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Abstract

Background and study aims Expression of the forkhead/
winged helix family of transcription factor P3+ regulatory
T cells (FOXP3™" Treg), a master gene of regulatory T cells
(Treg) is observed in patients with autoimmune pancreatitis
(AIP). We investigated the usefulness of detection of
FOXP3* Treg in the main duodenal papilla for differential
diagnosis between AIP and pancreatic cancer (Pca).
Firstly, we determined the cut-off
value of FOXP3 expression in duodenal papilla taken from
the patients with AIP (n = 22) and chronic pancreatitis
(n = 21). Data from 32 patients with AIP and 30 patients
with Pca who had undergone endoscopic biopsy were then
studied. The numbers of FOXP3* Treg-positive lympho-
cytes and IgG4-positive plasma cells per high-power field
(HPF) were counted in all the histopathological specimens.
Results The areas under the receiver-operating charac-
teristic (AUROC) curves for FOXP3* and IgG4 expression
were 0.934 and 0.953, respectively. Cut-off values calcu-
lated based on AUROC data were 14/HPF in FOXP3 and
10/HPF in IgG4. Seropositivity for IgG4 was observed in
22 out of the 31 patients with AIP (sensitivity 71.0%,
specificity 84.6%, accuracy 75.0%). Significant infiltration
of the major duodenal papilla by FOXP3" lymphocytes

Patients and methods

K. Kubota (I<)) - S. Kato - S. Watanabe - K. Fujita -

M. Yoneda - H. Takahashi - M. Inamori - T. Shimamura -
H. Kirikoshi - N. Kobayashi - S. Saito - A. Nakajima
Division of Gastroenterology, Yokohama City University
Graduate School of Medicine, Fukuura 3-9,

Kanazawa, Yokohama 236-0004, Japan

e-mail: kubotak @yokohama-cu.ac.jp

K. Hisatomi - N. Matsuhashi

Division of Gastroenterology, Kanto Medical Center,
Shinagawa, Japan

@ Springer

(>14/HPF) was recognized in 18 of the 32 patients with
AIP (sensitivity 56.3%, specificity 100%, accuracy 77.4%).
Significant infiltration of the major duodenal papilla by
IgG4-positive plasma cells (>10/HPF) was recognized in
27 of the 32 patients with AIP (sensitivity 84.4%, speci-
ficity 80.0%, accuracy 82.3%).

Conclusions Observation of FOXP3™ cells in the main
duodenal papilla may be useful in the differential diagnosis
between AIP and Pca.

Keywords FOXP3 up-regulation - IgG4 - Duodenal
papilla - AIP - Pancreatic cancer

Introduction

Obtaining sufficient pancreatic tissue for the diagnosis of
AIP is a challenge. However, biopsy of the duodenal
papilla is easy, safe, and reliable, and is useful as a sup-
plemental diagnostic test [1]. We have reported that
immunostaining for IgG4 of biopsy specimens taken from
the duodenal papilla is valuable for the diagnosis of auto-
immune pancreatitis (AIP) [1]. Kamisawa [2] reported the
usefulness of IgG4 immunostaining of endoscopic biopsy
specimens in the differential diagnosis between AIP and
pancreatic head cancer. As for serological markers of AIP,
organ-specific autoantibodies such as those against car-
bonic anhydrase [3], lactoferrin [3] and pancreatic secre-
tory trypsin inhibitor [4] have been studied; however, their
usefulness remains debatable. Seropositivity for IgG4 has
been reported as an extremely common and easily mea-
surable diagnostic marker in patients with AIP [5]; how-
ever, recent studies have not confirmed this suggestion [6,
7]. It has been reported that the expression levels of Th2
cytokines and regulatory cytokines [interleukin (IL)-10 and
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transforming growth factor (TGF)-f] are up-regulated in
the affected tissues in patients with AIP [8]. In addition, the
forkhead/winged helix family of transcription factor P3+
regulatory T cells (FOXP3™ Treg), a master gene of reg-
ulatory T cells (Treg) involved in immunosuppression and
induced by regulatory cytokines, was reported to be
detected in the affected tissues in AIP patients [9]. How-
ever, local detection and significance in biopsy specimens
have rarely been evaluated [10]. AIP, especially the focal-
mass-forming type, can mimic pancreatic cancer (Pca), and
differential diagnosis between the two conditions can be
difficult in IgG4-seronegative patients. The aim of this
study was to identify a more useful method than estimation
of serum IgG4 for differential diagnosis between AIP and
Pca. In order to achieve this, we reviewed the immuno-
histopathological findings, including infiltration by
FOXP3" Treg, of biopsy specimens obtained from the
duodenal papilla in patients with AIP to determine their
clinical significance.

Methods
Patient selection

Firstly, the medical records of 22 consecutive AIP patients
with a naive duodenal papilla (14 men and 8 women,
mean age 66.7 years, age range 40-76 years) and 21 age-
and sex-matched patients with chronic pancreatitis (11
men and 10 women, mean age 60.9 years, age range
22-86 years) who underwent an endoscopic biopsy
between April 2006 and March 2008 at our institution
were retrospectively examined to decide the cut-off value
for FOXP3-expression in the duodenal papilla in the
supplemental diagnosis of AIP. Then, 32 patients with
AIP (22 patients plus an additional 10 patients) with a
biopsy-naive duodenal papilla (24 men and 8 women,
mean age 65.5 years, age range 40-93 years) who
underwent endoscopic biopsy at our institution between
April 2008 and March 2010 were retrospectively exam-
ined. Thirty patients with Pca (11 men and 19 women,
mean age 69.1 years, age range 53-82 years) who
underwent endoscopic biopsy at our institution were also
examined as controls. Of the 30 patients with Pca, 16
underwent surgical resection of the pancreas (pancreato-
duodenectomy, n = 14; distal pancreatectomy, n = 2),
and the remaining 14 were treated by endoscopic metal
stenting and administration of gemcitabine. None of the
patients with Pca showed cancer infiltration of the duo-
denal papilla. AIP was diagnosed according to the revised
Japanese Diagnostic Criteria for AIP published in 2006
[11]. As for the criteria for the diagnosis of pancreatic
swelling, we considered pancreatic swelling to be present

when the maximum width of the pancreas measured more
than 25mm in the head region and/or 20 mm or more in
the body and tail region. Diffuse pancreatic swelling was
diagnosed when more than two-thirds of the pancreas was
swollen, and focal pancreatic swelling was diagnosed
when less than one-third of the pancreas was swollen on
computed tomographic (CT) images. Spontaneous remis-
sion was defined as remission occurring in the absence of
corticosteroid therapy, that is, disappearance of the pan-
creatic swelling visualized on CT and/or resolution of the
diffuse narrowing of the main pancreatic duct as visual-
ized by endoscopic retrograde cholangiopancreatography
(ERCP) prior to the commencement of steroid therapy, as
previously described [12]. A swollen duodenal papilla
(SDP) in one patient with AIP was characterized by an
indistinct border between the papilla and the orad pro-
trusion [13]. Agreement between two experienced endos-
copists (K.K. and N.K.) was required for the diagnosis of
an SDP. Biopsy of the duodenal papilla and review of the
patients’ clinical records were performed with the
approval of the Ethics Committee of Yokohama City
University Hospital.

Resection of pancreatic specimens

To validate the usefulness of immunohistochemistry for
IgG4 and/or FOXP3 in AIP, we evaluated both surgically
resected specimens of the pancreas and the duodenal
papilla in three AIP patients, two chronic alcoholic pan-
creatitis (CAP) patients and five Pca patients.

Biopsy specimens obtained from the duodenal papilla

We obtained forceps biopsy specimens of biopsy-naive
duodenal papillae from a location above the orifice of the
bile duct during ERCP to avoid acute pancreatitis sec-
ondary to edema. The biopsy was performed using a Radial
Jaw3 (Boston Scientific Co., Natick, MA, USA). Biopsy
specimens before and after therapy were also evaluated in
ten patients with AIP.

Histological and immunohistopathological evaluation
of the duodenal papilla

We reviewed the surgically resected pancreatic specimens
and biopsy specimens obtained from the duodenal papilla.
Hematoxylin and eosin-stained sections were examined.
Immunostaining was performed by the avidin-biotin per-
oxidase method, in accordance with the manufacturer’s
instructions, to detect FOXP3 (236A/E7, 1:50; Abcam,
London, UK) and IgG4 (anti-IgG4, 1:400; ZYMED, San
Francisco, USA) [14] in the duodenal papilla, using the
primary antibodies indicated within the parentheses. To
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determine FOXP3-immunopositivity in the duodenal
papilla, the number of FOXP3-positive lymphocytes/HPF
was counted. To determine IgG4-immunopositivity in the
duodenal papilla, the number of IgG4-positive plasma
cellssfHPF was counted; counts more than the mean
count/HPF were regarded as positive. Each slide was
evaluated by the authors (K.K. and N.K.) who were
unaware of the clinical data. Immunopositive cell quan-
tification was performed by light microscopy (Olympus
BX41 microscope, Olympus Corporation, Tokyo, Japan)
using a 40x field objective and a 10x ocular lens,
which corresponded to a field diameter of 0.47 mm for
both FOXP3- and IgG4-stained slides. To evaluate the
diagnostic accuracy of FOXP3 and IgG4 expression in
the duodenal papilla in AIP patients, the area under the
ROC curve (AUROC), sensitivity, specificity and accu-
racy were calculated.

Statistical analysis

All the analyses were performed using the SPSS 12.0
software (SAS, Chicago, IL, USA). The results were
expressed as mean £ SD. The clinical and histopatholo-
gical variables were analyzed using the Student ¢ test. The
ROC curve is a plot of sensitivity versus 1— specificity for
all possible cut-off values. P values of less than 0.05 were
considered to denote statistical significance.

Results
Patient characteristics

The clinicopathological features of the patients with AIP
are shown in Table 1. No significant differences in age

Table 1 Clinicopathological

findings in patients with AIP Case Agelsex IeG 1gG4 Vater' Pancr.eas V-1gG4 V-FOXP3 Steroid
= 32) (mg/dl) (mg/dl) swelling swelling (cells/HPF) (cells/HPF) therapy
1 65/M 3,310 5 + Diffuse 2 10 +
2 T1/F 2,617 11 — Focal 1 11 sp
3 50/F 1,270 30 — Focal 1 13 sp
4 58/M 1,800 40 + Focal 20 22 +
5 54/M 1,956 47 — Focal 26 8 sp
6 54/F 1,326 64 — Focal 16 13 sp
7 70/M 1,308 74 - Focal 17 13 sp
8 74/M 2,279 105 — Focal 1 15 sp
9 72/M 1,655 107 + Diffuse 17 17 sp
10 75/M 1,384 149 — Focal 10 3 sp
11 76/M 1,652 158 + Diffuse 24 21 +
12 64/M 1,270 173 + Focal 0 14 +
13 70/M 1,557 200 + Diffuse 25 24 +
14 78/M 2,488 229 + Diffuse 15 22 +
15 62/F 1,275 312 + Focal 12 19 +
16 49/M 1,967 315 + Focal 12 24 +
17 59/M 2,160 332 + Diffuse 20 15 +
18 81/M 2,703 358 + Focal 16 3 —
19 70/M 2,177 480 — Diffuse 25 12 —
20 54/F 1,961 494 + Focal 25 30 +
21 93/M 2,460 494 + Diffuse 22 10 —
22 76/M 2,200 507 + Diffuse 12 6 +
23 62/M 1,896 547 + Diffuse 50 15 +
24 81/M 1,800 600 + Diffuse 18 10 +
25 75/M 2,206 601 + Focal 24 15 +
26 68/M 2,240 813 + Diffuse 22 8 +
AIP Autoimmune pancreatitis, 27 61/M 2,218 974 + Diffuse 36 28 +
M male, F female, HPF high- 28 40/M 6,020 1,100 + Diffuse 20 20 +
e meam o um e biwe 6 m
therapy, V-IgG4 1gG4 expression 30 56/F 3,522 1,400 + Diffuse 80 10 +
in the duodenal papilla, 31 58/F 4,529 2,060 + Diffuse 28 29 +
V-FOXP3 FOXP3 expression 32 63M 3,200 NE 4 Diffuse 60 20 -

in the duodenal papilla
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Fig. 1 Endoscopic view of a swollen duodenal papilla in a patient
with AIP

were noted between the patients with AIP (65.5 £ 11.6)
and those with Pca (69.1 &+ 6.5). There were significant
differences in the gender distribution between the patients
with AIP (male:female = 24:8) and those with Pca
(male:female = 11:19) (p < 0.05). In regard to the serum
IgG4 (cut-off value >135 mg/dl), 71.0% (22/31) of the
AIP patients and 18.2% (2/11) of the Pca patients
(p < 0.01) were seropositive for IgG4. Lymphoplasmacy-
tic cell infiltration was recognized in the pancreatic biopsy
specimens in cases 3, 6 and 7. Case 9 showed serum pos-
itivity for antinuclear antibody. Twenty of the 32 patients
with AIP improved with corticosteroid therapy, eight
patients showed spontaneous remission, and the remaining
four showed no improvement.

Endoscopic features

An SDP was recognized in 75% (24/32) of the patients with
AIP (Fig. 1) and 3.3% (1/30) of the patients with Pca
(p < 0.01). In the patients with AIP, there were significant
differences in the incidence of an SDP between the 1gG4-
seronegative group (33.3%, 3/9) and IgG4-seropositive
group (90.5%, 19/21) (p < 0.01). Seropositivity for 1gG4
was recognized in 87.5% (21/24) of the patients with an
SDP. IgG4 expression in the duodenal papilla (Fig. 2) was
detected in 79.2% (22/24) of AIP patients with an SDP.
FOXP3 expression in the duodenal papilla (Fig. 3) was
detected in 70.8% (17/24) of patients with AIP showing an
SDP. IgG4 and/or FOXP3 expression in the duodenal papilla
was positive in some cases even in the absence of an SDP.

Fig. 2 IgG4-immunostaining results in a biopsy specimen from a
swollen duodenal papilla in a patient with AIP. A total of 36 1gG4-
positive plasma cells (x400) are visible

Fig. 3 FOXP3-immunostaining results in a biopsy specimen from a
swollen duodenal papilla in a patient with AIP. A total of 19 FOXP3-
positive lymphocytes/HPF (x400) are visible

Immunohistopathological findings focusing on FOXP3
and IgG4 in the duodenal papilla and pancreas

of patients with AIP (n = 3), CAP (n = 2) or Pca
(n=75)

Table 2 shows the FOXP3 and IgG4 expression patterns in
the pancreatic tissues of patients who underwent surgical
resection. With regard to FOXP3 expression in the pan-
creas, a number of FOXP3-positive lymphocytes were
recognized in the pancreas of the AIP and Pca, but not CAP
patients. In relation to the expression of FOXP3 in the
duodenal papilla, a number of FOXP3-positive lympho-
cytes were detected in the duodenal papilla in a patient
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Table 2 FOXP3 and IgG4 expression in pancreatic tissue of AIP (n = 3), CAP (n = 2) and PCA (n = 5)

Case Diagnosis Age/sex Site LPSP P-FOXP3 V-FOXP3 P-1gG4 V-IgG4
(cells/HPF) (cells/HPF) (cells/HPF) (cells/HPF) (cells/HPF)

1 AIP 68/M Head +) 70 NE 33 NE

2 AIP 49/M Tail +) 35 12 45 24

3 AIP 68/M Head (+) 43 NE 42 NE

4 CAP 44/M Tail (=) 8 2 8 1

5 CAP 20/M Tail (=) 11 NE 4 NE

6 Pca 72/F Head (=) 40 0 6 0

7 Pca 65/F Head (=) 45 2 6 0

8 Pca 73/M Head (=) 45 1 50 10

9 Pca 59/F Head (=) 37 NE 5 NE

10 Pca 72/M Head (=) 21 9 2 0

AIP Autoimmune pancreatitis, CAP chronic alcoholic pancreatitis, Pca pancreatic cancer, Site head or tail of the pancreas, LPSP lympho-
plasmacytic sclerosing pancreatitis, HPF high-power field, NE not examined, P-FOXP3 FOXP3 expression in the pancreas, V-FOXP3 FOXP3
expression in the duodenal papilla, P-IgG4 1gG4 expression in the pancreas, V-IgG4 1gG4 expression in the duodenal papilla

with AIP (case 2), but not CAP or Pca. With regard to
IgG4 expression in the pancreas, a number of IgG4-
positive plasma cells were observed in the pancreas in the
AIP, but not CAP or Pca patients. However, one patient
with Pca (case 8) showed abundant IgG4-positive plasma
cells in the pancreas in the absence of lymphoplasmacytic
sclerosing pancreatitis, as well as in the duodenal papilla.
Histologically, lymphocytic infiltration was present in the
stroma of the duodenal papilla in the AIP but not Pca
patients. Fibrosis was hardly detected in any of the
specimens in the duodenal papilla. FOXP3-positive lym-
phocytes typically infiltrated the stroma in the AIP but not
Pca patients.

Immunohistopathological findings focusing on FOXP3
and IgG4 in the duodenal papilla of patients with AIP
(n = 32) or Pca (n = 30)

IgG4-positive plasma cells were also recognized in the
stroma of the duodenal papilla in patients with AIP. Infil-
tration by IgG4-positive plasma cells was rarely recognized
in patients with Pca. With regard to the number of FOXP3-
positive lymphocytes in the duodenal papilla, the values
were 16.4 £+ 7.8 and 2.1 £ 3.4 cells/HPF in the patients
with AIP and Pca, respectively (p < 0.05). With regard to
the number of IgG4-positive plasma cells, the values were
21.9 + 17.2 and 4.5 & 5.2 cells/HPF in the patients with
AIP and Pca, respectively (p < 0.05).

Correlation between the number of IgG4- and
FOXP3-expressing cells in the duodenal papilla
in patients with AIP

A positive correlation was observed between the number of
FOXP3-positive and IgG4-positive cells in the duodenal
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Fig. 4 A positive correlation was observed between the number of
FOXP3-positive and IgG4-positive cells in the duodenal papilla in the
patients with AIP (R = 0.543, p < 0.01)

papilla in the patients with AIP (R = 0.543, p < 0.01)
(Fig. 4). We also confirmed a positive correlation between
the serum IgG4 level and the number of IgG4-positive cells
in the duodenal papilla in the patients with AIP (R = 0.615,
p <0.01). We found a low correlation (R = 0.376,
p = 0.0376) between the serum IgG4 level and the number
of FOXP3-positive cells in the duodenal papilla in patients
with AIP.

ROC curves and cut-offs

The cut-off values of FOXP3 and IgG4 were evaluated
before we studied the usefulness of different diagnosis
between AIP and Pca. The area under the ROC curve for
distinguishing between AIP (n = 22) and CAP (n = 21)
based on the FOXP3 and IgG4 expression levels in the
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Fig. 5 The area under the ROC curve for distinguishing between AIP
(n = 22) and chronic alcoholic pancreatitis (n = 21) based on the
FOXP3 and IgG4 expression levels in the duodenal papilla were
0.934 and 0.953, respectively

Table 3 Sensitivity, specificity and accuracy in the diagnosis of AIP
using FOXP3 and IgG4 expression in duodenal papilla

Sensitivity Specificity Accuracy
SDP 75.0% (24/32) 96.6% (29/30) 85.5% (53/62)
Serum-IgG4 71.0% (22/31) 84.6% (11/13) 75.0% (33/44)
V-FOXP3 56.3% (18/32) 100% (30/30) 77.4% (48/62)
V-1gG4 84.4% (27/32) 80.0% (24/30) 82.3% (51/62)
V-FOXP3 90.6% (29/32) 80% (24/30) 85.5% (53/62)
+ V-IgG4

SDP Presence of swollen duodenal papilla, V-FOXP3 (FOXP3
expression in the duodenal papilla) positive >14 cells/HPF, V-IgG4
(IgG4 expression in the duodenal papilla) positive >10 cells/HPF

duodenal papilla were 0.934 and 0.953, respectively
(Fig. 5). The optimal cut-off values of FOXP3 and [gG4
were more than 14 cellssHPF (p <0.05, 95% CI
0.862—1.006) and more than 10 cells/HPF (p < 0.05, 95%
CI 0.889-1.008), respectively.

Sensitivity, specificity, and accuracy of detection
of FOXP3-positive and IgG4-positive cells using
duodenal papilla biopsy specimens in the diagnosis
of AIP

We studied the sensitivity, specificity, and accuracy of
presence/absence of SDP, seropositivity of IgG4 (serum-
IgG4), and FOXP3 and IgG4 over-expression in the duo-
denal papilla of the AIP patients based on the AUROC data
(Table 3). The sensitivity, specificity and accuracy of

Table 4 Comparison of the number of FOXP3- and IgG4-positive
cells in the duodenal papilla between pre- and post-corticosteroid
therapy

FOXP3 (cells/HPF) 1gG4 (cells/HPF)

pre Tx post Tx pre Tx post Tx

— *

332198

*

AIP (n=10) 21.8+7.8 4.7+4.73 7.0 £ 9.2

*p<0.01

Pre Tx Before corticosteroid therapy, Post Tx after corticosteroid
therapy, HPF high-power field

detection of an SDP were 75, 96.6 and 85.5%, respec-
tively, for the diagnosis of AIP. The sensitivity, specificity
and accuracy of elevated serum IgG4 for the diagnosis of
AIP were 71.0, 84.6 and 75.0%, respectively. The sensi-
tivity, specificity and accuracy of detection of FOXP3
positivity in the duodenal papilla for the diagnosis of AIP
were 56.3, 100 and 77.4%, respectively, and the corre-
sponding values for the detection of IgG4 positivity in the
duodenal papilla were 84.4, 80.0 and 82.3%, respectively.
Regarding IgG4, the cut-off value was more than 10 cells/
HPF, which is the same as the previously reported level
[8]. Table 3 shows a fair sensitivity, the highest specificity
and good accuracy of FOXP3 over-expression in the
duodenal papilla for the diagnosis of AIP. If we use a
combination of FOXP3 and IgG4 expression in the duo-
denal papilla, the sensitivity, specificity and accuracy for
the diagnosis of AIP improve to 90.6, 80.0 and 85.5%,
respectively.

Usefulness of monitoring FOXP3 and IgG4
overexpression in the duodenal papilla in predicting
response to therapy in patients with AIP

The effects of corticosteroid therapy on immunopositivity
for FOXP3 and IgG4 in the duodenal papilla are
reviewed in Table 4. A marked and significant decrease
(p <0.01) in the number of FOXP3-positive lympho-
cytes and IgG4-positive plasma cells was noted in the
duodenal papilla after corticosteroid administration as
compared with the findings before the start of therapy.
Patients in whom the number of FOXP3-positive lym-
phocytes (positivity of more than 14 cells/HPF) and
IgG4-positive plasma cells (positivity of more than
10 cells/HPF) were normalized showed a favorable
clinical course more than 2 years after corticosteroid
therapy. On the other hand, the numbers of FOXP3- and
IgG4-positive cells were greater than 14 cells/HPF in the
two cases that relapsed.
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Discussion

The differential diagnosis of AIP from Pca can be chal-
lenging, since AIP forms focal masses mimicking Pca [15].
As such patients are sometimes IgG4-seronegative,
unnecessary surgery is occasionally performed [16]. Our
results showing up-regulation of FOXP3 and IgG4
expression in the main duodenal papilla may be useful as a
supplementary method for differential diagnosis between
AIP and Pca.

The serum IgG4 level is a reliable marker for the
diagnosis of AIP [5]; however, its sensitivity ranges from
70 to 90% [17]. Furthermore, in some patients with AIP,
such as those with IgG4-seronegativity who exhibit focal
pancreatic swelling, histopathological evidence is also
necessary for the diagnosis of AIP. In addition, obtaining
sufficient biopsy material for the diagnosis of AIP can be a
challenge, even if EUS-FNA is performed [18]. Biopsy
specimens of the duodenal papilla that are immunostained
for IgG4 have been reported to provide valuable supple-
mentary information for the diagnosis of AIP [1, 14].

On the other hand, other aspects of AIP, such as the
expression of the master Treg gene forkhead/winged helix
family of transcription factor P34 regulatory T cells
(FOXP3* Treg), have been reported in patients with AIP
[8, 9]. We hypothesized that FOXP3 might be another
marker for AIP. The number of Th2 cells and regulatory T
cells reportedly increases in the lesions in IgG4-related
diseases, including AIP [8]. In addition, the levels of Th2-
related cytokines, represented by interleukin (IL)-4, and the
levels of regulatory cytokines, represented by IL-10,
increase in AIP and IgG4-related diseases, leading to IgG4
and IgE production [8]. The presence of these cytokines
can explain the histopathological features shared by IgG4-
related diseases [8], and FOXP3 regulates both I1gG4 pro-
duction, as a result of inducing IL-10, and the fibrosis, as a
result of inducing TGF-f. Recent data have also revealed
that ampullary features observed using IgG4 immuno-
staining in patients with AIP might provide supplementary
diagnostic information and obviate the need for pancreatic
biopsy [1, 14]. This is the first study to examine the use-
fulness of FOXP3 expression in biopsy specimens of the
duodenal papilla for the diagnosis of AIP.

We found a low correlation between the serum IgG4
level and the number of FOXP3-positive cells in the duo-
denal papilla in patients with AIP. However, the specificity
(100%) of using FOXP3 expression in the duodenal papilla
for the different diagnosis between AIP and Pca was
excellent. Although the sensitivity (56.3%) for the diag-
nosis is inferior to that using IgG4 expression in the duo-
denal papilla (84.4%), we believe that high specificity but
low sensitivity in the diagnosis helps to rule out AIP
mimicking Pca as a diagnosis.

@ Springer

Our data show that the numbers of FOXP3-positive cells
and IgG4-positive cells in the duodenal papilla of patients
with AIP are significantly higher than those in patients with
Pca. We also found that the number of FOXP3-positive
cells is positively correlated with the number of IgG4-
positive cells in patients with AIP. We must stress that
none of our patients with Pca shows FOXP3-positivity.
Although the sensitivity is relatively low, the specificity
and accuracy of evaluating the expression of FOXP3 in the
duodenal papilla for the diagnosis of AIP is not inferior to
that of evaluation of the presence of an SDP, seropositivity
for IgG4 and IgG4 expression in the duodenal papilla. We
found a low correlation between the serum IgG4 level and
the number of FOXP3-positive cells in the duodenal papilla
in patients with AIP. However, the specificity (100%) of
using FOXP3 expression in the duodenal papilla for the
differential diagnosis between AIP and Pca was excellent.
Although the sensitivity (56.3%) for the diagnosis is infe-
rior to that using IgG4 expression in the duodenal papilla
(84.4%), we believe that high specificity but low sensitivity
in the diagnosis helps to rule out AIP mimicking Pca as a
diagnosis. Therefore, evaluation of FOXP3 up-regulation
in the duodenal papilla is also of value in the differential
diagnosis between AIP and Pca.

What is the significance of FOXP3 expression in the
duodenal papilla in the diagnosis of AIP patients?
CD4"CD25" Treg cells, which may influence 1gG4 pro-
duction, and naive Treg cells, which may be involved in the
pathogenesis of AIP, are characterized by the expression of
a specific transcription factor, FOXP3, and play a key role
in the pathogenesis of autoimmune diseases [19]. Koyabu
et al. revealed FOXP3 up-regulation in IgG4-related scle-
rosing cholangitis. They concluded that abundant infiltra-
tion of Treg cells might affect the switching of B cells to
IgG4-producing plasmacytes [10]. We believe that FOXP3
expression in the duodenal papilla might be a useful sup-
plementary marker in the diagnosis of AIP, representing
the condition of the pancreas in patients with AIP.

With regard to the usefulness of immunostaining biopsy
specimens for FOXP3 and IgG4 in patients with AIP in
therapeutic evaluation, we have shown that the number of
FOXP3-positive and IgG4-positive cells decreases with
corticosteroid therapy; in these patients, no relapses were
observed after maintenance therapy for more than 2 years.
Therefore, steroid therapy could be terminated within
2-3 years if a biopsy specimen obtained from the duodenal
papilla was negative for FOXP3 and IgG4. Thus, we
believe that the FOXP3 expression level in the duodenal
papilla might be a useful marker, in addition to IgG4
expression in the duodenal papilla, and be of value for
predicting the response to therapy in patients with AIP.

We diagnosed all patients with AIP by using JPS criteria
2006 [11]; however, cases 7 and 9 shown in Table 1
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required a surgical operation to reveal lymphoplasmacytic
sclerosing pancretitis. If we had used endoscopic diagnosis
using FOXP3 and/or IgG4 expression, we could have
avoided the unnecesary surgical procedures. We believe
that this endoscopic diagnosis is a promising, less invasive
way to diagnose AIP than surgical procedure.

The present study was a single-center, retrospective
study with a relatively small number of AIP cases. In
addition, the immunohistological findings in the duodenal
papilla could not be compared with those in the pancreas.
A large case series with a prospective study design using
biopsy specimens from both the duodenal papilla and
pancreatic tissue is needed to overcome the limitations of
the present study.

In conclusion, the observation of FOXP3™" up-regulation
in the main duodenal papilla showed a reasonable degree of
sensitivity, a higher specificity and an equal accuracy of
differential diagnosis between AIP and Pca when compared
with IgG4 up-regulation in the main duodenal papilla, and
might also be useful for predicting the response to therapy
in patients with AIP.

Conflict of interest None.
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