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Introduction

As early as 1,500 BC, the ancient Egyptians recorded 
breast cancer. Today, 3,500 years later, it has become 
one of the most commonly diagnosed cancers in modern 
women, with a high mortality rate  [1,2]. Globally, breast 
cancer ranks among the primary causes of cancer-related 
illness and death. Breast cancer was the second most often 
diagnosed disease, accounting for more than 11.6% of all 
female cancer cases, according to the status report on the 
GLOBOCAN 2018 estimates of cancer incidence and 
death [3,4]. At number five on the list of common causes 
of cancer-related fatalities, About 500,000 people die from 
breast cancer every year in the world [5]. Among them, 
the number and mortality rate of women diagnosed with 
breast cancer rank second among all cancers [6,7]. 

The causes of breast cancer are divided into hereditary 
gene mutations and acquired environmental factors. 
Only about 5 to 15% of breast cancer cases in Cancer 
patients are caused by congenital inheritance, among 
which BRCA1 and BRCA2 gene mutations are the most 
famous [8]. Acquired breast cancer is usually thought to 
be caused by genetic mutations or expressions caused by 
the environment. Epigenetic changes lead to mutations 
in breast cells, including: 1) Cell cycle checkpoint 
disorders lead to cell failure Normal proliferation; 
2) Loss of cell apoptosis ability, such as p53 protein 
mutation leading to the immortality of breast cancer cells 
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(immortalization; 3) Changes in signaling pathways can 
also cause cells to become more cancerous. One of the 
more famous examples is the Abnormal signaling pathway 
that leads to increased growth and metastasis of breast 
cancer cells [9-11]. 

The current classification of breast cancer is mainly 
based on whether breast cancer cells show human 
epidermal receptor 2, estrogen receptor, progesterone 
receptor, and ki67 protein expression, divided into 
five subtypes types, including Luminal A, Luminal B, 
Her2-enriched, triple negative, and normal-like, among 
which Among them, triple-negative breast cancer cells 
proliferate, are highly metastatic, and have no hormone 
receptors to progress hormonal therapy and, therefore, the 
most malignant type of cancer [12,13].

The p53 protein is a transcription factor encoded 
by the tumor suppressor gene TP53 [14]. It can induce 
cell apoptosis, prevent abnormal division, and thereby 
inhibit the proliferation and transformation of cancer 
cells. Therefore, p53 is also called a “tumor suppressor 
protein” [15]. In normal cells, when there is a problem 
with gene replication, the p53 protein will terminate its 
replication, causing the cell to return to the G1 phase and 
promote the repair of gene damage. When gene repair 
fails to return cells to normal state, p53 will turn on 
downstream signaling pathways and induce and activate 
the transcription of its target genes, such as p21, BAX, 
PUMA, etc., thus promoting cell apoptosis [16,17].
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MDM2 is a mouse double microbody gene encoding 
MDM2 protein. MDM2 was first discovered in the mouse 
BALB/c3T3 fibroblast cell line and was later confirmed 
in various human tissues. It is currently believed that 
MDM2 protein is a negative regulator of p53 protein, 
which can bind to p53 and inhibit its function to promote 
the occurrence and development of tumors [18,19].

YH239 and YH239 EE First discovered by Huang et 
al. in 2014, all Yh239 and its ethyl ester and enantiomers 
work by the same mechanism [20]; they block the 
formation of the p53-MDM2 complex by directly binding 
to MDM2, thereby inhibiting the degradation of p53 and 
enhancing the stability of p53 protein. [21,22]. The Yh239 
showed high potency as an anticancer treatment of AML, 
a potent anticancer drug; however, there are no studies 
about its potency. However, several studies suggested 
the use of this medication shows more selectivity than 
traditional chemotherapeutic medication [23,24]. The 
Aim of this study was to discover the cytotoxic effect 
of YH239-EE and YH239 alone and their enantiomer 
potency in cytotoxic effect on the MCF7 cell line.

Materials and Methods

Cell Culture
The MCF7 cell line was obtained from the Iraqi Center 

for Genetics and Cancer Research at Al-Mustansiriyah 
University. First, it detached by being treated with Trypsin/
EDTA Solution (Hangzhou Hyper Chemicals Limited 
Hangzhou China) and cultured in (TBS buffer pH 7.6 and 
RPMI complete media supplemented with Streptomycin 
obtained from Hangzhou Hyper Chemicals Limited at 
37°C in a humidified atmosphere with 5% CO2 this form 
of methodology used in several articles[25].

Chemicals and Reagents
YH239-EE and YH239 were obtained from Hangzhou 

Hyper Chemicals, China, based on Annexin V-FITC 
Apoptosis Detection Kit. MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) was obtained from 
Hangzhou Hyper Chemicals Limited – China

Treatment Groups
Control group

Cells treated with vehicle only (TBS buffer and 
DMSO).

YH239-EE group
Cells treated with YH239-EE at varying concentrations.

YH239 group
Cells treated with YH239 at varying concentrations.

Enantiomer groups
Cells treated with (+) and (-) enantiomers of YH239-

EE at varying concentrations.

Cytotoxicity Assay
MTT Assay

MCF7 cells were seeded in 96-well plates at a density 
of 10,000 cells per well and allowed to adhere overnight. 

Cells were treated with different concentrations of YH239-
EE, YH239, and their enantiomers for specified time 
intervals. After treatment, MTT solution was added to 
each well and incubated for 4 hours at 37°C. DMSO was 
used to solubilize the formazan crystals, and the microplate 
reader was used to assess the absorbance at 570 nm. The 
proportion of the control group was used to compute the 
cell viability [26–29].

Annexin V-FITC/PI Assay
This method is used to determine the number of dead 

cells in a population and distinguish between apoptotic 
and necrotic cells. Annexin V is a 35-36 kDa calcium-
dependent protein bound to a fluorescein isothiocyanate 
(FITC)-labeled antibody. It binds to phosphatidylserine 
(PS), which, after destabilization of the cell membrane 
during apoptosis, shifts from the inner membrane layer 
to the outer one and is thus made accessible to the 
dye Annexin V. Since the translocation of PS begins 
in the early stages of apoptosis, early apoptotic cells 
are also detected via staining with annexin V [31]. Six 
well plates containing MCF7 cells were seeded, and 
the proper amounts of YH239-EE, YH239, and their 
enantiomers were added, with about 20 micromolars for 
each one. Following treatment, the cells were taken out 
and resuspended in a binding buffer after being cleaned 
with cold PBS. As directed by the manufacturer, annexin 
V-FITC and propidium iodide (PI) were added to the cell 
solution. The percentage of necrotic (Annexin V-positive, 
PI-positive) and apoptotic (Annexin V-positive, PI-
negative) cells in the samples was then determined by 
flow cytometry analysis [30-31].  

Statistical analysis
The data were analyzed using GraphPad Prism 

software (GraphPad Software, La Jolla, CA, USA). The 
results were expressed as means ± standard error of the 
mean (SEM). The statistical significance was determined 
using the unpaired T-test by comparing the untreated 
result with the treated one. P values less than 0.05 were 
considered statistically significant [32,33].

Results

MCF7 cell line
The result of the current study (cytotoxicity study) 

on MCF7 breast cancer cells reported concentration-
dependent and cell-specific effects.

The cell count was monitored every 24 hours using 
automated counting equipment. The results presented 
in (Figure 1) revealed that the cytotoxicity of MDM2 
inhibitors was both concentration-dependent and cell 
line-specific. These findings highlighted the potential of 
YH239-EE and YH239 as effective agents for inducing 
cytotoxicity in MCF7 breast cancer cells. 

Control Group (Placebo)
The control group, treated with a placebo, exhibited a 

modest inhibition rate of 17.28%± 0.17.



Asian Pacific Journal of Cancer Prevention, Vol 25 2135

DOI:10.31557/APJCP.2024.25.6.2133
YH239-EE and Its Enantiomer on MCF7

hours, the proportions of apoptotic and necrotic cells were 
determined by staining with annexin V/PI (Figure 1).

This result shows that YH239-EE shows 40% more 
apoptosis and necrosis  in comparison to YH239 without 
ethyl ester, which was about 4.92 % 

Analysis of (-) and (+) enantiomers of YH239-EE
Chemically synthesized YH239-EE is present as an 

enantiomer mixture. Often, only one enantiomer has the 
desired biological properties. The racemic mixture was 
separated into the enantiomers YH239-EE (-) and YH239-
EE (+) by preparative chiral SFC (supercritical fluid 
chromatography) from the provider (PubChem China). It 
tested the purified enantiomers for their biological activity. 
Both compounds were tested for their potency and ability 
to induce apoptosis and necrosis using an Annexin V/PI 
staining test. YH239-EE’s (+) enantiomer significantly 
increased the production of necrosis and apoptosis in 
MCF7 cells (84.48%) as opposed to its (-) enantiomer 
(48.71%) (Figure 2).

YH239-EE
YH239-EE, another compound under investigation, 

exhibited inhibition rates of (57.18%±0.22) and (61.68%± 
5.57) at 10μM and 20μM concentrations, respectively. 
Presented in Table 1.

IC 50 result
IC50, the inhibitory concentration 50, reflects the 

chemicals’ ability to produce the cytotoxic effect. 
Increasing this value means the drug is less cytotoxic. If 
this value is low, it means these drugs or chemicals are 
more cytotoxic. As in Table 2, it is evident that the IC 50 
of Yh239-EE is about 8.45 µM whereas IC 50 of Yh239 
is 37.78 µM.

Determination of apoptotic and necrotic cells by Annexin 
V/PI staining

In our experiments, the efficacy of YH239-EE was, 
therefore, investigated in more detail. After treatment 
of Mcf7 cells with 20 μM YH239-EE or YH239 for 72 

Substance  Concentration (μM) Inhibition rate (%) SD P-value 
Placebo 17.28 0.22
YH239 1 17.043 2 0.00006
YH239 5 25.86 1.33 0
YH239 10 33.73 0.85 0
YH239 20 41.4 1.14 0.00001
YH239-EE 1 40.56 0.57 0
YH239-EE 5 46.51 0.18 0
YH239-EE 10 57.18 0.22 0
YH239-EE 20 61.68 5.57 0.00035

Table 1. The Cytotoxic Effect of Medication on MCF7 Cell-Line

STD is the standard deviation; P-value is the probability value (P<0.05), which is a significant difference, and lower than 0.01 (P<0.01) is considered 
statistically highly significant. The P value was calculated using the unpaired t-test (two-tail) method by comparing the result with the percentage 
of cytotoxicity in the placebo sample.

Figure 1. Determination of Apoptotic and Necrotic Cells by Annexin V/PI Staining and FACS. Incubate the MCF7 
cell lines with 20 μM YH239-EE and YH239 for 72 h. The values showed the sum of LUQ, RUQ, and RLQ in %.
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Figure 2. Determination of Apoptotic and Necrotic Cells by Annexin V/PI Staining and FACS. Incubate the MCF7 
cell lines with 20 μM enantiomers YH239-EE (-) and YH239-EE (+) or 72 h. The values show the sum of LUQ, RUQ, 
and RLQ in %.

IC50  Mcf7 
Yh239 in µM 37.78
Yh239-EE in µM 8.45

Table 2. The Inhibitory Concentration 50 (IC50) Effect of 
Medication on the 3 Cell Lines 

Discussion

Several research studies have been conducted to 
make anticancer treatments more selective in treating 
cancer without side effects [34]. However, the MDM2 
inhibitor drugs have a promising vision in this regard; 
in our research, the MTT assay shows that both YH239 
and YH239-EE have cytotoxic effects with different IC 
50 values (the IC 50 value of YH239 was about 37.78  
and YH239-EE was about 8.45 µM). This result means 
YH239-EE showed more potency than YH239 in treating 
breast cancer cell lines. This result is the first time tested 
on the mcf7 cell line; however, this result is in line with the 
only article published in this regard conducted by Huang 
et al., they tested both drugs on Leukemia and showed 
that the YH239-EE has a superior effect compared with  
YH239 alone [20]. They thus hypothesize that the greater 
activity is caused by YH239-EE entering the cell more 
efficiently and being intracellularly activated by a cleavage 
process. Furthermore, they demonstrated that YH239-EE 
can efficiently and in concentration-dependent activate 
caspases 3 and 7, an early apoptotic marker.

The level of apoptosis and necrosis in YH239 and YH239-
EE 

The findings of the Annexin V/PI staining offer essential 
information on how well YH239-EE causes apoptosis and 
necrosis in MCF7 cells compared to its non-esterified 

equivalent, YH239. In MCF7 cells, YH239-EE revealed 
a very high level of necrosis and apoptosis (84.34%) after 
72 hours. This robust outcome demonstrates the potent 
necrotic and apoptotic characteristics of YH239-EE in 
this breast cancer cell line.

The ethyl ester group of YH239-EE could significantly 
boost the compound’s ability to kill cells. This may 
have more pronounced biological effects because of the 
increased cellular absorption, enhanced molecular target 
contact, or more excellent chemical stability. Our research 
concluded that the YH239 without ethyl ester can cause 
less percentage of necrosis and apoptosis (9.86%). This 
finding is consistent with another study, albeit it was 
not done on Leukemia (breast cancer cell lines) [20]. 
This implies that the compound’s ability to induce cell 
death effectively depends on the ethyl ester component 
[22]. Understanding how the ethyl ester modification 
enhances the efficacy of YH239 might be very helpful 
for developing cancer treatments.

The Annexin V/PI staining results highlight significant 
differences in the biological activities of the (-) and 
(+) enantiomers of YH239-EE, inducing apoptosis and 
necrosis in MCF7 cells. YH239-EE’s (+) enantiomer 
significantly increased the production of necrosis and 
apoptosis in MCF7 cells (84.48%) as opposed to its 
(-) enantiomer (48.71%). This significant discrepancy 
highlights how stereochemistry affects chiral substances’ 
biological function. The higher efficiency of the (+) 
enantiomer implies that it may be more effectively 
absorbed by the cells, resulting in a more enormous 
apoptotic and necrotic response or a greater affinity for 
molecular targets implicated in apoptotic pathways.

In conclusion, our study demonstrates that both 
YH239-EE and YH239 have a cytotoxic effect on the 
breast cancer cell line, and this is the first time this 
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drug has been tested on this breast cancer cell line; 
moreover, we found that the ethyl ester of TH239 has a 
pharmacological effect more than the same drug without 
ethyl ester this is an open field of the importance of mild 
chemical modification in the field of cancer therapy, 
besides that the varying activity of enantiomers in their 
anticancer efficacy; this finding opens up new avenues for 
investigation into several drugs that are currently on the 
market that may have enantiomer types and demonstrates 
to researchers the critical role stereochemistry plays in 
drug design and pharmacology. The idea that enantiomers 
can have distinct pharmacokinetic, pharmacodynamic, 
and toxicological profiles is supported by this study, 
and this is essential information for developing and 
improving chiral medications for cancer treatment. The 
(+) enantiomer of YH239-EE is very effective in causing 
cell death in MCF7 cells, indicating that it might be a more 
attractive therapeutic option for the treatment of breast 
cancer, particularly for subtypes that are represented 
by MCF7 cells. Gaining knowledge of the processes 
underlying these enantiomers’ differing actions may help 
us better understand the molecular causes of necrosis and 
apoptosis in breast cancer cells.

More research is required to clarify the molecular 
processes behind YH239-EE’s increased effectiveness. 
Investigating its interactions with cellular targets, the 
features of absorption, distribution, metabolism, and 
excretion (ADME), and the function of the ethyl ester 
group in these processes might all be part of this.

Evaluating YH239-EE’s effects on in vivo models and 
other cancer cell lines will facilitate the assessment of its 
therapeutic potential and broader applicability.
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