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Fig. 3. PCR analysis of Case 9 for clonal Ig heavy chain rearrangement. The lanes
contain molecular-weight markers (M), positive control (1), patient DNA (2) and
negative control (3).

intestine, However, the histological findings of extranodal %;]
are similar to those of lymph node PTGC [6,10,12,23,27]. The
clinicopathological findings of the extranodal PTGCs appear to be
different from those of lymph node PTGC.

Immunohistochemical study revealed the reactive nature of
the B-cells in all 14 lesions. However, one (no. 9) of our 11 cases
examined by PCR demonstrated IgH gene rearrangement. The
histological findings of this case (no. 9) were similar to those of
other 13 cases. We have recently found such cases with
prominent reactive follicular hyperplasia in lymph nodes and
large intestine [16,17]. As indicated by Nam-Cha et al,, it remains
unclear whether this single case is clinically relevant, a sign of
prelymphomatous stage, or merely an exaggeration of normal B-
cell clonal response in the germinal centers [24]. However, our
single case had a relatively short follow-up period. Further study
is needed to clarify this issue.

Fol}? lymphoma can occur at almost any extranodal site,
incluc(;:%)e orbit, oral cavity, tonsil, large intestine, and skin
[4,7,22¥0.31]. In particularly the early stage of PTGC should be
differentiated from the “floral variant “of follicular lymphoma [5].
Bcl-2 immunostain suggested the reactive nature of lymphoid
follicles in our lesion {32]. In follicular lymphoma, the expression
of CD10 was seen in both follicular and interfollicular areas [3].
However, in all 14 lesions, CD10 was expressed almost exclusively
by follicular center cells, which are characteristic findings of
reactive follicular hyperplasia. Immunohistochemical studies of
intracytoplasmic light-chain determinant for germinal center cells
disclosed a polytypic nature.

Mantle cell lymphoma appears to be the most important
differential diagnostic problem because the pseudonodular
growth pattern of mantle cell lymphoma resembles the histolo-
gical findings of late stage PTGC [33,35]. Indeed, one (no. 5) of our
14 cases contained numerous late stage PTGC. The tumor cells of
mantle cell lymphoma are small lymphoid cells with slightly
indented nuclei and scant cytoplasm [33,35]. However, immuno-
histochemical study demonstrated that proliferating cells were
surface IgD+ and IgM+, CD5 — €D43 —, Cyclin D1 -, suggesting a
non-neoplastic mantle cell nature {35].

MZ hyperplasia was present in three patients (21%) of the present
series. Tumor cells of extranodal mucosa-associated lymphoid tissue
(MALT) type are small- to-medium lymphocytes showing a moderate

amount of clear cytoplasm, indented or round nuclei, and absent or
small nucleoli (centrocyte-like cells) {11]. Centrocyte-like cells are
similar cytological findings of the reactive MZ B-cells. However, there
were no CD43+ and/or bcl-2+ MZ B-cells in any of the three lesions
demonstrating MZ hyperplasia [19,32]. Moreover, immunophenoty-
pic study demonstrated the polytypic nature of the intracytoplasmic
immunoglobulins MZ B-cells,

Very rarely, nodular lymphocyte-predominant Hodgkin lym-
phoma (NLPHL) can show extranodal localization, including
Waldeyer's ring, skin, soft tissue, and large intestine {2,28]. PTGC
should be differentiated from NLPHL. One of the characteristic
immunohistological findings of NLPHL is the presence of CD57+
lymphocyte rosettes around the L&H Reed-Sternberg cell variants.
However, there were no CD57+ cells rosettes around the L&H-like
ceils in any of our cases [28)]. Moreover, L&H Reed-Sternberg cell
variants are occasionally EMA+. However, there were no EMA+
L&H-like cells in any of our cases [28].

As suggested by Hansmann, PTGC is thought to result from
antigen stimulation during particular immunological conditions
[6]. However, the etiology of extranodal PTGC is unclear. Weiss
et al. have previously demonstrated EBER-positive lymphocytes in
the majority of PTGC cases [34]. We also found scattered EBER+
cells in three (rectum=2, oral cavity=1) of the 15 cases. EBV may
be involved in the etiology of a subset of PTGC at extranodal sites.
However, reactivity of lymphoid cells for EBV has been reported in
lymphoid tissues obtained from a high percentage of “normal”
individuals [8]. Further study is needed to clarify this issue.

Sato et al. have recently reported lymph node lesions of 1gG4-
related disorders occasionally showing PTGC [29]. However, I1gG4+
plasma cells accounted for up to 30% of IgG-positive plasma cells in
only one case [21]. At least, it appears that the majority of extranodal
PTGS are not associated with IgG4-related disorders.
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Clinical findings

Polymerase chain reaction

Lymph node lesions in infectious mononucleosis (IM) show a marked histologic diversity. We report
here three cases of IM lymphadenitis with histologic findings indistinguishable from those of
toxoplasmic lymphadenitis. The histologic findings of the three cases presented here showed a
histologic triad of toxoplasmic lymphadenitis, including (i) numercus lymphoid follicles with
hyperplastic germinal centers; (ii) small clusters or single epithelioid histiocytes; and (iii) multiple
foci of monocytoid B-cells. Moreover, all three lesions contained isolated or small clusters of epithelioid
histiocytes within the hyperplastic germinal centers and the periphery of lymphoid follicles, which are
the most specific histologic findings of toxoplasmic lymphadenitis. However, serologic findings
confirrned EBV infection in all three cases. On in situ hybridization, numerous Epstein-Barr virus (EBV)-
encoded small RNA (EBER)-positive cells were demonstrated in the germinal center, as well as in
interfolicular areas in all three cases. Toxoplasmosis gondii infection was excluded in at least one case,
based on serologic findings. Polymerase chain reaction analysis also demonstrated that there wasno T.
gondii DNA in the remaining two cases, Two of our three cases showed atypical clinical presentations,
including an absence of atypical lymphocytosis in peripheral blood in two cases, age more than 30
years, and an absence of systemic symptoms in one case. it appears that previous descriptions
emphasize the differential diagnostic problems between IM lymphadenitis and malignant lymphomas.
However, from a therapeutic perspective, it is important to discriminate IM lymphadenitis from
toxoplasmic lymphadenitis particularly in patients showing atypical clinical features.

© 2010 Published by Elsevier GmbH.

Introduction

shows histologic findings similar to those of toxoplasmic
lymphadenitis {4,7,19]. However, a detailed histomorphologic

Toxoplasmosis is a well-recognized specific cause of a benign
lymph node lesion. In this disease, a triad of histologic findings is
highly suggestive: reactive follicular hyperplasia, increased
monocytoid B-cells (MBCs) in the sinuses, and the presence of
clusters or single epithelioid histiocytes that encroach upon and
infiltrate the germinal centers [8,15].

Lymph node lesions in infectious mononucleosis (IM) show a
marked histologic diversity {2,4,7,17-19]. However, the major
changes are reactive hyperplasia of the lymphoid follicles,
expansion and distortion of the paracortex, and the dilatation of
the sinuses [8,19]. It has been suggested that IM lymphadenitis

* Corresponding author. Tel.: +81282861111x2178; fax: +81282865171.
E-mail address: mkojima@dokkyomed.ac.jp (M. Kojima),

0344-0338/$ - see front matter © 2010 Published by Elsevier GmbH.
doi:10.1016{j.prp.2009.12.010

description has not yet been given in the literature. We report
here three cases of IM lymphadenitis showing indistinguishable
histologic findings of toxoplasmic lymphadenitis.

Case report
Case 1

A 21-year-old Japanese woman presented with bilateral neck
lymphadenopathy. The patient had noted a sudden onset of non-
tender swelling, accompanied by an episode of high-grade fever
and sore throat. Physical examination revealed hepatosplenome-
galy. Abdominal ultrasonography demonstrated mild hepatome-
galy and retroperitoneal lymphadenopathy. Laboratory studies

Please cite this article as: M. Kojima, et al., Infectious mononucleosis lymphoadenitis showing histologic findings indistinguishable
from toxoplasma lymphadenitis. A report of three cases, Pathol. Res. Practice (2010), doi:10.1016/j.prp.2009.12.010
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demonstrated a white blood cell count of 4800/mm® with 23%
atypical lymphocytes in peripheral blood. A moderately abnormal
liver function was also noted. A left cervical lymph node biopsy
was performed. Subsequent serologic tests for Epstein-Barr virus
(EBV) showed a positive heterophil agglutination test for specific
EBV serology. Serologic tests for Toxoplasma gondii demonstrated
that a titer of Toxoplasma IgM was <10 (< x 10).

Case 2

A 22-year-old Japanese man presented with right neck
lymphadenopathy. The patient had noted a sudden onset of
non-tender swelling of the lymph node, accompanied by an
episode of high-grade fever. Abdominal ultrasonography demon-
strated mild hepatomegaly and retroperitoneal lymphadenopa-
thy. Laboratory studies demonstrated a decreased white blood
cell count of 2300/mm?>. There were no atypical lymphocytes in
peripheral blood. A moderately abnormal liver function was also
noted. A right cervical lymph node biopsy was performed.
Subsequent serologic tests for EBV gave the following results: a
viral capsid antigen (VCA) IgG titer of 14.5 ( < 0.5 mg/dl), a VCA
1gM titer of 2.5 ( < 0.5 mg/dl), an early antigen (EA) IgG titer of 5.6
( <0.5mg/dl), and an EBV nuclear antigen (EBNA) titer of 10.7
(< 0.5mg/dl).

Case 3

A 35-year-old Japanese man presented with a two-month
history of swelling in the right retroauricular region. Biopsy
findings of the enlarged lymph node were tentatively diagnosed
as reactive change of the lymph node. Subsequent laboratory
studies demonstrated a white blood cell count of 5300/mm?>.
There was no atypical lymphocytosis in the peripheral blood.
Subsequent serologic tests for EBV gave the following results: a
viral capsid antigen (VCA) IgG titer of 1;160, a VCA IgM titer of
1:10, an early antigen (EA) titer of less than 1:10, and an EBNA
titer of less than 1:10. Serologic tests for T. gondii demonstrated
the following results: a titer of T. IgM was 0.1 { < 0.81U/ml), and a
titer of Toxoplasma 1gG was 3 ( < 6 1U/ml).

Materials and methods

Three-micrometer-thick sections were cut from formalin-
fixed, paraffin-embedded tissues and stained with hematoxylin-
eosin (HE) and Giemsa.

Immunohistochemical studies were performed using the
antigen retrieval method on the basis of the avidin-biotinylated
peroxidase method or Ventana automated (BenchMark™) stainer
according to the manufacturer’s instructions. We used a panel of
antibodies against human immunoglobulin light chain (kappa and
lambda) (Novocastra, Newcastle, UK), PS-1 (CD3; MBL, Nagoya,
Japan), 4C7 (CD5; Novocastra), 56C6 (CD10; Novocastra), 126
(CD20; Dako, AfS, Glostrup, Denmark), 1B12 (CD23; Novocastra),
DFT-1 (CD43;Dako), and SP4 (Cyclin D1; Nichirei Co., Tokyo,
Japan). The primary antibodies were replaced by normal rabbit-
and mouse-serum to establish a negative control.

In situ hybridization (ISH) with EBV-encoded small RNA
(EBER) oligonucleotides was performed to test the specimens for
the presence of EBV small RNA in formalin-fixed, paraffin-
embedded sections using a Ventana automated (BenchMark™)
stainer or using the hybridization kit (Dako).

Additional paraffin-embedded tissues from the biopsy speci-
men were available in two cases (nos. 1 and 2). We extracted the
DNA from the paraffin-embedded tissue using a commercial

extraction kit (TaKaRa DEXPAT). The specimens were prepared for
polymerase chain reaction (PCR), and the presence or absence of T.
gondii DNA was investigated using the PCR method {[9]. Paraffin-
embedded tissue definite for T. gondii infection served as a
positive control.

Results

The size of the resected lymph nodes was as follows: Case 1
was 1.3 cm in diameter, Case 2 was 1.1 cm in diameter, and Case 3
was 1.5cm in diameter. Histollogically, lymph node lesions of
three cases were characterized by (i) numerous lymphoid follicles
with hyperplastic germinal centers (Fig. 1); (ii) small clusters or
single epithelioid histiocytes located within the hyperplastic
germinal centers and periphery of lymphoid follicles, as well as
interfollicular areas (Figs. 1 and 2a); and (iii) the presence of
multiple foci of MBCs (Fig. 1). In two cases (nos. 1 and 3), a portion
of the lymphoid follicles was surrounded by an incomplete pale
ring of the marginal zone distribution pattern (MBCs) (Fig. 1). The
pale ring was composed of MBCs with abundant pale clear
cytoplasm. Cytologically, two types of MBCs were identified, as
previously reported by Plank et al. [16]: (i) the common type of
MBCs which are composed of medium-sized cells with irregular
or bean-shaped nuclei and inconspicuous nucleoli (Fig. 2b); and
(ii) the large cell type composed of largely transformed MBCs with
large round nuclei demonstrating vesicular chromatin and
prominent nucleoli (Fig. 2b). The common type of MBCs was
predominant in two cases (nos. 2 and 3), while the large cell type
was observed in one case (no. 1). Small lymphocytes, plasma cells,
and histiocytes with or without epithelioid cell features were
intermingled with MBCs. Immunohistochemical study demon-
strated that MBCs were CD3-, CD5-, CD20+, CD43-, and bcl-2-
(Fig. 2c¢). A small number of MBCs were polytypic intracyto-
plasmic immunoglobulins,

On in situ hybridization, numerous EBER-positive cells were
demonstrated in the germinal center and in the interfollicular
area in two cases (nos. 2 and 3) (Fig. 2d), whereas up to 100 EBER-
positive cells were observed in the germinal center and the
interfollicular area in Case 1.

Using PCR for B1 gene (producing a theoretical amplicon (96
nucleotides)), P30 gene (522 nucleotides), and 185 rDNA gene (88
nucleotides), we found that Toxoplasmic gondii DNA was absent in

Fig. 1. Scanning magnification of the lesion. Note an enlarged lymphoid follicle
with active germinal centers, clusters of epithelioid cells, and a lymphoid follicle
was surrounded by an incomplete pale ring of MBCs (*). Note epithelioid cell
clusters in a germinal center. Case 1 HE x 10.
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Fig. 2. (a) High power field of Fig. 1. Reactive germinal center contains tangible body macrophages and small clusters or single epithelioid cells (arrows). Case 1 (HE x40).
(b) High power field of Fig. 1. The common type of MBC was composed of medium-sized cells with irregular or bean-shaped nuclei and inconspicuous nucleoli with
abundant clear cytoplasm (black arrow). The large cell type was composed of largely transformed MBCs with large round nuclei demonstrating vesicular chromatin and
prominent nucleoli (white arrow). Case 1 {HE x 60). (c) Both types of MBCs were bcl-2- Case (3 x 20). (d) Numerous EBER + cells were located in the germinal center (*) and

the interfollicular area. Case 2 ISH x 10 counterstain, nuclear fast red.

two lesions (nos. 1 and 2) examined. T. gondii DNA; B1 gene, P30
gene, and 18S rDNA gene were detected in the positive control.

Discussion

IM is an acute lymphoproliferative disorder (LPD) that typically
occurs in young patients and is usually caused by primary EBV
infection {4,7,19]. The diagnosis of IM is usually based on clinical
and serologic findings [6]. However, a lymph node biopsy may be
performed when malignant lymphoma is a clinical consideration in
patients with an atypical clinical feature {2,11,17,18]. Atypical
features include age over 30 years, a negative heterophil antibody
titer, and the absence of atypical lymphocytosis in peripheral blood
and lymphadenopathy without fever or sore throat [2,11,7,18]. Two
of our three cases showed atypical clinical presentations, including
an absence of atypical lymphocytosis in peripheral blood in two
cases (nos. 2 and 3), an age of 35 years in Case 3, and an absence of
systemic symptoms in Case 3. As a result, these two cases
underwent lymph node biopsy to exclude malignant lymphoma.

In healthy adults, the most common manifestation of tox-
oplasmosis is localized lymphadenopathy [3.5,8,10,12]. The
posterior cervical lymph nodes are most commonly and char-

acteristically involved [3,10,12]. Patients may be entirely asymp-
tomatic or demonstrate mild, nonspecific symptoms, such as fever
and myalgia. However, occasionally, generalized lymphadeno-
pathy, sometimes accompanied by moderate hepatosplenome-
galy, may occur [3,10,12]. It appears that a portion of toxoplasmic
lymphadenitis shows clinical findings similar to those of IM in
some aspects.

The histologic findings of the three cases presented here
showed a histologic triad of toxoplasma lymphadenitis, including
numerous lymphoid follicles with hyperplastic germinal centers,
small clusters or single epithelioid histiocytes, and multiple foci of
MBCs [8,15]. Moreover, all three lesions contained isolated or
small clusters of epithelioid histiocytes within hyperplastic
germinal centers and the periphery of lymphoid follicles, as well
as the interfollicular area, which is the most specific histologic
finding in toxoplasmic lymphadenitis [8,15].

However, the serologic findings confirmed EBV infection in all
three cases [6]. Moreover, T. gondii infection was excluded in at

least one case (no. 3) based on serologic findings {3]. Usi CR,
Lin et al. demonstrated T. gondii DNA in 10 of 12 lesions s a
histopathologic triad of toxoplasmic lymphadenitis [1 ey

findings for
wever, PCR

concluded that the PCR method shows highly s
the diagnosis of toxoplasmic lymphadenitis |
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analyses demonstrated that there was no T. gondii DNA in either
of the two lesions (nos. 1 and 2). On ISH, EBER+ lymphocytes
were detected in all three lesions. Clinical and EBV findings
indicated that the present three cases were IM.

Interestingly, a portion of the lymphoid follicles were sur-
rounded by a pale rim of the MBCs in two lesions (marginal zone
distribution pattern) [1]. These histologic findings appear to be
similar to those of nodal marginal zone B-cell lymphoma [1}].
Howev: e were no CD43+ or bcl-2+ MBCs in any of the
lesions@. A small number of MBCs had polytypic intracyto-
plasmic ‘immunoglobulins. The immunohistochemical findings
indicated that MBCs were not neoplastic.

It appears that previous descriptions emphasize the differen-
tial diagnostic problems between IM lymphadenitis and malig-
nant lymphomas {2,7,11,17,18}. The three cases presented here
clearly demonstrated that a portion of IM showed histologic
findings indistinguishable from toxoplasima lymphadenitis. From
a therapeutic perspective, it is important to discriminate IM
lymphadenitis from toxoplasmic lymphadenitis particularly in
cases showing atypical clinical features.

Finally, it may be important for pathologists to bear in mind
that not every patient with serologic evidence of EBV infection
shows clinical findings of IM, and not every lymph node biopsied
in a patient with serologic evidence of EBV infection shows
changes due to IM {3,7,19].
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ABSTRACT

Background/Aims: Characteristic radiological
features of biliary lesions in patients with autoim-
mune pancreatitis (ATP) have not yet been identi-
fied.

Methodology: Bile duct lesions and their rela-
tionships to other clinical findings were assessed
in 43 AIP patients.

Results: Of the 43 AIP patients, 34 (79%) had bile
duct stenosis. In all the 34 patients, the lower bile
duct was 1nvolved; in 21 of these, only the lower
bile duct was involved, and in 13 patients, there
was widespread wall thickening of the middle and
upper bile duct where stenosis was not obvious on
cholangiography. Furthermore, 4 patients with
extensive bile duct involvement also had stenosis

of the intrahepatic bile duct. All patients with bile
duct involvement had involvement of the head
portion of the main pancreatic duct. None of the 6
patients with involvement of only the body and/or
tail portion of the main pancreatic duct had bile
duct involvement. Gallbladder wall thickening
was more frequently noted in patients with exten-
sive bile duct involvement (p<0.01). Serum IgG4
levels were significantly more elevated in patients
with extensive bile duct involvement (p<0.05).

Conclusions: AIP patients with extensive bile
duct involvement characterized by widespread
wall thickening of the bile duct may have more
active disease.

INTRODUCTION

Autoimmune pancreatitis (AIP) is a recently
described clinical entity in which the pathogen-
esis may involve autoimmune mechanisms. AIP
has several characteristic features, such as elderly
male preponderance, elevation of serum gamma-
globulin or IgG levels, especially 1gG4, presence of
autoantibodies, and a favorable response to steroid
therapy. It is also characterized radiologically by
enlargement of the pancreas and irregular narrow-
ing of the main pancreatic duct, and histologically
by dense lymphoplasmacytic infiltration and fibro-
sis of the pancreas. Another characteristic find-
ing is the frequent association between AIP and
various extrapancreatic lesions, such as sclerosing
cholangitis, sclerosing sialadenitis, and retroperito-
neal fibrosis (1-4).

Bile duct stenosis frequently occurs with AIP,
and the major initial symptom of AIP is obstruc-
tive jaundice due to this stenosis. The stenotic
portion of the bile duct is usually the lower bile
duct, though stenosis of the intrahepatic bile duct
1s sometimes detected. When stenosis is found in
the intrahepatic bile duct, the cholangiographic ap-
pearance is very similar to that of primary scleros-
ing cholangitis (PSC) (5,6). Furthermore, swelling
of the gallbladder wall is also occasionally detected
in AIP patients (4,7). Although there are several re-
ports dealing with sclerosing cholangitis associated

Hepato-Gastroenterology 2009; 56:1190-1193
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with AIP (5,8,9), the characteristic radiological fea-
tures of the biliary lesions have not been identified,
and their relationships to other clinical findings in
ATP patients have not yet been determined. In this
study, bile duct lesions seen in AIP patients were
divided into three groups (no involvement, involve-
ment of only the lower bile duct, and extensive in-
volvement of the bile duct), and their relationships
to other clinical parameters that might predict the
disease course or outcome in AIP patients were as-
sessed.

METHODOLOGY

Patients

Between 1980 and 2007, 43 patients (36 males
and 7 females, average age 66.4 years) were diag-
nosed with AIP based on the following clinicopatho-
logical criteria: irregular narrowing of the main
pancreatic duct on endoscopic retrograde pancrea-
tography (n=43), pancreatic enlargement on ultra-
sonography (US) or computed tomography (CT)
(n=42), presence of autoantibodies (n=22), elevated
serum IgG4 in excess of 135 mg/dl (n=31), charac-
teristic histological findings in the pancreas (n=12),
and responsiveness to steroid therapy (n=29). All
patients underwent endoscopic retrograde cholan-
giopancreatography (ERCP), CT, and US; 20 pa-
tients also underwent magnetic resonance cholan-
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giopancreatography (MRCP).

Radiological evaluation

The stenotic portion of the bile duct was exam-
ined by ERCP and/or MRCP, and wall thickening of
the bile duct in which stenosis was not obvious on
cholangiography was assessed on CT and US. Bile
duct involvement was classified into three groups:
no involvement (Group A), involvement of only the
lower bile duct (Group B, Figure 1), and extensive
involvement of the bile duct (Group C). Extensive
involvement of the bile duct was defined as ste-
nosis of the intrahepatic bile duct with lower bile
duct stenosis, or widespread wall thickening of the
middle and upper bile duct where stenosis was not
obvious on cholangiography in addition to stenosis
of the lower bile duct (Figure 2). Gallbladder wall
thickening (more than 4mm) was assessed on US
(Figure 3). Involvement of the main pancreatic
duct was categorized into involvement of the head
portion of the main pancreatic duct, including the
diffuse type, and involvement of only the body and/
or tail portion. Extrapancreatic lesions, including
sclerosing sialadenitis and retroperitoneal fibrosis,
were evaluated on physical examination, CT, and

Us.

Statistical analysis
In the three groups categorized according to
biliary involvement, differences in age and serum

]

FIGURE 1 Endoscopic retrograde cholangiography of autoimmune
pancreatitis patient showing stenosis of the lower bite duct

IgG4 levels were analyzed first by the Kruskal-Wal-
lis H-test, followed by Mann-Whitney’s U-test if sig-
nificant. The other analyses were performed using
Fisher’s exact test. In all tests, corrected p values of
<0.05 were considered statistically significant.

RESULTS

Bile duct involvement was absent in 9 patients
(Group A), only the lower bile duct was involved in
21 patients (Group B), and extensive bile duct in-
volvement was seen in 13 patients (Group C). Four
group C patients had intrahepatic bile duct steno-
sis. A beaded appearance with diffusely distributed
short and annular strictures of the bile duct, which
is commonly seen in PSC, was not detected in any of
the AIP patients. Left-sided deviation of the lower
bile duct, which is frequently detected in patients
with pancreatic head cancer, was detected in only
17 (40%) AIP patients.

In all of the AIP groups, the patients were pre-
dominantly elderly males. All patients with bile
duct involvement also had involvement of the head
portion of the main pancreatic duct. However, none
of the 6 patients with involvement of only the body
and/or tail portion of the main pancreatic duct had
bile duct involvement. Gallbladder wall thickening
occurred more frequently in patients with extensive
bile duct involvement (p<0.01). Serum IgG4 levels
were significantly more elevated in patients with
extensive bile duct involvement than in those with
only lower bile duct involvement (p<0.05). Similar
proportions of patients in each group had involve-
ment of other organs, such as sclerosing sialadeni-
tis and retroperitoneal fibrosis (Table 1).

In the 29 AIP patients (Group A: n=5, Group
B: n=15, and Group C: n=9) who were treated with
steroid, all biliary and pancreatic lesions responded
well; however, one group C patient had a recurrent
biliary lesion and another group C developed ir-

FIGURE 2 Ultrasonography of autoimmune pancreatitis patient showing
widespread wal thickening of the middle and upper bile duct where
stenosis is not obvious on cholangiography
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and lymphocytes similar to the findings noted in
the pancreas. This fibroinflammatory change was
compatible with sclerosing cholangitis and was de-
tected extensively in the wall of almost the whole
bile duct, though the degree of the inflammation
differed among the cases (3, 4, 11, 12). Hyodo et al.
(13) and Hirano et al. (9) reported that wall thick-
ening of the bile duct in which stenosis was not
obvious on cholangiography could sometimes be
detected on endoscopic ultrasonography (EUS) or
intraductal ultrasonography (IDUS). Nakazawa et
al. (14) reported that, on cholangiography, stenosis
of the bile duct was detected in 34 (92%) of 37 AIP
patients; 18 had stenosis of only the lower bile duct,
and 3 had a stricture in only the hepatic hilar le-
sion. In cases in which stenosis is detected in the in-
trahepatic bile duct, the presence of stenosis of the
lower bile duct and wall thickening of the bile duct
with no obvious stenosis on cholangiography seems
to be useful for differentiating AIP from cholangi-
ocarcinoma and PSC.

Interestingly, sclerosing cholangitis was found
in 33 (89%) of 37 AIP patients with pancreatic head
involvement, but it was not found in any of the 6
AIP patients with segmentally restricted involve-
ment in the pancreatic body and/or tail. Although
EUS and IDUS demonstrated that stenosis and
wall thickening of the lower bile duct in AIP pa-
tients was the result of concentric change itself and
not caused by extrinsic compression secondary to
inflammatory pancreatic tissue (13), fibroinflam-
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Allergic manifestations in autoimmune pancreatitis
Terumi Kamisawa®, Hajime Anjiki®, Naoto Egawa® and Naoko Kubota®

'Objective Autoimmune pancreatitis (AIP) Is a peculiar
type of pancreatitis of presumed autoimmune etiology.
However, target antigens for AIP have not been detected.
Furthermore, its preponderant occurrence in elderly men
and the very dramatic response with no major residual
deformity to oral steroid therapy within 2 weeks

suggest that the pathogenesis of AIP might not involve
autoimmune mechanism. Recently, it was reported that the
immune reaction closely involved in the pathogenesis of
allergic disorders was upregulated in the affected tissues
of AIP. This study aimed to examine the allergic
manifestations in AlP patients. ‘

Methods This case series consisted of 45 AIP patients.
Present and/or past histories of allergic diseases, clinical
findings, and laboratory data were reviewed.

Results Twenty patients (allergic-type AlP) had histories
of allergic diseases, such as acute allergic rhinitis (n=11),
including rose and hay fever, atopic dermatitis (n=5),
bronchial asthma (n=3), drug allergy (n=2), and
hypersensitivity pneumonitis (n=1). Serum IgE levels were
elevated in only 12 allergic-type AIP patients, and they were

signiﬁcantly higher in allergic-type AlIP patients than in AIP -

patients without allergic manifestations (P=0.0001). The

Introduction

Autoimmune pancreatitis (AIP) is a peculiar type of
pancreatitis of presumed autoimmune etiology, and it
has become a distinct -entity that is recognized world-
wide [1-5]. In 1995, Yoshida ez 2/ [6] first proposed the
concept of AIP from analysis of their case and the
10 other reported cases, and they summarized the clinical
features as follows: (i) increased serum vy-globulin-or IgG
levels; (ii) presence of autoantibodies; (iii) effectiveness
of steroid therapy; (iv). occasional association with other

autoimmune diseases, such as Sjogren’s syndrome; (v) -

diffuse enlargement of the pancreas; (vi) diffuse irregular
narrowing of the main pancreatic duct on- endoscopic
retrograde pancreatography; (vii) fibrotic change with
lymphocyte infiltration histopathologically; (viii) mild
symptoms, usually without acute attacks of pancreatitis;
(ix) occasional association with stenosis of the lower bile
duct, cholestatic liver dysfunction, and hyperbilirubinemia;
(x) no pancreatic calcification; and (xi) no pancreatic
cysts. Based on the first four findings, they suspected that
the cause of the pancreatitis was an autoimmune
mechanism, and named this pancreatitis as AIP.

0954-691X © 2008 Wolters Kiuwer Health | Lippincott Williams & Wilking

peripheral eosinophil count was significantly elevated in
allergic-type AIP patients (P=0,048). With respect to initial
symptoms, obstrictive jaundice was less frequent in
allergic-type AIP patients (P=0.012), and abdominal pain
was detected in only five patients with allergic-type AIP
(P=0.013). Allergic-type AIP occurred predominantly from
September to- February in 19 of 20 patients (P=0.001).

Conclusion Allergic manifestations were detected in about
half of the AIP patients, and allergic mechanisms may be
related to the occurrence of AlP in these patients. Eur./
Gastroenterol Hepatol 21:1136-1139 © 2009 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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However, target antigens for AIP have not-been detected. -
On the basis of "histological and immunohistochemical
examinations of various organs and extrapancreatic
lesions of AIP patients, AIP might be a pancreatic lesion
of an IgG4-related systemic disease, and extrapancreatic
lesions occasionally associated with AIP might not
be a part of an autoimmune disease but organs
involved in this systemic disease [5,7,8]. Furthermore,
its preponderant occurrence in elderly men and the
very dramatic response with no major residual deformity
to oral steroid -therapy within 2 weeks [1-5] suggest
that the pathogenesis of AIP might not involve
an autoimmune mechanism. Recently, it was shown that
the expressions of Th2 cytwokines [IL-4, IL-5, and
I1-13] and regulatory cytokines (IL-10 and transforma-

~ tion growth factor-B) were upregulated in the affected

tissues of AIP [9]. The immune reactions that are
predominantly mediated by Th2 cells and regulatory
T cells are not common in classical autoimmune diseases,
but they are closely involved in the pathogenesis of
allergic disorders such as bronchial asthma and atopic
dermatitis [10].

DOI: 10.1097/MEG.0h01363283287417
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Thus, we studied allergic manifestations in 45 AIP
patients and compared the clinical features of AIP
patients with and without allergic manifestations.

Patients and methods

Patients

Berween April 1990 and July 2008, 48 patients were
consecutively diagnosed with AIP based on the Asian
diagnostic criteria for AIP [11]. All patients showed
pancreatic enlargement and irregular narrowing of the
main pancreatic duct. Forty patients were also diagnosed
based on the revised clinical diagnostic criteria of AIP
2006 [12] in’ Japan, and the other eight patients were
diagnosed based on the imaging criterion and good
responsiveness to steroid therapy.

Methods

Allergy clinic charts of the patients were reviewed for
present and/or past histories of allergic diseases, such
as acute allergic rhinitis, atopic dermatitis, and bronchial
asthma. Of 48 AIP patients, three patients whose allergy
clinic charts were not fully described were excluded
from this study. They were treated before 1995 and were
not followed up. Finally, 45 AIP patients (37 men and
8 women, median age 67 years) were enrolled in this
study. Authors confirmed allergic histories by interview in
36 followed up patients again.

Clinical findings and laboratory data (antinuclear antigen
in 45 patients, rtheumatoid factor in 38 patients, serum
IgG4 level in 41 patients, serum IgE level in 35 patients,
and peripheral eosinophil count in 45 patients) were
also reviewed. Peripheral blood eosinophilia was identi-
fied when the absolute cosinophil count was greater
than 600 cells/mm® [13]. This study was approved by
the institutional review board of Tokyo Metropolitan
Komagome Hospital.

Statistical analysis

Statistical analysis was performed using Wilcoxon’s rank-sum
test and Kisher’s exact test. A P value of less than 0.05
was considered statistically significant.

Allergic manifestations in AIP Kamisawa et al. 1137

Results

Of the 45 AIP patients, 20 had present andfor past
histories of allergic diseases, such as acute allergic rhinitis
(n=11), including rose and hay fever, atopic dermatitis
(7=5), bronchial asthma (»=3), drug allergy (#»=2), and
hypersensitivity pneumonitis {#=1). The clinical features
of the 20 AIP patients with allergic manifestations
(allergic-type AIP) and the 25 AIP patients without allergic
manifestations (nonallergic-type AIP) were compared.

There were no significant differences between the two
types: in age at diagnosis, sex ratio, serum IgG4 levels,
positivity of autoantibodies, and frequency of associated
extrapancreatic lesions, such as sclerosing sialadenitis
and retroperitoneal fibrosis. Elevated serum IgG4
levels were detected in 16 (84%) of 19 allergic-type
AIP patients, and in 18 (82%) of 22 nonallergic-type
AIP patients. Serum IgE levels (normal, 580 IU/ml) were
elevated in 12 {80%) of 15 allergic-type AIP patients, and
in none of 20 nonallergic-type AIP patients (£ < 0.0001).
Serum IgE levels were significantly higher in allergic-
type AIP patients than in nonallergic-type AIP patients
(P=0.0001). Peripheral blood eosinophilia was iden-
tified in five (25%) of allergic-type AIP patients (600-
1390 cells/mm?®), and in none of nonallergic-type AIP
patients (P=0.013). The peripheral eosinophil count was
significantly elevated in allergic-type AIP patients
(P=0.048). With respect to initial symptoms, obstructive
jaundice was less frequent in allergic-type AIP patients
(P=0.012), and abdominal pain was detected in only
five patients with allergic-type AIP (P=0.013).

Allergic-type AIP occurred predominantly from Sep-
tember to February in 19 of 20 patients, whereas non-
allergic-type AIP occurred from September to February in
12 of 25 patients (P=0.009) (Table 1).

Discussion

The concept of AIP was first proposed based on the
frequent increases in serum IgG, the presence of
autoantibodies, and responsiveness to steroid therapy [6].
However, target antigens for AIP have not been detected.

Table 1 Clinical differences between autoimmune pancreatitis patients with and without allergic aspects

With allergic aspects (n=20) Without allergic aspects (n=25) P valus
Age at diagnosis® (years) 65 (54.25-69.50) 68 (61.00-76.00} 0.166
Male/female 14/6 23/2 0,113
Obstructive jaundice + 9 {45%) 19 (769%) 0.062
Abdominal pain + 5 (25%) 0 (0%) 0.012
Autoantibody -+ 3 (15%) 6 (24%) 0.709
Serum gG4® (mg/di) 298.00 (198.00-450.00) 368 (125.75-796.00) 0.647
Serum IgE* ({U/ml) 793.50 (310.75-1288.00) 176 (98.500~221.00) 0.00001
Eosinophils® {cells/mm®) 282,50 (106.00-582.00) 160 (104.50-284.00) 0.048
Extrapancreatic lesion + 5 (25%) B (329%) 0.744
On-set month, March-August/September-February 2/18 12/13 0.0009

+, present,
*Median (quartile range).

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

— 443 —



1138 European Journal of Gastroenterology & Hepatology 2008, Vol 21 No 10

Its preponderant occurrence in elderly men and the
very dramatic response with no major residual deformity
to oral steroid therapy within 2 weeks [1-5] suggest
that the pathogenesis of AIP might not involve an
autoimmune mechanism. Although it has been reported
that Sjogren’s syndrome or primary sclerosing cholan-
gitis is occasionally associated with AIP [14,15], it has
become obvious that the salivary gland lesion in AIP
is not Sjogren’s syndrome but sclerosing sialadenitis with
infiltration of abundant IgG4-positive plasma cells, and
the bile duct lesion in AIP is not primary sclerosing
cholangitis but sclerosing cholangitis with infiltration of
abundant IgG4-positive plasma cells [16-18]. It has also
been recognized that AIP might be a pancreatic lesion of
an IgG4-related systemic disease, and extrapancreatic
lesions occasionally associated with AIP might not be
a part of an autoimmune disease but organs involved in
this systemic disease {5,7,8]. Elevation of serum IgG4
concentrations is detected in 67-95% of AIP patients
[19,20], and a close relationship between IgG4 and some
allergic diseases has been reported [21]). Zen ef o/ [9]
demonstrated that the expressions of Th2 cytokines
and regulatory cytokines were upregulated in the
affected tissues of AIP. The immune reactions that are
predominantly mediated by Th2 cells and regulatory
T cells are not common in classical autoimmune diseases,
but they are closely involved in the pathogenesis of
allergic disorders such as bronchial asthma and atopic
dermatitis [10]. These findings led us to this study
of allergic manifestations in AIP patients.

This study showed that 44% of AIP patients had
allergic manifestations, and these allergic-type AIP
patients frequently showed elevated serum IgE levels
and peripheral eosinophil counts. According to a nation-
wide survey of AIP in Japan [22], an elevated peripheral
eosinophil count (> 500 cellssmm®) was detected in
21% of AIP patients. Ito er @ [23] reported three AIP
patients who had mild peripheral eosinophilia (less than
696 cell/mm®). Sasahira er @/, [24] reported an AIP patient
showing peripheral eosinophilia (1343 cells/mm?) who was
associated with sclerosing cholangitis and inflammatory
pseudotumor of the liver with histological findings of
infiltration of abundant lymphocytes, plasma cells, and
eosinophils. According to the report by Abraham e 2/ [25],
moderate eosinophilic infiltration in the pancreas was
observed histologically in five (21%) of 24 AIP patients,
and these patients also had prominent eosinophilic
infiltrates elsewhere in the biliary tract, but the eosino-
philic infiltration was scattered within lymphoplasmacytic
infiltration, which differed from the diffuse and dense
eosinophilic infiltration seen in eosinophilic pancreatitis.
They also reported that 10 (41%) of the 24 AIP patients
had allergic and/or atopic manifestations, including asthma
(n=8), allergic rhinitis (#=6), chronic urticaria (#=1),
and nasal polyp (#=1), and in the 13 patients in whom
a” peripheral eosinophil count was performed, three

showed mild cosinophilia (400-550cells/mm®) and one
showed marked eosinophilia (1500 cells/mm?) [25]. It
has also been reported that patients with eosinophilic
pancreatitis, a rare pancreatic condition usually showing
systemic eosinophilic manifestations, have histories of
allergies, asthma, or eczema [26,27].

This is the second report dealing with allergic manifesta-
tions in AIP patients following the study by Abraham
et al. [25]. Interestingly, in this study, the occurrence of
allergic-type AIP showed seasonality (September to
February) that might be similar to that of other allergic
diseases, such as bronchial asthma and acute allergic
rhinitis [28,29]. This may also suggest a relationship
between AIP and allergy. Although the reason for the
difference is unknown, obstructive jaundice was a less
frequent initial symptom in allergic-type AIP patients,
and abdominal pain was detected in only five patients
with allergic-type AIP.

The small sample size and the incomplete data set
as a result of the retrospective nature of the study are
limitations of this study. However, if some AIP cases
are caused with allergic mechanisms, a new therapeutic
strategy, such as antiallergic treatment, may be effective
in these patients.

In conclusion, allergic manifestations were detected in
about half of the AIP patients, and allergic mechanisms
may be related to the occurrence of AIP in these patients.
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ORIGINAL ARTICLE

Frequent and Significant K-ras Mutation in the Pancreas,
the Bile Duct, and the Gallbladder in
Autoimmune Pancreatitis

Terumi Kamisawa, MD, PhD,* Kouji Tsuruta, MD, PhD,} Atsutake Okamoto, MD, PhD,}
Shin-ichirou Horiguchi, MD,§ Yukiko Hayashi, PhD,§ Xiaoging Yun, PhD,/[|
Toshikazu Yamaguchi, PhD,|| and Tsuneo Sasaki, MD, PhDY

Objectives: To assess the relationship between autoimmune pancre-
atitis (AIP) and pancreatic cancer, we analyzed K-ras mutation in the
pancreatobiliary tissues of patients with AIP.

Methods: An analysis of K-ras mutation and an immunohistochem-
ical study were performed on the pancreas of 8 patients with AIP and
10 patients with chronic alcoholic pancreatitis and on the common bile
duct and the gallbladder of 9 patients with AIP. K-ras mutation was
analyzed in the pure pancreatic juice from 3 patients with AIP.
Results: High-frequency K-ras mutation (2+ or 3+) was detected in the
pancreas of all the 8 patients and in the pancreatic juice of the other
2 patients. The mutation in codon 12 of the ras gene was GAT in all the
10 patients. High-frequency K-ras mutation was detected in the com-
mon bile duct of 5 patients with AIP and in the gallbladder epithelium
of 4 patients with AIP. The K-ras mutation was detected in the fibro-
inflammatory pancreas, the bile duct, and the gallbladder, with abundant
infiltrating IgG4-positive plasma and Foxp3-positive cells of patients
with AIP with elevated serum IgG4 levels.

Conclusions: Significant K-ras mutation occurs most frequently in the
pancreatobiliary regions of patients with AIP. Autoimmune pancreatitis
may be a risk factor of pancreatobiliary cancer.

Key Words: autoimmune pancreatitis, K-ras, pancreatic cancer,
1gG4, Foxp3

(Pancreas 2009;38: 890-895)

Autoimmune pancreatitis (AIP) is a type of pancreatitis with
presumed autoimmune etiology and is a relatively newly
characterized disease entity, with much of our knowledge of it
gained in only the last decade. However, it is increasingly being
recognized as a bona fide disease. Autoimmune pancreatitis
occurs most often in elderly males who experience obstructive
jaundice as the most common initial symptom. Pancreatic exo-
crine and endocrine functions are sometimes impaired. Occa-
sionally, there is an association with various extrapancreatic
lesions. Radiologically, AIP is characterized by enlargement of
the pancreas and irregular narrowing of the main pancreatic
duct. Serologically, AIP is characterized by elevation of serum
IgG4 levels. Histopathologically, dense infiltrations of CD4- or
CD8-positive T lymphocytes and IgG4-positive plasma cells
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occur with fibrosis and obliterative phlebitis in the pancreas.
Autoimmune pancreatitis responds well to steroid therapy, and
both structural and functional changes in AIP recover promptly
after steroid therapy. In contrast to ordinary chronic pancreati-
tis, AIP appears to be reversible."™ Although the precise long-
term outcome for AIP remains unclear, the prognosis of AIP is
generally better than that of chronic pancreatitis.>™ However,
several reports of AIP associated with pancreatic cancer oc-
curring simultaneously or during follow-up have recently been
described.*

Mutations in codon 12 of the K-ras gene have been found
in more than 90% of pancreatic adenocarcinomas.”'® K-ras
mutation is also detected in mucous cell hyperplasia in chronic
pancreatitis.'"'? K-ras mutation may occur during a relatively
early stage in the multistep carcinogenesis process in the pan-
creas.>! 12 Chronic pancreatitis is characterized by irreversible
morphologic changes and is a generally accepted risk factor
for pancreatic cancer.'® To assess the relationship between AIP
and pancreatic cancer, we analyzed K-rgs mutation in the
pancreatobiliary tissues of 11 patients with AIP.

MATERIALS AND METHODS

Study Patients and Materials

Between 1989 and 2008, AIP was diagnosed in a total of
55 patients based on the Asian diagnostic criteria for AIP* No
patients developed pancreatobiliary cancer during the mean +
SD follow-up period of 42.8 + 25.4 months.

K-ras analysis and/or an immunohistochemical study were
performed on tissue from 11 patients with AIP (9 men and
2 women, age range, 6179 years; mean age, 68.9 £ 6.3 years).
Histories of heavy drinking and smoking were observed in 0 and
2 patients, respectively. The initial symptom was obstructive
jaundice due to stenosis of the common bile duct in 10 patients
and abdominal pain in 1 patient (Table 1).

Study materials consisted of 6 pancreatoduodenectomied
pancreases, common bile ducts, and gallbladders; surgical bi-
opsy specimen of 1 pancreas; 2 surgically resected common bile
ducts and gallbladders; 1 autopsied pancreas, common bile duct,
and gallbladder; and 10 surgically resected pancreases from
patients with chronic alcoholic pancreatitis. K-ras mutation was
analyzed in samples of pure pancreatic juice collected from the
pancreatic duct during endoscopic retrograde cholangiopancrea-
tography with injection of secretin in 3 patients with AIP and in
20 patients with chronic alcoholic pancreatitis other than the 10
resected cases.

The surgically resected tissues, the tissue biopsy specimens,
and the autopsied tissues were fixed in 10% neutral buffered
formalin. Each 1-cm wide tissue section was examined. Tissue
blocks were routinely processed and embedded in paraffin.
Serial sections were cut at a thickness of 3 ym. All sections were
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TABLE 1. Clinical and Radiological Findings in 11 Patients
With AIP

Patient Type  CBD Stenosis  Long-Term Outcome

1 Segmental (H) Lower  Currently alive 8 yr after the
operation
2 Segmental (H) Lower  Died of pneumonia 1 yr after
the operation
3 Diffuse Lower  Currently alive 12 yr after
the operation
4 Diffuse Lower  Died of pulmonary cancer
10 yr after the operation
5 Diffuse Upper  Unclear 3 yr after the operation
6 Segmental (H) Lower  Died of hepatic failure 1 yr
after the operation
7 Segmental (H) Lower  Unclear 2 yr after the operation
8 Diffuse Lower  Died of pulmonary cancer
{1 mo after diagnosis
9 Segmental (H) Lower  Unclear 3 yr after the operation
10 Diffuse None  Unclear 4 yr after the diagnosis
11 Diffuse Lower  Currently alive 11 yr after

the diagnosis

H indicates pancreatic head; CBD, common bile duct.

stained with hematoxylin and eosin (H&E) and were examined
immunohistochemically.

All subjects provided written informed consent. This study
was approved by the relevant institutional review boards.

Immunohistochemical Study

Immunohistochemistry was performed, on average, on 2
representative sections from each case using antibodies against
IgG4 (The Binding Site, Birmingham, United Kingdom), Ki-
67 (clone MIB-1; Immunotech SA, Marseille, France), p53
(CM1; Novocastra Laboratories, Newcastle, United Kingdom),
and Foxp3 (clone 22509; Abcam, Oxford, United Kingdom).
All sections were stained with the avidin-biotin horseradish
peroxidase method (Vectastain elite ABC kit; Vector, Burlin-
game, Calif). Additional staining procedures used have all been
previously reported.'>!% The degree of infiltrating IgG4-positive
plasma cells was classified as 3+ (more than 30/high-power field
[HPF]), 2+ (10-30/HPF), 1+ (5-10/HPF), +/— (1-4/HPF), and
~ (0/HPF)."” The Ki-67 labeling index was determined by
counting a minimum of 500 cells in the area representing the
most homogenous region of positive cells.

K-ras Mutation Analysis

Paraffin blocks were prepared for DNA extraction. Two
lesions from 2 slides of the pancreatic duct, the common bile
duct, and the gallbladder mucosal epithelia were used for DNA
extraction from tissue from each patient. The target lesions,
including the abnormal epithelium, were microdissected using
a 20-gauge needle, comparing the slide with H&E staining in
the same position. The extracted DNA was diluted with 5 mL of
Takara DEXPAT (for DNA extraction from paraffin-embedded
tissue; Takara Biomedical Inc, Otsu, Japan). DNA was extracted
from the pancreatic juice by the standard phenol/chloroform
method.

Mutation of K-ras codon 12 was analyzed and compared by
enriched polymerase chain reaction—enzyme-linked mini-
sequence assay (PCR-ELMA). 182013 PCR-ELMA, the upstream
primer for the first and second PCRs was 5-TAAACTTGTGG
TAGTTGGAACT-3', the downstream primer for the first PCR
was 5-GTTGGATCATATTCGTCCAC-3, and the downstream
primer for the second PCR was 5-CAAATGATCTGAAT
TAGCTG-3'". The first PCR reaction was performed using 1 pL
of DNA lysate, 100 wmol/L of deoxyribonucleotide tripho-
sphates, 1.5 mmol/LL of MgCl,, | wmol/L of each primer, 0.625 U
of Taq DNA polymerase (Perkin Elmer, Norwalk, Conn), and
I x PCR buffer (containing 10 mmol/L of Tris-HCI [pH 8.3 at
25°C], 50 mmol/L of KCl, and 0.001% [wt/vol] gelatin) in a
thermal cycler (Perkin Elmer PJ-2000). Polymerase chain re-
action amplifications proceeded at 95°C for 2 minutes, followed
by 25 cycles at 95°C for 40 seconds, 60°C for 40 seconds, and
72°C for 40 seconds and a final extraction step of 7 minutes at
72°C. One microliter each of 10-fold dilutions of the first PCR-
amplified product (93 base pairs) was taken for digestions
with 0.5 wL (2.5 U) of BsrI (New England Biolabs, Inc, Ipswich,
Mass), and the 3.5-uL reaction buffer was composed of
100 mmoVL of NaCl, 50 mmol/L of Tris-HCI, 10 mmoVL of
MgCl,, and 1 mmol/LL of dithiothreitol at 65°C for more than
15 hours in a total of 5 pL. For digestion, 45 WL of the second-
stage reaction mixtures containing 1 pmol/L (each) of primers F1
and R2, and other components as those in the first-stage reaction
mixtures were added to the previously mentioned restriction
endonuclease reaction tubes. Subsequently, the second PCR
amplifications were performed for 40 cycles with the same thermal
cycle condition as the first PCR. Then, 10 pL of the denatured
second PCR product was hybridized with probes to detect the K-
ras codon 12 wild type (GGT) 6 mutants (GAT, GCT, GTT, AGT,
CQT, and TGT). DNAs were immobilized at 55°C for 30 minutes,
100 L of biotinalated A and 0.01 U of Tdq DNA polymerase
were added, and incubation was continued at 55°C for 30 minutes.

FIGURE 1. A, Histopathological findings in the pancreas with AIP showing periductal dense lymphoplasmacytic infiltration and fibrosis
(H&E). The epithelium of the pancreatic duct was nearly well preserved with focal PaniN-1A. B, Abundant infiltration of 1gG4-positive

plasma ceils in the periductal area (IgG4 immunostaining).
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TABLE 2. Ki-67 Labeling Index and p53 Overexpression in
the Pancreas, the Common Bile Duct, and the Gallbladder of
9 Patients With AIP

Pancreas Common Bile Duct  Gallbladder

Patient Ki-67, % p53 Ki-67, % p53 Ki-67, % p53
1 1.8 — 1.1 — 1.5 —
2 32 — 1.2 — 0.8 —
3 0.9 — 2.1 — 0.6 —
4 2.5 — 1.1 — 0.7 —
S 1.2 — 1.2 — 0.8 -
6 1.0 — 1.7 — 0.7 e
7 2.1 — 2.9 —_— 2.1 —
8 33 — 13 — . 05 —
9 Not examined 1.4 —

To develop color, 100 pL of avidin-horseradish peroxidase
conjugate was added, and the reaction was conducted at room
temperature for 30 minutes. After a washing step, 100 pL of
tetramethyl-benzidine substrate was added and the plates were
left to develop in the dark at room temperature for 20 minutes.
Finally, 100 pL of stop solution was decanted, and the light
absorbance of each sample was measured by spectrophotometry
(Multiskan Multisoft; Labsystems, Tokyo, Japan) with a 450-nm
filter wavelength.

The amplified K-ras gene by PCR was captured to the
probes that were designed to detect the K-ras codon 12 wild type
(GGT) and 6 mutants (GAT, GTT, CGT, TGT, AGT, and GCT),
which were finally measured using a microtiter plate reader for
detection and quantification. The results of the semiquantitative
analysis were scored as 3+, 2+, 1+, +/—, and — according to the
percentage of mutant ras gene. Approximately, 3+, 2+, 1+, +/—,
and — represented more than 20%, 2% to 20%, 0.2% to 2%,
fewer than 0.2%, and none (not detected) of the mutants, res-
pectively, according to the manufacturer,!>?°

Statistical Analysis

The degree of infiltration of IgG4-positive plasma cells and
the frequencies of K-ras mutation were scored as 3,2, 1, 0.5, and
0, and they were analyzed with a Mann-Whitney U test. All

reported P values are 2 sided. A P < 0.05 was considered
significant.

RESULTS

Histopathological and Immunohistochemical
Findings

Histopathologically, marked lymphoplasmacytic infiltra-
tion, periductal and interlobular fibroses, obliterative phlebitis in
the pancreas (Fig. 1A), and transmural fibrosis with marked
Iymphoplasmacytic infiltration in the common bile duct were
detected in the tissues from all patients with AIP. Transmural
fibrosis with lymphoplasmacytic infiltration was detected in the
gallbladder wall of 5 patients (patients 1-4 and 7). Pancreatic
intraepithelial neoplasia (PanIN)-1A%' (n = 6) and PanIN-1B
(n = 2; patients 4 and 8) were focally detected. The pancreatic
duct epithelium appeared almost normal in 2 patients (patients
3 and 6). There were no atypical changes in the epithelium of the
common bile duct or the gallbladder in any patients. The mean
(SD) Ki-67 labeling index was 2.0 + 0.9% in the pancreatic duct,
1.5 £ 0.6% in the common bile duct, and 0.9 + 0.5% in the gall-
bladder (Table 2). Dense infiltrations of IgG4-positive plas-
ma cells (2+ or 3+) in the pancreas (Fig. 1B), the bile duct,
and the gallbladder were detected in 100%, 89%, and 67%
of patients, respectively (Table 3). Intensive fibroinflammation
was detected in association with dense infiltration of IgG4-
positive plasma cells. Foxp3-positive cells were distributed
prominently in these fibroinflammatory lesions with many IgG4-
positive plasma cells.

In chronic alcoholic pancreatitis, PanIN-1A and PanIN-
1B were detected in all patients, and PanIN-2 was detected in
5 patients. The number of infiltrating IgG4-positive plasma
cells was fewer than 5/HPF in the pancreas. The mean Ki-67
labeling index was 3.2 £ 0.9%. Overexpression of p53 was not
observed in any specimen.

K-ras Mutation

High-frequency K-ras mutation (2+ or 3+) was detected
in the pancreas of all 8 patients and in the pancreatic juice
of the other 2 patients. The mutant type of ras gene was GAT
in all the 10 patients (Table 3; Fig. 2A). In patients with
chronic alcoholic pancreatitis, high-frequency K-ras mutation
was detected in 4 (GAT, n=2; TGT, n=1; and GAT/GCT,n=1)

TABLE 3. Serum IgG4 Levels, Distribution of IgG4-Positive Plasma Cells, and K-ras Mutations in the Pancreas, the Common

Bile Duct, and the Gallbladder of 11 Patients With AIP

S Pancreas . . Common Bile Duct Gallbladder

erum IgG4, Pancreatic Juice,

Patient mg/dL IgG4+ Cells K-ras K-ras IgG4+ Cells K-ras IgG4+ Cells K-ras
1 505 3+ 3+ (GAT) NE 3+ 3+ (TGT) 3+ 2+ (GAT)
2 550 3+ 3+ (GAT) NE 3+ 3+ (GAT) 3+ 3+ (GTT)
3 1240 3+ 3+ (GAT) NE 3+ 3+ (GCT/TGT) 3+ 3+ (GCT)
4 150 3+ 3+ (GAT) NE 3+ 3+ (GAT) 2+ NA
5 43 3+ 3+ (GAT) NE 2+ NA 2+ +— (GAT)
6 128 3+ 3+ (GAT) NE 2+ +— (GCT) 1+ +/— (GAT)
7 780 3+ 3+ (GAT) 1+ (GAT) 3+ 3+ (GAT) 3+ 3+ (TGT)
8 NE 3+ 3+ (GAT) NE 1+ 1+ (TGT) 1+ NA
9 119 NE NE NE 2+ + -~ (GCT) 1+ +/— (TGT)

10 NE NE NE 3+ (GAT) NE NE NE NE

11 298 NE NE 2+ (GAT) NE NE NE NE

NE indicates not examined; NA, not amplified.
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K-ras Mutations in Autoimmune Pancreatitis
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FIGURE 2. Actual images of microwell plates for semiquantitative analysis of mutant K-ras gene by PCR-ELMA in the pancreas
(patients 1-8) (A), the common bile duct (patients 14 and 6-9) (B), and the gallbladder (patients 1-3, 5-7, and 9) (C). Hybridization
was performed using both the wild type (GGT) and the 6 kinds of mutant-specific probes (GAT, GCT, GTT, AGT, CGT, and TGT) that
were immobilized to the microtiter plate well. The type and semiquantity of the K-ras were identified as mutant type 3+ when the

signal was observed exclusively in the mutant-specific probe well.

of the 10 resected pancreases (40%) and in 2 (GAT, n = 1;
GAT/GGT/GTT, n = 1) out of 20 (10%) of the samples of
pancreatic juice.

High-frequency K-ras mutation was detected in the com-
mon bile duct of 5 patients with AIP (GAT, n=3; TGT,n=1;
and GCT/TGT, n = 1; Fig. 2B) and in the gallbladder epithe-
lium of 4 patients with ATP (GAT,n=1; TGT,n=1; GCT,n=1;
and GTT, n = 1; Fig. 2C). The 4 patients with high-frequency K-
ras mutation in the gallbladder also showed high-frequency
K-ras mutation in the common bile duct, but the mutations in
the ras gene were different. Low-frequency K-ras mutation (+ or
+/—) was detected in the common bile duct of 3 patients and
in the gallbladder of 3 patients (Table 3).

Relationship Between Serum IgG4 Levels and
Infiltration of igG4-Positive Plasma Cells and
K-ras Mutation in the Common Bile Duct
and the Gallbladder

Serum IgG4 levels were elevated in 6 patients (>135
mg/dL; Table 3). The scores for the infiltration of IgG4-positive
plasma cells in the common bile duct (3,3,3,3,3) and in the
gallbladder (3,3,3,3,2) of patients with AIP with high serum
IgG4 levels were significantly higher than the scores in the
common bile duct (2,2,2) and in the gallbladder (2,1,1) of
patients with normal serum IgG4 levels (P = 0.05 and P = 0.04,
respectively).

The scores for the K-ras mutation in the common bile duct
(3,3,3,3,3) and in the gallbladder (3,3,3,2) of patients with AIP
with high serum IgG4 levels were significantly higher than the
scores in the common bile duct (0.5, 0.5) and in the gallbladder
(0.5,0.5,0.5) of patients with normal serum IgG4 levels (P =0.02
and P = 0.04, respectively).

DISCUSSION

This study revealed 3 important, new findings regarding AIP.

First, high-frequency K-ras mutation was detected in the
pancreas of all 8 patients with AIP and in the pancreatic juice
of the other 2 patients with AIP. The mutant type of ras gene
was GAT in all the 10 patients. On the other hand, in the patients
with chronic alcoholic pancreatitis, high-frequency K-ras mu-
tations in the resected pancreas and the pancreatic juice were
only detected in 40% and 10% of the samples, respectively.

© 2009 Lippincott Williams & Wilkins

K-ras mutation is believed to occur at a relatively early stage
during the multistep carcinogenesis process. K-ras mutation was
found in mucous cell hyperplasia in chronic pancreatitis, a con-
dition that is considered to be a risk factor for the development
of pancreatic cancer.''™'* The incidence of K-ras mutation in
chronic pancreatitis was reported to be 27%.** According to Tada
et al,>> K-vas mutation was detected in 19 (24%) of 79 cases of
hyperplastic epithelium of the pancreas and in all 30 cases of
pancreatic cancer. K-ras mutation was not detected in a normal
pancreatic duct epithelium. Six mutant types of ras gene were
detected in the hyperplastic epithelium of the pancreas including
GAT (21%), GTT (21%), CGT (5%), TGT (37%), and AGT
(16%), and the mutant types detected in pancreatic cancer were
GAT (53%), GTT (33%), and CGT (14%).% The frequencies and
types of K-ras mutation detected in the pancreas of patients
with AIP were quite different from those of the hyperplastic
epithelium.

The cumulative risk of pancreatic cancer in subjects with
chronic pancreatitis was reported to be 1.8% after 10 years and
4.0% after 20 years.'* Regarding AIP, 4 cases of pancreatic
cancer associated with AIP have been reported in the English
literature.>® Of these 4 cases, pancreatic cancer was diagnosed
simultaneously with AIP in 2 cases,™® 1 case of pancreatic can-
cer developed 5 years after pancreatoduodenectomy for AIP®
and the other developed 3 years after starting steroid therapy.’
We have experienced no cases of pancreatic cancer associated
with AIP, but an additional 3 cases were reported in the Japanese
literature.>*~2¢ Localizations of these 7 pancreatic cancers were
in the pancreatic head (n = 1), the body (n = 3), and the tail
(n = 4). Recently, elevation of serum IgG4 levels was detected
in 7.0%% to 9.6%2® of patients with pancreatic cancer. Because
AIP is a relatively rare and newly described type of pancreatitis,
the prevalence of developing pancreatic cancer in AIP is cur-
rently unclear. However, in contrast to pancreatic cancer that
typically occurs decades after the onset of chronic pancreati-
tis, pancreatic cancer associated with AIP developed during a
much shorter time frame. This may be because K-ras mutation
occurred far more frequently and significantly in the pancreatic
ducts of patients with AIP compared with patients with chronic
pancreatitis.

Our second significant finding is that high-frequency K-ras
mutation was detected in the common bile duct epithelium of
S patients with AIP and in the gallbladder epithelium of 4
patients with AIP. Four mutant types were detected in the biliary
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tract, although only GAT was detected in the pancreas. The
incidence rates of K-ras mutation in patients with bile duct
cancer and patients with gallbladder cancer was reported to be
20%2° to 100%>° and 38%>" to 55%,>° respectively. The mutant
type in the bile duct and the %allbladder cancers was reported to
be GAT in 50%°% to 80%>" and 86%° of mutation-positive
cases, respectively.

Sclerosing cholangitis is the most frequent extrapancreatic
lesion seen in patients with AIP (40/55; 73% in our series).
However, sclerosing cholangitis associated with AIP is quite
different from primary sclerosing cholangitis, which sometimes
develops into bile duct cancer, because it is responsive to steroid
therapy and has abundant infiltrating IgG4-positive plasma cells
in the intrahepatic bile duct wall in contrast to primary scleros-
ing cholangitis.>>** Sclerosing cholecystitis was found in 24%
of our patients with AIP. It is recently suggested that sclerosing
cholangitis and cholecystitis occur via the same mechanism
as AIP (called as IgG4-related sclerosing disease) because the
histopathological findings are similar and patients with either
condition respond well to steroid therapy.>**> Recently, early
bile duct cancer in a patient with sclerosing cholangitis with
abundant infiltration of IgG4-positive plasma cells associated
with AIP was histologically confirmed in the resected spec-
imen.*® Because high-frequency K-ras mutation was found in
the biliary tract of half of the patients with AIP we studied,
sclerosing cholangitis and sclerosing cholecystitis associated
with AIP may be a risk factor for biliary cancer.

A third important observation from our study is that the
degrees of K-ras mutation in the bile duct and the gallbladder
of patients with AIP were correlated with the degree of fibro-
inflammation with infiltration of IgGd4-positive plasma cells.
Pancreatic intraepithelial neoplasias, ductal precursor lesions
giving rise to invasive pancreatic adenocarcinoma, are classi-
fied from low grade (PanIN-1) to high grade (PanIN-3).'**! K-ras
mutation is thought to be the initiating mutation responsible for
PanIN-1 lesions.'? In cancer-associated PanIN lesions, there was
a stepwise increase in K-ras mutation that correlated with the
grade of dysplasia.®” However, abnormal changes in the pan-
creatic duct epithelium were less frequent in patients with AIP
than in patients with chronic pancreatitis. The epithelia of the
bile duct and the gallbladder of all 9 patients with AIP also
showed no hyperplastic or dysplastic changes. Increased pro-
liferation of cells and p53 overexpression were not detected in
any specimen. K-ras mutation in patients with AIP may occur in
a mechanism different from chronic pancreatitis.

Zen et al®® reported that forkhead box P3 (Foxp3)—positive
regulatory T cells, producing interleukin 10 and transforming
growth factor B, which was followed by IgG4 class switching
and fibroplasias, were increasingly detected in the pancreas and
the biliary tract of patients with AIP. The present study also
demonstrated increasing infiltration of Foxp3-positive cells in
the fibroinflammatory lesions with many IgG4-positive plasma
cells. On the other hand, Foxp3-positive regulatory T cells were
increased locally in pancreatic cancer.® Furthermore, it was
recently reported that Foxp3-positive regulatory T cells and in-
flammation played an essentially important role for K-ras-
mediated lung tumorigenesis in mice, 0

In our series, spontaneous improvement occurred in 3
patients with AIP, and 4 asymptomatic patients with AIP with
segmental pancreatic enlargement have demonstrated no
changes without steroid therapy during 1 to 2.5 years. Auto-
immune pancreatitis is usually diagnosed at active stage, but
1gG4-related fibroinflammation may have persisted subclinically
in the pancreatobiliary regions for a long time. In patients with
AIP, K-ras mutation may occur in the persistent fibro-
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inflammatory pancreas and the biliary tract with Foxp3-positive
cells.

This study is the first to reveal frequent and significant
K-ras mutation in the pancreatobiliary regions of patients with
AIP. The analyzed cases in this study are too small to be conclu-
sive, but these findings suggest that AIP may be a risk factor of
pancreatobiliary cancer. Further study of more cases and other
sites of the pancreas including the mechanism of K-ras mutation
should be necessary. However, because AIP may predispose
patients to development of pancreatic or biliary cancer, diag-
nosis and follow-up of AIP should be conducted with careful
attention to the possibility of pancreatobiliary cancer occurring
simultaneously or within a short time after AIP diagnosis.

In conclusion, significant K-ras mutation was detected in
the pancreas of all patients with AIP. The detection of K-ras
mutation in the bile duct and the gallbladder was correlated
with IgGd-related fibroinflammation with Foxp3-positive cells.
Autoimmune pancreatitis may be a risk factor of pancreato-
biliary cancer.
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