Table 2. The Jap clinical diag
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ic criteria 2012 for IgG4-related sclerosing cholangitis.

Diagnostic items .

1. Biliary tract imaging reveals diffuse or segmental narrowing of the intrahepatic and/or extrahepatic bile duct associated with the

tickening of the bile duct wall

2. Hematological examination shows elevated serum IgG4 concentrations (2135 mg/di)
3. Coexistence of autoimmune pancreatiti, IgG4-related dacryoadenitis/sialadenitis, or IgG4-related retroperitoneal fibrosis

4. Histopathological examination shows:

a. Marked lymphocytic and plasmacyte infiltration and fibrosis
b. Infiltration of IgG4-positive plasma cells: >10 IgG4-positive plasma cells/HPF

c. Storiform fibrosis
d. Obliterative phiebitis
Option: effectiveness of steroid therapy

A specialized facility, in which detailed examinations such as endoscopic biliary biopsy and endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) can be administered, may include in its diagnosis the effectiveness of steroid therapy, once pancreatic or biliary

cancers have been ruled out

Diagnosis

Definite diagnosis
1.+3.
1.+2.+4.a,b.
4a.,b.,c.
4.a.,b., d.

Probable diagnosis
1.+ 2. + option

Possible diagnosis
1.+ 2.

It is necessary to exclude PSC, malignant diseases such as pancreatic or biliary cancers, and secondary sclerosing cholangitis caused by
the diseases with obvious pathogenesis. When it is difficult to differentiate from malignant conditions, a patient must not be treated with
facile steroid therapy but should be referred to a specialized medical facility.

Modified from Hepatobiliary Pancreat Sci. 2012;19:536-542 [2], Copyright © 2012, with permission.

previously reported [18], lactoferrin (LF), carbonic anhydrase
(CA)-11, CA-1V, and pancreatic secretory trypsin inhibitor (PSTI)
are distributed in the pancreas, salivary glands, biliary duct,
lungs, and renal tubules. Immunization with CA-II or LF induced
systemic lesions such as pancreatitis, sialadenitis, cholangitis,
and interstitial nephritis in the mice models similar to human
IgG4-RD [18].

Role of B cells

In addition to steroid and immune-modulators, B cell depletion
by rituximab is a useful therapeutic strategy in IgG4-RD. Interest-
ingly, rituximab reduces only the IgG4 subclass but no other sub-
classes of IgG1, IgG2, or 1gG3 [19]. A recent study showed
expansion of 1gG4* B cell receptor (BCR) clones in blood and tis-
sue of patients with active 1gG4-cholangiopathy, and disappear-
ance by corticosteroid treatment. These findings suggest that
specific B cell responses may have a pivotal role in the pathogen-
esis of 1gG4-SC [20].

Th1 and Th2 immune balance

The effector cells in IgG4-related diseases have been poorly
understood. The CD4* T cells differentiate from naive T cells
(ThO) to Th1, Th2, Th17, and regulatory T (Treg) cells [3]. In the
livers of IgG4-SC patients, a Th2 type immune reaction [16] is
induced in addition to the Th1 responses {18]. Th2 cytokines
may be involved in the progression of the disease process, espe-
cially the maturation and proliferation of local B cells and
plasmacytes.

Regulatory T cells

Foxp3 is a member of the forkhead/winged-helix family of tran-
scriptional 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) originating in the thymus and adaptive Tregs (aTregs)
induced in the periphery by different antigens [15]. In 1gG4-
related diseases, circulatory naive (CD45RA™) Tregs are signifi-
cantly decreased in the peripheral blood, whereas memory
(CD45RA™) Tregs are significantly increased [15]. In addition,
prominent infiltration of Tregs with upregulation of IL-10 is
observed in the liver of IgG4-SC patients [21]. These findings sug-
gest that increased memory-Tregs in the periphery and local tis-
sues may be an inhibitory immune response against
inflammation, although decreased naive Tregs may be patho-
genic. The neonatally thymectomized (nTx)-BALB/c mice with
CA-Il or LF immunization and WBN/Kob rat models showed
depletion of naive Tregs and multi-organ inflammation similar
to human IgG4-RD {5]. These animal models suggested that, in
addition to depletion of naive Tregs, macrophage activation and
Th1 immune responses by CD4/CD8" T cells play major roles
in the initial development of organ involvement.

Our hypothesis for the pathogenesis of 1gG4-SC

Based on the above findings, we propose the pathogenic mecha-
nisms in 1gG4-SC/AIP outlined in Fig. 2. The basic concept is the
biphasic mechanism of “induction” and “progression.” Initially,
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Fig. 2. Hypothesis for the pathogenesis of AIP and IgG4-related disease. In the central tolerance, naive and natural regulatory T cells (Tregs) derived from the thymus
suppress autoreactive CD4 or CD8 cells in the normal state. In the IgG4-related disease, the basic concept is the biphasic mechanism of “induction” and “progression”. Initial
response to antigens (LF, CA-II, CA-1V, PSTI, amylase-alpha, PBP peptide of H. pylori, etc.) might be induced by decreased naive-Tregs. Th2 immune responses followed by
Th1 type immune response with release of proinflammatory cytokines (IFN-y, IL-1B, IL-2, TNF-o.). In progression, Th2 type immune responses with producing IgG, IgG4 and
autoantibodies may be involved in pathophysiology. IgG4 and fibrosis may be regulated by increased IL-10 and TGF- secreted from inducible memory-Tregs, respectively.
On the other hand, activation of NOD receptor or TLRs on monocytes or basophils increases IgG4 via upregulation BAFF and 1L-13, iTreg, inducible Treg; TE, effector T cell;
nTreg, natural Treg; BAFF, B cell activating factor. Modified from ] Gastroenterol. 2011;46:277-288 [5], Copyright © 2012, with permission.

decreased naive-Tregs may induce a Th1 immune response with Although the pathogenic mechanism remains unclear, we
the release of pro-inflammatory cytokines (IFN-vy, IL-1beta, IL-2, proposed a hypothesis of the pathogenic mechanism of 1gG4-
and TNF-o) to unknown antigens such as self-antigens (LF, CA-II, SC. Further studies are necessary to clarify the pathogenesis
CA-1V, PSTI, and alpha-amylase) or microorganisms (Helicobacter including genetic backgrounds, disease specific antigens, and
pylori, commensal bacteria, and viruses). Subsequently, Th2 type the role of igG4.

immune responses may be involved in the disease progression.
Production of 1gG4 may be upregulated by BAFF from monocytes
and basophils, and by IL-10 from inducible memory-Tregs. Tumor
growth factor (TGF)-beta secreted from inducible memory-Tregs
infiltrating into the involved organ may induce fibrosis.
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Abstract Results In type 1 AIP, TLR7 (8.815 4 1.755), TLRS
Background High serum immunoglobulin G4 (IgG4) (3.852 £ 1.489), and TLR10 (3.852 & 0.921) were highly
levels and IgG4-positive plasma cell infiltration are char-  expressed. Only the ratio of TLR7 per monocyte was sig-
acteristic of type 1 autoimmune pancreatitis (AIP). It is  nificantly higher in type 1 AIP (0.053 £ 0.012) than in
unclear whether innate immunity is a cause of type 1 AIP;  ACP (0.007 = 0.004; p < 0.01) and non-tumorous lesion
the possible involvement of microbial infection has been of NET (0.000 £ 0.000; p < 0.01). In type 1 AIP, the
suggested in its pathogenesis. To clarify the pathogenesis  CD163 to TLR7 ratio (0.789 & 0.031) was significantly
of type 1 AIP, we investigated Toll-like receptors (TLRs)  higher both than that of CDI123 to TLR7 ratio
in type 1 AIP patients. (0.034 £ 0.006; p <0.001) and CD20 to TLR7 ratio
Methods We studied nine cases of type 1 AIP with ten  (0.029 4 0.010; p < 0.001).

cases of alcoholic chronic pancreatitis (ACP) and three of  Conclusions TLR7 might be key pattern-recognition
the samples from non-tumorous lesion of neuroendocrine  receptors involved in the development of type 1 AIP.
tumor (NET) as control subjects. We counted the number

of TLR1-11-positive cells immunohistochemically stained  Keywords type 1 autoimmune pancreatitis - Toll-like
with anti-TLR1-11 antibodies. To identify TLR-positive  receptor 7 - M2 macrophage - IgG4-related disease

cells in pancreata from type 1 AIP patients, we used a

double-immunofluorescence method and counted the

numbers of identifiable CD68-, CD163-, CD123-, and Introduction

CD20-positive cells.
In 1961, Sarles et al. [1] first observed a case of idiopathic

chronic pancreatitis with hypergammaglobulinemia in
which an autoimmune mechanism was supposedly

EI g‘ll(i‘;ﬂ'd“’th‘da + Y. Sakaguchi - T. Fukui - A. Nishio - involved. In 1991, Kawaguchi et al. [2] defined the path-
Division of Gastroenterology and Hepatology, The Third ologic feature as lymphoplasmacytic sclerosing pancreati-
Department of Internal Medicine, Kansai Medical University, tis (LPSP). In 1995, Yoshida et al. [3] proposed the concept
2-5-1 Shinmachi, Hirakata, Osaka 573-1010, Japan of “autoimmune pancreatitis (AIP)”. In 2001, Hamano
e-mail: okazakj @hirakata kmu.ac.jp et al. [4] reported that elevated serum immunoglobulin G4
K. Uchida . (IgG4) levels were highly specific and sensitive for the
e-mail: uchidak @hirakata.kmu.ac.jp diagnosis of AIP. In 2003, Kamisawa et al. [5] suggested
N. Shikata - N. Sakaida - Y. Uemura that AIP is a systemic disease, based on the findings that
Department of Pathology, Kansai Medical University, Hirakata, the pancreas and other involved organs had abundant
Japan infiltration of IgG4-positive plasma cells. Thereafter, many

investigators including Japanese investigators have repor-

S. Satoi

Department of Surgery, Kansai Medical University, Hirakata, ted many cases of AIP and AIP has been accepted as a new
Japan clinical entity [6-9].
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Reports from Europe [10] and the USA [11] described
unique histological patterns in the resected pancreata of
patients with mass-forming chronic non-alcoholic pancre-
atitis with epithelial destruction by granulocytes. This is
called idiopathic duct centric pancreatitis (IDCP), AIP with
granulocyte epithelial lesions (AIP with GEL), or type 2
AIP. In 2011, the International Consensus Diagnostic
Criteria for Autoimmune Pancreatitis (ICDC) proposed the
classification of AIP into type 1 AIP (LPSP) and type 2 AIP
(IDCP) [12]. Most of the Japanese AIP cases are type 1
AIP; very few are type 2 AIP [13].

Although pathogenic mechanisms in both types of AIP
remain unclear, possible involvement of an autoimmune
mechanism has been suggested in type 1 AIP. Based on
genetic factors (such as the susceptibility of class IT antigen
of the major histocompatibility complex (MHC) [14],
cytotoxic T-lymphocyte antigen 4 gene [15] and Fc-
receptor-like (FCRL) 3 genes expressed on B cells [16],
presence of autoantibody [8, 9], predominant Th2 immune
status [17], and the infiltration of CD4-positive T cells and
regulatory T cells (Treg) [8, 17, 18], in addition to the
presence of IgG4-positive plasma cells that suggest
abnormally acquired immune status. In addition to these
factors, the possible involvement of the innate immune
system has been suggested in the pathogenesis of type 1
AIP [19, 20].

Through pattern-recognition receptors (PRRs), innate
immunity is considered to act as a sentinel for the immune
system. The innate immunity is promptly activated after
recognition of a diverse range of microbial pathogens.
Innate immune cells express various PRRs, which recog-
nize signature molecules of pathogens. These PRRs rec-
ognize various pathogen-associated molecular patterns
(PAMPs) in various cell compartments and trigger the
release of inflammatory cytokines and type I interferons for
host defense [21-24]. Furthermore, the innate immune
system response is important not only to eliminate patho-
gens but also to develop pathogen-specific adaptive
immunity, which is mediated by B and T cells [25]. Toll-
like receptors (TLRs), which are a type of PRRs, play key
roles in innate immunity and initiate intracellular signaling
to macrophages and dendritic cells after stimulation with
various antigens [26].

To clarify the pathogenesis of type 1 AIP, we investi-
gated TLRs in pancreata obtained from type 1 AIP patients.

Methods
Subjects

We examined nine patients with type 1 AIP (five women and
four men; mean age 65 years; range, 56-75 years), ten
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patients with alcoholic chronic pancreatitis (ACP) (ten men;
mean age 54 years; range, 39-75 years), and three samples
from the non-tumor lesion of neuroendocrine tumor (NET)
(three men; mean age 63 years; range, 48-70 years). All
cases were collected between 1992 and 2010 at Kansai
Medical University from surgery cases. All type 1 AIP cases
were suspected as pancreatic ductal adenocarcinoma before
operation. These cases were diagnosed histopathologically
as LPSP after operation. This study was approved by Kansai
Medical University’s ethics committee.

Histopathology and immunohistochemistry

Formalin-fixed and paraffin-embedded specimens were
prepared. Sections 4 pm thick were cut for hematoxylin
and eosin (H&E), immunohistochemical, and immunoflu-
orescence staining. Formalin-fixed paraffin-embedded
pancreatic sections were deparaffinized and rehydrated
using xylene and a graded descending series of alcohol.
Endogenous peroxidase activity was blocked for immu-
nohistochemical sections using 3 % H,O,/methanol for
10 min. After washing in distilled water, the slides were
exposed to microwave pretreatment in a target retrieval
solution (Dako Japan, Kyoto, Japan) at 100 °C for 20 min
to enhance antigenicity. All slides were incubated for
10 min in protein blocking reagent without serum (ProT-
ags, purchased from Biocyc GmbH & Co., Berlin, Ger-
many). The slides were then incubated overnight at 4 °C
with primary antibodies (Table 1). Next, the slides were

Table 1 Antibodies used for immunohistochemical and immunoflu-
orescence staining

Antigen Host Source
species

TLR1 Rabbit AbFrontier (Seoul, Korea)

TLR2 Mouse Hycult Biotech (Uden, The Netherlands)

TLR3 Mouse Dendritics (Lyon, France)

TLR4 Mouse Imgenex (San Diego, CA, USA)

TLRS Rabbit AbFrontier (Seoul, Korea)

TLR6 Rabbit AbFrontier (Seoul, Korea)

TLR7 Rabbit AbFrontier (Seoul, Korea)

TLRS Rabbit AbFrontier (Seoul, Korea)

TLRO Mouse Abnova (Taipei, Taiwan)

TLR10 Rabbit AbFrontier (Seoul, Korea)

TLR11 Rabbit GenWay (San Diego, CA, USA)

CD68 Mouse Santa Cruz Biotechnology (Santa Cruz, CA,
USA)

CD163 Mouse AbD Serotec (Oxford, UK)

CDI23 Mouse Leica Biosystems (Newcastle Upon Tyne,
UK)

CD20 Mouse Dako Japan (Kyoto, Japan)
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incubated with secondary antibodies, using a Chem Envi-
sion kit/HRP (Dako Japan), following the manufacturer’s
instructions. Finally, antibody binding was detected using
3,3'-diaminobenzidine (DAB) (Dojindo, Kumamoto,
Japan). Sections were counterstained with hematoxylin
[27]. Negative controls were evaluated by replacing the
primary antibody with similarly diluted non-immunized
serum. Images were obtained with a microscope (Olympus,
Tokyo, Japan).

In the samples from patients with type 1 AIP, we
counted the number of immunohistochemically identifi-
able TLR1-11-positive cells in three different fields under
the high power fields (hpf) (400x). The fields with the
highest density of TLRI-11-positive cells were evaluated.
The number of cells in three different fields was com-
pared. The ratios of TLR-positive cells to infiltrated
mononuclear cells were compared among samples from
patients with type 1 AIP, ACP, and samples from non-
tumor lesion surrounding NETs. We used a double-
immunofluorescence method. The slides were incubated
overnight at 4 °C with rabbit anti-TLR7 as primary
antibody (Table 1). The slides were then incubated with
Alexa Fluor 488 anti-rabbit immunoglobulins as sec-
ondary antibodies (Molecular Probes, Carlsbad, CA,
USA). Next, the slides were incubated overnight at 4 °C
with primary antibody by a mouse anti-CD68, -CD163,
-CD123, or -CD20 as primary antibody (Table 1). The
slides were then incubated with Alexa Fluor 546 anti-
mouse immunoglobulins as secondary antibodies
(Molecular Probes). Following the second round of the
primary/secondary antibody step, slides were mounted
with VECTASHIELD Mounting Medium with DAPI
(Vector Laboratories, Burlingame, CA, USA) to coun-
terstain nuclei and preserve fluorescence. Negative con-
trols were evaluated by replacing the primary antibody
with similarly diluted non-immunized serum. Images
were obtained with a fluorescence microscope
(Olympus).

We counted the number of identifiable TLR7-, CD68-,
CD163-, CD123-, and CD20-positive cells with three dif-
ferent hpfs (400x). The fields with the highest density of
CD68/TLR7, CD163/TLR7, CDI123/TLR7, and CD20/
TLR7-positive cells were evaluated. The ratio of TLR7-
positive cells to CD68-, CD163-, CD123-, and CD20-
positive cells was compared among samples from patients
with type 1 AIP and ACP.

Statistical analysis

For all studies, data are expressed as the mean =+ standard
error of the mean (SEM); differences were analyzed using
Fisher’s protected least significant difference (PLSD),
where p < 0.05 was considered significant.
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Results

Immunohistochemical findings of TLR1-11-positive
cells in type 1 AIP

In samples from patients with type 1 AIP, the number of
TLRI1-positive cells (TLR1/hpf), TLR2-positive cells
(TLR2/hpf), TLR3-positive cells (TLR3/hpf), TLR4-posi-
tive cells (TLR4/hpf), TLRS5-positive cells (TLR5/hpf),
TLR6-positive cells (TLR6/hpf), TLR7-positive cells
(TLR7/hpf), TLR8-positive cells (TLR8/hpf), TLR9-posi-
tive cells (TLR9/hpf), TLR10-positive cells (TLR10/hpf),
TLR11-positive cells (TLR11/hpf) were 1.370 4 0.349,
2.111 £+ 0.518, 1.519 4 0.405, 1.556 4 0.539, 2.259 +
0.509, 1.556 4 0.261, 8.815 =+ 1.755, 3.852 4 1.489,
1.185 £ 0.261, 3.852 £ 0.921, 0.963 4 0.263, respec-
tively (Figs. 1, 2). TLR7-, TLR8-, and TLR10-positive
cells were dominant in type 1 AIP pancreata as compared
to other TLR-positive cells.

Immunohistochemical findings of TLR7-, 8-, and
10-positive cells in type 1 AIP, ACP, and the samples
from the non-tumor lesions of NET

The ratio of TLR7-positive cells to infiltrated mononuclear
cells (TLR7/Mono) was significantly higher in type 1 AIP
(0.053 & 0.012) than in ACP (0.007 & 0.004; p < 0.01) or
samples from the non-tumor lesions of NET
(0.000 £ 0.000; p < 0.01; Fig. 3a). Among type 1 AIP,
ACP and samples from the non-tumor lesion of NET, the
ratio of TLR8-positive cells to infiltrated mononuclear cells
(TLR8/Mono)  (0.030 £ 0.012, 0.009 £ 0.004, and
0.024 4 0.009, respectively) and TLR10-positive cells to
infiltrated mononuclear cells (TLR10/Mono)
(0.031 £ 0.008, 0.018 & 0.005, and 0.005 £ 0.003,
respectively) were not different (Fig. 3b, ¢).

Immunohistochemical findings of CD68-, CD163-,
CD123-, CD20-positive cells in type 1 AIP and ACP

The number of CD163-positive cells (CD163/hpf) was
significantly higher in samples from patients with type 1
AIP (379 £ 5.7) than in samples from patents with
ACP (16.2 £ 2.7, p <0.01; Fig. 4a). The number of
CD68-positive cells (CD68/hpf) was significantly higher in
type 1 AIP (35.2 &+ 4.0) than in ACP (189 % 3.1;
p < 0.01; Fig. 4a). Between type 1 AIP and ACP, the
numbers of CD123-positive cells (CD123/hpf) (2.3 4+ 04
and 2.1 £ 0.5, respectively) and CD20-positive cells
(CD20/hpf) (117.9 £ 15.7 and 87.6 == 19.4, respectively)
were not different (Fig. 4a).

In type 1 AIP and ACP, the ratio of CD68-positive cells
to infiltrated mononuclear cells (CD68/Mono) (0.19 =4 0.02
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Fig. 1 Immunohistochemical findings in type 1 AIP. TLR1-positive
cells [original magnification x400 (a)], TLR2-positive cells (b),
TLR3-positive cells (¢), TLR4-positive cells (d), TLRS-positive cells
(e), TLR6-positive cells (f), TLR7-positive cells (g), TLR8-positive

and 0.17 = 0.02, respectively), CD163-positive cells to
infiltrated mononuclear cells (CD163/Mono) (0.19 & 0.02
and 0.15 4= 0.02, respectively), CDI123-positive cells to
infiltrated mononuclear cells (CD123/Mono) (0.01 + 0.002
and 0.01 4 0.003, respectively) and CD20-positive cells to
infiltrated mononuclear cells (CD20/Mono) (0.33 =+ 0.03 and
0.29 £ 0.04, respectively) were not different (Fig. 4b).

Identification of TLR7-positive cells in type 1 AIP
In type 1 AIP, TLR7-positive cells (green; Fig. 5b) were

detected among CD68-positive cells (red; Fig. 5d) as
indicated in the merged panel (Fig. 5h), in which DAPI
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cells (h), TLR9-positive cells (i), TLR10-positive cells (j), and
TLRI11-positive cells (k). TLR7-, TLR8-, and TLR10-positive cells
were abundant

nuclear staining was added (blue; Fig. 5f). TLR7-positive
cells (green; Fig. 5a) were detected among CD163-positive
cells (red; Fig. 5¢) as indicated in the merged panel
(Fig. 5g), in which DAPI nuclear staining was added (blue;
Fig. 5e).

The ratio of CD68-positive cells to TLR7-positive cells
(CD68/TLR7) (0.734 £ 0.021) was significantly higher
than both the ratio of CD123-positive cells to TLR7-posi-
tive cells (CD123/TLR7) (0.034 #+ 0.006; p < 0.001) and
the ratio of CD20-positive cells to TLR7-positive cells
(CD20/TLR7) (0.029 4 0.010; p < 0.001). The ratio of
CD163-positive cells to TLR7-positive cells (CD163/
TLR7) (0.789 & 0.031) was significantly higher than both
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Fig. 2 The number of infiltrated TLR1-11 positive cells in type 1
AIP. TLR7-, TLR8-, and TLRI10-positive cells were abundant
compared with other TLR-positive cells

the ratio of CD123-positive cells to TLR7-positive cells
(CDI123/TLR7) (p < 0.001) and the ratio of CD20-positive
cells to TLR7-positive cells (CD20/TLR7) (p < 0.001;
Fig. 6).

Discussion

To clarify the involvement of the innate immunity in type 1
AIP, our study focused on the number of TLR1-11-positive
cells. In type 1 AIP, TLR7, TLR8, and TLR10 were highly
expressed. Only the ratio of TLR7/Mono was significantly
higher in typel AIP than in ACP and the samples from
non-tumor lesion of NET. The main ligands recognized by
different TLRs have been clarified [28]. TLR7 recognizes
several synthetic compounds and single-stranded RNA
(ssRNA) of viruses. The various ssRNA viruses cause the
complication pancreatitis [29-35]. TLR7 recognizes not
only exogenous RNA but also endogenous RNA from
damaged tissues or apoptotic cells, and can contribute to
the pathology of autoimmune diseases such as rheumatoid
arthritis, systemic lupus erythematosus, and psoriasis [36,
37]. In type 1 AIP, TLR7 might recognize self-RNA as one
of the candidates of target.

Umemura et al. [38] reported that TLR4 gene poly-
morphisms were not significantly associated with suscep-
tibility to type 1 AIP in Japanese patients. In this study,
TLR4-positive cells were not highly expressed. Watanabe
et al. [20] reported that peripheral blood mononuclear cells
from IgG4-related diseases produced a large amount of
IgG4 upon stimulation with nucleotide-binding oligomeri-
zation domain (NOD)-like receptors and TLR ligands. In
our study, there was no correlation between TLR7/Mono
and IgG4/Mono in type 1 AIP (data not shown). Under
normal conditions, viruses are not pathogenic. However,
additional factors such as genetic factors including the
haplotype of the «class II antigen of the major
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Fig. 3 The ratios of infiltrated TLR7-, TLR8-, and TLR10-positive
cells. a The ratio of TLR7-positive cells to infiltrated mononuclear
cells (TLR7/Mono) in type 1 AIP patients was significantly higher
than ACP and the non-tumor lesion of NET. b The ratio of TLRS-
positive cells to infiltrated mononuclear cells (TLR8/Mono) among
type 1 AIP, ACP, and the non-tumor lesion of NET, were not
different. ¢ The ratio of TLR10-positive cells to infiltrated mononu-
clear cells (TLR10/Mono) among type 1 AIP, ACP, and the non-
tumor lesion of NET, were not different. Data are expressed as the
mean =+ standard error of the mean (SEM). *p < 0.05, **p < 0.01,
**¥p < 0.001

histocompatibility complex (MHC) can lead to a break-
down in immunological tolerance and the development of
self-antigen-specific T cell and antibody responses and
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Fig. 4 Infiltrated CD68-, CD163-, CD123-, and CD20-positive cells
in type 1 AIP and ACP. a The number of infiltrated CD68-, CD163-,
CD123-, and CD20-positive cells in type 1 AIP and ACP. In type 1
AIP, the number of infiltrated CD163- and CD68-positive cells were
significantly higher than ACP. b The ratios of CD68-positive cells to
infiltrated mononuclear cells (CD68/Mono), CD163-positive cells to
infiltrated mononuclear cells (CD163/Mono), CD123-positive cells to
infiltrated mononuclear cells (CD123/Mono) and CD20-positive cells
to infiltrated mononuclear cells (CD20/Mono) in type 1 AIP and ACP.
In type 1 AIP and ACP, the ratios of CD68, CDI163, CDI123 and
CD20-positive cells to infiltrated mononuclear cells were not
different. Data are expressed as the mean = standard error of the
mean (SEM). *p < 0.05, **p < 0.01, ***p < 0.001

eventually establish the autoimmune disease. Throughout
these processes, TLR7 might participate as a key member
of the PRRs involved in driving autoimmune inflammation.

Several animal models have been used to avoid the
difficulties inherent in the study of the autoimmune
mechanism of AIP in human patients [39-44]. As microbe-
induced AIP models, C57BL/6 mice infected with the
murine leukemia retrovirus LP-BMS5, developed histolog-
ical findings similar to human AIP [45, 46]. The develop-
ment of the disease is accelerated by administration of
polyinosinic polycytidylic acid (poly I:C), a synthetic
double-stranded RNA and TLR3 ligand [47-51]. We pre-
viously reported that sensitization occurs not only with
viral components, such as double-stranded RNA poly I:C,
but also with bacterial lipopolysaccharide in interleukin
(IL)-10-deficient mice [49]. Haruta et al. [52] reported that
when C57BL/6 mice were inoculated intraperitoneally with
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heat-killed E. coli, marked cellular infiltration with fibrosis
was observed in the exocrine pancreas. In rat models,
pancreatic stellate cells expressed mRNAs for TLR2,
TLR3, TLR4, and TLRS5 [53]. In murine models of acute
pancreatitis, genetic deletion of TLR4 reduces the severity
of pancreatic, lung, and acinar cell injury in edematous and
necrotizing experimental acute pancreatitis [54, 55].
Pharmacologic antagonism of both TLR7 and TLR9
decrease acinar cell necrosis and lung injury in an experi-
mental model of severe acute pancreatitis [56]. Taken
together, animal and human studies, innate immune
responses include TLRs might participate in causing pan-
creatic inflammation.

In the present study, we also examined which cells
expressed TLR7. Human TLR7 is expressed predominantly
in plasmacytoid dendritic cells (pDC), B cells [57, 58], and
macrophages [59]. To identify the TLR7-positive cells in
type 1 AIP, we investigated the number of pDCs (CD123),
B cells (CD20), and macrophages (CD68, CD163). The
ratio of CD68-positive cells to TLR7-positive cells (CD68/
TLR7) and the ratio of CD163/TLR7 was significantly
higher than both the ratio of CD123/TLR7 and the ratio of
CD20/TLR7. From these results, TLR7 was expressed
mainly on macrophages in pancreata with type 1 AIP.
Several reports have published the importance of TLR7-
positive macrophage in immune-related disease [60-63].
From these points of view, TLR7-positive macrophage
may play an important role in type 1 AIP.

Macrophages are a heterogeneous cell population that
adapt and respond to a large variety of microenvironmental
signals. While macrophage activation by T helper 1 (Th1)
cytokines, such as interferon-y, interleukin (IL)-1B, and
lipopolysaccharide was named “classical” activation, by
Th2 cytokines, such as IL-4 and IL-13 was named “alter-
native” activation. Mirroring the Thl and Th2 nomencla-
ture, many researchers refer to polarized macrophages as
M1 and M2 cells [64, 65]. These subpopulations of mac-
rophage have different types of receptor expression and
cytokine and chemokine production. M1-polarized mac-
rophages have the IL-12M80 1L-23Me" T1.-10'" phenotype
and produce tumor necrosis factor (TNF)-o and nitric oxide
(NO): M1-polarized macrophages are potent effector cells
that kill microorganisms and tumor cells. In contrast,
M2-polarized macrophages have the IL-12'°%, IL-23"Y,
IL-10"" phenotype and have high expression of receptors,
such as mannose receptor (MR, CD163). M2-polarized
macrophages scavenge debris and promote angiogenesis,
tissue remodeling, and repair [66].

Detlefsen et al. [67] reported that in AIP numerous
macrophages were found not only in the periductal and
interlobular areas but also between the acinar cells and in
areas with focal storiform fibrosis replacing acinar tissue.
Notohara et al. [68] reported that CD163-positive spindle-
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Fig. 5 Double-immunofluorescence staining in type 1 AIP. In type 1
AIP, TLR7-positive cells (green; b) were detected among CD68-
positive cells (red; d) as indicated in the merged panel (h), in which
there is added nuclear staining with DAPI (blue; f). TLR7-positive

shaped macrophages are one of the major inflammatory
components of LPSP, and contribute to forming the unique
histology of IgG4-related disease, such as storiform
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cells (green; a) were detected among CD163-positive cells (red; ¢) as
indicated in merged panel (g), in which there is added nuclear staining
with DAPI (blue; €) (original magnification x400)

fibrosis. Even in this study, a large number of TLR7- and
CD163-positive spindle-shaped macrophages infiltrated in
pancreata with type 1 AIP. Our results showed a higher
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Fig. 6 The ratios of infiltrated CD68/TLR7, CD163/TLR7, CD123/
TLR7, and CD20/TLR7. The ratio of CD68-positive cells to
infiltrated TLR7-positive cells (CD68/TLR7) in type 1 AIP patients
was significantly higher than the ratio of CD123-positive cells to
infiltrated TLR7-positive cells (CD123/TLR7) and the ratio of CD20-
positive cells to infiltrated TLR7-positive cells (CD20/TLR7). The
ratio of CD163-positive cells to infiltrated TLR7-positive cells
(CD163/TLR7) in type 1 AIP patients was significantly higher than
the ratio of CD123-positive cells to infiltrated TLR7-positive cells
(CD123/TLRT7) and the ratio of CD20-positive cells to infiltrated
TLR7-positive cells (CD20/TLR7). Data are expressed as the
mean =+ standard error of the mean (SEM). *p < 0.05, **p < 0.01,
*#*¥p < 0.001

number of CD163-positive cells than CD68-positive cells
in type 1 AIP. The same phenomenon has been observed in
melanoma [69], leiomyosarcoma [70], and Hodgkin’s
lymphoma [71]. The antibody used against CD163 was
able to outline the macrophages more clearly than CD68,
thereby allowing for a more precise assessment of the
density of macrophages. CD163 is also expressed in some
dendritic cells [72]. The difference in staining patterns may
be due to the phenomenon of macrophage/dendritic cell
heterogeneity [73]. However, the precise pattern of
expression of CD163 and CD68 across the different sub-
types has not been reported in the literature.
Macrophages are considered to play a pivotal role in the
development of renal fibrosis [74, 75]. Th2 cytokines are
implicated in fibrosis formation in lung and hepatic models
of chronic disease [76-78]. In pigs, analysis of the
expression and functionality of TLR7 in peripheral blood
leukocyte subpopulations suggests that this receptor is
expressed and functional in a CD163-positive monocytic
cell subpopulation containing the fibrocyte precursor [79].
Recent reports have shown reduced fibrosis in TLR4-
deficient mice in renal [80] and hepatic [81] models of
fibrotic disease. In TLR2, TLR4, myeloid differentiation
factor 88, and IL-4 KO mice, a decreased number of M2
macrophages presented less fibrosis [82]. Th2 cells and M2
macrophages might participate in fibrosis that is sensed by
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the innate immunity system. We previously reported the
Th1/Th2 balance in type 1 AIP [83, 84]. In the early stage,
pro-inflammatory cytokines were released via Thl immune
response. In the chronic stage, Th2 immune responses
produced IgG4, IgG, and autoantibodies. Particularly, an
increased number of ICOS + Tregs may affect IgG4 pro-
duction via IL-10 in type 1 AIP [18, 84, 85]. Furthermore,
CD163-positive macrophages that express TLR7 may
participate in the fibrosis exhibited in type 1 AIP. In con-
clusion, TLR7 might be a key pattern-recognition receptor
involved in the development of type 1 AIP.
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Abstract: Recently, autoimmune pancreatitis has been classified into two subtypes. Type

1is related to immunoglobulin G4 and type 2 is related to granulocytic epithelial lesions,

but pathogenetic mechanisms in both still remain unclear. Apart from type 2 autoimmune
pancreatitis, the pathological features of type 1 autoimmune pancreatitis with increased
serum immunoglobulin G4/immunoglobulin E levels, abundant infiltration of immunoglobulin
G4+plasmacytes and lymphocytes, fibrosis, and steroid responsiveness are suggestive of
abnormal immunity such as allergy or autoimmunity. Although pathophysiological conditions
seem to be different in each, both respond well to steroid drugs. After remission, the patients
with type 1 autoimmune pancreatitis show high relapse rates (30-50% within 6-12 months),
whereas those with type 2 autoimmune pancreatitis seldom relapse. After remission, the
steroid maintenance therapy and therapeutic strategy for relapsing patients with type 1 is
different among local expertise. In this paper, recent advances in pathogenesis and clinical

guidance for therapy are discussed.

Keywords: autoimmune pancreatitis, immunoglobulin G4, immunoglobulin G4-related disease,
Mikulicz disease, regulatory T cell, steroid therapy

Introduction

In 1961, Sarles and colleagues first observed a
particular case of pancreatitis with hypergamma-
globulinemia [Sarles er al. 1961]. Yoshida and
colleagues first proposed the concept of autoim-
mune pancreatitis (AIP) [Yoshida et al. 1995].
Hamano and colleagues reported increased serum
levels of immunoglobulin (Ig) G4 in Japanese
patients with AIP [Hamano et al. 2001]. The his-
topathological findings of AIP in Japanese patients
are characterized by the periductal localization of
predominantly cluster of differentiation (CD) 4
positive T cells, IgGt4-positive plasma cells, stori-
form fibrosis with acinar cell atrophy frequently
- resulting in stenosis of the main pancreatic duct,
storiform fibrosis and obliterative phlebitis
[Okazaki and Chiba, 2002, 2011; Pickartz et al.
2007], which is also called lymphoplasmacytic
sclerosing pancreatitis (LPSP) [Kawaguchi et al.
1991]. Recently, the International Consensus
Diagnostic Criteria for AIP classified two distinct
subtypes; type 1 and type 2 AIP [Chari et al
2010]. Type 1 AIP is classified as a pancreatic

manifestation of IgG4-related disease, probably a
systemic disease with an autoimmune process,
whereas type 2 AIP is supposed to be a specific
pancreatic disease with occasional coexistence
alongside ulcerative colitis [Chari et al. 2010;
Shimosegawa er al. 2011]. Although pathogenesis
or pathophysiology remains unclear, we will dis-
cuss the most recent advances in the concept and
therapeutic guidance of AIP.

Recent advances in the concepts of

autoimmune pancreatitis subtypes

Recent studies have suggested that AIP manifests
as two distinct subtypes, type 1 and type 2 AIP
(Table 1) [Chari et al. 2010; Shimosegawa et al.
2011; Kloppel et al. 2010]. In type 1 AIP, whose
histologic description is called LPSP, the pancre-
atic histopathology shows the following charac-
teristic features: (a) abundant infiltration of
plasma cells (IgG4+ cells; >10/hpf, 40% > IgG4/
IgG cells) and lymphocytes, (b) peculiar stori-
form or swirling fibrosis, and (c) perivenular

Ther Adv Chronic Dis
2014, Vol. 5(3) 104-111

DOI: 10.1177/
2040622314527120

© The Author(s), 2014.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
Kazuichi Okazaki, MD, PhD
Third Department of
Internal Medicine, Division
of Gastroenterology

and Hepatology, Kansai
Medical University,
Shinmachi, Hirakata,
Osaka 573-1197, Japan
okazakif@hirakata.kmu.
ac.jp

Kazushige Uchida, MD,
PhD

Kimi Sumimoto, MD, PhD
Toshiyuki Mitsuyama,
MD, PhD

Tsukasa lkeura, MD, PhD
Makoto Takaoka, MD, PhD
Department of
Gastroenterology and
Hepatology, Kansai
Medical University,
Osaka, Japan

104

105

http://taj.sagepub.com



K Okazaki, K Uchida et al.

Table 1. Subtypes of autoimmune pancreatitis.

infiltration with lymphocytes and plasma cells
often leading to obliterative phlebitis. Clinically,
type 1 AIP seems to be the pancreatic manifesta-
tion of the recently proposed IgG4-related disease
[Kamisawa ez al. 2006; Yamamoto ez al. 2006;
Masaki et al. 2009; Umehara ez al. 2012], charac-
terized by swelling of the pancreas, elevated serum
IgG4 levels and extrapancreatic lesions (e.g. scle-
rosing cholangitis, sclerosing sialadenitis and ret-
roperitoneal fibrosis) associated with infiltration
of abundant IgG4+plasma cells. Although it is
not certain that all of them can be related to AIP,
extrapancreatic lesions are prevalent in the sys-
temic organs, suggesting that type 1 AIP, but not
type 2 AIP, may be a pancreatic manifestation of
IgG4-related disease. Elderly male patients with
type 1 AIP often have obstructive jaundice, and
the pancreatic and extrapancreatic manifestations
respond to steroid therapy [Chari ez al. 2010;
Shimosegawa et al. 2011].

Type 2 AIP [Chari et al. 2010; Shimosegawa
et al. 2011} was proposed by American and
European pathologists from histological exami-
nations of the resected pancreas of patients with
chronic nonalcoholic pancreatitis, and they
reported another histopathological pattern

named as idiopathic duct-centric pancreatitis
(IDCP) or AIP with granulocytic epithelial
lesion (GEL) [Notohara er al. 2003; Zamboni
et al. 2004; Kloppel et al. 2010]. The most char-
acteristic feature of type 2 AIP is GEL, often
with destruction and obliteration of the pancre-
atic duct. Type 2 AIP has swelling of the pan-
creas but none, or very few, IgG4-positive plasma
cells, and clinical features show a distinctly dif-
ferent profile associated with no serum IgG4,
IgG elevation, presence of autoantibodies, or
other organ involvement except for inflamma-
tory bowel disease (approximately 30%). Patients
with type 2 AIP differ from those with type 1 AIP
as they have no serological markers of autoim-
munity, but deposition of C3c and IgG at the
basement membrane of pancreatic ducts and
acini suggests immune complex-mediated
destruction of ducts and acini in type 2 AIP as
well as in type 1 AIP [Detlefsen ez al. 2010].
Although it is still in debate as to whether type 2
AIP should be classified as one clinical entity of
AIP or not, the nomenclature of the two sub-
types and international diagnostic criteria were
proposed at the consensus meeting of the
International Association of Pancreatology held
at Fukuoka in 2010 [Shimosegawa et al. 2011].
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Pathophysiological conditions in
autoimmune pancreatitis

1gG4 and humoral immunity

The pathogenesis and pathophysiology of AIP have
been studied mainly from immunological
approaches and focused for the most part on IgG4-
related type 1 AIP, because few incidences of
abnormal immunity have been reported in type 2
AIP. In healthy subjects, the ratios for each IgG
subclass are 65% of IgGl, 25% of 1gG2, 6% of
IgG3, and 4% of IgG4 [Roitt, 1997]. In IgG4-
related diseases, total IgG, IgG1, IgG2, IgG4 and
IgE are usually increased compared with healthy
subjects, while IgM, IgA, and the ratios of IgG to
IgM or IgA, are decreased compared with normal
or other control diseases [Hamano et al. 2001;
Yamamoto et al. 2006; Masaki er al. 2009; Taguchi
et al. 2009]. Although the association of IgE-
mediated allergy and IgG4 antibodies is well
known [Robinson ez al. 2004], IgG4 characteristics
are still poorly understood. Basically, IgGG4 has
nonacting characteristics for immune responses
involved in a continuous process referred to as
‘Fab-arm exchange’ by swapping a heavy chain
and attached a light chain with a heavy-light chain
pair from another molecule as monovalent anti-
bodies [van der Neut Kolfschoten et al. 2007].
Another aspect of IgG4 mimics IgG rheumatoid
factor activity by interacting with IgG on a solid
support [Kawa et al. 2008]. In contrast to conven-
tional rheumatoid factor, which binds via its varia-
ble domains, the activity of IgG4 is located in its
constant domains, but is inefficient in activating
potentially dangerous effector systems due to its
low affinity for C1q and the classical Fcy receptors.
As the patients in active stages of AIP occasionally
show decreased complement (C3, C4) with ele-
vated circulating immune complex [Hamano ez al.
2001; Cornell et al. 2007], the classical pathway of
complement activation through IgGl may be
involved in the development of AIP rather than
mannose-binding lectin or alternative pathways
through IgG4 [Muraki er al. 2006]. Moreover,
IgG4 bound to other isotypes such as IgG1, 2, and
3 with an Fc—Fc interaction immune complex in
patients with ATP [Kawa ez al. 2008], suggests that
IgG4 may contribute to the clearance of immune
complexes or termination of the inflammatory pro-
cess by preventing the formation of large immune
complexes with blocking Fc-mediated effector
functions of IgG1. Patients with type 1 AIP gener-
ally show several nonspecific antibodies, such as an
antinuclear antibody, in addition to increased IgG
and IgG4 [Okazaki er al. 2001, 2011]. From the

view of IgG4 function, the big mystery is whether
type 1 AIP is an autoimmune or an allergic disease.
The occasional coexistence of other organ involve-
ment leads us to the concept that there may be
common target antigens in the involved organs
such as the pancreas, salivary glands, biliary tract,
lungs, renal tubules, and so on. Although disease-
specific antibodies have not been identified at this
moment, several disease-related antibodies such as
antilactoferrin (anti-LF) [Uchida et al 2000;
Okazaki et al. 2000], anticarbonic anhydrase-II
(anti-CA-II) [Uchida er al. 2000; Okazaki er al.
2000; Nishi et al. 2007; Aparisi et al. 2005], anti-
CA-IV [Nishimori er al. 2005], antipancreatic
secretory trypsin inhibitor (ant-PSTI) [Asada
et al. 2006], antiamylase-o. [Endo er al. 2009],
anti-HSP-10 [Takizawa et al. 2009], and antiplas-
minogen-binding protein (anti-PBP) peptide
autoantibodies [Frulloni er al. 2009] have been
reported. Although the patients show increased
serum levels of IgG4, the major subclass of these
autoantibodies is not necessarily IgG4, but often
IgG1 [Asada et al. 2006], CA-II [Uchida er al.
2000; Okazaki et al. 2000], CA-IV [Nishimori ez al.
20051, LF [Uchida er al. 2000; Okazaki et al. 2000]
and PSTT [Frulloni et al. 2009] which are distrib-
uted in the ductal cells of several exocrine organs,
including the pancreas, salivary glands, biliary
duct, lungs and renal tubules [Uchida er al. 2000;
Okazaki er al. 2000]. Although not all peptides
have been studied, immunization with CA-Il or LF
induced systemic lesions similar to human AIP,
such as pancreatitis, sialadenitis, cholangitis and
interstitial nephritis, in the mice models {Nishimori
et al. 1995]. The high prevalence of the above anti-
bodies suggests that they may be candidates for the
target antigens in AIP [Ueno ez al. 1995]. Molecular
mimicry among microbes and target antigens may
be a possible mechanism for breaking down
immune tolerance. The hypothesis is based on the
concept that infectious agents share one or more
epitopes with self-components, or that infectious
agents cause bystander activation of immune cells
with autoaggressive potential [Kountouras et al.
2005; Guarneri et al. 2005]. Guarneri and col-
leagues showed significant homology between
human CA-II and o~CA of Helicobacter pylori, a
fundamental enzyme for bacterial survival and
proliferation in the stomach [Kountouras et al
2005; Guarneri ez al. 2005]. Moreover, the homol-
ogous segments contain the binding motif of
DRB1*0405, which confers a risk for AIP develop-
ment. The PBP peptide identified in European
patients with ATP shows homology with an amino
acid sequence of the PBP of H. pylori and with the
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ubiquitin-protein ligase E3 component, n-recog-
nin 2, an enzyme highly expressed in acinar cells of
the pancreas, while European patients with AIP
did not necessarily show LPSP as the typical histo-
pathology of type 1 AIP in IgG4-related diseases
[Frulloni er al. 2009]. These findings suggest that
gastric H. pylori infection might trigger AIP in
genetically predisposed subjects [Kountouras ez al.
2005; Guarneri er al. 2005].

Tht and ThZ immune balance

The presence of autoantibodies, the predominant
infiltration of CD4+ and CD8+T-cells, and the
expression of HLA-DR antigens in the pancreas
[Uchida er al. 2000; Okazaki er al. 2011; Pickartz
et al. 2007], suggest that an immunological mech-
anism may be involved in the development of AIP
as well as the infiltration of plasmacytes and B
cells. CD4+T cells differentiate from naive T cells
(Th0) to Thl, Th2, Th17, and regulatory T cells
(Treg) [Kountouras et al. 2005]. Interleukin (IL)-
12 induces Th1 cells, which produce I1-2, tumor
necrosis factor-alpha (TNF-a) and interferon-
gamma (IFN-y), mediate cellular immunity, mac-
rophage activation, cytotoxicity and help with B
cell production of opsonizing and complement
fixing antibodies [Okazaki et al 2001]. IL-4
induces Th2 cells which produce IL-4, 5, 6 and
10, promoting humoral and allergic responses
[Okazaki et al. 2001]. Transforming growth fac-
tor-beta (TGF-B), IL-6 IL-21 and IL-23 induce
Th17 cells, which secrete IL.-17, and may induce
inflammation in mice [McGeachy and Cua, 2007;
Oukka, 2007]. Although Thl-immune responses
derived from the peripheral blood cells have been
reported to be predominant over Th2 in some
patients [Okazaki er al. 2000; Yamamoto e al.
2005], Th2 type immune responses are domi-
nated in the local tissues in IgG4-related scleros-
ing cholangitis patients [Zen et al. 2007]. Mice
models with depletion of Tregs by neonatally
thymectomy (n'Tx) showed Thl cells act mainly
as effectors in the initial early stage [Okazaki ez al.
2011]. Taken together, Thl cytokines may be
essential in the induction of AIP, while Th2
cytokines are involved in the progression of the
disease process, especially the maturation and
proliferation of local B cells and plasmacytes
[Okazaki et al. 2011].

Regulatory T cells and innate immunity
From mnaive ThO cells, TGF-B can induce
CD4+CD25*Tregs, which have a potent inhibitory

function via the transcription factor Foxp3 to
CD4* T-cell-mediated immune responses such as
Thl, Th2 and Th17 [Oukka, 2007]. 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 Tregs. This suppressive function is mediated by
both TGF-B and IL-10, and cell-to-cell contact via
ligation of cytotoxic T lymphocyteantigen-4.
Naturally occurring CD4+CD25% Tregs (nTregs)
from the thymus decreased in the peripheral blood
of patients with AIP, whereas inducible memory
Tregs (ITregs) (CD45RA-)-Tregs in major popula-
tions are significantly increased [Zen er al.2007].
In addition, prominent infiltration of Tregs with
upregulation of IL-10 is observed in the liver of
IgG4-related  sclerosing cholangitis patients
[Uchida ez al. 2002]. These findings suggest that
iTregs in the periphery and local tissues may be
inhibitory immune responses against inflammation
in the patients with AIP, although decreased nTregs
may be pathogenertic. In AIP, increased peripheral
iTregs are positively correlated with serum levels of
IgG4 [Miyoshi et al. 2008]. These findings suggest
that IgG4 or IgG4-immune complexes do not act
as a pathogenetic factor but as an anti-inflamma-
tory factor in IgG4-related diseases [Kawa er al.
2008]. On the other hand, recent studies suggested
that abnormal innate immunity may be involved in
production of IgG4 by upregulating B-cell activa-
tion factor family (BAFF) [Watanabe ez al. 2012,
2013]. Further studies are necessary to clarify the
role of IgG4 in type 1 AIP as an IgG4-related dis-
ease. Our recent hypothesis for the pathogenesis of
type 1 AIP is shown in Figure 1. The basic concept
is the biphasic mechanism of ‘induction’ and ‘pro-
gression.” An initial response to self-antigens (LF,
CA-II, CA-IV, PSTI, amylase-a, PBP peptide of
H. pylori, etc.) might be induced by decreased
naive Tregs followed by a Thl type immune
response with the release of proinflammatory
cytokines (IFN-y, IL-1B, IL-2, TNF-o). In pro-
gression, Th2 type immune responses to produc-
ing IgG, IgG4 and autoantibodies may be involved
in pathophysiology. IgG4 and fibrosis may be regu-
lated by increased IL-10 and TGF-f secreted from
iTregs, with inducible T-cell co-stimulator mole-
cules, respectively. The classical pathway of the
complement system may be activated by the IgG1
immune complex. Recently, another mechanism of
upregulation of IgG4 may be mediated by increased
BAFF secreted from monocyte or basophils, which
suggests that abnormal innate immunity may be
involved in the development of IgG4-related dis-
ease [Watanabe et al. 2012, 2013].
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Figure 1. Hypothesis for the pathogenesis of AIP and IgG4-related disease.

In the central tolerance, naive and natural regulatory T cells (Tregs] derived from the thymus suppress autoreactive CD4

or CD8 cells in the normal state. In IgG4-related disease, the basic concept is the biphasic mechanism of ‘induction” and
‘progression’. Initial response to self-antigens {lactoferrin, CA-1l, CA-IV, PSTI, amylase-a, PBP peptide of Helicobacter pylori,
etc.] might be induced by decreased naive Tregs. Th2 immune responses were followed by Th1 type immune responses with
the release of proinflammatory cytokines (IFN-y, IL-1b, IL-2, TNF-a). In progression, Th2 type immune responses producing
1gG, 1gG4 and autoantibodies may be involved in pathophysiology. |gG4 and fibrosis may be regulated by increased IL-10 and

TGF-B secreted from inducible memory Tregs, respectively.

AIP, autoimmune pancreatitis; CA, carbonic anhydrase; CD, cluster of differentiation; IL, interleukin; PSTI, pancreatic
secretory trypsin inhibitor ; PBP, plasminogen-binding protein; IFN-y, interferon-gamma; TNF-a, tumor necrosis factor-
alpha; 1gG, immunoglobulin G; TGF-B, transforming growth factor-beta.

Recent therapeutic strategy for AIP

About 10% of AIP patients improve spontane-
ously without steroid therapy; thus, steroid ther-
apy in AIP is recommended in patients who
have symptoms such as obstructive jaundice,
abdominal and back pain, and the presence of
symptomatic extrapancreatic lesions. A distinct
difference from type 2 AIP patients is that type
1 AIP patients rarely have the severe abdominal
pain that occurs in acute pancreatitis, but
persistent abdominal or back pain in type 1
AIP appears to be an indication for steroid
therapy. Associated symptomatic extrapancre-
atic lesions, such as retroperitoneal fibrosis,
interstitial pneumonia, tubulointerstitial nephri-
tis, and hepatic or pulmonary pseudotumor are
indications for steroid therapy. A facile steroid
trial to diagnose AIP is permitted only after neg-
ative work-up for malignancy by histological
examinations under endoscopic ultrasound-fine
needle aspiration/core biopsy [Okazaki er al
2009; Kamisawa et al. 2010].

Before steroid therapy, biliary- drainage for
obstructive jaundice should be performed and
blood glucose levels should be controlled in
patients with diabetes mellitus. For the initial oral
prednisolone dose for induction of remission,
0.5-0.6 mg/kg/day is recommended. The initial
dose is administered for 2—-4 weeks and then grad-
ually tapered. After 2-4 weeks at the initial dose,
the dose is tapered by 5 mg every 1-2 weeks over
3-4 months, based on changes in the clinical
manifestations, biochemical blood tests, and
repeated imaging studies [Okazaki er al. 2009;
Kamisawa er al. 2010].

Most AIP patients (more than 90%) respond well
to initial steroid therapy and achieve a remission
state. After remission, the patients with type 1
AIP show a high rate of relapsing (30-50% within
6—12 months), whereas those with type 2 AIP sel-
dom relapse. After remission in type 1 AIP, ster-
oid maintenance therapy is still controversial,
although the relapsing rate of 18-32% in
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Figure 2. Proposal of steroid treatment of
autoimmune pancreatitis [AIP) in Japan.

The Japanese consensus guidelines proposed the
treatment of type1 AIP patients in Japan. Prior to stercid
treatment, biliary drainage or control of blood sugar is
recommended in patients with obstructive jaundice or
diabetes. After remission by the initial steroid therapy for
2-3 months, a maintenance therapy with a dose of 5-7.5
mg /day for 3 years is recommended, if there are no major
side effects.

Table 2. Medical treatment of AIP.

maintenance therapy is relatively low (53%) in
cases without maintenance therapy [Okazaki et al.
2009; Kamisawa et al. 2010]. To prevent relapse,
maintenance therapy (2.5-5 mg/day) within 3
years is recommended in the Japanese consensus
guidelines (Figure 2) [Okazaki er al. 2009;
Kamisawa er al. 2010], but not in Western coun-
tries (Burope and the United States). Similarly,
the therapeutic strategy for relapsing patients with
type 1 AIP is different among local expertise. In
Japan, re-administration or increased dose of ster-
oid is recommended for the second line in relaps-
ing AIP patients, whereas immune-modulators
such as thiopurine (azathioprine/6-mercaptoetha-
nol) [Ghazale ez al. 2008; Church ez al. 2007] or a
molecular targeting agent (rituximab) [Topazian
et al. 2008] is commonly used in Western coun-
tries (Table 2). At this moment, molecular bio-
logical mechanism of the treatments, such as
steroid and immunomodulator still remains
unclear.

Conclusion

The pathophysiological conditions in the two
subtypes of AIP seem to be different, although
both of them respond well to steroid treatment.
After remission, the steroid maintenance therapy
and therapeutic strategy for relapsing patients
with type 1 AIP are different among local exper-
tise. As Tregs seem to take important roles in pro-
gression as well as induction of the disease, further
studies are necessary to clarify the pathogenesis of
AIP, including genetic backgrounds, disease spe-
cific antigens, and the role of IgG4.
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