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Abstract
Background: The duct cells make up to 30% of the human pancreas. One of the first signs of chronic pancreatitis is the abnormal increase in the
number of duct brunches. The pancreatic ductal changes, periductal, inter- and intralobular fibrosis etc. are not the causes of chronic pancreatitis, but
its consequences. The aim of the present study was to determine morphological and immunohistochemical features of the pancreatic duct system in
patients with chronic pancreatitis, who underwent surgery for chronic pancreatitis.

Materials and methods: An immunohistochemical study of the surgical material of 40 patients with complicated chronic pancreatitis was carried
out using antibodies to α-SMA, desmin, fibronectin and type I collagen.
Results: A characteristic morphological picture of the chronic pancreatitis in development is a combination of fibrosis with deformation of the duct
system due to periductal fibrosis with the expansion of interlobular fibrosis, thickening of intralobular connective tissue strands, as well as considerable
crimp and widening of the ducts with retention cysts. Significant structural reorganization of the pancreatic duct system in patients with chronic
pancreatitis was observed in 87.5% of cases, in 17.5% of cases the picture was supplemented by phenomena of acinar-ductal metaplasia with the
transformation of acinar cells into ductal cells and the formation of small ductal-like structures, the so-called “tubular complexes”. In 7.5% of the cases
in the main pancreatic duct, foci of atrophy of the epithelium were identified, which alternated with foci of papillary intraepithelial epithelial hyperplasia
(PanIN). The development of pancreatic fibrosis in chronic pancreatitis is facilitated by the accumulation of α-SMA+ activated pancreatic stellate cells
synthesizing an excess of components of the extra-cellular matrix, in particular type I collagen. The mean area of type I collagen and the intensity of its
expression were significantly lower with reduced α-SMA expression (p <0.05), and significantly higher in cases of pronounced fibronectin expression
(p <0.05).
Conclusion: The study of structural changes of the pancreatic duct system in patients with chronic pancreatitis using immunohistochemistry is one
of the ways to understanding of pathogenesis and progressing of chronic pancreatitis.
Keywords: Chronic pancreatitis; Duct metaplasia; α-SMA; Desmin; Fibronectin; Type I collagen
Aim

The aim of the study was to determine the morphological and immunohistochemical features of the ductal system of the pancreas of patients who
had undergone resection and draining operation due to complications of chronic pancreatitis.

Introduction

Chronic pancreatitis is a disease of the pancreas in which
recurrent inflammatory episodes result in replacement of
pancreatic parenchyma by fibrous connective tissue. Chronic
pancreatitis is characterized by specific changes in the structure
and function of the pancreas, including atrophy of functional tissue,
fibrosis and duct degeneration [1-3], a decrease in the number
of islets of Langerhans [1]. Despite the large number of possible
etiological factors, the main pathophysiological mechanisms of
the development of chronic pancreatitis have much in common.
Thus, with the preservation of secretory activity in conditions
of obstruction of the ducts, their compensatory expansion and
pancreatic secret infiltrates the surrounding tissue with the
Copyright © All rights are reserved by Yurii A Mikheiev

formation of edema of the pancreas, followed by intrapancreatic
activation of digestive enzymes, in particular trypsinogen, which
initiates proteolytic necrobiosis of pancreocytes [4]. In the future,
this leads to the formation of “protein caps” pancreatic ducts, due
to increased secretion of pancreatic proteins, which are the centers
of calcification and lead to the formation of concernments in the
ductal pancreatic system [5]. As a result, the epithelium of the
ducts is affected, which forms molds and clogs of the ducts, thereby
causing inflammatory changes and loss of functioning pancreatic
parenchyma due to fibrosis [4,6,7].
The duct cells make up to 30% of the mass of the human
pancreas, compared to 1-2% of endocrine cells [8]. One of the first
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signs of HP is the abnormal increase in the number of brunch ducts.
It has also been shown that in patients with HP in the ducts, the
number of cells containing insulin increases, as well as cells that
contain other endocrine and exocrine markers [9]. When modeling
pancreatitis in a rat experiment was made, it was confirmed that
cells of epithelial origin are involved in the regulation of the extracellular matrix (ECM) of the pancreas [10].

From the biochemical point of view, ECM consists of four
main classes of macromolecules - collagens, proteoglycans,
structural glycoproteins and elastin [11,12]. Structural strength
and functional unity of ECM proteins play an important role in
maintaining the organ-specific function of the pancreas [12,13].
Significant progress in understanding the development of fibrosis
in chronic pancreatitis is associated with the identification of
pancreatic stellate cells (PaSCs), which are capable of producing
ECM, including excess [14].

For the first time lipid-containing cells were found in the
human pancreas, rats and mice in 1982. Although the potential role
of these cells in fibrogenesis was already discussed, another 8 years
passed before scientists could isolate and characterize them [15].
PaSCs are located in the intralobular and intraacinar space of the
human pancreas and have the characteristics of myofibroblasts: an
examination of the α-isoform of smooth muscle actin, the synthesis
of collagen and fibronectin [16]. Also, PaSCs express intermediate
filaments that are characteristic of myocytes - for example, desmin.

There are three basic mechanisms by which activation of PaSCs
in chronic pancreatitis may occur: mechanical stress, production of
cytokines and changes in ECM [14]. The content of fat droplets is
inversely proportional to the expression of SMA and the synthesis
of ECM. The transition from the latent “lipid-containing” form to
“myofibroblastoid” with high proliferative properties is associated
with the loss of drops of retinol, the development of endoplasmic
reticulum and an increase in the synthesis of ECM proteins.
Unlike the latent form, active or “synthesizing” is characterized
by the synthesis of large volumes of collagen of the first type and
fibronectin [11,17].
The activation of the PaSCs follows their proliferation and
migration. In cell culture, activated PaSCs rapidly proliferate and
migrate under the control of chemotaxis toward the damaged
tissue [18]. In addition to active migration to the injured sector,
their absence in normal tissue is controlled by apoptosis. With
the activation of PaSCs, a number of morphological changes occur,
including changes to the myofibroblast-like phenotype, which
synthesizes and secrets a large amount of type I collagen and
fibronectin [19]. The shift in self-regulation of the PaSCs leads to
an excessive accumulation of ECM and/or a reduced rate of its
destruction, involving healthy functional-significant structures of
the prostate in the process of fibrosis [14,20].

Materials and Methods

Comprehensive histopathological and immunohistochemical
study was performed in the histological and immunohistochemical
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laboratory of the University Hospital of Zaporozhye State Medical
University based on postoperative material of 40 patients aged 28
to 74 years suffering from chronic pancreatitis, who were operated
at the clinic of the department of surgery and minimally invasive
technologies SI “Zaporozhye Medical Academy postgraduate
education of the Ministry of Health of Ukraine”.
For performing histological biopsies of pancreas were fixed
in 10.0% neutral formalin, dehydrated in alcohols of increasing
concentration and embedded in paraffin. Histological sections 3-5
μm thick were stained with hematoxylin and eosin, according to the
Van Gyzon and Mallory-Trichrome methods. Immunohistochemical
study was performed according to the standard procedure [21,22]
using monoclonal mouse antibodies Alpha Smooth Muscle Actin
against α-isoform of smooth muscle actin (α-SMA) and desmin (Clone
D33) against desmin (DAKO, USA), monoclonal rabbit antibodies
Collagen I (Clone RAH C11) against type I collagen (Imtek, RF) and
polyclonal rabbit antibodies Fibronectin against fibronectin (DAKO,
USA). To do this, after dewaxing, high-temperature unmasking of
antigens in Tris-EDTA buffer with pH 9 and blocking the activity
of endogenous peroxidase in a 3% solution of hydrogen peroxide,
incubation with primary antibodies was performed according to the
recommendations of the manufacturer, followed by visualization of
the product of immunohistochemical reaction using the EnVision
detection system FLEX with diaminobenzidine (DAKO, USA).

Evaluation
of
immunohistochemical
reaction
with
photodocumentation was performed using an Axioplan 2
microscope (Carl Zeiss, Germany) and a digital camera C5060WZ
(Olympus, Japan). For photomorphometric study, 10 fields of vision
were photographed in each case. To standardize the data obtained,
the photos were taken under standardized conditions: an increase
in the x200 microscope, a color (temperature) of 3200K, camera
parameters F3.2 (aperture), 1/400 (shutter speed), ISO 100
(photosensitivity), manual white balance “one touch”.

Quantitative determination of the levels of intensity and
relative area of expression of the stromal markers was carried out
using the ImageJ v.1.48 medical image processing software using
the built-in Color Deconvolution plug-in and the H DAB color
scheme (hematoxylin + DAB) to determine the area occupied by
immunopositive structure in immunohistochemical preparations,
and optical (densitometric) intensity of immunostaining
according to the patented technique [23]. For the morphometric
calculation of the quantitative content of the desired components,
an automatically constructed histogram of the 8-bit half-tone
image of the filtered DAB channel with software calculation of the
optical density (Mean) and standard deviation (Std Dev) was used.
For the subsequent morphometric measurement of the relative
area in a halftone image, a standard threshold of sensitivity (the
“Threshold” tool) was used to calculate the expression of α-SMA
and collagen I, and Reniy Entropy to calculate expression of desmin
and fibronectin. Due to this procedure, the digital image was
segmented, which provides the separation of all image pixels into
two types - black and white. Then the percentage of the number of
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pixels of the digital image of the immunopositive reaction (black)
was calculated to the total number of pixels in the image.

Results and Discussion

One of the important features associated with the course of
CP, is the order of development of characteristic microstructural
changes in the pancreas. So, with the progression of fibrosis, the
volume fraction of exocrine tissue decreases, the formation of
fibrous tissue begins from the ducts, with subsequent attraction
of perilobular space and penetration into the lobules [3]. In the
pathohistological study of medicaments with a specific color
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of collagen (according to Van Gieson and Mallory-trichrome),
fibrotic changes in all the patients with CP were characterized by
a combination of pronounced perilobular fibrosis, which covered
all lobules, widespread intralobular fibrosis (Figure 1A), as well as
expressive periductal fibrosis near large, sharply defined, narrow
and cystically dilated ducts. There was also a noticeable expansion of
interlobular fibrous septum, a thickening of intralobular connective
tissue strands directed deep into the lobules and connective tissue
strands that surrounded the individual acini, as well as a significant
crimp and widening of the ducts with retention cysts (Figure 1B).

Figure 1: Pancreas with signs of fibrosis. Color Mallory-trichrome, x400: A) Perilobulary fibrosis, connective tissue strands
penetrate into the pancreatic lobes, breaking the characteristic acinar structure; B) Intralobulary strands of connective tissue
depth direction slices, tightly cover the expanded ducts.

In most cases, the deformation of the flow system was related
to the number of the most notable structural changes. So, in 87.5%
of cases near the unevenly narrowed and cystic-altered interlobular
ducts noticeable concentric fibrosis was observed, protein plugs
and concrements were observed in the holes of the ducts. In 7.5% of

the cases in the main pancreatic duct, foci of atrophy of the protocol
epithelium were identified, which alternated with foci of papillary
intraepithelial epithelial hyperplasia; pancreatic intraepithelial
neoplasia Pan IN.

Figure 2: Pancreas with signs of fibrosis: A) Intralobular fibrosis, violation of the acinar structure, but with intact islets of
Langerhans. Color Mallory-trichrome, uv. x200; B) On the site of the destroyed slices connective tissue penetrates into the
islands. Color Mallory-trichrome, x400.

Among the acini, the islets of Langerhans were determined,
both intact (Figure 2A) and tightly surrounded by fibrous tissue
(Figure 2B). Recent research indicates that pancreatic islets begin
to degrade only in the last stages of pancreatic fibrosis [23]. In our
work, the involvement of the islets of Langerhans in the process

of fibrosis was observed only in cases when the surrounding acini
were almost completely replaced by a connective tissue.

The increase in the number of branch ducts during
morphological examination was determined in the form of growth
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of ducts in two based types, which are characteristic for fibrosis of
other parenchymal organs: continued, with the formation of a large
number of parallel brunches of small and medium diameter (Figure
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3A) and another, which differs by the deformation of the wall and
the expansion of the section of the duct, with the formation of
numerous branches of small diameter (Figure 3B).

Figure 3: Pancreas with signs of fibrosis: A) Increased mass of ducts due to the extended type of growth. Immunohistochemical
reaction with antibodies to fibronectin, x200; B) Increase in the mass of the ducts due to the offgrowth type of growth.
Immunohistochemical reaction with antibodies to fibronectin, x200; C) The tubular complex. Staining with hematoxylin and
eosin, x400.

The parenchyma of the pancreas, thus, was a small, atrophic
acinus, surrounded by dense fibrous couplings, with an increased
number of gaping ducts of different diameters. Also, in 17.5% of
cases, phenomena of acinar-ductal metaplasia (Figure 3B) were
observed. In the centers of the so-called acinar-ductal metaplasia,

the transformation of some acinar cells into ductal cells was
determined with the formation of small duсtuloid-like structures,
called “Tubular complexes,” which according to the literature are
the primary focus of regeneration of acinar tissue [3,23].

Figure 4: Perineural fibrosis of the pancreas in chronic pancreatitis. A) Color Mallory-trichrome, x200; B) Immunohistochemical
reaction with antibodies Rb a-Hu Fibronectin, visualization system DAKO EnVision FLEX. x200.

Figure 5: Expressed α-SMA-immunopositive staining of PaSCs and their processes, as well as the fibrillar component in the zone
of pronounced pancreatic fibrosis. A) Color Mallory-trichrome, x200; B) Immunohistochemical reaction with antibodies Mo a-Hu
Smooth Muscle Actin Alpha, visualization system DAKO EnVision FLEX. x200.
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In the fibrosis zones, a few focal immune cell infiltrates were
identified, more characteristic of the acute phase of the disease.
In 45% of cases, the examined preparations showed the presence
of perineural fibrosis (Figure 4), which potentially aggravates the

pain reaction in chronic pancreatitis. Immunohistochemical and
morphometric studies that were conducted have shown that in
areas of severe fibrosis in chronic pancreatitis, a number of cellular
and fibrillar markers is expressed. The results are shown in Table 1.

Table 1: Results of photocytometric morphometry of immunohistochemical preparations, M±σ.
α-SMA
М
σ

Sотн

17,71%
1,65%

Desmin
Mean

44,93
4,66

Fibronectin

Sотн

Mean

0,08%

0,63

1,09%

4,40

In particular, in the fibrosis zones a large number of activated
α-SMA + pancreatic stellate cells (PaSCs) is detected. The pattern
of expression of this marker is characterized by marked α-SMAimmunopositive staining as a PSC and their processes, and partly
- fibrillar component (Figure 5).

Primary statistical processing of morphometry data revealed a
direct relationship between the expression of α-SMA and the area of
type I collagen, but this relationship was not significant (r =+0.321,
p<0,05). With the aim of further objectifying statistical studies, we
isolated a group of cases characterized by low α-SMA expression
(n = 9). A further study using medical statistics showed that the
average area of type I collagen and the intensity of its expression
in this group was significantly lower than in the rest of the biopsies
(p<0,05).

In contrast to inactive PaSCs localized around the pancreatic
lobes and in the outer layer of the main pancreatic duct wall, activated
α-SMA-positive PaSCs play an important role in the development
of fibrosis in chronic pancreatitis [1,3], secreting in addition to
collagen a large number of other ECM components, among which
an important role is played by fibronectin (extracellular matrix
protein) and desmin (intermediate filament protein). In our study,
fibronectin was visualized in the connective tissue, not affecting the

Sотн

12,31%
1,53%

Collagen I

Mean

34,20
4,48

Sотн

Mean

26,47%

89,90

3,01%

5,20

Figure 6: Expression of fibronectin in the connective tissue
surrounding the panreatic acinus. Immunohistochemical
reaction, visualization system DAKO Envision FLEX. x200.

acini, islets and epithelium of large ducts (Figure 6).

In contrast, desmin was defined as in connective tissue, which
was characterized by a lower intensity of immunostaining, and in
acinar tissue and in the epithelial tissue of the pancreatic ducts
(Figure 7). The pattern of its expression in zones of fibrosis in
chronic pancreatitis was similar to that of α-SMA, but in 27,5%
of cases the intensity of staining was below the threshold for
determination by morphometric methods.

Figure 7: Expression of desmin in the connective (A), and in the acinar tissue of the pancreas (B). Immunohistochemical
reaction, visualization system DAKO EnVision FLEX. x200.

Fibronectin, which is synthesized by virtually all cell types and
which is presented in the pancreas in insoluble form as a fibrillar
network on the cell surface and in the extracellular matrix [12],
binds to aggregating procollagen fibrils and changes the kinetics
of fibril formation in the pericellular matrix. We isolated a group
of cases characterized by high expression of fibronectin (n=9). A

further study using medical statistics showed that the average area
of type I collagen and the intensity of its expression in this group
was significantly higher than in the rest of the biopsies (p<0,05).

Thus, in the immunohistochemical study of the material of
patients with chronic pancreatitis, it was found that a large number
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of activated PaSCs expressing α-SMA and desmin are concentrated
in the zones of pancreatic fibrosis. Also in these zones, a significant
accumulation of fibronectin was found, which is synthesized in
excess by activated PaSCs. The pattern of immunohistochemical
staining of type I collagen in the zones of severe pancreatic fibrosis
is characterized by a low and moderate intensity with a moderate
level of its expression.
Conducted immunohistochemical studies have shown that the
presence of a significant number of α-SMA-positive PaSCs, as well
as a significant amount of fibronectin indicate the activity of the
fibrous process. The obtained data of morphological changes in
pancreatic tissue in the study of surgical material in patients with
complications of chronic pancreatitis are consistent with the latest
data obtained in the study of fibrosing processes in the prostate
and other parenchymatous organs [10,16,19]. The revealed
perineural infiltration and perineural fibrosis in the parenchyma
of the pancreas once again confirm the data about the complex
mechanism of pain syndrome in this group of patients, which can
not be explained only by central ductal pancreatic hypertension.

The process of activation of PaSCs is associated with structural
disturbances of the duct system and destruction of the acini [3,23],
which is consistent with the data of our study, where a pronounced
pattern of involvement of the duct system in the process of
fibrosis was observed in 87.5% of cases. In addition, the centers
of pancreatic intraepithelial neoplasia Pan IN in patients with
chronic pancreatitis, once again show that chronic pancreatitis
is an optional precancerous condition. In this case, neoplasia
begins with the epithelium, more often the main pancreatic
duct, which can subsequently lead to the development of ductal
pancreatic adenocarcinoma. This fact justifies the performance of
virsuncectomy in the surgical treatment of chronic pancreatitis.

Conclusion

I. A characteristic morphological picture of the development of
chronic pancreatitis is the deformation of the duct system against
the background of fibrosis with considerable crimp and dilatation
of the ducts due to periductal fibrosis with the expansion of
interlobular fibrosis septum, thickening of intralobular connective
tissue strands and retention cysts.
II. The pronounced structural rearrangement of the pancreatic
duct system in patients with chronic pancreatitis was observed in
87.5% of cases, in 17.5% of cases the picture was supplemented
by phenomena of acinar-ductal metaplasia with the transformation
of acinar cells into ducts and the formation of small duktuloid-like
structures, called “Tubular complexes”. In 7.5% of the cases in the
main pancreatic duct, foci of atrophy of the protocol epithelium were
identified, which alternated with foci of papillary intraepithelial
epithelial hyperplasia (PanIN).
III. The development of pancreatic fibrosis in chronic
pancreatitis causes due to the accumulation of α- SMA + activated
pancreatic stellate cells synthesizing excess of extra components
of the cellular matrix, especially collagen I type. The mean area of
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type I collagen and the intensity of its expression were significantly
lower with reduced α-SMA expression (p<0,05), and significantly
higher in cases of pronounced fibronectin expression (p<0,05).
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