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Abstract
Autoimmune pancreatitis (AIP) is a recently discovered 
form of pancreatitis and represents one of the diseases 
of the pancreas which can be cured and healed medi-
cally. International consensus diagnostic criteria have 
been developed, and the clinical phenotypes associat-
ed with the histopathologic patterns of lymphoplasma-
cytic sclerosing pancreatitis and idiopathic duct-centric 
pancreatitis should be referred to as type 1 and type 2 
AIP, respectively. Most importantly, in type 1 AIP, the 
pancreatic manifestations are associated with other ex-
trapancreatic disorders, resembling an immunoglobulin 
G4 (IgG4)-related disease. In addition, the pancreas of 
a patient with AIP is often infiltrated by various types 
of immune cells; the cluster of differentiation (CD) 4 
or CD8 T lymphocytes and IgG4-bearing plasma cells 
have been found in the pancreatic parenchyma and 
other involved organs in AIP and factors regulating 
T-cell function may influence the development of AIP. 
From a genetic point of view, it has also been reported 
that DRB1*0405  and DQB1*0401  mutations are signifi-
cantly more frequent in patients with AIP when com-
pared to those with chronic calcifying pancreatitis, and 
that only DQB1*0302  had a significant association with 
the relapse of AIP. Finally, it has been found that the 

polymorphic genes encoding cytotoxic T lymphocyte-
associated antigen 4, a key negative regulator of the 
T-cell immune response, are associated with AIP in a 
Chinese population. Even if these data are not concor-
dant, it is possible that physiological IgG4 responses 
are induced by prolonged antigen exposure and con-
trolled by type 2 helper T cells. We reviewed the cur-
rent concepts regarding the pathophysiology of this 
intriguing disease, focusing on the importance of the 
humoral and cellular immune responses.
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Core tip: Autoimmune pancreatitis (AIP) is a recently 
discovered form of pancreatitis and represents one of 
the diseases of the pancreas which can be cured and 
healed medically. Two types of AIP have been recog-
nized: type 1 (usually associated with other extrapan-
creatic disorders) and type 2. The pancreas of a patient 
with AIP is often infiltrated by various types of immune 
cells, including cluster of differentiation 4-positive T cells 
and granulocytes in type 2 AIP or immunoglobulin G4 
-producing plasma cells in type 1 AIP. We reviewed the 
current concepts regarding the pathophysiology of this 
intriguing disease, focusing on the importance of the 
humoral and the cellular immune responses.
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of  pancreatitis and represents one of  the diseases of  the 
pancreas which can be cured and healed medically[1]. In 
recent years, several diagnostic criteria have been devel-
oped, such as those coming from Japan, South Korea, 
the United States and Italy[2]. The Japanese criteria are 
mainly based on radiological appearance while, in addi-
tion to imaging, the American and South Korean criteria 
are based on extra-pancreatic organ involvement and 
response to steroids, and the Italian diagnostic criteria 
are based on pathological findings. International consen-
sus diagnostic criteria have subsequently been developed 
and, although a complete  consensus has not yet been 
achieved, most experts agreed that the clinical pheno-
types associated with the histopathologic patterns of  
lymphoplasmacytic sclerosing pancreatitis (LPSP) [Auto-
immune pancreatitis (AIP) without granulocytic epithe-
lial lesions (GELs)] and idiopathic duct-centric pancre-
atitis (IDCP) (AIP with GELs) should be referred to as 
type 1 and type 2 AIP, respectively[3]. The main charac-
teristics of  the two types of  AIP are reported in Table 1. 
This will allow additional study of  and the identification 
of  specific markers of  both forms of  AIP; at present, 
the disease associated with IDCP can be definitively di-
agnosed only by histological examination since steroid 
trials cannot differentiate diseases associated with LPSP 
from those associated with IDCP. Type 1 AIP predomi-
nantly in Japan[4-6] whereas type 2 AIP was proposed and 
developed predominantly in Europe on the basis of  its 
histopathological features[7]. Most importantly, in type 1 
AIP the pancreatic manifestation is associated with other 
extrapancreatic disorders resembling an immunoglobulin 
G4 (IgG4)-related disease (IgG4-RD)[8,9]. We reviewed 
the current concepts regarding the pathophysiology of  
this intriguing disease, focusing on the importance of  
the humoral and the cellular immune responses.

Pathogenesis
Although both subtypes undergo remission when treated 
with corticosteroids[10,11], there is little agreement regard-
ing their pathogenesis. The categorization of  AIP as an 
autoimmune disorder is based on the observation that 
the disease is associated with the infiltration of  immune 
cells into pancreatic tissue, and that the disease dramati-
cally responds to steroid therapy. The pancreas of  a 
patient with AIP is often infiltrated by various types of  
immune cells, including cluster of  differentiation (CD) 
4-positive T cells and granulocytes in type 2 AIP or 
IgG4-producing plasma cells and B-lymphocyte antigen 
CD20 in type 1 AIP[12].

Serum immunological features
Even if  high circulating serum IgG4 levels have been 
proposed as a marker of  AIP with good accuracy in 
differentiating between AIP and the overall controls, 
pancreatic cancer and other autoimmune diseases[13], 
other substances have also been reported in AIP. Hyper-

gammaglobulinemia has been reported with a frequency 
ranging from 37% to 76%[1]. Levels of  autoimmune 
antibodies, including antinuclear antibody, anticarboan-
hydrase 2, antismooth muscle antibody, antihuman lac-
toferrin and rheumatoid factor and pancreatic secretory 
trypsin inhibitor may all be elevated in a varying propor-
tion of  patients[1]. Higher concentrations of  circulating 
leptin[14] as well as high levels of  peptide AIP1-7 which 
showed homology with an amino acid sequence of  the 
plasminogen-binding protein of  Helicobacter pylori and 
with ubiquitin-protein ligase E3 component n-recognin 
2, an enzyme highly expressed in acinar cells of  the pan-
creas have been also reported[15]. However, it is unclear 
whether the formation of  these antibodies constitutes a 
pathogenetic event or whether they represent an associ-
ated epiphenomenon of  AIP[16-18]. From a practical point 
of  view, only IgG4 seems to be an interesting molecule 
for understanding the pathophysiology of  type 1 AIP 
whereas altered cellular immune response is an interest-
ing tool for understanding the pathophysiology of  type 
2 AIP.

IgG4: its properties and role in AIP
Human IgG subclasses are numbered according to their 
concentration in plasma; thus, IgG1 is the most abun-
dant (greater than 50% of  total IgG) while the amount 
of  IgG4 is scarce, usually less than 5%. A polyclonal 
antiserum to one Ig class does not cross-react with other 
Ig classes, but antibodies to an Ig subclass will usually 
cross-react extensively with other subclasses of  the same 
class. For the most part, IgG antibodies to bacterial 
polysaccharides belong to the human IgG2 subclass and 
a similar association was discovered between IgG anti-
bodies to allergens and the IgG4 subclass[19,20].

It has been demonstrated that IgG4 antibodies are 
non-precipitating and behave like monovalent antibod-
ies[21]. An unusual feature of  IgG4 may explain its mon-
ovalency[22]; upon eelectrophoretic analysis, a substantial 
part of  IgG4 was found to lack interchain disulphide 
bonds and, thus, to be a half-molecule of  one heavy 
chain plus one light chain. This phenomenon was shown 
to be due to a single amino acid located at the site of  the 
bond which differs between IgG1 and IgG4; a proline 
in IgG1 is replaced by a serine in IgG4. Mutating this 
serine into proline abolished the appearance of  half-
molecules on sodium dodecyl sulfate electrophoresis[23]. 
However, no half-molecules were found upon size exclu-
sion chromatography, and this exchange process seems 
to be irrelevant in vivo.

There is also a peculiar characteristic of  IgG4, name-
ly its tendency to interact with other immunoglobulins. 
This has been studied in relation to the IgG rheumatoid 
factor[24]. IgG4 was found to possess an intrinsic affinity 
for IgG coated to a solid phase. This binding activity was 
not located in its variable domains, but in its constant 
domain. However, using labeled IgG4, it can be shown 
that IgG4 will also bind to coated IgG4. To further com-
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Table 1  Epidemiological, laboratory, pathological and clinical characteristics of type 1 and type 2 autoimmune pancreatitis

plicate the situation, IgG4 with irrelevant specificity was 
found to bind to IgG4 antibody bound to its antigen[25]; 
this is a potential source of  artifacts in analytical as-
says, not only for the measurement of  bi-specific IgG4, 
but also for the measurement of  the IgG4 antibody in 
general. In the case of  the measurement of  the bispeci-
ficity of  IgG4, this “non-specific” binding was blocked 
by adding pooled immunoglobulins to the incubation 
buffer.

Total IgG4 levels are low in infancy and, thereaf-
ter, tend to increase; this presumably reflects a depen-
dency on the maturity of  accessory cells (macrophages, 
dendritic cells, etc.) which are important producers of  
interleukin (IL)-10. Moreover, some of  the IL-10 ef-
fects are mediated via such accessory cells[26]. In fact, it 
has been suggested that AIP patients may be exposed to 
high doses of  unknown disease-specific antigens, result-
ing in the activation of  both Th1-type immune cells and 
regulatory T cells via IL-10[27].

The slow kinetics of  IgG4-expressing cells is also re-
flected in IgG4-specific antibody levels. The IgG4/IgG1 
ratio of  antibodies to common foods is lower in infancy 
than in adolescence. This shift in the IgG4/IgG1 anti-
body may be related to the chronic stimulation require-
ment for IgG4 production, as previously discussed. This 
shift to IgG4 is, however, only partially due to an earlier 
appearance of  IgG1 antibodies; it also reflects an earlier 
decline of  IgG1 antibodies[28].

The requirements for the class switch to IgG4 are 
similar to those for IgE because both depend on IL-4/
IL-13 induction[29-32]. Both are therefore considered to 
be part of  the Th2 immune response. In relation to 
allergen-specific immunotherapy, it is sometimes sug-
gested that a switch occurs from IgE production to 
IgG4 production. While a B cell can switch sequen-
tially, such a sequential switch can transform an IgG4-
producing B cell into an IgE-producing B cell, but not 
the other way around as a consequence of  the sequence 
order in which the genes for the isotypes are arranged 
on the chromosome[30-32].

One of  the effects of  this common dependency on 
Th2 cells is that antigens which induce IgE responses 
are also good inducers of  IgG4 responses. There are 
probably some regulatory differences before the class 
switch because the occurrence of  IgG4 antibodies with-
out IgE antibodies is not uncommon. One type of  regu-
lation is particularly important: the effects of  IL-10 and 
related cytokines. Interleukin-10 interferes with the class 
switch[26] which affects both IgE and IgG4 production[33]. 
In addition, IL-10 is presumably needed to drive the dif-
ferentiation of  IgG4-switched B cells to IgG4-secreting 
plasma cells[34]. In addition to IL-10, IL-21 has also been 
found to increase IgG4 production in vitro[35,36]. Increased 
IL-21 production is characteristic of  certain autoim-
mune diseases and is likely to contribute to autoantibody 
production as well as to the pathologic features of  auto-
immune disease[37]. In contrast, IL-21 may function as a 
co-adjuvant to enhance antibody responses and thereby 
facilitate host defense to malignances and infectious 
diseases[37]. Thus, the critical role of  IL-21 in promoting 
humoral immune responses makes it an important focus 
of  potential therapeutic interventions under conditions 
characterized by either the overproduction of  pathogen-
ic autoantibodies or the underproduction of  protective 
antibodies.

The “modified Th2 response” was first used in re-
lation to the antibody response to cat allergen[38], and 
it refers to subjects with IgG4 antibodies without de-
monstrable IgE antibodies. As the presence of  IgG4 
antibodies indicates a Th2 response, the absence of  
IgE antibodies is unexpected. However, this situation is 
quite common and it is seen in most beekeepers and in 
individuals having occupational exposure to protein an-
tigens, such as rodent allergens in the animal house and/
or exposure to mammalian serum albumin in the animal 
blood processing industry[39], and usually produces this 
phenotype[40,41]. Therefore, the modified Th2 response 
seems to be the typical response to an innocuous anti-
gen[42,43]. It is intriguing that this type of  response is not 
found in all situations where allergen exposure does not 
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Type 1 AIP Type 2 AIP

Age Adult Child and adult
Gender Usually male Equal
Serum IgG4 levels Elevated Normal
Histology Lymphoplasmacytic sclerosing pancreatitis Idiopathic duct-centric pancreatitis
IgG4 plasma cells Well represented Rare
Granulocytic epithelial lesions Absent Present
Relapse rate High Low
Extra-pancreatic lesions IgG4-related disease: hypophysitis, pachymeningitis, perineural mass, chronic scleros-

ing dacryoadenitis, chronic sclerosing sialadenitis, lymphadenopathy, thyroiditis or 
hypothyroidism, pseudolymphoma, breast inflammatory pseudotumor or mastitis, 
pulmonary inflammatory pseudotumor, nodular pleuritis, chronic gastritis, Vater’s 
ampulla pseudotumor, sclerosing cholangitis, lymphoplasmacytic sclerosing chole-
cystitis, hepatic inflammatory pseudotumor, autoimmune hepatitis, retroperitoneal 
fibrosis, periaortitis/periarteritis, inflammatory aneurysm, tubulointerstitial nephritis

Inflammatory bowel disease

AIP: Autoimmune pancreatitis; IgG4: Immunoglobulin G4.
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result in IgE production. This is true not only for IgG4, 
but also for IgG1. The presence of  high-affinity IgG an-
tibodies (IgG1 and/or IgG4) to pollen- or mite allergens 
is much more common in subjects with allergen-specific 
IgE than in IgE-negative subjects; this difference is 
more marked for some allergens than for others which 
suggests that not all allergens are equal. However, some 
allergens do not induce an IgG antibody response at all 
whereas others induce an IgG (IgG1 and/or IgG4) re-
sponse without IgE[44].

An important aspect of  the IgG4 response is the 
slow manifestation of  IgG4 antibodies. It usually takes 
many months of  repeated antigen exposure before IgG4 
responses become prominent. This is well known in the 
sequential analysis of  sera from novice bee-keepers[45], 
and the analysis of  sequential samples from patients who 
received subcutaneous allergen-specific immunotherapy 
shows the same pattern. It is likely that the production 
of  sufficient IL-10 is a rate-limiting step.

Cellular immune activation
CD4 or CD8 T lymphocytes and IgG4-bearing plasma 
cells have been found in the pancreatic parenchyma and 
other involved organs in AIP[46-49]. It seems that factors 
regulating T-cell function influence the development 
of  AIP. The cytotoxic T-lymphocyte antigen 4 gene is 
an inhibitory receptor expressed on the cell surface of  
activated memory T cells and on CD4+ CD25+ regula-
tory T cells, and acts largely as a negative regulator of  
T-cell responses[50]. CTLA4 may modulate positive T-cell 
costimulatory signals by competing with the CD28 mol-
ecule for engagement with the B7 molecules CD80 and 
CD86 localized on antigen-presenting cells. In addition, 
and CTLA4 + 49A/G single nucleotide polymorphisms 
(SNPs) have been associated with susceptibility to auto-
immune diseases, such as type 1 diabetes, autoimmune 
thyroid disease, autoimmune hepatitis, and primary bili-
ary cirrhosis[50]. Another form of  CTLA4, secreted by 
resting T cells, can suppress T-cell activation and this 
soluble isoform of  CTLA4 (sCTLA4) is present in hu-
man serum, and it is elevated in patients with autoim-
mune diseases, such as autoimmune thyroid disease[51], 
systemic lupus erythematosus[52], and myasthenia gra-
vis[53]. The + 6230G/A SNP in the 3′ untranslated region 
of  CTLA4 has been also found in  Graves’ disease, type 
1 diabetes[54] and Umemura et al[55] have demonstrated 
that AIP is closely associated with the CTLA4 + 6230 
SNP and serum sCTLA4 levels and that CTLA4 gene 
plays an important role in the pathogenesis of  AIP.

It has also been reported that DRB1*0405 and  
DQB1*0401 mutations are significantly more frequent 
in patients with AIP when compared to those with 
chronic calcifying pancreatitis[56], even if  these initial and 
promising findings were not confirmed by two recent 
studies[57,58]. Furthermore, Park et al[57] found that only 
DQB1*0302 had a significant association with the relapse 
of  AIP. Finally, it has been found that the polymorphic 
genes (CTLA-4 49A polymorphism and -318C/+ 49A/

CT60G haplotype) encoding cytotoxic T lymphocyte-
associated antigen 4, a key negative regulator of  the T-cell 
immune response, are associated with AIP in a Chinese 
population[59]. Even if  these data are not concordant, it 
is possible that physiological IgG4 responses are induced 
by prolonged antigen exposure and controlled by type 2 
helper T cells[18]. A possible explanation may come from 
genetically-modified animals which were produced to 
mimic AIP. 

Animal models for studying the 
pathophysiology of AIP
We believe that due the no high incidence of  AIP, the 
animal models are important in helping the researchers 
to test new pathogenetic hypotheses on AIP and also 
new drugs able to treat this disease.

It has been demonstrated that MRL/Mp mice de-
velop a form of  autoimmune pancreatitis and that the 
administration of  polyinosinic: polycytidylic acid may 
substantially shorten the time course and increase the 
frequency of  both pancreatitis and biliary involve-
ment[60]. The experimental model for inducing inflamma-
tory bowel disease, i.e., IL-10-/- mice, has been also used 
for developing type Ⅰ AIP[61]. It is also possible induce 
AIP by immunization with lactoferrin, carbonic anhy-
drase or other antigens, or by alterations to the intestinal 
flora[62,63]. When applied, these models may answer the 
question regarding the first events which may lead to 
AIP, and to test novel therapeutic modalities, especially 
those regarding cellular immune activation.

CONCLUSION
Several questions remain open in the pathophysiology 
of  AIP. The interrelationship with allergies and the mul-
tivisceral involvement in patients with AIP should be bet-
ter evaluated in order to answer the question of  whether 
IgG4 disease is initiated by allergens. In this respect, we 
would point out that we have recently reported an associa-
tion between anisakis infection and AIP[64], and worms are 
well-known inducers of  allergic phenomena [31]. Finally, we 
also need to investigate whether type 1 or type 2 AIP are 
different diseases or different presentation of  the same 
illness.
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