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ABSTRACT. There is a substantial body of evidence showing that moderate alcohol consumption is associated
with a reduced risk of cardiovascular morbidity and mortality. One of the factors thought to contribute to
this reduction in risk is an increase in the level of high-density lipoproteins (HDL) correlated with alcohol
consumption. However, HDL levels are elevated in heavy drinkers, but their risk of vascular disease is
greater compared with that of moderate drinkers. Ethanol at concentrations observed in heavy drinkers
and alcoholics may directly act on HDL and apolipoproteins and in turn modify cholesterol efflux. In this
paper, we show that ethanol significantly inhibited cholesterol efflux from fibroblasts to HDL and to
apolipoprotein A-lI (apoA-1) complexed with phosphatidylcholine (PC). Ethanol significantly inhibited
binding of PC to apoA-I, inhibited incorporation of cholesterol only when apoA-I contained PC, and did
not alter incorporation of cholesterol into HDL. ApoA-I structure was altered by ethanol as monitored by
steady-state fluorescence polarization of tryptophan residues. The absence of ethanol effects on incorporation
of cholesterol into HDL versus inhibition of cholesterol incorporation into the apeR& complex suggests

that the effects of ethanol on cholesterol efflux mediated by HDL involve interaction with the cell surface
and that efflux mediated by the apoA4PC complex is a combination of aqueous diffusion and contact
with the cell surface. In addition, effects of ethanol on apoA-I suggest tha-ptBL or lipid-free apoA-I

may be more perturbed by ethanol than mature HDL, and such effects may be pathophysiological with
respect to the process of reverse cholesterol transport in heavy drinkers and alcoholics.

Moderate alcohol consumption reduces the risk of car- the liver. However, levels of HDL are increased in heavy
diovascular disease morbidity and mortality, whereas heavydrinkers, but their risk of cardiovascular disease is higher
alcohol consumption increases that rigk-@). The reduced  than that of moderate alcohol drinkeig; 8, 9).
risk attributed to moderate alcohol consumption has been The molecular mechanisms that are involved in the
proposed to be due in part to an increase in the level of high-
density lipoproteins (HDL}.A generally accepted finding
of both epidemiological and experimental studies is that
levels of HDL are increased in association with alcohol
consumption4—9). HDL play an important role in reverse
cholesterol transportlQ—14), and an increase in levels of
HDL associated with moderate alcohol consumption may
facilitate removal of cholesterol from cells and transport to

interaction between HDL and alcohol consumption are not
well-understoodg—9). Moreover, little is known concerning
actions of ethanol on HDL and cholesterol efflux from cells.
Cholesterol is removed from cells by HDL and lipid-free
and lipid-poor apolipoproteinsl(—13). A very high con-
centration of ethanol (350 mM), approximately 16 times
higher than what is defined as legal intoxication, was reported
to increase the rate of cholesterol efflux from red blood cells
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nor-5-cholen-3-ol; NBD-PC, 2-[12-(7-nitrobenz-2-oxa-1,3-diazol-43-  concentrations (beginning at 25 mM) typically observed in

yl)amino]dodecanoyl-1-hexadecanayiglycero-3-phosphocholine; DMF, ; ; ; i
dimethylformamide; DPH, 1,6-diphenyl-1,3,5-hexatriene; POPC, 1-palm- heavy drinkers 16’ 17)' Experiments rEported in this paper

itoyl-2-oleoylphosphatidylcholine;: DMEM, Dulbecco’s modified Ea- Were designed to examine effects and potential mechanisms
gle’s medium; CREF, cloned rat embryo fibroblasts; FBS, fetal bovine of actions of ethanol on cholesterol efflux at ethanol con-

serum; apoE4, apolipoprotein E4; SR-BI, scavenger receptor class B ; ; i -
type || GABA, y-aminobutyric acid: NMDA,N-methylo-aspartate: centrations commonly observed in heavy drinkers. The fol

ABC1, ATP-binding cassette transporter 1; SEM, standard error of the |0Wing hypOthe§es were tested in a series of experiments
mean. using cultured fibroblasts, dehydroergosterol (DHE), R2-(
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7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino-23,24-bisnor-5-cholen- reported 20—22). DHE was analyzed on an HPLC Adsor-
3-5-ol (NBD-cholesterol), and 22N-7-nitrobenz-2-oxa-1,3-  bosil Cg column (diameter, wm; length, 250 mm; Alltech
diazol-4-yl)amino-23,24-bisnor-5-choleng3el (NBD-PC). Associates Inc.). The solvent system was HPLC-grade
We determined if ethanol would modify cholesterol efflux acetonitrile and methanol (30:70) at a flow rate of 1 mL/
mediated by HDL, lipid-free apoA-I, or apoA-I complexed min with a Rainin Dynamax model SD-200 solvent delivery
with PC. Ethanol-induced effects on HDL-mediated choles- system (Rainin Instrument Co. Inc.). The column eluant was
terol efflux could result from ethanol modifying the incor- monitored for absorbance at 215 nm using a Rainin Dynamax
poration of cholesterol into HDL, and this potential mech- model PDA-1 photodiode array detector. The standard curve
anism was examined. It has been previously proposed thatfor DHE was generated by injecting different concentrations
effective cholesterol efflux may require phospholipids as- of DHE onto the column. DHE was quantified using a Rainin
sociated with the apolipoproteid@ 11). Cholesterol efflux Dynamax PC HPLC data sytem.

was enhanced by apoA-I containing PL2). Ethanol could ApoA-HPC ComplexesPOPC in chloroform (3.2 mg)
alter binding of PC to apoA-I; such an effect could modify was dried under nitrogen. Tris/saline (1.0 mL, pH 8.0) was
interaction of the apoA-tPC complex with cholesterol, and then added to the tubes, and samples were vortexed vigor-
this potential mechanism was examined. Modification of ously for 3 min to resuspend the POPC. The mixture was
apolipoprotein structure can alter lipid binding capacity and sonicated for 1 min at 100% duty cycle using a Branson
lipid efflux (11, 14, 18). Apolipoprotein structure could be  Sonifier 250 sonicator with &g in. tapered microtip probe
altered by ethanol, and this hypothesis was tested usingand an output control setting at 3 (manufacturer-rated output
fluorescence polarization of apoA-l tryptophan residues, a of 40 W). Samples were then incubated in a water bath at
method that has been previously shown to reveal changes37 °C for 30 min and sonicated again at 95% duty cycle for

in apoA-I structure 19). 5 min. All sonications were performed in 12 mm75 mm
test tubes in a 13C water bath and under nitrogen. ApoA-I
EXPERIMENTAL PROCEDURES (2 mg of a 1.4 mg of protein/mL buffer) was added to the

tube, and samples were sonicated again for 4 min at
90% duty cycle wilh a 1 min cooling period between each
Apolipoproteins A-l and E4 were purchased from Cal- sonicat_ion. The resulting mixturgs were passed through a.O.22
biochem-Novabiochem Corp. (San Diego, CA). 227- um syringe tip filter, and then d_lalyzed over 2 days, against
Nitrobenz-2-oxa-1,3-diazol-4-yl)amino-23,24-bisnor-5-cholen- four changes of buffe2 L each ina 2.0 mL dialyzer [2.3(.3’
3-B-0l (NBD-cholesterol), 22N-7-nitrobenz-2-oxa-1,3- 840-7, MWCO of 50 000 Da, Sigma] to remove free lipids
diazol-4-yl)amino-23,24-bisnor-5-choleng3el (NBD-PC), and protein. , .
and 1,6-diphenyl-1,3,5-hexatriene (DPH) were obtained from _ Fluorescence SpectroscopyLS-50B fluorimeter (Perkin-
Molecular Probes (Eugene, OR). Dehydroergosterol (DHE), Elmer, Norwalk, CT) was used for the fluorescence mea-
1-palmitoyl-2-oleoylphosphatidylcholine (POPC), Dulbecco’s surements. Band-_pags slits of 10. a’?d 5nm were used for
modified Eagle’s medium (DMEM), fetal bovine serum fluorescence excitation and emission, respectively. For
(FBS), L-glutamine, human plasma HDL, and all other measurements using DHE, the excitation wavelength was

chemicals and reagents were purchased from Sigma ChemiS€t at 318 nm and the emission wavelength at 380 nm. For

Materials

cal Co. (St. Louis, MO) NBD-labeled lipids, an excitation wavelength of 460 nm was
B ' ' used with emission being recorded at 530 nm. Fluorescence
Methods intensity was corrected for light scatter by using samples

identical to the other samples but not containing DHE or

Cell Culture Cloned rat embryo fibroblasts (CREF) were fluorescent labeled lipids and subtracting background fluo-
a kind gift from V. Polunovskyi. Cells were maintained in rescence. Steady-state polarization of DPH was assessed in
DMEM containing 10% FBS and 2 mi-glutamine at 37 cells as an indicator of fluidity using procedures that we have
°C in a humidified incubator with 5% CQOFibroblasts were  reported previously from our laboratorg( 21, 23, 24).
grown as monolayers in 50 mL flasks or 60 mm plastic Petri Steady-state fluorescence polarization of the tryptophan
dishes, at a density of ¥ 10° cells per flask (5 mL of residues in apoA-1 was assessed using a wavelength of 280
DMEM) for 2 days. All experiments were performed with nm. The cuvette temperature in all experiments was main-
confluent cells. Cell viability was determined by lactate tained at 36.5t 0.1°C in a thermostated chamber using a
dehydrogenase (LDH) activity. Fibroblasts (after growing for circulating water bath and continuous stirring.
2 days) were incubated with @g/mL DHE for 24 h, and Cholesterol Efflux Confluent fibroblasts preloaded with
then the cells were washed twice with DHE-free medium. DHE for 24 h were incubated with different concentrations
A 24 h time interval for incubation was chosen because in of HDL (5—40 ug of protein/mL of cell culture medium)
a separate set of experiments we found that DHE fluores- for 2 h toestablish an optimal HDL concentration. HDL (30
cence intensity in cells reaches saturation at approximatelyug of protein/mL of cell culture medium) was used in the
24 h. DHE fluorescence intensity is proportional to the cholesterol efflux experiments in which the effects of ethanol
amount of DHE in the fibroblasts. The amount of DHE was were examined. Cells were incubated for 30 min with 25 or
determined in cells trypsinized, collected, and centrifuged 50 mM ethanol or no ethanol, after which 8§ of human
at 14 000 rpm for 1 min in an Eppendorf centrifuge (model plasma HDL protein/mL of medium or 24g of the apoA-
541 7R). The pellet containing cells was washed twice in 1 |—PC complex was added and cells were incubated for 2 h.
mL of PBS and homogenized in a loose-fitting Teflon Cells were then washed twice with medium that did not
homogenizer. Quantification of DHE was carried out by contain HDL or the apoA-+PC complex, trypsinized,
HPLC using procedures we and others have previously collected, and centrifuged at 14 000 rpm for 1 min in an
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Eppendorf centrifuge (model 541 7R). The pellet containing
cells was washed twice in 1 mL of PBS and homogenized
in a loose-fitting Teflon homogenizer. The homogenized
sample was placed in quartz cuvettes and DHE fluorescence
intensity determined using an excitation wavelength of 318
nm and emission wavelength of 380 nm.

Cholesterol Partitioning into HDL NBD-cholesterol in
dimethylformamide (DMF) solution was repeatedly added Hours
to 2 mL of PBS that contained 1@y of HDL protein/mL of ) S )
buffer. Fluorescence intensity (460 nm excitation and 530 EganfTuEeJ;t L?ggggs‘igocvgrg'ergtogﬁg’ig?ﬁ[_";f"(':gﬁ‘pg'lmfgtsl
nm .e_m|SS|on) O,f _the S"?‘mP'e was recordeq 3 min after the medium) was added to cells, and at each time point, cells were
addition of the lipid. This time interval (3 min) was chosen processed and the DHE fluorescence was measured as described
because in a separate experiment we observed no increas® Experimental Procedures. Data are mear&EM (n = 3). (Inset)
in lipid fluorescence intensity between 2 and 5 min after Confluent cells were incubated with different concentrations of DHE
addition to HDL (data not shown). Concentrations of NBD- for 24 h. Cells were then harvested and processid, and DHE

. o . fluorescence was measured. Data are meai8EM (n = 4).
cholesterol that were used were below its critical micelle
concentration that we have previously report&s).(Ethanol 700~
(25 or 50 mM) was added to the sample 10 min before the
addition of NBD-cholesterol.

Lipid Binding to ApoA-l and ApoA-tPC Complexes
NBD-PC or NBD-cholesterol in a DMF solution was
repeatedly added to 1 mL of PBS that containedutjOof
apoA-I using procedures previously reported by our labora-
tory (16, 17, 25). The fluorescence intensity of the sample
was recorded 5 min after addition of the lipid. This time
interval (5 min) was chosen because in a separate experiment
we observed no increase in lipid fluorescence intensity Ficure 2: HDL-mediated efflux of DHE from fibroblasts. Con-
between 4 and 10 min after addition to apolipoprotein (data fluent cells were incubated with @g of DHE/mL of cell culture
not shown). Concentrations of fluorescently labeled lipids medium for 24 h. Cells were then washed twice using DHE-free

. . . . . medium and incubated with increasing concentrations of human
used in the experiments were below their critical micelle ,2qa Lpy for 2 h. Cells were then harvested and processed, and

concentrations2s). Ethanol (25 or 50 mM) was added t0  the sample was divided into two portions. One portion was used
the samples 10 min before the addition of the fluorescently for DHE fluorescence measurements (inset), and the other portion
labeled lipids. was used to determine the amount of DHE by HPLC. Data are

Tryptophan Fluorescence Polarization of ApoA-l and Meanst SEM (= 3).
ApoE4 ApoA-I and apoE4 were dissolved in PBS (137 mM
NaCl, 2.7 mM KCI, 6.5 mM NgHPOy, 1.5 mM KH,PO,,
and 20 mM HEPES, with the pH adjusted to 7.4 with Tris
base). ApoA-I or apoE4 (10g) was added to 1 mL of buffer
and the extent of fluorescence polarization of tryptophan
residues in the sample determined. Ethanol (25 and 50 mM)
was added to the sample, and after 3 min, polarization was
assessed. Polarization values were calculate&gas (F.)/

(Fy + F), whereF, and F, are tryptophan fluorescence
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rescence intensity greatly increases (Figure 1). Loading of
cells with DHE was time-dependent with saturation ap-
proaching 24 h. We were able to obtain a reliable signal at
a DHE concentration as low as/8 of DHE/mL of cell
culture medium. After incubation for 24 h at a medium
concentration of DHE of 3ug/mL, fibroblasts contained
641.6 + 35.1 ng of DHE/mg of fibroblast protein as
measured by HPLC, and the DHE amount was less than 2%
intensities at parallel and vertical positions of polarizers, of the amount 9f tp.tal cell sterol. This amount of DHE did
respectively. not affect c_:e_ll viability, as shown by the absence of changes
. , , in LDH activity (absorbance at 490 nm was 0.15#%9.0019
Data AnalyssStudentsI tests, Bonferon.nl'-corrected for ¢ 04g of DHE/mL of medium and 0.160+ 0.00174 at 3
multiple comparisons, were used for statistical analyses. g of DHE/mL of medium). In addition, polarization of DPH
in fibroblast did not differ between control (0.27240.006)

RESULTS and DHE-treated cells (0.276c 0.007). Sterol efflux
Incorporation of Dehydroergosterol in CREF CelBHE experiments were performed using cells treated wifig3

has been previously used in several different studies of sterolof DHE/mL of cell culture medium.

dynamics (reviewed in ref26—28). DHE contains an Sterol Efflux to HDL and to the ApoA-PC Complex

endogenous fluorescent conjugated triene system in the BFigure 2 shows the effects of increasing concentrations of
and C rings 29). DHE transport kinetics are analogous to HDL on sterol efflux from fibroblasts quantified by HPLC
those of cholesteroP@—31). The purpose of these baseline and DHE fluorescence intensity (Figure 2, inset). DHE was
experiments was to determine the effects of DHE loading assessed in fibroblasts after HDL had been removed by
on CREF cell viability and the effects of DHE loading on centrifugation. HDL significantly removed DHE from fi-
cell membrane fluidity. Incorporation of DHE into cells was broblasts, and this effect was maximal at 20 of HDL
monitored by an increase in DHE fluorescence intensity. The protein/mL of medium and did not change significantly when
fluorescence of nonincorporated DHE in the medium was 40 ug of HDL protein/mL of medium was added (Figure
negligible. When DHE is incorporated into cells, its fluo- 2). THe DHE fluorescence intensity paralleled the reduction
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Ficure 3: Effects of ethanol on HDL-mediated DHE efflux from Control  ApoA--PC ApoA--PC
fibroblasts. Confluent cells were incubated witlx@ of DHE/mL 0w Ethanol 50 M Etharol

of cell culture medium for 24 h. Cells were then washed twice

using DHE-free medium and incubated for 30 min with 25 or 50 FIGURE 4: Effects of ethanol on apoA-IPC-mediated DHE
mM ethanol or no ethanol, after which 3@ of human plasma  removal from fibroblasts. Cells were incubated with@of DHE/
HDL protein/mL of medium was added and cells were incubated mL of cell culture medium for 24 h. Cells were then washed twice
for 2 h. Cells were then harvested and processed, and DHEwith DHE-free medium and incubated for 30 min with 50 mM
fluorescence was measured. The control cells (no HDL or ethanol) ethanol or no ethanol. The apoAPC complex (2Qug of protein/

are cells that were incubated with DHE for 24 h where DHE mL of medium) was then added to the cells and the mixture

fluorescence was measured as described. Data are nteS&M incubated for 2 h. Cells were then harvested and processed, and
(n = 3). #indicategp < 0.001 compared with control. * indicates DHE fluorescence was measured. The control cells (no apoA-|
p < 0.01 compared with the HDL without ethanol. PC complex or ethanol) are cells that were incubated with DHE

for 24 h where DHE was fluorescence measured as described. Data

; ; P are meanst SEM (h = 4). * indicatesp < 0.01 compared with
in the amount of DHE determined by HPLC in fibroblasts control. # indicatesp < 0.01 compared with the apoA-PC

that were incubated with HDL (Figure 2). Ethanol in a dose- ¢omplex without ethanol.
dependent manner (25 and 50 mM) significantly inhibited
HDL-mediated cholesterol efflux as compared with HDL- 1000+
mediated cholesterol efflux in the absence of ethanol (Figure
3). The fluorescence intensity of DHE in fibroblasts was not
affected by ethanol when HDL was not present (fluorescence
intensity conventional units, control, 356 7.9; 50 mM
ethanol, 359t 1.5), suggesting that ethanol was not directly
interacting with DHE or affecting spontaneous desorption . control
Of Ster0| &+ 50 mM ethanol
Figure 4 shows the effects of the apoARC complex o NBD-cholesterol in buffer
(20ug of protein/mL of cell culture medium) on sterol efflux 0 . T ; T 1
from fibroblasts as measured by the decrease in fluorescence 0 10 20 30 40 >0
intensity of DHE remaining in the cells. There was a NBD-cholesterof, x 10°M
§|gnlflcant r(_aductlon in the amount of DHE in fibroblasts Ficure 5: Incorporation of cholesterol into HDL and effects of
incubated with the apoA-tPC complex when compared to  ethanol. Human plasma HDL (109 of HDL protein/mL) was
cells not incubated with the apoA-PC complex (Figure  added to a buffer, and the sample was preincubated for 15 min
4). ApoA-I-PC-mediated sterol efflux was significantly —with or without 50 mM ethanol. NBD-cholesterol (10M solution
nhiitd by 50 MM ethanol (ony concentaton tested) 1, PUE) Was e, ehectey siced b0 e sappies e e
compareq with that in cells incubated ,With the apeARIC tion of DMF in the sample did not exceed 4ulM and had no
complex in the absence of ethanol (Figure 4). effect on fluorescence: M) control, (o) 50 mM ethanol, ande)
Cholesterol Partitioning into HDL The fluorescence  NBD-cholesterol in buffer. Data are mea#sSEM (n = 5).
intensity of NBD-cholesterol added to HDL (10g of
protein/mL) significantly increased when compared with that ~ Lipid Binding to ApoA-l and ApoA-tPC Complexes
of NBD-cholesterol that was added to buffer alone (Figure Lipid-free apoA-I has been reported to have a limited ability
5). This increase in fluorescence intensity was interpreted to bind nonpolar lipids32). We found that binding of NBD-
as incorporation of NBD-cholesterol into HDL. Ethanol (50 cholesterol to lipid-free apoA-l was not saturable and that
mM) had no significant effect on incorporation of NBD- ethanol (50 mM) had no effect on this process (data not
cholesterol into HDL (Figure 5). Fluorescence intensities of shown). On the other hand, the fluorescence intensity of
NBD-cholesterol and HDL compared with those of NBD- NBD-PC incubated with apoA-1 was significantly increased
cholesterol and HDL incubated with 50 mM ethanol were compared with that of NBD-PC and buffer alone (Figure
similar at all concentrations of NBD-cholesterol that were 6). Ethanol (25 and 50 mM) significantly decreased the
tested (Figure 5). fluorescence intensity of NBD-PC in the presence of apoA-I

7504

500+

250+

Fluorescence intensity
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Ficure 6: NBD-PC binding to apoA-l. ApoA-I (1&g of protein/
mL) in buffer was added to PBS at 3626. A NBD-PC solution
in DMF (10~* M) was then repeatedly added to the sample, and 0 T T T ]
the fluorescence intensity was recorded. Data points on the curve 0 3 6 9 12
are meanst SEM of five independent titrations. NBD-cholesterol, 10° M
Ficure 8: NBD-cholesterol incorporation into the apoA#C
2z complex. The apoA-tPC complex (20ug of protein/mL) was
g added to a buffer, and the sample was preincubated for 15 min.
Z 1254 NBD-cholesterol (107 M solution in DMF) was then repeatedly
3 T added to the samples, and the fluorescence intensity of NBD was
g measured. The final concentration of DMF in the sample did not
© * exceed 4.54M and had no effect on fluorescencea)(NBD-
S cholesterol in buffer andl) NBD-cholesterol with the apoA-t
by PC complex. Data are meaasSEM (n = 4).
g 100 *
2
0 25 50
Ethanol, mM 200 —
Ficure 7: NBD-PC binding to apoA-l and effects of ethanol.
ApoA-I was added to a buffer (18g of protein/mL of buffer),
and the sample was preincubated for 15 min with or without ethanol.
NBD-PC (2.5x 1077 M; 1076 M solution in DMF) was then added
to the control and ethanol (25 and 50 mM ethanol) samples, and 1754 *

the fluorescence intensity of NBD was measured. The final
concentration of DMF in the sample did not exceed 2\ and
had no effect on fluorescence. Data are mearSEM (h = 4). *
indicatesp < 0.01 compared with no ethanol.

as compared with that in the absence of ethanol (Figure 7).
Ethanol at 25 and 50 mM had no effect on NBD-PC
fluorescence in solution (fluorescence intensity, control, 21

1504 / 7
+ 1.2; 25 mM ethanol, 23t 2.4; 50 mM ethanol, 20.4

1.8), which would argue against a direct interaction of ethanol 125 7777
with NBD-PC. Control 25 mM 50 mM
PC complexed with apoA-I increases the level of choles- Ethanol, mM
terol efflux as compared with lipid-free apoA-1%). Data Ficure 9: Effects of ethanol on NBD-cholesterol incorporation
in Figure 8 show that the fluorescence intensity of NBD- into the apoA-+PC complex. The apoA-tPC complex was added
cholesterol incubated with the apoAPC complex increased [0 & buffer (2Qug of complex protein/mL of buffer), and the sample
s . . . was preincubated for 15 min with or without ethanol (25 and 50
with increasing amounts of sterol and that the increase in ) "NBD-cholesterol (5x 109 M; 10-7 M solution in DMF)
fluorescence intensity was saturable. Ethanol (25 and 50 mM)was then added to the control and ethanol samples, and the
significantly reduced the fluorescence intensity of NBD- fluorescence intensity of NBD was measured. The final concentra-
cholesterol incubated with the apoA+PC complex (Figure ~ tion of DMF in the sample did not exceed QA4 and had no
9). Ethanol had no effect on NBD-cholesterol fluorescence Sﬁic(g.%qflc%%%zcrggcv?/itﬁ?rt\aeacrgnrtr:g?jggfd'\ﬂig]n._ 4). * indicates
in solution (fluorescence intensity, control, £20.8; 25 mM
ethanol, 11.%+ 0.6; 50 mM ethanol, 12.1 0.7). is apoE. Although apoE-containing HDL represent a minor
Tryptophan Fluorescence Polarization of Apolipoproteins fraction of human HDL, its role in cholesterol transport is
One of the possible mechanisms of ethanol effects on HDL- recognized. We measured effects of ethanol on tryptophan
and apoA-+PC-mediated cholesterol efflux is direct interac- fluorescence polarization of one of the isoforms of apoE
tion of ethanol with the apolipoprotein. ApoA-I is a major (apoE4). Data depicted in Figure 10 demonstrate a concen-
protein constituent of HDL. ApoA-I contains four tryptophan tration-dependent effect of ethanol on apoA-I tryptophan
residues, and we utilized steady-state fluorescence polarizafluorescence polarization. A significant increase in the level
tion of tryptophan residues to establish ethanol interaction of polarization was observed as low as 25 mM ethanol
with apoA-I. Another apolipoprotein that is found in HDL  (lowest concentration tested). A possible interpretation of

NBD-cholesterol fluorescence intensity
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0.25q proteins that are lipid-free or -poor and requires direct

interaction of the apolipoprotein with the plasma membrane.
* Ethanol significantly inhibited cholesterol efflux from fi-
T broblasts to HDL and the apoA-PC complex.

If ethanol is affecting the aqueous diffusion pathway,
ethanol could alter the incorporation of cholesterol, once it
0.20 leaves the cell membrane, into HDL or the apoARPIC
complex. Ethanol has been shown to inhibit binding of lipids,
including cholesterol, to BSA and SCP-26( 17). Effects
* T of ethanol on interaction of cholesterol with HDL or the
L apoA-I—PC complex were modeled by adding low concen-
trations of cholesterol to HDL and to the apoARPC
0.154 T complex in the presence of ethanol. There were no significant
differences between the amount of sterol that partitioned into
HDL in the absence and in the presence of ethanol, but
ethanol inhibited partitioning of cholesterol into the apoA-

0 25 50 100 |—PC complex. Ethanol-induced inhibition of HDL-mediated

Ethanol, mM cholesterol efflux may not involve the aqueous diffusion

FIGURE 10: Steady-state fluorescence polarization of tryptophan Mechanism but may involve HDL interacting with the
residues in apoA-l and effects of ethanol. ApoA-I in buffer was membrane. We did not examine the direct interaction of HDL
added to PBS (1@g of protein/mL) at 36.5°C. Samples were  with the membrane, but other studies provide support for

then preincubated with or without ethanol (25, 50, or 100 mM) for such a mechanism. For example, efflux of cholesterol from

10 min, and the extent of tryptophan fluorescence polarization was ; :
measured. Data are meahsSEM (n = 4). * indicatesp < 0.01 cells to HDL has been shown to be associated with the
compared with no ethanol. expression of scavenger receptor class B type | (SR-BI) that

is located in plasma membranes of some cel3—35).

these data is that the ethanol-induced change in apoA-IEthanol could interfere with binding of HDL to SR-BI by
tryptophan polarization resulted from ethanol altering the affecting the membrane lipid environment in which SR-BI
protein conformation. On the other hand, ethanol had no is located or directly binding to the receptor. Effects of
effect on tryptophan fluorescence polarization of apoE4 €thanol on membrane lipid structure are well-recognized
(control, level of polarization= 0.148 + 0.011; 50 mM  (reviewed in refs36 and 37), and there are data showing
ethanol, level of polarizatiors 0.146+ 0.007), suggesting  that ethanol may directly interact with GABA, NMDA, and
a specific effect of ethanol on apoA-l. The tryptophan nicotinic acetylcholine receptor8§-40).

fluorescence intensity of apoA-l was not affected by ethanol, Ethanol on the other hand inhibited incorporation of
indicating that there was no direct interaction between ethanolcholesterol into the apoA-IPC complex, suggesting that

Tryptophan fluorescence polarization
»

and tryptophan residues. ethanol-induced inhibition of cholesterol efflux to the apoA-
I—PC complex involves the aqueous diffusion pathway as
DISCUSSION compared with HDL. In addition, the mechanism of lipid-

poor apolipoproteins directly interacting with the membrane

This study tested the hypothesis that ethanol at concentra-cannot be ruled out with regard to the effects of ethanol on
tions observed in heavy drinkers modifies cholesterol efflux cholesterol efflux to the apoA-IPC complex. Our findings
mediated by HDL and lipid-poor and -free apolipoproteins. that ethanol inhibited incorporation of cholesterol into the
In addition, direct effects of ethanol on apolipoprotein apoA-I-PC complex but not into HDL may have implica-
structure and lipid domains were examined as potential tions with respect to prg-HDL that have been previously
mechanisms that could explain effects of ethanol on cho- described 41, 42). ApoA-I—PC complexes have been
lesterol efflux. We found that ethanol at concentrations (25 reported to be similar in structural and functional properties
and 50 mM) commonly observed in heavy drinkers signifi- to pre-HDL (12). Pref--HDL may be more susceptible to
cantly inhibited cholesterol efflux from fibroblasts to HDL  effects of ethanol in vivo than mature HDL. Additional
and the apoA-+PC complex. Ethanol had a differential potential mechanisms for the inhibitory effects of ethanol
effect on the interaction of cholesterol with HDL and the on cholesterol efflux are ethanol perturbation of the Golgi
apoA-I-PC complex, leading us to the conclusion that the gpparatus and interaction of ethanol with the ATP-binding
effects of ethanol on cholesterol efflux mediated by HDL cassette transporter (ABC1). Both the Golgi apparatus and
involve interaction with the cell surface and that efflux ABC1 are involved in cholesterol efflux, and agents known
mediated by the apoA-IPC complex is a combination of o act on the Golgi apparatus and ABC1 inhibited cholesterol
aqueous diffusion and contact with the cell surface. efflux (43, 44). Lipid transport was recently reported to be

Two major mechanisms have been previously proposeddisrupted in ABC1-deficient mice4f).
to explain cholesterol efflux, an aqueous diffusion pathway Incorporation of cholesterol into the apoAPC complex
and a pathway requiring interaction of HDL or lipid-poor was inhibited by ethanol. This effect of ethanol required the
or -free apolipoproteins with the membrane surfdd® {1). presence of PC. Ethanol had no effect on the interaction of
Aqueous diffusion involves desorption of cholesterol from NBD-cholesterol with lipid-free apoA-I, but ethanol signifi-
the cell plasma membrane, diffusion through the aqueouscantly decreased the level of NBD-PC binding to apoA-I. It
phase, and incorporation of cholesterol into an acceptor suchis becoming recognized that phospholipids may play an
as HDL. The second mechanism involves HDL or apolipo- important role in apolipoprotein-mediated cholesterol efflux
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