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a b s t r a c t

Background: Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is a primary pancreatic
ductal epithelial neoplasm with the potential to develop into an invasive adenocarcinoma. This study
aimed to investigate the clinicopathologic and prognostic significance of four potential biomarkers for
the preoperative evaluation of patients with IPMN.
Materials and methods: Clinicopathologic materials from 104 patients with IPMN who underwent sur-
gical resection at Jichi Medical University Hospital were analyzed. IPMNs (110 lesions in total) were
histologically classified into low-grade IPMN (Group 1; n¼ 68), high-grade IPMN (Group 2; n¼ 16), or
IPMN with an associated invasive carcinoma (Group 3; n¼ 26). We evaluated the immunohistochemical
expression of MUC13, AGR2, FUT8, and FXYD3, which were previously reported to be overexpressed in
pancreatic ductal adenocarcinoma.
Results: The expression of MUC13 was more common in Group 3 compared with groups 1 and 2
(p< 0.001) and was associated with poor prognosis (p¼ 0.004). The expression of MUC13 was not
associated with age, sex, tumor location, histological subtype, lymphatic or vascular invasion, or neural
invasion. In most cases of IPMN, the loss of expression of AGR2 appeared to show an association with
tumor recurrence and poorly differentiated histology of invasive carcinoma; however, this association
was not statistically significant. The expressions of FUT8 and FXYD3were not associated with the clini-
copathological features of IPMNs.
Conclusions: The results suggest that MUC13 overexpression and loss of expression of AGR2 may predict
the progression of IPMN and an unfavorable prognosis in patients with IPMN.
© 2018 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

Intraductal papillary mucinous neoplasms (IPMNs) are
commonly diagnosed as cystic neoplasms of the pancreas and ac-
count for approximately 21%e33% of all clinically encountered
pancreatic cystic lesions [1]. In recent years, they have been char-
acterized by their clinicopathologic features and the associated risk
of malignant transformation [2,3]. IPMNs may arise from the main

pancreatic duct (main-duct type, MD-IPMN) or its side branches
(branch-duct type, BD-IPMN), or may involve both the main
pancreatic duct (MPD) and the side branches (combined-type
IPMN) [4,5]. MD-IPMN is associated with a significantly higher
mean risk of malignancy than BD-IPMN (61.6% vs. 25.5%) [2]. IPMN
with MPD involvement warrants surgical resection due to the high
risk of malignancy. However, it has been reported that some MD-
IPMN has almost unchanged for a long time [6,7].

International consensus guidelines for themanagement of IPMN
were established in 2006, recommending observation for asymp-
tomatic IPMN through the presence of a cyst with a maximum size
of 3 cm, as well as a non-dilated MPD, negative cytology, and the
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absence of intramural nodules [8]. As cases accumulated, questions
appeared regarding the role of cyst size [9,10] and symptoms [11].
The guidelines were revised in 2012 in Fukuoka, Japan, to include
the classifications: “high-risk stigmata” and “worrisome features”
[2]. In the revised 2012 guidelines, the threshold of MPD dilation
was lowered to �5mm [1]. According to these guidelines, a main
duct diameter of 5e9mm must be considered a ‘‘worrisome
feature’’ [2]. However, in this subgroup, resection is only recom-
mended if additional criteria such as obstructive jaundice or a solid
nodule component are observed as these criteria are regarded as
‘‘high-risk stigmata’’ [2]. However, reports show that invasive car-
cinoma may also be found in patients with MPD of a smaller
diameter without nodules or symptoms [4,12,13]. This often causes
frustration, as surgery could have been performed.

The guidelines suggest a therapeutic strategy based on imaging
studies. In addition, biomarkers to distinguish low-grade and high-
grade lesions using pancreatic juice cytology or biopsy specimens
would be very useful in decision making. This study aimed to
investigate the clinicopathologic and prognostic significance of
several potential biomarkers in patients with IPMN. We retrieved
previous reports and analyzed data on four biomarkers that were
reported to be overexpressed in cases of pancreatic ductal adeno-
carcinoma (PDAC), including mucin 13 (MUC13), anterior gradient
protein 2 (AGR2), fucosyltransferase 8 (FUT8), and FXYD domain
containing ion transport regulator 3 (FXYD3). MUC13 is a trans-
membrane mucin aberrantly expressed in ovarian and gastroin-
testinal cancers [14], AGR2 is a protein disulfide isomerase
overexpressed in several adenocarcinomas [16e21], and FUT8 is
a1,6-fucosyltransferase associated with fucosylation, one of the
most important types of glycosylation for malignant trans-
formation and metastasis [22]. Watanabe et al. reported that
fucosylation, particularly a-1,6-fucosylation as indicated by FUT8
expression, is upregulated in IPMNs and may be associated with
malignant transformation [22]. FXYD3, a chloride channel or
chloride channel regulator and a member of the FXYD family of
single membrane span proteins, was found to be expressed differ-
entially in PDAC [23].

Materials and methods

Patients

We retrospectively evaluated tissue samples from 104 patients
(63 men and 41 women; mean age, 66.9 years; range, 32e82 years)
who underwent surgical resection of IPMN (110 lesions in total) at
Jichi Medical University Hospital (Shimotsuke, Japan) between
January 1, 2000 andMay 31, 2016. The study protocol was approved
by the Ethics Committee of the Jichi Medical University. Medical
information, such as age, sex, history of diseases and recurrences,
and outcomes of the participants, was obtained from clinical
records.

Histopathological examination

The resected pancreas samples were fixed in 15% formalin, and
paraffin blocks were prepared. IPMNs were classified into one of
the three histological groups based on the Baltimore Consensus
Meeting for Neoplastic Precursor Lesions in the Pancreas [24]: low-
grade IPMN (Group 1), high-grade IPMN (Group 2), or IPMNwith an
associated invasive carcinoma (Group 3). Furthermore, based on
the immunohistochemical and histologic profiles of the prolifer-
ating epithelial cells, IPMNs were classified into one of the four
subtypes: gastric, intestinal, pancreatobiliary (PB), or oncocytic. If
two or more subtypes coexisted in the same lesion, the dominant
subtype was used for analysis. To assess the tumor size, we traced

the outline of IPMN and the associated invasive carcinoma on each
slide and added together the tumor areas on the gross photographs.
Subsequently, we measured the largest dimension of the tumor.
One patient, for whom a detailed report on the tumor volume was
missing, was excluded from the tumor size analysis. IPMNs were
classified into three groups based on distribution predominance:
MPD type, branch-duct type, or combined type. In addition, we
classified the histology of the invasion as colloid carcinoma or
tubular adenocarcinoma. When two different invasive features
coexisted in the same lesion, the dominant component of the
invasive carcinomawas used for the analysis. In patients with IPMN
with an associated invasive carcinoma, we also evaluated the
lymphatic invasion, vascular invasion, and neural invasion. Each
sectionwas reviewed by two authors (KM and NF), and a consensus
was reached in all the cases.

Immunohistochemistry

We evaluated the expression of MUC13, AGR2, FUT8, and FXYD3
by immunohistochemistry because the expressions of these genes
were previously reported in cases of PDAC. A representative section
of each lesion was selected for the analysis. The immunohisto-
chemical analysis was performed on 4-mm sections of paraffin-
embedded, formalin-fixed tissues. All procedures were performed
using a BenchMark ULTRA fully automated staining instrument
(Ventana Medical Systems Inc., Oro Valley, AZ, USA). Each section
was deparaffinized and incubated in Cell Conditioning Solution 1
(pH 8.5; Ventana Medical Systems Inc.) for 64min: AGR2 and
FXYD3 or 36min: MUC13 and FUT8 at 95 �C for antigen retrieval.
Then, the sections were incubated with primary antibodies against
the following molecules (all obtained from Novocastra Laboratories
Ltd., Newcastle Upon Tyne, UK) for 32min: AGR2 (rabbit polyclonal,
NBP2-27393, 1:100 dilution; Novus Biologicals, Littleton, CO), FUT8
(rabbit polyclonal, HPA043410; 1:500 dilution; SIGMA-ALDRICH, St.
Louis, MO), and FXYD3 (rabbit polyclonal, HPA010856; 1:100
dilution; SIGMA-ALDRICH, St. Louis, MO) or 16min: MUC13 (mouse
monoclonal, MABC209, clone 2E11.1; 1:1000 dilution, Darmstadt,
DE). Signals were visualized using an iView DAB Universal Kit
(Ventana Medical Systems Inc.). Finally, the sections were counter-
stained with Hematoxylin II (Ventana Medical Systems Inc.) for
8min and post-stained with Bluing Reagent (Ventana Medical
Systems Inc.) for 4min.

The proportion of positive cancer cell staining was graded as
follows: 0 (negative), <25% (1þ), 25%e50% (2þ), 50%e70% (3þ),
and >75% (4þ) [26]. For simplicity, the cells were considered pos-
itive if at least 25% of the cytoplasm was stained based on the re-
sults of the immunohistochemistry.

In a previous report the expression of MUC13 in colorectal car-
cinomas [25] was evaluated by localization: membrane, cytoplasm,
and nucleus. Furthermore, MUC13 is expressed weakly in the apical
membrane of the normal pancreatic duct. The expression of MUC13
tends to gradually increase toward the basal laminae. Therefore, the
expression of MUC13 was classified into three grades (Fig. 1)
[23,24]. We defined the pattern seen in Fig. 1-A as negative and the
patterns seen in Fig. 1-B and 1-C as positive. The intensity of the
expression was also evaluated.

Statistical analysis

All statistical analyses were performed using EZR software
(Saitama Medical Center, Jichi Medical University, Saitama, Japan)
[27]. Differences between groups in age were compared using the
KruskaleWallis test or ManneWhitney U test, while all other fea-
tures were compared using a chi-square test or Fisher exact test.
The difference in the expression of MUC13 among cases of IPMN
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with an associated invasive carcinoma was assessed by the McNe-
mar's test. Overall patient survival or disease-free survival were
estimated using the KaplaneMeiermethod; group differences were
compared using log-rank test. Univariate and multivariate analyses
were performed employing the Cox proportional hazards

regression model. The statistically significant variables in the uni-
variate analysis were considered in the multivariate analysis. A p-
value of <0.05 was considered statistically significant.

Results

The clinicopathological findings of all cases are summarized in
Table 1. First, we evaluated the immunohistochemical expression of
MUC13, AGR2, FUT8, and FXYD3 in Group 3. MUC13 was more
significantly expressed in invasive carcinoma components than in
intraductal components. AGR2 was expressed in almost all lesions.
FUT8 overexpression has been reported to be associated with
cancerization in cases of IPMN [22]; however, FUT8 expression was
low in our study. FXYD3 overexpression has been reported in
various carcinomas, including PDAC; however, no FXYD3 over-
expression was observed in IPMN [23]. FUT8 and FXYD3 expres-
sions were not associated with the clinicopathological features of
IPMNs. Based on these results, we analyzed only MUC13 and AGR2
overexpression in all cases of IPMNs.

Fig. 2 shows MUC13 overexpression based on histological grade.
MUC13 overexpression was observed in 23 invasive carcinoma
components and in 10 of the 26 intraductal components in Group 3.
MUC13 was significantly expressed in the invasive carcinoma
components (p< 0.005). MUC13 overexpression was not observed
in the intraductal components, even in high-grade cases with no
expression of MUC13 in invasive carcinoma components. In groups
1 and 2, MUC13 overexpression was observed in only five of the 84
intraductal components. No correlation was observed between
MUC13 overexpression and age, sex, tumor location, lymphatic
invasion, vascular invasion, neural invasion, histological subtypes,
or invasive distance. MUC13 overexpression was not significantly
associated with disease-free survival (DFS) (p¼ 0.074) (Fig. 3-A);
however, it was significantly associated with overall survival (OS)
(p¼ 0.004) (Fig. 3-B). No significant differences were found by
multivariate analyses. In Group 3, MUC13 overexpression in

Fig. 1. Normal and atypical cellular expression of MUC13. A: Theoretically, MUC13 is
produced in the cytoplasm and is delivered to the apical cell surface. We defined this
pattern as MUC 13 expression-negative. B: In low grade neoplastic cells, MUC13 is
localized at the lateral and apical cell surface membranes. C: In invasive carcinoma
cells, MUC13 is localized at the basal, lateral, and apical cell surface membranes,
possibly contributing to the loss of cellecell and celleECM binding. We defined pat-
terns B and C as MUC 13 expression-positive.
These figures were created based on reference [23] and [24].

Table 1
Summary of the clinicopathological characteristics in each group.

Group 1 (IPMN, low-grade) Group 2 (IPMN, high-grade) Group 3 (IPMN with an associated invasive carcinoma) total

n (patients/lesions) 62/68 16/16 26/26 104/110
Age (y)[range] 67.00 [43e82] 69.00 [32e81] 72 [55e82] 67 [32e82]
Sex
Male 44 10 13 67
Female 24 6 13 43

Tumor size (mm)
&20 14 2 2 18
20<, &40 26 3 9 38
40<, &60 20 5 9 34
>60 8 5 6 19

Location
Head 39 9 13 61
Body 20 5 11 36
Tail 8 2 2 12
Head to tail 1 0 0 1

Macroscopic type
Branch 38 2 9 49
Main 7 7 8 22
Combined 23 7 9 39

Histological subtype
gastric 56 8 6 70
intestinal 9 6 10 25
oncocyte 1 1 0 2
pancreatobiliary 2 1 10 13

Recurrence
Present 0 5 11 16
Absent 66* 11 14* 11

*2 patients who had no data of the outcome.
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intraductal or invasive components was not associated with OS and
DFS. MUC13 was found to have a sensitivity of 38.5% and a speci-
ficity of 87.5%.

No differences were observed in AGR2 overexpression between
groups. However, a loss of expression of AGR2 was noted in some
lesions (Fig. 4). The loss of expression of AGR2 tended to be
observed in cases of invasive carcinoma with poorly differentiated
features. This was observed in seven patients in Group 3; of these
patients, five experienced a recurrence, three died, and three
experienced a recurrence and died. In Group 3, 11 patients expe-
rienced a recurrence. Five of these patients had a loss of expression
of AGR2 whereas six did not. In patients with recurrence, five had
positive surgical margins and six had negative surgical margins.
Two of the six cases with negative surgical margins showed a loss of
expression of AGR2. However, the association between the loss of
expression of AGR2 and DFSwas not statistically significant. MUC13
overexpression and the loss of expression of AGR2 were not found
to be associated.

Discussion

In the present study, we found that MUC13 overexpression was
significantly more common in the invasive carcinoma components
than in the intraductal components, and it was significantly
correlated with OS in patients with IPMN. The loss of expression of
AGR2 was observed almost exclusively in cases of invasive carci-
nomas with poorly differentiated features, suggesting a high
recurrence rate.

MUC13 is a recently identified transmembrane mucin that is
normally expressed in the large intestine, trachea, kidneys, small
intestine, and gastric epithelium [28,29]. In recent studies, MUC13
was shown to be aberrantly expressed in ovarian and gastrointes-
tinal cancers [14]. MUC13 has a large 151-amino acid tandem repeat
domain, three epidermal growth factor (EGF)-like domains, and a
sea urchin sperm protein enterokinase arginine (SEA) domain

within the extracellular component, followed by a short 23-amino
acid transmembrane domain and a 69-amino acid cytoplasmic
domain (Fig. 5) [23,28]. Subhash et al. first reported that MUC13
was associated with pancreatic cancer [30]. Their data provided
novel evidence of the aberrant expression of MUC13 in pancreatic
tumors, suggesting a role of MUC13 in pancreatic tumorigenesis
and progression [30]. They proposed that MUC13 is overexpressed
in pancreatic cancer and induces cellular motility, proliferation, and
invasion through the modulation of HER2, PAK1, Akt, S100A4, and
p53 expression/activation [14]. In this study, we clarified that
MUC13 overexpression in the intraductal neoplastic components
increased according to the histological grade. In particular, we
found that MUC13 overexpression in the intraductal components
was more frequently observed in Group 3 than in Group 2. Maher
et al. reported that the aberrant subcellular localization of MUC13
may alter cell signaling due to interactions with the epidermal
growth factor receptors, leading to increased tumorigenesis, cell
invasion, and metastasis [29]. The results of our study confirmed
these findings. MUC13 overexpression may induce weakening and
loss of cell-to-cell and cell-to-extracellular matrix binding. During
this process, it was proposed that cancer cells acquire the ability to
invade and/or spread to other organs.

We also evaluated the sensitivity and specificity of MUC13 in
groups 2 and intraductal component of group 3. MUC13 was found
to have a low sensitivity and a high specificity. These findings could
help physicians with preoperative diagnoses. In lesions with
worrisome features, surgical treatment could be recommended in
patients with high expression of MUC13 in the biopsy and/or
pancreatic juice cytology specimens. In cases with expression of
MUC13 in whole cytoplasm, surgery would also be the most
appropriate approach. However, if MUC13 is only slightly or not
expressed, observation may be recommended due to the low ma-
lignant potential. MUC13 has been noted as a therapeutic target in
various carcinomas [26]. The results of previous studies and the
present study indicate that MUC13 overexpression may be

Fig. 2. MUC13 overexpression based on the histological grade. MUC13 overexpression tends to increase according to the histological grade of IPMN. Furthermore, MUC13 over-
expression is significantly more common in the invasive carcinoma components than in the intraductal components in Group 3 (p< 0.001).
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observed in cases of pancreatic malignant tumors. If MUC13 is
useful as a therapeutic target, it could serve both as a diagnostic
biomarker and a new target for treatment.

In this study, MUC13 was found to be significantly correlated
with OS, suggesting that the expression of MUC13 can prove to be
useful in preoperative diagnoses. Further research on MUC13 is
needed in the future due to its potential as a prognostic factor,
diagnostic biomarker, and therapeutic target.

AGR2 is a protein disulfide isomerase [15]. AGR2 overexpression
was first noted in the Xenopus laevis cement glands. ARG2 sculpts
the dorsoanterior ectoderm forming the cement glands and
maintains forebrain integrity in this organism [31,32]. It has been
reported that AGR2 is associated with cell adhesion [33], cell
growth promotion [34], and maintenance of the epithelial barrier
[35]. These properties of AGR2 may suggest its potential role in
human cancer progression, invasion, and metastasis. AGR2 over-
expression has been reported in several adenocarcinomas,
including breast [16], colorectal [17], esophageal [18], lung [19],

pancreatic [20], and prostate cancers [21]. Mizuuchi et al. reported
that AGR2 downregulation is a useful prognostic marker induced
by EMT [36]. In the present study, the loss of expression of AGR2
was associated with recurrence; however, it was not statistically
associated with DFS. We also evaluated the expression of AGR2 in
the surgical specimens and found that the loss of expression of
AGR2 may help determine the frequency of follow-up
appointments.

Our study's main limitations were the single-center design and
the small sample size. It is desirable to analyze a larger number of
cases.

In conclusion, MUC13 overexpression and the loss of AGR2
expression may predict the progression of IPMN and confer an
unfavorable prognosis in patients with IPMN. These biomarkers,
when used in combination, may become useful to determine

Fig. 3. KaplaneMeier analysis of disease-free survival (DFS) and overall survival (OS)
in patients with IPMN based on MUC13 staining. Patients with MUC13-positive IPMN
show a shorter DFS (A) and OS (B) than those with MUC13-negative IPMN (log-rank
test).

Fig. 4. AGR2 overexpression did not differ between groups. However, the loss of
expression of AGR2 tended to be observed in invasive carcinomas with poorly differ-
entiated features.

Fig. 5. Schematic representation of the putative domain organization of the human
MUC13 protein. This figure was created based on reference [23].
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disease grade and for prognostic evaluation. MUC13, in particular,
may prove to be a useful therapeutic biomarker in patients with
IPMN.

Acknowledgements

This work was supported by JSPS KAKENHI Grant Number
26460425.

References

[1] Brugge WR, Lauwers GY, Sahani D, Fernandez-del Castillo C, Warshaw AL.
Cystic neoplasms of the pancreas. N Engl J Med 2004;351(12):1218e26.

[2] Tanaka M, Fern�andez-del Castillo C, Adsay V, Chari S, Falconi M, Jang JY, et al.
International consensus guidelines 2012 for the management of IPMN and
MCN of the pancreas. Pancreatology 2012;12(3):183e97.

[3] Jang JY, Park T, Lee S, Kang MJ, Lee SY, Lee KB, et al. Validation of international
consensus guidelines for the resection of branch duct-type intraductal
papillary mucinous neoplasms. Br J Surg 2014;101(6):686e92.

[4] Adsay NV, Fukushima N, Furukawa T, Hurban RH, Klimstra DS, Kloppel G, et al.
Intraductal Neoplasms of the Pancreas in WHO Classification of Tumor of the
Digestive System. Lyon, France: International Agency for Research on Cancer;
2010. p. 304e13.

[5] Fritz S, Klauss M, Bergmann F, Strobel O, Schneider L, Werner J, et al.
Pancreatic main-duct involvement in branch-duct IPMNs: an underestimated
risk. Ann Surg 2014;260(5):848e56.

[6] Ogura T, Masuda D, Kurisu Y, Edogawa S, Imoto A, Hayashi M, et al. Potential
predictors of disease progression for main-duct intraductal papillary
mucinous neoplasms of the pancreas. J Gastroenterol Hepatol 2013;28(11):
1782e6.

[7] Abdeljawad K, Vemulapalli KC, Schmidt CM, Dewitt J, Sherman S, Imperiale TF,
et al. Prevalence of malignancy in patients with pure main duct intraductal
papillary mucinous neoplasms. Gastrointest Endosc 2014;79(4):623e9.

[8] Tanaka M. International consensus guidelines for the management of IPMN
and MCN of the pancreas. Nihon Shokakibyo Gakkai Zasshi 2007;104(9):
1338e43.

[9] Wong J, Weber J, Centeno BA, Vignesh S, Harris CL, Klapman JB, et al. High-
grade dysplasia and adenocarcinoma are frequent in side-branch intraductal
papillary mucinous neoplasm measuring less than 3 cm on endoscopic ul-
trasound. J Gastrointest Surg 2013;17(1):78e84.

[10] Maguchi H, Tanno S, Mizuno N, Hanada K, Kobayashi G, Hatori T, et al. Natural
history of branch duct intraductal papillary mucinous neoplasms of the
pancreas: a multicenter study in Japan. Pancreas 2011;40(3):364e70.

[11] Ono J, Yaeger KA, Genevay M, Mino-Kenudson M, Brugge WR, Pitman MB.
Cytological analysis of small branch-duct intraductal papillary mucinous
neoplasms provides a more accurate risk assessment of malignancy than
symptoms. CytoJournal 2011;8:21. https://doi.org/10.4103/1742-6413.90084.

[12] Schmidt CM, White PB, Waters JA, Yiannoutsos CT, Cummings OW, Baker M,
et al. Intraductal papillary mucinous neoplasms: predictors of malignant and
invasive pathology. Ann Surg 2007;246(4):644e51.

[13] R1 Salvia, Fern�andez-del Castillo C, Bassi C, Thayer SP, Falconi M,
Mantovani W, et al. Main-duct intraductal papillary mucinous neoplasms of
the pancreas: clinical predictors of malignancy and long-term survival
following resection. Ann Surg 2004;239(5):678e85.

[14] Chauhan SC, Vannatta K, Ebeling MC, Vinayek N, Watanabe A, Pandey KK,
et al. Expression and functions of transmembrane mucin MUC13 in ovarian
cancer. Canc Res 2009;69(3):765e74.

[15] Galligan JJ, Petersen DR. The human protein disulfide isomerase gene family.
Hum Genom 2012;6(1):6. https://doi.org/10.1186/1479-7364-6-6.

[16] Salmans ML, Zhao F, Andersen B. The estrogen-regulated anterior gradient 2
(AGR2) protein in breast cancer: a potential drug target and biomarker. Breast
Cancer Res 2013;15(2):204. https://doi.org/10.1186/bcr3408.

[17] H1 Gao, Xu X, Chen B, Wang F, Zhang W, Geng H, et al. Anterior gradient 2: a
new target to treat colorectal cancer. Med Hypotheses 2013;80(6):706e8.

[18] DiMaio MA, Kwok S, Montgomery KD, Lowe AW, Pai RK. Immunohisto-
chemical panel for distinguishing esophageal adenocarcinoma from squa-
mous cell carcinoma: a combination of p63, cytokeratin 5/6, MUC5AC, and
anterior gradient homolog 2 allows optimal subtyping. Hum Pathol
2012;43(11):1799e807.

[19] Pizzi M, Fassan M, Balistreri M, Galligioni A, Rea F, Rugge M. Anterior gradient
2 overexpression in lung adenocarcinoma. Appl Immunohistochem Mol
Morphol 2012;20(1):31e6.

[20] Chen R, Pan S, Duan X, Nelson BH, Sahota RA, de Rham S, et al. Elevated level
of anterior gradient-2 in pancreatic juice from patient with pre-malignant
pancreatic neoplasia. Mol Canc 2010;9:149. https://doi.org/10.1186/1476-
4598-9-149.

[21] Kani K, Malihi PD, Jiang Y, Wang H, Wang Y, Ruderman DL, et al. Anterior
gradient 2 (AGR2): blood-based biomarker elevated in metastatic prostate
cancer associated with the neuroendocrine phenotype. Prostate 2013;73(3):
306e15.

[22] Watanabe K, Ohta M, Yada K, Komori Y, Iwashita Y, Kashima K, et al. Fuco-
sylation is associated with the malignant transformation of intraductal
papillary mucinous neoplasms: a lectin microarray-based study. Surg Today
2016;46(10):1217e23.

[23] Kayed H, Kleeff J, Kolb A, Ketterer K, Keleg S, Felix K, et al. FXYD3 is overex-
pressed in pancreatic ductal adenocarcinoma and influences pancreatic can-
cer cell growth. Int J Canc 2006;118(1):43e54.

[24] Basturk O, Hong SM, Wood LD, Adsay NV, Albores-Saavedra J, Biankin AV,
et al. A revised classification system and recommendations from the Balti-
more Consensus Meeting for neoplastic precursor lesions in the pancreas. Am
J Surg Pathol 2015;39(12):1730e41.

[25] Walsh MD, Young JP, Leggett BA, Williams SH, Jass JR, McGuckin MA. The
MUC13 cell surface mucin is highly expressed by human colorectal carci-
nomas. Hum Pathol 2007;38(6):883e92.

[26] Sheng YH, He Y, Hasnain SZ, Wang R, Tong H, Clarke DT, et al. MUC13 protects
colorectal cancer cells from death by activating the NF- B pathway and is a
potential therapeutic target. Oncogene 2017;36(5):700e13.

[27] Kanda Y. Investigation of the freely available easy-to-use software “EZR” for
medical statistics. Bone Marrow Transplant 2013;48(3):452e8.

[28] Williams SJ, Wreschner DH, Tran M, Eyre HJ, Sutherland GR, McGuckin MA.
Muc13, a novel human cell surface mucin expressed by epithelial and he-
mopoietic cells. J Biol Chem 2001;276(21):18327e36.

[29] Maher DM, Gupta BK, Nagata S, Jaggi M, Chauhan SC. Mucin 13: structure,
function, and potential roles in cancer pathogenesis. Mol Canc Res 2011;9(5):
531e7.

[30] Chauhan SC, Ebeling MC, Maher DM, Koch MD, Watanabe A, Aburatani H,
et al. MUC13 mucin augments pancreatic tumorigenesis. Mol Canc Therapeut
2012;11(1):24e33.

[31] Thompson DA, Weigel RJ. hAG-2, the human homologue of the Xenopus laevis
cement gland gene XAG-2, is coexpressed with estrogen receptor in breast
cancer cell lines. Biochem Biophys Res Commun 1998;251(1):111e6.

[32] Aberger F, Weidinger G, Grunz H, Richter K. Anterior specification of em-
bryonic ectoderm: the role of the Xenopus cement gland-specific gene XAG-2.
Mech Dev 1998;72(1e2):115e30.

[33] Patel P, Clarke C, Barraclough DL, Jowitt TA, Rudland PS, Barraclough R, et al.
Metastasis-promoting anterior gradient 2 protein has a dimeric thioredoxin
fold structure and a role in cell adhesion. J Mol Biol 2013;425(5):929e43.

[34] Bedelbaeva K, Snyder A, Gourevitch D, Clark L, Zhang XM, Leferovich J, et al.
Lack of p21 expression links cell cycle control and appendage regeneration in
mice. Proc Natl Acad Sci USA 2010;107(13):5845e50.

[35] Chevet E, Fessart D, Delom F, Mulot A, Vojtesek B, Hrstka R, et al. Emerging
roles for the pro-oncogenic anterior gradient-2 in cancer development.
Oncogene 2013;32(20):2499e509.

[36] Mizuuchi Y, Aishima S, Ohuchida K, Shindo K, Fujino M, Hattori M, et al.
Anterior gradient 2 downregulation in a subset of pancreatic ductal adeno-
carcinoma is a prognostic factor indicative of epithelial-mesenchymal tran-
sition. Lab Invest 2015;95(2):193e206.

K. Mito et al. / Pancreatology 18 (2018) 407e412412

http://refhub.elsevier.com/S1424-3903(18)30069-3/sref1
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref1
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref1
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref2
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref2
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref2
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref2
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref2
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref3
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref3
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref3
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref3
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref4
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref4
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref4
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref4
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref4
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref5
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref5
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref5
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref5
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref6
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref6
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref6
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref6
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref6
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref7
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref7
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref7
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref7
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref8
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref8
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref8
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref8
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref9
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref9
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref9
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref9
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref9
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref10
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref10
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref10
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref10
https://doi.org/10.4103/1742-6413.90084
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref12
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref12
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref12
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref12
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref13
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref14
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref14
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref14
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref14
https://doi.org/10.1186/1479-7364-6-6
https://doi.org/10.1186/bcr3408
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref17
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref17
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref17
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref18
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref19
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref19
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref19
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref19
https://doi.org/10.1186/1476-4598-9-149
https://doi.org/10.1186/1476-4598-9-149
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref21
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref21
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref21
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref21
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref21
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref22
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref22
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref22
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref22
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref22
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref23
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref23
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref23
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref23
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref24
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref24
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref24
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref24
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref24
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref25
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref25
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref25
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref25
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref26
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref26
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref26
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref26
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref27
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref27
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref27
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref28
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref28
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref28
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref28
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref29
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref29
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref29
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref29
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref30
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref30
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref30
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref30
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref31
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref31
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref31
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref31
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref32
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref32
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref32
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref32
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref32
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref33
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref33
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref33
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref33
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref34
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref34
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref34
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref34
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref35
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref35
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref35
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref35
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref36
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref36
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref36
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref36
http://refhub.elsevier.com/S1424-3903(18)30069-3/sref36


<Typo correction> 

 

p.408, right column 

“Immunohistochemistry”  2nd section 

・ The proportion of positive cancer cell staining was graded as follows: 0 

(negative), <25% (1+), 25%-50% (2+), 50%-70% (3+), and >75% (4+). 

→75% 

 

p.409, right column 

“Results”  2nd section 

・ MUC13 was significantly expressed in the invasive carcinoma components (p < 

0.005).  

→p<0.001 

 

・ MUC13 overexpression was not significantly associated with disease-free 

survival (DFS) (p = 0.074) (Fig. 3-A);  

→p=0.091 

 

・ however, it was significantly associated with overall survival (OS) (p = 0.004) 

(Fig. 3-B). 

→p=0.002 


