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Abstract

Mounting evidence indicates that alcohol-induced neuropathology may result from multicellular 

responses in which microglia cells play a prominent role. Purinergic receptor signaling plays a key 

role in regulating microglial function and, more importantly, mediates alcohol-induced effects. 

Our findings demonstrate that alcohol increases expression of P2X4 receptor (P2X4R), which 

alters the function of microglia, including calcium mobilization, migration and phagocytosis. Our 

results show a significant up-regulation of P2X4 gene expression as analyzed by real-time qPCR 

(***p<0.002) and protein expression as analyzed by flow cytometry (**p<0.004) in embryonic 

stem cell-derived microglial cells (ESdM) after 48 hours of alcohol treatment, as compared to 

untreated controls. Calcium mobilization in ethanol treated ESdM cells was found to be P2X4R 

dependent using 5-BDBD, a P2X4R selective antagonist. Alcohol decreased migration of 

microglia towards fractalkine (CX3CL1) by 75% following 48 hours of treatment compared to 

control (***p<0.001). CX3CL1-dependent migration was confirmed to be P2X4 receptor-

dependent using the antagonist 5-BDBD, which reversed the effects as compared to alcohol alone 

(***p<0.001). Similarly, 48 hours of alcohol treatment significantly decreased phagocytosis of 

microglia by 15% compared to control (*p<0.05). 5-BDBD pre-treatment prior to alcohol 

treatment significantly increased microglial phagocytosis (***p<0.001). Blocking P2X4R 

signaling with 5-BDBD decreased the level of calcium mobilization compared to ethanol 

treatment alone. These findings demonstrate that P2X4 receptor may play a role in modulating 

microglial function in the context of alcohol abuse.
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Introduction

Alcohol abuse and alcoholism represent substantial problems that affect a large portion of 

the general public1. Alcohol is known to cause structural and functional abnormalities to the 

brain1-6 including the significant risk associated with chronic alcohol abuse, particularly 
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disorders of the central nervous system (CNS)7. Alcohol is known to attenuate 

phagocytosis3, 8, 9, proliferation4, expression of neurotrophic factor brain-derived 

neurotrophic factor (BDNF) in hippocampus10 and apoptosis in microglia11. A hallmark of 

alcohol-induced neuropathology is activation of microglia12. As the immune effector cells of 

the CNS, microglia are vital for surveillance, maintenance and clearance of foreign material 

and debris13. Microglia express various cell surface ionotropic P2X purinergic receptors that 

are known to modulate microglial function14, 15 and to play a unique role in integrating 

neuronal and glial cellular circuits16.

P2X receptors in recent years have emerged in the spotlight and have been shown to play a 

pivotal role in regulating neuro-inflammatory and degenerative processes16-20. Several 

signaling pathways are coupled to P2 receptors in the CNS including the MAPK/ERK 

pathway, NGF expression, and calcium mobilization17, 21-25. P2X receptors are ubiquitously 

expressed ligand-gated cation channels that mediate a remarkable variety of physiological 

and pathophysiological reactions, especially in microglia16-20, 26. More recently, purinergic 

receptors have been implicated in alcohol abuse disorders, affecting signaling in the 

CNS27, 28. Studies have shown that alcohol acts as an allosteric regulator inhibiting P2X4R 

function most likely operating through interactions with the TM domains or hydrophobic 

regions within the channel structure29. Several animal studies have demonstrated a link 

between alcohol and P2X4R. Rats treated with ethanol showed a dependence on the drug 

through the P2X4R, which was blocked by Ivermectin, a P2X4R agonist30. Ethanol inhibits 

ATP-activated currents in rat and mouse neurons, suggesting a role for P2X4R in ethanol-

related behaviors. While building evidence supports a role for P2X4R in the action of 

alcohol28, their role in modulating the functional activities of microglia is unknown.

In the current study we sought to determine the role of the P2X4 receptor in mediating 

EtOH-induced effects on microglial function. Our results indicate that alcohol increases 

P2X4R expression altering microglia functions. Furthermore, pharmacological blockade 

with a selective P2X4R antagonist could reverse the action, suggesting that P2X4R may 

play a role in mediating alcohol-induced effects on microglia.

Materials and Methods

Cell culture

Embryonic stem cell derived microglia (ESdM), were a generous gift from Dr. Harald 

Neumann (University of Bonn Germany; Bonn, Germany). In brief, ESdM cells were 

cultured in DMEM F12 50:50 (Cellgro; Manassas, VA) containing N2 supplement 

(Invitrogen; Carlsbad, CA) with 0.048 mM L-glutamine (Cellgro; Manassas, VA), 1% D-

glucose (Sigma; St. Louis, MO) and 1% Pen/strep (Cellgro). The ESdM are stable 

proliferating cells with most characteristics of primary microglia and are a suitable tool to 

study microglial function in vitro 31, 32.

Antibodies and Reagents

Antibodies were purchased from the following sources: P2X4 antibody (Alomone; 

Jerusalem, Israel), CD11b (Abcam; Cambridge, England), 7-AAD (BioLegend; San Diego, 
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CA), Fluo4, pHrodo, and Calcein AM were purchased from (Life Technologies; Carlsbad, 

CA). Ethanol 200 proof (Pharmaco-Aaper), ATP, Poly-L-lysine (PLL), Lipopolysaccharide 

(LPS), and cytochalasin D (Cyto D) were purchased from Sigma Aldrich; St. Louis, MO, 

USA, 5-BDBD was purchased from Tocris (Bristol, UK). Cell viability was determined by 

LIVE/DEAD assay (Invitrogen, Carlsbad, CA), and showed that ethanol (EtOH) 5-200 mM 

concentration had no toxic effects on microglia after 48 h of exposure (data not shown). The 

concentration of EtOH (100 mM) used in the present study is similar to other published 

studies29, 33-36. Blood alcohol concentration (BAC) and the effects of drinking alcohol 

significantly vary from person to person. Variables include body weight, alcohol percentage 

in each drink, and each person's ability to tolerate alcohol. The concentration of EtOH (100 

mM) equivalent to 454 mg/dl, used in our current study is consistent with published in vitro 
studies that investigate alcohol-induced effects on glial and neuronal cells. As reviewed by 

Angela Dolganiuc and Gyongyi Szabo37 for in vitro studies the 10-100 mmol/L ethanol 

range is considered physiological, with 25 mmol/L ethanol being close to 0.08% BAL 

achieved in vivo after 4-5 drink equivalents. Few examples of in vitro studies using 100mM 

EtOH relevant to our study are: 1) Asatryan et al.,29; 2) Popp et al.,38; 3) Jian Y. Zou and 

Fulton T. Crews.,39; 4) Boyadjieva et al.,40; 5) Fernandez-Lizarbe et al.,41. Optimal 

concentrations of ATP (25 mM), cytocholasin D (5 μM), fractalkine (CX3CL1, 10 ng/mL), 

LPS (1 μg/ml), pHrodo (40 μg/ml), Fluo-4 (10 mM), Calcein (5 μM), 5-BDBD (1 nM/ml) 

were determined from dose and time dependent response studies.

RNA extraction and Real-Time qPCR

The gene expression profile for purinergic receptor P2X4 in ESdM cells was performed by 

Real-Time PCR. ESdM cells were seeded at a density of 2x105 cells per well in 6 well plates 

following treatment with 100 mM EtOH for 48 hours. Total RNA was isolated using the 

RNeasy Mini Kit as per manufacturer's instructions (Qiagen; Valencia, CA). RNA purity 

and concentration was determined using a NanoDrop ND-1000 spectrophotometer (Thermo 

Fisher Scientific, Fair Lawn, NJ). Conversion to cDNA was performed by reverse 

transcription using [1 μg of total RNA] the High-Capacity cDNA Reverse Transcription kit 

(Applied Biosystems, Foster City, CA). Primers were designed for P2X4 forward primer 5’ 

TCATCCTGGCTTACGTCATTGGGT-3’, reverse primer 5’-

CCACACCTTTGGCTTTGGTTGTCA-3’, GAPDH forward primer 5’CAT GGC CTT 

CCG TGT TCC TA-3’, reverse primer 5’-ACC TGG TCC TCA GTG TAG CCC-3’. cDNA 

(diluted 1:20) along with forward and reverse primers were mixed with SYBRgreen 

Mastermix (Fermentas; Hanover, MD). qPCR was performed on an Applied Biosystems 

StepOnePlus Real-Time PCR System (Applied Biosystems). The PCR conditions consisted 

of an initial melting cycle at 95°C for 15 minutes, followed by 40 cycles of amplification at 

95°C for 15 s (denaturation), 60°C for 30 s (annealing), and 72°C for 30 s (extension). Raw 

data was analyzed using the Ct method (relative quantification). Results were expressed in 

relative gene expression levels (fold change) compared to the untreated control.

Flow Cytometric analysis

Analysis of P2X4 expression in ESdM was determined by flow cytometry. Briefly, 

following treatment with 100 mM EtOH, cells were washed and stained in 2% BSA buffer 

containing fluorochromeconjugated antibody CD11b (Alexa Fluor [AF]-647, anti rabbit 
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polyclonal P2X4, conjugated to Alexa Fluor [AF]-488 (Life Technologies and Alomone 

Lab, Jerusalem, Israel) and fixed in 2% paraformaldehyde prior to analysis. Isotype-matched 

antibodies were used as negative controls. A total of 10,000 events were acquired on a BD 

FACS LSR II with Diva Software (version 6.1.3; BD Biosciences, San Jose, CA, USA). 

Percentage of cells expressing P2X4R and Median Fluorescence Intensity (MdFI) were 

analyzed using FlowJo Software v 8.7.

Immunofluorescent staining

ESdM cells (250,000 cells/well) were plated on coverslips coated with 0.01% PLL in a 6-

well dish. Cells were fixed in 4% paraformaldehyde for 30 min followed by staining for 

purinergic receptor P2X4 (AB-1:200; Alomone,) overnight at 4°C. Secondary staining with 

anti-rabbit Alexa 488 IgG (1:800) (Life Technologies) was used to determine expression. 

Samples were washed and mounted on glass slides using ProLong Gold+Dapi reagent (Life 

Technologies, Carlsbad, CA). Immunoflourescence labeled ESdM cells were imaged at 

40X. All immunostained cells were observed with an Eclipse I-80 Microscope (Nikon, 

Melville, NY) fitted with a CoolSnap-EZ digital camera (Photometrics, Tucson, AZ). Image 

acquisition analysis was performed using NIS Elements R (Nikon) imaging software.

Calcium Mobilization

ESdM cells (200,000 cells/well) were affixed to 0.01% PLL (Sigma) coated 1.5 mm MatTek 

(Ashland, MA) cell culture dishes. ESdM cells were loaded with 10 mM Fluo-4/AM (Life 

Technologies, Carlsbad, CA) in extracellular medium (ECM) containing 2.0% BSA at 37°C 

for 30 min on a shaker. Cells were washed and 0.25% BSA running buffer was added to 

each dish. After 1 min of baseline recording, an image was acquired every 2.5 s using the 

Carl Zeiss 510 Meta confocal microscopy system (Carl Zeiss Microimaging; Thornwood, 

NY) at 488nm excitation. Concentrations of ATP (25 mM) and EtOH (100 mM) were used 

to examine calcium mobilization. Treatment with 5-BDBD (20 μM) and EGTA (5 mM) 

were used to reverse alcohol's effect on calcium mobilization. The images were analyzed 

with AxioVision version 4.7 software and with National Institutes of Health Image J version 

1.42 software (http://rsbweb.nih.gov/ij/)42.

Phagocytosis Assay

To assess phagocytosis, ESdM cells (250,000 cells per well in 6-well dishes) were incubated 

with pH-sensitive pHrodo-conjugated E. coli bioparticles (Life Technologies). Appropriate 

wells were treated for 48 hr with EtOH (100 mM) either alone or in the presence of 5-BDBD 

(1nM/ml). LPS (1 μg/ml) treated for 24 hr, and Cyto D (5 μM) treated for 1 hour were used 

as controls in separate wells. Briefly, following treatment, cells were incubated for 1.5 h 

with pHrodo green bioparticles (40 μg/ml) at 37°C in 5% CO2. Immediately after 

incubation, cells were rinsed with cold phosphate buffered saline, scraped, and washed with 

FACS buffer (2% BSA in PBS) before being re-suspended in 2% paraformaldehyde and 

subjected to flow cytometric analysis by BD Canto II (BD Biosciences). Phagocytosis by 

microglia (FITC+) was quantified and cell viability was determined by 7-AAD staining. 

Analysis was carried out using FACS DiVa software (Becton Dickinson; Franklin Lake, NJ) 

and FlowJo Software v 8.7.
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Migration assay

Quantitative migration assays were carried out using 8 micron pore Fluoroblock migration 

plates (Calbiochem; Darmstadt, Germany) as described previously 43. ESdM cells were 

loaded with 5 mM Calcein (Life Technologies) for 45 minutes at 37 °C, washed prior to 

seeding at 50,000 cells/well in the upper chamber of the tissue culture insert. CX3CL1 (10 

ng/ml) was added to the lower chamber to stimulate migration. The optimal concentration of 

CX3CL1 was established via dose response of CX3CL1 to microglial migration32. The 

number of migrated cells were counted using an inverted fluorescence live cell imaging 

system (Carl Zeiss MicroImaging, Thornwood, NY). Each experiment was performed in 

triplicate and each experimental well was imaged 5 times in different locations, and the 

results were expressed as an average of the total number of migrated cells in response to 

chemoattractant under each experimental condition. The images were analyzed with 

AxioVision version 4.7software (Carl Zeiss Microimaging) and with National Institutes of 

Health ImageJ version 1.42 software (http://rsbweb.nih.gov/ij/) as described44

Statistical analysis

Data were analyzed using either the Student's t-test for independent means or a one-way 

analysis of variance (ANOVA) followed by post hoc Student Newman Keuls test to 

determine which conditions were significantly different from each other, and a Tukey post-

test for multiple comparisons. Results were expressed as mean values (±SD), with standard 

errors deemed statistically significant when p<0.05 (marked in the figures as *p,0.05; **p,

0.01; *** p,0.001).

Results

Alcohol increases P2X4R mRNA and protein expression in microglia

Purinergic receptors widely expressed in the brain are important mediators of many cellular 

functions 18, 45. P2X4 receptors (P2X4Rs), the most abundantly expressed purinergic 

receptor, are markedly up-regulated in dorsal horn microglia and critical for the 

pathogenesis of pain hypersensitivity caused by injury to peripheral nerves 46. Interestingly, 

the ATP-gated purinergic P2X4R is the most alcohol-sensitive P2XR subtype47. To evaluate 

the effects of EtOH on these receptors in microglial cells, we examined the mRNA and 

protein expression of P2X4R in ESdM exposed to EtOH (100 mM) for 48 hr. EtOH treated 

cells showed a statistically significant increase in P2X4R mRNA expression (Fig 1a) as 

compared to control (**p<0.002). Flow cytometric analysis showed up-regulation of P2X4R 

expression in EtOH-treated microglia (*p<0.05) as compared to control (Fig 1b), the median 

fluorescent intensity (MedF) demonstrated a dramatic increase in FITC labeled cells treated 

with EtOH as compared to control (**p<0.004) (Fig 1c). Similarly, immunocytochemistry 

revealed up-regulation of P2X4R expression (Fig 1d) in the cell membrane when exposed to 

EtOH, similar to those shown within microglia in vivo48 Together, these results suggest that 

EtOH modulates expression of P2X4R in microglial cells.
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P2X4R antagonist reverses EtOH-triggered calcium mobilization in microglia

Second messenger calcium is important for many cellular responses, including signaling of 

immune response 49. Since P2X4 receptors are known to display dynamic regulation of 

calcium, we sought to estimate the changes in calcium levels trigged by EtOH. After an 

initial 1 min baseline reading, changes in calcium [Ca2+] levels were monitored by the 

calcium indicator dye, Fluo-4. We used ATP (25 mM) as a positive experimental control 

(Fig 2a-c). Stimulation of microglial cells with 100 mM EtOH induced a rapid increase in 

[Ca2+] (Fig 2d-f). Pretreatment with 5-BDBD (20 μM), a P2X4R selective antagonist, prior 

to EtOH treatment significantly decreased the [Ca2+] level as compared to ethanol alone 

(Fig 2g-i), suggesting possible involvement of P2X4 receptor in EtOH-induced calcium 

mobilization. To determine if P2X4R is primarily involved in EtOH-induced calcium 

affects, we treated the cells with EGTA (5 mM), a calcium chelating agent, to determine that 

no free floating calcium had an additive effect with EtOH (Fig 2j-l). Pretreatment with P2X4 

antagonist and EGTA in combination prior to EtOH treatment decreased calcium 

mobilization as detected by the fluorescent intensity of fluo-4 (Fig 2m-o). Statistical analysis 

showed that calcium mobilization, when cells were pretreated with P2X4 antagonist, was 

significantly less compared to EtOH treatment alone (*p<0.02).

Inhibition of P2X4R reverses EtOH effect on microglial phagocytosis

Alcohol is known to impair macrophage and microglial phagocytosis3. Since P2X4 

receptors have a dynamic role in regulation of macrophage and microglial function, we 

investigated the possibility that P2X4R plays a role in altered microglial phagocytic function 

after EtOH treatment. Microglial phagocytic function was determined using pHrodo green 

E.coli bioparticles conjugates. pHrodo green-conjugated E. coli bioparticles are 

nonfluorescent outside the microglia at neutral pH, but fluoresce bright green at acidic pH 

such as in phagosomes. Experimental controls including activation of microglia by 

inflammatory stimulus, LPS (1 μg/ml) and treatment with Cyto D (5 μM), an inhibitor of 

cytoskeletal rearrangement showed increased or inhibition of microglia phagocytosis 

respectively. Treatment of ESdM cells with EtOH (100 mM) markedly decreased (*p<0.05) 
microglial phagocytic function compared to control when examined either by fluorescent 

microscopy (Fig. 3a and 3c) or flow cytometry (Fig 3b). Next, we addressed whether P2X4R 

plays a role in EtOH-induced suppression of microglial phagocytic function. As shown in 

the Fig. 3d and 3e, microglia pretreatment with 5-BDBD (1 nM/ml), a P2X4R selective 

antagonist prior to EtOH treatment significantly (**p<0.001) reversed the EtOH effect on 

microglial phagocytosis. Taken together, these data provide reasonable evidence of the 

involvement of P2X4R in EtOH induced microglial phagocytosis.

EtOH effects on microglial migration towards CX3CL1 are reversed with a P2X4 selective 
antagonist

As the innate immune cell of the CNS, microglia constantly survey CNS parenchyma for 

pathogens and cellular stress signals. Hence, to explore the role P2X4R as a mediator of 

EtOH-induced effects on microglial migration, we used the transwell migration assay as 

described earlier50 and calculated microglial migration in response to the chemokine 

attractant, CX3CL1. Optimal concentration of CX3CL1 was determined by dose response 
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experiments (data not shown). ESdM cells were loaded with 5 μM calcein AM, and then 

exposed to EtOH for 48 hr. The migration of microglial cells towards CX3CL1 was 

evaluated in presence or absence of the P2X4R antagonist, 5-BDBD. Migrated cells were 

imaged using an inverted fluorescent microscope (Zeiss) 10X zoom, and analyzed using 

Image J particle analysis to determine the exact number of migrated cells. EtOH (100 mM) 

significantly (p<0.02) suppressed the migration of microglia towards CX3CL1 (Fig 4a and 

4b); this process was reversed (p<0.001) in the presence of the P2XR4 receptor antagonist 5-

BDBD (1 nM/ml), suggesting that P2X4R critically contributes to EtOH-induced 

modulation of microglial migration.

Discussion

As immune sentinels of the CNS, microglia respond to homeostatic changes and play a 

pivotal role in regulation of neuroinflammatory processes including neurodegenerative 

disease51. Amongst the plethora of well-described subsets of immune receptors a growing 

body of evidence now points to purinergic receptors on microglia as contributing to various 

neuropathologies 52, 53. Notably, ionotropic P2X receptor subtype P2X4R has emerged as a 

key regulator of microglial functions and has been implicated in neurodegenerative and 

neuroimmune disorders 45. While the deleterious effects of alcohol on the brain, including 

microglia1, 3-6, are well enumerated, much remains to be known about factors that operate in 

regulating microglial functional responses induced by EtOH. In light of the importance of 

P2X receptor role in regulating microglia functions17, the present study explores the 

functional relevance of the P2X4 receptor on microglia associated with alcohol-related 

immune dysfunction.

Recent evidence demonstrates that P2X4 is an EtOH sensitive receptor47 and is an important 

mediator of EtOH-induced effects. Expression of P2X4R mRNA (Fig 1a) and protein (Fig 

1b and c) in the microglia was up-regulated in response to EtOH suggesting that purinergic 

signaling may be involved in modulating microglial responses. Up-regulation of P2X4R 

expression in microglia has been demonstrated in several in vitro studies48, 54. Similarly up-

regulation of ionotropic P2X4R in activated microglia is evident from various animal 

models of microglia-mediated disorders55. Abundantly expressed in microglia56, de novo 
P2X4R expression is known to be stable in the lysosomes, and trafficking of P2X4R protein 

to the cell surface occurs upon stimulation48. More over, activation of P2X4 receptor has 

been linked to PI3K-AKT, MAPK, MAPK/ERK kinase, and MEK signaling cascades57. 

Whether EtOH-induced P2X4R up-regulation is at the transcriptional and translational 

levels or due to trafficking of P2X4R to the cell surface of microglia with lysosomal 

exocytosis58 without changing the total cellular level of P2X4R protein remains to be 

determined. The mechanism by which, EtOH affects P2X4 receptor expression and related 

downstream signaling pathways, is the focus of ongoing studies in our laboratory.

Calcium is a second messenger that activates many transcription factors and mediates cell 

signaling. Given that P2X4R are known to mobilize calcium20, we characterized purinergic-

mediated changes in [Ca2+] levels in response to EtOH. ESdM cells loaded with Fluo-4, 

which stains cytosolic calcium, were exposed to EtOH in the absence and presence of 

P2X4R antagonist. Acute exposure to EtOH evoked a rapid increase in [Ca2+] levels (Fig 
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2f) a similar increase in [Ca2+] levels has been noted in gastric cells, where EtOH in a dose-

dependent manner has been shown to modulate calcium59. Inhibition of P2X4R activation 

by 5-BDBD, a specific P2X4 antagonist, suppressed (Fig 2i) the EtOH-induced [Ca2+] 

response. Additionally, when P2X4R antagonist were applied in the extracellular [Ca2+] 

free environment, the EtOH-induced [Ca2+] levels were also decreased (Fig 2o) indicating 

that EtOH via the ionotropic P2X4R, increases [Ca2+] levels, probably by a mechanism 

independent of extracellular [Ca2+] influx15. Purinergic receptors are sensitive to calcium 

release and can activate other P2XR on microglia as well as other surrounding glia60. Indeed 

evidence indicates that calcium ion via P2X4R can transiently activate transcription 

factors61 not only in microglia but also in neurons and other glia in the brain. These data 

collectively suggest the role of P2X4R in EtOH-induced changes in [Ca2+] levels and 

functional processes in microglia

Regulation of microglia via P2XR serve as a modulatory factors in shaping cellular 

responses62. Hence, we investigated the effects of EtOH on phagocytic activity of microglia, 

since it is an important functional characteristic of microglia and necessary for CNS 

maintenance and clearance of debris. Microglial cells exposed to EtOH with and without 

P2X4R antagonist were incubated with opsonized pHrodo-conjugated E. coli bioparticles. 

Compared to control microglia, EtOH-treated microglia engulfed fewer E. coli particles, 

indicated by the leftward shift of the fluorescent spectrum (Fig 3b) and decreased mean 

fluorescence intensity in these cells (Fig 3d). Our data is similar to previous studies where 

macrophages treated with EtOH exhibit a decrease in phagocytosis3, 9.

Microglial processes such as polarization and convergence at the site of injury, is mediated 

via purinoreceptors P2X4R63. Responding to factors released from damaged cells, microglia 

are recruited towards the damaged or infected site where they are involved in degenerative 

and regenerative processes. In this study, we showed that P2X4R antagonist partially 

reversed the effects EtOH on microglial migration towards CX3CL1 (Fig 4c). Purinergic 

signaling can activate Rho to induce microglial cytoskeleton reorganization. The small 

GTPase Rho and their downstream effectors such as Rho-effector kinases (ROCKs) are 

known to mediate the reorganization of actin cytoskeleton during phagocytosis64. Exploring 

the mechanism that regulates microglia effector functions will further shed light on 

understanding EtOH mediate immune dysfunction perturbing normal microglia function.

In summary, our study demonstrated that EtOH alters P2X4 receptor expression, and 

modulates microglia effector functions in a receptor dependent manner suggesting a role of 

P2X4 in part attributable to the underlying mechanisms responsible for deregulation of 

microglial immune function. Deciphering the role of purinoreceptor signaling in EtOH-

induced microglia dysregulation will provide important clues to the molecular basis alcohol 

impairment of immune function and as an attractive target for reversing alcohol-induced 

tissue damage.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Ethanol increases P2X4 purinergic receptor mRNA and protein expression in 
microglia
a. Fold change of P2X4 receptor after 48 hr EtOH (100 mM) treatment in microglial cells as 

compared to control. Results are expressed as mean values ± SEM (n=6); **p<0.002 

compared with control. b. Microglia were treated with 100 mM EtOH for 48 hr and then co-

stained with P2X4 (1:200) and anti-rabbit 488 secondary and CD11b-APC conjugated 

antibody. Dot plot represents P2X4 and CD11b positive cells, and an increase of P2X4 

receptor in microglia as depicted by the double positive cells after treatment of EtOH for 48 

hr. c. Median fluorescent intensity of FITC in ESdM cells treated with EtOH as compared to 

control. Results are expressed as median fluorescent values (n=3) **p<0.004. d. 
Immunofluorescent staining of ESdM cells show a difference in protein expression of P2X4 

receptor after 48 hr of EtOH (100 mM) treatment as compared to control cells without 

ethanol treatment.
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Figure 2. Increased calcium mobilization in microglia exposed to ethanol can be reversed with 
P2X4R antagonist
ESdM cells were affixed to PLL-coated MatTek 1.5 mm cell culture dishes loaded with the 

cytosolic calcium indicator Fluo-4/AM (10 mM)42. After 1 min of baseline recording, 

microglia cells were treated with ATP (25 mM), EtOH (100 mM), and P2X4 antagonist (20 

μM) or in combination with EGTA (5 mM) and the P2X4R antagonist and EtOH. a. 
Microglia cells pre-treatment; baseline. b. Microglia cells treated with 25 mM ATP. c. 
Graphical representation of Fluo4 fluorescent intensity of ATP treated cells. d. Microglia 

cells pre-treatment; baseline e. Microglia cells treated with 100 mM EtOH. f. Graphical 

representation of Fluo4 fluorescent intensity of EtOH-treated cells. g. Microglia cells pre-

treatment P2X4 antagonist (20 μM) for 30 min; baseline h. Microglia cells treated with 

EtOH (100 mM). i. Graphical representation of Fluo4 fluorescent intensity of treated cells. j. 
Microglia cells pre-treatment with EGTA (5 mM) for 5 min; baseline. h. Microglia cells 

treated with EtOH (100 mM). i. Graphical representation of Fluo4 fluorescent intensity of 

treated cells. m. Microglia cells pre-treatment with P2X4 antagonist (20 μM) for 30minutes 

and EGTA (5 mM) for 5min; baseline. n. Microglia cells treated with EtOH (100mM). 

Graphical representation of Fluo4 fluorescent intensity of ESdM treated cells. Microglia 

cells treated with P2X4 antagonist prior to EtOH treatment were found to have a statistically 

significant decrease in calcium mobilization as compared to cells treated with EtOH alone, 

(*p<0.02).
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Figure 3. P2X4R antagonist reverses the effects of alcohol on microglial phagocytosis
a. Representative images of microglial phagocytosis via pHrodo bioparticles after treatment 

with LPS (1 μg/ml), Cyto D (5 μM) or EtOH (100 mM). b. Representative histograms of 

microglia treatments compared to pHrodo control. c. Graphical representation of microglia 

phagocytosis after treatments. EtOH treated cells show a statistically significant decrease in 

phagocytosis as compared to the control, (*p<0.05). d. Representative histogram of 

microglia phagocytosis with P2X4 antagonist pretreatment (1 nM/mL) prior to EtOH 

treatment. Microglia cells treated with antagonist show an increase in phagocytosis (blue) as 

compared to EtOH treated (black) cells. e. Graphical representation of microglia 

phagocytosis of microglia pretreated with P2X4 antagonist prior to EtOH-treatment. Cells 

treated with antagonist show a 10% increase in phagocytosis as compared to ethanol treated 

cells alone, a one-way ANOVA was used to compare the two groups (Bonferonni post test) 

(***p<0.001).
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Figure 4. P2X4R antagonist increases migration to CX3CL1 in the presence of ethanol in 
microglia
In vitro migration was performed using the transwell migration assay. ESdM cells (5×104) 

were loaded with 5 mM Calcein AM. In the lower chamber of the transwell plate, 10 ng/mL 

of fractalkine (CX3CL1) was added to determine the number of migrating cells. a. 
Microglial cells after migration as seen under the microscope (40X magnification). 

Microglia treated with EtOH, did not migrate well as compared to control based on the 

fluorescent intensity. b. Graphical representation of the number of total cells migrated 

before and after EtOH treatment was analyzed using Image J software. The data represents a 

statistically significant decrease in migration towards CX3CL1 in EtOH-treated cells as 

compared to control, (**p<0.02) (t-test). c. Graphical representation of microglia pretreated 

with P2X4R antagonist (1 nM/mL) prior to EtOH treatment. The data shows pretreatment of 

microglia with P2X4R antagonist increased migration towards fractalkine as compared to 

EtOH-treatment alone, ***p<0.001 (ANOVA).
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