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CASE STUDY

Central airway stenosis in a patient with
autoimmune pancreatitis

M. lto*, M. Yasuo*, H. Yamamoto*, K. Tsushima*, T. Tanabe*, T. Yokoyama*,
H. Hamano®, S. Kawa', T. Uehara®, T. Honda", S. Kawakami® and K. Kubo*

ABSTRACT: Autoimmune pancreatitis is a unique form of chronic pancreatitis characterised by a
high-serum immunoglobulin (Ig)G4 concentration involving various extra pancreatic lesions.

A 63-yr-old female with autoimmune pancreatitis complained of cough. Chest computed
tomography revealed an irregular stenosis of the central airway, lung hilar and mediastinal lymph
node swelling, and a marked thickness of the bronchovascular bundle. Bronchoscopic
examination revealed an irregular tracheobronchial stenosis accompanied with an cedematous
mucosa and engorged vessels. Lung hilar and mediastinal lymph node swelling, central airway

stenosis and bronchoscopic findings remarkably resembled those of sarcoidosis.

Bronchial biopsy specimens demonstrated diffuse infiltrations of plasma cells, lymphocytes
and eosinophils with fibrosis. Immunostaining showed infiltration of several IgG4-positive plasma
cells. The patient was treated with oral prednisclone at 1 mg-kg™'-day™ for pancreatic lesions. A
month later, the lung lesions, including central airway stenosis, lung hilar and mediastinal lymph
node swelling, and bronchovascular bundle thickness, had dramatically improved along with
improvement of pancreatitis, thus indicating a close association between the two conditions,

This is the first report of a patient with autoimmune pancreatitis showing central airway stenosis

similar to that of sarcoidosis.

KEYWORDS: Airway, autoimmune disease, bronchoscopy, immunopathology

utoimmune pancreatitis is a unique form
A of chronic pancreatitis characterised by a

high-serum immunoglobulin (Ig)G4 con-
centration and various extra pancreatic complica-
tions, including sclerosing sialoadenitis, sclerosing
cholangitis, retroperitoneal fibrosis, tubulointer-
stital nephritis [1] and lung lesions, such as hilar
lymphadenopathy, lung nodule [2] and interstitial
pneumonia [3]; thus suggesting that this disease
consists of a spectrum of systematic diseases.-
These extra pancreatic lesions exhibit similar
histopathological findings to those in the pan-
creas, including dense infiltration of IgG4-positive
plasma cells and T lymphocytes with fibrosis [1],
and have sometimes been misdiagnosed as-the
specific diseases of corresponding organs, such as
Sjoegren’s syndrome for lachrymal and salivary
gland lesions and primary sclerosing cholangitis
for bile duct lesion, leading to incorrect therapy
[4]. Herein, the present authors report a patient
with autoimmune pancreatitis showing central
airway stenosis in which special care was needed
to differentiate it from sarcoidosis.

680 VOLUME 33 NUMBER 3

CASE REPORT

A 63-yr-old female was admitted to the present
authors” hospital (Shinshu University School of
Medicine, Matsumoto, Japan) complaining of
cough, a loss of appetite and pale stool. She had
undergone resection of a right submandibular
gland neoplasm at age 58 yrs. The peripheral blood
cell count was normal and a biochemistry exam-
ination revealed the following: total bilirubin
0.49 mg-dL™; alanine aminotransferase 77 IU-LY;
aspartate aminotranferase 28 IU-L"; alkaline phos-
phatase 425 U-L? (normal range: 124-367 U-LY);
y-glutamyltransferase 127 TU-L™ (normal range: 6—
30 TU-L"); and amylase 48 [U-L? (normal range:
44-127 TU-LY). The IgG level was elevated to
2,889 mg-dL. At the same time, the patient was
diagnosed with diabetes. Other serological tests
were within the normal range. Radiological studies
showed diffuse enlargement of the pancreas, a
circumference of lymphadenopathy and an irregu-
lar narrowing of the main pancreatic duct; these
findings corresponded to those of autoimmune
pancreatitis. Serum IgG4 was measured and
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revealed an elevated value of 1,660 mg-dL'l. An immuno-
histochemical examination of biopsy specimens from the bile
duct showed infiltration of [gG4-positive plasma cells. Therefore,
the patient was diagnosed to have autoimmune pancreatitis.

The left submandibular gland swelling and lung hilar and
mediastinal lymph node swelling were detected by chest
computed tomography (CT) and thought to be the extra
pancreatic lesions of autoimmune pancreatitis. In addition, the
patient had suffered from cough and chest CT revealed an
irregular stenosis of the central airway and a marked thickness
of the bronchovascular bundle (fig. 1a). A lung function test
revealed a vital capacity of 3.11 L (129% predicted), forced
expiratory volume in one second (FEV1) of 2.17 L (106.4%
pred), FEV1/forced vital capacity (FVC) of 67.8% and a
diffusing capacity of the lung for carbon monoxide of
17.7 mL'min"-mmHg" (84.3% pred).

Bronchoscopic examination unveiled an irregular tracheobron-
chial stenosis accompanied with mucosal ocedema and
engorged vessels (fig. 2), which closely mimicked the findings
observed in sarcoidosis. Analysis of the bronchoalveolar
lavage fluid revealed a cell count, of 4.0x10*mL?, with
60.6% macrophages, 39% lymphocytes (CD4/8 ratio 4.48), 0%
eosinophils and 0.4% neutrophils, which were also similar to
the findings of sarcoidosis. Bronchial biopsy specimens
demonstrated diffuse inflammatory infiltrates consisting
maihly of plasma cells, lymphocytes and scattered eosinophils
with fibrosis.

An immunohistochemical examination showed infiltration of
several IgG4-positive plasma cells (fig. 3). The number of IgG4-
positive cells was superior to that of IgGl-positive cells, and the
number identified per high power field (HPF) was scored as
severe (=30 per HPF) according to Kamisawa et al. [5], which
has been described elsewhere [6]. The present authors did not
identify any specific finding in the biopsy specimens from right
52 and S3. At this time, the serum angiotensin-converting

AIRWAY STENOSIS WITH AUTOIMMUNE PANCREATITIS

enzyme (ACE) level was 53 UT! (7.0~25.0 U-T?%). These
findings were similar to the findings of the bile duct and were
considered to be an IgG4-related change. The patient was
treated with oral prednisolone at 1 mg-kg?-day™. One month
later, the enlargement of the pancreas, the circumference of
lymphadenopathy, the irregular narrowing of the main pan-
creatic duct and left submandibular gland swelling had all
dramatically improved. A chest CT revealed a significant
improvement of the central airway stenosis (fig. 1b), lung hilar
and mediastinal lymph node swelling, and the thickness of the
bronchovascular bundles. The IgG4 level decreased to
515 mg-dL™. The results of the lung function tests were also
improved. The vital capacity was 3.23 L (134% pred), FEV1 was
2.86 L (140.2% pred), FEV1/FVC was 89.9% and diffusing
capacity of the lung for carbon monoxide was
25.3 mL-min? mmHg” (120.2% pred).

DISCUSSION

Mediastinal lymphadenopathy [1, 2], interstitial pneumonia [3]
and inflammatory pseudotumour of the lung [3, 7] have been
previously reported as pulmonary manifestations of autoim-
mune pancreatitis; however, no pulmonary lesion of central
airway stenosis has been reported. In previous studies,
histological examinations of the lung lesions showed a dense
infiltration of lymphocytes and plasma cells in the thickened
interstiium of the alveoli, around the bronchioles and the
peribronchovascular region. In addition, immunostaining
showed an infiltration of IgG4-positive plasma cells in these
areas [2, 3, 7]. ZeN et al. [7] reported an inflammatory
pseudotumour with IgG4-positive plasma cells. They also
observed an irregular narrowing of bronchioles entrapped in
nodules and an interstitial pneumonia pattern at the bound-
aries of nodules. The present case showed the central airway
stenosis and thickness of the bronchovascular bundles. In
addition, the immunohistochemical findings of bronchial
mucosal biopsy specimens were similar to those observed in
previous studies, but with no special findings in bronchioles.

FIGURE 1. a) Anirregular stenosis of bilateral central airway with marked thickness of peribronchial area and mediastinal lymph node swelling were seen in pre-treatment
of chest computed tomography. b) An improvement of central airway stenosis and mediastinal lymph node swelling was seen after prednisolone treatment.
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FIGURE 2. Anirregular tracheobronchial stenosis accompanied with mucosal
oedema and engorged vessels were seen by bronchoscopy.

Steroid therapy dramatically improved the central airway
stenosis, thus indicating a close association between central
airway stenosis and autoimmune pancreatitis. Accordingly,
the pulmonary manifestations of central airway stenosis found
in the present case are considered to be IgG4-related lesions.
Lung lesions of autoimmune pancreatitis, including the
interstittum of the alveoli, around the bronchioles, the
peribronchovascular region and central airway, were all in
the broad category of the interstitium.

Lung hilar and mediastinal lymph node swelling are char-
acteristics of sarcoidosis and central airway stenosis has been
reported to be one of the clinical phenotypes [8}. In sarcoidosis,
granulomas and serum ACE elevation were often observed [9];
however, in the present case, granulomatous change was not
detected in the central airway specimens and a normal ACE
value was shown. In addition, the present authors did not
observe any IgG4-positive plasma cells in the bronchial biopsy
specimens of four sarcoidosis patients with a thickened
bronchial wall who were examined at Shinshu University
School of Medicine. Therefore, these clinical findings were able
to help differentiate between IgG4-related pulmonary lesion
and sarcoidosis. However, IgG4-related lesions have some-
times been found without any pancreatic manifestations. The
solitary manifestation of an IgG4 related pulmonary lesion
may show findings similar to those of sarcoidosis. Therefore,
special care is required to accurately differentiate between
these two conditions.

Some studies found high serum concentrations of IgG4 in
patients with atopic dermatitis, asthma and some parasitic
diseases, which are a direct response to an exogenous antigen
[10]. Patients with severe asthma sometimes showed irregular
tracheobronchial stenosis accompanied with an cedematous

682 VOLUME 33 NUMBER 3
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FIGURE 3. An immunohistochemical examination of bronchial biopsy speci-
men shows dense infiltration of immunoglobulin G4-positive plasma cells in
submucosal area. Scale bar=50 um.

change of the mucosa; however, the present patient never had
any episodes of bronchial asthma. In addition, IgG4-positive
cell infiltration has been found in pancreatic cancer and
chronic pancreatitis [11, 12]. However, IgG4-positive cells in
these diseases are fewer than in autoimmune pancreatitis
patients and the tissue specimens of these cases were not
associated with lymphoplasmacytic sclerosing pancreatitis,
which was the characteristic attribute of autoimmune pancrea-
titis.

In conclusion, the present authors experienced an impressive
case of central airway stenosis with autoimmune pancreatitis.
The characteristic findings of this case were central airway
stenosis, submucosal immunoglobulin G4 positive plasma cell
involvement and an obvious relief of the stenosis by
corticosteroids. As a result, such cases need to be carefully
differentiated from sarcoidosis.
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Pulmonary involvement of autoimmune pancreatitis
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ABSTRACT

pulmonary lesions in comparison with pulmonary sarcoidosis.

cell infiltration in patients with autoimmune pancreatitis.

pulmonary involvement.
Eur J Clin Invest 2009; 39 (8): 714-722

Background A wide variety of systemic lesions have been seen in patients with autoimmune pancreatitis. The
pulmonary invalvement of autoimmune pancreatitis was analysed to clarify the clinicopathological features of

Materials and methods Nineteen patients had autoimmune pancreatitis and eight had pulmonary sarcoidosis.
The symptoms, laboratory data, chest computed tomography, Gallium-67 scintigraphy, pulmonary function
testing and bronchoscopy findings, including the histological igG4-immunostaining and 1gG subclasses in the
bronchoalveolar lavage in autoimmune pancreatitis, were collected to compare them with pulmonary sarcoidosis.

Results The serum total protein, IgG and igG4 levels were found to be significantly elevated in comparison with
pulmonary sarcoidosis. n autoimmune pancreatitis, 17 patients showed bilateral hilar lymphadenopathy, while
eight showed pulmonary nodules on chest computed tomography. Eighteen of 19 patients on Gallium-67 scintig-
raphy showed accumulation spots in either the hilar or mediastinal lymph nodes. Six patients with pulmonary
noduies demonstrated accumulation spots in the corresponding lesions on chest computed tomography. All
eight patients with pulmonary sarcoidosis showed accumulation spots in either the hilar or mediastinal lymph
nodes. Bronchoalveolar lavage IgG4 in autoimmune pancreatitis showed a significant increase in comparison
with pulmonary sarcoidosis. The histological findings obtained by a transbronchial lung biopsy showed the
infiltration of lymphocytes and plasma cells in the thickened interstitum and alveoli with IgG4-positive plasma

Conclusion lgG4 in the bronchoalveolar lavage was seen at remarkabiy increased levels and lgG4-positive
plasma cells were identified in the pulmonary lesions of patients with autoimmune pancreatitis.

Keywords Autoimmune pancreatitis, bronchoalveolar lavage fluid, chest computed tomography, lgG4,

Introduction

Autoimmune pancreatitis is a unique form of chronic pancreati-
tis that presents in association with clinically obstructive jaun-
dice, an irregular narrowing of the main pancreatic duct and
swelling of the pancreas. In addition, it responds favourably to
corticosteroid therapy [1,2]. The other characteristic features
include a high serum IgG4 concentration and an abundant
IgG4-bearing plasma cell infiltration in the pancreatic tissue
[3,41. This condition also causes a variety of extra-pancreatic
complications {5,6] including sclerosing cholangitis, retroperito-
neal fibrosis, hilar lymphadenopathy, sialoadenitis and thyroid-
itis [7,8]. As a result, autoimmune pancreatitis has been
regarded as a systemic disease. Abundant IgG4-positive plasma
cells were identified in extra-pancreatic lesions, thus suggesting

714 European Journal of Clinical Investigation Vol 39

that similar underlying mechanisms are also involved in
pancreatic lesions (3,5,6]. .
Patients with this disease have been monitored for novel
clinical conditions. Taniguchi and Nieminen reported a patient
with interstitial changes of the bilateral lower lung fields [9,10].
A transbronchial lung biopsy showed marked thickening of the
alveolar septum with infiltration of the IgG4-positive plasma
cells. Zen reported inflammatory pseudo-tumours of the lung
with [gG4-positive plasma cell infiltration and thus suggested
that clinicopathological similarities exist between inflammatory
pseudo-tumours and autoimmune pancreatitis [11]. Hirano
reported that four of 30 patients with autoimmune pancreatitis
developed pulmonary involvement and two of these patients
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demonstrated severe hypoxia [12]. As Gallium (Ga)-67 scintig-
raphy can also generally identify the progression of this dis-
ease, Saegusa therefore routinely performed Ga-67 scintigraphy
in patients with auteimmune pancreatitis. Some patients with
autoimmune pancreatitis have demonstrated Ga-67 accumula-
tion in both their hilar lymph nodes and salivary glands [13}.
This uptake pattern is usually seen in pulmonary sarcoidosis.

The clinical diagnosis of autoimmune pancreatitis and pul-
monary sarcoidosis is clearly based on the diagnostic criteria.
In this study, we selected patients with hilar, mediastinum
Iymphadenopathy or lung field accumulation and we evalu-
ated them to clarify the clinical and pathological features of pul-
monary involvement which is associated with autoimmune
pancréalitis in comparison with those features in pulmonary
sarcoidosis. The analyses included examining clinical symp-
toms, laboratory data, chest computed tomography (CT) scans,
pulmonary function testing, bronchoalveolar lavage (BAL) and
transbronchial lung biopsies (TBLB).

Patients and methods

Our research protocol included the use of invasive procedures
approved by the human ethics committee of Shinshu Univer-
sity School of Medicine. All patients gave their written
informed consent for the drawing of blood samples and the
performance of bronchoscopy.

Patients

All enrolled patients with autoimmune pancreatitis and pulmo-
nary lesions were admitted to Shinshu University School of
Medicine from 2005 to 2007. The diagnosis of autoimmune
pancreatitis was based on the revised version of the diagnostic
criteria proposed by the Japan Pancreas Society in 2002 [14].

All enrolled patients were confirmed to have either bilateral or
unilateral mediastinal lymphadenopathy and/or small nodules
in the lung fields on chest CT scans.

The enrolled sarcoidosis patients with bilateral hilar lymph-
adenopathy and/or parenchymal infiltrate (small nodules)
were admitted to our hospital from 2005 to 2007 to receive an
accurate diagnosis. The diagnosis of pulmonary sarcoidosis
was based on consistent clinical features and a BAL fluid analy-
sis, according to the American Thoracic Society/European
Respiratory Society/World Association of Sarcoidosis and other
Granulomatous Disorders guidelines [15,16]. This diagnosis
was confirmed by the histological evidence of noncaseating
epithelioid cell granulomas and the exclusion of other diseases
capable of producing a similar histological or clinical picture.

The patients filled out a questionnaire that addressed the
respiratory symptoms, smoking history, past and present histo-
ries and the demographic data. The questions about respiratory
symptoms were related to cough, sputum and shortness of

breath. The questions and the ratings of the responses related to
the above symptoms included: () the frequency of these symp-
toms (none, intermittently and almost every day); (ii) the dura-
tion (within 1 week, within 1 month and over 3 months) and
the onset of these symptoms; and (iif) whether the symptoms
were progressive or persistent. Blood samnples were obtained
from these patients and chest X-rays, chest CT scans, Ga-67
scintigraphy, pulmonary function tests and bronchoscopy were
all performed. Tn addition, none of the enrolled patients had
been receiving any concurrent treatments for pulmonary
diseases.

Laboratory data

The following blood tests were performed after the presence of
pulmonary lesions was observed: total protein (normal range,
68-83 g dL™Y, albumin (normal range, 42-51 g dL™), lactate
dehydrogenase (LDFD (normal range, 114-220 TU L™"), C-reac-
tive protein (CRP) (normal range, < 0-1 mg dL ™), IgG (normal
range, 870-1700 mg dL"" and soluble interleukin-2 receptor
(s1L.2r) (normal range, 198-493 U mL™Y at Shinshu University
Hospital and IgG4 (normal range, < 108 U mL ™" at the Special
Reference Lab. Inc (Hachioji, Tokyo, Japan).

Chest X-ray, Chest CT scan and Ga-67 scintigraphy
Chest X-rays and CT scans were obtained from all patients. We
used a helical CT scanner (Hi Speed advantages; GE Medical
Systems; Milwaukee, W1, USA) fluoroscopy (150 ma, 120 kV,
l-mm section thickness). All CT images were viewed in cine-
mode formats on a computer workstation by one radiologist
(S.K.) and were displayed under three display conditions to
adequately examine both the lungs (width 1000 Hounsfield
units (HU), level - 700 HU) and the lymph nodes in the hilar
and mediastinum regions (width 300 HU, level 20 HU). Signifi-
cant lymphadenopathy showed lymph nodes with an enlarge-
ment of more than 1 cm in the hilar and mediastinal images of
HRCT scans. Ga-67 scintigraphy was performed before bron-
choscopy. A whole-body scan with a single-head rectangular
gamma camera (SNC-510R; Shimazu, Japan) was obtained at
48 h after the intravenous injection of 111MBq of Ga-67 citrate.
A positive image was defined as the finding of a normal or
greater than normal hepatic uptake.

Pulmonary function testing

Pulmonary function testing was performed within 15-45 min
after inhaling a 2 stimulant using our routine method [17]. The
vital capacity (VO), forced vital capacity (FVC), maximal
mid-expiratory flow (MMF), and forced expiratory volume in
one second (FEV;) were measured using a Chestac-65V (Chest
Co. Ltd., Tokyo, Japan). The MMF, residual volume (RV) and
total lung capacity (TL.C) was calculated and the peak expira-
tory flow rate (PEFR) and flow rate at 25% of the forced vital
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capacity (Vy5) and Vos/height (Vo5/HT) were calculated from
the maximum expiratory flow-volume curve. The thoracic gas

volume (TGV) was measured using a body plethysmograph.
The functional residual capacity (FRC) with the helium dilution
method and the diffusing capacity for carbon monoxide (DLco)
were measured using the single-breath method (Pulmocorder
model R1551S; Anima Co., Tokyo, Japan).

Bronchoscopy
BAL and TBLB were performed according to our laboratory
methods [18]. The total cell counts of unfractionated BAL fluid
were evaluated using a haemocytometer counting chamber. The
number of BAL cells counted for each differential was counted
300 cells/sample. Differential counts were obtained using a
smear of May-Giernsa stain. The pellets in the BAL fluid were
analysed for [yimphocyte subsets by flow cytometry using CD4-
fluorescein isothiocyanate (FITC) and CD8-phycoerythrin (PE)
monoclonal antibodies {(eBioscience Inc., San Diego, CA, USA),
‘while amylase and IgG were analysed using an enzyme-linked
immunosorbent assay (ELISA). The specimens obtained by
TBLB were fixed with 10% formalin and embedded in paraffin.
Four micrometre-thick sections were cut from each paraffin
block and some were stained with haematoxylin—eosin while
the remaining sections were used for immunostaining of [gG4
(The Binding Site Limited, Birmingham, UK). [gG4-positive
plasma cells were counted in 10 different high-power fields in
the more prominently inflamed areas in the biopsied cases.

ELISA methods

Micro ELISA plates (Nunc immunoplate 446612, Cosmo Bio
Co., LTD, Tokyo, Japan) were coated overnight with 100 plL of
goat polyclonal antibodies for anti-IgG1. 1gG2, [gG3 and [gG4
(The Binding Site Limited) (1 pg per well) in 0-14 mol of
sodium bicarbonate per litre (pH 7-6) at 4 °C. After discarding
the immunoglobulin solution, the plate was blocked with 1%
bovine serum albumin in phosphate-buffered saline containing
10. mM of ethylene diaminetetraacetic acid. After discarding
the blocking solution, 100 uL of the serum samples were
diluted with a solution containing phosphate-buffered saline
containing (*5% bovine serun albumin and 0-1%4 sodium azide
to 1 : 5000. After mixing and incubation for 1 h at room temper-
ature, the wells were rinsed five times with phosphate-buffered
saline containing 0-01% Tween 20, and immobilized complex
was then incubated with 100 pL of peroxidase-conjugated anti-
goat monoclonal secondary antibody for anti-IgGl, anti-IgG2,
anti-IgG3 and anti [gG4 antibodies in enzyme conjugate stabi-
lizer solution (Stab-ELISA- horseradish peroxidase diluent/sta-
bilizer; Cygnus Technologies I-035, Southport, NC, USA)

(1 : 2000 ditution) for 1 h to allow the complex to bind to the
peroxidase-conjugated antibody. After rinsing, the enzyme
which bound to the wells was incubated in the dark with

100 pl. of tetramethylbenzidine substrate solution (TMB One-
component Microwell Peroxidase Substrate; Kirkegaard &

Perry Laboratories 33-00-01, Gaithersburg, ML, USA) for

20 min. The reaction was then stopped by the addition of 100 pl.
of stop solution (TMB One-Component Stop Solution Kirkeg-
aard & Perry Laboratories 50-85-05). After brief mixing, the
plate was read at 450 nm. To construct the standard curve, serial
dilution of pooled BAL of patients with autoimmune pancreati-
tis were measured and crossover points for the optical density
and each [gG subclass value were plotted. The optical density of
the bound IgG1-4 concentration in each BAL sample was con-
verted to an absolute IgG1-4 value using this standard curve.

Treatment

All patients with autoimmune pancreatitis were orally treated
with prednisolone (initial dose; 05 mg kg'] day 'Y and then
underwent follow-up blood tests, chest X-rays and chest CT

scans atter 3 months of treatment.

Statistics

The values are given as the mean + standard deviation (SD).
The values of the two groups were compared using the
unpaired Student’s t-test and Fisher's exact test. We considered
P-values of fess than 0-05 to be signiticant.

Results

Clinical findings
Nineteen patients with autoimmune pancreatitis and eight with
pulmonary sarcoidosis were enrolled in our study, three
patients with autoimmune pancreatitis showed obstructive
jaundice, two showed liver dysfunction, 17 showed swelling of
the pancreas and two showed swelling of the liver on abdomen
CT scans. As shown in Tables 1, 4 of these patients complained
of a productive cough. One patient complained of productive
sputwin, and one patient complained of dyspnoea with
Fletcher-Hugh-fones I1. One patient with pulmonary sarcoido-
sis complained of a productive cough. Patients with autoim-
mune pancreatitis showed significantly higher levels of the
serum total protein, IgG and IgG4 compared with pulmonary
sarcoidosis. In addition, the serum albumin level was signifi-
cantly lower in patients with autoinunune pancreatitis than in
those with pulmonary sarcoidosis and six patients were posi-
tive for ANA. After the administration of prednisolone, no
patients with autoimmune pancreatitis had any respiratory
symptoms and the serum levels of IgG (1594 = 742 mg dL™")
(P = 0:042) and TgG4 (273 = §9 mg dL ™) (P = 0:049) signifi-
cantly decreased.

As shown in Table 2, all patients with autoimmune pancrea-
titis had lymphadenopathy, eight had pulmonary nodules and
four demonstrated reticular shadows on chest CT scans (Fig. 1).
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Table 1 Characteristics and data

(A} Autoimmune (B) Sarcoidosis P-value

pancreatitis {n = 19) (n'=8) [{A)vs. (B}]
Age (years) 656 + 99 6536 + 157 011
Sex, M/F 16/4 ' % 038
Symptoms - no. of subjects
Cough (n} 4 1 052
Sputum {0} 1 0 070
Shortness of breath 1 0 070
Laboratory data
Total protein (g dL™") 87+ 141 74 = 06 0046
Albumin {g dL™" 34:03 43 £ 05 0-003
LDH (U LY 221 £ 82 193 = 49 0:61
CRP (mg dL™"} 064 = 04 025+ 04 032
Soluble IL-2r (U mbL™H) 1370 £ 1038 1190 =452 0:86
Positive numbers of ANA 6 0 0-092
1gG (mg dL™Y) 2747 £ 1121 1498 = 427 0012
1gG4 (mg dL™h) 1185 + 991 319 + 18 0008

LDH, lactate dehydrogenase; CRP, C-reactive protein; ACE, angiotensin-converting enzyme; IL2r,
interleukin 2 receptor; RF, rheumatoid factor; ANA, antinuclear antibody; M, male; F, female.

Tabte 2 Image findings

(A) Autoimmune (B} Sarcoidosis P.value

» pancreatitis (n = 19) {n=8) [{A) vs. {B}]
Chest CT fi‘ndings {n) v
BHLunilateral 17/2 8/0 > 099
Pulmonary nodules 8 4 0-30
Reticular shadow 4 : o 0 2022 ¢
Ground glass opacity 0 0 > 099
Ga-67 scihtigraphy accumuilation '
Pancreas 17 0 < 0001
Hilar and mediastinal LN 18 8 070
Lung nodules 6 4 023
Luhg fields 1 0: #i0:70

BHL, bilateral hilar lymphadenapathy; LN, lymph node; Ga, gallium; n, number.

Eighteen patients on Ga-67 scintigraphy showed accumulation
spots in either the hilar or mediastinal lymph nodes and 17
showed them in the pancreatic body. Six patients with pulmo-
nary nodules demonstrated accumulation spots in the corre-
sponding lesions on chest CT scans, while two patients had a
salivary gland uptake in the Ga-67 scintigraphy findings. The
uptake of the lymph nodes in the hilar and mediastinum

regions and the nodules in the lung field in Ga-67 scintigraphy
tended to demonstrate higher serum IgG4 levels than that of
the lymph nodes in the hilar and mediastinum in Ga-67. All
patients with sarcoidosis showed bilateral hilar lymphadeno-
pathy (BHL), and four patients showed pulmonary nodules on
chest CT scans. The patterns of the chest CT findings and the
uptake of Ga-67 scintigraphy of patients with autoimmune
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pancreatitis were radiographically very similar to patients with
pulmonary sarcoidosis. However, the morphology of pulmo-
nary nodules and the size of the [ymphadenopathy in autoim-

mune pancreatitis were similar to that of lung adenocarcinoma
(Fig. 1a,d). After treatment, all peripheral nodules and lymph-

adenopathy, either decreased in size or were completely absent
on the follow-up chest CT scans.

In patients with autoimmune pancraetitis,pulmonary func-
tion testing showed the % VC, % FEV,, FEV,% and %DlLco to
be within the normal range. Six patients showed increased lev-
els of TGV-FRC in comparison with the normal levels in our
laboratory (normal range; < (-35L) (Table 3). We therefore sus-
pected that these patients may thus have had a small-airway
flow limitation. All six patients with increased levels of TGV-
ERC showed a positive histology for [gG4.

As shown in Table 4, in patients with autoimmune pancreati-
tis, the BAL showed increased total cell counts with a lympho-

Figure 1 (a) A 78-year-old female with
autoimmune pancreatitis showed bilateral
hilar lymphadenopathy and an enlarge-
ment of the mediastina! lymph nodes on
chest CT scans. {b} The same patient
showed consolidated nodules with specu-
lation in the right lower lobe and the ingui-
nal lobe. {c) A 65-year-old male with
autoimmune pancreatitis showed unilat-
eral lymphadenopathy and enlargement of
the mediastinal lymph nodes on chest CT
scans. (d) A 73-year-old female with auto-
immune pancreatitis showed nodule with
spiculation in the right lower lobe and fine
nodule in the right upper lobe.

cyte predominance. One patient showed a predominance of
eosinophils in the BAL, however, this patient was also associ-
ated with bronchial asthma. The CD4/CD8 lymphocyte ratio in
the BAL was significantly higher than that of the normal
patients (data not shown), but it was lower than that of pulmo-
nary sarcoidosis (range; 322 + 1-6) in our laboratory. Eight
patients with autoimmune pancreatitis had a CD4/CD8 ratio of
more than 3-5 (the normal upper limit at our laboratory). The
percentages of BAL CD4-positive T lyinphocytes ranged from
60% to 88%. The BAL showed an especially notable increase
1gG, especially the [g(4 levels, a characteristic {inding in auto-
immune pancreatitis, not pulmonary sarcoidosis. The BAL
[gGd level was observed to correlate with serum IgG4 level

(r =071, P = 0-049). The histological findings obtained by TBLB
showed the infiltration of abundant lymphocytes and mild-to-
moderate infiltration of plasma cells in the thickened intersti-
tium and alveoli. As shown in Fig. 2a, the histological findings
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Table 3 Pulmonary function data

VC{L)

VC% predicfed (%)
FEV1 (L)

FVC (L)

FEV1/FVC (%)

FEV1% predicted (%)

V25/height (%)
%MMF

YW PEFR

%%DLco
RV/TLC (%)
TGV-FRC (L)

(A Autoimmune - (B)Sarcoidosis  Pivalie.
pancreatitis (n:="19) . ~ =8} i
363 + 07 2:58 = 040
18«16 897538
269 + 047 219 = 033
360 = 1T 264 = 044
762 + 88 833 = 4.9
M5£21 - 112+ . 072
372 + 102 324 = 11 036
72834 98331 - L0tz
101 = 23 105 = 17 0-67
820130 763s8T - 0089
99-4 + 36 130 = 24 0056
032014, - . 0302081 . o084

VC, vital capacity; FVC, forced vital capacity; MMF, maximal mid-expiratory flow; FEV,, forced expira-

tory volume in one seco

nd; PEFR, peak expiratory flow rate; Vs, flow rate at 26% of the forced vital

capacity; FRC, functional residual capacity; DLco, diffusing capacity for carbon monoxide;

RV, residual volume; TG

V, thoracic gas volume; TLC, total lung capacity.

Table 4 Bronchoscopy

Bronchoalveolar lava

{(A)Autaimmune - (B) Sarcoidosis
' pancreatitis (n =19} (n=8) L

ge

Recoveryratio®l | B76a76.s4tels

Total cell counts (x10* permL™") 134 £ 57 696+ 42

Macrophages (%) 561418 CBdas20 o

Lymphocytes (%) 35 + 17 335+ 19

Neutrophils{%) 2.8+ 32 118 15'1-5» o 0185 °

Eosinaphils {%) 6+ 15 056 + 05 0-28

CD4/CD8 ratio 3223 7 B22x16 . 024

Amylase (U mL™}) 342 + 988 211+ 20 o~3i

I9G (mg dL™") 69262 24414 . . 005

1G4 (ng dL™") (1 = 8) 2132 = 1932 90 = 05 < 0-001
Lung biopsy_ -

Numbers of lgG4 positive 9 0 002

CD, clusters of differentiation; n, number,

in autoimmune pancreatitis showed mononuclear cell aggrega-
tion, not typical granuloma, as is normally seen in sarcoidosis,
In nine of 19 patients, the plasma cells stained positive for [gG4
(P = 0-02). Three of eight patients with an increased CD4/CD8
ratio showed positive staining of IgG4; however, all patients
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showed increased levels of [gG4 in the BAL. Five of six patients
with a positive accumulation in pulmonary nodules via Ga-67
scintigraphy also showed positive immunostaining for IgG4.
Four of 12 patients with only lymphadenopathy showed posi-
tive immunostaining for IgG4 in the specimens obtained from
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routine lobes (right inguinal lobe). The histological findings of

these four patients revealed IgG4-positive plasma cells in the
bronchiolus and in the interstitum, not in the alveoli. One
patient with Ga-67 positive nodules showed negative [gG4
plasma cell infiltration in the biopsied lung fields, but unfortu-
nately sufficient lung specimens could not be obtained by TBLB
to stain [gG4. This patient, however, had notably increased lev-
els of Ig(G4 in the BAL and in serum. None of the patients with
sarcoidosis showed positive immunostaining for [gG4.

Discussion

We focused on the pulmonary involvement that can occur with
autoimmune pancreatitis in comparison with pulimonary sar-
coidosis. Those clinical findings were generally similar to those
of pulmonary sarcoidosis. However, the patients presenting
with autoimmune pancreatitis had elevated serum levels of
total protein, IgG and IgG4. Hamano ef al. reported the serum
Ig(G4 concentration to be significantly and specifically elevated
in patients with autoimmune pancreatitis {4]. In the absence of
a diagnostic serological marker for AIP, AIP should be diag-
nosed based on the combination of characteristic findings [19].
In our study, IgG4 in the BAL was also detected at extremely
high levels in the autoimmune pancreatitis patients.

The chest CT scan findings in autoimmune pancreatitis were
apparently different from those of Hirano’s report {12}. In our
study, 17 patients with lymphadenopathy resembled those for
pulmonary sarcoidosis and small pulmonary nodules on the
chest CT scan. However, the findings for autoimmune pancrea-
titis differed from those for pulmonary sarcoidosis with regard
to the fact that the lymphadenopathy was smaller in size. In
addition, the morphology of pulmonary nodules and unilateral
lymphadenopathy resembled that of lung cancer with specula-
tion as shown in Fig. lc. One patient with unilateral large
lymphadenopathy reached diagnosis of autoimmune pan-
creatitis due to video-assisted thoracoscopic surgery and due to
a suspicion of lung cancer.

Patients with Ga-67 accumulation in the hilar lymph nodes
also showed a similar pattern of Ga-67 accumulation to that of

Figure 2 {a) A 71-year-old male with auto-
immune pancreatitis showed granulation
tissue and severe infiltration of lympho-
cytes and plasma cells (H-E stain x10). {(b)
The same patient showed lgG4-positive
plasma cells {igG4 antibody
immunostaining x10)

pulmonary sarcoidosis. Patients who showed an accumulation
in the lung nodules on Ga-67 scintigraphy, already exhibited
the infiltration of positive IgG4-plasma cells in the lung, but the
patients who had only accumulation in the hilar or mediastinal
lymph nodes did not have any infiltration of plasima cells in the
lung fields. However, [gG4-positive plasma cells could mainly
be seen in the bronchiolus, but not in the alveoli. We can there-
fore surmise that patients with autoimmune pancreatitis might
develop hilar and mediastinal lymphadenopathy at an earlier
phase with lung involvement as the disease progresses through
lymph apparatus in the bronchus. As shown in the correlation
of the distribution of the uptake in Ga-67 scintigraphy, it was
found to be a useful tool for detecting the progression of this
disease.

The BAL findings showed increased total cell counts with a
predominance of lymphocytes. However, no significant differ-
ences were observed in BAL differentiation and the CD4-to-
CD8 lymphocyte ratio in comparison with the patients with
pulmonary sarcoidosis, as seen in our laboratory data. The TeGG
level in the BAL was also significantly higher than that of pul-
monary sarcoidosis. As some active pulmonary sarcoidosis
patients showed elevated levels of IgG in the BAL, we thought
that IgG in the BAL was therefore not a point of discrimination
between the two diseases. As a characteristic finding, BAL IpG4
in autoimmune pancreatitis showed extremely higher levels
than that of pulmonary sarcoidosis. Accordingly, it was
possible to distinguish between autoimmune pancreatitis and
sarcoidosis based on the data obtained from BAL, although
BAL [gG4 could not be measured using a commercialized kit.

Generally, autoimmune pancreatitis is histologically charac-
terized by a diffuse lymphoplasmacytic infiltration, irregular
fibrosis, obliterative phlebitis and the severe infiltration of
[gG4-positive plasma cells [3,20]. The pathohistological find-
ings obtained by TBLB showed the infiltration of lymphocytes,
foamy macrophages and plasma cells in the bronchiolus and in
the interstitium. Moreover, the histological findings of
pulmonary involvement provided no evidence of non-caseating
epithelioid cell granulomas. [gGd-positive plasma cells were
histologically dominant in the pulmonary involvement of
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autoimmune pancreatitis in comparison to pulmonary sarcoid-

osis. The inflammatory infiltrate consisted of lymphocytes,
macrophages, plasma cells and cosinophils, but not neutro-
phils. Moderate plasma cell infiltration was seen in the bronchi-
oles, and in the interstitium of patients with autoimmune
pancreatitis, but plasma cell infiltration was absent in patients
with pulmonary sarcoidosis. As shown in Table 4, these patho-
logical findings including 1gG4-pasitive plasma cell infiltration
could therefore differentiate between autoimmune pancreatitis
and pulmonary sarcoidosis.

All of the patients had a remission of symptoms and a resolu-
tion of abnormalities on imaging studies after 3 months of ste-
roid therapy. After treatment, the serum IgG4 fevel was
significantly lower than the initial line, although we did not
re-measure [gG4 in the BAL after treatment for ethical reasons.
We believe that the serum [gG4 level therefore correlates with
the [gC4 levels in the BAL as well as in the decrease in the size
of lymph nodes and nodules observed on the chest CT findings.
Therefore, for autoimmune pancreatitis complicated with pul-
monary involvement, the serum I5G4 is also considered to be a
predictive marker of therapeutic effectiveness.

In conclusion, we herein showed that the pulmonary involve-
ment of patients with autoimmune pancreatitis resembled
lymphadenopathy of typical pulmonary sarcoidosis and the
pulmonary nodules of lung cancer observed on chest CT find-
ings. Similar to the pancreas, 1gG4-positive plasma cells were
histologically observed to infiltrate the lung and also increases
in the IgG4 tevels in the serum and BAL were identified. Similar
mechanisms may therefore be involved in both pancreatic and
extra-pancreatic lesions in such complicated cases.
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Autoimmune pancreatitis (AIP) is characterized by lymphoplasmocytic inflammation, high serum 1gG4
concentrations, and a favorable response to corticosteroid treatment. Although long-term follow-up studies
have shown that a relapse rate of 30 - 40% can occur in AIP after remission with corticosteroids, there are few
genetic characteristic predictors of relapse in AIP patients. Toll-like receptor (TLR) is an important mediator
Keywords: in both innate and adaptive immunity. Polymorphisms in TLR4 gene have been linked with several autoim-
TRL4 ’ mune and allergic diseases. We therefore investigated the genetic association between TLR4 polymorphisms
HLA and AIP susceptibility and relapse in a Japanese population. Eight SNPs in TLR4 (rs10759930, 151927914,
Autoimmune pancreatitis 51927911, s12377632, 152149356, 1511536889, 157037117, and rs7045953) were genotyped in 59 patients
Disease susceptibility with AIP and 126 healthy controls using aTagMan assay. Analysis of allelic frequencies revealed no statistical
association with either susceptibility or relapse of AIP. These data indicate that TLR4 polymorphisms do not

play an important role in the development of AIP.
© 2009 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics.

1. Introduction recent studies on AIP, susceptibility and relapse of AIP are influenced

by genetic factors, specific HLA alleles, amino acid sequences at the
presentation site of the HLA molecule, and cytotoxic T-lymphocyte
antigen 4 (CTLA4) SNPs [13,16].

Toll-like receptors (TLRs) are transmembrane proteins expressed
by cells of the innate immune system, which recognize pathogen-
associated molecular patterns and play important roles in immune
and inflammatory responses to destroy the invaders. Among TLR fam-
ity members, TLR4 (Toll-like receptor-4) has been the most thor-
oughly investigated. Apart from its involvement in the recognition of
lipopolysaccharide, TLR4 also interacts with endogenous ligands, in-
cluding heat-shock proteins. Some studies have reported that allergic
diseases, including bronchial asthma and atopic dermatitis, are asso-
ciated with single-nucleotide polymorphisms (SNPs) in the TLR4 gene
[17-19]. However, no study has comprehensively evaluated risk fac-
tors for AIP relapse and investigated the association between TLR4

*SNPs and AIP. Therefore, we examined the potential involvement of

Autoimmune pancreatitis (AIP) is characterized by irregular nar-
rowing of the main pancreatic duct, swelling of the pancreas, histo-
logic evidence of lymphoplasmocytic inflammation, and a favorable
response to corticosteroid treatment {14}, We and others have pre-
viously reported that IgG4 concentrations are significantly and specif-
ically higher in patients with AIP, suggesting that 1gG4 plays a major
role in AIP pathogenesis {5,6]. In addition, abundant 1gG4-bearing
plasma cells have been found infiltrating the pancreasin AIP[7,8]. This
disease is also characterized by systemic complications involving var-
jous extra-pancreatic lymphoplasmocytic inflammation and 1gG4-
bearing plasma cell infiltration; thus AIP has been recognized as a
systemic inflammatory condition [7-10}. Furthermore, we previously
reported three susceptibility genetic markers [11-14]. However, be-
cause none of the genetic markers currently identified can sufficiently
explain disease etiology, additional genes that influence immune tol-
erance are likely to be involved. Zen et al. recently reported that in

patients with AIP, the Th2 and regulatory immune reactions were
upregulated in the affected tissues [15]. These investigators indicated
that the predominance of Th2 and regulatory immune reactions in AIP
might reflect an allergic nature in the pathogenesis. According to

* Corresponding author.
E-mail address: otamasac@shinshu-u.ac.jp (M. Ota).

TLR4 SNPs in the susceptibility and relapse of AIP.

2. Subjects and methods
2.1. Subjects

Between September 1994 and September 2007, we recruited 59 °
patients with AIP (49 men and 10 women), 38-76 years old (me-
dian, 63 years old), and 126 healthy control subjects. The diagnosis

0198-8859/09/$32.00 - see front matter © 2009 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and Immunogenetics.
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of AIP was based on criteria released by the Japan Pancreas Society
using clinical data, imaging tests, and/or histopathologic findings,
as reported previously [20]. Of the 59 patients with AIP, 37 (63%)
had concurrent autoimmune diseases, including hypothyroidism
(11 patients) and sclerosing cholangitis (34 patients); these diag-
noses were described in prior studies [9,21]. All control subjects
had indicated the absence of major illnesses on a standard ques-
tionnaire. This group was formed by enrolling volunteers from
hospital staff. All racial/ethnic backgrounds were Japanese.

Serurm levels of IgG4 were determined by single radial immuno-
diffusion kits (normal, <135 mgj/dl) as reported previously [5]. High
serum IgG4 concentrations (median, 730.0 mg/dl; interquartile
range, 265.0-1037.5 mg/dl) were found in 55 of the 59 patients
with AIP. Of the patients, 52 were treated with 40 mg prednisolone
daily for 4 weeks; the dose was then reduced by 5 mg per week over
a period of several weeks. All 52 patients responded favorably to
corticosteroid therapy, resulting in improvements in clinical, labo-
ratory, and imaging findings. We found no high concentrations of
serum IgG4 in healthy subjects. All patients and controls were
negative for the hepatitis B surface antigen and antibodies to hep-
atitis C in the serum [22].

In total, we followed the 55 patients with high I1gG4 levels,
including 52 patients who were treated with corticosteroids every
month for a period of at least 12 months (median, 72 months;
range, 12-178 months). Patients underwent regular follow-up vis-
its with an interview every month; laboratory tests every 2-3
months, and imaging tests, including computed tomography or
magnetic resonance imaging, every 6 months or, in the event of
relapse, until September 2007. Of the 55 patients, 16 (29%) experi-
enced relapse during follow-up. A relapse was defined as a recur-
rent attack of pancreatic swelling that resulted in irregular narrow-
ing of the pancreatic duct or stenosis of the common bile duct, as
reported previously [23].

All participants provided written informed consent for tests
with DNA samples. After receiving permission, serum samples
were obtained from patients and normal subjects. This study was
approved by the institutional ethics committee.

2.2. TLR4 genotyping

Genomic DNA was isolated from whole blood of patients and
healthy individuals using QuickGene-800 (Fujifilm, Tokyo, Japan).
The concentration of genomic DNA was adjusted to 10 -15 ng/pul for
the TagMan SNP genotyping assay. TLR4 is composed of four exons
and has four transcript isoforms. We evaluated eight SNPs
(rs10759930, rs1927914, rs1927911, rs12377632, rs2149356,
rs11536889,rs7037117, and rs7045953 ) that were localized within
the exons and introns of the TLR4 gene. These SNPs were selected
from among previous reports {24-26] and public information
sources, such as the NCBI dbSNP (http://www.ncbi.nlm.nih.bov/
SNP/), Applied Biosystems (http://www.appliedbiosystems.com),
and HapMap (http:{/www.hapmap.org/) databses, and had minor

Table 1
Allele frequencies of SNPs of the TLR4 gene in AIP patients and controls

allele frequencies >5%. The SNP spans approximately 1-5 kb, and
includes 5 kb of the predicted 5'-untranslated region (UTR) and 6
kb of the predicted 3' UTR in the TLR4 gene. Genotyping of all SNPs
was performed by a TagMan 5’ exonuclease assay using primers
supplied by (Applied Biosystems, Foster City, CA). The probe fluo-
rescence signals were detected with a TagMan Assay for Real-Time
PCR (7500 Real Time PCR System, Applied Biosystems), according
to the manufacturer’s instructions.

2.3. HLA typing

HLA class [ and Il alleles, and DRB1 and DQB1 alleles were iden-
tified, as reported previously [27,28]. These HLA typings had been
done before, not for the purpose of this manuscript.

2.4. Statistical analysis

The Hardy-Weinberg equilibrium (HWE) test was done for each
SNP among controls and patient groups. The pairwise linkage dis-
equilibrium (LD) patterns, haplotype block structure, and haplo-
type frequency analysis for all SNPs were assessed by the block
definition of Gabriel et al, and was based on 95% Cl of D' with
implementation of Haploview version 3.32 software [29,30]
(http://www.broad.mit.edu/mpg/haploview/index.php). The sig-
nificance of allele distribution between patients with AIP and
healthy subjects was tested using the y? testfor 2 x 2 or2 x 3
comparisons. When the number of subjects was less than 5, Fisher's
exact test was used. A value of p < 0.05 was considered statistically
significant. The corrected p value (p.) was calculated by the Bonfer-
roni’s correction where the coefficient was the total number of the
contingency tables tested.

3. Results
3.1. TLR4 genotyping in patients with AIP and healthy subjects

Eight SNPs in TLR4 were genotyped in 59 patients with AIP and
in 126 healthy subjects (Table 1). In controls, the genotype distri-
butions of all SNPs exhibited Hardy-Weinberg equilibrium, and the
minor allele frequencies of all SNPs were more than 5%. However, in
patients, the genotype distribution of one SNP (rs2149356) differed
significantly from the expected Hardy-Weinberg values (p < 0.05)
(Table 1). All eight SNPs were located in 1 haplotype block, and the
magnitude of LD between each SNP was high (Fig. 1). Analysis of
allelic frequencies (Table 2) revealed a significant difference be-
tween patients with AIP and healthy subjects for SNP rs2149356:
Positivity for G was significantly higher in patients with AIP than in
healthy subjects (x> = 8.58, p = 0.014). The G|T genotype was
significantly increased in patients with AIP compared with healthy
subjects. This SNP preliminary showing statistical significance was
later confirmed as not significant after correction for multiple test-
ing. No other SNPs were significantly associated with AIP. The
statistical power of this study was 0.9349 and enough for analysis.

dBS : ‘;: ‘.r: R Y

Gene location

1, major allele; 2, minor allele; bp, base pair.
Position is distance from short arm telomere.
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Fig. 1. Structure of linkage disequilibrium (LD) plot of 8 SNPs of the TLR4 gene in the
controls. The D* value and r2 value (in parentheses) corresponding to each SNP pair
are express as a percentage and shown within the respective square. Higher D' is
indicated by a brighter red. The 8 SNPs constitute a haplotype block spanning 24 kb
of the TLR4 gene.

The haplotype frequency of the eight SNPs was estimated with
the expectation-maximization algorithm. Nine unique SNP haplo-
types were found altogether, and five had frequencies greater than
5% (Table 3). Association analysis using haplotypes calculated by
expectation-maximization algorithms showed none of haplotypes
were associated with either susceptibility or resistance to AlP.

We previously reported that the HLA DRB170405-DQB1*0401
haplotype was assaciated with AIP [11,12]; thus, we further inves-
tigated the genetic association between HLA haplotype and TLR4
SNPs in patients with AIP. Analysis of allelic frequencies revealed no
significant difference in SNPS (3 = 0.52, p = 0.77) between pa-
tients with and without the HLA DRB1*0405-DQB1*0401 haplotype.

3.2. Associations among TLR4 SNPs, patient characteristics, and
AIP relapse

Next, we examined associations between the TLR4 SNPs and
clinical parameters. We found no associations between any of the
eight TLR4 SNPs and age, gender, or serum IgG4 concentrations
(data not shown). In particular, the median serum IgG4 concentra-
tion was not significantly different between patients with and
without the SNP5G allele (730 vs 728 mg/dl; p = 0.94).

Previous studies found that AIP was associated with the autoim-
mune diseases, sclerosing cholangitis (34/44; 77%) and hypothy-
roidism (11/50; 22%) [13]. Thus, we evaluated whether sclerosing
cholangitis or hypothyroidism were associated with any of the
eight TLR4 SNPs. We found no significant association between the
TLR4 SNPs and the two diseases (data not shown). Other studies
found an association between relapse of AIP and genetics [13,19];
thus, we further analyzed the relationship between TLR4 SNPs and
risk of AIP relapse. In our cohort, 16 of 55 patients (29%) experi-
enced relapse during the follow-up period. However, we found no
significant associations between the SNPs or the haplotypes and
the relapse of AIP.

4. Discussion

In previous studies, we determined that the HLA DRB1"0405-
DQB1*0401 haplotype correlated with an increased prevalence of
AIP in the Japanese population {11,12]). However, none of the pre-

viously identified genetic markers were sufficient to fully explain
the disease etiology. Therefore, we suspected that a number of
genes outside the major histocompatibility complex region might
play a role in AIP susceptibility. For instance, we previously identi-
fied polymorphisms of the FCRL3 and (CTLA4 genes that correlated
with an increased prevalence of AIP in the Japanese population
{13,14]. However, these findings have not been examined and con-
firmed in other ethnicities. TLR4 is an interesting candidate for a
gene related to AIP susceptibility because it has previously been
implicated in other autoimmune diseases and allergic diseases,
including rheumatoid arthritis, Behget's disease, bronchical asthma,
and atopic dermatitis {16-18,31,32].

Of the two co-segregating missense mutations in the gene en-
coding TLR4, AB96G and C1196T (which result in Asp299Gly and
Thr399lle amino acid changes, respectively), only A896G inter-
rupted TLR-4 signaling [10]. Most studies that reported disease
associations with TLR4 SNPs have shown significantly higher fre-
quencies of SNPs related to the A896G and C1196T mutations.
However, we did not detect polymorphisms on these two SNPs in
100 japanese healthy controls, consistent with other reports in-
cluding HapMap data. In the present study, we examined eight
SNPs. Only rs2149356 SNP was statistically associated with AIP
before correction of the p value. However, this SNP, among ail SNPs

Table 2 '
TLR4 polymorphisms in 59 patients with AIP and 126 healthy subjects

d

AlP, autoimmune pancreatitis; OR, odds ratio; 95% Cl, 95% confidence interval,

p Value was calculated by ? test 2 X 2 contingency table (df = 1), or test 3 X 2 contingency
table {df = 2).

*p. (corrected p value) = 0.042, **p, = 0.17.
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Table 3
TLR4 haplotypes in patients with AIP and heaithy subjects

AlP, autoimmune pancreatitis.
Values for n indicate two times the number of individuals since each person carries two haplotypes.

tested in the patients group, significantly deviated from HWE in the
patient group. The deviation might be explained by collecting sam-
ples of affected individuals selectively, because HWE failure is
generally caused by migration, mutation, gene flow, genetic drift,
nonrandom mating, and natural selection. This phénomenon is
thought to be the cause of decreasing homozygous TT and GG
carriers in contrast to increasing heterozygous TG carriers in the
patients. The functional effects of increased TG heterozygotes in
patients are still uncertain. However, as there were only a small
number of patients in our cohort, it will be necessary to confirm this
association in future studies with larger cohorts. Although the
statistical power was enough as 0.9349 in this study, type Il error
was also a possible explanation for the lack of association between
TLR4 SNPs and AIP.

Although previous work has shown that serum IgG4 concentra-
tions were closely associated with AIP, we found no significant
correlations between serum 1gG4 concentrations and TLR4 SNPs or
haplotypes in this study. In addition, our analysis of patients with
AIP that also had sclerosing cholangitis and hypothyroidism indi-
cated that there were no associations between extrapancreatic
complications and TLR4 SNPs or haplotypes.

We checked whether the HLA DRB1*0405-DQB1*0401 haplo-
type and rs2149356 SNP was independently associated with AIP.
However, we found no confounding association between the HLA
DRB1*0405-DQB1*0401 haplotype and rs2149356 SNP. This result
was similar to that shown in a previous study that found no asso-
ciation between the HLA DRB1°0405-DQB170401 haplotype and
FCRL3-110 alleles, although each was independently associated
with AIP [14].

Long-term follow-up studies have shown that a 30-40% rate of
AIP relapse can occur after remission with corticosteroids
{13,19,23,33]. However, no characteristic risk factors or predictive
markers have been identified that might be associated with a re-
lapse of AIP. We recently found that patients that experienced
relapse had high associations with CTLA4 +49A/A or +6230A/A
genotypes {13]. Furthermore, substitution of aspartate to a non-
aspartate residue at HLA DQB1 57 was associated with a relapse of
AIP in a Korean cohort [19]. In the present study, we examined
whether any of the TLR4 SNPs were associated with an AlP relapse
but found no associations. Further studies are required to identify
predictive markers of AIP relapse. ‘

In conclusion, we found that TLR4 gene polymorphisms were
not significantly associated with susceptibility to AIP in Japan.
However, the connection between genetic variations and suscepti-
bility to AIP and AIP relapse remains to be addressed in future
investigations.
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