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Abstract
Background—Alcohol is the most widely abused substance and its chronic consumption causes
neurobehavioral disorders. It has been shown that alcohol affects the function of immune cells.
Dendritic cells (DC) serve as the first line of defense against infections and are known to
accumulate neurotransmitters such as 5-hydroxytryptamine (5-HT). The enzyme monoamine
oxidase-A (MAO-A) degrades 5-HT that is associated with clinical depression and other
neurological disorders. 5-HT is selectively transported into neurons through the serotonin
transporter (SERT), which is a member of the sodium- and chloride-dependent neurotransmitter
transporter (SLC6) family. SERT also serves as a receptor for psychostimulant recreational drugs.
It has been demonstrated that several drugs of abuse such as amphetamine and cocaine inhibit the
SERT expression; however, the role of alcohol is yet to be elucidated. We hypothesize that alcohol
can modulate SERT and MAO-A expression in DC, leading to reciprocal downregulation of 5-HT
in extracellular medium.

Methods—Dendritic cells were treated with different concentrations (0.05% to 0.2%v/v) of
alcohol for 24–72 hours and processed for SERT and MAO-A expression using Q-PCR and
Western blots analysis. In addition, SERT function in DC treated with alcohol both in the presence
and absence of imipramine, a SERT inhibitor was measured using 4-[4-(dimethylamino)styryl]-1-
methylpyridinium iodide uptake assay. 5-HT levels in culture supernatant and intracellular 5-
hydroxy indole acetic acid (5-HIAA) and cyclic AMP were also quantitated using ELISA.

Results—Dendritic cells treated with 0.1% alcohol for 24 hours showed significant upregulation
of SERT and MAO-A expression compared with untreated DC. We also observed that 0.1%
alcohol enhanced the function of SERT and decreased extracellular 5-HT levels compared with
untreated DC cultures, and this was associated with the elevation of intracellular 5-HIAA and
cyclic AMP levels.

Conclusions—Our study suggests that alcohol upregulates SERT and MAO-A by elevating
cyclic AMP, which may lead to decreased concentration of 5-HT in the extracellular medium. As
5-HT is a major neurotransmitter and an inflammatory mediator, its alcohol-mediated depletion
may cause both neurological and immunological deregulation.
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Alcohol is the most commonly used and abused substance worldwide (Oak et al., 2006). It is
a potent immunosuppressive agent and it has been recognized for many centuries as an
important risk factor for the development of infections (Song et al., 2005). Alcoholic
individuals frequently show an immunodeficiency state, which is associated with a higher
risk of cancer (Laso et al., 2007; Nelson and Kolls, 2002). In addition, alcohol abuse has
been demonstrated to deplete serotonin or 5-hydroxytryptamine (5-HT) contributing to
neuropsychiatric conditions such as depression and anxiety disorders and alcohol
dependence (Tollefson, 1989, 1991).

5-Hydroxytryptamine is a classical neurotransmitter and vasoactive aminewhich regulates a
variety of physiologic states and behaviors, including pain, appetite, mood, and sleep
(Mossner and Lesch, 1998). It is an important inflammatory mediator with significant
immunomodulatory effects (Leon-Ponte et al., 2007; Meredith et al., 2005). Extracellular 5-
HT is cleared by the serotonin transporter (SERT), which leads to its inactivation in the
brain and periphery by the enzyme called monoamine oxidase-A (MAO-A) (Henry et al.,
2003). In addition, SERT dysfunction has been found in individuals suffering fromboth
depression and anxiety disorders (Hariri and Holmes, 2006). Substitution of Val425 for
Ile425 in SERT gene was observed in patients with obsessive compulsive disorder(OCD)
(Ozaki et al., 2003). Prasad and colleagues (2009) documented that variants in SERT gene,
Ile425Leu, Phe465-Leu, and Leu550Val are associated with OCD and autism.

Serotonin transporter is a member of sodium- and chloride- dependent neurotransmitter
transporter (SLC6) family (Saier, 1999). It is a 630-amino-acid protein and has 12
transmembrane domains and its C and N terminal regions lie in the cytoplasm (Qian et al.,
1995; Tate and Blakely, 1994). It selectively transports serotonin together with Na+ and Cl−

into cells and in the same reaction transports K+ out of the cell and modulates serotonergic
signaling and neurotransmission (Blakely et al., 1994). It has been shown that SERT is also
a receptor for antidepressant drugs and psychostimulant drugs of abuse such as 3,4-
methylenedioxymethamphetamine, amphetamine, and cocaine, suggesting that these drugs
are able to modulate the transport of serotonin into the cell (Tatsumi et al., 1997). However,
the effect of alcohol on SERT expression and function is not clear.

Alcohol may contribute to neuropsychiatric conditions by affecting several cells in the brain.
Dendritic cells (DC) are responsible for processing and presentation of antigen to T cells
(Bell et al., 1999; Lanzavecchia and Sallusto, 2001) and serve as the first line of defense
against infection (Nair et al., 2005). These cells play a key role in the initiation of adaptive
immune responses and their functions are negatively affected by both acute and chronic
alcohol exposure in humans (Dolganiuc et al., 2003; Laso et al., 2007).

It has been reported that DC express SERT and can accumulate serotonin then playing an
important role in the transport of serotonin in the brain (Axelsson et al., 1978; O’Connell et
al., 2006). However, the mechanisms by which alcohol affects the expression and function
of SERT in DC are still unknown. In the present study, we demonstrated that alcohol
upregulates the expression and function of SERT in DC leading to the depletion of
extracellular 5-HT.
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MATERIAL AND METHODS
Isolation of Monocytes

Human leukopacks were obtained from Community Blood Centers of South Florida, Inc.,
Miami, Florida. Monocytes were isolated using RosetteSep human monocyte enrichment
cocktail (StemCell Technologies, Vancouver, Canada). The cocktail contained a
combination of mouse and rat monoclonal antibodies directed against antigens on CD2,
CD3, CD8, CD19, CD56, CD66b, and glycophorin A. It crosslinks unwanted cells in human
whole blood to multiple RBCs, forming immunorosettes that pellet along with the free
RBCs when centrifuged over Ficoll-Hypaque (Sigma Aldrich, St Louis, MO). Monocytes
were collected at the interface between the plasma and Ficoll-Paque.

Generation of DC From Monocytes
Monocytes were cultured at a concentration of 1 × 106/ml in complete RPMI medium
containing 20 ng of recombinant human GM-CSF/ml and 20 ng of recombinant IL-4/ml
(R&D Systems, Inc., Minneapolis, MN) for 6 days (Cao et al., 2005; Nair et al., 2005). On
alternate days, 1-ml medium was replaced with fresh medium containing GM-CSF and IL-4
at a concentration of 20 ng/ml. On day 6, the cells were positive for the expression of DC
markers, CD40, CD80, and CD86 (Nair et al., 2005).

Treatment of DC With Alcohol
The DC were treated with different concentrations of alcohol (0.05, 0.1, and 0.2%) for 24 to
72 hours. At these concentrations, alcohol did not affect the viability of the cells. After 24 to
72 hours, the cells were harvested and RNA was extracted.

RNA Extraction and Quantitative Real-Time PCR
The cytoplasmic RNA from the cell pellet was extracted using RNA purification kit
(Qiagen, Valencia, CA). The cell pellet was lysed and homogenized in the presence of
guanidine-thiocyanate-containing buffer, which inactivates RNases. Ethanol was added to
provide appropriate binding conditions and the sample was then applied to an RNeasy mini
spin column (Qiagen), where the total RNA binds to the membrane and contaminants were
washed away. The RNA was eluted and quantitated and was stored at −80°C. Equal
quantities of RNA from all the samples were reverse transcribed using the high-capacity
cDNA reverse transcription kit (Applied Biosystems, Foster City, CA). The cDNA was
stored at −20°C until the analysis.

The expression of SERT and MAO-A genes was quantitated using Brilliant QPCR master
mix (Stratagene, Cedar Creek, TX) and the primer sequences depicted in Table 1. TaqMan
probes labeled with a reporter at 51 end and a quencher at 31 end were used to monitor the
amplification of gene. The RT–PCR was performed as described (Cunningham, 2001).

Western Blot Analysis
After 24 hours exposure to alcohol, the DC were harvested and the cell lysates were
prepared in protein extraction reagent (Pierce Biotechnology, Rockford, IL) containing
protease inhibitor (Pierce Biotechnology), vortexed and kept on ice for 10 minutes, and
centrifuged at 13,306 g for 10 minutes at 4°C. The supernatants were collected and the
protein levels were quantified using the protein assay reagent (Bio-Rad Laboratories,
Hercules, CA). Equal quantities of protein were subjected to SDS–PAGE and transferred to
nitrocellulose membrane (Bio-Rad Laboratories), blocked with 10% nonfat dry milk,
washed with tris-buffered saline–tween 20 (TBST), and incubated overnight with mouse
monoclonal antibody against human SERT (Abcam, Cambridge, MA) and rabbit polyclonal
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antibody against MAO-A (Santa Cruz Biotechnology, Inc., Santa Cruz, CA). The blots were
washed with TBST, incubated with goat anti-mouse IgG-HRP (Santa Cruz Biotechnology,
Inc.) for SERT and goat antirabbit IgG-HRP (Santa Cruz Biotechnology, Inc.) for MAO-A,
and developed using the super signal west pico chemiluminescent substrate (Pierce
Biotechnology).

Flow Cytometric Analysis
The expression of SERT in DC treated with 0.1% alcohol for 24 hours was also analyzed by
indirect flow cytometry. The cell pellet was washed with PBS/EDTA, resuspended in 500
ml of 1 × PBS and incubated with mouse monoclonal antibody to SERT (Advanced
Targeting Systems, San Diego, CA) for 30 min at room temperature. Then, the cells were
washed with PBS/EDTA and incubated with phycoerythrin (PE)-conjugated donkey anti-
mouse IgG monoclonal antibody (eBioscience, San Diego, CA) for 30 min in dark at room
temperature. PE-conjugated control antibody was isotype- matched IgG. After washing with
PBS/EDTA, the cell pellet was resuspended in 2% paraformaldehyde and analyzed using
FACSCalibur flow cytometer through CellQuest software (BD Biosciences, San Jose, CA).
The results are expressed as the mean fluorescence intensity (MFI).

Measurement of SERT Activity Using 4-[4-(Dimethylamino)-Styryl]-1-Methylpyridinium
Iodide (ASP) Uptake Assay

Dendritic cells were treated with 0.1% alcohol both in the presence and absence of SERT
inhibitor, imipramine at a concentration of 10 μM (Fowler et al., 2006) for 24 hours. Cell
culture supernatant was collected to measure the concentration of extracellular 5-HT. The
cells were treated with 1 μM of 4-[4-(dimethylamino)-styryl]-1-methylpyridinium iodide
(ASP)—a fluorescent substrate for organic cation transporter, incubated in a CO2 incubator
for 1 hour and washed thrice with Krebs Ringers bicarbonate buffer containing 1 mM of
imipramine. The cells were lysed by 1% SDS, and the ASP transported into the cells was
quantified by measuring its fluorescence intensity (λex = 485 nm, λem = 620 nm).

Quantification of Serotonin (5-HT) Concentration in Culture Medium by ELISA
The concentration of 5-HT in the culture medium was measured using 5-HT competitive
ELISA kit (GenWay Biotech Inc., San Diego, CA). The 5-HT in the samples and controls
were acylated with acetic anhydride and acetone and were applied to microtiter plate coated
with anti-rabbit antiserum (goat). Standards were also applied to the microtiter plate.
Biotinylated 5-HT and serotonin antiserum were added to each of the wells and incubated
overnight at 4°C. The wells were washed and anti-biotin antibody (goat) conjugated to
alkaline phosphatase was added followed by the application of p-nitrophenylphosphate
substrate solution. The optical density was read at 405 nm using a microplate reader from
Molecular Devices (Sunnyvale, CA).

Quantification of Intracellular 5-Hydroxy Indole Acetic Acid by ELISA
After exposing the DC to 0.1% alcohol for 24 hours, the cells were harvested, and the cell
lysates were prepared in protein extraction reagent (Pierce Biotechnology) and centrifuged
at 12,000 rpm for 10 minutes at 4°C. The supernatant was collected to measure intracellular
5-hydroxy indole acetic acid (5-HIAA) by using 5-HIAA competitive ELISA kit (IBL
Transatlantic Corp., Toronto, CA). The samples were diluted and then methylated with
methylation reagent. The methylated samples and standards were applied to microtiter plate
coated with anti-rabbit IgG followed by the addition of 5-HIAA biotin and 5-HIAA
antiserum and incubated overnight at 2–8°C. The wells were washed, and anti-biotin
antibodies conjugated to alkaline phosphatase and p-nitrophenylphosphate solution were
added. The optical density was measured at 405 nm.
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Quantification of Intracellular Cyclic AMP Concentration by ELISA
Intracellular cyclic AMP concentration of DC treated with 0.1% alcohol was measured using
the cyclic AMP direct immunoassay kit (EMD Chemicals, Gibbstown, NJ). The DC treated
with alcohol for 24 hours as well as control culture cells were harvested and treated with 0.1
N hydrochloric acid, incubated for 10 minutes, and centrifuged at 600 g at room
temperature. The supernatant was collected to measure the cyclic AMP. Cyclic AMP
standards and the supernatant were applied to microtiter plate coated with goat anti-rabbit
IgG. Alkaline phosphatase conjugated to cyclic AMP and anti-cyclic AMP were added to
each of the wells, and the plate was incubated at room temperature for 2 hours on plate
shaker. The wells were washed, p-nitrophenylphosphate substrate solution was added to
every well, and the optical density was measured at 405 nm.

Statistical Analysis
Mean ± SD of 3 individual experiments was calculated, analyzed by Student’s t-test, and the
values were considered to be significant when p < 0.05.

RESULTS
Alcohol Upregulates the Expression of SERT Gene in DC

Data presented in Fig. 1 show the dose- and time-dependent effect of alcohol on SERT gene
expression in DC. DC were treated with alcohol at different concentrations (0.05, 0.1, and
0.2%) for 24, 48, and 72 hours, respectively. RNA was extracted and reverse transcribed,
and SERT gene expression was quantitated by real-time PCR using GAPDH as a
constitutively expressed gene. DC treated with 0.1% alcohol for 24 hours showed significant
upregulation of SERT gene [Transcript Accumulation Index (TAI) = 2.77, p < 0.035] when
compared with control culture (TAI = 1). However, no significant difference in SERT gene
expression was observed at alcohol concentrations, 0.05% (TAI = 0.97) and 0.2% (TAI =
1.12). The effect of alcohol on SERT gene expression was higher at 24 hours but not at 48
and 72 hours. Therefore, a 24-hour incubation period and an alcohol concentration of 0.1%
were selected for subsequent experiments.

Alcohol Upregulates SERT Protein Expression in DC
To study whether alcohol affects SERT protein expression in DC, the protein extracted from
the cells treated with alcohol (0.05 to 0.2%) for 24 hours was analyzed by Western blotting
(Fig. 2). We observed that the alcohol at 0.1% caused the upregulation of SERT protein
expression when compared with control DC. The expression of SERT protein in DC after
exposure to 0.1% alcohol for 24 hours was also analyzed by flow cytometry (Fig. 3A,B).
The MFI was higher (68; p < 0.003) in DC treated with alcohol when compared with control
DC (42) indicating that 0.1% alcohol caused the upregulation of SERT protein.

Alcohol Enhances the Function of SERT and Depletes 5-HT Level in Cell Culture
Supernatant

As alcohol upregulated SERT both at gene and protein levels, we determined whether
alcohol could increase the function of SERT. Therefore, we treated the DC with 0.1%
alcohol both in the presence and absence of imipramine, an inhibitor of SERT for 24 hours,
and the culture supernatant was collected. The cells were incubated with 4-[4-
(dimethylamino)-styryl]-1-methylpyridinium iodide (ASP) and measured the uptake of ASP
by SERT. The MFI of intracellular ASP was higher in the cells treated with alcohol (206; p
< 0.02) when compared with control DC (132) indicating that alcohol enhances the transport
of ASP through SERT. The uptake of ASP into the cells treated with imipramine (85.67; p <
0.05) and 0.1% alcohol + imipramine (75.33; p < 0.035) was lower when compared with
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control culture as well as 0.1% alcohol treated cells (Fig. 4). To study whether alcohol
increases the transport of 5-HT into the DC and depletes extracelluar 5-HT, we quantitated
the levels of 5-HT in the DC culture medium using ELISA kit and observed that 0.1%
alcohol decreased 5-HT levels (12.48 ng/ml; p < 0.03) compared with control culture (16.76
ng/ml). However, the 5-HT concentration in the culture medium of DC treated with
imipramine (20.69 ng/ml; p < 0.002) and 0.1% alcohol + imipramine (21.04 ng/ml; p <
0.035) was higher than that observed in control culture medium as well as 0.1% alcohol
treated DC culture medium (Fig. 5).

Alcohol Upregulates MAO-A Expression in DC
Monoamine oxidase-A is an enzyme involved in the degradation of 5-HT. As we observed
decreased levels of 5-HT in DC culture medium with an increase in SERT expression, we
analyzed the expression of 5-HT metabolizing enzyme, MAO-A, by Western blotting and
observed that alcohol at 0.1% caused the upregulation of MAO-A compared with control
culture (Fig. 6). In addition, we analyzed whether the increase in MAO-A protein expression
is due to the upregulation of MAO-A gene, by real-time PCR, and found that MAO-A gene
is upregulated in 0.1% alcohol-treated DC (TAI = 1.31; p < 0.021; Fig. 7).

Alcohol Enhances Intracellular 5-HIAA Concentration
5-Hydroxy indole acetic acid is the end product of 5-HT catabolism. The alcohol-mediated
upregulation of MAO-A may lead to increased intracellular degradation of 5-HT to 5-HIAA.
Therefore, we measured the concentration of intracellular 5-HIAA by ELISA and observed
that 5-HIAA concentration is higher in alcohol-treated DC (0.97 μg/ml; p < 0.037) than in
control DC (0.67 μg/ml) (Fig. 8).

Alcohol Increases Intracellular Cyclic AMP
Previous studies have indicated that cyclic AMP upregulates SERT mRNA. Therefore, we
studied whether alcohol-induced upregulation of SERT is associated with an increase in the
cyclic AMP level and we observed that cyclic AMP concentration is higher in alcohol-
treated DC (5.50 pmol/ml; p < 0.047) than in control DC (1.73 pmol/ml) (Fig. 9).

DISCUSSION
The SERT, in addition to its role in transporting serotonin (5-HT) into the cells, serves as a
molecular target for several antidepressants and different drugs of abuse (Magnani et al.,
2004). In the present study, we examined whether alcohol affects the SERT expression and
function in DC that lead to immunederegulation. Earlier studies have shown that
hematopoietic cells express neurotransmitter transporters (O’Connell et al., 2006; Pacheco et
al., 2006). DC express SERT, take up 5-HT and store in intracellular vesicles, and
subsequently release via Ca2+-mediated exocytosis (O’Connell et al., 2006). Previous
studies have also shown that T and B lymphocytes are functionally responsive to 5-HT,
indicating a role of 5-HT in adaptive immune responses. Inhibition of 5-HT synthesis
inhibits IL-2-stimulated human T-cell proliferation (Aune et al., 1994).

Our dose–response and kinetic studies show that 0.1% ethanol caused the upregulation of
SERT in DC as evidenced by real-time PCR, Western blots, and flow cytometry. This
increase in the expression of SERT was detected in DC exposed to ethanol for 24 hours.
However, the increase in the concentration of ethanol to 0.2% and exposure time to 48 and
72 hours did not increase the SERT expression. Therefore, in our subsequent experiments,
we used 0.1% alcohol treatment for 24 hours. Szabo and colleagues (1992) reported that
ethanol at as low concentration as 25 mM (0.1%) was effective in inducing TGFβ
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production in monocytes (precursors of DC) and suggested that continued presence of
alcohol was not necessary to modulate monocyte functions (Szabo et al., 2004).

As SERT was upregulated, we hypothesized that it may enhance the function of SERT. 4-[4-
(Dimethylamino)styryl]-1-methylpyridinium iodide (ASP) is a fluorescent molecule. It is a
substrate for the organic cation transporter (Jørgensen et al., 2008; Stachon et al., 1996).
Fowler and colleagues (2006) reported that the function of SERT can be measured by
measuring the uptake of ASP by SERT. Therefore, we treated the DC with alcohol both in
the presence and absence of imipramine, an inhibitor of SERT to study whether alcohol-
mediated upregulation of SERT leads to an increase in the uptake of ASP by DC. We
observed that the MFI of ASP is higher in DC treated with alcohol than that observed in the
control cells indicating that alcohol-mediated upregulation of SERT enhances the function
of SERT. In addition, we found that the ASP fluorescence intensity is lower in the cells
treated with imipramine when compared with the cells that were not treated with
imipramine. This observation implies that SERT is a major path of ASP transport in DC.
Our results also show that alcohol caused depletion of 5-HT in the culture supernatant. This
may be because of an increase in the transporter function as a consequence of its
upregulation by alcohol. However, the 5-HT concentration in culture supernatant of DC
treated with imipramine was higher, which may be due to the obstruction of 5-HT entry into
DC by imipramine leading to the retention of 5-HT in extracellular medium. In consistent
with our findings, other studies have shown that the upregulation of SERT causes the
downregulation of 5-HT in extracellular fluid (ECF; Brenner et al., 2007). In SERT
knockout mice, extracellular 5-HT clearance was retarded with an increase in ECF levels of
5-HT (Boyce-Rustay et al., 2006; Mathews et al., 2004). All these studies suggest that
transport of 5-HT into the cells depends on the extent of SERT expression. Once 5-HT
enters the cells, it can be stored in intracellular vesicles for subsequent exocytosis or can be
catabolized by MAO-A.

Monoamine oxidase is an enzyme of the outer mitochondrial membrane, and it exists in 2
forms: MAO-A and MAO-B (Bach et al., 1988; Ou et al., 2006). MAO-A degrades 5-HT to
5-HIAA, which is eliminated as an excretory product. In the present study, we observed an
increase in the expression of MAO-A accompanied by an increase in the intracellular 5-
HIAA concentration, which may be attributable to enhanced intracellular 5-HT
concentration and its subsequent degradation to 5-HIAA by MAO-A. The catalytic activity
of monoamine oxidases generates reactive oxygen species, which may cause oxidative
damage to mtDNA and lead to apoptosis, aging, and neurodegenerative processes
(Hauptmann et al., 1996). In addition, the expression of MAO-A has been reported to be
related to alcohol dependence and neuropsychiatric conditions (Huang et al., 2007; Schmidt
et al., 2000; Vanyukov et al., 1995). Earlier reports have shown that alcohol enhances
intracellular cyclic AMP concentration (Atkinson et al., 1977; Rabe et al., 1990; Uhlemann
et al., 1979). Therefore, we studied whether alcohol-induced SERT and MAO-A
upregulation is mediated by increased cyclic AMP levels, because cyclic AMP has been
reported to cause the upregulation of SERT mRNA and increase SERT-specific ligand
binding in human placental choriocarcinoma cells (Ramamoorthy et al., 1993). Alcohol
significantly enhanced the cyclic AMP level in DC. From our results, it can be suggested
that alcohol upregulates SERT and MAO-A by elevating intracellular cyclic AMP. Alcohol-
mediated upregulation of SERT would lead to decreased concentration of 5-HT in the
extracellular medium. As 5-HT is a major neurotransmitter and an inflammatory mediator,
its depletion may cause neurological and immunological deregulation.
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Fig. 1.
Alcohol upregulates serotonin transporter (SERT) gene expression. Dendritic cells (DC)
were treated with different concentrations (0.05% to 0.2%) of alcohol for 24–72 hours. The
DC were harvested and cytoplasmic RNA from the cell pellet was extracted, reverse
transcribed, and the cDNA was used to analyze SERT gene expression by real-time PCR.
Alcohol at a concentration of 0.1% upregulated SERT gene expression in DC treated for 24
hours. Values representmean ± SD from 3 individual experiments.
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Fig. 2.
Dose-dependent effect of alcohol on serotonin transporter (SERT) protein expression in
dendritic cells (DC). DC were treated with alcohol at concentrations 0.05 to 0.2% for 24
hours. The DC were harvested, cell lysates were prepared and centrifuged, supernatant was
collected, and protein concentration in supernatant was estimated. Equal quantities of
protein from all the samples were subjected to SDS–PAGE, transferred to nitrocellulose
membrane, and incubated with mouse monoclonal SERT antibody and then with goat anti-
mouse IgG-HRP. The blot was developed. About 0.1% alcohol caused the upregulation of
SERT protein (83 kDa).
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Fig. 3.
(A) Flow cytometric analysis of SERT protein expression. Dendritic cells (DC) treated with
0.1% alcohol for 24 hours were harvested, washed with PBS/EDTA, incubated with mouse
monoclonal antibody to SERT and stained with donkey anti-mouse IgG conjugated to PE,
and analyzed by FACS Calibur flow cytometer with appropriate control antibodies. (B)
Overlay plot of a representative experiment shows the upregulation of SERT in cells treated
with 0.1% alcohol when compared with control cells. Isotype controls were calibrated but
were not shown.
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Fig. 4.
Alcohol enhances SERT function. Dendritic cells (DC) were treated with 0.1% alcohol both
in the presence and absence of imipramine for 24 hours. The cells were incubated with 4-[4-
(dimethylamino)-styryl]-1-methylpyridinium iodide (ASP) and the uptake of ASP by DC
was measured. The ASP fluorescence intensity was higher in alcohol-treated DC.
Imipramine treatment lowered the uptake of ASP by DC.
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Fig. 5.
Effect of alcohol on serotonin (5-hydroxytryptamine, 5-HT) levels in dendritic cells (DC)
culture supernatant. The supernatant from DC culture treated with alcohol both in the
presence and absence of imipramine for 24 hours was collected and analyzed for 5-HT
levels using 5-HT competitive ELISA kit. 0.1% alcohol treatment downregulated the 5-HT
level. Imipramine treated cells showed higher levels of 5-HT.
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Fig. 6.
Western blot illustrating monoamine oxidase-A (MAO-A, 61 kDa) expression in dendritic
cells (DC). Equal quantities of protein from DC treated with 0.05 to 0.2% alcohol for 24
hours were run on SDS–PAGE; transferred to nitrocellulose membrane; the membrane was
incubated with rabbit polyclonal antibody against MAO-A and goat anti-rabbit IgG-HRP;
and the blot was developed. MAO-A was upregulated in DC treated with 0.1% alcohol.
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Fig. 7.
Monoamine oxidase-A (MAO-A) gene is upregulated by alcohol. After 24 hours treatment
with 0.1% alcohol, the dendritic cells were harvested, cytoplasmic RNA from the cell pellet
was extracted, reverse transcribed to cDNA, and the cDNA was used for the MAO-A gene
expression analysis by real-time PCR. Alcohol caused the upregulation of MAO-A gene
expression.
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Fig. 8.
Alcohol increases the concentration of intracellular 5-hydroxy indole acetic acid (5-HIAA).
The dendritic cells (DC) treated with 0.1% alcohol for 24 hours were lysed and the
intracellular 5-HIAA concentration was measured by using 5-HIAA competitive ELISA kit.
The concentration of 5-HIAA was found to be higher in alcohol-treated DC.
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Fig. 9.
Alcohol elevates cyclic AMP level. The dendritic cells (DC) were incubated with 0.1%
alcohol for 24 hours and lysed. The intracellular cyclic AMP concentration was measured by
using cyclic AMP direct immunoassay kit. Alcohol caused elevation of cyclic AMP
concentration in DC.
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Table 1

Primer Sequences for Real-Time PCR

Primer Primer sequence

GAPDH Hs99999905 (Applied Biosystems)

Serotonin transporter Forward—51 CACAACCTCCTCCTCCAGTTC
Reverse—51 CCCTTCCATCATCAGGCTTAGC

Monoamine oxidase A Hs00165140 (Applied Biosystems)
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