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Neuroblastoma is a sympathetic nervous sy'/A\slt);r;r?S:nor with a 5-year survival rate of less than
50% in high-risk patients that are unresponsive to conventional multimodal treatments.
Although chemotherapy, radiotherapy, and surgery are used according to the stages in the
treatment protocols, the complications and toxic effects of these treatments are also among
the causes that increase mortality. Topotecan is an agent that is actively used in the treatment
of neuroblastoma, but its use is limited due to its toxic effects. For these reasons,
neuroblastoma is a disease that needs new treatment approaches and agents to reduce the
complications of existing treatments. Caffeic Acid Phenethyl Ester (CAPE) is a natural
compound that is known for its anti-inflammatory, immunomodulatory, antioxidant, and
anticancer properties and is particularly preferred because of its selective effects on cancer
cells. Regulation of the inflammatory microenvironment during cancer treatment is an
important factor in the treatment plan. According to this information, we aimed to compare
the effects of Topotecan and CAPE treatments on the inflammatory process in the SHSY-5Y
neuroblastoma cell line with IL-/a, IL-6, IL-18, and VEGF antibodies on the apoptotic
process using the TUNEL method. After the cells have been cultured, four groups were
formed. Topotecan and CAPE were given separately to the 1st and 2nd groups, Topotecan
and CAPE were given together to the 3rd group for 24 hours. A control group was formed by
not giving any substance. Then, staining was done with ICC and TUNEL methods. In the
results, IL-/a, IL-6, IL-18, and VEGF staining intensities were found to be increased in the

CAPE and Topotecan applied groups, especially in the CAPE+Topotecan co-administered
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group at the end of 24 hours. In the evaluation made with TUNEL staining, although the most

apoptotic cells were seen in the CAPE applied group, an increase in apoptosis was also

detected in the groups that were administered Topotecan and CAPE+Topotecan together The

results of our study showed that CAPE and Topotecan triggered apoptosis by exacerbating

inflammation in SH-SY5Y neuroblastoma cells, more apoptotic cells in the CAPE group were

more cytotoxic than Topotecan, and when used together, CAPE had a synergistic effect with

Topotecan.
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Introduction

Neuroblastoma (NB) is a pediatric
sympathetic nervous system tumour arising
from neural crest cells. It can also be
found in sympathetic nerve ganglia located
throughout the sympathetic nervous system
in the neck, chest, abdomen, and pelvis (1).
The molecular basis of NB is not fully

understood.  The  heterogeneity  of
subspecies of NB variations creates
difficulties in the identification and

classification of the disease (2). Tumors
with heterogeneity are rare, but very
aggressive and often with a severe
prognosis. The clinical and biological
features of NB also differ according to the
primary tumour sites (3). According to the
World Cancer Report, more than 15% of
child deaths from cancer are composed of
patients with NB (4-6). Pediatric cancers
are treated with a combination of therapies
(surgery, radiation, chemotherapy and
targeted therapy) selected according to the
type and stage of the cancer (7). Although
clinical diagnosis and treatment for NB are
continually improving, the 5-year survival
rate for children with high-risk NB remains
less than 50% (8, 9). Low-risk NBs are
mainly seen in children younger than 12
months, and surgical treatment is usually
sufficient. In other cases, chemotherapy is
used as the first-line treatment.
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Chemotherapy, radiation therapy and stem
cell transplantation can be used for high-
risk NB treatment. A 5-year survival rate
approaching 70% has been achieved with
different and  combined  treatment
approaches (10). But current treatment for
high-risk patients includes intensive and
toxic chemotherapy. In stage 4 patients,
chemotherapy causes more treatment-
related deaths than surgery, accounting for
15.5% of all deaths. An important side
effect of chemotherapy in patients with NB
is the development of secondary
myelodysplastic syndromes and
transformed acute myeloid leukaemia (11).
For these reasons, the pursuit of new
treatments in NB continues. Topotecan is a
semi-synthetic derivative of camptothecin
and is an antineoplastic agent used in the
current treatment of NB, as it activates the
topoisomerase I-inhibitor (12). It triggers
cell death by creating DNA breaks (13). It
causes haematological toxicities, especially
severe myelosuppression (14). New and
supportive treatment agents are needed in
the treatment of NB because of its
cytotoxic effects in other tissues and many
undesirable side effects.

Caffeic acid phenethyl ester (CAPE), a
natural phenol in honeybee propolis, has
been reported to have anti-inflammatory,
antifungal, antimicrobial,
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immunomodulatory, antimutagenic and
antioxidant properties (15-19). As an
antioxidant agent, CAPE completely
blocks the production of reactive oxygen
species in  human neutrophils and
xanthine/xanthine oxidase systems at a
concentration of 10 uM and demonstrates
adequate antioxidant capacity (20). CAPE
has been shown to increase cancer cell
death by apoptotic mechanisms in many
cancer cell lines (21-24). Macroscopic
studies have also been conducted and it has
been suggested that treatment with CAPE
causes a significant dose-dependent
reduction in tumour growth by assessing
volume and weight of tumour in the
xenograft model (25). On the other hand,
in a study conducted in Burkitt lymphoma
cells, it has been stated that CAPE causes
cell death with pyknotic nuclei devoid of
nuclear or nucleosomal fragmentation,
which shows the characteristic features of
necrosis rather than apoptosis, and it has
been emphasised that CAPE, which is an
anti-inflammatory agent, causes necrotic
cell death in cancer cells (26). CAPE has
also been shown to be an effective agent in
preventing metastases (27). It has also been
suggested that CAPE has a specific
antiproliferative effect on cancer cells, and

also exerts homoeostatic control in
multicellular organisms for cell
proliferation, differentiation,  wound
healing, and regulation of adaptive

responses of differentiated cells (28).

Cytokines are cellular regulatory proteins
that are classified as chemokines,
interferons, interleukins, lymphokines, and
are involved in these pathophysiological
mechanisms by directing the inflammatory
response. Cytokines that increase non-
specific immunity and inflammation are
known as proinflammatory cytokines. IL-
1, IL-5, IL-6, IL-8, TNF-a, IFN-y are
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proinflammatory cytokines. IL-18 is a
cytokine formerly known as interferon
(IFN) gamma inducing factor (IGIF).
Although it is similar to the IL-1 family in
structure and function, it is also considered
as a new member of the IL-1 family (29-
31). The inflammatory micro-environment
of a tumour is a complex network of
multiple cells, cytokines, enzymes, and
signalling pathways. Inflammatory
cytokines are the most effective targets for
modulating the inflammatory  micro
environment during cancer treatment.
Inflammation is a regulatory system with
both pro- and anti-tumour properties. As
part of the immune response, inflammation
can activate immune cells and induce the
production of inflammatory proteins such
as cytokines and enzymes to inhibit the
growth of tumours. Therefore,
appropriately manipulating inflammation is
considered a promising strategy for cancer
therapy (32, 33).

VEGF (Vascular Endothelial Growth
Factor) is a highly specific mitogen for
vascular endothelial cells. Expression of
VEGF is increased by activated oncogenes
and various cytokines in response to
hypoxia. It is known that VEGF
accelerates  tumour development by
inducing endothelial cell proliferation,
promoting cell migration and inhibiting
apoptosis and is a metastatic marker (34,
35). In addition, it has been emphasised in
recent studies that the increase in VEGF
expression in SHSY-5Y cells is not
associated with tumour progression and
metastasis (36, 37).

SH-SY5Y was first subcloned in 1978
from the SK-N-SH cell line isolated from a
bone marrow biopsy of a four-year-old girl
with NB in 1973. It has a morphologically
similar phenotype to neuroblast cells in
vitro and is used in neurodegenerative
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disease studies and NB modelling due to
its neuronal cell-like characteristics (38,
39).

In this study, it has been aimed to evaluate
the IL-la, IL-6, IL-18 and VEGF
immunoreactivities of Topotecan and
CAPE in the SH-SY5Y NB cell line and to
observe their effects on the inflammation
and angiogenesis process, and on the
apoptotic process with the TUNEL
method.

Material and Method

Cell Passage

In our study, commercially purchased
human SH-SY5Y NB cell line was used.
Cells were incubated in RPMI medium
containing 10% (v/v) heat-inactivated fetal
calf serum (FCS) and 5 mM glutamine,
100  U/ml penicillin, 100 pg/ml
streptomycin in an atmosphere of 37 °C,
containing 5% CO2 and 95% air. The cells
were placed in a chamber slide (150-mm
flask) containing 12 ml of medium in 75
cm? flasks and incubated for 2 days. Cells
with 80% confluency were removed by
adding 0.25% trypsin. Trypsin activity was
terminated by adding a medium twice the
volume of trypsin to the resulting
suspension. The suspension was taken into
a 15 ml Falcon tube and centrifuged at
400xg and 25 °C for 5 minutes to obtain
cell debris (pellet). After removing the
supernatant, 2400 pl of fresh medium was
placed on the pellet and mixed with a
pipette. Cell culture was performed in a
12-well (2 pcs.) chamber slide with 200 pl
suspension in each well. The wells were
divided into CAPE (5 uM, 24h),
Topotecan (2 uM, 24h), CAPE (5
uM)+Topotecan(2 puM ) and Control
groups, and drugs were applied at the
given doses. The procedures were repeated
3 times.

287

Effects of CAPE on Chemotherapeutic Intervention
Immunocytochemical Staining Protocol

Cells forming the control group and treated
with CAPE, Topotekan and
CAPE+Topotekan groups were cultured in
the 12-well chamber slide. The medium
was removed with a sterile pipette at the
end of the 24th hour and 4%
paraformaldehyde was used for fixation of
cells. After washing with PBS, they were
kept on ice for 15 minutes in 0.1% Triton-
X100 solution. The cells were incubated
with 3% H, O, for endogenous
peroxidase inactivation. After washing
with PBS three times for 5 min, it was
treated with blocking solution for 10
minutes. Cells were incubated with
primary  antibodies VEGF  (1/250,
ab76055- abcam), IL-1a (1/250, ab9614-
abcam), 11-6 (1/250, ab233706, abcam), IL-
18 (1/250, ab191152-abcam) for 1 hour at
room temperature. Then washed 3 times
with PBS. After treatment with secondary
antibody, it was colored using DAB
Substrate. Mayer's hematoxylin was used
for counter-staining and covered with a
water-based sealer.

Cells on stained slides were counted under
light microscopy with Image Analysis
Program (NIS elements, Japan). 500
different cells were counted at x20
objective magnification. While scoring, the
area with the highest score was determined
by scoring the staining degree. Scoring was
done by a semi-quantitative method (H-
Score). Stained cells were evaluated in
terms of percentage and staining intensity
was taken as a second criteria. There is no,
slight, moderate and severe staining were
assessed as 0,1,2 and 3, respectively.

Tunel Staining Protocol

After removing the media in the wells with
a sterile pipette, applications were made
according to the ApoTag Plus Peroxidase
In Situ Apoptosis Detection Kit (S7101)
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protocol. After washing the wells with
PBS, they were fixed with 4%
paraformaldehyde for 30 minutes. Then,
they were permeabilised with Triton X 100
for 15 minutes on ice and washed with
distilled water. After the endogenous
preoxidase blockade was applied for 5
minutes at room temperature with 3%
hydrogen peroxide (H, O, ), they were
washed again with PBS and incubated for
at least 10 minutes by applying 75 pL of
Equilibration Buffer. 55 pL of TdT
ENZYME was dropped, Stop Wash Buffer
was applied, and then they were incubated
with Anti-Digoxigenin Conjugate for 30
minutes at room temperature in a humid
environment. DAB substrate was applied
and waited for 3 to 6 minutes, and they
were treated with water-based blocking
solution by counterstaining with Mayer's
Hemotoxylin. Evaluation of apoptosis in
SHSY-5Y cells was calculated using the
Apoptotic index (Al) formula, considering
cells with brown staining nuclei as TUNEL
positive.

Al = Number of TUNEL Positive Cells x
100 / Total number of cells (40).

Statistical Analysis

The data obtained as a result of the
Apoptotic Index and H-Score evaluation
were prepared as mean + standard error.
Shapiro Wilk test was used to evaluate the
normality of the data. T test was applied in
dependent groups. Statistical comparisons
were made using one-way ANOVA
followed by post-hoc test (Tukey).
Comparisons where P-values are less than
0.05 were considered  statistically
significant. Analyses were made in the
SPSS 20.0 package program.

Results
VEGF Staining Intensities
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The most intense staining was seen in the

CAPE+Topotecan applied group. There
was no significant difference in staining
between the groups in which CAPE and
Topotecan were given separately (p=
0.928). In the CAPE+Topotecan applied
group, the staining intensities were
increased compared to the CAPE and
Topotecan administered group (p=0.011,
p=0.025). There was also a significant
increase in staining between the groups
administered CAPE+Topotecan, CAPE
and Topotecan and the Control group
(p<0.001, p<0.001, p<0.001) (Figure 1)
(Graphic 1).

IL-7a Staining Intensities

The most intense IL-1a staining was seen
in the CAPE+Topotecan applied group.
There was no significant difference in
staining between the groups administered
CAPE and CAPE+Topotecan and
Topotecan (p=0.177, p= 0.294). In the
CAPE+Topotecan administered group, the
intensity of staining increased compared to
the  Topotecan administered  group
(p=0.012). There was also a significant
increase in staining between the groups
administered CAPE+Topotecan, CAPE
and Topotecan and the Control group
(p<0.001, p<0.001, p<0.001) (Figure 1)
(Graphic 1).

I1-6 Staining Intensities

The most intense IL-6 staining was seen in
the CAPE+Topotecan applied group.
There was no significant difference in
staining between the groups administered
CAPE and Topotecan (p= 0.570). In the
CAPE+Topotecan administered group, the
intensity of staining increased compared to
the Topotecan and CAPE administered
group (= 0.002, p=0.013). There was also a
significant increase in staining between the
groups administered CAPE+Topotecan,
CAPE and Topotecan and the Control
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group (p<0.001, p<0.001, p<0.001) (Figure
1) (Graphic 1).

[1-18 Staining Intensities

While the staining intensity of IL-18 was
increased in the CAPE+Topotecan applied
group compared to the CAPE and
Topotecan applied groups, this increase
was not considered statistically significant
(p= 0.117, p=0.083). There was also no
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significant difference in staining between
the groups administered CAPE and
Topotecan (p= 0.995). There was also a
significant increase in staining between the
groups administered CAPE+Topotecan,
CAPE and Topotecan and the Control
group (p<0.001, p<0.001, p<0.001) (Figure
1) (Graphic 1).

I
I

IL-6 IL-18

Control

Graphic 1: H-Score evaluations of staining intensity with VEGF, IL-1a, IL-6, IL-18 antibodies after CAPE,
Topotecan and CAPE+Topotecan application for 24 hours.
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Topotecan
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Control

CapetTopotecan

Figure 1: ICC staining and TUNEL staining with VEGF, IL-1a, IL-6, IL-18 antibodies after CAPE, Topotecan
and CAPE+Topotecan application for 24 hours. 20X objective, scale bar S0um.

TUNEL Staining

The most apoptotic cells were seen in the
CAPE applied group. Apoptotic index was
found to be increased in CAPE applied
group compared to Topotecan and Control
groups (p=0.001, p<0.001). Compared to
the CAPE+Topotecan group, this increase
was not considered significant (p=0.120).
Apoptotic  index in the topotecan
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administered group was found to be
decreased compared to CAPE and
CAPE+Topotecan ~ groups  (p=0.001,
p=0.032) and increased compared to the
control group (p=0.041). Apoptosis was
increased in the CAPE+Topotecan applied
group compared to the Control group and
Topotecan  applied group (p=0.001,
p=0.032) (Figure 1) (Graphic 2).
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Graphic 2: Apoptotic Index evaluation by TUNEL staining after CAPE, Topotecan and CAPE+Topotecan
administration for 24 hours.

Discussion

NB is the most common extracranial solid
tumour in childhood. While NB, which
may arise from the sympathetic ganglia
and/or adrenal medulla, may spontaneously
transform or regress to a benign form
within the first year, the 5-year survival
rate of patients in the high-risk group is
below 50% and the pursuit of new
treatments is still ongoing. In this process,
there is a need for agents that can

specifically treat cancer cells while
reducing the side effects of current
treatments. Topotecan is a

chemotherapeutic agent currently used in
the treatment of NB. In our study, in
addition to topotecan treatment, CAPE,
which is known to have strong antioxidant
effects and also has anti-inflammatory,
antitumour, neuroprotective and
immunostimulatory effects, was applied to
SHSY-5Y NB cell lines. Guowen W. et al.
reported that topotecan inhibited cell
proliferation, cell migration and invasion
in a time- and dose-dependent manner in
the SHSY-5Y NB cell line (41). In another
study, Beppu K. et al. reported that cell
viability decreased and cell death increased
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in topotecan applied SHSY-5Y cells (21).
In a study with CAPE, Tomiyama R. et al.
stated that endoplasmic reticulum stress
and autophagy increased in SHSY-5Y cells
after CAPE application (42). In our study,
in the TUNEL evaluation, apoptosis was
found to be increased in SHSY-5Y cells
treated with Topotecan, CAPE and
CAPE+Topotecan compared to the control
group. The most cell death was seen in the
CAPE applied group, while cell death was
found to be lower in the Topotecan applied
group than in the CAPE and
CAPE+Topotecan applied groups. It has
been reported that CAPE is being effective
by reducing the intercellular connection
proteins such as B-catenin, claudin, and
nectin, preventing the adhesion of cancer
cells and weakening their intercellular
connections (43-46). In our study, cell
shedding was higher in the CAPE applied
group compared to the other groups. This
made us think that CAPE would have
anticancer effects by both increasing cell
death and weakening the adhesion strength
and intercellular connections of cells.

VEGF-A is known as a key regulator of
physiological and pathological
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angiogenesis (47). It can be expressed by
activated oncogenes and various cytokines
in response to hypoxia. Deregulated VEGF
expression contributes to the development
of solid tumours by promoting tumour
angiogenesis and to the ethiology of some
diseases characterised by abnormal
angiogenesis (48). Many studies have
shown that VEGF-A plays an important
role in the progression and metastasis of
cancer cells. VEGF-A expression has been
demonstrated in both human and NB cell
lines (49-52). There are studies showing
that VEGF expressions are decreased in
SHSY-5Y cells treated with Topotecan and
CAPE (21, 53). In our study, we observed
an increase in VEGF staining intensity in
SHSY-5Y cells in the Topotecan, CAPE
and Topotecan+CAPE applied groups
compared to the control group. Although
this result we found contradicts the
literature studies made with CAPE and
Topotecan, it has been shown by recent
literature studies that the increase in VEGF
expression in SHSY-5Y cells is not
associated with tumour progression and
metastasis, and the roles of VEGF in NB
tumourigenesis remain unclear (36, 37).
However, increased VEGF expression has
been evaluated in favour of increased
inflammation in some studies (54-56). The
fact that other inflammation markers were
found to be increased in the treatment
groups in our study supports this situation.
Cytokines are molecules produced by
immune system cells. They have an
important role in the production and
activity of immune system cells and blood
cells. Although there are many different
types, the most commonly used ones are
interleukins, interferons and GM-CSF
(Granulocytemacrophage colony-
stimulating factor) (57). The importance of
cytokines in  cancer biology was
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understood at the end of the 1800s with the

demonstration  that some malignant
tumours  regressed  after  bacterial
infections.  Cytokines, while causing

tumour regression by directly inhibiting
growth on cancer cells, or acting by
supporting other antitumour effects in the
body, they can also be growth factors for
malignant cells on the contrary, and
provide therapeutic support by inhibiting
the effects of these cytokines (58). These
bidirectional behaviours of cytokines
change the approach in different tissues
and different tumours and different
antineoplastic ~ drugs. In  general,
proinflammatory cytokines are mediators
that are detected to be increased in the
blood during cancer treatment. Tsavaris N.
et al. found increased IFN-y, IL-2, IL-6,
GM-CSF cytokine levels in the peripheral
blood of breast cancer patients they treated
with taxane group antineoplastic drugs and
stated that taxanes are also an effective
treatment agent by increasing cytokines in
patients with terminal breast cancer (59).
Wood L. J. et al. administered rats an
antineoplastic  agent, etoposide, and
observed that IL-6 serum levels increased,
resulting in symptoms such as fatigue,
weakness, loss of interest in social
activities, and difficulty concentrating (60).
However, in most studies, it has been
stated that the increase in serum cytokines
observed after the administration of many
antineoplastic drugs, including topotecan,
is responsible for chronic fatigue in
patients (61). There are also studies
showing that cytokines are decreased in the
tumour micro-environment and tumour
cells. In their study, Lasitiotaki I. et al.
showed that IL-18 and IL-18 were
increased in the plasmas of patients with
lung cancer, while IL-6 and TNF-a were
decreased in the tumour  micro-
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environment. As a result, they stated that
tumour-induced immunosuppression
occurred in the lung micro-environment
and that this could provide new targets for
cancer immunotherapy (62).
Antineoplastic therapy promotes cell death
by increasing cytokine expression and
inflammation in the cancer micro-
environment in most cancer cells. Tsang P.
S. et al. reported that the NFkB pathway
was activated in NB cells to which they
applied Topotecan treatment, and as a
result, inflammation in the cells increased
(63). In our study, we observed an increase
in staining in 1L-6 and 1L-18 compared to
the control group, although it was more
pronounced in IL-1a in Topotecan applied
SHSY-5Y cells. This increase suggests that
Topotecan triggers cell death by increasing
inflammation in cancer cells.

CAPE is a well-known anti-inflammatory
compound with antioxidant, antineoplastic
and immunomodulatory properties. CAPE
suppresses the inflammatory process by
inhibiting  cytokine and  chemokine
production, T-cell proliferation and
lymphokine production, as well as
reducing prostaglandin and leukotriene
synthesis. It has also been suggested that
the anti-inflammatory effect exhibited by
CAPE is a result of inhibition of
arachidonic acid release from the cell
membrane (64, 65). CAPE is a compound
with anticancer properties due to its
cytotoxic effect directly against cancer
cells by preventing chronic inflammation.
Since it is selectively cytotoxic for cancer
cells, it has been considered as an
advantageous agent that can be used
alongside antineoplastic agents. Studies in
which  CAPE acts by reducing
inflammatory mediators in normal cell
lines are frequently encountered in the
literature. There is information that it
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results in a decrease in anti-inflammatory

cytokines, especially in inflammatory
disease models such as Alzheimer's
Disease and Helicobacter Pylori (66, 67).
In cancer cell models, however, the effects
of CAPE on cytotoxicity, cell death and
metastasis have often been evaluated.
There are also articles in the literature
reporting that CAPE has an
antiproliferative effect on cancer cell lines
(68, 69). In contrast, CAPE has been
reported to ameliorate brain atrophy after
neurological injury, including ischaemia
and epilepsy, by inhibiting neuronal
apoptosis and astrocyte proliferation in
animal models (70, 71). These findings
reveal that CAPE is a potent bioactive
compound and can initiate multiple
molecular responses in treated cell/animal
models  (72). In our study, the
proinflammatory cytokines IL-1a, IL-6 and
IL-18 were found to be increased in
SHSY-5Y cells to which we applied
CAPE, which has a dominant anti-
inflammatory feature, compared to the
control group. This increase was greater
than the group to which only topotecan
was administered. The fact that the
increase was higher in the
CAPE+Topotecan applied group reveals
the synergistic effect of these two
molecules. In our study, we found that
CAPE and Topotecan increased
inflammation and cell death in SHSY-5Y
cancer cell line, suggesting that these
agents trigger cell death by increasing
inflammation in NB cells.

Conclusion

In our study, SHSY-5Y NB cell lines were
immunostained with IL-1a, IL-6, IL-18
and VEGF antibodies by applying CAPE,
Topotecan and CAPE+Topotecan for 24
hours, and TUNEL method was applied for
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cell death evaluation. Inflammation and
cell death were found to be increased in
CAPE, Topotecan and CAPE+Topotecan
applied groups. An abnormal VEGF
increase was observed again after drug
administration. This abnormal VEGF
increase was considered as a pathway
contributing to the inflammatory process
rather than neovascularisation. Although
the fact that CAPE causes an increase in
inflammation mediators in the cancer cell
line seems to be inverse to its general anti-
inflammatory effect, it shows the selective
effect of CAPE on neoplastic cells, which
is a desired condition in cancer treatment
and also shows that it is an agent that can
be preferred in the treatment because it
protects normal cells. In our study, it has
been shown that CAPE and Topotecan
increase inflammation and apoptotic cell
death in the NB cell line. In this context,
we believe that CAPE is an agent that can
be used in addition to the others in the
treatment of NB, and there is a need for in
vivo and in vitro studies in this area.
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