Life Sciences

3

ELVIE Life Sciences 67 (2000) 2795-2806

Ethanol inhibits IgE-induced degranulation and cytokine
production in cultured mouse and human mast cells

Mervi Toivari, Tiina MakFd Samuli Suutarfa Kari K. Eklund-b*

dnstitute of Biomedicine, Department of Medical Chemistry, PL 8, University of Helsinki, 00170 Helsinki, Finland
bDepartment of Internal Medicine, Helsinki University Central Hospital, Helsinki, Finland
‘Department of Clinical Chemistry, Helsinki University Central Hospital, Helsinki, Finland
dClinical Laboratory of Jorvi Hospital, Espoo, Finland

Received 8 October 1999; accepted 10 March 2000

Abstract

Activated mast cells (MC) can produce a wide variety of potent inflammatory mediators. Excessive
alcohol consumption is known to lead to immune deficiency and propensity for pneumonias in partic-
ular. As MCs are important in the first line of defence of mucosal membranes we have studied the
effect of ethanol (EtOH) on several MC functions. EtOH attenuated dose dependently IgE-induced de-
granulation of mouse bone marrow derived mast cells (IMBMMC) as reflected by the release of granule
associate@-hexosaminidasgd¢hex). A mean of 26- 7% inhibition of-hex release was observed in
the presence of 5%. (86 mM) EtOH and nearly complete inhibition in the presence of 20%. (344mM)
ethanol. The IgE-induced degranulation of mMBMMC cultured with EtOH for seven days was inhibited
to a similar degree as the degranulation of mBMMC exposed to EtOH for only one hour. Inclusion of
5%o (86 mM) ethanol in the medium reduced tumour necrosis factor (&N#ed interleukin (IL)-8
production in human mast cell line (HMC-1) cells by 55/% and 19+ 5%, respectively, and the
presence of 20%. (344 mM) ethanol inhibited the expressioh 82% and 5% 14% respectively.

These results suggest that, in contrast to previous assumption, ethanol inhibits several critical MC
functions at least in vitro. This inhibition of mediator, and cytokine release in particular, could contrib-
ute to the immune deficiency associated with chronic alcohol consumption. © 2000 Elsevier Science
Inc. All rights reserved.
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Introduction

Mast cells are bone marrow derived effector cells of the immune system which are found
abundantly in connective tissue, skin, mucosal membranes and in general in tissues interfac
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ing with the external environment. Recent findings implicate a role for MC, in addition to im-
mediate type of hypersensitivity reactions and defence against parasitic infections, also in de
fence against bacterial infections [1,2]. Activated mast cells can produce histamine, as wel
as a wide variety of other inflammatory mediators such as eicosanoids, proteoglycans, pro
teases, and several proinflammatory and chemotactic cytokines such as ifikfleukins
(IL)-4-IL-6, IL-8, IL-13 and transforming growth factor (TGB){3-5]. In contrast to other

cell types of the immune system, MC can store at leastd MFts granules and abundant
amounts of this cytokine can be released quickly upon MC degranulation. Mast cells are alsc
located in the vicinity of nerves and blood vessels and their activation has been shown to lea
into adhesion of leukocytes to endothelium and to leukocyte extravasation [6,7]. A significant
role for MC has been implicated in alcohol induced damage of gastric mucosa. Inhibition of
mast cell degranulation prior to alcohol administration has been shown to prevent the mu-
cosal damage [8]. Therefore it has been generally assumed that ethanol is a potent activat
of MC. However, it is not clear whether ethanol directly activates MC or induces the release
of some other MC activating factor, such as substance P or vasoactive intestinal peptide [9].

Alcohol abuse and chronic alcoholism are associated with increased frequency and sevel
ity of infectious diseases as well as with elevated incidence of tumours of for example gas-
trointestinal tract. These effects have been addressed to alcohol induced suppression of in
mune system and also to increased production of acetaldehyde in the colon by gut bacteri
[10]. Ethanol can impair several aspects of immune function, but the precise mechanism is
not known. Ethanol has been shown to down regulate cytokine and NO-release in lung alveola
macrophages [11], to inhibit lipopolysacharide (LPS) induced expression of inducible nitric
oxide synthase [12,13] and to suppress LPS stimulated production ofi.TRkthermore
ethanol suppresses lymphocyte activity [14,15] and up-regulates secretion of corticosteroid:
[16]. In contrast, an increase of NO production by Kupfer cells has been observed by chronic
administration of ethanol in the presence or absence of LPS [17].

MC are important in several aspects of initiation of inflammation, such as recruitment of
other immune cells to the site of infection. Therefore, to assess whether the ethanol-induce:
immune suppression could be related to inhibition of MC activity, we decided to study the ef-
fects of ethanol on the functions of MC that are important in initiating of inflammatory reac-
tion i.e. IgE-mediated release of preformed granule associated mediators, as well as the pre
duction of inflammatory and chemotactic cytokines, T&N&nd IL-8.

Methods
Cell culture

Mouse bone marrow derived mast cells (nBMMC) were generated by culturing bone
marrow cells from the tibias and femurs of 6—12 weeks old BALB/c mice (Animal facilities
of Helsinki University, Helsinki, Finland) for 2-5 weeks in enriched medium (RPMI-1640 con-
taining 10% FCS (Sigma Chemical Company, St. Louis, USA), 100 U/ml penicillin.d/ad
streptomycin, 0.1 mM nonessential amino acids, 2 mM L-glutamingM@-mercaptoeth-
anol) supplemented with 50% WEHI-3 cell (line TIB-68; American Type Culture Collection,
Rockville, MD) conditioned medium (WCM) [18] as a source of IL-3. Before isolation of
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bone marrow cells the mice were sacrificed by decapitation undeai@Sthesia and there-

fore the animals experienced no pain or suffering. The study was approved by the ethica
committee of the Institute of Biomedicine, Helsinki University. Every 7 days the nonadherent
cells were transferred into new flasks and suspended into fresh culture medium. Human ma:
cell line (HMC-1) has been established from the peripheral blood of a patient with mast cell
leukemia as described by Butterfiel et al. [19]. The cells were cultured in Iscove’s medium
supplemented with 10% FCS, 0.1 mM nonessential amino acids, 2 mM L-glutamine, 1.2 mM
monothioglycerol (Sigma).

Recombinant c-kit ligand (rKL) was produced in Cos cells by transiently transfecting the
cells by electroporation with artificially truncated KL cDNA (20). The activity of rKL was
determined as described previously [20] and was compared with the known amounts of rKL
(Immunex Corporation, Seattle). rKL containing cos cell supernatant was used at dilutions
giving maximal proliferative activity of mBMMC (1:10-1:6) corresponding to approxi-
mately 100-150 ng/ml of KL. In separate experiments the Cos cell supernatant at dilution of
1:5-1:10 was also shown to induce the expression of MMCP-4 gene as previously describel
[21] (data not shown). Ethanol used in experiments was 99.9% pure.

Activation of MC

For activation studies 3—6 weeks old mBMMC were sensitized for 2 h with anti-dinitro-
phenyl IgE (10 mg/ml) antibody (Sigma), cells were washed twice with PBS and resuspendec
at 1x 10° cells/ml in RPMI 1640 enriched media supplemented with 10% WCM. Thereafter
the cells were incubated in the presence of indicated EtOH concentrations for 30 minutes
prior to induction of degranulation by challenging them with dinitrophenyl-BSA (Sigma)
for 20 min. Cells were pelleted at4°C and cells and supernatants were analysed for
B-hexosaminidase3¢hex) activity as described [22].

IgE-induced activation of mBMMC was assessed also after prolonged (7 days) culture of
mBMMC in the presence of varying EtOH concentrations (0—5%o). At higher EtOH concen-
trations &20%0) the viability of the cells on day 7 was compromised and therefore their
effect was not studied. Fresh media with or without ethanol was changed daily. On day 7 the
number of viable cells was assessed by trypan blue exclusion and equal amounts were take
from ethanol treated and control cells. The cells that had been cultured in the presence c
EtOH were divided into two sets. One half of the cells were kept in the same ethanol concen:
trations and IgE-induced degranulation was assessed. The other half of the cells was washe
twice with media and resuspended into media without ethanol. Subsequently IgE-inducec
degranulation was assessed after 1 h incubation. Furthermore, the same concentrations
EtOH were added, 1 h prior to induction of degranulation, to the cells cultured without etha-
nol for 7 days.

To exlude the possibility that ethanol could interfere with the enzymatic actiishexk,
we took supernatants of activated mast cells, containing the relgdmeasaminidase, and
measured the enzymatic activity in the presence of different ethanol concentrations. In thes
experiments EtOH had no significant effect on the enzymatic activip+hax (data not
shown). The degranulation % was calculated by using following formula: stimulated release/
(stimulated release stimulated residual nonstimulated release/(nonstimulated release
nonstimulated residual).
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Next the effect of EtOH on cytokine production of HMC-1 cells was assessed. Varying
concentrations of EtOH were added 1 h prior to the addition of the activators and the cytok-
ine production was assessed after 24 h. As HMC-1 cells do not possess functional IgERI:
receptors on their plasma membranes, they were activated with a combination of phorbol 12
myristate 13-acetate (PMA) 50 ng/ml (Sigma) and calcium ionofore A2318M(Bigma).

These concentrations have been shown to result in optimal activation of HMC-1 cells [23].
A23187 was dissolved in EtOH resulting in final EtOH concentration of 0.2%. and PMA was
dissolved in DMSO with a final concentration of 0.05%. which did not affect the cytokine
production of HMC-1 cells (data not shown). Activation was performed in RPMI 1640 me-
dium in the absence of serum. THFand IL-8 were measured from the supernatants using a
commercial ELISA-method according to manufacturers recommendations (R&D Systems,
London, England). In experiments, where also intracellular &N¥as measured both cells

and supernatants were subjected to three freeze thaw cycles to release the intracellular TNF-
prior to ELISA-measurements. The viability of the cells was assessed by counting the trypan
blue excluding cells in the end of each experiment. Viability was not affected by the serum
free medium and was95% at 24 h. The presence of the combination of PMA and ionofore
resulted in a decrease of viability of the cells by 20-30% but the presence of EtOH did not
have any significant effect on the viability during the 24 h activation.

Cell proliferation

Mast cell proliferation was assessed by assayingHg fiymidine incorporation into
cellular DNA. 3-5 weeks old mBMMC were washed twice in enriched medium and incu-
bated for 24 h in the 96-well plates in enriched medium in the presence of different concen-
trations of EtOH and in the presence of rKL containing Cos cell supernatant at 1:6—1:10 dilu-
tions which gave in preliminary studies the maximum proliferation. EtOH was added 1 hour
after the addition of rkL. Cells were pulsed for 4 hours with 1 mC?éfThymidine (6.7
Ci/mmol, New England Nuclear, Boston, MA) after which nuclei were harvested onto glass
filter papers and washed with water using a cell harvester (Skatron, Norway). All the experi-
ments were done in triplicate. Incorporated radioactivity was determined by using liquid
scintillation counting.

Statistical analysis

The effect of increasing ethanol concentration was evaluated in each experimental serie
by analysis of variance (ANOVA) for repeated measurements. To compare differences be-
tween individual ethanol concentrations, two-tailed student’s T-test was performed.

Results
The effect of ethanol on IgE-mediated degranulation of mBMMC

As revealed by Fig. 1 a clear dose dependent attenuation of IgE-m@disedsaminidase
(B-hex) release from mBMMC by ethanol was evident. The degranulation % (see materials
and methods) of mMBMMC in the absence of EtOH was 50491 and in the presence of 5%o
(86 mM) ethanol 37.6 6.4. In 20%. (344 mM) ethanol, virtually no IgE-mediated release of
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Fig. 1. The IgE-induced and spontaneous releagehefxosaminidase from mBMMC in varying ethanol concen-
trations. Before addition of DNB-albumine to induce degranulation, mBMMC were incubated for one hour in the
presence of indicated ethanol concentrations. The degranulation % was calculated by using following formula:
stimulated release/(stimulated releasetimulated residual} nonstimulated release/(nonstimulated release
nonstimulated residual). (@ 4, meant SEM). In the IgE-induced release<p0.05 control vs. EtOH (5—20%o).

B-hex could be observed. The differenc@ihex release between control and ethanol treated
cells was statistically significant in the presence of 5%. and higher ethanol concentrations
(P < 0.05) No appreciable spontaneous releagelsx (<6.1%) could be observed in etha-

nol concentrations from 0 to 5%. (0-86 mM). However, at EtOH concentrations of 20%. and
50%0 (344 and 860 mM) a slight increase of spontan@elusx release to 11-13% was evi-
dent indicating that some membrane leakage or cell death may have occured at these hic
ethanol concentrations (Fig. 1). In two separate experiments the IgE-induced degranulatior
of MBMMC was assessed also in the presence of EtOH and 4-methylpyrazol (100 mM)
which is an inhibitor of alcohol dehydrogenase. Similar inhibition of degranulation by etha-
nol was revealed (data not shown).

The effect of the presence of EtOH for 7 days in the culture media of mMBMMC prior to in-
duction of degranulation was then studied. Fresh media containing 0—5%. (0—86 mM) EtOH
was changed daily and on day 7 the IgE-induced degranulation was assessed. As shown
Fig. 2 there was no difference between the IgE-induced degranulation of those cells that hal
been cultured in the presence of ethanol for 7 days compared to those mBMMC that were in
cubated with ethanol only for one hour prior to IgE-induced degranulation. This indicates
that chronic exposure to ethanol does not exert any additional inhibitory effect on the degran:
ulation capacity of the cells, nor does it lead into adaptation of the cells to the effects of
EtOH. Furthermore, if the cells that had been cultured in the presence of ethanol for sever
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Fig. 2. The IgE-induced degranulation of mMBMMC after 7 days of culture in the presence of varying concentra-
tions of ethanol. Media of all cultures was changed daily. On day 7 mBMMC were coated with anti DNB-IgE and
challenged with DNB-albumin (see Materials and Methods). Cells cultured in the absence of EtOH for 7 days and
EtOH was added 1 h prior to induction of degranulation (open squares). Cells kept in ethanol for 7 days afte
which degranulation was assessed (filled circles), cells cultured in the presence of EtOH for 7 days but washe
twice with PBS 2 h prior to induction of degranulation (filled squares) 8 meant SEM).

days were washed to remove EtOH and placed in media without alcohol, there was a ten
dency (n.s.) for the degranulation ability of the mBMMC to return closer to that of the con-

trol cells indicating that ethanol’s inhibitory effect on degranulation was at least to a certain
extent reversible.

The effect of ethanol on cytokine production of HMC-1 cells

The results on the effect of ethanol on the production of two important cytokines, the
proinflammatory TNFx and chemotactic IL-8, by activated HMC-1 cells are shown in Fig. 3.
Unactivated HMC-1 cells produced 4.3—10.9 pg/ml Td&per 1X 1(F cells but no detectable
amounts of IL-8 during a 24 h activation period. No increase of the production of THF-
IL-8 could be observed with either PMA (50 ng/ml) or ionofore A23187 (8 alone.
However, upon addition of both PMA (50 ng/ml) and A23187 ((\Mp, a clear increase of
TNF-a (98.3—475 pg/ml) and IL-8 (2610-4140 pg/ml) production was evident. In the pres-
ence of EtOH together with PMA and ionofore, a dose dependent suppression efardF-
to a lesser degree of IL-8 production could be observed. A statistically significant inhibition
of TNF-« production was observed in the presence of 1%. and higher EtOH concentrations
as compared to the control cells<p0.05, n= 4). Significant inhibition of IL-8 production
was observed at 10%0 and higher ethanol concentratiod(p5, n= 3). In the presence of
20%o (344 mM) EtOH TNFe and IL-8 production were inhibited by 81 12% and 5%+
14%, respectively.
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Fig. 3. The effect of ethanol on TNFand IL-8 protein production in HMC-1 cells. The cells were stimulated
with the combination of phorbolmyristoylacetate (50 ng/ml) and calcium ionophore A2318YMQ.%&thanol
was added 1 h before the addition of the activators and 24 h after the activation of the cellaffiNIE-8 were
measured from the culture media supernatants by using a commercial ELISA assay. Mean of fayrgit\F-
three (IL-8) separate experiments is showiSEM). For TNFe experiment, p< 0.05 control vs. EtOH%1%o),

for IL-8 experiment p< 0.05 control vs. EtOH%10%o).

To assess whether EtOH inhibits the production and/or secretion of cytokines we next stud-
ied simultaneously the effect of EtOH on intracellular as well as secretedxTidlFels in
HMC-1 cells. The HMC-1 cells were stimulated with the combination of Ca-ionofore and
PMA in the absence and presence of 10 and 20%. ethanol and both intracellular and secrete
TNF-a levels were measured 24 h later. As shown in Fig. 4 the unstimulated HMC-1 cells
stored very small amounts of TNFinto their intracellular granules. Upon stimulation the
amount of intracellular TNe increases to certain extent but the great majority of &N&-
secreted outside the cell. Importantly, the activation of the cells in the presence of ethanol dic
not result into intracellular accumulation of TNFinstead a decrease of the levels of intracel-
lular TNF« was seen concomitantly with the decreased levels of secreted Fdi€ating that
the inhibitory effect of EtOH is not caused by inhibition of the secretory machinery of the cells.

The effect of ethanol on proliferation of MC

To assess the effect of ethanol on proliferation, we studied the recombinant kit ligand
(rKL)-induced PH]Thymidine uptake of mBMMC. In previous studies rKL has been shown
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Fig. 4. The effect of ethanol on intracellular vs. secreted &Ni#vels in HMC-1 cells. The cells were stimulated

with the combination of phorbolmyristoylacetate (50 ng/ml) and calcium ionophore A2318YMQ.%&thanol

was added 1 h before the addition of the activators. &M&s measured 24 h later from both the cells (MC/cell)

and supernatants (MC/sup) in the presence and absence of ethanol. Mean of two separate experiments is sho
(=SEM).

to be a potent proliferation and maturation factor for mBMMC [21,24]. In the absence of rKL
no appreciable®H] Thymidine uptake by the mBMMC could be observed but in the presence
of rKL a pronounced uptake oH]Thymidine was evident (Fig. 5). The presence of 0.5-5%o
(8.6—-86 mM) ethanol had no clear effect on thd]Thymidine uptake. In higher ethanol
concentrations of 20%. and 50%. (344—-860 mM) an attenuation of 13.1% and 44.5% respec:
tively, of [*H]Thymidine uptake by mBMMC could be observed. In two other separate exper-
iments, EtOH was added 2-5 hours prior to addition of rKL but similar results were obtained.
In that case in the presence of 20 and 50%. EtOHt& fiymidine uptake of mBMMC was
inhibited by 4.8% (4.5-5.2%) and 25.5% (24.1-27%) respectively. This indicates that EtOH
does not interfere with the binding of rKL to its receptor c-kit.

Discussion

In this study we show that, in contrast to previous assumptions, ethanol clearly attenuate:
several important functions of mast cells. It suppresses the IgE-induced degranulation of
mBMMC and at relatively low EtOH concentrations (1-5%o), which had no effect on cell vi-
ability, inhibits the production of TNk-by HMC-1 cells. The inhibition of degranulation is
most likely due to ethanol and not to its metabolite acetaldehyde, as similar results were ob
served also in the presence of 4-methylpyrazol, an alcohol dehydrogenase inhibitor (data nc
shown). However, it should be noted that also other pathways for the oxidation of ethanol ex-
ist in addition to the alcohol dehydrogenase. The inhibitory effect of EtOH on MC degranula-
tion and cytokine production is unlikely to be caused by its effect on cell viability as up to
20%o of EtOH had no clear effect on the number of viable cells at 24 h nor did it have any
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Fig. 5. The rKL-induced®H]Thymidine uptake of mBMMC in the presence of varying ethanol concentrations.
EtOH was added 1 hour after the addition of rKL containing Cos cell supernatant (see materials and methods fo
details). Cells were pulsed for 4 hours with 1 mCi*bfiThymidine and the®H]Thymidine labeled nuclei were
harvested 24 h after addition of EtOH. Experiments were done in triplicate (h SEM).

significant effect on the incorporation ¢H]Thymidine. No significant intracellular accu-
mulation of TNFe (Fig. 4) in the presence of EtOH could be observed indicating that EtOH
does not signifcantly inhibit the secretion of TNFutside the cell. Therefore it seems most
likely that EtOH interferes with the signal transduction system of MC. However, also a
plasma membrane perturbating effect by EtOH has been suggested [25].

The strong inhibition of IgE-induced degranulation in the presence of EtOH is somewhat
surprising as it has been generally assumed that EtOH induces histamine release from ma
cells. For example the damage to gastric mucosa after alcohol ingestion has been shown to |
MC dependent and it could be prevented by stabilization of mast cells prior to ethanol inges-
tion [8,9]. However, inhibition of concanavalin A stimulated histamine release from rat peri-
toneal mast cells by EtOH has been reported and this inhibition was attributed to ethanol’s ef
fects on plasma membrane [25]. Modest increase in the unstimulated histamine release ¢
high ethanol concentration was observed in the present study and it is possible that mast cel
residing in gastric mucosa are exposed to even higher EtOH concentrations, which could re
sult into spontaneous histamine release. However, two alternative explanations are mor
likely. First, it is possible that the activation of MC in gastric mucosa is not directly caused by
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ethanol, but instead by some other MC activating factor, which is increased by ethanol. This
factor could be for example the neuropeptide substance P or vasointestinal peptide, which ar
both potent activators of MC and have been shown to be increased in gastric mucosa afte
alcohol ingestion [8,9]. Secondly, it is possible that acetaldehyde, the metabolite of EtOH,
could be responsible for activation of MC. This possibility is supported by the recent reports
on japanese patients with alcohol-induced asthma. These studies indicate that acetaldehyd
but not ethanol, inducdgsonchoconstriction which is associated with histamine liberation [26].

In addition, very recently acetaldehyde was shown to induce histamine release from rat perito
neal mast cells [27]. Further work on the effect of acetaldehyde on MC activation is being con-
ducted in our laboratory.

Compared to the 1 h exposure to EtOH, the presence of 0.5-5%. ethanol in the MC culture
media for seven days prior to IgE-induced degranulation, did not result into any additional
inhibition of MBMMC degranulation, nor did it result into adaptation of the cells to the in-
hibitory effect of EtOH. Removal of ethanol prior to induction of degranulation resulted in
increased capacity of MC to degranulate, indicating that the effect of EtOH is at least to a
certain extent reversible and that the effect is not due to toxicity of EtOH. During the culture
of mBMMC, ethanol containing, as well as the control medium was changed once a day anc
the evaporation of ethanol was not prevented. Therefore the EtOH concentrations in the cul
ture media varied somewhat. However, this type of variation of EtOH levels perhaps mimicks
better the blood levels of alcohol in persons consuming alcohol on a daily basis.

Relatively low EtOH concentrations (1-5%o) suppressed clearly didRd to a lesser de-
gree IL-8 production in HMC-1 cells. With regard to the imunosuppressive effect of EtOH
the inhibition of cytokine release is clearly more relevant than the inhibition of histamine re-
lease which was observed only at higher EtOH concentrations, rarely observed even in chroni
alcoholics. Several studies have been published on the effects of ethanol on cytokine produc
tion of various cell types [see 28]. An increase in the lipopolysacharide induced expression of
IL-1 and TNFe by EtOH in hepatic cells has been observed [29] and increased secretion
of IFN-gamma, TGFe and IL-6 was detected in psoriatic keratinocytes. On the other hand,
decreased production of IL-10 and T@Regether with increased production of ThFand
IL-1-beta, was found in monocytes treated with EtOH [30]. Inhibition of LPS inducedoT NF-
production in Kupffer cells by EtOH was shown to depend on the decreased NF-kappa B
transcription factor activation [31].

Alcoholic persons are known to be prone to bacterial pulmonary infections, tuberculosis,
bacteremia, peritonitis, endocarditis, and meningitis [32]. Granulocytopenia and thrombocy-
topenia are known complications of alcoholism and are attributed to bone marrow suppressiol
[33,34]. Ethanol has been shown to inhibit human T-cell proliferation in vitro [35]. Brayton et
al., [36] reported a slowed mobilization of leukocytes into traumatized skin, but the ability of
polymorphonuclear leucocytes to ingest or to kill bacteria remained intact. Macrophages
from peritoneum, alveoli and spleen of alcoholic rats expressed increased density of Fc re
ceptors but phagocytic function was clearly depressed [37]. Alcoholic rats were shown to
have lower TNFa activity in serum and bronchoalveolar fluid in response to LPS injection
[38], which is also in agreement with our present results.

To conclude, the anatomic location of mast cells in the interface between inner and outel
surfaces in skin and in mucosal membranes suggests a role for MC in the first line of immune
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defence. Indeed, recently mast cells have been shown to be important in addition to defenc
against parasitic infections also in host defence against bacterial infections [1,2]. Therefore
the clear attenuation of MC mediator release, T\&id I1L-8 in particular, could result in at-
tenuated recruitment of neutrophils in the presence of already relatively low ethanol concen-
trations and therefore in part explain the immune deficiency known to be associated with
chronic alcohol consumption. However, further studies are needed to establish the in vivo
significance of these findings.
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