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Editorial Focus

Chronic ethanol exposure closes the door to vitamin C in pancreatic acinar

cells. Focus on “Uptake of ascorbic acid by pancreatic acinar cells is

negatively impacted by chronic alcohol exposure”
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PANCREATITIS IS AN INFLAMMATORY DISEASE that causes significant
health care burden worldwide. Treatment of pancreatitis is
severely limited by a lack of understanding of the molecular
mechanisms underlying the pathophysiology (2). Recent evi-
dence has implicated oxidative stress within pancreatic acinar
cells (PACs) in the pathogenesis of this disease (8). Ascorbic
acid (AA) is a crucial antioxidant in PACs, where it is present
in relatively high concentrations under normal physiological
conditions (5). A decrease in the availability of AA may occur
in disorders such as chronic alcoholism, although the underly-
ing mechanisms are not fully understood.

Chronic ethanol exposure is a major risk factor for both
acute and chronic pancreatitis (2). Interestingly, both alcohol
use and acute pancreatitis are associated with decreased plasma
concentration of AA (4, 6). Furthermore, vitamin C supple-
mentation has been shown to be moderately effective in treat-
ment of acute and chronic pancreatitis (1). However, it is
unclear how ethanol affects AA homeostasis in the pancreas
and whether this disruption contributes to the development of
pancreatitis. Thus, identifying the molecular mechanisms by
which ethanol alters AA homeostasis in pancreatic acinar cells
is of critical importance. One important component of AA
homeostasis is the transport process that mediates AA uptake
in PACs. In this issue of American Journal of Physiology-Cell
Physiology, Subramanian et al. (7) identified a novel mecha-
nism by which alcohol disrupts AA homeostasis through im-
pairing the uptake of AA in PACs. The in vitro and in vivo
studies presented in this article provide strong evidence that
chronic exposure to ethanol negatively regulates expression of
the sodium-dependent vitamin C transporter-2 (SVCT-2)
through transcriptional repression.

The SVCT (SIc23) family of transmembrane transport pro-
teins mediate the cellular uptake of vitamin C. SVCT-1 is
expressed primarily in epithelial cells, while SVCT-2 is the
predominant isoform in other tissues (7). Consistent with
reports that suggest SVCT-2 is more functionally important
than SVCT-1 in the pancreas (3), Subramanian et al. estab-
lished that SVCT-2 was the predominant vitamin C transporter
in human and mouse PACs. SVCT-2 mRNA and hnRNA
expression was markedly higher than SVCT-1 in primary
human PACs and 266-6 cells, a mouse PAC cancer line.

The authors used both in vitro and in vivo models of chronic
ethanol exposure to investigate the effects of alcohol on AA
uptake. Interestingly, when 266-6 cells were exposed to etha-
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nol for 4 days, a decrease in ['*Clascorbic acid uptake was
observed relative to control-treated cells, with a concomitant
decrease in SVCT-2 mRNA and protein levels. Similarly,
isolated PACs from mice fed the Lieber-DeCarli liquid ethanol
diet for 1 month displayed impaired ['*CJascorbic acid uptake
relative to mice fed a liquid diet without ethanol. PACs from
ethanol-fed mice also displayed decreased SVCT-2 mRNA and
protein expression. This comprehensive approach and the use
of an established in vivo model for chronic alcohol consump-
tion further enhanced the relevance of the studies. It is impor-
tant to note that exposure to ethanol decreased AA uptake, at
least partially, by attenuating SVCT-2 transcription. Chronic
ethanol use is known to alter gene transcription through several
mechanisms. Ethanol exposure can affect expression and ac-
tivity of a variety of transcription factors (10). Notably, ethanol
and its metabolites are also regulators of several epigenetic
mechanisms including DNA methylation and histone methyl-
ation and acetylation (10). It was, therefore, interesting to
determine whether epigenetic mechanisms are involved in
mediating the observed effects of ethanol on AA uptake in
PACs.

Subramanian et al. investigated several potential epigenetic
mechanisms by which ethanol could reduce SVCT-2 transcrip-
tion in 266-6 cells. They determined by bisulfite sequencing
that the methylation status of the Slc23a2 promoter is un-
changed by chronic ethanol exposure, suggesting that de-
creased SVCT-2 transcription was not the result of altered
promoter methylation. Notably, they identified alterations in
histone methylation by chromatin immunoprecipitation in
266-6 cells that are expected to be functionally important.
Following ethanol exposure, the Slc23a2 promoter was en-
riched when immunoprecipitated with anti-H3K27me3 and
was depleted when immunoprecipitated with anti-H3K4me3.
Both of these epigenetic marks indicate repression of SVCT-2
transcription. Furthermore, the authors noted that the transcrip-
tion factors KLF-4 and Sp-1 have been previously shown to
drive Slc23a2 promoter activity in hepatocytes, and that
chronic ethanol exposure leads to decreased expression of both
KLF-4 and Sp-1 (7). Although the role of these transcription
factors was not directly tested in this study, it is reasonable to
assume that decreased KLF-4 and Sp-1 expression contributes
to reduced SVCT-2 expression following chronic alcohol ex-
posure. A proposed mechanism of the effects of ethanol on
vitamin C homeostasis in PACs is shown in Fig. 1.

Overall, the study by Subramanian et al. supports the con-
cept that chronic alcohol exposure reduces availability of
ascorbic acid in pancreatic acinar cells, possibly contributing to
the pathogenesis of pancreatitis. This is an important conclu-
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Fig. 1. Proposed mechanism of alcohol-induced disruption in ascorbic acid
homeostasis. A: under normal conditions, SVCT-2 transcription is driven by
KLF-4 and Sp-1. SVCT-2 imports vitamin C, which acts as an antioxidant to
decrease intracellular reactive oxygen species. B: chronic ethanol exposure
represses SVCT-2 expression through modulation of histone methylation and
repression of KLF-4 and Sp-1.

sion that is based on novel data presented in this article and
could be further supported by additional studies in the future.
For example, it will be interesting to measure the effect of
ethanol exposure on intracellular levels of AA and reactive
oxygen species (ROS) in PACs. Additionally, the role of the
SVCT-2 in the observed effect could be further supported by
transfection of 266-6 cells to overexpress SVCT-2 and reverse
the effects of ethanol.

It is important to note that disruption in AA homeostasis
with chronic ethanol exposure has been implicated in tissues
other than the pancreas. For example, a recent article published
by Tian et al. (9) describes the role of SVCT-2 in protecting
neurons against ethanol-induced oxidative damage. Taken to-
gether, these two studies suggest that reduced cellular uptake
of AA may be a general mechanism by which chronic exposure
to ethanol causes cell damage. By repressing SVCT-2 tran-
scription, chronic ethanol use may increase susceptibility to
oxidative damage in multiple cell types including pancreatic
acinar cells. Therefore, interventions that induce SVCT-2 tran-
scription may prove to be useful treatments for a variety of
complications of alcohol use, including pancreatitis.
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