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Abstract
The association between alcohol consumption and 
pancreatitis has been recognized for over 100 years. 
Despite the fact that this association is well recognized, 
the mechanisms by which alcohol abuse leads to pan-
creatic tissue damage are not entirely clear. Alcohol 
abuse is the major factor associated with pancreatitis in 
the Western world. Interestingly, although most cases 
of chronic pancreatitis and many cases of acute pan-
creatitis are associated with alcohol abuse, only a small 
percentage of individuals who abuse alcohol develop 
this disease. This situation is reminiscent of the as-
sociation between alcohol abuse and the incidence of 
alcoholic liver disease. The liver and the pancreas are 
developmentally very closely related. Even though these 
two organs are quite different, they exhibit a number 
of general structural and functional similarities. Further-
more, the diseases mediated by alcohol abuse in these 
organs exhibit some striking similarities. The diseases in 
both organs are characterized by parenchymal cell dam-
age, activation of stellate cells, aberrant wound healing, 
and fibrosis. Because of the similarities between the 
liver and the pancreas, and the alcohol-associated dis-
eases of these organs, we may be able to apply much 

of the knowledge that we have gained regarding the ef-
fects of alcohol on the liver to the pancreas.
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INTRODUCTION
Alcohol abuse is a major cause of  morbidity and mor-
tality in the United States; each year it is responsible 
for more than 100 000 deaths and directly or indirectly 
costs over 185 billion dollars[1]. Alcohol affects every 
organ system in the body causing a variety of  disorders. 
Although not the most common alcohol-associated dis-
ease, alcoholic pancreatitis is one of  the more painful 
and serious consequences of  alcohol abuse.

Alcoholic pancreatitis has been recognized for well 
over 100 years, yet it remains one of  the least under-
stood alcohol-associated diseases. The natural course of  
alcoholic pancreatitis is not well known. This is, in part, 
a result of  the fact that traditionally pancreatitis has been 
classified by morphology rather than etiology, as well as 
the fact that confusing and imprecise criteria have been 
used to differentiate between different types of  pancre-
atitis. Additionally, there is no good animal model of  
chronic pancreatitis, and progression of  this disease in 
human beings has been difficult to elucidate.
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The mechanism(s) by which alcohol abuse induces 
alcoholic pancreatitis is not well understood. Although it 
is evident that alcohol abuse can have an important role 
in the development of  pancreatitis, it does not appear 
that alcohol abuse alone is responsible for the develop-
ment of  pancreatitis. Rather, it appears that ethanol 
sensitizes the pancreas to injury and other factors are 
required to actually develop alcoholic pancreatitis. A 
number of  factors, including cigarette smoking, high-
lipid diet, genetics, and infections have been suggested 
as possible cofactors[2].

There are a number of  similarities between alcoholic 
liver disease and alcoholic pancreatitis; there are also a 
number of  differences. In this review we will attempt 
to highlight some of  the similarities, as well as some of  
the important differences between alcoholic liver disease 
and alcoholic pancreatitis. It is hoped that this approach 
will provide further insight into the pathogenesis of  al-
coholic pancreatitis.

ALCOHOLIC PANCREATITIS: ACUTE VS 
CHRONIC
Pancreatitis is a necroinflammatory disease that is nor-
mally classified as either acute or chronic. In developing 
countries, alcohol abuse has been reported to be the 
second most common factor associated with acute pan-
creatitis. In these countries, alcohol abuse is associated 
with approximately 35% of  the cases[3]. Inappropriate 
intracellular activation of  trypsinogen has long been con-
sidered an initiating event in acute pancreatitis, resulting 
in destruction of  pancreas parenchymal cells and inflam-
mation[4]. In most individuals, acute pancreatitis is a mild 
self-limiting disorder, but in up to 20% of  the cases there 
are severe clinical complications and mortality[3]. 

Alcoholic chronic pancreatitis is a complex disease 
normally thought to have an early stage that is associ-
ated with recurrent attacks of  acute pancreatitis, and a 
late stage that is characterized by steatorrhea, diabetes, 
fibrotic scarring, and pancreatic calcification[5]. In the 
western world, chronic alcohol abuse is the major etio-
logical factor of  chronic pancreatitis and accounts for 
approximately 70% of  the reported cases[6]. Although 
pancreatitis may remain an acute disease, it appears that 
in many cases alcoholic acute pancreatitis progresses to 
alcoholic chronic pancreatitis. The progression of  alco-
holic acute pancreatitis to alcoholic chronic pancreatitis 
is generally associated with the frequency and severity of  
acute attacks[7].

ETHANOL METABOLISM
It is generally thought that the liver is a target of  the 
toxic effects of  alcohol because of  its ability to metabo-
lize alcohol. Like the liver, the pancreas possesses the 
enzymes responsible for ethanol metabolism. Therefore, 
it has been proposed that the pancreas is also a target for 
the toxic effects of  ethanol metabolism[8-10]. 

Alcohol can be metabolized by oxidative, as well as 
nonoxidative, pathways. The oxidative metabolism of  
ethanol is primarily carried out by two enzymes, the cyto-
solic enzyme alcohol dehydrogenase and the microsomal 
enzyme cytochrome P450 2E1. Metabolism of  ethanol 
by either of  these enzymes results in the production of  
the reactive intermediate acetaldehyde, and the produc-
tion of  reactive oxygen species. Although the pancreas 
expresses both alcohol dehydrogenase and cytochrome 
P450 2E1, the capacity for oxidative metabolism by the 
pancreas is significantly less than that of  the liver[11,12].

Nonoxidative metabolism of  ethanol is carried out by 
a number of  enzymes, the most important being the fatty 
acid ethyl ester synthases. Metabolism of  ethanol by these 
enzymes results in the formation of  fatty acid ethyl esters 
(FAEEs). Although the capacity of  oxidative metabolism 
in the pancreas is lower than in the liver, the capacity for 
nonoxidative metabolism in the pancreas is high because 
the pancreas has high fatty acid ester synthetic activity[13]. 
The nonoxidative and oxidative pathways of  ethanol 
metabolism are linked; when the oxidative pathway is 
low or impaired the nonoxidative pathway is enhanced[9]. 
Because the oxidative metabolism of  ethanol in the pan-
creas is relatively low, the nonoxidative metabolism of  
ethanol may be more important and the production of  
FAEEs and their toxic effects accentuated. It has been 
shown that infusion of  FAEEs into rats causes edema, 
trypsin activation, and vacuolization of  pancreas acinar 
cells[14]. FAEEs have also been shown to activate the tran-
scriptional activators nuclear factor (NF)-κB and AP-1, 
which are involved in the activation of  proinflammatory 
cytokines[8]. Additionally, FAEEs have been shown to 
increase the fragility of  lysosomes in pancreatic acinar 
cells[15]. It has also been shown that FAEEs can inhibit 
the degradation of  extracellular matrix proteins, and 
therefore may have an involvement in the fibrotic scar-
ring characteristic of  alcoholic chronic pancreatitis[16].

Because the expression of  alcohol dehydrogenase 
and cytochrome P450 2E1 are low in the pancreas, the 
oxidative metabolism of  ethanol is also relatively low and 
is not considered to contribute a major role in many of  
the biochemical and pathologic changes associated with 
pancreas acinar cells. That being said, acetaldehyde, a re-
active metabolite of  the oxidative metabolism of  ethanol, 
has been shown to mediate some detrimental effects in 
the pancreas. It has been shown that acetaldehyde is in-
volved in the regulation of  the transcriptional activators 
NF-κB and AP-1 in pancreatic acinar cells[8]. Addition-
ally, Masamune et al[17-19] demonstrated that acetaldehyde, 
as well as the fatty acid ethyl ester, palmitic acid ethyl 
ester, activates the mitogen-activated protein kinases p38, 
ERK1/2, and JNK/SAPK in isolated pancreatic stellate 
cells. Furthermore, these authors reported that acetalde-
hyde activated the transcriptional activator AP-1, but not 
NF-κB in these cells. In addition, activation of  the AP-1 
pathway was inhibited by the antioxidant N-acetyl-cysteine 
(NAC). Because the effects of  acetaldehyde were inhibited 
by inclusion of  NAC in the media, the authors concluded 
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that activation of  these signal transduction pathways were 
mediated by the presence of  reactive oxygen species.

Despite the fact that the contribution of  the oxida-
tive and nonoxidative pathways of  ethanol metabolism 
differs between the pancreas and the liver, it appears that 
metabolism of  ethanol plays an important role in the 
disease process in both organs.

CELL DEATH IN PANCREATITIS
Acinar cell death is a major complication of  alcoholic 
pancreatitis and has been linked to the eventual fibrotic 
scarring associated with this disease. The two major 
pathways of  cell death, apoptosis and necrosis, have 
both been shown to occur in experimental models of  
pancreatitis, and it appears that the severity of  disease 
is linked to whether apoptosis or necrosis predomi-
nates[20-22].

Cell death as a result of  apoptosis is mediated by a 
group of  cysteine proteases known as caspases. Apop-
totic cell death generally preserves the integrity of  the 
cell membrane, whereas necrotic cell death generally 
results in rupture of  the cell membrane and release of  
the cellular contents. Release of  the cellular contents 
can damage neighboring cells and initiate an inflamma-
tory response[23]. It has been shown that the severity of  
experimental pancreatitis directly correlates with the 
amount of  necrosis, and inversely correlates with the ex-
tent of  apoptosis[20,22]. Additionally, one of  the main indi-
cators of  the outcome of  pancreatitis in human beings is 
the extent of  necrosis[24]. In experimental animals, it has 
been shown that alcohol treatment prior to induction of  
pancreatitis enhances the necrotic response by decreas-
ing the expression of  the initiator caspase, caspase-8. 
This reduces the apoptotic response, and results in more 
severe pancreatitis[25,26]. Thus, modulating the pathway 
of  cell death during pancreatitis may be a mechanism by 
which alcohol consumption predisposes the pancreas to 
more severe damage, or alters the severity of  pancreatic 
injury. This modulation can potentially change a subclini-
cal episode of  pancreatitis into a clinical episode.

PANCREATIC STELLATE CELLS
The pancreas, like the liver, possesses stellate cells[27]. 
Pancreatic stellate cells appear to be morphologically 
and functionally similar to hepatic stellate cells. In fact, 
transcriptome analysis of  pancreatic and hepatic stellate 
cells revealed that only 29 of  the 23 000 genes analyzed 
differed in expression[28]. These results indicate that the 
two populations of  cells are very closely related. Stellate 
cells in the pancreas, as in the liver, are thought to have a 
major role in extracellular matrix remodeling[29,30]. Thus, 
pancreatic stellate cells appear to have a major role in fi-
brotic disorders of  the pancreas, such as chronic pancre-
atitis and pancreatic cancer[31,32]. Whereas hepatic stellate 
cells normally reside in the space of  Disse, pancreatic 
stellate cells are primarily located in the periacinar space, 

but are also present in the periductal and perivascular ar-
eas of  the pancreas[33,34]. Pancreatic stellate cells comprise 
approximately 4% of  all pancreatic cells; in contrast, 
hepatic stellate cells comprise approximately 8% of  all 
hepatic cells[33]. In the normal pancreas, stellate cells are 
characterized by the presence of  vitamin A-containing 
lipid droplets in their cytoplasm, and by expression of  
the cytoskeletal proteins desmin and glial fibrillary pro-
tein[33,34]. In response to pancreas injury or acetaldehyde, 
these cells are activated into a highly proliferative state 
and are transformed to myofibroblast-like cells[27]. Ac-
tivated stellate cells are characterized by the absence of  
lipid droplets, expression of  α-smooth muscle actin, and 
the production of  type-1 collagen, as well as other extra-
cellular matrix proteins[30]. Activated pancreatic stellate 
cells have been shown to be closely associated with areas 
of  pancreatic fibrosis. They are the principal source of  
type 1 collagen in pancreatic fibrosis, both in humans 
and experimental animal models[35].

Numerous paracrine factors have been demonstrated 
to participate in the activation of  pancreatic stellate cells. 
Included in these factors are cytokines such as interleukin 
(IL)-1, IL-6, IL-8, and tumor necrosis factor α, growth 
factors such as platelet-derived growth factor (PDGF) 
and transforming growth factor (TGF)-β1, angiotensin 
Ⅱ, acetaldehyde, and reactive oxygen species released by 
damaged parenchymal cells, or leukocytes recruited in re-
sponse to tissue injury[36-39]. In turn, the activated stellate 
cells produce autocrine factors such as PDGF, TGF-β1, 
IL-1, and IL-6, which are thought to perpetuate the acti-
vation of  the pancreatic stellate cells.

It has been demonstrated that both hepatic and pan-
creatic stellate cells express NADPH oxidase, and it has 
been proposed that this enzyme has a role in the fibrosis 
associated with chronic pancreatitis[40,41]. NADPH oxi-
dase is a multicomponent enzyme originally described 
in phagocytic cells as a source of  reactive oxygen spe-
cies. In phagocytic cells, the activated complex produces 
extracellular superoxide that has an important role in 
defense against microbial infection. The NADPH oxi-
dase expressed by stellate cells and the enzyme complex 
expressed by phagocytic cells exhibit some important 
differences. One of  the most important differences is 
the fact that in stellate cells NADPH oxidase is consti-
tutively active, producing low levels of  reactive oxygen 
species.

Originally, it was shown that angiotensin Ⅱ medi-
ated its profibrotic action in the liver through NADPH 
oxidase activity in hepatic stellate cells[40]. In vivo, mice 
lacking NADPH oxidase activity demonstrated attenu-
ated liver fibrosis after bile duct ligation. Investigation of  
the role of  NADPH oxidase in pancreatic stellate cells 
revealed that PDGF-ββ, IL-1β, and angiotensin Ⅱ in-
duced production of  reactive oxygen species in cultured 
pancreatic stellate cells. The increase in reactive oxygen 
species and subsequent activation of  downstream signal-
ing pathways were abolished by inhibition of  NADPH 
oxidase activity with diphenylene iodonium (DPI)[42]. 
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Additionally, treatment with DPI attenuated the develop-
ment of  pancreatic fibrosis in Wistar Bonn/Kobori rats 
and in rats with dibutyltin dichloride-induced chronic 
pancreatitis[42]. In a separate study, it was shown that eth-
anol enhanced PDGF-mediated activation of  pancreatic 
stellate cells, indicating that NADPH oxidase may have a 
role in alcoholic pancreatitis[41].

The cascade of  pancreatic damage, activation of  
pancreatic stellate cells, and progression to fibrosis has 
been termed a necroinflammatory response. It has been 
suggested that alcohol abuse can result in pancreas 
damage by a nonnecroinflammatory response as well. 
Interestingly, pancreatic stellate cells express alcohol de-
hydrogenase and are able to produce acetaldehyde[27]. Be-
cause acetaldehyde has been shown to activate pancreatic 
stellate cells, it has been suggested that this ability may 
itself  result in the activation of  pancreatic stellate cells. 
In turn, this activation may result in the initiation, as well 
as the perpetuation of, alcohol induced pancreatitis and 
pancreatic fibrosis[27]. 

Tissue repair is a process that is regulated by an in-
tricate balance between the synthesis and degradation 
of  extracellular matrix components[43]. As mentioned 
above, pancreatic stellate cells are critically important in 
the remodeling of  the extracellular matrix. This remod-
eling involves not only synthesis of  extracellular matrix 
components but their degradation as well. Pancreatic 
stellate cells secrete a number of  matrix metalloprotein-
ases (MMPs), enzymes that are involved in extracellular 
matrix degradation[44]. The MMPs are a family of  zinc-
dependent enzymes secreted by a variety of  cells that are 
able to degrade extracellular matrix components. Thus, 
pancreatic stellate cells are not only involved in pancre-
atic damage; they are also critically involved in recovery 
and repair of  pancreatic damage[45].

Specifically, pancreatic stellate cells have been shown to 
secrete MMP1, MMP2, MMP3, MMP9, and MMP13[39,44,46]. 
MMPs have different substrate specificities; MMP2 and 
MMP9 primarily degrade basement membrane collagen 
(type-4), whereas MMP1 and MMP13 degrade type-1 
collagen. The secretion of  MMP2 is greatly increased by 
ethanol and acetaldehyde, and is secreted far in excess of  
MMP13[44]. This finding led the authors to suggest changes 
in MMPs secretion as an explanation for the accumulation 
of  fibrotic type 1 collagen in pancreatitis.

Pancreatic stellate cells have also been shown to se-
crete enzymes that inhibit the activity of  MMPs, these 
enzymes are known as tissue inhibitors of  metallopro-
teinases (TIMPs). TIMP2 is an important inhibitor of  
MMP2, the matrix metalloproteinase responsible for the 
degradation of  basement membrane collagen. Ethanol 
and acetaldehyde have been shown to increase the secre-
tion of  TIMP2. However, this increase in TIMP2 was 
significantly less than the increase in MMP2. The overall 
result was an increase in MMP2 activity[44]. Interestingly, 
similar findings have been reported in hepatic stellate 
cells, again indicating the close functional relationship 
between these two cell types[47].

In a model of  acute pancreatitis where the fibrotic 
damage was resolved, both MMP2 and MMP1 activity 
were shown to increase, but were regulated in a different 
temporal fashion. MMP2 activity increased soon after in-
jury, while MMP1 activity increased later[46]. These results 
indicate different roles for different MMPs in repair and 
regeneration of  the pancreas. They also demonstrate that 
there is a delicate balance and interplay between different 
MMPs in the normal recovery of  pancreatic injury.

Understanding the factors and mechanisms that 
maintain stellate cells in a quiescent state or return them 
to a quiescent state is as important as understanding 
the factors and mechanisms of  stellate cell activation 
and fibrotic scarring. In both the liver and the pancreas, 
the nuclear hormone receptor peroxisome proliferator-
activated receptor-γ (PPAR-γ) has been implicated as be-
ing involved in inhibition of  stellate cell activation[18,48,49]. 
PPAR-γ is a nuclear hormone receptor that is activated 
by specific ligands and has been shown to inhibit key 
characteristics of  activation, including induction of  col-
lagen synthesis in both hepatic and pancreatic stellate 
cells[18,48,49]. Acetaldehyde has been shown to activate he-
patic stellate cells, at least in part, by abrogating PPAR-
γ-mediated transcriptional activity in cultured hepatic 
stellate cells[50]. Additionally, the profibrogenic actions of  
acetaldehyde were shown to be associated with increased 
phosphorylation of  PPAR-γ at a MAP kinase phosphory-
lation site. These results demonstrate the involvement of  
MAP kinases in the inhibition of  PPAR-γ-mediated tran-
scriptional activity, and ultimately stellate cell activation[50].

Vitamin A (retinol) also appears to be a major con-
tributor to the maintenance of  quiescence in pancreatic 
stellate cells; its absence in active pancreatic stellate cells 
may be related to ethanol metabolism[51,52]. In support of  
this notion, McCarroll et al[52] demonstrated that retinol 
and its metabolites all trans retinoic acid and 9-cis retino-
ic acid induce quiescence in activated pancreatic stellate 
cells. Furthermore, quiescence of  pancreatic stellate cells 
was associated with a decrease in the activity of  all three 
classes of  MAP kinases. In the presence of  ethanol, reti-
nol was not able to fully inhibit activation of  pancreatic 
stellate cells. Because retinol and ethanol can both be me-
tabolized by either alcohol dehydrogenase or by retinol 
dehydrogenase, the authors suggest that ethanol may act 
as a competitive inhibitor of  normal retinol metabolism, 
and that this inhibition may, in part, explain the ability of  
ethanol to activate pancreatic stellate cells[52].

REGENERATION AND REPAIR
The pancreas, like the liver, has a tremendous capacity to 
regenerate after injury[53,54]. As with all fibrotic diseases, 
pancreatitis can be considered a result of  an aberrant 
or inappropriate repair process. Thus, it is as important 
to have a detailed understanding of  the mechanisms 
of  pancreas repair and the effects of  ethanol on this 
process, as it is to determine the mechanisms by which 
alcohol abuse leads to pancreatitis. In animal models of  
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pancreatits, normal regeneration is characterized by a 
sequence of  events that includes activation and prolifera-
tion of  pancreatic stellate cells, deposition of  extracellu-
lar matrix, and proliferation of  acinar cells[53,55]. It is now 
evident that this regenerative process is orchestrated by 
the temporal and sequential expression of  growth fac-
tors that act in either an autocrine or paracrine manner 
to stimulate cells. This coordinated process ultimately 
results in full structural and functional restitution of  the 
pancreas. Little is known regarding the effects of  ethanol 
on this process.

While investigating the effects of  ethanol consump-
tion on regeneration after cerulein-induced pancreatitis, 
one group, using the Lieber-DeCarli diet, found that 
ethanol feeding of  rats for 2-8 wk significantly decreased 
amylase content of  the pancreas. This finding indicated 
impaired functional regeneration. This treatment did 
not affect protein, DNA, or RNA content. Although 
no histological evaluation was performed, these authors 
concluded that ethanol had no effect on pancreatic re-
generation[56,57]. In contrast, Pap et al[58] found that gastric 
intubation of  ethanol over a 2 mo period inhibited the 
recovery of  pancreatic weight and enzyme content in 
rats that had common bile ducts and main pancreatic 
ducts occluded to induce pancreatic injury. During this 
2 mo period, the animals exposed to ethanol developed 
chronic calcifying pancreatitis. Cessation of  the ethanol 
treatment resulted in recovery of  the pancreas. These 
results led the authors to suggest that inhibition of  pan-
creatic regeneration by ethanol was required to maintain 
this chronic pancreatitis. Investigating the role of  chole-
cystokinin (CCK) in pancreatic regeneration, it has been 
shown that alcohol administration reduced CCK release 
and prevented pancreas regeneration[59]. Additionally, us-
ing a model of  virally induced pancreatitis, it has been 
shown that ethanol administration to mice delays pan-
creas recovery[60].

The pancreas and the liver are developmentally very 
closely related. Therefore, it is tempting to speculate that 
the regenerative process, and the effects of  ethanol on 
this process, may be similar in the pancreas and the liv-
er[61]. In the liver, it has been demonstrated that ethanol 
abuse impairs regeneration[62,63]. Both the pancreas and 
the liver contain a population of  progenitor cells that are 
multipotent and able to differentiate into multiple cell 
types[64,65]. In the liver, these hepatic progenitor cells have 
been shown to be important in regeneration in alcoholic 
liver diseases and in other hepatic diseases where oxida-
tive stress has occurred[66,67]. Thus, it may be that repair 
initiated by pancreatic precursor cells may be impaired 
by ethanol as well. It is clear that more work is required 
to determine the effects of  ethanol on regeneration and 
repair of  pancreatic damage.

CLINICAL IMPLICATIONS AND FUTURE 
DIRECTIONS
It is obvious that alcoholic pancreatitis is an important 

health concern and more focus on this disease is war-
ranted. It appears that, as with alcoholic liver disease, 
the fibrotic scarring associated with chronic pancreatitis 
is primarily associated with activation of  stellate cells. 
Because of  this, it is likely that future research directed 
at the mechanisms by which ethanol and its metabolites 
mediate or enhance the activation of  these cells will pro-
vide targets for therapeutic intervention. Currently, some 
promising therapeutic candidates include NADPH oxi-
dase and receptors located on the surface of  stellate cells.

Future work should strive to understand the mecha-
nisms by which stellate cells remain quiescent. It is clear 
that balancing the need for activation of  stellate cells for 
repair and wound healing with maintenance of  the qui-
escent state will be challenging. Because similar mecha-
nisms of  fibrotic scarring occur in the liver, it will be 
prudent to monitor progress in this field and apply it to 
the pancreas.

CONCLUSION
The pancreas and the liver are developmentally closely 
related and, in a general sense, share certain structural 
and functional similarities. It is well known by the gen-
eral public that alcohol abuse can result in liver damage 
and lead to cirrhosis. It is not as well known that alcohol 
abuse can also result in pancreatic damage and ultimately 
in alcoholic chronic pancreatitis. Although there are 
many differences between the liver and the pancreas, and 
the alcohol-associated diseases of  these organs, there 
are also many similarities. Because of  these similarities, 
lessons learned regarding the effects of  ethanol on the 
liver may be useful in determining mechanisms by which 
ethanol damages the pancreas.

Both the liver and the pancreas possess stellate cells. 
Although some of  the biochemical changes that occur as 
a result of  ethanol metabolism in the liver and the pan-
creas differ, the end result in both organs is the activa-
tion of  stellate cells. In both organs the activated stellate 
cells are the major source of  fibrotic collagen. Because 
fibrosis is a characteristic of  alcohol-associated damage 
in both organs, stellate cells are the focus of  therapeutic 
intervention. Among the questions that require further 
investigation are the mechanisms that will inhibit hyper-
activation or inappropriate activation of  stellate cells. 
Paradoxically, activated stellate cells are also involved in 
the removal of  fibrotic collagen. Therefore, determining 
the mechanisms of  appropriate activation, and enhanc-
ing the ability of  these cells to degrade fibrotic collagen 
are paramount. Additionally, mechanisms of  repair and 
regeneration must be further delineated. Are progenitor 
cells involved in repair of  alcohol-associated damage in 
the pancreas, as they are in the liver? 

It is clear that although there are differences between 
the effects of  alcohol on the liver and the pancreas, there 
are also striking similarities. Lessons learned from the 
liver may be useful in answering questions regarding the 
pancreas.
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