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Summary

Alcohol abuse is one of the most common causes of pancreatitis. The risk of developing alcohol-
induced pancreatitis is related to the amount and duration of drinking. However, only a small
portion of heavy drinkers develop disease, indicating that other factors (genetic, environmental or
dietary) contribute to disease initiation. Epidemiologic studies suggest roles for cigarette smoking
and dietary factors in the development of alcoholic pancreatitis. The mechanisms underlying
alcoholic pancreatitis are starting to be understood. Studies from animal models are revealing that
alcohol sensitizes the pancreas to key pathobiologic processes that are involved in pancreatitis.
Current studies are focused on the mechanisms responsible for the sensitizing effect of alcohol,;
recent findings reveal disordering of key cellular organelles including endoplasmic reticulum,
mitochondria, and lysosomes. As our understanding of alcohol’s effects continue to advance to the
level of molecular mechanisms, insights into potential therapeutic strategies will emerge providing
opportunities for clinical benefit.

Factors involved in development of alcoholic pancreatitis

Alcohol abuse is associated with a spectrum of pancreatic disease clinical manifestations,
from acute self-limiting pancreatitis to chronic unremitting pancreatitis leading to exocrine
and endocrine pancreatic insufficiency (Lankisch et al. 2002;Pandol et al. 2007). The risk of
developing alcohol-induced pancreatitis increases with the amount and duration of drinking.
A minimum of 6-12 years of approximately 80 grams or more of alcohol per day is
considered necessary for the development of clinically significant disease (Lin et al.
2000;Schenker & Montalvo 1998;Singer 2002;Strate et al. 2002;Yadav & Whitcomb 2010).
However, less than 10% of heavy drinkers develop clinical pancreatitis suggesting that there
are contributing genetic and environmental factors involved in disease expression. On the
other hand, findings consistent with pancreatitis have been reported in up to 75% of
autopsies performed on alcohol abusers (Dufour & Adamson 2003;Schenker & Montalvo
1998).

There are wide ranges in the reported incidence and prevalence of the disease between
countries and sometimes within countries (Dufour & Adamson 2003;Go & Everheart
1994;Lankisch et al. 2002;L.in et al. 2000). However, there are patterns indicating that the
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incidence of alcoholic pancreatitis is more common among men, while pancreatitis caused
by gallstones is more common among women (Lankisch et al. 2002;Pandol et al. 2007).
Another pattern is related to ethnicity: the studies of discharge data from Los Angeles
County and New York hospitals and one in Portugal demonstrated that for both men and
women, black patients are more likely, compared to other ethnic groups, to be hospitalized
for chronic pancreatitis than alcoholic cirrhosis (Dufour & Adamson 2003;Go & Everheart
1994;Tao et al. 2003). In the US, Native Americans and Alaskan natives have the highest
rates of alcoholic cirrhosis of any ethnic/racial group but have rates of pancreatitis similar to
those of whites (Lowenfels et al. 1999).

Both smoking and dietary factors may contribute to the risk of alcoholic pancreatitis.
Although the issue is complicated by the interrelationship between smoking and drinking,
recent studies have demonstrated that cigarette smoking is an independent risk factor for
alcohol-related pancreatitis and that smoking accelerates the disease progression
(Maisonneuve et al. 2005;Morton et al. 2004;Yadav & Whitcomb 2010). Further, one report
(YYadav et al. 2009) provides evidence that there is possibly a synergistic association
between alcohol and smoking in the development of pancreatitis. Different diets may also
affect the development of the disease. Diets high in fat and protein may be associated with
the development of alcoholic pancreatitis while saturated fats and vitamin E may decrease
the toxic effect of alcohol (Dufour & Adamson 2003;Lankisch et al. 2002).

Overall hypothesis for the mechanism of alcoholic pancreatitis

The information provided above suggests that alcohol is a contributing factor to the
initiation and development of both acute and chronic pancreatitis; and that alcohol alone
may not cause pancreatitis unless accompanied by additional genetic and/or environmental
factors. Thus, it is believed that alcohol “sensitizes” or “primes” the pancreas to pancreatitis.
Additional factors, such as cigarette smoking, genetic factors (e.g., ethnicity) and/or diet,
then act to initiate pancreatitis in the “alcohol-sensitized” pancreas. An extension of this
hypothesis is that the pancreas has adaptation systems that protect it from insults caused by
alcohol abuse and that pancreatic disease occurs when these adaptive systems are either
disordered or insufficiently robust. In this scenario, genetic and/or environmental factors
could increase the likelihood of disease development in alcohol abusers by altering key
adaptive responses in the pancreas.

Clinical-pathological characteristics of alcoholic pancreatitis

The pathobiologic responses of alcoholic pancreatitis include acute and chronic
inflammation, loss of parenchymal tissue, and fibrosis (Figure 1). These processes lead to
irreversible and debilitating exocrine and endocrine insufficiency and a severe pain
syndrome. The clinical course of a patient with alcoholic pancreatitis is usually one of
repeated episodes of acute pancreatitis presenting as abdominal pain and difficulty in
maintaining nutrition because the pain is increased or nausea and vomiting ensue with food
or liquid intake (Dufour & Adamson 2003;Pandol et al. 2007;Sand & Nordback 2009). The
acute episodes of pancreatitis cause both local vascular dysfunction in the pancreas leading
to worsening of the disease because of ischemia; and a systemic inflammatory response that
leads to pulmonary, renal and vascular failure (Pandol et al. 2007). Many patients also have
pain and nutritional disorders between these more severe acute episodes, often despite
cessation of drinking, suggesting that the disease progresses once initiated. In contrast to
alcoholic pancreatitis, patients with biliary pancreatitis have complete resolution of pain and
progression of disease once the inciting gallstone disease is dealt with. The mechanisms
underlying the progressive nature of alcoholic pancreatitis are unknown. Adding to the
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morbidity and mortality of chronic pancreatitis is a markedly increased risk in pancreatic
cancer that these patients have (Lowenfels et al. 1993;Maisonneuve & Lowenfels 2002).

The current paradigm called necrosis-fibrosis sequence provides a framework to consider
the pathologic process in the clinical course of chronic pancreatitis (Ammann et al.
1996;Comfort et al. 1946;0ruc & Whitcomb 2004). This hypothesis is based on morphology
of surgical specimens showing that early in the disease the predominant lesions in the
pancreas are necrosis, acute inflammation and mild fibrosis. In contrast, specimens obtained
at autopsy several years after the onset of disease show severe fibrosis and calcification with
No necrosis.

Thus, investigations into the pathogenesis of alcoholic pancreatitis must include strategies to
elucidate the effects of alcohol on the pathobiologic processes of inflammation (acute and
chronic), parenchymal cell necrosis, and fibrosis. In addition, experimental approaches
should include investigations into the effects of smoking, dietary and genetic factors on the
development of alcoholic pancreatitis. In the following discussion, we present a summary of
our current understanding of the mechanism of the disease to bring into focus research
directions that need to be pursued in order to identify the molecular events that initiate and
perpetuate alcoholic pancreatitis. We envision that only when these molecular events are
identified will there be an ability to develop therapeutic strategies for this disease.

Alcohol and the inflammatory response of pancreatitis

In recent years, the inflammatory response and its initiation in the acinar cell of the pancreas
has emerged as a key pathologic process in the mechanism of pancreatitis (Bhatia et al.
2000;Norman 1998;Pandol et al. 2007). The findings from animal and in vitro models of
acute pancreatitis indicate that the inflammatory response, once initiated, contributes to the
pathologic, intra-acinar activation of the digestive enzyme trypsinogen and the parenchymal
cell necrosis (Gukovskaya et al. 2002b;Sandoval et al. 1996). The acinar cell mechanisms of
inflammation involve activation of pro-inflammatory signals, such as the key transcription
factors nuclear factor (NF)-«xB and activator protein-1, and p38 MAP kinase, resulting in the
production of a multitude of inflammatory mediators, such as cytokines, chemokines, and
adhesion molecules (Pandol et al. 2007).

Studies using both in vivo and in vitro experimental models (Gukovsky et al. 2003;Pandol et
al. 1999;Satoh et al. 2006) have demonstrated that alcohol “sensitizes” the pancreas to the
inflammatory response through a mechanism involving NF-«xB activation by protein kinase
C epsilon. This sensitization of the pancreas by alcohol enables physiologic neurohumoral
stimulation of the acinar cell (by CCK or carbachol) to induce pancreatitis responses (Lugea
A et al. 2010;Pandol et al. 1999).

As indicated earlier, in contrast to biliary pancreatitis, alcoholic pancreatitis does not
completely resolve. Although the mechanism of this incomplete resolution has not been
established, experimental findings suggest that immune dysregulation may be involved
(Deng et al. 2005;Gukovsky et al. 2008). Dysregulation of the immunoinflammatory
response by alcohol may impair pancreas recovery/regeneration from the episode of acute
pancreatitis, providing an explanation for why alcohol uniquely promotes the transition from
acute to chronic pancreatic injury (Gukovsky et al. 2008;0ruc & Whitcomb 2004). The lack
of resolution of pancreatic injury is also associated with activation and proliferation of
pancreatic stellate cells that mediate the fibrosing response (see below).
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Alcohol and the cell death response of pancreatitis

There are several potential mechanistic routes involved in alcohol’s effects on acinar cell
death in pancreatitis. Both major types of cell death, apoptosis and necrosis, are observed in
models of pancreatitis, as well as in human disease (Gukovskaya & Pandol 2004;Pandol et
al. 2007). Apoptosis is characterized by activation of a cascade of the serine proteases,
caspases, leading to cell shrinkage and nuclear chromatin condensation. A key event
upstream of the caspase activation cascade is mitochondrial dysfunction (permeabilization),
resulting in the release of pro-apoptotic factors, such as cytochrome c, into the cytosol.
Importantly, apoptosis preserves the integrity of the plasma membrane and is thus associated
with little or no tissue inflammation. Necrosis is characterized by swelling of intracellular
organelles and rupture of the plasma membrane, leading to spillage of cellular contents into
the extracellular space and, therefore, an inflammatory response. Clinically, parenchymal
necrosis is a major determinant of poor outcome in patients with pancreatitis (Pandol et al.
2007). Of note, several studies on experimental models (Gukovskaya et al.
1996;Gukovskaya & Pandol 2004;Kaiser et al. 1995;Mareninova et al. 2006) indicate that
the severity of pancreatitis is directly related to the amount of necrosis, whereas it correlates
inversely with the amount of apoptosis. Thus, shifting the acinar cell death pattern away
from necrosis towards apoptosis may have a therapeutic value.

Both the mitochondria-dependent and -independent pathways, and the caspase activation
cascade have been shown to participate in acinar cell death during pancreatitis (Gukovskaya
& Pandol 2004;Mareninova et al. 2006). Inhibition of apoptosis with specific caspase
inhibitors increased necrosis and worsened experimental pancreatitis (Mareninova et al.
2006). Conversely, promoting apoptosis through inhibition of endogenous proteins that
negatively regulate caspase activation (IAPs), resulted in decreased necrosis (Mareninova et
al. 2006). These findings indicate that caspases protect from acinar cell necrosis in
pancreatitis and that it is possible to modulate disease severity by shifting the necrosis/
apoptosis ratio. Acinar cell death is also regulated by Bcl-xL and Bcl-2, the “prosurvival”
members of the Bcl-2 family proteins (Sung et al. 2009).

Clinical data (Papachristou et al. 2006) indicate that chronic alcohol consumption is a
significant risk factor for parenchymal necrosis in pancreatitis. Further, data on experimental
models suggest that ethanol feeding promotes a shift from apoptosis to necrosis in pancreas
(Fortunato et al. 2006;Fortunato et al. 2009;Gukovskaya et al. 2006;Wang et al. 2006).
However, little is known about the effects of alcohol on specific pathways regulating acinar
cell death in pancreatitis. One mechanism whereby alcohol may promote necrosis during
pancreatitis is through mitochondrial dysfunction (Fortunato et al. 2006;0dinokova et al.
2008); another, by down-regulating the expression of caspases in pancreas (Wang et al.
2006).

Organellar damage in pancreatitis

As stated earlier, in addition to alcohol’s effects on inflammation, it can cause acinar cell
damage through facilitating the inappropriate, intra-pancreatic activation of digestive
enzymes, i.e., trypsinogen (Gorelick 2003;Gukovskaya et al. 2002b;Katz et al. 1996;Lu et al.
2002). The intra-acinar trypsinogen activation is considered a key initiating event of
pancreatitis (Pandol et al. 2007;Saluja et al. 2007) and can directly lead to acinar cell
necrosis (Ji et al. 2009). Although the mechanism of this pathologic event is not fully
understood, recent evidence from models of nonalcoholic acute pancreatitis demonstrates
that it is mediated by disordering of the autophagic and lysosomal pathways (Gukovsky &
Gukovskaya 2010;Mareninova et al. 2009a). Autophagy (more precisely, macroautophagy)
is the main cellular degradative, lysosome-driven pathway (Levine & Kroemer 2008); the
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recent findings (Mareninova et al. 2009a) indicate that flux through this pathway is impaired
in pancreatitis due to inefficient lysosomal degradation caused by defective processing of
key lysosomal proteases, cathepsins. The impaired autophagy mediates not only the
pathologic, intra-pancreatic trypsinogen activation but also accumulation of large vacuoles
in acinar cells, another hallmark response of pancreatiis (Gukovsky & Gukovskaya
2010;Mareninova et al. 2009a).

Of note, during the last 15 years the focus of research into the mechanism of pancreatitis,
both nonalcoholic and alcoholic, was mainly on signaling pathways (Pandol et al.
2007;Saluja et al. 2007), whereas the role of organellar damage has been under-appreciated
and under-explored. Impairment of autophagic/lysosomal functions is one example of
organellar dysfunction caused by pancreatitis. Mitochondrial dysfunction is another early
event in experimental acute pancreatitis, mediating its pathologic responses (Mareninova et
al. 2009b;Mukherjee et al. 2008;0dinokova et al. 2009;Sung et al. 2009). In particular,
pancreatitis stimulates mitochondrial permeabilization through opening of the permeability
transition pore (PTP), a multi-protein nonselective channel, resulting in loss of the
mitochondrial membrane potential. Properties of the PTP in pancreatic mitochondria are
different from the “classical”, i.e., liver mitochondria, PTP (Odinokova et al. 2009). Recent
findings (Mareninova et al. 2009b) reveal that PTP inactivation (by genetic ablation of a key
PTP subunit) greatly ameliorates the pathologic responses of pancreatitis, including
trypsinogen activation, the inflammatory and cell death responses. The pro-survival Bcl-xL
and Bcl-2 proteins protect acinar cells from mitochondrial depolarization and hence
necrosis, likely by counteracting the PTP opening (Sung et al. 2009).

Endoplasmic reticulum (ER) is another key organelle the function of which is perturbed in
acute pancreatitis (Kubisch & Logsdon 2008). Proper ER functioning, responsible for
protein synthesis and correct folding, is especially important for the pancreatic acinar cell,
which has the highest rate of protein synthesis among all tissues in adult organism. Short
term perturbations of ER function are normally resolved by the adaptive Unfolded Protein
Response (UPR), which triggers several signaling pathways aimed to up-regulate the
transcription of ER chaperones and foldases to augment the folding and export capacity of
the ER, and activate the removal of misfolded or aberrant proteins from the ER (Ron &
Walter 2007). Failure of UPR to resolve persistent or severe ER stress can lead to
inflammation and cell death (Zhang & Kaufman 2008).

Investigation of alcohol’s effects on organellar damage in pancreatitis is only starting.
Alcohol treatments both in vivo and in vitro lead to augmentation of the pathologic, intra-
acinar cell activation of digestive enzymes (Cosen-Binker et al. 2008;Gorelick 2003;Katz et
al. 1996;Lu et al. 2002;Lugea et al. 2010). Recent data indicate that alcohol treatments
perturb the autophagic and lysosomal functions in the acinar cell (Fortunato et al.
2009;Mareninova et al. 2009b;Wang et al. 2006), as well as the processes of exocytosis
(Cosen-Binker et al. 2008). Exposure of acinar cells to alcohol leads to PTP opening similar
to that observed in pancreatitis (Odinokova et al. 2008;Shalbueva et al. 2009;Yuan et al.
2009). Finally, recent studies (Lugea et al. 2009;Lugea et al. 2010) indicate that alcohol
feeding activates the UPR in pancreas with upregulation of the transcription factor XBP1, a
key regulator of ER function and development in the pancreatic acinar cell [as well as other
secretory cells (Lee et al. 2005)]. Prevention of XBP1 upregulation by heterozygous deletion
of the XBP1 gene resulted in pathologic findings in acinar cells. Thus, while alcohol feeding
did not induce pancreatic damage in wild type mice, XBP1 deficient mice fed ethanol
displayed pathologic features such as acinar cell ER stress, disordered autophagy, and
parenchymal necrosis (Lugea et al. 2009). These results suggest that activation of UPR in
the acinar cell, and XBP1 in particular, represents an adaptive mechanism against alcohol’s
toxicity, and when the UPR response is prevented or defective, pancreatic pathology ensues.
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Effects of alcohol metabolites in the acinar cell

Alcohol’s unique metabolism in the pancreas leads to products that have direct effects on
pancreatic acinar cell organellar functions (e.g., mitochondria) that can lead to necrosis. The
liver is the major alcohol metabolizing organ where ethanol is converted first to
acetaldehyde and then acetate by enzymatic oxidative steps (Cederbaum et al. 2009). In
contrast, the pancreas contributes only a small portion to overall oxidative metabolism of
ethanol and mostly converts ethanol to fatty acid ethyl esters, which then rapidly metabolize
to fatty acids (Gukovskaya et al. 2002a;Haber et al. 1998;Haber et al. 2004;Laposata &
Lange 1986;Pfutzer et al. 2002). The importance of the non-oxidative metabolism of ethanol
in cell death pathways comes from recent findings (Criddle et al. 2004;Criddle et al.
2006;Gerasimenko et al. 2009) that fatty acid ethyl esters cause acinar cell ATP depletion by
a process that first involves activation of inositol trisphosphate receptors on the intracellular
(e.g., ER) calcium stores, resulting in the release of the large amount of stored Ca2* into the
cytosol. The increase in cytosolic Ca2* leads to calcium overload of mitochondria, resulting
in their depolarization and loss of ability to produce ATP. The end result is necrosis of the
acinar cell.

Alcohol and the fibrosing response of pancreatitis

Considerable progress has been made in our understanding of the fibrosing response of
chronic pancreatic as a result of the identification and characterization of the pancreatic
stellate cell (PaSC) (Apte et al. 1998;Bachem et al. 1998). In normal pancreas, PaSCs are
quiescent, with long cytoplasmic processes encircling the base of the acinus (Omary et al.
2007). Similar to hepatic stellate cells, in the quiescent state PaSCs store significant amounts
of vitamin A as cytoplasmic lipid droplets. Also similar to hepatic stellate cells, PaSCs are
“activated” during pancreatic injury leading to their transformation to a myofibroblastic
phenotype, with loss of vitamin A stores, proliferation, and production of high amounts of
extracellular matrix (ECM) proteins, i.e., collagen (Omary et al. 2007).

Evidence supporting a key role for activation of PaSCs in the pathogenesis of alcoholic
pancreatitis comes from studies using pancreatic tissue from patients with chronic
pancreatitis, as well as from animal models (Casini et al. 2000;Haber et al. 1999). These
studies show the presence of activated PaSCs in areas of fibrosis, using markers of stellate
cell activation (a-smooth muscle actin by immunostaining) and collagen gene transcription
(by in situ hybridization). Activated PaSCs participate in tissue repair processes; although
their precise role remains to be elucidated, these cells likely contribute to the formation of a
provisional matrix at the site of injury that allows new parenchymal cell proliferation and
migration, and tissue regeneration. Abnormal, persistent activation of PaSCs and sustained
ECM deposition after tissue damage may play a key role in the development of the fibrosing
response of chronic pancreatitis (Lugea et al. 2006).

The mechanisms of PaSC activation and ECM protein production involve cytokines
generated during pancreatitis by acinar cells as well as by the inflammatory cells and the
stellate cells themselves (Omary et al. 2007). Furthermore, alcohol, its metabolites, and
reactive oxygen species generated by alcohol-stimulated NADPH oxidase all contribute to
the PaSC activation process (Apte et al. 2000;Hu et al. 2007;Masamune et al. 2002;0mary et
al. 2007).

In addition to stimulating PaSC activation, alcohol and its metabolites can modulate
pancreatic ECM turnover by altering the activity of two major systems of ECM degradation,
the matrix metalloproteinases and the plasminogen system (Apte et al. 2000;Apte et al.
2006;Lugea et al. 2003). Both proteolytic systems play an important role in tissue
remodeling during pancreatitis and in the recovery after pancreas damage (Lugea et al.
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2006;Shek et al. 2002). Although several cell types produce components of these ECM
degradation systems, activated PaSCs are an important source of several metalloproteinases
and their inhibitors, as well as of plasminogen activators and the plasminogen activator
inhibitor 1 (Lugea et al. 2008;Phillips et al. 2003). Studies on cultured PaSCs suggest that
ethanol facilitates fibrosis via alterations in the plasminogen system that inhibit ECM
degradation and thus increase ECM deposition (Lugea et al. 2008).

Effects of alcohol on molecular processes and future directions of research

As illustrated in the graphic in figure 1, it is generally accepted that disorders of the
processes in the acinar cell initiate both acute and chronic pancreatitis. As indicated
throughout this review, information about the effects of alcohol consumption on pancreatic
pathologic processes is emerging. However, our understanding of the molecular mechanisms
underlying these processes is limited. The main unresolved issues are: Why doesn’t alcohol
consumption by man, as well as animals, lead invariably to pancreatitis? What is the
mechanism of alcohol’s “sensitizing” effect on the pancreas? How does alcohol affect
adaptive responses, such as the UPR or autophagy, in the pancreatic acinar cell?

As discussed above, recent data indicate that dysfunction of organelles, such as the ER,
mitochondria, and lysosomes, is critical in the pathogenesis of pancreatitis. Investigation of
the mechanisms underlying alcohol’s effects on organellar dysfunction in pancreatitis has
only recently started. For example, there is evidence that alcohol feeding activates the UPR
response in the ER, and that up-regulation of the key transcription factor XBP1 represents an
adaptive mechanism against alcohol’s toxicity to pancreas (Lugea et al. 2009;Lugea et al.
2010). Mitochondrial damage, through PTP opening, leads to acinar cell death and other
pathologic responses of pancreatitis (Mareninova et al. 2009b;Mukherjee et al.
2008;0dinokova et al. 2009;Sung et al. 2009). In this regard, one molecular mechanism
underlying alcohol’s effects could be the induction by fatty acid ethyl esters of Ca2* release
from intracellular stores (Criddle et al. 2004;Criddle et al. 2006;Gerasimenko et al. 2009),
leading, in turn, to mitochondrial calcium overload and PTP opening (Baumgartner et al.
2009;0dinokova et al. 2009). Alcohol-induced changes could also make the mitochondria
more sensitive to small increases in Ca2* that occur during physiologic neurohumoral
stimulation (Shalbueva et al. 2009;Yuan et al. 2009). Finally, recent data (Mareninova et al.
2010) indicate that alcohol feeding differently affects the autophagic and lysosomal
functions in the acinar cell.

There is some evidence that dysregulation of proton transport in the acinar cell may be an
important factor in pancreatitis. A major class of cellular proton transporters is vacuolar
ATPases; these have been shown to mediate protease activation in the acinar cell (Waterford
et al. 2005). Preliminary studies (FSG, unpublished) suggest that short-term ethanol
exposure can activate vacuolar ATPase and that this event is linked to trypsinogen
activation. Further studies are needed to determine the mechanism of this effect and whether
it also occurs with chronic ethanol exposure.

Other examples of alcohol’s disordering effects on molecular pathways in the acinar cell
include the recent finding (Cosen-Binker et al. 2007) that alcohol causes re-direction of
digestive enzyme secretion from the apical (duct-facing) surface to the basolateral surface of
the acinar cell through a protein kinase C alpha medicated effect on key SNARE proteins
responsible for exocytosis. This effect likely leads to inappropriate digestive enzyme
activation resulting in pancreatic injury. Another recent finding (Mee et al. 2010) is that
alcohol treatments markedly suppress transport of folate into the acinar cell, which could
potentially cause a whole array of cellular defects considering the important role of folate as
a methyl-donor.
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The discussion here indicates that alcohol causes disordering of several key pathways in the
acinar cell, as determined in experimental systems. Little is known about the relative
contributions of these defects to the acinar cell pathology that occurs during human disease.
Further, it is very possible that different pathways predominate as a function of type of
drinking (e.g., binge drinking) or synergistic risk factors (e.g., genetics, diet, or smoking).
Deciphering the key mechanistic steps in alcohol’s effects on pancreas should provide
insights into potential molecular targets to treat or mitigate the severity of alcoholic
pancreatitis.
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Figure 1. The mechanisms of alcoholic pancreatitis

Intracellular events in the pancreatic acinar cell associated with alcohol abuse include
dysregulation of calcium signals, protein processing and trafficking, the autophagic,
lysosomal and mitochondrial functions; and the induction of inflammatory signals and cell
death pathways. These disorders “sensitize” the pancreas so that is in not capable of
adapting to stressful stimuli, thus leading to pancreatitis with key pathologic responses of
organ inflammation, vascular dysfunction, and parenchymal necrosis. Severe acute
pancreatitis can lead to systemic inflammatory response, multiple organ failure, and death.
Chronic pancreatitis results from repeated episodes of acute pancreatitis leading to persistent
inflammation and fibrosis. The insults of acute and chronic pancreatitis lead to loss of
normal function so that exocrine and endocrine pancreatic insufficiency develops.
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