
Serum Low Density Lipoprotein of Alcoholic Patients Is Chemically Modified
In Vivo and Induces Apolipoprotein E Synthesis by Macrophages
Renee C. Lin,*" Jiannong Dai,* Lawrence Lumeng,**' and Mei-yu Zhang*
Departments of *Medicine and *Biochemistry/Molecular Biology, Indiana University School of Medicine, Indianapolis, Indiana 46202;
and the OVeterans Affairs Medical Center, Indianapolis, Indiana 46202

Abstract

This work was carried out to investigate the effect of alcohol
drinking on serum LDL. Agarose gel electrophoresis showed
that LDL samples from alcoholic patients without serious
liver disease were more negatively charged and moved faster
toward the cathode than LDL from nondrinking control
subjects. Rabbit antibodies raised by using keyhole limpet
hemocyanin modified in vitro by 4-hydroxynonenal or by
acetaldehyde as immunogens reacted more strongly with
patients' LDL than with control LDL, indicating the pres-
ence of oxidatively modified epitopes and acetaldehyde ad-
ducts in alcoholic patients' LDL. LDL of alcoholic patients
has decreased vitamin E contents. The electromobility of
LDL decreased after abstinence from alcohol and returned
to normal in 2 wk, but this was not accompanied by a sig-
nificant increase in its vitamin E contents. Whenincubated
with mouse peritoneal macrophages, patients' LDL induced
apolipoprotein E secretion by threefold over control LDL
with a concomitant increase in cellular cholesterol. Our re-
sults thus demonstrate that LDL of alcoholic patients has
lower vitamin E content, is chemically modified in vivo, and
exhibits altered biological function. These changes in heavy
alcoholic drinkers may render LDL more atherogenic and
thereby may counter the antiatherosclerosis effects of mod-
erate alcohol consumption. (J. Clin. Invest. 1995. 95:1979-
1986.) Key words: alcohol * vitamin E * electromobility
cholesterol * cardiovascular disease

Introduction

Epidemiological studies in humans have repeatedly demon-
strated a correlation of lower incidence of atherosclerotic car-
diovascular disease with moderate alcohol intake (1, 2). Many
investigations have shown that moderate alcohol drinkers have
higher levels of serum high density lipoproteins (HDL) (3-5)
and have attributed the lower incidence of atherosclerosis in
moderate alcohol consumption to higher serum HDL (6, 7).
Although alcohol consumption in moderate amounts is nega-
tively correlated to cardiovascular disease, several studies have
consistently found a U-shaped trend showing an increased car-
diovascular disease mortality with heavy alcohol drinking and
alcohol abuse (1, 8-10). Why moderate alcohol consumption
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protects against atherosclerotic cardiovascular disease whereas
heavy drinking may have the opposite effect remains unclear.

While a positive correlation between coronary artery disease
and serum levels of low density lipoproteins (LDL) is well
recognized (11, 12), it has been suggested recently that oxida-
tively modified LDL rather than native unmodified LDL is re-
sponsible for atherogenesis (13). Native LDL is taken up by
the liver and extrahepatic tissues via apo B,E-dependent LDL
receptors (14), but the amount of cholesterol accumulated in
cells is limited because LDL receptors are downregulated by
the intracellular content of cholesterol ( 14). On the other hand,
acetylated LDL (Ac-LDL)' and oxidatively modified LDL
(Ox-LDL) are taken up by macrophages via scavenger and
additional Ox-LDL specific receptors that are not downregu-
lated by high intracellular cholesterol contents (15-18). When
incubated with modified LDL, macrophages become loaded
with a large amount of cholesterol esters and resemble foam
cells found in atherosclerotic plaques of arterial intima (19).
The hypothesis that Ox-LDL may be involved in the pathogene-
sis of atherosclerosis gains support because oxidatively modi-
fied LDL has been detected in atherosclerotic lesions in humans
and in rabbits by histoimmunological methods (20). Using a
polyclonal antibody that could recognize acetaldehyde-modified
epitope(s), Wehr et al. (21) reported recently the presence of
acetaldehyde adducts in VLDL and LDL of alcoholic patients
by enzyme-linked immunosorbent assay.

LDL is a large molecule. As LDL is modified chemically
in vitro, many physical changes ensue including an alteration
in electromobility (22). The work reported here was undertaken
to investigate whether LDL of alcoholic patients is chemically
modified in vivo by measuring its electromobility in agarose
gel. Because we have shown previously that Ox-LDL and enzy-
matically modified LDL, similar to Ac-LDL, can stimulate syn-
thesis and secretion of apo E by peritoneal macrophages (23),
the present work also compared the effects of LDL from alco-
holic patients and nondrinking controls on apo E secretion and
cellular cholesterol accumulation by macrophages.

Methods

Chemicals. All chemicals purchased from commercial sources were
of reagent grades. DMEmedium was purchased from GIBCO-BRL
(Gaithersburg, MD). Fetal calf serum (FCS) was purchased from Sigma
Chemical Co. (St. Louis, MO). Each lot was tested for its effectiveness
in maintaining good macrophage monolayers before use. 4-hydroxy-2-
nonenal (HNE) was a generous gift from Professor Hermann Esterbauer
(University of Graz, Graz, Austria).

1. Abbreviations used in this paper: AA, acetaldehyde adduct; Ac-
LDL, acetylated LDL; AST, serum aspartate aminotransferase; HNE,
4-hydroxy-2-nonenal; KLH, keyhole limpet hemocyanin; Ox-LDL, oxi-
datively modified LDL; RT, room temperature.
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Patients and sample preparations. Blood samples were obtained
from alcoholic patients admitted to Fairbanks Hospital (an alcoholism
rehabilitation hospital), Indianapolis, IN, for detoxification. Ages of
patients ranged from 24 to 76 yr (41±12 yr). These patients all had
a long history of alcohol abuse (> 5 yr) and reported daily alcohol
consumption of no less than 100 g. All of them had been drinking up
to within at least 2 d before admission. Laboratory tests showed 42%
of them had elevated serum aspartate aminotransferase (AST) and 30%
of them had elevated serum alanine aminotransferase, but none showed
physical evidence of decompensated liver disease such as low serum
albumin (< 3.5 mg/dl), jaundice, ascites, edema, hypersplenism, and
hepatic encephalopathy. Control subjects were volunteers recruited from
employees of Indiana University and VA Medical Centers. They were
either teetotalers or people who consumed only small amounts of alcohol
infrequently (no more than one beer a week) and were referred to as
nondrinkers in this paper. Analysis of data indicated no gender differ-
ence in parameters reported here (see Results), therefore results were
not segregated into male and female groups. This project was approved
by the Indiana University-Purdue University at Indianapolis Institu-
tional Review Board and by the Administration of Fairbanks Hospital.
Informed consents were signed by both control subjects and patients.
Venous blood was drawn with heparin as the anticoagulant and immedi-
ately placed in ice for no more than 2 h. Erythrocytes and buffy coats
were removed by centrifugation at 1,000 g for 15 min at 40C. Blood
samples were also obtained from some alcoholic patients after they
had stayed in the alcoholism rehabilitation hospital and abstained from
alcohol for 1-2 wk. During hospitalization, patients were given a regular
diet and they routinely received daily multiple vitamin supplements
including folic acid, thiamine, and vitamin E (30 IU). Freshly prepared
plasma samples were heated at 560C for 30 min to inactivate lecithin/
cholesterol acyltransferase activity. LDL (1.006 < d < 1.063) was
isolated by successive gradient ultracentrifugation with potassium bro-
mide (24) and lipoprotein fractions collected by using a tube slicer
(Beckman Instruments, Palo Alto, CA). LDL was dialyzed against 0.15
MNaCl containing 1 mMEDTA, pH 7.4, for 48 h with at least three
changes of the buffer. Lipoprotein samples were stored at 40C and used
for experiments within 2-3 wk. An aliquot of each LDL sample was
saved and frozen at -200C for the determination of lipids (cholesterol,
triglycerides, and phospholipids) within 3 mo.

Measurement of electromobility. Electrophoretic mobilities of LDL
preparations were compared by electrophoresis using Ciba Corning
Electrophoresis System.m (Ciba Corning, Medfield, MA) and precasted
agarose gel in sodium barbital buffer, pH 8.6 (purchased from Fisher
Scientific Co., Cincinnati, OH). Unmodified keyhole limpet hemocyanin
was included in each gel as reference. The relative mobility (Rf ) was
calculated by setting the Rf of keyhole limpet hemocyanin as 1.0.

Preparation of antibodies. Antibody that recognized protein-acetal-
dehyde adduct (AA) was raised using keyhole limpet hemocyanin
(KLH) incubated with freshly distilled acetaldehyde (250 mM) and
sodium cyanoborohydride as the immunogen (25). To raise antibody
that recognized oxidatively modified proteins, KLH was conjugated to
HNE using the method described by Palinski et al. (26). KLH-AA
and KLH-HNE were injected into rabbits as immunogens to raise their
respective antibodies. IgG fraction was purified from rabbit serum by
using a protein A column (Bio-Rad Laboratories, Richmond, CA).
Characterization of the anti-KLH-AA antibody has been reported pre-
viously (25). Wehave shown that the antibody reacted with acetalde-
hyde-modified BSA, myoglobin, and hemoglobin, but not with any of
these unmodified proteins (25). When tested by Ouchterlony double
immunodiffusion, the anti-HNE-KLH antibody was found to react with
4-HNE-modified BSA and did not recognize unmodified BSA (not
shown).

Enzyme-linked immunosorbent assay (ELISA) method. Reactivity
between LDL samples and anti-KLH-AA and anti-KLH-HNE IgGs
was determined by ELISA method (27). Briefly, diluted LDL (1 ug/
100 Al) in phosphate-buffered saline (PBS), pH 7.4, was added to 96-
well ELISA plates and incubated at room temperature (RT) for 2 h.
Samples were aspirated and wells were washed with PBS containing

0.05% Tween-20 (PBST). After the plates were blocked with 1%BSA,
the first antibody (anti-KLH-HNE, anti-KLH-AA, or unimmunized
rabbit IgG, 10 ug/ml) in PBST was added to wells and incubated at
RT for 2 h. Plates were washed. Goat anti-rabbit serum IgG conjugated
with alkaline phosphatase (Sigma Chemical Co.) was added. After 1 h
of incubation, wells were washed thoroughly and the enzyme substrate
solution (Sigma 104 alkaline phosphatase substrates; Sigma Chemical
Co.) was added. Optical density (OD40) was read using an ELISA
reader (Bio-Tek Instruments, Inc., Winooski, VT).

Animals. The animal procedures used were approved by the Animal
Use Subcommittee of the Veterans Affairs Medical Center at Indianapo-
lis, IN. Animals were handled in accordance with all applicable local
and federal regulations concerning laboratory animals and were housed
in our VAMCanimal facility which is approved by the American Asso-
ciation for Accreditation of Laboratory Animal Care. ICR mice (25-
30 g) were obtained from Harlan Sprague Dawley, Inc. (Indianapolis,
IN). Animals were housed in micro-isolators in a temperature- and
humidity-controlled room with an automatic timing device that main-
tained lights on from 6 a.m. to 6 p.m. They were fed regular laboratory
pellet food ad lib. with free access to tap water.

Culture of mouse peritoneal macrophages. Mice were anesthetized
by exposure to Metofane (Pitman-Moore, Inc., Washington Crossing,
NJ). Blood was removed from mice by cardiac puncture. 6 ml of ice-
cold, sterile PBS containing heparin (10 U/ml) was then injected into
the peritoneal cavity. After a few gentle strokes, the saline solution was
recovered and centrifuged at 600 g for 10 min at 5TC. The pellet was
washed once in heparin-containing PBS and then resuspended in the
standard DMEMmedium containing 10% FCS at a concentration of
2.5 X 106 cells/ml. Routinely, 100 /.zg/ml gentamycin, 20 mML-gluta-
mine, 26 mMNaHCO3and 30 mMHepes, pH 7.4, were added to
the DMEMmedium. Cells from 10-12 animals were pooled for each
experiment. 2 ml of macrophage suspension (5 x 106 cells total) were
plated onto a 35-mm plastic Petri dish (Costar Corp., Cambridge, MA).
After incubation for 2 h at 370C in an incubator that had been equili-
brated with 95% air + 5%CO2, unattached cells were washed off. Fresh
DMEMmedium containing 20% FCS (2 ml) was replenished to the
cell monolayer in each dish. LDLs (50 jsg protein/ml) were also added
at this time to the test dishes. The dishes were then returned to the
incubator and incubated for 24 h. The culture medium was aspirated.
Serum-free DMEMmedium (2 ml) was added to each dish and incuba-
tion was continued at 370C for an additional 24 h. At the end of incuba-
tion, the culture medium was collected and centrifuged to remove debris,
then stored at 4°C until the assay of apo E. Medium apo E concentrations
as measured by the ELISA method were found to be stable for at least
1 mo (data not shown). Cell monolayers were washed twice with PBS
and Petri dishes were kept frozen at -200C for at least 2 d to facilitate
cell collection. Cells were scraped off the plastic surface in H20 using
a rubber policeman. Cell suspensions were sonicated. A small aliquot
was used for protein concentration determination. The remaining cell
suspension was extracted with methanol/chloroform (2:1) according to
the method of Folch et al. for lipids (28). Lipid extracts were dried
under a stream of N2 then redissolved in 50 mMphosphate buffer
containing 3 mMsodium cholate and 0.025% Triton X-100 for the
measurement of total cholesterol concentrations.

As a positive control, Ac-LDL was used in these experiments. Ac-
LDL was prepared by repeated addition of acetic anhydride to LDL
(29). Dose response for Ac-LDL has been performed previously and
the maximum effect has been found to be at 50 ug protein/ml (23).
Therefore this dose of Ac-LDL was used in this work to compare the
effects of Ac-LDL and LDL particles of alcoholic patients and control
subjects on macrophage responses.

Quantification of apo E. Apo E in the culture medium was quanti-
tated by a previously described ELISA method using rabbit antibody
raised against rat serum apo E (30). The antibody also reacts specifically
with mouse serum apo E and not with other mouse serum proteins.

Other analytical methods. Vitamin E concentration in LDL was

determined by a micro-fluorometric method as described by Hansen
and Warwick (31). Total cholesterol was determined by an enzymatic
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Table l. Chemical Compositions of HumanLDLs

Protein Cholesterol Triglycerides Phospholipids

mg/ml
plasma

mg lipid!
mgprotein

Controls
(n = 48) 0.66±0.14 1.33±0.24 0.40±0.02 0.81±0.10

Alcoholic
patients
(n = 54) 0.60±0.21 1.08±0.24* 0.57±0.12* 0.76±0.20

Data represent mean values±SD. Parentheses indicate number of sub-
jects in each group. * P < 0.001, * P < 0.01, patients versus controls.

colorimetric method (32). Triglycerides and phospholipids were as-
sayed using kits purchased from Sigma Chemical Co. and Kamiya Bio-
medical Co. (Thousand Oaks, CA), respectively. LDL protein concen-
tration was determined by the BCA method (Bio-Rad Laboratories)
using BSA as the standard. Lipid peroxides were quantitated by colori-
metric method using an assay kit purchased from Kamiya Biomedi-
cal Co.

Statistical analysis. Data are presented as mean values+tSD. Statisti-
cal significance between groups was determined by ANOVA. Correla-
tion between parameters was analyzed by linear regression.

Results

Chemical compositions of LDLs from alcoholic patients and
control subjects. LDL samples were measured for protein and
lipid concentrations. When determined by the BCA method,
protein concentrations of LDL from alcoholic patients appeared
to be slightly lower than LDLs of nondrinking controls, but the
differences were not statistically significant (Table I). When
expressed as milligrams of lipid per milligram of protein, LDL
particles from alcoholic patients contained less cholesterol (P
< 0.0001) and more triglycerides (P < 0.01) than LDL parti-
cles from controls, whereas phospholipid contents were not sig-
nificantly changed (Table I).

Agarose gel electrophoresis. LDL samples (5 jig each)

Table II. Electromobility and Vitamin E Content in HumanLDL

LDL Plasma
Relative mobility vitamin E vitamin E

pg/mg protein Ag/ml

Controls (n = 92) 0.396±0.046 8.63±2.04 16.65±4.86
Alcoholic patients

Upon admission
(n = 75) 0.463±0.066* 6.99±2.09* 13.38±4.12*

1 wk abstinence
(n = 29) 0.434±0.046*f 7.79±2.33* 13.99±3.57*

2 wk abstinence
(n = 13) 0.410±0.061§ 7.46±1.56* 14.47±4.36

Relative mobility (Rf) of LDL was calculated by arbitrarily setting the
Rf of KLH as 1.0. KLH was included in each gel and run parallelly
with LDL samples. Data represent mean values±SD. Parentheses indi-
cate number of subjects in each group. * P < 0.001 vs controls; * P
< 0.01 vs controls; ' P < 0.05 vs upon admission.

were loaded onto agarose gel and subjected to electrophoresis.
The gel was stained with Coomassie blue to locate protein
bands. A representative of such a gel is shown in Fig. 1. LDL
samples from three each of alcoholic patients (lanes 2, 4, and
6) and nondrinking controls (lanes 1, 3, and 5) were run in
parallel with KLH (R or reference on two outer lanes) which
served as the reference. It can be seen that LDLs of alcoholic
patients were more negatively charged and migrated faster to-
ward the cathode. Relative mobility (Rf) of LDL against the
reference protein, i.e., KLH (Rf = 1.0), was calculated. Table
II showed that mean Rf of LDLs from alcoholic patients
(0.463±0.066, mean value±SD, n = 75) was significantly
higher than the mean Rf of LDLs from nondrinking controls
(0.396±0.046, n = 92). The relative mobility of LDL decreased
with time after abstinence from alcohol (Fig. 2) and was no
longer different from normal Rf of control samples after 2 wk
(Table II).

Reactivities between LDL samples and anti-KLH-AA IgG
or anti-KLH-HNE IgG. ELISA method was used to test
whether human LDL possessed oxidatively modified and/or
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Figure 1. Electromobility of human LDL. Agarose gel electrophoresis
was performed using Ciba Coming Electrophoresis System'". Each
lane contained 5 ug of protein. The running time was 90 min under
constant voltage (90 V) at RT. When finished, the gel was stained with
Coomassie blue to reveal protein bands. Lanes 1, 3, and 5 were LDLs
from three nondrinking control subjects. Lanes 2, 4, and 6 were LDLs
from three alcoholic patients. Two outside lanes (R) contained KLH,
which served as the reference protein.
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Figure 2. Effect of alco-
hol abstinence on the
electromobility of LDL.
Electrophoresis was per-
formed as in Fig. 1. Rela-
tive mobility (Rf) of
LDL was calculated by
arbitrarily setting the Rf
of KLH as 1.0. KLHwas
included in each gel and
run in parallel with LDL
samples. LDL samples
were obtained from alco-
holic patients upon ad-
mission to the hospital
(week 0) and then again
at 1 and 2 wk after absti-
nence from alcohol while
they remained in the hos-
pital.
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Figure 3. ELISA of human LDL. ELISA was

performed by coating 96-well ELISA plates
with human LDL samples (1 jigg/100 ytl) as

described in Methods. The first antibody used
was (A) rabbit anti-hemocyanin-HNE con-

jugate IgG; (B) rabbit anti-hemocyanin-ac-
etaldehyde adduct IgG; or (C) unimmunized

008'66144. sjrabbit IgG. Horizontal lines indicate the
mean value of each group (n = 21 ). Brackets

Alcoholics Controls indicate ±one standard deviation.

acetaldehyde-modified epitopes. When anti-KLH-HNE IgG
was tested, LDLs from alcoholic patients and the nondrinking
group showed OD4O of 0.741±0.510 and 0.375+0.309 (n = 21,
P < 0.01), respectively. WhenKLH-AA IgG was tested, LDLs
from alcoholic patients and the nondrinking group showed
OD405 of 0.312±0.216 and 0.194±0.108 (n = 21, P < 0.05),
respectively. Unimmunized rabbit IgG reacted very weakly with
human LDL, i.e., 0.135±0.029 for alcoholic patients and
0.106±0.033 for nondrinking control subjects, respectively
(Fig. 3 C). However, the reactivities with both anti-KLH-
HNEand anti-KLH-AA IgGs were somewhat scattered and
exhibited a substantial degree of overlapping between patients
and controls (Fig. 3, A and B).

Lipid peroxides in LDL. Lipid peroxides in LDL samples
were quantitated against the reference standard provided with
the assay kit purchased from Kamiya Biomedical Co. Results
are presented in Fig. 4. Except for a few alcoholic patients,
LDLs of alcohol drinkers did not exhibit markedly higher lipid
peroxides than LDLs of nondrinking subjects (P > 0.05). In
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fact, one control subject actually showed a higher level of LDL
lipid peroxides than the general population of alcoholic patients.

Plasma and LDL vitamin E concentrations. Vitamin E con-

tents in plasma and LDL were measured. A good correlation
between plasma and LDL vitamin E levels (R = 0.757, P
< 0.0001) was demonstrated (not shown). It was found that
plasma as well as LDL from alcoholic patients contained less
vitamin E (13.38±4.12 jig/ml in plasma and 6.99±2.09 Ag/
mg protein in LDL, n = 75) than those from normal controls
(16.65±4.86 sg/ml in plasma and 8.63±2.04 ,g/mg protein in
LDL, n = 92) (Table II and Fig. 5). Although relative mobilit-
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Figure 4. Lipid perox-

ides in human LDL.
Lipid peroxides were

measured by a colorimet-
II ric method using a com-
Alcoholic Control mercial kit as described
Patients Subjects in Methods.

2 4 6 8 10 12 14 16

Vitamin E (gg/mg LDL)

Figure 5. Correlation between electromobility and vitamin E content of
LDL. Data on electromobilities and LDL vitamin E contents were from
Table II. Correlation was determined by linear regression. (A) Alcoholic
patients upon admission (n = 75); (B) nondrinking control subjects (n
= 92). *indicates mean value±SD for vitamin E contents in LDL (P
< 0.001, alcoholics versus controls); Vindicates mean value±SD for
relative mobilities of LDLs (P < 0.001, alcoholics versus controls).
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Table III. LDL Effects on apo E Secretion and Macrophage
Cellular Cholesterol Contents

Source of LDL apo E secretion Cellular cholesterol

pg/mg protein per 24 h mg/mg protein

Controls (n = 28) 0.73±0.41 0.94±0.26
Alcoholic patients (n = 24) 2.12±0.82* 1.48±0.32*

Murine peritoneal macrophages were obtained by lavage of abdomen
cavity. Macrophages not exposed to LDL secreted apo E at a rate of
0.76±0.33 pg/mg protein per 24 h (n = 9) and they contained 0.81±0.30
mg cellular cholesterol/mg protein (n = 9) at the end of incubation.
Data shown in the table represent mean values±SD. Parentheses indicate
number of subjects in each group. * P < 0.001 vs controls.

ies of control LDLs exhibited a weak negative correlation with
their vitamin E contents when analyzed by linear regression (R
= 0.245, P < 0.05) (Fig. 5 B), no such correlation was found
with alcoholic LDLs (R = 0.077, P > 0.05) (Fig. 5 A). Further-
more, vitamin E contents in LDLs of alcoholic patients did not
return to control levels after 2 wk of abstinence from alcohol
even though LDL electromobilities did so (Table II).

Effects of LDL on apo E secretion by murine macrophages
and cholesterol contents in cells. Unstimulated murine perito-
neal macrophages secreted apo E at a rate of 0.76±0.33 jsg/mg
cell protein per 24 h (n = 9). As expected, the rate of apo E
secretion increased 6-7-fold to 4.95±1.28 ,g/mg cell protein
per 24 h after cells were incubated with Ac-LDL. When treated
with alcoholic LDL, macrophages secreted apo E at a rate of
2.12+0.82 ,ug/mg cell protein per 24 h compared with
0.73±0.41 1tg/mg cell protein per 24 h when treated with LDL
from nondrinkers (P < 0.001, Table [II). Cellular cholesterol
contents of untreated macrophages were found to be 0.81±0.30
mg/mg cell protein. Cellular cholesterol contents did not in-
crease significantly by incubation with control human LDLs
(0.94±0.26 mg/mg protein, n = 28, P > 0.05). On the other
hand, treatment with LDLs obtained from alcoholic patients
increased macrophage cholesterol contents to 1.48±0.32 mg/
mg protein (n = 24, P < 0.001, Table III). There was a good
correlation (R = 0.746, P < 0.001 ) between cellular cholesterol
contents and apo E secretion rates when murine peritoneal mac-
rophages were treated with human LDL (Fig. 6).

Correlations between LDL parameters and patients' physi-
cal characteristics. Correlations of chemical compositions of
LDL with the age of patients were analyzed by linear regression
and their correlations with the gender of patients (males versus
females) or serum AST levels (normal level versus elevated
level at > 40 U/dl) were analyzed by ANOVA(Table IV).
Correlations of electromobility, antigen recognition, and biolog-
ical activity of LDL (as measured by its ability to stimulate
apo E secretion by murine macrophages) with patients' age,
gender, or AST levels were also analyzed (Table V). The re-
sults of these statistical analyses showed that LDL parameters
measured in this study were neither age- nor gender-dependent,
nor were these parameters changed as the result of mild liver
injury present in some patients as indicated by elevated serum
AST activities.

Discussion
Because an elevation of serum HDL levels is thought to be
protective against atherosclerosis with moderate alcohol con-
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Figure 6. Correlation between cellular cholesterol contents and apo E
secretion by murine peritoneal macrophages treated with human LDL.
Peritoneal macrophages were obtained by lavaging the peritoneal cavity
of ICR mice. Cells were cultured and treated with LDL obtained from
alcoholic patients (0) and from nondrinking control subjects (0). Cor-
relation was determined by linear regression.

sumption (usually defined as one drink/d for women and two
drinks/d for men), there has been considerable interest in alco-
hol effects on HDL. Comparatively, alcohol effect on LDL is
inadequately studied. The report of the Cooperative Lipoprotein
Phenotyping Study by Castelli et al. (3) has described a consis-
tent observation that alcohol consumption was moderately asso-
ciated with an elevation of triglycerides and moderately to
strongly associated with a depression of LDL cholesterol. LDL
lipid profile presented in Table I is consistent with this trend.
Although our data suggested lower LDL protein contents in
alcoholic patients, the decrease was not statistically significant
(Table I). This result is in agreement with the finding of Huang
et al. (33) who reported no significant changes in serum apo B
in alcoholic patients before and after alcohol abstinence, but
differs from reports by others who reported a decrease in serum

apo B or LDL proteins (26, 34-36). However, it should be
noted that more alcoholic patients were included in the present
study than those mentioned above and therefore will influence
the outcome of statistical analysis.

Our experiments showed that LDL isolated from heavy
drinkers and alcoholic patients exhibited altered physical prop-

erties and, for the first time, demonstrated a change of LDL
biological functions by alcohol ingestion. When subjected to

Table IV. Correlations of Chemical Compositions of LDL
with Patients' Age, Gender, or ASTLevels

LDL chemical compositions

Protein Vitamin E Cholesterol Phospholipids Triglycerides

Age 0.247 0.800 0.555 0.205 0.915
Gender 0.694 0.983 0.829 0.725 0.317
AST 0.203 0.707 0.338 0.548 0.284

Correlations (P values) of LDL chemical compositions with age were
analyzed by linear regression. Correlations (P values) of LDL chemical
compositions with gender (males versus females) or AST (normal vs
> 40 U/dl groups) were analyzed by ANOVA.
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Table V. Correlations of Electromobility, Antigen Recognition,
and Biological Activity of LDL with Patients' Age, Gender,
or ASTLevels

LDL characteristics

Acetaldehyde Oxidatively Biological
Electromobility adduct modified epitope activity*

Age 0.264 0.906 0.519 0.391
Gender 0.748 0.619 0.589 0.380
AST 0.348 0.959 0.755 0.368

Correlations (P values) of LDL characteristics with age were analyzed
by linear regression. Correlations (P values) of LDL characteristics with
gender (males versus females) or AST (normal vs > 40 U/dl groups)
were analyzed by ANOVA. * Stimulation of apo E synthesis by macro-
phages.

electrophoresis on agarose gel, LDL of alcoholic patients mi-
grated faster toward the cathode than LDL from nondrinking
control subjects (Fig. 1, Table II) indicating a decrease in posi-
tive charge. A remarkable change in electromobility is noticed
when LDL is modified in vitro by acetylation or by incubation
with heavy metal ions, e.g., Cu2" or Fe2" (37), but not when
LDL is modified by incubation with phospholipase C (23). We
therefore searched for evidences of chemical modification in
human LDL by ELISA methods using antibodies that will spe-
cifically recognize either protein acetaldehyde adducts (25) or
oxidatively modified proteins, e.g., HNE adducts (26). The
reactivities of LDL samples from alcoholic patients with both
anti-KLH-AA and anti-KLH-HNE antibodies were signifi-
cantly higher than LDL samples from control subjects (Fig. 3).
However, a sizable overlap between alcohol and control groups
was seen with both antibodies. These data suggest that oxida-
tively modified and acetaldehyde-modified epitopes exist in
LDL fraction of many alcoholic patients as well as some non-
drinkers. The detection of acetaldehyde-modified LDL in alco-
holic patients is in agreement with Wehr et al. (21) who also
reported a small increase in anti-KLH-AA IgG reactivity in
alcoholic LDL. Wehr et al. used anti-KLH-AA IgG prepared
by using KLH incubated with acetaldehyde under conditions
different from ours (38). The oxidative modification in LDL
detected by our anti-KLH-HNE IgG most likely involves pro-
tein moieties of LDL because only low levels of lipid peroxides
were found in LDLs of most alcoholic and control samples
(Fig. 4). Ox-LDL in circulation has not been reported pre-
viously although it has been detected in atherosclerotic plaque
in humans and in rabbits by histoimmunological methods (20).
Nevertheless, we found poor correlations between electromobil-
ities of LDL samples and their reactivities with either anti-
KLH-AA or anti-KLH-HNE IgG. It should be pointed out
that we have demonstrated previously that, depending on the
conditions under which the immunogen (KLH-AA or KLH-
HNE) was prepared in vitro, antibodies raised against modified
proteins may recognize only certain types of epitopes (39).
Therefore, it is likely that additional epitopes (including other
oxidatively modified and acetaldehyde-modified epitopes) not
recognized by antibodies used in this study also exist in LDL.

Vitamin E is the major lipid-soluble antioxidant in plasma
lipoproteins (40). This antioxidant has been found to protect
LDL from lipid peroxidation in vitro and in vivo (41-43) and

its levels in plasma were reported to be negatively correlated
with the incidence of ischemic heart disease (44). Because our
data indicated the existence of Ox-LDL, vitamin E contents in
LDL fractions were measured. Similar to Girre et al. (45), we
found plasma vitamin E levels to be lower in alcoholic patients
(without severe liver disease) than those in nondrinkers (Table
II). We further showed that vitamin E contents of LDL were
proportionally lowered as in plasma by chronic alcohol drink-
ing. The vitamin E levels did not return to normal within 2 wk
after cessation of alcohol (Table H). Of note, only a very low
dose of vitamin E (30 IU/d) was routinely given as a vitamin
supplement to detox patients at Fairbanks Hospital. Amongnon-
drinking subjects, LDL electromobilities exhibited a weak but
significant negative correlation with vitamin E contents (Fig. 5
B). This finding is consistent with that of Tribble et al. (43)
who reported that oxidative susceptibility of LDL was related
to its vitamin E contents. However, no such correlation between
electromobilities and vitamin E contents in LDL of alcoholic
patients was seen (Fig. 5 A). Furthermore, we observed that
LDL electromobilities returned to normal even though LDL
vitamin E contents remained suppressed after 2 wk of absti-
nence from alcohol (Table II). Therefore, although some form
of oxidative modification(s) including HNEadducts has taken
place in LDL of alcoholic patients, the altered electromobility
is not a direct consequence of vitamin E deficiency that resulted
from heavy alcohol consumption. Perhaps the presence of acet-
aldehyde adducts (those detected by our antibody and those
undetected) obscures the expected relationship between LDL
electromobilies and LDL vitamin E contents.

Native unmodified LDL is taken up by hepatocytes and by
peripheral cells via LDL (apo B,E) receptors (14). Although
cholesterol is transported into cells concomitantly with LDL,
the amount of cholesterol accumulated in the cells remains low
because LDL receptors are downregulated by increases in cellu-
lar cholesterol contents ( 14). Modified LDL is known to exhibit
altered biological activities. For instance, LDLs modified by
acetylation or by incubation with Cu2" or Fe2" are taken up via
scavenger receptors and by some yet uncharacterized Ox-LDL
receptors ( 15-17 ). These receptors for modified LDLs are not
downregulated by increases in cellular cholesterol and cells
become overloaded with cholesterol ( 15 ). Resident peritoneal
macrophages can synthesize a very small amount of apo E
(46), but the synthesis of apo E is greatly enhanced when
macrophages take up Ac-LDL (47). Our recent study has dem-
onstrated that LDL modified by other means such as by incuba-
tion with Cu2" or Fe2" or by treatment with phospholipase C
also induces apo E synthesis and cholesterol accumulation in
macrophages (23). To test whether the in vivo modified LDL
found in alcoholic patients can stimulate apo E synthesis by
macrophages, isolated LDL samples from these patients were
incubated with murine macrophages. The results showed that
LDL samples from most of the alcoholic patients induced mac-
rophage apo E secretion (Fig. 6) by an average of threefold
over control subjects (Table III). Macrophages incubated with
patients' LDL samples also acquired higher cellular cholesterol
contents (1.5-fold) than cells incubated with LDL samples from
nondrinkers (Table III). Linear regression analysis of the data
showed a good correlation between apo E secretion rates and
macrophage cellular cholesterol contents after LDL treatment
(Fig. 6). However, our previous study (23) has demonstrated
that stimulation of apo E synthesis by LDLs modified by differ-
ent biochemical processes (i.e., acetylation, oxidation, and en-
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zymatic) does not always respond in parallel to cellular choles-
terol contents in rat peritoneal macrophages nor does it corre-
spond to de novo cholesterol synthesis. Thus, until further
experiments are carried out, it is uncertain whether these two
events (i.e., increased apo E secretion and accumulation of
cholesterol in cells) responding to the treatment of alcoholic
LDL samples are causally related. The effects on apo E synthe-
sis by macrophages and electromobilities of LDL showed a
tendency for a positive correlation but the correlation failed to
reach statistical significance (R = 0.25, P = 0.06). This ten-
dency is more or less expected because altered electromobilities
represent a crude index for chemical changes in LDL. The
effects of LDL samples on apo E synthesis by macrophages
also correlated poorly with the degrees of reactivities toward
either anti-KLH-AA or anti-KLH-HNE antibody. It is possible
that our antibodies used here may not fully recognize all the
epitope changes brought about by acetaldehyde adduct forma-
tion and oxidative modification in patients' LDL. Alternatively,
the poor correlation may indicate that only minimum biochemi-
cal changes in LDL are needed to stimulate macrophage apo E
secretion and that these small biochemical changes in alcoholic
LDL are below the sensitivity of detection by the ELISA
method. It is interesting to note that recent reports (48, 49) have
shown that LDL minimally modified by oxidation is capable of
inducing endothelial cells to secrete a high level of monocytic
chemotactic activity and to produce colony-stimulating factor.
Therefore it appears that a change in biological activity of modi-
fied LDL can be detected more readily than present methods
available to detect physical changes in LDL. The nature and
the extent of LDL modifications in alcoholic patients remain to
be fully elucidated. Our findings reported here represent only
an initial effort.

In summary, we report here that LDL of alcoholic patients
contains less vitamin E, is chemically modified in vivo, and
exhibits altered biological function. These changes may render
LDL in alcoholics more atherogenic. Our recent study (50)
has shown that HDL-apo Al levels are increased in alcoholic
patients. The more atherogenic LDL in alcoholic patients we
report here may overwhelm the antiatherogenic effects of in-
creased HDL-apo AI and thus would explain at least in part the
higher incidence of atherosclerosis in heavy alcohol drinkers.
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