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Abstract

Autoimmune pancreatitis, an inflammatory process of the pancreas due to an autoimmune mechanism establishing
etiology of chronic pancreatitis, is characterized by the presence of autoantibodies, hypergammaglobulinemia, pan-
creatic enlargement, pancreatic duct strictures, and pathologic features of fibrotic changes with intense, mainly lym-
phocytic infiltrations, which may contribute to tissue destruction probably by apoptosis. In almost 60% of the cases,
this type of pancreatitis coexists with other autoimmune diseases such as Sjögren's syndrome, sclerosing extrahepat-
ic cholangitis, primary biliary cirrhosis, autoimmune hepatitis, or other extrapancreatic disorders, and recently with
gastric peptic ulceration. The diversity of extrapancreatic lesions with similar histopathologic findings suggests gen-
eral involvement of the digestive system in this disease, although the presence of such involvement has not been fully
elucidated. Similarly, Helicobacter pylori (H. pylori) infection, a well known cause of gastric ulcer, has been associ-
ated, via molecular mimicry of host structures by its constituents with the same autoimmune conditions, also char-
acterized by fibrotic changes and/or lymphoplasmacytic inflammations, accompanied by aberrations of T cell apop-
tosis that contribute to hepatobiliary- or extrahepatic-tissue destruction. Considering that H. pylori is involved in the
pathogenesis and pathophysiology of these autoimmune disorders, we propose that this organism might trigger
autoimmune pancreatitis through induction of autoimmunity and apoptosis.
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Introduction

Since Sarles et al [1] observed a case of specific
pancreatitis associated with hypergammaglobuline-
mia that was not associated with alcohol consump-
tion, subsequent reports have described patients
with chronic pancreatitis characterized by the pres-
ence of autoantibodies, elevated levels of
immunoglobulins (IgG4), enlargement of the pan-
creas (diffuse or focal), pancreatic duct strictures,
and pathologic features of fibrotic changes with an
intense inflammatory cell (mainly lymphocytic)
infiltration [2-6]. These major lymphocytic infiltra-
tions may contribute to tissue destruction probably
by apoptosis [7-10]. In approximately 60%, the
coexistence of this type of pancreatitis with other
autoimmune diseases such as Sjögren's syndrome
(SjS), sclerosing extrahepatic cholangitis [interpret-
ed as a variant of primary sclerosing cholangitis
(PSC) or as an inflammatory pseudotumor], prima-
ry biliary cirrhosis (PBC), autoimmune hepatitis
(AIH), or other extrapancreatic disorders, such as
retroperitoneal fibrosis, salivary gland swelling,
inflammatory bowel disease (IBD), Hashimoto's
thyroiditis, and recently gastric peptic ulceration
has been reported [4-6,11]. The histopathologic
findings in these extrapancreatic lesions are lym-
phoplasmacytic inflammation and fibrosis, similar
to those in the pancreatic tissue, suggesting a com-
mon pathogenesis [12-17]. The diversity of extra-
pancreatic lesions with similar histopathologic find-
ings suggests general involvement of the digestive
system in this disease, although the presence of
such involvement has not been fully elucidated. In
addition, cases without systemic autoimmune dis-
eases have been reported, which has led to the con-
cept of an autoimmune related pancreatitis [2,3], so
called "autoimmune pancreatitis" (AIP), proposed
by Yoshida [2]. These findings support the hypo-
thesis that an autoimmune mechanism may be
involved in the pathogenesis and pathophysiology
in a proportion of patients with pancreatitis [17-21],
possibly mediated by an overactive apoptosis [7-
10,22].

In the same respect, Helicobacter pylori infec-
tion has been strongly associated with peptic ulcer-
ation of the stomach [23] and gastric autoimmunity
[24], and patients infected with H. pylori have been
shown to possess autoantibodies that cross-react
with antigens expressed on the gastric mucosa [24].

Moreover, as in the case of AIP, H. pylori is associ-
ated with autoimmune conditions like SjS (i.e.,
autoimmune sialadenitis), PBC, PSC, AIH or hep-
atitis C virus (HCV)-related liver disease which
trigger autoimmune sequelae (AIH and HCV-relat-
ed SjS) [25-35]. These H. pylori-related diseases
are also characterized by fibrotic changes and/or
lymphoplasmacytic inflammations [28,35-39],
accompanied by aberrations of T cell apoptosis that
contribute to hepatobiliary- or extrahepatic-tissue
destruction [35,36,40-46]. Considering that H.
pylori is involved in the pathogenesis and patho-
physiology of the above mentioned autoimmune
disorders [27-31,33], we propose that this organism
might trigger AIP through induction of autoimmu-
nity and apoptosis [47].

Definition and terminology of AIP

AIP can be defined as an inflammatory process of
the pancreas due to an autoimmune mechanism
establishing etiology of chronic pancreatitis [48].
Cases of isolated (primary) AIP without other
autoimmune diseases have been reported. Many
other terms, such as "primary inflammatory pancre-
atitis", "primary chronic pancreatitis", "non-alco-
holic duct-destructive chronic pancreatitis", "lym-
phoplasmacytic sclerosing pancreatitis", "pseudotu-
morous pancreatitis", "granulomatous pancreatitis",
"chronic inflammatory sclerosis of the pancreas",
"pancreatitis showing the narrowing appearance of
the pancreatic duct", and "sclerosing pancreato-
cholangitis" have also been used in the literature to
identify AIP [4-6,49,50]. In addition, some authors
defined "autoimmune exocrinopathy", "dry gland
syndrome", or "a complex syndrome", as the con-
current involvement of the pancreas, the salivary
glands (SjS) and the liver (PBC) [5,49]. However, it
is poorly understood whether the pathogenetic
mechanism of syndromic (or secondary) AIP with
other autoimmune diseases is different from prima-
ry AIP. It was thought that there is a possibility of
developing systemic autoimmune diseases in
patients previously diagnosed as having primary
AIP [3,48].

Strictly speaking, the classification of a disease
as autoimmune requires a number of clinical/bio-
chemical and experimental criteria not applicable to
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human diseases [51]. A number of criteria have
been suggested as indicative for an autoimmune
pathogenesis [51]: 1) the presence of autoimmune
antibodies specific for the disease and/or the pres-
ence of non-specific autoantibodies; 2) association
with other autoimmune diseases; 3) association
with HLA haplotype; 4) lymphocytic infiltration in
the site of the disease, where HLA type II antigens
are expressed; 5) responsiveness to steroid therapy.
In this regard, AIP is associated with the coexis-
tence of other autoimmune diseases, hypergamma-
globulinemia (IgG4), presence of several autoanti-
bodies (Table 1), histologic evidence mainly of
lymphocyte infiltration and HLA-DR expression
linked with T-lymphocyte mediated apoptosis, and
a favorable response to steroid therapy [3,4,6],
which represent clinical evidence of autoimmunity
[52]. Notably, infectious agents are considered as
causative agents and contributors to lesion expres-
sion in autoimmune disease [53].

Pathophysiology / pathogenesis of
AIP (Fig. 1)

Occasional coexistence of pancreatitis with other
autoimmune diseases [4-6,11] suggests that there
may be common target antigens in the pancreas and
other exocrine organs, such as the salivary glands,
gastrointestinal or biliary tract, and renal tubules
[3,4]. Several autoantibodies such as anticarbonic
anhydrase II antibody (ACA-II) or antilactoferrin
antibody (ALF) were frequently detected in patients
with AIP, although these antibodies are not neces-
sarily specific for AIP [3,4,6] (Table 1). Carbonic
anhydrases (CA) are a family of zinc metal
enzymes that catalyze the reversible hydratation of
carbon dioxide to bicarbonate and hydrogen ions
[49]. The enzymes are mainly distributed in the gas-
trointestinal tract, particularly in the salivary
glands, stomach, duodenum, colon and biliary tract
[4,49]. CA type II antigens are located in the pan-
creatic ductal epithelium. Thus, the presence of
antibodies against this isoenzyme may provide evi-
dence of an immune reaction to a pancreatic target
antigen [3,4,49]. Similarly, lactoferrin (LF), a
nonenzymatic protein, is also detected in various
human tissues, including the lactating breast,
bronchial, salivary, gastric glands or the pancreatic

acinus [3,4], and the high prevalence of ALF in AIP
suggests that LF may also be a candidate for the tar-
get antigen eliciting humoral and cellular-mediated
immune responses in AIP [3,4].

An autoimmune reaction against CA II or LF via
T helper (Th)-1 type CD4+ T lymphocytes might
play a role in the development of AIP [6].
Experimental evidence indicates that neonatally
thymectomized (NTx) BALB/c mice, subcuta-
neously immunized with CA II or LF, and synergetic
nude mice, with splenocytes transferred from disease
induced NTx-mice, developed pancreatitis early, as
well as sialoadenitis and cholangitis, while the nor-
mal BALB/c mice did not [3,50]. In immunized
NTx mice, the prevalence of inflammation was sig-
nificantly higher in the pancreas [54]. The effector
cells were found to be T lymphocytes, especially
Th1 type CD4+ T lymphocytes, mostly involved in
the development of pancreatitis, sialoadenitis, and
cholangitis [3,50]. CA II or LF immunized mice
had apoptotic duct cells or acinar cells, respectively
[54]. Expression of the interferon (IFN)-γ gene was
upregulated in each group [54]. Similar findings
were observed in the salivary glands and liver [54].
Therefore, an immunologic mechanism against CA
II or LF is involved in the pathogenesis of these
pancreatitis models, in which the effector cells are
mainly Th1 type CD4+ T cells [54] exhibiting
apoptotic activities. These T cell-mediated respons-
es are accompanied by mononuclear and polymor-
phonuclear cell infiltration in the pancreas in the
first three weeks and a consequent fibrosis in the
most advanced stages (6 weeks) with progressive
acinar atrophy [49].

Activated CD4+ and CD8+ T cells bearing
HLA-DR were increased in peripheral blood lym-
phocytes and the pancreas of AIP patients [3,4].
HLA-DR antigens are expressed on the pancreatic
duct cells as well as on CD4+ T cells, suggesting an
autoimmune mechanism involved in inflammation
[3,4]. Patients with AIP have the particular HLA
haplotype DRB1*0405-DQB1*0401 [50]. CD4+ T
cells are subdivided into Th1 and Th2 cells based
on the profiles of cytokine production. Th1 lympho-
cytes, which produce interleukin (IL)-2, IFN-γ and
tumor necrosis factor (TNF)-α, mediate cellular
immunity, macrophage activation, cytotoxicity, and
stimulate B cell to produce opsonizing and comple-
ment fixing antibodies [3,4]. In contrast, Th2 lym-
phocytes, which produce IL-4, -5, -6 and -10, pro-
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Table 1 Characteristics of autoimmune pancreatitis [3-6,49,50]

Demographic Indices
Prevalence: 4.6-6.0% of chronic pancreatitis
Mean age: 59.1-59.4 years
Gender: Male preponderance (male/female ratio: 2:1)

Symptoms-Clinical Signs
No symptoms or only mild symptoms, frequently without acute attacks of 
pancreatitis
Obstructive jaundice (70-80%) 

Radiologic Imaging
Diffuse enlargement of the pancreas ("sausage-like") on ultrasonography, CT, or 

MRI images
Occasional tumor-like local swelling of the pancreas
Diffuse or segmental irregular narrowing of the main pancreatic duct on endo-

scopic retrograde cholangiopancreatography (ERCP) images
Rarely, pancreatic calcification or cysts

Laboratory findings
Elevated levels of serum or urinary pancreatic enzymes, and CA19-9
Abnormal pancreatic exocrine function
Hypergammaglobulinemia or increased levels of serum IgG (37-76%) 
Presence of autoantibodies [antinuclear antibody (ANA), anti-carbonic anhydrase 
antibody (ACA II), antilactoferrin antibody (ALF), anti-α-fodrin antibody (AFA), 
rheumatoid factor (RF), antismooth muscle antibody (ASMA), antineutrophil 
cytoplasmic antibody (ANCA)] (10-100%)

Histological findings
Fibrotic changes with infiltration of lymphocytes, plasma cells, and occasionally 

neutrophilic and eosinophilic granulocytes in the pancreas tissue
Occasional associated diseases

Other autoimmune diseases, such as Sjögren's syndrome, primary biliary 
cirrhosis or sclerosing cholangitis (12-60%)

Diabetes mellitus (type 1 and mainly type 2) (42-76%)
Effective steroid therapy

Usually effective for both the pancreas and biliary tract
Sometimes effective for diabetes mellitus



mote humoral and allergic responses [3,4]. Th1
cytokines may be critical in the induction and/or
maintenance of AIP whereas Th2 cytokines may be
implicated in disease progression [4]. Some AIP
patients associated with diabetes mellitus also show
evidence of autoimmune diabetes (type 1) by the
presence of autoantibodies against glutamic acid
decarboxylase, insulin, or tyrosine phosphatase-like
protein [50]. Cellular-mediated immune responses
may be implicated in the pathophysiology of
autoimmune diabetes induced by Th1 cell-mediated
apoptosis of insulin-producing β-cells [22].

The reported clinical and animal experimental
aspects might lead to the following proposed patho-
genetic sequence in AIP [3]: The first step in the
disease may be an antigenic alteration in pancreatic
ductal or acinar cells, such as the aberrant expres-
sion of HLA-DR. In turn, CD4+ T cells may recog-
nize the HLA class II complex and autoantigenic
peptides such as CA II, and act as helper or cytotox-
ic cells probably by inducing apoptosis. CD8+ T
cells may also act as cytotoxic cells.

This cell-mediated cytotoxic mechanism,
involved in the pathogenesis of AIP mostly via
apoptosis, appears to be reinforced by the following
pathological findings observed in patients with AIP:
(a) An intense inflammatory cellular infiltration
mainly localizes around the medium-sized and
large interlobular pancreatic ducts, but also
involves the other pancreatic structures (acini, ves-
sels, and nerves) [3,6,50]. The inflammatory infil-
tration consists mainly of lymphocytes and plasma
cells but also contains some macrophages and occa-
sionally neutrophilic and eosinophilic granulocytes
[4-6,50]. Immunocytochemical typing of the lym-
phocytes reveals that the majority of them are
CD4+ and CD8+ T lymphocytes, with fewer B lym-
phocytes [3,6,50]; (b) An increased expression of
the major antigen of histocompatibility type II
(HLA-DR) antigens is observed on the epithelial
cells of the pancreatic ducts, which normally do not
express these antigens, as well as on CD4+ T cells
[3,4,6]; (c) The infiltration may be primarily subep-
ithelial, with the epithelium only rarely being infil-
trated by lymphocytes [50]. It completely encom-
passes the ducts and may narrow their lumen by
infolding of the epithelium, often giving the lumen
a starlike structure [50]. The periductal and ductal
inflammation causes narrowing, obstruction and
sometimes destruction of ducts. Extension of the

inflammatory process to the acinar tissue leads to
its replacement by fibrosis caused by such process-
es as necrosis/apoptosis [10], and, finally, the lobu-
lar architecture of the pancreas is almost lost [50];
(d) In a proportion of cases the chronic changes in
the pancreas are overlain by "granulocytic-epithe-
lial" lesions of the ducts [50]. This acute inflamma-
tory component of AIP is characterized by focal
detachment, disruption, and destruction of the duct
epithelium due to invading neutrophilic and occa-
sionally also eosinophilic granulocytes, which may
also cluster immediately beneath the duct epitheli-
um [50]. Occasionally, the granulocytic infiltration
extends into the small intralobular ducts and acini
[50]. These findings suggest that leukocyte recruit-
ment and activation of the oxidative burst [55] may
contribute to the pathophysiology of AIP; (e) T cells
are involved in inducing apoptosis of acinar cells
[7,56]. In particular, CD4 T cells exert direct cyto-
toxic effects through Fas ligand (FasL) expression
[3], and FasL, TNF-α and TUNEL(+) apoptotic
cells have been detected among pancreas-infiltrat-
ing cells [9]. These remarks indicate that apoptosis
may be a key phenomenon in AIP.

Apoptosis and autoimmunity

Apoptosis, often synonymously used with the term
'programmed cell death', is considered a physiolog-
ical form of cell death that involves the active par-
ticipation of the dying cell in its demise [24,45,57].
Although apoptosis is equally important both for
the development and for the maintenance of home-
ostasis in some adult tissues, suppression, overex-
pression or mutation of a number of genes which
orchestrate the apoptotic process can also be associ-
ated with disease processes [45,57,58]. Focusing on
the immune system, programmed cell death is
required to destroy cells that represent a threat to
the integrity of the organism [57,58]. Examples
include: (a) cells infected with viruses. In this situ-
ation cytotoxic T lymphocytes (CTLs) execute
virus-infected cells by inducing apoptosis [45]; (b)
cells of the immune system. As cell-mediated
immune responses decline, the effector cells must
be removed to prevent them from attacking body
constituents. Therefore, CTLs induce apoptosis in
each other and even in themselves, thereby main-
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taining the homeostasis of the immune system
[57,58]. In this respect, programmed cell death
plays a key role in regulating the size of the lym-
phocyte pool at several stages of lymphocyte mat-
uration and activation [57,58]. Immature lympho-
cytes that do not express functional antigen recep-
tors undergo programmed death. After their matu-
ration, if lymphocytes never encounter antigens
they die by apoptosis. Even if lymphocytes are
activated by antigen, fractions of the progeny that
do not receive sufficient growth factors or sus-
tained stimulation also die [57,58]. During lym-
phocyte maturation and activation, fluctuations in
the levels of expression of Bcl-2 (acronym for the
B-cell lymphoma/leukemia-2 gene) or Bcl-xL
appear to correlate inversely with the susceptibil-
ity to apoptosis. Overexpression of Bcl-2 or Bcl-
xL leads to enhanced survival of immature lym-
phocytes and prolonged antibody responses
[57,58]. Conversely, knockout of Bcl-2 or BcI-xL
results in reduced survival of mature or immature
lymphocytes. It has also been suggested that the
long life span of memory lymphocytes may be
due to constitutive expression of Bcl-2 and/or
Bcl-xL. Unlike Bcl-2 and Bcl-xL, overexpression
of Bax protein induces cell death upon growth
factor withdrawal [58]. These proteins have been
proposed to regulate the apoptotic procedure
through both homo- and heterodimerization.
Notably, T lymphocytes' death involves a series of
proteases (caspases), which constitute the central
executioners of apoptosis [58]. Therefore, physio-
logical regulation of cell death is essential for the
removal of potentially autoreactive lymphocytes.
Defects in these apoptotic mechanisms are associ-
ated with autoimmune diseases such as rheuma-
toid arthritis, lupus erythematosus, inflammatory
bowel disease or possibly AIP [11,58]. In fact,
recent work has clearly demonstrated that dysreg-
ulation of apoptosis may underlie the pathogene-
sis of autoimmune diseases by allowing abnormal
autoreactive lymphocytes to survive, and the
inappropriate accumulations of activated T cells
seem to be involved in the pathogenesis and per-
petuate autoimmune disorders [58] including AIP
[8,11]. In addition, infectious agents
(bacteria/viruses) are considered as causative
agents in the induction of autoimmune diseases
[53,59]. In this regard, a strong association
between AIP and gastric ulcer disease has been

recently documented [11]. As H. pylori infection
is strongly associated with peptic ulceration of the
stomach [23], it is reasonable to propose that H.
pylori may act as a trigger infectious agent that
contributes to the pathophysiology of AIP.

Helicobacter pylori, autoimmunity
and apoptosis

Helicobacter pylori is a gram-negative, spiral,
flagellated bacterium with its large, circular chro-
mosome comprising more than 1400 genes [23].
The bacterium is one of the most genetically
diverse of all bacterial species that colonizes the
gastric mucosa of most humans worldwide, main-
ly affecting older male adults in the developed
world [60]. It has been estimated that more than
one half of the world's population is infected with
H. pylori. Helicobacter pylori infection is strong-
ly associated with peptic ulceration of both the
duodenum and the stomach [23]. Even though it
has been early suggested that nearly all duodenal
ulcers and most gastric ulcers were associated
with H. pylori infection, more recent studies sug-
gest that these early estimations were rather exag-
gerated. Nevertheless, perhaps 80% of the patients
who have duodenal ulcers are infected with the
organism, as are more than 60% of those with gas-
tric ulcers [23].

In this respect, recent studies reported a high
prevalence of gastric ulcer in patients with AIP
[11], which also appears to affect mainly older
male adults, thereby raising the possibility of an
association between H. pylori infection and AIP
[47]. This possibility is reinforced by a further
association of both H. pylori infection and AIP
with other autoimmune diseases including SjS,
PBC, PSC or AIH. As in the case of AIP, these H.
pylori related diseases are also characterized by
fibrotic and/or lymphoplasmacytic inflammations
[28,35-39] accompanied by aberrations of T cell
apoptosis that contribute to hepatobiliary- or
extrahepatic-tissue destruction [35,36,40-46].
Because H. pylori infection has now been implicated
in the pathogenesis and pathophysiology of the
above mentioned autoimmune disorders [27-31,33],
this organism might also trigger AIP mainly through
induction of autoimmunity and apoptosis [47].
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Gastric autoimmunity is well established in
patients with H. pylori infection associated with
induction of autoantibodies that cross-react with the
gastric mucosa [24,61]. The gastric H+/K+ ATPase
located in canaliculi of parietal cells appears to be a
target of this autoimmune response [61]. The pres-
ence of autoantibodies, in particular those directed
to parietal cells, correlates with histological and
clinical parameters of gastric mucosa atrophy.
Therefore, H. pylori autoimmunity may play a criti-
cal role in the pathogenesis of chronic atrophic gas-
tritis, a known risk factor for gastric ulceration or
cancer [23,62]. It has been suggested, that molecular
mimicry between H. pylori and the host on the level
of Lewis x and y blood group antigens leads to the
development of these autoantibodies [61].
Helicobacter pylori lipopolysacchararide (O-anti-
gen region) expresses Lewis x and/or y blood group
antigens in mimicry with human gastric epithelial
cells. Mimicry may have two diverging roles in the
pathogenesis of gastric mucosa injury. Infection
may break tolerance and anti-Lewis antibodies may
be induced to bind to gastric mucosa and cause dam-
age probably by apoptosis. Secondly, mimicry may
cause "invisibility" of the pathogen to the host, thus
aiding persistence of infection [61]. It is relevant to
note that H. pylori infection is associated with the
synthesis of parietal cell autoantibodies, which, after
eradication of the infection, persist and contribute to
the recurrent antral chronic gastritis and intestinal
metaplasia. Moreover, serum parietal cell autoanti-
bodies are correlated with anti-H. pylori antibody
titers [61]. Therefore, the serological titer of anti-H.
pylori seems to reflect the autoimmunity status that
correlates with gastric mucosal atrophy. This con-
cept is further supported by the evidence indicating
that the serological titer of anti-H. pylori IgG has
been found to correlate with the histological grading
of gastritis in patients with ulcer and non-ulcer dys-
pepsia. Thus, the titer of H. pylori serology may
indirectly offer evidence of the severity of histolog-
ical inflammatory changes [61].

Interestingly, molecular mimicry of host struc-
tures by constituents (such as the saccharide portion
of lipopolysaccharides) of H. pylori is thought to be
connected with the development of autoimmune
sequelae in autoimmune neuropathies [23,61,63],
PBC [28,29] or possibly AIP, that induce apoptotic
damage of neurons [23,61,63], liver tissue
[40,42,43], or pancreatic tissue. Support for this the-

ory is provided by reports showing that there is a
positive association between the titer of anti-H.
pylori antibodies and the titer of anti-pyruvate dehy-
drogenase antibodies in patients with PBC, and H.
pylori infection could induce autoimmune responses
in the development of both PBC and atrophic corpus
gastritis [29]. Of note, apoptosis is a mechanism for
cell surface expression of the autoantigen pyruvate
dehydrogenase complex in patients with PBC [64].
Moreover, PBC patients positive for H. pylori have
significantly higher values of alkaline phosphatase
and prothrombin complex [28], indices reflecting
liver tissue destruction. The most likely mechanism
for the role of this organism is via molecular
mimicry autoimmune sequelae. Future studies, how-
ever, are needed to support the hypothesis that the
presence of IgG antibodies to H. pylori may
adversely influence the pathophysiology of AIP [47]
and other related autoimmune diseases.

Bacterial heat shock proteins (Hsps), particularly
Hsp-60 or Hsp-70 of H. pylori, may represent major
target antigens responsible for molecular mimicry
causing autoreactivity between H. pylori and the
host's immune gastric tissue. Due to the wide
homology between bacterial Hsps and the mam-
malian counterparts, the humoral and/or cellular (T-
cell) response against these proteins has been pro-
posed to influence the pathogenesis of autoimmune
diseases [23,61]. There is evidence that the presence
of increased serum autoantibodies against Hsps may
have pathogenetic importance by facilitating apop-
totic cell death [61]. Because Hsps are recently
being discussed as promising candidates for subunit
vaccines, efforts to rule out the possibility or to
demonstrate that H. pylori Hsps can trigger autoim-
mune mechanisms leading to autoimmune disorders
such as SjS [23,61] or possibly AIP [47], and other
autoimmune and vascular disorders must be consid-
ered.

Current studies indicate that apoptosis is a mech-
anism of cell death in several important H. pylori-
associated upper gastrointestinal disorders and/or
extraintestinal diseases, including autoimmune enti-
ties such as SjS, PBC, PSC, AIH [40-44] and possi-
bly AIP [47]. Helicobacter pylori infection is asso-
ciated with significant gastric epithelial cell damage
including an increased level of apoptosis [61]. It also
induces apoptosis of fibroblasts and smooth muscle
cells in lamina propria. These alterations may be
affected by exaggerated acid secretion, decreased
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mucus protecting factors, and result in ulcer for-
mation. In particular, H. pylori is found to change
the expression of genes encoding growth factors,
cytokine/chemokines and their receptors, apopto-
sis proteins, transcription factors, metallopro-
teinase-disintegrin proteins and tissue inhibitors of
metalloproteinases that contribute to the pathogen-
induced gastrointestinal and extradigestive disor-
ders [61]. Helicobacter pylori infection leads to
injury and cellular infiltration of T lymphocytes of

the gastric epithelium by inducing activation of
apoptotic surface markers on human lymphocytes
and gastric epithelial cells and/or gastric adenocar-
cinoma cell lines. Moreover, H. pylori appears to
upregulate the expression of HLA class II (HLA-
DR) molecules on gastric epithelial cells and to
induce their apoptosis probably through activation
of T cells [61]. Gastric epithelium, in particular,
may acquire antigen-presenting cell (APC) prop-
erties in H. pylori infection through de novo
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Fig. 1 Schematic presentation of the proposed pathophysiological mechanisms by which Helicobacter
pylori infection might contribute to autoimmune pancreatitis (CA-II, carbonic anhydrase type II antigens;
ACA-II, anticarbonic anhydrase II antibody; LF, lactoferrin; ALF, antilactoferrin antibody; TLs, T lympho-
cytes; IFN-γ, interferon-γ; anti-Hsps, antibodies against heat shock proteins; ROMs, reactive oxygen
metabolites)
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expression of HLA-DR and co-stimulatory
molecules. Macrophages in the lamina propria
may also act as APC in the H. pylori-infected gas-
tric mucosa. Helicobacter pylori possesses viru-
lent factors promoting colonization (urease) that
bind to class II major histocompatibility complex
on gastric epithelial cells and induce their apopto-
sis [61]. On the other hand, elimination of H.
pylori is associated with attenuation of HLA-DR
expression on gastric epithelial cells and remission
of mucosal inflammation. Taken together, these
data support the interplay between H. pylori and
epithelial cells in the course of H. pylori-mediated
apoptotic gastropathy [61].

There is evidence suggesting that immune-medi-
ated gastric epithelial cell apoptosis through
Fas/FasL interactions participates in H. pylori dis-
ease pathogenesis [61]. Fas expression is abundant-
ly increased on fundic gland epithelium, and FasL is
detected on lamina propria mononuclear cells in H.
pylori-infected mucosa, indicating that T cell-medi-
ated cytotoxicity via Fas/FasL signaling may con-
tribute to the induction of apoptosis in gastric
epithelial cells during H. pylori infection. In partic-
ular, wild-type H. pylori strains increase Fas protein
expression, and H. pylori-induced apoptosis
involves the Fas/caspase cascade. Indeed, caspases -
8, -3 and -7, are activated time-dependently by H.
pylori as well as by the agonist anti-Fas [61].
Virulence factors possessed by H. pylori that induce
tissue damage [lipopolysaccharide (LPS)] activate
Fas/FasL-mediated caspase-8 release, and moreover
stimulate cytochrome c release from the mitochon-
dria, and subsequently activate caspases -9 and -3,
leading to apoptosis, thereby suggesting that cas-
pase-8 and mitochondria may play crucial roles in
H. pylori LPS-induced apoptosis and that this accel-
erated apoptosis may be involved in abnormal cell
turnover of H. pylori-infected gastric mucosa [61].
Additional studies also suggest that H. pylori-
induced apoptosis in gastric epithelial cells is medi-
ated by altered expression of the products of the Bcl-
2 and Bax (increased expression of proapoptotic
Bax and decreased expression of antiapoptotic Bcl-
2) [61]. From another point of view, recent data sug-
gest that the water-soluble surface proteins of H.
pylori suppress neutrophil apoptosis. This may be
caused by the suppression of FasL expression in
neutrophils and Fas/FasL and TNF-Receptor1
expression on the surface of neutrophils.

Helicobacter pylori water extracts also suppress the
activation of caspases -8 and -3, and upregulate the
expression of antiapoptotic Bcl-xL mRNA and pro-
teins in neutrophils. The resulted prolongation of
neutrophil life span could, in turn, contribute to the
pathogenesis of H. pylori infection [55,61]. In addi-
tion, the longer survival of polymorphonuclear
leukocytes (PMNL), induced by H. pylori LPS that
suppresses spontaneous PMNL apoptosis, may also
increase gastric epithelium injury in H. pylori-asso-
ciated diseases, since longer survival and activation
of PMNL provide a major source of reactive oxygen
metabolites, which can cause tissue damage mainly
in the absence of antioxidants [61].

As in the case of H. pylori infection, comparable
T cell-mediated apoptotic signals and granulocyte
recruitment and activation of the oxidative burst also
contribute to the pathogenesis of AIP
[3,4,7,9,10,50,56]. Therefore, in the perspective of
the above-mentioned data, it is reasonable to suggest
that, apart from the induction of autoimmunity, H.
pylori might trigger AIP through a variety of apop-
totic signals [47].

Finally, microcirculatory changes, including
vasoconstriction, capillary stasis, decreased oxygen
saturation, and progressive ischemia, could lead to
local microcirculatory failure, vascular permeability,
edema of the gland and amplification of the pancre-
atic injury [65]. Apart from reactive oxygen metabo-
lites, active granulocytes and macrophages release
proinflammatory cytokines (TNF, IL -1, -6 and -8),
arachidonic acid metabolites (prostaglandins,
platelet-activating factor and leukotrienes), prote-
olytic and lipolytic enzymes; these substances also
interact with the pancreatic microcirculation to aug-
ment vascular permeability, which induces thrombo-
sis and hemorrhage and leads to pancreatic necrosis
[65]. Helicobacter pylori infection could exacerbate
these events by promoting platelet and platelet-
leukocyte aggregation, releasing large amounts of
proinflammatory and vasoactive substances, such
endothelin-1 (a potent constrictor of arterioles and
venules), cytokines (IL -1, -6, -8, TNF-α),
eicosanoids (leukotrienes, prostaglandins) or stimu-
lating mononuclear cells to induce a tissue factor-
like procoagulant activity that converts fibrinogen
into fibrin [24,60,61,66].

In conclusion, we can consider that various
autoimmune and apoptotic sequelae induced by H.
pylori appear to influence the pathophysiology of
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AIP, thereby suggesting an underlying link between
H. pylori infection and AIP. If eradication of H.
pylori infection may indirectly offer benefit to the
AIP patients by ameliorating the autoimmune seque-
lae and the apoptotic loss of duct cells and/or acinar
pancreatic cells, remains to be elucidated.
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