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death around the world. Therefore,
improving the prognosis and effectiveness
of treatment for breast cancer requires more
studies to understand the underlying
molecular mechanisms of its pathogenesis.
Sirtuin 1 is a NAD-+-dependent class III histone deacetylase enzyme that is involved in metastasis,
apoptosis, tumor growth, and other carcinogenesis pathways. The precise function of Sirtuinl in
relation to breast cancer is yet unknown, and its impact is still debatable. The purpose of this study
was to examine the effect of sirtuinl downregulation on the expression level of p53, the tumor
suppressor protein, and on the DNA polymerase deltal (POLD1), the gene encoding the catalytic
and proofreading subunit p125 of DNA polymerase 9, in order to determine the significant function
of sirtuinl in breast cancer. The expression level of proteins was determined by the western blot
method. The results of the current study revealed that downregulation of SIRT1by the EX-527
compound in MCF-7 breast cancer cell lines resulted in increased expression of p53 and decreased
expression of POLD1. This study suggested that sirtuinl co-operate with POLDI1 in the molecular
mechanism of breast cancer; therefore, SIRT1 could be a promising potential target for breast
cancer treatment in the future.
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1. Introduction

In terms of female cancer incidence and
mortality, breast cancer has taken the highest
two ranks. The most current US cancer
statistics analysis from 2018 shows that
breast cancer accounts for 30% of all female
cancer diagnoses, significantly more than any
other cancer type [!. Breast cancer has been
diagnosed in several low-income countries,
and the mortality rate from the disease is
higher in these regions compared to more
advanced nations 2. In highly developed
nations, such as the United Kingdom, the
Netherlands, the USA, increasing usage of
mammography screening has been one of the
primary causes for the high incidence of
breast cancer since the 1980s [*). However,
despite having relatively low incidence rates,
certain Asian and African nations are
experiencing rapidly increasing rates in breast
cancer due to limited access to early detection
and diagnosis, as well as changes in lifestyle
and socio-economic growth 3 Breast
cancer occurrence can be influenced by
genetics, as well as by environmental factors,
radiation exposure, alcohol consumption, and
dietary habits [, Human breast cancers are
classified to several subtypes according to
gene expression, such as progesterone
receptor (PR), human epidermal growth 2
receptor (HER2), and estrogen receptor (ER).
The most commonly utilized type of human
breast cancer cell line is MCF-7, which is
characterized by the expression of the
progesterone receptor (PR) and the estrogen
receptor (ER) ["*1, Sirtuin 1 (SIRT1) is a class
IIT histone deacetylase enzyme that is
depending on  nicotinamide  adenine
dinucleotide (NAD+) and it is the mammalian
analogue of the yeast enzyme silent
information  regulator 2  (Sir2) [,
Furthermore, SIRT1 is required for the
AJPS (2025)

development of cancer and its resistance to
therapy because it deacetylates histones and
non- histone proteins, which in turn controls
the activity and function of several
transcription factors and their transcriptional
cofactors, such as c-Myc, p53, NF-kB, the
FOXO family, and others, to control
metabolic processes, DNA repair, cell
growth, apoptosis, and the cell cycle. 12,
As a result, it is critical to understand the
molecular roots of SIRT1 and its role in breast
cancer pathogenesis. Numerous
investigations have revealed that SIRT1
affects cancer cells bilaterally and may
function as either a tumor suppressor or a
tumor promoter !3!4, Recent study revealed
that SIRT1 is increased in breast cancer cells
and is essential for the development and
spread of cancer cells ['>!¢] Furthermore, it
has been documented that elevating NAD+
production in cancerous breast cells results in
increased expression of SIRTI, which
motivates the development and advancement
of breast cancer by controlling the activities
and functions of various oncogenic and
transcription factors, particularly the tumor
suppressor protein p53 tumors 7181,

DNA polymerase delta 1 (POLD1) functions
as a gene that codes for p125, a catalytic and
processing subunit of DNA polymerase 6
which is essential for DNA replication and
genome integrity . POLDI and
proliferating cell nuclear antigen (PCNA)
cooperate in order to regulate the replication
of DNA, cell division, and cell cycle *”', As a
direct regulatory target of SIRT1, p53, which
controls the transcriptional activity of POLDI
(21 According to a recent study, POLD1
participates in the development and
propagation of breast cancer [*2l. Further
research is necessary to fully understand the
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expression and function of POLDI in breast
cancer.

Thus, this study aimed to determine if SIRT1
may regulate POLDI activity by influencing
pS3 function, which ultimately affects the
onset and progression of breast cancer, so this
provides a new insight to the molecular
mechanism of SIRT1 in hormone-regulated
breast tumor. This investigation employed the
EX-527 compound as a potent and selective
SIRTT1 inhibitor.

2. Materials and methods

1.Chemicals and reagents

Two compounds were used to inhibit SIRT1,
the EX-527 compound which was purchased
from (Bidepharm, China), and Nicotinamide
which was purchased from (Macklin,
Shanghai, China) and used as reference
SIRT1 inhibitor. Anti-SIRT1 (1:1000), anti-
p53 (1:1000) and anti-GAPDH (1:5000)
antibodies were purchased from
(Elabscience, USA). Anti-POLD1 (1:1000)
was purchased from (ELK Biotechnology,
USA). Secondary antibody IgG-HRP goat
anti-Rabbit was purchased from
(Elabscience, USA).

2.Cell lines

MCEF-7 cells (human breast cancer cell lines)
were used as a model for breast cancer in this
project. MCF-7 cell lines were supplied by
ATCC. This study was performed in the
tissue culture research laboratory of
Mustansiriyah University/College of
Pharmacy.

3. Storage and Thawing of Cell Lines

In a tank of liquid nitrogen, cells were
maintained at -80 °C for a long term. Cells
were thawed immediately within 1-2 minutes
in water bath at 37 °C. Then, cells were
resuspended with 10 ml of fresh media and
collected by centrifugation at approximately
1000 rpm for 5 min. After centrifugation, the
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cell pellets were gently resuspended in
complete media and transferred to a 75 cm?
tissue culture flask that contained 15 ml of
complete growth medium 2%/,

4. Cell Maintenance

Cells were grown and allowed to propagate in
a complete Dulbecco’s modified Eagle’s
medium (DMEM) with high glucose
(Capricorn Scientific, GmbH), supplemented
with 10% fetal bovine serum (FBS)
(Capricorn Scientific, GmbH) and 1%
antibiotic/antimycotic (Capricorn Scientific,
GmbH). Cells were cultured at a density 2 x
10° cells/ml in 75 cm?® culture flasks and kept
at 37 °C in an incubator (Hermle, Germany)
with 5% CO,. When confluency was 80%,
cells were subcultured by washing them with
3 ml of phosphate buffered saline (PBS,
Capricorn Scientific, GmbH) to remove any
residual medium. Cells were allowed to
detach from the flask bottom by incubating
them for 3 to 5 minutes at 37 °C with 3 ml of
0.05% trypsin (Capricorn Scientific, GmbH).
After detachment, 3 ml of a new complete
growth medium was added to inactivate
trypsin, then the cell suspension was placed
into a sterilized tube. The cells were
centrifuged at 1000 rpm for 3-5 minutes. The
supernatant in the tube was discarded, and the
remaining cell pellets were resuspended in 1
ml of complete growth medium. In a T-75
flask containing 15 ml of complete growth

medium, 10 pl of cell suspension was
cultured 1242,

5. Cell counting

After trypsinization, MCF-7 cells were
counted by mixing 10 pl of 0.4% trypan blue
(Elabscience®, USA) with 10 pl of cell
suspension in a 1.5 ml Eppendorf tube (1:1
dilution), then maintained at room
temperature for approximately 3 minutes.
Next, 10 pl of the mixture was inserted into
one of the dual Bio-Rad counting slide
chambers. The slide was placed into the TC20
™ automated cell counter (Bio-Rad), which
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automatically counted viable cells. The
information obtained from the automated cell
counter was used to re-seed a flask and
culture plates at the necessary cell density 2!,

6. SIRT1 Inhibition

MCF-7 cells were plated in a 6-well plate at a
density of 1x10° cells/well and incubated at
37 °C with 5% CO,. After 24 h, cells were
treated with 25.3 pM and 98.32 uM of EX-
527 and  Nicotinamide = compounds,
respectively, to induce inhibition of SIRTI1,
then incubated for 72 hours for protein
extraction.

7. Protein extraction

The RIPA lysis buffer was applied to extract
total proteins from cells based on the
manufacturing guidelines of the western blot
detection kit (Elabscience®, USA). Cells
were sonicated for 1 min at 2 s’ sonication for
full lysis and to reduce sample viscosity. Cells
were placed in a cold centrifuge for about 10
minutes at 12,000 rpm, and the supernatant of
every sample was obtained in order to
measure the protein concentration. An assay
kit of  bicinchoninic acid protein
(Elabscience®, USA) was used to measure
the protein content in each sample, in
compliance ~ with  the  manufacturer's
guidelines.

8. Western blot assay

Cell lysate was mixed with 5x SDS loading
buffer (Elabscience®, USA) and allowed to
boil for about 5-10 minutes on a dry heating
block at 95 °C, followed by centrifugation for
2 minutes at 12000 rpm. The same amounts
of  protein  were then  separated
electrophoretically after being transferred
onto SDS-PAGE gels containing 10% SDS.
Then, the isolated proteins were transported
to a polyvinylidene difluoride membrane
(PVDF, Millipore, Elabscience®, USA).
Membranes were blocked with 5% (w/v)
powder of non-fat skim milk (Elabscience®,
USA) that was dissolved in TBS-T
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(Elabscience®, USA) and incubated at room
temperature for 90 min. After that, primary
antibodies  (anti-SIRT1 and  anti-p53,
Elabscience®, USA) and anti-POLD1 (ELK
Biotechnology, USA) were added and
incubated with the membranes. Primary
antibodies were diluted according to
manufacturing instructions at a ratio of
1:1000 in 5% non-fat skim milk powder that
was dissolved in TBS-T. The membranes
then incubated overnight at 4°C on a rocker.
In the next day, the membranes were washed
3 times (15 minutes each time) with 1X TBS-
T buffer. Then, the secondary antibody (anti-
Rabbit IgG-HRP, Elabscience®, USA) was
added and incubated with the membranes for
1 hour at room temperature on a rocker. The
secondary antibody was diluted at a ratio of
1:5000 in 2% nonfat dry skim milk dissolved
in 1X TBS-T buffer. The membranes were
washed again with 1X TBS-T buffer for 15
minutes with gentle shaking and repeated
three times to remove any residual antibody.
To observe the bands, chemiluminescence
(Elabscience®, USA) was used. The Western
blot data were quantified using band
densitometry analysis with the ChemiDoc
TM XRS Plus imaging system (Bio-Rad
Laboratories, France) 27> 28], As an internal
loading control, GAPDH was used.

3.Statistical analysis

GraphPad Prism 8.1 software was used for
statistical analysis of all data. The significant
differences between groups were measured
by a t-test. Asterisks represent the significant
difference compared with untreated cells,
p<0.05.

4. Results

1. SIRT1 protein expression in MCF-7 cell
lines

Western blot analysis of SIRT1 expression in
MCF-7 cell lines. Following cell treatment

with 253 pM EX-527 and 98.32 uM
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Nicotinamide compounds, the amount of
SIRT1 expression in these groups relative to
glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) significantly decreased (p<0.05),
as compared with the control group (Figure
1).
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Figure 1: The effect of EX-527 on the expression of SIRT1 in MCF-7 cell lines. (A) Cells were
incubated with EX-527 and Nicotinamide compounds for 48 h, and cell lysate was analyzed by western
blot. (B) EX-527 induced a decrease in the expression level of SIRT1 in MCF-7 cells, and protein
bands were quantified by ImageJ software; GAPDH was used as a loading protein control. The
significant differences between groups were measured by a t-test.

2. P53 protein expression in MCF-7 cell
lines

Figure 2 illustrates the elevated p53
expression in MCF-7 cell lines after being
treated with a 25.3 uM EX-527 compound in
comparison to the control group (p< 0.05).
Additionally, the expression of p53 was
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raised in MCF-7 cell lines after being treated
with a 98.32 uM Nicotinamide compound, as
shown in Figure 2 A, B, p< 0.05, suggesting
that p53 levels reacted effectively to the
downregulation of the expression and
function of SIRT1.
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Figure 2: The effect of EX-527 compound on p53 expression in MCF-7 cell lines. (A) Cells were
incubated with EX-527 and Nicotinamide for 48 h, and cell lysate was analyzed by western blot. (B)
EX-527 increased p53 expression in MCF-7 cells, and protein bands were measured by ImagelJ
software; GAPDH was used as a loading protein control. The significant differences between groups

were measured by a t-test.

3. POLDI1 expression in MCF-7 cell lines

As shown in Figure 3, POLDI1 expression
was decreased in MCF-7 cell lines treated
with 25.30 uM EX-527 compound compared
to control group (p< 0.05). While MCF-7 cell

lines treated with 98.32 uM Nicotinamide did
not affect the expression of POLDI,
suggesting that Nicotinamide has another
pathway to supress the MCF-7 cell line when
inhibited SIRT1 protein.
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Figure 3: The effect of EX-527 compound on POLD1 expression in MCF-7 cell lines. (A) Cells were
incubated with EX-527 for 48 h, and cell lysate was analyzed by western blot. The significant
differences between groups were measured by a t-test. (B) EX-527 induced decreasing in the
expression level of POLD1 in MCF-7 cells, and protein bands were quantified by ImageJ software;
GAPDH was used as a loading protein control. Ns: Non-significant.
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5. Discussion

Breast cancer is one of the most frequently
diagnosed cancers in females around the
world. In addition, a hematogenous spread
can occur quickly in the early stages,
predisposing the women’s health to a serious
risk. Many therapies are available currently
for breast cancer, including surgery,
chemotherapy, radiation, and targeted
biotherapy, which can eradicate cancer cells
but can also result in undesirable effects *°!.
Sirtuinl has a dual function in the
pathophysiology of breast cancer by
activating  many  proteins, including
transcription factors, functional proteins, and
multiple tumor suppressor genes. Therefore,
SIRT1 can act as a tumor inhibitor or
activator in breast cancer, depending on
whether its target is downstream or upstream
(30321 The SIRT1 mainly deacetylates the
enzyme activity of tumor-suppressing
proteins, such as p53, p21, and forkhead box
(FOXO3). Recent study revealed that sirtinol,
the traditional inhibitor of sirtuins, inhibited
SIRT1 in breast cancer cells and resulted in
activating p53 and enhancing p21 expression.
This suggests that SIRT1 plays an oncogenic
function in breast tumors 13,

The western blot results in this investigation
demonstrated that SIRT1 protein was
overexpressed in MCF-7 cells (Figure 1). On
the other hand, SIRT1 expression was
significantly downregulated in MCF-7 cells
treated with 25.3 uM of EX-527 compound
compared to the downregulation caused by
Nicotinamide. SIRT1 primarily controls the
function of the tumor suppressor protein p53.
SIRT1 could serve as a cancer promoter
because it deacetylates p53, which prevents
p53 from acting as a cancer suppressor 4,
Alterations in the process of transcription and
post-translation ~ of  p53, especially
acetylation, cause the transactivation of a
number of genes, encourage cell death, and
regulate the cell cycle %), Many cancer cells
are influenced by the SIRT1/p53 signaling
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pathway. Studies have shown that
downregulating SIRT1 by sirtinol and siRNA
causes an elevation in p53 acetylation level
and cellular death (%),

This study showed that downregulation of
SIRT1 by the EX-527 compound in MCF-7
cells could significantly upregulate p53,
much higher than Nicotinamide (Figure 2).
Additionally, by targeting multiple genes, the
transcription factor p53 assists in inhibiting
the replication of DNA until the process of
DNA repair is performed P7). It is crucial to
determine the genes that p53 targets and that
are involved in regulating the DNA
replication process since DNA synthesis is
one of the fundamental mechanisms that
regulates cellular functions. The POLDI,
which codes for the p125 protein, a catalytic
and processing subunit of DNA polymerase
delta 1, is one of the genes that is specifically
targeted by p53. It has been established that
p125 is crucial for enabling cancer cells to
acquire resistance to DNA damage, which
promotes the cell cycle and promote cell
proliferation *81. Numerous studies have
suggested a relationship between poor
prognosis and enhanced tumor invasion and
proliferation in hepatic cell carcinoma and
breast cancer events when POLDI is
overexpressed 39401,

The findings of the current study showed that
there is an appositive relationship between
SIRT1 and POLDI1 expression, that is,
increased expression of SIRTI1 in MCF-7
cells is associated with increased expression
of POLDI. Moreover, downregulation of
SIRT1 by the EX-527 compound in MCF-7
cells resulted in decreased expression of
POLDI (Figure 3).

6. Conclusion

In conclusion, the results of this study
demonstrated that decreased expression of
SIRT1 by the EX-527 compound in MCF-7
cells led to an increased expression level of
pS3 and a decreased expression level of
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POLDI1, which could be linked to the
inhibitory effect of p53 on POLD1.Therefore,
targeting SIRT1 could have a potential value
in treating breast cancer.
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