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Abstract 
The aim of this study is to investigate the anti-proliferative effects of Zebula-
rine on caspase-3 and 9 genes by methylation and protein expression on 
SKBR3 cells. The SKBR3 cells were treated with Zebularine at different con-
centrations (0 - 140 µM) for 24 - 96 hours and the effects on the cell viability 
were shown. The effects on the cell migration and cell transformation were 
also demonstrated at the specified dose (IC50 = 40 µM). At the same time, the 
HRM method and western-blot analysis were used to understand the effects 
in the apoptotic mechanism. According to the obtained results, it was ob-
served that Zebularine significantly decreased the cell proliferation, cell mi-
gration and the cell growth (p < 0.001). As a result of the methylation analyz-
es performed on SKBR-3 cells at the applied dose, it was observed that Zebu-
larine caused a decrease in both caspase-3 and 9 methylation rates at the 72nd 
hour. However, both reductions in the methylation levels didn’t cause a sig-
nificant change (p > 0.05). At the same time, it was detected by the west-
ern-blot analyses that there was a time dependent increase in caspase-3 genes 
while a decrease was detected in the caspase-9 gene in progress of time. The 
obtained results showed that the methylation changes occurring in the cas-
pase genes weren’t related to the protein levels. According to these results, 
supportive results are obtained showing that the Zebularine can be used in 
chemotherapy and that this study is unique since it is the first study in the li-
terature intending to investigate the effects of Zebularine on the SKBR3 cells. 

How to cite this paper: Eroglu, O. and 
Celen, M. (2019) Investigation of the Ef-
fects of Zebularine on Caspase-3 and Cas-
pase-9 Involved in Anticancer and Apop-
totic Mechanisms in SKBR3 Breast Cancer 
Cell Line. Journal of Cancer Therapy, 10, 
229-244. 
https://doi.org/10.4236/jct.2019.103019 
 
Received: February 15, 2019 
Accepted: March 9, 2019 
Published: March 12, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/jct
https://doi.org/10.4236/jct.2019.103019
http://www.scirp.org
https://doi.org/10.4236/jct.2019.103019
http://creativecommons.org/licenses/by/4.0/


O. Eroglu, M. Celen 
 

 

DOI: 10.4236/jct.2019.103019 230 Journal of Cancer Therapy 
 

Keywords 
SKBR3, Zebularine, Apoptosis, Breast Cancer 

 

1. Introduction 

Breast cancer is the most commonly observed type of cancer in women and the 
second most commonly cause of death by cancer [1]. However, it is rarely diag-
nosed in men and the men’s breast cancer cases constitute less than 1% of all 
breast cancer cases [2]. Approximately 14.1 million patients were diagnosed with 
cancer worldwide and 8.2 million people died of cancer. The global cancer bur-
den is expected to grow rapidly due to the aging population [3]. The majority of 
the breast cancer patients can be treated by hormone therapy, chemotherapy, 
surgical operation or radiotherapy. However, the treatments are not completely 
effective [4]. Therefore, it is important to develop new therapeutic agents.  

Apoptosis is a defense mechanism that prevents the cells from forming tu-
mors; moreover, it has a great importance in tumor regression in the response to 
chemotherapy [5]. However, in some cases many cancer cells escape from apop-
tosis and the formation of the tumor cannot be stopped [6]. One of the reasons 
for this is the deterioration of the regulation of caspase activation regulated by 
the proteolytic activity. Without any active caspase the cells do not undergo cas-
pase-dependent cell death; however, survival may occur and even clonogenic 
tumor growth may occur [7]. 

The regulation of apoptosis is controlled by the caspases divided into two in-
cluding initiator caspases (caspases 2 8, 9 and 10) and effector caspases (caspases 
3, 6 and 7) [8]. Effector caspases are produced as dimers in the cell and they are 
required to demonstrate efficiency in the proteolytic processing by an initiating 
enzyme. As a result, they target a broad spectrum of cellular proteins that lead to 
cell death. In contrast to the effector caspases, the initiator caspases are trans-
lated as monomeric zymogen. The formation of the multicomponent complexes 
induces the dimerization which is necessary for the activation of the initiating 
caspases [9] [10]. The effector caspases are involved in the decomposition of 
many cellular proteins and are responsible for the morphological changes in the 
apoptosis [11]. 

Caspase-3 which is the focus point of our study is the most studied among the 
effector caspases. It plays an important role both in the extrinsic pathway in-
itiated by caspase-8 and in the intrinsic pathway involving caspase-9 [12] [13]. 
Abnormal caspase expression can be also observed in various cancers. Compar-
ing to normal tissues, the expression of caspase-3 was found to be higher in pa-
tients with acute myeloid leukemia [14] [15]. Contrary to this, the expression of 
caspase-3 was found to be decreased in prostate tumors and in the MCF-7 cells 
of the breast cancer cell line [16] [17] [18]. At the same time, loss of caspase-8 
mRNA/protein expression was detected in lung cancer and neuroblastomas [19] 
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[20]. Additionally, loss of caspase-9 expressions occurred in neuroblastomas and 
testicular tumors [20] [21].  

Based on these results, it was intended to investigate the effects of a new DNA 
methylation inhibitor and a cytidine analog called Zebularine on apoptotic me-
chanism [22]. The difference between Zebularine and the other DNA methyl 
transferase inhibitors (DNMTi) is the fact that Zebularine is stable and has low 
toxicity both in vivo and in vitro [23]. At the same time, it plays a role in the in-
duction of apoptosis and it is a chemical agent with anti-tumor potential in the 
cancer cells [24] [25]. In this study, it is aimed to investigate the anti-proliferative 
effects of Zebularine on the SKBR3 cells of the breast cancer cell line, the methy-
lation status of the caspase-3 and 9 genes which are responsible on the apoptotic 
pathway and the effects of caspase-3 on the protein levels. Our study has a great 
importance since there are not many studies available in the literature in this re-
gard.  

2. Material and Methods 
2.1. Cell Culture and Zebularine Treatment 

The SKBR-3 which is a breast cancer cell line was obtained from Prof. Dr. Oğuz 
Öztürk who is working for the Research Institute for Experimental Medicine. 
The SKBR-3 cells were produced within an incubator (New Brunswick-Galaxy 
170 R) including 5% CO2 at 37˚C in DMEM (Lonza) medium containing 10% 
fetal bovine serum (FBS) (Biological Industries) and 1% penicillin/streptomycin 
(Biological Industries). The Zebularine was purchased from the Cayman chemi-
cals and was dissolved in DMSO. In the proliferation experiments, the cells were 
treated with different concentrations of Zebularine (0 - 140 µM). The cells were 
treated with 40 µM of Zebularine during the Clonogenic Survival Assay, Wound 
Healing Assay, Colony Formation Assay, HRM and Western Blot Analysis and 
all the experiments were repeated 3 times.  

2.2. Cell Proliferation Assay 

The cell proliferation was performed by using MTT Assay. MTT reagent (Glen-
tham Life Sciences) was added to the cells exposed to Zebularine. 4 hours later, 
DMSO (Merck Millipore) was added to obtain formazan crystals and then the 
results were monitored in a microplate reader (Thermo scientific–Multi scan 
Go) at 570 and 650 nm.  

2.3. Viability Assay 

The principle of this experiment is based on the interaction between the cells 
with damaged membrane and the trypan blue. First of all, SKBR-3 cells were 
cultured in 6-well petri dishes in a way that there was 1 × 105 cell in each well 
and the cells were allowed to adhere to the surface. Zebularine (40 µM) was ap-
plied to the cells at IC50 value determined at the end of the MTT test and the cells 
were incubated for different time periods. The treated cells were collected in 
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tubes after being removed with the help of typsin-EDTA and centrifuged at 2000 
rmp for 5 min. 50 µM medium and 50 µM trypan dye were added to the pellet. 
The cells were loaded to hemocytometer and count was performed under in-
verted line microscope (Nicon Eclipse TS100). 

2.4. Wound Healing Assay 

The wound healing test was performed in order to examine the effects of Zebu-
larine on cell migration and on the cell-cell interaction. SKBR-3 cells were cul-
tured in 6-well petri dishes in a way that there was 25 × 104 cell in each well and 
the cells were allowed to adhere. The adherent cells were scraped in a straight 
line from the center of each well by the tip of a 200 µM pipette. Wash was per-
formed with 1× PBS in order to remove the cell remains. After washing 2 ml of 
fresh both medicated (Zebularine 40 µM) and non-medicated (control group) 
media was added. The movements of the cells were monitored at the 24th, 48th, 
72nd and 96th hours and also their images were recorded.  

2.5. Anchorage-Independent Colony Formation Assay (Soft-Agar  
Assay) 

First of all, the 6-well petri dishes were plated with DMEM containing 20% FBS 
and 0.6% agarose in 1:1 ratio and they were allowed to freeze. A mixture of 
DMEM (containing or not containing 40 µM of Zebularine) including 10% FBS 
and 0.3% agarose in 1:1 ratio were added to the top of the petri dishes in a way 
that it included 5 × 103 cell. They were allowed for incubation for 20 days. Every 
two days the upper medium was replaced with fresh medium. After 20 days the 
wells were treated with 0.005% crystal violet and were kept for 20 minutes. The 
colonies formed after the staining was examined under microscope.  

2.6. DNA Isolation and Bisulfide Modification 

Genomic DNA was isolated from the magnified SKBR-3 cells at the 24th, 48th, 
and 72nd hours after the application of Zebularine. At the same time, the isola-
tion was also performed on the cells which were not treated with Zebularine for 
control purposes. The cells were lysed with prepared lysis buffer (10 mM 
Tris-HCI (pH 8), 0.1 M EDTA (pH 8), 0.5% SDS) and the DNA isolation was 
carried out by the conventional phenol /chloroform method. The DNA amounts 
were measured by using BioSpec-nano (Shimadzu Corporation, Japan). The ob-
tained DNA was subjected to bisulfite modification by using the EZ DNA Me-
thylation Lightning Kit protocol (Zymo Research, Orange, CA) and after the mod-
ification the DNA samples were analyzed. 

2.7. MS-HRM Analysis 

The MS-HRM Analysis was carried out by using the AriaMx Real Time PCR 
System device (Agilent Technologies, Santa Clara, CA). The used primers were 
given in Table 1. Epitect® PCR Control DNA Set (Qiagen) was used to evaluate  
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Table 1. Primers used in MS-PCR analysis. 

Genes Primer Sequence 

Caspase-3 

Unmetile Forward 5’-TGAGTTTTAGGGTGGGATTAAAGT-3’ 

Unmetile Revers 5’-CACTACAACCCATCCCCTAA-3’ 

Metile Forward 5’-TTTAGGGCGGGATTAAAGC-3’ 

Metile Revers 5’-CTACGACCCGTCCCCTAA-3’ 

Caspase-9 

Unmetile Forward 5’-GTGGGGAGTGAAGATTGATTT-3’ 

Unmetile Revers 5’-CCACTTCATCCATAACAAATAACC-3’ 

Metile Forward 5’-GGGAGC GAAGATTGATTC-3 

Metile Revers 5’-CTTCGTCCATAACGAATAACC-3 

 
the samples. The methylated and non-methylated DNAs were mixed in the ratio 
of 25%, 50%, and 75% in order to form dilutions and the methylated/non-methy- 
lated standard DNAs were used in each assay. The reaction mixture 2× Brillant 
HRM Ultra FastLoci Master Mix (Agilent Technologies) was prepared from 10 
ng bisulfite transformed DNA sample in a way that the final volume included 20 
µM. The reaction conditions were applied as given in Table 2. Each reaction was 
repeated twice. The melting curves were normalized by calculating the line of 
best fit between the two normalization zones before and after the large fluores-
cence reduction representing the melting of PCR products by using the AriaMx 
software and the comparison of the samples having different initial fluorescence 
levels was allowed through this algorithm.  

2.8. Western Blotting Analysis 

The protein samples were obtained from both the Zebularine-treated and not 
treated SKBR-3 cells. The samples were standardized by using the Bradford me-
thod. After the measurements, the proteins were mixed with laemmli solution 
(Bioland Scientific) in 1:1 ratio and were denatured for 5 minutes at 95˚C. The 
protein samples were loaded into 12% polyacrylamide gel and were conducted in 
1× TAE solution at 90 V for 6 hours. The iBlot 2 Dry Blotting System (Thermo 
Fisher Scientific, US) was used for the transfer process and the transfer process 
was carried out according to the instruction of the device. After the transfer 
process, the membrane was blocked for an hour in the blocking solution (TBS-T 
(Tris-buffered saline, 0.1% Tween 20) (prepared with 5% milk powder). After 
the blocking, the membranes were treated with primer antibodies (anti-GAPDH 
(1:1000), anti-casp-9 (1:1000) and anti-casp-3 (1:1000) for 24 hours at 4˚C. After 
the washing process, the membranes were treated with secondary antibodies 
(1:5000 dilution) for 24 hours at 4˚C. The membranes which were passed through 
ECL solution after a repeated washing procedure were visualized by using the 
G-box gel imaging system (Syngene, USA).  

2.9. Statistical Analysis 

All the analyses were carried out by using Microsoft Excel and SPSS (SPSS INC., 
Chicago, IL, USA) programs. The Two-tailed Student’s T test and the One-way  
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Table 2. Reaction conditions. 

Segment Cycle Temperature Duration 

Hot Start 1 95˚C 3 minutes 

Amplification 40 
95˚C 5 seconds 

60˚C 20 seconds 

High Resolution Melt 1 

95˚C 30 seconds 

65˚C 30 seconds 

95˚C 30 seconds 

 
ANOVA analyses were used according to the number of the variable. The statis-
tical significance levels were determined as *p < 0.05, **p < 0.01 and ***p < 
0.001.  

3. Results 
3.1. The Effects of Zebularine on the Cell Proliferation 

In this study, SKBR3 breast cancer cell line with ER (-) and PR (-) phenotype 
was used. Although there are many studies conducted on SKBR3 and the che-
motherapy agent, the effects of Zebularine have not been fully explained yet. 
MTT Assay and Survival Assay were applied in order to investigate the effects of 
Zebularine on the proliferation of SKBR3 cells. During the MTT Assay applica-
tions various doses of Zebularine (0 - 140 µM) were applied to the cells for 24 
hours. As a result, the SKBR3 cells were susceptible to Zebularine and a de-
creased was observed in the proliferation within the increased doses (Figure 1). 
At the end of the MTT assay, the IC50 value was determined as 40 µM. In order 
to investigate the time-related effects of Zebularine, Zebularine was applied to 
the cells at IC50 value and the cells were counted at the 24th, 48th, 72nd and 96th 
hours. According to the counts, a significant time-dependent decrease was de-
tected in the cell proliferation compared to the control group (Figure 2).  

3.2. The Effects of Zebularine on Cell Migration and Growth 

Wound Healing Assay was carried out in order to examine in more detail how 
Zebularine affects the migration of the cells. While the wound was almost com-
pletely closed in the cells which were not treated with Zebularine, the wound 
healing was prevented in the cells to which Zebularine was applied (Figure 3(a) 
and Figure 3(b)). As a result of the examinations, migration was not observed in 
the cells even after 96 hours (Figure 3(a) and Figure 3(b)). According to these 
results, Zebularine helped to prevent the cell proliferation and cell mobility.  

Anchorage–Independent Colony Formation Assay was performed in order to 
evaluate the effects of Zebularine on the independent growth of the cells on the 
surface. The SKBR3 cells were suspended in soft agar and they were allowed to 
grow for 20 days in the presence and absence of Zebularine. The obtained data 
showed that the colony diameter of the cells treated with Zebularine was smaller 
than the diameter of the untreated cells (Figure 4). This showed that the breast  
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Figure 1. Growth curve inhibition as assessed by MTT assay in human breast cancer cell 
(SKBR3). SKBR3 cells were exposed to different doses of Zebularine for 24 h at 37˚C. The 
cell viability in breast cancer cells decreased in dose-dependent fashion. The IC-50 value 
for SKBR3 was observed to be 40 μM. Data are representative of three independent expe-
riments done in triplicates and expressed as mean ± S.E.M. **p < 0.01 represents statistic-
al significant difference between control and Zebularine test groups. 
 

 
Figure 2. The effects of Zebularine (40 μM) on time-dependent cell viability as assessed 
by Survival Assay in human breast cancer cell (SKBR3). SKBR3 cells were exposed 40 μM 
(IC50 value) dose of Zebularine for 24 h, 48 h, 72 h and 96 h at 37˚C. The cell viability in 
breast cancer cells decreased in dose-dependent fashion. Data are representative of three 
independent experiments done in triplicates and expressed as mean ± S.E.M. ***p < 0.001 
represents statistical significant difference between control and Zebularine test groups. 
 
cancer cells that could grow independently for the surface were prevented from 
the growing by the Zebularine. 
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(a) 

 
(b) 

Figure 3. Wound healing assay for SKBR3 treated with Zebularine. Zebularine treatment 
reduced the wound healing capability of breast cancer cells. (a) Untreated and treated in 
SKBR3 cells 0 h, 24 h, 48 h, 72 h and 96 h after the wound induction. The distance be-
tween wounds was measured in three areas of cell cultures as means to quantify the cell 
migration (40× magnification); (b) The histograms are presented with the statistically 
significant difference (p < 0.001). 
 

 
Figure 4. Anchorage-independent growth in the soft agar of SKBR3 cells with or without 
Zebularine. Upon treatment with Zebularine, these cells are smaller (right panel) and 
more colony (left panel) compared to untreated cells. 
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3.3. The Effects of Zebularine on the Caspase-3 and Caspase-9  
Methylation Levels 

MS-HRM studies were carried out to evaluate the effects of Zebularine on the 
methylation changes in the SKBR3 breast cancer cell line. The MS-HRM analyz-
es were performed after the bisulfite medication process was carried out with the 
DNAs obtained from the cell culture.  

MS-HRM used the melting profiles obtained from the DNA amplicons de-
rived from bisulfite modified samples. The obtained melting curve provides a 
combination of the melting curves of the methylated and non-methylated sam-
ples. The PCR product obtained from the non-methylated sample had lower 
melting temperature compared to the PCR product obtained from the methy-
lated sample. The PCR product obtained from the non-methylated sample starts 
to melt at a relatively lower temperature and then there is a significant decrease 
in fluorescence [26]. The products obtained from the methylated samples have 
higher melting temperature. As a result, the methylation conditions of the sam-
ples can be evaluated by comparing the samples with the known methylation 
conditions. For this purpose, in each reactions control DNAs with known me-
thylation percentages (100% M, 75% M, 50% M, 25% M, and 100% UM) were 
used and the methylation levels of the samples were determined by comparing 
with the control DNAs.  

In this study, the methylation conditions of caspase 3 and 9 which were the 
important components of the apoptotic mechanism before and after the applica-
tion of Zebularine, were analyzed. According to the obtained findings significant 
change was not found in the methylation levels of the caspases although the me-
thylation levels of caspase-3 and 9 was observed to be decreased at the 72nd hour 
(Table 3) (p > 0.05).  

3.4. Effects of Zebularine on the Protein Levels of Caspase-3 and  
Caspase-9 

At the same time, the protein levels of the caspase-3 and caspase-9 involved in 
the apoptotic mechanism were evaluated through the western blot analysis con-
ducted on the protein samples obtained from the SKBR-3 cells. There was a 
time-dependent increase at the inactive caspase-3 level after treating the SKBR-3 
cells with Zebularine (Figure 5). At the same time, the caspase-9 levels were also  
 
Table 3. Changes occurring in the methylation rates of the caspase-3 and caspase-9 genes 
obtained from the MS-HRM analysis. 

 
Gene 
Name 

Methylation Rate 

0% - 25% 25% - 35% 35% - 45% 45% - 55% 55% - 75% 75% - 100% 

Untreated 
Casp3    X   

Casp9     X  

Treated 
Casp3   X    

Casp9    X   
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Figure 5. The results of western blot analyses of the apoptosis related proteins (caspase-3 
and caspase-9) in the SKBR-3 cells. Equal amounts of protein from untreated SKBR3 cells 
and drug applied SKBR3 cells (time-dependent) were loaded on a gel, separated, and 
transferred to a PVDF membrane and then probed with a monoclonal anti-caspase-3 and 
anti-caspase-9 antibody. Blotting with an antibody to GAPDH was used as a loading con-
trol. Similar results were observed in three independent experiments. 
 
evaluated through the western blot analyses. The results showed that the levels of 
inactive caspase-9 were decreased time-dependently in the SKBR-3 cells treated 
with Zebularine (Figure 5).  

4. Discussion 

In cancer, covalent changes such as the addition of methyl group to genomic 
DNA more often occur compared to genetic changes [27]. These changes allow 
the muting of the genes and allow the cells to gain resistance in chemotherapy. 
One of the therapeutic agents used in recent years is Zebularine which is also ef-
fective in the mechanism of DNA methylation and there are several studies re-
garding this field [28] [29] [30]. However, the number of studies conducted on 
breast cancer in relation with Zebularine is not sufficient. Since there was no 
study available in the literature in this regard, this study was carried out to in-
vestigate the effects of Zebularine on the SKBR3 breast cancer cell line. 

One of the reasons why Zebularine is chosen among the other DNMTi inhi-
bitors is the fact that Zebularine can be effective at lower concentration as well. 
Moreover, this medication has low toxicity. In the conducted study, it was ob-
served that Zebularine which was a DNA methyl transferase inhibitor had an-
ti-tumor effects on SKBR3 breast cancer cell line. It was detected that the treat-
ment of Zebularine induced the apoptosis mechanism in the SKBR cells and 
prevented the tumor formation. With the help of MS-HRM studies it was ob-
served that changes occurred in the methylation status of the caspase genes that 
were effective on apoptosis mechanism. 

Respectively, MTT assay, survival assay, anchored-dependent colony forma-
tion assay and wound healing assay were carried out in order to evaluate the ef-
fects of Zebularine on the cell death, growth and migration in the SKBR3 cells 
depending on time and dose. Previously conducted studies revealed that Zebula-
rine had anti-tumor effects on cancers such as head and neck cancer, cholangi-
ocarcinoma, colorectal cancer and leukemia [25] [30] [31] [32]. When consider-
ing the dose-dependent effects of Zebularine on the SKBR3 cells , the IC50 value 
was determined as 40 µM. Comparing to the values found previously in the 
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MCF-7 breast cancer cell line and MDA-MB-231 cells, the concentration was 
found to be lower and this reduced the cytotoxic effect. When the time-dependent 
effects were considered, a significant decrease was observed in SKBR3 cells after 
48 hours. In gastric cancer and ovarian cancer, the cell death was observed to be 
similar to our study, which also supported our research [33] [34]. 

On the other hand, the invasion of the cancer cells into the surrounding tis-
sues is the first stage of the tumor metastasis and it requires the metastasis to 
adhere to the extracellular matrix and the chemotactic migration of the cancer 
cells which are directed by the protruding movement of the cell membrane [35]. 
When considering the effects of Zebularine on cell growth and migration, Hel-
lebrekers et al. (2006) evaluated the effects of Zebularine on the cell migration in 
the human umbilical and endothelial cells (HUVEC) and detected significant 
changes [36]. It was found to be more effective compared to the other DNMTis. 
In another study conducted on lens epithelial cells, it was observed that the cell 
migration was suppressed again [37]. In this study, the effect of Zebularine on 
the cell migration in SKBR-3 breast cancer cell line was investigated with the 
help of the wound healing test. After the application the Zebularine (40 µM) the 
cell migration was monitored from the 24th hour to 96th hour and as a result of 
the observation it was found that Zebularine prevented the cell migration signif-
icantly (p < 0.001). 

These results also showed that Zebularine prevented the cell metastasis by 
suppressing the cell migration and cell to cell interactions in the SKBR3 breast 
cancer cell.  

In addition to this, with the help of the soft-agar colony formation test it was 
investigated whether the Zebularine grew independently from the surface. Through 
cell transformation the cells can undergo a malignant transformation to form a 
tumor. Due to this transformation, growth may happen independently from the 
surface. As a result of the research, it was found that the cell transformation of 
the SKBR-3 cells treated with Zebularine was largely suppressed and prevented 
from growing (p < 0.001). Consequently, the tumor formation of the cells was 
prevented by a malignant transformation.  

Another important feature of Zebularine is that unlike the other DNMT inhi-
bitors it tends to prefer the cancerous cells rather than the normal fibroblasts. 
Therefore, compared to normal fibroblasts, it seemed to suppress the cell growth 
at the tumor cell line more. At the same time, it primarily blocks DNMT1 and 
can stimulate the cancer-associated antigen genes in cancer cells. Since it stimu-
lates the cancer-associated antigen genes, when it was combined with immuno-
therapy, a group of cancer and apoptosis-associated genes were found which 
supported the possibility of the anti-tumor potential [29]. 

The apoptosis mechanism is one of the most important and effective mechan-
isms in the fight against cancer. It is regulated in two ways including intrinsic 
and extrinsic ways. There are many components which are involved in the acti-
vation and inhibition of apoptosis. Caspase is one of the most important com-
ponents which are involved in stimulating apoptosis. They are studied in three 
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groups including initiators, effectors and inflammatory caspases. Caspases are 
present in the cell as zymogen in inactive form. The initiator caspases cause di-
mer formation and becomes activated by passing through a series of cutting 
processes after being stimulated. The activated initiator caspases are effective in 
inducing the effector caspases. They allow the effector caspases to undergo the 
proteolytic cleavage and to become activated by stimulating them [38]. Cas-
pase-9 which was included in our study was also one of the initiating caspases. It 
is effective in inducing apoptotic activation via intrinsic (mitochondrial) path-
ways. As one of the components of the apoptosis complex, it induces the stimu-
lation of the mitochondrial cytochrome and this way it plays an important role 
in the activation of the effector caspases in response to various death stimuli. A 
number of post-transitional modifications occur in caspase-9. One of them is 
phosphorylation and many phosphorylation areas have been identified so far. 
This phosphorylation regulates the proteolytic cleavage of the caspase-9. Beside 
the phosphorylation, they are also effective in regulating nitrosylation and ubi-
quitination [39]. 

Caspase-3 is one of the major caspases which is effective in apoptosis and also 
affected by caspase-9. The caspase-3 is included within the class of effector cas-
pases and it can be stimulated by both apoptotic pathways. Caspase-3 is the best 
defined effector caspase. The conducted studies also revealed that it had distinct 
and overlapping roles with caspase-7 and caspase-6. It is regulated by post-translational 
modifications just as in caspase-3 and caspase-9 [38]. Phosphorylation and ubi-
quitination are some of these modifications and have effects in the regulation of 
caspase-3. As a result of the caspase-3 activation the apoptosis is stimulated. The 
caspases are available in zymogenous form and can become activated in a short 
time in the presence of appropriate stimuli. Therefore it is important to under-
stand the mechanisms of regulations. Studies have been conducted on the cas-
pase level is in relation with many diseases especially cancer. This study intended 
to investigate whether Zebularine had any effects on caspase methylation and on 
the protein levels in the SKBR-3 cells. Several studies have been conducted pre-
viously on this issue. The apoptotic activity of Zebuline was investigated in 
SCC-9 and SCC-25 head and neck cancer cell lines and a significant increase was 
observed in the levels of caspase-3 active form [25]. Another research showed 
that Zebularine induced the caspase-dependent apoptosis in Jurkat which was a 
P53 mutant, in CEM-6 and MOLT-4 leukemic T cells [31]. In a study conducted 
by Nakamura et al. (2013) on HepG2 and HeLa cells when the protein levels of 
caspase-3/7-8 and 9 was investigated, it was observed that the protein levels in-
creased significantly [40]. According to the results obtained from the conducted 
study, a time-dependent increase was observed in the caspase-3 levels of the 
SKBR-3 cells after the application of Zebularine. However, over the time a de-
crease was detected in the caspase-9 level. The results show that the increase in 
caspase-3 level may be through the extrinsic pathway. However, the obtained 
data is not sufficient and the other components that are effective in the pathway 
should be also investigated for the better understanding.  

https://doi.org/10.4236/jct.2019.103019


O. Eroglu, M. Celen 
 

 

DOI: 10.4236/jct.2019.103019 241 Journal of Cancer Therapy 
 

Epigenetic mechanisms are one of the mechanisms which are effective in the 
development of cancer. DNA methylation is the most studied one among them 
and many studied were carried out in the recent years to understand its effect in 
cancer. In a research conducted by Eroglu et al. (2018) on breast cancer tissues 
by using MS-HRM method, the levels of GSTP1 and CDH1 genes were investi-
gated and this is one of the examples to be shown in this regard [41]. Due to the 
newly developed techniques, the methylation changes occurring in the genes can 
be easily identified. In this study, the effects of Zebularine were investigated on 
the methylation changes of the caspase-3 and caspase-9 genes which were respon-
sible for the apoptosis mechanism on the SKBR3 breast cancer cell line by using 
the MS-HRM method in order to clarify this issue but no significant change was 
observed that might lead to any change in the methylation levels. The results say 
that the methylation changes do not have any effects in the activation or regula-
tion of caspase-3 and caspase-9. However, more detailed studies are needed to 
make a clear comment.  

Consequently, as a result of the conducted studies it has been shown for the 
first time in the literature that Zebularine suppressed significantly the cancer cell 
growth, cell migration and cell transformation in the SKBR-3 breast cancer cells. 
In addition, the effects of Zebularine on the methylation of caspases in SKBR3 
cells have been investigated for the first time in the literature and it has been de-
tected that Zebularine did not cause a significant change in the methylation of 
caspases at the applied doses and times. This shows that the caspase stimulation 
that is responsible for the apoptosis mechanism is not caused by methylation. 
According to these results, supportive results were obtained about the fact that 
Zebularine can be used in chemotherapy. This research is unique in the litera-
ture since it is the first study to investigate the effects of Zebularine on SKBR3 
cells. However, in order to understand the effect mechanism of Zebularine bet-
ter, the caspase-dependent apoptosis mechanism should be clarified in the future 
studies. 
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