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ABSTRACT

Chronic pancreatitis is best described as a relentless,
continuous inflammatory destruction of the pancreas
parenchyma, characterized by irreversible destruc-
tion of the exocrine tissues, fibrosis, and at the late
stage, the destruction of endocrine cells. Current
therapies for chronic pancreatitis patients focus on
pain relief by medical and minimally invasive endo-
scopic treatment as well as surgical management with
resection of diseased parenchyma and drainage of
obstructed ducts. Radical treatment of chronic pan-
creatitis has been successful with total pancreatic-
tomy and islet autotransplantation (TP-1AT) that
may prevent maladaptive intractable pain pathways
and also avoid pancreatogenic diabetes in the well-
selected patient. Distinct loss of pancreatic islet cells
occurs in about 30% - 50% of patients during the
progression of chronic pancreatitis when severe fi-
brosis develops at the late stage of the disease. Pro-
found g cell apoptosis induced by stresses encoun-
tered during islet isolation and transplantation fur-
ther compromises g cell survival and function after
TP-1AT. The molecular mechanisms that lead to g
cell dysfunction in chronic pancreatitis remain largely
undelineated. In this review, we summarize factors
that may contribute to g cell apoptosis during the
disease progress and after TP-1AT and discuss poten-
tial interventional approaches that may prevent islet
cell death during these processes. Such information is
critical to the development of therapeutic protocols
that can preserve the viability and function of g cell in
patients with chronic pancreatitis.
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1. INTRODUCTION

Chronic pancreatitis (CP) is characterized by long-
standing inflammation of the pancreas that is notable for
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the development of progressive pain, fibrosis and loss of
exocrine and endocrine function [1]. Approximately
15,000 Americans are diagnosed with chronic pancreatic-
tis each year. The pathophysiology of chronic pancreatic-
tis is dominated by acinar cell death and loss of exocrine
function of the pancreas. Endocrine insufficiency that
occurs much later in the disease can lead to type 3c dia-
betes [2,3]. Current therapies for chronic pancreatitis
patients focus on pain relief by medications and a variety
of minimally invasive endoscopic procedures as well as
surgical treatment with resection of diseased parenchyma
and drainage of obstructed ducts [3,4]. Radical treatment
of chronic pancreatitis has been successful with total
pancreatectomy and islet autotransplantation (TP-1AT)
that may prevent maladaptive intractable pain pathways
and also avoid pancreatogenic diabetes in the well-se-
lected patient [5].

Although the pathogenesis and biological behavior of
chronic pancreatitis has been widely studied, mecha-
nisms of apoptosis and proliferation of endocrine (e.g.,
acinar) and endocrine (e.g., insulin-secreting ) cells un-
der the conditions of chronic pancreatitis remain poorly
defined. Profound apoptosis of acinar cells are observed
in chronic pancreatitis patients, while g cells have been
found less vulnerable than acinar cells at the early stage
of chronic pancreatitis [6,7]. Nevertheless, g cell apop-
tosis over a prolonged period of inflammation that influ-
ences insulin secretion develops late in the disease proc-
ess. Diabetes occurs in around 30% - 50% of patients
diagnosed with long-term chronic pancreatitis [8]. In
advanced stages of chronic pancreatitis, reduction of islet
cells corresponds with severe g cell dysfunction due to
prolonged exposure to inflammatory cytokines, oxidative
stresses and gene dysfunction [7,9]. Moreover, non-im-
mune related stresses encountered during islet isolation
and transplantation also results in a significant number of
islets undergoing apoptosis after TP-1AT, which further
comprise the function of g cells [10].

In this review, we summarize molecular mechanisms
that lead to g cell dysfunction during the progress of
chronic pancreatitis and after TP-1AT and discuss inter-
ventional therapies that might improve the viability and
function of £ cells. Understanding such mechanisms will
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not only lead us to a better understanding of the patho-
genetic mechanisms leading to £ cell death in chronic
pancreatitis, but also help develop efficient therapeutic
treatment protocols for this disease.

2. MECHANISMS OF pCELL DEATH
DURING THE PROGRESS OF
CHRONIC PANCREATITIS

Long-term inflammation in patients with chronic pan-
creatitis impairs g cell function and as many as 30% -
50% of patients develop a type of diabetes that differs
from type 1 and type 2 diabetes [8]. The diabetes associ-
ated with chronic pancreatitis has been labeled as “type
3c” diabetes [11]. Type 3c diabetes is caused by the
apoptosis of g cells and is generally not diagnosed in the
early stages of chronic pancreatitis, but manifests itself in
a later stages of the disease irrespective of the etiology of
chronic pancreatitis [12].

At the early stage of chronic pancreatitis, the damage
to the pancreas is highly specific for the exocrine com-
partment and affects the endocrine islets to a less extent
[13]. For example, Fas (CD95)/Fas ligand (CD95L)-
mediated islet cell destruction by CD95L expressing cy-
totoxic T cells is an important mechanism in the devel-
opment of type 1 diabetes, but does not occur at the same
extent in chronic pancreatitis patient. Exocrine cells ex-
press CD95, and shed their death by binding to the death
ligands (CD95L) on infiltration T lymphocytes in the
presence of IFN-y, while islet cells secured themselves
by expressing CD95L instead of CD95. Thus, T cells
infiltrates are prevalent within acinar cells but rare within
islets in pancreas with chronic pancreatitis [13-15].
Moreover, a strong induction of TNF-related apoptosis-
inducing ligand (TRAIL) receptor 1 and 2 (TRAIL-R1
and R2) is observed in exocrine cells, while islet cells
only express TRAIL-R4 [15]. TRAIL released locally by
activated pancreatic stellate cells binds to TRAIL-R1 and
R2 specifically, but not TRAIL-4R, and selectively lead
to exocrine apoptosis [16]. In addition, islet cells have
been shown to retain their “immune-privileged” status by
activated anti-apoptotic programs through NF-xB [17-
19].

As the disease progresses, chronic inflammation can
lead to S cell apoptosis and dysfunction. Chronic in-
flammation causes increasing stress and cytokine secre-
tion by both macrophages and T lymphocytes with
marked fibrosis that eventually leads to g cell apoptosis
and clinical diabetes [20]. The changes in the internal
milieu of pancreatic tissue in chronic pancreatitis arising
from the chronic inflammation and cytokine release (e.g.,
IFN-y, TNF-a) that leads to deranged cellular crosstalk
and signaling mechanisms and altered function of islet
cells. Qualitative and quantitative changes in cytokine

Copyright © 2012 SciRes.

signaling pathways determine the fate of 4 cell to live
and proliferate or to undergo apoptosis [21]. The apop-
tosis of g cell are likely caused by the cytokine expres-
sion, oxidative stress, and reduced expression of certain
genes (e.g., pancreatic duodenal homeobox 1) in the
pancreas [22-24]. Apoptosis of g cells, when it occurs,
has been ascribed to immune processes initiated by
CD8+ T cells or CD4+ T cells dependent on Fas/FasL as
well as cytokines (e.g., IFN-y and TNF-a). Apparently,
cellular and molecular events leading to g cell apoptosis
represent the adaptive response of normal islets towards
the noxious environment caused by proinflammatory
cytokines.

3. DEATH OF BCELLS AFTER TP-IAT

TP-1AT is being increasingly investigated and used as a
treatment option for pain relief, and it is also used to
prevent pancreatogenic diabetes in chronic pancreatitis
[25]. Among all the treatment options, TP-1AT is a safe
and effective option for chronic pancreatitis patients and
has the potential to eliminate pancreatic pain without
total sacrifice of the endocrine function of the pancreas
[4,26,27]. Islets transplanted into the liver via the portal
vein were found to have improved functions with time
[28]. However, even though TP-IAT can improve quality
of life and decreased narcotic requirement, more than
60% of patients require long-term insulin treatment [4,
27,29-31]. Non-immune related stresses encountered
during islet isolation and transplantation results in a large
number of islets undergoing apoptosis immediately after
transplantation, and as many as 50% - 60% of islet cell
apoptosis happens at 2 - 3 days post transplantation even
under optimal conditions [32,33]. The death of pancre-
atic islets are likely due to transplantation-associated
stress which include hypoxia, nutrient deprivation, reac-
tive oxygen species, pro-inflammatory cytokines induced
during harvesting, isolation, and implantation of the islet
cell mass [10,34].

4. APPROACHES TO PROTECT g CELL
FROM APOPTOSIS IN CHRONIC
PANCREATITIS PATIENT

In order to prevent the chronic inflammation in chronic
pancreatitis patient, altering the environment where islets
reside may help relieve the stress and improve islet sur-
vival and function. For example, strategies such as die-
tary modification, oral hypoglycemics, and exogenous
insulin can help alleviate the stress of £ cell, and thus
preserve islet function (Figure 1) [35,36].

It has been postulated that patients with chronic pan-
creatitis should be considered for TP-IAT before severe
islet destruction occurs. Patient islet quality and quantity
determines g cell function after transplantation. Insulin
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Figure 1. Approach to improve islet survival and function dur-
ing chronic pancreatitis progress and during TP-IAT.

requirement is well-known to be associated with lower
islet cell yield after transplantation [25,37]. Low islet
yields are common in patients with long-term chronic
pancreatitis, as inflammation and fibrosis lead to pancre-
atic endocrine failure over time [38,39]. In the early
stages of chronic pancreatitis, islet/s-cell remains intact
morphologically and functionally and patients usually do
not have diabetes [17]. In contrast, the number of islet
cells were shown to be significantly reduced corre-
sponding to the stage of the disease before the onset of
diabetes [7,9]. Both the exocrine and endocrine tissues
have greater destruction in chronic pancreatitis patients
compared to patients with minimal duct disease or non-
dilated chronic pancreatitis [40]. Thus, islet transplanta-
tion early in the progression of chronic pancreatitis can
maximally preserve the endocrine function of the islets
[37].

5. APPROACHES THAT CAN IMPROVE
THE FUNCTION OF ISLETS DURING
TP-1AT

Strategies that enable f cell resistance to stresses during
TP-1AT would prevent g cell apoptosis, thereby improv-
ing clinical application of islet transplantation [4,27,29].
Several approaches are currently being explored to im-
prove islet survival after transplantation including induc-
tion of protective genes expression ex vivo in islets dur-
ing harvest, physically isolating islets from insults using
encapsulation techniques, transplanting islets to a better
site that promote survival, and so on (Figure 1).
Induction expression of protective gene has been shown
able to protect islet cells from stress-induced apoptosis
[41]. A protective gene is a gene that is upregulated in
response to stress through specific signaling cascades
and transcription factor regulation that when induced
participate in promoting cell survival [41]. Many protec-
tive genes including heme oxygenase (HO-1), A20,
B-cell lymphoma 2 (Bcl-2), Bcl-x, heat shock proteins,
biliverdin reductase (BVR), and antioxidant enzymes
have been found to be expressed in pancreatic islets, and
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their induction leads to protection against apoptosis and
other injuries while their absence leads to a heightened
response to stress [41-45]. Most protective genes exert
their protection via their anti-inflammatory property and
prevention of S cell apoptosis.

Islet encapsulation with biocompatible materials have
been shown function as an immunoisolation approach to
facilitate survival of syngeneic, allogeneic and xenoge-
neic islets for decades [47-49]. Islet encapsulation can
exert both “isolation” and “modulation” effects by physi-
cally isolating islets from complement molecules, 19G
and host immune cells while delivering cytoprotective
molecules locally to the islets to protect those islets from
stress-induced apoptosis. Islets from chronic pancreatitis
patients are extremely fragile due to long-term inflame-
mation in the pancreas. Therefore coating islets with
nanoparticles loaded with protective molecules may well
preserve their function after islet autotransplantation.

Significant progress has been made in developing
suitable materials with reliable biocompatibility, me-
chanical and chemical stability, and required permselec-
tivity for cell encapsulation [50-53]. Islet encapsulation
with microcapsules prevents them from apoptosis [52,54].
Modifying islet surfaces with bioreactive chemicals pre-
vents blood-mediated inflammatory responses [55] and
prolonged survival of islet allograft [56]. Coating islets
with FDA-approved poly(lactide-co-glycolide) (PLGA)
nanoparticles increase islet function [57,58]. PLGA has
been developed for many years and approved by the
FDA for drug delivery based on its biodegradability, drug
biocompatibility, suitable biodegradation Kinetics and
mechanical properties and ease of processing [59-61].
Loading drugs into nanoparticles where drugs are only
active in the target area of the body, such as locally to
islets, can avoid toxicity and side effects when adminis-
tered systemically [62].

In addition, transplanting islets into other sites less
stressful may promote their survival. Currently islets are
transplanted into the liver of patient via portal vein infu-
sion. However, the liver is not the ideal site for islet sur-
vival after transplantation due to the instant blood-medi-
ated inflammatory reaction (IBMIR), hypoxia and in-
flammatory cytokine release by surrounding tissue in-
duced by capillary bed occlusion in hepatic microvascu-
lature [63,64]. In addition islets implanted in the liver are
exposed to a non-native mechanical stress and exposure
to toxins filtered through the liver that further impedes
islet survival and function [65,66]. Other promising al-
ternative sites currently being explored include subcuta-
neous, intramuscular, omental, and bone marrow sites
[46,67-71].

In conclusion, current work has demonstrated apop-
tosis of £ cell in patients with chronic pancreatitis due to
inflammation and inflammatory cytokines. These find-
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ings serve to explain the late onset of diabetes in patients
with long-standing chronic pancreatitis. When islets in
patients with chronic pancreatitis are autologously trans-
planted, additional islet stressors result in g cell loss
through apoptosis. Strategies that can prevent g cell
death during these processes can benefit patients with
chronic pancreatitis and perhaps more importantly lead
to new understanding of diabetes of all causes.
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