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Stromal Fibrosis and Expression of Matricellular Proteins
Correlate With Histological Grade of Intraductal Papillary

Mucinous Neoplasm of the Pancreas

Yasuharu Kakizaki, MD, PhD,* Naohiko Makino, MD, PhD,* Tomohiro Tozawa, MD, PhD,*

Teiichiro Honda, MD, PhD,* Akiko Matsuda, MD, PhD,* Yushi Ikeda, MD, PhD,* Miho Ito, MD, PhD,*
Yoshihiko Saito, MD,* Wataru Kimura, MD, PhD,† and Yoshiyuki Ueno, MD, PhD*
Objective: The aim of the studywas to clarify the correlation between the
microenvironmental factors and histological grade in intraductal papillary
mucinous neoplasm (IPMN).
Methods: We investigated 65 IPMNs resected at Yamagata University
Hospital between 2000 and 2011, and all cases were categorized to low-
inter (including low- and intermediate-grade dysplasia) and high-inv (in-
cluding high-grade dysplasia and IPMNwith an associated invasive carcinoma)
groups.Wecompared between the 2 groups pathologicallywith regard to fi-
brosis and the expression of alpha-smoothmuscle actin (α-SMA), periostin,
and galectin-1 in the periductal stroma of IPMN.
Results: There were 41 low-inter and 24 high-inv. The subtype was cate-
gorized as 22 main duct type (MD-IPMN) and 43 branch duct type (BD-
IPMN). The degree of fibrosis and the expression of α-SMA, periostin,
and galectin-1 were significantly higher in high-inv than in low-inter with-
in BD-IPMNs. Multivariate logistic regression analysis indicated that
high expression of α-SMA (odds ratio, 13.802; 95% confidence interval,
1.108–171.893; P = 0.0414) was a significant independent related factor
of high-inv in BD-IPMN.
Conclusions: Stromal fibrosis and expression of α-SMA, periostin, and
galectin-1 are more marked in high-inv than in low-inter within BD-IPMNs,
and they could becomenewmarkers for determining the indications for surgery
in BD-IPMN.
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I ntraductal papillary mucinous neoplasm (IPMN) of the pan-
creas was first reported as “mucin-producing cancer” in 19821

and named IPMN in the World Health Organization (WHO) clas-
sification in 2000.2 For the last several decades, IPMN has been
diagnosed with increasing frequency.3 This tumor, which is a pre-
cursor lesion of pancreatic cancer, is characterized by mucin pro-
duction, cystic dilation of the pancreatic duct, and slow growth. In
the WHO classification of 2010, IPMN was divided pathologi-
cally into variants showing low-, intermediate-, high-grade dys-
plasia and IPMN had an associated invasive carcinoma.4 Intraductal
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papillary mucinous neoplasm is considered to show stepwise pro-
gression of growth.5 According to theGeneral Rules for the Study
of Pancreatic Cancer (6th ed) of the Japan Pancreas Society,6

IPMNisdividedpathologically into intraductal papillarymucinous
adenoma and intraductal papillary mucinous carcinoma (noninva-
sive, minimally invasive, or invasive). A multi-institutional retro-
spective study of 1379 cases of IPMN by the Japan Pancreas
Society indicated that the 5-year survival rate was 98% to 100%
for patients with IPMNs manifesting adenoma to noninvasive car-
cinoma but 57.7% for those with invasive carcinoma.7 Accord-
ingly, surgical resection of IPMNs is considered necessary before
invasion occurs.

On the basis of imaging findings and pathology, IPMNs are
divided into the main duct type (MD-IPMN), the branch duct type
(BD-IPMN) and the mixed type. The MD-IPMN lesions are pre-
dominantly associated with a dilated main pancreatic duct (MPD),
and BD-IPMN lesions with cystic dilation of the branch duct.8 In-
terestingly, the mean frequency of malignancy in MD-IPMN and
the mixed type is nearly 60%, whereas that in BD-IPMN is nearly
25%. On the basis of the algorithm for follow-up and assessing the
operability of IPMNs suggested by the International Consensus
Guidelines 2012,9 resection is recommended for all MD-IPMNs
and the mixed type if long patient survival is expected, whereas
follow-up is recommended for BD-IPMN unless there are signs
of malignancy including the presence of obstructive jaundice, an
enhanced solid component within the cyst, or dilatation of the
MPD. This subtyping is useful for decision of operability in
IPMN, although the reasons for the differences in malignancy be-
tween the subtypes remain unidentified. Furthermore, a large cyst
diameter, a large MPD diameter, and a large mural nodule were
known predictive factors of IPMN malignancy.10 Because preop-
erative pathological diagnosis is difficult for IPMN, differential di-
agnosis of malignancy using the predictive factors from imaging
modalities is required. However, relevant operability is still uncer-
tain. Accordingly, credible predictive factors for IPMN malig-
nancy are urgently needed.

Recently, activated pancreatic stellate cell (PSC), cancer-
associated fibroblast, and matricellular protein have been shown to
actasacceleratorsofpancreaticcancer.Desmoplasia involvesextracel-
lular matrix protein, immune cells, cancer-associated fibroblasts, and
activated PSCs, the latter being particularly crucial for desmoplasia
formation.11–15 When activated PSCs showmyofibroblast-like trans-
formationmorphologically, expressing alpha-smoothmuscle actin
(α-SMA)16 and performing multiple functions such as prolifera-
tion, migration, and production of extracellular matrix proteins.14

Therefore, persistent activation of PSCs results in desmoplasia.
There is accumulating evidence to suggest that stromal-epithelial
interaction, PSCs, and pancreatic cancer cells stimulate each other
through growth factors (platelet-derived growth factor, transforming
growth factor β1, etc), leading to an increase of malignancy.11–15

Furthermore, a previous report has shown that a high level of α-
SMA mRNA from tissue samples of pancreatic cancer is an
www.pancreasjournal.com 1145
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independent prognostic factor, suggesting that PSC activation is
closely related to the malignant behavior of pancreatic cancer.17

Cancer-associated fibroblasts are observed in the tumor-
associated stroma of various cancers including those of the breast,
prostate, and pancreas.18 Activated stromal fibroblasts, such as
PSCs, can be identified by their expression ofα-SMA. It has been
reported previously that overexpression of podoplanin in cancer-
associated fibroblasts is correlated with increased migration and in-
vasion of pancreatic cancer cells in vitro and correlated with shorter
survival in patients. Accordingly, cancer-associated fibroblasts are
believed to play a role in the progression of pancreatic cancer.19

Matricellular proteins are a group of extracellular proteins
that modulate cell-matrix interactions and cellular functions.14,15

Up-regulation of matricellular proteins, including periostin and
galectin-1, has been observed in the stroma of pancreatic cancer, and
it has been considered that matricellular proteins produced by PSCs
promote the formation of a tumor-supportivemicroenvironment.20–23

In the light of these facts, we hypothesized that IPMN malig-
nancy might be attributable to factors in the microenvironment
around the enlarged pancreatic duct, such as stromal fibrosis (in-
cluding desmoplasia), activated PSCs, activated fibroblasts, and
the expression of matricellular proteins, as is the case in pancreatic
cancer. Accordingly, the aim of the study was to investigate the de-
gree of fibrosis, the expression of α-SMA, and the expression of
periostin and galectin-1 as matricellular proteins in the periductal
stroma of IPMN. Furthermore, we assessed the correlation between
those microenvironmental factors and histological grade in IPMN.
TABLE 1. Characteristics of Patients With IPMN (N = 65)

Age, median (range), y 69 (39–87)
Sex, n (%)
Male 47 (72.3)
Female 18 (27.7)

BMI, median (range) 21.3 (15.4–36.3)
Pathology, n (%)
Low-inter group 41 (63.1)
High-inv group 24 (36.9)

Subtype, n (%)
MD-IPMN 22 (33.8)
BD-IPMN 43 (66.2)

Cyst diameter, median (range), mm 32.2 (16.0–90.0)
MPD diameter, median (range), mm 5.0 (1.9–40.0)
Mural nodule size, median (range), mm 0.0 (0.0–20.0)
Serum CEA, median (range), ng/mL 2.40 (0.49–26.92)
Serum CA19-9, median (range), U/mL 10.90 (0.60–1973.20)
Fasting plasma glucose, median
(range), mg/dL

98.0 (74.0–160.0)

HbA1c (JPN), median (range), % 5.4 (3.6–8.3)
Serum amylase, median (range), U/L 77.0 (37.0–273.0)
Serum lipase, median (range), U/L 30.0 (6.0–159.0)

HbA1c (National Glycohemoglobin Standardization Program) is al-
most equivalent to HbA1c (JPN) + 0.4%. HbA1c (JPN) was used until
2010 in Japan Diabetes Society.

CA indicates carbohydrate antigen; CEA; carcinoembryonic anti-
gen; high-inv group, IPMN with high-grade dysplasia and IPMN with
an associated invasive carcinoma; low-inter group, IPMN with low-
and intermediate-grade dysplasia.
MATERIALS AND METHODS

Tissue Samples, Clinical Parameters,
and Classification

We evaluated 65 patients with IPMNswho underwent surgery
including pancreatoduodenectomy, distal pancreatectomy, and
total pancreatectomy at Yamagata University Hospital (Yamagata,
Japan)between2000and2011.AllcaseswerediagnosedwithIPMN
using the imagingmodalities including abdominal ultrasound, endo-
scopic ultrasonography, endoscopic retrograde pancreatography,
contrast-enhanced computed tomography, and magnetic resonance
imaging and also pathologically using hematoxylin-eosin staining.
Cases showing dilation of theMPD or components of the neoplasm
affecting the MPD were considered to be MD-IPMN, and cases
showingmucinous cystic lesions communicatedwith the pancreatic
duct were considered to be BD-IPMN. Mixed-type IPMN was in-
cluded in theMD-IPMNgroup.On the basis of theWHOclassifica-
tion of 2010,4 IPMNs were classified pathologically as low-,
intermediate-, high-gradedysplasia and IPMNwithanassociated in-
vasive carcinoma. Furthermore, the cases were divided into a low-
inter group, including low- and intermediate-grade dysplasia, and a
high-inv group, including high-grade dysplasia and IPMN with an
associated invasive carcinoma. The present study was approved by
the ethics committee of Yamagata University Faculty of Medicine
on October 15, 2012.

Staining
Three to 5 formalin-fixed, paraffin-embedded tissue blocks

containing the enlarged pancreatic duct were selected for each
case and cut into sections 3-μm thick, followed by staining with
hematoxylin eosin. Masson trichrome staining (Sigma-Aldrich
Japan, Tokyo, Japan) was performed for evaluation of fibrosis,
as reported previously. Immunohistochemistry was performed to
evaluate the expression of α-SMA, periostin, and galectin-1. For
this purpose, the sections were deparaffinized and heated in citrate
1146 www.pancreasjournal.com
buffer for 20 minutes in a microwave oven. Endogenous peroxi-
dase was blocked using 0.3% hydrogen peroxide in methanol
for 30 minutes at room temperature. After incubation with each
primary antibody at 4°C overnight, the sections were incubated
with the biotinylated secondary antibody for 30 minutes at room
temperature and reacted with a Vectastain ABC kit (Vector Labora-
tories, Burlingame, Calif), with the exception of periostin for which
a Vectastain Elite ABC kit (Vector Laboratories) was used. The im-
munoreaction was colored with 3,3′-diaminobenzidine substrate
(Muto Pure Chemicals, Tokyo, Japan) and counterstained with he-
matoxylin. The primary antibodies and dilutions employedwere the
following: anti–α-SMA (M0851;DAKO Japan, Tokyo, Japan, 1:50),
antiperiostin (RD181045050; BioVendor, Brno Czech Republic,
1:4000), and antigalectin-1 (sc-166618; Santa Cruz Biotechnology,
Dallas, Tex, 1:40). For the negative control, the nonspecific IgG
antibody (including Negative Control Mouse IgG2a, X0943, and
Rabbit Immunoglobulin Fraction, X0903; DAKO Japan) was used,
and this was confirmed to elicit no immunoreactivity.

Evaluation
A Carl Zeiss Axio Observer D1 Inverted Microscope (Carl

Zeiss Japan, Tokyo, Japan) was used for observation of the speci-
mens at magnifications of �50, �100, or �200, and 10 visual
fields containing the enlarged pancreatic duct were selected arbi-
trarily from each case at a magnification of�50 (2402161.63 μm2

for 1 field). The degree of fibrosis was calculated as the total fi-
brotic area in 10 selected fields divided by the total area of tissue
stained with Masson trichrome, and the rate of immunopositivity
was calculated as the total area positively stained in the same 10 se-
lected fields divided by the total tissue area. AxioVision 4.7.1 (Carl
Zeiss) was used for calculation of area.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Statistical Analysis
Statistical analysis was performed using SAS Enterprise

Guide 4.3 (SAS Institute Inc., Cary, NC). Graphs were prepared
using Excel 2007. Student t test was used for comparison of quan-
titative data in 2 groups with a normal distribution. The Mann-
Whitney U test was used for comparison of quantitative data in
2 groups without a normal distribution. Theχ2 test or Fisher exact
test was used for comparison of categorical data in 2 groups. Lo-
gistic regression analysis was used for univariate and multivariate
analyses. The level of statistical significance was set at a P value
of less than 0.05 and 0.01.

RESULTS

Characteristics of Patients with IPMN
The median (range) age of all IPMNs was 69 (39–87) years.

There were 47 men and 18 women. The pathology of IPMN was
FIGURE 1. Pathology of IPMN. A1–A4, Pathology of BD-IPMN with low
immunohistochemistry for α-SMA (A2), periostin (A3), and galectin-1 (A
high-grade dysplasia stained withMasson trichrome (B1) and using immu
at�50. C1–C4, Pathology ofMD-IPMNwith low-grade dysplasia stained
α-SMA (C2), periostin (C3), and galectin-1 (C4) at �50. D1–D4, Patholo
Masson trichrome (D1) and using immunohistochemistry for α-SMA (D2
immunoreactivity for α-SMA, periostin, and galectin-1 in the periductal st
that with low-grade dysplasia and are most marked in IPMN with an ass

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
categorized as either the low-inter group (n = 41) or the high-inv
group (n = 24). The subtype was categorized as either
MD-IPMN (n = 22) or BD-IPMN (n = 43). The median (range)
of cyst diameter, MPD diameter, and mural nodule size were
32.2 (16.0–90.0) mm, 5.0 (1.9–40.0) mm, 0.0 (0.0–20.0) mm, re-
spectively. The cyst diameter was calculated by the data of the
BD-IPMN and the mixed-type IPMN (Table 1).

Pathology
All IPMNs were subjected to staining with hematoxylin-

eosin and Masson trichrome, as well as immunohistochemistry
for α-SMA, periostin, and galectin-1.

Observation of BD-IPMN with low-grade dysplasia at a
magnification of �50 showed that the fibrotic band in the stroma
surrounding the enlarged pancreatic duct was narrow (Fig. 1A1)
and that the stroma was immunoreactive for α-SMA, periostin,
and galectin-1 (Fig. 1A2–A4). At �200, diffuse immunoreac-
tivity of α-SMA was observed in the fibrotic band, whereas
-grade dysplasia stained with Masson trichrome (A1) and using
4) at a magnification of �50. B1–B4, Pathology of BD-IPMN with
nohistochemistry for α-SMA (B2), periostin (B3), and galectin-1 (B4)
withMasson trichrome (C1) and using immunohistochemistry for
gy of MD-IPMN with an associated invasive carcinoma stained with
), periostin (D3), and galectin-1 (D4) at �50. Fibrosis and the
roma aremoremarked in BD-IPMNwith high-gradedysplasia than in
ociated invasive carcinoma.
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FIGURE 2. Area of positive staining revealed by immunohistochemistry in IPMN. Positive staining of the periductal stroma with anti–α-SMA
(A), antiperiostin (B), and antigalectin-1 (C) at a magnification of �200. Positive staining of the acinar area with anti–α-SMA (D),
antiperiostin (E), and antigalectin-1 (F) at a magnification of �100.
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immunoreactivity for periostin and galectin-1 was observed di-
rectly beneath the epithelium (Fig. 2A–C). In acinar area, the
immunoreactivities for α-SMA, periostin, and galectin-1 were
observed at interlobular space (Fig. 2D–F). In BD-IPMN with
high-grade dysplasia, the fibrotic band in the stroma surrounding
the enlarged pancreatic duct was wider than in BD-IPMN with
FIGURE 3. Comparison between the low-inter group and the high-inv g
immunopositivity for α-SMA (A2) and periostin (A3) are significantly high
of immunopositivity for galectin-1 (A4) showed no significant intergroup
the rates of immunopositivity for α-SMA (B2), periostin (B3), and galecti
low-inter group. The level of statistical significance was set at *P < 0.05,

1148 www.pancreasjournal.com
low-grade dysplasia (Fig. 1B1). Furthermore, immunoreactivity
for α-SMA, periostin, and galectin-1 was stronger in BD-IPMN
with high-grade dysplasia than in BD-IPMN with low-grade
dysplasia (Fig. 1B2–B4).

In MD-IPMNwith low-grade dysplasia, the periductal stroma
containing fibrosis became more extensive (Fig. 1C1), and
roup. A1–A4, In all IPMN, the degree of fibrosis (A1) and the rates of
er in the high-inv group than in the low-inter group. Only the rate
difference. B1–B4, Within BD-IPMNs, the degree of fibrosis (B1) and
n-1 (B4) are significantly higher in the high-inv group than in the
**P < 0.01.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

http://www.pancreasjournal.com


FIGURE 4. Comparison between MD-IPMN and BD-IPMN. The degree of fibrosis (A) and the rates of immunopositivity for α-SMA (B),
periostin (C), and galectin-1 (D) are significantly higher inMD-IPMN than in BD-IPMN. The level of statistical significance was set at **P < 0.01.

TABLE 2. Univariate Logistic RegressionAnalysisUsingAll IPMNs;
Related Factors for the High-Inv Group of IPMN

Odds Ratio 95% CI P

Age 1.008 0.952–1.067 NS
BMI 1.109 0.973–1.265 NS
Cyst diameter 1.065 1.009–1.124 0.0218*
MPD diameter 1.192 1.018–1.397 0.0296*
Mural nodule size 1.190 1.051–1.348 0.0060†

Serum CEA 1.166 0.928–1.464 NS
Serum CA19-9 1.047 0.997–1.099 NS
Fasting plasma glucose 0.994 0.960–1.031 NS
HbA1c (JPN) 1.179 0.507–2.743 NS
Serum amylase 1.008 0.995–1.021 NS
Serum lipase 1.011 0.990–1.032 NS
Degree of fibrosis 1.083 1.019–1.150 0.0105*
Rate of immunopositivity
for α-SMA

1.270 1.109–1.455 0.0006†

Rate of immunopositivity
for periostin

1.147 1.050–1.252 0.0022†

Rate of immunopositivity
for galectin-1

1.114 0.981–1.264 NS

*P < 0.05.
†P < 0.01.

CA indicates carbohydrate antigen; CEA, carcinoembryonic antigen;
high-inv group, IPMN with high-grade dysplasia and IPMN with an asso-
ciated invasive carcinoma; NS, not significant.

Pancreas • Volume 45, Number 8, September 2016 Stromal Fibrosis Correlates Malignancy of IPMN
immunoreactivity forα-SMA,periostin, andgalectin-1was stronger
than in BD-IPMN with low-grade dysplasia (Fig. 1C2–C4). In
MD-IPMNwithhigh-gradedysplasia, stromal fibrosisand immuno-
reactivity forα-SMA,periostin, andgalectin-1were asmoremarked
than inMD-IPMNwith low-grade dysplasia (figure not shown).

In MD-IPMN with an associated invasive carcinoma, stro-
mal fibrosis and immunoreactivity for α-SMA, periostin, and
galectin-1 were most marked, similarly to desmoplasia of pancre-
atic cancer (Fig. 1D1–D4). In BD-IPMN with an associated inva-
sive carcinoma, stromal fibrosis and immunoreactivity were
similar to those in MD-IPMN with an associated invasive carci-
noma (figure not shown).

Comparison Between the Low-Inter and the
High-Inv Groups

The degree of fibrosis and the rates of immunopositivity
were compared between the low-inter group and the high-inv
group. In comparison of all IPMNs, the degree of fibrosis and
the rates of immunopositivity for α-SMA and periostin were sig-
nificantly higher in the high-inv group than in the low-inter group
(Fig. 3A1–A4); the rate of immunopositivity for galectin-1 tended
to be higher in the high-inv group but not to be a significant de-
gree. Comparison within the BD-IPMNs demonstrated a signifi-
cantly higher degree of fibrosis and significantly higher rates of
immunopositivity for α-SMA, periostin, and galectin-1 in the
high-inv group than in the low-inter group (Fig. 3B1–B4). How-
ever, comparison within the MD-IPMNs demonstrated no signif-
icant intergroup difference, because the degree of fibrosis and
rates of immunopositivity were similarly high in the 2 groups
(figure not shown).

Comparison Between MD-IPMN and BD-IPMN
The degree of fibrosis and the rates of immunopositivity

were compared between MD-IPMN and BD-IPMN, regardless
of histological grade. In comparison of all IPMNs, the degree of
fibrosis and rates of immunopositivity for α-SMA, periostin,
and galectin-1 were significantly higher in MD-IPMN than in
BD-IPMN (Fig. 4A–D).

Univariate Analysis
To clarify the related factors for high-inv group, univariate

logistic regression analysis was performed using the degree of fi-
brosis, rates of immunopositivity, and clinical parameters in all
IPMNs. This showed that not only a large cyst diameter, a large
MPD diameter, and a large mural nodule, but also a high degree
of fibrosis and high rates of immunopositivity for α-SMA and
periostin were significant related factors of high-inv group in
IPMNs (Table 2). Furthermore, to clarify the indicator of high-inv
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
group with BD-IPMN, univariate logistic regression analysis was
performed using those same parameters within the BD-IPMN
group. This revealed that a large mural nodule, a high degree of
fibrosis, and high rates of immunopositivity for α-SMA, periostin,
and galectin-1 were significant related factors of high-inv group
with BD-IPMN (Table 3).

Multivariate Analysis
Multivariate logistic regression analysis using MPD diameter,

mural nodule size, degree of fibrosis, and rates of immunopositivity
(cyst diameter was excluded because the MD-IPMN data were for
the mixed type only) indicated that a large mural nodule (odds ratio,
1.228; 95% confidence interval [CI], 1.000–1.507;P= 0.0496) and
a high rate of immunopositivity forα-SMA (odds ratio, 1.521; 95%
CI, 1.110–2.084; P = 0.0091) were significant independent related
factors for high-inv group in all IPMNs (Table 4). Furthermore, to
clarify the indicator of high-inv group with BD-IPMN, multivariate
www.pancreasjournal.com 1149
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TABLE 3. Univariate Logistic RegressionAnalysis Using BD-IPMNs;
Related Factors for theHigh-InvGroup of BD-IPMN

Odds Ratio 95% CI P

Age 0.979 0.905–1.059 NS
BMI 1.064 0.888–1.275 NS
Cyst diameter 1.057 0.978–1.143 NS
MPD diameter 1.174 0.763–1.806 NS
Mural nodule size 1.299 1.061–1.592 0.0115*
Serum CEA 1.267 0.940–1.709 NS
Serum CA19-9 1.052 0.972–1.138 NS
Fasting plasma glucose 1.003 0.957–1.050 NS
HbA1c (JPN) 0.418 0.091–1.924 NS
Serum amylase 1.015 0.998–1.032 NS
Serum lipase 1.033 0.998–1.070 NS
Degree of fibrosis 1.104 1.004–1.215 0.0414*
Rate of immunopositivity
for α-SMA

1.586 1.132–2.224 0.0074†

Rate of immunopositivity
for periostin

1.198 1.051–1.367 0.0069†

Rate of immunopositivity
for galectin-1

1.447 1.110–1.888 0.0064†

*P < 0.05.
†P < 0.01.

CA indicates carbohydrate antigen; CEA, carcinoembryonic antigen;
high-inv group, IPMN with high-grade dysplasia and IPMN with an asso-
ciated invasive carcinoma; NS; not significant.

TABLE 5. MultivariateLogisticRegressionAnalysisUsingBD-IPMNs;
IndependentRelatedFactors for theHigh-InvGroupofBD-IPMN

Odds Ratio 95% CI P

Cyst diameter 1.225 0.967–1.552 NS
MPD diameter 0.406 0.132–1.250 NS
Mural nodule size 2.716 1.006–7.335 0.0487*
Degree of fibrosis 0.694 0.422–1.143 NS
Rate of immunopositivity
for α-SMA

13.802 1.108–171.893 0.0414*

Rate of immunopositivity
for periostin

0.763 0.400–1.455 NS

Rate of immunopositivity
for galectin-1

1.262 0.644–2.474 NS

*P < 0.05.

High-inv group indicates IPMN with high-grade dysplasia and IPMN
with an associated invasive carcinoma; NS, not significant.
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logistic regression analysis was performed using cyst diameter,
MPD diameter, mural nodule size, degree of fibrosis, and rates
of immunopositivity within BD-IPMNs. This revealed that a
large mural nodule (odds ratio, 2.716; 95% CI, 1.006–7.335;
P = 0.0487) and a high rate of immunopositivity for α-SMA
(odds ratio, 13.802; 95% CI, 1.108–171.893; P = 0.0414) were
significant independent related factors for high-inv group with
BD-IPMN (Table 5).

DISCUSSION
It is nowmore than 30 years since IPMNswere first reported.

In Japan, the 5-year survival rate for patients of pancreatic cancer
TABLE 4. Multivariate Logistic Regression Analysis Using all
IPMNs; Independent Related Factors for the High-Inv Group of
IPMN

Odds Ratio 95% CI P

MPD diameter 1.011 0.821–1.245 NS
Mural nodule size 1.228 1.000–1.507 0.0496*
Degree of fibrosis 0.990 0.882–1.112 NS
Rate of immunopositivity
for α-SMA

1.521 1.110–2.084 0.0091†

Rate of immunopositivity
for periostin

0.940 0.773–1.143 NS

Rate of immunopositivity
for galectin-1

0.834 0.660–1.054 NS

*P < 0.05.
†P < 0.01.

High-inv group indicates IPMN with high-grade dysplasia and IPMN
with an associated invasive carcinoma; NS, not significant.
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after resection is 18.8%,24 whereas that for patients of IPMN with
an associated invasive carcinoma was 57.7%.7 Consequently,
IPMN is considered to have a better prognosis than pancreatic
cancer.25 A high cure rate is possible if IPMNs are resected before
they become invasive.7 Therefore, the accurate diagnosis of the
degree of progression is important. Differentiation between
MD-IPMN and BD-IPMN is also an important factor determining
operability; however, relevant operability for BD-IPMN is still un-
certain. Accordingly, credible predictive factors for BD-IPMN
malignancy are urgently needed.

A large cyst diameter, a largeMPD diameter, and a large mu-
ral nodule as predictive factors of malignancy have been used for
determination of operability at various medical institutions.10,26,27

Among these characteristics, a large mural nodule is considered to
be the most reliable predictive factor.27,28 The present study is the
first to indicate that fibrosis and the expression of matricellular
proteins in the periductal stroma are useful for predicting the his-
tological grade of IPMN. Based on these results, the histological
grade of IPMN with marked stromal fibrosis is more likely to be
high-grade dysplasia or IPMN with an associated invasive carci-
noma. If the degree of fibrosis in IPMN could be assessed before
surgery, this could become a new indicator for determining
whether surgery is indicated.

Recently, magnetic resonance elastography and endoscopic
ultrasound elastography have been applied for assessment of pan-
creatic fibrosis.29,30 However, the resolution and objectivity of
these modalities have been insufficient for precise evaluation.
Therefore, new or more developed modalities will be required in
the near future.

In the present study, multivariate analysis indicated that a large
mural nodule and high α-SMA expression in the periductal stroma
were independent related factors in IPMNswith high-grade dyspla-
sia and IPMNs with an associated invasive carcinoma (Tables 4
and 5). Stromal overexpression of α-SMA indicates the presence
of activated PSCs and fibroblasts, which may be a critical indicator
of the development of pancreatic cancer and malignant IPMNs.

Possible cause of fibrosis is as a sequela of recurrent pancre-
atitis. In IPMN, acute and chronic pancreatitis are reported to be
often present, because of occlusion of the MPD by mucin.5,7,31

As reported previously, the obstructive pancreatitis showed uni-
form distribution of interlobular and intralobular fibrosis in caudal
side of the obstruction.32 However, there were IPMN cases with
marked fibrosis in the periductal stroma, which showed unremark-
able and heterogeneous parenchymal fibrosis in the present study.
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Therefore, we focused on the periductal stroma of IPMN. A high
degree of fibrosis limited to around the enlarged pancreatic duct
only suggests the existence of stromal-epithelial interaction be-
tween stromal fibrosis and IPMN. At the stage of a benign lesion,
IPMN may interact with the periductal stroma including fibrosis,
activated PSC, and fibroblast and lead to the development of ma-
lignancy through growth factors and cytokines, either additively
or synergistically. In pancreatic intraepithelial neoplasia (PanIN),
another precursor lesion of pancreatic ductal adenocarcinoma,
the existence of stromal-epithelial interaction has been suggested.
As reported previously, the periductal stroma is scant in low-grade
PanIN, whereas it is more marked in high-grade PanIN.33 In mice
with induced PanIN, Hingorani et al34 reported that endogenous
expression of KRASG12D was evident in progenitor cells and that
stromal fibrosis was marked in high-grade PanIN. Recently,
Shindo et al35 reported that the presence of stromal fibroblasts
showing expression of podoplanin, a known marker of cancer-
associated fibroblasts, in the cyst wall was correlated with IPMN
progression. These results support the presence of stromal-
epithelial interaction in noninvasive lesions such as IPMN
and PanIN.

Periostin (osteoblast-specific factor 2 or OSF-2) is a
93.3 kDa secretory protein identified as a cell adhesion pro-
tein for preosteoblasts36–38 and is known to be a marker of acti-
vated stromal fibroblasts in tumors.38 Recently, periostin has
been shown to be highly expressed in various types of cancer
and to play various roles in promoting cancer progression.39–42

Periostin is also overexpressed in the stroma of pancreatic cancer
and stimulates cancer growth under conditions of serum depriva-
tion and hypoxia in vitro.20 Recently, Fukushima et al43 have re-
ported that periostin deposition in the stroma of malignant
IPMN was significantly higher than that in benign IPMN. On
the basis of reverse transcription–polymerase chain reaction
performed by Affymetrix Human Exon microarray (Santa Clara,
Calif), Jury et al44 reported that the level of periostin mRNA in
IPMNwith high-grade dysplasia and IPMNwith an associated in-
vasive carcinoma was dramatically higher than in those with low-
and intermediate-grade dysplasia. In the present univariate logistic
regression analysis, high expression of periostin in the periductal
stroma was a significant related factor in the high-inv group
(Tables 2, 3). However, the mechanism responsible for this effect
of periostin was unclear.

Galectin-1 is a 29-kDa β-galactoside–binding protein be-
longing to the galectin family. It exists as a homodimer and con-
tains a 130 amino acid carbohydrate–recognition domain that is
a feature of all galectins.45 Recently, galectin-1 has been reported
to promote the progression of various types of cancer.46–48

Galectin-1 is also overexpressed in the stroma of pancreatic cancer
and promotes the proliferation and invasion of pancreatic cancer
cells in vitro.22 Furthermore, galectin-1 stimulates PSC prolifera-
tion and collagen synthesis.49 Interestingly, the expression of
galectin-1 has been demonstrated immunohistochemically in the
periductal stroma of PanIN.50 This finding suggests that galectin-1
is involved in the progression of pancreatic cancer. In the present
study, the expression of galectin-1 in the periductal stroma in the
high-inv group was significantly higher than in the low-inter
groupwithin BD-IPMNs (Fig. 3B). However, contrary to expecta-
tion, comparison within MD-IPMNs indicated that galectin-1 ex-
pression tended to be higher in the low-inter than in the high-inv
group, but not to a significant degree. The reason for the conflict-
ing data regarding galectin-1 expression is unclear. Further inves-
tigations of the role of matricellular proteins including periostin
and galectin-1 in IPMN seem to be desirable.

Interestingly, our study revealed a higher degree of fibrosis
and higher expression of α-SMA, periostin, and galectin-1 in
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
MD-IPMNs than in BD-IPMNs (Fig. 4). This result may have
been due to be the larger number of low-inter cases in
BD-IPMN than in MD-IPMN. However, comparison within the
high-inv group indicated that there was no significant difference
betweenMD-IPMN and BD-IPMN regarding the degree of fibro-
sis and the rates of immunopositivity for α-SMA, periostin, and
galectin-1. On the other hand, comparison within the low-inter
group indicated a significantly higher degree of fibrosis and sig-
nificantly higher rates of immunopositivity for α-SMA, periostin,
and galectin-1 in MD-IPMN than in BD-IPMN (figure not
shown). These differences in microenvironmental factors includ-
ing fibrosis and expression of matricellular proteins in the
periductal stroma in low- and intermediate-grade dysplasia may
be correlated with differences in malignancy between MD-IPMN
and BD-IPMN.

In conclusion, fibrosis, including the expression of α-SMA,
periostin, and galectin-1, in the periductal stroma is significant
related factor of BD-IPMN with high-grade dysplasia and
BD-IPMN with an associated invasive carcinoma, as demon-
strated by univariate analysis. A large mural nodule and a high ex-
pression of α-SMA in the periductal stroma are independent
related factors of IPMNwith high-grade dysplasia and IPMNwith
an associated invasive carcinoma, as demonstrated by multivariate
analysis. If these related factors could be assessed beforehand,
they could become new markers for determining the indications
for surgery.
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