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Abstract 
Background and Aim: In this study, it was aimed to examine the cytotoxic 
effect of temozolomide (TMZ) treatment, on MCF-7 and SKBR3 cell lines, to 
study the methylation levels of MGMT gene expression and gene promoter 
region. Methods: The MTT test was performed to determine the effective 
dose of TMZ. The time-dependent cell survival test was performed after the 
IC50 value was found. Western blotting was performed to determine MGMT 
gene expression levels. High Resolution Melting (HRM) technique was used 
to determine the methylation levels of MGMT gene promoter region. Re-
sults: TMZ has been shown to have a high cytotoxic effect on SKBR3 cell line 
and low cytotoxicity on MCF-7. When MGMT expression levels before and 
after TMZ treatment were observed by western blotting, the gene expression 
levels of TMZ treatment were shown to decrease in both cell lines. It was ob-
served that MGMT gene promoter region was hypermethylated in two cell 
lines, and that the application of TMZ further increased the methylation lev-
els in the promoter region. Conclusions: It was seen that TMZ could be used 
as a single agent in SKBR-3 cell line. With this study on breast cancer, it is 
expected that temozolomide treatment will lead future in vitro and in vivo 
studies for breast cancer.  
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1. Introduction 

Breast cancer is one of the most common cancers worldwide affecting women. 
Breast cancer, together with lung and colorectal cancers, accounts for 46% of all 
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cancer-related deaths in women and nearly half a million women die each year 
from this disease [1] [2]. It is a cancer type that still has the highest mortality 
rate among women, after lung cancer, in spite of a certain improvement in sur-
vival rates since the 1990s. In 2017, it is expected that around 63,410 new breast 
cancer cases will be diagnosed. It is also predicted that by 2017, 30% of all cancer 
diagnoses will consist of breast cancer cases in women [3].  

There are different risk factors that are effective in breast cancer formation. 
These risk factors vary widely, such as age, hereditary factors, epigenetics, socio-
economic level, environmental factors and personal habits (smoking and alcohol 
use) [4]. One of these factors, the research on epigenetics, showed that epigenetic 
regulation of gene expression had a critical role in normal development and cell 
function [5]. DNA methylation is one of the epigenetically controlled modifica-
tions. DNA methylation is divided into hypomethylation and hypermethylation. 
Hypomethylation leads to an increase in expression levels by the demethylation 
of methylated mature genes in DNA. Expression of normally silenced genes, like 
HRAS and other oncogenes, can induce abnormal cell activity and tumorigenesis 
[6]. Hypermethylation, which is the opposite of this mechanism, occurs when a 
gene is silenced by methylation of CpG islands located in the regulator or pro-
moter regions. The gene with the highest hypermethylation activity in breast can-
cer is BRCA1 gene [6]. Hypermethylation of more than 100 genes has been re-
ported in primary breast cancers or breast cancer cell lines, except for BRCA1 
[7]. These methylene genes have critical roles in mechanisms such as tumour 
suppression, regulation of cell cycle, angiogenesis, tumorigenesis, tissue invasion 
and metastasis [6]. 

A gene whose expression and regulation are controlled by the methylation of 
CpG islands in the promoter region and which plays a crucial role in carcino-
genesis is MGMT gene, also known as O6-methylguanine methyl transferase [8]. 
O6-methylguanine methyltransferase (MGMT) is a DNA repair enzyme that in-
hibits mutations that may occur in guanine by transferring guanine-linked 
promutagenic alkyl groups to its cysteine acceptor region [9]. In cells without 
MGMT, O6-methylguanine (O6MeG) is not repairable and therefore these cells 
are more sensitive to the mutagenic and cytotoxic effects of alkylating agents [9]. 
If O6MeG is not repaired by MGMT, conditions such as chromosomal anomalies 
and point mutations can be observed [9]. Apoptosis is induced through O6MeG, 
Fas and p53-dependent pathways [9]. 

The methylation of MGMT promoter region is a highly advantageous situa-
tion for treatment with DNA methylating/alkylating agents [10]. DNA alkylating 
agents are the earliest and most commonly used drugs as anticancer drugs. Al-
though the mechanism of action of most alkylating agents is similar, they differ 
in terms of clinical effects. These agents act directly on DNA, causing cross- 
linking and double-stranded DNA fragmentations, and cause false base pairings 
on DNA and inhibition of cell division, leading to cell death [11]. Epigenetic si-
lencing of MGMT gene is associated with long-term survival in chemotherapy 
treatment with alkylating agents such as carmustine and TMZ [12]. 
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Temozolomide is a second-generation imidatetrazine lipophilic prodrug with 
very effective results when used in glioblastoma multiforme (GBM) patients to-
gether with radiotherapy treatment [13]. This agent, taken orally, is rapidly ab-
sorbed and its bioavailability is close to 100% [13]. The duration of exposure to 
TMZ decreases MGMT level. In a randomized study by the European Organiza-
tion for Research and Treatment of Cancer (EORTC) and the National Cancer 
Institute of Canada (NCIC), the combined use of radiotherapy and TMZ in 573 
patients with newly diagnosed GBM showed a prolonged survival in patients 
[14]. 

In this study, due to the relationship of MGMT with estrogen receptor-α (ER- 
α) and tumor protein (TP53) [15], SKBR3 (with ER-α (−) and TP53 homozy-
gous mutant character) and MCF-7 (with ER-α (+) and TP53 wild type charac-
ter) human breast cancer cell lines were used. The aim of the study is to observe 
the results of the cytotoxic effects of TMZ treatment on human breast cancer cell 
lines with different characteristics and to examine the methylation of MGMT 
promoter regions. The use of TMZ as a single agent in breast cancer is the first 
in terms of the literature. 

2. Materials and Methods 
2.1. Cell Lines and Cell Culture 

MCF-7 and SKBR3 breast cancer cell lines were provided by Istanbul University 
Experimental Medicine Research Institute, Prof. Dr. Oğuz ÖZTÜRK. MCF-7 cell 
lines were grown in RPMI-1640 medium containing 10% heat-inactivated fetal 
bovine serum (FBS), 2 mM L-glutamine, 100 μg/ml penicillin/streptomycin at 
37˚C and in (Memmert) T25 flasks with 5% CO2 incubators. For SKBR3, Dul-
becco’s Modified Eagle’s Medium (DMEM) (GIBCO) was used as a medium.  

2.2. MTT Assay 

It was performed using TMZ to measure dose-dependent survival in MCF-7 and 
SKBR3 cell lines. Temozolomide (Sigma-Aldrich) was applied to MCF-7 and 
SKBR3 cell lines at different dose intervals (0 - 500 μM). For both cell lines, 7 × 
103 cells were seeded in 96-well plate (SARSTEDT) as 100 μL per well. After 
growing the cells in the incubator overnight, the dose range was determined and 
the drugs prepared in the tubes were distributed to the relevant wells as 100 μl 
per each. Plates were kept overnight in the incubator. In the dark environment, 
10 μl MTT Reagent was added to each well, and after incubation for 4 hours, 570 
and 650 nm absorbance values were measured by ELISA.  

2.3. Trypan Blue Assay 

From the cultured cells, the most suitable one in terms of morphology and den-
sity was selected and trypsinization process was performed. Cell seeding was 
carried out in 6-well plates (SARSTEDT) so as to place 1 × 106 cells per well. 
Then they were kept in the incubator at 37˚C overnight. The media of the posi-
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tive control wells were renewed, the wells to be added negative control (DMSO) 
and medication were renewed after their media were prepared. Then they were 
kept in the incubator at 37˚C overnight. Media of control groups were discarded. 
Media in DMSO and drug containing wells were transferred to 2 ml eppendorf 
tubes and centrifuged at 2000 rpm for 5 minutes at room temperature (26˚C - 
27˚C) (Thermo Scientific-MICROCL 21R). The drained wells were washed with 
1 ml of 1xPBS and trypsinization process was performed. 1 ml of media was 
added to the wells and the whole solution was transferred to eppendorf tubes. 
The tubes were centrifuged at 2000 rpm for 5 minutes at room temperature 
(26˚C - 27˚C). Supernatant was removed. 50 μl 0.4% (w/v) Trypan Blue and 50 
μl media (RPMI-1640 for MCF-7, DMEM for SKBR3) were added in a ratio of 
1:1. 10 μl sample was taken and loaded into Neubauer hemocytometer and viable 
cell counts were performed on an invert microscope (Nikon Eclipse TS100). 
Each step after the drug application was repeated at 24, 48, 72 and 96 hours. The 
results were tabled and evaluated. 

2.4. Western Blot Assay 

Cells were harvested by washing with PBS and lysed for performing protein iso-
lation. The concentration of the isolated proteins was determined using Brad-
ford Reagent (Bio-Rad). 12% SDS-PAGE electrophoresis was performed with 25 
μg protein sample. After the electrophoresis, the proteins were transferred to ni-
trocellulose membranes. These membranes were blocked in 5% (w/v) powdered 
milk in PBS containing 0.1% Tween20 at room temperature and incubated over-
night at 4˚C with primary antibodies (MGMT 1:200, β-actin 1:10,000 dilution). 
Membranes were washed and treated with secondary antibody. Proteins were 
visualized using the ECL system in the imaging device. MGMT expression was 
normalized using the β-actin level. 

2.5. DNA Isolation and Sodium Bisulfite Modification 

Manual DNA isolation was performed from a control group and from a 
drug-treated group for MCF-7 cell line. Two groups, one control group and one 
drug-treated group, were also formed for SKBR3 cell line and manual DNA iso-
lation was performed from both groups. For this, a DNA isolation protocol was 
applied from mammalian cells. In this study, Zymo EZ DNA Methylation-Gold™ 
Kit was used for the bisulfite modification. In accordance with the protocol of 
the commercial company suitable for kit, DNA samples obtained from MCF-7 
and SKBR3 cell lines have been modified.  

2.6. High Resolution MGMT Promoter Methylation Assay 

Appropriate PCR reactions and conditions were prepared with bisulfite-modified 
DNA samples (control group without drug treatment and DNA samples isolated 
from MCF-7 and SKBR3 cell line drug-treated for 24 hours). PCR reaction was 
set up as 20 μl in total (10 μl 2× Brilliant HRM Ultra-Fast Loci master mix, 5 μl 
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DNA sample, 0.5 μl forward primer, 0.5 μl reverse primer, 4 μl nuclease-free wa-
ter) (Primer sequences used are given in Table 1). Samples were placed on 
96-well plate. With AriaMx Real-Time PCR System device (Agilent Technolo-
gies-Aria Mx Real Time PCR Systems), the hotstart was initiated at 95˚C for 3 
minutes, amplification occurred in 50 cycles for 4 seconds at 95˚C and 30 sec-
onds at 60˚C; and PCR reaction was performed with the high-resolution melting 
in 1 cycle for 30 seconds at 95˚C, 30 seconds at 60˚C and 30 seconds at 95˚C.  

2.7. Statistical Analysis 

Methylation levels of genes have been identified by comparing the peaks of 
controls and the celllines. The analyses were carried out with SPSS version 22.0 
(SPSS Inc., Chicago, IL). All the experiments were performed in triplicates.  

3. Results 
3.1. MTT Assay 
3.1.1. MTT Test Findings after TMZ Application in MCF-7 Cell Line  
In this method, a graphic was created by applying the potential effect TMZ on 
the cells with cell viability at 0 - 500 μM dose concentrations. As a result of the 
values found, IC50 value, which is 40 μM for TMZ was found to reduce cell vi-
ability to 49%. Test findings are shown in Figure 1(a).  

3.1.2. MTT Findings after TMZ Application in SKBR3 Cell Line  
In this test, the effect of TMZ on dose-dependent cell viability was examined by 
applying a dose range of 0 - 500 μM. As a result of absorbance values measured 
at a wavelength of 650 nm, it was determined that the IC50 value for TMZ was 50 
μM. The findings are shown in Figure 1(b).  

3.2. Trypan Blue Assay 
3.2.1. Time-Dependent Survival Test Findings in MCF-7 Cell Line 
In order to evaluate the cytotoxic effect of TMZ on MCF-7 cell line, a drug con-
centration of 40 μM was treated to MCF-7 cells at 24, 48, 72 and 96-hour inter-
vals and its effect on cell viability was observed. As seen in Figure 2(a), 40 μM 
concentration of TMZ significantly reduced cell viability by 53.5% significantly 
compared to the control group at 24th hour on MCF-7 breast cancer cell line. It  
 
Table 1. Primer sequences used in high resolution MGMT promoter methylation assay. 

MGMT Methylated  
Forward Primer 

5’-TTT-CGA-CGT-TCG-TAG-GTT-TTC-GC-3’ 

MGMT Unmethylated  
Forward Primer 

5’-TTT-GTG-TTT-TGA-TGT-TTG-TAG-GTTTTT-GT-3’ 

MGMT Methylated  
Reverse Primer 

5’-GCA-CTC-TTC-CGA-AAA-CGA-AAC-G-3’ 

MGMT Unmethylated  
Reverse Primer 

5’-AAC-TCC-ACA-CTC-TTC-CAA-AAACAA-AAC-A-3’ 
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(a) 

 
(b) 

Figure 1. (a) MTT Assay results for TMZ in MCF-7 cellline. According to assay results 
for MCF-7, the IC50 value was chosen 40 μM; (b) MTT Assay results for TMZ in SKBR3 
cellline. According to assay results for SKBR3, the IC50 value was chosen 50 μM. 
 

  
(a) 

 
(b) 

Figure 2. (a) Graphs of the results of time-dependent cell survival assay on MCF-7 and 
SKBR3 cell lines. According to trypan blue assay results, TMZ appears to be more cyto-
toxic for SKBR3 cell line (83.5% kill rate for MCF-7 and 99% kill rate for SKBR3 at the 
end of 96 hours); (b) Images of the control group cells and TMZ treated-cells at 96th hour 
obtained from cell count performed in Trypan Blue Assay. 
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was observed that it had a toxic effect at 48th hour, and increased cell viability at 
72nd and 96th hours. 

3.2.2. Time-Dependent Survival Test Findings in SKBR3 Cell Line  
The raw data obtained as a result of 24, 48, 72 and 96-hour tests performed on 
SKBR3 cell line by applying 50 μM drug dose we obtained from MTT Assay re-
sults were made a graph. The treated drug was observed to kill 83.5% of the 
seeded cells at 24th hour, as seen in Figure 2(a). It was observed that it contin-
ued this effect in the following hours, and at the end of 96 hours, 99% of the 
seeded cells died.  

3.3. Western Blot Assay 
3.3.1. MGMT Gene Expression Levels in MCF-7 Cell Line 
Cell line western blot assay showed that expression level of MGMT protein was 
high before the TMZ treatment but decreased after the TMZ treatment. 

3.3.2. MGMT Gene Expression Levels in SKBR3 Cell Line 
As shown in Figure 3, cell line western blot assay showed that expression level of 
MGMT protein was high before the TMZ treatment but decreased after the TMZ 
treatment.  

3.4. High Resolution MGMT Promoter Methylation Assay 
3.4.1. High-Resolution MGMT Promoter Methylation Assay Findings in  

MCF-7 Cell Line 
After bisulfite modification process, HRM (High Resolution Melting) process 
was performed in Real-Time PCR device (Agilent Technologies). Suitable PCR 
conditions for bisulfite-modified DNA samples (DNA samples with and without 
TMZ treatment) were prepared and PCR process was performed in Real-Time 
PCR device to compare high-resolution melting temperatures.  

According to the results given in Table 2, MGMT gene promoter region in 
MCF-7 cell line was found to have a methylation level of about 30% in control 
cells without TMZ treatment. In the group in which the TMZ treatment was 
made, the methylation level was found to be about 65%.  
 

 
Figure 3. (a) MGMT protein levels after 24-h TMZ treatment in MCF-7 cells; (b) MGMT 
protein levels after 24-h TMZ treatment in SKBR3 cells. In both cell lines, MGMT protein 
levels decreased by TMZ treatment, but in MCF-7 cells, MGMT protein levels decrease 
less than SKBR3 cells, according to these results, TMZ treatment more effective on 
SKBR3 cells. C: Control cells; TMZ: Temozolomide-treated cells. 
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Table 2. According to the high-resolution MGMT promoter methylation assays, MGMT 
gene promoter percentages on MCF-7 cell line subjected to TMZ treatment. (C: Control 
group; T: TMZ treated group). These results shows TMZ treatment increased methylation 
of MGMT gene promoter region.  

 

Methylation % 

0 0 - 25 25 25 - 50 50 50 - 75 75 75 - 100 100 

(C) MCF-7 
         

(T) MCF-7 
         

3.4.2. High-Resolution MGMT Promoter Methylation Assay Findings in  
SKBR3 Cell Line  

After bisulfite modification process, HRM process was performed in Real-Time 
PCR device (Agilent Technologies). Suitable PCR conditions for bisulfite-mo- 
dified DNA samples (DNA samples with and without TMZ treatment) were 
prepared and PCR process was performed in Real-Time PCR device to compare 
high-resolution melting temperatures.  

According to the results given in Table 3, MGMT gene promoter region in 
SKBR3 cell line was found to have a methylation level of about 28% in control 
cells without TMZ treatment. In the group in which the TMZ treatment was 
made, the methylation level was found to be about 80%.  

4. Discussion 

This study, in which the effects of the TMZ which is an alkylating agent on 
MCF-7 cell line are examined, is the first study of the drug on breast cancer. The 
data obtained with MTT showed that TMZ did not reduce cell viability signifi-
cantly at low doses, whereas it reduced the cell viability of IC50 value, which is 40 
μM in MCF-7 cell line, by 49%. In the time-dependent cell survival tests per-
formed with different doses in SKBR3 cell line, a cytotoxicity of 83.5% was ob-
served in the first 24 hours of treatment with TMZ and it was found that this ra-
tio was 99% at the end of 96 hours. 

A combined therapy in metastatic melanoma patients was tried as ipilimumab 
and TMZ. Ipilimumab was treated at a dose of 10 mg/kg and TMZ at 200 
mg/m2. In 15.6% of the patients, partial response was obtained whereas in 15.6% 
of the patients, complete response was obtained and no cytotoxic effect and 
death were observed during the study [16]. 

In one study, it was determined that TMZ IC50 value varied on different 
glioblastoma cell lines (A172, LN229, SF268 and SK-N-SH) according to the cell 
lines. IC50 value remained below 50 µM in A172 and LN229 glioblastoma cell 
lines. In SF268 and SK-N-SH cell lines; however, IC50 value was above 100 µM 
[15]. In MTT test, the dose-dependent study performed in our study, given the 
different characteristics of two different breast cancer cell lines, different IC50 
values of TMZ are consistent with the studies in literature. MCF-7 and SKBR3 
cell lines have different characteristics in terms of genes such as ER-α and P53. 
Considering this fact, it is thought that the reason why different doses are effective  
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Table 3. According to the high-resolution MGMT promoter methylation assays, MGMT 
gene promoter percentages on SKBR3 cell line subjected to TMZ treatment. (C: Control 
group; T: TMZ treated group). These results shows TMZ treatment increased methylation 
of MGMT gene promoter region. 

 

Methylation % 

0 0 - 25 25 25 - 50 50 50 - 75 75 75 - 100 100 

(C) SKBR3 
         

(T) SKBR3 
         

 
in different cell lines is related to expression levels of the proteins seen in cell 
lines and the correlative expression of different proteins.  

In studies performed in patients with glioblastoma; the survival rates of pa-
tients who received radiotherapy among 573 patients were 12.1 months and this 
rate was 14.6 months in patients receiving TMZ treatment in addition to radio-
therapy. The two-year survival rate was observed to be 26.5% in treatment with 
radiotherapy and TMZ, and 10.4% in radiotherapy alone [14]. In another study 
with breast cancer demonstrates that survival rates of MCF-7 cells, which has 
ER+ character, decreased to 52% exposed to 644 µM TMZ treatment for 4 days 
[17]. 

When the results of time-dependent cell survival tests are examined, it was 
seen that MCF-7 cell line was resistant to the 40 µM TMZ treatment after 24 
hours, and therefore the TMZ was not fully effective. In the time-dependent re-
sults on SKBR3 cell line, TMZ was found to be highly effective and 99% of the 
cells died after 96 hours due to its effect on the cells. This supports the thought 
that TMZ can be used as a single agent treatment in SKBR3 cell line. It is 
thought that patients with MCF-7 cell line characteristics (ER-α+, P53+) TMZ is 
not effective as a single agent (ER and MGMT gene expressions are correlated 
[15] and these two genes are highly expressed in MCF-7 cells) and should be 
combined with different drugs. It is also thought that TMZ can be used as a sin-
gle agent for patients with SKBR3 cell line characteristics (ER-α−, P53−). 

MGMT promoter methylation status is known to be the most important fac-
tor in the action mechanism of TMZ. In patients with glioblastoma multiforme 
(GB), particularly in groups with MGMT gene methylation, TMZ treatment was 
more effective, while response to the treatment was lower as the methylation rate 
decreased. The methylation of the MGMT promoter region is present in 35% - 
45% (WHO III and IV) of malignant gliomas and approximately 80% of WHO 
grade-II gliomas. The mean survival time of patients with methylated MGMT 
promoter region was 21.7 months, while that of those with unmethylated 
MGMT promoter region was 12.7 months [18]. 

In the in vivo study performed on Glioblastoma xenograft mice, it was found 
that the methylation levels of MGMT promoter regions are reduced and MGMT 
protein expression is increased in xenograft mice treated with 100 μM TMZ [19].  

In one study, methylation levels of MGMT gene promoter region in 10 pedi-
atric glioblastoma patients were examined. Patients with methylated MGMT gene 
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promoter region were more likely to respond to TMZ treatment and they had 
prolonged survival times while patients with unmethylated MGMT gene pro-
moter region were less likely to respond to TMZ treatment and survival times 
were lower than those with the methylated gene promoter region [20]. 

In a study using methylation-specific PCR (MSP) technique on samples from 
96 breast cancer patients, hypermethylation of MGMT gene promoter region 
was observed in 34.4% of the tumour tissues. In the same study, ER+, PR+ and 
C-erb-2+ conditions were found to have a significant relation to hypermethyla-
tion [21]. 

In another study, MGMT gene methylation was monitored in 84 triple-ne- 
gative breast cancer patients treated with triple-negative breast cancer and alky-
lating agents. According to the results, MGMT gene was 58.3% methylated, 
27.4% unmethylated and 14.3% indeterminate in these patients [22]. 

When we examine the findings obtained after applying HRM-PCR method in 
our study, it was found that the methylation of MGMT gene promoter region is 
approximately 30% in MCF-7 cells and that in the DNAs obtained after the ad-
ministration of TMZ, the methylation rate of the promoter region is approxi-
mately 65%. When the findings obtained from the study on SKBR3 cell line are 
examined, the methylation of MGMT gene promoter region in the DNAs of the 
control groups was found to be 28%, whereas the methylation levels of MGMT 
gene promoter region in the DNAs of the TMZ treated groups was found to be 
about 80%. It was observed that the treated TMZ increased MGMT promoter 
methylation rates in both cell lines. 

When we compared the methylations of MGMT gene promoter region in 
MCF-7 and SKBR3 cell lines in our study, the lower survival rates in SKBR3 cell 
line are due to the higher rate of promoter methylation compared to the methy-
lation of MGMT gene promoter region in the MCF-7 cell line. 

In a study conducted in 2017, the findings of the study performed for the rela-
tion between P53 and MGMT genes on patients with metastatic pancreatic ade-
nocarcinoma showed that MGMT expression was significantly lower in cell lines 
where P53 gene was mutated. It is observed that when P53 gene is positive, 
MGMT expression occurs at a lower level than P53 expression level, and when 
P53 gene is negative, MGMT gene expression was significantly lower [23].  

TMZ cytotoxicity depends on the relation between O6-methylguanine forma-
tion and repair rates MGMT is expressed at different levels in different tissues 
[24] [25]. When comparing normal human breast epithelial cells (MCF10A) and 
human breast cancer cell lines (MCF-7, SKBR3, MDA-MB-468, HTB128, BT474, 
HCC38 and ZR75); MGMT expression levels are significantly greater in cancer-
ous cells than in human normal breast epithelial cells. When MCF-7 and SKBR3 
cell lines are compared among themselves; MGMT expression levels in MCF-7 
cell line are higher than in SKBR3 cell line [26]. 

In a different study, ER-α+ human breast cancer cell lines (MCF-7, T47D) and 
ER-α− human breast cancer cell lines (MDA-MB-468, MDA-MB-231) were used, 
and MGMT and ER-α proteins in breast cancer cells were found to be specifi-
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cally associated with immunoprecipitation. In addition, it was shown that si-
lencing of MGMT gene expression leads to a decrease in both MGMT and ER-α 
protein levels. MGMT and ER-α proteins exist as a complex and are co-targeted 
for ubiquitin conjugation followed by proteasomal degradation [27]. 

In the other study, changes in MGMT gene expression were observed on ER+ 
(MCF-7, T47D, ZR-75-1) and ER− (ZR-75-30, HCC 148, MDA-MB-468) breast 
cancer cell lines. In this study, it has been observed that TMZ treatment can re-
duce MGMT expression in MCF-7 cells by 30%. It was observed that TMZ re-
duced the activity of MGMT protein by 90%. In addition, when MCF-7 cells 
were exposed to TMZ for 4 days, MGMT expression was inhibited by TMZ [17].  

P53 gene is wild type in MCF-7 cell line. When compared with the findings of 
previous studies in patients with metastatic pancreatic adenocarcinoma [18]; 
MGMT gene, which is associated with the expression of P53 gene in MCF-7 cell 
line, is thought to cause resistance to TMZ due to its promoter methylation lev-
els. SKBR3 cell line has a homozygous mutant character for P53 gene in terms of 
its general features and when the results of our study are compared with the re-
sults in the literature, it is seen that MGMT gene expression is significantly lower 
and that TMZ treatment is effective on the cell line. 

As a result of TMZ therapy, resistancetodrugwasobserved in MCF-7 cells. The 
lack of resistance to TMZ in SKBR3 cell line and the higher activity of the TMZ 
compared to MCF-7 is thought to be due to the low MGMT expression levels in 
SKBR3. 

SKBR3 cell line used in our study is an ER-α− cell line in terms of characteris-
tics. When compared to other studies [17] [19] in which the relation between 
ER-α and MGMT gene is revealed, the low expression of MGMT gene expres-
sion in SKBR3 cell line is seen to correlate with a low ER-α expression level. As a 
result of this characteristic of SKBR3 cell line, it is thought that the absence of 
ER-α expression leads to a low level of MGMT expression and therefore, a posi-
tive effect of TMZ treatment. Due to the high expression level of ER-α, a charac-
teristic of MCF-7 cell line, it is thought that toxic effect of TMZ decreases and 
this is another cause of resistance to TMZ. 

In preclinical studies, TMZ is seen to block G2/M phase of cell cycle in glioma 
cells and inhibits the cell development depending on the dose if it is treated 
concurrently with radiotherapy in glioblastoma cell line [28]. When we take into 
consideration the data we have obtained from our work, it is thought that the 
treatment of TMZ to MCF-7 cell line is not sufficient to block G2/M phase. It is 
thought that the formation of MGMT protein expression leads to a decrease in 
the TMZ activity as the cell line is a wild type of P53 and the methylation of 
MGMT gene promoter region is lower than SKBR3 cell line depending thereon. 
However, the increase observed in cell survival in time-dependent tests suggests 
that in MCF-7 cell line, TMZ is unable to block G2/M phase of the cell cycle but 
develops a resistance mechanism to the drug with different protein expressions. 
In SKBR3 cell line, it is thought that the TMZ can easily block G2/M phase with 
the condition of P53 gene having a homozygous mutant characteristic and high 
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methylation of MGMT gene promoter region which is known to be associated 
with this gene, leading to a decreased expression. 

5. Conclusion 

When we compared the study results and the literature briefly, the methylation 
levels of MGMT gene promoter region for MCF-7 cell line restricted the use of 
TMZ as a single agent. At the same time, when the interaction of characteristics 
of the cell line with MGMT gene was examined, it was observed that the effective-
ness of the drug was low in the time and dose dependent survival tests per-
formed with TMZ treatment. Using the same parameters, it was observed that 
TMZ effect was higher on SKBR3 cell line. Therefore, it is seen that TMZ can be 
used as a combined treatment in MCF-7 cell line rather than as a single agent. In 
addition, TMZ can be used as a single agent in SKBR3 cell line. These studies 
show that these findings should be supported by in vitro and in vivo studies. 
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