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FIGURE 1. Serial cholangiography via an ENBD tube. A, On the initial cholangiography,
later, stenosis of the hilar bile duct appeared in addition to that of the lower bile duct, C, On the seventh day after the start of
steroid therapy, stenosis of both the hilar and lower bile ducts improved.

AIP, and the major initial symptom of
AIP is obstructive jaundice caused by this
stenosis."™ The stenotic portion of the bile
duct is usually the lower bile duct (40 [80%]
of 50 AIP cases in our series), and stenosis
of the hilar or intrahepatic bile duct (4 AIP
cases in our seriés) is sometimes detected.
When stenosis is found in the hilar or in-
trahepatic bile duct, the cholangiographic
appearance is very similar to that of primary
sclerosing cholangitis.>® However, unlike
the progressive features of primary scleros-
ing cholangitis, sclerosing cholangitis asso-
ciated with AIP responds well to steroid
therapy. Histologically, the wall of the ste-
notic bile duct is found to be thickened by
marked fibrosis, with dense infiltration of
IgG4-positive plasma cells and lympho-
cytes, similar to the findings noted in the
pancreas. This fibroinflammatory change is
detected extensively in the bile duct wall
where stenosis is not obvious on cholangi-
ography.'’ Rapid progression of sclerosing
cholangitis in the hilar bile duct within
2 days is surprising. Although no cases re-
ported in the literature have had such rapid
progressive changes in sclerosing cholangi-
tis, subclinical fibrotic inflammation, which
extended into the hilar bile duct, seemed to
progress rapidly. Furthermore, it improved
only within 7 days with steroid therapy.

Rapid progressive changes in scle-
rosing cholangitis should be kept in mind
during the treatment of AIP.
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only lower bile duct was stenotic. B, Two days

To the Editor:

mmunotherapy, with the help of den-

dritic cells (DCs), results in significant
tumor response in different types of
turnors using tumor-specific peptides or
tumor lysate or RNA for priming. Den-
dritic cells activate antitumor immunity
via generation of a cytotoxic T lympho-
cyte (CTL) from native T cells. Unfortu-
nately, Dallal et al’ found that in
pancreatic carcinoma, DCs are, if present
at all, located outside the margin of the
tumor. Furthermore, accumulation of DCs
in the local tumor environment correlates
with a better patient survival for numerous
types of tumors. Therefore, we assumed
that paucity of DCs in pancreatic tumor is
one reason for its dreadful course. In our
model, we overcome this paucity via
ultrasound-guided orthotopic inoculation
of DCs in an orthotopic pancreatic tu-
mor. We noticed that the number of DCs
in the region of the pancreatic tumor
enhanced and remained in the tumor after
intratumoral DC implantation because
there was no significant difference in the
number of DCs recovered from an ex vivo
or in vivo injection for 7 days, whereas
native tumor (just as in humans) showed
no DCs (data not shown). Ultrasound-
guided tumor inoculation of pancreatic
cancer cells led also to successful forma-
tion of solid adenocarcinomas in synge-
neic recipients in all of the animals (data
not shown). Tumors, as expected, grew
rapidly. Wang et al® also described Panc02
as extremely aggressive after implantation
as manifested by progressive growth in the
pancreas, peritoneal dissemination, and
distant metastasis to multiple organs,
including the liver and lungs. We observed
that potent CTL can be induced by
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Abstract

AIM: To clarify the characteristic features of biliary le-
sions in patients with autoimmune pancreatitis (AIP)
and compare them with those of primary sclerosing
cholangitis (PSC).

METRODS: The dlinicopathological characteristics of
34 patients with sclerosing cholangitis (SC) associated
with AIP were compared with those of 4 patients with
PSC.

RESULTS: SC with AIP occurred predominantly in el-
derly men. Obstructive jaundice was the most frequent
initial symptom in SC with AIP. Only SC patients with
AIP had elevated serum 1gG4 levels, and sclerosing
diseases were more frequent in these patients. SC pa-
tients with AIP responded well to steroid therapy. Seg-
mental stenosis of the lower bile duct was observed
only in SC patients with AIP, but a beaded and pruned-
tree appearance was detected only in PSC patients.
Dense infiltration of IgG4-positive plasma cells was de-
tected in the bile duct wall and the periportal area, as
well as in the pancreas, of SC patients with AIP.

CONCLUSION: SC with AIP is distinctly different from
PSC. The two diseases can be discriminated based on
cholangiopancreatographic findings and serum IgG4
levels.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Autoimmune pancreatitis (AIP) is a unique form of pan-
creatitis in which autoimmune mechanisms are suspected
of being involved in the pathogenesis. AIP has many
clinical, radiological, serological and histopathological
characteristics: (1) eldetly male preponderance; (2) initial
symptom is frequently painless obstructive jaundice; (3)
occasional association with impaired pancreatic endo-
crine or exoctine function, and vatious extrapancreatic
lesions; (4) favorable response to steroid therapy; (5)
radiological findings of irregular narrowing of the main
pancreatic duct and enlargement of the pancreas; (6) se-
rological findings of elevated serum y globulin, IgG, or
IgG4 levels, along with the presence of some autoanti-
bodies; and (7) histopathological findings of dense infil-
tration of T lymphocytes and IgG4-positive plasma cells
with fibrosis and obliterative phlebitis in the pancreas”™
Bile duct stenosis occurs frequently with AIP, and the
majot initial symptom in AIP patients is obstructive
jaundice. The lower portion of the common bile duct
is frequently stenotic. However, when AIP patients de-
velop stenosis in the intrahepatic bile duct, the cholan-
giographic appearance is similar to that of primary scle-
rosing cholangitis (PSC)™. PSC is a progressive disease
involving the intra- and extra-hepatic bile ducts. Despite
therapy, PSC sometimes leads to liver cirthosis. Howev-
er, since AIP patients respond well to steroid therapy, it
is necessary to discriminate between sclerosing cholangi-
tis (SC) associated with AIP and PSC. This study aimed
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to clarify the characteristic features of biliary lesions in
AIP patients and compare them with those of PSC.

MATERIALS AND METHODS
Study patients

Over a 27-year-period, 43 patients (36 male and 7 female,
average age 66.4 yeats) at Tokyo Metropolitan Komagome
Hospital were diagnosed with AIP based on the follow-
ing clinicopathological critetia: itregular narrowing of the
main pancreatic duct on endoscopic retrograde panctea-
tography (# = 43), pancteatic enlargement on ultraso-
nography (US) or computed tomography (CT) (# = 42),
presence of autoantibodies (# = 22), elevated serum IgG4
level in excess of 135 mg/dL (# = 31), characterstic his-
tological findings in the pancreas (# = 12), and responsive-
ness to steroid therapy (# = 32). In the 43 AIP patients, 34
had SC (lower bile duct in 34, and intrahepatic bile duct in
4). During the same time, 4 patients were diagnosed with

PSC according to appropriate criteria®,

fethods

The stenotic portion of the bile duct was examined by
endoscopic retrograde cholangiopancreatography and/or
magnetic resonance cholangiopancreatography, and wall
thickening of the bile duct in which stenosis was not
obvious on cholangiography was assessed on CT and
US. Two experienced gastroenterologists retrospectively
reviewed these imaging findings without information on
the patients. Extrapancreatic lesions, including sclerosing
sialadenitis, sclerosing cholecystitis, and tetropetitoneal
fibrosis, were evaluated on physical examination, CT, and
US. Serum IgG4 levels were measured in 30 AIP patients
and 2 PSC patients. Histological examination and immu-
nostaining with anti-IgG4 antibody wete performed on
specimens of the extrahepatic bile duct (6 AIP patients
and 1 PSC patient) and liver (3 AIP and 2 PSC patients).

Statistical analysis

Statistical differences between the two groups were
analyzed fitst by the Kruskal-Wallis H-test, followed by
Mann-Whitney’s U-test if significant. Other analyses
wete performed using Fisher’s exact test. In all tests, P <
0.05 was considered statistically significant.

RESULTS

Clinical features

Men were significantly more commonly affected by SC
with AIP than by PSC. Patients’ age at diagnosis was
significantly older in those with SC with AIP. Among
the initial symptoms, obstructive jaundice was the most
frequently observed in SC with AIP. Elevated serum
IgG4 levels were frequent in SC patients with AIP, but
not in the 2 PSC patients examined. Sclerosing diseases
wete frequently associated with SC with AIP. Ulcerative
colitis was present in only 2 young PSC patients (Table 1).
Thirty-two SC patients with AIP were treated with steroid
therapy, and all of them showed a good response. All PSC
patients were treated with ursodeoxycholic acid, and 1

SCwith AIP  PSC  Pvalue
Average age (y1) 63.8 39.2 <001
Male/Female 29/5 1/3 <0.05
Obstructive jaundice +/- 30/4 0/4 <0.01
Elevated serum IgG4 +/- 26/30 0/2
Associated sclerosing disease +/- 20/14 0/4 <0.05
Associated ulcerative colitis +/- 0/34 2/2 <0.01

SC with AIP: Sclerosing cholangitis with autoimmune pancreatitis; PSC:
Primary sclerosing cholangitis.

Figure 1 Endoscopic retro-
grade cholangiography of
a patient with autoimmune
pancreatitis showing a
relatively long stricture of the
hepatic hilar bile duct.

patient underwent steroid therapy for associated ulcerative
colitis, Cholangiographic findings progressed gradually
in three PSC patients, and one patient ultimately required
liver transplantation. All SC patients with AIP had a
favorable outcome without liver failure.

Cholangiopancreatographic findings

On pancreatography, narrowing of the main pancre-
atic duct was detected in all SC patients with AIP, but
no abnormal findings were detected in any of the PSC
patients. On cholangiography, the intrahepatic bile duct
was involved in all PSC patients, but was involved in only
four SC patients with AIP (Figure 1). Segmental stenosis
of the lower bile duct was obsetved in all SC patients
with AIP, but was not detected in any of the PSC pa-
tients. Extensive involvement of the bile duct, showing
widespread wall thickening of the middle and upper
bile duct where stenosis was not obvious on cholangi-
ography, was detected only in 14 SC patients with AIP,
although there was no significant difference between the
two groups. A diffusely distributed, beaded and pruned-
tree appearance and diverticular formation were detected
only in PSC patients (Figure 2 and Table 2). A long stric-
ture was detected in the hepatic hilar region in all 4 SC
patients with AIP involving the intrahepatic bile duct.

Histological and immunohistochemical findings

In PSC, the hilar bile duct displayed diffuse fibrosis with
moderate lymphoplasmacytic infiltration. The liver of
PSC patients showed features of biliary cirrhosis, and
fibro-obliterative lesions characterized by onion skia-
like periductal fibrosis with predominantly lymphocytic
infiltration were observed around the intrahepatic bile
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SC with AlP PSC P value
Narrowing of the main pancreatic duct +/- 34/0 0/4 <0.01

Stenosis of the intrahepatic bile duct +/- 4/30 4/0 <001
Stenosis of the lower bile duct +/- 34/0 0/4 <001
Extensive bile duct wall thickening 14/20 0/4 NS

Beaded appearance 0/34 2/2 <001
Pruned-tree appearance 0/34  3/1 <001
Diverticular formation 0/34 2/2 <0.01

duct. However, infiltration of IgG4-positive plasma cells
was not detected in the bile duct or liver.

The histological findings of SC associated with AIP
included transmural fibrosis and dense lymphoplasma-
cytic infiltration of the bile duct wall, along with lym-
phoplasmacytic infiltration and fibrosis in the periportal
area of the liver. Compared with PSC, lymphoplasma-
cytic infiltration was denser, the degtee of fibrosis was
less severe, and the onion skin-like appearance was not
observed. Dense infiltration of IgG4-positive plasma
cells was detected in the bile duct wall (Figute 3A) and
the periportal area (Figure 3B), as well as in the pancreas,
of patients with AIP.

DISCUSSION -

SC is a heterogeneous disease that may be associated with
choledocholithiasis, biliary tumot, or infection. SC of
unknown origin is called PSC. PSC is progressive despite
conservative therapy and involves the intra- and extrahe-
patic bile ducts, resulting in liver citthosis. The effect of
steroid therapy is questionable, and liver transplantation
currently provides the greatest hope for a possible cure.
It occurs among patients in their 30 and 40 s and is fre-

quently associated with inflammatory bowel disease™.

Pancreatograms are not abnormal in most cases”™.
However, an analysis of 192 PSC patieats in Japan
found that their chatacteristics differed from those in
Western counties, with regard to age distribution and
the incidence of complicationsm}. In that analysis, the
patients were predominantly men, and two peaks in age
distribution at diagnosis (20-30 yeats and 50-70 years)
were identified. Compared to younger patients, those
aged 40 years or older displayed a lower incidence of

Figure 2 Endoscopic retro-
grade cholangiography of a
patient with primary sclero-
sing cholangitis showing
beaded and pruned-tree
appearance.

Figure 3 {gG4-immunostaining
of the bile duct (A) and liver (B)
of a patient with autoimmune
pancreatitis. Dense infiltration of
IgG4-pasitive plasma ceils was
detected in the bile duct wall (A) and
the periportal area of the liver (8).

associated ulcerative colitis, whereas the incidence of
chronic pancreatitis was higher.

SC is frequently associated with AIP, and occurs pre-
dominantly in elderly men. The major initial symptom of
SC with AIP is obstructive jaundice, which differs from
PSC. The most prominent feature on cholangiography
for SC with AIP was stenosis of the lower bile duct.
When stenosis is found in the intrahepatic or the hilar
hepatic bile duct, the cholangiographic appearance is
very similar to that of PSC*. However, a long stricture
was detected in the hepatic hilar region in SC patients
with AIP, instead of the beaded and pruned-tree appeat-
ance that is frequently observed in PSC. Widespread wall
thickening of the middle and upper bile ducts was also
detected only in SC patients with AIP.

SC patients with AIP responded dramatically well to
steroid therapy and showed a favorable outcome®™'",
Histologically, dense infiltration of IgG4-positive plasma
cells was detected in the bile duct wall and the periportal
area of SC patients with ATP, but it was not detected in
PSC patients. SC with AIP is sometimes associated with
sclerosing diseases such as sclerosing sialadenitis, scleros-
ing cholecystitis, or retropetitoneal fibrosis, and these sali-
vary, gallbladder, and retroperitoneal lesions show similar
histological findings to those in the bile duct and pancreas.
Furthermore, abundant infiltration of IgG4-positive plas-
ma cells is detected in various organs of AIP patients">".
Therefore, we proposed a new clinicopathological entity,
an IgG4-telated sclerosing disease, which is histopatho-
logically charactetized by extensive IgG4-positive plasma
cell and T lymphocyte infiltration of vatious otgans. We
also suspect that AIP and SC with AIP is a pancteatic and
bile duct lesion of this systemic disease™'. Based on the
above findings, SC with AIP should be differentated from
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Standard steroid treatment for autoimmune
pancreatitis

T Kamisawa,' T Shimosegawa,? K Okazaki,® T Nishino,* H Watanabe,® A Kanno,?
F Okumura,® T Nishikawa,” K Kobayashi,® T Ichiya,® H Takatori,'® K Yamakita,
K Kubota," H Hamano," K Okamura,™ K Hirano,”™ T It0,"® S B H Ko,"”” M Omata'

ABSTRACT

Objective: To establish an appropriate steroid treatment
regimen for autoimmune pancreatitis (AIP).

Methods: A retrospective survey of AIP treatment was
conducted in 17 centres in Japan. The main outcome
measures were rate of remission and relapse.

Results: Of 563 patients with AIP, 459 (82%) received
steroid treatment. The remission rate of steroid-treated
AIP was 98%, which was significantly higher than that of
patients without steroid treatment (74%, 77/104;
p<<0.001). Steroid treatment was given for obstructive
jaundice {60%), abdominal pain (11%), associated
extrapancreatic lesions except the biliary duct {11%}, and
diffuse enlargement of the pancreas {10%). There was no
relationship between the period necessary to achieve
remission and the initial dose (30 mg/day vs 40 mg/day}
of prednisolone. Maintenance steroid treatment was
given in 377 (82%) of 459 steroid-treated patients, and
steroid treatment was stopped in 104 patients. The
relapse rate of patients with AP on maintenance
treatment was 23% (63/273), which was significantly
lower than that of patients who stopped maintenance
treatment {34%, 35/104; p = 0.048). From the start of
steroid treatment, 56% (55/99) relapsed within 1 year and
92% (91/99) relapsed within 3 years. Of the 89 relapsed
patients, 83 {93%) received steroid re-treatment, and
steroid re-treatment was effective in 97% of them.
Conclusions: The major indication for steroid treatment
in AIP is the presence of symptoms. An initial
prednisolone dose of 0.6 mg/kg/day, is recommend,
which is then reduced to a maintenance dose over a
periad of 3~6 months. Maintenance treatment with low-
dose steroid reduces but dose not eliminate relapses.

Autoimmune pancreatitis (AIP) is a newly
described entity in which autoimmune mechan-
isms seem to be involved. It is characterised
clinically by obstructive jaundice as a frequent
initial symptom and an association with diabetes
mellitus (DM) and various extrapancreatic lesions.
Radiologically, AIP is characterised by enlargement
of the pancreas and irregular narrowing of the
main pancreatic duct. Serologically, it is charac-
terised by serum immunoglobulin G4 (IgG4)
elevation and the presence of autoantibodies.
Histopathologically, dense infiltration of lympho-
cytes and IgG4-positive plasma cells with fibrosis
are seen in the pancreas.™ Since the fibroinflam-
matory process of AIP responds well to steroids,
many AIP patients receive steroid treatment.*'
Although there are some published reports dealing
with steroid treatment for AIP, these previous
studies involved only small numbers of patients,
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and there is little consensus on a steroid treatment
regimen. To establish the appropriate steroid
treatment regimen, a survey of AIP treatment
was conducted in 17 centres in Japan.

METHODS

A retrospective survey of AIP treatment, focusing
on steroid treatment, was conducted in the 17
centres that participated in this study. The
majority of these centres are major referral centres
across Japan with established expertise in the
diagnosis and management of AIP. Tokyo
Metropolitan Komagome Hospital and Tohoku
University served as the coordinating centres.

The diagnosis of AIP was made according to the
Asian diagnostic criteria for AIP."' To make the
diagnosis of AIP, the imaging criterion, consisting
of enlargement of the pancreas and irregular
narrowing of the main pancreatic duct, must be
present, together with the serological criterion
(elevated serum IgG or IgG4 levels, or detection
of autoantibodies) and/or the histopathological
criterion (lymphoplasmacytic sclerosing pancreati-
tis). AIP can be also diagnosed with fulfilment of
both the imaging criterion and a good response to
steroid treatment.

Data regarding induction of remission by steroid
treatment, maintenance steroid treatment and
relapse of AIP were analysed. Remission was defined
as the disappearance of clinical symptoms and
resolution of the pancreatic and/or extrapancreatic
manifestations on imaging studies.® *** For follow-
up after remission, laboratory tests and imaging
studies were performed periodically, usually every 3—
6 months in the first year. Relapse of AIP was
defined as reappearance of symptoms with the
development or reappearance of pancreatic and/or
extrapancreatic (including bile duct, salivary gland
and retroperitoneum) abnormalities on imaging
studies and/or marked elevation of serum IgG or
IgG4 levels.® *** Re-elevation of serological levels
alone without clinical symptoms or abnormal
imaging was not considered to be relapse.

Statistical analysis was performed using Fisher's
exact test and Mann-Whitney’s U test. Differences
with p values of <0.05 were considered significant.
The period from the start of steroid treatment to
relapse was evaluated using the Kaplan-Meier
curve,

After analysis of the data, a consensus meeting
was held involving members of the 17 centres to
propose a consensus regarding steroid treatment
for AIP.

Gut 2009;58:1504-1507. doi:10.1136/gut.2006, 172908



RESULTS

Study subjects
A total of 563 cases of AIP (439 men and 124 women, average
age 63.0 years) were confirmed to fulfil the Asian diagnostic
criteria for AIP, and they were enrolled in the analyses for
steroid treatment of AIP. Of these, 459 (82%) patients with AIP
(374 men and 85 women, average age 62.3 years) received
steroid treatment. Of the others, 56 patients underwent surgical
procedures, and 48 patients were followed-up conservatively.
No patients received any other immunosuppressive treat-
ments such as azathioprine or ulsodeoxycholic acid.

Induction of remission by steroid treatment

The remission rate of patients with AIP was significantly higher
in patients who received steroid treatment (98%, 451/459) than
in those not given steroid treatment (74%, 77/104; p<0.001)
(table 1).

Steroid treatment was administered mainly for obstructive
jaundice (247/459 patients, 60%), abdominal pain (51 patients,
11%), associated extrapancreatic lesions such as retroperitoneal
fibrosis (50 patients, 11%), diffuse enlargement of the pancreas
(45 patients, 10%) and confirmation or differentiation of the
diagnosis after a negative investigation of pancreatic cancer (24
patients, 5%).

In patients with DM, before steroid administration, blood
glucose levels were controlled using insulin in 104 patients and
using oral antidiabetic medicines in 39 patients. Endoscopic or
transhepatic biliary drainage was performed in 242 (77%) of 314
patients with obstructive jaundice due to associated sclerosing
cholangitis. Endoscopic or transhepatic biliary drainage was
performed for patients showing hyperbilirubinaemia of >3 mg/
dl in two-thirds of centres.

The initial oral prednisolone dose was 20 mg/day (n =8, 2%),
30 mg/day (n =283, 62%), 40 mg/day (n= 160, 35%), 60 mg/
day (n=4, 1%) and others (n =4, 1%). The initial dose was
administered for 2 weeks in three-quarters of cases, and for 3-
4 weeks in the remainder. The initial dose was gradually tapered
by 5 mg every 1-2 weeks to the maintenance dosage, based on
changes in the clinical manifestations, biochemical blood tests
(such as serum liver enzymes and IgG or IgG4 levels) and
repeated imaging findings. The dose was tapered more
gradually, such as 2.5 or 5 mg every 2-8 weeks, after the dose
reached 15 mg/day.

The period necessary to achieve remission from the start of
initial administration was 6.82 (6.11) months (mean (SD)) in
the patients treated with an initial prednisolone dose of 30 mg/
day, which was not significantly different from the period (6.34
(8.13) months) in those treated with an initial prednisolone
dose of 40 mg/day (p = 0.401) (table 2).

At remission, the enlarged pancreas returned to near-normal
size in 239 (80%) of 300 patients. It became atrophic in 58
patients (20%), and showed persistent focal enlargement in 3
patients. Elevated serum IgG4 levels decreased in all patients
after the start of steroid treatment, but they failed to normalise
(<135 mg/dl) in 115 (63%) of 182 patients. At remission,
irregularity of the pancreatic ducts and/or some degree of bile

Table 1 Remission and relapse rate in patients with autoimmune
pancreatitis treated with and without steroid

With steroid Without steroid p Value
Remission rate 451/459 (98%) 77/104 (74%) <0.0001
Relapse rate 110/451 (24%) 32/77 (42%) 0.003

Gut 2009;58:1504-1507. doi:10.1136/gut.2008.172908

duct stenosis remained in 67 (58%) of 115 patients with
persistent elevation of serum IgG4 levels, while it remained in
only 18 (27%) of 67 patients with normalised serum IgG4 levels
(p=<<0.001).

Maintenance steroid treatment

Maintenance steroid treatment was performed after remission
in 377 (82%) of 459 patients treated with steroid. The
maintenance oral prednisolone dose was 10 mg/day (n =27,
7%), 7.5 mg/day (n=183, 3%), 5 mg/day (n=238, 63%),
2.5 mg/day (n=78, 21%) and others. Of the 377 patients
who underwent maintenance treatment, the maintenance
treatment was stopped in 104 patients (28%) in whom
complete radiological and serological improvement was
obtained.

Relapse of AIP

The relapse rate of patients with AIP was significantly lower in
those who received steroid treatment (24%, 110/451) than in
those not given steroid treatment (42%, 32/77; p=0.003)
(table 1). In the patients who received steroid treatment, relapse
occurred in the pancreas (n =57, 52%), bile duct (n =37, 34%)
and extrapancreatic lesions (n=19; salivary gland swelling
(n=10), interstitial pneumonia (n=4), interstitial nephritis
(n = 2) and others).

There was no correlation between the relapse rate and the
initial prednisolone dose (40 mg/day: 19% (81/160) vs 30 mg/
day: 238% (65/283), p = 0.402) (table 2). As regards the period
from the start of steroid treatment to relapse, 32% (32/99)
relapsed within 6 months, 56% (55/99) relapsed within 1 year,
76% (75/99) relapsed within 2 years and 92% (91/99) relapsed
within 3 years after starting medication (fig 1). The relapse rate
of patients with AIP on maintenance treatment was 23% (63/
273), which was significantly lower than that of patients who
stopped maintenance treatment (34%, 35/104; p = 0.048). The
doses of prednisolone at the time of relapse were 10 mg/day
(n=10, 16%), 7.5 mg/day (n=7, 11%), 5 mg/day (n=29,
46%), 2.5 mg/day (n =8, 13%) and others.

The relapse rate of AIP was significantly higher in patients
with persistent elevation of serum IgG4 levels (30%, 34/115)
than in those with normalised serum IgG4 levels (10%, 7/69;
p = 0.003). Although serum IgG4 levels fluctuated by >30 mg/
dl in 94 (55%) of 172 patients during maintenance treatment,
re-elevation of serum IgG4 levels was detected in 37 (69%) of 54
patients who relapsed during maintenance treatment.

Of the 89 relapsed patients, 83 (93%) of 89 received steroid re-
treatment (prednisolone: 60 mg/day (n=4, 5%), 40 mg/day
(n=19, 23%), 30 mg/day (n=239, 47%), 20 mg/day (n=29,
11%) and others). Steroid re-treatment was effective in 91 (97%)
of 94 relapsed patients. Of the 77 patients initially managed
without steroid treatment relapses occurred in 32 (42%), and
the relapses were treated with steroid with a 100% response
rate.

Steroid-related complications .

After steroid treatment, mildly or moderately worse glucose
tolerance occurred in several patients, but they could be
controlled by oral antidiabetic medication or insulin injection.
Osteoporosis developed in 10 patients, in whom compression
fractures of lumbar vertebrae (n=25) and avascular necrosis of
the femoral head (n=3) occurred. They were treated with
reduction of dosage or cessation of medication. Pneumonia
occurred in 3 patients, and they were treated with antibiotics.

1505

~— 477 —



Table 2 Period to yield a remission and relapse rate in patients with
auteimmune pancreatitis treated with initial prednisolone of 40 and
30 mg/day

40 mg/day

30 my/day p Value
Period to remission 6.34 (8.13) 6.82 (6.11) 0.401
{mean {SD), months)
Relapse rate 31/160 (19%) 65/283 {23%) 0.402

There were no deaths attributable to complications of steroid
treatment.

DISCUSSION

In the analysis of 563 patients with AIP, 82% received oral
steroid treatment. The remission rate of patients with AIP was
significantly higher in those who received steroid treatment
(98%) than in those who did not receive steroid treatment
(74%). The relapse rate was significantly lower in patients who
received steroid treatment than in those not given steroid
treatment. Therefore, the administration of oral steroid appears
to be standard treatment for inducing remission in AIP.
However, it is most important to distinguish AIP from
pancreatic cancer before starting steroid treatment. Facile use
of steroids for cases in which the diagnosis of AIP is
questionable should be prohibited." *¢

The indications for steroid treatment in patients with AIP are
thought to be symptoms such as obstructive jaundice due to
sclerosing cholangitis, abdominal pain and hydronephrosis due
to associated retroperitoneal fibrosis. DM is often (67%" to
76%" of cases) observed in patients with AIP. Pancreatic
exocrine function is also impaired in 88%" to 91%* of AIP
patients. However, as pancreatic exocrine or endocrine dysfunc-
tion improves in some patients with AIP after steroid
treatment,” ¥ ** steroid treatment may be indicated in patients
showing diffuse enlargement of the pancreas, even if they are
asymptomatic.

In patients with DM, blood glucose levels should be
controlled using insulin before starting steroid treatment. The
major presenting complaint of patients with AIP is obstructive
jaundice due to associated sclerosing cholangitis (65%" to 86%"
of cases). As steroid treatment may trigger or worsen
cholangitis, jaundice is usually managed by endoscopic or
transhepatic biliary drainage in patients with obstructive
jaundice (usually total bilirubin =3 mg/dl) due to associated
sclerosing cholangitis before steroid administration. In the
literature, most patients with AIP were treated with 30 or
40 mg/day as the initial prednisolone dose.>'® There was no
relationship between the period necessary to achieve remission
and the initial prednisolone dose. In Japan, 30 mg/day is usually
used as an initial dose in patients with standard body weight
(~50 kg; 0.6 mg/kg) and 40 mg/day is used in larger patients
(body weight >60 kg; 0.67 mg/kg). Therefore, we would
recommend that a general initial dose of prednisolone should
be 0.6 mg/kg/day.

Since pancreatic enlargement begins to improve from 1 to
2 weeks after medication," ** morphological and serological
evaluation for effectiveness of steroid treatment should be
performed 2 weeks after starting steroid treatment. A poor
response to steroid treatment should raise the possibility of
pancreatic cancer and the need for re-evaluation of the
diagnosis. When steroid treatment is effective, the dose is
tapered by 5 mg every 1-2 weeks until the dose reaches 15 mg/
day, while carefully monitoring the patient’s symptoms, as well
as the biochemical, serological and imaging findings. After that,
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Figure 1 Relapse rate of autoimmune pancreatitis and the period from

the start of steroid treatment to relapse.

the dose is tapered more gradually, and the amount of steroid is
reduced to a maintenance dose over a period of 3-6 months.

Relapse occurred in 24% of patients with AIP treated with
steroid, and it occurred within 6 months after medication in
32%, within 1 year in 56% and within 3 years in 92%. Although
it still remains unclear what are useful predictive findings for
relapse, it has been reported that markedly elevated serum IgG4
levels and the presence of bile duct stenosis were predictive
factors for relapse of AIP® To our knowledge, patients
complicated with extrapancreatic lesions such as stenosis of
the proximal extrahepatic or intrahepatic bile duct or retro-
peritoneal fibrosis seem to take longer to achieve remission. In
the present study, the patients with elevation of serum IgG4
levels during remission showed persistent abnormalities of the
pancreatic and/or bile ducts and more frequent relapses than in
those with normalised serum IgG4 levels. Furthermore, in 69%
of relapsed patients during maintenance treatment, re-elevation
of serum IgG4 levels was detected. Serum IgG4 levels at
remission and during follow-up may accordingly be useful to
predict or detect relapse earlier.

To prevent relapse, maintenance treatment (5 mg/day) is
recommended in almost all patients treated with steroid for at
least about 6 months. However, as patients with AIP are
typically elderly and are at high risk of developing steroid-
related complications, such as osteoporosis, DM and pneumo-
nia, cessation of the medication should be tried. In patients
showing complete improvement of cholangiopancreatogram, 1
year after initial administration of steroid, maintenance treat-
ment can be withdrawn. Stopping maintenance treatment
should be planned within at least 3 years, because of a lower
relapse rate after 3 years. After stopping medication, patients
should be followed-up for relapse of AIP. In most recurrent
cases, re-administration or dose-up of steroid is effective. In
these cases, longer maintenance treatment is necessary to
prevent repeated relapse. Therefore, we think that it is now
necessary to reduce the relapse rate. Careful, long-term follow-
up is also necessary, since pancreatic cancer developed in three
patients 3, 3.5 and 5 years after onset of AIP, respectively. On
the other hand, 23% of patients with AIP relapsed despite
maintenance treatment. We need to identify more useful
alternative approaches to maintain remission.

In the Japanese diagnostic criteria for AIP,* seronegative AIP
cases without histological examination cannot be diagnosed as
AIP even if they fulfil the imaging criterion. Kim er a/** reported
that a steroid trial was useful for differentiating seronegative
AIP from pancreatic cancer, based on marked improvement of
pancreatic ductal narrowing, which is evident as early as
2 weeks after the beginning of steroid treatment. When
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» Oral steroids is the standard treatment for AIP.

» It is most important to distinguish AP from pancreatic cancer
before starting steroid treatment.

» The indications for steroid treatment in patients with AIP are
symptoms such as obstructive jaundice, abdominal pain and
hydronephrosis.

» Before steroid treatment, blood glucose level should be
controlled using insulin in patients with diabetes mellitus.

> Before steroid treatment, jaundice is usually managed by

endoscopic or transhepatic biliary drainage in patients with

obstructive jaundice

As initial dose of oral prednisclone of 0.6 mg/kg/day-is

recommended:

Morphological and' serological evaluation for effectiveness of

steroid treatment is performed 2 weeks after starting steroid

treatment. A poor response to steroid treatment should raise
the possibility of pancreatic cancer and: the need for re-
evaluation of the diagnosis. When steroid: treatment is
effective, the dose is tapered by 5 -mg-every 1-2 ' weeks untif
the dose reaches 15 mg/day; while carefully monitoring the
patient's symptoms; as- well-as the biochemical, serological
and imaging findings: After that; the dose js tapered more:
gradually to a maintenance dose overa period-of 3-6 months.

» To prevent relapse, maintenance. treatment (5 mg/day) is
recommended in almost all patients-treated with steroid for at
least about 6 months. In patients showing complete remission
1 year after initial administration of steroid; maintenance
treatment can be withdrawn. Stopping maintenance:treatment
shouid be planned within at least 3 years.

» In relapsed cases, re-administration or dose-up. of steroid- is

" effective. o

» A steroid diagnostic trial is not generally:recommended. it
should only be performed by pancreatologists: with extreme
caution in limited cases after.a negative: investigation for
pancreatic cancer, including endoscopic ultrasound-guided
fine needle aspiration. '

v

v

response to steroid treatment is added to the diagnostic criteria,
the diagnostic sensitivity is increased. However, we are
concerned that the facile use of steroid trials will result in
delaying pancreatic cancer surgery, which could lead to cancer
progression in some cases. Therefore, as described in the Asian
diagnostic criteria," a steroid diagnostic trial is not generally
recommended and it should only be performed by pancreatol-
ogists with extreme caution in limited cases after a negative
investigation for pancreatic cancer, including endoscopic ultra-
sound-guided fine needle aspiration (EUS-FNA; box 1).
In conclusion, oral steroid is a standard treatment for AIP.
Indications for steroid treatment in patients with AIP are
symptoms such as obstructive jaundice due to sclerosing
cholangitis, abdominal pain, and hydronephrosis due to
associated retroperitoneal fibrosis. We recommend that the
initial dose of prednisolone be 0.6 mg/kg/day, and that it be
- reduced to a maintenance dose over a period of 3-6 months. To
prevent relapses, continued maintenance treatment with low-
dose prednisolone for 6 months to 3 years is recommended, but
it dose not eliminate relapse entirely.

Gut 2009;58:1504-1507. doi:10.1136/gut.2008.172908
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ORIGINAL ARTICLE

Amylase o-2A Autoantibodies
Novel Marker of Autoimmune Pancreatitis and Fulminant

Type 1 Diabetes

Toyoshi Endo," Soichi Takizawa,' Shoichiro Tanaka,' Masashi Takahashi,' Hideki Fujii,2

Terumi Kamisawa,? and Tetsuro Kobayashi'

OBJECTIVE—The pathogenesis of autoimmune pancreatitis
(AIP) and fulminant type 1 diabetes remains unclear, although it
is lmown that immune-mediated processes severely compromise
the endocrine and exocrine functions in both diseases.

RESEARCH DESIGN AND METHODS—We have screened a
NTriplEx2 human pancreas cDNA library with serum from a
patient with ATP and obtained positive clones. Sequence analysis
revealed that 7 of 10 clones were identical to human amylase
«-2A. Using a recombinant COOH-terminal amylase o-2A protein,
we developed an enzyme-linked immunosorbént assay system to
detect autoantibodies against human amylase a-2A.

RESULTS—AIL 15 serum samples from patients with AIP recog-
nized the recombinant protein, whereas sera from 25 patients
with chronic alcoholic pancreatitis and sera from 25 patients
with a pancreas tumor did not. Interestingly, 88% (15/17) of
patients with fulminant type 1 diabetes were positive for an
autoantibody against amylase a-2A. These antibodies were de-
tected in 21% of patients with acute-onset type 1 diabetes (9 of
42) and 6% of type 2 diabetic patients.(4 of 67).

CONCLUSIONS—These results suggest that an autoantibody
against amylase o-2A is a novel diagnostic marker for both AIP
and fulminant type 1 diabetes and that, clinically and immuno-
logically, AIP and fulminant type 1 diabetes are closely related.
Diabetes 58:732-737, 2009 .

ecently, autoimmune pancreatitis (AIP), a
unique form of chronic pancreatitis, has been
reported as a discrete disease entity (1). It is
characterized by 1) irregular narrowing of the
main pancreatic duct and swelling of the pancreas, both of
which are due to abundant lymphoplasmacytic inflamma-
tion to the exocrine pancreas (2); 2) the increased serum
level of IgG and IgG4; 3) positive autoantibodies such as
lactoferrin autoantibody or carbonic anhydrase II (CAII)
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autoantibody (3,4); and 4) a high prevalence of diabetes
with complications (5).

We recently reported that a high proportion of pancre-
atic islets and exocrine pancreatic tissues were infiltrated
by CD4" or CD8* T-cells in the inflammatory process,
which might induce diabetes in AIP (6). In addition,
treatment with prednisolone improved insulin secretion
and glycemic control in AIP patients (5). These data
support the concept that autoimmune mechanism(s) plays
a pivotal role in the destruction of the endocrine and
exocrine pancreas in AIP patients with diabetes.

Clinically, the most common initial symptom of AIP is
jaundice, but in some patients, no symptoms or only mild
symptoms, frequently without acute attacks of pancreati-
tis, may be present (7). It is difficult to distinguish AIP from
other types of chronic pancreatitis or cancer of the pan-
creatic head (8). In such cases, detection of autoantibodies
is useful for diagnosing AIP, but a proportion of patients
with AIP are negative for autoantibodies against lactofer-
rin and CAI (3,4).

We encountered an AIP patient whose serum IgG and
IgG4 levels were 3,498 and 2,430 mg/dl, respectively. It has
been reported that median levels (5th and 95th percen-
tiles) of IgG and IgG4 from patients with AIP were 2,389
mg/dl (1,349 and 4,310) and 742 mg/dl (266 and 1,150),
respectively (3), so high concentrations of IgG in this case
prompted us to search for new autoantigens associated
with AIP. We also searched for the presence or absence of
new autoantibodies in patients with abrupt onset and
severe ketoacidosis-prone type 1 diabetes [called fulmi-
nant type 1 diabetes (9,10)], which involve the exocrine
pancreas and the endocrine pancreas.

RESEARCH DESIGN AND METHODS

Serum used for screening the human pancreas cDNA library was obtained
from a 67-year-old male patient (A.0.), who was admitted to our hospital
complaining of slight abdoruinal pain and jaundice. Computed tomography
revealed an enlarged pancreas, and laboratory findings showed high concen-
trations of IgG and IgG4. Tests for anti-lactoferrin and anti-CAIl antibodies
were both positive, but those for anti-nuclear antibody, anti-mitochondrial
antibody, and rheumatoid factor were negative.

Additional AIP sera were obtained from 14 newly diagnosed patients at the
University of Yamanashi Hospital and Toranomon Hospital, Tokyo. Diagnosis
of AIP was based on criteria proposed by the Japan Pancreas Society (11). Our
15 patients filled criterion 1 (narrowing of the main pancreatic duct or
enlargement of pancreas by imaging studies), together with criterion 2 (high
serum vy-globulin, IgG, or 1gG4 or the presence of autoantibodies, such as
anti-nuclear antibodies and rheumatoid factor) and/or criterion 3 (marked
interlobular fibrosis and prominent infiltration of lymphocytes and plasma
cells in the periductal area). Serum samples were taken from 25 patients with
chronic alcoholic pancreatitis, who were diagnosed according to a history of
alcohol abuse, impaired exocrine pancreatic function, and the presence of
calcified precipitates in the pancreas by imaging studies {Japan Pancreas
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TABLE 1
Clinical characteristics of subjects
Duration of
Age Sex diabetes Treatment
Type of diabetes n (years) (male/female) (months)* by insulin*
Autoimmune pancreatitis 15 66 (68-75) 14/1 — 8
Before PSL 12
After PSL 3
Chronic alcoholic pancreatitis 25 63 (63-70) 1877 — 10
Pancreatic tumor 25 71 (63-73) 12/13 — 8
Cancer 8
IPMT 17
Fulminant type 1 diabetes 17 40 (28-53) 14/3 17
At onset? 13 0.76 = 0.20
After onset 4 13.56 £ 2.38
Acute-onset type 1 diabetes 42 25 (23-33) 14/28 29.0 = 45.0 42
At onset? : 22 0.7+09
After onset 20 : 51.0 £ 50.0
Type 2 diabetes 67 62 (58-66) 43/24 130 £ 91.0 37
Hashimoto’s thyroiditis 47 60 (55-62) 6/41 — —
Control subjects 100 47 (40-48) 59/41 — —

Data are medians (95% CI) or means * SD. PSL, prednisolone; IPMT,

intraductal papillary mucinous tumor. *Duration from the onset of

diabetes to the time of sample collection. tAt onset; within 3 months after onset.

Society, criteria for chronic pancreatitis 2001 (12)]. Twenty-five serum sam-
ples were recruited from patients with pancreas tumor (cancer {n = 8] and
intraductal papillary mucinous turnor [IPMT, n = 17}). Fulminant type 1
diabetes (n = 17, 13 cases at the onset and 4 cases after onset) was diagnosed
by criteria (fasting C-peptide =0.033 nmol/l and A1C =8.0% or Y C-peptide
=0.540 nmol/ and A1C =8.0%) as reported previously (13,14). Fulminant type
1 diabetes associated with pregnancy (15) was excluded from the present
study. Acute-onset type 1 diabetes (n = 42) (12) and type 2 diabetes (n = 67)
samples were also recruited. The patients’ clinical characteristics are summa-
rized in Table 1. Serum from patients with Hashimoto’s thyroiditis (n = 47)
were also studied. Diagnosis of the disease was made by elastic goiter and
autoantibodies against both thyroglobulin and thyroid peroxidase. Control
sera were obtained from 100 (59 male and 41 female) healthy volunteers.
Immunoscreening, The ATriplEx2 human pancreas large insert cDNA library
(HL5517u) and Escherichia coli X1-1 competent cells were obtained from BD
Biosciences Clontech (Palo Alto, CA). The plagues on the plate were trans-
ferred to nitrocellulose filters presoaked with 10 mmol/ isopropyl-g-p-thioga-
lactopyranoside (IPTG), washed with Tris-buffered saline (TBS) containing
0.05% Tween 20 (TBST), and blocked with TBST containing 1% BSA. The
filters were incubated overnight at 4°C with the sera from the patient with ATP
(A.O.) at a dilution of 1:500. After washing four times with TBST, the filters
then reacted with goat horseradish peroxidase-conjugated anti-human I1gG
(American Qualex, San Clemente, CA) at a dilution of 1:2,000 for 30 min at
room temperature. The filters were also washed four times with TBST;
positive reaction was detected with 3,3'-diaminobenzidine.

Preparation of the recombinant human AMY-2A. A cDNA fragment of the
positive clone was amplified by PCR with the sense primer, 5-ATGGGGATC
CTTGGGGTTTCGTACCTTCTGACAGA, and antisense primer, 5'-CTTCGAAT
TCCCAATTTAGATTCAGCATGAATTGC. The PCR product was digested with
BamHI and EcoRI and then ligated into pTre His B (Invitrogen, Carlsbad, CA).
After sequencing, the plasmid was transfected into E. coli BL-21 (Novagen,
Darmstadt, Germany). The production of the recombinant protein was in-
ducted with 1 mmol1 IPTG and purified by His Bond column chromatography.
Western blot analysis. The 0.1% SDS-15% PAGE and transferring onto the
nitrocellulose membrane was carried out as previously described (16) with
slight modifications as follows: The membrane was blocked with 5% skim milk
and 5% goat serum in TBS and then incubated with sera from the patients with
AIP (1:500) overnight at 4°C. After washing five times with TBST, the
membrane: was reacted with goat horseradish peroxidase-conjugated anti-
human IgG (1:2,000) for 30 min at room temperature. Positive reaction was
detected by the same way as described in IMMUNOSCREENING.

In vitro translation and immunoprecipitation. A cDNA fragment of
AMY-2A was amplified by PCR with the sense primer, 5'-ATGGGGATCCATG
TGGGGTTTCGTACCTTCTGACAGA, and antisense primer, 5'-CTTCGAATTC
CCAATTTAGATTCAGCATGAATTGC, which added an ATG codon at the
NH,-terminus. The PCR product was digested with BamHI and EcoRI and then
ligated into pcDNA3.1. **Slabeled human AMY-2A was prepared with
PROTEIN script If (Ambion, Austin, TX) and [*S]methionine (GE Healthcare,
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Piscataway, NJ). **5-AMY-2A was incubated with patients’ sera (X100) or
anti-human amylase antibody (X100; sc-12821; Santa Cruz Biotechnology,
Santa Cruz, CA) in 200 pl PBS containing 1% BSA at 4°C overnight, with 10 pl
GammaBind G Sepharose (GE Healthcare) added. After further incubation at
room temperature for 60 min, the mixtures were centrifuged at 10,000 rpm for
5 min. The pellets were washed three times with PBS containing 0.05% T'ween
20 (PBST). Final pellets were directly counted or dissolved with 10 mmolA
Tris-HCl (pH. 6.8) containing 0.1% SDS, boiled for 3 min, and loaded onto a
0.1% SDS~156% polyacrylamide gel.

Enzyme-linked immunosorbent assay for detecting autoantibody
against human AMY-2A. Autoantibody against human AMY-2A was mea-
sured by enzyme-linked immunosorbent assay (ELISA) using methods previ-
ously described (5). In brief, a microtiter plate (Coster 3590; Corning,
Horseheads, NY) was coated with 50 pl 0.1 g recombinant human AMY-2A
overnight at 4°C. After washing the plate three times with PBST, the plate was
incubated with 200 ] 1% BSA in PBS for 30 min. Next, the patients’ sera were
tested in triplicate at dilutions of 1:200 in 1% BSA for 1 h. The bound antibody
was specially reacted with goat horseradish peroxidase-conjugated anti-
human IgG (1:2,000) in 1% BSA for 30 min at room temperature. After washing,
the plate was incubated with 100 pl 1-Step Slow TMB-ELISA (Pierce,
Rocidord, IL) for 30 min. The reaction was terminated by adding 100 w! 1 mol/t
H,50,, and absorbance was determined at an optical density of 450 nm. Intra-
and interassay coefficient of variation, determined with the same lot of five
ELISA plates, were 4.28 and 7.72%, respectively.

Ethics. An ethical committee approved all study protocols, and patients gave
informed consent.

Statistical analysis. Statistical analysis was carried out using Fisher's exact
test (JMP, Cary, NC), in which we considered statistically significant if P
values were <0.06. Receiver operating characteristic (ROC) analysis was
carried out with MedCalc (MedCalc Software, Mariakerke, Belgium).

RESULTS

Cloning of ¢DNAs from human pancreas. We com-
pletely screened 2 X 10* plaques with the AIP patient’s
serum (A.O.) and obtained 10 positive clones. Nucleotide
sequencing of the insert cDNAs and a subsequent homol-
ogy search revealed that 7 of 10 clones were identical to
human amylase-2A (AMY-2A). When compared with the
nucleotide sequence of the human AMY-2A cloned by Wise
et al. (17), four of seven clones contained the full coding
sequence, whereas the 5’ ends of the other three clones
started from 61, 799, and 897 bp (A in ATG is designated as
1) (Fig. 1). Other nonamylase clones were those of the
housekeeping genes, such as the heat shock protein and
the nuclear protein.

733

— 481 —



AMYLASE &-2A AUTOANTIBODIES - ' .

insert size 299 to 512 (AMY-2A/299-512) in E. coli BL21 and carried

Clone No. N weee ez teterressereerescssniOL) out Western blot analysis (Fig. 24). Patient’s serum (A.O.)

recognized the 30-kDa recombinant protein (line 1), but

sera from healthy volunteers did not (lines 3 and 4). When

the patient’s serum was preincubated with the recombi-

08 nant protein, positive staining was abolished (line 2),

suggesting that the autoantibody reacted with the recom-
binant protein, which contains the epitope.

1.68 Anti-human AMY-2A antibody produced in goat was

bound to the in vitro-translated °S—-AMY-2A and was

precipitated by protein G-sepharose (Fig. 2B). IgG from

1.7 two patients with AIP also bound to the labeled protein

and was precipitated, but the IgG from two healthy

895 1536 volunteers did not (Fig. 2B). This recombinant fluid phase

candidate epitope autoantibody assay with in vitro transcription and trans-

FIG. 1. Cloning of human amylase a-2A ¢DNAs from ATriplEx2 human  lation of AMY-2A without additional amino acids, such as

pancreas cDNA library. Seven clones of human amylase a-2A ¢DNAs. iq. nfirm ifici of the autoantibod
Their lengths and 5'-ends are shown (A in ATG is designated as 1). The His Tag’ co ed the Spec ty y

top bar indicates human amylase a-2A ¢cDNA as reported by Wise et al. agamst the prOt?m' .
(17), and the common regions shared by all seven clones, from codons Next, by coating the protein onto the plate, we devel-

299 to 512, are shown in the bottom bar. oped an ELISA system for detecting anti-amylase antibod-

ies in the serum. When compared with the normal serum,
Western blot analysis, immunoprecipitation, and patient sera showed strong signalsé which were well
ELISA system for detecting anti-human AMY-2A. correlated with immunoprecipitated “S-AMY-2A by pro-
Because IgG from the AIP patient used for screening tein G-sepharose (Fig. 2C). This positive reaction in ELISA
recognized four different lengths of human AMY-2A was displaced in a concentration-dependent fashion by
clones, we hypothesized that the regions shared by these AMY-2A/299-512 (Fig. 2D). When the AIP patient’s serumi
four clones, from codons 299 to 512, might contain a (A.O.) was diluted, we could detect positive signals up to
common epitope for the patient’s IgG (Fig. 1). Therefore, x1,000 dilution (Fig. 2E). To obtain a cutoff value for
we produced histidine-tagged human AMY-2A from codons positivity, we carried out ROC analysis of the healthy
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FIG. 2. Western blot analysis and ELISA for detecting anti-human AMY-2A. A: Western blot analysis. Recombinant human AMY-2A (50 ng) from
codons 299 to 512 (AMY-2A/299-512) was electrophoresed in 0.1% SDS-15% polyacrylamide and transferred onto a nitrocellulose filter. The
ﬂl_ters reacted with serum (% 1,000) from an AIP patient (line 1) and normal control sera (lines 8 and 4). Line 2, AIP patient’s serum preincubated
with 1 pg/ml AMY-24/299-512. MW, molecular weight markers. B: Immunoprecipitation of *S-AMY-2A with antibodies. **S-AMY-2A was
incubated with goat anti-amylase (line 1), normal goat IgG (line 2), sera from AIP patients (lines 3 and 4), and sera from healthy volunteers (lines
5 and 6) {md then precipitated with protein G-sepharose. The pellets were electrophoresed in 0.1% SDS~15% polyacrylamide and analyzed with
Bas 2000 image analyzer (Fujix, Tokyo). C: Correlation between the result of ELISA and that of immunoprecipitation. By coating the recombinant
human AIW¥-2N299~512, we developed an ELISA system for detecting anti-human AMY-2A. Sera from 11 patients with AIP (®) and two normal
control _subjects (O) were assayed by ELISA and immunoprecipitation for detecting the autoantibody. D: Absorption of positive ELISA signal with
recoombmant AMY-2A. One milliliter of a patient's serum (1:500) was preincubated with the recombinant protein at the indicated dose overnight
at 4°C, and Fhen the serum was used as the first antibody. The data are the mean of triplicate values. OD, optical density. E: Serum dilution
expe.ri:.nent in ELISA assay. Positive serum from patient A.O. was diluted as indicated, and ELISA assay was carried out. The data are the mean
of triplicate values. F: ROC analysis of the healthy volunteers and fulminant type 1 diabetic patients. We carried out ROC analysis of the healthy
volunteers (n = 100) and fulminant type 1 diabetic patients (n = 17) with MedcCale.
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TABLE 2
Criterion values and coordinates of the ROC curve
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Positive predictive Negative predictive

Criterion Sensitivity (%) Specificity (%) value value
=3.2 100.00 (80.3-100.0) 0.00 (0.0-3.7) 14.5

>114 100.00 (80.3-100.0) 9.00 (4.2-16.4) 15.7 100
>11.8 94.12 (71.2-99.0) 9.00 (4.2-16.4) 15.0 90.0
>17.3 94.12 (71.2-99.0) 53.00 (42.8-63.1) 25.4 98.1
>17.5 88.24 (63.56-98.2) 55.00 (44.7-65.0) 25.0 96.5
>34.0* 88.24 (63.56-98.2) 99.00 (94.5-99.8) 93.7 98.0
>34.7 82.35 (56.6-96.0) 99.00 (94.5-99.8) 93.3 97.1
>35.2 82.35 (56.6-96.0) 100.0 (96.3-100.0) 100.0 97.1
>08.4 0.00 (0.0-19.7) 100.0 (96.3-100.0) 85.56

Data in parentheses are 95% CI. *Cutoff value for positivity.

volunteers (n = 100) and fulminant type 1 diabetic pa-
tients (n = 17) (Fig. 2F). Table 2 shows criterion values
and coordinates of the ROC curve. When the value was set
as 34 (area under the ROC curve 0.92; significance level
P = 0.0001), sensitivity, specificity, and positive predictive
value were 88.24, 99.0, and 93.7%, respectively.
Prevalence of autoantibody against human AMY-2A
in AIP patients. Using the ELISA system, we determined
the prevalence of autoantibody against human AMY-2A in
ATP patients and various pancreatic diseases (Fig. 3). All
15 IgGs from patients with AIP were positive for AMY-2A/
209512, whereas 1 of 100 IgGs from control subjects was
positive for the antibody (P < 0.001, Fisher’s exact test).
All the IgGs from the patients with chronic alcoholic
pancreatitis (n = 25) or with pancreas tumor (pancreatic
cancer,n = 8; IPMT, n = 17) were negative for the antigen.
Antibodies were detected in 9% (4/47) of patients with
Hashimoto’s thyroiditis, a representative organ-specific
autoimmune disease (Fig. 34).

Figure 3B shows the time course of the autoantibody
titer from two AIP patients before and after prednisolone
treatment. In patient A.O., IgG4 gradually increased and

reached 5,540 mg/d], but administration of prednisolone
initiated a rapid decrease of IgG4 to 571 mg/dl. Before
prednisolone treatment, the titer of the autoantibody
against AMY remained high, and prednisolone treatment
induced a rapid decrease of the titer of AMY-2A autoanti-
body to a normal level. The fall rate of the antibody titer
seemed to be parallel to that of serum IgG4. In patient
TM., administration of prednisolone also rapidly de-
creased the titer of the autoantibody against AMY. The
autoantibodies did not increase even at the drug mainte-
nance dose in both cases.

Prevalence of autoantibody against human AMY-2A
in patients with fulminant type 1 diabetes and acute-
onset type 1 diabetes. We next studied the prevalence of
autoantibody against human AMY-2A in various types of
diabetic patients (fulminant type 1 diabetes, n = 17,
acute-onset type 1 diabetes, n = 42; and type 2 diabetes,
n = 67; Fig. 4). Interestingly, 88% of patients with fulmi-
nant type 1 diabetes were positive for the autcantibody,
but 1% of control was positive for the antibody (P < 0.001,
Fisher’s exact test). The autoantibody was detected with
low frequency in patients with acute-onset type 1 diabetes
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FIG. 3. Prevalence of autoantibody against human AMY-2A in patients with various pancreatic diseases. 4: Prevalence of autoantibody against
human AMY-2A in patients with AIP (n = 15), chronic alcoholic pancreatitis (CP, n = 25), pancreatic tumor (PT, n = 25), control subjects from
healthy volunteers (C, n = 100), and Hashimoto's thyroiditis (H, n = 47) was examined by ELISA, as described in RESEARCH DESIGN AND METHODS.
The data are the mean of triplicate values. The dotted line shows a cutoff value. Fisher's exact test was carried out between AIP and control
groups. *P < 0.001. B: Time course of anti-AMY antibody and IgG4 of AIP patients. AIP patient (A.0.), whose IgG was used to screen ATriplEx2
human pancreas ¢cDNA library, was treated with prednisolone (arrow). Before and after the treatment, anti-AMY antibody (©-@) and IgG4 (O-O)
were measured. In the other AIP patient ('T.M.), titer of the anti-AMY antibody (A-A) was also measured before and after prednisolone treatment

(arrow).
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FIG. 4. Prevalence of autoantibody against human AMY-2A in patients
with various types of diabetes. Prevalence of autoantibody against
human AMY-2A (@) in patients with fulminant type 1 diabetes
(FTI1DM, n = 17), acute-onset type 1 diabetes (AT1DM, n = 42), type
2 diabetes (T2DM, n = 67), and control subjects from healthy volun-
teers (C, n = 100) was studied by ELISA, as described in RESEARCH
DESIGN AND METHODS. The data are the mean of triplicate values. The
dotted line shows a cutoff value. Fisher's exact test was carried out
between fulminant type 1 diabetic and control groups. *P < 0.001.

(21%, 9 of 42) and patients with type 2 diabetes (6%, 4
of 67).

DISCUSSION

In 2002, Barera et al. (18) reported a case of an 11-year-old
girl with celiac disease and hypothyroidism. Because of
hyperamylasemia, she was suspected to have chronic
pancreatitis, but no pancreatic damage was demonstrated.
By using ELISA to detect autoantibodies to amylase, they
found that she produced an autoantibody against porcine
amylase and that this declined after the institution of a
gluten-free diet. In the present study, we also detected an
autoantibody against pancreas-specific AMY-2A in all of
the AIP patients, but not in patients with chronic alcoholic
pancreatitis and with pancreatic tumors.

The presence of autoantibodies against CAIl, lactofer-
rin, and pancreatic secretory trypsin inhibitor (PSTI) has
been reported (3,4,19). However, the distribution of these
molecules is non—organ specific (20-22), and the preva-
lence of these autoantibodies against CAIL, lactoferrin, and
PSTI in AIP is rather low, ranging from 42~73% (3,4,19).
Using 13 serum sarples from our AIP patients, we carried
out ELISA assays for autoantibodies against CAIl and
lactoferrin. As a result, 66% (10 of 15) were positive for
CAIL and 53% (8 of 15) were positive for lactoferrin. Thus,
an autoantibody against AMY-2A might be a more sensitive
marker for AIP than that of CAIl, lactoferrin, or PSTL

Furthermore, the adoptive transfer of amylase-specific
CD4* T-cells to rats was able to confer pancreatitis,
whereas the transfer experiment with lactoferrin-specific
or CAll-specific CD4" T-cells failed to induce experimen-
tal pancreatitis (23). Our findings of a high prevalence of
autoantibody against AMY-2A in human AIP and the
results from the adoptive transfer experiment of amylase-
specific CD4*% T-cells to rodents suggest that cellular
and/or humoral autoimmunity against AMY-2A plays some
role in the pathogenesis of AIP.

- Approximately 80% of patients with chronic pancreatitis
are alcoholic, the pathogenesis of which still remains
unclear. However, it is well known that acute or chronic
alcohol exposure suppresses all branches of the immune
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system (24), and none of our sera from patients with
chronic alcoholic pancreatitis were positive for autoanti-
body against AMY-2A (Fig. 3). Therefore, an assay for
autoantibody against AMY-2A is useful for distinguishing
AIP from chronic alcoholic pancreatitis.

It is of particular interest that anti-AMY-2A autoanti-
body is detected in 88% of patients with fulminant type 1
diabetes. Fulminant type 1 diabetes is a recently proposed
subtype of type 1B, nonimmune-mediated, or idiopathic
type 1 diabetes (9,10). A nationwide survey revealed that
fulminant diabetes accounted for ~20% of Japanese type 1 .
diabetes with ketosis or ketoacidosis and flu-like symp-
toms frequently observed at onset (25). Clinical character-
istics of this subtype of type 1 diabetes are I) remarkably
abrupt onset of disease; 2) very short (<1 week) duration
of diabetic symptoms; 3) severe ketoacidosis at diagnosis;
4) negative status of islet-related autoantibodies, such as
GADAD and anti-IA-2 antibody; 5) virtually no C-peptide
secretion (10 wpg/day in urine); and 6) elevated serum
pancreatic enzyme levels (26). These features and the
absence of insulitis in patients’ pancreases have led some
to hypothesize that an autoimmune mechanism does not
contribute to the development of fulminant type 1 diabe-
tes, but rather that viral infection plays a central role in the
pathogenesis of the disease (27). However, we previously
demonstrated CD4* and CD8* T-cell infiltration to pan-
creatic exocrine cells and to the islet in an autopsy case
deceased immediately after the onset of fulminant type 1
diabetes (28).

Imagawa and Hanafusa (27) also confirmed cellular
infiltration of pancreatic islets in patients with fulminant
type 1 diabetes. Shimada et al. (29) described a fulminant
type 1 diabetic patient with a high serum level of CXCL10,
a chemokine that induces migration of activated T-cells to
local lesions and GAD-reactive CD4" cells in the periph-
ery. These results, and the presence of an autoantibody
against AMY-2A, suggest that the disease might be auto-
immune-related, involving the exocrine and the endocrine
pancreas (10,28).

Exocrine dysfunction and impaired glucose tolerance
are common features for both AIP and fulminant type 1
diabetes. With regard to the HLA genotype, Kawa et al.
(30) demonstrated that the DRB1¥0406-DQB1*0401 haplo-
type is closely associated with AIP in the Japanese popu-
lation, and Tanaka et al. (31) revealed that the DQA1*0303-
DQB1#0401 haplotype is strongly associated with
fulminant type 1 diabetes in a homologous manner. When
we studied the frequency of this allele in our patients with
AIP, 5 of 15 patients were heterozygous for the
DRB1*0405-DQB1*0401 haplotype. Although further study
with larger sample sizes will be needed, these two reports
and our own analysis suggest the importance of the
DQB1*0401 allele in both diseases. Furthermore, we are
able to detect autoantibody against AMY-2A in both with
nearly the same prevalence. Although further investigation
is needed, the present results suggest that clinically and
immunologically, ATP and fulminant type 1 diabetes are
closely related to one another.
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BRAOBEEIRBREINLELAE LTEE XN
TWaY, TOREAPHBIZECEBHEI L
Twiz\», HOSREEERKIE, UIRUIZEE
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RSORTEREREE) &
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Do, ThoOBENRER BRELRE
AT FIRRICL D EFLVWEELZRD.

BAREOMBEE, BOREERAOELR
BRC, B voSEREBEMRORE, B
EHERBREATH Y, HEEHEFMIT scle-
rosing cholangitis, sclerosing cholecystitis,

sclerosing sialadenitis, retroperitoneal fibrosis
LEOHRTH o7z Fiz, ERLAZY V3E

HM5 ECREEEACEHLEER
ERIEIEA (HUILLUF)

RELINLDTNTORET, BERAKICS
o T vEkE 1gG4 OB EMEOREE
D 1gGA BB EMEOE 2 BEEII,
Tova— VIEBEEEA, BEE, Siogren EMR
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Npiroiz.
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(Expanded Abstract)
H oS e & BElRIE & o8 n) )
VERUER 3B AR B P R
2 ARk
R R AR
WiE OEE S Ok B M J& £15
I EAY BE MA ERY sk Ik
#H FT
ERTEHETH o7 001). it I,
280 A TEETH - 72 (p<0.001). HEHEOH E

HORESEKRIE AT O4 FEFICEFICLLC
BT 50T, FLEL2FHEE#T L720120,
BELRBEILETSH S, FRICEEEIIER ©
BT A HORERERE, BITETHEORREE &
OEFHP UL LITHEETH A0, BT, B
FEER 0% C BB TH A%, LD L) fE
PUCEHCRIBEMEREZE) &P T LT, EO
EYCENBW AT > T LA ? FRBEOHIK
%, MIFFR B L CEET R ¢ R L7z

B &

BEGA SR IR & TR L7 B RE e 22 17 )
ERBL L. Ihbo) b, BEOMBIRE
ENZTPNIETEL ) v 235k REMEORE
P BT, AT a4 FIREMPIIT S 11
Pliz e TER Lo, FRHIICAEER L R
RSN -BETEERE (A7 -V
IV) 70 Bl & tessst L7z,

BREER

1. ERPREVESR

TRET, BETRERS, U BB, BRI
ERRDLh ol KERDEEREMRC, BiEtk
BEGIHCREERERIIZ (AL <
0.001). EEMRIERIL B CRBEWEIERD 24% 120
AiRB LNz (p<0001).

2. MiBFMER

i IgG4 fEd, O IIEmBEEIZHECREN

CAIO9 DA DT~ — 7 —EIZEE kb o7z
A, iR CAI-9 fERERBE T LV EETH - 72
(p<0.001).

3. B LEE

CT T, BALAEROBHE COEENR
(p<0.001), WEEIP® capsule-like UL (p<
0.001), BERREROFBHE A % (p<0.001), RS %
BICTHL M)t wils O REEORE
(p<0.001), JHEZEEOHE (p=0006), HIEIEE
8 (p=0036) 13, HORBEMREAICEEEIIRD
Shi. MEEEHRICEERT RO L b7
ERP Tid, A% v 7 L7z EREEHMG (p<0.001),
F R A A & OO HEEE OWRAE (p=0.036) &
H ORI, EBREORZE (p<0.001) I35
Wi Ao oNL. T2, BORBEERRET
R IR T, EEEEEROBEENE<
(p<0.001), LM EEREOWIRIIEE (p<0.001)
THotz. EEEIRIEKR, HEEREREE FABEE
$Rog T COBEIRE T HCREEE LD AIZRD
Lt (p<0001) (Table 1).
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