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Introduction

Recent studies suggested the existence of two subtypes of
autoimmune pancreatitis (AIP) [1-5]: type 1 AIP (IgG4-
related pancreatitis as the pancreatic manifestation of IgG4-
related disease (IgG4-RD)) and type 2 AIP (idiopathic
duct-centric chronic pancreatitis or AIP with a granulocytic
epithelial lesion). The characteristic features of type 1 AIP
are swelling of the pancreas, increased serum IgG4 levels,
abundant infiltration of IgG4+ plasmacytes with storiform
fibrosis, obliterative phlebitis, and other organ involvements
(OOiIs) such as sclerosing cholangitis, sclerosing sialadeni-
tis, and retroperitoneal fibrosis [4, 6]. The OOIs appear syn-
chronously or metachronously with the pancreatic lesion(s),
share the same pathological conditions, and show favor-
able response to steroid therapy [7]. The lesions are usu-
ally detected by imaging and blood tests (CT, MRI, gallium
scintigraphy, FDG-PET, and IgG4); however, these should
be confirmed by histological findings. The OOIs sometimes
mimic, or are misdiagnosed as, primary lesions of the cor-
responding organs: lachrymal and salivary gland lesions for
Sjogren’s syndrome, respiratory lesions for sarcoidosis, and
sclerosing cholangitis for primary sclerosing cholangitis
(PSO) [7, 8].

On the other hand, type 2 AIP, extremely rarely observed
in Japan, is not associated with either serum IgG4 eleva-
tion or with OOIs seen in LPSP. Type 2 AIP has swelling
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of the pancreas, but none or very few IgG4-positive plasma
cells and clinical features show a distinctly different profile
associated with no biomarkers such as serum IgG4, IgG, and
autoantibodies, or OOIs except for inflammatory bowel dis-
ease [1, 4]. Different from type 1 AIP, very few studies of
pathogenic mechanisms in type 2 AIP have been reported
except for deposition of C3c and IgG at the basement mem-
brane of pancreatic ducts and acini, which suggests immune
complex-mediated destruction of ducts and acini in type 2
AIP [9]. In this chapter, recent advances in the pathophysiol-
ogy of type 1 AIP are mainly mentioned.

Immunogenic Backgrounds

Based on immunogenic backgrounds, abnormal condi-
tions of immune responses may be involved in the devel-
opment of AIP [8]. However, immunogenic factors have
been in a few series, mainly from Asian countries, and
then not conclusive. As type 2 AIP is rare in Asia, these
data are deemed to reflect immunogenic factors in type 1
AIP. Susceptibility to AIP may be associated with the
class II antigen of the major histocompatibility complex
(MHC), polymorphism of nuclear factor (NF)-kB, and
Fc-receptor-like (FCRL) 3 genes expressed on B cells
[10, 11]. Two studies of HLA association with AIP have
been reported from the Japanese [10] and Korean group
[11]. In the Japanese patients with AIP, HLA haplotype
DRB1*0405-DQB1%0401 (class IT) and ABCF1 proximal
to C3-2-11, telomeric of HLA-E (class I) are susceptibil-
ity to AIP, but not in the Korean patients. However, sub-
stitution of aspartic acid to nonaspartic acid at DQP1 may
be a predictive factor for relapse of AIP in Korean patients
[11]. FCRL3 polymorphisms are linked to various auto-
immune diseases, such as rheumatoid arthritis, autoim-
mune thyroid disease, and systemic lupus erythematosus
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(SLE) in the Japanese population [12, 13]. However,
Fc-receptor-like 3 gene polymorphisms is not correlated
with the DRB1*0405-DQB1*0401 haplotype, suggest-
ing that while both are related to AIP susceptibility in the
Japanese population, they are part of distinct underlying
mechanisms of disease development [12, 13].

Innate immunity is important in the development of
acquired immunity or autoimmune diseases. Although
polymorphisms in toll-like receptor (TLR)-4 gene have
been linked with several autoimmune and allergic dis-
eases, it seems not to play an important role in AIP [14].
On the other hand, an inhibitory molecule, cytotoxic T
lymphocyte antigen-4 (CTLA-4; CD152) expressed on the
activated memory T cells and CD4+CD25+ regulatory
T cells (Tregs) was independently reported as a suscepti-
bility factor for AIP in the Taiwanese [15] and Japanese
population [16]. CTLA-4 acts as a negative regulator of
T-cell responses by competing with the CD28 molecule
for engagement with the B7 molecules CD80 and CD86
on antigen-presenting cells [17]. Umemura T et al. [16]
reported that the 3’ untranslated region of CTLA-4+ 6230
SNP plays a pivotal role for both susceptibility (+6230G/G
genotype) to and protection (haplotype of the +6230A
allele) from AIP, while exon 1+49 SNP is not associated
with AIP in the Japanese patients. They also found that
+49A/A or +6230A/A genotypes may be associated with
the recurrence of the disease, which is observed in Graves’
disease, type 1 diabetes, and clearance of hepatitis B virus
[16]. On the other hand, Chan MC et al. [15] have reported
that CTLA-4 SNPs have shown significantly higher frequen-
cies of the +49G allele in patients with AIP than in controls,
but not with other subtypes of chronic pancreatitis. TNF-
alpha promoter 863A was significantly associated with
higher risk of AIP. Racial and geographical differences may
be associated with SNPs of the different locus of CTLA-4
[15]. Soluble isoform of CTLA4 (sCTLA4) is reported to
be elevated in patients with autoimmune diseases, such as
autoimmune thyroid disease, SLE, and myasthenia gravis
[17]. Therefore, the SCLTA4 molecule may have a dual
role of maintaining self-tolerance and enhancing immune
responses by blocking the interaction of CD80 on antigen-
presenting cells and CTLA4 on T cells.

Innate Immunity

Recently, abnormal innate immunity has been demon-
strated in type 1 AIP. Activation of NOD-2 and TLR
ligands on monocytes or basophils from patients with
type 1 AIP enhances IgG4 production by B cells through
signaling pathways mediated by B-cell-activating factor
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family (BAFF) and IL-13 and thereby induce systemic
IgG4 responses [18, 19]. Although specific microorganisms
still remain unclear, several candidates have been reported.
Molecular mimicry among microbes and target antigens
may be a possible mechanism to break down immune toler-
ance. The hypothesis is based on the concept that infectious
agents share one or more epitopes with self-components
or infectious agents cause bystander activation of immune
cells with autoaggressive potential [20-23]. Guarneri and
colleagues showed significant homology between human
CA-II and alpha-CA of H. pylori, a fundamental enzyme
for bacterial survival and proliferation in the stomach [21].
Moreover, the homologous segments contain the binding
motif of DRB1*0405, which confers a risk for AIP devel-
opment [21]. The plasminogen-binding protein (PBP) pep-
tide newly identified in European patients with AIP shows
homology with an amino acid sequence of PBP of H. pylori
and with ubiquitin-protein ligase E3 component n-recognin
2 (UBR2), an enzyme highly expressed in acinar cells of
the pancreas [20], while European patients with AIP did
not necessarily show LPSP as the typical histopathology in
IgG4-related diseases. These findings suggest that gastric
H. pylori infection might trigger AIP in genetically predis-
posed subjects. Although no previous data of viral factors in
human IgG4-RD, animal models suggested possible roles of
the innate immune system in the development of immune-
mediated cholangiopancreatitis and sialadenitis through
activation of TLR3/TLR4 by infiltrating pathogen-associ-
ated molecular patterns (PAMP) and/or antigen(s) derived
from virus or commensal bacteria in addition to virulent
bacteria [24-26].

Possible Roles of IgG4 in Type 1 AIP

Although the association of IgE-mediated allergy and IgG4
antibodies is well known, IgG4 characteristics are still poorly
understood. IgG4 is involved in an immune process referring
to as “Fab-arm exchange,” which is a swapping of a heavy
chain and attached light chain (half-molecule) with a heavy-
light chain pair from another molecule; this usually results in
asymmetric antibodies with two different antigen-combining
sites (Fig. 3.1a) [27]. While these modified antibodies are het-
erobivalent, they behave as monovalent antibodies. Another
aspect of IgG4 is that it mimics IgG rheumatoid factor (RF)
activity by interacting with IgG, namely, Fc-mediated aggre-
gation (Fig. 3.1b) [28]. IgG4 seems to be associated with a
pathogenic effect in a few situations. In pemphigus, recog-
nition of skin autoantigens (desmogleins) by IgG4 is at the
origin of the disease process [29]. A most recent study of
structural determinants of human IgG4-Fc using crystalliza-
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tion suggested that Fc-Fc interactions are compatible with
intact IgG4 molecules and may provide a model for the for-
mation of aggregates of IgG4 that can cause disease pathol-
ogy in the absence of antigen [30].

Another recent data on regulating IgG4 showed that
IgG4-related diseases may reflect an excessive production
of anti-inflammatory cytokines such as IL-10 that triggers
an overwhelming expansion of IgG4-producing plasma
cells [31-35]. Increased peripheral inducible memory
Tregs are positively correlated with serum levels of IgG4
[33]. In addition, prominent infiltration of Tregs upregu-
lated IL-10 in livers of patients with IgG4-SC [31]. These
findings suggest that IgG4 do not act as a pathogenic fac-
tor nor as an anti-inflammatory factor in IgG4-RD. Further
studies are necessary to clarify the precise role of IgG4 in
IgG4-RD.

The Complement System

Patients with active stage of AIP occasionally show
decreased complement (C3, C4) with elevated circulating
immune complex as well as serum levels of IgG4 [36]. Both
tubulointerstitial nephritis (TIN) and membranous glomeru-
lonephritis are often observed in IgG4-related kidney dis-
ease (IgG4-KD), and deposition of immune complex (IgG

Classical rheumatoid factor (CRF)

and C3) was observed on the tubular basement membrane
as well as the glomerular basement membrane [37, 38]. As
the complements cannot connect at the Fc portion of IgG4,
the classical pathway of complement activation through
IgG1 may be involved in the development of AIP rather
than mannose-binding lectin or alternative pathways through
IgG4 [39]. Moreover, IgG4 bound to other isotype such as
IgG1, IgG2, and IgG3 with an Fc-Fc interaction immune
complex in patients with AIP [28], and then IgG4 may con-
tribute to the clearance of immune complexes or termination
of the inflammatory process by preventing the formation of
large immune complexes with blocking Fc-mediated effector
functions of IgG1.

Autoantibodies and Candidate of Target
Antigens

Patients with type 1 AIP generally show several autoantibod-
ies in addition to increased IgG and IgG4 [8]. Although some
patients have nonspecific antibodies such as antinuclear anti-
body (ANA), there is scarcely association of IgG4-RD and
well-known autoimmune diseases such as Sjogren’s syn-
drome and SLE. From the view of IgG4 function, a big mys-
tery whether IgG4-related disease is autoimmune or allergic
disease is addressed. However, occasional coexistence of
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OOIs leads us the concept that there may be common target
antigens in the involved organs such as the pancreas, salivary
gland, biliary tract, lung, renal tubules, and so on. Although
the disease-specific antibodies have not been identified at
this moment, several disease-related antibodies such as anti-
lactoferrin (LF) [40, 41], anti-carbonic anhydrase (CA)-II
[40-43], anti-CA-IV [44], anti-pancreatic secretory trypsin
inhibitor (PSTI) [45], anti-amylase-alpha [46], anti-HSP-10
[47], and anti-plasminogen-binding protein (PBP) peptide
autoantibodies [20] have been reported. Although the patients
show increased serum levels of IgG4, the major subclass of
these autoantibody is not necessarily IgG4, but often IgG1
[45]. CA-II, CA-IV, LF, and PSTI are distributed in the duc-
tal cells of several exocrine organs, including the pancreas,
salivary gland, biliary duct, lung, and renal tubules [40, 41].
Although all peptides have not been studied, immunization
with CA-II or LF-induced systemic lesions such as pancre-
atitis, sialadenitis, cholangitis, and interstitial nephritis in the
mice models similar to human IgG4-related diseases [48,
49]. The high prevalence of these antibodies suggests that
these may be the candidates for the target antigens in type 1
AIP. Among the involved organs in IgG4-RD, recent stud-
ies suggest an extremely high association of pancreatic and
biliary lesions [50]. As both peribiliary glands in the biliary
tract and pancreatic duct glands associated with pancreatic
ducts in human are intermingled with small amounts of pan-
creatic exocrine acini [51], and the biliary tree-derived stem
cells constitute a pancreatic organogenesis in mice [52],
Nakanuma et al. have proposed a new concept of the “biliary
diseases with pancreatic counterparts” [53], in which targets
of type 1 AIP and IgG4-SC may be periductal glands around
the bile and pancreatic ducts.

Diabetes mellitus is complicated with 43~68 % of the
patients with AIP, but autoantibodies against glutamic acid
decarboxylase, beta-cell, or tyrosine phosphatase-like pro-
tein associated type 1A DM are rarely observed [54]. These
findings suggest that islet cells may not be targeted in the
development of DM associated with AIP.

Role of B Cells

In addition to steroid and immune modulators, the B-cell
depletion by rituximab, which reduces only IgG4, but not
IgG1, IgG2, or IgG3, is useful in the therapeutic strategy
in IgG4-RD [55, 56]. A recent study showed expansion of
IgG4+ B-cell receptor (BCR) clones in blood and tissue
of patients with active IgG4-cholangiopathy, and disap-
pearance by corticosteroid treatment [57]. A recent study
showed that the increased CD19*CD24hie"CD38Meh Bregs
may suppress the disease activity of type 1 AIP, whereas the
decreased CD19*CD24"ehCD27+ Bregs might be involved in
the development of type 1 AIP [58]. These findings suggest
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that specific B-cell responses may have a pivotal role in the
pathogenesis of IgG4-RD such as type 1 AIP and IgG4-SC.

Th1 and Th2 Immune Balance

The effector cells in IgG4-related diseases have been poorly
understood. Presence of autoantibodies; infiltration of
CD4+/CD8+T cells, plasmacytes, and B cells; and expres-
sion of HLA-DR antigens in the pancreas [41] suggest that
acquired immunity may be involved in the development of
AIP. The CD4 +T cells differentiate from naive T cells (ThO)
to Thl, Th2, Th17, and regulatory T cells (Treg). IL-12
induces Thl cells, which produce IL-2, tumor necrosis factor
(TNF)-alpha, and IFN-gamma; mediate cellular immunity,
macrophage activation, and cytotoxicity; and help in B-cell
production of opsonizing and complement-fixing antibod-
ies [54]. IL-4 induces Th2 cells which produce IL-4, IL-5,
IL-6, and IL-10 and promote humoral and allergic responses
[59]. TGF-beta, IL-6, IL-21, and IL-23 induce Th17 cells,
which secret IL-17 and may be involved in the inflammation
in mice. In some patients with AIP, Thl cells but not Th17
cells are predominant over Th2-type cells in the periphery. In
the livers of IgG4-SC patients, however, a Th2-type immune
reaction [60, 61] is induced in addition to a Thl response
[60, 62]. The discrepancy may be explained by the shift of
Th2 cells from the periphery to local tissues or different dis-
ease stages. The mouse model with depletion of Tregs by
neonatal thymectomy (nTx) [62] and the WBN/Kob model
(Sakaguchi et al. 2002) support the hypothesis that Thl
cells mainly act as effectors in the initial early stage. Th2
cytokines may be involved in the progression of the disease
process, especially the maturation and proliferation of local
B cells and plasmacytes.

Regulatory T Cells

From naive ThO cells, TGF-beta can induce CD4*CD25*
regulatory T cells (Tregs), which have potent inhibitory
function via the transcription factor Foxp3 to CD4* T-cell-
mediated immune responses such as Thl, Th2, and Th17
[61]. This suppressive function is mediated by transform-
ing growth factor B (TGF-B) and IL-10, and/or cell-to-cell
contact via ligation of CTLA-4. Foxp3 is a member of the
forkhead/winged-helix family of transcriptional regulators
and functions as the master regulator in the development and
function of CD4+*CD25* regulatory T cells (Tregs) classified
as naturally occurring CD4*CD25* Tregs (nTregs) originat-
ing in the thymus and adaptive Tregs (aTregs) induced in
the periphery by different antigens [63]. As Tregs expressing
Foxp3 are critical in the transfer of immune tolerance, defi-
cient Tregs induce various autoimmune diseases in animal
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Fig. 3.2 Hypothesis for the pathogenesis of type 1 AIP as an IgG4-
related disease (With permission from the publisher of Okazaki et al.
[8]). In the central tolerance, naive and natural regulatory T cells (Tregs)
derived from the thymus suppress autoreactive CD4 or CDS cells in the
normal state. The basic concept is the biphasic mechanism of “induc-
tion” and “progression.” An initial response to unknown disease-spe-
cific antigens including self-antigens (LF, CA-II, CA-1V, and PSTI) or
microorganisms (bacteria or virus) might be induced by decreased
naive Tregs and/or CD19*CD24"CD38" Bregs followed by a Thl-type
immune response with the release of proinflammatory cytokines

studies [64]. In type 1 AIP, circulatory naive (CD45RA+)
Tregs are significantly decreased in the peripheral blood,
whereas memory (CD45RA-) Tregs are significantly
increased [33]. In addition, prominent infiltration of Tregs
with upregulation of IL-10 is observed in the liver of type
1 AIP and IgG4-SC patients [31, 32]. Moreover, IL-10 and
TGF-beta are secreted from ICOS+ and ICOS- inducible
aTregs, respectively. These findings suggest that increased
memory Tregs in the periphery and local tissues may be an
inhibitory immune response against inflammation, although
decreased naive Tregs may be pathogenic.

Hypothesis for the Pathogenesis
of Type 1 AIP

The neonatally thymectomized (nTx)-BALB/c mice mod-
els showed that immunization with CA-II or LF can induce
pancreatitis, cholangitis, and sialadenitis similar to human
IgG4-RD [62]. These findings suggest that depletion of naive
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(IFN- vy, IL-1beta, IL-2, TNF-a). In progression, Th2-type immune
responses producing IgG, IgG4, and autoantibodies may be involved in
pathophysiology. Production of IgG4 may be upregulated by increased
IL-10 from ICOS+ inducible aTregs and CD19*CD24"CD27" Bregs
and BAFF from monocytes and/or basophils. Fibrosis may be induced
by TGF-beta secreted from ICOS- inducible aTregs. i7reg inducible
memory regulatory T cell, TE effector T cell, nTreg naturally occurring
naive regulatory T cell, BAFF B-cell-activating factor family, Breg reg-
ulatory B cell, /COS inhibitory costimulatory molecule

Tregs may induce macrophage/T-cell activation and further
proinflammatory reactions may occur during the early stage
of the disease as direct cytotoxicity effects through Fas ligand
expression. WBN/Kob rat models with congenital decreased
peripheral Tregs spontaneously develop sclerotic cholangi-
tis, sialadenitis, thyroiditis, and tubulointerstitial nephritis
[65]. These animal models suggest that CD4+/CD8+ T cells
play major roles in the development of primary lesions simi-
larly to human IgG4-related diseases; however, the counter-
part of IgG4 in mice IgG subclasses has not been identified.

Based on these findings, we proposed the pathogen-
esis of type 1 AIP [8] (Fig. 3.2). The basic concept is the
biphasic mechanism of “induction” and “progression.”
An initial response to unknown disease-specific antigens
including self-antigens (LF, CA-II, CA-IV, and PSTI) or
microorganisms (bacteria or virus) might be induced by
decreased naive Tregs and/or CD19*CD24"CD38" Bregs
followed by a Thl-type immune response with the release
of proinflammatory cytokines (IFN-y, IL-lbeta, IL-2,
TNF-a). In progression, Th2-type immune responses
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producing IgG, IgG4, and autoantibodies may be involved

in

pathophysiology. Production of IgG4 may be upregu-

lated by increased IL-10 from ICOS+ inducible aTregs and
CD19+*CD24MCD27" Bregs and BAFF from monocytes
and/or basophils. Fibrosis may be induced by TGF-beta
secreted from ICOS-inducible aTregs.

Conclusion

Recent advances support the concept of AIP and subtypes,
type 1 and type 2 AIP. Type 1 AIP is a pancreatic manifes-
tation of IgG4-RD. Although the pathogenic mechanism
remains unclear, innate and acquired immunity, Tregs,
and B cells may be involved in the development of type
1 AIP. Further studies are necessary to clarify the patho-
genesis including genetic backgrounds, disease-specific
antigens, and the role of IgG4.
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