
emulsion concentration.

In incubations utilizing EM made without cholesteryl oleate, the uptake of cholesteryl
ester by EM from HDL, was not additionally favored (Table 3). This further indicates
that the the emulsion uptake of cholesteryl ester is independent from the concentration
of cholesteryl ester in the EM particle.

Since CETP promotes an exchange of cholesteryl ester and triolein between lipopro-
teins, triglyceride flow from EM to HDL, was quantified in incubation containing

1 nNn>S 121 /ml (Tahla 2) A dmitts th anr
plasma D > 1.21 g/ml (Table 3). Admitting the cholesteryl ester of HDL, mainly as

cholesteryl oleate (CO, Mol.wt. = 651), the stoichiometry of the CO shift from HDL, to
EM was about 25 nmol/ml and of triolein (TO, Mol.wt. = 885) from EM to HDL, was
46 nmol/ml, that is, a molar exchange ratio CO/TO = 0.55. In other words, HDL,
gains 2 molecules of TO in exchange for 1 CO molecule transferred to EM. On the other
hand, the cholesteryl ester molecular flow from HDL, to EM and from EM to HDL;
disclosed a 1.4 ratio, that is, two cholesteryl ester molecules from EM shift to HDL, in
exchange for three cholesteryl ester molecules displacing in the opposite direction. In
short the molecular exchanges CO/CO and CO/TO were not equimolar as had been
described by other authors [34—36]. Weinberg and Scanu [17] also found heteromolar
exchange of cholesteryl ester-HDL ,; and triglyceride-Intralipid close to 1.4. However,
Rajaram et al. [15] also showed ihai on low CETP conceniration the CO/TO exchange
ratio between HDL and VLDL was equimolar, but high CETP concentration elicited
three times more CO than TO exchange. The experimental factors responsible for such
variable results could have also been the quantity of unesterified cholesterol, non-esteri-
fied fatty acids and CETP because these factors are known to influence the exchange of
cholesteryl oleate and triolein. Gain of unesterified cholesterol by the triglyceride-rich
particles favors the CE shift from HDL to VLDL [34], whereas, as demonstrated by
Sparks and Pritchard [37], enrichement of HDL. with unesterified cholesterol may reduce

the Aff'o:enny of HDL in eoainine nhn]pctnﬂll ester from LDI.. Thus nonesterified

AX2IR. po b 21UIC W, Vil ias FR 11N 1028 v i3 8 3 § Lo

cholesterol modulates the rates of exchange of nonpolar 11p1ds by decreasing the
availability of core cholesteryl ester or triglycerides to the lipoprotein surface for
interactions with CETP. However, since varying the concentration of choiesterol modi-
fies both size and composition of the EM particle this work was limited at investigating

the influences both of the plasma volume containing CETP activity and of non-esterified
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fatty acids. The present study demonstrated (Fig. 1) that bidirectional cholesteryl ester

flow between HDL, or HDL, and TG-rich emulsions also was to some extent

proportional to the plasma D > 1.21 concentration. Some degree of transference that
occurred in the absence of plasma may have been ascribed to residual CETP activity
present in the HDL fraction. Nonetheless, as the plasma D > 1.21 g/ml volume
increased the net gain by EM of cholesteryl ester from HDL, flattened out whereas the
gain from HDL, persisted along a wide range of plasma volume values (Fig. 1). In
general, the CE bidirectional flows between HDL and EM (Table 2), and the CE net
balance (Fig. 1), were greater when HDL , instead of HDL , was used. In vivo, HDL,, is
thought to be converted into the smaller HDL, particle through a process mediated by
CETP and hepatic lipase, where TG from VLDL is exchanged for CE from HDL [7]. In
our in vitro assay HDL ; seems better than HDL, as CE donor over a wide range of
CETP plasma activity. This result can be attributed to a lower TG /CE ratio in DUL3 as
compared to HDL ,, or to variable interactions of CETP with the different HDL species
that can be attributed to their specific apolipoprotein compositions [38], so that the
CE /TG heteroexchange would be more favorable in regard to HDL , than to HDL, in a
system that lacks lipases.

In conclusion, our results show that the transfer rate of esterified cholesterol between
HDL and TG-rich emulsion particles occurs spontaneously in saline medium (probably

attributable to residual CETP inherent in HDL), is saturable and greatly facilitated in a

doge denendent manner hv the guantitv of the nlasma fraction of D > 1.21 containine
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CETP. The net CE balance between EM and HDL ultimately results from different
driving forces: the CE flow from HDL to EM is mostly driven by the amount of the
piasma fraction containing CETP (Tabie i, Fig. 1), an effect that is more distinct for
HDL, than for HDL,, while the CE flow from EM to HDL depends both on the
concentration of HDL-cholesteryl ester (Table 2), and on the CETP plasma activity
(Table 4).

Plasma lipolytic activity brought about by the enzyme lipoprotein lipase modifies the
CETP-mediated changes in triglyceride/cholesteryl ester proportions in the HDL core
[2,10,12,39,40]. Addition of lipoprotein-lipase in vitro, or previous partial lipolysis of
VLDL was known to facilitate the cholesteryl ester mass shift from HDL to VLDL

r() 41] A}S", Barter [27} fep"ﬂ\,d that sodium oleate incubated with HDL VLDL and

CETP enhances the esterified cholesterol shift from HDL to VLDL but inhibits the
reverse shift of triglycerides. Greater CETP binding to the lipoproteins was ascribed to
the enrichment either of LDL or VLDL with unesterified fatty acids [10,42], as well as
of HDL with phospholipids and free fatty acids {10]. Conversely, lowering the pH of the
medium or adding albumin to it, interfered negatively with the CETP mediated esterified
cholesterol transfer [41]. Also when HDL gains phospholipids, or a small quantity of
nonesterified fatty acids in post-alimentary plasma, the transfer of cholesteryl ester from
HDL to the triglyceride-rich particles is stimulated when compared to the fasting state
[2,12]. In the present report, oleic acid in albumin solution markedly enhanced the
spontaneous transfer of cholesteryl ester from HDL, and HDL, to EM (Table 4). The

et s v wmloacaasn 1
net quantity transferred was far greater than that brought about by plasma D > 1.2}

alone because the reverse flow from EM to HDL , was markedly inhibited. Addition of a
similar unesterified fatty acid (NEFA) concentration to plasma D > 1.21 g/ml partially
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impaired the bidirectional cholestery! ester flow. In spite of the enhancement of the
CETP activity by nonesterified fatty acids, Tall et al. [7] reported that CETP incubations
with lipid emulsion containing NEFA facilitated the CETP-emulsion binding while
simultaneously inactivating the CETP. Loss of transfer activity was time and NEFA
concentration dependent but did not occur when the fat emulsion was absent. Such
inactivation was attributed to the NEFA-derived peroxides produced during the emuision
preparation {7] and could have explained the partial reduction of the cholesteryl ester
flow in the medium plasma D > 1.21 g/ml containing oleic acid when compared to
plasma D > 1.21 alone. Therefore, the NEFA action on the CETP-mediated cholesteryl
ester shift seems rather complex and dependent on medium NEFA concentration and its
partition between albumin and lipoprotein particles, and also on the NEFA oxidized state
[7,19,42].

These experimental data in vitro show how physiological variations of several
factors, such as relative concentrations of the incubated lipoproteins and presence of
NEFA or CETP activity, can affect the CE distribution between heavy lipoproteins and
light TG-rich LP, and in addition have quantitatively different effects depending on the
type of HDL fraction, thus working as a model for the steps of cholesteryl ester transport
that occur in plama in vivo.
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