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ABSTRACT

Hesperetin (HSP), a flavonoid, has been validated to modify gene expression and function
as an epigenetic agent to stop the development of breast carcinoma cells. HSP was
investigated in this research to evaluate the expression of the MLH1 and MSH2 genes
in cancerous breast cell lines (SKBR3) and healthy cell lines (MCF-11A) after exposure
to different dosages (200, 400, and 600 uM/mL) of HSP. After 48 h of exposure, SKBR3's
half-maximal inhibitory concentration was 289.6 uM/mL and MCF-10A’s was 855.4 uM/mL.
The research found that increasing HSP concentrations were closely correlated with
an increase in MLH1 gene levels in the SKBR3 cell line, as shown by median and
percentile values. HSP therapy caused the MLH1 gene expression to substantially vary
in different groups, and in the SKBR3 cell line, MSH2 gene expressions were elevated in
a dose-escalating manner. Moreover, HSP also raised the number of apoptotic cells, with
the fraction of apoptotic cells escalating substantially at doses of 400 and 600 uM/mL. The
outcomes suggested that HSP has the potential to be utilized as a therapeutic intervention
for breast cancer, as it can induce apoptosis and reduce cell viability.

Key words: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide test, apoptosis,
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Early breast cancer is anticipated to be curable because
of improvements in multimodal therapy, which have
increased patient cure rates to 80%.!"*! Advanced breast

People all across the globe are affected by breast cancer, a
complex, multidimensional condition. Due to the disease’s
molecular heterogeneity, new treatment alternatives have
emerged, with an emphasis on more biologically targeted
drugs and therapy de-escalation to reduce side effects.
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cancer may still be treated, and the major objectives of
treatment are to preserve or enhance the quality of life
while reducing side effects and managing symptoms.
Locoregional therapy and systemic therapy are the two
main pillars of breast cancer treatment, with the disease’s
histology and molecular features having a substantial
influence on available alternatives. There are four distinct
forms of breast carcinoma, according to Perou and Sorlie’s
intrinsic categorization: luminal A and luminal B, basal-like,
and HER2-enriched."
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Several genes are correlated with breast carcinoma.
The potency of abnormal gene expression as a
potential biomarker has recently been interrogated for
malignance-related survival in breast cancer patients®”
as well as other carcinomas.” The first two genes are
BRCA1 and BRCA2, which act as tumor suppressor
proteins and are located in chromosomes 17q21 and
13q12, respectively.'! Any BRCA1 defect may result
in apoptosis and aberrant cell proliferation. Contrarily,
BRCAZ2 has arole in controlling the recombinational repair
of DNA double-strand breaks.!"? Breast cancer risk may be
greatly raised by BRCA1 and BRCA2 mutations.!"! Another
gene is HER2, which is an oncogene protein and a tumor
marker that may be found on chromosome 17q12. The
epidermal growth factor signaling pathway is activated
by the tyrosine kinase receptor family member HER2.1"]
About 20% of individuals diagnosed with early-stage
breast carcinoma have HER2 overexpression, which is
linked to poor clinical outcomes.™!

The range of breast cancer treatments has expanded, and
being knowledgeable about these alternatives can assist
doctors in better managing the patients’ care. The staging of
tumor-node-metastases, lymphatic dissemination, histologic
grade, hormone receptor status, ERBB2 overexpression,
comorbidities, patient age, and menopausal status are
often used to evaluate the prognosis and treatment choices
for breast cancer.'®”] In nonmetastatic breast cancers, the
best action could be eradicating the whole tumor from the
patient to prevent metastasis recurrence. Local therapy,
like surgical resection, axillary lymph node removal, and
postoperative radiation, could also be considered.!¥ Based
on the breast cancer subtype, systemic treatment, such as
neoadjuvant, adjuvant, or both, may be delivered. The
main systemic therapy for HR+/ERBB2+ breast cancer is
endocrine therapy.l'*

Citrus fruits contain hesperidin, a flavonoid that undergoes
enzymatic hydrolysis in the digestive system to produce
hesperetin (HSP).[**! The anticancer abilities of HSP and
its impacts on molecular disease pathways have been the
subject of recent research.” HER2-positive breast cancer,
in which the HER2 receptor protein is overexpressed
and has unregulated tyrosine kinase activity, is one of
the most aggressive and poorly prognostic subgroups of
the disease.™ Chemotherapy and immunotherapy are
two treatment options for HER2-positive malignancies,
but both have side effects and run the risk of losing their
effectiveness over time due to acquired cancer cell resistance
mechanisms.”! A constant interaction between HSP and
the adenosine triphosphate-binding (ATP)-binding region
of the HER2 tyrosine kinase domain has been shown by
in silico research. It has been demonstrated that tyrosine
kinase signaling is the mechanism by which HSP induces
cellular death and cell cycle stoppage in HER2-positive cell
lines like SKBR3. Therefore, HSP is a promising targeted

anticancer treatment that may be able to block HER2 kinase
activity or downregulate HER2 expression with little to no
adverse issues.®!

The DNA mismatch repair (MMR) system in cells protects
against gene mutation and maintains genetic stability.
The MMR system relies on two core dimers, MutL
(MLH1 and/or PMS2) and MutS (MSH2 and/or MSHS6),
to recognize and rectify DNA mismatches.?” MSH2 and
MLH1 must remain intact in order to maintain PMS2 and
MSHES6 stability, respectively. However, even in the absence
of MSH6 or PMS2, the stability of MLH1 and MSH?2 can be
maintained due to compensation by other MMR proteins.
Through the use of immunohistochemical analysis of
particular proteins, the severity of mismatch repair
failure can be calculated.””? MSH2 deletion or mutation
may lead to genomic instability and tumors have shown
increased rates of response treatment regimens involving
oxaliplatin in patients with advanced non-small cell lung
cancer. In response to oxidative stress, the p38 MAPK and
c-Jun N-terminal kinase pathways encourage the ectopic
synthesis of MSH2.2%* Tumor cell lines that have been
specifically chosen for resistance to methylating medicines,
cisplatin, and doxorubicin exhibit a loss of the MMR protein
MLHI1. Malignancies and cisplatin-resistant cell lines have
hypermethylation, which reduces MLH1 expression.t
When MMR function is restored by chromosomal transfer,
MLH1-deficient tumor lines become more susceptible to a
number of therapeutically significant drugs.?5*4

Therefore, the study’s goal was to find out how HSP affected
various breast cancer cell lines, especially HER2-positive
cell lines, which are believed to be the most aggressive
form of the disease.

MATERIALS AND METHODS

SKBR3 and MCEF-10a cell lines were gifted by Pasteur
Institute, Baghdad, Iraq. Dulbecco’s Modified Eagle’s
Medium (DMEM), penicillin/streptomycin (P/S),
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) powder, and
fetal bovine serum (FBS) were purchased from Gibco, USA.
Real-time polymerase chain reaction (RT-PCR) strip was
purchased from Gunster Biotech, Taiwan.

Cell culture

For cell culture, two distinct breast carcinoma cell lines,
SKBR3 and MCF-10a, were employed. The cells were
sustained in DMEM, with 10% FBS and 1% antibiotic
supplement (P/S) to maintain their viability. Thereafter, the
cell culture media was withdrawn and 5 mL of new culture
medium was added. The cells were subjected to incubation
that was adjusted at 37°C and 5% CO2. Throughout the
week, the density of the culture flasks was monitored, and
cell passage was done as required.?!
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Afterward to calculate the cell passage of SKBR3 and
MCF-10a cell lines, the following formula was applied:

Cell density (cells/mL) = Total number of cells/Volume of
medium used for counting (mL)

Cell backup and cryopreservation

The cells were prepared for cryopreservation by
administering 1 mL of trypsin to separate them from the
culture flask’s bottom and discarding the supernatant.
The supernatant was eliminated after the cells were rinsed
with 5 mL of phosphate-buffered saline. In 1 mL of DMEM
culture media, the cell plate was reconstituted. A Neobar
slide is used to add 2 cells to the cryovial in accordance
with the suggested procedure, which also calls for 90% FBS,
10% DMSO, and 2 x 106 cancer cells. The temperatures for
cryovials were —20°C for 2 h, =80°C for 24 h, and -196°C
during transfer to nitrogen tanks.?¢!

Cell culture and treatment

To study how HSP affects each cancer cell line, the two
cancer cell lines were kept in DMEM media with 10%
FBS and 1% P/S. Trypan blue dye hemocytometers were
used to collect and count the cells once they have reached
the desired condition. The cells were then given various
treatments and incubated for the desired amount of
time at 37°C with 5% CO2. Cells from passage 3 were
utilized in all studies, and 2% FBS was given to the cells to
mimic starving.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide cell viability test

A 96-well plate with 10* cells was seeded with 200 L of
DMEM media with 10% FBS and various doses of HSP (100,
200, 400, 600, 800, and 1000 pg/mL) for 48 h at 37°C with
5% CO2 to perform the MTT test. After 3 h of incubation,
the surface culture media was removed from each well and
150 L of MTT solution (0.5 ug/mL) was added. The formazan
precipitate was then dissolved using 100 L of DMSO after
the MTT solution was withdrawn.?” A spectrophotometer
was used to measure the solution’s absorbance at 570 and
630 nm. In order to determine cell viability, the following
formula was utilized:

Cell viability = (Intensity of control absorption/Intensity of
sample absorption) x 100.

Real-time polymerase chain reaction technique

Itis an extremely sensitive method for determining mRNA
in small samples. The amplification of the PCR products
throughout each cycle allows for quantification. The
PCR reaction is composed of three stages: exponential
growth, plateau, and initiation. In this study, cyber green
fluorescent dye was chosen since it is inexpensive and
widely available. When it binds to any double-stranded
DNA, including contaminants, primer dimers, and other

nonspecific reaction byproducts, cyber green yields an
estimate of the target concentration. The melting curve may
be used to detect impurities, primer dimers, and nonspecific
DNA. The melting temperature is the same for every PCR
product generated by a certain pair of primers. The device
gradually raises the temperature between 65°C and 95°C
while observing the fluorescence at each location in order
to create a melting curve. Using RT-PCR, the expression of
the MSH2 gene in SKBR3 cells was assessed throughout the
current experiment at varied HSP doses.[*!

The flow cytometric process

To find out how HSP lowers cell viability, flow cytometry
was used to perform an apoptosis test and a cell cycle
experiment. This technique distinguishes between early,
late, and dead cells. The effect of varying concentrations of
HSP (200, 400, and 600 ug/mL) on apoptosis was investigated
using flow cytometric analysis. The SKBR3 and MCF-10A
cells were labeled with annexin V and propidium iodide (PI)
reagent. After a designated treatment duration, the SKBR3
and MCF 10A cells were harvested, washed, and subjected
to staining with annexin V and PI reagent. Following
the incubation, the stained cells were diluted in a buffer
solution. A flow cytometer equipped with appropriate lasers
and detectors for detecting fluorescence emitted by annexin
V and PI was used. The acquired data from each stained cell
suspension was processed and analyzed using the software.
Gating strategies were employed to distinguish and classify
distinct cell populations.*!

FINDINGS AND ANALYSIS

Hesperetin’s cytotoxic effect on SKBR3 cancer cells by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide

HSP’s impact on the cytotoxic response of MCF10-A and
SKBR3 cell lines was assessed. After 48 h of exposure, the
cytotoxic impact of HSP was assessed using the MTT test.
Results indicate that there was no significant cytotoxic effect
of HSP against SKBR3 cells at concentrations of 100, 200,
and 400 ug/mL. However, a dose-dependent reduction in
SKBR3 cell viability was observed at concentrations of 600,
800, and 1000 uM/mL, with a maximum inhibition rate of
82.55% +3.01% of SKBR3 cells observed at 1000 ug/mL.
Figure 1 provides a summary of the results.

MCEF-10A cells were shown to be less responsive to
the effects of HSP therapy than SKBR3 cells. At doses
of 200 and 400 uM/mL, the pattern of cell inhibition
did not change significantly. HSP did, however,
significantly (P = 0.05) reduced cell viability at doses of
600, 800, and 1000 uM/mL, with a maximal inhibition rate
of 48.278.73% seen at 1000 g/mL. At a dosage of 800 and
1000 uM/mL, the current research exhibited significant
differences (P = 0.0008 and P = 0.0001, respectively) in the
pattern of cell inhibition between SKBR3 and MCF-10A
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cells, with SKBR3 cells displaying more sensitivity to
HSP treatment than MCF-10A cells. HSP’s half-maximal
inhibitory concentration values for SKBR3 and MCF-10A
cells were determined to be 289.6 and 855.4 uM/mL,
respectively, as shown in Figure 2.

Hesperetin’s cytotoxic effects on the expression of the
SKBR3, MLH1, and MSH2 genes

The current work used RT-PCR to examine the impact of
different HSP dosages (200, 400, and 600 g/mL) on the MLH1
and MSH2 gene expression in the SKBR3 breast cancer
cell line, as shown in Figure 3. As higher concentrations of
HSP were found to increase the expression of MLH1 and
MSH?2 genes in SKBR3 cells, the results showed that HSP
concentration had an inverse relationship with the activity
of cancer cells. Particularly, MLH1 gene expression changed
in response to varying HSP concentrations.

The median MLH1 gene expression in the control group
was 0.9669, whereas it increased to 1.938, 3.479, and 7.613 in
the HSP200, HSP400, and HSP600 groups, respectively. The
25" percentile and 75™ percentile of MLH1 gene expression
also showed a similar increasing trend with increasing HSP
concentrations. The results of the data’s statistical analysis
revealed a difference in MLHI1 gene expression between
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Figure 1: Mean (%) + standard deviation of SKRB3 and MCF-10A
cell viability after treatment with increasing concentrations of
hesperetin for 24 h at 37°C. **P <0.01, *P <0.05. NS: nonsignificant

MLH1 gene expression (fold change)

HSP200 HSP400 HSP600

Control

the control group and the HSP400 and HSP600 groups that
was statistically significant (P = 0.05). However, there was
no discernible variance in the regulation of the MLH1 gene
among the control group and the HSP200 group (P > 0.05).

In conclusion, the study suggests that higher concentrations
of HSP may increase MLH1 gene expression in SKBR3 cells,
indicating a potential therapeutic effect of HSP against
breast cancer.

For the expression of the MSH2 gene in SKBR3 cells,
results demonstrated that in the HSP200, HSP400, and
HSP600 groups, the median MSH2 gene expression rose
from 0.8488 in the control group to 2.289, 7.307, and 8.481
in those groups, respectively, as shown in Figure 4. HSP
concentrations rose along with the 25" percentile of MSH2
gene expression, which went from 0.3455 in the control
group to 6.473 in the HSP600 group. Similar to this, the
75" percentile of MSH2 gene expression increased in the
HSP600 group from 10.34 to 1.433 in the control group.
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Figure 2: Dose-response curve (half-maximal inhibitory
concentration) for SKRB3 and MCF-10A cells treated with hesperetin
after 24 h incubation at 37°C
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Figure 3: MLHI gene expression of SKBR3 according to different
HSP concentrations. HSP: Hesperetin, NS: nonsignificant

Figure 4: MSH2 gene expression of SKBR3 according to different
HSP concentrations. HSP: Hesperetin, NS: nonsignificant
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With P <0.001, statistical analysis showed a very significant
difference in MSH2 gene expression between the control
group and the HSP400 and HSP600 groups. With P=0.833,
which is higher than the significance threshold of 0.05,
there was no discernible change in MSH2 gene expression
between the control group and the HSP200 group. The data
suggest that higher concentrations of HSP may increase
MSH?2 gene expression in SKBR3 cells.

The MCF-10A breast normal cell line’s MLH1 and MSH2
gene expression did not significantly alter in response to
various HSP doses, according to the research. There were no
clear trends or significant changes between the control and
HSP-treated groups in the median gene expression levels or
the 25" and 75" percentiles. Any detected variations in gene
expression may have been the result of chance, according to
statistical analysis using the nonparametric Kruskal-Wallis
test, since the P values for all three comparisons were higher
than the standard significance threshold of 0.05.

Measurement cytotoxic effect of hesperetin against
SKBR3 cancer cell line used flow cytometric analysis
The results of the flow cytometry [Figure 5] exhibited that
treatment with HSP at a concentration of 200 pg/mL elevated
the population of apoptotic and dead cells to 19.3% and
15.9%, respectively, compared to untreated cells. Further
increases in HSP concentration to 400 and 600 ug/mL
markedly elevated the population of dead cells to 30.1%
and 38.3%, respectively, with a maximum reduction in live
cells to 43.4% at 600 pug/mL. The higher concentrations of
HSP induced the killing of SKBR3 cells, as indicated by the
MTT experiment.

CONCLUSIONS

HSP holds potential as a breast carcinoma therapy since
it has been discovered to inhibit the growth of SKBR3
breast carcinoma cells in a concentration-dependent way.
In addition, HSP can cause these cancer cells to undergo

Control
4 -
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Figure 5: The apoptotic cell activity of hesperetin on breast cancer cell line (SKBR3) measured by flow cytometry. SSC: Side scatter, FSC:

Forward scatter
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concentration-dependent apoptosis, which results in cell
death. High HSP concentrations may reduce the viability
of SKBR3 cells while increasing their cytotoxicity. High
amounts of HSP have been discovered to boost the
expression of MLH1 and MSH2 genes, which are important
in repairing DNA mutations and mismatch sequences.
This suggests that HSP may also help these cancer cells’
DNA repair processes. In addition, it has been discovered
that HSP inhibits metastasis by stopping cancer cells’ cell
cycles, slowing down cell migration, and downregulating
the expression of HER2, Racl, and MMP9. These results
imply that HSP could someday be investigated as a
co-chemotherapeutic medication.
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