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Abstract

Uncoupling proteins (UCPs) are anion channels that can decouple the mitochondrial respiratory
chain. "Mild uncoupling” of internal respiration reduces free radical production and oxidative cell
stress. Chronic alcohol consumption is a potent inducer of oxidative stress in multiple tissues and
regulates UCP-2 and -4 expression in the brain. To analyse the impact of chronic alcohol intake on
UCP-2 expression in tissues with high endogenous UCP-2 contents, male Wistar rats (n=34) were
treated with a 12-week 5% alcohol diet. In the lungs and the spleen of rats with a chronic alcohol
diet cytochrome c release from mitochondria was significantly increased. Both organs did not
show any altered gene and protein expression of UCP-2. Different to cerebral tissue chronic
alcohol consumption has no regulatory effect on UCP-2 gene and protein expression in organs
with a high endogenous UCP-2 content. Therefore, chronic alcohol consumption leads to a tissue

specific expression of UCP-2.
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Introduction

Increased oxidative stress and intracellular ac-
cumulation of reactive oxygen species (ROS) lead to
impaired cell function, cell death, and are associated
with a wide variety of systemic diseases [1-3]. With
the electron transport chain being the major source for
the generation of ROS, controlled “mild uncoupling”
of the proton gradient of the inner mitochondrial
membrane by uncoupling proteins (UCPs) is thought
to ameliorate the burden of oxidative stress [4-7]. Be-
sides others, chronic alcohol consumption is a potent
inducer of oxidative stress in multiple tissues [1,
8-11]. Previously we could show that chronic alcohol
consumption increased the expression of UCP-2 and
-4 in the rat brain [12]. Therefore, UCPs with their
potential to regulate ROS production can be interest-
ing targets for the protection from ethanol induced
cell stress.

Chronic alcohol consumption leads to an in-
creased susceptibility to infections [13]. UCP-2 is ex-

pressed ubiquitously and was shown to have regula-
tory properties in immunity and inflammatory re-
sponses to pathogens [14-16]. In rodents, UCP-2
shows highest expression levels in macrophage-rich
organs such as the lungs and the spleen [14, 17]. This
led us to analyse the effects of chronic ethanol con-
sumption on UCP-2 expression levels in these organs
in a model of chronic alcohol consumption in rats. The
results are discussed with regard to the possible func-
tions of UCP-2.

Materials and Methods

Animal model

Animal experiments were approved by the state
authorities for animal welfare (G 0259/08, LAGeSo
Berlin, Germany) and followed institutional
guidelines of the Charité-Universitdtsmedizin Berlin,
Germany. A rat model of chronic alcohol
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consumption was used as described previously [12].
Briefly, using the Lieber-DeCarli liquid diet
technique, 34 male six-week-old Wistar rats were
randomly assigned into a control and an alcohol
treated group [18]. The diet contained ethanol 5%
(v/v) for the alcohol treated group (n=17) and a
corresponding isocaloric diet with maltose-dextrin for
the control group (n=17). Blood alcohol levels were
checked by regular 200 pl-blood samples taken from
the tail vein. Rats were anesthetized with isoflurane
and sacrificed by cervical dislocation after 12 weeks.
Lungs and spleen were removed, immediately frozen
and stored at -80 °C for subsequent processing. The
number of animals used in each experiment is shown
in the figure legends.

Molecular Studies

Semiquantitative RT-PCR for UCP-2

Total cellular RNA from the rats” lungs and
spleen was isolated from snap-frozen tissue by using
the absolutely RNA kit (Stratagene, La Jolla, CA,
USA) followed by cDNA synthesis and quantification
as described previously [12]. Data represent the mean
expression level + standard deviation and gene ex-
pression was normalized to 185 rRNA. The expression
of the genes was analysed by RT-PCR using the ABI
Prism 7500 sequence detection system (Applied Bio-
systems, Foster City, CA, USA) according to the 2-44Ct
method [19]. RT-PCR was performed using the fol-
lowing primer pairs: UCP-2: 5’-gagagtcaaggg
ctagcge-3” (sense), 57-gcttcgacagtgctctggta-3” (anti-
sense); 185 rRNA: 5’-aacattaccagctaggaataatggaata-3”
(sense), 5-tctagcggcgcaatacgaat-3” (antisense).

Immunoblotting

The rats” lungs and spleens were homogenized
and processed for mitochondrial extraction with sub-
sequent Western blotting as described previously [12].
The purity of the different fractions, representing the
cytoplasmic and mitochondrial subcellular compart-
ments was validated by immunoblotting for specific
marker proteins: f-actin (cytosol) and volt-
age-dependent anion channel (VDAC, mitochondria).
Monoclonal anti-rat p-actin antibody from Becton
Dickinson (#612657, Heidelberg, Germany) was used
at a concentration of 1:5000. Polyclonal cytochrome c
antibody was purchased from BioVision (#3025-100,
Mountain View, CA, USA) and used at a concentra-
tion of 1:5000. Polyclonal anti-rat VDAC antibody was
purchased from Cell Signaling (#4866, Danvers, MA,
USA) and used at a concentration of 1:1000, and pol-
yclonal UCP-2 antibody was purchased from Abcam
(ab67241, Cambridge, UK) and used at a concentra-

tion of 1:500. Secondary goat anti-rabbit and goat an-
ti-mouse horseradish peroxidase (HRP)-conjugated
antibody were purchased from Southern Biotechnol-
ogy Associates (Birmingham, AL, USA) and used at a
concentration of 1:50000. Blots were revealed by Su-
perSignal® West Pico Chemiluminescent Substrate
detection kit (Pierce, Rockford, IL, USA).

Statistical evaluation

Experiments were performed in 10-12 animals
per group (n=10-12). Data were analyzed using IBM
SPSS Statistics (IBM, Frankfurt, Germany) and pre-
sented as mean + standard error (SEM). Comparisons
among groups were made using the Mann-Whitney U
test. A p-value <0.05 was considered statistically sig-
nificant.

Results

Chronic alcohol consumption does not affect
the expression of UCP-2 in the lung or the
spleen

To study ethanol affected UCP-2 gene
expression, we performed quantitative real-time
polymerase chain reactions of whole lungs and spleen
total RNA isolates. To assess differences in UCP-2
protein expression between animals with and without
a chronic ethanol containing diet, Western blots of
mitochondrial and cytosolic isolates of whole lung
and spleen tissue were performed. Compared to con-
trol animals, rats that were fed with an ethanol con-
taining diet for 12 weeks showed no difference of
UCP-2 protein expression (Fig. 1A - D) and UCP-2
mRNA expression levels (Fig. 1E - F) in both organs.

Chronic alcohol consumption leads to
mitochondrial cytochrome c release in the
lungs and the spleen

To prove ethanol-induced cell stress we
performed Western blots against cytochrome ¢
protein in the cytoplasm and in mitochondrial
isolates. Chronic ethanol consumption led to a higher
cytochrome c release in the rat lung (Fig. 2C; p=0.017).
Similarly cytochrome c release was higher in the
spleen of rats chronically fed with an alcohol diet (Fig.
2D; p=0.041). Significantly less cytochrome c could be
detected in mitochondria of the ethanol group
compared with mitochondria of the control group
(p=0.046 for lung, Fig. 2G and p=0.028 for spleen, Fig.
2H). Fig. 2A, B and 2E, F show representative Western
blots of a pair of rats demonstrating the protein
content of lung and spleen cytosolic (Fig. 2A, B) and
mitochondrial (Fig. 2E, F) cytochrome c.
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Figure 1. Chronic alcohol consumption does not affect the expression of UCP-2 in the lung or the spleen. UCP-2 protein expression was
measured by Western blot analysis in lung and spleen mitochondrial extracts of ethanol treated and control rats. UCP-2 gene expression was analysed by
quantitative real-time polymerase chain reaction. Representative Western blot of lung (1A) and spleen (1B) tissue of a pair of ethanol treated and control
rats. Dose-response curves for the lung (1C) and the spleen (ID). Results are mean * SEM (n=8-10). Gene expression of UCP-2 in the lung (1E) and the
spleen (IF) of a control- and an alcohol-fed group. Results are mean + SEM (n=8-12). Chronic alcohol consumption resulted in no increased gene and
protein expression of UCP-2 in both analysed organs. The experiments were repeated and similar results were obtained. VDAC served as a control for

equal protein loading.

Discussion

With this model of chronically alcohol consum-
ing Wistar rats we could demonstrate that chronic
alcohol consumption has no regulatory effects on the
expression of UCP-2 in the lungs or the spleen.

This differs to findings in brain tissue where an
upregulation of UCP-2 and UCP-4 was detected for
rats that were subjected to chronic alcohol consump-
tion [12].

Generally, UCP-2 is regulated differently on
mRNA and protein level upon oxidative stress [17]. In
organs with high UCP-2 mRNA expression the mito-
chondria do not necessarily contain high amounts of
UCP-2 protein [15, 17, 20]. The organs analyzed in this
study are tissues with high baseline UCP-2 mRNA
expression in rats [14]. Although reports on tissue
distribution of UCP-2 protein vary, UCP-2 protein
could always be detected in the spleen and the lungs

[15-17]. However, neither on mRNA level nor on
protein level a change in the expression levels could
be noted upon ethanol-induced cell stress.

Chronic alcohol consumption predisposes to
bacterial infections predominantly pneumonias [21].
It also leads to an increased susceptibility to systemic
bacterial infections and significantly lowers the
numbers and alters the biological functions of im-
mune cells in the spleen [22-23]. Chronic alcohol
consumption augments production of
pro-inflammatory cytokines and impairs the induc-
tion of the adaptive immune response by the mono-
cyte/macrophage system [13]. In mice, immune cells
are responsible for total basal UCP-2 expression in the
spleen and a third of UCP-2 expression in the lungs
[24]. At an early phase of infection down-regulation of
UCP-2 allows macrophages to produce more ROS
associated with secretion of more pro-inflammatory
cytokines [16]. However, at the late stage of the im-
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mune response after LPS-injection in mice, UCP-2 is
upregulated in lungs and spleen probably to protect
the cells against an excess of ROS [24]. As chronic
alcohol consumption increases oxidative stress but
also impairs the functions of alveolar and splenic
macrophages, further increase of already high basal
UCP-2 expression could lead to a potentially lethal
decline of ATP production in the alveolar and splenic
macrophages.

The lung, where UCP-2 is not only expressed by
immune cells, is equipped with enzymes that can
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neutralize free radicals, for example enzymes like
superoxide dismutase, catalase, glutathione peroxi-
dase and glutathione reductase as well as with
non-enzymatic systems like vitamin E or ascorbic acid
[25]. Therefore, lung tissue has a stock of antioxidative
defence systems ready to cope with increased doses of
oxidative stress. Accordingly, reduced pulmonary
levels of glutathione are a key element of alcoholic
lung disease [26].
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Figure 2. Chronic alcohol consumption increases cytochrome c release out of the mitochondria. Cytosolic and mitochondrial extracts of
lung and spleen samples were separated by SDS-PAGE, the expression of cytochrome ¢ was detected by immunoblotting. Representative Western blot of
cytosolic cytochrome c expression of a pair of ethanol treated and control rats (2A: lung, 2B: spleen). Dose-response curves (2C: lung, 2D: spleen). Results
are mean * SEM (n=8-10). *P < 0.05 represents the difference between chronic alcohol consumption and control groups. Chronic alcohol consumption
resulted in increased cytochrome c release out of the mitochondria. Representative Western blot of mitochondrial cytochrome ¢ protein expression of a
pair of ethanol treated and control rats (2E: lung, 2F: spleen). Dose response curves (2G: lung, 2H: spleen). Results are mean + SEM (n=8-10). *P < 0.05
represents the difference between chronic alcohol consumption and control groups. Chronic alcohol consumption resulted in a decreased mitochondrial
cytochrome ¢ amount. The experiments were repeated and similar results were obtained. VDAC or B-actin served as a control for equal protein loading.
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As chronic alcohol consumption increased pul-
monary and splenic cell damage but UCP-2 expres-
sion in these organs remained unchanged, it needs to
be taken into consideration, that in organs with high
ATP demand and a high baseline UCP-2-expression,
further induction of UCP-2 can lead to an unnecessary
decline of ATP production.

Conclusion

The upregulation of UCP-2 after chronic alcohol
ingestion that was seen in brain tissue is not reflected
in organs with high mRNA and protein expression
levels of UCP-2. Therefore, the regulative effect of
chronic alcohol consumption on UCP-2 expression is
tissue-specific.
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