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Abstract:

Objective: Apoptosis, which is a programmed cell death, is an event in which cells destroy themselves
without inflammation, as well as requiring energy and homeostasis is preserved. In cases where
apoptosis slows down, autoimmune diseases and cancer occur. Aspirin is a salicylic ester of acetic
acid and has analgesic, anti-inflammatory, antipyretic and antithrombotic effects. In this study, we
investigated the effects of aspirin on apoptosis in human neuroblastoma SK-N-MC cell line in vitro.

Methods: In our study, trypan blue viability test (Tyripan Blue Exclusion) method was used for aspirin
doses to be given to the cells. The apoptotic effect of aspirin in the SK-N-MC cell line was determined
by flow cytometry imaging using APC Anexin V antibody.

Results: The aspirin was incubated in SK-N-MC cells at concentrations of 10-100uM, and
measurements at 24 and 48 hours were recorded. According to trypan blue results, cell density
decreased proportionally with increasing aspirin concentration compared to the control group. The
cytotoxic dose was found to be between 50-80 uM at the 24th hour and 70 uM at the 48th hour. Anexin
V flow cytometry measurement results showed that 60 and 70 uM aspirin given to SK-N-MC cells
increased early apoptosis compared to control group.

Conclusion: The results of our study showed that aspirin induced apoptosis in SK-N-MC cells in vitro
depending on dose and time.
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Introduction:

Cancer is a lethal disease with metastasis. There
are many types of cancer and can affect all parts
of the body. It is caused by the deterioration of
the proliferation and differentiation mechanisms
of the cells. In a cancer cell, the mechanism of
apoptosis is disrupted and the cell has become
immortal [1,2]. Apoptosis is programmed cell
death. Examples of diseases where apoptosis is
unnecessary or accelerated include
neurodegenerative diseases, AIDS, myocardial
infarction and atherosclerosis; autoimmune
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diseases and cancer can be given as an example
of slowing down diseases [3,4].

Early treatment is important in cancer without
spreading to other parts of the body. The earlier
the diagnosis is made in cancer, the sooner the
treatment starts and the higher the chance of
success with early treatment [5]. Although some
of the cancer types have very important
responses in treatment, it is known that
treatment is successful in less than half of the
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individuals who have cancer. From this
perspective, it is clear that other different
solutions to cancer, a global problem, are needed.

Neuroblastoma, which is one of the most
common solid tumors in children, originates
from primordial neural crest cells normally found
in adrenal medulla or sympathetic ganglia and
constitutes 8-10% of childhood cancers. Its
incidence is similar worldwide and is 1 in 7000
live births annually. The 5-year survival rate is
95% in patients under 1 year of age and 68% in
patients between 1 and 14 years of age [6,7]. The
etiology is unknown, and there is no
environmental factor that has proven to play a
role in the etiology. In a group of patients,
familial neuroblastoma with autosomal dominant
inheritance has been shown, and genetic
predisposition in these cases has been shown to
be due to germinal mutation [7,8].

Chemotherapy is the most preferred treatment
for pediatric tumors. The main source of success
in the last 40 vyears is the addition of
chemotherapy to surgical and radiotherapy. The
basic principle in chemotherapy is not a single
drug, but combined treatment with multiple
drugs. Approximately 40 drugs used in different
types of cancer are combined according to the
results of preclinical studies. The basic principles
of the combination are the active substances
used at different points of the cell cycle, the
cytotoxic/antiproliferative effect of that tumor
type on the cell lines, and the non-cumulative
toxicity. In addition, the identification of
mutations and epigenetic changes in genes
thought to be involved in carcinogenesis and
targets for this are thought to change the course
of treatment [9,10].

Aspirin, also known as acetyl salicylic acid, is the
salicylic ester of acetic acid and entered clinical
use in 1899 for the first time. Aspirin has
analgesic, antipyretic, anti-inflammatory,
antipyretic and antithrombotic effects. When it
enters the body, aspirin is hydrolyzed and
converted to salicylate. It is generally equivalent
to most nonsteroidal anti-inflammatory drugs
(NSAIDs) in terms of anti-inflammatory and
analgesic effects. It is used in the treatment of
most inflammatory and autoimmune diseases
such as juvenile arthritis, rheumatoid arthritis
and osteoarthritis. Due to its antithrombotic
effect, it is wuseful in reducing the risk of
myocardial infarction and preventing recurrent
transient ischemic attacks. Despite this diversity
of effects, it has been used only for anti-
inflammatory and analgesic effects for most of
the past century. After the determination of the
ability to inhibit platelet aggregation in the
1980s, its importance as an antithrombotic drug
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increased [11]. In recent years, it has been shown
that the risk of developing colorectal cancer can
be reduced with regular use [12,13].

Based on the fact that cancer is still a serious
health problem all over the world, we aimed to
investigate the effects of aspirin on apoptosis in
vitro, especially in neuroblastoma, one of
childhood cancers.

Materials and Methods:
Cell culture

In this study, human neuroblastoma cell line SK-
N-MC cells obtained from Ankara Sap Institute
Cell Culture Collection (HUKUK) were used. Cells
were cultured in Dulbecco’s Minimum Essential
Medium (DMEM- Biochrom, F-0445, Germany)
containing 15% fetal calf serum (Biochrom, S0115,
Germany), 10,000 U/ml penicillin-10 mg/ml
streptomycin-0.025 mg/ml amphotericin-B
(Biological Industries 03-033-1C, Israel) and 200
MM L-Glutamine (Biochrom, AG K0282, Germany)
at 37-C, 5% carbon dioxide and 1 atmosphere
pressure. Cells were routinely passaged twice a
week and used in the experiments when the cells
occupied 75% of the culture vessel in density.

In vitro Cytotoxicity Assay

Three culture dishes were prepared for each dose
of aspirin. Aspirin (Sigma-Aldrich, A2093, USA)
was added at different dilutions to 1x10°
cells/Iml in 24-well plates; toxicity was
determined by trypan blue stain (Sigma-Aldrich,
T8154, USA) for 12, 24, 36 and 48 hours.

No aspirin dose was administered to the control
group. The concentration showing a cytotoxic
effect of 50% compared to the control was
considered as the cytotoxic dose. Concentrations
of 60 uyM and 70 pM with a viability of 70-80%
were used in flow cytometer experiments.

Flow Cytometry Analysis

Aspirin (Sigma-Aldrich, A2093, USA) 1x10 °
cells/Iml was added to 24-well plates at 60-70
UM concentrations and incubated for 24 and 48
hours. At the end of the period, the cells were
treated with Annexin-V FITC Apoptosis Detection
Kit (BD Pharmingen, 556547, USA). All
experimental steps were performed on ice. The
protocol was performed as follows: cells were
removed from the culture dish and 2 ml of cold
phosphate buffer was suspended. Following
centrifugation, the supernatant was discarded
and 150 pl of anexin buffer was added to the cell
pellet. 5 pl of anexin dye was added to each
sample and vortexed for 40 min at room
temperature and incubated in the dark. At the
end of the incubation, 300 pl of cold anexin
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buffer was added. 5 ng/ml propodium iodide was
added and left for another 15 minutes. At the end
of time, cell samples were analyzed on a
FACSCalibur flow cytometer (Becton Dickinson,
San Jose, USA).

Statistical Analysis

Flow cytometric analyzes were repeated three
times. Data were expressed as mean * standard
error and Dunnet _t test was used. In the
statistical study, « = 0.05 was determined as the
first type error amount and compared with the
significance values obtained from each study (p).
Statistica v7.0 package program was used in the
analysis.

Results:
In our study, three serial cultures were
performed for each dose of aspirin. No

application was made to the control group. Cell
viability, early apoptosis, late apoptosis and
necrosis rates at 24th and 48th hours were
evaluated by flow cytometry (Figure 1).
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Figurel: Flow cytometry evaluation of
viability and apoptosis in SK-N-MC cells.

A) Negative Control / 24 hours; B) Negative
Control / 48 hours. Area 1 shows necrosis, area 2
shows late apoptosis, area 3 shows live cells and
area 4 shows early apoptosis.

The mean percentage of viable cells in the SK-N-
MC cell line at 24 h was compared to the negative
control, although there was a decrease in the
number of live cells in the 60 uM aspirin group, it
was not statistically significant. In the 70 uM
aspirin group, there was a statistically significant
decrease in the number of viable cells. On the
other hand, there was a decrease in the
percentage of live cells at 48 hours in all groups
(Table 1).
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Table 1. Live cell average at 24th and 48th
hours in the SK-N-MC cell line.

Average
Numb | Cell Stan_da_rd Ayerage p Value
P Deviation Difference
Group er of ercentage
Name Sampl 24 48 24 48 24 48 24 48
es (N) | Hou | Hou | Hou | Ho Ho Hou | Hou | Hou
. r r r ur ur r r r
Liv A spini B B
e N P 3 94. | 86. |00 |10 |3, |7, |002 [0.00
::sel 70 uM 02 21 98 5 1 64 7% 0*
pspirt | 95. |91 |03 |06 |5, |76 | 019 [0.00
02 19 25 7 ) ) 3 7*
60 uM 1 6
Negati
ve 3 97. 98. 1.4 0.2
Contr 13 85 3 4
ol

The mean percentage of early apoptotic cells in
the SK-N-MC cell line at 24 h was compared to the
negative control and a statistically significant
increase was detected in the 70 uM aspirin-
treated group. The mean early apoptotic cell
percentage at 48th hour was significantly higher
in all groups (Table 2).

Table 2. Early apoptotic cells average at 24th
and 48th hours in the SK-N-MC cell line.

Average

Average
Numb | Cell Standard X

Grou er of | Percentag | Deviation eleferenc p Value

p Samp e
Farly Name | les 24 48 24 48 24 48 24 48
Apopt (N) Ho | Ho Ho | Ho | Ho | Ho | Hou | Hou
pop ur ur ur ur ur ur r r
otic Aspiri
Cells n 3 6.6 12. 0.4 0.9 4.8 11. 0.00 0.00

70 uM 9 25 1 1 4 84 0* [0

Aspirt | 10 |61 |04 |04 | oo |57 | 078|000

60 UM 3 9 8 4 2 8 3 7

Negat

ive 3 1.8 0.4 1.3 0.1

Contr 5 1 8 3

ol

The mean percentage of late apoptotic cells in the
SK-N-MC cell line at 24 h was compared to the
negative control and a statistically significant
increase was detected in the 70 pM aspirin-
treated group. Although the mean late apoptotic
cell percentage at 48th hour was increased in all
groups, this increase was not statistically
significant (Table 3).

Table 3. Late apoptotic cells average at 24th
and 48th hours in the SK-N-MC cell line.

Average
Numb Cell Standard g‘i,f(;:;gic Value
um Percentag | Deviation p
Grou er of e e
P Sampl
24 48 24 48 24 48 24 48
Lat Name | es (N) Ho Ho Ho Ho Ho Ho Hou Ho
ate ur ur ur ur ur ur r ur
Apopto Aspiri
tic n 3 2.5 1.1 0.3 0.0 1.9 0.7 0.00 1.0
Cells 70 uM 5 9 5 4 8 9 8* 00
Aspirt | 1.0 |14 |01 |00 |05 | 1.0 |o091 |10
60 UM 8 6 6 9 1 7 3 00
Negati
ve 3 0.5 0.3 0.0 | 0.0
Contr 7 9 7 4
ol

The mean percentage of necrotic cells in the SK-
N-MC cell line at 24 h was compared to the
negative control and a statistically significant
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increase was detected in the 70 pM aspirin-
treated group. Although the mean percentage of
necrotic cells at 48th hour was increased in all
groups, this increase was not statistically
significant (Table 4). Flow cytometric evaluation
of all studied groups is shown in Figure 2.

Table 4. Necrotic cells average at 24th and 48th
hours in the SK-N-MC cell line.

Averag | Standar | Averag
Num
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Figure 2: Flow cytometry evaluation of viability
and apoptosis in SK-N-MC cells. A) 24-hour group
with 60uM aspirin; B) 24-hour group with 70 uM
aspirin; C) 48-hour group with 60 uM aspirin; D)
48-hour group with 70 uM aspirin. Area 1 shows
necrosis, area 2 shows late apoptosis, area 3
shows live cells and area 4 shows early apoptosis.

Discussion:

In the process of diagnosis and treatment of
cancer, new drug development studies are very
important because of the psychological and
physiological side effects experienced by the
patients. Although its role has not been fully
elucidated, the expression of cyclooxygenase
(COX) inhibitors is known to be quite high in
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many types of cancer. With the introduction of
NSAIDs that suppress COX expression in the
treatment of cancer, a new perspective has been
introduced to the treatment process. Aspirin
inhibits COX enzyme by irreversible acetylation
and thereby inhibits prostaglandin synthesis. In
recent vyears, in vitro and animal modeling
studies have shown that aspirin has effects in
reducing the risk of various cancers. In this
context, we aimed to investigate whether aspirin
use has effects on apoptosis, especially in
neuroblastoma, which is one of the childhood
cancers.

Aspirin and non-steroidal antiinflammatory drugs
have been found to reduce the risks associated
with many types of cancer, prostate cancer
patients have been found to have life-saving
benefits. 1206 patients undergoing local
radiation therapy and 232 patients who had
normally used aspirin prior to treatment were
studied in Fox Chase Cancer Center. In patients
who had used aspirin and other NSAIDs before
the disease, the rate of spread of the disease was
scientifically decreased and the risk of a second
cancer was reduced. Laboratory research also
found that these drugs prevent the formation of
blood vessels that feed tumors [14].

In animal models and various in vitro
epidemiological studies have shown that aspirin
and other non-steroidal anti-inflammatory drugs
have anticancer effects in various organs
including colorectum, esophagus, stomach,
breast, lung and ovarium. The biochemical
mechanism of these effects of NSAIDs has been
linked to providing inhibition of COX activity and
ultimately reducing prostaglandin levels [15].

Zhong et al. found that regular aspirin intake
reduces the risk of breast cancer [16]. In
particular, aspirin has been shown to be more
protective in breast cancer individuals carrying
the PIK3CA mutation [17]. The use of aspirin in
breast cancer patients has been found to inhibit
various pathways associated with cell growth,
invasion, motility and metastasis [18].

Another study showed that routine but low-dose
aspirin use can significantly reduce the risk of
prostate cancer [19]. Barton et al. showed that the
use of aspirin in individuals with prostate cancer
may reduce mortality [20]. There are several
studies suggesting that aspirin use also reduces
the risk of cancer in gastric cancers. Yang et al.
found that aspirin in human gastric carcinoma
inhibits survivin gene expression and reduces
cell growth [21]. Tahara et al. showed that routine
aspirin use inhibits CDH1 methylation in human
gastric mucosa [22]. Aspirin has been shown to
induce caspase-independent pathway of mucosal
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cell death in human gastric cells [23]. People with  [2]. Oztirk F. (2002). Apopitoz. Indnii
routine aspirin and other nonsteroidal anti- Universitesi Tip Fakiiltesi Dergisi, 9(2):143-
inflammatory drugs have a low risk of colorectal 148.
cancer [24, 25]. Routine aspirin use increases the . )
risk of colorectal cancer by 22%; NSAID use has [3]. Oniz H.(2004). Apoptoz: dlmeye yatmak.
been shown to reduce by 30-40% [26]. The SSK Tepecik Hast Derg, 14(1):1-20.
American Cancer Society (ACS) does not ;
recommend the use of aspirn and oter NSAIDE ) ncmlan: o glisminde Fos ot
side effects, such as gastric bleeding. However, bagimli apoptozis. Akciger Arsivi, 4:165-174.
they suggested that individuals taking aspirin [5]. http://www.turkcancer.org (Date of Access:
may have a low risk for colorectal cancer in 31.05.2019).
various special disease states (such as chronic )
arthritis) [27]. [6]. Smith MA, Altekruse SF, Adamson PC,
Reaman GH and Seibel NL.(2014). Declining
Mc Menamin et al. reported that the use of low- childhood and adolescent cancer mortality.
dose routine aspirin reduces mortality in a study Cancer, 120:2497-2506
of patients with lung cancer [28]. Hochmuth et al.
reported that aspirin use reduces the risk of non- [7]. Smith, MA, Seibel, NL, Altekruse, SF, Ries
small lung cancer in their case control study [29]. LA, Melbert DL, O’Leary M, Smith FO and
) i ) . Reaman GH. (2010). Outcomes for children
In t_h_1s study, in accordance vs_/1th the llterat_ure, and adolescents with cancer: challenges for
aspirin use has_ been shown to increase especially the 21st century. J Clin
early apoptosis. One of the aims of cancer Oncol, 28:2625-2634.
treatment is to enable cancer cells to go to
apoptosis. Aspirin cause an increase in early and [8]. Pritchard-Jones, K, Pieters, R, Reaman, GH,
late apoptotic levels in accordance with this aim Hjourth L, Downie P, Calaminus G, Naaf-
supports this thesis. According to the results of Wilstra MC and Steliarova-Foucher E. (2013).
our study, the effects of aspirin in cancer were Sustaining innovation and improvement in
determined in an in vitro study which is a guide the treatment of childhood cancer: lessons
for cancer treatment. Thus, with this preclinical from high-income countries. Lancet
study, the benefits of this aspirin in cancer Oncol,14: 95-103.
E;ia;r:teigcltwere evaluated before application to [9]. Pinto NR, Applebaum MA, Volchenboum SL,
' Matthay KK, London WB, Ambros PF,
In conclusion, the findings of this study suggest Nakagawara A, Berthold F, Schleiermacher
that the use of aspirin in neuroblastoma may G, Park JR, Valteau-Couanet D, Pearson AD
induce apoptosis in part and contribute to tumor and Cohn SL. (2015). Advances in risk
regression. In recent years, the use of aspirin and classification and treatment strategies for
other NSAIDs in various cancers has emerged as neuroblastoma. J Clin Oncol, 33:3008-3017
alternative therapeutic strategies. The molecular
mechanisms of these strategies will shed light on [10]. Hara J. (2012). Development of treatment
the development of new treatment modalities in strategies for advanced neuroblastoma. Int J
cancer. Clin Oncol,17:196-203.
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