10

The Open Autoimmunity Journal, 2011, 3, 10-16

Autoimmune Pancreatitis: An Autoimmune or Immunoinflammatory Disease?
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Abstract: Autoimmune pancreatitis (AIP) has been widely presumed to be an autoimmune disease that is characterized
by elevated 1gG and/or IgG4, the presence of autoantibodies, and an infiltration of lymphocytes and plasma cells with fi-
brosis. However, no detailed immunological studies have been published. To define immunological changes in AIP in de-
tail, and to review evidence for autoimmunity which may be antigen specific and may play a role in the pathogenesis of
AIP, and therefore, to determine whether AIP is an autoimmune disease. A detailed immunological investigation for both
innate and adaptive immune responses was performed in a patient with AIP. Review of literature was performed from Pub
med, and Medline search. Immunological analysis of patient with AIP revealed increased production of proinflammatory
IL-6, and IL-17, and increased NK cell activity. No organ-specific or non-specific antibodies were detected. There was no
correlation between serum IgG4 with disease activity or response to steroid therapy. Review of literature revealed lack of
auto-antigen-specific T and B cell responses in AIP, and autoantibodies are present only in a subset of patients, and are
not specific to pancreatic tissue antigens. Therefore, we propose the term Immunoinflammatory pancreatitis rather than an

autoimmune pancreatitis.
Keywords: NK cells, IL-6, IL-17, autoantibodies, 1gG4.

INTRODUCTION

The term “autoimmune pancreatitis” (AIP) or “autoim-
mune-related pancreatitis” was first introduced by Yoshida
et al. in 1995 to describe a form of chronic pancreatitis that
is associated with autoimmune manifestations [1]. This was
based upon pancreatitis in a 68-year-old woman associated
with the presence of hypergammaglobulinemia, systemic
autoantibodies (antinuclear antibody, anti-thyroglobulin an-
tibody, and anti-microsomal antibody), and response to ster-
oid therapy. Since then, numerous cases have been reported
with similar findings in relation to the disease response to
steroid therapy and elevated 1gG4. However, serological data
have been inconsistent, especially for the presence of autoan-
tibodies, and the etiopathogenesis of the disease remains
elusive.

Autoimmune pancreatitis is typically characterized by a
diffuse or segmental narrowing of the main pancreatic duct
on imaging, elevated IgG and/or 1gG4, the presence of
autoantibodies, an infiltration of lymphocytes and plasma
cells, and presence of fibrosis. The autoantibodies that have
been examined include ANA, anti-microsomal antibodies,
anti-thyroglobulin antibodies, and antibodies against pancre-
atic secretory trypsin inhibitor, lactoferrin, and carbonic an-
hydrase [2-5]. However, the presence of these autoantibodies
has been only sporadically documented in limited numbers
of cases. In addition, many of these autoantibodies are di-
rected against antigens that are also present in the salivary
gland, biliary duct, and distal renal tubules. The detection of
IgG, lgG4, antinuclear antibodies, and rheumatoid factor
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collectively has been suggested to increase the sensitivity of
detection of the disease [6]. However, there is no current
disease-specific antibody that has been identified [7].

The diagnostic difficulties have also been complicated by
the different sets of criteria that have been proposed by
authors from numerous countries, which make it difficult to
compare the data. The Japanese criteria include imaging,
laboratory, and histopathological criteria [8]. The Korean
criteria include imaging, laboratory, histopathological, in-
volvement of other organs, and response to steroid therapy
[9]. The Mayo criteria include histology, imaging, serology
including elevated serum IgG4 levels, other organ involve-
ment, and response to steroids [10, 11]. Recently, Japanese
and Korean group of investigators joined to produce the
Asian diagnostic criteria, which included imaging, serology
(high levels of serum IgG or 1gG4, detection of autoantibod-
ies), and histopathology with an optional criterion of re-
sponse to steroid therapy [12].

Despite the fact that this disease has been categorized as
autoimmune, there has not been antigen-specific autoanti-
bodies or pancreatic antigen-specific T cells that are consis-
tently or exclusively present in patients with AIP. Here we
present an extensive immunological analysis in a patient
with AIP, and a review of the literature.

The patient is a 70-year old Chinese male who was
evaluated for persistent abdominal pain and weight loss. His
physical examination was unremarkable except for an en-
larged submandibular gland. The medical history was re-
markable for only hypertension and benign prostatic hyper-
plasia, with no history of alcohol, tobacco, or recreational
drug use. His family history was significant for a brother
with type 2 diabetes mellitus and a sister who died from
complications of rheumatoid arthritis. The endoscopic ultra-
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sound (EUS) showed diffuse lobularity of the pancreas with
narrowing of the pancreatic duct, findings consistent with
“autoimmune pancreatitis”. Because of the presence of a
large submandibular gland, a PET scan was performed,
which showed activity in the prostate, pancreas, lung, and
left submandibular lymph nodes. The patient refused a pan-
creatic biopsy but did agree to undergo a core needle biopsy
of the submandibular lymph node, which showed many
small round lymphocytes and plasma cells infiltrating be-
tween ducts and acinar cells. Flow cytometry of the lympho-
cytes revealed mostly T cells (70%) and a few B cells (30%).
Patient was started on prednisone 40 mg daily. His symp-
toms improved while on steroids and experienced a marked
improvement in his EUS findings. As the steroids were ini-
tially tapered, he developed an increase in the size of his
submandibular mass, a mild rise in 1gG4, as well as an in-
crease in his fatigue and weight loss. However, throughout
the disease course, his 1IgG4 did not correlate with symptoms
or response to prednisone (Fig. 1). The patient eventually
developed diabetes, requiring insulin therapy to control
blood sugar levels.

METHODS

This study was approved by the Institutional Review
Board (Human) of the University of California, Irvine. A
written consent was obtained.

Immunological Evaluation

Quantitative IgM, 1gG, IgA, and IgE levels were meas-
ured by nephelometric method. T cells, T cell subsets, B
cells, and natural Killer (NK cells) cells were analyzed by
multicolor flow cytometry using direct fluorochrome-
conjugated antibodies against CD3, CD4, CD8, CD19,
CD16, and CD56, and isotype controls. The lymphocyte
proliferation responses to mitogens (phytohemagglutinin,
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concanavalin A, pokeweed mitogen) and antigens (purified
protein derivative, mumps antigen, tetanus toxoid, Candida
albicans) were assessed by DNA synthesis.

Cytokine Production
IL-6, IL-10, TNF-a, IFN-y IL-17

1x 10° peripheral blood mononuclear cells/ml were acti-
vated with recombinant anti-CD3 (1mg/ml) and CD28
(Img/ml) for 2 days and supernatants were collected. IL-6,
IL-10, TNF-a, and IFN-y were assayed by ELISA (BD
Pharmingen, San Diego, CA). For IL-17, Nunc MaxiSorp
plates were coated with 1mg/ml of purified 1L-17 (BD Bio-
sciences) overnight at 4°C. After overnight incubation, the
plates were blocked with phosphate-buffered saline contain-
ing 10% fetal bovine serum, washed and incubated with suit-
able dilutions of the supernatants. Bound IL-17 was detected
using biotinylated detection antibodies (1mg/ml) and HRP-
conjugated streptavidin. After washing and addition of sub-
strate, the optical density in the wells was measured at
450nm and background values were subtracted.

FOXP3+ Treg

Peripheral blood mononuclear cells were stained with
CD4+ PerCP and CD25 FITC, and fixed with 2% parafor-
maldehyde. Cells were centrifuged and fixative was re-
moved. Cells were permeabilized with wash buffer and anti-
FOXP3 antibody was added for 30 minutes. Appropriate
isotype control was used. The cells were acquired by BD
FACSCalibur and the data was analyzed by FlowJo (Treestar
software, Ashland,OR).

Natural Killer Cell Activity

Four microliters of carboxyfluorescein succinimidyl ester
(CFSE) dye diluted with PBS was added to K562 cells
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Fig. (1). Clinical Course, Response to Corticosteroids, and Serum 1gG4 levels in a patient with Autoimmune Pancreatitis.
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Table 1. Immunologic Analysis of a Patient with Autoimmune Pancreatitis
Lymphocyte Subpopulations Patient Reference
Absolute # % Cells Absolute # % Cells
CD3+ T cells 2496 52 750-1863 63-81
CD3+ CD4+ T cells 1048 42 400-1113 27-53
CD3+ CD8+ T cells 349 14 336-966 16-42
Ratio of CD4/CD8 3.0 0.79-3.31
CD3- CD19+ B cells 144 3 112-459 8-19
CD3- CD56+ NK cells 1073 43 112-520 7-20
CD4+ CD25+ FOXP3+ (Treg) 53.4 9.5

Patient Result

Reference Range

19G 1830 694-1618 mg/L
1gG1 7260 2396-10835 mg/L
IgG2 7470 1235-5487 mg/L
19G3 378 276-1344 mg/L
1gG4 >3000 84-888 mg/L
GAD Ab <1 0-1.45 U/mL
Islet Cell Ab <14 <14

Insulin 8.3 0-17

Insulin Ab <1 0-1 U/ml
Anti-TPO Ab 23 0-35 IU/ml
ANA 1:160 <1:40

CA19-9 43 <35

Neuronal cell Ab 7 0-54 U

Jo-1 Ab 0 0-19

RNP Ab IgG 2 0-49 U

Scl 70 Ab 3 0-49U

Anti Sm Ab 2 0-49U

SSA (Ro) Ab 19G 2 0-49U

SSB (La) Ab IgG 1 0-49 U

C3 722 88-201 mg/dL
C4 20 16-47 mg/dL
CH50 285 101-300 U/mL
Inflammatory Cytokines Patient (pg/mL) Control (pg/mL)
IFN-y 2728 4230

IL-6 984 0

IL-17 926 103
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Cytokines Patient Reference
IL-10 158 160
TNF-a 131 464
In Vitro Lymphocyte Proliferative Response (cpm) Patient Reference Range
Phytohemagglutinin (PHA) 67,328 142,821-324,200
Concanavalin A (Con A) 4,180 156,821-341,795
Pokeweed mitogen (PWM) 22,300 23,648-90,931
Mumps antigen 220 2,052-26,495
Tetanus toxoid 257 6,092-94,539
Candida albicans antigen 93 13,249-60,917
NK Cell Function Results (% cytotoxicity)
Effector:Target Ratios 12.5:1 25:1 50:1 100:1
Patient (24 hrs) 33 54 70 75
Normal range (fresh cells) 4-19 8-37 16-51 28-64
Lytic Units/10" Effector Cells
Patient (24 hours) 67
Normal range (fresh cells) 8-32

(target cells). The cells were washed twice with RPMI 1640
medium. 1x 10° K562 cells were mixed with different con-
centrations of peripheral blood mononuclear cells to obtain
effector:target ratios of 12.5:1, 25:1, 50:1, and 100:1. The
mixture was then incubated at 37°C for four hours. 5 mL of
7-amino-actinomycin D (AAD-7) was then added and incu-
bated for another 15 minutes at 37°C. The cells were ana-
lyzed via BD FACSCalibur (Becton Dickinson, San Jose,
CA). Lytic unit activity and percentage of NK cell killing
were calculated.

RESULTS
Immunological Findings

Laboratory evaluation revealed elevated levels of total
IgG of 1830 mg/L and IgG4 of >3000 mg/L (Table 1). The
panel of autoantibodies was negative, except for an elevated
anti-nuclear antibody (ANA) at 1:160. Complement levels
were normal. The lymphocyte subsets showed a low number
of B and T cells, but an increased number of natural killer
cells. The evaluation of cytokine production revealed an in-
creased level of IL-6 and IL-17, with low levels of IFN-y and
TNF-o compared to control. Natural Killer cell cytotoxicity
was increased. Responses to mitogens and antigens were
impaired. FOXP3+ T regulatory cells were elevated at base-
line as compared to control.

Literature Review Data

Review of literature revealed that only 67% (54/81) of
patients had an elevated 1gG4 (Table 2). Only 37% (46/124)
of subjects had a positive ANA, with the definition of a posi-
tive ANA varying anywhere from 1:20 to 1:80, depending on

the author, and rheumatoid factor was positive in 18%
(15/85) of cases. Approximately 10% (4/42) had a positive
anti-smooth muscle antibody, 3% (1/33) had a positive islet
cell antibody, 6% (2/32) had a positive glutamic acid decar-
boxylase antibody, 0% (0/4) had a positive anti-double-
stranded DNA antibody, 0% (0/3) had a positive microsomal
antibody, 42% (11/26) had a positive pancreatic secretory
trypsin inhibitor antibody, and 50% (16/32) had a positive
carbonic anhydrase antibody. The highest percentage of a
positive autoantibody discovered was those of lactoferrin
antibody at 68% (19/28).

DISCUSSION

Unlike many autoimmune diseases, AIP is a rare form of
pancreatitis occurring predominantly in males and in the 5™
and 6™ decade of life. In 1961 Sarles and colleague [13] re-
ported a form of idiopathic chronic pancreatitis suspected to
be induced by an autoimmune mechanism. In 1991, Kawa-
guchi et al., reported 2 cases of an unusual inflammatory
disease of the pancreas and biliary tract with histology
demonstrating lymphoplasmacytic sclerosing pancreatitis
[14]. However, the term AIP was first coined in 1995 by
Yoshida and associates [1], who first proposed the concept
of AIP characterized by increased levels of IgG or 1gG4,
presence of autoantibodies, diffused irregular narrowing of
the main pancreatic duct and enlargement of the pancreas.

Autoimmune pancreatitis is a rare systemic fibrotic in-
flammatory disorder of the pancreas associated with unique
clinical and histopathological characteristics, family history
of autoimmune diseases, presence of autoantibodies, pres-
ence of 1gG4+ cells in duodenal and pancreatic biopsy tis-
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Table2. Autoantibodies in Autoimmune Pancreatitis
Marker % Reference

9G4 54/81 67% [29- 32, 36, 38, 39]
ANA 46/124 3% [5, 29-31, 35, 38, 39]
CA 19-9 4/17 24% [29, 35, 37]
Rheumatoid Factor 15/85 18% [5, 30, 31, 37, 38, 39]
Anti smooth muscle Ab* 4/42 10% [5, 31, 35, 37]
Anti-islet cell Ab 1/33 3% [5, 33-37]
Anti-glutamic acid decarboxylase Ab 2/32 6% [5, 33, 35, 36, 37]
Anti-microsomal Ab 0/3 0% [37, 38]
Anti-pancreatic secretory trypsin inhibitor Ab 11/26 42% [5]
Anti-carbonic anhydrase Ab 16/32 50% [5, 35, 37, 39]
Anti-lactoferrin Ab 19/28 68% [5, 39]
Anti-mitochondrial Ab 0/43 0% [5, 31, 35, 39]
Anti double-stranded DNA 0/4 0% [36-38]

*Ab= antibodies.

sues, elevated serum lgG4, and response to corticosteroids
[15-21]. The fibrotic inflammatory process can also affect
organs such as the bile ducts, salivary glands, and retroperi-
toneal lymph nodes.

Recently, AIP has been divided on the basis of histologi-
cal features into two subgroups; type I AIP or lymphoplas-
macytoid sclerosing pancreatitis (LPSP), and type Il AIP or
idiopathic ductal centric pancreatitis (IDCP) [22]. Type | and
type 11 AIP appear to be clinicopathologically, regionally,
and ethnically different diseases [23]. In addition to clinico-
pathological differences, type | AIP is associated with fre-
quently elevated 1gG4 levels, predominantly in elderly
males, and has a high relapse rate, whereas type Il AIP has
no gender preferences, is usually found in relatively younger
subjects, rarely associated with elevated serum 1gG4, and
does not relapse. Whether these two types of pancreatitis
represent disorders with different pathogenesis, remains un-
clear. Present criteria for the diagnosis of AIP are geared for
type | AIP.

Since its clinical description, there has been a search for a
potential serological marker for AIP. A large number of
autoantibodies, both organ-nonspecific including ANA,
rheumatoid factor (RF), anti-smooth muscle (ASM), and
organ-specific autoantibodies, including antibodies against
carbonic anhydrase, lactoferrin, pancreatic secretory trypsin
inhibitor [2-5] have been reported. However, these organ-
specific autoantibodies are also present in other disorders,
including pancreatic carcinoma. Endo et al., [24] reported
amylase a -2A antibodies as a novel diagnostic marker for
both AIP and fulminant Type | diabetes since it is elevated in
these patients and not in controls, as well as the fact that the
titers decrease with steroid treatment. Recently, Frulloni
et al., [25] detected peptide AIP;.;, a peptide that has homol-
ogy with plasminogen-binding protein (PBP) of H. pylori,
and with an enzyme highly expressed in acinar cells of the

pancreas, the ubiquitin-protein ligase E component n-
recognin 2. Antibodies to PBP were present in the majority
of patients with AIP; however, they were also present in
10% of cases with pancreatic cancer. Therefore, this anti-
body neither could be used as a diagnostic marker nor can it
be considered to play a major pathogenic role in AIP. Lohr et
al., [26] using gene and protein expression profile and im-
munoassays, identified trypsinogen as a possible target of the
inflammatory process. They reported severe downregulation
of pancreatic proteases, both at the RNA and protein level,
especially trypsinogen, and detected high titers of antitrypsi-
nogen antibodies. However, their data showed that high titers
of these antibodies were also present in non-autoimmune
pancreatitis and healthy controls. Furthermore, no difference
was observed in the serum level of trypsinogen among these
groups. Therefore, this autoantibody cannot be considered a
reliable diagnostic marker, or to play a significant role in the
pathogenesis of AlP.

Asada et al., [27] analyzed humoral immune responses in
experimental AIP in mice. Various autoantibodies directed
against autoantigens, including carbonic anhydrase Il and
lactoferrin, were detected, but none against glutamic acid
decarboxylase. Autoantibodies directed against the pancre-
atic secretory trypsin inhibitor (PSTI) were more prevalent
(91.7%) than those against carbonic anhydrase 11 (33.3%) or
lactoferrin (45.8%). Antibodies were directed against the
epitope of PSTI that is active in the suppression of trypsin
activity. Authors concluded that the autoimmune response to
PSTI protein may induce a failure of PSTI activity, resulting
in the activation of trypsinogen and the subsequent disease
progression.

Prior to these new reported findings, we reviewed the
literature to determine the type and frequency of autoanti-
bodies that have been previously examined, by collecting
data from a large number of studies to determine the per-
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centage of positive autoantibodies reported in diagnosed
cases of AIP. Based on the literature search, the majority of
autoantibodies that were analyzed in AIP patients were
found to be negative and those positive were nonspecific for
the pancreatic antigens, such ANA and RF. The presence of
lactoferrin antibody, and elevated 1gG4 (67%) were the most
consistent laboratory findings in AIP. Lactoferrin, although
it is present in the pancreas, is notably produced by the sali-
vary glands, biliary duct, and renal tubules.

The literature review was supported by our patient’s im-
munological evaluation, in which an extensive panel of
autoantibodies was negative, except for an elevated ANA.
There were signs of inflammation as evident by elevated
levels of proinflammatory cytokines IL-6 and IL-17. T cell
deficiency was also observed as suggested by impaired re-
sponses to mitogens and recall antigens. The numbers of
CD4+CD25+FOXP3+ T regulatory cells T cells were in-
creased; however, we did not study their functions. Koyabu
et al., [28], also observed increased proportions of CD4+
CD25high cells, which they assigned to T regulatory T cells
(not all CD4+CD25high cells are FoxP3 Treg cells). Simi-
larly increased proportions of CD4+CD25+FoxP3+ Treg
cells have been observed in the biopsy of patients with AIP.
These authors, based upon the presence of IgG4+ plasma
cells in these biopsies, suggested that increased Treg cells
are playing a role in increased 1gG4. However, there is no
evidence that IgG4 has any specific autoantibody activity
against pancreatic antigens in AIP, or they play any patho-
genic role in AIP. It is also unclear whether these Treg cells
are functionally active. Furthermore, it is possible that in-
creased Treg cells are compensatory negative regulators for
autoreactivity. In our patient we also observed increased
numbers and activity of NK cells. Whether increased NK
cell activity plays a direct or indirect, via secretion of cytoki-
nes, pathogenic role in pancreatitis remains to be defined.
Our patient refused the pancreatic biopsy; however, subman-
dibular biopsy did show evidence of the plasma cells and
lymphocytes infiltration, which is consistent with the biopsy
findings described in AIP. Our patient also had elevated lev-
els of 1gG4; however, 1gG levels did not correlate with the
disease activity, response to steroid therapy, or insulin re-
quirements to control elevated blood glucose levels. There-
fore, elevated 1gG4 may serve as a marker for the diagnosis
of AIP; however, it is unlikely to play a role in the patho-
genesis of the disease, or even serve as a reliable marker for
the response to therapy or for disease activity.

The clinical findings of AIP may better be explained by
the presence of immune dysregulation in the inflammatory
pathway leading to inappropriate activation of a variety of
inflammatory cytokines, rather than autoimmunity. This is
supported by the fact that there has been a lack of presence
of pancreas-specific antibodies in the majority of patients
with AIP, and the presence of these antibodies in pancreatic
cancer as well. The presence of systemic autoantibodies may
instead be more of a reflection of the immune system dys-
regulation. Therefore, a potential role of autoantibodies in
the pathogenesis of AIP remains unclear. A role of T cells in
the pathogenesis of AIP needs to be investigated in detail.

Based upon histopathology of pancreas reported in the
literature, and an extensive immunological analysis of the
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present case, which show increased production of pro-
inflammatory cytokines IL-6, and IL-17, increased NK cell
activity, lack of large number of organ-specific and non-
specific antibodies with the exception of ANA, and lack of
correlation of 1gG4 levels with disease activity or response
to steroid therapy, we propose that the term AIP be replaced
by “immunoinflammatory pancreatitis”.

In summary, though the initial reported case of AIP had
the presence of elevated gammaglobulin, multiple positive
nonspecific autoantibodies, response to steroids, and the
presence of Sjogren’s syndrome, subsequent cases have not
uniformly found these similar features. Many cases do not
have the presence of other autoimmune diseases and we
found that the majority of patients often do not have consis-
tently positive serologic autoantibodies. A definitive pancre-
atic tissue antigen-specific antibody that contributes to the
pathogenesis of the disease has yet to be identified, which
may reflect the possibility that autoimmunity may not be the
underlying cause of the disease. The response to steroids,
elevated inflammatory cytokines, and lack of a definitive
pancreatic tissue specific autoantibody, may be more appro-
priately seen as an evidence of immune inflammation, and be
better described as an “immunoinflammatory pancreatitis”.
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