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Abstract
Background—Alcohol intoxication suppresses both the innate and adaptive immunities.
Dendritic cells (DCs) are the major cell type bridging the innate and acquired immune responses.
At the present time, the effects of alcohol on DC development in hematopoietic tissues and the
functional activities of DCs are incompletely elucidated. This study investigated the impact of
chronic alcohol exposure on the alteration of hematopoietic precursor cell and DC populations in
the bone marrow and peripheral blood of rhesus macaques.

Methods—Rhesus macaques were administered EtOH or isocaloric sucrose daily for a period of
three months through surgically-implanted gastric catheters. Peripheral blood mononuclear cells
(PBMCs) and bone marrow cells (BMCs) were isolated for flow cytometric analysis after three
months. Monocytes were cultured with human IL-4 (10 ng/ml) and GM-CSF (50 ng/ml) in the
absence and presence of alcohol (50 mM). On day 6 of the culture, a cocktail of stimulants
including IL-1β (18 ng), IL-6 (1800 U), TNF-α (18 ng), PGE2 (1.8 µg) were added to the
designated wells for transformation of immature dendritic cells (iDCs) to mature myeloid DCs.
The cells were analyzed on day 8 by flow cytometry for expression of DC costimulatory molecule
expression.

Results—EtOH-treated animals had significantly lower numbers of myeloid DCs (lineage−HLA
−DR+CD11c+CD123−) in both the PBMCs and BMCs compared to controls (5,654±1,273/106

vs. 2,353±660/106 PBMCs and 503±34 vs. 195±44/106 BMCs). Under culture conditions, the
number of lineage−HLA−DR+CD83+ cells was low in control wells (0.38±0.08%). Alcohol
inhibited the increase in the number of lineage−HLA−DR+CD83+ cells in iDC wells
(2.30±0.79% vs. 5.73±1.40%). Alcohol also inhibited the increase in the number of lineage−HLA
−DR+CD83+ cells in mature DC wells (1.23±0.15% vs. 4.13±0.62%).

Conclusions—Chronic EtOH decreases the bone marrow and circulating pools of myeloid DCs.
Additionally, EtOH suppresses costimulatory molecule CD83 expression during DC
transformation, which may attenuate the ability of DCs to initiate T cell expansion.
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Introduction
Dendritic cells (DCs) are professional antigen presenting cells that play an important role in
antibacterial and antiviral immune responses (Chung et al, 2005; Loof et al, 2008;
Teleshova et al, 2004). Myeloid DCs predominantly arise from the granulocyte-monocyte
progenitor cells in the bone marrow (Karsunky et al, 2005; Olweus et al, 1997; Shigematsu
et al, 2004; Traver et al, 2000). These cells exit the bone marrow as immature DCs (iDCs),
lacking costimulatory molecule expression, and circulate through peripheral tissues to
monitor exogenous pathogen invasion. Immature DCs capture antigen (Ag) molecules via
phagocytosis, macropinocytosis, and receptor-mediated endocytosis. Upon Ag stimulation,
these cells express costimulatory molecules, including CD25, CD80, CD83, and CD86, and
process the captured antigens onto class II major histocompatibility complex (MHC II)
molecules for presentation to naïve and memory T lymphocytes (Banchereau and Steinman,
1998). Final maturation occurs after myeloid DCs interact with lymphocyte targets. This
highly efficient process initiates an antigen-specific immune reaction that is severely
inhibited when DCs are ablated (Banchereau and Steinman, 1998).

Myeloid DCs are primarily responsible for surveillance of tissues, and migrate to the lymph
nodes upon encountering Ag (Yoneyama et al, 2001; Yoneyama et al, 2002). Depending on
the level of IL-12 secretion by the myeloid DC, T Helper 1 (TH1) or T Helper 2 (TH2)
responses will dominate (Lanzavecchia and Sallusto, 2000). The duration of IL-12
production is typically short-lived in individual DC, requiring a continued influx of mature,
Ag-stimulated myeloid DCs to sustain a TH1 response. Additionally, the presence of
stimulatory T Helper (TH) or regulatory T (TR) cells within lymph nodes help determine T
cell polarization. Plasmacytoid DCs (pDCs) also arise from the bone marrow and rapidly
migrate to lymph nodes. This specialized DC subset primarily stimulates a potent interferon-
α response when viral Ag or toll-like receptor-9 (TLR-9) agonists are encountered
(Lanzavecchia and Sallusto, 2000; Yoneyama et al, 2001; Yoneyama et al, 2002). Both
myeloid DCs and pDCs initiate the clonal expansion required for an effective T cell
response (Le Bon et al, 2003).

Alcohol is the most frequently abused drug and is known to suppress both innate and
acquired immune defenses. Chronic alcohol can cause leukopenia, granulocytopenia, and
thrombocytopenia in human subjects (Latvala et al, 2004). Acute alcohol also has been
shown to alter function and cytokine production in human monocyte-derived myeloid DCs
(Szabo et al, 2004a). Chronic alcohol consumption in humans causes alterations in the
immunophenotype of DCs and a decreased production IL-1β and TNF-α (Laso et al, 2007).
The effects of chronic alcohol consumption on the in vivo development of DCs in
hematopoietic tissue have not been elucidated in human and non-human primates. This
study investigated the impact of chronic alcohol exposure on the alteration of hematopoietic
precursor cell and DC populations in the bone marrow and peripheral blood of rhesus
macaques. The effects of alcohol on the expression of costimulatory molecules by
monocyte-derived DCs were also examined.
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Materials and Methods
Animals, Gastric Catheter Implantation and Alcohol Administration Protocol

This study was conducted at the Tulane National Primate Research Center (TNPRC) in
Covington, Louisiana, on male rhesus monkeys (Macaca mulatta) of Indian origin that were
4–6 years of age. Institutional Animal Care and Use Committees at both TNPRC and LSU
Health Sciences Center in New Orleans approved experimental procedures on these animals.
Data from a total of 21 animals are included in this report. The animals were housed
individually in a Biosafety Level-2 (BSL-2) containment building. Monkeys were fed a
commercial primate chow, supplemented with fruit, and provided water ad libitum
throughout the study. In addition, animals received ethanol or isocaloric sucrose daily (30%
ethanol as a 0.5 h infusion) via a permanently indwelling intragastric catheter (17 gauge,
Access Technologies, Skokie, IL) that was attached to a cage mounted swivel via a tether
(Lomir Biomedical, Malone, NY) as previously described (Bagby et al, 2003). A blood
sample was obtained weekly 2 h after starting ethanol delivery in order to adjust infusion
rates so that plasma alcohol concentrations were between 50 to 60 mM. A clinical
veterinarian carefully examined the jacket, the catheter, and exit site during weekly physical
exams and initiated treatment if appropriate.

Bone Marrow and Peripheral Blood Mononuclear Cell (PBMC) Isolation
Peripheral blood and bone marrow samples were obtained 3 months after the chronic ethanol
or sucrose administration. Samples were collected from anesthetized animals following an
overnight fast in the absence of alcohol. Bone marrow from the femurs and PBMCs isolated
from blood samples of rhesus macaques by standard Ficoll-Paque Plus protocol (GE
Healthcare, Piscataway, NJ) were suspended in saline containing 1mM EDTA. Following
centrifugation at 400g for 5 min, the bone marrow and PBMCs were incubated with 3 mL
and 1 mL respectively of RBC Lysis Solution (Qiagen, Valencia, CA) for 5 min at room
temperature (RT). At the end of lysing period, an equal volume of RPMI-1640 plus 10%
FCS was added to each tube. After centrifugation at 400 g for 5 min, the cells were washed
with RPMI-1640+10% FCS. PBMCs were suspended in 0.5 mL of RPMI-1640 media
plus10% FCS to make a cell concentration at 2 × 107 cells/mL. Nucleated BMCs were
suspended in 0.5mL of RPMI-1640 media plus10% FCS. The cell suspensions were filtered
through a 70 micron nylon mesh. After counting BMCs using a hemocytometer, the volume
of bone marrow cell suspension was adjusted to a cell concentration of 2 × 107 cells/mL.

Preparation of PBMCs for In Vitro Induction of Dendritic Cells
PBMCs were suspended at a concentration of 3 × 106 /ml in RPMI-1640 supplemented with
200 mM L-glutamine, 50 µM 2-mercaptoethanol, 10 mM HEPES, penicillin (100 U/ml)/
streptomycin (100 µg/ml), 10% FCS. The cell suspension was plated in 12-well tissue
culture plates (1 ml/well). The cells were incubated at 37°C in an atmosphere of 5% CO2 for
2 hr. After removing the culture medium containing non-adhered cells, the adhered cells
were gently washed one time with fresh medium to remove the remaining non-adhered cells.

In Vitro Induction, Culture and Ethanol Treatment of Dendritic Cells
The adhered cells in each well were treated with 1 ml of RPMI-1640−10% FCS
supplemented with pen/strep, human IL-4 (10 ng/ml, R&D Systems, Minneapolis, MN) and
GM-CSF (50 ng/ml, R&D Systems, Minneapolis, MN) in the absence and presence of
alcohol (50 mM). In control wells, the cells were cultured without IL-4, GM-CSF, or
alcohol. Cells in DC wells were treated with the same amount of cytokines (10 ng IL-4 and
50 ng GM-CSF) in 200 µl medium without or with alcohol (50 mM) on day 2, 4, and 6. The
control wells were cultured with an equal volume of medium only. On day 6 after feeding
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cells with the above cytokines, a cocktail of stimulants including IL-1β (18 ng), IL-6 (1800
U), TNF-α (18 ng), PGE2 (1.8 µg, Cayman Chemical, Ann Arbor, MI) in 200 µl of medium
without or with alcohol (50 mM) was added into selected wells. This cocktail of stimulants
was used to transform immature DCs to mature DCs. The cells were harvested on Day 8.

Flow Cytometric Analysis
Cells isolated from the bone marrow and peripheral blood (2×106 cells/sample) were stained
with an antibody cocktail containing 1 µg each of the following fluorescence-conjugated
antibodies to analyze all blood cells and stem/progenitor cells: CD3-PerCP, CD14-PerCP-
Cy5.5, CD20-PE-Cy7, CD56-Alexa Fluor 700, CD34-PE (all from BD Biosciences, San
Jose, CA), CD38-FITC (Stem Cell Technologies, Vancouver, BC, Canada), and CD66-APC
(Miltenyi Biotec, Auburn, CA). For analysis of pDCs and myeloid DCs, a second cocktail
containing 1 µg each of the following fluorescence-conjugated antibodies was used: CD3-
PerCP, CD14-PerCP-Cy5.5, CD20-APC-Cy7, HLA-DR-PE-Cy7, CD11c-PE, CD123-FITC
(all from BD Biosciences, San Jose, CA), and CD66-APC (Miltenyi Biotec, Auburn, CA).
Additional samples were stained with the appropriate isotype- and fluorescence-matched
control antibodies. After incubation on ice in the dark for 30 min, cells were washed with
cold PBS and then resuspended in a volume of 250 µL PBS + 1% paraformaldehyde.
Phenotypic analysis of cells was performed on a BD LSRII flow cytometer using BD
FACSDiva software. Cell phenotypic markers are listed in Table 1.

In vitro induced dendritic cells were washed with cold PBS, and the cells were stained in the
dark for 30 min on ice with 1 µg each of the following fluorescence-conjugated antibodies
or isotype- and fluorescence-matched control antibodies: PE-CD3, FITC-CD20, APC-Cy7-
CD25, Biotin/Alexa 405-CD80, PE-Cy5-CD83, APC-CD86, and PE-Cy7-HLA-DR (BD
Biosciences, San Jose, CA). The cells were then analyzed on a BD FACSAria flow
cytometer with BD FACSDiva software.

Statistical Analysis
Data are presented as mean ± SEM. The sample size is indicated in the legend of each
figure. Statistical analyses of data were conducted using unpaired Student t test (for
comparison between two groups) or one-way analysis of variance followed by Student-
Newman-Keuls test (for comparisons among multiple groups). Differences were considered
statistically significant at P < 0.05.

Results
Impact of chronic alcohol feeding on Bone Marrow and Peripheral Blood DC Populations

To determine the effects of chronic alcohol on blood cell number and maturation we initially
screened blood and bone marrow with panels of antibodies that could distinguish mature
blood cells and immature precursor cells. Chronic alcohol administration decreased the total
numbers of T lymphocytes (55,356±10,130 vs. 21,004±5,467/106 BMCs, control vs.
alcohol), T lymphoid precursor (358±37 vs. 179±24/106 BMCs, control vs. alcohol), B
lymphocytes (34,636±2,211 vs. 23,369±842/106 BMCs, control vs. alcohol), and
hematopoietic stem cells (42,433±2,239 vs. 30,975±3,090/106 BMCs, control vs. alcohol) in
the bone marrow, but did not alter lymphocyte numbers or their precursors in blood (Tables
2 and 3). Additionally, no changes were seen in the pDC population between control and
alcohol-treated animals. Total myeloid DCs were significantly decreased in the bone
marrow (503±34 vs. 195±44/106 BMCs, control vs. alcohol) as well as the peripheral blood
(5,654±1,273 vs. 2,353±660/106 PBMCs, control vs. alcohol) following 3 months of chronic
ethanol treatment (Figure 1).
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In vitro Alcohol effects on Monocyte-derived DCs and Costimulatory Molecule Expression
Myeloid DCs were the only cell type altered in both blood and bone marrow of rhesus
macaques receiving chronic alcohol. To test myeloid DC function, we isolated monocytes
from both sucrose- and alcohol-administered macaques to derive DCs for flow cytometric
analysis of their costimulatory molecule expression. Monocytes from both sucrose and
alcohol treated animals reacted similarly during transformation, therefore only cultures from
sucrose animals are discussed. We first examined CD83 as marker of DC maturation and
function, since this costimulatory molecule is required for an appropriate acquired immune
response. The number of lineage−HLA−DR+CD83+ cells was low in control wells
(0.38±0.08%) without stimulation for DC transformation. Exposure to alcohol in vitro
inhibited the increase in the number of lineage−HLA−DR+CD83+ cells in iDC wells
(5.73±1.40% vs. 2.30±0.79%, control vs. alcohol). Alcohol also inhibited the increase in the
number of lineage−HLA−DR+CD83+ cells in mature DC wells (4.13±0.62% vs.
1.23±0.15%, control vs. alcohol) (Figure 2).

We also measured the surface expression level of other DC costimulatory markers that are
upregulated by maturation and contribute to accessory cell function. The number of lineage
−HLA−DR+CD25+ (7.15±1.37%, 9.40±1.92%, 14.90±2.39%; control, iDC, mature DC
respectively) and lineage−HLA−DR+CD86+ cells (2.70±0.53%, 10.20±0.97%,
16.15±2.62%; control, iDC, mature DC respectively) were increased during DC
transformation and maturation (Figures 3 & 4). This increase in the number of lineage−HLA
−DR+CD25+ cells was not affected by alcohol (9.40±1.92% vs.11.83±1.21%, iDC vs. iDC
+ alcohol; 14.90±2.39% vs. 13.85±1.35%, mature DC vs. mature DC + alcohol), while
alcohol blunted CD86 expression (10.20±0.97% vs.8.88±1.40%, iDC vs. iDC + alcohol;
16.15±2.62% vs. 14.43±2.19%, mature DC vs. mature DC + alcohol). No differences were
observed in the expression of CD80 among any of the groups (7.10±1.14%, 6.65±1.14%,
10.18±1.08%, 8.23±1.54%, 11.90±1.12%; control, iDC, iDC + alcohol, mature DC, mature
DC + alcohol) (Figure 5).

Discussion
Alcohol abuse is known to impair host defense in both humans and animal models; however,
the immunosuppressive mechanisms of chronic alcohol abuse are incompletely understood
(Jerrels et al, 1994; Szabo, 1999). Multiple mechanisms have been proposed to contribute to
the immunosuppressive effects of alcohol. Acute alcohol has been shown to cause
thymocyte and circulating mononuclear cell apoptosis (Ewald and Shao, 1993; Singhal,
1999). Increases in circulating level of immunoglobulins is a hallmark of chronic alcohol
consumption in humans; however, absolute numbers of circulating B cells from control and
alcohol groups are not different (Szabo, 1999). These data support the hypothesis that
chronic alcohol increases the TH2 response at the expense of the TH1 response. The results
from our studies provide an additional potential mechanism underlying the impaired
adaptive immune function seen in alcoholics: namely, diminished myeloid DC numbers and
function. Myeloid DCs are the most potent antigen presenting cells (APCs) in mammals, so
any disruption of this cell type would be expected to lead to a diminished T cell response to
invading pathogens, both bacterial and viral (Chen et al, 2007; Mellman and Steinman,
2001).

DC differentiation from progenitor cells is incompletely understood. Myeloid DCs are
thought to arise predominantly from either the common myeloid progenitor (CMP) or the
granulocyte monocyte progenitor (GMP) in the bone marrow (Olweus et al, 1997). IL-4 and
TNF-α promote these progenitors to differentiate toward immature myeloid dendritic cells.
pDCs were thought to have a distinct progenitor from those of myeloid DCs (Ardavin et al,
1993), but recent data suggest that both DC subtypes can originate from both the CMP and
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common lymphoid progenitors (CLP) branches of the hematopoietic hierarchy (Karsunky et
al, 2005; Lau et al, 2006; Olweus et al, 1997; Shigematsu et al, 2004; Traver et al, 2000).
The differences in lineage hierarchy and differentiation programs might account for the
selective modulation of myeloid DCs by alcohol.

Lineage determination of progenitors towards fully differentiated progeny is controlled by
the microenvironment of the niche (Taichman, 2005). The niche includes a stromal layer of
cells that produce intercellular cytokines and cell membrane proteins that regulate the
differentiation of hematopoietic progenitor cells (HPCs). Recent studies have shown that
chronic alcohol administration disrupts stromal cell differentiation and protein secretion
(Yeh et al, 2008). Mesenchymal stem cells (MSCs) are thought to play an important role in
regulating the niche environment (Miura et al, 2006). Chronic alcohol preferentially
activates the adipocyte differentiation program in MSCs, at the expense of the osteoblastic
differentiation program (Cui et al, 2006; Wahl et al, 2006; Wazeman and Gong, 2004).
Adipogenic MSCs have been shown to lack adequate myelopoietic support, while
osteoblastic MSCs are capable of fostering myeloid cell differentiation from HPCs (Morad
et al, 2008). Chronic alcohol has also been shown to promote osteoclastogenesis (Dai et al,
2000). Prior research indicates that osteoclasts and dendritic cells arise from a common
progenitor (Miyamoto et al, 2001). These findings suggest that the decrease in total myeloid
DC number in our rhesus model might be due to shunting of progenitors towards the
osteoclast lineage in the bone marrow. With altered differentiation patterns of the stromal
cells in the niche, cytokine secretion from these cells would likely be altered. Chronic
alcohol has been shown to alter the normal function of many cytokines and chemokines in
vivo. Rats fed chronic ethanol have diminished GM-CSF receptor signaling (Joshi et al,
2006). Circulating levels of TNF-α are not altered by alcohol, but TNF-α processing has
been shown to be inhibited by ethanol (Gonzalez-Quintela et al, 2008; Zhao et al, 2003).
These two cytokines play a major role in the induction and maturation of myeloid DCs. The
modulation of these signaling pathways might account for the diminished myeloid DC
numbers seen in our model.

In our rhesus macaque model of chronic alcohol consumption, total bone marrow and
circulating myeloid DCs were decreased compared to isocaloric sucrose controls. Since all
myeloid DCs ultimately arise from the bone marrow, we examined the numbers of
monocytes and myeloid precursors. Bone marrow precursors of the myeloid DCs were not
statistically different between sucrose and alcohol groups in our animals. It is known that the
myeloid precursors differentiate to several myeloid cell types, such as granulocytes and
monocytes, which constitute the vast majority of total myeloid lineage cells. Hematopoietic
stem cells are upstream of myeloid progenitors. Total numbers of HSCs were decreased by
alcohol, which may perturb downstream lineage commitment. Myeloid DCs were markedly
decreased by alcohol suggesting that this cell type is more vulnerable to alcohol-induced
damage in comparison to other cell types along the myeloid branch. Additionally we noticed
a reduction in T lymphoid precursors in alcohol administered animals. Since a portion of
myeloid DCs may derive from the lymphoid branch of the hematopoietic hierarchy, the
decrease we observed in the lymphoid precursor pool could also partially account for the
diminished number of myeloid DCs in our current model (Thomas and Lipsky, 1996).
Further examination is required to determine the primary mechanism for the inhibition of
myeloid DC production by chronic alcohol.

As stated before, myeloid DCs leave the bone marrow and migrate to tissues. When the iDC
encounters antigen, it matures and migrates to the regional lymph nodes. Once in the lymph
node, myeloid DCs have an expected half-life of two to three days (Lanzavecchia and
Sallusto, 2001). Chronic EtOH has been reported to diminish splenic DCs in mouse models,
with no effect on the differentiation or turnover of primary lymphoid resident DCs.
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Additionally, migration rate into secondary lymphoid tissues was not altered with chronic
ethanol exposure in mice (Edsen-Moore, 2008).

Our findings that myeloid DC numbers are decreased following chronic ethanol
administration in rhesus macaques are supported by observations in humans and other
animal models (Edsen-Moore, 2008). Two possible mechanisms for this effect of alcohol
involve blocking the final commitment of myeloid DC precursors to immature myeloid DCs
in the bone marrow and inhibiting maturation of tissue-resident immature myeloid DCs. The
decrease in total number and maturation of myeloid DCs may serve as one mechanism
underlying the increased incidence and severity of infections in alcoholic hosts.

Impaired immunity from excessive alcohol consumption is partially explained by the
decreased number of myeloid DCs. A decrease in myeloid DC function may exacerbate this
immune impairment. We conducted in vitro studies to determine if myeloid DC function is
impaired by alcohol in rhesus monkeys. Immature DCs are very effective in antigen uptake,
while mature DCs show an enhanced capacity for Ag presentation and immunostimulation.
During DC maturation, increased expression of costimulatory molecules is a unique feature
that is correlated to their functional enhancement of Ag presentation (Frank et al, 2002;
Pichyangkul et al, 2001). Costimulatory molecule CD83 is a critical surface marker of
myeloid DCs in rhesus monkeys (Pichyangkul et al, 2001). CD83+ DCs express other
costimulatory molecules including CD25 (IL-2Rα), CD80 (B7-1), and CD86 (B7-2) and
produce IL-12 in response to INF-γ and LPS (Morelli et al, 2001; Tschoep et al, 2003).
CD25 is the high affinity subunit of the IL-2 receptor. Recent studies through monoclonal
antibody blockade of CD25 on DCs suggest that this molecule is important for TH1
polarization and IL-12 production (Mnasria et al, 2008). Both CD80 and CD86 are
monomeric ligands for CD28 expressed on most CD4 positive T cell subsets (Zheng et al,
2004). These costimulatory molecules provide a signal that is distinct from T cell receptor
(TCR) activation, and depending on the cytokines present, these costimulatory molecules
have been shown to have differential effects (Carreno and Collins, 2002; Zheng et al, 2004).
Studies in mice have shown that CD83 can induce T cell clonal expansion in mixed
lymphocyte cultures, and soluble CD83 has been shown to cause T cell anergy (Hirano et al,
2006; Lechmann, 2001).

Our current study shows that alcohol exposure inhibits CD83 expression, which suggests
that the tissue-resident immature myeloid DCs are not sufficiently activated. Insufficient
CD83 expression and soluble CD83 have been shown to be immunosuppressive (Lechmann,
2001). Acute alcohol has been shown to decrease the allostimulatory capacity of myeloid
DCs, as well as CD80 and CD86 expression (Szabo et al, 2004a; Szabo et al, 2004b).
Additionally, ethanol has been shown to increase IL-10 production and inhibit IL-12
production, possibly impairing the ability of iDC to mature (Szabo et al, 2007). Since the
mature myeloid DCs migrate to the lymph nodes, we hypothesize that a reduced progression
of iDC in our alcohol consuming rhesus macaques would result in a smaller pool of these
cells in lymphoid tissues.

In summary, chronic alcohol administration decreases both bone marrow and circulating
levels of myeloid DCs and attenuates costimulatory molecule expression on myeloid DCs.
These negative effects of alcohol on myeloid DC function may impair host immune defense
and partially account for the increase in host susceptibility to infectious diseases in alcohol
abusers (Lau et al, 2006).
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Figure 1.
Bone Marrow and Circulating Myeloid DCs and pDCs. Alcohol decreases the absolute
number of myeloid DCs in the (A) bone marrow and (B) peripheral blood in macaques. Data
are mean ± SEM; N=3 for bone marrow groups; N = 8 in control and N = 7 in alcohol
groups for peripheral blood; Asterisks indicate statistical difference (p < 0.05).
Representative dot plots from (C–E) bone marrow and (F–H) peripheral blood are shown.
The myeloid DCs are clearly diminished by alcohol (E and H) compared to sucrose-fed
animals (D and G).
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Figure 2.
Expression of costimulatory molecule CD83 during DC transformation. Alcohol decreases
expression of CD83 in immature and mature in vitro transformed dendritic cells (A). Data
are mean ± SEM; N = 3~4 in each group; Bars with different letters in each panel are
statistically different (p < 0.05). Representative dot plots for isotype (B) and anti-CD83 (C)
staining are shown.
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Figure 3.
Expression of costimulatory molecule CD25 during DC transformation. CD25 increases
during DC transformation, but alcohol does not alter expression of CD25 in immature or
mature in vitro transformed dendritic cells (A). Data are mean ± SEM; N = 3~4 in each
group; Bars with different letters in each panel are statistically different (p < 0.05).
Representative dot plots for isotype (B) and anti-CD25 (C) staining are shown.
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Figure 4.
Expression of costimulatory molecule CD86 during DC transformation. CD86 expression
increases during in vitro maturation of transformed dendritic cells, and this expression is
blunted by alcohol (A). Data are mean ± SEM; N = 3~4 in each group; Bars with different
letters in each panel are statistically different (p < 0.05). Representative dot plots for isotype
(B) and anti-CD86 (C) staining are shown.
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Figure 5.
Expression of costimulatory molecule CD80 during DC transformation. CD80 expression
did not change during DC transformation and alcohol had no effect (A). Data are mean ±
SEM; N = 3~4 in each group; There were no statistically significant differences among the
groups. Representative dot plots for isotype (B) and anti-CD80 (C) staining are shown.
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Table 1
Surface protein expression for cell analysis

Phenotypic markers for Cell Discrimination.

Cell Type Phenotypic Markers

Myeloid Dendritic Cell Lin−HLA−DR+CD11c+CD123−

Plasmacytoid Dendritic Cell Lin−HLA−DR+CD11c−CD123+

T lymphocyte CD3+

T Lymphoid Precursor CD3+CD34+

B Lymphocyte CD20+

B Lymphoid Precursor CD20+CD34+

Monocyte CD14+

Myeloid Precursor CD14+CD34+

Granulocyte CD66+

Granulocyte Precursor CD66+CD34+

Hematopoietic Stem Cell Lin−CD34+

Lineage negative = Lin−
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Table 2
Bone marrow cells by phenotype

Bone Marrow Cell Numbers by Phenotypes.

Cell Type Sucrose Alcohol

Cells per 106 BMCs (SEM) Cells per 106 BMCs (SEM)

Myeloid Dendritic Cell 503 (34) 195 (44)*

Plasmacytoid Dendritic Cell 4,226 (488) 3,075 (538)

T lymphocyte 55,356 (10,130) 21,004 (5,467)*

T Lymphoid Precursor 358 (37) 179 (24)*

B Lymphocyte 34,636 (2,211) 23,369 (842)*

B Lymphoid Precursor 159 (10) 171 (12)

Monocyte 5,758 (309) 3,617 (1,738)

Myeloid Precursor 24 (7) 29 (20)

Granulocyte 479,237 (27,979) 522,276 (27,394)

Granulocyte Precursor 10,812 (1,711) 9,321 (1,007)

Hematopoietic Stem Cell 42,433 (2,239) 30,975 (3,090)*

Total number of cells for each examined phenotype is expressed as mean ± SEM per 106 total bone marrow cells. N=3 for both groups.

Asterisks indicate statistical difference (p < 0.05).

Bone marrow cells = BMCs; Standard error of the mean = SEM
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Table 3
Peripheral blood cells by phenotype

Peripheral Blood Cell Numbers by Phenotypes.

Cell Type Sucrose Alcohol

Cells per 106 PBMCs (SE) Cells per 106 PBMCs (SE)

Myeloid Dendritic Cell 5,654 (1,273) 2,353 (660)*

Plasmacytoid Dendritic Cell 475 (176) 625 (167)

T lymphocyte 460,781 (21,881) 536,227 (29,313)

T Lymphoid Precursor 33 (6) 33 (8)

B Lymphocyte 294,273 (23,749) 255,506 (31,029)

B Lymphoid Precursor 45 (7) 34 (4)

Monocyte 34,600 (5,617) 30,583 (6,036)

Myeloid Precursor 62 (10) 55 (11)

Granulocyte 8,330 (1,419) 7,056 (793)

Granulocyte Precursor 2 (1) 4 (1)

Hematopoietic Stem Cell 394 (81) 443(126)

Total number of cells for each examined phenotype is expressed as mean ± SEM per 106 total peripheral blood cells. N=8 for sucrose and N=7 for
alcohol groups.

Asterisks indicate statistical difference (p < 0.05).

Peripheral blood mononuclear cells = PBMCs; Standard error of the mean = SEM
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