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Abstract

Fetal exposure to alcohol can lead to extensive pathology in the CNS causing fetal alcohol syndrome or alcohol-related
neurodevelopmental disorder. Our previous research has revealed that alcohol has detrimental effects on development of
neurons and glial cells, including microglia. However, the effects of alcohol on microglial function as well as interactions
between microglia and neurons remain relatively unexplored. Microglia produce immunomodulatory cytokines and
chemokines that directly control the survival, development, and function of neurons and glia. In this study, mouse N9
microglial cells were treated with 0.5% (w/v) ethanol for 12-48 hr with or without subsequent challenge with the cellular
activator lipopolysaccharide. Microglial expression of the cytokines IL1,IL6,IL10, IL12, TNFcc, IFNy, and MIF,and the
chemokines MCP-1, MIP-loc, MIP-1p, MIP-2, IP-10, TCA-3, and RANTES was quantified by ribonuclease protection assay
of cellular RNA. The mRNA levels of MIP-1P, MlP-la, and MCP-1 RNA were increased 94% (p<0.05), 23%, and 38%
(p<0.05), respectively, after 12 hr exposure to ethanol. Increased expression of MIP-ip,MlP-la,and MCP-1 mRNA was also
observed following 24 and 48 hr treatment with ethanol, but the changes were less significant. The mRNA levels of other
chemokines and cytokines were not altered significantly under these conditions. These findings suggest that alcohol exposure
may alter microglial expression of chemokines within the CNS. MIP-1 and MCP-1 are involved in synaptic development,
neuronal maturation and signal transduction, neuronal and glial migration, and angiogenesis in the developing CNS.
Increased levels of these chemokines may cause immune cell infiltration and neuroinflammation, with detrimental
consequences for neuronal function and survival. Thus, alcohol-induced increase in MIP-1 and MCP-1 may impair neuronal
function and survival and contribute to the neuropathology associated withfetal alcohol exposure.

Introduction

Fetal exposure to alcohol can lead to extensive
pathology in the central nervous system (CNS), causing
mental retardation, behavioral problems, and other
developmental neural defects that are associated with fetal
alcohol syndrome and alcohol-related neurodevelopmental
disorder (Meyer et al., 1990; Mattson et al., 1994; Riley et
al., 1995; Stratton et al., 1996). It is well established that
alcohol pathogenesis during CNS development involves
significant neuropathology and neuronal loss (for example,
Bauer-Moffett and Altman, 1977; Pierce et al., 1989;
Sonthius and West, 1991; Hamre and West, 1993; Napper

and West, 1995; Pierce et al., 1997; Light et al., 2002).
iowever, the mechanisms underlying the neuropathology

are not well understood, and the effect of alcohol on
nteractions between neurons and glia that control neuronal

development, survival and function are relatively
unexplored. In particular, the effects of alcohol on
microglia, the resident immune cells in the brain that exhibit
Doth protective and toxic effects on neurons, merit
nvestigation. Our research has revealed that alcohol has
letrimental effects on microglia proliferation, survival, and

maturation and that microglia may be more sensitive to

alcohol than other neural cells (Kane, 2001). Thus, alcohol
may disrupt microglial function or disrupt interactions
between neurons and microglia and consequentially
contribute to the neuronal pathology associated with fetal
alcohol exposure.

The potential relationship between the neuronal
pathology associated with alcohol exposure and microglial
expression of secreted proteins, including cytokines and
chemokines, has not been previously explored. Cytokines
and chemokines are regulatory proteins secreted by many
cell types and are best known for their ability to act as
immune mediators. Within the CNS, cytokines and
chemokines can regulate neuronal and glial proliferation,
differentiation, function, survival, and death (reviewed in:
Ransohoff and Benveniste, 1996; Bajetto et ah, 2002). They
play essential roles in CNS development and are involved
in maintenance of CNS homeostasis. In addition, they
mediate neuroinflammatory processes and are involved in
neuroinflammatory disorders, such as multiple sclerosis,
Alzheimer's disease, and acquired immunodeficiency
syndrome-associated dementia (see above reviews).

The thrust of this investigation included analysis of
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alcohol effects on the levels of mRNA encoding cytokines
and chemokines that can be secreted by microglia,
including the cytokines interleukin (IL)-l,IL6,IL10, IL12,
tumor necrosis factor-a (TNFa), interferon-y (IFNy), and
migration inhibitory factor (MIF), and the chemokines
monocyte chemoattractant protein-1 (MCP-1), macrophage
inflammatory protein (MlP)-la, MIP-10, MIP-2, IFNy
inducible protein (IP-10), thymus-derived chemotactic
agent- 3 (TCA-3), and regulated on activation normal Tcell-
expressed and secreted (RANTES). IL1(3, IL6,and IL10
can enhance survival (Plata-Salaman, 1991; Patterson, 1992;
Mehler and Kessler, 1994; Mehler and Kessler, 1995), and
IL6,IL12, and IFNycan promote maturation (Barish et al.,
1991; Mehler and Kessler, 1994; Mehler and Kessler, 1995),
of neurons or neuroblasts. IL1and TNFa can upregulate
other cytokines, stimulate glialproliferation (Ransohoff and
Benveniste, 1996; Oppenhheim and Feldman, 2001), and
induce neuroinflammatory processes (Korner et al., 1997;
Probert et al., 1997). The chemokine RANTES can
promote migration, survival and differentiation of neurons
(Bolin et al., 1998; Meucci et al., 1998) and stimulate
proliferation and survival of astrocytes (Bakhiet et al., 2001).
RANTES, MIP-1a, MIP-2 and MCP-1 can regulate
synaptic development and neuronal signal transduction
(Giovanelli et al., 1998; Meng et al., 1999; Meucci et al.,
1998). RANTES is chemotactic to monocytes and
lymphocytes (Bukara and Bautista, 1999). MlP-la and
MCP-1 are chemotactic to astrocytes (Heesen et al., 1996;
Tanabe et al., 1997). TCA-3 is chemotactic to microglia and
macrophages (Hayashi et al., 1995).

Alcohol can either suppress or amplify the production
of cytokines and chemokines inperipheral monocytes and
macrophages (Szabo et al., 1995, 1998; Arbabi et al., 1999;
Bukara and Bautista, 1999; Zhang et al., 2001). Because
microglia are derived from monocytes that migrate into the
developing CNS (Hickey et al., 1992; Ling and Wong,
1993), alcohol may also alter microglial production of
cytokines or chemokines. There are few reports in the
literature regarding the effects of alcohol on the expression
or secretion of chemokines or cytokines within the CNS.
Alcohol was shown to reduce TNFa expression induced by
hormones (DeVito et al., 1996) or injury (Liao et al., 2003)
inmixed glialcultures. Decreased levels ofIP-10 (Ren et al.,
1999; Davis and Syapin, 2004) and MCP-1 (Thibault et al.,
2000) were reported in cultured astrocytes and
neuroblastoma cells, respectively. Increased levels of IP-10
chemokine mRNA have been suggested ina rodent model
of fetal alcohol exposure (Yang et al., 2002). To our
knowledge, there are no reports of the effects of ethanol on

chemokine or cytokine mRNA or protein expression by
microglia. Because changes in expression of these proteins
may contribute to the neural pathology associated with
prenatal exposure to alcohol, the specific effects of alcohol
on cytokine and chemokine mRNA expressed bymicroglia

were explored in the present study.

Materials and Methods

Mouse N9 Microglia Cell Cultures. -Cultures of the
mouse N9 microglia cell line, provided by Dr. Paola
Ricciardi-Castagnoli, Cellular Pharmacology Center,
Milanon, Italy, (Righi et al., 1989; Corradin et al., 1993)
were plated in 25 cm 2 culture flasks (Corning) containing
Minimum Essential Medium with Earle's salts and L-
Glutamine (Cellgro, Cat. No. 10-010-CV) with 10% fetal
bovine serum (Gibco), penicillin (100 units/ml, Gibco), and
streptomycin (100 ug/ml, Gibco) and incubated at 37°C ina

5% CO2:95% air atmosphere. Cells were sub-cultured
routinely to maintain 25-80% confluence.

Treatment ofN9 Cells with LPS and Ethanol. On the
day of the experiment, the medium in each flask was

replaced with fresh medium as described above except
containing 1% fetal bovine serum and, if indicated, 0.5%
(w/v; 110 raM) ethanol. This concentration of ethanol has
been shown to produce significant microglial cell death in
culture (Yang et al., 1999). Flasks with or without ethanol
were equilibrated with 5% CO2:95% air, sealed to prevent
ethanol evaporation, and incubated for 12, 24, or 48 hr at

37°C. After 12, 24, or 48 hr, 1 fig/ml of bacterial
lipopolysaccharide (LPS, Escherichia coli serotype 026:B6;
Sigma, St. Louis, MO) was added to the indicated flasks.
The flasks were resealed and incubated for 4 hr, at which
time RNAisolation was performed.

RNA Isolation and RNase Protection Assay (RPA).-
Total RNA was extracted from the mouse N9 microglia
cultures using Trizol reagent (Invitrogen) according to the
manufacturer's instructions. Chemokine and cytokine
mRNA expression inmouse N9 microglia was examined by
RPA with the RiboQuant RPA kit and mCK-5c and custom
(mCK-2b + TNFa) multiprobe template sets (BD
PharMingen). The mCK-5c and custom template sets
contained probes for the housekeeping genes L32 and
GAPDH, which served as internal controls for the assay.
Probes were labeled with [a-33P] UTP (Perkin Elmer),
resulting in an average specific activity of 5 x 10' cpm/ul.
RPA was performed according to the manufacturer's
instruction using 5 ug of total RNA per sample. Products
were resolved on a 6% acrylamide gel, dried, and exposed
to film (Kodak) for varying periods of time. Densitometric
analysis was performed using Alphalnnotech Chemilmager
software. Expression of each chemokine and cytokine was
normalized to the expression of the housekeeping gene
GAPDH ineach sample. GAPDH mRNA levels remained
constant under the treatment conditions used in this
experiment.

Data Analysis. -The experiment was performed three
independent times, and the results were expressed as a
mean + SEM of the three experiments. Differences in
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Table 1: Chemokine mRNA expression was determined by RPA analysis. The optical density of each band was determined.
Expression ofeach chemokine was normalized to the expression of the housekeeping gene GAPDH in the same sample. All
data are presented as the mean of the normalized density ± SEM for three independent experiments, nd =not detectable.

12-hr Ethanol Treatment Group 24-hr Ethanol Treatment Group 48-hr Ethanol Treatment Group
Chemokine Control Ethanol LPS Ethanol + Control Ethanol LPS Ethanol + Control Ethanol LPS Ethanol

LPS LPS +LPS
RANTES nd nd 0.44 0.43 nd nd 0.55 0.49 nd nd 0.35 0.30

±0.07 ±0.05 ±0.11 ±0.14 ±0.05 ±0.09

MIP-ip 0.23 0.45 1.12 1.08 0.28 0.40 1.09 1.12 0.30 0.55 1.01 1.12
±0.05 ±0.05 ±0.12 ±0.05 ±0.04 ±0.07 ±0.09 ±0.10 ±0.04 ±0.08 ±0.06 ±0.07

MlP-la 0.52 0.63 1.17 1.12 0.58 0.68 1.13 1.26 0.61 0.71 1.15 1.12
±0.04 ±0.02 ±0.08 ±0.07 ±0.02 ±0.03 ±0.08 ±0.05 ±0.04 ±0.07 ±0.08 ±0.00

MIP-2 nd nd 0.55 0.62 nd nd 0.67 0.58 nd nd 0.60 0.56
±0.10 ±0.08 ±0.12 ±0.13 ±0.07 ±0.14

IP-10 nd nd 0.49 0.38 nd nd 0.57 0.48 nd nd 0.42 0.40
±0.05 ±0.08 ±0.06 ±0.06 ±0.04 ±0.12

MCP-1 0.30 0.42 1.14 1.04 0.32 0.40 1.14 1.22 0.49 0.63 1.10 1.08
±0.02 ±0.00 ±0.06 ±0.06 ±0.08 ±0.06 ±0.12 ±0.12 ±0.06 ±0.12 ±0.05 ±0.07

TCA-3 nd nd nd nd nd nd nd nd nd nd nd nd

Table 2: Cytokine mRNA expression was determined by RPA analysis. The optical density of each band was determined.
Expression of each cytokine was normalized to the expression of the housekeeping gene GAPDH in the same sample. Alldata
are presented as the mean of the normalized density ± SEM for three independent experiments, nd =not detectable.

12-hr Ethanol Treatment Group 24-hr Ethanol Treatment Group 48-hr Ethanol Treatment Group

Cytokine Control Ethanol LPS Ethanol + Control Ethanol LPS Ethanol + Control Ethanol LPS Ethanol +
LPS LPS LPS

TNF-a 0.04 0.09 0.64 0.57 0.09 0.12 0.63 0.55 0.15 0.16 0.56 0.68
±0.04 ±0.05 ±0.06 ±0.02 ±0.02 ±0.01 ±0.08 ±0.08 ±0.01 ±0.02 ±0.04 ±0.30

1L-I2p35 nd nd nd nd nd nd nd nd nd nd nd nd

IL-12p40 nd nd nd nd nd nd nd nd nd nd nd nd

IL-10 nd nd nd nd nd nd nd nd nd nd nd nd

IL-loc nd nd nd nd nd nd nd nd nd nd nd nd

IL-ip nd nd 0.42 0.40 nd nd 0.45 0.39 nd nd 0.39 0.51
±0.03 ±0.02 ±0.07 ±0.03 ±0.07 ±0.22

IL-IRa 0.21 0.23 0.84 0.82 0.24 0.24 0.79 0.79 0.26 0.24 0.69 0.88
±0.05 ±0.07 ±0.09 ±0.06 ±0.01 ±0.04 ±0.07 ±0.03 ±0.06 ±0.04 ±0.03 ±0.22

IL-6 nd nd nd nd nd nd nd nd nd nd nd nd

IFN-y nd nd nd nd nd nd nd nd nd nd nd nd

MIF 0.44 0.52 0.55 0.60 0.57 0.55 0.58 0.62 0.54 0.59 0.56 0.75
±0.06 ±0.05 ±0.08 ±0.08 ±0.05 ±0.05 ±0.06 ±0.09 ±0.06 ±0.05 ±0.05 ±0.19
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"ig. 1. Ethanol and/or LPS induce chemokine expression in
mouse N9 microglial cell cultures. Microglia were treated
with 0.5% (w/v) ethanol for 12, 24, or 48 hr, with or without
ubsequent LPS treatment for 4 hr. Expression of mRNA
or the chemokines RANTES, MIP-lp\ MlP-la,MIP-2,IP-
0, MCP-1, and TCA-3 was analyzed by RNase protection
ssay (RPA).

expression of individual cytokines and chemokines were
analyzed by treatment group and temporal duration of
ethanol treatment using ANOVA (StatView, SAS Institute,
Inc.) with post hoc analysis of variance by the Bonferroni
Dunn test with significance at P< 0.05.

Results

The expression of mRNAs for chemokines and
ytokines was determined by RPA analysis of mouse N9

microglia cell cultures under control conditions and
bllowing treatment with ethanol, LPS, or ethanol and LPS
rigs. 1 and 2). Densitometry of each mRNA band and
ormalization to the signal for GAPDH mRNA in the same
ample allowed quantification of the relative change in
lemokine (Table 1) and cytokine (Table 2) mRNA
anscripts.

I
Analyses revealed that N9 mouse microglia cells under

ntrol conditions constitutively express detectable
antities of mRNA transcripts for the chemokines MIP-1(3,
IP-la,MCP-1 (Fig. 1and Table 1) as well as the cytokines
sJFa, ILIRa,and MIF(Fig. 2 and Table 2). Compared to

2 control groups, MIP-1(3 was significantly increased by
.4% (P < 0.05), 45.5% (P = 0.18), and 84.2% (P = 0.06)
er treatment with ethanol for 12, 24, and 48 hr,
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Fig. 2. Ethanol and/or LPS induce cytokine expression in
mouse N9 microglial cell cultures. Microglia were treated
with 0.5% (w/v) ethanol for 12, 24, or 48 hr, withor without
subsequent LPS treatment for 4 hr. Expression of mRNA
for the cytokines TNFa, IL12, IL10, ILla,ILlp, ILIRa,
IL6, IFNy, and MIF was analyzed by RNase protection
assay (RPA).

respectively (Table 1and 3). Compared to control groups,
MIP-la showed a trend of increased expression by 23.1%
(P = 0.08), 16.7% (P = 0.07), and 17.3% (P = 0.25) after
treatment with ethanol for 12, 24, and 48 hr, respectively,
although the differences were not statistically significant
(Table 1 and 3). The results also showed increased
expression ofMCP-1 by 36.7% (P < 0.05), 23.8% (P = 0.48)
and 26.9% (P =0.39) after treatment withethanol for 12, 24,
and 48 hr, respectively (Table 1 and 3). In contrast,
transcripts for the cytokines TNFa, ILIRa, and MIF were
not significantly changed after treatment with ethanol at any
time point compared to the control group (Table 2 and 4).
None of the chemokine or cytokine mRNAs analyzed
showed significant differences when the control, ethanol
alone, LPS alone, or ethanol and LPS groups at 12 hr time
points were compared to the same treatment group at the 24
or 48 hr time points.

The N9 microglial cell cultures were treated with the
endotoxin LPS to induce an activated cell phenotype with
increased expression of pro-inflammatory cytokines and
chemokines. Stimulation with LPS for 4 hr resulted in
significant elevations of mRNA expression of the
chemokines RANTES, MIP-1(3, MIP- la, MIP-2, IP-10,
MCP-1 (Table 1and 3) and the cytokines TNFa, IL1J3, and
ILIRa (Table 2 and 4) compared to both the control group
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Table 3. Comparison of the ratio of chemokine mRNA levels between treatment groups presented as a percentage. Difference
in expression of individual chemokines was analyzed by ANOVA withpost hoc analysis of variance by the Bonferonni Dunn
test (P < 0.05) and was reported as percent difference of the mean ratio#.
#n = 3; *P < 0.05; **P< 0.01; ***P< 0.001.
nd = calculations could not be determined due to undetectable expression of mRNA for both treatment groups being
compared.
+ = densitometric analysis showed significant expression of the chemokine in the LPS alone or ethanol and LPS treatment
groups, however a percent change could not be calculated due to undetectable levels of expression in the control or ethanol
treatment group.

Chemokine Control vs Control vs Control vs Ethanol vs Ethanol vs LPS vs
Ethanol LPS Ethanol + LPS Ethanol + Ethanol +

LPS LPS LPS
12-hr Ethanol Treatment Group

RANTES nd + + + + -1.6
MIP-ip 94.4* 383** 362*** 148** 138*** -4.3
MlP-la 23.1 127** 117** 84.1** 76.2** -4.3
MIP-2 nd + + + + 12.6
IP-10 nd + + + + -22.1

MCP-1 36.7* 274*** 240*** 174*** 148
***

.93
TCA-3 nd nd nd nd nd nd

24-hr Ethanol Treatment Group I
RANTES nd + + + + -10.8
MIP-lp 45.5 295** 304** 172** 178** 2.3
MlP-la 16.7 94.8** 117*** 67.0** 86.0*** 11.4
MIP-2 nd + + + + -13.0
IP-10 nd + + + + -16.8

MCP-1 23.8 251** 278** 184** 205** 7.6
TCA-3 nd nd nd nd nd nd

48-hr Ethanol Treatment Group I
RANTES nd + + + + -14.7
MIP-ip 84.2 240*** 277*** 84.5* 105** 11.0
MlP-la 17.3 89.8** 84.2*** 61.7* 57.0** -3.0
MIP-2 nd + + + + -6.7

HMO nd + + + + -3.8
MCP-1 26.9 123** 118** 75.4* 72.1* -1.9
TCA-3 nd nd mi nd nd nd |

and the ethanol treatment group. Similarly, N9 microglia
exposed to ethanol for 12, 24, or 48 hr with subsequent LPS
treatment for 4 hr showed significant elevation of mRNA
expression of RANTES, MIP-ip, MlP-la, MIP-2, IP-10,
MCP-1 (Table 1 and 3), ILlp, and ILIRa (Table 2 and 4)
compared to both the control group and the ethanol
treatment group. A significant difference in cytokine or
chemokine mRNA expression was not found at any time
point when groups treated with both ethanol and LPS were
compared to groups treated with LPS alone.

Discussion

A novel finding of this study is increased mRNA levels
of the chemokines MIP-lp, MlP-la, and MCP-1 by an
average of 74.7%, 19.0%, and 29.1%, respectively, upon
treatment of N9 microglial cells with 0.5% (w/v) ethanol for
12 to 48 hr. These findings suggest that physiologically
relevant concentrations of ethanol alter an important
function of microglia, that is, the mRNA expression of
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Fable 4. Comparison of the ratio of cytokine mRNA levels between treatment groups presented as a percentage. Difference
n expression of individual cytokines was analyzed by ANOVA withpost hoc analysis of variance by the Bonferonni Dunn test
[P < 0.05) and was reported as percent difference of the mean ratio*.
#n = 3; *P <0.05; **P< 0.01; ***P< 0.001.

nd = calculations could not be determined due to undetectable expression of mRNA for both treatment groups being
compared.
+ = densitometric analysis showed significant expression of the cytokine in the LPS alone or ethanol and LPS treatment
groups, however a percent change could not be calculated due to undetectable levels of expression in the control or ethanol
treatment group.

Cytokine Control vs Control vs Control vs Ethanol vs Ethanol vs LPS vs
Ethanol LPS Ethanol + LPS Ethanol + Ethanol +

LPS LPS LPS
12-hr Ethanol Treatment Group

TNF-ct 135 1624** 1446*** 633** 558*** -10.3
IL-12p35 nd nd nd nd nd nd
IL-12p40 nd nd nd nd nd nd

IL-10 nd nd nd nd nd nd
IL-la nd nd nd nd nd nd
IL-lp nd + + + + -2.9

IL-IRa 12 -5 301** 292** 257** 249** -2.3
IL-6 nd nd nd nd nd nd
IFNy nd nd nd nd nd nd
MIF 19 -8 26-4 37 -7 5.6 15.0 8.9

24-hr Ethanol Treatment Group
TNF-a 24.5 568

**
488

**
437

**
373

**
-11.9

IL-12p35 nd nd nd nd nd nd
IL-12p40 nd nd nd nd nd nd

IL-10 nd nd nd nd nd nd
IL-la nd nd nd nd nd nd
IL-ip nd + + + + .11.9

IL-IRa 2A 230** 229*** 224** 222*** -0.4
IL-6 nd nd nd nd nd nd
IFNy nd nd nd nd nd nd
MIF 9.9 4.9 12.5 7.2

48-hr Ethanol Treatment Group
TNF-a 13.0 286*** 363 241*** 310 20.1

IL-12p35 nd nd nd nd nd nd
IL-12p40 nd nd nd nd nd nd

IL-10 nd nd nd nd nd nd
IL-la nd nd nd nd nd nd
IL-lp nd + + + + 29.9

IL-IRa
~1A 170

**
244

*
191*** 272* 27.7

IL-6 nd nd nd nd nd nd
IFNy nd nd nd nd nd nd
MIF SA 3A 37-3 "4.6 27.0 33.2
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chemokines that play an important role in neuroimmune
modulation, CNS development and CNS homeostasis.
Further studies willbe needed to demonstrate ifthe relative
increase in mRNA expression of MIP-1P, MIP-loc, and
MCP-1 will translate into an increase in production and
secretion of the corresponding proteins by microglia.
Alterations in MlP-la levels in the CNS might alter
neuronal signal transduction and synaptic transmission
(Meucci et al., 1998) or influence astrocyte or microglial
migration in the developing brain (Tanabe et al., 1997;
Rezaie et al., 2002). An increase in MCP-1 levels in the
neural environment could be detrimental to astrocyte and
neuronal progenitor migration (Heesen et al., 1996;
Hesselgesser et al., 1997), alter CNS angiogenesis (Salcedo
et al., 2000), as well as influence the maturation of Purkinje
cells and their networks (Meng et al., 1999). An
upregulation of MIP-1P, MlP-la,and MCP-1 has also been
found in neuroinflammatory conditions including multiple
sclerosis, experimental autoimmune encephalitis, and
Alzheimer's disease (Godiska et al., 1995; Berman et al.,
1996; Ishizuka et al., 1997; Simpson et al., 1998; Xia et al.,
1998; Balashov et al., 1999; Sorensen et al., 1999;).

Increased levels of these chemokines following ethanol
exposure may lead to inflammation within the CNS. MIP-
ip, MIP-loc, and MCP-1 are classified as CC chemokines,
which function to attract immune competent cells, such as T
ymphocytes, monocytes, basophils, and eosinophils
Bajetto et al., 2002). Activated T lymphocytes produce a
variety of lymphokines that promote the activity of virtually
all other cells of the immune system. For example, T
ymphocytes induce humoral B lymphocyte responses as
well as activate cell-mediated immune responses through
macrophages, other antigen presenting cells, and natural
ciller cells. Elevated levels of these chemokines may attract

monocytes and macrophages into the CNS parenchyma.
These cells produce cytokines including IL1and TNFa that,
n excess, cause neuroinflammation, neuronal damage and

cell death. Therefore, ifalcohol-induced increases in MIP-
1P, MIP-1a, and MCP-1 mRNA expression by microglia
ead to increased levels of the corresponding proteins in the

CNS, chemotaxis of T lymphocytes, monocytes, and other
mmune competent cells may lead to neuroinflammation.

This study has shown that stimulation of mouse N9
microglia with l|ig/mlof LPS for 4 hr results in significant
elevation of expression of the following mRNA transcripts:
RANTES, MIP-1P, MIP-1a, MIP-2, IP-10, MCP-1, TNFa,
Lip, and ILlRa. These results are consistent with studies

of purified human microglial cells which have shown an
upregulation of MIP-ip,MlP-la, MCP-1, TNFa, and ILip
mRNA transcripts via Northern blot or RT-PCR analysis
after stimulation with lng/ml - lug/ml of LPS (Lee et al.,
1993; McManus et al., 1998; Lee et al., 2002). The present
esults are also consistent with studies of purified mouse

microglial cells that have shown an induction of RANTES,

MIP-lcc, MIP-2, MCP-1, TNFa, and ILip protein
measured with ELISA after lng/ml - l(ig/ml of LPS
stimulation (Aloisi et al., 1999; Szczepanik et al., 2001;
Hausler et al., 2002). Inaddition, these results are consistent
with studies of expression ofIP-10 inhuman fetal microglial
cells (Hua and Lee, 2000) and induction ofIL-IRa inmixed
ratglial cells (Pousset et al., 2000) after LPS stimulation. We
did not observe expression of the chemokine TCA-3 or the
cytokines ILla,IL6,IL10,IL12, or IFNyupon stimulation
with LPS as might be expected from other reports (Lee et
al., 1993; De Simone et al., 1998; Aloisi et al., 1999;
Szczepanik et al., 2001; Hua and Lee, 2000; Hausler et al.,
2002; Lee et al., 2002). The variation in these reports and
the present study may be explained by differences inherent
in the analysis of mRNA versus protein, the method of
mRNA analysis, or the species source of microglia.

Because alcohol can suppress monocyte and
macrophage activity in the peripheral immune system, it
might be anticipated that pretreatment with ethanol in
microglial cultures would decrease the LPS-induced
increase in cytokine or chemokine mRNA expression.
However, this study found no significant change incytokine
or chemokine mRNA expression in groups treated with
both ethanol and LPS compared to groups treated with LPS
alone. Itis important to note that it would be premature to

conclude that ethanol can not alter LPS-induced mRNA
expression of chemokines or cytokines in microglia based
on the present study which employed only a single dose of
ethanol for a single temporal period and a single dose of
LPS for a single temporal period.

This study demonstrates that alcohol exposure increases
microglial expression of mRNA encoding MIP-1 and MCP-
1 chemokines that are integral to the proper development
and function of the CNS. If the observed increase in
mRNA is reflected in increased production of chemokine
proteins, this represents a new potential mechanism of
alcohol pathogenesis mediated through microglia. We have
recently realized that alcohol impairs microglial
proliferation, survival and maturation in the developing
brain, and the present results provide the first evidence that
alcohol may interfere with interactions between neurons
and microglia. Specifically, microglial production of
chemokines is a central component of microglial function as
the principal resident immune cells in the CNS. Increased
levels ofMIP-1and MCP-1 followingalcohol exposure may
disrupt the development and function of neurons and glia.
Inaddition, increased levels ofMIP-1 and MCP-1 may lead
to neuroinflammation, resulting in neuronal damage and
cell death. These effects could lead to long-term and
irreversible neural defects, such as those associated with
fetal alcohol exposure. Whether alcohol exposure in the
human CNS leads to upregulation of the chemokines MIP-
lp, MIP-1a, and MCP-1, and further, whether the potential
contribution to the neuropathology of fetal alcohol
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Indrome
or alcohol-related neurodevelopmental disorder

realized remains to be determined. However, given the
ultitude of roles that these chemokines play in the CNS
id the significant neuropathology associated with fetal
cohol exposure further investigation is warranted.
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