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Abstract  Temozolomide (TMZ) is an alkylating agent central to glioblastoma therapy. Its activity is classically 
attributed to DNA methylation. Still, the reactive methyl-diazonium ion it generates is an electrophile with the 
potential to modify multiple cellular nucleophiles, and growing evidence points to a protein-level dimension of 
TMZ's action—including changes in histone methylation and in the activity of repair-associated enzymes. Because 
this protein-level activity appears cell-type-specific, treating resistance as a purely DNA-level event may overlook a 
mechanistic layer relevant to why tumor types differ in their sensitivity to the drug. In this course-based 
undergraduate research experience (CURE) in Clinical Chemistry, we evaluated the cytotoxic response of three 
cancer cell lines — MCF-7 (estrogen receptor-positive breast cancer), MDA-MB-231 (triple-negative breast cancer), 
and U87 (glioblastoma) to TMZ. Cells were treated for 48 hours across a 50–200 µM concentration range, and the 
MTS assay quantified viability. The Wilcoxon signed-rank test was used to assess significance relative to untreated 
controls, and four-parameter logistic (4PL) regression was used to model dose-response and estimate IC₅₀ values. 
Both breast cancer lines were sensitive to TMZ, with IC₅₀ values of 59.0 µM (MCF-7) and 46.4 µM (MDA-MB-
231), whereas U87 glioblastoma cells were markedly less responsive (nominal IC₅₀ 213.7 µM). Because only half of 
the U87 dataset reached statistical significance, its IC₅₀ is considered preliminary. The greater resistance of 
glioblastoma is consistent with MGMT-mediated repair of O6-methylguanine, but is best interpreted alongside a 
protein-level dimension of TMZ's action observed in our prior work: in glioma cells, increasing TMZ concentrations 
were associated with a decrease in histone methylation and a concentration-dependent, bimodal change in the 
activity of the histone demethylase LSD1 (KDM1A) — largely preserved at 100 µM or below and reduced at higher 
concentrations — an enzyme itself linked to DNA repair. Considered together, these DNA- and protein-level effects 
offer a fuller account of TMZ sensitivity than DNA damage alone. Beyond these biological findings, the project 
gave undergraduates hands-on training in experimental design, statistical analysis, and scientific communication, 
illustrating the value of embedding authentic research within the undergraduate curriculum. 
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1. Introduction 

Temozolomide (TMZ) is a prototypical alkylating agent 
with well-established anticancer properties that exerts its 
therapeutic effects through DNA and protein methylation, 
functioning as a potent epigenetic regulator.  As a prodrug, 
TMZ undergoes pH-dependent degradation through a 
well-characterized pathway: it first converts to 5-(3-
methyltriazen-1-yl) imidazole-4-carboxamide (MTIC) as 
TMZ crosses the blood-brain barrier, which subsequently 
decomposes into 4-amino-5-imidazole-carboxamide 

(AIC)—an inactive metabolite—and a methyl-diazonium 
ion that serves as the primary methylating species in the 
nucleus [1] (Figure 1). The reactive methyl diazonium 
species is chemically capable of modifying many 
nucleophilic targets, including: 
•  DNA (O⁶-, N⁷-, N³-methyl adducts)  
•  Proteins (Lys, Cys, His, Arg, etc.)  
•  RNA  
•  Lipids and membrane components  
•  Small cellular nucleophiles (e.g., glutathione and 

cofactors) 
The therapeutic potential of TMZ has been 
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characterized most extensively at the DNA level through 
genetic and molecular approaches [2,3,4,5,6,7]. The 
methyl-diazonium ion methylates DNA at multiple 
nucleophilic sites: approximately 70% at the N7 position 
of guanine, 9% at the N3 position of adenine, and, 
critically, ~5% at the O6 position of guanine. Although 
N7-methylguanine and N3-methyladenine adducts 
together constitute nearly 90% of lesions, they are 
efficiently repaired by the base excision repair (BER) 
pathway and contribute minimally to cytotoxicity. In 
contrast, O6-methylguanine (O6-MeG), representing 
roughly 5–10% of TMZ-induced DNA methylation, is the 
principal cytotoxic lesion. During DNA replication, O6-
MeG mispairs with thymine instead of cytosine, 
generating G: T mismatches, and futile cycles of 
mismatch repair (MMR) trigger DNA double-strand 
breaks, genomic instability, cell-cycle arrest, and 
ultimately apoptosis. 

Beyond this canonical DNA-methylating activity, 
recent findings indicate that TMZ also exerts effects at the 
protein level, and its reactive methyl-diazonium ion has 
the chemical potential to modify additional cellular 
nucleophiles (Figure 2). One protein-level dimension our 
group has investigated is TMZ's effect on histone 
methylation. In vitro, TMZ methylates recombinant 
histone H3; in glioma cells, however, increasing TMZ 
concentrations were associated with a progressive 
decrease in methylated histone levels. To test whether this 
response is cell-type-specific, we conducted parallel 
experiments in breast cancer cells. We found that histone 
methylation was largely unaffected in MDA-MB-231 cells, 
indicating that the histone-methylation changes are not 
uniform across tumor types. To probe the basis of these 
changes, we assessed the activity of lysine-specific 
demethylase 1 (LSD1/KDM1A), an FAD-dependent 
amine oxidase that removes mono- and dimethyl marks 
from H3K4 and H3K9 and is overexpressed in glioma, 
where it sustains oncogenic transcriptional programs. In 
glioma cells, TMZ altered LSD1 demethylase activity in a 
concentration-dependent, bimodal manner: activity was 
largely preserved at lower concentrations (≤100 µM) but 
was significantly reduced at higher concentrations (≥150 
µM). Together, these observations point to a protein-level, 
cell-type-specific action of TMZ that operates alongside 
its DNA-methylating mechanism and may contribute to 
the drug's overall anti-tumor effect [8,9,10,11,12,13,14]. 

 
Figure 2. Temozolomide (TMZ) activation and methylation of multiple 
cellular targets 

Whereas TMZ sensitivity has traditionally been 
explained through DNA-level mechanisms - O6-
methylguanine formation and its repair by MGMT and the 
MMR pathway - the contribution of TMZ's protein-level, 
epigenetic activity has received comparatively little 
attention. Because that activity distinguishes glioma from 
breast cancer cells, it may also help account for 
differences in TMZ sensitivity between tumor types. In 
the present study, we therefore evaluated the cytotoxic 
response of glioma (U87) and breast cancer (MCF-7, 
MDA-MB-231) cell lines to TMZ using the MTS viability 
assay, providing a functional, cell-viability readout against 
which these protein-level, cell-type-specific effects can be 
interpreted. 

Understanding TMZ's effects across different cancer 
cell lines is essential given the molecular heterogeneity 
among cancers. Breast cancer, for instance, comprises 
various subtypes with differing molecular features and 
responses to chemotherapeutic agents. MCF-7, a luminal 
A subtype derived from a Caucasian American patient, is 
estrogen receptor-positive and generally less aggressive 
[15,16,17]. In contrast, MDA-MB-231, derived from an 
African American patient, is triple-negative and exhibits a 
more aggressive and invasive phenotype. U87 cells, 
derived from a human glioblastoma, are representative of 
TMZ's primary clinical target because they can cross the 
blood-brain barrier [5]. 

The MDA-MB-231 cell line is characterized by the 
absence of estrogen receptor (ER), progesterone receptor 
(PR), and HER2 expression. In contrast, MCF-7 cells, 
which are ER- and PR-positive luminal-type cells, are 
responsive to hormone-based therapies such as tamoxifen 
due to their dependence on estrogen signaling for 
proliferation. Breast cancer — particularly aggressive 
triple-negative subtypes — has a well-documented 
tendency to metastasize to the brain [9,10,11,13,14]. 
Because MDA-MB-231 cells are resistant to hormone 
therapies, they require alternative strategies such as 
chemotherapy, owing to their highly invasive phenotype 
and enhanced activation of pro-metastatic signaling 
pathways. Evaluating TMZ's effectiveness in breast cancer 
cell lines may therefore provide insight into its potential 
use in treating secondary brain tumors originating from 
aggressive forms of breast cancer such as MDA-MB-231. 

The objective of this study was to assess the response of 
MCF-7, MDA-MB-231, and U87 cells to TMZ using the 
MTS viability assay following treatment with a range of 
drug concentrations. We sought to quantify the relative 
sensitivity of all three cell lines to provide insight into the 
broader therapeutic potential of TMZ beyond the well-
studied U87 glioblastoma multiforme cell line. 

2. Materials and Methods 

Temozolomide Preparation and Treatment 
Temozolomide (Sigma-Aldrich) was dissolved in 

dimethyl sulfoxide (DMSO) to prepare a stock solution. 
Working concentrations of 50 µM, 100 µM, 150 µM, and 
250 µM were prepared by serial dilution in complete 
culture medium immediately before each experiment. The 
final DMSO concentration in all treatment wells did not 
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exceed 0.1% (v/v) to minimize potential solvent-mediated 
cytotoxicity. 

Culturing Cancer Cell Lines for Experimental Assays 
Breast cancer cells MCF-7, MDA-MB-231 (human 

breast adenocarcinoma, triple-negative) and U87 glioma 
brain cancer cells from ATCC were used in this study. 
Cell lines were cultured in the Medium suggested by the 
ATCC protocols supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin-streptomycin antibiotic 
mixture. Cells were maintained in a humidified incubator 
at 37°C with a 5% CO2 atmosphere. Cell culture medium 
was refreshed every 2-3 days, and cells were passaged 
upon reaching 80-90% confluence using 0.25% trypsin-
EDTA solution. [8,9,10,11,15,16,17]  
MTS Cell Viability Assay 

Cell viability was assessed using the CellTiter 96 
Aqueous One Solution Cell Proliferation Assay (MTS 
assay; #AB197010, ABCAM). Cells were seeded in 96-
well plates at a density of [specify cells/well] in 200 µL 
complete medium and incubated overnight at 37°C to 
allow cell attachment and recovery. Following overnight 
incubation, the medium was aspirated and replaced with 
200 µL of TMZ-containing medium at the designated 
concentrations. A control group received medium with 
vehicle only (0.1% DMSO). 

 
Figure 3. MTS bioreduction for formazan in the presence of NADPH 
dehydrogenase with absorbance at 490nm 

After 48 hours of TMZ exposure at 37°C, 20 µL of 
MTS reagent was added directly to each well without 
removing the treatment medium. Plates were returned to 
the incubator for an additional 1-hour incubation at 37°C 
to allow formazan product formation. The MTS 
tetrazolium compound [3- (4,5 – dimethylthiazol – 2 - yl) 
– 5 - (3 – carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium] is bioreduced by viable cells via NADPH-
dependent dehydrogenase enzymes to generate a soluble 
formazan product with an absorbance maximum at 490 
nm. Absorbance was measured at 490 nm using a 
microplate spectrophotometer. Each experimental 

condition was performed in nine replicates, and two 
independent biological experiments were conducted. 

The percentage of viability and growth inhibition was 
calculated using the following formula: 

( ) % *100%AbsorbanceoftreatedcellsCell Viability
Absorbanceofuntreatedcells

=  

( )% 1 *100%AbsorbanceoftreatedcellsGrowthInhibition
Absorbanceofuntreatedcells

 
= − 


 

The IC₅₀ value — the TMZ concentration required to 
inhibit 50% of cell growth — was used as the quantitative 
measure of drug cytotoxicity and cellular sensitivity. 
Statistical Analysis 

The Wilcoxon signed-rank test was used to assess 
whether treatment at each TMZ concentration 
significantly altered cell viability relative to the untreated 
control, with viability normalized to 100%. (H₀: median = 
100). An alpha level of 0.05 was used to determine 
statistical significance; if p < 0.05, the null hypothesis was 
rejected, indicating a statistically significant TMZ 
response.  

A four-parameter logistic (4PL) nonlinear regression 
model was used to fit dose-response data for each cell line: 

 
Y = Bottom + (Top − Bottom) / [1 + (X / IC₅₀)^H] 
 

where Y is the percent viability or inhibition, X is the 
TMZ concentration, Bottom and Top are the minimum 
and maximum asymptotic response values, IC₅₀ is the 
concentration producing 50% of the maximal response 
(the inflection point of the curve), and H is the Hill slope, 
describing curve steepness. Nonlinear curve fitting was 
performed using the Excel Solver tool via least-squares 
optimization to determine the best-fit values for Bottom, 
Top, IC₅₀, and the Hill coefficient. These parameters were 
used to compare TMZ sensitivity across the three cell 
lines. 

3. Results 

Statistical Significance of Cell Viability Data 
Wilcoxon signed-rank tests were used to determine 

whether TMZ treatment produced a statistically significant 
deviation from control (untreated, 100% viability) for each 
cell line. Table 1 defines the statistical parameters used 
throughout this analysis. 

Table 1. Definition of Wilcoxon test statistic parameters 

Parameter Definition 

W stat Sum of the ranks of the signed differences; the smaller of the positive or negative rank sums used to assess 
deviation from the median under the null hypothesis. 

µW (Expected value of W) Mean of the Wilcoxon distribution under the null hypothesis: µW = n(n+1)/4, where n is the sample size 
σW (Standard deviation of W) Standard deviation of the Wilcoxon statistic under the null hypothesis: σW = √[n(n+1)(2n+1)/24] 

Z Standardized Z-score: Z = (W − µW) / σW, used to compare W against a normal distribution. 
Z* Critical Z-value from the normal distribution at the specified confidence level (1.96 for α = 0.05, two-tailed). 

P value Probability of observing the test statistic under the null hypothesis; used to assess statistical significance. 
Null H₀ 

(M = M₀ = 100) The sample median equals the hypothesized control median of 100% viability. 

Significant 
(P < 0.05) Indicates whether the null hypothesis is rejected (Yes) or retained (No). 
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Table 2. Statistical significance of U87 glioma viability data, n=9 

TMZ(uM) Mean W uW W Z Z* P Ho P<0.05 
50 94.0 19 22.5 8.44 -0.36 1.96 0.722 Keep H₀ No 

100 85.7 4 22.5 8.44 -2.13 1.96 0.0033 Reject H₀ Yes 
150 89.8 7 22.5 8.44 -1.78 1.96 0.0756 Keep H₀ No 
200 80.5 0 22.5 8.44 -2.61 1.96 0.0092 Reject H₀ Yes 

50% of the U87 viability data points were statistically significant relative to control. 

Table 3. Statistical significance of MDA-MB-231 TNBC viability data, n=9 

TMZ(uM) Mean W uW W Z Z* P Ho P<0.05 
50 84.3 0 22.5 8.44 -2.606 1.96 0.0092 Reject H₀ Yes 

100 81.0 0 22.5 8.43 -2.609 1.96 0.0091 Reject H₀ Yes 
150 77.9 0 22.5 8.43 -2.609 1.96 0.0091 Reject H₀ Yes 
200 85.1 0 22.5 8.44 -2.606 1.96 0.0092 Reject H₀ Yes 

100% of the MDA-MB-231 TNBC (Triple-negative breast cancer) viability data were statistically significant relative to the control. 

Table 4. Statistical significance of MCF-7 (ER-positive breast cancer) viability data, n=9 

TMZ(uM) Mean W uW W Z Z* P Ho P<0.05 

50 92.4 13 22.5 8.44 -1.066 1.96 0.286 Keep 
H₀ No 

100 80.8 2 22.5 8.44 -2.369 1.96 0.0178 Reject H₀ Yes 
150 80.0 0 22.5 8.44 -2.606 1.96 0.0092 Reject H₀ Yes 
200 79.6 0 22.5 8.44 -2.606 1.96 0.0092 Reject H₀ Yes 

75% of the MCF-7 viability data points were statistically significant relative to control. 
 
Summary of statistical findings 
•  U87 viability at 50 µM (p = 0.722) and 150 µM (p 

= 0.076) did not differ significantly from control, so 
only 50% of the U87 dataset reached statistical 
significance. 

•  MDA-MB-231 viability differed significantly from 
control at every tested concentration (100% of the 
dataset significant). 

•  MCF-7 viability at 50 µM (p = 0.286) did not differ 
significantly from control, while all higher 
concentrations did (75% of the dataset significant). 

Dose-Response Curves and IC₅₀ Determination 
Percent viability and inhibition were calculated for each 

TMZ concentration (50, 100, 150, and 200 µM). They fit a 
four-parameter logistic (4PL) sigmoidal dose-response 
model for each cell line after 48-hour TMZ exposure and 
MTS development. 

Table 5. MCF-7 viability and inhibition% data following TMZ 
treatment (48 hr exposure, n=9) 

TMZ 
(uM) 

Absorbance 
(490nm) SD Viability Inhibition 

(%) 
0 0.840 0.137 100 0 
50 0.734 0.068 93.8 6.2 
100 0.727 0.047 81.7 18.3 
150 0.723 0.054 80.7 19.3 
200 0.909 0.097 80.1 19.9 

Table 6. 4PL model optimization for MCF-7 IC50 determination 

Parameter Optimized Value 

Bottom 80.02 
Top 100.0 

IC₅₀ (µM) 59.02 
Hill slope 4.7 

Regression fit error 0.15 

 
Figure 4. Cell viability % vs TMZ concentration (uM) 

4PL fit: 
4.7

100 80.280.02
1 ( )

59.02

Y
x
−

= +
+

 

The sigmoidal 4PL regression for MCF-7 as shown in 
Figure 4 yielded an IC₅₀ of 59.02 µM, a top asymptote of 
100.0, a bottom response of 80.02, and a Hill slope of 4.7 
— indicating that the observed viability values fall within 
the lower, saturating region of the curve. Growth 
inhibition reached 19.9% at the highest TMZ dose tested 
(200 µM) and plateaued in the 100–200 µM range. The 
regression fit error of 0.15 indicates a good fit of the 
model to the observed data. 

Table 7. MDA-MB-231 TNBC viability and inhibition% data 
following TMZ treatment  (48 hr exposure, n=9) 

TMZ 
(uM) 

Absorbance 
(490nm) SD Viability 

(%) 
Inhibition 

(%) 
0 0.447 0.016 100 0 
50 0.380 0.020 85.2 14.8 
100 0.348 0.022 77.9 22.1 
150 0.362 0.020 81.0 19.0 
200 0.377 0.022 84.4 15.6 
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Table 8. 4PL model optimization for MDA-MB-231 breast cancer 
cells IC50 determination 

Parameter Optimized Value 
Bottom 80.9 

Top 100.0 
IC₅₀ (µM) 46.4 
Hill slope 19.8 

Regression fit error 2.4 

4PL fit: 
19.8

100 80.980.9
1 ( )

46.4

Y
x
−

= +
+

 

The 4PL regression for MDA-MB-231 was performed 
using the same model analysis as MCF-7 breast cancer 
cells, yielding an IC₅₀ of 46.4 µM (Curve not shown), a 
top asymptote of 100.0, a bottom response of 80.9, and a 
steep Hill slope of 19.8, again reflecting a response that 
saturates at relatively low TMZ concentrations. As shown 
in Table 3, all tested concentrations differed significantly 
from control; nonetheless, a broader concentration range 
would improve the robustness of the IC₅₀ estimate by 
reducing analytical bias and increasing statistical power. 

Table 9. Glioma U87 cell viability and inhibition% data following 
TMZ treatment  (48 hr exposure, n=9) 

TMZ 
(uM) 

Absorbance 
(490nm) SD Viability 

(%) 
Inhibition 

(%) 
0 1.071 0.096 100 0 
50 0.993 0.127 94.0 6.0 
100 0.910 0.108 85.7 14.3 
150 0.956 0.135 89.8 10.2 
200 0.860 0.122 80.5 19.5 

Table 10. 4PL model optimization for glioma U87 cells IC50 
determination 

Parameter Optimized Value 
Bottom 51.2 

Top 89.9 
IC₅₀ (µM) 213.7 
Hill slope 17.2 

Regression fit error 2.9 

4PL fit: 
17.2

89.9 51.251.2
1 ( )

213.7

Y
x
−

= +
+

 

The same approach was used to analyze glioma U87 
model fitting (Curve not shown). The regression produced 
a nominal IC₅₀ of 213.7 µM. However, because only 50% 
of the underlying viability data were statistically 
significant (Table 2), this value should be interpreted with 
caution — it reflects an underpowered fit rather than a 
well-validated cytotoxic threshold. A larger sample size 
and a broader TMZ concentration range are needed to 
confirm the U87 IC₅₀. 

4. Discussion 

IC50 results 
The IC₅₀ values obtained for MCF-7, MDA-MB-231, 

and U87 reveal marked differences in TMZ sensitivity 
across the three cell lines (Table 11). MCF-7, an estrogen 
receptor-positive breast cancer line, showed an IC₅₀ of 
59.02 µM, indicating meaningful sensitivity to TMZ. This 

sensitivity is consistent with low MGMT expression, 
which allows MCF-7 cells to rely more heavily on the 
more error-prone MMR pathway, predisposing damaged 
cells to apoptosis. 

MDA-MB-231 cells, representing triple-negative breast 
cancer (TNBC), showed a lower IC₅₀ of 46.4 µM. 
Because reduced IC₅₀ indicates a lower drug 
concentration is needed to inhibit growth by half, this 
result suggests that, under these experimental conditions, 
MDA-MB-231 cells were at least as sensitive to TMZ as 
MCF-7 cells - a finding that runs somewhat counter to 
literature reports that TNBC lines typically show reduced 
TMZ sensitivity (higher IC₅₀) due to elevated MGMT-
mediated repair. The comparatively higher IC₅₀ and 
greater variability observed for MCF-7 likely reflect 
greater imprecision in the MCF-7 regression fit, which 
may stem from random experimental error — for example, 
variability in cell culture conditioning, pipetting, or 
sample storage — rather than a true biological difference 
in sensitivity. 

U87 glioblastoma cells were expected to show the 
lowest sensitivity to TMZ, consistent with upregulated 
MGMT expression reported in the literature [18,19] 
(Figure 4). The IC₅₀ of 213.7 µM obtained here is 
directionally consistent with that expectation; however, 
because only 50% of the U87 viability dataset reached 
statistical significance, this value cannot be considered 
clinically meaningful. The result instead reflects an 
insufficient dataset for robust 4PL regression, and the U87 
IC₅₀ should be regarded as inconclusive pending further 
experiments with a larger sample size and a broader TMZ 
concentration range. 

Table 11. Summary of IC₅₀ values and interpretation across the 
three cell lines 

Cell Line Receptor 
Status IC50 (uM) Interpretation 

MCF-7  breast 
cancer 

ER+, PR+, 
HER2− 59.02 Sensitive — 

apoptotic response 
MDA-MB-231  

TNBC 
ER−, PR−, 
HER2− 46.4 Sensitive — 

apoptotic response 

U87 
(glioblastoma) — 213.7  

(inconclusive) 

Reduced sensitivity 
— favors survival 
and progression 

 
Sensitivity of TMZ through DNA level mechanisms 

TMZ's mechanism of action reflects a balance between 
DNA damage and repair: when damage prevails, cells 
with limited repair capacity are more sensitive to TMZ 
and undergo cell death; when repair mechanisms dominate, 
cells tend to resist treatment [3,4,5]. 

Cells repair TMZ-induced lesions primarily through 
mismatch repair (MMR), which is activated during DNA 
replication when a damaged segment is detected. However, 
under widespread damage, MMR becomes prone to errors 
and exhaustion. When MMR is defective or overwhelmed 
by extensive O6-methylguanine formation, replication 
errors go unrepaired, producing genomic instability that 
leads to cell death. 

O6-methylguanine-DNA methyltransferase (MGMT) is 
a DNA repair enzyme that directly and irreversibly 
removes the methyl group from O6-MeG, restoring the 
unmethylated guanine base. In this reaction, the methyl 
group is transferred to a cysteine residue in the MGMT 
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active site, inactivating the enzyme and marking it for 
proteasomal degradation [5,18]. Because this mechanism 
prevents O6-MeG from mispairing with thymine, high 
MGMT expression is a major determinant of TMZ 
resistance: tumors with elevated MGMT activity can 
efficiently counteract TMZ-induced O6-guanine 
methylation. 

TMZ also methylates DNA at the N7 position of 
guanine and the N3 position of adenine, together 
accounting for more than 90% of TMZ-induced 
methylation. These lesions are considerably less 
mutagenic than O6-MeG and are efficiently repaired by 
the BER pathway, which excises the damaged base and 
restores the unmethylated nucleotide. Because BER is less 
mutagenic and less invasive than MMR, increased BER 
activity generally favors cell survival and contributes to 
TMZ resistance [19,20]. 

In summary, cell fate after TMZ treatment largely 
depends on whether MMR is overwhelmed by MGMT-
driven repair of O6-guanine methylation as malignant 
cells adapt to the drug's cytotoxic effects. Because BER 
repairs the much less mutagenic N3-adenine and N7-
guanine lesions and generally favors cell survival, it was 
not a primary focus of the data analysis presented here. 

Elevated MGMT expression is a well-documented 
determinant of TMZ resistance in glioblastoma 
multiforme (GBM). Prior work also indicates that breast 
cancer cell lines show variable TMZ responses depending 
largely on MGMT-mediated O6-methylguanine repair 
[21]. MDA-MB-231 cells, a model of triple-negative 
breast cancer, often display resistance associated with 
MGMT expression, whereas MCF-7 cells, which are 
estrogen receptor-positive, tend to show greater sensitivity, 
consistent with lower MGMT activity and a more 
apoptosis-prone phenotype. 
Sensitivity of TMZ through protein-level mechanisms 

Interpretations of TMZ sensitivity have traditionally 
centered on DNA-level damage and its repair, but the 
differences observed here are best read as one facet of a 
broader mechanism. Because the methyl-diazonium ion is 
a reactive electrophile, TMZ can act beyond DNA, and 
our prior work points to a protein-level, epigenetic 
dimension of its activity in glioma cells. Rather than 
increasing histone methylation, rising TMZ concentrations 
were associated with a progressive decrease in methylated 

histone levels in glioma cells, together with a 
concentration-dependent, bimodal change in the activity 
of the histone demethylase LSD1 (KDM1A): activity was 
largely preserved at lower concentrations (≤100 µM) but 
declined at higher concentrations (≥150 µM). This 
behavior appears cell-type-specific—breast cancer cells 
such as MDA-MB-231 showed little change in histone 
methylation—which parallels the differential TMZ 
sensitivity seen across the lines examined here [11,13]. 
Because LSD1 is overexpressed in glioma and sustains 
oncogenic transcriptional programs through H3K4 
demethylation, a decline in its activity at higher TMZ 
concentrations could, in principle, reshape chromatin 
structure and gene expression in a way that complements 
the genotoxic O6-methylguanine mechanism. 
[22,23,24,25,26,27] MGMT would not capture such a 
protein-level contribution- and MMR-based cytotoxicity 
models alone- and it offers a plausible additional 
explanation for the relatively high TMZ concentrations 
required to reduce viability in glioma cells such as U87. 
This interpretation remains to be tested directly: paired 
measurement of LSD1 activity, histone-methylation status, 
and viability across a broader concentration range would 
clarify how this epigenetic dimension interacts with DNA-
repair capacity to shape overall TMZ sensitivity. 

 
Figure 5. Comparison of TMZ sensitivity in ER-positive MCF-7, ER-
negative MDA-MB-231 breast cancer, and U87 glioma cancer cells. 
MMR-dominant DNA damage and other nucleophilic target damage 
(MCF-7, MDA-MB-231) favor cell death, whereas MGMT-dominant 
repair and other damage repair (U87) favor cell survival 

Table 12. Principal DNA repair mechanisms counteracting TMZ-induced DNA methylation 

TMZ Lesion / Repair System Enzyme(s) Mechanism Outcome 

O6-methylguanine — Direct 
Reversal 

MGMT (O6-methylguanine-
DNA methyltransferase) 

Transfers the methyl group from O6-MeG 
directly to MGMT, restoring guanine; DNA 

strand remains intact (error-free). 

TMZ resistance; cell 
survival 

O6-methylguanine — Mismatch 
Repair MMR enzyme complex 

Detects and excises the mismatched base-pair 
segment and resynthesizes the DNA fragment; 

highly mutagenic due to persistent thymine 
mispairing when overwhelmed. 

DNA double-strand breaks, 
genomic instability, 

apoptosis 

N7-methylguanine / N3-
methyladenine — Base Excision 

Repair 
BER enzyme complex 

Excises the damaged base and replaces it with 
an unmethylated nucleotide; less invasive and 

less mutagenic than MMR. 

Error-free repair; TMZ 
resistance 
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5. Conclusion 

This study evaluated the cytotoxic effect of 
Temozolomide (TMZ) on three cancer cell lines - MCF-7, 
MDA-MB-231, and U87 - using the MTS assay to 
quantify viability and growth inhibition after 48 hours of 
exposure, with IC₅₀ values estimated by four-parameter 
logistic (4PL) regression. TMZ reduced viability in all 
three lines, yielding IC₅₀ values of 59.0 µM for MCF-7, 
46.4 µM for MDA-MB-231, and a nominal 213.7 µM for 
U87 (Table 12). 

Both breast cancer lines were sensitive to TMZ. MCF-7 
(estrogen receptor-positive) reached roughly 20% 
inhibition in the 150–200 µM range, and MDA-MB-231 
(triple-negative) showed a comparable or slightly greater 
response, with an IC₅₀ indicating sensitivity at least equal 
to that of MCF-7 under these conditions. Because MCF-7 
measurements were more variable at the lower 
concentrations, additional replicates are needed to firm up 
the estimates for both lines. U87 glioblastoma cells were 
the least responsive; their nominal IC₅₀ of 213.7 µM is 
directionally consistent with the well-documented TMZ 
resistance of gliomas, but because only half of the U87 
dataset reached statistical significance, this value should 
be regarded as preliminary rather than conclusive. 

The differences in sensitivity are conventionally 
explained at the DNA level, where high MGMT activity in 
glioblastoma efficiently reverses the cytotoxic O6-
methylguanine lesion. At the same time, the more 
apoptosis-prone, MMR-reliant breast cancer lines are less 
able to do so. These results are consistent with that picture, 
but they are best interpreted as one facet of a broader 
mechanism. Because the methyl-diazonium ion generated 
by TMZ is a reactive electrophile, it has the chemical 
potential to modify targets beyond DNA, and our prior 
work points to a protein-level, epigenetic dimension to 
TMZ's action in glioma cells. Rather than a simple 
increase in histone methylation, we observed that rising 
TMZ concentrations were associated with a progressive 
decrease in histone methylation, together with a 
concentration-dependent, bimodal effect on the activity of 
the histone demethylase LSD1 (KDM1A): activity was 
largely preserved at concentrations of 100 µM or below 
and declined at higher concentrations. Figure 5 
summarizes the two mechanisms that favor cell death and 
survival of cancer cells in response to TMZ treatment. 
This cell-type-specific, concentration-dependent behavior 
adds an interpretive layer that a purely DNA-centered 
model does not capture, and it offers a plausible additional 
contributor to the response of LSD1-expressing glioma 
cells such as U87 at higher TMZ doses.  

Taken together, these findings indicate that TMZ 
meaningfully reduces the viability of both breast cancer 
cell lines tested, with the IC₅₀ values for MDA-MB-231 
and MCF-7 supporting an underlying mechanism of cell 
death. This observation may have relevance for cancer 
treatment strategies aimed at reducing tumor cell viability 
and limiting progression to metastasis, including 
secondary brain metastases arising from aggressive breast 
cancer. [28,29,30] Further studies with larger biological 
sample sizes are needed to validate these observations and 
strengthen their statistical significance. In addition, direct 

assessment of cell-cycle regulatory and apoptotic proteins 
— the ultimate determinants of cell fate following TMZ-
induced DNA damage — would help confirm and extend 
the mechanistic interpretation of these results in the MDA-
MB-231 and MCF-7 cell lines. 

Beyond its biological findings, this project illustrates 
the value of course-based undergraduate research 
experiences (CUREs): students in clinical chemistry 
CHE456 gained direct hands-on training in experimental 
design, quantitative data analysis, nonlinear regression 
modeling, and scientific writing while contributing to an 
open biomedical research question, reinforcing the role of 
authentic research in undergraduate science education. 
[31,32,33,34] 
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