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Abstract
Accumulating research indicates that B cells are involved in anti-tumor immunity. Chronic alcohol
consumption is associated with decreased survival of cancer patients. The effect of alcohol
consumption on B cells in tumor-bearing hosts is unknown. Results in melanoma-bearing mice
showed that chronic alcohol consumption does not alter the percentage and number of B cells in
bone marrow, spleen and lymph nodes, but dramatically decreased B cells in the peripheral blood.
Alcohol consumption did not alter the development of B cells in the bone marrow, nor did it affect
follicular B cells in the spleen; however, it increased T1 B cells and decreased marginal zone B
cells in the spleen. Alcohol consumption also decreased mature B cells in the blood. It did not alter
the chemotactic capacity of plasma to facilitate migration of splenocytes, nor the chemotactic
response of splenocytes to CXCL13 and CCL21. However, the response of splenocytes to
sphingosine-1-phosphate (S1P) was impaired in alcohol-consuming, melanoma-bearing mice. The
expression of sphingosine-1-phosphate receptor-1 (S1PR)1 and sphingosine-1-phosphate lyase-1
(SPL)1 in splenocytes was down regulated. Taken together, these results indicate that chronic
alcohol consumption decreases peripheral blood B cells by compromising B cell egress from the
spleen. The down regulation of S1PR1 and SPL1 expression in alcohol-consuming, melanoma-
bearing mice could be associated with compromised egress of B cells from the spleen.
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Introduction
B cells are a large population of lymphocytes that originate from the bone marrow (BM) and
further mature in the spleen. These cells play important roles in humoral immunity.
Immature B cells in the spleen are called transitional B cells and are usually divided into two
subsets, T1 B cells, which phenotypically are CD19+CD93+CD23− and T2 B cells, which
phenotypically are CD19+CD93+CD23+ (1). Mature splenic B cells can also be divided into
two subsets: follicular B cells and marginal zone (MZ) B cells. Folicular B cells circulate in
the body and are characterized by the following phenotype: CD19+CD23hiIgDhiIgMlo. MZ
B cells are non-circulating cells. These splenic B cells are the first line of defense against
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blood-borne antigens. MZ B cells express activated innate immune cell features and their
signature cell surface markers are CD19+CD1dhiCD21hi (2, 3).

B cells not only play a pivotal role in humoral immunity by producing antibody, but also are
involved in cellular immune responses by presenting antigen to T cells. B cells are the
largest population of antigen-presenting cells in the immune system. They play an important
role in antigen presentation, especially under low protein antigen conditions (4, 5). MZ B
cells express high levels of CD1d, which is the molecule that presents lipid antigens to
natural killer (NK) T cells, and they are key players in regulating the cytokine profile and
activation of NKT cells (6–8). Since B cells must capture antigen to activate themselves to
produce antibody and present antigen to T cells, effective recirculation among lymphatic
organs and tissues is crucial for these cells to fulfill their function. B cell circulation and
redistribution in lymphoid organs are directed by the CXCL13 chemokine and its receptor,
CXCR5 (9, 10). The egress of B cells from lymph nodes (LN), spleen and BM is controlled
by sphingosine-1-phosphate (S1P) and its sphingosine-1-phosphate receptor (S1PR) 1 (11–
13).

Compared to extensive studies involving T cells in anti-tumor immunity, the knowledge of
B cells in anti-tumor immune responses is limited and controversial. Some studies indicate
that depletion of B cells inhibits tumor progression and enhances anti-tumor immunity,
suggesting that B cells inhibit antitumor immune responses (14, 15). One of the reasons
associated with the inhibitory effects of B cells on anti-tumor immunity is that some B cells
produce high levels of IL-10, which inhibit T cell function (14). This suggests the existence
of regulatory B cells. Recently, it was found that B cells exhibiting the CD5+CD1dhi

phenotype produce IL-10 upon activation by LPS. These CD5+CD1dhi IL-10-producing
cells are one subset of regulatory B cells called B10 cells (16, 17). Other studies indicate
that B cells enhance T cell anti-tumor immunity. Depletion of B cells enhances B16
melanoma metastasis to the lung by inhibiting CD8+ T cell proliferation and Th1 cytokine
production (18). Deficiency of mature B cells significantly compromises T cell-mediated
anti-tumor immunity induced by the anti-glucocorticoid-induced TNFR-related protein
monoclonal antibody, DTA-1 (19). Adaptive transfer of CpG-activated B cells inhibits
tumor progression, while depletion of mature B cells increases tumor burden in the lungs of
CpG-treated mice (20).

Chronic alcohol consumption in the melanoma-bearing mice leads to inhibition of memory
T cell and especially tumor-specific CD8+ T cell expansion. This causes T cell dysfunction
in B16BL6 melanoma-bearing mice (21). The underlying mechanism remains to be
elucidated. Chronic alcohol consumption decreases B cells in the spleen of mice not
inoculated with tumor (22). The relationship between chronic alcohol consumption and B
cell anti-tumor immunity is unknown. Herein, using a chronic alcohol-consuming mouse
model, we report that alcohol consumption 1) decreases B cells in the blood, but not in the
spleen, LN or BM and 2) decreases MZ B cells and B10 cells in the spleens of mice
inoculated subcutaneously with B16BL6 melanoma.

Material and Methods
Mice and alcohol administration

Female C57BL/6 mice at 6–7 weeks of age were purchased from NIH/NCI Charles River
Laboratories (Wilmington, MA). After arrival, mice were single housed in filter toped
transparent polycarbonate cages in the Wegner Hall Vivarium at Washington State
University. Mice were allowed ad libitum access to sterilized Milli-Q water and Purina 5001
Rodent Laboratory Chow. After one week of acclimation, mice were randomly divided into
two groups. One group was continuously given Milli-Q water and lab chow. The other
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group was given filter sterilized 20% (w/v) alcohol (Everclear, St. Louis, MO) and lab
chow. The animal protocol used in this research was approved by the Institutional Animal
Care and Use Committee at Washington State University.

Measurement of daily alcohol intake and blood alcohol concentration
The amount of daily alcohol intake was determined by measuring the starting weight and
ending weight of alcohol in the feeding tube every other day. These values were then
converted to ml by dividing the weight of alcohol consumed by the density of alcohol. The
blood alcohol concentration was determined by using the NAD-ADH Reagent Multiple Test
Vial kit (Sigma-Aldrich, St. Louis, MO) following the manufacturer’s instruction.

Tumor cell line and tumor cell inoculation
B16BL6 melanoma cells were cultured in Dulbecco’s Modified Eagle’s Medium
supplemented with 10% FBS, 1% penicillin and streptomycin, and incubated at 37°C with
5% CO2. Cells were harvested when they reached 50–70% confluence, and suspended in
PBS at 1×106 cells/ml. After 3–6 months of alcohol consumption mice were inoculated
subcutaneously with 2×105 melanoma cells in the right hip area.

Antibodies and reagents
The following PE, FITC, and PerCP conjugated anti-mouse antibodies were purchased from
BD Biosciences (San Diego, CA) and BioLegend (San Diego, CA): anti-CD1d (1B1), anti-
CD3 (145-2C11), anti-CD4 (RM4-5), anti-CD5 (53-7.3), anti-CD8 (53-6.7), anti-CD19
(6D5), anti-CD21 (7E9), anti-CD23 (B3B4), anti-CD93 (AA4.1), anti-NK1.1 (PK136), anti-
CXCR5 (2G8), anti-CCR7 (4B12), anti-IgD (11-26c.2a), and anti-IgM (RMM-1).
Recombinant mouse CCL21 and CXCL13 were purchased from PeproTech (Rocky Hill,
NJ). S1P was purchased from Avanti Polar Lipids, Inc. (Alabaster, AL).

Leukocyte isolation
Leukocytes from BM, spleen, LN, and peripheral blood were isolated following previous
procedures (23). The leukocyte number was determined with the aid of the Vi-CELL cell
viability analyzer (Beckman coulter, CA). Cells were collected by centrifugation and
resuspended in an appropriate amount of PBS+ BSA.

Phenotype analysis
The phenotype of leukocytes from different organs was determined by flow cytometry
following previously published methods (22). Briefly, 106 cells were pre-incubated with
anti-CD16/CD32 monoclonal antibody (2.4G2) at 4°C for 5 min to block non-specific FC-
receptor binding. Cells were stained with the appropriate monoclonal antibody at 4°C for 20
min. After washing with FACS buffer (PBS + 0.1% BSA + 0.1% NaN3), cells were
analyzed using a BD FACscan flow cytometer. Data were collected and analyzed with
CellQuest software.

Transwell migration assay
The transwell migration assay was conducted with the Costar 24-well plate transwell system
using an insert with a diameter of 6.5 mm and pore size of 5 μm. Splenocytes were
suspended in serum-free RPMI1640 medium, pre-warmed in an incubator at 37°C for 30
min before conducting the transwell migration assay, and 106 cells were added to the upper
chamber of the insert. The lower chamber contained one of four different chemoattractants:
125 nM S1P, 500 ng/ml CCL21, 1 μg/ml CXCL13, or 300 μl plasma in a total volume of
600 μl of serum-free RPMI-1640 medium. A blank well containing 600 μl of serum-free
RPMI-1640 medium without added chemoattractant was used as a control. The plates were
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incubated at 37°C in a CO2 incubator for 4–5 hr, and then placed on ice for 10 min. before
cells in the lower chamber were collected and counted using a Vi-CELL cell viability
analyzer (Beckman coulter, CA). The migration rate was calculated using the following
formula:

RNA extraction and RT-PCR
Total RNA was extracted from the spleen using Trizol reagent (invitrogen, Carlsbad, CA)
according to the manufacturer’s instruction. First-strand cDNA was prepared using M-MLV
reverse transcriptase (Promega, Madison, WI) and adhering to the manufacturer’s protocol.
The following primers were used to amplify S1PR1 and SPL1 cDNA fragment, respectively.
S1PR1 forward primer: GGCCATTGGAGTGCACCGCT; S1PR1 reverse primer:
ACAGCAGCCTCGCTCAAGCC; SPL1 forward primer:
AGCCCTGGCAGCTCATTGCG; SPL1 reverse primer: GCAGCATGGGCACTCTCGGG.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as internal control of gene
expression. Two primers, GAPDH1 ACCACAGTCCATGCCATCAC and GAPDH2
TACAGCAACAGGGTGGTGGA, were used to amplify GAPDH. PCR was conducted with
1 cycle of pre-denaturation at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C
for 30 sec, annealing at 58°C for 30 sec and elongation at 72°C for 40 sec, and 1 cycle of
final elongation at 72°C for 7 min. PCR products were separated by 2% agarose gel
electrophoresis with Tris-Acetate EDTA buffer. The absorbance of the PCR products was
analyzed using the UVP BioImaging Systems and Labworks gel analysis software.

Statistical analysis
The data were analyzed by Microsoft Excel software or GraphPad Prism 5 and expressed as
mean ± SD. The two-tailed student t-test was used to analyze differences between the two
groups, and differences were considered significant at p <0.05. Except where specifically
indicated, each group contained 7–10 mice.

Results
Daily alcohol intake and blood alcohol concentration

The daily intake of 20% w/v alcohol was 5.6±1.0 ml/day in the non-melanoma injected mice
and 6.1±1.2 ml/day in the tumor-bearing mice. There was no significant difference in
alcohol consumption between non-melanoma and melanoma-injected mice. The blood
alcohol concentration determined two weeks after melanoma injection was 0.028±0.004%.
This is consistent with previous determinations of blood alcohol concentration in mice not
injected with melanoma (24, 25).

Chronic alcohol consumption induces lymphopenia in melanoma-bearing mice but not in
non-tumor inoculated mice

We previously found that chronic alcohol consumption decreases cellularity in the spleen of
non-tumor inoculated mice (22). Herein, we examined if chronic alcohol consumption
affected leukocyte numbers in the spleen and blood of melanoma-bearing mice. Results
indicated that although the cellularity is still lower in the spleen of melanoma-bearing,
alcohol-consuming mice, compared to respective water-drinking mice, the difference is not
significantly different (Fig. 1A). However, the numbers of PBL are significantly lower in
alcohol-consuming, melanoma-bearing mice than in their water-drinking counterparts (Fig.
1B). We then examined if alcohol consumption decreased PBL in non-melanoma inoculated
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mice. The results indicated no effect of chronic alcohol consumption on total PBL number
(Fig. 1C); however, alcohol consumption decreased the numbers of CD8+ T cells and NK
(CD3−NK1.1+) cells in the blood of these non-melanoma inoculated mice (Fig. 1D). The
percentage of CD19+ B cells increased and the percentage of CD8+ T cells decreased in the
PBL (Fig. 1E). These results indicated that chronic alcohol consumption induces
lymphopenia in the melanoma-bearing mice, but not in mice that are not inoculated with
melanoma.

Chronic alcohol consumption selectively decreases B cells and T cells in blood, but not in
BM, LN and spleen

We further determined if the decrease of PBL in melanoma-bearing, alcohol-consuming
mice was associated with a general decline in all types of lymphocytes or due to selective
reduction in specific cell types. CD4+ T (CD4+NK1.1−) cells, CD8+ T cells, B (CD19+)
cells, NKT (CD3+NK1.1+) cells, and NK (CD3−NK1.1+) cells were examined. The results
indicated that chronic alcohol consumption significantly decreased the percentage of B cells
(Fig. 2C), increased the percentage of NKT cells (Fig. 2D), and did not significantly alter the
percentage of CD4+ T cells (Fig. 2A). The presence of melanoma tumors had varying effects
on CD8+ T cells (Fig. 2), and NK cells (Fig. 2E). On day 14 the percentages of CD8+ T cells
were significantly lower and NK cells were significantly higher in the alcohol-consuming
mice than in water-drinking mice, but not different on days 11 and 17.

Overall the major effects associated with lymphopenia in melanoma-inoculated mice were
observed in B and T (CD4+ and CD8+) cells, where the numbers of these cells were
decreased 2–4 fold (Figs. 2F–H). The greatest degree of decrease was in B cells (Fig. 2H)
followed by CD8+ T cells (Fig. 2G) and CD4+ T cells (Fig. 2F).

As a peripheral reservoir of T cells and B cells, the spleen plays an important role in
adjusting these lymphocytes in the blood. Alcohol consumption decreases T and B cells in
the spleen of non-tumor inoculated mice (22). Therefore, we next examined if these cells
were further altered in melanoma-inoculated mice. The results indicated that alcohol
consumption had little effect on the percentage of T, B, NK and NKT cells in the spleen
(Figs. 3A–E). CD4+ T cells (Fig. 3A) were increased while CD8+ T cells (Fig. 3B) were
decreased in alcohol-consuming mice, but only on day 11 after melanoma inoculation.

The numbers of CD4+ T cells (Fig. 3F) and NKT cells (Fig. 3I) were not modulated by
alcohol consumption and melanoma inoculation. B cell numbers did not significantly change
during the early time points after melanoma inoculation; however they were significantly
lower in alcohol-consuming mice on day 17 (Fig. 3H). CD8+ T cell numbers (Fig. 3G) were
generally lower in alcohol-consuming, melanoma-bearing mice than in corresponding water-
drinking mice throughout the evaluation period; however, differences in cell numbers were
significantly different only on days 11 and 14. NK cells were also lower in alcohol-
consuming compared to water-drinking mice; however, the differences were significant only
on days 14 and 17.

B cells originate from the BM and further mature in the spleen. Thus, we examined if the
decrease of B cells in peripheral blood was related to a defect in B cell production in the
BM. We found that neither the percentage nor the number of B cells in the BM of alcohol-
consuming, melanoma-bearing mice was altered compared to their water-drinking
counterparts (Figs. 4A & B). We further examined LN, a secondary peripheral lymphoid
organ that is abundant in B cells and T cells. Alcohol consumption also did not alter the
percentage of T or B cells in LN (Fig. 4C). While the numbers of CD4+ T cells and B cells
were not significantly changed, the number of CD8+ T cells was lower in the alcohol-
consuming mice (Fig. 4D).
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Collectively, the data in Figs. 2–4 indicate that chronic alcohol consumption and melanoma
inoculation dramatically decreases the numbers of B cells, CD8+ T cells and moderately
decreases CD4+ T cells in the blood of melanoma-bearing mice. The degree of decrease in B
cells is much greater than that of T cells. The numbers of B cells and CD4+ T cells in spleen,
LN and BM are largely not affected by alcohol consumption and melanoma inoculation.
However, alcohol consumption and melanoma inoculation decrease the numbers of CD8+ T
cells in the spleen and LN.

Chronic alcohol consumption does not alter B cell differentiation in the BM and spleen,
but increases the portion of immature B cells in the blood

We next determined if the decrease of B cells in blood was caused by a defect in their
development in the BM. The expression of IgM and IgD on BM CD19+ B cells was used as
a marker of B cell differentiation. The results indicated that B cell differentiation in the BM
was not compromised by alcohol consumption and melanoma-inoculation (Figs. 5A & B).
IgMhiIgDlo immature B cells significantly increased almost 2-fold in the peripheral blood of
alcohol-consuming, melanoma-bearing mice (Figs. 5C & D). Since we found normal B cell
development and differentiation in the BM, we hypothesized that the elevation of immature
B cells in the blood resulted from a decrease in release of mature B cells from the spleen.
Thus, we further examined differentiation and maturation of B cells in the spleen by
determining the expression of CD93 and CD23 in these cells. We found that the percentage
of CD93+CD23− T1 B cells was significantly increased in alcohol-consuming, melanoma-
bearing mice (Figs. 5E & F). The portion of CD93−CD23+ follicular B cells did not
decrease. To further confirm the changes in the percentages and numbers of mature B cells
in BM, blood and spleen, we examined the percentages and numbers of CD23+ B cells in
these tissue and organs. Alcohol consumption did not change the numbers of CD23+ B cells
in the spleen and BM; however, there was a slight but significant increase in the percentages
of CD23+ B cells in the spleen (Fig. 5G). The percentages and numbers of CD23+ B cells
were greatly decreased in the blood of alcohol-consuming, melanoma-bearing mice (Figs.
5G & H). Collectively, these results indicate that alcohol consumption does not affect B cell
development and differentiation in BM; however, it significantly decreases the percentage of
mature B cells in blood. Except for a small increase in the percentages of CD23+ cells in
spleen, the numbers of CD23+ follicular B cells in the spleen are normal in the alcohol-
consuming, melanoma-bearing mice.

Chronic alcohol consumption decreases MZ B cells and CD1dhiCD5+ B cells, and down
regulates CD1d expression on MZ B cells in melanoma-bearing mice

Alcohol consumption did not affect the numbers of follicular B cells in the spleen of
melanoma-bearing mice. We next examined if MZ B cells and regulatory B cells were
affected. We found that the percentages and numbers of MZ B cells (CD21hiCD1dhi) and
CD1dhiCD5+ regulatory B cells were significantly lower in the alcohol-consuming,
melanoma-bearing mice than in the respective water-drinking counterparts (Figs. 6A–D).
Although the overall numbers of MZ B cells were not significantly different between the
alcohol-consuming and water-drinking groups, the expression of CD1d on these cells was
significantly down regulated in the alcohol-consuming, melanoma-bearing mice (Fig. 6E).

Chronic alcohol consumption does not induce T cell and B cell apoptosis in the blood
One factor that could explain the decreased number of T and B cells in the blood is loss of
these cells via apoptosis facilitated by melanoma and alcohol consumption. To test this
hypothesis, we determined the percentage of annexin V+ T and B cells in the blood. The
results indicated that the percentage of annexin V+ cells in the CD8+ T cells and CD19+ B
cells was not significantly different between the alcohol-consuming, melanoma-bearing
mice and water-drinking, melanoma-bearing mice (Figs. 7A & B). These results indicate
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that the decrease of T and B cells in the blood of alcohol-consuming, melanoma-bearing
mice is not caused by apoptosis.

Chronic alcohol consumption does not compromise the chemotactic ability of plasma
from melanoma-bearing mice to facilitate splenocyte migration

Since the cell number and differentiation of B cells in the BM and spleen were normal in the
alcohol-consuming, melanoma-bearing mice, the decrease of B cells in the blood is not
caused by apoptosis. We also found that the decrease in peripheral blood B cells is mainly
found in the mature B cell portion. Therefore, the decrease in the PBL is highly likely due to
an inability of splenic T and B cells to navigate into the blood. One possibility is that the
blood is deficient in chemotactic factors to attract T cells and B cells from spleen. To
examine this possibility, we used a transwell cell migration system to test the chemotactic
ability of plasma from alcohol-consuming, melanoma-bearing mice and water-drinking,
melanoma-bearing mice to facilitate splenocyte migration in vitro. The results indicated that
there was no significant difference in migration of splenocytes indicating that neither
alcohol nor melanoma affects the chemotactic ability of plasma to attract splenocytes (Fig.
8).

Chronic alcohol consumption does not impair the response of splenocytes from
melanoma-bearing mice to CCL21 and CXCL13

Given that the chemotactic ability of plasma is intact in alcohol-consuming, melanoma-
bearing mice, it is possible that the inability of splenic T cells and B cells to enter the blood
could result from a defect in the cells themselves to respond to chemotactic factors. It is well
established that the most important chemokines and receptors that control T cell migration
and homing are CCL21, CCL19 and their receptor, CCR7 (26, 27). The chemokine and its
receptor that are involved in B cell migration and redistribution in the follicle of the spleen
is CXCL13 and CXCR5 (9). Therefore, we examined if alcohol consumption impaired the
expression of the chemokine receptors, CCR7 and CXCR5, on splenic T cells and B cells,
respectively. We found that chronic alcohol consumption did not alter the expression of
these receptors on splenic T and B cells from melanoma-bearing mice (Figs. 9A–D).
Consistent with chemokine receptor expression, the ability of splenocytes to respond to
CCL21 and CXCL13 also was not altered in the alcohol-consuming, melanoma-bearing
mice (Fig. 9E).

Chronic alcohol consumption compromises migration of splenocytes responding to S1P
and down regulates S1PR1 and SPL expression in the spleen of melanoma-bearing mice

T and B cell egress from the spleen and LN to the blood is controlled by S1P/S1PR1
signaling (11, 28). The fact that alcohol consumption does not compromise the chemotactic
ability of the plasma from melanoma-bearing mice suggests that the S1P in the blood is not
affected. Indeed, there was no difference in the concentration of S1P in the plasma between
the two groups of mice (data not shown). S1P levels in the blood of mice given the alcohol-
containing Leiber-DeCarli liquid diet are also not altered by chronic alcohol consumption
(29). Therefore, the ability of splenocytes to respond to S1P chemotaxis could be
compromised by alcohol consumption in melanoma-bearing mice. To examine this
possibility, we determined migration of splenocytes from water-drinking and alcohol-
consuming, melanoma-bearing mice in response to S1P. We found that chronic alcohol
consumption significantly decreased S1P-induced splenocyte migration (Fig. 10A). S1PR1
controls the response of T and B cells to S1P. Cell surface S1PR1 is controlled by S1PR1
gene expression and also by S1P concentration in the microenvironment. High
concentrations of S1P will induce S1PR1 internalization (30). We used RT-PCR to examine
the gene expression of S1PR1 in splenocytes from water-drinking and alcohol-consuming,
melanoma-bearing mice. Expression of S1PR1 was significantly down regulated in
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splenocytes from alcohol-consuming, melanoma-bearing mice compared to their water-
drinking counterparts (Fig. 10B). Gene expression of SPL1, an enzyme catalyzing the
degradation of S1P to hexadecanaldehyde and phosphoethanolamine, was also down
regulated in the alcohol-consuming, melanoma-bearing mice (Fig. 10C). These data indicate
that alcohol consumption compromises the splenocyte response to S1P via decreasing
S1PR1 expression on splenocytes.

Discussion
The data demonstrate that alcohol consumption differentially affects lymphocyte distribution
in the spleen and blood of normal and melanoma-bearing mice. Alcohol consumption in the
non-tumor inoculated mice results in a general decrease in lymphocytes in the spleen (22),
but does not alter PBL except for CD8+ T cells, which are decreased in both spleen and
blood (Fig. 1). In the melanoma-bearing mice, however, alcohol consumption dramatically
decreases PBL, but does not significantly decrease lymphocytes in the spleen except for
CD8+ T cells (Figs. 2 & 3). The effects of alcohol consumption on each type of lymphocyte
in the blood of melanoma-bearing mice were different. Alcohol does not significantly affect
NK cells, increases NKT cells, only moderately decreases CD4+NK1.1− T cells, and
dramatically decreases B cells and CD8+ T cells. Compared to B cells, CD8+ T cells are a
small percentage of the total PBL population. B cells comprise approximately 45% of the
PBL; thus, the decrease in B cells contributes more profoundly to the lymphopenia in the
alcohol-consuming, melanoma-bearing mice.

B cells circulate in the blood, and a decrease could result from the defective production and/
or release of these cells from the BM, or from impaired egress of these cells from LN and
spleen. Since alcohol consumption neither alters the total numbers of B cells in the BM (Fig.
4B) nor significantly affects the development of B cells in the BM (Fig. 5B), the decreases
in circulating B cells in the blood are not due to compromised B cell development, BM
production, or the release from BM. Thus, the decreases of B cells in the blood highly likely
result from compromised circulation of these cells among the secondary lymphoid organs
such as LN and spleen.

The moderate increase in CD93+CD23− cells suggests that alcohol consumption might
impair B cell maturation from the transitional stage into mature follicular B cells or MZ B
cells. However, the increase in the percentage of CD23+ B cells (Fig. 5G) suggests that
follicular B cells accumulate abnormally in the spleen. If the follicular B cells fail to
circulate in the blood and accumulate in the spleen, then the percentage of CD23+ follicular
B cells will increase and the percentage of MZ B cells, which are non-circulating cells, will
decrease in the splenic B cell population as we observed (Fig. 6). Because the BM exports
immature B cells into the blood, the majority of mature B cells in the blood come from
secondary lymphoid organs. If the production and release of B cells from the BM is normal,
and the egress of B cells from spleen is compromised, then the portion of immature B cells
in blood would be expected to increase, which is also what we showed (Figs. 5D, G & H).
Therefore, these data indicate an alcohol/melanoma interaction that influences the number
and maturity of B cells in the blood.

If the alcohol/melanoma interaction impairs B cell egress from the spleen, then the number
of B cells should be elevated in the spleen; however, we did not observe this (Fig. 3H).
Alcohol consumption significantly decreases B cells in the spleen of non-tumor injected
mice (22); however, the effect is diminished in melanoma-bearing mice where no significant
decreases are observed until Day 17 after tumor inoculation. Thus, it is likely that the
impaired egress of B cells is obscured by the more profound effect of alcohol consumption
on B cell numbers before melanoma inoculation. It is worthy to note that alcohol
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consumption down regulates the expression of CD1d on MZ B cells. CD1d is a non-classical
MHC I-like molecule that presents lipid antigen to NKT cells and plays an important role in
NKT cell activation. MZ B cells are involved in NKT cell activation and the regulation of
cytokine production (6, 8). Alcohol consumption increases iNKT cells in the blood of
melanoma-bearing mice (Figs. 2D & I). Whether the decrease in MZ B cells and the down-
regulation of CD1d on these cells affects iNKT cell function in the alcohol-consuming,
melanoma-bearing mice is an interesting question that remains to be elucidated.

The current study indicates that the interaction between alcohol and melanoma does not
affect the chemotactic capacity of plasma to induce migration of T and B cells nor does the
interaction alter the expression of CXCR5 and CCR7 on these cells. Alcohol consumption
down regulates the expression of S1PR1 and SPL1 in splenocytes from melanoma-bearing
mice. Therefore, the impaired egress of T cells and B cells from the spleen is associated with
a compromised S1PR1 signaling pathway. This is not only evidenced by the decreased
response of splenocytes from alcohol-consuming, melanoma-bearing mice to S1P induced
migration, but also by the fact that only B and T cells and not NKT and NK cells decrease in
the blood. It is known that activation of the S1P/S1PR1 signaling pathway affects the
cytokine production of NKT cells, but does not affect the egress and migration of these cells
(31). NK cell egress from BM and LN is regulated by the S1P/S1PR5 pathway, and not the
S1P/S1PR1 pathway (32, 33).

The egress of B cells from the BM is also controlled by the S1P/S1PR1 pathway (28). We
found that alcohol consumption did not impair B cell egress from BM of melanoma-bearing
mice. This suggests that the expression of S1PR1 in BM-derived B cells is not affected,
which is consistent with our observations that alcohol consumption leads to down regulation
of S1PR1 expression in spleen, but not in BM (data not shown). This further indicates an
organ-specific effect associated with alcohol consumption in the melanoma-bearing mice.
The cell surface expression of S1PR1is regulated by the s1pr1 gene and also regulated by
the concentration of S1P in the microenvironment (34). We found that this gene is down
regulated in the spleen of alcohol-consuming, melanoma-bearing mice. We also found that
the expression of SPL1 is down regulated in the spleen. SPL1 catalyzes the degradation of
S1P. The decrease of SPL1 could result in accumulation of S1P. The elevation of S1P will
induce the internalization of S1PR1, which in turn could compromise the response to S1P-
induced chemotaxis. One of the products of S1P degradation catalyzed by SPL1 is
phosphoethanolamine. Chronic alcohol consumption alters the metabolism of lipids,
including phosphoethanolamine (35, 36). It is likely that alcohol consumption interacting
with tumor cells changes the metabolism of lipids, which lead to organ specific alternations
in S1P and S1PR1. We are investigating this hypothesis and the mechanism of how alcohol
consumption interacts with melanoma to regulate S1PR1 expression.

The effects of B cells in tumor immunity have attracted more attention in recent years. Some
reports indicate that depletion of B cells enhances antitumor immunity, implicating B cells
in the suppression of antitumor immune responses (14, 15). However, in B16 melanoma, the
lack of B cells, especially mature B cells, compromises T cell function and enhances tumor
progression (18). Also in B16 melanoma, depletion of CD20+ mature B cells increases lung
tumor growth and burden in CpG-treated mice (20). It is also reported that the high density
of infiltrated B cells in melanoma correlates with a significant survival advantage and
positive prognostic outcome in melanoma patients (37). Understanding the relationship
among impaired B cell circulation, dysfunction of CD8+ T cells, and decreased survival in
alcohol-consuming melanoma-bearing mice will not only advance our knowledge on the
effects of B cells in antitumor immunity, but also will provide new insight into how to
recover immune function in alcoholics with melanoma and possibly other cancers. Research
in this area is ongoing.
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In summary, we conclude that chronic alcohol consumption compromises the egress of B
and T cells from the spleen via impairing the S1P/S1PR1 pathway, which in turn induces
severe lymphopenia in B16BL6 melanoma-bearing mice. Alcohol consumption neither
compromises the development nor affects the egress of B cells from BM. The compromised
egress of B cells from the spleen results in an immature B cell-dominant circulating
population in the blood of melanoma-bearing mice.
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Fig. 1. Effects of chronic alcohol consumption on the splenocytes and PBL in B16BL6
melanoma-bearing mice and non-tumor injected mice
A, Number of splenocytes in the water-drinking and alcohol-consuming mice at the
indicated days after melanoma inoculation. B, Number of PBL in 700 μl of blood of the
water-drinking and alcohol-consuming mice after the indicated days of tumor inoculation. C,
Number of PBL in 700 μl of blood of the non-tumor inoculated water-drinking and alcohol-
consuming mice. D, Number of indicated lymphocytes in700 μl of blood of the non-tumor
inoculated water-drinking and alcohol-consuming mice. E, Percentage of indicated
lymphocytes in PBL of the non-tumor inoculated water-drinking and alcohol-consuming
mice. Each group contained 7–10 mice. The experiments were repeated once with the
similar results. Water: Water-drinking mice. ETOH: Alcohol-consuming mice. Water-
drinking group different from alcohol-consuming (ETOH) group on the indicated day, *
p<0.05; ** p<0.01; *** p<0.001.
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Fig. 2. Effects of chronic alcohol consumption on different types of lymphocytes in the blood of
B16BL6 melanoma-bearing mice
A–E, Percentage of the indicated lymphocytes in PBL of melanoma-bearing mice at the
indicated days after subcutaneous tumor inoculation. F–J, Number of specific types of
lymphocytes in 700 μl of blood of the water-drinking and alcohol-consuming mice at the
indicated days after subcutaneous tumor inoculation. Water: Water-drinking, melanoma-
bearing mice. ETOH: Alcohol-consuming, melanoma-bearing mice. Each group contained
7–10 mice. Experiments were repeated once with the similar results. Water-drinking group
different from alcohol-consuming (ETOH) group on the indicated day, * p<0.05; ** p<0.01;
*** p<0.001.
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Fig. 3. Effects of chronic alcohol consumption on different types of lymphocytes in the spleen of
B16BL6 melanoma-bearing mice
A–E, Percentage of the indicated lymphocytes in the splenocytes of melanoma-bearing mice
at the indicated days after subcutaneous tumor inoculation. F–J, Number of the indicated
lymphocytes in the spleen of the water-drinking and alcohol-consuming mice at the
indicated days after subcutaneous tumor inoculation. Water: Water-drinking, melanoma-
bearing mice. ETOH: Alcohol-consuming, melanoma-bearing mice. Each group contained
7–10 mice. Experiments were repeated once with the similar results. Water-drinking group
different from alcohol-consuming (ETOH) group on the indicated day, * p<0.05.
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Fig. 4. Effects of chronic alcohol consumption on T cells and B cells in the BM and LN of
B16BL6 melanoma-bearing mice
A, Percentage of the indicated lymphocytes in the BM of the water-drinking and alcohol-
consuming mice at 2 weeks after subcutaneous tumor inoculation. B, Number of the
indicated lymphocytes in the BM from two femurs of water-drinking and alcohol-consuming
mice at 2 weeks after subcutaneous tumor inoculation. C, Percentage of the indicated
lymphocytes in the LN of the water-drinking and alcohol-consuming mice at 2 weeks after
subcutaneous tumor inoculation. D, Number of the indicated lymphocytes in the LN from
two inguinal LNs from water-drinking mice and alcohol-consuming mice at 2 week after
subcutaneous tumor inoculation. Water: Water-drinking, melanoma-bearing mice. ETOH:
Alcohol-consuming, melanoma-bearing mice. Each group contained 7–10 mice.
Experiments were repeated once with the similar results. Water-drinking group different
from alcohol-consuming (ETOH) group on the indicated day, * p<0.05.
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Fig. 5. Effects of chronic alcohol consumption on B cell development and distribution of B cell
subsets of in BM, blood, and spleen of melanoma-bearing mice at 2 weeks after subcutaneous
tumor inoculation
A, Dot plot of IgMloIgDlo B cells (R4), IgMhiIgD+ B cells (R5), and IgMhiIgDhi B cells (R3)
in gated BM CD19+ B cells. B, Percentage of indicated B cell subsets in the BM CD19+ B
cells. C, Dot plot indicating IgMhiIgDlo immature B cells in the gated CD19+ peripheral
blood B cells. D, Percentage of IgMhiIgDlo immature B cells in CD19+ peripheral blood B
cells. E, Dot plot indicating CD23 and CD93 defined subsets of B cells in gated splenic
CD19+ B cells. F, Percentage of indicated subsets of B cells in splenic CD19+ B cells. G,
Percentage of CD23+CD19+ B cells in the indicated organs. H, Number of CD23+CD19+ B
cells in the indicated organs. Water: Water-drinking, melanoma-bearing mice. ETOH:
Alcohol-consuming, melanoma-bearing mice. Each group contained 7–10 mice.
Experiments were repeated once with the similar results. ETOH group different from Water
group, * p<0.05; ** p<0.01; *** p<0.001.
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Fig. 6. Effects of chronic alcohol consumption on MZ B cells and CD5+CD1dhi regulatory B cells
in the spleen of melanoma-bearing mice at 2 weeks after subcutaneous melanoma inoculation
A, Dot plot indicating CD21hiCD1dhi MZ B cells (R1) in gated splenic CD19+ B cells. B,
Contour plot indicating CD5+CD1dhi regulatory B cells in gated splenic CD19+ B cells. C,
Percentage of MZ B cells (CD21hiCD1dhi) and regulatory B cells (CD5+CD1dhi) in splenic
CD19+ B cells. D, Number of MZ B cells (CD21hiCD1dhi) and regulatory B cells
(CD5+CD1dhi) in the spleen. E, Mean florescence intensity of CD1d in CD21hiCD1dhi MZ
B cells. Water: Water-drinking, melanoma-bearing mice. ETOH: Alcohol-consuming,
melanoma-bearing mice. Each group contained 7–10 mice. Experiments were repeated once
with the similar results. ETOH group different from Water group, * p<0.05; ** p<0.01.
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Fig. 7. Effects of chronic alcohol consumption on the apoptosis of CD8+ T cells and CD19+ B
cells in the blood of tumor-bearing mice
Mice were inoculated with B16BL6 melanoma subcutaneously, and euthanized 2 weeks
after tumor inoculation. PBL were stained with anti-mouse CD19-PerCP, anti-mouse CD8-
PE and Annexin-V-FITC. A, Dot plot indicating annexin V+ cells in CD19+ B cells. B,
Percentage of annexin V+ cells in CD8+ T cells and CD19+ B cells. Water: Water-drinking
mice. ETOH: Alcohol-consuming mice. Each group contained 7–10 mice.
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Fig. 8. Effects of chronic alcohol consumption on chemotactic capacity of plasma in melanoma-
bearing mice
Plasma was collected two weeks after subcutaneous melanoma inoculation. The chemotactic
capacity of plasma was examined in a transwell migration experiment as detailed in the
Materials and Methods. The figure shows the percentage of migrated cells compared to the
total number of seeded cells. The bar graphs represent the mean ± SD from six individual
migration experiments conducted for six mice from each group. Water: Water-drinking,
melanoma-bearing mice. ETOH: Alcohol-consuming, melanoma-bearing mice.
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Fig. 9. Effects of chronic alcohol consumption on the expression of CXCR5 and CCR7 on B cells
and T cells, and the response of splenocytes to CXCL13 and CCL21 in melanoma-bearing mice
Mice were euthanized two weeks after tumor inoculation, and splenocytes were isolated to
examine the expression of CXCR5 and CCR7 on B cells and T cells. The response of
splenocytes to CXCL13- and CCL21-induced chemotaxis was examined in a transwell
migration assay as outlined in the Materials and Methods. A, Histogram indicating the
expression of CXCR5 in gated CD19+ splenic B cells of water-drinking, melanoma-bearing
mouse. B, Percentage of CXCR5+ cells in splenic CD19+ B cells. C, Histogram indicating
the expression of CCR7 in gated splenic CD8+ T cells of water-drinking, melanoma-bearing
mouse. D, Percentage of CCR7+ cells in splenic CD8+ T cells. E, Percentage of migrated
cells in the total seeded splenic cells to CXCR13 and CCL21. Each group contained 6–10
mice. Water: Water-drinking, melanoma-bearing mice. ETOH: Alcohol-consuming,
melanoma-bearing mice.
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Fig. 10. Chronic alcohol consumption impairs the response of splenocytes to S1P and down
regulates the expression of S1PR1 and SPL1 in splenocytes of melanoma-bearing mice
A, Percentage of migrated cells relative to the total number of seeded splenocytes
responding to S1P induced chemotaxis. B, Absorbance ratio of S1PR1 to GAPDH from RT-
PCR analyses of splenocytes. C, Absorbance ratio of SPL1 to GAPDH from RT-PCR
analyses of splenocytes. Water: Water-drinking, melanoma-bearing mice. ETOH: Alcohol-
consuming, melanoma-bearing mice. Experiments were repeated once with the similar
results. ETOH group different from Water group, ** p<0.01.
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