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Effects of Ethanol on NF-kB Activation, Production of Myeloid Growth
Factors, and Adhesive Events in Human Endothelial Cells

Anne-Sofie M. Jonsson and Jan E. W. Palmblad Center for Inflammation and Hematology Research,
Departments of Medicine and Hematology, Karolinska Institute

at Huddinge University Hospital, Huddinge, Sweden

Because neutropenia may aggravate infections in alcoholics, effects of ethanol on the gen-
eration of myeloid growth factors by human umbilical vein endothelial cells (HUVECs) and
on interactions with neutrophils were examined in vitro. Exposure of HUVECs to ethanol
(0.01%–1%) dose-dependently inhibited (by 12%–27%) the release of stem cell factor, granu-
locyte-macrophage and granulocyte colony-stimulating factors (CSFs), or interleukin (IL)–8,
but not of macrophage CSF triggered by lipopolysaccharide (LPS) or IL-1. Ethanol also
inhibited the LPS-induced increase in HUVECs to bind neutrophils by 28% (without affecting
the expression of intracellular adhesion molecule–1 and E-selectin) and inhibited the trans-
location of the p65 subunit of NF-kB from the cytoplasm to the nucleus by 46%. Thus, exposure
of HUVECs to ethanol inhibited the generation of cytokines important for myeloid cell
development and reduced the adhesiveness of HUVECs for neutrophils: effects that are pos-
sibly linked to the reduced activation of NF-kB.

Ethanol abuse impairs host defense against microorganisms
[1]. Many studies have demonstrated an association between al-
coholism and pulmonary infections, such as those caused by
pneumococci and Klebsiella organisms. Alcohol-related infec-
tions also may become more prevalent and severe in trauma
victims [2]. The influence of alcohol on infection has been at-
tributed to effects of ethanol (or its metabolites) on phagocytic
cells. These effects include the inhibition of polymorphonuclear
leukocyte adherence to various substrates and of the generation
of superoxide ions by chemotaxis, as well as other bactericidal
functions of these cells [1, 3–7]. Such actions are linked to the
ability of ethanol to block the production of both intracellular
messengers by phospholipase D [8, 9] and cytokines and by its
inhibition of lipopolysaccharide (LPS)–induced signaling [10–12].

In addition to its impairment of phagocytic cell function, ef-
fects of ethanol on the number of such cells may contribute to
the severity of alcohol-related infections. Thus, neutropenia (and
thrombocytopenia), rather than the anticipated neutrophilia,may
occur in alcoholics during infections [13–17]. Although the
mechanisms of such actions remain unclear, a direct toxic effect
of ethanol or its metabolites on myeloid precursor cells may be
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a contributing factor [15]. Thus, administration of the myeloid
lineage-specific growth factor, granulocyte colony-stimulating
factor (G-CSF), can ameliorate alcohol-associated infections [11,
18]. This effect of G-CSF has been attributed to its ability to
increase the production of mature neutrophils and to enhance
the bactericidal functions of these cells.

Endothelial cells play an important role in host defense. The
expression of adhesion molecules (e.g., E-selectin, intercellular
adhesion molecule–1 [ICAM-1], and vascular cell adhesion
molecule–1 [VCAM-1]) and of activation molecules (e.g., plate-
let-activating factor, interleukin [IL]–1, tumor necrosis factor
[TNF], and IL-8) by these cells thus contributes to the extrava-
sation of leukocytes into infected tissues. Endothelial cells also
are an important source of myeloid growth factors, such as G-
CSF, granulocyte-macrophage CSF (GM-CSF), macrophage
CSF (M-CSF), thrombopoietin (TPO), and stem cell factor
(SCF), which are released in response to stimulation with LPS,
IL-1, or other agents [19–22]. The proximity of blood cell pro-
genitors to the endothelium in highly vascularized bone marrow
suggests that impairment of endothelial secretion of growth
factors might affect myeloid development.

We investigated the effects of ethanol in clinically relevant and
pharmacologic concentrations on the production of myeloid
growth factors by human endothelial cells and on the interaction
of these cells with neutrophils in vitro. Because human bone
marrow endothelial cells are notoriously difficult to grow in vitro,
we used human umbilical vein endothelial cells (HUVECs).

Materials and Methods

Materials. Chemicals and antibodies were obtained as follows:
LPS from Escherichia coli serotype O55:B5 (Sigma Chemical); IL-
1b (Boehringer Mannheim); IL-1a (R&D Systems); endothelial cell
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growth factor (Collaborative Research); fetal bovine serum,
HEPES, penicillin, streptomycin, RPMI 1640, PBS, and Hanks’s
balanced salt solution (HBSS; Life Technologies); collagenase (type
3; Worthington); ethanol (Kemetyl), acetone, and methanol (Apo-
teksbolaget); and polystyrene plates (96 and 24 well) and other
tissue culture plastic materials (TPP). All other chemicals were
obtained from Sigma.

We used murine monoclonal antibodies to E-selectin (33361A)
or to VCAM-1 (33351A; PharMingen) and to ICAM-1 (84H10;
Serotec). Rabbit polyclonal antibodies to human NF-kB subunits
p50 and p65 were from Calbiochem, horseradish peroxidase
(HRP)–conjugated goat antibodies to mouse immunoglobulin
(IgG) were from Bio-Rad, biotinylated goat antibodies to rabbit
IgG were from Vector, and HRP-conjugated porcine antibodies to
rabbit IgG were from Dako.

Alcohol concentrations are expressed as vol/vol percentages.
Thus, 1% ethanol corresponds to a 7.9 mg/mL solution, or 0.17
M. This pharmacologic concentration was used in most experi-
ments to detect an effect of ethanol. If such an effect was apparent,
we also examined lower ethanol concentrations (0.01%–0.5%) that
are relevant for mild-to-severe intoxication or abuse.

Endothelial cell culture and neutrophil isolation. HUVECs were
obtained, as described elsewhere [23], and were used for experi-
ments as confluent monolayers in the second or third passage.
Neutrophils were isolated from healthy donors by 1-step discon-
tinuous gradient centrifugation on Percoll (Amersham Pharmacia
Biotech), as described elsewhere [24]. Purified neutrophils (195%
purity and viability) were loaded with 2′,7′-bis(2-carboxyethyl)-5(6)-
carboxyfluorescein acetoxymethyl ester (BCECF-AM; Molecular
Probes) for assay of adherence, as described elsewhere [25]. We
treated HUVECs for 10 min with ethanol dissolved in HBSS con-
taining 1% fetal bovine serum, since previous studies with neutro-
phils indicated that all effects of ethanol were apparent within a
few minutes and were reversible by washing the cells [4, 5, 9]. Thus,
ethanol was present continuously during incubation with agonists.

Measurement of cytokine production by HUVECs. After in-
cubation of HUVECs with various agonists for 4 h, culture super-
natants and cells were harvested. The concentrations of cytokines
were determined by use of Quantikine assays (R&D Systems). To
compensate for differences in cytokine production among HUVEC
donors, we expressed cytokine concentrations relative to those de-
termined for LPS-stimulated cells. At the concentrations used in
the present study, ethanol had no effect on the cytokine assays.

Expression of endothelial cell adhesion molecules. The expression
of E-selectin, VCAM-1, and ICAM-1 on the surface of HUVECs
was examined by a modified cellular ELISA [26]. After treatment
with ethanol and stimulation with LPS (10 ng/mL) for 4 h, HUVECs
were fixed with 0.1% paraformaldehyde and were incubated for 1 h
at room temperature with 5% nonfat dried milk in PBS. Adhesion
molecules were labeled with specific monoclonal antibodies (1 mg/
mL) for 2 h and then for 1 h with HRP-conjugated secondary anti-
bodies. The cells were washed, and immune complexes then were
detected by incubation with TMB peroxidase substrate (Bio-Rad)
for 30 min, after which the reaction was terminated with sulfuric
acid, and absorbance was measured at 450 nm. Data are expressed
in arbitrary units and as a percentage of the level of adhesion mol-
ecule expression apparent in LPS-stimulated cells.

In vitro assay of neutrophil adherence. Adherence of neutrophils

to LPS-stimulated HUVEC monolayers was assessed, as described
elsewhere [25, 27]. After stimulation and washing, HUVECs were
exposed to BCECF-loaded neutrophils for 10 min. Nonadherent
neutrophils then were removed, and fluorescence of the adherent
cells was measured. We expressed the number of adherent cells as
a percentage of the total number of added neutrophils. The con-
tribution of possible interfering factors, such as neutrophil aggre-
gation, to the adherence assay was evaluated elsewhere [25, 27].
Thus, neutrophils were not exposed to ethanol.

Immunostaining of NF-kB. The staining of NF-kB was based
on a method described elsewhere [28]. HUVECs grown on glass
cover slips to confluence were incubated with ethanol and then
were stimulated with LPS, fixed in methanol, permeabilized with
acetone, and exposed to 3% H2O2. The cells were incubated with
1.5% normal goat serum for 20 min and then with antibodies to
NF-kB subunits p50 and p65. Immune complexes were detected
with a Vectastain ABC kit and DAB substrate for peroxidase (Vec-
tor). The cells were examined with an Olympus microscope, and
micrographs were scanned with a Jandel SigmaScan Pro instrument
for densitometric assessment of the ratio of staining between the
nucleus and cytoplasm. We analyzed �5 cells on each micrograph.

Immunoblot analysis of NF-kB in cytoplasmic and nuclear ex-
tracts. Extracts were prepared from HUVECs by a modified
miniextraction protocol [29]. Cells were harvested by centrifugation
and then were resuspended and incubated for 15 min in hypertonic
buffer A [29]. After the addition of 10% of the detergent Igepal
CA-630 to the suspension, nuclei were isolated by centrifugation
at 13,000 g, and the resulting supernatant was saved and frozen as
the cytoplasmic extract. The nuclear pellet was extracted in buffer
C [29]. After sonication, mixing, and centrifugation of the mixture
at 13,000 g, the resulting supernatant was saved and frozen as the
nuclear extract. Protein concentration of the extracts was measured
using the Bio-Rad protein assay.

Portions of cytoplasmic and nuclear extracts were fractionated
by SDS-PAGE on a 12% gel. The separated proteins were trans-
ferred electrophoretically to a nitrocellulose membrane (Bio-Rad)
and were stained consecutively with rabbit antibodies to the p65
subunit of NF-kB (1 mg/mL) and HRP-conjugated secondary anti-
bodies. Immune complexes were detected with an ECL kit (Amer-
sham Pharmacia Biotech), according to the protocol provided by
the manufacturer.

Detection of apoptotic cells. After stimulation, HUVECs were
labeled with Annexin-V-Biotin (Oncogene Research Products), and
�200 cells were assessed for fluorescence by UV microscopy. Apop-
tosis also was evaluated using the TUNEL assay (Boehringer
Mannheim). Stimulated cells were fixed with 2% formaldehyde,
were permeabilized with 0.1% Triton X-100 in 0.1% sodium citrate,
and were incubated with fluorescein-dUTP for the direct detection
of DNA fragmentation by flow cytometry.

Assessment of cell viability. HUVEC viability was assessed
before experiments or after incubation with ethanol. Less than 5%
of cells incubated with 1% ethanol for 4 h exhibited an altered
morphology or uptake of trypan blue, indicating that membrane
integrity was not disrupted under the experimental conditions of
the present study. Consistent with this conclusion, the amount of
lactate dehydrogenase released into culture supernatants was not
increased by experimental treatments.

Statistical analysis. Data are presented as for themean � SE
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Figure 1. Effects of ethanol on lipopolysaccharide (LPS)–induced release of granulocyte colony-stimulating factor (G-CSF; A), interleukin (IL)–8
(B), granulocyte-macrophage CSF (GM-CSF; C), and macrophage CSF (M-CSF; D) by human umbilical vein endothelial cells (HUVECs). HUVECs
were exposed for 10 min to indicated ethanol concentrations and then were incubated (in continued presence of ethanol) for 4 h, with (�) or without
(�) LPS (10 ng/mL), before cytokine concentrations were measured in culture supernatants. Data are ( –12), expressed as a percentagemean � SE n p 3
of corresponding values for LPS-stimulated cells not exposed to ethanol (see Results). P values (above columns) vs. 100% value.

indicated number of separate experiments. Each experiment was
done at least in duplicate and each assay at least in triplicate. Data
were analyzed by 1-way analysis of variance, followed by the New-
man-Keuls test for multiple comparisons with use of the Statistica
software package (Stat Soft). All analyses are based on �3 separate
experiments performed with HUVECs or neutrophils from different
donors.

Results

Cytokine production. Quiescent HUVECs released only rela-
tively small amounts of G-CSF, GM-CSF, and M-CSF (58 �

, , and pg/mL, respectively; –12) and of29 20 � 6 263 � 30 n p 4
TPO, SCF, and IL-8 ( , , and pg/mL,8 � 3 9 � 4 2638 � 1262
respectively; –6) into the culture supernatant. Exposure ofn p 3
cells to 0.01%, 0.1%, or 1% ethanol alone did not affect the release
of these cytokines (figure 1; data not shown). Treatment of cells
for 4 h with various agents revealed that LPS and IL-1b, but
not TNF-a, leukotriene B4, lipoxin A4, histamine, or H2O2 (at
concentrations of 100 ng/mL, 100 nM, 100 nM, 100 nM, and
10 mM, respectively), induced a substantial increase in G-CSF
release into the culture supernatant (to pg/mL with1130 � 140
LPS; ; vs. quiescent cells; data not shown). Ann p 12 P ! .01
incubation time of 4 h was chosen after data from preliminary
experiments and of previous studies [19, 30] suggested it would

be appropriate for the detection of both stimulation and inhi-
bition of G-CSF, GM-CSF, and IL-8 release.

The G-CSF response to LPS was dose dependent; it was
apparent at an LPS concentration of 1 ng/mL and maximal
(∼100-fold increase) at 40 ng/mL (figure 2). Higher concentra-
tions of LPS tended to exhibit a less than maximal effect on
G-CSF release and induced apoptosis, as determined by stain-
ing of cells with annexin-V (data not shown). Because the me-
dian effective dose of LPS was ∼10 ng/mL, we chose this con-
centration for most of the following studies. Similar
experiments suggested that an IL-1b concentration of 5 U/mL
was optimal for our experiments.

Exposure of HUVECs to ethanol for 10 min before incu-
bation with LPS (figure 1A) or IL-1b (data not shown) resulted
in a dose-dependent inhibition of stimulated G-CSF release.
Maximal inhibition (25%) of LPS-induced G-CSF release was
apparent at an ethanol concentration of 1%; a significant in-
hibitory effect (16%) also was apparent at 0.1% ethanol. The
percentage of inhibition of G-CSF release by 1% ethanol was
similar over a wide range of LPS concentrations (figure 2),
which suggests that the effect of ethanol is noncompetitive.

It is possible that ethanol impaired the actual secretion rather
than the synthesis of G-CSF by HUVECs, which would be
similar to the inhibition by ethanol of degranulation in poly-
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Figure 2. Effect of lipopolysaccharide (LPS) concentration on gran-
ulocyte colony-stimulating factor (G-CSF) release by human umbilical
vein endothelial cells (HUVECs) in absence (�) or presence (�) of
ethanol. HUVECs were incubated for 10 min in absence or presence
of 1% ethanol and then for 4 h (in continued absence or presence of
ethanol), with indicated concentrations of LPS. Culture supernatants
then were assayed for G-CSF. Data are means ( ).n p 2

Table 1. Effects of ethanol on the intracellular (cell homogenate)
and extracellular (culture supernatant) concentrations of granulocyte
colony-stimulating factor (G-CSF) for quiescent and lipopolysac-
charide (LPS)–stimulated human umbilical vein endothelial cells
(HUVECs) in vitro.

Ethanol, %

Quiescent cells LPS-stimulated cells

Supernatant Homogenate Supernatant Homogenate

0 68 34 1994 299
0.01 63 46 2270 281
0.1 45 46 1730 281
1 50 43 1356 258

NOTE. Data are mean picograms per milliliter ( ). HUVECs weren p 2
exposed to indicated concentrations of ethanol for 10 min and then were
incubated for 4 h (in continued presence of ethanol), with or without LPS (50
ng/mL). G-CSF concentration was determined in culture supernatant and cell
homogenate (diluted to same volume as culture supernatant).

morphonuclear leukocytes [5]. To investigate this possibility, we
also measured the amount of this cytokine in cell homogenates.
The amount of intracellular G-CSF in quiescent HUVECs was
only ∼50% of that released into the culture supernatant (table
1). Although LPS induced an ∼9-fold increase in the amount
of intracellular G-CSF, it increased the amount of extracellular
G-CSF by a factor of 29 in these experiments. However, al-
though it reduced the amount of G-CSF released into the cul-
ture supernatant of LPS-stimulated HUVECs in a dose-depen-
dent manner, ethanol did not markedly affect either the release
of G-CSF by quiescent cells or the amount of intracellular G-
CSF in quiescent or LPS-stimulated cells. Thus, most of the
G-CSF produced by HUVECs was released into the culture
medium, and ethanol affected only the LPS-induced increase
in this portion of total cellular G-CSF; thus, ethanol appeared
to inhibit the synthesis of this cytokine by HUVECs.

IL-1b induced a dose-dependent increase in total G-CSF pro-
duction (from for quiescent HUVECs to24.3 � 6.2 1215 �

pg/mL for cells stimulated with IL-1b at 5 U/mL). Ethanol173
(1%) reduced total G-CSF production (released plus intracel-
lular cytokine), in the presence of 5 U of IL-1b/mL, to

pg/mL (i.e., , of the value for696 � 72 mean � SE 65% � 6%
cells exposed to IL-1b alone; ; ). Thus, ethanoln p 4 P p .008
similarly affected LPS and IL-1b signaling pathways.

LPS induced an 8-fold increase in the release of IL-8 by
HUVECs (to ng/mL; ; , compared with21.2 � 3.5 n p 6 P ! .01
quiescent cells). However, although 1% ethanol inhibited LPS-
induced IL-8 release by 27%, 0.01% ethanol induced a small
(12%) but significant increase in LPS-stimulated IL-8 release
(figure 1B). As with G-CSF, most IL-8 produced by HUVECs
is secreted [30]. LPS also induced a 33-fold increase in the
release of GM-CSF by HUVECs (to pg/mL; ;668 � 65 n p 9

). This effect of LPS was inhibited by 18% in the pres-P p .01

ence of 1% ethanol (figure 1C). LPS about doubled the release
of M-CSF by HUVECs (to pg/mL; ; ).488 � 80 n p 9 P ! .01
However, in contrast to its effects on G-CSF, GM-CSF, and
IL-8 release, ethanol (1%) had no effect on LPS-induced M-
CSF release (figure 1D).

Incubation of HUVECs with LPS or IL-1b for 4 or 24 h had
no effect on the released or intracellular concentrations of TPO
or SCF ( and pg/mL, respectively, after 4 h;14 � 5 8 � 5 n p

and ). In contrast, incubation of cells with IL-1a (2 ng/3 n p 5
mL) for 24 h increased the concentration of SCF in the culture
supernatant to pg/mL, compared with pg/mL59 � 13 31 � 8
for quiescent cells ( ; ; ). IL-1a had nomean � SE n p 5 P ! .05
effect on TPO release. Ethanol at concentrations of 0.5% and
1% inhibited the IL-1a–induced release of SCF by 18% �

and , respectively ( ; for each).1.5% 11.8% � 2.3% P ! .05 n p 5
Neutrophil adhesion to HUVECs. We next investigated

whether the ethanol-induced inhibition of cytokine production,
particularly that of IL-8 (since IL-8 is an important activation
molecule that is coexpressed with E-selectin), by stimulated
HUVECs was associated with a reduction in the adhesion of
neutrophils to these cells. In our assay, the number of neutro-
phils that adhered to quiescent HUVECs was 1%–5% of the
total number of added cells and was not affected by exposure
of the HUVECs to ethanol (figure 3). Stimulation of HUVECs
with LPS for 4 h induced an ∼10-fold increase in the adhesion
of neutrophils. However, exposure of HUVEC monolayers to
ethanol resulted in a dose-dependent inhibition of LPS-induced
neutrophil adhesion: 18% and 28% at concentrations of 0.1%
and 1%, respectively.

Expression of adhesion molecules by HUVECs. To deter-
mine whether the ethanol-induced inhibition of HUVEC ad-
hesiveness was accompanied by a reduction in the extent of
adhesion molecule expression by these cells, we analyzed the
surface abundance of E-selectin, ICAM-1, and VCAM-1. Both
E-selectin and ICAM-1 are coexpressed with IL-8 in LPS-
stimulated HUVECs and are essential for the binding of neu-
trophils, whereas VCAM-1 mediates the binding by HUVECs
of other leukocytes. Quiescent HUVECs exhibited only a low
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Figure 3. Effect of ethanol (EtOH) on neutrophil (PMN) adhesion
to human umbilical vein endothelial cells (HUVECs). HUVECs were
incubated for 10 min with indicated EtOH concentrations and then
for 4 h (in continued presence of EtOH), with (�) or without (�)
lipopolysaccharide (LPS; 10 ng/mL). Cells were washed and were in-
cubated for 10 min with 2′,7′-bis(2-carboxyethyl)-5(6)-carboxy-52 � 10
fluorescein acetoxymethyl ester–loaded neutrophils, before the deter-
mination of percentage of adherent neutrophils. Data are mean �

( ). P value (above column) compares LPS-stimulated HU-SE n p 8
VECs not exposed to EtOH.

Table 2. Effects of ethanol on surface expression of adhesion mol-
ecules by human umbilical vein endothelial cells (HUVECs) in vitro.

Cell condition,
ethanol, %

Adhesion molecule expression, AU

E-selectin ICAM-1 VCAM-1

Quiescent
0 0.17 � 0.03 0.33 � 0.08 0.23 � 0.4
1 0.18 � 0.05 0.31 � 0.08 0.22 � 0.04

LPS stimulated
0 0.58 � 0.15 0.42 � 0.1 0.53 � 0.09
1 0.64 � 0.13 0.41 � 0.11 0.51 � 0.09

NOTE. Data are ( ), expressed as the percentage of cor-mean � SE n p 5
responding values for lipopolysaccharide (LPS)–stimulated cells not exposed to
ethanol. P not significant between ethanol-treated cells and controls. HUVECs
were incubated for 10 min in absence or presence of 1% ethanol and then for 4
h (in continued absence or presence of ethanol), with or without LPS (10 ng/
mL). Cell surface expression of E-selectin, intercellular adhesion molecule–1
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1) then was measured
(see Materials and Methods).

level of expression of E-selectin, ICAM-1, and VCAM-1
( , , and arbitrary units, re-0.17 � 0.03 0.35 � 0.08 0.23 � 0.04
spectively), and ethanol did not affect the expression of these
molecules. Stimulation of cells with LPS for 4 h induced 3.4-,
1.3-, and 2.3-fold increases in the abundance of E-selectin,
ICAM-1, and VCAM-1, respectively. However, unlike its effects
on IL-8 production and neutrophil adhesion, ethanol did not
markedly affect the LPS-induced expression of any of these 3
adhesion molecules (table 2). Thus, the inhibitory effect of eth-
anol on the ability of LPS-stimulated HUVECs to bind neu-
trophils does not appear to be attributable to a reduced ex-
pression of adhesion molecules. However, we cannot rule out
the possibility that ethanol affects the biologic activity of these
adhesion molecules.

NF-kB translocation in HUVECs. Given that NF-kB me-
diates the transcriptional activation of the genes that encode
G-CSF, GM-CSF, and IL-8 [31], we investigated the possible
role of this transcription factor in the ethanol-induced inhibi-
tion of the production of these cytokines by HUVECs. There-
fore, we examined the effect of ethanol on the translocation of
NF-kB from the cytoplasm to the nucleus.

We first examined the translocation of the p65 subunit of
NF-kB by immunostaining. In quiescent HUVECs, p65 was
detected in the cytoplasm but not in the nucleus (figure 4A).
Conversely, LPS-stimulated cells exhibited pronounced staining
for p65 in the nucleus, with minimal staining in the cytoplasm
(figure 4C), presumably reflecting the translocation of p65 from
the cytoplasm to the nucleus. Densitometric analysis showed

that the LPS-induced translocation of p65 to the nucleus was
time dependent; the effect of LPS (10 ng/mL) was apparent
after 30 min and maximal after 60 min (figure 5A). Similar
analysis revealed that the median effective dose for this effect
of LPS was 10 ng/mL (data not shown). Exposure of cells to
ethanol inhibited the LPS-induced translocation of p65 to the
nucleus by 46% (figure 4D and figure 5B); ethanol had no effect
on the subcellular distribution of p65 in quiescent cells (figure
4B and figure 5B). Immunostaining and densitometric analysis
with antibodies to the p50 subunit of NF-kB showed an in-
creased nuclear accumulation after LPS treatment (data not
shown). Ethanol (1%) reduced the LPS-induced translocation
of p50 to the nucleus by only 13% ( ).P 1 .05

Immunoblot analysis also revealed that most p65 in quiescent
HUVECs was present in the cytoplasmic fraction (figure 6).
Stimulation of cells with LPS resulted in a decrease of p65 in the
cytoplasmic fraction and a corresponding increase in the amount
of this subunit in the nuclear fraction. Exposure of cells to 1%
ethanol reduced the extent of these effects of LPS on the abun-
dance of p65 in the cytoplasmic and nuclear fractions.

Because these experiments suggested a relationship between
inhibition of NF-kB translocation and cytokine generation, we
assessed the effect of an NF-kB antagonist, pyrrolidine dithio-
carbamate (PDTC; 100 mM added 30 min before LPS stimulation
of HUVECs) on G-CSF release. PDTC caused a 54.6% reduction
( ), which suggests that NF-kB was essential for the reaction.n p 3

Apoptosis. To demonstrate that the apparent inhibition by
ethanol of cytokine release and NF-kB translocation in LPS-
stimulated HUVECs was not actually due to an ongoing apop-
totic process (which would not result in cytolysis detectable
with trypan blue or lactate dehydrogenase release), we assessed
the extent of apoptosis in the cell cultures. Incubation of HU-
VECs for 4 h with 1% ethanol in the absence or presence of
LPS did not increase the surface binding of annexin-V (table
3), which suggests that ethanol does not induce apoptosis in
these cells. This conclusion was verified by TUNEL assay, to
ensure that the effects of ethanol on membrane fluidity and
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Figure 4. Immunostaining analysis of effects of lipopolysaccharide (LPS) and ethanol (EtOH) on subcellular distribution of p65 subunit of
NF-kB in human umbilical vein endothelial cells (HUVECs). HUVECs were incubated for 10 min in absence (A and C) or presence (B and D)
of 1% EtOH and then for 1 h (in continued absence or presence of EtOH) with (C and D) or without (A and B) LPS (10 ng/mL). HUVECs
were examined by interference microscopy. Original magnification, �1000. HBSS, Hanks’s balanced salt solution.

phospholipid expression [32] did not interfere with annexin-V
binding. The TUNEL assay failed to detect apoptosis in etha-
nol-treated cells (data not shown).

Ethanol specificity. We also investigated the specificity of
the observed effects of ethanol by examining the effects of
methanol, propanol, and butanol on cell viability and G-CSF
release. These alcohols were chosen because they affect cell
membrane fluidity and exert osmotic effects [32]. At a concen-
tration of 0.1%, butanol and propanol each induced the de-
tachment of ∼25%–50% of HUVECs from the substratum. At
a concentration of 1%, methanol did not appear to affect the
morphology of HUVECs, and it inhibited the G-CSF release
induced by LPS (10 ng/mL) by ∼50%; the inhibitory effect of
ethanol also was ∼50% in this particular experiment (data not
shown). Thus, the short-chain alcohols methanol and ethanol
similarly impaired G-CSF release, whereas the cytotoxic action
of longer-chain alcohols prevented their further evaluation.

Discussion

Our results show that ethanol inhibits the release of G-CSF,
GM-CSF, and IL-8 induced by LPS in HUVECs. It also
inhibits the IL-1b–induced release of G-CSF and the IL-1a–
induced release of SCF by these cells. The inhibition of LPS-
induced cytokine release by ethanol was accompanied by in-
hibitory effects on both the nuclear translocation of NF-kB and
the ability of HUVECs to bind neutrophils. In contrast, the
LPS-induced release of M-CSF and the surface expression of
ICAM-1, VCAM-1, and E-selectin in HUVECs were not af-
fected by ethanol. Because endothelial cells do not express al-
cohol dehydrogenase, it is very unlikely that acetaldehyde, the
major metabolite of ethanol in vivo, mediates the in vitro effects
observed here. Also, because ethanol did not affect M-CSF
production elicited by LPS, and since LPS- and IL-1–induced
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Figure 5. Densitometric analysis of p65 translocation in human um-
bilical vein endothelial cells (HUVECs). A, HUVECs incubated for
indicated times in presence of lipopolysaccharide (LPS; 10 ng/mL) and
then immunostained with antibodies to p65 and densitometric analysis.
Nuclear:cytoplasmic ratio of p65 staining was determined (results are
expressed relative to value for zero time point). Data are means
( ). B, HUVECs incubated for 10 min in absence or presence ofn p 2
1% ethanol (EtOH) and then for 1 h (in continued absence or presence
of ethanol), with (�) or without (�) LPS (10 ng/mL), and analyzed
as in panel A. Data are ( ). P values (above bars) aremean � SE n p 3
for comparisons with cells not exposed to either ethanol or LPS (*) or
with LPS-stimulated cells not exposed to ethanol (**).

Figure 6. Immunoblot analysis of nuclear translocation of p65. Hu-
man umbilical vein endothelial cells were incubated for 10 min in the
absence or presence of 1% ethanol and then for 1 h (in continued absence
or presence of ethanol), with or without lipopolysaccharide (LPS; 10 ng/
mL), as indicated. Nuclear and cytoplasmic extracts (cytosols) then were
prepared and were subjected (10 mg of protein) to immunoblot analysis
with antibodies to p65. Data are for 1 experiment (repeated 3 times with
similar results). HBSS, Hanks’s balanced salt solution.

G-CSF release were similarly inhibited, it is unlikely that etha-
nol altered the physical state of LPS in the incubation medium.

Given that G-CSF promotes both neutrophil proliferation
and maturation and facilitates various functional responses of
mature neutrophils, the inhibition of G-CSF release by endo-
thelial cells may contribute to the increased incidence and
poorer outcome of bacterial diseases and to the neutropenia
associated with such infections in persons who abuse alcohol
[1, 2, 11, 13, 14, 16, 17, 33]. The inhibition by ethanol of GM-
CSF and SCF release may similarly contribute to the increased
susceptibility to bacterial infection that is associated with al-
cohol abuse. Although the inhibitory effects of ethanol on the
release of these myeloid growth factors were each relatively
modest and apparent only at the higher concentrations of etha-
nol examined, the combination of these actions might be of
clinical relevance. This conclusion is supported by the obser-

vation that ethanol intake markedly reduces the plasma con-
centration of G-CSF in rodents when the blood ethanol con-
centration reaches ∼300–350 mg/dL (∼0.4%) [34].

The inhibitory effect of ethanol on IL-8 production also
might contribute to the impairment of host defenses by alcohol,
given that this chemokine induces the release of mature neu-
trophils from the bone marrow and promotes neutrophil ad-
hesion to endothelial cells and the subsequent migration and
chemotaxis of these leukocytes to foci of infection [35]. In par-
ticular, the coexpression of E-selectin and IL-8 by endothelial
cells constitutes a powerful signal for neutrophils to attach to
the endothelial surface and activates them through specific IL-
8 receptors [30]. Our observation that ethanol inhibited neu-
trophil adhesion to LPS-stimulated HUVECs is consistent with
previous findings, that ethanol reduces the adherence of neu-
trophils to various surfaces [4]. The neutrophils were not ex-
posed to ethanol in our experiments, which suggests that the
inhibitory effect of ethanol was mediated only at the level of
the endothelial cells. Ethanol did not affect the surface ex-
pression by HUVECs of adhesion molecules that are thought
to play important roles in neutrophil adherence to LPS- or IL-
1b–stimulated endothelial cells. This lack of effect suggests that
ethanol exerts a selective action on cell signaling in HUVECs
that may or may not be related to the inhibition of phospho-
lipase D–dependent Ca2� transients [36].

In addition to adhesion molecule expression, the LPS-in-
duced release of M-CSF by HUVECs was resistant to ethanol
treatment. This observation suggests that different signaling
pathways underlie the effects of LPS on G-CSF, GM-CSF, SCF,
and IL-8 generation on the one hand and those on M-CSF
production and adhesion molecule expression on the other.
Since NF-kB mediates the transcriptional activation of G-CSF,
GM-CSF, and IL-8 genes [31] and previous data suggest that
TNF-a–induced M-CSF release is only partly, if at all, depen-
dent on NF-kB activation [37], we examined the effect of etha-
nol on the NF-kB signaling pathway. We showed that LPS
induces the translocation of both the p50 and p65 subunits of
NF-kB from the cytoplasm to the nucleus of HUVECs and that
ethanol inhibits this effect of LPS. Ethanol previously was
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Table 3. Effect of ethanol on apoptosis in quiescent
or lipopolysaccharide (LPS)–stimulated human umbili-
cal vein endothelial cells (HUVECs) in vitro.

Ethanol, %

Annexin-V binding, %

Quiescent cells LPS-stimulated cells

0 7 � 2 13 � 4
0.1 11 � 3 14 � 1
1 10 � 2 14 � 3

NOTE. Data are ( ) and correspond tomean � SE n p 2
no. of cells that bound annexin-V, expressed as the percentage
of total cells examined. HUVECs were incubated for 10 min in
presence of indicated concentrations of ethanol and then for 4
h (in continued presence of ethanol), with or without LPS (10
ng/mL). No. of apoptotic cells then was assessed by measure-
ment of annexin-V binding.

shown to inhibit the nuclear translocation of NF-kB and sub-
sequent cytokine production in rat alveolar macrophages, rat
Kupffer cells, and human monocytes [38–40]. In experiments
on A549 cells, we found that ethanol does not influence the
binding of NF-kB subunits to a transfected reporter gene or
the activity of a constitutively active CMV construct, which
suggests that the effects of ethanol occurred upstream of the
gene transcription steps (authors’ unpublished data).

The lack of effect of ethanol on LPS-induced expression of
adhesion molecules appears to be inconsistent with the ethanol-
induced inhibition of the nuclear translocation of NF-kB ob-
served in LPS-stimulated cells, since transcription of E-selectin,
ICAM-1, and VCAM-1 genes is thought to be activated by
NF-kB [31]. However, the specific signaling and transcriptional
activation mechanisms that underlie E-selectin, ICAM-1, and
V-CAM-1 expression probably differ from those responsible for
G-CSF, GM-CSF, and IL-8 expression. Thus, NF-kB appears
to interact with various other signaling and transcription fac-
tors, including components of the p38 pathway [12], NF-IL-6
[41], and AP-1 [42]. Moreover, the coactivators p300 and CBP
(CREB-binding protein) potentiate the ability of p65 to regulate
gene expression [43].

The inhibition by ethanol of G-CSF release from endothelial
cells, a major producer of myeloid growth factors in the bone
marrow stroma, also might be relevant to the beneficial effects
of exogenous G-CSF in ethanol-treated animals. Administra-
tion of G-CSF to such animals reduces mortality associated
with LPS-induced inflammation or bacterial infection [11, 18].
Thus, the immunosuppressive and anti-inflammatory effects of
ethanol might be of interest in relation to prevention of cardio-
vascular disease [44].
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