Intern Med 49: 2569-2575, 2010 DOI: 10.2169/internalmedicine.49.4165

Figare 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 cholangiopahcreatography
(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. Macroscopic findings of the pancreas. The cut
surface of the resected speéimen showed swelling of parenchy-
ma with the whitish indurated tissue (Fig. 5A). The picture of
loupe of the greatest surface of cut specimen (Fig. 5B).

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 IgG1-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 (I1gG4/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 cellsyHPF) 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/Gl 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. Immunochistochemistry 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-pesitive 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, alse 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) Alcoholie (n=9)
Infiltrated cells IDCP LPSP Chronic pancreatitis
0=1) n=9) (0=9)
IgGl 20.7 7.6+2.4% 12.1+1.8*
IgG4 8.0 20.0:£6.0* 2.1£0.9%
IgG4/IgG1 0.39 2.72+0.76* 0.18+0.09*
Foxp3 9.7 15.3+£3.0* 1.7+0.5*

1gG1-, 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
1gG1/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
434 x 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, ATP 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
IgG4/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 IgG4/1gG1-
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 I[gG4-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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ORIGINAL ARTICLE

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

Alkiyoshi Nishio, MD, PhD,* Masanori Asada, MD, PhD,} Kazushige Uchida, MD, PhD,*
Toshiro Fukui, MD, PhD,* Tsutomu Chiba, MD, PhD,} 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 1: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.

Key Words: autoimmune pancreatitis, innate immunity, toll-like
receptor, cytokine imbalance

(Pancreas 2011;40: 95-102)

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 AIP and IgG4-associated cholangitis. Kawa
et al'® showed that the engagement between IgG4 and IgG Fe
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.'*?" 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)-a, IFN-y, tumor necrosis
factor (TNF)-a, 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 TLRY using the
reverse transcription—polymerase chain reaction (PCR), total
RINA 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 KCI,
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 GTT AAT 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-o, 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-« levels was ob-
served only in the poly I:C-treated mice (Fig. 3A). Single
injections of poly I:C or LPS significantly increased serum levels
of IFN-y (Fig. 3B). The increase in JFN-y was higher in LPS-
injected mice than in poly I:C-injected mice. Similar increases
in serum TNF-a 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 I: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
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Histological Score

D PBS  PolyI:C LPS

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
|: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 1L-12p70 (F). There were no significant differences in IFN-a;, 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 1L-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),
IL-4 (D), IL-10 (E), and IL-12p70 (F). Interferon-« levels were increased in mice treated with poly I:C. Interferon-y and TNF-« levels
were elevated in poly I:C-treated and LPS-treated mice. There were no significant differences in [L-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

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. 5A-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 TLRY (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-a level in
WT and IL-10KO mice (Fig. 8A). In contrast, the poly I: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

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 I1:C or LPS induced severe pancreatitis
associated with marked inflammatory cell infiltration and destruction of the acini (original magnification x100).

AIP. 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
Thi-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 I: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-q«, 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
[FN-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
1:C.** 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 I: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
increased 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 (ABCF1) and AIP
was also reported by this group.>® Recently, Park et al*” noted that
substitution of aspartic acid with nonaspartic acid at the DQRB1
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/Ipr* 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 I:C, or LPS for 8 weeks: IFN-y (A), TNF-a (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 k:C, or LPS: TNF-a. (A) and IL-12p70 (B).
Tumor necrosis factor-a 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-1T0KO mice that received a single injection of poly 1: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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[ CASE REPORT [

Visual Field Deficit: A Rare Initial Symptom
of Autoimmune Pancreatitis

Kensuke Takuma', Terumi Kamisawa', Taku Tabata', Yosihiko Inaba', Naoto Egawa',
Noriko Ozaki’, Shin-ichiro Horiguchi® and Sanae Takuma*

Abstract

An autoimmune pancreatitis (AIP) patient with metachronous and multiple extrapancreatic lesions is re-
ported. Initial symptoms were proptosis, oculomotor deficits, and a visual field deficit of the left eye, and
swelling of bilateral lacrimal glands. Swelling of the right salivary gland and elevated serum levels of hepato-
biliary enzymes were detected. AIP associated with IgG4-related orbital pseudotumor, IgG4-related sclerosing
dacryoadenitis and sialadenitis, and IgG4-related sclerosing cholangitis was diagnosed. All symptoms and le-
sions improved with steroid therapy. Although an orbital pseudotumor is a rare extrapancreatic lesion of AIP,
we should know that AIP patients may describe unusual symptoms such as abnormal visual field.

Key words: autoimmune pancreatitis, IgG4, orbital pseudotumor, sclerosing sialadenitis, sclerosing dacryoad-

enitis

(Intern Med 50: 887-891, 2011)
(DOI: 10.2169/internalmedicine.50.5012)

Introduction

Autoimmune pancreatitis (AIP) is a peculiar type of pan-
creatitis of presumed autoimmune etiology. It is character-
ized clinically by a preponderance of elderly males, jaundice
as a frequent initial symptom, and responsiveness to steroid
therapy; serologically by elevation of serum IgG or IgG4
levels; radiologically by enlargement of the pancreas and ir-
regular narrowing of the main pancreatic duct; and histopa-
thologically by dense fibrosis with lymphoplasmacytic infil-
tration in the pancreas (1, 2). Other prominent features of
this disease involve a variety of extrapancreatic complica-
tions (1-3).

We found dense fibrosis with abundant infiltration of T
lymphocytes and IgG4-positive plasma cells and obliterative
phlebitis in extrapancreatic lesions associated with AIP, such
as sclerosing cholangitis, sclerosing cholecystitis, sclerosing
sialadenitis, and retroperitoneal fibrosis. Furthermore, we
also found dense infiltration of IgG4-positive plasma cells
and T lymphocytes in various organs of AIP patients, such

as the periportal area of the liver, gastric mucosa, colonic
mucosa, dermis, lymph nodes, and bone marrow (1, 2, 4, 5).
Therefore, we proposed the existence of a novel clinicopa-
thological entity, “IgG4-related sclerosing disease” (1, 2, 4),
which is a systemic disease characterized by extensive
IgG4-positive plasma cell and T lymphocyte infiltration of
various organs. In some cases, only 1 or 2 organs are clini-
cally involved, while in others, 3 or 4 organs are af-
fected (1, 2).

From this point of view, both AIP and the extrapancreatic
lesions of AIP may occur randomly. We report an AIP pa-
tient who developed a visual field deficit of the left eye and
swelling of bilateral salivary glands, which were metachro-
nously associated with sclerosing sialadenitis and sclerosing
cholangitis.

Case Report

A 76-year-old man noticed swelling in the left upper eye-
lid in October 2007 and visited another hospital. The patient
was suspected to be having an allergic reaction at the initial
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Figure 1.
therapy. (b) The visual field deficit improved significantly after steroid therapy.

visit, but the eyelid swelling gradually increased. In April
2009, the patient felt proptosis, oculomotor deficits, and a
visual field deficit of the left eye, as well as swelling of bi-
lateral lacrimal glands. The left orbital lesion was biopsied
on suspicion of malignant tumor, but there was no malig-
nancy, and he was followed without treatment. In June
2009, swelling of the right salivary glands and elevated se-
rum levels of hepatobiliary enzymes were detected. He was
referred to our hospital for further examination.

The physical findings on admission included proptosis
and oculomotor deficits of the left eye and painless swelling
of bilateral lacrimal glands and the right salivary gland. No
superficial lymphadenopathy, hepatomegaly, or
splenomegaly was noted. The visual acuity of the right eye
was 1.2, left eye was 0.2. The ophthalmologic examinations
showed a lower visual field deficit (Humphrey Field Ana-
lyzer, Carl Zeiss Meditec, Dublin, CA) (Fig. 1a) and an om-
nidirectional ocular motility disorder of the left eye.

Laboratory examinations showed elevation of serum hepa-
tobiliary enzyme levels: alanine aminotransferase, 307 (nor-
mal range, 5-40) IU/L, aspartate aminotransferase, 319 (5-
35) IU/L, alkaline phosphatase, 1191 (80-260) IU/L, y-
glutamyl transpeptidase, 988 (5-70) IU/L, lactic dehydroge-
nase, 205 (115-245) IU/L, and leucine aminopeptidase 193
(<170) TU/L. Hepatitis B surface antigen and antibody to
hepatic C virus were negative. Immunologically, the serum
IgG level was 4,135 (<1,700) mg/dL and IgG4 level was
2,490 (<135) mg/dL; antinuclear antibody(ANA) was posi-
tive (x80). Anti-Ro antibody (SS-A), anti-La antibody (SS-
B), anti-mitochondrial antibody, and anti-smooth muscle an-
tibody were all negative.

Head magnetic resonance imaging (MRI) showed propto-
sis of the left eye due to an orbital tumor and swelling of
bilateral lacrimal glands (Fig. 2a, b). There were no sites of
involvement on head MRI. Re-examination of the biopsied
piece of the orbital tumor in the previous hospital revealed
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(a) Visual field examination shows lower visual field deficit of the left eye before steroid

abundant infiltration of IgG4-positive plasma cells and lym-
phocytes, and focally storiform-like fibrosis (Fig. 3a-d).
There were no findings of obliterative phlebitis or MALT-
lymphoma.

Abdominal computed tomography (CT) and MRI revealed
diffuse pancreatic enlargement and mild thickening of the
gallbladder and bile duct wall (Fig. 4a). An endoscopic ret-
rograde cholangiopancreatography indicated diffusely irregu-
lar narrowing of the main pancreatic duct and stenosis of the
lower bile duct. The patient was diagnosed as having AIP
according to the Japanese Clinical Diagnostic Criteria for
Autoimmune Pancreatitis 2006 (6).

Percutaneous liver biopsy performed for liver dysfunction
after admission to our hospital revealed dense infiltration of
lymphocytes and IgG4-positive plasma cells and mild fibro-
sis in the periportal area of the liver (Fig. 5).

The patient was diagnosed as having AIP associated with
IgG4-related sclerosing dacryoadenitis, orbital pseudotumor,
IgG4-related sialadenitis, and IgG4-related sclerosing cho-
langitis. He was begun on treatment for systemic IgG4-
related disease with 30 mg prednisolone daily for 2 weeks.
The dose was tapered by 2.5-5 mg every two weeks. Four
weeks after starting steroid therapy, findings on abdominal
CT/MRI (Fig. 4b) and blood tests improved. The visual acu-
ity, lower visual field deficit, and omnidirectional ocular
motility disorder of the left eye also improved significantly
(Fig. 1b), along with improvement of proptosis and lacrimal
gland swelling (Fig. 2c, d).

Discussion

AIP patients frequently have significantly elevated serum
IgG4 levels and various extrapancreatic lesions. AIP and its
extrapancreatic lesions show similar histopathological find-
ings and good responsiveness to steroid therapy. Currently,
they are recognized as organs clinically involved in IgG4-
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Figure 2. Magnetic resonance imaging of orbit reveals swelling of bilateral lacrimal grands (short
arrow) (a, axial T2-weighted imaging) and an orbital floor pseudotumor (long arrow) (b, coronal
T1-weighted fat-suppressed imaging). (c, d) These lesions improved markedly after steroid therapy.

Figure 3. Histology of the biopsied orbital tumor showing lymphoplasmacytic infiltration and fo-
cally storiform-like fibrosis [(a) lower power view, Hematoxylin and Eosin staining; (b) high power
view, Hematoxylin and Eosin staining; (c) Elastica Van Gienson staining]. (d) Immunohistechemi-
cally, abundant infiltration of IgG4-positive plasma cells was detected (IgG4-immunostaining).
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Figare 4.

(a) Magnetic resonance imaging showing diffuse enlargement of the pancreas. (b) The

pancreatic enlargement improved after steroid therapy.

Figure 5. Histology of liver biopsy showing dense lympho-
plasmacytic infiltration and mild fibrosis in the periportal
area of the liver (Hematoxylin and Eosin staining).

related systemic sclerosing disease. In some cases, only 1 or
2 organs are clinically involved, while in others, 3 or 4 or-
gans are affected (1, 2). Cases with significantly higher se-
rum IgG4 levels, as in this patient, show higher AIP activity
and frequently have associated extrapancreatic lesions (7).
Extrapancreatic lesions with AIP sometimes appear metach-
ronously. In our previous study, sclerosing sialadenitis, swel-
ling of the lacrimal glands, lymphadenopathy, and retroperi-
toneal fibrosis were found to be the extrapancreatic lesions
preceding AIP, while sclerosing cholangitis occurs synchro-
nously (8). It is unclear why the onset period of each lesion
differs in IgG4-related systemic sclerosing disease. AIP oc-
curs most frequently with obstructive jaundice due to associ-
ated sclerosing cholangitis (1-3). Compared with AIP, swel-
ling of the salivary or lacrimal glands can be easily noticed
even without symptoms. AIP might exist subclinically when
preceding salivary or lacrimal gland lesions are diagnosed.
In the present case, the visual acuity, lower visual field
deficit, and omnidirectional ocular motility disorder of the
left eye improved along with improvement of proptosis.
There was no abnormality of the optic nerve and brain on
head MRI. Therefore, these ophthalmic symptoms would
have been caused by an orbital pseudotumor. Orbital pseu-
dotumor is an idiopathic, benign, inflammatory condition

that accounts for approximately 10% of all orbital mass le-
sions (9, 10). The etiology of orbital pseudotumor is un-
known (11). The presentation may be acute or subacute and
may occasionally exhibit chronic progression. Orbital pseu-
dotumor may be unifocal or diffuse and may affect any part
of the orbit (12). It is usually unilateral, but it may occa-
sionally be bilateral. Chirapapaisan et al. reported that the
presenting symptoms included proptosis (80%), oculomotor
deficits (61%), pain (51%), lid swelling or a mass (45%),
ptosis (25%), and chemosis (18%) in 49 patients with or-
bital pseudotumor (13). Some patients with orbital pseudotu-
mor may have decreased visual acuity due to optic nerve
compression (14). Orbital pseudotumor is sometimes diffi-
cult to differentiate from MALT-lymphoma, there was no
finding of lymphoma in the biopsy specimen of this case.
Multifocal fibrosclerosis is an uncommon fibroproliferative
systemic disorder with multiple manifestations, including
retroperitoneal fibrosis, sclerosing cholangitis, and salivary
gland fibrosis. There are some reports that multifocal fibro-
sclerosis was complicated by fibrotic orbital pseudotu-
mor (15-17). We have reported a close relationship between
AJP and multifocal fibrosclerosis (5). Some orbital pseudo-
tumors including the present case appear to be orbital le-
sions involved in IgG4-related systemic disease.

Lacrimal gland swelling is also a rare extrapancreatic le-
sion of AIP. Lacrimal gland swelling was detected in 3.6%
of 56 cases in our study (8). Hamano et al (18) reported that
lacrimal gland swelling was detected in 8 (12.5%) of 64
AJP patients, and 6 of them had salivary gland swelling. Re-
cently, it was reported that serum IgG4 levels were elevated,
and abundant infiltration of IgG4-positive plasma cells with
fibrosis was detected in the lacrimal glands in patients with
Mikulicz’s disease (19, 20), which is a unique condition that
refers to bilateral, painless, symmetrical swelling of the lac-
rimal, parotid, and submandibular glands (21). Mikulicz’s
disease is currently recognized as the lacrimal and salivary
gland lesions of IgG4-related systemic disease (20).

IgG4-related sclerosing cholangitis is frequently associ-
ated with AIP, and the stenosis is usually located in the
lower part of the common bile duct (1-3). In cases with
stenosis of the lower bile duct, thickening of the bile duct
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wall consists of fibrosis with infiltration of IgG4-positive
plasma cells that sometimes spread extensively to the upper
bile duct (1, 2). In the present patient, infiltration of mono-
nuclear cells, including 1gG4-positive plasma cells, and mild
fibrosis were observed in the periportal area obtained by
liver biopsy.

AIP sometimes develops with various symptoms due to
associated extrapancreatic lesions. According to the classifi-
cation (head and neck, thoracic, hepatic and pancreatobili-
ary, retroperitoneal, and systemic group) of IgG4-related dis-
ease by Zen and Nakanuma (22), the present case would be
classified into systemic group with multiple lesions not re-
stricted to 1 area. However, a visual field deficit due to or-
bital pseudotumor appears to be quite rare. An AIP patient
who developed a visual field deficit of the left eye and
swelling of bilateral salivary glands, which was metachro-
nously associated with sclerosing sialadenitis and sclerosing
cholangitis, was reported.
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Abstract

Background Autoimmune pancreatitis (AIP) is consid-
ered to be a pancreatic lesion of IgG4-related systemic
disease, but about 20% of AIP patients do not have ele-
vated serum IgG4 levels. This study aimed to clarify the
pathophysiology of AIP patients without elevated serum
1gG4 levels.

Methods Fifty-eight AIP patients were divided into 2
groups: those with elevated serum IgG4 levels (>135 mg/dl;
SIgG4-positive AIP) and those without (SIgG4-negative
AIP). The 2 groups’ clinical, serological, radiological, and
histological findings, as well as salivary and lacrimal gland
function, were compared.

Results  Serum IgG4 levels were elevated in 45 AIP
patients and normal in 13 patients. In SIgG4-negative AIP
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patients, the female ratio tended to be high; obstructive
jaundice was less likely; abdominal pain and acute pan-
creatitis were more likely; segmental swelling of the pan-
creatic body and/or tail was more common; sclerosing
extrapancreatic lesions, salivary and lacrimal gland dys-
function, and abundant infiltration of IgG4-positive plasma
cells in the gastric mucosa were less likely; and conser-
vative follow-up was sometimes implemented. Histological
examination of the pancreas of SIgG4-negative AIP
showed lymphoplasmacytic sclerosing pancreatitis (LPSP)
rather confined to the pancreas (n = 4), inadequate mate-
rial (n = 2), and pancreatic fibrosis showing infiltration of
lymphocytes without infiltration of IgG4-positive cells or
neutrophils (n = 2).

Conclusions Clinicopathological features of SIgG4-
negative AIP differed from those of SIgG4-positive AIP.
Some SIgG4-negative AIP cases are LPSP rather confined
to the pancreas. SIgG4-negative AIP may include idio-
pathic duct-centric pancreatitis (IDCP) or sclerosing pan-
creatitis other than LPSP or IDCP, but further studies are
needed to clarify this issue.

Keywords Autoimmune pancreatitis - IgG4 -
Lymphoplasmacytic sclerosing pancreatitis -
Idiopathic duct-centric pancreatitis

Introduction

Autoimmune pancreatitis (AIP) is a distinct entity that is
being recognized with increasing frequency worldwide.
Since it responds dramatically to steroids, an autoimmune
process has been implicated in its etiology. The histological
pattern of AIP is called lymphoplasmacytic sclerosing
pancreatitis (LPSP), which is characterized by dense
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infiltration of IgG4-positive plasma cells and T lympho-
cytes, storiform fibrosis and obliterative phlebitis [1-3].
Since AIP is frequently associated with various sclerosing
extrapancreatic lesions, such as sclerosing cholangitis,
sclerosing sialadenitis, and retroperitoneal fibrosis, showing
similar histological findings to the pancreas, AIP can be
considered to be a pancreatic lesion of IgG4-related sys-
temic disease, and its extrapancreatic lesions are clinical
manifestations of organs involved in this systemic disease
[4-6].

Another characteristic feature of AIP is significant
elevation of serum IgG4 levels [1-3]. Hamano et al. [7]
reported that the serum IgG4 level was >135 mg/dl in 19
of 20 AIP patients and that an IgG4 cutoff value of
135 mg/dl resulted in high accuracy (97%), sensitivity
(95%), and specificity (97%) in distinguishing AIP from
pancreatic cancer. However, in a recent study, the sensi-
tivity of an elevated serum IgG4 level was 68% [8] to
81% [11.

From retrospective, histological examination of the
resected pancreases of patients with mass-forming chronic
pancreatitis, American and European pathologists descri-
bed another unique histological pattern, which they called
idiopathic duct-centric pancreatitis (IDCP) [9] or AIP with
granulocyte epithelial lesions (GEL) [10]. It is histologi-
cally characterized by ductal epithelial granulocytic infil-
tration leading to ductal damage and obstruction, a feature
not seen in LPSP. The lobular infiltrate contains neutro-
phils. Obliterative phlebitis is uncommon in IDCP, and
the tissue does not generally stain for IgG4-positive cells
[3, 9-11]. Although the typical clinical features of IDCP
have not yet been clarified, typical serological abnormali-
ties seen in AIP are not seen in IDCP [3]. IDCP is some-
times detected in Western countries, but it is uncommon in
Japan and Korea [2].

In this study, to clarify the pathophysiology of AIP
patients without elevated serum IgG4 levels (SIgG4-nega-
tive AIP), clinicopathological differences detected between
AIP patients exhibiting elevated serum IgG4 levels (SIgG4-
positive AIP) and SIgG4-negative AIP patients were
examined.

Patients and methods
Study patients

Serum IgG4 levels were measured by nephelometry using
IgG subclass kits (BS-NIA IgG4, Medical & Biological
Laboratories, Nagoya, Japan) in 58 AIP patients [43 males
and 15 females; average age 63.2 & 12.9 (mean £ SD)
years] before steroid therapy or surgical resection. They
were diagnosed as having AIP according to the Asian

diagnostic criteria [12] based on radiological, serological
and histological findings, and responsiveness to steroid.
The serum IgG4 cutoff value was 135 mg/dl, which has
been used widely [7]. Serum IgG4 levels were measured at
least more than twice in patients without an elevated serum
1gG4 level on the first examination.

Pancreatic resection and bypass operation were per-
formed on suspicion of pancreatic cancer in 7 and 4 patients,
respectively; steroid therapy was performed finally in 42
patients; and 6 patients have been followed conservatively.
Steroid therapy was started at 0.6 mg/kg/day of predniso-
lone and gradually tapered to a maintenance dose over a
period of 3—-6 months. To prevent relapse, steroid mainte-
nance therapy (2.5 mg-5 mg/day) was performed for
1-3 years. Relapse of AIP was defined as reappearance of
symptoms with the development or reappearance of pan-
creatic and/or extrapancreatic abnormalities on imaging
studies [13, 14].

Clinical, serological, and radiological analysis

The following clinical factors were retrospectively assessed:
age at the time of diagnosis; sex ratio; drinking and smoking
habits; present or past history of allergic diseases such as
acute allergic rhinitis, atopic dermatitis, and bronchial
asthma; and treatment. Drinking habit was defined as
drinking more than 80 g of alcohol/day for more than
7 years, and smoking habit was defined as smoking more
than 20 pack-years (the number of packages of cigarette per
day times years of smoking). Acute pancreatitis was diag-
nosed when both severe upper abdominal pain and elevated
serum amylase levels (>3 times normal) were met. Fur-
thermore, SIgG4-negative AIP patients were subdivided
into 2 groups according to the degree of serum IgG4 levels:
slightly lower SIgG4 patients (IgG4 70-135 mg/dl) and
extremely lower SIgG4 patients (IgG4 <70 mg/dl), and
clinical features were compared between the 2 groups.

Serologically, serum IgG levels (n = 58), autoantibod-
ies (n = 56) including antinuclear antigen and rheumatoid
factor, serum IgE levels (n = 30), peripheral eosinophil
count (n = 49), and serum amylase levels (n = 58) were
reviewed.

Radiologically analyzed findings were as follows:
enlargement of the pancreas (diffuse/segmental) and
extrapancreatic lesions on CT, fluorine-18 fluorodeoxy-
glucose (FDG) uptake and maximum standardized uptake
value (SUV) on FDG positron emission tomography (PET)
(n = 13) [15, 16], and high signal intensity and apparent
diffusion coefficient (ADC) value on diffusion-weighted
magnetic resonance imaging (DWI) (n = 13) [17]. The
presence of 4 extrapancreatic lesions that were detected
with a relatively high frequency in AIP patients (sclerosing
cholangitis of the hilar or intrahepatic bile duct, sclerosing
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