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Drinking modulates monocyte migration in
healthy subjects: a randomised intervention
study of water, ethanol, red wine and beer

with or without alcohol

ARMIN IMHOFE ROZA BLAGIEVA, NIKOLAUS MARX, WOLFGANG KOENIG

Abstract
oderate alcohol consumption is associated with
Mreduced cardiovascular mortality compared to
non-consumption of alcohol and heavy drinking.
Experimental data suggest a direct effect of alcohol on ath-
erosclerotic lesion development. We assessed the effect of
consumption of moderate amounts of alcoholic and non-
alcoholic beverages on monocyte migration, a crucial step
in atherogenesis.
Forty-nine healthy men and women (aged 22-56 years)
were enrolled in this randomised controlled trial. After

(concentration 12.5%), beer (5.6%) or red wine (1 2
equivalent to 30 grams of ethanol per day (g/d) for ang
20 g/d for women, or to the same amount of de- ed
beer or red wine, or to water. Monocyte migrallgz/%ev
uated ex vivo using a modified Boyden chamber:

Intake of ethanol or de-alcoholised r e sig
ly reduced monocyte chemoattracta (
induced monocyte migration by 589 0
36% (p<0.05; n=7) and FMLP yl-m
phenylalanine)-induced migrti y 41@ .

36% (p<0.05), respectively: -1 @ I expression
was not affected by the %fﬂv Q
cytometry. A

protein-1
<0.05;

Short-term i oderate amounts of
ethanol and e%holised red wine inhibits monocyte
migration exé/% is might represent one mechanism by
which alcoholic’beverages lower cardiovascular risk.
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Introduction

Moderate aIcohéﬁake ha sistently been shown to be
associated w ri r fatal and non-fatal cardiovas-
cular dis D). sVWeen suggested that alcohol in
mode xQ S —i ition to exerting favourable changes
on bl t emostatic profile and insulin resis-

dipids, \%
é%{— ma %ﬁi anti-inflammatory mechanisms, thus
tially@ ulating atherosclerosis development.’
h

wash-out, participants were assigned to either ethanoQ\t
I

eros is an inflammatory disease, characterised by
ocalfgflarrmation in the vessel wall and a systemic immune
response.”*  Atherosclerotic lesions contain inflammatory
$ abundance; among them, monocytes/macrophages

al-\@ay a key role in the initiation and progression of athero-

ni cz:§

sclerosis.” Recruitment and migration of monocytes into the
arterial wall is a crucial step in early atherogenesis.*’

Acute and chronic alcohol consumption are known to
affect the innate immune system as well as the adaptive
immune response.”® Observational studies have shown
that moderate alcohol consumption is associated with
lower concentrations of inflammatory markers such as C-
reactive protein (CRP), fibrinogen, interleukin-6 (IL-6) and
white blood cell (WBC) count.”™ In experimental studies
using cell cultures and mouse models, alcohol treatment
inhibited leukocyte recruitment and endothelial cell acti-
vation during inflammation and infection in a dose-depen-
dent manner.” Moreover, in a short-term intervention trial
in eight men randomised to either red wine (with high con-
centrations of polyphenols) or gin (containing low concen-
trations of polyphenols), Badia et al. demonstrated
decreased tumour necrosis factor alpha (TNF-o)-induced
adhesion of human monocytes to endothelial cells ex vivo
with red wine and also, though to a lesser extent, pro-
nounced inhibition of adhesion after intervention with gin.
The authors hypothesised that ethanol and polyphenols
may act synergistically.” In in vitro studies, polyphenols
from red wine down-regulated expression of endothelial
cell adhesion molecules such as intercellular adhesion mol-
ecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1) on TNF-a-stimulated human umbilical cells as
well as lipopolysaccharide (LPS)-stimulated human saphe-
nous vein endothelial cells.” The effect of alcohol
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Table 1. Clinical and biochemical characteristics of study participants at baseline

Beer Beer (-) Wine Wine (-) Ethanol Water p value
Age [years] 40.5 (8.7) 35.3 (8.1) 39.7 (6.1) 40.3 (9.4) 38.0 (4.5) 34.8 (7.4) ns
BMI [kg/m2[ 23.3 (3.9 23.3 (5.0 229 (2.0 229 (2.4) 23.4 (2.3) 22.8 (3.5) ns
GCT [U/L] 28 (15) 21 (12) 13 (4) 26 (13) 30 (19) 22 (11) ns
AST [U/L] 26 (10) 22 (10) 18 (5) 21 (5) 23 (6) 27 (11) ns
ALT [U/L] 30 (11) 25 (15) 19 (7) 31 (15) 35 (21) 32 (19) ns

Key: BMI = body mass index; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma-glutamy! transferase; ns = not
significant; Beer/Wine (-) indicates de-alcoholised beer/wine. All parameters are expressed as arithmetic means (standard devietian)

consumption on monocyte migration has not been exam-
ined yet."” We sought to investigate the effect of short-term
moderate consumption of low-concentration ethanol, red
wine and beer with or without alcohol on monocyte
chemotaxis ex vivo. Furthermore, to evaluate potential
mechanisms by which monocyte migration might be mod-
ified, expression of monocyte chemoattractant protein-1
(MCP-1) receptor on monocytes and serum concentrations
of ICAM-1 and E-selectin were measured.

Methods
Study subjects
Forty-nine healthy men and women, non- smoke
22-56 years, were recruited by placard and adv

in local newspapers. They were consumers erat
amounts of alcoholic beverages (from one drln ee

to two drinks every day) and had a fangily \Qistory free o
alcohol dependencies. Pre-existing b, t%own I is-
ease was excluded by measuring liver enzymes

sion in the study. All participants eir nformed
consent to all procedures. Th was ved by the

local ethics committee. %

Study design

After a wash-out pe d of at |
were random| dted — stratified by age and gender — to
the following@tre{ventions over three weeks: ethanol (con-
centration 12.5%), beer (5.6%) or red wine (12.5%) equiva-
lent to 30 grams of ethanol per day (g/d) for men and 20 g/d
for women or the same amount of de-alcoholised beer or
de-alcoholised red wine (same brand) or pure water (control
group). The rationale for this study design was avoidance of
selection bias caused by preferences in drinking behaviour.
All participants were asked not to change their dietary habits
or habitual physical activity during the study period.
However, diet and physical activity were not predetermined
since this might have led to substantial effects on monocyte
migration which we would not have been able to control for.
The overall polyphenol content, measured spectrophoto-
metrically, of the beer and de-alcoholised beer was 169
mg/L and 171 mg/L, respectively. In the red wines, polyphe-
nol content did not differ and was 275 mg/L as measured by
high-performance liquid chromatography.

o weeks, participants

sed
é Ses.
Fast

/\ :
Clinical and laboratory. ments
At baseline, details of | consumption, dietary habits,

medical history and er sociodemographic parameters

were obtained tandar d\interview. From the body
height (accur cm % dy weight (accurate to 1 kg),
body m alculated. At each visit, symp-

toms matory processes and infections
such a(éer or antibiotic therapy were carefully
7%\! the participant was excluded from

d was collected from the antecubital vein
Ject in a sitting position, with minimal suction
t term occlusion. Plasma and serum were obtained
ored within 90 minutes at -80°C until analysis. All lab-
a ory analyses were done in a blinded fashion. Monocytes
were freshly isolated from drawn blood of each participant
before and after intervention using serial Ficoll/Pecoll gradi-
ent centrifugation, as described previously.” Cells were cul-
tured for 16 hours in RPMI-1640 media supplement with
0.5% human serum to become quiescent after isolation. The
purity of the cell type was > 95% as determined by flow
cytometry analysis. Monocyte chemotaxis was assayed
under serum-free conditions in a 48-well microchemotaxis
chamber (Receptor Technologies Ltd., Adderbury, Oxon,
UK). Wells in the upper and the lower chamber were sepa-
rated by a polyvinylpyrrolidone-free polycarbonate mem-
brane (pore size 5 um; Costar). This membrane was coated
with collagen type 1 and incubated in serum-free RPMI
media for 1 hour at 37°C. MCP-1 (Monocyte chemoattrac-
tant protein-1) (1 nM) or FMLP (N-formyl-methionyl-leucyl-
phenylalanine) (1 nM) were added into the lower chamber
and monocytes at a density of 5x105/ml were then added
into the upper chamber. Cells were incubated for three
hours; subsequently, migrated cells on the bottom face of
the filter were stained and counted. Cells were counted in
five random high-power fields per well and counting of
migrated cells was blinded to the type of intervention.
Monocyte CC chemokine receptor (CCR)-2 (MCP-1 recep-
tor) expression was determined by standard flow cytometry,
as described previously."” Plasma concentrations of ICAM-1
and E-selectin were measured by ELISA (R&D Systems,
Wiesbaden, Germany) before and after intervention. At
each visit, liver enzymes were measured the same day

W|th
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Figure 1. Effect of moderate consumption of alcoholic and
corresponding non-alcoholic beverages on monocyte
migration ex vivo. Data are expressed as mean fold induction
before and after intervention using MCP-1 (1a) or FMLP

(1b) to induce migration
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Figure 2. Ethanol solution inhibited MCP-1-induced
monocyte migration in vitro in a dose-dependent manner.
Data are expressed as mean fold induction and SEM.
Inhibition of induction was statistically significant for ethanol
0.5%. (*p<0.05)
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ses

subjects* Six individuals from the original sample were

ed from the analysis because migration of monocytes

<Q\ atistic%a
C> Eachge ention group contained between six and eight

vivo before intervention was insufficiently inducible by

\ ( g
&\ CP-1 and by FMLP. Descriptive data are expressed either

> as means together with their standard deviation or as num-
bers and proportions. Chemotaxis of monocytes induced
either by MCP-1 or FMLP, MCP-1 receptor expression, con-
centration of TNF-a and HDL-C were compared before and
after intervention by Student’s paired t-test or Wilcoxon
signed-rank test, as appropriate. All tests performed were
two-sided, and a p-value <0.05 was considered statistically
significant. All computations were performed using SAS soft-
ware, Release 8.2 (SAS Institute Inc., Cary, NC, US).

Results

Forty-two individuals completed the study protocol.
Compliance was excellent according to self-report and
counting of empty bottles returned. Baseline clinical and
biochemical characteristics of the study participants are pre-
sented in table 1. Mean age, BMI and baseline concentra-
tions of liver enzymes did not differ between groups.

Ex vivo and in vitro monocyte migration

The mean value of MCP-1-induced monocyte migration was
1.82-fold compared to unstimulated cells, with no significant
differences between groups at baseline. After three weeks,
ethanol consumption reduced MCP-1-stimulated migration
from a 1.78-fold induction before to a 0.75-fold induction
after intervention, p<0.05 (58% decrease). Similarly, con-
sumers of de-alcoholised red wine exhibited a significant
reduction in MCP-T-induced monocyte migration, with a
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Figure 3. Serum/plasma concentrations of E-selectin, ICAM-1
and HDL-cholesterol before and after intervention. (*p<0.05)
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decrease from a 1.96-fold to a 1.25-fold induction (36%
decrease, p<0.05). None of the other interventions signifi-
cantly affected monocyte migration (figure 1a).

To determine to what extent the effects observed might
be due to a reduction in monocyte MCP-1 receptor expres-
sion, we assessed CCR2 cell surface expression by flow
cytometry in a subset of individuals. CCR2 expression was
similar in all groups (data not shown).

Next, we examined whether the inhibitory effect of
ethanol and de-alcoholised red wine depended on the stim-
ulus employed and performed similar experiments using
FMLP as an inducer of cell migration. The observed inhibi-
tion was also statistically significant for consumption of

ethanol (2.37-fold induction before and 1.40-fold induction
after intervention, p<0.05) and de-alcoholised red wine
(2.17/1.39, p<0.05) (figure 1b). After consumption of beer,
de-alcoholised beer and wine, induction was also reduced
but did not reach statistical significance. These data suggest
that both ethanol and de-alcoholised red wine directly inter-
fere with monocyte migration, independent of the inducing
stimulus.

In vitro experiments using monocytes from healthy blood
donors confirmed the direct inhibitory effect of ethanol on
monocyte migration. In vitro treatment of human monocytes
with ethanol significantly diminished MCP-1-induced cell
migration in a concentration-depgadent manner, with a
maximal reduction at 0.5% etha@m) (figure 2).

Metabolic effects

Red wine consumption &i
there was only a nonui
HDL-C levels in_eth

ntly increased HDL-C, while
Micant trend towards increased
*consuming individuals (figure 3).
Interestingly, b id notct HDL-C concentrations
and in con (¢onsyrfiipg Wvater) HDL-C substantially

decreased§\jfditating./ai efféctive study design and good
adher@ arti%« to the study protocol.

N\

sion Mo
thatn | modulates inflammatory cell activation,
<% e nex%i ned the effect on inflammatory biomarkers
[

repré%t g endothelial function. Consumption of alcoholic
ans noh-alcoholic beverages did not decrease E-selectin

ntrations. In fact, after consumption of red wine, plas-

<</2 N @a concentrations of E-selectin increased significantly. After

intervention with red wine, de-alcoholised red wine and
ethanol, ICAM-1 concentrations substantially decreased but
this fall was not seen in those drinking beer. ICAM-1 con-
centrations also decreased in the control group but the
observed changes were not statistically significant (figure 3).

Moreover, serum concentrations of TNF-a, a known
stimulus of monocyte adhesion to endothelial cells, tended
to be lower after intervention compared to baseline among
those consuming ethanol (mean difference -0.49 pg/ml), red
wine (-1.38 pg/ml), de-alcoholised red wine (-0.27 pg/ml)
and beer (-0.66 pg/ml) but increased among those consum-
ing de-alcoholised beer (0.79 pg/ml). None of these changes
reached statistical significance.

Discussion
In this open, randomised intervention study over three
weeks we found a statistically significant inhibitory effect on
ex vivo migration of monocytes after ethanol and de-alco-
holised red wine. Monocyte MCP-1 receptor expression was
not affected by any of the interventions, indicating that other
factors, including modification of intracellular pathways,
might be responsible for the effects seen. No significant
changes in serum concentrations of ICAM-1, E-selectin and
TNF-a, except for an increase of E-selectin in the red wine
group, were seen after intervention compared to baseline.
Monocyte recruitment and migration into the arterial
wall represent crucial steps in early atherosclerosis since
these cells orchestrate the inflammatory response in the
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