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Abstract Myofibroblasts in the periacinar area of the
pancreas have been demonstrated to mediate fibrogenesis
in pancreatic fibrosis. However, only a few reports
have described myofibroblasts in the pancreatic duct. To
elucidate the presence of myofibroblasts in the pancreatic
ductal wall, we performed an immunohistochemical
study, using immunostains for both a-smooth muscle
actin (aSMA) and desmin, and an electron microscopic
study on surgically resected pancreatic specimens from
10, 23, 23, and 56 cases of focal pancredtitis (FP), chronic
pancreatitis (CP), pancreatic carcinoma (PCa), and
carcinoma of the papilla of Vater (VPCa), respectively.
All cases showed localized stenosis of the main pancreatic
duct by means of preoperative pancreatography. As
controls, 20 autopsy cases were studied. aSMA-positive
and desmin-negative cells existed in the ductal walls of
controls and were revealed as myofibroblasts by means
of electron microscopy. In six FPs, proliferation of
myofibroblasts was observed at the stenotic portion. In
VPCas, myofibroblasts mainly proliferated in the
pancreatic ductal wall. In CPs and PCas, no myofibro-
blast proliferation was observed at the stenotic portion.
The proliferation of myofibroblasts might occur as a
wound healing process in FP, while acting against eleva-
tion of intraductal pressure in VPCa. In conclusion,
proliferation of myofibroblasts plays an important rolein
ductal changesin various pathological situations.
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Introduction

The term ‘myofibroblasts’ was introduced by Majno
et a. in 1971 to define cells that exhibit some of
the ultrastructural features of both smooth muscle
cells and fibroblasts in granulation tissue [21]. Some
immunohistochemical and in situ hybridization studies
have suggested that myofibroblasts consistently express
o-smooth muscle actin (aSMA) [7, 44], and immuno-
staining for aSMA is useful to detect myofibroblasts
[28, 36]. The presence of myofibroblasts has been
shown in normal tissues [6, 17, 25, 27] and in various
pathologic conditions [26, 31, 34, 37], such as liver
cirrhosis [13, 30], lung fibrosis [1, 15, 16, 44], kidney
fibrosis [9], and myocardia scar [40, 42]. Many inves-
tigators have also analyzed the role of myofibroblasts
[25, 26].

Recent reports have revealed that myofibroblasts
are aso involved in pancreatic fibrosis [2, 3, 5, 20].
The identification of the pancreatic stellate cells (PSCs)
was reported by Bachem et a. [4, 5], and these
cells were morphologically and functionally similar to
hepatic stellate cells, also called Ito cells [12], vitamin
A-storing cells, or fat-storing cells. In that study,
vitamin A-storing cells isolated from the pancreas were
shown to differentiate into myofibroblast-like cells
expressing aSMA and producing collagen types | and
[11, laminin, and fibronectin. It is therefore suggested
that PSCs participate in the fibrogenic process of the
pancreas.

Only a few reports have described myofibroblasts of
the pancreatic ducts in various conditions. In this study,
we showed immunohistochemically and ultrastructurally
the existence of myofibroblasts in the normal pancreatic
duct wall and examined the pancreatic duct walls in four
pathological conditions. focal pancreatitis (FP), chronic
pancreatitis (CP), invasive ductal carcinoma of the
pancreas (PCa), and carcinoma of the papilla of Vater
(VPCa).



Materials and methods

Materias

For this study, Jikel University and Juntendo University provided
112 surgically resected pancreas specimens with localized stenosis
of the main pancreatic duct. Histologically, 10, 23, 23, and 56
specimens were diagnosed as FPs, CPs, PCas, and VPCas, respec-
tively. In PCas, six were well-differentiated adenocarcinomas, 13
were moderately differentiated adenocarcinomas, and the remaining
four were poorly differentiated adenocarcinomas. For controls, we
randomly selected, from the 1998 autopsy files of Juntendo
University, the pancreatic bodies of 20 people who had neither
history of alcoholism nor pathological abnormalities of the liver,
bile duct, or pancreas. These cases were matched by age and gender
to the study cases. Surgical specimens of histologically normal
pancreas tissues, downstream, not upstream, from the duct stenosis
in six cases of PCa and three cases of FP, were also examined as
controls. All materials were fixed with 10% formaldehyde solution
and embedded in paraffin for microscopy. Serial sections were cut
from each paraffin block at a thickness of 3 um and were stained
using hematoxylin and eosin (HE) and elastica van Gieson (EVG).
They were aso immunostained for aSMA and desmin.

Antibodies

The following antibodies were used:

1. Monoclonal mouse anti-aSMA, clone 1A4 (Dako A/S,
Denmark), diluted 1:100, to detect myofibroblasts [27, 28]

2. Monoclonal mouse anti-human desmin, clone D33 (Dako A/S,
Denmark), diluted 1:50

Immunohistochemistry

The avidin-biotin peroxidase method was performed for immuno-
histochemistry. Monoclona antibodies, mentioned above, against
aSMA and desmin were used as the primary antibodies. The
specificities of these antibodies had been confirmed using an
appropriate positive control series. Sections were deparaffinized,
and endogenous peroxidase was blocked with 0.3% H,0O, in metha-
nol for 20 min after dehydration. The slides were then incubated
with anti-a-SMA or anti-desmin for 60 min and rinsed ten times
in phosphate-buffered saline. After incubation with biotinylated
secondary antibody, avidin—biotin peroxidase complex (Dako A/S,
Denmark) was employed, and enzymatic activity was reveaed
using 3,3'-diaminobenzidine. Sections were finally counterstained
with hematoxylin and covered in an aqueous mounting medium.

Electron microscopy

Main pancreatic ducts taken from the excised tissues were cut into
1 mm cubes and fixed for 2 h at 4°C in 2.5% glutaraldehyde (Merck,
Darmstadt, Germany). They were then postfixed in 1% osmium
tetroxide solution for 2 h at 4°C and embedded in Epon 812. Ultra-thin
sections were cut using a Reichert ultramicrotome (Ultracut R/FCR;
Wein, Austria) with a diamond knife and then double stained with
uranyl acetate and lead citrate. They were examined and photographed
using an H-7100 (Hitachi, Tokyo, Japan) at 75 kV.

Results
Controls

In al control cases, no or scant autolytic change was
observed, and aSMA-positive cells, including vascular
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Fig. 1 The main pancreatic duct in a control. A No pathological
change is identified (hematoxylin and eosin, x60). B Elastic
fibers distributed over the ductal wall (elastica van Gieson, x60).

C a-Smooth muscle actin-positive cells existed mainly in the outer
region of thewall (immunostain for a-smooth muscle actin, x60)

smooth muscle cells, existed mainly in the outer layer of
the wall of the main pancreatic duct (Fig. 1A, C). Most
of these cells, except vascular smooth muscle cells, were
negative for desmin. Elastic fibers were distributed
homogeneously over the ductal wall (Fig. 1B).

The electron microscopic study showed triangular
shaped cells with cytoplasmic lipid droplets in the
pancreatic ductal wall (Fig. 2A). These cells also
contained a large notched nucleus, a prominent endo-
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Fig. 2 Transmission electron micrograph illustrating a typical
myofibroblast in the pancreatic duct of a control. A This cell
shows a triangular shape, a large nucleus, and dilated cisternae of
the rough endoplasmic reticulum. E Ductal epithelium. Bar 1 pm.
B Bundles of microfilaments are observed throughout the cytoplasm
(bold arrow), frequently forming dense bodies. Pinocytatic vesicles
are observed at the cell membrane (small arrow). Bar 2 um. (Uranyl
acetate, lead citrate, and tannic acid stain)

Fig. 3 Endoscopic retrograde pancreatography of a case of focal
pancreatitis. Endoscopic retrograde pancreatography showed
localized stenosis (arrow) of the main pancreatic duct in the body
of the pancreas with dilatation of the distal ductal system

plasmic reticulum, bundles of microfilaments with dense
bodies, partial investment by basal lamina, and a few
mitochondria. Microfilaments were oriented paralel to
the long axis of the cell, commonly located beneath the
cell membrane. Pinocytic vesicles were sometimes
observed at the cell membrane (Fig. 2B).

Focal pancreatitis

In this study, cases categorized into FPs showed local-
ized stenosis of the main pancreatic duct on endoscopic
retrograde pancreatography (Fig. 3) and histological
findings of localized acinar atrophy with massive fibrosis
and scanty inflammatory cell infiltration. No pathological
change was observed in the pancreatic tissue down-
stream from the ductal stenosis. The tissue upstream
from the stenosis showed no or dlight inter- and intra-
lobular fibrosis, which was compatible with obstructive
CP [35, 39]. Additionally, none of the cases had either
history of alcohol abuse or immunological abnormality.
Therefore, these cases could not be distinctively classified
into both non-alcoholic duct destructive CP [10] and
early stage alcoholic pancreatitis [18]. In six of ten cases,
myofibroblasts massively proliferated around the ductal
epithelium at the stenotic portion of the main pancreatic
duct, resulting in dissociation of elastic fibers from the
ductal epithelium, as shown in Table 1 and Fig. 4. The
irregularity of the ductal lumen at the stenosis was thus
positively correlated with the non-uniform width of the
subepithelial zone of proliferating myofibroblasts. In the
other four cases, there was a hypocellular area composed
of collagen fibers between the ductal epithelium and the
elastic fibers band, but proliferation of myofibroblasts
was not observed. In al cases, the main pancreatic duct
on the duodena side of the stenosis showed a similar
pattern to that of the controls. In the tissue upstream
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Table 1 Histological findings

of the main pancreatic duct wall ~ Case Age (years)/gender  Portion  Inflanmatory cellP  Elastic fiber ~ Myofibroblast
at stenosisin focal pancreatitis -
(idwcpeois” ol BE, B - TN
. Dissoci reexistin -
(d ast)ic fi bsgo E;d Wgseg;xmi agted FP2 55/Female BT + Dissociated +++
rmdos windslo T 03 Bfewe & Do
icfi w i SSoCi
Of C0||agen f|berS, H head, FP6 69/Fema|e BT - D|$)C| aiw +++
B body; BT body and tail; T tail EE; gzlfﬂeglﬁ:le ET + B:gg: 3@ :
FP9 76/Male BT - Dissociated +
FP10 65/Female H - Dissociated +
CP1 50/Male H ++ Disrupted +
CP2 49/Mae BT ++ Disrupted +
CP3 68/Male H ++ Disrupted +
CP4 49/Male BT ++ Disrupted +
CP5 63/Male H +++ Disrupted +
CP6 76/Male BT +++ Disrupted +
CP7 60/Male H +++ Disrupted +
CP8 59/Male H +++ Disrupted +
CP9 47/Mae BT + Disrupted +
CP10 51/Male H + Disrupted +
CP11 42/Mae BT + Dissociated +
CP12 39/Mae BT + Dissociated +
CP13 69/Male H + Dissociated +
CP14 43/Male BT + Dissociated — ++
CP15 43/Male BT + Dissociated ~ ++
CP16 63/Female BT + Loose +
2Mean age CP17 52/Male H + Loose +
®—No cell, + few and focal, CP18 70/Male H + Loose +
++massveanddiffuse and — cp1g  70/Female T + Loose +
+++ massive cellsin duct lumen  cppg 45/Male H + Loose +
¢—Nocell, + same ascontrol,  cp21 47/Male B + Loose +
++ dlight proliferation, CP2  43Mde BT + Loose +
and +++ subepithelial massive  cpp3 72/Male BT + Loose ++

proliferation

from the stenosis, myofibroblasts slightly proliferated in
the ductal wall and fibrous area, but the proliferating
state was different from that seen in the stenotic ductal
wall, as described later in the result of VPCas.

Chronic pancreatitis

All cases of CP had history of alcohol abuse and showed
no immunological abnormality in various clinical exam-
inations. Histologically, all cases were advanced stage,
and ten cases contained focal necrosis. Inflammatory cell
infiltration at various degrees was observed over the
ductal wall at the stenctic portion of the main pancreatic
duct (Fig. 5A), resulting in disruption of elastic fibersin ten
cases (Fig. 5B). The other five cases showed dissociation
of elastic fibers from the ductal epithelium and, in the
remaining eight cases, the elastic fibers became loose and
wide, resulting from an increase of collagen fibers among
them, as shown in Table 1. No case showed proliferation
of myofibroblastsin the stenotic ductal wall (Fig. 5C).

Pancreatic carcinoma

At the stenotic portion of the main pancreatic duct, carci-
noma cells destroyed the ductal wall and disrupted the

band of elastic fibers (Fig. 6A, B) without massive
proliferation of myofibroblasts in all 23 cases of PCa
(Fig. 6C, Table 2). Additionally, no case showed myofibro-
blast proliferation in the ductal wall where carcinoma
cells spread only in the epithelial layer, and no invasion
was observed.

Carcinoma of the papilla of Vater

The pancreatic tissue of patients with VPCa showed
various degrees of inter- and intralobular fibrosis with
acinar atrophy, which correspond to obstructive CP [35,
39]. In most pancreatic specimens of VPCa, proliferation
of aSMA-positive cells, which showed negative for
desmin, was identified. The 56 specimens were classified
into five patterns of myofibroblast distribution, as follows:
“same as controls (n=6)", “proliferation only in the
ductal wall (n=10)", “proliferation in the ductal wall and
periductal area (n=15)", “proliferation in interlobular and
periacinar areas in addition to the ductal wall (n=15)",
and “diffuse proliferation in the parenchyma (n=10)", as
shown in Fig. 7. In al cases, the distribution of myofibro-
blast fitted with distribution of fibrosis, as shown in
Table 3. Furthermore, myofibroblasts that proliferated in
the pancreatic ductal wall were distributed mainly in
the subepithelial area, resulting in dissociation of elastic



Fig. 4 A stenotic portion of the main pancreatic duct in a patient
with focal pancreatitis. A The main pancreatic duct is surrounded
by fibrous tissue (hematoxylin and eosin, x80). B Elastic fibers
are dissociated from ductal epithelium (elastica van Gieson x80).
C Massive proliferation of myofibroblast is observed in the
subepithelium (immunostain for a-smooth muscle actin, x80).
D No proliferation of desmin-positive cellsisidentified (immuno-
stain for desmin, x80)

fibers from the ductal epithelium, as seen in the stenotic
ductal wall in FP. However, the width of proliferating
myofibroblast zone around the ductal epithelium in
VPCa was rather more uniform and narrower than that
seen in the stenotic ductal wall in FP.

In FP and PCa, the pancreatic tissue upstream, not
downstream, from the stenotic portion showed various
degrees of fibrosis and acinar atrophy, which were also
compatible with obstructive CP, and the same distribu-
tion patterns of proliferating myofibroblasts as in VPCa
were observed. However, the pancreatic tissues of PCa
tended to show a more advanced stage of parenchymal
fibrosis than those of VPCa, and the myofibroblast
proliferation patterns of most cases were classified into
“proliferation in interlobular and periacinar areas in
addition to the ductal wall (n=12)" and “diffuse prolifer-
ation in the parenchyma (n=8)".

Discussion

In the present study, the existence of the myofibroblasts
in the pancreatic ductal wall was elucidated in normal
and various pathological conditions. In the normal
pancreas, myofibroblasts were scattered and distributed
mainly in the outer layer of the ductal wall. In the
normal condition, the role of ductal myofibroblasts may
be the regulation of intraductal pressure for smooth
drainage of the pancreatic juice, similar to that of the Ito
cells, which control the blood flow in the sinusoids of
the liver [11].

There are many studies comparing pancreatography
with pathological findings at the stenotic portion of the
main pancreatic duct [24], but many cases are surgically
treated without an accurate preoperative diagnosis [19,
23, 38, 41]. In these cases, no detailed histological or
immunohistochemical analyses of the ductal wall defor-
mities were seen, and the causes of such pathological
changes were thought to be early stage chronic diffuse
pancreatitis, ductitis, state after acute pancreatitis, or
abdominal trauma [12, 14, 23, 38, 41, 43]. In this study,
however, in six cases with FP, myofibroblasts massively
and non-uniformly proliferated between the ductal
epithelium and elastic fibers in the stenotic ductal wall.
It is common knowledge that myofibroblasts play an
important role in wound healing [7, 22, 33]. Therefore,
such phenomena at the stenotic portion might indicate a



Fig. 5 The main pancreatic duct in a patient with chronic
pancreatitis. A Massive infiltration of inflammatory cells is
observed over ductal wall (hematoxylin and eosin, x80). B Elastic
fibers are disrupted by inflammatory infiltration (elastica van
Gieson, x80). C No proliferation of a-smooth muscle actin
(aSMA)-positive cells is identified in the ductal wall (immuno-
stain for aSMA, x80)

healing process for localized inflammation or ulceration
of the ductal wall. Furthermore, myofibroblasts partici-
pate in the contraction of tissues [28, 29, 32, 33]. In our
FP cases, circular contraction of the ductal wall by
proliferating myofibroblasts might induce the stenosis of
the main pancreatic duct and block the efflux of pancreatic
juice from branch pancreatic ducts at the stenotic

Fig. 6 The main pancreatic duct in a patient with pancreatic
carcinoma. A Carcinoma cells invaded and destroyed the ductal
wall, resulting in stenosis of the duct (hematoxylin and eosin,
x80). B Elastic fibers are disrupted by invasion of carcinoma cells
(elastica van Gieson, x80). C No proliferation of a-smooth muscle
actin (aSMA)-positive cells is identified in the ductal wall
(immunostain for aSMA, x80)

portion, following localized acinar atrophy and fibrosis.
Although FP seems to be due to focal damage to the
pancreatic duct, we could not identify the initial cause of
such ductal damage in this study. The question of whether
FP is an entity thus remains to be solved. The remaining
four FP cases showed hypocellular area composed of
collagen fibers distributed between the ductal epithelium
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Table 2 Histological findings

of the main pancreatic duct Case Age (years)/gender  Portion  Histology  ts°  Elasticfiber ~ Myofibroblast
wall at stenosis in pancreatic -
Carci nomas. H head, B body, Control 65.12 B - - D|ffuse +
BT body and tail; T tail; PCal 55/Male H Wel 2 Disrupted +-
Wel well differentiated type; PCa2 66/Male H Wel 2 Disrupted +—
Mod moderately differentiated ~ PCa3 S4/Male H Wel 2 Disrupted +—
type; Por poorly differentiated ~ PCa4 S3/Male B Wel 3 Disrupted +-
typa ts tumor Sze, PCainvasive PCas 65/Male H Wel 2 D| Srupted +—
ductal Carci nomas of the PCa6 73/M a'e B Wel 2 DISI’upted +—
pancreas PCa7 59/Male B Mod 2 Disrupted +—
PCa8 57/Male H Mod 3 Disrupted +—
PCa9 67/Male B Mod 1 Disrupted +—
PCal0 64/Male H Mod 2 Disrupted +—
PCal1 40/Mde H Mod 1 Disrupted +—
PCal2 72/IMale H Mod 4 Disrupted +—
PCal3 61/Made H Mod 2 Disrupted +—
PCal4 72/Male BT Mod 3 Disrupted +—
PCal5 61/Male H Mod 2 Disrupted +—
PCal6 72/Female H Mod 2 Disrupted +—
PCal7 68/Male T Mod 3 Disrupted +—
a PCal8 74/Male B Mod 1 Disrupted +—
Meanage PCal9  72/Female T Mod 4 Disrupted +—
Maximum diameter of tumor - pcap0  69/Male H Por 2 Disupted -
size; tsl<2 cm, 2 em<ts2<4 cm,  pcgp1 69/Male H Por 2 Disrupted -
4cm<ts3<6em, and6em<tsA  pca) 54/Male H Por 3 Disrupted -
¢—No cell; +—fewer cells PCa23 70/Male B Por 2 Disrupted -

identified than control

Fig. 7 Myofibroblasts, a-smooth muscle actin (aSMA)-positive  the interlobular and the periacinar area (C), and in the parenchymal
cells, proliferating in patients with carcinomas of the papilla of fibrotic area (D) (immunostain for aSMA; A and B x100, C x40,
Vater. The proliferation of a SMA-positive cellsis seen only inthe and D x20)

ductal wall (A), in the ductal wall and the periductal area (B), in



Table 3 Distribution of myofibroblast in the pancreatic tissue of
carcinoma of the papilla of Vater. | no fibrosis, |1 periductal fibrosis,
Il periductal, interlobular and intralobular fibrosis, 1V diffuse
fibrosis; — no cell; + same as control; ++ dlight proliferation;
+++ massive proliferation

Fibrosis Number Ductal Periduct Intralobule Interlobule
of case (%) wall

Control + - - -

| 16 (28.5) +/++ - - -

I 15(26.8) ++ ++ - -

11 15(26.8) ++ ++ ++ ++
vV 10 (17.9) ++ ++ +++ +++

and elagtic fibers zone without myafibroblast proliferation.
Possible mechanisms of such pathological change
include not only apoptosis, as seen in the late phases of
wound healing [8], but also cytoskeletal transformation
to be negative for aSMA after collagen fiber synthesis.

The pancreatic tissue of VPCas and tissue upstream
from the stenotic portion of both FPs and PCas showed
interlobular and intralobular fibrosis in various degrees,
with or without acinar atrophy. These changes were
caused by disturbance of the flow of pancreatic juice and
were recognized as obstructive CP [35], and characteristic
fibrosis was observed in both periacinar and interlobular
areas [39]. In this study, al cases with such fibrosis
showed myofibroblast proliferation in the ductal wall.
Additionally, ten VPCa cases without parenchymal fibrosis
showed proliferation of myofibroblasts in the pancreatic
ductal wall. Sections downstream, not upstream, from the
stenotic portion, which were obtained from PCas and FPs,
did not show either parenchymal fibrosis or myofibroblast
proliferation in the ductal wall. Furthermore, in contrast to
the stenotic ductal wall of FPs, the width of the proliferating
myofibroblast zone was relatively uniform, following no
ductal stenosis. Therefore, proliferation of myofibroblasts
over the ductal wall in our study might be a phenomenon
against the elevation of intraductal pressure by distur-
bance of the flow of pancreatic juice. Once the intraductal
pressure becomes higher than the limitation of the com-
pensation by contractile force of myofibroblasts, however,
both atrophy of the acini and fibrosis may occur. Such
varying patterns of fibrosis and myofibroblast proliferation
in cases of obstructive CP may depend on the difference
inintraductal pressurein each case.

In both CPs and PCas, stenosis of the pancreatic duct
is due to intralumina factors, such as protein plugs or
neoplasia, and extraluminal factors, such as inflammatory
cell or carcinoma cell infiltration with fibrosis. However,
no proliferation of myofibroblasts in the ductal wall was
observed at the duct stenotic portion. These results
suggested that myofibroblast proliferation in the fibrotic
area is non-specific, while that in the ductal wall is a
specific phenomenon.

Finally, we elucidated the existence of ductal myofi-
broblasts in this study. To elucidate the role of ductal
myofibroblasts, further studies, such as anayses of
coculture models of ductal epithelial cells and myofibro-
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blasts, should be performed. However, our pathological
study can explain the roles of myofibroblasts if we take
into account the findings of previous studies [7, 17, 21,
25, 26, 44)], as follows. ductal myofibroblasts may take
part in (1) control of the intraductal pressure for smooth
flow of pancreatic juice, (2) epithelia cell restitution and
duct remodeling in healing of ducta injury, and (3)
epithelial proliferation and differentiation [26]. In
conclusion, we demonstrated that myofibroblasts in the
ductal wall proliferated in various pathological situations
and occasionally caused ductal stenosis.
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