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Results: Chronic alcohol consumption induced microglia activation and peripheral macrophage infiltration in the
CNS, particularly in the hippocampus. Treatment with CVC abrogated ethanol-induced recruitment of peripheral
macrophages and partially reversed microglia activation. Furthermore, the expression of proinflammatory markers
was upregulated by chronic alcohol consumption in various regions of the brain, including the cortex,
hippocampus, and cerebellum. Inhibition of CCR2/5 decreased alcohol-mediated expression of inflammatory
markers. Finally, microglia function was impaired by chronic alcohol consumption and restored by CVC treatment.
CVC treatment did not change the ethanol consumption or preference of mice in the two-bottle choice test.

Conclusions: Together, our data establish that chronic alcohol consumption promotes the recruitment of
peripheral macrophages into the CNS and microglia alterations through the CCR2/5 axis. Therefore, further
exploration of the CCR2/5 axis as a modulator of neuroinflammation may offer a potential therapeutic approach for
the treatment of alcohol-associated neuroinflammation.
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Introduction
Alcohol use disorder (AUD) impacts millions of people
across the world, including at least 17 million US pa-
tients [1]. Nearly 100,000 patients die each year because
of AUD [1], which induces organ injury throughout the
body, including in the liver and in the brain. In both
humans and mice, alcohol intoxication leads to central
nervous system (CNS) inflammation and neurodegenera-
tion [2–4]. Recent studies using animal models have
shown that inflammatory signaling not only contributes
to neurodegeneration but also to alcohol addiction [5–
7], making targeting of neuroinflammation a critical ap-
proach in the treatment of AUD.
Both infiltrating macrophages (IMs) and microglia be-

come activated in response to tissue damage and can re-
lease proinflammatory cytokines, which may contribute to
neuroinflammation and blood-brain barrier breakdown [8,
9]. Further, microglia, a resident macrophage of the CNS,
become activated in the brain after alcohol use [8, 9]. In
addition to microglia, peripheral macrophages can be re-
cruited into the CNS under pathologic conditions and
may serve to amplify ongoing neuroinflammation [10]. Re-
cent evidence suggests that breakdown of the blood-brain
barrier occurs in postmortem tissue of AUD patients, and
knockout of Toll-like receptor 4 (TLR4), an important in-
nate immune signaling receptor expressed by microglia
and peripheral macrophages, protects from the ensuing
alcohol-induced neuroinflammation [11]. While microglial
activation has been studied in alcohol-induced neuroin-
flammation, the potential infiltration of peripherally re-
cruited macrophages is yet to be evaluated.
Peripheral macrophage chemotaxis through the

receptor-ligand CCR2-CCL2 signaling axis is important in
macrophage recruitment to the CNS. Recent studies have
found an increase in the expression of the CCR2 ligand,
CCL2 (also called monocyte chemoattractant protein 1;
MCP1), in the brain after chronic alcohol consumption [8,
12, 13]. Cenicriviroc (CVC) is a small molecule inhibitor

recently developed to block signaling through CCR2, as
well as the chemokine receptor CCR5 that recognizes
CCL5 and is involved in the recruitment of monocytes
and T cells [14]. CVC is currently under investigation in a
phase 3 trial to treat liver fibrosis in non-alcoholic steato-
hepatitis (NCT03028740), a disease that involves signifi-
cant inflammation [15]. CVC has been shown previously
to inhibit macrophage recruitment and activation in liver
disease [16].
We hypothesized that, because the chemokine CCL2 is

highly expressed in human and mouse brains after
chronic alcohol use, chronic ethanol promotes infiltra-
tion of peripheral IM recruitment in the brain, those
IMs contribute to ethanol-induced neuroinflammation,
and treatment with CVC to inhibit infiltration of periph-
eral macrophages will protect from proinflammatory sig-
naling in the CNS. Here, we present evidence of region-
specific peripheral macrophage recruitment, associated
with cytokine expression and microglial activation after
exposure to a model of chronic alcohol in mice. Treat-
ment with CVC reduced the number of IMs in the CNS,
reduced cytokine expression, and corrected microglial
morphology.
These data provide important insights into the role of

IMs in alcohol-induced neuroinflammation and offer a
novel target for therapeutic treatment in this preclinical
model of alcohol use disorder.

Methods
Mice
The study protocol was approved by the Institutional
Animal Use and Care Committee of the University of
Massachusetts Medical School. All the methods were
carried out in accordance with the approved guidelines.
CX3CR1eGFP/eGFP mice were provided by Dr. Dorothy
Schafer from the University of Massachusetts Depart-
ment of Neurobiology. CCR2RFP/RFP mice were pur-
chased from the Jackson Labs. CX3CR1eGFP/wt

Lowe et al. Journal of Neuroinflammation          (2020) 17:296 Page 2 of 18



CCR2RFP/wt mice were bred in-house. Wild-type mice
were purchased from the Jackson Labs and allowed to
acclimate to our animal medicine facility for at least 1
week prior to experimental use. Eight-week-old female
mice were used for alcohol feeding experiments. Eight-
week-old C57BL/6J mice were divided into alcohol- and
pair-fed (control) groups as well as two CVC alcohol-fed
groups. Alcohol-fed mice received 5% (v/v) alcohol in
Lieber-DeCarli liquid diet ad libitum as previously de-
scribed [17]. Pair-fed animals received a calorie-matched
liquid diet. Mice were provided continuous access to al-
cohol or calorie-matched liquid diet until the time of
anesthesia and were immediately transcardially perfused
once appropriate sedation was achieved.

CVC administration
Some alcohol-fed mice received daily subcutaneous in-
jections of 15 mg/kg body weight Cenicriviroc (CVC;
provided by Tobira Therapeutics, Delaware, USA) for 6
weeks (“prevention” cohort) while others received the
same dose daily for 3 weeks (beginning after 3 weeks of
alcohol feeding and continued to week 6 of alcohol feed-
ing; “treatment” cohort). Ten percent hydroxypropyl-β-
cyclodextrin (Sigma, St. Louis, MO USA), 5% Kolliphor
(solutol) HS15 (Sigma), and 85% sterile water were used
as a vehicle to dissolve CVC into a solution. Pair-fed
mice and alcohol-fed mice received daily injections of
the vehicle without CVC for 6 weeks.

Brain immune cell isolation
Mice were anesthetized and transcardially perfused with
PBS/heparin (Hospira, Lake Forest, IL, USA) to clear
blood cells from the vasculature. The brains were dis-
sected out and meninges removed. The tissue was then
homogenized with a Tenbroek homogenizer (Corning,
Corning, NY, USA), and the cell suspension was then
passed through a 70-μm filter. This single-cell

suspension was then applied to a 70/50/35% Percoll Plus
(GE Healthcare, Pittsburgh, PA, USA) density gradient
and spun at 2000g for 20–30min. Microglia and macro-
phages collected at the interphase were then washed
with PBS before proceeding.

Flow cytometry
Isolated immune cells were stained with the Live/Dead
Fixable Blue Dead Cell Stain Kit from Life Technologies
(Grand Island, NY, USA) to exclude dead cells. Anti-
mouse CD16/CD32 mAb from BD Biosciences (San Jose,
CA, USA) was used to block non-specific Fc receptor
binding and incubated for 20 min at 4 °C. Cells were im-
munostained for 30 min at 4 °C with surface antibodies
(Table 1), fixed and permeabilized with BD Biosciences
Cytofix Cytoperm Plus according to the manufacturer’s
protocol, and stained for intracellular CD68 for 30 min
at 4 °C (Table 1). Data were acquired on a BD Biosci-
ences LSR II instrument and analyzed using the FlowJo
v10.1 software (Ashland, OR, USA).

Tissue preparation and confocal microscopy
Mice were anesthetized and transcardially perfused with
PBS/heparin (Hospira, Lake Forest, IL, USA) to clear
blood cells from the vasculature. The brains were dis-
sected out and meninges removed and fixed in 4% para-
formaldehyde (Boston Bioproducts, Ashland, MA, USA)
for 3–4 h at room temperature then cryopreserved in
30% sucrose overnight at 4 °C. Tissue was then placed in
OCT Compound (Tissue Tek, Torrance, CA, USA) and
frozen at − 20 °C. Twelve to 14 μm sagittal sections were
cut using a Leica LM3050S cryostat (Buffalo Grove, IL,
USA). The tissue sections were washed with PBS,
blocked in 1% BSA (Fisher BioReagents, Fair Lawn, NJ,
USA) and 1% normal goat serum (Invitrogen, Carlsbad,
CA, USA) with 0.3% Triton X-100 (Sigma) at room
temperature for 2 h, stained overnight with the

Table 1 Flow cytometry and immunofluorescence antibodies

Antigen Color Clone Company Cat. no.

CD11b APC M1/70 Biolegend 101212

CD45 PE/Cy7 30-F11 eBioscience 25-0451-82

CD68 PerCP/Cy5.5 FA-11 Biolegend 137010

CD86 FITC

MHC-II APC/Cy7 M5/114.15.2 Biolegend 107628

CD206 PE C068C2 Biolegend 141706

CD163 (goat host) n/a K-18 Santa Cruz sc-18796

Goat IgG Qdot 525 n/a Invitrogen Q22072

Primary antigen Primary dilution Company Cat. no. Secondary and fluor Secondary dilution

IBA1 1:500 Wako Anti-Rb-488 1:500

CD68 1:500 AbD Serotec MCA1957 Anti-Rt-647 1:500

Secondary antibodies from Life Technologies
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appropriate primary antibodies (Table 1) at 4 °C, washed,
stained with appropriate secondary antibodies (Table 1)
for 1 h at room temperature, and mounted with Prolong
Gold Antifade Reagent (Invitrogen). Images were ac-
quired using either an LSM 700 scanning confocal
microscope with Zeiss Imager.Z2 or a Zeiss Observer.Z1
confocal microscope equipped with the Zen Blue acqui-
sition software (Zeiss, Oberkochen, Germany).

Analysis of microglial immunofluorescence
Microglia were identified within the hippocampus, and
soma area and the perimeter length of microglial exten-
sions were measured using Fiji v1.0. Somas were mea-
sured by drawing a circumferential outline along the
edge of the cell body to the base of any cellular exten-
sions. The perimeter length was measured by summing
the lengths of all cellular extensions.

RNA extraction and qPCR
Brain tissue was dissected from mice perfused with PBS/
heparin, and the hippocampus, cerebellum, and cortex
tissue were stored in RNA later. The cortex tissue was
defined as the superficial tissue (from the surface to ap-
proximately 0.5 mm deep) dissected approximately 2
mm anterior, 2 mm posterior, and 3 mm lateral with re-
spect to the bregma, a region that encompasses the
motor and somatosensory cortex. RNA was extracted
using the miRNeasy Kit (Qiagen, Germantown, MD,
USA) with on-column DNAse digestion (Zymo Re-
search, Irvine, CA). Concentration was determined using
a Nanodrop 2000 (Thermo Scientific, Waltham, MA,
USA), and 1 μg RNA was used for cDNA reverse tran-
scription (BioRad, Hercules, CA, USA). Quantitative
real-time polymerase chain reaction (qPCR) was com-
pleted using SYBR Green polymerase (BioRad) and ex-
pression measured on a BioRad CFX96 Real Time
System. qPCR primers are listed in Table 2, and the ex-
pression was quantified by using the 2−ΔΔCt method.

Nanostring gene expression analysis
RNA was extracted as above. RNA and Nanostring reac-
tions were prepared according to the manufacturer’s rec-
ommendation for the Mouse nCounter Inflammation
Panel (Nanostring Technologies, Seattle, WA, USA).
Data were analyzed using the nSolver Analysis Software
3.0 (Nanostring Technologies).

Two-bottle choice test
A continuous access (24 h access) two-bottle choice be-
tween alcohol and drinking water was used to measure
alcohol consumption [18]. Briefly, mice were housed sin-
gly and were provided two water-only graduated glass
feeders [19] for a 1-day acclimation period along with a
chow diet which was provided ad libitum throughout

the experiment. Thereafter, one feeder was filled with al-
cohol and the other water. Mice consecutively received 4
days each of 3, 6, 9, and 12% (v/v) alcohol in water. Al-
cohol was made fresh daily, and the alcohol feeder loca-
tion was changed to control for side preference bias.
Consumption volumes were measured daily and a con-
trol cage without mice was included on each mouse rack
to correct for spillage of liquid throughout the 24-h
period. In the event of leakage from a feeder or if cage
bedding was stuffed into the feeder by a mouse, data
from that cage for that day was excluded from the ana-
lysis. Alcohol consumption and preference were calcu-
lated as previously described [18]. Some wild-type
female C57BL/6J were treated with daily i.p. injections of
15 mg/kg body weight CVC or with an equal volume of
the vehicle.

Statistical analysis
Statistical significance was determined using Student t
test or ordinary one-way ANOVA with Tukey’s multiple
comparison post-test to compare the means of multiple
groups. Data are shown as mean ± SEM and were con-
sidered statistically significant at p < 0.05. For the two-
bottle choice test analysis, we used the two-way analysis
of variance (ANOVA) with post hoc Bonferroni with
GraphPad Prism 7.0c (GraphPad Software Inc., La Jolla,
CA, USA).

Results
Alcohol induces recruitment of peripheral macrophages
into the CNS
In order to investigate the role of peripheral infiltrating
macrophages (IMs) in chronic alcohol, we used a com-
mon model [20] of chronic alcohol consumption in mice
(Fig. 1a). We measured the mRNA expression of the
chemokine receptors Ccr2 and Ccr5 and the macrophage
chemokine Ccl2, a ligand for CCR2, in the CNS. Alcohol
significantly induced Ccl2, Ccr2, and Ccr5 expression
compared with pair-fed controls in both the cerebellum
and hippocampus (p < 0.05), but not in the cortex (Fig.
1b). To test if this upregulation of monocyte chemokines
and receptors is associated with the infiltration of macro-
phages, we next isolated CNS immune cells from the total
brain and examined the cells using flow cytometry. Per-
ipheral IMs were defined by flow cytometry as
CD11b+CD45hi cells to differentiate from CD11b+CD45lo

microglia (Fig. 1c). CD11b+CD45hi IMs were significantly
more abundant in alcohol-fed mice compared to pair-fed
mice (6.2 ± 0.52% vs 12.03 ± 1.64%, p < 0.01) (Fig. 1d).
These data suggested that peripheral immune cells indeed
infiltrate into the CNS after alcohol feeding and, based on
the differential expression of chemokine receptor and lig-
and, that they may be recruited to particular brain regions.

Lowe et al. Journal of Neuroinflammation          (2020) 17:296 Page 4 of 18



To better understand the regional distribution of periph-
eral macrophages identified using flow cytometry from the
total brain, we crossed CX3CR1eGFP/eGFP and CCR2RFP/RFP

mice to yield CX3CR1eGFP/+ CCR2RFP/+ mice (Fig. 2a),
allowing for the differentiation of microglia (CX3CR1eGFP)
and IMs (CCR2RFP). CCR2RFP macrophages were identifi-
able in the cortex, cerebellum, and the hippocampus of
ethanol-fed mice (Fig. 2b). Although there was a general
trend toward an increase in the number of peripheral
CCR2RFP+ IMs after chronic alcohol in all three brain re-
gions, IMs were twice as numerous in the hippocampus in
the ethanol-fed mice (Fig. 2c). Interestingly, there was no
change in the number of CX3CR1eGFP/+ microglia in any of
the brain regions (Fig. 2d).

Inhibition of CCR2/5 signaling with cenicriviroc reduces
CNS macrophage infiltration without modulating their
activation state
To investigate the role of IMs that infiltrate into the CNS
after chronic alcohol, we used a small molecule inhibitor,
cenicriviroc (CVC), that blocks the chemokine receptors
CCR2 and CCR5, receptors expressed on monocytes and
macrophages, among other immune cells [16, 21]. Some
mice were fed chronic alcohol and were treated daily with
CVC throughout alcohol exposure for a total of 6weeks of
treatment (6wk CVC), while other mice fed chronic alcohol
were only treated with CVC for the final 3 weeks (3wk
CVC), mimicking a clinical treatment paradigm where treat-
ment often begins only after exposure has occurred (Fig. 3a).

Table 2 Real-time PCR primers

Forward Reverse

Nanostring hits

C1qa CAAGGACTGAAGGGCGTGAA GGGGCTGGTCCCTGATATTG

C1qb GGTGCCAACAGCATCTTCAC TTTGACCCCGTGATTACGCA

Daxx CTATAGGCCAGGCGTTGACC GTTCGATTTTCCCGAAGGCG

Gnas ATGGGTTTAACGGAGAGGGC ACCATCGCTGTTGCTCCTTG

Hmgn1 CTCCTCGGTGACAGATCCGA AACCTTCCTCTTGGGCATCG

Hspb1 CTGGCAAGCACGAAGAAAGG GCACCGAGAGATGTAGCCAT

Il-23 TGGTTGTGACCCACAAGGAC CAGACCTTGGCGGATCCTTT

Map3k9 TGGGCAGAAAGAGCTCACAT ACATCATCTGCCTCTTACCCTTC

Mapk1 CAGTTTGTCCCCTTCCATTGAT ACTCCCACAATGCACACGAC

Mef2a AGCACTTTGAAAGGAAGAGTCCA AGCTCCCCCACTGCACATTA

Myd88 AGGCATCACCACCCTTGATG CGAAAAGTTCCGGCGTTTGT

Plcb1 AGATCCTCGATGAGAAGCCC CTTCCGACAAGACTGAGGAGG

Tgfβ1 GTCACTGGAGTTGTACGGCA AGCCCTGTATTCCGTCTCCT

Itgb2 TTCCTGGTGCCAGAAGCTGAA CCCCGTTGGTCGAACTCAG

Ccl11 TGCAGGCAGTTTTCTCTGGA AGGCTCTCCCGACTAGCTTT

Proinflammatory

Tnfα GAAGTTCCCAAATGGCCTCC GTGAGGGTCTGGGCCATAGA

Tlr4 TCAGAACTTCAGTGGCTGGA AGAGGTGGTGTAAGCCATGC

Cox2 AACCGAGTCGTTCTGCCAAT CTAGGGAGGGGACTGCTCAT

Ym1 CAGAAGCTCTCCAGAAGCAAT TGCCAGACCTGTGACAAGAAT

Il-1β TCTTTGAAGTTGACGGACCC TGAGTGATACTGCCTGCCTG

Il-17 CAGGGAGAGCTTCATCTGTGT GCTGAGCTTTGAGGGATGAT

CCR2/5 network

Ccl2 CCACAACCACCTCAAGCACT AGGCATCACAGTCCGAGTCA

Ccl3 ATATGGAGCTGACACCCCGA TCAACGATGAATTGGCGTGG

Ccr2 GTGTACATAGCAACAAGCCTCAAAG CCCCCACATAGGGATCATGA

Ccr5 TGGGGTGGAGGAGCAGGGAG TAGGCCACAGCATCGGCCCT

Housekeeping

Gapdh GGCAAATTCAACGGCACAGT GATGGGCTTCCCGTTGATGA

18S rRNA GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG
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Pair-fed and alcohol-fed mice received daily vehicle control
injections. Alcohol significantly increased CD11b+CD45hi

IMs compared to pair-fed controls (Fig. 3b). Both 6wk CVC
and 3wk CVC treatment paradigms abrogated the alcohol-
induced infiltration of CD11b+CD45hi IMs, significantly re-
ducing IMs to the level of pair-fed mice (Fig. 3b, c).
Previously, we and others have shown that proinflam-

matory cytokine expression is increased in the brain
after chronic alcohol exposure [12, 13, 22]. Because of
the proinflammatory environment in the CNS induced

by alcohol consumption, we hypothesized that macro-
phages may have altered the expression of surface activa-
tion markers. Using flow cytometry of isolated CNS
immune cells from the total brain, we observed that al-
cohol modestly altered the expression of multiple inves-
tigated activation markers of the CD11b+CD45hi

macrophages, including CD86, CD68, MHC-II, CD163,
and CD206 (Fig. 3d). The expression of these markers
was not significantly changed on CNS IMs, although an
increasing trend was observed for CD86 and a

Fig. 1 Alcohol induces infiltration of peripheral macrophages into the CNS. a Alcohol-fed mice received 5% (v/v) alcohol in Lieber-DeCarli liquid
diet ad libitum (EtOH) for 6 weeks while pair-fed animals received a calorie-matched liquid diet (PF). b mRNA expression of Ccl2, Ccr2, and Ccr5
was measured from the hippocampus of PF and EtOH mice. c Brain immune cells from wild-type mice fed chronic alcohol (EtOH) or a pair-fed
(PF) control diet were isolated and quantified by flow cytometry gating for live, single cells. Microglia (CD11b+ CD45lo) were differentiated from
peripheral macrophages (CD11b+ CD45hi) based on surface marker staining and infiltrating macrophages in pair- vs alcohol-fed mice. d
Quantification of microglia (CD11b+ CD45lo) and peripheral macrophages (CD11b+ CD45hi) in PF and EtOH mice. Data are mean ± SEM, n = 4–7
mice/group. *p < 0.05 by Student’s t test
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decreasing trend for CD163. CVC treatment did not sig-
nificantly alter the expression of these markers on
CD11b+CD45hi macrophages (Fig. 3d), suggesting that
the activation state of IMs in the CNS in alcohol-fed
mice is independent of CCR2/5 signaling.

Chronic alcohol induces inflammatory protein and gene
expression changes
We measured protein levels of proinflammatory cyto-
kines including TNFα, IL-1β, and IL-6 in the hippocam-
pus, where we had observed a significant increase in
CCR2+ macrophages following chronic alcohol. We
found that both TNFα and IL-1β (including both cleaved
and uncleaved forms) were induced by chronic alcohol
and that 3-week treatment with CVC reduced these pro-
teins as well as IL-6 in CVC-treated alcohol-fed mice
(Fig. 4a).
To further probe the expression of proinflammatory

cytokines and related immune genes, we used the Nano-
string Inflammation Panel to screen mRNA levels of 254

inflammation-related genes. In this screen, we found 17
immune-related genes that were significantly altered in
the cerebellum (Fig. 4b). We followed this screen with
qPCR quantification of these gene targets as well as
other selected proinflammatory targets and chemokine
ligands and receptors associated with CCR2/5 signaling
(Fig. 4c). Including more samples as well as samples
from mice treated with CVC, we found that gene expres-
sion was significantly altered in the hippocampus, cortex,
and cerebellum and that CVC treatment corrected some
of these alterations (Fig. 4c). Prominently, we observed
an upregulation in the CCR2/5 signaling pathway in
alcohol-fed mice in the hippocampus that was signifi-
cantly decreased by CVC treatment in both paradigms
(Fig. 4c, Table 4). Interestingly, the most significant ef-
fect of ethanol on gene expression among all inflamma-
tory markers measured was found in the hippocampus,
where we also observed the most infiltration of CCR2+

peripheral macrophages. Tables 3, 4, and 5 provide the
mean and standard deviation for each gene and group in

Fig. 2 Alcohol-induced peripheral macrophages differentially infiltrate the CNS. a CX3CR1eGFP/+ CCR2RFP/+ mice were generated by crossing
CX3CR1eGFP/eGFP CCR2+/+ and CX3CR1+/+ CCR2RFP/RFP mice to allow visualization of resident microglia (GFP+; green) and brain infiltrating
macrophages (RFP+; red) in the cortex, cerebellum, and hippocampus of mice fed chronic alcohol or a calorie-matched diet. b Acquired × 10
images of ethanol-fed CX3CR1eGFP/+ CCR2RFP/+ mice were stitched together to provide the larger representative images shown. c, d
Quantification of resident CX3CR1-eGFP+ microglia and CCR2-RFP+ brain infiltrating macrophages in the cortex, cerebellum, and hippocampus.
Data are mean ± SEM, n = 4–7 mice/group. *p < 0.05; n.s., not significant by Student’s t test
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the cortex, hippocampus, and cerebellum as well as p
value comparisons between pair- and alcohol-fed mice
(PF vs EtOH) as well as alcohol-fed and CVC-treated
alcohol-fed mice (EtOH vs 6wk CVC; EtOH vs 3wk
CVC). Significant differences are denoted with an aster-
isk (*) and are offset in the column (Tables 3, 4, and 5).

Alcohol induces morphologic changes and alters
expression of activation markers in microglia that are
partially restored by CCR2/5 inhibition
Activated microglia often assume an amoeboid morph-
ology that is characterized by shortened cell processes

and an enlarged soma. We used immunofluorescent
staining of the microglial marker IBA1 to investigate if
chronic alcohol induces morphological changes in line
with an activated cell shape (Fig. 5a). We focused on
hippocampal microglia specifically because of the signifi-
cant infiltration of peripheral CCR2RFP macrophages to
this region (Fig. 2c) suggested this as a site of active neu-
roinflammation. We found that chronic alcohol tended
to increase the cell soma size of microglia (Fig. 5b). Inhi-
biting CCR2/5 signaling with CVC significantly reduced
the soma in chronic alcohol-fed mice with 3 weeks of
CVC treatment (Fig. 5b). Chronic alcohol significantly

Fig. 3 Inhibition of CCR2/5 signaling reduces CNS macrophage infiltration without altering activation marker expression of infiltrating
macrophages. a Mice received a pair-fed diet (PF) or chronic alcohol (EtOH), and some alcohol-fed mice received 6 weeks of daily preventive
subcutaneous CVC injection (EtOH + 6wk CVC) or 3 weeks of daily CVC treatment (EtOH + 3wk CVC). PF and EtOH mice received daily vehicle
control injections. b Representative flow cytometry plots of peripheral macrophages (CD11b+ CD45hi) in EtOH, EtOH + 6wk CVC and EtOH + 3wk
CVC-treated mice. c Quantification of infiltrating brain macrophages (CD11b+ CD45hi) in pair-fed, alcohol-fed, and treatment groups. d Expression
of various activation markers were measured by flow cytometry in CD11b+ CD45hi infiltrating macrophages including CD86, CD68, MHC-II, CD163,
and CD206. Data are mean ± SEM, n = 6–7 mice/group. *p < 0.05 by one-way ANOVA
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