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Obj ective- Theaimof thisstudy wasto verify whether
HDL particlesisolated frompatientswith coronary artery
disease (CAD) and low HDL-C had diminished ability to
promote cholesterol efflux from cultured cells compared
with HDL isolated from subjects without CAD and with
normal HDL-C.

Methods - Smooth muscle cellsisolated from human
aortas cultured and radiolabel ed with *H-chol esterol were
loaded with cholesterol and incubated with increasing
concentrations of HDL isolated from 13 CAD patientswith
lowHDL-C (CAD group) or from5 controlswithout CAD
(C group). Efflux of cellular cholesterol was measured by
cellular depletion of radiolabeled cholesterol and by the
appearance of *H-chol esterol into experimental medium
expressed asa percentage of total labeled cholesteral.

Results - Cholesterol efflux increased with the
amount of HDL present in the medium, and no difference
was found between groups at various HDL protein con-
centrations: efflux was 28 + 6.3% (C) and 25.5 + 8.9%
(CAD) with 25 pg/mL; 34 + 4.3% (C) and 31.9 £ 6.6%
(CD) with 50 pg/mL and 39.5+ 3.5% (C) and 37.1 + 4.4%
(CAD)with100 ug/mL, HDL.

Conclusion - Because the HDL fraction of CAD
patients with low HDL-C have normal ability to extract
cholesterol from cells of the vessel wall, it is suggested
that low HDL-C atherogenicity should be ascribed to di-
minished concentrations of HDL particlesrather than to
the qualitative propertiesof the HDL fraction.
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The HDL particleis constituted of phospholipids,
cholesteryl esters, freecholesteral, triglycerides, and apoli-
poproteins (apo). Although apo E and Cs may also be
present, apo A-1 and A-11 synthesized in hepatocytes and
enterocytes are the main proteinsin the HDL particles.
Whilecirculating, anHDL particlereceivesfreechol esterol
and phospholipidsfrom the cells. Thisisthefirst step of
reverse cholesterol transport, inwhich cholesterol istrans-
ported from peripheral tissuestotheliver for excretioninthe
bile. Free cholesterol taken up by HDL particlesisthen
esterified by theaction of lecithin cholesterol acyl transfera-
se(LCAT), usingapo Al asaco-factor. Inaprocessmedia-
ted by cholesteryl ester, transfer protein (CETP) HDL cho-
lesteryl esteristransferredtoVLDL and LDL, whereby itis
captured and excreted by theliver L.

Low HDL concentration (HDL-C) estimated both as
low HDL cholesterol and apo Al is considered one of the
major risk factorsfor CAD. Low HDL ismostly related to
increased removal of thelipoproteinfromtheplasmarather
then diminished lipoprotein synthesis. The increased
removal from the plasmahas been mostly ascribed to the
composition of the HDL particles. Among the most com-
mon factorsaffecting HDL composition, CETP mutations
are considered one of the major determinantsof HDL con-
centration in agiven population 2. Genetic aterationsin
LCAT, apoAl, and other proteinsinvolvedinHDL metabo-
lismcandsoresultindiminishedHDL level s, Environmen-
tal factors, such assmoking, physical activity, diet compo-
sition, and caloricintake, areal soimportant contributorsto
HDL composition and concentrationintheplasma®.

In many studies®$, thefocushasbeen ontheability
of peripheral cellsfrom subjectswithlow HDL plasmalevels
torelease cholesterol totheHDL fraction.

Theopposing aspect, ie, theability of HDL from sub-
jectswithlow HDL levelsto extract cholesterol from peri-
pheral cells, hasbeen scarcely explored.

The current study aimed to verify whether the HDL
particlesof CAD patientswithlow HDL-Chadadiminished
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ability to promotecholesterol efflux fromastandard prepa-
ration of human aorta smooth muscle cells. Cholesterol
efflux fromthecellswasdeterminedinincubateswithHDL
fractionsisolated from CAD patientswithlow HDL-Cand
fromacontrol group of subjectswithnorma HDL-C concen-
trationandwithout CAD.

Methods

Patientsand controlswererecruited fromtheambula-
tory clinic of the Atherosclerosisand Coronary Unit of the
Heart Ingtitute (InCor) of the University of Sdo Paulo Me-
dical School, Brazil. Subjectsgavewritten consent to parti-
cipate in the study, which was approved by the Medical
EthicsCommitteeof theHeart Ingtitute.

Fasting morning blood sampleswere collected by ve-
nipuncture and centrifuged at 2500 g for 15 minutesat 4°C
for plasmaseparationandwereutilizedfor HDL-Cisolation
withthe standard preparation techniqueby ultracentrifuga-
tion. HDL wasisolated in the density interval of 1.125to
1.21 g/mL and wassubjected to heparin agarose chromato-
graphy to remove apolipoprotein E or B. HDL-C isolated
from each patient wassterilized by filtrationthrough 0.22 um
cellulose acetate membrane, and protein wasquantified by
themethod of Lowry etal ”. HDL particleswerethen added
toexperimental mediumfor efflux studies.

Human aortic smooth musclecellswereisolated from
primary cultures of aortafragments. Cellswere plated at
15,000 cellsper 16 mm culturedishesand maintainedin Dul-
becco’smodified Eagle’ smedium (DM EM) containing 10%
fetal bovineserum (FBS) 4mM glutamine 100U/mL penicil -
lin, and 100 pg/mL streptomycinina37°C humidifiedincu-
bator with 5% CO, aspreviously described®. Tolabel cellu-
lar cholesterol, subconfluent cellswere maintained in
DMEM containing 10% FBSand 0.5 uCi/mL *H-cholesterol
until confluence. Labeled cellswere subsequently loaded
with 30 pg/mL nonlipoprotein cholesterol for 24 hoursand
then incubated with DMEM containing 1 mg/mL bovine
serumabumin (BSA) toallow equilibration of cell choles-
terol poolsfor 24 hours. Cells were then incubated with
DMEM containing 1Img/mL BSA doneorwithDMEM con-
taining Img/mL BSA andincreasing concentrationsof HDL
proteinisolated from 13 subjectswithlow HDL cholesterol
(HDL-C<35mg/dL) and CAD (CAD group) or from5con-
trols (HDL-C >40 mg/dL) and no CAD (C group) for 24
hours. Cell mediumwascollected, centrifuged for 10 minu-
tesat 1500 x g, and aliquotstaken for scintillation counting.

Cell layerswere washed with PBS/BSA and cellular
lipidswereextracted with hexane:isopropanol (3:2,v:v) and
separated by thinliquid chromatography (TLC). and develo-
pedinheptane:ether:methanol :aceticacid (80:30:3:2,v:v:viv).
Freeand esterified cholesterol radioactivity werequantitated
by scintillation counting. The efflux of |abeled chol esterol
from cellswas measured by the appearance of *H-chol este-
rol into the culture medium in the presence or absence of
HDL. Cdlular cholesterol content (freeand esters) wereex-
pressed as a percentage of total |abeled cholesterol (me-
dium+ cellular content).
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Each experiment wasmadeintriplicatecultured dishes
and resultswere expressed asmean + SD. Compari son bet-
ween groups were analyzed by the paired Student t test.
When not indicated, statistical significance were assumed
for Pvaluelessthan 0.05.

Results

Patient populationissummarizedin Tablel. It shows
the age, sex, and plasmalipids of both subject groups. The
low HDL patientswere older and their plasmatriglyceride
concentration was greater than that of the controls. Total
and LDL cholesterol werenot different .

Figure 1A showsthedataof thelabeled freecholeste-
rol that wastransferred to the culture mediumin the presen-
ceof increasingamountsof HDL .. Ontheother hand, Figure
1B and 1C show thedataof labeled freeand esterified cho-
lesterol that remainedinthecellswhiletheamountsof HDL
werebeing increased.

InFigurelA,itisclear that thegreater theamountsof
HDL inthe medium the greater the cholesterol efflux. Itis
also clear that the chol esterol efflux was unchanged regar-
dlessof whether theHDL inthe mediumwasthat fromlow
or normal HDL cholesterol subjects. Accordingly, as seen
inFigure 1B and C, boththefree and esterified chol esterol
that remained in the cells diminished proportionally to the
amount of HDL present in the culture medium, and the de-
pletion of theintracel lular cholesterol wasunrelated to the
HDL being from normal- or from low-HDL cholesterol
subjects.

Discussion

Thisstudy showsthat HDL fromlow-HDL-C subjects
with CAD isequally efficient asthat of hormal-HDL-C
subjectswithout CAD inpromoting thechol esterol efflux.

Thetransfer of cholesterol fromtheintracellular pools
to the plasma membrane depends on the interaction bet-
weenapo Al ontheHDL surfaceandthe ABCA-1 membra-
neprotein®, Thetransfer of cholesterol by diffusionfrom
thecell membranetothemediumisminimal. Thebulk of the
cholesterol istransferredtothe HDL particles, by exchange
withHDL phospholipids. Apparently, apo Al hasnomajor

Tablel - Patient Population and Lipid Profile

GroupC (n=5) Group HA (n =13)

Age 48 £ 5 years 67 + 7 years*

Sex Male (n=5) Male (n=10)
Femae(n=3)

Total Cholesterol 170+ 30 194 + 42

LDL 115+ 25 114+ 33

HDL 45+3 30+ 4*

Triglyceride 150 + 20 231 + 68*

* P<0.01 Student t test. Values are listed as means + SD; total cholesterol,
LDL: low density lipoprotein HDL: high density lipoprotein and trigly-
ceride are expressed in mg/dL.
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Fig. 1- HDL-mediated Cholesterol Efflux and Intracellular Cholesterol - Preconfluent human aortic smooth muscle cellswereincubated with DMEM containing 10% FBS and
0.4pCi/mL *H-cholesterol until reached confluence. Cellswere cholesterol-enriched by incubation with 30 pg/mL nonlipoprotein cholesterol in DMEM containing 2 mg/mL
BSA for 24 hoursfollowed by incubation for 24 hoursin DMEM containing 1 mg/mL BSA alonetoallow equilibration of cholesterol pools. All cellswere subsequently incubated
withDMEM containing 1 mg/mL BSA adoneor thesamemediumwithincreasing HDL protein concentrationsranging from 3.1 upto 100 ug/mL HDL proteinisolated from Control
patientswith normal HDL plasmaconcentration (C,Q) or low HDL-Cand CAD (CAD, ®) for 24 hours. After 24 hours, medium and cellular content of freeand esterified *H-cho-
lesterol weremeasured as previously described °. *H-Cholesterol efflux (fig. 1A) and cellular *H-cholesterol esters(fig. 1B) and *H-freecholesterol (fig. 1C) arethemean+ SD of 3

dishesexpressed asapercentage of total (medium + cell esterified and free cholesterol) radioactivity. * indicates P < 0.04 by Student t test compared with controls.

roleintheextraction of cholesterol fromthemembranetothe
lipoprotein®.

Itisnoteworthy that thegroup of low HDL-C subjects
differedfromthat of normal HDL-C subjectsnotonly inres-
pecttoHDL-Clevelsbut alsoin age and presence of CAD
intheformer group. Although HDL composition was not
assessed in thisstudy, it is presumed that it could differ
between the 2 groups aslong asthose variables were pre-
sent. Nonethel ess, chol esterol efflux rateswerenot affected
by the quality of the HDL preparations, as established in
thisprotocol. Thisoutcome, however, doesnot excludethe
possibility that HDL fromlow-HDL-C subjectswithapo Al
mutations would have less ability to extract cholesterol
fromthecells. Itisunlikely that our patientsbear those mu-
tations. Another important issuerefersto the fact that, in

our study, transfer proteinsand CETP, which intervenein
the reverse transport processes, were not at play in the ex-
perimental setup.

Our results suggest that the HDL particles of CAD
patientswithlow HDL -C do not haveadiminished ability to
extract cholesterol from cellsof thevessel wall. Therefore,
theincreasedincidenceof CAD insubjectswithlow HDL-C
should be consequent not to altered composition of the
HDL particles but indeed to the diminished concentration
of those particlesin the plasma.
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