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Abstract
Background—Alcohol consumption is a common problem in HIV-infected individuals, and the
effects of alcohol may alter the efficiency of the immune response, potentially aggravating the disease
as well as affecting end organs, such as the brain. However, the elements of the virus-host interaction
that are modulated by ethanol are poorly dissected.

Methods—Ethanol intake was conditioned in rhesus macaques prior to SIV infection, in order to
mimic this common human behavior, and allow the evaluation of aspects of the virus-immune system
interactions during acute time-points, when important facets of the infection are set up and when
virus reproducibly enters the brain.

Results—Although ethanol had a limited effect on the acute plasma viral load, it resulted in reduced
circulating memory CD4+ T cells and increased levels of monocytes expressing the viral coreceptor
CCR5. In organs, ethanol consumption impacted immune cells in the liver as well as lymphoid and
other nonlymphoid tissues, where CD4+ T cells were predominantly affected.

Conclusion—Overall, the consumption of alcohol causes immune cell alterations that can
contribute to the generation of a disease susceptible environment upon SIV infection.

Introduction
Alcohol dependence is the most common form of drug abuse. About 7% of the adult population
in United States meets the criteria for alcohol abuse and/or alcoholism (Grant, 1994),
composing a population more likely to engage in risk behaviors that expose them to the
possibility of HIV infection. Although alcohol abuse and HIV infection frequently occur in
parallel, studies on the impact of alcohol consumption on the HIV / host interaction are sparse.

SIV infection in rhesus macaques replicates the human infection by HIV, producing similar
symptoms and progressing to AIDS in infected animals. The SIV rhesus monkey model has
previously been used to study the effects of alcohol on AIDS in two distinct systems, revealing
possible interactions of SIV and alcohol. In the first, animals were given alcohol in a binge
pattern (initial dose of 2.5 g/kg, followed by an additional 0.8 g/kg, over a four-hour period, 4
days a week) through an intragastric catheter, control animals received sucrose (Bagby et al.,
2003; Bagby et al., 2006; Molina et al., 2008; Molina et al., 2006; Poonia et al., 2006; Winsauer
et al., 2002). Following SIV inoculation, analysis of plasma revealed inconsistency in the time
points where viral load differed between control and alcohol administered animals. Alcohol
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also induced changes in numbers or proportions of blood CD4 or CD8 T cells. Interestingly
alcohol itself altered intestinal lymphocytes, inducing a higher proportion of central memory
as well as naïve CD4 cells, and lower proportion of effector memory CD8 cells (Poonia et al.,
2006). Although in one study alcohol accelerated the SIV-induced disease course (Bagby et
al., 2006), this was not replicated in a subsequent experiment (Molina et al., 2008). Wasting
disease is common as disease progresses in SIV-infected rhesus monkeys, and alcohol was
found to significantly increase this disorder (Molina et al., 2008).

In a second model, animals drank alcohol provided in a sweetened solution (Kumar et al.,
2005). Animals ingested 1–4 g/kg of alcohol over a daily three-hour period, and control animals
drank a sweetened solution without alcohol. Animals were then inoculated with a mixture of
SIV and SHIV viruses, which is known to lead to rapid CD4 T cell depletion. Beginning at 12
weeks p.i. in the plasma, and 10 weeks p.i. in the CSF, higher levels of virus were found in the
alcohol-drinking group.

The central nervous system (CNS) is a target of both alcohol and HIV. Although the brain was
not examined in either of the above models, the increase virus found in the CSF in the latter
study indicates that there may be an interaction of alcohol with SIV. In addition, in the binge
drinking model, behavioral testing indicated that the combination of SIV and alcohol resulted
in cognitive deficits not found with either agent alone (Winsauer et al., 2002).

After infection with HIV or SIV, virus enters the brain early, in the first two weeks following
inoculation. This early stage is a reproducible time in which virus enters in the CNS.
Furthermore, events that occur in the acute phase of infection significantly affect the course of
disease in both HIV infected people and SIV infected monkeys. Therefore, to study whether
alcohol consumption affects this early phase, we developed a flavorant-fade protocol for oral
self-administration of alcohol in rhesus monkeys. While determining the exact relationships
of experimental animal studies to human alcohol consumption patterns is problematic, this
method led to animals reaching a stable ad libitum daily intake of 2.7 ± 0.2 g/kg/day, sufficient
to cause blood alcohol levels greater than the legal driving limit of 80 mg/dl (up to 269 mg/dl
at the high end of the consumption range) and abnormalities in a motor skills task (Katner et
al., 2004), modeling alcohol drinking that may lead to high-risk behavior. In the present study
we analyzed the impact of this chronic alcohol consumption on viral and immune parameters
during the acute phase of SIV, examining blood, CSF, lymphoid organs, the liver and brain.

Material and Methods
Animals and Infection

SIV, SRV-type D and Herpes B Virus-free rhesus macaques purchased from Labs of Virginia
and Charles River Laboratory, were infected with a cell-free SIV stock derived from
SIVmac251 (Burdo et al., 2005; Lane et al., 1995). All animal experiments were performed
with approval from the Institutional Animal Care and Use Committee following NIH
guidelines. Animals kept in containment were anesthetized with 10–15 mg/kg of ketamine
intramuscularly prior to experimental procedures. Blood was serially drawn from the femoral
vein, and plasma was obtained from EDTA-treated blood. At necropsy, performed after
terminal anesthesia, animals were intracardially perfused with sterile PBS containing 1 U/ml
heparin. Tissue samples were taken for cell isolation, virus quantification, and formalin fixation
for histology.

Oral ethanol self-administration
Access to a palatable solution of 6% (w/v) ethanol / 6% (w/v) Tang® Kraft Foods Inc., orange
flavored), limited to 3.0 g/kg, was offered in two 1 hr daily sessions. Drinking water was
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removed from the cage for 1 hr prior to, and was restored immediately after, each ethanol
session. Oral ethanol self-administration was originally conditioned in these animals by a
gradual increase in the concentration (%) and/or amount (g/kg/session) of ethanol in the Tang
solution as previously described (Katner et al., 2004; Katner et al., 2007). For this current study,
as opposed to once a day, animals were offered ethanol solutions twice daily for the 30 days
preceding inoculation and then throughout SIV infection. Control animals were treated in
parallel, receiving only vehicle.

Viral Quantitation
Plasma, liver, spleen and brain SIV RNA was calculated by using quantitative branched DNA
(bDNA) signal amplification assay performed by Siemens Clinical Laboratory (Emeryville,
CA).

Cells
Cells separated from EDTA-treated blood centrifugation, and 70̣µm nylon-mesh sieved cells
from spleen, lymph nodes, and liver, were subjected to Histopaque (Sigma-Aldrich, St. Louis,
MO) gradient for isolation of the mononuclear fraction. Gut cells were obtained from mid
jejunum fragments, incubated with 1 mM EDTA in saline, followed by calcium-free HBSS
containing 1% FBS, 1 mM EGTA, 1.5 mM MgCl2. The epithelial layer was carefully removed
before incubation with 100 U/ml collagenase type IV (Sigma-Aldrich, St. Louis, MO) and 5U/
ml DNAseI (Sigma-Aldrich). After digestion, gut fragments were pressed against a 40 m□□r□□
nylon sieve to generate a tissue-free cell suspension. This was resuspended to 1.033 g/ml
Percoll (Sigma-Aldrich) and underlayed by a 1.088 g/ml Percoll solution, for gradient
centrifugation. Cells harvested from the interface were washed and stained.

Brain cells
Following perfusion, the brain was removed and carefully freed of meninges. Brain immune
cells were isolated by enzymatic digestion of minced tissue, followed by Percoll gradient, as
previous described (Marcondes et al., 2001).

Flow cytometry
Isolated cells were stained with labeled antibodies in PBS containing 2% FCS and 0.01%
NaN3. The antibodies used were anti-CD14-PE (clone M5E2, BD Pharmingen), anti-CD16-
FITC (clone 3G8, BD Pharmingen), anti-monkey CD3-biotin (clone FN-18, Invitrogen
Biosource, Carlsbad, CA) followed by Streptavidin-PerCP or APC (BD Pharmingen, San
Diego, CA), anti-human CD8-PE, FITC or PeCy5 (clone DK25, Dako, Carpinteria, CA), anti-
CD95-FITC (Dako), anti-human CCR5-APC (BD Pharmingen), anti-CCR2-PE (BD
Pharmingen), anti-CD44v6-biotin (clone 2F10, Zymed, San Francisco, CA), anti-CD11a-FITC
(clone 25.3.1, Immunotech), anti- CD69-PE (clone FN50, BD Pharmingen), anti-CD95-FITC
(clone DX2, BD Pharmingen), or isotype controls (BD Pharmingen). Additionally, PE-labeled
Tat and Gag-tetramers (Beckman-Coulter, Fullerton, CA) were employed for specific CD8
cells detection. (Burudi et al., 2002). Stained cells were acquired by a FACSCalibur (BD
Biosciences, San Jose, CA) flow cytometer, and analyzed in FlowJo 6.2.1 software (Tree Star
Inc., San Carlos, CA).

Quantitative real-time PCR
RNA was isolated, purified, quantified, and used as a template for cDNA as previously
described (Burudi et al., 2002), with the addition of a phenol extraction and Qiagen RNeasy
column purification for the liver RNA. Real-time PCR was performed using gene-specific
primers and probes (Table 1). A dilutional analysis of the samples indicated a correlation
coefficient for concentration and cycle threshold (Ct) of 0.99. Reactions were performed on a
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MX3000 (Stratagene) using Supermix UDG (Invitrogen Life Technologies). The delta Ct (dCt)
method was performed to determine relative concentrations, using the average of the Ct of 18S,
GAPDH, and TATA box-binding protein (TBP) as the normalizing value for calculation of
relative values (2dCT).

Statistics
Group comparisons were performed using the tests described in the text and figure legends.
The difference between the means was considered significant at p < 0.05. Tests were performed
using Excel (Microsoft Corporation, Redmond, WA) and Prism software (GraphPad Software,
San Diego, CA) for Macintosh.

Results
Acute viral load and alcohol consumption

Two groups of animals were used. One group of 4 animals was ingesting alcohol, reaching a
stable ad libitum daily consumption of 2.88 ± 0.62 g/kg/day. Average ethanol consumption
was equivalent in each of the AM and PM drinking sessions (Figure 1A). The second group
was the control group, also of 4 monkeys, which received vehicle during the same period. Both
groups were intravenously inoculated with a derivative of the pathogenic stock SIVmac251,
known to infect the CNS early after inoculation. In the alcohol-consuming group, the ethanol
intake decreased during the second week following SIV inoculation (Figure 1A), in correlation
with acute infection syndrome, which is characterized by malaise and fever. The animals were
bled at day 7 and 12 post-inoculation, and sacrificed at day 12, with extensive perfusion with
PBS to eliminate blood-borne cells from the organs.

Two biofluids - blood and CSF - were sampled during the early post-inoculation period for
determination of viral load. Alcohol consumption did not change the plasma viral load during
the acute phase (Figure 1B). However, the viral load in the CSF was significantly (p=0.003, t
test) lower in SIV plus ethanol animals than in SIV animals receiving the vehicle at day 12 p.i.
(Figure 1C).

Longitudinal analysis of T cells and NK cells
We next evaluated the frequency of T cells in the blood of SIV-infected animals subjected or
not to alcohol consumption. The frequency of CD4 cells in the blood significantly decreased
in infected animals that consumed alcohol in comparison to the vehicle-consuming group at
day 7 after viral inoculation (p=0.01, t-test) (Figure 2A). However, the absolute numbers of
CD4 cells did not differ between groups (Figure 2 B). CD3+CD8+ T cell frequency was not
different between the two groups or within each group compared to pre-infection levels (Figure
2C). The number of CD8 T cells in the blood of ethanol-treated animals was lower than vehicle-
treated animals from the baseline (Figure 2D). Thus, both groups had an acute reduction on
CD8 T cells at day 7 after infection, but at day 12 they returned to their respective baseline
levels.

The expression of phenotypic markers on CD4 and CD8+ T cells was also evaluated. The
markers selected for this analysis correspond to surface molecules that correlate with activation
and memory. However, following SIV infection, there was no difference in the expression of
CD11a, CD69, CCR5 or CD95. We next investigated whether NK cells were affected by
alcohol consumption during initial time-points after SIV inoculation. NK cells, assessed as
CD3−CD8+ cells, did not differ between the two groups, either in relative or absolute values,
and neither did NK subsets that expressed CD16 (comprising the majority of NK cells) nor the
activated NK cells marked by CD69 (data not shown). Thus, alcohol consumption did not alter
the frequency or subsets of NK cells at the early time-points of SIV infection.
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Longitudinal analysis of monocytes
To assess monocytes, cells expressing CD11b marker in the blood were gated in conjunction
with forward and side scatter to identify monocytes, and were further characterized based on
the expression of CD14 and CD16 markers. Although the monocyte subpopulations were not
different in percentage between the groups (Figure 3A and Figure 3B), the absolute counts of
these cells were distinctive following infection. Both CD14+ CD16low and CD14+CD16+
subpopulations were higher in animals that did not receive alcohol (open symbols), in
comparison with animals that did (closed symbols, Figure 3) at day 7 after inoculation of the
virus. CD14+ CD16low cells increased from baseline in animals that received vehicle, and
decreased in animals that received alcohol (Figure 3C). Cells that were CD14+ CD16+ also
increased at day 7 in vehicle-treated animals, and remained unchanged in the alcohol group
(Figure 3D).

Considering that the CD16+ monocytes subset exhibits an inflammatory phenotype, which
enables them to migrate into tissues (Kim et al., 2004), these cells were further analyzed for
the expression of CCR5, CD44v6 and CCR2 (Figure 4). This analysis revealed that alcohol
consumption affected the expression of surface molecules on these cells in response to SIV
infection. For instance, the expression of the chemokine receptor and SIV/HIV coreceptor
CCR5 was higher following SIV infection in the ethanol-consuming group, reaching statistical
significance at day 12 after infection (Figure 4A). The expression of CD44v6, an adhesion
molecule and one of the receptors for osteopontin, previously shown to correlate with brain-
inflammatory phenotype, increased significantly on CD14+CD16+ cells (Figure 4B) in the
alcohol-consuming group compared to the vehicle group at day 7 p.i. However at day 12, a
high degree of variability was found in the alcohol-consuming group. Finally, CCR2 expression
increased significantly on CD14+CD16+ cells after infection in animals treated with ethanol
(Figure 4C) reaching statistical significance at day 12 p.i. Therefore, CD14+ CD16+ cells in
animals treated with alcohol became more susceptible to the virus, and more prone to respond
to osteopontin and chemokines, consistent with an increased inflammatory phenotype.

Acute tissue distribution of SIV with alcohol consumption—At 12 days after SIV
was inoculated, the animals were sacrificed. In addition to obtaining the viral load in the plasma
and CSF (Figure 1, above), RNA was isolated from the frontal lobe of the brain, the liver, and
the spleen to investigate the effect of alcohol consumption on tissue No differences were found
in tissue viral load between ethanol consuming and vehicle consuming groups (Figure 5).

Tissue pro-inflammatory cytokine production—In the acute phase of infection,
increased levels of interferon- and IL-6-induced genes are found in the brain (Katner et al.,
2004). Furthermore, the chemokine CCL2 is expressed in the cerebrospinal fluid (Fox et al.,
2000), correlating with the initial invasion of monocytes into the brain. We therefore examined
the gene expression of IFNα, IFNβ, IL6, and CCL2 in the brain as well as the liver and spleen.
In the brain, ethanol consumption decreased the level of expression of these molecules in SIV-
infected animals (two-way ANOVA, p=0.0225) (Figure 6A), whereas in spleen (Figure 6C),
the ethanol-consuming group had enhanced expression (two-way ANOVA, p=0.0029). In both
organs, post-hoc Bonferroni’s testing revealed significant changes in IFNα̣p⪝01 for brain,
p<0.05 for spleeṇ. Although higher levels of these cytokines were also found in the liver of
the ethanol-consuming group (Figure 6B), these differences were not statistically significant.

Lymphocyte and NK distribution in different organs: alcohol effects on target
organs—We next examined both the frequency of detection and surface marker expression
on lymphocytes in a number of target organs during the acute phase (day 12) of infection. For
the T cells, the CD4 cells were affected to a greater degree by alcohol treatment than CD8 cells
following SIV infection (Figure 7). The SIV+EtOH group had a higher frequency of CD4 cells
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in deep cervical lymph nodes (p=0.001) than control SIV animals (Figure 7A). However, in
the liver and in the brain, the frequency of CD4 cells was significantly lower in the SIV+EtOH
group, comparatively to control SIV (p<0.001 and p=0.008, respectively). On the other hand,
in the CD8 compartment a single difference was observed, a lower frequency of CD8 cells in
the liver of alcohol treated monkeys (Figure 7B, p=0.004).

The distribution of NK cells after SIV infection was also affected by ethanol (Figure 7C). A
decreased percentage of NK cells in SIV+EtOH group was observed in the spleen (p=0.01),
in the deep cervical lymph nodes (p=0.004), in the liver (p=0.043) and also in the brain
(p=0.03). Thus following SIV infection, CD4 and CD8 T cells, as well as NK cells, were
decreased in the liver in alcohol consuming animals relative to the vehicle consuming animals,
whereas both CD4 and CD8 T cells were decreased in the brain.

The surface markers CD62L and CD45RA can be used to separate naïve (CD62L±,CD45RA
+), central memory (CM, CD62L+CD45RA−) and effector memory (EM, CD62L−CD45RA
−) T cells. The blood, spleen and lymph nodes all had a significant lower frequency of CD4 T
CM cells in alcohol-consuming animals (Figure 8A). The blood of alcohol-treated also had a
lower CD4 T EM population (Figure 8B). In both CD4 and CD8 T cells, alcohol reduced the
EM cells in the liver (Figure 8B and 8D).

The simultaneous analysis of CCR5 and CD95 expression allows the identification of cells
which are frequent targets of the virus and exhibit memory phenotype. Within the CD4
compartment, cells expressing both CCR5 and CD95 were decreased in the gut of alcohol
consuming animals in comparison to controls (p=0.024). Other sites, such as blood, lymph
nodes and spleen had a higher proportion of CD4 cells expressing these markers (p=0.036,
0.021, and 0.005, respectively) (Figure 8E) in the alcohol group. In CD8 T cells CD95 and
CCR5 expression was increased in cells from the lymph nodes of alcohol treated animals
(p=0.023) (Figure 8F). This confirms that CD4 cells suffer the impact of alcohol consumption
in a deeper way and in broader range of sites in the acute infection.

Myelomonocytic phagocytes in different organs—Macrophages (CD14+CD16+
cells) were evaluated in different organs in SIV-infected animals that did or did not receive
alcohol. The only differences detected between the groups were in the liver and brain. In the
liver, a significant increase in CCR5 expression was observed, similar to that found in the blood
(Figure 9). In the brain, there was a significant increase in CD44v6 expression in the ethanol-
consuming group (Figure 9B). Since virus is thought to enter the brain in infected monocytes/
macrophages, we also quantified the number of macrophages in the brain. However there was
no difference in the absolute number of macrophages (not shown).

Discussion
Our study was designed to investigate potential influences alcohol on acute aspects of SIV
infection. Animals that consumed alcohol developed an acute decrease in CD4 T cell memory
populations compared to vehicle treated-infected monkeys. We observed a decrease of central
memory CD4 cells in the blood and lymphoid organs (spleen and lymph nodes), while effector
memory CD4 cells decreased in the liver in addition to the blood.

We did not find an effect of alcohol ingestion on the early viral load following SIV infection
in plasma, spleen, lymph nodes, or brain; a slight beneficial effect was found in CSF (with a
lower viral load). Although CSF is thought to reflect changes occurring in the brain, we did
not find a similar effect of alcohol on the CSF and brain viral load. While a lack of difference
in brain viral load between animals of different groups could be a false negative result, given
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the sample size, the independence of CSF and brain viral dynamics has been suggested in both
HIV and SIV infection (Demuth et al., 2000; Ellis et al., 2000).

Monocyte/macrophages were affected following SIV infection, as the acute increase in
inflammatory blood monocytes after viral inoculation in control SIV infected animals did not
did not occur in alcohol-treated animals. Interestingly, we have recently found that in animals
that exhibited rapid disease progression and develop encephalitis, a similar lack of early
increase of CD14+ CD16+ monocytes occurs (Marcondes et al., 2008). We note that although
not increased in number following infection, these CD16+ monocytes in ethanol-consuming
animals do have increased expression of both CCR2 and CCR5. Interestingly, the expression
of CCR2 on inflammatory monocytes was recently shown to characterize a population with
ability to migrate into the CNS and become microglia cells (Mildner et al., 2007), whereas
CCR5 serves as the coreceptor for most SIV strains and HIV strains that dominate acute
infection. Moreover, the expression of molecules on CD14+CD16+ macrophages was altered
by the consumption of ethanol. Expression of CCR2 and CCR5 was increased by ethanol on
CD16+ cells in blood and liver, whereas CCR2 expression was decreased by ethanol on CD16
+ macrophages in the gut. Interestingly, in addition, expression of CD44v6 on these cells was
increased in the brain. Since CD44v6 is an adhesion molecules as well as one of the receptors
for osteopontin (Katagiri et al., 1999; Uede et al., 1997), found to be upregulated in brains with
SIV and HIV encephalitis (Burdo et al., 2007; Roberts et al., 2003), as well as increased on
monocytes in SIV-infected animals progressing rapidly to encephalitis (Marcondes, 2008). In
combination, the increases in CCR2, CCR5 and CD44v6 on inflammatory monocytes and
macrophages can provide the conditions for the accumulation of inflammatory macrophages
susceptible to infection in the brain of alcohol-treated animals, increasing the susceptibility to
later CNS disease.

It is important to note several differences between our studies and those of others on alcohol
and SIV, specifically time course of study, alcohol dose, and viral inoculum. First, as already
mentioned, we limited the study to the initial stages of infection in order to study the brain and
other vital organs, and thus do not have information in longer term viral/immune interactions
or disease course. Such studies would require a distinct increase in the number of animals per
group to achieve the power required for definitive results, perhaps accounting for some of the
variability in results already reported for the effects of alcohol on SIV even with the same virus
stock (Bagby et al., 2003; Bagby et al., 2006; Molina et al., 2008; Molina et al., 2006; Poonia
et al., 2006; Poonia et al., 2005; Winsauer et al., 2002). For example, for steady-state viral load,
which highly predictive of disease course in both HIV infection of humans and SIV infection
of monkeys (Mellors et al., 1997; Watson et al., 1997), studies with the commonly used
pathogenic SIVmac251 stock would require 20 animals per group to assess whether a treatment
such as alcohol administration could change viral load even if the effect size was 10-fold;
smaller changes would require even larger groups sizes (Parker et al., 2001). Second,
concerning alcohol dosing, the studies utilizing intragastric administration of alcohol achieved
higher doses of ethanol in a binge pattern (Bagby et al., 2003; Bagby et al., 2006; Molina et
al., 2008; Molina et al., 2006; Poonia et al., 2005), whereas the study with ad libitum self-
administration (Kumar et al., 2005) was similar to ours, although the animals were not exposed
to alcohol everyday. Third, the viral inoculum differed between the studies. While we used a
derivative of SIVmac251 that induces high peak and steady-state viral loads (Burdo et al.,
2005), the other study with alcohol self administration utilized a mixture of three SIV and SHIV
stocks that induces rapid CD4 cell depletion and variable viral loads (Kumar et al., 2006),
whereas the studies with intragastic alcohol administration utilized SIVdeltaB670, a stock
yielding moderate peak and steady-state viral loads (Bagby et al., 2006).

As the administration of alcohol in our study was oral, it is absorbed from the gastrointestinal
tract, where a decrease of CD4 cells expressing CD95 and CCR5 was found in alcohol
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consuming SIV infected animals. A depletion of CD4 T cells was previously found in the
intestinal mucosa of SIV-infected macaques at between days 10 and 15 dpi (Burdo et al.,
2005; Lifson et al., 2003). CM CD4 cells were deeply affected as a decrease on their frequency
was observed in several sites corresponding to secondary lymphoid organs, while EM cell
reduction was detectable in blood, and in the ethanol target organ, liver. As EM cells are very
heterogeneous, effector phenotype was further explored based on the expression of other
markers, CD95 and CCR5. Other studies show that CD95-expressing CD4 cells are the ones
that are most drastically depleted from the GALT in SIV-infected animals (Pandrea et al.,
2007). In our study, we observed that animals that consumed alcohol have fewer CD95+ CD4
T cells which simultaneously express CCR5 in the jejunum. Therefore it is possible that alcohol
consumption accelerates or increases the severity of the depletion in the intestinal mucosa. In
one hand, these cells are the primary targets of the virus, but also their depletion may impact
secondary aspects of the local immune response in the gut mucosa. Although the GALT CD4
depletion does not seem to correlate with the virulence of the infection (Pandrea et al., 2007),
it can contribute to produce a more susceptible environment to disease.

Perhaps not surprisingly, the liver, the source of alcohol metabolism, was a prime site for
changes, with both CD4 and CD8 cells being lower in alcohol-treated than control animals
following SIV infection. In liver CD8 cells, an increase of central memory and decrease of
effector memory cells was found. A linear differentiation between these two stages is not clear
(Schwendemann et al., 2005), but alcohol consumption could interfere with the final functional
maturation of CD8 cells migrating to the liver, or perhaps affect the survival of cells with
effector phenotype.

Alcohol consumption also impacted type I IFN production in the spleen, where IFNα̣
augmented in the alcohol group. Although type I IFNs are known to decrease viral replication,
in SIV infected monkeys type I IFN expression have been shown to correlate with high viral
RNA levels in tissues (Abel et al., 2002). As type I IFN stimulates CD4 T cells (Chen et al.,
2006), it may also increase the availability of target cells. Type I IFN supports the clonal
expansion and survival of antigen-specific CD8 T cells (Tough et al., 1996), thus the overall
effects of this increase in the spleen are likely complex.

Interestingly, IFNα was expressed at lower levels in the brain of ethanol-treated animals in
comparison to controls, which may represent a suppression of the brain’s innate immune
response to infection. Ethanol was shown to suppress in vitro production of TNFα induced by
LPS on bronchioalveolar macrophages from SIV-infected animals (Stoltz et al., 2000), as well
as LPS-induced COX2, PGE2 and iNOS production by rat alveolar macrophages (Kato et al.,
2004; Kato et al., 2005). The suppressive effect of acute administration of ethanol on innate
immunity has been attributed to inhibition of TLR signaling pathways (Pruett et al., 2004),
which are involved in the transcription of type I IFN genes (Colonna, 2006; Uematsu and Akira,
2007). Thus, ethanol may be involved in the observed suppression of type I IFN production,
which is a functional aspect of brain infiltrating macrophages, microglia and astrocytes, that
can aid to viral replication control. This seems to be a characteristic favored in the brain, as
opposed to the periphery where IFNα was higher. Decreased production of anti-viral
molecules, such as IFNα, from the main viral target cells in the brain, can contribute to produce
a status of viral reservoir.

Gut tissue, liver and brain, therefore, are the sites where the impact of alcohol consumption
has affected the host immune population during the acute phase of infection. Overall, these
changes may contribute to the generation of microenvironments that are susceptible to
infection. Alcohol consumption can indeed alter the phenotype of early infection,
predominantly in blood and organ host cell composition. In addition to alcohol consumption
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altering risk-taking behavior and thus the risk of HIV infection, these changes may contribute
to the eventual systemic and organ-specific pathologies found in AIDS.
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Figure 1.
Alcohol intake (A) and viral load in the plasma (B) and CSF (C) of alcohol-treated and untreated
SIV-infected rhesus macaques. Alcohol consumption was measured in two daily sessions as
described. Results indicate the average ± SEM of 4 animals, in AM and PM sessions, as well
as the sum of both sessions. Viral load was measured by bDNA in plasma collected on days 7
and 12, and in CSF collected at necropsy. Values represent the average ± SD of 4 animals in
each group. * p=0.003, t test.

Marcondes et al. Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Frequency and absolute numbers of T cells in the blood during acute SIV infection in alcohol-
treated and untreated animals. Blood leukocytes were serially obtained from SIV-infected
animals that received alcohol or vehicle. CD4 (A and B), and CD8 (C and D) T cells were
identified in blood leukocytes by flow cytometry. Percentages (A and B) obtained upon analysis
were applied on total lymphocyte numbers for determination of absolute numbers (C and D).
Values represent average ± SD of 4 animals in each group. Comparison between groups was
performed; * p=0.015.
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Figure 3.
Monocytic population kinetics during acute SIV infection in animals treated or not with
ethanol. CD11b+ cells were further labeled with anti-CD14 and CD16 fluorescent antibodies
and detected by flow cytometry. Populations were subdivided into CD14+ CD16low (A, C)
and CD14+ CD16+ cells (B, D). The percentage (A, B) and the absolute numbers (C, D) were
considered. Values represent the average ± SD of 4 animals in each group. *p<0.05, t test,
between groups.
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Figure 4.
Kinetics of surface markers on CD14+ CD16+ cells along acute SIV infection in animals
treated or not with ethanol. The surface marker expression intensity was analyzed by flow
cytometry on gated CD14+ CD16+ cells. The expression of CCR5 (A), CD44v6 (B) and CCR2
(C) were evaluated. Values represent the average ± SD of 4 animals in each group. *p<0.05; t
test between groups.
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Figure 5.
Tissue viral load in brain, spleen and liver of SIV-infected animals treated or not with ethanol.
Virus was measured by bDNA on tissue samples. Values represent the average ± SD of 4
animals in each group.
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Figure 6.
Pro-inflammatory cytokine gene expression. Type I IFNs: alpha(2) and beta, IL6 and CCL2
were detected using real-time PCR on RNA samples obtained from brain (A), liver (B) and
spleen (C) of SIV-infected animals treated or not with ethanol. Values represent the average
± SD of 4 animals in each group. * p<0.05, two-way ANOVA.
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Figure 7.
Effect of ethanol on lymphocyte and NK cell distribution in different organs from SIV-infected
animals. The percentage of CD3+CD8− CD4 T cells (A), CD3+CD8+ T cells (B), and CD3
−CD8+ NK cells (C) were evaluated using flow cytometry, in cell suspensions obtained from
blood, organs, deep cervical lymph nodes (DCLN) and bone marrow (BM). Values represent
the average ± SD of 4 animals in each group. *p<0.05, t test.
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Figure 8.
Central (CM) and Effector memory (EM) markers and activation markers on T cells is different
organs. CM and EM were distinguished on CD4 (A, B) and CD8 (C, D), by the differential
expression of CD62L and CD45RA (A, B, C, D), detected by flow cytometry. EM percentages
were also checked by the detection of CD4 (E) and CD8 (F) T cells expressing simultaneously
CD95 and CCR5 (E, F). Abbreviations are the same as Figure 7. Values represent the average
± SD of 4 animals in each group. *p<0.05, t test between groups.
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Figure 9.
Surface markers on CD14+ CD16+ cells in different organs of SIV-infected animals treated
or not with ethanol. The expression levels of CCR5 (A), CD44v6 (B) and CCR2 (C) were
verified on CD14+ CD16+ gated cells using flow cytometry. Abbreviations are the same as
Figure 7. Values represent the average ± SD of 4 animals in each group. *p<0.05, t test between
groups.
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Table 1
Quantitative Real Time PCR primer/probe sequences. F – forward primer, R – reverse primer P – dual-labeled probe.

Product Template Sequence
IFN alpha IFNa F GCCTGAAGGACAGACATGACTTT

IFNa R GGATGGTTTGAGCCTTTTGG
IFNa P CCCCAGGAGGAGTTTGGCAACCA

IFN beta IFNb F TGCCTCAAGGACAGGATGAAC
IFNb R GCGTCCTCCTTCTGGAACTG
IFNb P CATCCCTGAGGAAATTAAGCAGCCGC

IL6 IL6 F TGGCTGAAAAAGATGGATGCT
IL6 R TTGCTCCTCACTACTCTCAAACCT
IL6 P TGATTTTCACCAGGCAAGTGTCCTCATTG

CCL2 CCL2 F CAGCAGCAAGTGTCCCAAAAG
CCL2 R TGTCCAGGTGGTCCATGGA
CCL2 P CTGTGCTGACCCCAAGCAGAAGTGG

18S 18S F CGGCTACCACATCCAAGGAA
18S R GCTGGAATTACCGCGGCT
18S P TGCTGGCACCAGACTTGCCCTC

TBP TBP F AAAGACCATTGCACTTCGTG
TBP R GGTTCGTGGCTCTCTTATCC
TBP P TCCCAAGCGGTTTGCTGCAG

GAPDH GAPDH F GCACCACCAACTGCTTAGCAC
GAPDH R TCTTCTGGGTGGCAGTGATG
GAPDH P TCGTGGAAGGACTCATGACCACAGTCC
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