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Abstract
Background: P53 was identi�ed as the �rst tumor suppressor gene actively involved in numerous cellular
mechanisms such as initiating DNA repair mechanisms, apoptosis, and cell cycle arrest. More than 50%
of all human cancers have a mutated nonfunctional p53 expression. Breast cancer (BC) is one of the
leading causes of mortality in females and mutated p53 is documented to be the causative agent in only
20% of them. However, a mutation in p53 in BC results in a more aggressive form of cancer which is more
resistant to conventional therapies. Recently multiple clinical trials suggested that the combined use of
melatonin and vitamin D3 can slow down the growth of breast cancer cells. The genetic and molecular
mechanisms through which these compounds initiate the cancerous cells to apoptosis or cell cycle arrest
is still not fully understood. This study aims to investigate the effect of melatonin, vitamin D3, and their
combined treatment on the gene expression of P53 in MCF-7 breast cancer cell line.

Methods: The optimum treatment dose for melatonin and vitamin D3 were found by MTT and LDH
assay. MCF-7 breast cancer cell line were treated with this optimum concentration, and studied the gene
expression of p53 by RTPCR and concomitant protein expression by western blots analysis

Results: This study indicated that 5nM melatonin, 0.5nM vitamin D3, and their combined treatment
inhibited the proliferation of MCF-7 breast cancer cells and caused apoptosis by upregulating the p53
gene expression (2-fold) and signi�cant increase (p<0.001) in p53 protein expression.

Conclusion: Treatments with melatonin and vitamin D3 were found to have anti-cancerous effect and
could potentially prove to be the ideal natural adjuvant therapy for the treatment of breast cancer. 

1. Introduction
Breast cancer (BC) is the most common cancer in women and it has been reported that in Saudi Arabia, it
is one of the leading causes of death after cardiovascular disease[1]. Recently several studies have
shown that the disruption of circadian rhythm would increase the risk of breast cancer [2]. Studies related
to the disruption of melatonin's circadian pro�le by exposure to light at night time (LAN) has been
described to play an important role in the initiation, promotion, and progression of breast cancer [3].
Melatonin (N-acetyl-5-methoxy tryptamine) is an indolic compound secreted primarily by the pineal gland
of humans, which is thought to control sleep, is directly related to circadian activity through the
supranuclear nucleus (SCN) in the brain. Melatonin is capable of binding to cell surface receptors (MT1
and MT2), cytosolic sites (calmodulin), and directly to nuclear DNA binding sites. It can exert its
anticancer effect primarily through receptor-dependent and receptor-independent mechanisms [4].

Moreover, in the past decade, scienti�c advances revealed the extra-skeletal pleiotropic effect of vitamin
D on human health and related clinical conditions [5–7]. Of particular interest, is the inverse relationship
between serum vitamin D level and breast cancer development, recurrence, and mortality [8–10].
Although the relationship between vitamin D and breast cancer remains unclear, multiple studies had
demonstrated the anti-proliferative effect of vitamin D3 for different cancer cells and had found an in
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vitro effect of 1,25-(OH)2D3 on breast cancer cell lines including cell-cycle arrest and induction of
differentiation and apoptosis [9, 11, 12]. Studies revealed that vitamin D increases the genes involved in
DNA damage repair such as p53, proliferating cell nuclear antigen (PCNA), and breast cancer type 1
susceptible protein (BRACA1) in breast cancer cells [13].

In the present study, the effect of melatonin, Vitamin D, and their combined effect on the proliferation and
gene expression of p53 in MCF-7 breast cancer cell line were studied. MCF-7 cells were grown for 24 h
and 48 h in the presence of varying concentrations of melatonin and vitamin D3 to estimate the optimum
concentration of their treatments and further used these optimum doses to study the gene and protein
expression of p53. Both MTT and LDH assays were used to validate the optimum concentrations.

2. Materials And Methods

2.1 Cell culture
Breast cancer cell line MCF-7 (ATCC® HTB22TM) obtained from (ATCC, USA) was cultured in Dulbecco's
Modi�ed Eagle Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS) and 1%
penicillin/streptomycin. Cells were grown as an adherent monolayer in T-25 or T-75 culture �asks and 6-
well plates or 96-well plates (according to the type of the experiment) at 37oC humidi�ed environment of
5% CO2. The medium was changed every third day. At con�uence, cells were sub-cultured after removal
with 0.05% trypsin-EDTA. Cell viability was assessed with trypan blue

2.2 MTT cell proliferation assay
To �nd the optimum concentration of melatonin and vitamin D3 for growth inhibition of breast cancer
cell line MCF-7, cells were plated onto 96 well plates and exposed to different concentrations of
melatonin (1, 5, and 10 nM) and vitamin D3 (0.5, 1, and 10 nM) for different periods (24 and 48 hours) at
37oC in a CO2 incubator. 10 µl of MTT reagent (5 mg/mL in PBS) was added to each well and further

incubated for 3–4 hours at 37oC. After that, the medium was removed and the formed formazan crystals
were solubilized by adding 100 µl of isopropanol in 0.04 HCL per well for 30 min at 37oC in a CO2

incubator. The absorbance was read at 540 nm using the BioTek ELx800 absorbance microplate reader
(Fisher Scienti�c, USA). The optical density (OD) value was subjected to sort out the percentage of cell
viability by using the following formula: Cell viability (%) = (OD value of experimental samples / OD value
of experimental control sample) X 100. The treatment groups were compared with the control group and
the results were expressed as a percentage of viable cells.

2.3 Lactate Dehydrogenase Assay (LDH)
LDH assay was performed using Lactate Dehydrogenase Assay kit ab102526 (Abcam, USA) according to
the manufacturer's protocol. MCF-7 cells were seeded in a 96-well plate at a density of 1 × 104 cells/well
and allowed to adhere for 24 hours incubated at 37oC. After 24 hours of incubation, the supernatant was
collected and transferred to a new tube and kept on ice. Colorimetric kinetic determination of lactate
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dehydrogenase activity in the cell lysate was measured using microplate reader in kinetic mode at
450 nm, every 2–3 min, for at least 30–60 min at 37oC protected from light.

2.4 RNA extraction and cDNA synthesis
Total RNA was isolated after 48 h treatment with vitamin D3 0.5 nM, melatonin 5 nM, and combined
treatment of both from cell lysate by using the RNA easy kit (Qiagen, Germany) according to the
manufacturer's protocol. Total RNA (2ug measured by spectrophotometry to 260 nm) was reverse
transcribed to cDNA using the SuperScript Vilo cDNA Synthesis Kit (Thermo Fisher, USA).

2.5 Real-Time Polymerase Chain Reaction (RT-PCR)
Quantitative analysis of speci�c mRNA expression was performed by RT-PCR by subjecting the resulting
cDNA to PCR ampli�cation using a 96-well PCR plate in CFX96™ Real-Time System (BIO-RAD, USA) using
KAPA SYBER FAST Universal qPCR Kit (KAPA BIOSYSTEM, USA). The primers sequence for p53 and the
housekeeping gene, GAPDH is given in table 1.

Table 1. Primer sequences for the targeted p53 genes

  Forward Reverse

GAPDH 5 ′-CTTTTGCGTCGCCAGGTGAA-3 ′ 5′-AGGCGCCCAATACGACCAAA-3′

P53 5′-CCTGGATTGGCAGCCAGACT-3 ′ 5′-TTCCTGACTCAGAGGGGGCT-3 ′

 

2.6 Preparation of cellular extracts and Western blot (WB)
analysis
After the required treatment, cells were washed with PBS and scraped in RIPA buffer supplemented with
protease inhibitors. The protein content of cell lysate was determined using the Bicinchoninic Acid Protein
Assay Kit (Sigma-Aldrich, USA). For immunoblot analysis, cell lysate was separated on 10% SDS-PAGE
gels. Protein from the gel was electrophoretically transferred to PVDF membrane in a 1X transfer buffer
containing Tris-HCL, glycine, methanol, and 20% SDS at 13 V for 27 min. Protein blots were blocked
overnight at 4oC in a solution containing 5% non-fat dry milk powder in Tris-buffered saline (TBS)
solution (NaCl, Tris-base, pH 7.6). The blocking solution was removed, and the blots were washed in a
wash buffer (TBS) followed by 2–3 h incubation at 4oC with monoclonal primary mouse antibody
against tubulin and p53. The primary antibody was removed, and blots were rinsed three times with a
wash buffer TBST (NaCl/Tris-base, 0.1% Tween, pH 7.6), followed by incubation with peroxidase-
conjugated Goat anti-mouse IgG (1:1000) at room temperature for 2 h. The bands were visualized by LI-
COR Bioscience (Lincoln, Nebraska, USA) using the enhanced chemiluminescence method according to
the manufacturer's instruction (Abcam, Canada).

2.7 Statistical Analysis
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Results were presented as mean ± SD and analyzed using Two-way ANOVA analysis. Microsoft excel
2010 and GraphPad Prism 6 software (GraphPad Software, San Diego, CA, US) was used.

3. Results

3.1 Effects of Melatonin and Vitamin D on the Cellular
Proliferation of MCF-7.
The effect of different doses of vitamin D and melatonin was evaluated by MTT assay. MCF-7 cells were
grown for 24 h and 48 h in the presence and absence of varying doses of melatonin (1 to 10 nM) and
Vitamin D (0.5 to10nM). We did not �nd a signi�cant difference in cell viability after 24 h treatments.
However, after 48 h in culture, 0.5 nM vitamin D and 5 nM melatonin treatments caused a signi�cant
decrease in cell proliferation as shown in (Fig. 1A).

Therefore, these concentrations were used in all the other later studies for gene and protein expression.

3.2 Effect of Melatonin and Vitamin D on LDH Enzyme
Assay.
We observed an increased amount of LDH activity in the control of MCF-7 cells after 24 h and 48 h in
culture as expected and reported in other studies that cancer cells have high LDH activity. However, when
these cells were treated with different doses of vitamin D3 and melatonin we could see the therapeutic
effect of these compounds more pronounced at 48 h in culture, where 0.5 nM vitamin D3 and 5 nM of
melatonin caused a marked reduction in the amount of LDH enzyme levels, which supported our earlier
�nding with MTT assay (Fig. 1B).

3.3 Effect of Vitamin D and melatonin on mRNA of p53.
MCF-7 cells treated with Vitamin D3 0.5 nM, Melatonin 5 nM alone or in combination for 48 h, showed an
increased expression of the mRNA levels of p53. We found that the mRNA levels were increased to double
as compared to control (1 fold in control, 2-fold with Vitamin D3, and 2.17-fold with melatonin). Their
combined treatment also exhibited an increased mRNA expression (1.98-fold) as compared to the control
as shown in Fig. 2.

3.4 Effects of Vitamin D and Melatonin on Protein
Expression of p53
The protein level of the pro-apoptotic gene (p53) in response to 48 h treatment of MCF-7 cells was
determined by Western blot analysis. The results of western blot supported the earlier p53 gene
expression �ndings. Control cells without any treatment showed no p53 protein expression as cancer
cells were shown to downregulate P53 protein expression to survive and proliferate. However, when these
cells were treated with Vitamin D3, there was an upregulation of p53 protein expression as shown as a
light band appearing in the WB. The effect of treatment with Melatonin on MCF-7 cells for 48 h was more
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pronounced and the p53 protein expression was shown to be signi�cantly upregulated (p 0.001).
However, the combined treatment exhibited positive effect on the protein expression of p53 as shown in
Fig. 3.

4. Discussion
Breast cancer (BC) has a great impact on the health of women worldwide as it affects more than
1.3 million women each year and accounts for about 14% of cancer-related deaths. Over the past two
decades, signi�cant research efforts have been initiated towards the role of melatonin and vitamin D3 in
the etiology of cancer. The exact cellular and genetic mechanisms through which these compounds
confer their therapeutic effect is still very ambiguous. In this study, we tried to study the therapeutic effect
of vitamin D3, melatonin on MCF-7 breast cancer cell line and tried to unravel the molecular and cellular
pathways that could initiate apoptosis of the cancer cells in-vitro.

The results presented demonstrate that melatonin and vitamin D3 have an optimum therapeutic dosage
at 48 h of 5 nM and 0.5 nM respectively. Both MTT and LDH assay supported the therapeutic e�cacy of
these treatments. In most of the cytotoxic studies, MTT had been considered as the single most reliable
parameter to measure cellular metabolic activity, and indicator of cellular viability, proliferation, and
cytotoxicity. However, we tried to explore more at the metabolic status of these cells as a result of
treatments by performing LDH assay. As, the role of the LDH enzyme in the initiation, promotion, and
progression of cancer cells was well documented [14]. The cancer cells rely mostly on glycolysis with a
huge intake of glucose and lactate production, the phenomena known as the Warburg effect. Lactate
production in glycolysis contributes largely to malignant progressions, like replenishing NAD + for
glycolysis, lowering pH for invasion/n and triggering immune escape, and above all the hypoxia
conditions support angiogenesis. Lactate dehydrogenase A (LDH) converts pyruvate to lactate and
activation of LDH enzyme is closely related to diverse cancers. We observed an increased amount of LDH
activity in the control of MCF-7 cells after 24 h and 48 h in culture as expected and reported in other
studies that cancer cells have high LDH activity [15]. However, the treatment of vitamin D3, melatonin,
and in their combination resulted in signi�cant downregulation of LDH enzyme levels indicating the
therapeutic potential of these drugs.

Our data showed that melatonin and vitamin D3 were involved in the regulation of cell proliferation and
apoptosis and suggested that this action could be, at least in part, ascribed to the increased expression of
p53. Previous studies had shown that melatonin combined with D3 synergistically inhibits the
proliferation of MCF-7 cells [16]. The human homolog of the mouse double minute gene 2 (MDM2) is
known to be usually overexpressed in different types of malignancies [17]. MDM2 can ligate p53 protein
by its E3 ubiquitin ligase, and the resulting ubiquitinated p53 can be transferred to the cytoplasm to be
degraded by proteinases. Thus the main role of MDM2 in the progression of cancer is to silence the
tumor suppresser activity of p53. The MDM2 gene is itself transcriptionally activated by p53in a
regulatory loop [18]. Several therapeutic strategies have been suggested to disrupt the p53-MDM2
interactions including the use of small peptides [19] and inhibitors of ubiquitin ligase [20]. Recent studies
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on natural products as a safe therapeutic in the treatments of various forms of cancers have reported
that melatonin and vitamin D3 could reduce MDM2 levels or to hinder the p53-MDM2 interactions [21,
22]. Enhanced production of p53 as a result of treatments is one of the goals as well as promising
prognosis and indicators of the success of the treatments.

The cytotoxic effect of the melatonin in-vitro model of breast cancer in MCF-7 cells was exhibited due to
the accumulation of cells in the Go/G1 phase of the cell cycle or delaying the progression to the S phase
of the cell cycle [23]. This decreased cell proliferation was also accompanied by signi�cantly increased
gene expression of p53in other studies[24].

The quantitative gene expression studies using RT-PCR exhibited a signi�cant upregulation of p53 with
the vitamin D3, melatonin, and their combined treatments. Moreover, concomitant results were shown for
protein expression analysis by Western blot, demonstrating that in control cells, there was no signal for
p53 protein expression but cells treated with vitamin D3 showed a light band indicating the upregulation
of p53, whereas melatonin treatment showed a very high signal for p53 protein expression. This effect
was very signi�cant and important for this study as it indicated that melatonin alone has a supportive
upregulating effect on the P53 gene and protein expression as compared to vitamin D3 alone or in its
combination. The exact molecular mechanism and the involvement of MDM2 gene expression
concerning p53 expression with the treatment of vitamin D3 and melatonin warrants further investigation
and opens up new avenues for future research. In this study, both of the compounds had shown to have a
pro-apoptotic effect on breast cancer cells in-vitro and also indicated that both of them might have
exhibited these properties through different molecular and biochemical mechanisms.

Conclusion
The downregulation of p53 gene expression and being resistant to chemotherapy is the major challenge
to overcome in the treatment of breast cancer. More than 50% of all human cancers have a mutated or
nonfunctional p53 expression with a very poor prognosis. Melatonin and vitamin D3 are known
antioxidants and exhibited encouraging results in the treatment of various forms of malignancies. The
present study further emphasized the anti-cancerous role of melatonin, vitamin D3, and their combined
treatment. The RTPCR and western blots results from this study showed that the treatment with vitamin
D3, melatonin and their combination could inhibit the proliferation of MCF-7 cells and caused apoptosis,
by upregulating the p53 gene and protein expression. This study reiterated the use of vitamin D3 and
melatonin as a promising adjuvant therapy for the treatment of breast cancer.
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Figures

Figure 1

Effect of melatonin (MEL) on vitamin D3 (D3) on the cell viability of MCF-7 cells by MTT and LDH assay
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Figure 2

Relative gene expression of p53 in MCF-7 cell line. (*) indicate that the vitamin D3 treated and melatonin
treated cells were signi�cantly (p <0.05) different from the control cells.
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Figure 3

The effect of melatonin and Vitamin D3 on the protein level of p53. (*) indicate p<0.05. (**) represent
p<0.001. The protein expression of p53 is signi�cantly upregulated with both vitamin D3 and melatonin
and their combined treatments.


