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The Role of Innate Immunity in the Pathogenesis of
Experimental Autoimmune Pancreatitis in Mice

Akiyoshi Nishio, MD, PhD,* Masanori Asada, MD, PhD,} Kazushige Uchida, MD, PhD,*
Toshiro Fukui, MD, PhD,* Tsutomu Chiba, MD, PhD,i and Kazuichi Okazaki, MD, PhD*

Objective: To determine the role of innate immunity in the develop-
ment of autoimmune pancreatitis in mice induced by toll-like receptor
(TLR) stimulation.

Methods: Six-week-old female MRL/Mp mice were injected intra-
peritoneally with polyinosinic polycytidylic acid (poly L:C) or lipo-
polysaccharide (LPS) at doses of 5 mg/kg body weight twice weekly
for 12 weeks. The mice were killed, and the severity of pancreatitis was
graded using a histological scoring system. Serum cytokine levels of
mice with pancreatitis and mice that were given a single injection of
TLR ligands were measured using enzyme-linked immunosorbent as-
says. The effect of TLR stimulation on the development of pancreatitis
was also examined using C57BL/6 interleukin (IL)-10-deficient mice.
Results: Administration of poly I:C accelerated the development of
pancreatitis in MRL/Mp mice, but LPS did not. Serum levels of IL-10
and IL-12 were significantly elevated in mice with autoimmune pan-
creatitis. A single injection of LPS markedly increased serum levels of
interferon~y, tumor necrosis factor-a, IL-10, and IL-12 compared with
those of poly I:C-treated mice. Treatment with not only poly I:C but
also LPS induced pancreatitis in IL-10-deficient mice but not in wild-
type mice. '
Conclusion: Repeated stimulation of innate immunity induces auto-
immunity in the pancreas of mice via an imbalance between proin-
flammatory and anti-inflammatory cytokines.
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Autoimmune pancreatitis (AIP) is an increasingly recognized
entity of pancreatitis that is characterized by a steroid-
responsive, fibroinflammatory condition that often involves mul-
tiple organs. Since the first case was reported in 1961 by Sarles
et al,' subsequent studies have revealed that the disease has clin-
ical, radiological, and histopathological features distinct from those
of forms of chronic pancreatitis.>>

The morphological characteristics of AIP include diffuse
or localized enlargement of the pancreas and irregular narrowing
of the main pancreatic duct. Histologically, the disease is asso-
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ciated with progressive lymphoplasmacytic infiltration, predom-
inantly localized to the ductal structures, and varying degrees of
parenchymal and acinar destruction. A high serum IgG4 level is
considered a serological hallmark of the disease, and increased
infiltration of IgG4-positive cells in the affected organs is path-
ognomonic for AIP* Autoantibodies against carbonic anhydrase,
lactoferrin, and other antigens are present in the sera of patients
with AIP>® Based on a combination of findings obtained from
patients with AIP, several diagnostic criteria have been proposed
for differentiating AIP from other pancreatic diseases, especially
pancreatic cancer.”'!

However, little is known about the precise pathogenesis
of AIP, and the natural course of the disease is unclear. The
disease may progress asymptomatically for prolonged periods,
and symptoms often develop in the later stages of the disease.
Autoimmune mechanisms are thought to be involved in the
pathogenesis of AIP. Zen et al'? reported that T helper type 2
(Th2) cells and T regulatory cells predominantly mediate the
immune reaction in ATP and IgG4-associated cholangitis. Kawa
et al'® showed that the engagement between IgG4 and IgG Fc
does not occur through Fab but as an Fc-Fc interaction. However,
the early immune response underlying the pathogenesis of AIP
is difficult to study in patients with this disease.

Several animal models have been used to avoid difficulties
inherent in the study of the autoimmune mechanism of AIP in
human patients.*2° MRL/Mp mice develop pancreatitis sim-
ilar to that of human AIP: they exhibit selective destruction of
pancreatic exocrine tissues coupled with infiltration of lym-
phocytes and plasmacytes, and various autoantibodies are pro-
duced.'*?" Induction of the disease in MRL/Mp mice is cell
mediated, and destruction of pancreatic tissue is induced by
Fas/Fas ligand-mediated cytotoxicity.'®** The development of
the disease is accelerated by administration of polyinosinic poly-
cytidylic acid (poly I:C), a synthetic double-stranded RNA and
toll-like receptor (TLR) 3 ligand.'® Toll-like receptors play im-
portant roles in innate immunity and initiate intracellular signal-
ing to macrophages and dendritic cells after stimulation with
various antigens.”> The majority of known TLRs mediate the
development of Thl cell-promoting dendritic cells, possibly caus-
ing an autoimmune response.>**

In this study, we investigated the role of innate immunity in
the development of murine AIP induced by repeated stimulation
with various TLR ligands, with a specific focus on inflammatory
cytokine production.

MATERIALS AND METHODS

Mice

Female MRL/Mp mice and C57BL/6 interleukin 10—deficient
(IL-10KO) mice were purchased from the Jackson Laboratory
(Bar Harbor, Me). Female C57BL/6 wild-type (WT) mice were
purchased from Japan SLC (Shizuoka, Japan). All mice were
bred at the animal facility of Kyoto University under specific
pathogen-free conditions.
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Induction of Pancreatitis

Six-week-old female MRL/Mp mice were injected intra-
peritoneally with poly I:C or lipopolysaccharide (LPS; Sigma
Chemical Co, St Louis, Mo) at doses of 5 mg/kg body weight
twice weekly for 12 weeks (12 mice in each group) or were given
a single injection of poly I:C or LPS at the same doses (6 mice in
each group). Six-week-old female IL-10KO mice were injected
intraperitoneally with poly I:C at a dose of 5 mg/kg body weight
or LPS at a dose of 0.5 mg/kg body weight twice weekly for
8 weeks (12 mice in each group) or were given single injections
of poly I:C or LPS at the same doses (6 mice in each group).
Control mice were injected with phosphate-buffered saline
(PBS). All experiments were conducted with the approval of
the Ethics Committee for the Use of Experimental Animals of
Kyoto University.

Histological Examination

MRL mice were sacrificed after 12 weeks of treatment, and
IL-10KO mice were sacrificed after 8 weeks of treatment. Blood
was collected, and serum was stored at —20°C until use. Pan-
creatic tissue was excised for histopathological examination.
Tissues were fixed in 10% phosphate-buffered formaldehyde
(pH 7.2) and embedded in paraffin. The sections were stained
with hematoxylin and eosin, and histopathological examination
was performed using light microscopy. The severity of pancre-
atitis was scored on a scale of 0 to 4, which was based on the
histopathological scoring system described by Kanno et al'*
(briefly, 0 = no mononuclear cell infiltration; 1 = mononuclear
cell aggregation and/or infiltration within the interstitium with-
out any parenchymal destruction; 2 = focal parenchymal de-
struction with mononuclear cell infiltration; 3 = diffuse
parenchymal destruction but with retention of some intact pa-
renchymal residue; and 4 = almost all pancreatic tissue, except
pancreatic islets, destroyed or replaced with fibrosis or adipose
tissue).

Measurement of Serum Cytokine Levels

Serum levels of interferon (IFN)-o, IFN-y, tumor necrosis
factor (TNF)-o, IL-4, IL-10, and IL-12p70 were measured in
mice in which AIP was induced by serial injections of the TLR
ligands (6 mice in each group) and mice that received single doses
of the TLR ligands (6 mice in each group) using enzyme-linked
immunosorbent assay kits (R&D Systems Inc, Minneapolis,
Minn). To study the effect of TLR stimulation on cytokine pro-
duction, mice were sacrificed 3 hours after a single injection of
the various TLR ligands, and serum was collected.

Gene Expression of TLRs

The gene expression of TLRs in pancreatic tissues was
examined using mice that were given a single injection of the
TLR ligands (5 mice in each group). To analyze messenger
RNA (mRNA) expression of TLR3, TLR4, and TLR9 using the
reverse transcription—polymerase chain reaction (PCR), total
RNA was extracted from the pancreas using an RNA extraction
solution (RNeasy, Qiagen, Tokyo, Japan) and then reverse
transcribed into complementary DNA using the SuperScript
Preamplification System (Gibco-BRL, Gaithersburg, Md). The
reaction mixture was heated for 50 minutes at 42°C and
15 minutes at 70°C, and was then chilled on ice. Polymerase
chain reaction was performed using a mixture of complemen-
tary DNAs, 20 mmol/L of Tris-HCI (pH 8.4), 50 mmol/L of KCl,
2.5 mmol/L of MgCl,, 200 mmol/L of each deoxynucleotide
triphosphate (PerkinElmer, Branchburg, NJ), 50 pmol/L of each
specific primer, and 1.0 U of Tag DNA polymerase (AmpliTaq
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Gold; PerkinElmer). The primer sequences used in this study
were TLR3, (forward) 5-GGT GGT CCC GTTAAT TTC CT-3’,
(reverse) 5-CAG GAG CAT ACT GGT GCT GA-3’; TLR4,
(forward) 5'-AGA GTC AGG TGATGG ATG TCG-3, (reverse)
5-CAA GGG ATA AGA ACG CTG AGA-3'; and TLRY, (for-
ward) 5-GCA AGC TCA ACC TGT CCT TC-3', (reverse) 5'-
CAG GCT AAG ACA CTG GAG GC-3'. Amplification was
performed using a thermal cycler (GeneAmp PCR System
9600R; PerkinElmer) set at 30 to 40 cycles for 20 seconds at
95°C, 1 minute at 55°C, and 1 minute at 72°C. A 10-pL aliquot
of each PCR product was electrophoresed on a 2.0% agarose
gel containing ethidium bromide. The densities of bands on
the gels were measured using an image autoanalysis system
(Fotodyne, FOTOanalyst and Archive ECLIPSE; Advanced
American Biotechnology, Fullerton, Calif) and were expressed
as absorbance levels. The semiquantitative value for each prod-
uct was corrected according to the B-actin density of the sample.

Statistical Analysis

Student ¢ test was used to determine differences between
2 groups. One-way analysis of variance followed by Fisher
protected least significant difference test was used to determine
differences between multiple groups. A 2-tailed P < 0.05 was
considered significant.

RESULTS
Pancreatitis in MRL/Mp Mice

Polyinosinic polycytidylic acid administration accelerated
the development of pancreatitis in MRL/Mp mice, but PBS did
not (Fig. 1A). After 12 weeks of poly I:C injections, marked
inflammatory cell infiltration accompanied by severe destruction
of the acini, irregular fibrosis, and fatty changes were observed
(Fig. 1B). In addition, some of the acinar cells showed cellular
vacuolization. However, the endocrine glands showed little
change, and the tissues were well preserved. In contrast, ad-
ministration of LPS induced only mild pancreatitis (Fig. 1C).
Histological scores for pancreatitis were 3.5 £ 0.2 in mice treated
with poly I:C and 1.3 + 0.2 in mice treated with LPS (Fig. 1D).

Serum Cytokine Levels in MRL/Mp Mice

To study the role of proinflammatory cytokines in the in-
duction of pancreatitis, we compared serum cytokine levels be-
tween mice treated with PBS, poly I:C, or LPS. There were no
significant differences in IFN-a, TNF-a, or IL-4 levels between
the PBS, poly I:C, and LPS groups (Figs. 2A, C, D). Serum
levels of IFN-y were elevated in mice treated with LPS, but the
increase was not significant (Fig. 2B). Serum levels of IL-10 and
IL-12p70 were significantly elevated in poly I:C-treated mice
compared with PBS-treated or LPS-treated mice (Figs. 2E, F).

Next, we measured serum cytokines in mice after single
injections of the TLR ligands to investigate the early response to
TLR stimulation. An increase in serum IFN-a levels was ob-
served only in the poly L:C-treated mice (Fig. 3A). Single
injections of poly I:C or LPS significantly increased serum levels
of IFN-vy (Fig. 3B). The increase in IFN-y was higher in LPS-
injected mice than in poly I:C-injected mice. Similar increases
in serum TNF-« level were observed after single injections of
poly I:C or LPS (Fig. 3C). There were no significant differences
in IL-4 level between the PBS-treated, poly I:C-treated, and
LPS-treated mice (Fig. 3D). Interleukin 10 levels were elevated
in poly L:C-treated and LPS-treated mice, and increase in IL-
10 levels was much greater in LPS-treated mice than in poly
I:C-treated mice (Fig. 3E). Lipopolysaccharide administration

© 2011 Lippincott Williams & Wilkins

Copyright © 2011 Lippincott Willlams & Wilkins, Unauthorized reproduction of this article is prohibited.

— 349 —



Pancreas © Volume 40, Number 1, January 2011 Autoimmune Pancreatitis and Innate Immunity

Histological Score
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FIGURE 1. Histopathological examination of the pancreas and histological scoring of pancreatitis in MRL/Mp mice. Representative
pancreatic sections stained with hematoxylin and eosin: 12-week treatment with PBS (A), 12-week treatment with poly I:C (B), and
12-week treatment with LPS (C). After the mice were injected with poly I:C for 12 weeks, marked inflammatory cell infiltration with
severe destruction of the acini, irregular fibrosis, and fatty changes in the pancreas were observed. In contrast, mild inflammatory cell
infiltration with slight interstitial edema was observed in mice treated with LPS (original magnification x100). The severity of pancreatitis
was scored on a 0 to 4 scale based on a histological scoring system. The histological score for pancreatitis was higher in poly
I:C-treated mice than in LPS-treated mice, 3.5 + 0.2 vs 1.3 + 0.2, respectively; **P < 0.01 (D).
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FIGURE 2. Serum cytokine levels in MRL/Mp mice treated with PBS, poly I:C, or LPS for 12 weeks: IFN-a (A), IFN-y (B), TNF-a (C), IL-4 (D),

IL-10 (E), and IL-12p70 (F). There were no significant differences in IFN-c,, TNF-a, or IL-4 levels between PBS-treated, poly I:C-treated,

and LPS-treated mice. Interferon-y levels were elevated in LPS-treated mice, but the increase was not significant. Serum levels of IL-10
and IL-12p70 were significantly elevated in poly I:C-treated mice compared with PBS-treated or LPS-treated mice (*P < 0.05).
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FIGURE 3. Serum cytokine levels in MRL/Mp mice treated with a single injection of PBS, poly I:C, or LPS: IFN-« (A), IFN-y (B), TNF-a (C),
1L-4 (D), IL-10 (E), and IL-12p70 (F). Interferon-a levels were increased in mice treated with poly I:C. Interferon-y and TNF-a levels
were elevated in poly :C-treated and LPS-treated mice. There were no significant differences in IL-4 level between the PBS-treated,
poly I:C-treated, and LPS-treated mice. Interleukin 10 levels were elevated in poly I:C-treated and LPS-treated mice. Lipopolysaccharide
administration markedly increased IL-12p70 levels compared with PBS or poly I:C injection (*P < 0.05, **P < 0.01).

markedly increased serum IL-12p70 level compared with ad-

ministration of PBS or poly I

C (Fig. 3F).

Toll-Like Receptor Gene Expression in the

Pancreas

Gene expression of TLRs in pancreatic tissue 3 hours after
administration of TLR ligands was evaluated using semiquan-
titative reverse transcription—PCR. ‘Toll-like receptor 3 mRNA
expression was significantly increased in the pancreas of mice
treated with poly I:C compared with mice treated with PBS or
LPS (Fig. 4A). Lipopolysaccharide injection increased TLR4
mRNA expression, but the increase was not significant com-
pared with that in mice treated with PBS (Fig. 4B). Toll-like
receptor 9 mRNA expression was significantly increased in mice
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treated with poly I:C compared with mice treated with PBS or
poly I:C (Fig. 4C).

Pancreatitis in IL-10KO Mice

Administration of PBS, poly I:C, or LPS did not induce
pancreatitis in C57BL/6 WT mice (Figs. 5SA-C). In addition,
injection of PBS did not cause any inflammation of the pancreas
in IL-10KO mice (Fig. 5D). However, poly I:C and LPS ad-
ministration both induced pancreatitis associated with marked
inflammatory cell infiltration and destruction of the acini in IL-
10KO mice (Figs. SE, F). In addition to infiltration of lympho-
cytes and plasmacytes, stronger neutrophil infiltration, which
infiltrated into even the ductule lumen, and fibrosis were ob-
served in the pancreas of LPS-treated mice. The severity of
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FIGURE 4. Toll-like receptor mRNA expression in pancreatic tissues of MRL/Mp mice treated with single injections of PBS, poly I:C,
or LPS: TLR3 (A), TLR4 (B), and TLR9 (C). Toll-like receptor 3 and TLR9 mRNA expression were significantly increased in mice treated
with poly I:C. Lipopolysaccharide injection augmented TLR4 mRNA expression (*P < 0.05, **P < 0.01).
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pancreatitis was greater in LPS-treated mice than in poly I:C-
treated mice (4.0 £ 0 vs 3.3 £ 0.2, respectively; Fig. 6).

Serum Cytokine Levels in IL-10KO Mice

Serum levels of IFN-y were increased in mice treated with
poly I:C or LPS compared with control mice treated with PBS,
but their increase was not statistically significant (Fig. 7A).
Serum levels of TNF-a were significantly higher in mice treated
with poly I:C or LPS than in control mice (Fig. 7B). However,
serum IL-12p70 concentrations were elevated only in mice
treated with LPS (Fig. 7C). To evaluate the effect of TLR3
stimulation on cytokine production, serum cytokine levels were
measured 3 hours after a single injection of poly I:C. A single
injection of poly I:C caused a marked elevation in TNF-« level in
WT and IL-10KO mice (Fig. 8A). In contrast, the poly L:C in-
jection elevated serum IL-12p70 concentration only in IL-10KO
mice (Fig. 8B).

DISCUSSION

Significant progress has been made in elucidating the
clinical, radiological, serological, and histological features of

© 2011 Lippincott Williams & Wilkins
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FIGURE 5. Histopathological examination of the pancreas of C57BL/6 WT and IL-10KO mice. Representative pancreatic sections
stained with hematoxylin and eosin: 8-week treatment of WT mice with PBS (A), poly I:C (B), or LPS (C); 8-week treatment of IL-10KO
mice with PBS (D), poly I:C (E), or LPS (F). Eight-week treatment with PBS, poly I:C, or LPS did not induce pancreatitis in WT mice.
Treatment with PBS did not induce pancreatitis in IL-10KO mice. In contrast, administration of poly I:C or LPS induced severe pancreatitis
associated with marked inflammatory cell infiltration and destruction of the acini (original magnification x100).

ATIP. However, the pathogenesis of AIP is still unclear because
of the difficulty of studying patients with an early stage of the
disease. Therefore, we used a murine experimental model of
AIP that resembles human AIP to study this issue.

We demonstrated that administration of poly I:C, a TLR3
ligand, accelerated the development of pancreatitis in associa-
tion with a significant elevation in serum IL-12p70 level. Inter-
leukin 12 is a Thl cell-inducing cytokine and is produced by
antigen-presenting cells such as monocytes/macrophages and
dendritic cells in response to TLR stimulation.>*?® In contrast,
there was no significant difference in serum IL-4 level despite
the development of pancreatitis. These results are consistent
with those of our previous report, which revealed a dominant
Thl-type immune response in patients with AIP?® and sub-
stantiate the similarity between the pathogenesis of murine pan-
creatitis and human AIP. In addition, the serum concentration of
IL-10, an anti-inflammatory cytokine, was increased by poly L:C
in the present study, which is consistent with a previous report.
Interleukin 10 has been reported to have multiple immunosup-
pressive effects,®” and its protective role in acute and chronic
pancreatitis has been demonstrated using several experimental
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FIGURE 6. Histological pancreatitis scores for WT and IL-10KO
mice. The severity of pancreatitis was scored using a scale of 0 to 4,
which was based on a histological scoring system. Histological
scores for pancreatitis were highest in LPS-treated mice (4.0 = 0)
and were higher than in IL-KO mice (3.3 £ 0.2, **P < 0.01).

models.”®?? As the increases in serum IL-12p70 and IL-10 levels
may merely have reflected ongoing pancreatitis and the self-
protective responses to inflammation, we next investigated the
effects of single injections of various TLR ligands on cytokine
production.

Single injections of poly I:C or LPS increased serum INF-y,
TNF-a, and IL-12p70 levels, indicating that poly I:C and LPS
treatment caused a Thl cell-inducing condition; levels of these
cytokines were higher in LPS-injected mice than in poly I:C-
injected mice. Stimulation of TLR4 activates 2 signaling path-
ways, myeloid differentiation factor 88—dependent and myeloid
differentiation factor 88—independent pathways. Myeloid differ-
entiation factor 88—dependent signaling leads to early activation
of NF-kB and activator protein (AP)-1, which initiates the tran-
scription of proinflammatory cytokine genes. Myeloid differenti-
ation factor 88-independent pathway involves a different adaptor
molecule, Toll/IL-1 receptor domain-containing adaptor inducing
IFN B (TRIF). TRIF-dependent signaling pathway results in late
activation of NF-kB and activator protein-1 and upregulation of
IFN-regulatory factor 3. Both TLR3 and TLR4 can stimulate
TRIF-dependent pathway.*® Therefore, the variety of serum cy-

tokine production after TLR stimulation may arise from the
difference in signaling pathways between TLR3 and TLR4. Fur-
thermore, administration of poly I:C or LPS increased mRNA
expression of these TLRs in pancreatic tissues, as was previously
observed when pancreatic duct cells were stimulated with poly
I:C.22 This suggests that immune responses induced by TLR
stimulation are augmented through a positive feedback mech-
anism. However, pancreatitis was not induced by LPS admin-
istration despite the predominant Thl condition. Interestingly,
administration of LPS markedly increased serum IL-10 concen-
tration in addition to increasing the level of proinflammatory
cytokines, as reported previously.®! It was shown that TLR3 and
TLR4 signals induce macrophages and myeloid dendritic cells
to produce IL-10 in addition to proinflammatory cytokines.*
Taken together, it is most likely that the marked increase in IL-10
overwhelmed the effect of Thl cell-inducing cytokines and pre-
vented the development of pancreatitis in mice treated with
LPS. Thus, an imbalance between proinflammatory and anti-
inflammatory cytokines may induce murine pancreatitis.

To confirm the preventive role of IL-10 in the develop-
ment of pancreatitis, we investigated the effect of TLR stimu-
lation in IL-10KO mice. Although administration of poly I:C or
LPS did not cause any histological change in the pancreas of
C57BL/6 WT mice, pancreatitis developed in the LPS-treated
and poly [:C-treated IL-10KO mice. The severity of pancreatitis
was greater in mice treated with LPS than in mice treated with
poly I:C. Abundant infiltration of neutrophils may be caused by
mcreased production of chemokines in LPS-treated mice be-
cause chemokine production was greater in tissue macrophages
stimulated with TLR4 than those of TLR3.>* Such histological
difference is consistent with the changes in serum cytokine
levels. This clearly shows that IL-10 is necessary for the pre-
vention of pancreatitis.

An association between genetic factors and autoimmune
diseases has been reported.>* Kawa et al*® reported that the HLA
DRB1#0405-DQB1*0401 haplotype is associated with AIP in
the Japanese population. An association between adenosine
triphosphate-binding cassette, subfamily F gene (ABCE1) and AIP
was also reported by this group.’ ¢ Recently, Park et al’” noted that
substitution of aspartic acid with nonaspartic acid at the DQB1
57 locus is a genetic predictor of relapse in Korean patients with
AIP. These reports suggest that genetic factors contribute to the
development of AIP. Although MRL/Mp mice are prone to auto-
immune disease, their predisposition to it is not as strong as that
of MRL/lpr" mice, which have a defective Fas gene and sponta-
neously develop systemic lupus erythematosus-like diseases.**’
An autoimmune-prone genetic background may be closely linked
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FIGURE 7. Serum cytokine levels in IL-10KO mice treated with PBS, poly 1:C, or LPS for 8 weeks: IFN-y (A), TNF-« (B), and
IL-12p70 (C). Although the increase in IFN-y levels was not significant, TNF-a levels increased in mice treated with poly I:C or LPS
(*P < 0.05). Interleukin 12p70 levels were elevated only in mice treated with LPS (*P < 0.05).
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FIGURE 8. Serum cytokine levels in IL-10KO mice treated with single injections of PBS, poly I:C, or LPS: TNF-a (A) and IL-12p70 (B).
Tumor necrosis factor-o levels were elevated in WT and IL-KO mice after a single injection of poly I:C. However, an elevated IL-12p70 level
was observed only in IL-10KO mice that received a single injection of poly I:C (*P < 0.05, **P < 0.01).

to the spontaneous development of pancreatitis in MRL/Mp mice.
Furthermore, the development of pancreatitis in the IL-10-deficient
condition suggests that an IL-10 gene polymorphism may be as-
sociated with susceptibility to this disease.

Polyinosinic polycytidylic acid is a double-stranded RNA
and is detected by TLR3. In addition to constituting the genome
of 1 class of viruses, double-stranded RNAs are also generated
during the lifecycle of most other viruses. Viral components may
trigger autoimmune diseases.*® It is believed that during viral
infections, pathogen recognition and subsequent induction of
adaptive immune responses interfere with the control of self-
tolerance in susceptible individuals. Therefore, pattern-recognition
receptors that bind pathogen-associated molecular patterns may
stimulate both host defense and, under certain circumstances,
autoimmune activity. Indeed, it has been shown that the RNA
virus Coxsackievirus B4, a prevalent human pathogen associated
with pancreatitis, autoimmune diabetes, and myocarditis, induces
TLR3 signaling.*! In addition to TLR3 and TLR4 stimulation,
CpG-DNA stimulation of TLR9 induces pancreatitis in IL-10KO
mice (unpublished data). Therefore, although exposure to vari-
ous pathogens, including bacteria and viruses, may cause tran-
sient inflammation in the pancreas via TLR signaling, repeated
stimulation of TLRs could cause sustained immune responses
that result in the development of AIP in genetically susceptible
individuals.

In conclusion, we demonstrated that repeated stimulation
of innate immunity induced a cytokine imbalance, resulting in
autoimmunity. The absence of IL-10 also rendered mice sus-
ceptible to pancreatitis in the presence of TLR stimulation.
Further studies on environmental and genetic factors such as
IL-10 gene polymorphisms are required to elucidate the path-
ogenesis of AIP.
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Idiopathic Duct-Centric Pancreatitis (IDCP) with
Immunological Studies
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Abstract

A 65-year-old woman with elevated serum levels of pancreatic enzymes was referred to our hospital for
further examinations. Abdominal US and contrast-enhanced CT demonstrated swelling of the pancreas body
and tail. MRCP and ERCP revealed abrupt ending of the MPD in the pancreas body. Under the suspicion of
malignancy, distal pancreatectomy and splenectomy were performed. The histopathological findings showed
idiopathic duct-centric pancreatitis (IDCP) with granulocytic epithelial lesions (GEL). As most cases of Japa-
nese autoimmune pancreatitis (AIP) are lymphoplasmacytic sclerosing pancreatitis (LPSP), the present case
seems to be helpful to clarify the clinical findings of IDCP in Japan.

Key words: autoimmune pancreatitis (AIP), Idiopathic duct-centric pancreatitis (IDCP), lymphoplasmacytic

sclerosing pancreatitis (LPSP), granulocytic epithelial lesion (GEL), IgG4

(Intern Med 49: 2569-2575, 2010)
(DOL: 10.2169/internalmedicine.49.4165)

Introduction

Since Sarles et al reported a case of idiopathic pancreatitis
with hypergammaglobulinemia in 1961 (1), several investi-
gators have reported that autoimmune mechanisms may be
involved in the etiology of chronic pancreatitis. Yoshida et al
first proposed the concept of “autoimmune pancreatitis”
(AIP) in 1995 (2). Thereafter, many cases of AIP have been
reported mainly from Japan until the disease concept was
accepted worldwide. As previously reported, the characteris-
tic features (3, 4) of the Japanese patients with AIP show (i)
diffuse enlargement of the pancreas on US, CT and MRI,
(i) irregular narrowing of the pancreatic duct (sclerosing
pancreatitis) on endoscopic retrograde cholangiopancrea-
tographic (ERCP) images, (iii) histologically termed lym-
phoplasmacytic sclerosing pancreatitis (LPSP) with fibrosis,
abundant infiltration of lymphocyte and IgG4-positive plas-
macytes and obliterative phlebitis, and (iv) it is often associ-

ated with extrapancreatic lesions, such as sclerosing cho-
langitis similar to primary sclerosing cholangitis (PSC), scle-
rosing cholecystitis, sclerosing sialoadenitis, retroperitoneal
fibrosis, interstitial renal tubular disorders, enlarged celiac
and hilar lymph nodes, chronic thyroiditis, and pseudotumor
of the liver (5-7). On the other hand, in Western countries,
another type of AIP different from the AIP commonly ob-
served in Japan has been reported. In a study performed by
a group at the Mayo Clinic, it was demonstrated that there
may be two histological types of AIP, LPSP and idiopathic
duct-centric pancreatitis (IDCP) (6, 8). IDCP was character-
ized by lobular fibrosis and pancreatic duct damage mainly
caused by infiltration of neutrophils without obliterative
phlebitis (8). Zamboni et al also recognized a subtype of
AIP occurring in a subset of patients who are younger and
more commonly have ulcerative colitis and Crohn’s disease,
which is characterized by the presence of granulocytic epi-
thelial lesions (GEL) (9). There are a number of similarities
in the clinical and histopathological findings between AIP
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with GEL and IDCP, but not between AIP with LPSP and
AIP with GEL or IDCP. Although Japanese AIP cases are
almost all LPSP (4, 7), those concerning IDCP have been
rarely reported from Japan (10). Therefore, it still remains
unclear whether the clinical manifestations of the Japanese
patients with IDCP are similar to those of Western countries
or not. Herein, we report the first case of IDCP in Japan
with full radiological and histopathological findings.

Case Report

A 65-year-old woman with elevated serum levels of pan-
creatic enzymes, as discovered by an annual health check,
was referred to our hospital for further examination in the
beginning of December 2004. She had no history of other
illness or alcohol abuse. Furthermore, the symptom of in-
flammatory bowel disease including diarrhea was absent.
Physical examination at the time of admission revealed no
significant findings. Laboratory examinations showed the
following values (normal range): peripheral white cell count,

Figure 1, Abdominal ultrasonography (US) of the pancreas.
US showed the partially enlarged pancreas body and tail with
homogenous hypoechoic pattern (arrow).

4,600/uL; peripheral eosinocyte count, 690/uL; C-reactive
protein, 0.04 mg/dL (<0.3 mg/dL); total bilirubin, 0.7 mg/
dL; alkaline phosphatase, 313 IU/L (107-323 IU/L); -
glutamyl transpeptidase, 13 IU/L (8-45 IU/L); asparate
aminotransferase, 23 IU/L (12-31 TU/L); alanine aminotrans-
ferase, 18 TU/L (6-24 IU/L). Pancreatic enzymes were ele-
vated: amylase 292 IU/L (32-112 IU/L), lipase 473 IU/L
(16-60 TU/L), and elastase-1 950 ng/dL (100-400 ng/dL).
Hepatitis B surface antigen and antibody to hepatitis C virus
were negative. Serum y-globulin, IgG levels were 1.43 g/dL
(0.7-1.6 g/dL), 1,523 mg/dL. (870-1,700 mg/dL), respec-
tively. Serum autoantibodies were all negative, including an-
tinuclear antibody, rheumatoid factor, anti-Ro antibody (SS-
A), anti-La antibody (SS-B), and anti-mitochondrial anti-
body. Among tumor markers, CEA was 1.1 ng/dL. (<5.0);
DUPAN-2, 25 U/mL (<150); and CA19-9, 253 U/mL
(<37). Abdominal US showed the partially enlarged pan-
creas body and tail with homogenous hypoechoic pattern
(Fig. 1). Contrast-enhanced CT demonstrated moderate
swelling in the body and tail of the pancreas with homoge-
nous enhancement, but not capsular-like low density rim or
swelling of peripancreatic lymph nodes (Fig. 2). MRI dem-
onstrated the enlarged pancreas body and tail with no obvi-
ous intensity of change(Fig. 3A, B). MRCP revealed ob-
struction of the main pancreatic duct (MPD) in the body
concordant with pancreas cancer tumors (Fig. 3C). ERCP
demonstrated abrupt ending of the MPD in the pancreas
body and irregular strictures of the pancreatic ducts in the
pancreas head (Fig. 4). Transpapillary biopsy of the obstruc-
tive pancreatic duct and cytology of the pancreatic duct did
not show malignancy. We were not able to identify a mass
in the pancreas in the image, but also were not able to deny
the possibility of the pancreatic cancer because we showed
the disruption of the pancreatic duct. Therefore, we per-
formed distal pancreatectomy and splenectomy. The postop-
erative course was uneventful and the patient was discharged
after eight days. After hospital discharge, the patient had no
recurrence to date.

The cut surface of the resected specimen showed swelling

Figure 2. Contrast-enhanced computed tomography (CT) of the pancreas. Contrast-enhanced CT
demonstrated moderate swelling in the body and tail of the pancreas with homogenous enhance-

ment, but not capsular-like low density rim or swelling of peripancreatic nodes. (A) early phase (B)

delayed phase.
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Figure 3. Magnetic resonance imaging (MRI) of the pancreas. MRI demonstrated swelling in the
body and tail of the pancreas with no obvious intensity of change (A; T1 intensive image, B; T2 in-
tensive image). Magnetic resonance cholangiopancreatography (MRCP) revealed obstruction of the

main pancreatic duct in the body (C).

Figure 4. Endoscopic retrograde cholangiopancreatography
(ERCP). ERCP image demonstrated abrupt ending of the
main pancreatic duct in the body compatible with pancreatic
cancer.

of parenchyma with the whitish indurated tissue (Fig. 5)).
Histologically, prominent lobular inflammation consisted of
edema and infiltrating neutrophils, lymphocytes, and plasma
cells. Although fibroblastic proliferation and fibrosis were
seen, inflammatory infiltrate cells were scarce between the
lobules. Neutrophils were sometimes prominent in and
around the intralobular duct. Numerous microabscesses were
found in the intralobular duct. Neutrophils involved the duct
epithelium and lumen, and the epithelial cells were de-
stroyed. Obliterative phlebitis was not observed (Fig. 6).
From these findings, the histopathological diagnosis made

Figure 5,
surface of the resected specimen showed swelling of parenchy-
ma with the whitish indurated tissue (Fig. SA). The picture of
loupe of the greatest surface of cut specimen (Fig. 5B).

Macroscopic findings of the pancreas. The cut

was IDCP. On immunohistochemical staining, IgG1-positive
plasma cells were abundant (Fig. 7B), but IgG4-positive
plasma cells were not (Fig. 7A). Abundant infiltration of
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Figure 6. Histological findings of the pancreas (Hematoxylin and Eosin staining). Although fibro-
blastic proliferation and fibrosis are seen, inflammatory infiltrates are scarce between the lobules (A,
x20; D, x20). Periductal inflammation with destruction of pancreatic epithelia by abundant neutro-
phils suggested a granulocyte epithelial lesion (GEL) (B, x40; C, x400). Inflammatory cells were few
in fibrosis. Microabscess was seen in the intralobular duct (E, x100; F, x400).

Foxp3-positive T lymphocytes was observed around the in-
tralobular ducts (Fig. 7C). Predominant infiltration of CD3-
positive, CD4-positive and CD8-positive T lymphocytes was
seen around the interlobular ducts (Fig. 7D-F). In addition,
the infiltrated cells contained CD79a-positive plasma cells
(Fig. 7G).

We examined 9 patients with LPSP (6 women and 3 men;
mean age 54 years; range, 56-73 years), 9 patients with al-
coholic pancreatitis (9 men; mean age, 53 years; range, 39-
75 years), and only one patient with IDCP (woman, age;
65). The numbers of IgG4-positive plasma cells (IgG4/HPF)
were significantly higher in LPSP (20.0 = 6.0 cells/HPF)
than in alcoholic chronic pancreatitis (2.1 + 0.9 cells/HPF;
p<0.05). The numbers of IgGl-positive plasma cells (IgG1/
HPF) were significantly lower in LPSP (7.6 = 2.4 cells/

HPF) than in alcoholic chronic pancreatitis (12.1 + 1.8 cells/
HPF; p<0.05). The ratio of IgG4/HPF to IgG1/HPF (IgG4/G
1 ratio) was significantly higher in AIP (2.72 + 0.76) than in
alcoholic chronic pancreatitis (0.18 + 0.09; p<0.05). The
numbers of Foxp3-positive cells (Foxp3/HPF) in patients
with LPSP (15.3 = 3.0 cells/HPF) were significantly in-
creased compared with alcoholic chronic pancreatitis (1.7 *
0.5 cells/HPF; p<0.05). However, the IDCP case showed
Foxp3-positive cells; 9.7 cells/HPF, IgG4-positive plasma
cells; 8.0 cells/HPF, IgG4/G1 ratio; 0.39, IgGl-positive
plasma cells; 20.7 cells/HPF, respectively (Table 1).

Discussion

Since Sarles et al reported a case of idiopathic pancreatitis
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Figure 7. Immunohistochemistry of the pancreas (A, IgG4; B, IgG1; C, Foxp3; D, CD3; E, CD4;
F, CD8; G, CD79a). IgG4-positive plasma cells were scattered, whereas IgG1-positive plasma cells
were abundant (A, B). Foxp3-positive T lymphocytes were observed around the intralobular duct
(C). A predominance of CD3-positive, CD4-positive and CD8-positive T lymphocytes were abundant
in the interlobular ducts (D, E, F). In addition, also infiltrated CD79a-positive plasma cells were seen

(G).

with hypergammaglobulinemia (1), many investigators have
suggested that an autoimmune mechanism is involved in
some instances of idiopathic pancreatitis. We previously re-
ported that patients with AIP frequently have autoantibod-
ies (3, 4). Hamano et al reported that patients with AIP

show a high serum IgG4 concentration, and that the values
are closely associated with the disease activity (11). Japa-
nese AIP cases are almost exclusively LPSP (4, 7).

In contrast, AIP with neutrophilic infiltration in the epi-
thelium of the pancreatic duct (idiopathic duct-centric pan-
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Table 1. Immunohistochemical Findings of 19 Cases of Tumor-forming Type of
Pancreatitis
Non-alcoholic  (n=10) Alcoholic (n=9)
Infiltrated cells IDCP LPSP Chronic pancreatitis
(n=1) (n=9) (n=9)
IgGl 20.7 7.6£2.4% 12.1£1.8*
IgG4 8.0 20.0+6.0* 2.14+0.9%
1gG4/IgGl 0.39 2.7240.76* 0.18+0.09*
Foxp3 9.7 15.343.0* 1.7£0.5%

IgG1-, IgG4-, and Foxp3-positive cells contained within the portal tracts selected in each specimen

were counted under five different high power fields (HPF). IgG4/IgG1; the ratio of IgG4/HPF to

IgG1/HPF was calculated in each case. Values are the mean + SD. * p<0.05

creatitis: IDCP, or granulocyte epithelial lesion: GEL) has
been reported by American and FEuropean patholo-
gists (6, 8, 9). In a recent study, Zhang et al reported that
while LPSP consistently shows moderate to severe infiltra-
tion with IgG4-positive cells, IDCP rarely shows excess
IgG4-positive cells (12). In the present case IgG4-positive
cells were not abundant. Prior to the concept of IDCP or
GEL, in 1997 Ectors et al (13) reported the concept of non-
alcoholic duct destructive chronic pancreatitis (NDCP) char-
acterized by histological findings distinguishable from
LPSP: a neutrophil predominant lobular inflammation and a
duct destructive infiltrate without obliterative phlebi-
tis (8, 13). The features seen in patients with NDCP are
similar to those of IDCP although it still remains unclear
whether these two entities represent different manifestations
of the same disease or not. The clinical features of AIP in
Western countries have been reported to be elderly males,
frequent association with inflammatory bowel disease, and a
weaker association with other sclerosing diseases, which
seems to be different from Japanese AIP (LPSP). Frulloni et
al recently reported that the focal type of AIP (63%) is more
common than the diffuse type (37%) of the 87 Italian pa-
tients with AIP patients (54 males and 33 females, mean age
43.4 + 15.3 years). Of total patients, 30% had ulcerative co-
litis, and 66% of focal AIP and 27% of diffuse AIP showed
increased serum levels of IgG4. Although the histopathologi-
cal findings were not evaluated in their series, IDCP may be
predominant in the diffuse type of AIP (14). In Japan, the
above Western type of AIP cases has not been confirmed yet
owing to the limited number of studies.

Therefore, AIP might be a heterogeneous disease with dif-
ferent clinical aspects, and these patients with young onset
might be another subtype distinguishable from the usual AIP
as defined in Japan (15). Although a single study of young
Japanese patients with AIP reported more frequent abdomi-
nal pain and increased serum amylase elevations compared
with aged patients (16), it was unclear whether these young
patients had IDCP or not.

The present patient had no abdominal pain, but did have
an elevated level of serum amylase. Serum IgG4 was not
measured. She had no other organ involvement. Radiological
findings did not demonstrate the typical findings of AIP as

shown in the Japanese diagnostic criteria (17, 18). In the
US, CT, and MRI images of the present case, the pancreas
was slightly swollen, but it lacked a capsular-like low den-
sity rim on the enhanced CT images. Pancreatogram on
ERCP showed the abrupt ending of the MPD without ir-
regular narrowing of MPD. Immunochemically, in this IDCP
case, the density of IgG1-positive cells was higher than the
density of IgG4- and Foxp3-positive cells. The ratio of
1gG4/HPF to IgG1/HPF (IgG4/G1) was higher in LPSP than
in IDCP (Table 1). Miyoshi et al reported that the numbers
of circulating regulatory T cells (Tregs) is increased in
AIP (19). Koyabu et al reported that the ratio of IgG4/IgG1-
positive plasma cells in specimens obtained from patients
with IgG4-related sclerosing cholangitis (IgG4-SC) was sig-
nificantly higher than in specimens from patients with pri-
mary sclerosing cholangitis (PSC), autoimmune pancreatitis
(AIP), and primary biliary cirrhosis (PBC). The Foxp3/
Mono ratio in patients with PBC was significantly higher
than that in patients with IgG4-SC and PSC (20). Certainly,
in our LPSP cases, Foxp3-positive cells (Tregs) were abun-
dant, but not in our IDCP case (Table 1). LPSP is consistent
with the definition of autoimmune disease (AID) (21), but
IDCP is not. Therefore, we feel that LPSP and IDCP should
be considered as completely different diseases immunologi-
cally. Further studies are necessary to establish the concept
of IDCP in Japan and to clarify the mechanism in the devel-
opment of IDCP.
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Abstract Immunoglobin G4-related sclerosing cholangi-
tis (IgG4-SC) is recognized as one of the systemic scle-
rosing diseases characterized by abundant IgG4-positive
plasma cells with effective steroid therapy. On the other
hand, primary sclerosing cholangitis (PSC), recognized as a
sclerosing cholangitis of unknown origin without steroid
efficacy, has been often clinically confused with IgG4-SC.
To date, the prognosis of IgG4-SC is unclear, while the
prognosis of PSC is well known to be poor. Therefore, it is
clinically very important to be able to distinguish IgG4-SC
from PSC. However, at the present time it still remains
unclear whether PSC may sometimes be misdiagnosed as
IgG4-SC or not. Herein, we report three rare cases of PSC
with elevated serum IgG4 levels and/or an infiltration of
abundant IgG4-positive plasma cells in the liver: a young
male with ulcerative colitis (UC), and elderly female and a
young female, each with elevated serum IgG4 levels.
The first two patients showed infiltration of abundant
IgG4-positive plasma cells in the portal area of the liver
without response to steroid therapy. From our experiences,
we emphasize that some patients with PSC, who do not
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respond to steroid therapy, show elevated serum IgG4
levels and/or infiltration of abundant IgG4-positive plasma
cells, although the mechanism still remains unclear.

Keywords Primary sclerosing cholangitis - IgG4 -
Autoimmune pancreatitis

Introduction

Recently, autoimmune pancreatitis (AIP) has been accep-
ted worldwide as a unique, distinctive disease, in which
histopathological findings show abundant infiltration of
IgG4-positive plasma cells and fibrosis, known as lym-
phoplasmacytic sclerosing pancreatitis (LPSP), and clinical
manifestations that dramatically respond to steroid therapy.
In addition to pancreatic lesions, patients with AIP have
occasional extrapancreatic lesions such as sclerosing cho-
langitis (SC), sclerosing sialoadenitis, and retroperitoneal
fibrosis similar to LPSP. Among the extrapancreatic
lesions, the bile duct is the most commonly involved organ,
manifesting as a sclerosing cholangitis which results in
obstructive jaundice. AIP is recognized as the pancreatic
manifestation of a novel systemic disease referred to as
IgG4-related sclerosing disease [1].

IgG4-related sclerosing cholangitis (IgG4-SC) is a
recently recognized disease entity characterized by
microscopic findings of sclerosing inflammation with an
infiltration of abundant IgG4-positive plasma cells, and
AIP is associated in most cases. Before establishing the
concept of AIP, IgG4-SC used to be misdiagnosed as pri-
mary sclerosing cholangitis (PSC) complicating chronic
pancreatitis. Therefore, differential diagnosis between
1gG4-SC and PSC is important. The cholangiographic
findings in IgG4-SC and PSC are similar [2, 3]. Elevation
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of serum IgG4 is frequently observed in patients with
IgG4-SC, which responds dramatically to steroid therapy
[4]. In contrast, even if the patients with PSC are medi-
cated, it remains a progressive disease that involves the
intra- and extra-hepatic bile ducts and leads to biliary

cirrhosis. The effects of steroid therapy for PSC have been

reported to be skeptical [, 6] and liver transplantation is
the only effective therapy. Histopathologically, lympho-
plasmacytic and eosinophilic infiltration with mild fibrosis
are seen in both IgG4-SC and PSC; and recent studies
based on immunohistochemical findings of liver biopsy
specimens report that IgG4-positive plasma cell infiltration
is significantly more severe in IgG4-SC than in PSC
[4, 7-11]. However, herein, we report 3 cases of PSC with
an infiltration of abundant IgG4-positive plasma cells and
ineffective steroid therapy.

Case report
Case 1

A 32-year-old man with elevated serum levels of hepato-
biliary enzymes was admitted to our hospital. At the age of
22 years, the patient was diagnosed as PSC in other hos-
pitals, and he had been treated with ursodeoxycholic acid.
At the age of 24 years, he was found to have ulcerative
colitis (UC). Physical examination at the time of admission
revealed no significant findings except for jaundice. Lab-
oratory examinations showed the following values (normal
range): peripheral white cell count, 5700/l (3500-8500);
peripheral eosinocyte count, 251/pl (18-510); C-reactive
protein, 1.1 mg/dl (<0.3); total bilirubin, 10.9 mg/dl (0.2
1.2); alkaline phosphatase, 2929 U/l (107-340); y-glutamyl
transpeptidase, 413 U/l (11-64); asparate aminotransfer-
ase, 133 U/l (13-35); alanine aminotransferase, 192 U/l
(5-35); amylase, 127 U/l (37-125). Hepatitis B surface
antigen and antibody to hepatitis C virus were negative.
Serum IgG, IgG4, IgA, and IgM levels were 2104 mg/dl
(870-1700), 96 mg/dl (4.8-105), 291 mg/dl (110-410),
and 157 mg/dl (33-190), respectively. Rheumatoid factor
was negative. Antinuclear antibody was positive. Among
tumor markers, CEA was 1.8 ng/ml (<5.0) and CA19-9
was 237.2 U/ml (<37). Magnetic resonance cholangio-
pancreatography (MRCP) and endoscopic retrograde
cholangiopancreatography (ERCP) revealed strictures of
both the hepatic hilar region and the distal common bile
duct and no narrowing of the main pancreatic duct (Fig. 1a,
b). Cytology of bile juice was negative for malignancy.
Histopathological examination by liver biopsy showed
moderate lymphoplasmacytic and eosinophil infiltration
with fibrosis in the enlarged portal area (Fig. 1¢). Duct and
ductular proliferation was conspicuous. Fibrous cholangitis

(onion-skin fibrosis) was observed. These findings were
compatible with PSC. The numbers of immunohisto-
chemically identified IgG4-positive plasma cells were
counted under five different high-power fields (hpf).
Immunostaining study showed typical inflammation with
abundant IgG4-positive plasma cells (126 cells/hpf)
(Fig. 1d), a characteristic finding in IgG4-SC. His liver
dysfunction was serious, with progressive ascites and
jaundice, therefore it was determined that liver transplan-
tation might be necessary.

Although oral steroid therapy requires a long period for
drug tapering, steroid pulse therapy is a well-recognized
alternative for refractory autoimmune pancreatitis without
steroid tapering, as previously reported [12]. Therefore, we
twice administrated steroid pulse therapy with 500 mg/day
of methylprednisolone for 3 days/week. The hepato-biliary
enzymes improved a little after steroid therapy, but MRCP
revealed no improvements of strictures of the hilar and
distal common bile ducts. Therefore, we strongly suspected
PSC. Two months later, we decided on liver transplantation
with consent of the patient and his family. Histopatholo-
gical findings of the liver after transplantation showed
severe lymphoplasmacytic and eosinophil infiltration with
fibrosis in the enlarged portal area (Fig. 2a, b). Duct and
ductular proliferation was conspicuous, and onion-skin
fibrosis was observed, which suggested typical advanced
PSC findings. Histopathological findings of the pancreas
biopsy during the operation showed infiltration of mono-
nuclear cells around the pancreatic duct (Fig. 2¢) with an
infiltration of abundant IgG4-positive plasma cells
(Fig. 2d), but did not show LPSP.

Case 2

A 74-year-old woman was admitted to our hospital with
liver dysfunction. Laboratory examinations showed the
following values (normal range): peripheral white cell
count, 8900/ul (3500-8500); C-reactive protein, 2.19 mg/
dl (<0.3); total bilirubin, 0.6 mg/dl (0.2-1.2); alkaline
phosphatase, 1544 U/l (107-340); y-glutamyl transpepti-
dase, 1030 U/l (11-64); asparate aminotransferase, 130 U/l
(13-35); alanine aminotransferase, 140 U/l (5-35); amy-
lase, 44 U/l (37-125). Hepatitis B surface antigen and
antibody to hepatitis C virus were negative. Serum IgG,
IgM, and IgE levels were 1960 mg/dl (870-1700), 77 mg/
dl (33-190), and 370 (0-320), respectively. Antinuclear
antibody was positive. Antimitochondrial antibody was
negative. Among tumor markers, CEA, CA19-9, and sol-
uble interleukin 2 receptor (sIL-2R) were 2.1 ng/ml (<5.0),
18.5 U/ml (<37), and 611 U/ml (<650), respectively.
Abdominal computed tomography (CT) showed dilatation
of common bile duct (Fig. 3a) and no significant pancreatic
lesions (Fig. 3b). ERCP revealed irregular narrowing of the
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Fig. 1 ERCP images and
histopathological findings of
case 1 on clinical onset. ERCP
revealed strictures of the hepatic
hilar area (a) and the distal
common bile duct, and no
narrowing of the main
pancreatic duct (b).
Histopathological findings of
the liver biopsy showed a
moderate lymphoplasmacytic
and eosinophil infiltration with
fibrosis, and fibrous cholangitis
(onion-skin fibrosis) (H&E
staining %200, c). IgG4-
immunostaining of the liver
biopsy showed infiltration of
abundant IgG4-positive plasma
cells (x200, d)

Fig. 2 Histopathological
findings of case 1 on
transplantation.
Histopathological findings of
liver after transplantation
showed severe
lymphoplasmacytic and
cosinophil infiltration with
fibrosis in the enlarged portal
area (H&E staining x 100,

a; x400, b). Duct and ductular
proliferation was conspicuous,
and onion-skin fibrosis was
observed. Histopathological
findings of the pancreas biopsy
during operation showed that
infiltration of mononuclear cells
around pancreatic duct (H&E
staining x200, ¢). IgG4-
immunostaining of the pancreas
biopsy during operation showed
infiltration of abundant IgG4-
positive plasma cells (x200, d)

intrahepatic bile ducts (Fig. 3c) and no narrowing of the  malignancy. She was diagnosed with PSC and treated with
main pancreatic duct (Fig. 3d). Intraductal ultrasonography  ursodeoxycholic acid.

(IDUS) detected wall thickness of the intrahepatic and Four months after clinical onset, the patient was referred
common bile ducts. Cytology of bile juice was negative for  to our hospital for further evaluation of recurrent
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Fig. 3 Abdominal computed tomography (CT) images of case 2 on
clinical onset. Abdominal CT showed a dilatation of common bile
duct (a) and no significant pancreatic lesions (b), such as swelling of
the pancreas. ERCP revealed irregular narrowing of the intrahepatic
bile duct (¢), and no narrowing of the main pancreatic duct (d)

obstructive jaundice. Laboratory tests showed elevations of
IgG4 to 206 mg/dl (4.8-105). Histopathological examina-
tion by liver biopsy showed moderate lymphoplasmacytic
infiltration with fibrosis and fibrotic change surrounding the
bile ducts in the enlarged portal area, which is compatible
with PSC (Fig. 4a). However, an inflammation with
abundant IgG4-positive plasma cells (16 cells/hpf)
(Fig. 1d), a characteristic finding in IgG4-SC, was also
found. Then, we suspected IgG4-SC, and steroid therapy
was initiated at a dose of 30 mg/day. The dose of steroid
was reduced by 5 mg/week until it reached 10 mg/day.
MRCP revealed no improvements of the irregular nar-
rowing of the intrahepatic lesion and the common bile duct

after steroid therapy. One year later, her liver dysfunction
developed into liver cirrhosis.

Case 3

The patient was a 23-year-old woman who was admitted to
our hospital with the complaint of jaundice. ERCP revealed
stricture of the lower common bile duct, irregular dilatation
after confluent strictures, and many small defects in intra-
hepatic bile ducts (Fig. 5a). Endoscopic naso-biliary
drainage (ENBD) was performed. The pancreatic-duct
image showed no narrowing of the main pancreatic duct.
Cytology of bile juice was negative for malignancy.
Physical examination revealed no significant findings
except for jaundice. Laboratory examinations showed the
following values (normal range): peripheral white cell
count, 10100/pl (3000-8500); peripheral eosinocyte count,
91/ul; C-reactive protein, 0.09 mg/dl (<0.3); total biliru-
bin, 5.0 mg/dl (0.2-1.2); alkaline phosphatase, 1750 U/l
(107-323); y-glutamy! transpeptidase, 211 U/l (8-45); as-
parate aminotransferase, 90 U/l (12-31); alanine amino-
transferase, 101 U/l (6-24); amylase, 37 U/l (32-112).
Hepatitis B surface antigen and antibody to hepatitis C
virus were negative. Serum IgG, IgA, and IgM levels were
2570 mg/dl  (1092-1577), 208 mg/dl (134-287), and
363 mg/dl (60-161), respectively. Rheumatoid factor,
antinuclear antibody, and antimitochondrial antibody were
negative. The irregular dilatation of bile ducts improved
5 months after a drainage procedure with a biliary plastic
stent, but irregular narrowing of the intrahepatic bile ducts
persisted (Fig. 5b). She was diagnosed with PSC and
treated with ursodeoxycholic acid.

Three years after clinical onset, the patient was referred
to our hospital for further evaluation of recurrent obstruc-
tive jaundice. Histopathological examination by liver
biopsy showed an infiltration of lymphocytes and ductular
proliferation in the portal area (Fig. 6a), and a few IgG4-
positive plasma cells (1 cell/hpf) were detected (Fig. 6b).
Laboratory tests showed elevations of IgG4 to 313 mg/dl
(4.8-105). Therefore, we suspected IgG4-SC and steroid
therapy was initiated at the dose of 30 mg/day. The dose of
steroid was reduced by 5 mg/day biweekly until it reached
10 mg/day. MRCP revealed no improvements of strictures
of the intrahepatic and the common bile ducts after steroid
therapy.

Discussion
Sarles et al. [13] observed the first case of pancreatitis with
hypergammaglobulinemia, and Yoshida et al. first pro-

posed the concept of autoimmune pancreatitis (AIP) in
1995 [14], in which patients show diffusely enlarged
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Fig. 4 Histopathological findings of the liver (case 2). Histopatholo-'

gical examination by liver biopsy showed moderate lymphoplasma-
cytic infiltration with fibrosis and fibrotic change surrounding the bile
ducts in the enlarged portal area (H&E staining x100, a). IgG4-
immunostaining of the liver specimens showed infiltration of
abundant IgG4-positive plasma cells (x400, b)

@ Springer

pancreas, narrowing pancreatogram, increased serum IgG,
presence of autoantibodies, fibrotic changes with lympho-
cytic infiltration, and steroidal efficacy. Thereafter, many
AIP cases have been reported by Japanese investigators,
and AIP has been accepted as a new clinical entity [15-17].
Patients with AIP often show discomfort in the epigastri-
um, obstructive jaundice due to bile-duct stricture, and
diabetes mellitus. AIP is more common in middle-aged and
elderly men. Patients with AIP often also have extrapan-
creatic lesions such as biliary lesions, sialoadenitis, retro-
peritoneal fibrosis, enlarged celiac and hilar lymph nodes,
chronic thyroiditis, and interstitial nephritis [18-23], which
suggests that AIP may be a systemic disorder. In 2001,
Hamano et al. [24] reported that patients with AIP have
high serum IgG4 concentrations. Kamisawa et al. [1] pro-
posed IgG4-related sclerosing disease. Recently, IgG4-SC
was ‘recognized as a disease entity characterized by

Fig. 6 Histopathological findings of the liver (case 3). Histopathol-
ogical examination by liver biopsy showed moderate lymphoplasma-
cytic infiltration and ductular proliferation in the enlarged portal area
(H&E staining X200, a). IgG4-immunostaining of the liver specimens
showed infiltration of few IgG4-positive plasma cells (x400, b)

Fig. 5 Endoscopic nasobiliary drainage (ENBD) cholangiogram and
ERCP image of case 3 on clinical onset. Cholangiography through an
ENBD tube revealed a stricture of the lower common bile duct,
irregular dilatation after confluent strictures, and many small defects
in intrahepatic bile ducts (a). ERCP after a drainage procedure with a
biliary plastic stent revealed improvement of bile duct dilatation, but
irregular narrowing of the intrahepatic bile ducts persisted (b)
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