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Abstract

Introduction: Chronic pancreatitis (CP) is a continuing, inflammatory pro-
cess of the pancreas, characterised by irreversible morphological changes.
The identification of pancreatic stellate cells resulted in the development
of research on the pathogenesis of CP. Erythropoietin (Epo) regulates the
interaction between apoptosis and inflammation of the brain, kidney, and
heart muscle. Erythropoietin receptors were also found in the pancreas, in
particular on the islet cells. Our objective was to evaluate the influence of
Epo on fibrosis and apoptosis in experimental CP.

Material and methods: The experiments were performed on 48 male Wistar
rats (250-350 g). The animals were divided into six equal groups (I — control,
Il = chronic cerulein — induced pancreatitis, [l = 1 ml of Epo sc, IV — 0.5 ml of
Epo sc, V — CP treated with 1 ml Epo, VI — CP treated with 0.5 ml Epo). The
blood for gelatinases and pancreata for the morphological examinations and
immunohistochemistry were collected.

Results: A slight reduction of interstitial oedema and less severe fibro-
sis were noticed in the groups treated with Epo. Reduced expression of
caspase-3 and a-actin, and a lack of Bcl-2 expression were observed in ar-
eas with inflammation. There was no expression of caspase-9 observed in
all groups. There were no statistically significant differences between the
groups in the activity of gelatinases.

Conclusions: Erythropoietin seems to have the effect of reducing fibrosis
and apoptosis in an experimental model of CP.

Key words: fibrosis, chronic pancreatitis, apoptosis, erythropoietin,
gelatinases.

Introduction

In recent years, all over the world rapidly increasing incidence and
mortality caused by diseases of the pancreas can be seen. The aver-
age annual incidence of chronic pancreatitis (CP) among the European
population is between 6 and 7 cases per 100,000 population, while in
Poland there are 5 cases per year per 100,000 residents [1-3]. Howev-
er, the highest number of cases has been observed recently in Asian
countries.
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In southern India it reaches as much as 114-
200/100,000 inhabitants [4], while in Japan, it is
36.9/100,000 population [5].

Chronic pancreatitis is a continuing, inflamma-
tory process of the pancreas, characterised by ir-
reversible morphological changes. In severe cases
of CP the processes of fibrosis and calcification,
extension of the pancreatic duct, and progres-
sive failure of exocrine and endocrine pancreatic
function are observed [6]. In the most cases, the
primary aetiological factor of CP is the excessive
consumption of alcohol (about 70% of cases) [7].
It is believed that a daily dose 150 g of alcohol
within 5-15 years leads to the development of CP
in 3-10% of alcoholics [8].

The pathogenesis of CP has not been definitive-
ly clarified yet. The hypothesis that best explains
the pathogenesis of CR is the theory of SAPE
(sentinel acute pancreatitis event) proposed by
D.C. Whitcomb. This hypothesis combines the
theories of oxidative stress, and metabolic and ne-
crosis-fibrosis, assuming that the first episode of
acute pancreatitis is a warning of development of
CP. Subsequent episodes meet the already sensi-
tised and activated stellate cells, which leads to
fibrosis and damage of the acinar cells of the pan-
creas by acute inflammation [9].

The identification of pancreatic stellate cells has
led to the development of research into the patho-
genesis of CP [10]. The first information about the
presence of cells rich in vitamin A in the pancre-
as appeared in 1982. They were observed for the
first time by N. Watari in mice fed with an excess
of vitamin A [11].

In the course of CP fibrosis is a commonly de-
scribed morphological change. It is a dynamic pro-
cess and potentially reversible in the early phases
of the disease. It should be also emphasised that
Mews studied the effect of cytokines that are im-
portant in the development of CP: tumour necrosis
factor o (TNF-o) and interleukins (IL)-1, IL-6, and
IL-10. Furtherresearch has showed more stellate cell
activators: platelet-derived growth factor (PDGF),
transforming growth factor 1 (TGF-B1), and angio-
tensin Il — the free oxygen radicals [12, 13]. These
substances induce the development of inflamma-
tion and activation of stellate cells, which become
myofibroblasts [14, 15]. They are able to migrate,
proliferate, and produce the extracellular matrix
and its components such as collagen, laminin, fi-
bronectin, and matrix metalloproteinases (MMPs)
and their inhibitors (TIMPs) [16]. These processes
are accompanied by loss of vitamin A drops and in-
creased expression of the protein a-smooth mus-
cle actin (a-SMA) [17].

Fibrosis, which is a constant component of CR
is observed in a variety diseases besides gastroin-
testinal tract, such as idiopathic pulmonary fibro-

sis, cystic fibrosis [18], hypertrophic cardiomyopa-
thy [19], glomerulonephritis [20], and others.

The intensity of fibrosis depends on the produc-
tion of extracellular matrix components and their
degradation by MMPs [21]. Two MMP gelatinases
(MMP-2 and MMP-9) play the most important role
in inflammatory processes because of their ability
to degrade type IV collagen [22].

It is also believed that apoptosis plays a major
role in CR, leading to a reduction of acinar cells and
pancreatic islet cells, which in turn may lead to dis-
ruption of endo- and exocrine function. Apoptosis
plays an important role in the development of tis-
sues and maintenance of their homeostasis, is in-
volved in the processes of embryogenesis and the
aging of cells, and is responsible for the removal of
damaged cells. Among the main effectors of apop-
tosis are caspases, especially caspase-3, which
plays an key role in linking the outer and inner way
of promoting apoptosis [23].

Erythropoietin (Epo) is a glycoprotein hormone
that stimulates the various stages of erythropoi-
esis and increases red blood cell production by
bone marrow. It is produced by the foetal liver and
kidney after birth [24]. There are a number of re-
ports emphasising the ability of Epo to regulate
the interaction between apoptosis and inflamma-
tion in the brain [25], kidney [26], small intestine
[27], or myocardium [28]. Erythropoietin receptors
were also found in the pancreas, in particular on
the islet cells [29, 30]. Little is known about the
impact of Epo on pancreatic cells and fibrosis.

Our objective was to evaluate the influence of
Epo on fibrosis and apoptosis in experimental CP.

Material and methods
Animals

The experiment was performed on 48 male
Wistar rats (250-350 g). The animals were kept in
standard animal laboratories, and food and water
were provided. The experiments were carried out
under the same conditions. The Bioethical Board
of the Medical University of Lublin Local Ethics
Committee on Animal Experiments approved the
protocol of the study (No. 19/2012 - 18.05.2012).

The animals were divided into six equal groups
(I = control = 0.9% NaCl 0.1 ml, intraperitoneal-
ly, every hour for 6 h, three times per week for
4 weeks; Il — chronic cerulein (Sigma-Aldrich,
Poole, Dor set, UK)-induced pancreatitis =50 ug/kg
every hour for 6 h, three times per week for
4 weeks intraperitoneally; Il - Epo (Sigma-Aldrich,
Poole, Dorset, UK) sc (five doses — 1 ml Epo dilut-
ed in 0.1 ml sialin solution — Baxter, Poland/day);
IV — Epo sc (five doses — 0.5 ml Epo diluted in
0.1 sialin solution — Baxter, Poland/day); V — CP
treated with 1 ml Epo, VI — CP treated with 0.5 ml
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Epo). The survival rate of animals in all groups
was 100%. The animals were euthanised and sac-
rificed after 24 h from the administration of the
last doses. The serum was transferred for further
analysis, and pancreata were collected for the
morphological examinations and immunohisto-
chemistry.

Biochemical assays

MMP-2 and MMP-9 activities in serum were de-
termined with gelatine zymography. The separa-
tion of the samples was done on a 10% polyacry!-
amide gel with 0.05% gelatine type A from porcine
skin (Sigma-Aldrich, Poole, Dorset, UK). Gels were
stained with 0.1% Coomassie Blue R-250 in 30%
ethanol and 10% acetic acid and destined in 30%
ethanol and 10% acetic acid. MMP-2 and MMP-9
activity was detected as clear bands on the blue
background.

Enzymes were identified by comparing their
migration pattern with a molecular mass standard
(Fermentas, SM0441), and MMP-2 and MMP-9
standards (R&D Systems, Minneapolis, Minneso-
ta, USA).

Histology

Pancreata sections for histopathology were
collected and were placed in 10% buffered for-
malin (pH 7.4). The samples were embedded in
paraffin blocks. Sections were cut on the micro-
tome and stained with haematoxylin and eosin
(H + E) [31] and Masson’s Trichrome. The slides
were evaluated under a light microscope by an
experienced pathologist. Sections were evaluated
for the presence and severity of inflammation and
fibrosis. Furthermore, the presence of degenera-
tive lesions including vacuolar degeneration and
oedema was also evaluated.

Histological changes of the pancreas were clas-
sified, based on the approximate percentage of
acinar cells showing vacuolisation and oedema,

Figure 1. Control group. H + E. Correct microscopic
image of exocrine pancreas. 400x

and the areas showing inflammatory cell infiltra-
tion and fibrosis: 0 = absent, 1 = < 5%, 2 = 5—- 25%,
3 = 25-50%, 4 = > 50% (Satoh scale).

Immunohistochemistry

Paraffin blocks were cut in a microtome into
sections of 4 microns, and incubated for 24 h at
58°C. Sections were deparaffinised in a series of
xylene and then passed through a decreasing
series of ethyl alcohol (100%, 90%, 60%) to dis-
tilled water. Antigens for anti-a-actin (small bowel
tissue) were exposed in the device DAKO-PT Link
Pre-Treatment Module for Tissue Specimens, cata-
logue number PT 101. Antigens Bcl-2(tonsil tissue)
were exposed in the DAKO-PT Link Pre-Treatment
Module for Tissue Specimens device catalogue
number PT 101. Antigens for caspase-3 (brain tis-
sue) were unveiled in the DAKO-PT Link, Pre-Treat-
ment Module for Tissue Specimens device cat-
alogue number PT 101. Antigens for caspase-9
(small bowel tissue) buffer were heated in DAKO
Envision FLEC-Target Retrieval Solution pH low
(50%) catalogue number K8008 for 40 min. Sec-
tions were placed in a Dako Wash Buffer. Sections
were incubated with primary antibodies. The
slides were evaluated under a light microscope by
an experienced pathologist.

Statistical analysis

The differences between the control group
and groups receiving Epo were compared (Sa-
toh’s scale). The activity of gelatinases was ex-
pressed as the optical density of the substrate
lysis zone and arithmetic mean. Quantification
of zymograms was performed using a computer
scanner (1200 dpi). Statistically significant values
were considered when p < 0.05 [32, 33]. Statisti-
cal analysis was performed with the use of the
computer-assisted statistical software Image)
1.42q (National Institutes of Health, Bethesda,
MD, USA).

Results

In the group receiving cerulein injections (1),
intensification of fibrosis around the pancreatic
ducts was observed. Interstitial oedema and vac-
uolar degeneration were also noticed (Figure 1).
Comparably, a slight reduction of interstitial oede-
ma and less severe fibrosis were reported in the
groups treated with Epo (Figure 2). In the control
group and in both groups treated with Epo no
morphological changes were observed (Figure 3).

The intensity of morphological changes accord-
ing to the Satoh scale [34] are presented in Table I.
The changes were evaluated according to the fol-
lowing scale: 0 — no change, 1 < 5%, 2 — 5-25%,
3-25-50%, 4 > 50% tissue involvement.
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plasm of numerous follicular cells. 400x

Figure 3. Group II. Vacuolar degeneration in the cy-
toplasm of numerous follicular cells. 200x

Table 1. The intensity of morphological changes in the studied groups according to the Satoh scale

Group Type of change
Inflammation Fibrosis Vacuolisation Oedema Extension of
pancreatic ducts

| 0 0 0 0 0
11 3 2 2 3 2
1 0 0 0 0 0
I\ 0 0 1 0 0
\ 1 1 2 2 1
\l 1 1 1 2 1

Immunohistochemistry

In group II, a strong expression of a-actin was no-
ticed in damaged acinar cells and in cells with vacu-
olar degeneration (Figure 4). The a-actin expression
appeared focally in groups V and VI, mostly in cells
with vacuolar degeneration, and it was not visible in
cells with inflammatory changes (Figure 5).

In group Il there was a very weak expression of
Bcl-2 in acinar cells (Figure 6), while in the other
groups there was no expression noted (Figure 7).

In group Il cytoplasmic expression of caspase-3
was observed in the acinar cells, especially in the

creatic ducts and interstitial oedema and vacuolar
degeneration. 400x

inflammatory changes and the cells with vacuolar
degeneration (Figure 8). In groups V and VI a re-
duced expression of caspase-3 was observed in
areas with inflammation. In the cells with vacu-
olar degeneration, a weak, focal expression was
noticed (Figure 9). The expression of caspase-9
was not observed in any of the groups.

Biochemistry

The serum zymography revealed the presence
of several gelatinolytic activities, including the
corresponding pro-MMP-2 (72 kDa), pro-MMP-9

AR it SRS Bl )

Figure 5. Group . H + E. Slightly increased inflam-
matory infiltration — mainly lymphocytes and fewer
plasmocytes in peripancreatic tissue. 200x
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Figure 6. Group VI. Focal vacuolar degeneration of
the cytoplasm of pancreatic cells. 400x

; 3 3 ._.i 5 i

Figure 8. Group V. Focal, slightly increased perivas-
cular fibrosis. 400x

(92 kDa), and active forms of MMP-9. For the cal-
culations MMP-9 activity was expressed as the
sum of two forms: weights 92 kDa and 85 kDa.
The highest MMP-9 activity was observed in both
groups of rats treated with cerulein (group Il) and
Epo (group Il and group IV). The differences mea-
sured by ANOVA test did not reach statistical sig-
nificance (p = 0.096). However, the t-test showed
a statistical difference between MMP-9 activity in
group | vs. group V (p = 0.013) and between group |
vs. group VI (p = 0.003). No statistically significant
fluctuations between the activities of MMP-2 se-
rum were observed in all groups. (p = 0.987). The
results are shown in the representative zymogram
(Figure 10) and in Tables Il and IIl.

Epo 0.5 + Cer
Epo 1.0 + Cer
Control
Cerulein

1 (S}
o —
o o
Q. Q.
w w

Pro-MMP-9 (92 kDa)
MMP-9 (85 kDa)

Pro-MMP-2 (72 kDa)

Figure 10. Representative zymogram

Figure 7. Group V. H + E. Reduction of interstitial
oedema and less severe fibrosis around the pan-
creatic ducts. 200x

Figure 9. Group VI. A reduced expression of
caspase-3 was observed in areas with inflamma-
tion. 400x

Discussion

Chronic pancreatitis is a disease for which the
pathophysiological mechanism, despite the dis-
covery of new dependencies, remains unclear.
There have been a number of experimental and
clinical studies that have resulted in a new per-
spective of the aetiology of CP. Recently, there has
been an increased interest in Epo and its impact
on the course of certain diseases. So far, there has
not been much research on the effects of Epo on
the pancreas. There are few data on the effect of
Epo on pancreatic cells and fibrosis, hence the lack
of opportunities to discuss the results of the ex-
periment with other authors.

The effect of erythropoietin in
cardiovascular diseases

There are numerous reports emphasising the
ability of Epo to regulate the interaction between
apoptosis and inflammation. The authors under-
line the cytoprotective role of Epo in experimen-
tal tissue damage [35]. So far, the best-known
beneficial effects of Epo are on the myocardium.
Smith et al. emphasised the occurrence of EpoR
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Table Il. MMP-9 activity in the serum

Parameter Group | Group Il Group I Group IV Group V Group VI ANOVA
Optical density 118.9 125.0 121.1 120.7 145.4 133.8 p =0.096
Standard deviation 7.8 13.5 30.4 25.0 253 9.1

Table 1ll. MMP-2 activity in the serum
Parameter Group | Group Il Group Il Group IV Group V Group VI ANOVA
Optical density 82.6 85.3 86.1 85.6 88.2 90.5 p =0.987
Standard deviation 19.6 22.0 22.7 20.4 24.0 223

receptor in vascular endothelial cells, smooth
muscle cells, and cardiomyocytes. The authors
underlined that reperfusion of ischaemic myo-
cardium may limit the area of necrosis without
affecting the number of apoptotic cells. Also re-
leased at that time, free radicals and increased
intracellular calcium levels favour this process
[36]. It seems that the reduction of cardiomyocyte
apoptosis during ischaemia and reperfusion may
result in a decrease in the cardiomyocyte apop-
tosis and, consequently, inhibit the development
of post-infarction heart failure [37]. There are also
an increasing number of in vivo studies conducted
on adult rats and evaluating the effects of Epo on
ischaemia and reperfusion. Cai pointed out that
EpoRh administration improved the left ventricu-
lar performance, reduced the number of apoptotic
cells, and decreased caspase-3 expression in cells.
At the same time, they did not reach the effect of
improving coronary blood flow [38].

Similar results were also obtained in experi-
mental models of ischaemic stroke. The fact that
the astrocytes are able to produce Epo was used.
Ruscher in his research showed the protective ef-
fect of Epo on neurons before their death induced
by glutamate [39].

The neuroprotective effects of erythropoietin

The neuroprotective effects of Epo in animal
models of cerebral ischaemia were also shown.
The stimulation of neurogenesis and improve-
ment of brain function after Epo administration
was observed by researchers [40]. Jerndal con-
ducted a meta-analysis of 19 studies of animal
models of the ischaemic central nervous system.
They confirmed the neuroprotective effect of Epo
and drew attention to the decrease of ischaemia
and improvement of brain function after Epo ad-
ministration [41]. Ugurluer evaluated the effect of
Epo against oxidant injury following brain radio-
therapy in experimental model. He showed a pos-
itive neuroprotective effect of Epo connected with
decreasing free radical production and increasing
expression of antioxidant enzymes [42].

It should also be emphasised that there are clin-
ical trials conducted on patients with ischaemic
stroke [43]. During phase Il of the study, there were
no complications associated with the administra-
tion of Epo, while the protective effects of stroke
were observed [44]. However, in phase Il of the
study, which was conducted as a double-blind test,
with the presence of the control group, better re-
sults were not confirmed in groups treated with Epo
as compared with the control group. Higher mortali-
ty was recorded in the groups treated with Epo [45].

The effect of erythropoietin on
the gastrointestinal tract

There are few studies regarding the influence
of Epo on the gastrointestinal tract, but there are
some reports on the effects of Epo on the liver
damage caused by ischaemia and reperfusion.
Sepodes administered Epo to rats intravenously
at a dose of 100 U/kg and held hepatic ischaemia
for 30 min followed by 2 h of reperfusion. The re-
searchers found that the use of Epo 5 min before
the hypoxia resulted in a decrease in transami-
nase levels and the reduction of caspase-3 ex-
pression, which led to apoptosis inhibition [46].
Protective effects of Epo on liver cells were also
evaluated by Schmedinga. They showed that ad-
ministration of Epo 45 min before inducing isch-
aemia significantly reduced the activity of trans-
aminases and inhibited apoptosis [47]. It is worth
emphasising that in our department we exam-
ined the effects of Epo activity of gelatinases in
the course of galactosamine-induced liver dam-
age in rats. It has been found that administration
of Epo before injection of galactosamine caused
a decrease in MMP-2 and MMP-9. It can therefore
be concluded that Epo may have a hepatoprotec-
tive effect, influencing the process of fibrosis and
organ damage [48].

Moreover, in recent years there have been re-
ports on the effects of Epo on the course of acute
pancreatitis (AP). Ukan estimated levels of inter-
leukin in rats with taurocholate-induced acute
pancreatitis. The researchers found that intramus-

Arch Med Sci 4, June / 2021

1105



Weronika Kazmierak, Agnieszka Korolczuk, Jacek Kurzepa, Grazyna Czechowska, Anna Boguszewska-Czubara, Agnieszka Madro

cular administration of Epo significantly lowers
the level of interleukin IL-6 [49].

Currently, there are first reports emphasising
the role of Epo in preventing the development of
diabetes. Researchers have used the existence of
receptors for Epo in islet cells, and they demon-
strated a cytoprotective role in some experimental
models of diseases. Craig et al [50] and Thomas
[51] drew attention to the shortage of Epo and
a higher incidence of anaemia in selected patients
with diabetes, suggesting a potential positive ef-
fect of the use of Epo in the prevention of diabetes.

Choi et al. in 2010 presented the results of re-
search on the effects of Epo administered to mice
with type 1 diabetes and type 2 induced by strep-
tozotocin. Positive effects on prevention of diabe-
tes were found in both cases. It seems that this
effect is achieved by direct action of Epo on the
B islet cells, leading to an anti-apoptotic effect,
proliferation, and angiogenesis. On the other
hand, it does not affect the function of the p-cells.
The researchers also pointed out the lack of a vis-
ible reduction in the level of glucose in mice, sug-
gesting a positive effect of Epo on the B-cell se-
cretion and maintenance of glucose balance [52].

There are also reports about a potential positive
role of Epo for reducing the progression of diabet-
ic nephropathy induced by streptozotocin in an
experimental rat model. The researchers noticed
higher creatinine clearance and lower mean albu-
min-to-creatinine ratio in groups treated with Epo
than in the diabetic rats. Also, tubulointerstitial
inflammation and interstitial fibrosis were lower
in the treated groups [53].

In the literature there are only a few reports on
the effects of Epo on the process of fibrosis. Chen
et al. conducted experiments to assess the effect
of Epo on heart fibrosis induced by doxorubicin.
They evaluated levels of MMP-2 and TIMP-2 and
performed histological examinations. They found
that the administration of Epo decreased MMP-2
activity and increased the level of inhibitor TIMP-
2. The authors conclude that Epo may influence
a balance between MMPs and TIMPs and may in-
hibit extracellular matrix degradation. It may also
reduce the risk of myocardial injury [54]. On the
other hand, Pawlak in his study on the effects of
Epo on the activity of the metalloproteinases in
haemodialysis patients showed that chronic use
of the drug does not affect MMP activity and se-
verity of inflammation. He showed no differences
in the concentrations of metalloproteinases in dif-
ferent groups of patients [55].

After analysing all the presented studies, it
can be assumed that the use of Epo in the case
of many diseases may increase tolerance to or-
gan damage and hypoxia by inhibiting caspase

cascade, leading to a reduction of apoptosis and
improving the efficiency of organs.

The objective of our experiment was to investi-
gate the effect of Epo on fibrosis and apoptosis in
experimental model of CP. During the experiment
we observed characteristic morphological features
of the early phase of CP in the form of interstitial
oedema, vacuolisation, and the presence of inflam-
matory mass. Interstitial and ductal fibrosis were
also noticed. Animals were decapitated 24 h after
receiving a last dose of cerulein, due to the poten-
tial reversibility of the lesions. The observed chang-
es were accompanied by a slight increase in the
activity of MMPs, primarily MMP-9, and the strong
expression of a-smooth muscle actin, caspase-3,
and the slight expression of Bcl-2 protein. These
changes are typical for cerulein-induced CP and
have been described in many other publications
[56, 57]. As a result of our experiment, administra-
tion of Epo to animals with induced CP significantly
reduced interstitial oedema and reduced the sever-
ity of fibrosis. Additionally, immunohistochemical
reaction showed significantly lower expression of
a-smooth muscle actin and caspase-3, and a lack
of Bcl-2 expression. In the animals receiving the
lower dose of Epo, these changes were less pro-
nounced. Because caspase-3 plays a key role in
the activation of caspase cascade, it may suggest
an important part of apoptosis in the pathogenesis
of CP. This can result in inhibition of development
of exocrine function failure by reducing the pan-
creatic acinar cell population undergoing apopto-
sis. However, there was no expression of caspase-9
observed. In the conducted model an initial phase
of CP was reached. It must therefore be assumed
that caspase-9 is not involved in apoptosis in the
early stages of the disease. At the same time, the
reduced expression of muscle a-actin (ASMA) may
indicate a reduction in the number of active stel-
late cells of the pancreas, and thus lead to inhibi-
tion of the activation processes of degeneration of
the extracellular matrix and to a reduction in the
risk of increased fibrosis of the pancreas. Also very
promising are the histopathological findings show-
ing less severe inflammatory changes and fibrosis.

In conclusion, the future of therapy with recombi-
nant human Epo and its use as a treatment of CP ap-
pears to be promising. There is increasing evidence
on the therapeutic benefit of rhEpo administration.
However, the insufficient amount of research and
not fully understood pathogenic mechanisms of CP
show the need to expand research on the presented
topic, which could give hope for the future use of
Epo as an effective therapy of CP.
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