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Introduction
Cancer, the second leading cause of death worldwide, 
is a group of oncological diseases characterized by 
the irregular growth and proliferation of a single cell 
by the accumulation of different mutations as a result 
of impaired cell control. Breast cancer, on the other 
hand, is a type of cancer with a high prevalence among 
women [1]. There are different subtypes of breast cancer 
and the pathological classification of these subtypes is 
evaluated according to the expression of estrogen (ER), 
progesterone (PR), and human epidermal 2 (HER2) 
proteins by tumor tissue [2]. Breast cancers that do not 
have ER, PR, and HER2 protein expressions are referred 
to as triple negative cancer (TNBC), thus they are known 

as a more aggressive type for prognosis and curation. On 
the other hand, breast cancer that expresses hormone 
receptors is classified as a hormone receptor-positive 
(HR+) subtype and it has a better prognosis thus it is 
admitted as a subtype that easily takes under control [3]. 
Conventional treatment methods against breast cancer 
include radiotherapy, hormonotherapy, chemotherapy, 
and surgical interventions [4]. However, since tumor 
tissue can show heterogeneous mutation distribution, 
the bioavailability of conventional treatments is less 
than expected [5]. In this respect, the use of nanoparticles 
(NP) designed for treatment or diagnosis in the field of 
nanotechnology is a current area of research [6]. Various 
NPs based on organic, inorganic, lipid, protein, glycan, or 

Kafkas Univ Vet Fak Derg
30 (4): 489-496, 2024

DOI: 10.9775/kvfd.2024.31688

Abstract

Zinc oxide nanoparticles (ZnO-NPs) are metal oxide NPs that have high cytotoxicity on 
cancer cells and low cytotoxicity on healthy cells. Breast cancer is the most frequent type 
of cancer-causing death among women worldwide. In this study, anti-cancer effects of 
ZnO-NPs were investigated. For this purpose, we treated the MCF7 and MDA-MB-231 
breast cancer cell lines and human umbilical vein endothelial cells HUVEC cell line with 
10 μg/mL and 20 μg/mL ZnO-NP. Anti-cancer effects of ZnO-NPs were evaluated with 
cell viability, apoptotic index and colony formation assays, and anti-Warburg effect were 
investigated by evaluating of pyruvate dehydrogenase (PDH) and Lactate Dehydrogenase 
A (LDHA) protein expressions. Results indicated that, ZnO-NP application did not 
have a cytotoxic effect on HUVEC cells, it had cytotoxicity on both breast cancer cell 
lines. However, MCF7 cells were more sensitive to ZnO-NP treatment. Administration 
of 20 μg/mL ZnO-NP reduced the survival of MCF7 cells by 62% and increased the 
apoptotic index by approximately 6 times. Additionally, ZnO-NP treatment inhibited 
the doubling times of cells and suppressed the colony-forming abilities of both breast 
cancer cell lines. Also, it was seen that ZnO-NP treatment increased PDH expression in 
MCF7 cells, where the apoptotic index was more induced. As a result, we have shown 
for the first time that ZnO-NPs affect the energy metabolism of cells by increasing 
PDH expression in MCF7 cells, thus increasing the apoptotic index. Our study, which 
observed the anticancer effects of ZnO-NPs on breast cancer cells, will also shed light on 
future experimental studies.
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synthetic polymers are used to develop new therapeutic 
agents for use in cancer treatment. On the other hand, the 
use of commercially produced NPs in cancer treatments 
contributes to low toxicity by increasing drug efficacy [7]. 
In addition, numerous reports show that NPs have a 
high affinity for reaching specific organelles such as 
mitochondria and nuclei [8]. It is also known that rationally 
engineered NPs by modulating particle size, morphology, 
and surface modifications can also infiltrate hypoxic 
regions of tumor mass [8,9].

Metal oxide NPs of zinc (Zn), copper (Cu), silver (Ag), 
and gold (Au) elements are frequently used in various 
anti-cancer studies [11-14]. Among all these metal oxide NPs, 
zinc oxide NPs (ZnO-NP) are considered a promising NP 
compound due to their selective cytotoxic, biocompatible, 
easily synthesizable and designable characters, as well as 
exhibiting anti-microbial, anti-bacterial, anti-oxidant 
activities [15-17]. With many studies, it has been determined 
that ZnO-NPs affect different oncogenic intracellular 
signaling pathways and have antiproliferative effects 
in many cancer types such as colon, breast, lung, oval, 
cervical, and stomach at low doses [18-21]. On the other 
hand, another advantage of ZnO-NPs is that they show 
their cytotoxic effects on healthy cells at high doses [21]. 
The selective anti-cancer capabilities of ZnO-NPs are 
generally thought to proceed by triggering different 
anti-apoptotic proteins by increasing the production of 
intracellular reactive oxidant species (ROS) [22-24]. ZnO-
NP treatment also depletes levels of glutathione (GSH), 
superoxide dismutase (SOD) and catalase (CAT) enzymes 
and modulate Bax/Bcl-2 ratio in favor of apoptosis in 
cancer cells [22]. Also, it was demonstrated that ZnO-NP 
treatment causes translocation of pro-apoptotic proteins 
from mitochondria to cytosol [25]. Therefore, one of 
the main cellular targets of ZnO-NPs is mitochondria, 
therefore it could be thought that ROS inducing activity 
of ZnO-NPs must be related with disturbed membrane 
potential of the mitochondria [22,25].

Enhanced intracellular ROS levels are also indirectly 
related to cell’s energy metabolism, and cancer cells are 
the cells with disturbed energy metabolism [26]. Cancer 
cells almost always prefer glycolysis for ATP production 
because ATP production by oxidative phosphorylation 
is the main source of intracellular ROS, thus increased 
amounts of ROS are associated with increased apoptotic 
stimulus [27]. Therefore, it is conceivable that there may 
be a mechanistic relation between ZnO-NP and Warburg 
effect. Evaluation of pyruvate dehydrogenase (PDH) and 
Lactate dehydrogenase A (LDHA) protein levels are used 
to test of modulation effects of some candidate modulators 
on the energy metabolism of cells and enhanced PDH 
levels are related to enhanced apoptotic stimulation [26-28]. 

In this study, we aimed to investigate anti-cancer 

properties and anti-Warburg effects of ZnO-NPs on two 
breast adenocarcinoma cell lines and HUVEC cells for 
toxicity assays. MDA-MB-231 and MCF7 cells were used 
because these cells represent two different breast cancer 
phenotypes, respectively triple negative (TNBC) and 
hormone positive (HR+) subtypes. For this aim, the anti-
proliferative, anti-colonial, and apoptosis induction and 
effects of ZnO-NPs on protein levels of PDH and LDHA 
were investigated.

Material and Methods
Cell Culture

MDA-MB-231 and MCF7 breast adenocarcinoma cell lines 
(ATCC, USA) and human Umbilical Vein Endothelial 
Cell (HUVEC) lines (ATCC, USA) were used in the study. 
Breast cancer cell lines were selected for the different 
phenotypes they represent; as a TNBC phenotype MDA-
MB-231 cell line represent more aggressive and less 
curable phenotype while MCF7 cell line represent well-
curable HR+ phenotype of breast cancer. Cells were 
cultured in sterile petri dishes with Dulbecco’s Modified 
Eagle Medium (DMEM) (SIGMA, USA) containing 10% 
fetal bovine serum (FBS) (SIGMA, USA) and 1% antibiotic 
(Penicillin-Streptomycin) (GIBCO, USA) and incubated 
in an incubator with a temperature of 37°C, 5% CO2 and 
free moisture. All the used cell lines were provided as 
commercially and an approval of ethical is not necessary. 

Cell Viability Assay

Cells were seeded in sterile 96-well microplates containing 
3x103/100 μL cells in each well (n=6). The seeded cells 
were incubated under the specified conditions for 48 h, 
ensuring ~70% reproduction. Concentrations of 10 μg/mL 
and 20 μg/mL of ZnO-NP (Nanografi Nano Technology, 
Türkiye) with a diameter of 30-50 nm were applied to 
the cells for 24 h, and at the end of the 23rd h, 10 μL of 
CVDK-8 Cell Viability Kit (EcoTech, Türkiye) was added 
to each well. A group that was untreated with ZnO-NP 
was included in the experiment as the control group in 
each cell lines. The microplate was incubated at 37°C for 
60 min and at the end of the 24th h in total, the absorbance 
values of the samples were obtained by reading at 450 nm 
via Multiskan SkyHigh Microplate Spectrophotometer 
(Thermo Scientific, USA). The obtained absorbance 
values were converted into percentage values using the 
absorbance values of the control group as 100% and used 
in statistical analysis.

Doubling Time 

When the cells were planted in a 96-well sterile microplate, 
the initial absorbance values were obtained. By using the 
initial absorbance values obtained and the absorbance 
values of the application groups at the end of the 24th h, the 
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folding times were determined according to the groups. 
Online Doubling Time Calculator Tool (http://www.
doubling-time.com/compute.php) was used to determine 
the folding times for the calculation of folding times. 

Cell Harvesting and Homogenization 

Cells seeded in sterile petri dishes were treated with 10 
μg/mL and 20 μg/mL ZnO-NP doses and incubated for 
24 h. At the end of the time, the media were removed 
and the cells were washed twice with cold PBS (pH: 
7.4) on ice, and the cells were scraped with 2 mL of cold 
PBS and transferred to Eppendorf tubes. The tubes were 
centrifuged at 4°C and 1200 rpm for 5 min, and pellets 
were obtained by removing supernatants. Pellets were 
lysed by a freeze-thaw method using lysis buffer (TNN + 
NP40 + PMSF). Total protein amounts were determined 
using the Bradford Protein Assay Kit II kit (Biorad, USA) 
at a wavelength of 595 nm.

Western Blotting

Samples were standardized to forty µg of protein and 
subjected to 10% Tris-Glycine-sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. Blotting was carried 
out using polyvinylidene difluoride membranes (PVDF). 
The membranes were incubated overnight at 4°C with 
anti-pyruvate dehydrogenase (PDH) (Cell Signaling, 
USA), anti-lactate dehydrogenase (LDHA) (Cell Signaling, 
USA) and anti-β-actin (Santa Cruz, USA) primary anti- 
bodies. After three washes, the membranes were incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibody (Abcam, UK) at room temperature for 30 min. 
Subsequently, the membranes were washed, and images 
were captured following treatment with the enhanced 
chemiluminescence substrate (ECL) (Biorad, USA).

Colony Formation Assay

Cells were seeded in a sterile 6-well plate containing 200 
cells in each well (n=6) and incubated for 48 h. At the end 
of the period, the cells were treated with 10 μg/mL and 20 
μg/mL ZnO-NP and the experiment was continued for 14 
days. Also, a group that was untreated with ZnO-NP was 
included in the experiment as a control group in each cell 
lines. At the end of the experimental period, the medium 
was removed, and the wells were washed with PBS (pH: 
7.4). After washing, the cells were fixed with fixative buffer 
(1 acetic acid: 7 ethanol). Following the procedure, the 
colonies were stained with crystal violet. The plates were 
placed in a water tank to remove crystal violet remains 
and the plates were left to dry overnight. The drying plates 
were photographed, and the colonies were converted into 
numerical data by using the Analyze Particle Tool in the 
ImageJ 1.53m program and used in statistical analysis [31]. 
Colonies containing fewer than 50 cells were not included 
in the calculation.

Acridine Orange (AO) and Ethidium Bromide (EB) 
Staining

Cells were seeded in sterile plates with 24 wells at a 
density of 1.5x103/mL and incubated for 48 h. At the 
end of the period, the cells were incubated for 24 h  
with doses of 10 μg/mL and 20 μg/mL ZnO-NP. Also,  
ZnO-NP untreated groups were considered as control 
group for each cell lines. After incubation, each well was 
washed with PBS (pH: 7.4) and stained with a solution 
containing 100 μg/mL AO and EB. Cell images were 
photographed via a fluorescence microscope (EVOS 
FL, Invitrogen) and images taken from red and green 
channels were merged. For statistical analysis, 200 cells 
were counted in each group and classified as live, dead, 
and apoptotic.

Statistical Analyses

Microsoft Excel 365 and IBM SPSS 26.0 were used to 
perform statistical analyses.  Shapiro-Wilk normality test 
and Levene homogeneity test were applied to the results. 
A one-Way ANOVA test was applied to the parameters in 
line with the significance values obtained and the Games-
Howell PostHoc test was used for pairwise comparisons. 
Frequencies evaluated with Pearson Chi-Square (χ²) test. 
All quantitative analyses were repeated six times. Results 
were considered statistically significant at P<0.05.

Results
ZnO-NP is Cytotoxic on Breast Cell Lines but Not on 
HUVEC Cell Line

The effects of 10 μg/mL and 20 μg/mL ZnO-NP treatments 
in MDA-MB-231, MCF7, and HUVEC cell lines on the 
survival at the end of 24 h were shown in Fig. 1. The results 
showed that ZnO-NPs have a cytotoxic effect on both 
cancer cell lines. It was determined that both treatment 
doses significantly reduced cell survival compared to the 
control group (P<0.001) in MDA-MB-231 cells. However, 
there was no statistically significant difference between 
these two dose groups in MDA-MB-231 cells. However, 
a dramatic decrease in cell survival was observed in 
the group treated with 20 μg/mL ZnO-NP (P<0.001) 
in MCF7 cells, while no cytotoxic effect was observed  
in the 10 μg/mL ZnO-NP treated group. On the other 
hand, no cytotoxic inhibition in cell survival was observed 
in HUVEC cells for both ZnO-NP treated groups 
(Fig. 1-B).

Periods of Doubling Times of Breast Cancer Cells 
Increase with ZnO-NP Treatment

Fig. 2 illustrates the impact on the cell doubling times of 
MDA-MB-231 and MCF7 breast cancer cell lines following 
the application of 10 µg/mL and 20 µg/mL ZnO’NPs for 
24 h. Findings from the doubling times showed that 10 
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μg/mL ZnO-NP administration had no effect on cell folds, 
but 20 μg/mL ZnO-NP administration increased the 
folding times by ~3.2 times (P<0.01) in MDA-MB-231 
cells and ~3.7 times (P<0.001) in MCF7 cells. 

ZnO-NP Treatment Induces Apoptotic Index in MCF7 
Cell Line

AO stains the nuclei of the living cell green, while EB 
only stains cells that have lost their membrane integrity 

Fig 4.   The effects of 10 µg/mL and 20 µg/mL ZnO-NPs doses applied for 
14 days on colony formation of MDA-MB-231 and MCF7 breast cancer 
cells are shown in A. Statistical differences obtained by converting colony 
numbers into percentage values are shown in B. The delta (Δ) symbol 
indicates the statistical difference of the relevant groups compared to the 
control group, and the star symbol (*) indicates the statistical difference 
between the specified groups (ΔΔΔ, ***P<0.001)

Fig 1.  The effects of 10 µg/mL and 20µg/mL ZnO-NPs doses applied for 
24 h on cell survival of MDA-MB-231 and MCF7 breast adenocarcinoma 
cancer cells and HUVEC non-cancerous cells are shown in A (calibration 
bar=200 µm). The numerical data obtained by converting the absorbances 
obtained as a result of measurements with the CVDK-8 Cell Viability 
kit into percentages compared to the control groups and the statistical 
analysis results are shown in B. The delta (Δ) symbol indicates the 
statistical difference between the relevant groups compared to the control 
group, and the star symbol (*) indicates the statistical difference between 
the specified groups. (ΔΔΔ, ***P<0.001)

Fig 2.  Effect of 10µg/mL and 20 µg/mL ZnO-NPs doses applied to MDA-
MB-231 and MCF7 breast adenocarcinoma cancer cell lines for 24 h on cell 
doubling times. The delta (Δ) symbol indicates the statistical difference of 
the relevant groups compared to the control group, and the star symbol 
(*) indicates the statistical difference between the specified groups. (ΔΔ, 

**P<0.01, ΔΔΔ, ***P<0.001)

Fig 3. Effects of 10 µg/mL, 20 µg/mL ZnO-NPs doses applied to MDA-
MB-231 and MCF7 breast adenocarcinoma cancer cell lines for 24 h on 
apoptosis, effects by fluorescence microscopy and acridine orange (AO)/
ethidium bromide (EB) staining, panel A’ is also shown (calibration bar 
= 200 µm). Cut arrows with a head indicate live cells; cut arrows with no 
head indicate apoptotic cells; uncut arrows with a head indicate dead cells. 
Chi-Square (χ²) statistics test results of apoptotic and dead cell formations 
are also shown in B (ΔP<0.05)
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red. For this reason, living cells appear in green, dead cells 
appear in red, and apoptotic cells appear in orange [32]. 
Merged AO (green) and EB (red) fluorescent images of 
both breast cell lines after ZnO-NP treatments for 24 h 
were shown in Fig. 3-A, and frequencies of the apoptotic 
cells were shown in the graph in Fig. 3-B. It was observed 
that apoptotic formation did not induce in MDA-MB-231 
cells treated with ZnO-NP. On the other hand, 10 μg/mL 
ZnO-NP treatment increased apoptotic index up to ~4 
times and 20 μg/mL ZnO-NP treatment increased up to 
~6 times (P<0.05) in MCF7 cells.

Treatment of ZnO-NP Suppresses Colony Forming 
Ability of MDA-MB-231 and MCF7 Cell Lines

The colony percentages of MDA-MB-231 and MCF7 
breast cancer cells treated with ZnO-NP doses at the end 
of 14 days were shown in Fig. 4-A. 10 μg/mL ZnO-NP 
treatment reduced colony numbers about ~16% in MDA-
MB-231 cells and ~22% in MCF7 cells (P<0.05) when 
compared with the control groups. MDA-MB-231 cells 
exhibited a reduction of ~31% in their colony-forming 
abilities compared to the control group when treated 
with 20 μg/mL ZnO-NP (P<0.001). Similarly, MCF7 cells 
showed suppression of ~37% (P<0.01) under the same 
conditions (Fig. 4-B).

PDH Protein Expression of MCF7 Cells is Enhanced 
with ZnO-NP Treatment

Expression changes in PDH and LDHA proteins of MCF7 
and MDA-MB-231 cells after 24 h of ZnO-NP treatment 
were shown in Fig. 5. β-actin antibody was used as a 
loading control. Results indicate that neither 10 µg/mL 
nor 20 µg/mL of ZnO-NP treatment did not affect PDH 
and LDHA protein expressions in MDA-MB-231 cells. 
On the other hand, PDH expression of MCF7 cells after 
ZnO-NP treatments was found as enhanced but LDHA 
expression was not affected. However, there was no 
expression difference between 10 µg/mL and 20 µg/mL 
ZnO-NP treatment groups. 

Discussion
ZnO-NPs are metal oxide nanoparticles that selectively 
induce cell death in cancer cells [33]. ZnO-NPs have been 
supported by in vivo and in vitro studies that show several 
biological effects that can cause cell toxicity, including 
cytotoxicity, and also inhibit cell proliferation [24,34–36]. 
Studies have shown that ZnO-NPs have cytotoxic effects 
on a large cancer cell spectrum such as HepG-2, MCF-7, 
HeLa, U87, and S91 cells [37]. Similarly, our results show 
that ZnO-NPs are cytotoxic to MCF7 and MDA-MB-231 
breast cancer cells, but MCF7 cells are more sensitive to 
ZnO-NP treatment. On the other hand, it is known that 
ZnO-NPs are used in photodynamic therapy methods 
and as drug transporters due to their low cytotoxicity and 
targeted selective properties [38-41]. Our findings also show 
that cytotoxic doses of ZnO-NPs on MCF7 and MDA-
MB-231 breast cancer cells do not cause cytotoxic effects 
on umbilical endothelial HUVEC cells.

The experimental effects of ZnO-NPs are not limited just 
to in vitro studies, there are some promising in vivo results 
for the treatment of cancer. It was shown that ZnO-NP 
synergistically increased the effectiveness of anti-cancer 
drugs by inducing apoptosis in vivo conditions by Nabil 
et al.[42]. The disruption of the balance between apoptosis 
and proliferation in cells is also an important element of 
carcinogenesis. Therefore, activating apoptotic pathways 
is a useful anti-cancer strategy. ZnO-NPs are also thought 
to induce apoptosis by affecting pro-apoptotic proteins  
in mitochondria, which play key roles in inducing 
apoptosis [33,43]. The data obtained in this study show that 
20 μg/mL dose application to MCF7 cells, which are more 
sensitive to ZnO-NP treatment, increases the apoptotic 
index up to 6 times. However, we did not observe the 
same effect in MDA-MB-231 breast cancer cells. We think 
that the difference between these two breast cancer cells 
may be related to the different breast cancer phenotypes 
(TNBC and HR+) that these cells represent. 

Colony formation is the ability of a cell to multiply and 
form a colony under the stress of division, which is 
suppressed when left alone. Most of the cancer cells 
originate from only a single cell and they can metastasize 
and invade to distant tissues or nearby tissues. Therefore, 
an effective anti-cancer agent is also expected to suppress 
the colony-forming ability of cancer cells [44]. NPs are also 
suppressor agents on the colony-forming ability of cancer 
cells [24,45]. Our findings also show that ZnO-NPs suppress 
the long-term colony formation ability of MCF7 and 
MDA-MB-231 breast cancer cells. However, the dose of 
ZnO-NP (20 μg/mL), which suppresses cell viability more 
effectively in MCF7 cells compared to MDA-MB-231 
cells, does not show inhibition in the same proportion of 
its effect on colony formation of MCF7 cells. We think 

Fig 5. MDA-MB-231 breast cancer cell lines were treated with 10 µg/mL, 
20 µg/mL and 40 µg/mL concentrations of ZnO-NPs for 24 h. Samples 
were standardized to include 40 µg protein in each well. β-actin was used 
as a loading control



Anti-cancer Properties of ZnO-NPs on Breast Cancer Cells Kafkas Univ Vet Fak Derg
494

that this may be related to the rate of degradation of the 
NP structure in the medium or the resistance developed  
by cancer cells to cytotoxic ZnO-NP stress in the long 
term.

Changes in the expression of many proteins in cancer cells 
cause some conditions. Cancer cells convert pyruvate to 
lactate, which is formed as a result of glycolysis via Warburg 
effect. This process gives less energy than glycolysis while 
providing rapid energy production in cancer cells [46]. 
For this reason, modulating energy metabolism in 
cancer cells is a useful anti-cancer strategy. There is some 
evidence indicating that NPs suppress the Warburg effect. 
It was demonstrated that AuNPs reduce glycolysis by 
suppressing the activity of Glucose transporter 1 (GLUT1) 
and Hexokinase 2 (HK2) enzymes [47]. On the other hand, 
another study shows that suppressing the Warburg effect 
via an NP-mediated manner is dependent on induced 
ROS in osteosarcoma Saos-2 cells [48]. These findings 
indicate that NPs affect cellular ROS metabolism and 
cause apoptotic formation. In the present study, we also 
examined PDH and LDHA protein expression in ZnO-NP-
treated breast cancer cell lines MCF7 and MDA-MB-231. 
LDHA and PDH proteins are two proteins that are closely 
related to the Warburg effect due to their key role in the 
balance between glycolysis and oxidative phosphorylation 
in cancer cells. Our results indicate that ZnO-NP 
treatment causes an increase in PDH expression but not in 
LDHA expression in MCF7 cells which represent the HR+ 
breast cancer subtype however we did not find the same 
results in MDA-MB-231 cells which represent the TNBC 
subtype. There are considerable amounts of previous 
reports indicating that inhibition of PDH is related to 
promoted apoptotic stimulation [28,29,49]. Therefore, as 
expected, ZnO-NP-treated MCF7 cells were the groups 
in which apoptosis was the most promoted in our study. 
Also, according to a previous report, zinc facilitates the 
transport of pyruvate into mitochondria and is closely 
associated with cellular energy status [50]. Therefore, the 
regulation of PDH by ZnO-NP is not surprising and needs 
further mechanistic studies and more cancer models to 
determine the relation at molecular level.

As a result, it was observed that ZnO-NP inhibited cell 
viability in MCF7 and MDA-MB-231 breast cancer cell 
lines with no toxic effects in healthy cells. Also, the ability  
of colony formation of both cell lines was suppressed 
thanks to ZnO-NP treatment. Correspondingly, the 
duplication time of both breast cancer cells was found 
prolonged. However, ZnO-NPs were more cytotoxic 
on MCF7 cells and increased the apoptotic index more 
when compared to MDA-MB-231 cells. On the other 
hand, we determined an enhanced pattern in PDH 
expression of ZnO-NPs treated MCF7 cells, which was 
the most apoptotic stimulation determined. Since the 

increased activity of PDH is associated with increased 
apoptotic stimulation, we think that the anti-cancer 
properties of ZnO-NPs in MCF7 cells lie in the activating 
effects of PDH. For this reason, ZnO-NP is thought to 
have the potential to inhibit the growth of cancer cells. 
However, the apoptotic mechanism induced by ZnO-NP 
appears to induce different results on mutant metabolic 
elements between MCF7 cell lines representing the HR+ 
breast cancer phenotype and MDA-MB-231 cell lines 
representing the TNBC phenotype. Therefore, we think 
that further studies should elucidate the apoptotic pathway 
targets of ZnO-NPs in breast cancer cells representing 
HR+ and TNBC phenotypes.
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