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SUMMARY

We designed studies to examine the effects of ethanol consumption and withdrawal on the numbers
of pre-B and B cells in murine bone marrow. Flow cytometric analysis of B220 and surface IgM
expression on bone marrow cells revealed that consumption of ethanol by mice for 7 days led to a
significant reduction in pre-B cells. The number of mature B cells in the bone marrow of these
animals, however, did not differ from that of control mice. In contrast, examination of bone
marrow obtained from mice at various times after withdrawal from ethanol showed significantly
fewer numbers of mature B cells and an even greater loss of pre-B cells. This effect was seen for
relatively long periods after withdrawal. These study findings are interpreted to suggest that
ethanol consumption results in changes in the pre-B cell population in murine bone marrow. It also
appears that withdrawal from ethanol results in more profound changes in the mature B cell
population of the bone marrow than those that occur during ethanol consumption.
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INTRODUCTION

Consumption of ethanol (ETOH) is associated with many
adverse effects on immune function. Accordingly, alcoholic
human beings have a higher incidence of certain diseases, such
as tumours (particularly of the head, neck, and gastrointestinal
tract), bacterial pneumonias, infections with opportunistic
pathogens [1,2], and autoimmune disorders [3], than their
non-alcoholic cohorts. This increased incidence is presumably a
result of alcohol-induced immune dysfunction. Although the
effects of ETOH on the general health of human beings are
multifactorial, and include nutritional effects, it is clear from
animal models that ETOH consumption in a controlled
environment is associated with many changes in the immune
system. This is not to imply that other factors like smoking,
nutrition and aspiration are not important, but it is clear that
effects are noted in the absence of these confounding variables.
To date, many aspects of cellular and humoral immune
responses and non-specific host defence mechanisms, such as
phagocytosis and chemotaxis, are inhibited by ETOH [4-10].
With the use of a murine model, we have shown that ETOH
consumption results in diminished T cell function, such as
reduced proliferative responses to T cell mitogens and
alloantigens, as well as a decreased antibody production to T
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cell-dependent antigens [11]. These changes in T cell function
are associated with impaired immunity to bacterial infection
[12]. It is interesting that B cell function, as determined by
measuring proliferative responses to B cell mitogens and
antibody responses to T cell-independent antigens, seems to
be unaffected by ETOH [11,13].

Work by Jerrells & Saad has shown that consumption of
ETOH is also associated with a significant loss of lymphocytes
from lymphoid tissues such as spleen and thymus. In the
thymus, immature thymocytes are depleted predominantly, but
mature cells are also depleted [14]. Although both T and B cells
are lost from the spleen after 7 days of ETOH consumption, B
cells are depleted to the greater extent [14]. The cellularity of the
spleen returns to normal levels by day 7 after animals are fed
laboratory chow diet, rather than ETOH diet [11]. The defect in
antibody production to T cell-dependent antigens associated
with ETOH consumption [11] could be due to many factors,
but in general might be associated with a defect in T helper cell
function, a loss of a special B cell population, or both. The lack
of an effect on T cell-independent B cell responses [1 1] in spite
of marked B cell loss would support this notion. The present
study is an attempt to define further the effects of ETOH on B
cell production.

In light of these observations, we hypothesize that the
ETOH-induced effects on B cell numbers in the periphery are in
part a result of the effects of ETOH on B cell haematopoiesis.
Recently, investigators have shown that a number of B cell-
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associated antigens, such as B220, cytoplasmic IgM (cIgM),
and surface IgM (sIgM), can define specific stages of B cell
development in the murine bone marrow [15-19]. With the use

of these markers and terminal deoxynucleotidyl transferase
(TdT), at least five phenotypically distinct stages have been
ascertained: (i) early pro-B cells, TdT' B220-; (ii) intermediate
pro-B cells, TdT+ B2201o; (iii) late pro-B cells, TdT- B2201o;
(iv) pre-B cells, TdT- B2201o cIgM+; and (v) B lymphocytes,
B220hi cIgM- sIgM+ [15,16]. In this study, we examined
alterations in the B cell lineage markers B220 and sIgM on bone
marrow cells isolated from mice that had consumed ETOH and
were then withdrawn from ETOH. These markers allowed us to

discern intermediate-to-late pro-B and pre-B cell populations
(B2201o or B220 sIgM-; collectively referred to here as pre-B
cells) and mature B cell populations (B220hi or B220+ sIgM+)
in these animals. The results of these studies suggest that ETOH
consumption and withdrawal are associated with a selective
depletion of pre-B and mature B cells (respectively) from the
bone marrow.

MATERIALS AND METHODS

Mice and ETOH administration
Male C57B1/6 mice (5-6 weeks of age) were obtained from
Harlan Sprague-Dawley (Houston, TX) and maintained in the
animal facility for 1-2 weeks to acclimatize. Individual mice
were fed either a Lieber-DeCarli liquid diet containing 7%
(v/v) ETOH; an identical liquid diet, with the exception that the
diet was made isocaloric with dextrose and maltose in a pair-
feeding protocol; or laboratory chow and water. The animals
receiving the control liquid diet were fed with the use of a pair-
feeding protocol as previously described [11]. Animals fed the
ETOH-containing diet or laboratory chow and water were fed
ad libitum. In all experiments described in this study, animals
were provided liquid diets for 7 days and either studied at this
time, or the liquid diet was discontinued and animals were

provided a diet of laboratory chow and water ad libitum.

Antibodies
Rat anti-mouse B220 antibody was obtained from PharMingen
(San Diego, CA). Streptavidin-PE and goat anti-mouse 1gM-
FITC were obtained from Southern Biotechnology Associates,
Inc. (Birmingham, AL). Antibodies were used at a final dilution
of 1: 100. Streptavidin-PE was used at a final dilution of 1: 50.

Bone marrow isolation and staining for flow cytometry
Bone marrow cells from animals fed ETOH diet, control diet,
or laboratory chow were obtained by lavage (two femurs per
mouse) with calcium- and magnesium-free Hanks' balanced
salt solution (HBSS; Biofluids, Rockville, MD). Bone marrow

cells were washed three times in HBSS, and erythrocytes were

removed by hypotonic lysis in haemolytic Geys solution as

described elsewhere [20]. Bone marrow cells were stained with
the appropriate antibodies in 96-well, round-bottomed plates
(106 cells/well) for 20 min at 4°C. Cells were fixed in 1%
paraformaldehyde for 10 min, washed, and then resuspended in
PBS to remove excess paraformaldehyde. Cells were analysed
with the use of a Coulter Profile II flow cytometer/cell sorter
(Coulter Cytometry, Hialeah, FL) provided by the University
Core Facility for Flow Cytometry at Louisiana State
University Medical Center (Shreveport, LA). Debris, dead

cells, and erythrocytes were excluded from the analysis on the
basis of forward-angle light scatter gating. The spectral overlap
between FITC and PE was compensated for electronically on

the basis of single fluorochrome-stained samples. The percen-

tage of cells stained with the appropriate antibody was

determined by analysing at least 104 cells from each sample.

Statistical analysis
Differences between groups were determined with the use of a

one-way analysis of variance.

RESULTS

We examined the effects of ETOH consumption and with-
drawal on cells in the B cell lineage in murine bone marrow in
three separate experiments. Throughout these experiments, the
number of bone marrow cells recoverable from the femurs of
ETOH-treated mice was approximately 50% of that recover-

able from control animals. The mean number of cells isolated
from pair-fed animals was 8 1 ± 1 x 107, compared with
4 3 ± 0 5 x 107 cells recovered from ETOH-fed mice.

With the data obtained from the flow cytometric studies
and total bone marrow counts we determined the numbers of
dual-positive (B220+ sIgM+) B cells in the bone marrow of
each animal (two femurs each) from three separate experi-
ments. Mean numbers of each population of cells were
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Fig. 1. Analysis of numbers of dual-positive (B220+ sIgM+) bone
marrow cells in mice fed ethanol (ETOH) diet (A), control diet (o), or

laboratory chow (N). Mice were maintained on the appropriate diet for
7 days and either killed (7E) or placed back on laboratory chow and

water (withdrawal) for 3, 6, 10, or 20 days (3W, 6W, lOW, or 20W,
respectively) before analysis of bone marrow. The data from three

separate experiments are presented as the mean s.e.m. * Times when

the numbers of dual-positive cells obtained from ETOH diet-fed mice
were statistically different (P < 0-05) from those of control diet- and
laboratory chow-fed mice, as determined by a one-way analysis of
variance. No statistically significant differences were observed between
laboratory chow- and control diet-fed mice at any time.
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Fig. 2. Analysis of numbers of B220hi bone marrow cells in mice fed
ethanol (ETOH) diet (A), control diet (0), or laboratory chow (I) as

described in the legend for Fig. 1. The data from three separate
experiments are presented as the mean s.e.m. * Times when the
numbers of B220hi bone marrow cells obtained from ETOH diet-fed
mice were statistically different (P < 0-05) from those of control diet-
and laboratory chow-fed mice. No statistically significant differences
were observed between laboratory chow- and control diet-fed mice at
any time.

determined and compared for statistically significant differ-
ences by using a one-way analysis of variance. Figure 1 shows
the total numbers of B220' sIgM' (mature) B cells in animals
fed either ETOH diet, control diet, or laboratory chow at the
indicated times. There were no statistically significant differ-
ences (P > 0-05) in the total numbers of B220+ sIgM+ cells in
the bone marrow of these animals after 7 days of diet feeding
(n = 13, 9, and 6 for animals fed ETOH diet, control diet, or

laboratory chow, respectively). Examination of bone marrow

cells after 3 and 5 days of ETOH consumption also showed no

change in the percentage or number of B220+ sIgM+ cells (data
not shown). At day 3 after withdrawal (from ETOH and
control diets), however, there was a statistically significant
difference (P < 0-001) in the total number of B220+ sIgM+
bone marrow cells isolated from mice that consumed ETOH
(mean, 2 31 x 105 cells per two femurs; n = 7), compared with
findings in mice that consumed control diet or laboratory chow
(1 2 and 1-8 x 106 cells per two femurs, respectively; n = 8 and
6). This represents a range in loss of dual-positive mature B cells
from the bone marrow of ETOH-consuming mice of 82-88%.

The effects of ETOH consumption and withdrawal were

still evident at day 6 after withdrawal (P = 0-0001), at which
time mice fed ETOH diet had approximately 1 48 x 105 B220+
sIgM+ B cells, compared with 1-2 and 1 8 x 106 B220+ sIgM+
B cells in mice fed control diet and laboratory chow,
respectively (n = 5, 5, and 6, respectively). This represents a

decrease of 88-92% of the bone marrow-associated B220+
sIgM+ B cells in the mice that consumed ETOH and underwent
withdrawal for 6 days, relative to control diet-treated animals.

At day 10 after withdrawal, the level of B220+ sIgM+ B cells

Fig. 3. Analysis of numbers of B2201o bone marrow cells in mice fed
ethanol (ETOH) diet (A), control diet (0), or laboratory chow (A) as
described in the legend for Fig. 1. The data from three separate
experiments are presented as the mean s.e.m. * Times when the
numbers of B2201o bone marrow cells obtained from ETOH diet-fed
mice were statistically different (P < 0-05) from those of control diet-
and laboratory chow-fed mice. No statistically significant differences
were observed between control diet- or laboratory chow-fed mice at any
time.

in mice that had consumed ETOH (n = 7) was statistically
different from that observed in laboratory chow-fed mice
(n = 5; P = 0.0025). No statistically significant differences were
observed between control diet- (n = 8) and laboratory chow-
fed mice, nor between ETOH diet- and control diet-fed mice
(P > 0-05).

By day 20 after withdrawal, the numbers of dual-positive B
cells in the ETOH diet-fed animals (n = 5) returned to those
observed in the control diet- (n = 6) and laboratory chow-fed
mice (n = 6).

Figure 2 illustrates the total number of B220hi (mature) B
cells isolated from mice fed either ETOH diet, control diet, or

laboratory chow at the indicated times. There were no

statistically significant differences in the number of B220hi B
cells isolated from the bone marrow of mice in the three diet
groups at day 7 ofETOH consumption (P > 0-05). As with the
B220+ sIgM+ B cells, however, there was a statistically
significant loss of B220hi B cells from the bone marrow of
ETOH-consuming mice at day 3 after withdrawal (P < 0-001).
The numbers of B220hi B cells in ETOH-consuming mice
(mean, 2 09 x 10 per mouse) were lower (range 76-80%) than
those in control diet- or laboratory chow-fed mice (mean,
8-65 x 105 and 1 04 x 106 per mouse, respectively) at this time.
The effects of ETOH consumption and withdrawal were still
evident at day 6 after withdrawal, when the number of B220hi B
cells in ETOH-consuming mice (mean, 2A48 x 105 per mouse)
was lower (range 67-77%) than that obtained from mice fed
control diet (mean, 7-46 x 105 per mouse) or laboratory chow
(mean, 104 x 106) (P = 0 001). By day 10 after withdrawal, the
numbers of B220hi B cells in ETOH-consuming mice were

significantly different from those in mice fed laboratory chow
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Fig. 4. Two-colour flow cytometric evaluation of B220 and sIgM expression on bone marrow cells of individual mice fed ethanol

(ETOH) or control diet. Animals were treated as described in the legend for Fig. 1. The percentage of B220+ sIgM- or B220+ sIgM+
cells is listed in the appropriate quadrants. A summary of these data from all mice analysed appears in Fig. 1.

(P < 0.001), but not from those in mice fed control diet. At day
20 after withdrawal, the number of B220hi B cells in ETOH-
consuming mice was not significantly different from that for
control diet- or laboratory chow-fed animals.

Figure 3 illustrates the effects of ETOH consumption and
withdrawal on the number of B2201o pre-B cells in the bone
marrow of mice at the indicated times. After 7 days of receiving
either ETOH or control diet, the ETOH-consuming mice
showed a 47-50% reduction (P = 0.001) in the number of bone
marrow-derived pre-B cells (B2201o) (2-1 x 106 per mouse),
compared with the findings in animals consuming control diet
or laboratory chow (4 05 x 106 and 4-28 x 106, respectively). A
progressive loss of B220+ sIgM- pre-B cells (as determined by
dual parameter flow cytometry) was first noted after 5 days of
ETOH consumption (data not shown). The loss of B2201o pre-B
cells from the bone marrow of ETOH-consuming mice was

even more pronounced 3 days after withdrawal (P < 0 001). A
comparison of the total number of B2201o cells isolated from
ETOH-consuming mice (9 98 x 105 per mouse) with that
obtained from mice consuming laboratory chow and control
diet (mean, 4 44 x 106 and 5 24 x 106, respectively) revealed a

78-81% reduction in the bone marrow pre-B cells of mice that
had consumed ETOH.

At day 6 after withdrawal, the number of pre-B cells
remained significantly lower in ETOH-consuming mice,
compared with that in mice consuming control diet or

laboratory chow (P = 0 0001). No statistically significant
differences were observed among the three diet groups at days
10 and 20 after withdrawal.

Figures 4 and 5 show typical dual parameter (B220, sIgM)
and single parameter (B220) flow cytometric profiles (respec-
tively) and the percentage of each cell population obtained with
the use of bone marrow cells isolated from animals fed control
diet and those fed ETOH diet at the indicated times. These
figures demonstrate that the changes in pre-B and B cell

populations summarized in Figs 1-3 are the same whether we

define these populations by co-expression of two cell surface
markers (B220, sIgM, Fig. 4) or by the relative distribution of a
single cell surface marker (B2201o versus B220hi, Fig. 5). More
importantly, these profiles demonstrate that the changes in the
bone marrow pre-B and B cell populations are not accom-

panied by a change in fluorescence intensity, but rather a

reduction in the number of positive events.

DISCUSSION

These studies were designed to examine the effects of ETOH
consumption and withdrawal on B cell populations in murine
bone marrow. The results support the suggestion that ETOH
consumption in a mouse model leads to a selective depletion of
pre-B cells (B220' sIgM-; or B2201o) from murine bone
marrow. In mice that consumed ETOH for 7 days, the numbers
of mature B cells (B220+ sIgM+; or B220hi) isolated from the
bone marrow did not differ from those for mice that consumed
control diet or laboratory chow. However, the numbers of pre-
B cells, as defined with the use of B220 expression, were

drastically reduced in ETOH-consuming mice. Although we do
not know the mechanisms for the ETOH-induced reduction in
the number of pre-B cells, it is interesting to speculate that
ETOH consumption may alter the production or action of
various cytokines that modulate B cell haematopoiesis, such as

granulocyte-macrophage colony-stimulating factors (GM-
CSF), IL-3, IL-7, or c-kit ligand [18,21-28]. Alternatively,
these results may be due to a direct effect of ETOH on the
resident population of pre-B cells or their progenitors in the
bone marrow, or perhaps to indirect effects associated with
ETOH consumption such as that induced by corticosteroids.
Future studies will be designed to help resolve these issues.

Results of the current study also show that withdrawal from
ETOH leads to a significant loss of bone marrow-associated
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Fig. 5. Flow cytometric evaluation of B2201o and B220hi bone marrow cells of individual mice fed ethanol (ETOH) or control diet.
Animals were treated as described in the legend for Fig. 1. The percentage of B220Io (*) and B220hi (arrow) cells is listed in each profile.
A summary of these data from all mice analysed appears in Figs 2 and 3.

mature B cells (B220+ sIgM+; or B220hi) and pre-B cells.
Animals that were fed control diet and had their isocaloric
liquid diets discontinued after 7 days did not exhibit a
withdrawal effect on their bone marrow B cells. Alterations in
the cellularity of spleen and thymus during ETOH withdrawal
may be due in part to increased serum levels of corticosteroids.
Analysis of adrenalectomized rats, however, suggested that
corticosteroids are not solely responsible for the observed
withdrawal effects in peripheral lymphoid tissues [13]. It is
possible that the withdrawal effect of ETOH noted in the
present study is partially or exclusively mediated by cortico-
steroids.

Although there were no statistically significant differences
between control diet- and laboratory chow-fed animals in this
study, there were some dietary effects on the B cell lineages in

the bone marrow. As shown in Fig. 4 at day 7 of diet
administration, the percentage of B220+ sIgM' B cells in both
control diet- and ETOH diet-fed mice was lower than the
typical range (8-10%) reported elsewhere [15,17,21,29], as well
as that observed in our laboratory chow-fed animals that had a
mean of 7 3 + 1P7% B220+ sIgM+ B cells. Of greater
importance, however, are the relative changes that occurred
throughout the study between ETOH diet- and control diet-fed
mice.

Results of the current study demonstrate control levels of
mature B cells in the bone marrow of mice after consuming
ETOH diet for 7 days, but findings in previous studies show
that splenic B cells are markedly depleted at this time. Both the
pre-B and B cell populations (lost during ETOH consumption
and withdrawal, respectively) in the bone marrow of
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ETOH-consuming animals returned to control levels 10 days
after withdrawal from ETOH. In previous studies demonstrat-
ing ETOH-induced depletion of B cells from the spleens of
ETOH-consuming mice, the cellularity of the spleen returned to
normal levels by day 7 after withdrawal [11,14]. In light of these
observations, it is interesting to speculate that ETOH
consumption interferes with normal homeostatic feedback
mechanisms from peripheral lymphoid tissues, which alters
the release of mature B cells from the bone marrow, changes
trafficking to the peripheral lymphoid organs, or both. Other
investigators have shown both stimulatory and inhibitory
effects of exogenous stimuli, such as antigens, macrophage-
derived cytokines, and serum immunoglobulins, on the genesis
of B cells in murine bone marrow [30-35]. The possible role of
these factors in the bone marrow changes reported here are
currently under study.

Taken together, the results of this study support the
suggestion that ETOH consumption and withdrawal result in
both central and peripheral depletion of pre-B and B cells,
possibly limiting the antibody repertoire available for fighting
certain infectious diseases.
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