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Desmoplasia is a common feature of infiltrating ductal adenocarcinoma of the pancreas. This process is
intricately interacted between the host and neoplastic cells. Recently, by transcriptome analysis, periostin was
identified as a significantly highly expressed gene in pancreatic stellate cells. To investigate the characteristics
of periostin immunodeposition in pancreatic ductal neoplasms, we performed immunohistochemistry and
in situ hybridization, focusing on tumor–stromal cells interactions. Eighty-one surgically resected pancreatic
lesions, including 35 pancreatic ductal adenocarcinoma, 26 intraductal papillary-mucinous neoplasms,
11 mucinous cystic neoplasms and 9 chronic pancreatitis, were studied. In all ductal adenocarcinomas,
periostin deposition was observed in the stroma around the infiltrating cancer on immunohistochemistry.
Cellular stroma of mucinous cystic neoplasm, called ‘ovarian-type’ stroma, did not show periostin deposition.
In chronic pancreatitis, most of the staining patterns of periostin were perilobular and meshwork-like. Periostin
gene expression was detected solely in the stromal cells on in situ hybridization. Intraductal papillary-mucinous
neoplasms were classified into four groups on the basis of the histological grade, namely, adenoma, non-
invasive adenocarcinoma, adenocarcinoma with microscopical invasion and with macroscopically evident
invasion. In intraductal papillary-mucinous neoplasm, periostin deposition in the periductal stroma increased in
frequency and intensity in adenocarcinoma compared with adenomas (P¼ 0.014). Furthermore, our results
showed that a higher frequency of periostin deposition was correlated with a higher frequency of ‘intestinal
phenotype’ of proliferating epithelium (P¼ 0.036) and laminin-5c2 chain expression (Po0.001) in intraductal
papillary-mucinous neoplasm, the latter of which is frequently expressed in invasive carcinoma. This is the first
report to describe the periostin immunohistochemistry in intraductal papillary mucinous neoplasm of the
pancreas.
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Pancreatic ductal adenocarcinoma is often associ-
ated with a prominent host desmoplastic response.
This host response at the site of primary invasion
has been considered an important factor in pancrea-
tic cancer progression. Indeed, evidence exists for
interactions between pancreatic cancer cells and
stromal fibroblasts that affect the invasive pheno-
type of pancreatic cancer.1,2 Many of the genes
identified were expressed specifically by stromal
cells adjacent to the neoplastic epithelium.1,3

Periostin is a secreted 90kDa protein originally
identified as an osteoblast-specific factor preferentially

expressed in the periosteum in bone tissues.4,5

Recently, periostin genewas identified as a differentially
expressed gene in various types of cancer including
the head and neck,6 lung,7 ovary,8 breast,9,10 colon11

and pancreatic cancer.12,13 The periostin gene was also
identified by transcriptome analysis in pancreatic
stellate cells.14 This result was reasonable because
periostin expression in pancreatic cancer increased
more than 35-fold compared with normal pancreas
tissue, but increased less than 3-fold compared with
chronic pancreatitis in the previousmicroarray study.12

Erkan et al15 and Baril et al16 showed strong stromal
staining of periostin in pancreatic cancer tissue by
immunohistochemistry. Erkan et al15 also reported
from cell biology studies that periostin was secreted as
an exclusively matrix-specific protein by pancreatic
stellate cells, and the protein perpetuated fibrogenic
activity and supported tumor cell growth under serum
deprivation and hypoxia.

Received 04 November 2007; revised 16 April 2008; accepted 17
April 2008; published online 16 May 2008

Correspondence: Dr N Fukushima, MD, PhD, Department of
Pathology, The University of Tokyo, Hongo 7-3-1, Bunkyo-ku,
Tokyo 113-0033, Japan.
E-mail: nfukushima-tky@umin.ac.jp

Modern Pathology (2008) 21, 1044–1053
& 2008 USCAP, Inc All rights reserved 0893-3952/08 $30.00

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2008.77
mailto:nfukushima-tky@umin.ac.jp
http://www.modernpathology.org


Intraductal papillary-mucinous neoplasm of the
pancreas is also a neoplasm of ductal origin show-
ing a mucinous ectatic pancreatic duct lined
with dysplastic papillary epithelium.17,18 Intraduc-
tal papillary-mucinous neoplasm is considered to be
a precursor of invasive pancreatic cancer because
one-third of them have an associated component of
invasive mucinous or tubular adenocarcinoma.17

The adenoma–carcinoma-invasive adenocarcinoma
sequence is particularly evident in intraductal
papillary-mucinous neoplasm, making this an ideal
tumor type for investigating the relationship bet-
ween periostin expression and tumor development.

The purpose of this study was to characterize
the expression pattern of periostin in pancreatic
ductal neoplasms, including invasive ductal adeno-
carcinoma and intraductal papillary-mucinous
neoplasms, with a focus on tumor–stromal cell inter-
actions. We comparatively investigated a-smooth
muscle actin, a marker of myofibroblast,19,20 and
laminin-5g2 chain (laminin-332) expression, which
is considered to be associated with tumor cell
growth and invasion.21

Materials and methods

Cases

We collected 81 surgically resected ductal adeno-
carcinoma (n¼ 35), intraductal papillary-mucinous
neoplasms (n¼ 26) and mucinous cystic neoplasms
(n¼ 11) of the pancreas and chronic pancreatitis
(n¼ 9) from the files of the Department of Pathology,
the University of Tokyo Hospital. Intraductal papil-
lary-mucinous neoplasms and mucinous cystic
neoplasms were selected according to the World
Health Organization (WHO) Classification.22,23 No
ovarian-type stroma (OS) was observed in intra-
ductal papillary-mucinous neoplasms. We classified
intraductal papillary-mucinous neoplasms into four
categories, namely, adenoma (n¼ 9), non-invasive
adenocarcinoma (n¼ 17), adenocarcinomawith mini-
mal invasion (histological invasion; approximately
less than 5mm in size) (n¼ 5) and adenocarcinoma
with invasion recognizable in macroscopic observa-
tion (approximately more than 5mm in size) (n¼ 4).

Immunohistochemistry

Immunohistochemical staining was carried out on
formalin-fixed, paraffin-embedded tissue sections of
surgically resected pancreatic tissues. For antigen
retrieval, sections were heated in 1mM EDTA
(pH 7.0) for 10min by microwave. After overnight
incubation with the primary antibody at 41C, endo-
genous peroxidase was blocked with 3% hydrogen
peroxide in TBS for 10min at room temperature.
Subsequently, the sections were incubated with
biotinylated secondary antibody for 30min at room
temperature, allowed to react for 30min with

avidin–biotin–peroxidase complex using a Vecta-
stain ABC kit (Vector Laboratories, Burlingame, CA,
USA) and counterstained with hematoxylin.

The antibodies used were against periostin
(dilution 1:1000; Biovendor, Heidelberg, Germany),
a-smooth muscle actin (1A4, dilution 1:50; Dako-
Cytomation, Glostrup, Denmark) and laminin-5g2
chain (D4B5, dilution 1:200, Chemicon, Billerica,
MA, USA). Antibodies against MUC1 (Ma695,
dilution 1:100; Novocastra Laboratories, Newcastle
upon Tyne, UK), MUC2 (Ccp58, dilution 1:200;
Novocastra), MUC5AC (CLH2, dilution 1:100;
Novocastra) and MUC6 (CLH5, dilution 1:100;
Novocastra) were used to determine the mucin-
based subclassification of intraductal papillary-
mucinous neoplasm.24

On immunohistochemical study in intraductal
papillary-mucinous adenocarcinoma with asso-
ciated stromal invasion, we evaluated intraductal
components and invasive components separately in
the same case of them. The immunohistochemical
staining results of anti-periostin and a-smooth
muscle actin were evaluated at the stromal tissue
immediately adjacent to neoplastic epithelial cells
(within 100 mm) of pancreatic ducts in intraductal
papillary-mucinous neoplasm and of infiltrating
carcinoma, and were classified by the quantity of
positive-staining stromal cells into negative (o5%)
and positive (5 and 45%). Further, we scored the
positive staining rate of each immunohistochemistry
by percentage, and established the criteria to divide
into ‘þ ’ and ‘þ þ ’; 50% in periostin and in
a-smooth muscle actin staining. This rate is close
to the mean rate of positive (5 and 45%) cases. In
mucinous cystic neoplasms, we evaluated periostin
and a-smooth muscle actin staining results using the
same criteria as in intraductal papillary-mucinous
neoplasm, and then focused on the staining results
of ‘ovarian-type’ stroma. In chronic pancreatitis
cases, the staining pattern was observed separately
as periductal, inter lobular and intralobular stromal
cells. Laminin-5g2 chain expression was evaluated
on proliferating epithelial cells in intraductal
papillary-mucinous neoplasms as follows: negative
(o5%), þ (5–30%), and þ þ (430%). We estab-
lished the criteria to divide into ‘þ ’ and ‘þ þ ’ in
laminin5g2 chain immunostaining by the same
process as in periostin and a-smooth muscle actin
stainings. Each slide was reviewed by two authors
(NF and YK) through a multiheaded microscope,
and a consensus was reached in all cases. All
sections were scored twice to confirm the reprodu-
cibility of the results.

In Situ Hybridization for Periostin mRNA

Antisense and sense cRNA probes were prepared by
in vitro transcription of ECoRI–XbaI fragment of
human periostin cDNA (Takeshita et al4 accession
number D13665), using a DIG Labeling MIX (Roche,
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Indianapolis, IN, USA). In situ hybridization for
detecting the mRNA of periostin was basically
conducted according to the manufacturer’s ins-
tructions (Roche). Formalin-fixed and paraffin-
embedded sections (5 mm) were deparaffinized,
dehydrated and treated in 0.1M HCl for 20min
and in 2�SSC for 5min. After immersing in
proteinase K buffer without enzyme, sections
were digested with 10mg/ml proteinase K (Sigma,
St Louis, MO, USA) for 15min, and treated with
2mg/ml glycine in PBS for 2min. Sections were
washed twice in PBS for 1min and then postfixed

with 4% paraformaldehyde and washed in PBS for
2min. After washing again in PBS, they were
serially treated with 0.1M triethanolamine (pH 8.0)
for 5min and 0.1M triethanolamine/0.25% acetic
acid anhydride for 10min and then washed in PBS
for 5min. The specimens were prehybridized with
hybridization buffer composed of 50% formamide,
5�SSC, 5� Denhardt’s solution (Nippon Gene
Co Ltd, Tokyo, Japan), and 100mg/ml yeast tRNA
(Sigma) for 1h at room temperature. They were
then incubated with hybridization buffer containing
DIG-labeled antisense or sense probes (100 ng/ml)

Table 1 Clinicopathological and immunohistochemical findings in intraductal papillary-mucinous neoplasms

Case no. Age
(years)

Sex Size
(mm)

Histologya MUC1 MUC2 MUC5ac MUC6 Laminin-5g2
chain

Periostin a-Smooth muscle
actin

Adenoma
1 68 F 8 G � � � ++ � � ++
2 70 F 35 G � � + ++ � � ++
3 70 F 70 G � � ++ ++ + + ++
4 61 M 12 G � � � ++ � + +
5 72 M 10 G + � � + � � +
6 68 F 20 G � � ++ + � � ++
7 74 M 20 G/Int � + ++ ++ � � ++
8 77 M 10 G/Int � + ++ ++ � � +
9 65 M 25 Int � ++ ++ + � � ++

Adenocarcinoma (non-invasive)
10 60 M 37 G � � ++ ++ + + +
11 65 M 20 G � � ++ ++ + � ++
12 72 M 25 Int � ++ + + ++ + ++
13 62 M 40 Int � ++ ++ + + + ++
14 75 M 50 Int � ++ + � + ++ ++
15 69 M 25 Onc � � ++ ++ + + ++
16 74 M 15 Onc � � ++ ++ � � +
17 62 F 15 tub ++ � � � + + +

Intraductal component in adenocarcinoma with microscopical invasion
18 76 M 10 G � � ++ + + � ++
19 76 M 25 G + � ++ ++ � � ++
20 61 M 20 Int + ++ ++ ++ ++ + ++
21 62 F 35 Int � ++ + + + ++ ++
22 71 M 45 Int � + ++ ++ + + ++

Intraductal component in adenocarcinoma with macroscopical invasion
23 76 M 35 PB ++ � � + + ++ ++
24 71 F 25 G � � + ++ + + ++
25 67 M 35 Int � + ++ + + ++ ++
26 74 M 30 Int � ++ ++ + ++ + ++

Invasive component in adenocarcinoma with microscopical invasion
18 76 M tub � � � � ++ � ++
19 76 M tub + � + + � + ++
20 61 M tub + ++ + � ++ ++ ++
21 62 F tub � ++ � � + ++ +
22 71 M tub � + + ++ + ++ ++

Invasive component in adenocarcinoma with macroscopical invasion
23 76 M tub ++ � + + ++ ++ ++
24 71 F por ++ � + + ++ ++ +
25 67 M tub ++ � + + ++ ++ ++
26 74 M tub/muc � ++ � + ++ + +

F, female; M, male; G, gastric type; Int, intestinal type; Onc, oncocytic type; PB, pancreatobiliary type; muc, mucinous carcinoma invasion; por,
poorly differentiated adenocarcinoma invasion; tub, well or moderately differentiated tubular adenocarcinoma invasion.
a
Histology and mucin-based subtypes in intraductal papillary mucinous neoplasms, and invasive feature of adenocarcinoma cases with
associated stromal invasion.
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overnight at 581C. After hybridization, sections were
rinsed twice in 5�SSC for 15min at 581C, and
incubated twice in RNase buffer composed of 10mM
Tris-HCL, 500mM NaCl and 1mM EDTA at 371C for
15min. To remove unhybridized RNA, the sections
were incubated with 40mg/ml RNase A in RNase
buffer at 371C for 30min, followed by one washing
in RNase buffer at 371C for 15min, twice in
0.2�SSC at 581C for 20min and once in 0.2�SSC
for 20min at room temperature. In situ hybridization
signals were detected immunohistochemically with
alkaline phosphatase-conjugated anti-DIG antibody
(1:500; Roche) after blocking with 10% sheep serum
in TBS for 20min. Signals were revealed with
alkaline phosphatase substrate solution containing
levamisole (dark blue). Sections were counter-
stained with Mayer’s hematoxylin and mounted
with aqueous mounting medium.

Statistics

Statistical analysis was performed using Excels

2003 for Windows (Microsoft, Redmond, WA,
USA). Fisher’s exact probability test was used to
assess the correlation between periostin protein
expression and clinicopathological findings. Statis-
tical significance was defined as Po0.05.

Results

Clinicopathological Characteristics

Patients with pancreatic ductal adenocarcinoma
included 21 men and 14 women, with a mean age of
66 years (range, 40–79 years). The mean tumor dia-
meter of ductal adenocarcinomas was 31mm (range,
10–40mm). Twenty-six ductal adenocarcinomas were

Figure 1 Periostin expression in pancreatic ductal adenocarcinoma. (a) Pancreatic invasive ductal adenocarcinoma with prominent
desmoplastic reaction (HE stain). (b) Periostin immunohistochemistry shows positive staining of desmoplastic stromal cells around
infiltrating cancer glands. (c) In situ hybridization of periostin on serial sections of panels a and b shows that mRNA signals are observed
in spindle cells of desmoplastic stroma. (d) A high power view of (c).
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located in the head and the other nine were in the
body and/or tail of the pancreas. Patients with intra-
ductal papillary-mucinous neoplasm included 19
men and 7 women, with a mean age of 69 years
(range, 61–77 years) (Table 1). The mean tumor long
axes of intraductal papillary-mucinous neoplasms
were 23mm (range, 8–70mm) in adenoma and
29mm (range, 10–45mm) in adenocarcinoma. All 11
patients with mucinous cystic neoplasm were women,
with a mean age of 45 years (range, 33–69 years).
The mean tumor diameter of mucinous cystic neo-
plasms was 91mm (range, 25–170mm). The thickness
of the cystic wall of mucinous cystic neoplasms was
up to 7mm (mean, 4mm). All patients with chronic
pancreatitis were men, with a mean age of 49 years
(range, 6–66 years).

Immunohistochemistry of Periostin and a-Smooth
Muscle Actin

In the non-neoplastic pancreas, there was no positive
periostin in epithelial cells of the pancreas, including
ductal, acinar, and endocrine cells of the pancreas.
Stromal cells around normal pancreatic ducts expres-
sed no periostin. Immunoreactive periostin was obser-
ved in the stroma around cancer cells in all invasive
ductal adenocarcinoma (þ or þ þ , n¼ 35). Periostin
deposition was most prominent in the lesion immedi-
ately adjacent to infiltrating cancer cells and was
usually weak to absent in the stroma distant to cancer
cells (Figure 1a and b). Small numbers of weak
periostin-positive foci (o5%) were scattered on the
cancer epithelium on immunohistochemistry.

Figure 2 Periostin and a-smooth muscle actin expression in intraductal papillary mucinous neoplasms of the pancreas. (a–c) Part of
the ectatic ductal wall of intraductal papillary-mucinous adenoma (case 6). (a) HE stain, (b) periostin (c) a-smooth muscle actin. (d–f) Part
of the ectatic ductal wall of intraductal papillary-mucinous adenocarcinoma without invasion (case 12). (d) HE stain, (e) Periostin and
(f) a-smooth muscle actin. (g–i) Intraductal component of intraductal papillary-mucinous adenocarcinoma with microscopic stromal
invasion (Case 21). (g) HE stain (h) periostin and (i) Laminin-5g2 chain. Close localization of periostin and laminin-5g2 chain-positive
cells is seen in panels h and i.
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The peri-cancerous stroma of invasive compo-
nents of intraductal papillary-mucinous adeno-
carcinoma also often showed immunoreactivity
of periostin (�, 0; þ , 2; þ þ , 6 cases). Fifteen
intraductal papillary-mucinous neoplasms (58%)
showed stromal periostin expression (þ or þ þ );
2 of 9 adenomas and 13 of 17 adenocarcinomas
(Figure 2). In all intraductal papillary-mucinous
neoplasms, there were bunches of a-smooth muscle
actin-positive cells in the fibrous stromal tissue,
both surrounding stroma of intraductal components
(�, 0; þ , 6; þ þ , 20 cases) and invasive cancer
components (�, 0; þ , 3; þ þ , 6 cases).

In 2 of 11 mucinous cystic neoplasms, stromal
tissue immediately adjacent to the epithelial tumor
on the inner surface showed foci of periostin
immunoreactivity; however, no staining of the
‘ovarian-type’ stroma (Figure 3). Stroma with perio-
stin deposition was accompanied with chronic

inflammation and fibrosis. On the other hand,
a-smooth muscle actin-positive cells were abundant
in fibrous areas, including ‘ovarian-type’ stroma of
all mucinous cystic neoplasms (Figure 3).

In chronic pancreatitis, immunoreactive periostin
was observed mainly in the peri-lobular and inter-
acinar areas showing a meshwork-like or fibrillary
pattern, which was accompanied by many a-smooth
muscle actin-positive cells (Figure 4). No or only
weak staining was seen in interlobular collagenous
fibrous tissue in chronic pancreatitis.

In Situ Hybridization of Periostin in Ductal
Adenocarcinoma of the Pancreas

To clarify the localization of the periostin gene
expression in pancreatic ductal adenocarcinoma,
we performed in situ mRNA hybridization of five

Figure 3 Periostin deposition in pancreatic mucinous cystic neoplasm. (a and b) Cellular stroma, called ‘ovarian-type’ stroma, are seen
beneath the proliferating epithelium (HE stain). (c) Periostin immunohistochemistry shows negative staining for ‘ovarian-type’ stromal
cells. (d) a-Smooth muscle actin immunohistochemistry on serial sections of panels (a–c) is strongly positive for stromal cells.
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tissue samples. Periostin mRNA signals were only
detected in stromal spindle cells corresponding to
myofibroblasts of the pancreas, but not in carcinoma
cells (Figure 1c and d).

Periostin Expression in Intraductal Papillary-
Mucinous Neoplasms and its Clinicopathological
Characteristics

To further clarify the significance of periostin expres-
sion in intraductal papillary-mucinous neoplasms,
the correlation of periostin immunodeposition was
evaluated with clinicopathological characteristics,
and immunohistochemistry of mucin and laminin-
5g2 chain (Tables 1 and 2).

Patient age or gender showed no significant
correlation with periostin deposition, but the factors
of tumor pathology showed positive correlations

(Table 2). Intraductal papillary-mucinous adeno-
carcinoma showed a significantly higher frequency
of periostin deposition than adenoma (P¼ 0.014). In
intraductal papillary-mucinous adenocarcinoma
with stromal invasion, we separately evaluated the
peri-ectatic ducts of intraductal neoplasm and their
associated invasive cancer tissue. The positive rate
of immunoreactive periostin in non-invasive areas
tended to increase according to the histological
grade of neoplasic epithelium as follows: 2 of 9
(22%) in adenoma, 6 of 8 (75%) in non-invasive
adenocarcinoma, 3 of 5 (60%) in adenocarcinoma
with microscopical invasion and 4 of 4 (100%) in
adenocarcinoma with macroscopical invasion.

According to the MUC immunophenotypes and
histology of proliferating epithelial cells,24 intra-
ductal papillary-mucinous neoplasms were sub-
classified into gastric (n¼ 11), intestinal (n¼ 8),
oncocytic (n¼ 2), pancreatobiliary (n¼ 1), tubular

Figure 4 Periostin deposition in chronic pancreatitis. (a) Lobular atrophy with interlobular and intralobular fibrosis and mild
inflammatory cell infiltration is observed. (b) Periostin immunohistochemistry shows perilobular and intralobular positive staining.
Owing to intralobular (interacinar) myofibroblastic proliferation, a perilobular meshwork-like staining pattern is seen. (c) Meshwork-like
staining pattern is characteristic in this field.
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(n¼ 1) and mixed subtypes (gastric and focal intes-
tinal) (n¼ 2). Surrounding stroma of the intestinal
subtype showed a higher frequency of periostin
deposition than in the non-intestinal subtypes
(P¼ 0.036) (Table 2).

Laminin-5g2 chain expression was observed in
neoplastic epithelial cells. Several cases showed
linear basement membrane staining partly in intra-
ductal papillary-mucinous neoplasms. Invasive
carcinoma components of intraductal papillary-
mucinous neoplasm showed laminin-5g2 chain-
positive staining except for one case. Foci of positive
cells were more frequently observed in intraductal
components of intraductal papillary-mucinous
adenocarcinoma (88%) than in those of adenoma
(11%) (P¼ 0.002). Twenty-one (80.8%) of 26 intra-
ductal papillary-mucinous neoplasms showed the
same staining results of laminin-5g2 chain as of
periostin, negative (�) or positive (þ or þ þ ). The
positive rate of periostin deposition was strongly
correlated with that of laminin-5g2 chain in intra-
ductal papillary-mucinous neoplasms (Po0.001)
(Table 2). On histological review, close location or
contact between laminin-5g2 chain-positive neo-
plastic epithelial cells and periostin-positive stroma
was observed in at least three cases (Figure 2h and i).
In other cases, laminin-5g2 chain-positive cells
tended to be scattered around the apical portion of

the proliferating epithelium in intraductal papillary-
mucinous neoplasms.

Discussion

In this study, periostin deposition was observed
in the desmoplastic stroma with mesenchymal cells,
suggestive of myofibroblasts, around neoplastic cells
not only in invasive ductal adenocarcinoma but
also in intraductal papillary-mucinous neoplasms,
the non-invasive stage of pancreatic neoplasm. In
intraductal papillary-mucinous neoplasm, a higher
frequency of periostin deposition was correlated
with higher histological grade, higher frequency of
laminin-5g2 chain expression and ‘intestinal pheno-
type’ of the proliferating epithelium.

We studied periostin expression because of
the differential expression of its gene on microarray
profiles of pancreatic ductal adenocarcinomas
in previous studies.12,13 On our immunohisto-
chemistry, all samples of ductal adenocarcinoma
showed strong stromal staining of periostin,
whereas cancer and inflammatory cells were always
non-stained. These findings are in accordance with
previous reports.15,16 We also detected positive
signals of periostin mRNA only in spindle cells,
probably corresponding to myofibroblasts, in stroma
surrounding cancer cells by in situ hybridization.

Stromal cells of the pancreas represent a hetero-
geneous population of spindle cells, including
capillary endothelial cells, fibroblasts and acti-
vated fibroblasts known as myofibroblasts. Recently,
pancreatic stellate cells have been identified in
the normal pancreas, chronic pancreatitis and
PDAC.25,26 Pancreatic stellate cells can trans-
differentiate from inanctive retinoid/lipid storing
status to an activated myofibroblastic status.19,20 The
expression of a-smooth muscle actin is considered
one of the earliest events in stellate cell activation,
occurring before the deposition of collagen.19,27

In this study, because immunoreactive periostin
was always observed with a-smooth muscle actin-
positive spindle cells, these cells are regarded as
myofibroblasts.

We observed focal periostin expression in the
stroma of several cases of intraductal papillary-
mucinous neoplasms, even if the tumor was in the
non-invasive stage. Through the progression of
intraductal papillary-mucinous neoplasm to inva-
sive carcinoma, the ductular basement membrane
is eroded by cancer cells and tumor cells invade
the surrounding pancreatic parenchyma. Variable
stromal responses have also been described in the
pre-invasive stage of neoplastic lesions in other
organs.28,29 Several growth factors are speculated
to act in a paracrine manner to induce a stromal
reaction.20,29

Laminins are a family of basement membrane
proteins that are associated with cell differentiation,
adhesion and migration, as well as structural

Table 2 Relationship between periostin protein deposition
and clinicopathological characteristics in intraductal papillary-
mucinous neoplasms

Periostin expression

n � +/++ P-value

Age (years)
o70 12 4 8 NS
Z70 14 7 7

Gender
Male 19 8 11 NS
Female 7 3 4

Tumor size (cm)
o2.5 11 8 3 0.015
Z2.5 15 3 12

Histological grade
Adenoma 9 7 2 0.014
Adenocarcinoma 17 4 13

Infiltration
Non 17 12 5 0.038
Exist 9 2 7

Histological phenotype
Intestinal type 9 1 8 0.036
Non-intestinal type 17 10 7

Laminin-5g2
(�) 10 9 1 o0.001
(+)/(++) 16 2 14

NS, no significance.
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components.21 The laminin-5g2 chain is expressed
in cells of various carcinomas, including pancreatic
ductal adenocarcinoma. According to the previous
observation, laminin-5g2 chain expression is found
stronger in frontline invasive cancer cells at the
epithelial–stromal interface.21 In this study, lami-
nin-5g2 chain tended to increase the amount of
positive cells as intraductal papillary-mucinous
neoplasm developed, as reported previously.30

These findings suggest that laminin-5g2 chain-
positive cells in the intraductal components of them
might show potential invasiveness or be connected
to invasive carcinoma.30 The frequency of periostin
expression in adenoma and adenocarcinoma corre-
lated with that of laminin-5g2 chain, and 80.8% of
intraductal papillary-mucinous neoplasms showed
the same immunostaining results, negative or posi-
tive, between stromal periostin expression and
epithelial laminin-5g2 chain expression in the study
(Po0.001). Close localization or contact between
laminin-5g2 chain and periostin-positive stroma was
observed in at least three cases. Taken together, the
increased frequency of laminin-5g2 chain immuno-
reactive tumor cells suggests an indicator of the
increased potential of invasiveness in intraductal
papillary-mucinous neoplasm. A neoplasm with
frequent laminin-5g2 chain-positive cells may affect
stromal cells. Although direct interaction between
periostin and laminin-5g2 chain has not been
observed, laminin-5g2 chain strongly promotes
cellular scattering, migration and adhesion through
interaction with integrins a3b1, a6b1 and a6b4
in vitro,21 whereas b4 integrin complex acts as a
cell surface receptor of periostin in pancreatic
cancer cells.16

Stromal periostin staining was frequently ob-
served not only in ductal adenocarcinomas and
intraductal papillary-mucinous neoplasms but also
in chronic inflammatory processes, such as chronic
pancreatitis and small foci of obstructive pancreati-
tis with lobular atrophy and perilobular fibrosis.
Peri-lobular and mesh-like immunostaining patterns
of periostin were characteristic, and no or little
positivity was seen in interlobular thick fibrous
bands in chronic pancreatitis. The distribution of
periostin immunoreactivity is considered to corres-
pond with that of stellate cells in the normal
pancreas.20

‘Ovarian-type’ stroma is known as a characteristic
histologic feature of pancreatic mucinous cystic
neoplasm, forming a band of densely packed spindle
cells beneath the epithelium, and are now widely
used as a criterion for diagnosis.23,31 These stromal
cells frequently shows estrogen receptor, progester-
one receptor, a-inhibin and a-smooth muscle actin.31

In this study, we found no periostin expression in
distinct ‘ovarian-type’ stroma in mucinous cystic
neoplasms of the pancreas, suggesting that charac-
teristic cellular stromal tissue in them has a different
nature from myofibroblastic proliferation in ductal
neoplasms and chronic pancreatitis.

In conclusion, we have shown that periostin is
expressed and deposited in the stroma of human
pancreatic ductal neoplasms, including intraductal
papillary-mucinous neoplasms and ductal adeno-
carcinomas, and chronic pancreatitis. Immuno-
histochemical deposition of periostin increased
according to the histological grade of neoplastic
epithelium in intraductal papillary-mucinous neo-
plasms. This is the first report to describe the
periostin immunohistochemistry in intraductal pa-
pillary mucinous neoplasm of the pancreas. It is
speculated that tumor–stromal cell interaction
appears even in non-invasive stages of ductal
neoplasms of the pancreas. The precise mechanism
inducing the expression of periostin in stroma will
be the subject of future studies.
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