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ABSTRACT

ETHANOL INDUCED DYSREGULATION OF THE PSYCHO-NEURO-IMMUNE NETWORK
By: SARAH ELIZABETH ABNEY
Under the direction of DR. PETER UCHAKIN, Ph.D.

Alcohol is one of the most harmful substance to the user and others that can be
readily abused compared to other drugs (heroin, methamphetamine, etc.). In this study, we
evaluated the roles of specific cytokines in the pathology of acute alcohol consumption in
animal models. Two groups of NIH Swiss mice were treated IP with 1.8 g/kg (group A)
and 3.0 g/kg of ethanol (group B) for 3 days. Controls (group C) were treated with saline.
Tissue specific gene expression of key signal transducers, inflammatory cytokines, and
their receptors (R) were evaluated with qPCR. Systemic cytokine levels were evaluated
with flow-cytometry. Significantly higher gene expression of STAT-4, -5A -6 was
observed in brain tissues of Group A animals compared to Group B. Compared to control
animals, Group A animals exhibited increased gene expression of the T-bet and
CXCL2(MIP2) in brain tissue. Splenic tissue of ethanol treated animals showed significant
decreased gene expression of STATs, but increased gene expression of inflammatory
cytokines TNFα and CXCL2. Plasma level of IL1 and CCL2(MCP1) were significantly
higher in the Groups A and B compare to control animals. Subsequent study animals were
treated similarly with ethanol agonist, Beta caryophyllene oxide (BCPO; Group O), to
vii

counteract alcohol-induced substance seeking behavior. BCPO treatment led to significant
increase of plasma levels of TNFα, IFNγ, CCL2, IL23, and IL10 compared to Group A;
and TNFα, IFNγ, IL10 and IL23 compared to Group C. This data suggests that alcohol
consumption even with minimal doses leads to systemic inflammation and unequally
affects systemic and tissue-specific cytokine equilibrium.
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CHAPTER 1
HYPOTHESIS

Chronic overexposure to alcohol often leads to the both tissue and/or organ damage, which
alters psycho-neuro-immune network, and thus, may affect development of alcoholseeking behavior. We hypothesized that chronic alcohol-induced imbalance in the Th
clonal paradigm may play a significant role in the development of addiction.

RESEARCH OBJECTIVES
1) To evaluate effects of alcohol consumption on systemic state of the Th-clonal
equilibrium in vivo.
2) To determine source (spleen) organ-specific immune reactivity in vivo.
3) To determine target (brain) organ-specific immune reactivity in vivo.
4) To determine organ-specific immune reactivity in vitro.
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CHAPTER 2
INTRODUCTION

I.

Psychoneuroimmunology
The comprehensive study of the multiplex relationship between the endocrine
system, immunological response, and the peripheral (PNS) and central nervous
system (CNS) has advanced the scientific understanding of the interplay between
cognitive thought and physiological functions. This discipline is more formally
known as Psychoneuroimmunology (PNI) [1]. Research has shown that the
immune system can be influenced by cognitive conditioning as well as the
reciprocal relationship of the ability for immune system peptides to affect one’s
mood/thought [2,3]. This interaction between these physiological systems has
provided the need for specific studies that evaluate the layers of communication
that both include and exclude the involvement of thoughts, emotion, and behavior,
including addiction. The purpose of this proposed study is to evaluate the
pathway(s) in which addictive substances affect interactions between nervous
system and immune system.
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Neuro -Immune (NI) Intercommunication
The bidirectional relationship exhibited between the nervous and the immune
systems has been a focus of elucidation for many years [4,5,6]. Various
neurotransmitters and hormones have been determined to participate immune
responses. The anti-inflammatory activity of serotonin is well established,
providing a key intersection at which mental or physical responses to the
environment may suppress immunity [7,8].
The mechanisms of major cytokine function within the scope of immunity
exhibits a complex network through functional redundancy and pleiotropic
activities [8]. There is extensive research proposing that the effects of specific
cytokines produced by helper T cells predominantly stimulate the hypothalamic
pituitary adrenal (HPA) axis which is seen through shifts/alterations in hormone
secretion and molecular signaling pathways [12,13]. Production of interleukin (IL)2, IL-12, and interferon (IFN)-γ evokes cellular immunity (Th1 cytokine profile)
while production of IL-4, IL-5, and IL-13 educes a humoral immunity (Th2). The
switch in cytokine profiles from Th1 to Th2 involves the inhibition of NF-kB,
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which is, itself, a transcription factor for IL-2, IL-6, IL-8, and IL-12 and several
other host genes [14-16]. IL-2 has been reported to modulate neuroendocrine
activity over an extended period of exposure [17]. Interleukin-6 and IL-3 have been
determined to directly stimulate the steroidogenesis at the adrenal level through
the cyclooxygenase pathway (COX) and lipoxygenase pathway respectively [8].
Interleukin-10 is endogenous to the pituitary, hypothalamic and neural tissues; it is
recognized as a modulator of IL-1, tumor necrosis factor (TNF)- α, and may pose
as a key regulator in CNS pathologies and HPA activity [18]. A decrease in
interferon (IFN)-γ expression manifests a strong immunosuppressive effect,
exemplifying a shift to Th2 profile [19]. The systemic and local expression of
cytokines at key responsive time points has yet to be clarified in a way that provides
a broad understanding of immunological responses at precise physiological sites.

II.

Pathology of Addiction
Severe substance use disorder (addiction), is distinguished as a brain disease
proliferated by compulsive substance use despite harmful consequences [20]. An
estimated 255 million people use psychoactive illicit drugs such as opioids, cocaine,
and cannabis; while nearly 38.3% of the global population consumes alcohol,
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16.0% of that participating in episodic binge drinking. Alcohol alone is reported
to be a component cause of greater than 200 diseases and injury (5.1% of the global
burden) [21]. Chronic heavy consumption is estimated to cost the U.S. economy
$223.5 billion with a median state cost of $2.9 billion [22]. Researchers have
acknowledged the misrepresentation of this data as it these statistics on many drugs
are commonly underreported.
The immune system plays an integral role in biophylaxis to protect one from
foreign organisms and toxins as well as maintaining physiological homeostasis and
therefore the maintenance of cellular integrity in the body [23]. It is proposed that
chronic attack of the immunological pro-inflammatory response on the CNS can
lead to the clinical manifestation of depression, addiction, and neurodegenerative
disease [24, 25]. Alcohol and other drugs are well known immune suppressors.
Chronic exposure to psychoactive drugs has been recorded to alter the natural levels
of immunoregulatory transcription factors and chemokines expressed within the
body [26]. The conglomeration of research available on the immune response
elicited by exposure to various drugs has shown a dose dependent correlation with
the expression of plasma interleukin-6 and TNF-α [27].

It has been proposed by this lab that the adaptive immunity, which is regulated by the
distinctive Th clones may play
significant role in the
development of the addiction
and that imbalance in the
cytokines produced by these
Th clones may produce a
signaling cascade that within
an organism can dysregulate
organ systems (Figure 1). We
Figure 1. Schematics of studied pathways and areas
of interest.

hypothesize that there are
integral Th clone pathway(s)

that may play a role in substance seeking behavior through modulation of key cytokine(s)
between different tissues that effect the organism in both a tissue specific manner and at
the systemic level.
III.

Toxicity of Ethanol Metabolites

The mechanism by which the CNS becomes chronically affected by the immune system
during chronic ethanol consumption is unknown. Increased systemic concentration of any
pro-inflammatory cytokines like TNF-α, IL-6, and IL-12 have the potential to illicit

damage the CNS. It is unclear if the toxic nature of drugs, such as the metabolically
oxidative conversion of alcohol to acetaldehyde, leads to the degenerative immune
response that is proposed to accelerate aging (i.e. breakdown of physiological systems)
[28]. Acetaldehyde (AA) is the toxic product of alcohol metabolism, which is a reactive
organic compound. This reaction is facilitated by alcohol dehydrogenase (ADH) which
reduces nicotinamide adenine dinucleotide (NAD+). Acetaldehyde is nearly 10 times more
toxic than ethanol [29]. Convincing results that elucidate the cytotoxicity of acetaldehyde
regarding antioxidative/oxidative balance within the cell are lacking, as well as in the
perspective of Th1-Th2-Th17-Treg balance [30]. Neurodegenerative disease such as
Alzheimer’s have shown statistical correlations with alcohol consumption, dependency,
and addiction [31,32]; including overall impairment of cognitive abilities following
detoxification [33]. Research continues to exemplify the toxicity of AA from its
involvement in oxidative damage to DNA [34,35].

IV.

Potential treatment for Reduction of Alcohol Dependency

Beta caryophyllene oxide (BCPO) is reported to exhibit analgesic properties in animal
models. Both Beta caryophyllene (BCP) and BCPO are commonly found in essential oils
and have exhibited anti-inflammatory properties, but it has yet to be elucidated how those
chemicals specifically modulate the immune system [36]. BCP elicits various behavioral

changes, however there is no published data regarding the effects of BCPO and its
behavioral effects. Research has demonstrated that CB1 (cannabinoid receptor 1) and CB2
receptors are potential therapeutic targets for alcohol dependence. Only recently BCPO
has been shown to function of as a CB2 receptor agonist like BCP [37]. BCP has shown to
curtail voluntary ethanol seeking behavior [38], reducing mRNA expression of
inflammatory mediators (i.e. TNFa, IL1b, CXCL1), and have maintain suppression of
cytokines following inflammatory stimulus [39]. Subsequently, in this current study, the
anti-inflammatory and potential behavioral attenuation properties of BCPO were
investigated.

METHODS

I.

Drugs

Ethanol OmniPur®, pure 200 proof, ethanol was commercially purchased (VWR, Radnor,
PA) and was diluted with saline for intraperitoneal injection at concentrations of 1.8 g/kg,
and 3.0 g/kg for either study.
BCPO was extracted at the Research Triangle Institute. BCPO was suspended in 10%
tween and saline using sonication.
Mice (N=8 for each group) were injected with BCPO (30 mg/kg) or vehicle 15 minutes
prior to the injection of ethanol (1.8 g/kg).
II.

Animals

Swiss-Webster mice were chosen for these studies because these mice are a general
purpose strain that has been used extensively to study behavior, physiology, and
neurochemistry [40-45].
In the first study, subjects were 24 adult (6 months old) NIH Swiss female mice from
Harlan Sprague Daley. Animals were treated with 1.8 g /kg (Group A) or 3.0 g/kg (Group
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B) of ethanol to determine dose–dependent effects of ethanol on studied parameters.
Animals treated with saline injections constituted control group (Group C). Each group
consisted of 8 animals. .
In the second study, Male Swiss-Webster mice (CFW; Charles River Laboratories, Inc.;
Wilmington, MA) weighing between 30–50 g served as the subjects of these experiments.
Sixteen animals were treated with 1.8 g/kg EtOH (Group E), and 8 of them were pretreated
with BCPO (Group O) to evaluate effect of this drug on behavioral and immune
parameters. Similar to the previous study, 8 mice served as a control group and were treated
with saline only (Group C).
The mice were kept under controlled conditions as groups of 4: temperature 24±2°C; 12:12
light-dark schedule with lights on at 8:00 AM (study 1) 7:am (study 2); room; food and
water and libitum; and dust-free hardwood chip bedding at the Animal Facilities of the MU
School of Pharmacy.
All animals employed in this study were treated according to protocols evaluated and
approved by Institutional Animal Care and Use Committee of Mercer University.
III.

Conditioned Place Preference (CPP)

In this study, Conditioned Placed Preference (CPP) experiments were performed by our
collaborators (Dr. K. Murnane) to assess the positively conditioned partiality for a drug,
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using a three compartment CPP chamber (Med Associates, St. Albans, VT) placed
individually in soundproof boxes (Med Associates, St. Albans, VT). Mice (N=8 per
treatment or dose group) were habituated for 2 days in the CPP chamber for 30 minutes
each day where they had unrestricted access to all sides of the chamber. On the third day,
mice were placed in the chamber for a 15- minute pretest with unrestricted access to
establish which environment was preferred. Mice were then conditioned twice a day for
four consecutive days. One side of CPP chamber contained black walls and a smoother
floor and the other side contained white walls with a metal mesh floor. Each side contained
a single, central light on the ceiling. The intensity of the light on each side was adjusted in
preliminary experiments to balance the two sides as much as possible. However, to account
for the baseline preference of each subject for one side of the chamber versus the other, a
biased CPP protocol was utilized, wherein the less preferred compartment was paired with
the drug. During conditioning, each mouse received a saline injection in the morning (11:00
h) and was confined to the preferred compartment of the apparatus for 15 minutes. Each
mouse received an ethanol injection in the afternoon (16:00 h) and was confined to the less
preferred compartment for 15 minutes. Following the 4-day conditioning protocol, each
mouse underwent a 15 minutes unrestricted access post-test to assess the effects of the
conditioning. In the first experiment, A dose effect curve of ethanol was performed in this
manner to determine right dose of ethanol to use test the effect of BCPO on ethanol CPP
in the second experiment. To assess the effects of BCPO on the development of the ethanol
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CPP, vehicle or BCPO (30 mg/kg) was administered 15 minutes prior to every ethanol
injection during the 4-day conditioning protocol. The change in the time spent in the less
preferred compartment was used as the dependent measure of a CPP [37].
After each study completion, the animals were sacrificed and tissue and organs
(blood, brain, spleen, and heart) were harvested and transferred to-80oC for storage. Frozen
tissue samples were thawed on ice and homogenized on Seward Stomacher 80 tissue
blender (Seward Ltd., West Sussex, UK), and then washed in cell lysis buffer (Qiagen, CA,
USA and GeneAid, New Taipei City, TWN).
IV.

The In Vitro Experiments
Spleens and blood were collected from male (2) and female (2) Swiss Webster

mice. Tissues were homogenized using Seward Stomacher 80, in RPMI and Henry’s
Buffer. Samples were exposed to comparable concentrations of ethanol using the following
equation:

𝑔
𝑔
)] 𝑥 𝑎𝑛𝑖𝑚𝑎𝑙 𝑚𝑎𝑠𝑠 (𝑘𝑔)𝑥 [𝑑𝑟𝑢𝑔 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑚𝐿)]
𝑘𝑔
[ 𝑎𝑝𝑝𝑟𝑜𝑥. 𝑤𝑎𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑛𝑖𝑚𝑎𝑙 𝑚𝑜𝑑𝑒𝑙]

[𝑑𝑟𝑢𝑔(
[𝐸𝑡ℎ𝑎𝑛𝑜𝑙 𝐼𝑛 𝑣𝑖𝑡𝑟𝑜] =

Suspended cells were diluted 1:10 in RPMI growth media supplemented with 10%
FBS + 1% Penicillin + Antimycin and incubated for 2 and 4 hours with comparable drug
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concentrations to in vivo experiments. Prior to incubation 50uL of collected samples were
evaluated for viability. Following incubation cell cultures were centrifugated at 800g x
1min and supernatants were collected to determine levels of secreted cytokines. Pellets
were resuspended with cell lysis buffer (DB Buffer by GeneAid) and subjugated to the
same protocols and analyses (as detailed above) to determine gene expression of the studied
markers.

V.

Analysis of the immune reactivity.
Plasma concentrations of proinflammatory cytokines in all experiments were

quantified using flow cytometry with custom bead-based multiplex immunoassay
(Legendplex™) which allows simultaneous evaluation of 13 analytes in a 12.5ul plasma
sample (Biolegend, San Diego, CA).
Total RNA and protein were extracted from harvested tissues and collected using
AllPrep RNA/protein protocol (Qiagen, Valencia, CA, USA) or DNA/RNA/Protein
Extraction Kit (GeneAid, Shijr District, New Taipei, TWN). The quantity and quality of
the RNA concentration was determined by spectrophotometry based in the A260/A280
ratio using a 7200 NanoDrop Spectrophotometer.
QuantiTect Reverse Transcriptase kit (Qiagen) with the integrated removal of
genomic DNA contamination will be used for the first-strand cDNA synthesis. The
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calculated amount of RNA used for this kit was calculated for the max load of 40ng cDNA
per each reaction. The cDNA was used for subsequent PCR amplification. The amount of
expressed mRNA for cytokines and their receptors were analyzed using an ABI 7300
sequence detection system (Applied Biosystems, Foster City, CA USA) that employs
SYBR Green chemistry for the quantification of mRNA level. All reactions were
multiplexed with the housekeeping genes hypoxanthine phosphoribosyltransferase 1 (Hprt
1), β -actin (bAct), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) [46]. All
primers were sequenced by Eurofins Scientific (Luxembourg).
Data was expressed as
threshold

cycle

(ct)

values – the number of
cycles at which log PCR
cross

a

threshold

calculated
line

for

consequent
determination
Figure 2. Representative amplification curves for gene
expression of specific, nonspecific, and endogenous control
using described techniques.

of

difference in ct values
(Δ ct) between ct values

of target and household genes (Δ ct=ct[target gene]-ct[household gene]) (Figure 2).
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VI.

Statistical Analysis

One- and Two-way Analysis of Variance ANOVA or ANOVA on Ranks with HolmSidak, Student-Neuman-Keuls, Tukey and Dunn’s tests where applicable were used to
analyze group-dependent differences in each studied parameter. The significance of
interactions between parameters was analyzed by employing the Pearson product-moment
correlation and Spearman’s rank-order correlation tests.

RESULTS

I.

Dose-dependent effects of ethanol on gene expression of markers of the Th
clonal paradigm in the source (spleen) and target (brain) tissues expression.

Figure 3. Gene expression of transduction molecules
in brain tissues of animals of Group A (light symbol)
and Group B (dark symbol) relative to the control
animals (red dotted line). (*) denotes significant data
relative to the control group. (#) significant data
relative to each treatment group.

Figure 4. Gene expression of transduction
molecules in spleen tissues of animals of Group
A (light symbol) and Group B (dark symbol)
relative to the control animals (red dotted line).
(*) denotes significant data relative to the control
group. (#) significant data relative to each
treatment group.
The dynamic changes observed with signal transduction molecules leads to variable
imbalance in both the spleen and brain tissue. To examine the effects on the non-specific
cytokine, mRNA expressions levels via qPCR analysis was done like the investigation of
specific signal transduction molecules (Fig. 3& 4).
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Variances in pro-inflammatory cytokines and anti-inflammatory cytokines related to dose
and tissue were observed (Fig. 5& 6).

Figure 5. Gene expression
of cytokines, chemokines
and their receptors in
brain tissues of animals of
Group A (light) and
Group B (dark) relative to
control animals (1.0). (*)
– statistical significance
(p< 0.05) of each
treatment group relative to
the control group; (#)statistical significance of
both treatment groups
relative to control group.
Figure 6. Gene expression
of cytokines, chemokines
and their receptors in
spleen tissues of animals
of Group A (light) and
Group B (dark) relative to
control animals (1.0). (*) statistical significance
(p<0.05) of each treatment
group relative to the
control group; (#) statistical significance of
both treatment groups
relative to control group.

Conditioned Place Preference (CPP) Test.
Studies that were performed in the Dr. Murnane laboratory showed that all animals of the
alcohol-treated group exhibited drug-seeking behavior through extended stays in the
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initially least preferred chamber (which was then paired with alcohol during the
conditioning phase) in the post treatment test.
II.

Effects of BCPO on tissue-specific gene expression of the markers of immune
response in EtOH-treated animals.

Similar experiments were executed in a mouse model of 1.8 g/kg ethanol and treatment of
BCPO (Group O) prior to ethanol exposure. 1.8 g/kg concentration (Group E) was chosen
as it not only exhibited unequal stat expression levels but has been observed to be the most
psychoactive concentration by our collaborators. Divisive gene expression Th pathway
specific cytokine levels were observed between treatment groups and tissues (Figure 7 &
8).

Figure 7.
Gene expression of transduction
molecules in brain tissues of animals of Group E
ethanol (light) and Group O (dark) relative to
control animals (1.0). (*) – statistical significance
(p<0.05) of each treatment group relative to the
control group; (#)- statistical significance of both
treatment groups relative to control group.

Figure 8.
Gene expression of transduction
molecules in spleen tissues of animals of Group E
(light) and Group O (dark) relative to control
animals (1.0). (*) – statistical significance (p<0.05)
of each treatment group relative to the control
group; (#)- statistical significance of both
treatment groups relative to control group.
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Unequal expression in reference to the control animals of this study in the spleen and brain
tissue were distinctive (Figure 9 & 10). All data presented represent the mean of each
experiment, in duplicate, with the standard error of the mean.

Figure 9. Gene
expression of
cytokines,
chemokines and their
receptors in brain
tissues of animals of
Group E (red) and
Group O (blue)
relative to control
animals (1.0). (*) –
statistical
significance (p<
0.05) of each
treatment group
relative to the
control group.
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Figure 10. Gene
expression of
cytokines,
chemokines and their
receptors in spleen
tissues of animals of
Group E (red) and
Group O (blue)
relative to control
animals (1.0). (*) –
statistical
significance (p<
0.05) of each
treatment group
relative to the
control group.

Dose-dependent effects of ethanol and BCPO on systemic levels of cytokines.
We evaluated systemic levels of cytokines, which play significant role in the polarization
of the Th1, Th2, Th17, and Treg clones, as well as common pro-inflammatory cytokines,
such as TNF-α, IL-1β, and IL-6. Similar modulations of the systemic cytokine levels were
seen for both doses of ethanol – 1.8g/kg (Group A) and 3.0 g/kg (Group B). Figures for
each study follow color scheme as previous figures (Figure 11).
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Figure 11. Effects of ethanol
on circulating levels of
studied cytokines of Group
A (light) and Group B
(dark). Data presented as
percent relative to control.
(*) – statistical significance
(p, 0.05) of each treatment
group relative to the control
group; (#)-statistical
significance between
combined treated (A+B) and
control groups.
Increased expression of IFN-g was seen in both treatment groups of the second study
(Figure 12). For the primary study (E1) and secondary study (E2) there were observable
subject dose-dependent differences. The individual distribution of systemic cytokines was
Figure 12. Percent relative to
control of Independent
responses of subjects in
Group E (red) and Group O
(blue) treatment groups of E2
study. (*) – statistical
significance (p, 0.05) of each
treatment group relative to the
control group; (‡)-statistical
significance between
combined treated (A+B) and
control groups.
seen in all treatment groups, but only effected certain cytokines unequally (Figure 11 and
12).
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Time spent in alcohol paired
chamber (seconds)

Behavioral data exemplifies the
conditioned preference of the
mice post CPP test to the
compartment in which ethanol or
ethanol + BCPO (BCPO) was
given, entailing that all alcoholtreated

mice

in

this

study

developed a preference for the
Figure 13. CPP data of time spent in least preferred
compartment for pre-test and post-test. (*) p<0.05 vs.
the time spent in the chamber pre-test

drug-paired chamber (Figure 13).
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III.

Tissue specific expression of immune markers in vitro

Varied responses were elicited in response to high dosage level of both ethanol (EtOH)
and acetaldehyde in
spleen tissues for
proinflammatory
chemokine markers
and their receptors
(Figure 14).
Figure 14. Dynamics of gene
expression of CCL2, CXCL2 and
CCR2 in mouse primary spleen
cells following treatment with
ethanol (EtOH) and aldehyde at
the concentrations. Data
presented as fold-changes relative
to control (untreated) cell culture.

DISCUSSION

The basis of this present study was to deduce the mechanism by which ethanol
modulates the immune system on a tissue specific and systemic levels. Many interactions
were evaluated such as cross-talk between affected tissues (spleen, brain) via assessment
of circulating cytokine levels, behavioral correlations, and Th-X-pathway differentiation.
Th1 cell differentiation occurs in a positive feedback loop manner in which T-cell
receptor stimulation recruits IFN-γ which activates STAT1, inducing the expression of Tbox transcription factor (Tbx21) in T cells. The continual proliferation of Th1 by this
transcription factor also bolters the expression of IFN- γ and IL-12 receptor. Th2 cell
differentiation is regulated by transcription factor, GATA3, which is expressed through
cellular signaling pathway involving IL-4 receptor and STAT6 [46]. The aforementioned
key markers and cytokines of Th1 cell differentiation inhibits Th2 differentiation and
therefore GATA3 expression, while elevated levels of key makers of Th2 differentiation
downregulate Th1 switch – T-bet expression [47,48]. To simply have functioning
CD4+CD25+T regulatory (natural T-reg) cells, expression of Foxp3 is required [49].
Strong immune-suppressive function of T-reg cells are gained through TGF-β induces
Foxp3 expression [50].

24
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In the first experimental group, gene expression of the specific signal transducers
and non-specific cytokines were evaluated in the brains and spleens of 12 outbreed (NIH
Swiss) female mice, which were treated with 2 doses of 1.8g/kg (A) or 3 g/kg (B) of EtOH.
Samples of the spleen, and brain were processed as described above. Substantial increase
in the expression of T-bet (IFNg), and GATA3 (IL-4) in brains and spleens, as well as,
FoxP3 (IL-10) in brain only of 5 out 8 animals was observed (Figure 3 and 4). Slight (6.3
and 3.3 folds) increase in the gene expression of the RORc (IL-17) was registered in the
brains of two animals only. At the same time, RoRc (IL-17) has been suppressed in the
spleen at different degree (Figure 4). There were no notable changes in the gene expression
of the common signal transducers (STATs1-6) in the spleen tissues, while nearly all of
these markers are significantly upregulated over 10-fold in the brain tissues (Figure 3). On
the other hand, their gene expression in the spleens was suppressed in most of the animals,
except for T-bet (>10 fold upregulated).
In the second experiment, gene expression of specific immune cell subset targets
and cytokines were evaluated in the brain and spleen of 12 outbreed (NIH Swiss) male
mice which were treated with 1.8 g/kg ethanol (Group A) and 1.8 g/kg ethanol + 30 mg/kg
BCPO (Group O). Substantial increase of expression of STAT 4 (IFNg pathway), STAT
3 and RORc (IL-17 pathway) in spleen tissue (Figure 8) while substantial decrease of
expression of Tbx21 (IFNg pathway), and FoxP3 (IL-10 pathway) in brain for both
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treatment groups (A and O) although GATA3 (IL-4) decreased expression level was
observed in BCPO treatment group only (Figure 7).
This data suggests that treatment with EtOH unequally affects the Th-X paradigm
in different tissues. Specifically, data demonstrates that alcohol consumption may
markedly stimulate production of pro-inflammatory cytokines in brain and spleen tissues.
Moreover, alcohol-induced inflammation appears to be more profound in the brain, since
no significant increase in the gene expression of the signal transducer (FoxP3) or the antiinflammatory cytokine (IL-10) was observed in the spleen (Figures 3, 7). Compensation
of the pro- and anti- inflammatory process may be compensated due to observable increase
in GATA3 and Tbet expression levels (Figure 3). Brain tissue exhibits a different
mechanism of response as FoxP3 and other pro-inflammatory transducers (RorC, Gata3,
Tbx21/Tbet) are downregulated (Figure 7). Whereas FoxP3 expression in the spleen is
slightly upregulated, and there is a large upregulation of RoRc (IL-17) (Figure 8).
The in-vitro experiments demonstrate contrasting mRNA expression levels of
CXCL2 and CCL2 and its receptor (CCR2) (Figure 14). As non-specific proinflammatory
chemokines, CXCL2 and CCL2 are most commonly attributed to rapid release, neuronal
degradation and behavior fluctuations [51,52]. Interestingly, CXCL2 exhibited
upregulation to varying effects in both the spleen and brain tissues of both in vivo
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experiments although under ethanol exposure in vitro CXCL2 shows to be downregulated
(Figures 5,6,9,10,14).
It has been known that differences in pro-inflammatory cytokine levels exhibit
gender-biases following ethanol treatment where females tend to be more sensitive to
inflammatory effects following binge ethanol consumption [53].

This serves as an

acknowledgement of data discrepancies seen between dose dependency (EtOH1) and
potential drug treatment (EtOH2) experiments, which were run with female and male mice
respectively.

CONCLUSION

In summary, the current studies suggest tissue-dependent dissociation in the
immune response to the ethanol. Specifically, we have observed upregulation of gene
expression of the Foxp3, Tbet, and GATA3 in the spleen tissues but down-regulation of
the same markers of the Th system in the brain tissue of the animals treated with 1.8g/kg
of Ethanol. The current data is not sufficient to make conclusions regarding substance
seeking behavior and specific immunological paradigm shifts since all animals expressed
drug-seeking behavior. Gene expression levels is relevant to the adaption of alcohol
substance seeking behavior exhibited in all animals of this study as well as the stimulation
of CXCL2 in vitro and in vivo. To our knowledge this represents novel data suggesting
involvement of non-specific proinflammatory expression following ethanol injection. The
findings from this study add important information in respect to the specific mechanisms
of cytokine involvement to substance seeking behavior and pathogenesis. This data will
make significant input to the field of Psycho-Neuro-Immunology showing the variability
of these types of experiments.
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FUTURE DIRECTIONS

The results from these experiments show potential drug avenues for alcohol seeking
behavior. BCPO shows some effect on specific signal transducers and non-specific tissue
specific cytokine release, potentially higher drug dose analysis may elucidate further
expected results. The in vitro experiments gave good insight to early chemokine ligand and
receptor binding, however each in vivo experiment represented one time point from the
determined tissue extraction time-point. It would be beneficial to observe the timeline of
harvesting tissue and expression levels of all stimulated immune signaling products in this
study. Furthermore, comparative analysis of the interplay between the psycho-neuroimmune network and Th-X pathway response regarding other psycho-active drugs with
high incidence of substance dependency.
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