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Keywords: is poorly understood. The aim of study was, hence, to, firstly, evaluate the morphology

cladribine, of the endocrine and exocrine pancreas after the administration of cladribine according

pancreas, to the "leukemic" schema, and, secondly, to assess its impact on the intensity of apoptosis.

:;il; ifsi The experiment was carried out on female Wistar rats which were placed within the
control group KA, and the experimental groups: A and A-bis. In the experimental
groups, Cladribine was administered according to the cycle used to treat human hairy
cell leukemia. In group A, the material was taken 24 hours after administration of the last
dose of the drug, while in group A-bis, this was done after a 4 weeks break.
Thereaction was assessed to be average in 80% of all cells in group A, and in 64% of all acinar
cells in group KA, while in group A-bis, the majority of the exocrine cells demonstrated
a lack of immunohistochemical response (72%). Moreover, most endocrine cells (60%)
in group A-bis revealed a strong reaction, while in Group A, the corresponding figure
is a little over 34%. A comparison of the severity of the caspase 3 expression in both the
exocrine and endocrine pancreas showed significant differentiation results between the
group KA and group A-bis, and between group A and A-bis (p < 0.0001).
In can be concluded that endocrine cells are more sensitive to cladribine than are exocrine
cells.

INTRODUCTION

The pancreas, like other organs and glands, is highly sen-
sitive to the many harmful factors it is exposed to. This may
result in diverse pathological processes within the organ.
One of these is pancreatic cancer. This represents 3% of all
malignant tumors, and it is considered one of the most dan-
gerous and frequent cancers in humans. Indeed, the 5-year
survival rate is estimated to be less than 5%, and pancre-
atic cancer is responsible for approximately 250 thousand
deaths per year. Due to the current inefficient therapeutic
effects, as well as the ambiguity of cancer of the pancreas,
research is on-going. In a number of studies devoted to
such cancers, importance has been attributed to an analysis

* Corresponding author
e-mail: martasochocka@wp.pl
phone: +48 81 448 61 53

of the cell cycle, as well as the processes related to cell
death [9,18,23,28]. These processes play a crucial role in
the course of the disease, and immunohistochemical testing
has become a useful tool in their assessment.

Apoptosis is a dynamic series of morphological, bio-
chemical and molecular processes (initially requiring energy
input) responsible for the death of cells, and is carried out in
accordance to the information stored in the cell genome. The
genes initiating this process are i.a.: p-53, mdm2, Bcl-xS,
Bax, Bak, Bim, Nix, NoXABcl-gs, while the genes that
inhibit apoptosis include i.a.: bcl-2, Bel-wMcl-1 and Bel-B
[4,14]. The apoptosis pathways, according to the signal of
initiation, are either extra — or intrinsic, and the course of
apoptosis can be divided into two main stages. The first
stage is the induction, the subsequent stage is the execution
or performance of apoptosis. The specific steps of apoptosis

© 2017 Medical University of Lublin. This is an open access article distributed under the Creative Commons
Attribution-NonComercial-No Derivs licence (http://creativecommons.org/licenses/by-nc-nd/3.0/)



10

A comparison of caspase 3 expression in the endocrine and exocrine parts of the pancreas after cladribine application ...

depend on many different factors. The first (initiation) stage
is induced by the initiation signal corresponding to the phys-
iological cell death process, while the second (execution)
stage comes about through the activation of a number of
enzymes (the proteases called caspases). Depending on the
stage (which involves various proteases), these are either
initiator caspases or effectors [20,31]. The initiator caspases
include the following: 1, 2, 4, 5, and 8-13, and the effector
caspases (which are involved in the execution phase of apop-
tosis) are 3, 6, 7 and 14. Caspase 3 is an important caspase
in this process. As it is directly involved in the collapse
of intracellular structures, thus leading to the formation
of apoptotic bodies, an evaluation of its activity is used to
measure the severity of apoptosis in cells [1,7,21].

Cladribine (2-chlorodeoxyadenosine, 2-CdA) is a purine
analog that is cytostatic, and is often used in the treatment
of neoplastic diseases, in particular, that within the white
blood system [13,26]. The activity of 2-CdA is associated
with the toxicity of 2-CdATP (triphosphorane 2-chlorodeoxi-
adenosine) towards intracellular structures. In proliferating
cells, 2-CdATP upsets the balance of 2-CdA deoxynucleo-
tide, ribonucleotide reductase inhibiting activity, as well as
the activity of DNA polymerases. It also disrupts the DNA
structure by building the chain thereof, and such a state is
a signal for termination. In contrast, in cells that are at rest,
2CdATP accumulation interferes with the intracellular pool
of deoxynucleotide triphosphate, hence, inducing the acti-
vation of endonucleases. In turn, endonuclease leads to the
formation of cracks in the strands of DNA repair mecha-
nisms that initiate and activate the politransferasis enzyme.
Subsequent recovery processes then lead to the depletion of
energy NAD (Nicotinamide adenine dinucleotide) stocks,
the inhibition of ATP synthesis, as well as the breakdown
of energy processes. This results in cell death by apoptosis.
2-CdA tri-phosphate is also an inhibitor of DNA synthesis,
and it brings about cell cycle arrest [6,15].

Serious adverse effects are associated with cancer che-
motherapy. Besides vomiting, mucosa ulceration and bone
marrow aplasia, pancreatitis is a possible complication,
especially in childhood cancer treatment [30], and there
are cases of chemotherapy-induced acute pancreatitis in
pancreatic carcinoma, ovarian cancer, as well as in acute
lymphoblastic leukemia [16,25,27]. Acute pancreatitis may
lead to complications such as pancreatic necrosis and the
formation of pseudocysts [30]. Moreover, the destruction of
the exocrine part of the pancreatic tissue leads to digestive
disorders, and necrosis of the pancreatic islets may bring
about glucose intolerance. What is more, chemotherapy may
induce diabetes [2], as cancer chemotherapy may decrease
insulin sensibility or increase gluconeogenesis. Prognosis
of patients with cancer and diabetes is poorer and more
complicated, therefore, chemotherapy patients need to be
frequently tested for glycaemia [10].

2-CdA is a widely used listed immunosuppressive/che-
motherapeutic agent in the treatment of leukemia. It has also
been shown to have beneficial effects in the treatment of
patients with multiple sclerosis. Still, while the therapeutic
effects of 2-CdA have been demonstrated by its toxicity to
cells, yet in contrast, the effects of the drug on healthy cells
of the body is poorly understood. Because of the lack of

reports in the literature devoted to the action of 2-CdA on the
pancreas of healthy living organisms, the aim of this study
was to evaluate the morphology of endocrine and exocrine
pancreas after administration of 2-CdA in the “leukemic”
model, and to assess the impact of the application of 2-CdA
with regard to the intensity of apoptosis, on the basis of
caspase 3 expression (the enzyme crucial to apoptosis execu-
tion and completion [1,21]).

MATERIAL AND METHODS

The experiment was carried out on white female Wistar
rats weighing about 250 g. Selection of sex of animals was
associated with conducting further research related to the
female reproductive system. During the experiment, the
animals were housed in identical conditions and they were
fed standard, granular feed LSM and had free access to
drinking water. To carry-out the experiment, we received
consent no 126/2001, issued by the 1** Local Ethical Com-
mittee for Experiments of Animals of Medical University
in Lublin.

The animals were placed within one control and two
experimental groups — 5 rats in each group. After the end of
the experiment, the animals were decapitated, and material
for the research were taken. In this experiment, 2-CdA was
administered according to the cycle used to treat hairy cell
leukemia in humans. Thus, 2-CdA (Biodribin — Institute of
Biotechnology and Antibiotics) was administered in solution
once a day, in the morning, subcutaneously in the dose:
0.1 mg/kg by weight, for 7 consecutive days. The groups
differed in the following way:

Group A (experimental) — the material was taken
24 hours after administration of the last dose of the drug.

Group A-bis (experimental) — the material was taken
after a 4 week break in the administration of the drug.
During the break, the animals were fed with standard granu-
lated fodder and had free access to drinking water.

Group KA (control) — the animals remained on the
standard diet and received subcutaneous injections of physi-
ological saline in the same volume as the administered drug
in groups A and A-bis. The animals of group KA were decap-
itated 24 hours after administration of the last injection.

After decapitation, the pancreases samples were taken for
histological and IHC (immunohistochemical examination),
and were first fixed in a 10% solution of buffered formalin at
pH =7, then dehydrated in alcohol with increasing concen-
tration, and subsequently placed in paraffin. The resulting
paraffin blocks (Histosec paraffin, Merck) were cut on the
rotational microtome (Leica RM 2135), in 5 um sections
which were stained with hematoxylin and eosin (H&E) [17].

The IHC study of the pancreas was carried out with the
use of Anti-Casp3 antibodies (Novocastra, NCL-CPP32
Anti-Casp3 antibody produced in mice). The IHC reaction
was carried out according to the indirect immunoperoxidase
method.

The pancreas samples were placed on Polysine slides,
and then were deparaffined and placed in xylene. These
were dehydrated in a series of alcohols with decreasing
concentration, and, subsequently rinsed with distilled water
for 5 minutes. A thermal method was used to unveil the
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antigenic sites. Herein, samples were incubated in a citrin-
ian buffer solution and placed within a microwave for 3
cycles (5 minutes — each). After the return to room tempera-
ture, the material was rinsed in distilled water. Later, the
activity of endogenous peroxidase was blocked by placing
the preparations in a mixture of 0.03% hydrogen peroxide
with methanol, for the duration of 10 minutes. The samples
were then washed in distilled water and TBS buffer (Tris-
buffered Saline), pH 7.4. Following this, the antigen Normal
Diluted Serum approach was employed to block places of
nonspecific binding. The subsequent stage of the procedure
involved incubation with the primary antibody for a period
of 60 minutes, as diluted per the recommendation of the
manufacturer (1:40).

In a later stage, the specimens were rinsed in TBS buffer.
In order to mark reaction sites, we utilized a diaminoben-
zidine substrate solution (DAB) to generate a hematoxy-
lin tinge. The samples were then rinsed in running water
and distilled in a series of alcohols with increasing con-
centration, and, finally, enclosed within a coverslip [17].
A negative control was undertaken via the elimination of
used antibodies.

The material was observed using the light microscope at
magnification 200x and 400%. The examined material were
also analyzed by way of an Olympus BX41 system with
digital camera DP 25. All calculations were done via Cell"D.

In the THC study, we ascertained the severity of the color
reaction. Under 400x magnification, we selected the 3 fields
of vision that demonstrated the highest volume of color
reaction. In this evaluation, we utilized about 50 cells of
the endocrine and exocrine parts of the pancreas samples.
Among the cells displaying a positive reaction, we inves-
tigated the intensity of protein expression according to the
following scale: 0 (0) — no response, 1 (+) — poor expression,
2 (++) — average expression, and 3 (+++) — strong expres-
sion. We then calculated the percentage of cells showing
positive reaction in the different fields of view.

Statistical methods

The obtained results were summarized in tables which
display the percentages of the severity of the color IHC
reaction in the various groups. The comparison of the results
of many independent trials was built upon the use of the
Kruskal-Wallis non-parametric test. Significance was set
at p <0.05[19,29]. The analysis was performed via the
Statistica program 10.

RESULTS

H&E staining (hematoxylin & eosin)

All pancreatic samples from groups: KA, A and A-bis
(as stained by H&E) revealed that, structurally, there was
no abnormality (Fig. la, 1b and 1c). Moreover, in all the
experimental groups, the acinar part of the exocrine pancreas
showed an affinity for alkaline dyes in the basal part of the
cell, these staining a dark blue color. Furthermore, in the
cytoplasm of the treated groups, the cell nuclei showed
a spheroid form. Herein, the apex of the cells facing the
lumen of the acinus showed an affinity for acidic dyes
(staining pink) (Fig. la, 1b and 1c¢). In group A, the single
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cells of the endocrine part of the pancreas that were lying
both in the central and peripheral part of the isles, showed the
characteristics of vacuolar degeneration. In addition, parts
of the cells (mostly in the peripheral parts of the islands)
contained pyknotic nuclei (Fig. 1b). However, the structure
of the exocrine ducts was correct in all the investigated
groups. Still, in group A-bis, the parenchyma of the organ
was more dense (Fig. 1¢), when compared to that of the KA
group, and this effect was also seen in the samples obtained
from group A. Moreover, in group A-bis and group A, the
cytoplasm of single cells located within the endocrine part
of the pancreas showed vacuolar degeneration. Herein, the
boundaries between some of the cells were blurred, and most
of the islet cells have pyknotic cell nuclei (Fig. 1b and 1c).

Expression of caspase 3

In the analysis of the pancreatic samples after the IHC
reaction with antibodies directed against caspase 3, in both
experimental groups and in the KA group, a positive reaction
was seen in all parts of the gland. In the group KA, an
average reaction was evident in the cytoplasm of the acinar
cells drawn from the exocrine part of the gland, while, most
of the islet cells showed a positive reaction of high intensity
(when compared to the cells obtained from the exocrine).
In all cases, the reaction was cytoplasmic. Moreover, single
pancreatic islet cells were unresponsive (Fig. 2a). In group
A, the acinar cells showed an average (++) reaction (visible
in both the nucleus and the cytoplasm), while some of these
cells demonstrated unresponsiveness (Fig. 2b). However,
in both experimental groups, most endocrine cells revealed
a positive response of different severity (Fig. 2b and 2c).
In addition, in both experimental groups, the majority of the
cells of this part of the organ showed a strong (+++) positive
reaction, the remaining cells revealing less response (Fig. 2b
and 2c¢). Regarding group A-bis, we observed a low-inten-
sity reaction in parts of the cells of the acinus. In addition,
a brown staining was evident in the cytoplasm of these cells,
and some cells had no IHC response. In contrast, a strong
(+++) positive, cytoplasmic reaction was noticeable in the
cells forming the endocrine part of the pancreas (Fig. 2c¢).

Statistical analysis

Statistical analysis of the results has disclosed that in
group A-bis, the majority of the exocrine cells demon-
strated a lack of IHC response (72%) to antibodies directed
towards caspase 3. In contrast, an average reaction (++)
was observed in 80% of all cells in group A, and in 64% of
all acinar cells in the group KA. In addition, in both groups
A and A-bis, there were no cells showing a strong (+++)
reaction, while in group KA, 9% of all exocrine cells had
such an intensity of reaction (Fig. 3a). Regarding the endo-
crine cells, in group A-bis, most endocrine cells (60% of
all) showed a strong reaction. In group A, the corresponding
figure is a little over 34%. By contrast, in the group KA,
the majority of pancreatic islet cells (77.36%) showed an
average response (++), while the corresponding figures for
group A and group A-bis, are 28% of all cells, and over 30%
of all cells, respectively (Fig. 3b).
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Figure 1a. Control group KA. The acinar part of the exocrine
pancreas showed an affinity for alkaline dyes in the basal part of
the cell, while the apex of the cells facing the lumen of the acinus
showed an affinity for acidic dyes (black arrows). H&E staining

Aol

Figure 1b. Experimental group A. The acinar cells showed an
affinity for alkaline dyes in the basal part of the cell, while the
apex of the cells facing the lumen of the acinus showed an affinity
for acidic dyes (black arrow). The single endocrine cells showed
vacuolar degeneration (red arrows). In addition, parts of the cells
(mostly in the periphery of isles) contained pyknotic nuclei (green
arrows). H&E staining

Figure Ic. Experimental group A-bis. The parenchyma of the
exocrine part was evidently of greater density (black arrows). The
cytoplasm of single endocrine cells showed vacuolar degeneration
(red arrow). Most of the islet cells had pyknotic cell nuclei (green
arrows). H&E staining

Figure 2a. Control group KA. An average reaction was evident
in the cytoplasm of the acinar cells (black arrows). Most of the
islet cells showed a positive average reaction (red arrows). Single
pancreatic islet cells were unresponsive (green arrows)

! I N
Figure 2b. Experimental group A. The acinar cells showed an
average (++) reaction in both the nucleus and the cytoplasm
(black arrows). A strong (+++) positive reaction was evident in
the majority of the endocrine cells(red arrows)

DL M e B R S e
Figure 2c. Experimental group A-bis. A low-intensity reaction was
seen in parts of the cytoplasm cells of the acinus (black arrows),
while some cells did not display an immunohistochemical
response (green arrows). A strong (+++) positive cytoplasmic
reaction was noticeable in the cells forming the endocrine part of

the pancreas (red arrows)
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Figure 3a. The intensity of caspase 3 expression in the exocrine
portion of the pancreas. An average reaction (++) was observed
in 80% of all cells in Group A, and in 64% of the cells in the
Control Group KA. In both Groups A and A-bis, there were no
cells showing a strong (+++) reaction, while in Group KA, 9% of
all cells displayed a strong (+++) intensity of reaction
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Figure 3b. The intensity of caspase 3 expression in the endocrine
portion of the pancreas. A strong reaction was seen in 60.71% of
all cells of Group A-bis, and in 34.29% of all cells of Group A.
In the Control group (KA), 77.36% of cells showed an average
response (++), as did 28.57% of all cells of Group A and over 30%
of all cells of Group A-bis

A comparison of the severity of the caspase 3 expression
in both the exocrine and endocrine parts of the pancreas in the
test groups showed significant differentiation results between
the KA group and group A-bis, and between group A and
A-bis (p <0.0001). However, when comparisons are made
between the KA group and group A, there were no significant
differences in the severity of expression of caspase 3 (Tab. 1).

DISCUSSION

Rogalinska et al. has demonstrated that in contrast to
healthy cells, cancer cells are more sensitive to the action
of certain cytostatic agents [24]. Moreover, Ricci has
found that conventional chemotherapeutic agents, not only
induce apoptosis, but also bring about other forms of cell

removal such as autophagy, necrosis and mitotic error, and
such agents stimulate the effect of aging in the cells [22].
What is more, Burgoyne has revealed that the chromatin of
eukaryotic cells nuclei exhibits different degrees of conden-
sation depending on the state of the activity, and that heavily
condensed pyknotic nuclei are characterized for dying cells
or dead cells [5]. However, few reports exist in the avail-
able literature on the actual effect of chemotherapy agents
on healthy cells. Still, in some studies, by way of in vivo
experiments utilizing mononuclear blood cells and cell lines
of chronic lymphocytic leukemia (CLL), the effect of 2-CdA
and R-roscovitine (inducers of apoptosis) has been demon-
strated on the process of apoptosis in the cytostatic environ-
ment. The results of such work showed a smaller degree of
induction of apoptosis in “normal” cells, as compared with
leukemia cells. Thus, 2-CdA and R-rosvitine are considered
potential treatment options for patients with CLL [24].

While 2-CdA has been widely investigated in relation
to the white blood cell system, there are few reports of
its effects upon other tissues. It is known, however, that
2-CdA is cytostatic, and can induce the apoptosis of tumor
cells. Furthermore, this drug is recognized as inhibiting
the enzymes (mainly polymerase-f) involved in repairing
the DNA of damage leukemia cells [12,32]. In the work of
Wawryk-Gawda et al. that was conducted on female white
Wistar rats, when administered according to the treatment
regime of human hairy cell leukemia, 2-CdA induced apop-
tosis in the epithelial cells of the fallopian tube. Moreover,
regarding the expression of caspase 3, they observed that
in a group of animals that were decapitated 24 h after the
last dose of the drug, a majority of cells displayed a strong
reaction [33]. Jedrych et al. [11], in a follow-up study utiliz-
ing 2-CdA according to the same model, noted the expres-
sion of caspase 3 in ovarian epithelial cells. Moreover,
Chylinska-Wrzos et al., upon administering 2-CdA to male
Wistar rats according to the SM treatment regime in humans,
saw that in a group of animals decapitated 24 h after the last
dose of the drug, most cells of the epidermis displayed an
average to strong expression of caspase 3 [8].

In our current study, we examined the effect of 2-CdA
administration on the pancreas of female Wistar rats. Herein,
the microscopic study of the pancreas when stained by H&E
showed that upon 2-CdA administration, the architecture
of the pancreas does not deviated from the norm. In groups
A and A-bis, the image was similar. Still, the exocrine part
of the pancreas have more compact structure when compared
to the KA group. Moreover, in some islet cells (especially
from group A), we saw some vacuolar degeneration of the
cytoplasm, and we observed cells with pyknotic nuclei
(which were more numerous in group A-bis). In contrast,
such pyknotic cells are normally found in the peripheral

Table 1. The severity of caspase 3 expression: p-value for multiple comparisons

. Kruskal-Wallis non-parametric test: . Kruskal-Wallis non-parametric:
SEEINE [ H (6, N = 2100) = 696,6655; p = 0,000 Aot (i H (6, N=332) = 151,0112; p=0,000
F— KA A A-bis — KA A A-bis
P R:1469,6 R:1444,0 R:637,50 P R:158,23 R:173,94 R:242,07
KA 1,000000 0,000000% KA 0,751769 4,558221%
A 1,000000 0,000000% A 0,751769 3,294095%
A-bis 0,000000% 0,000000% A-bis 4,558221% 3,294095*

*significant differences
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part of the islands. In our study, in material drawn from
both experimental groups and the control, caspase 3 expres-
sion, hence, the confirmation of apoptosis, was observed
within the endocrine and exocrine parts of the pancreas.
Herein, the group KA specimens displayed in the exocrine
of the pancreas, the largest percentage of cells expressing
this protein (90%). In contrast, in group A, more than 80%
of all cells reflected the expression of caspase 3, while in
group A-bis, only about 30% did so. It must, therefore, be
concluded that the number of exocrine cells involved in
apoptosis had decreased. On this basis, it can be presumed
that the effect of 2-CdA administered in the dose of 0.1
mg/kg by weight for a period of 7 days, did not result in
changes inside such cells. However, a slightly different
picture was observed in the pancreatic islet cells. Here, the
percentage of cells with positive expression of caspase 3 in
group A was approximately 83% of all cells, while in group
A-bis (after 4-weeks of drug interruption), the proportion
of such cells increased to approximately 97% of all cells
examined. Moreover, in group A-bis, the number of cells
showing the severity of the test that were assessed strong
(+++), increased significantly from 34.2% to 60.7% of the
cell total. Such an increase in the expression of caspase 3
testifies to the intensity of the apoptosis process in the cells
located within this region.

Statistical analysis of the expression of caspase 3 in our
study has revealed significant differences in the frequency of
the severity of the IHC reaction in the cells of both parts of
the pancreas, and in all treated groups (p<<0.0001). Herein,
a comparison of the severity of the expression of caspase
3 between groups showed an important difference in the
effect upon the endocrine and exocrine parts of the pancreas
between groups A and A-bis, and between the group KA and
A-bis (p<0.0001).

Anuradha et al. have observed that apoptosis in B-cells
stimulates the production of various factors such as glucose,
cytokines, free fatty acids, leptin and sulfonylurea [3]. These
factors lead to the activation of the hexosamine and dia-
cyloglicerole/protein kinase C, which, in turn, brings about
the release of cytokines. The released cytokines, subse-
quently, induce Fas protein and tumor necrosis factor-alpha
(TNF-a) production. That is, the afore-mentioned factors
induce the apoptosis of B-cells on the extrinsic pathway —
which is also important in the treatment of diabetes.

CONCLUSION

Cladribine given according to the guidelines of treat-
ment for human hairy cell leukemia led to greater immedi-
ate damage to the pancreatic islet cells than it did to the
acinar cells of the pancreas. 2-CdA was also seen to inhibit
the process of apoptosis in the exocrine cells and to stimu-
late the same in the cells of the islands of Langerhans. In
addition, the endocrine cells of the pancreas were noted to
be more sensitive to the used chemotherapeutic drug than
were its exocrine cells. Finally, the severity of apoptosis in
these cells was shown to differ, and the diverse cells of the
pancreas was observed to react very differently to 2-CdA.
However, no major changes were seen after a 4-weeks break
in the administration of the drug, when compared to the

control. What is more, there were much less cells showing
vacuolar degeneration of the cytoplasm, but some cell evi-
denced pyknotic nuclei, especially within the islands of the
pancreas. Over all, 2-CdA was seen to inhibit the process
of apoptosis in the exocrine cells and to stimulate the same
in the cells of the islands of Langerhans. In addition, the
endocrine cells of the pancreas were observed to be more
sensitive to the used chemotherapeutic drug than were its
exocrine cells. Finally, the severity of apoptosis in these cells
was noted to differ, and the diverse cells of the pancreas
was seen to react very differently to 2-CdA. Our results
thus suggest that chemotherapy with cladribine can lead to
disturbances of pancreatic functions, hence, patients treated
with 2CDA need frequent control with regard to pancreatic
enzyme levels and to prevent glycaemia.
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