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ABSTRACT 

Breast cancer stands out as the most common cancer type among women throughout the world. Especially for 

the estrogen receptor alpha (ER α +) positive breast cancer cells Tamoxifen has been widely used as an anti-

cancer agent. Tamoxifen’s mechanism of action is through ER. It binds to the receptor and leads to a conforma-

tional change which eventually prevents cancer cells proliferation and survival. In our current study, we aimed to 

investigate the combination of Tamoxifen with Vitamin D3 to test whether this combination will enhance the an-

ti-cancer effect of Tamoxifen on breast cancer cells in vitro. Vitamin D3 has sterol structure and this property en-

ables it to act similar to hormones. Vitamin D Receptor (VDR) has been commonly found in different types of 

cancer cells including but not limited to breast and prostate cancer cells. Through this receptor Vitamin D3 acts 

as an anti-proliferative agent. We examined the proliferation rate, apoptosis and necrosis levels as well as cell 

cycle progression in MCF-7 breast cancer cell line in the presence of Vitamin D3 and Tamoxifen to compare the 

changes with the Tamoxifen treated group. Our results suggest that Tamoxifen was a more potent anti-cancer 

agent than Vitamin D3 or its combination with Vitamin D3 based on cell cycle arrest, apoptosis and cell prolif-

eration levels. This effect in the apoptosis rate and cell cycle stage of the MCF-7 cells were in line with the 

changes in gene expression profile of P53, BAX and BCL-2. Our results suggest that Tamoxifen by itself is ade-

quate enough and more potent than Vitamin D3 or its combination with Vitamin D3 as anti-cancer agent for the 

breast cancer cells in vitro. 
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INTRODUCTION 

Cancer has become one of the leading 

causes of death after cardiovascular diseases 

(Jemal et al., 2009; Motawi et al., 2016). 

Breast cancer has the highest incidence rate 

among women and 18 % of cancer related 

deaths are due to breast cancer (Goldhirsch 
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et al., 2009). There are genetic and environ-

mental risk factors that have been defined 

and associated with the development of 

breast cancer (Higgins and Baselga, 2011). 

Although there have been some chemothera-

peutic approaches against breast cancer the 

efficiency of the treatment is not at the de-

sired point (Clarke et al., 2003). 

Problems with chemotherapy applica-

tions can be listed as low efficacy and high 

incidence of side effects. Studies in the field 

either focus on the development of novel 

chemotherapeutic agents or combination 

therapies to increase the efficacy of chemo-

therapeutics in use (Wang et al., 2019; Kara-

gül et al., 2020). 

In case of breast cancer treatment Ta-

moxifen has been commonly used against es-

trogen receptor alpha positive (ERα+) cells 

(Yang et al., 2013). Tamoxifen shows its ac-

tivity by binding to the estrogen receptor and 

changing its conformation (Mills et al., 

2018). It activates P53 and protein kinase C 

(PKC) pathways to induce apoptosis in tu-

mor cells (Motawi et al., 2016). It is also 

known as selective estrogen receptor modu-

lator and has been in use for the last thirty 

years in breast cancer patients as supportive 

treatment agent (Chan et al., 2020). When 

resistance against estrogen develops, tamoxi-

fen loses its effectiveness. 25 % of Tamoxi-

fen treated patients struggle with the recur-

rence issues and in the late stages only 30-

40 % of the ERα+ patients respond to the 

anti-estrogen treatment (Shazia et al., 2016). 

Due to efficacy problems, combination 

of Tamoxifen with different drug molecules 

have been tried to increase its activity 

against tumor cells (Samadi et al., 2014). 

In our study, we focused on Vitamin D3. 

This vitamin has sterol structure and due to 

this property, it has hormone like functions. 

It is soluble in fat and has important func-

tions in calcium homeostasis hence in bone 

formation and strength. It exerts its activity 

through Vitamin D Receptor (VDR). 

Through this receptor, it regulates cell pro-

liferation and differentation pathways. VDR 

is expressed on breast, prostate, thyroid, 

hemotopoietic tumor cells and retinoblasto-

mas. Vitamin D3 decreases cell proliferation, 

induces apoptosis and cell cycle arrest at 

G0/G1 phase. Vitamin D3 and its metabolites 

have been used as anti-cancer agents in pre-

clinical and clinical trials due to these prop-

erties. 

In our current study we utilized from 

MCF7 breast cancer cell line to examine the 

effect of Tamoxifen and Vitamin D3 on the 

cell cycle and apoptosis. There are studies 

combining these two molecules against 

breast cancer cells and they support an anti-

proliferative activity for the combination. 

First time to our knowledge by our current 

study the effect of this combination therapy 

is examined in terms of changes in the rate 

of apoptosis and cell cycle progression. Our 

results suggest that depending on the time 

point the combination therapy had differen-

tial effects on breast cancer cell rates of 

apoptosis, necrosis and cell cycle arrest. Ta-

moxifen was more potent by itself as anti-

cancer agent on the in vitro treated breast 

cancer cells compared to Vitamin D3 or its 

combination with Vitamin D3. 

 

MATERIALS AND METHODS 

Cell culture 

MCF-7 cells were obtained from Ameri-

can Type Culture Collection (ATCC® HTB-

22™. Manassas. VA. USA). These cells were 

cultured in RPMI medium (Catalog num-

ber: 11875093, Thermo Fisher Scientific, 

Inc., Waltham. MA. USA) supplemented 

with 10 % fetal bovine serum, penicil-

lin/streptomycin, and amphotericine-B 1 %. 

Cell culture was performed at 37 °C in 5 % 

CO2 incubator. A preliminary study experi-

ment was conducted to determine the dose of 

tamoxifen (SIGMA T5648-1G, Sigma-

Aldrich, Merck) (10 μM, 20 μM, 40 μM and 

60 μM) and vit D3 (Cayman Chemical) (10 

nM, 50 nM, 75 nM, 100 nM, 125 nM, 200 

nM, 500 nM and 1 µM). A combination 

study was carried out after the preliminary 

work experiment. MCF-7 cells without drugs 

or vitamins were used as control. MCF-7 

cells were incubated with Tamoxifen (10 and 

https://www.cancerjournal.net/searchresult.asp?search=&author=Nasser+Samadi&journal=Y&but_search=Search&entries=10&pg=1&s=0
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20 µM), vitamin D (50 and 100 nM) and 

combinations of both (Combination 1: TAM 

10 μM + vit D 50 nM, Combination 2: TAM 

10 μM + vit D 100 nM, Combination 3: 

TAM 20 μM + vit D 50 nM and Combina-

tion 4: TAM 20 μM + vit D 100 nM) for 72 

h.  

 

xCELLigence real-time cell analysis 

The xCELLigence system (Real-Time 

Cell Analyzer (RTCA) Dual Plate (DP) 

(Roche Diagnostics GmbH, Penzberg) was 

used for real-time monitoring of cell viability 

without labeling on the cells. 3x104 cells 

were seeded in each well of the E plate and 

the cell proliferation curve was monitored 

for 24 hours and after that, different Tamoxi-

fen, vitamin D3 and their combinations were 

added to the E-plate systems and they were 

monitored in real time for 72 hours. Cell in-

dex (CI) value was automatically measured 

every hour for each well with RTCA Soft-

ware (1.2.1). 

 

Detection of apoptotic cells in breast cancer 

cells by flow cytometry 

In apoptotic cells, translocation of Phos-

pholipid phosphatidylserine (PS) from inside 

to outside of the plasma membrane causes 

PS to be exposed to the external environ-

ment. In apoptotic cells, Annexin V is a 

phospholipid-binding protein for PS and 

binds to the surface of these cells due to PS 

exchange. Propidium iodide (PI) cannot 

cross the cell membrane due to membrane 

integrity in living cells. When the cell is 

damaged or dies, PI enters the cytoplasm and 

binds to DNA. MCF-7 cell density was ad-

justed to 1x106 cells/ml and incubated in a 6-

well plate. Cells were divided into different 

concentration groups of Tamoxifen (10 µM. 

20 µM), vit D3 (50 nM and 100 nM), blank 

control group and combinations of both both 

(Combination 1: TAM 10 μM + vit D 50 

nM, Combination 2: TAM 10 μM + vit D 

100 nM, Combination 3: TAM 20 μM + vit 

D 50 nM and Combination 4: TAM 20 μM + 

vit D 100 nM) groups. After 48 and 72 h ta-

moxifen, vitamin and combination admin-

istration, the cells were removed and stained 

according to the manufacturer's recommen-

dations (BioLegend's APC Annexin V Apop-

tosis Detection Kit with propidium iodide 

(PI) (cat. no. 640932 BioLegend. San Diego, 

CA). The cells were washed and then An-

nexin and PI staining solution were added 

and incubated in the dark for 15 minutes. 

The binding buffer was added and the per-

centages of apoptosis were analyzed on the 

BD FACSAria ™ III flow cytometer (BD 

Biosciences. Bedford, MA, USA) using 

FACS Diva Software. 

 

Determination of cell cycle stages by flow 

cytometry 

The cell cycle kit (BD 340242) works on 

the principle of dissolving lipids in the cell 

membrane with the help of detergents. Re-

moving the cytoskeleton and nuclear pro-

teins with the help of trypsin and breaking 

down cellular RNA by enzymes. This kit 

was used to determine cells with abnormal 

DNA and cell cycle phase distributions in 

the breast cancer cell line. MCF-7 cells were 

seeded at 1×106 in 6 well plate and incubated 

for 24 h. After incubation, the media was 

removed and the cells were treated with dif-

ferent concentrations of TAM and vit D3 for 

48 and 72 h. MCF-7 cells were then tryp-

sinized and centrifuged at 500 g for 5 min. 

All supernatant was discarded, and Solution 

A (Trypsin Buffer) and Solution B were 

added and incubated at room temperature for 

10 minutes. After then cold solution C was 

added. For cell cycle analysis, cells were 

stained with solution A (Trypsin Buffer), B 

(Trypsin inhibitor and RNase buffer) and C 

(Propidium Iodide Stain Solution) for 10 min 

and detection via a BD FACSAria™ III flow 

cytometer (BD Biosciences. Bedford, MA, 

USA) using FACS Diva Software and Mod-

Fit LT™. 

 

  



EXCLI Journal 2021;20:1394-1406 – ISSN 1611-2156 

Received: June 14, 2021, accepted: August 24, 2021, published: September 21, 2021 

 

 

1397 

Effect of Tamoxifen, Vitamin D3 and both 

combinations on apoptosis regulating gene 

expression (P53, BAX and BCL-2) by quan-

titative real-time reverse transcription pol-

ymerase chain reaction (RT-qPCR) of 

MCF-7 cells 

MCF-7 cell lines were cultured in 6-well 

plates and exposed to Tamoxifen, Vitamin 

D3 and both combination for 48 and 72 h. 

After incubation total RNA from MCF-7 

cells was isolated using the high pure RNA 

isolation kit (cat. no. 1828665; Roche Life 

Science, Mannheim, Germany) as indicated 

by the producer's guidelines. Extracted 

RNAs were determined using a CapitalBio 

NanoQ™ spectrophotometer (CapitalBio 

Technology, China). Then cDNA was syn-

thesized from total RNA using cDNA kit 

(cat. no. 4896866; Roche Life Science, 

Mannheim, Germany). Amplification reac-

tions were established using LightCycler 480 

PCR Master Mix (cat. No. 04707494001; 

Roche Life Science. Mannheim. Germany). 

The MCF-7 samples were incubated to 95 °C 

for 10 seconds for the first transcription of 

cDNA, followed by amplification for 45 cy-

cles at 95 °C for 10 minutes, 60 °C for 30 

seconds, and 72 °C for 1 minute. P53, BCL-

2 and BAX mRNA expression values in ac-

cordance to the comparative CT method for 

quantitation of gene expression in MCF-7 

samples are shown. Beta-actin (ACTB lev-

els) RNA levels were used as normalization 

control in qRT-PCR (Livak and Schmittgen, 

2001). The expression of apoptosis-related 

genes (P53, BCL-2, BAX) (Table 1) was 

measured by qRT-PCR Lightcycler 480 II 

(Roche Life Science, Mannheim, Germany).  

Statistical analysis 

GraphPad Prism Version 5 was used for 

plotting the graphs and conducting the statis-

tical analysis. Sample number (N) was at 

least three for each group. Student t test was 

applied to draw the significance in the dif-

ference (N=3; *p<0.001, **p<0.0005, 

***p<0.0001). 

 

RESULTS 

Anti-proliferative activities of Tamoxifen 

and Vitamin D3 was confirmed by  

xCELLigence system 

In order to determine the optimum Ta-

moxifen and Vitamin D3 concentrations 

xCELLigence system was utilized. The sys-

tem enables real time data for the cell prolif-

eration. Based on the results presented in 

Supplementary Figures 1 and 2, the optimum 

test concentrations around IC50 values of 

Tamoxifen and Vitamin D3 were determined 

as 10 uM and 20 uM; 50 nM and 100 nM re-

spectively (Supplementary Tables 1 and 2). 

 

Anti-proliferative activity of Tamoxifen, 

Tamoxifen and Vitamin D3 combination 

xCELLigence system was used to set the 

following groups: Control untreated MCF-7 

cells. Tamoxifen 10 uM, Tamoxifen 20 uM, 

Vitamin D3 50 nM, Vitamin D3 100 nM, 

combination of tamoxifen and vitamin D 

(Combination 1: TAM 10 μM + vit D 50 

nM, Combination 2: TAM 10 μM + vit D 

100 nM, Combination 3: TAM 20 μM + vit 

D 50 nM and Combination 4: TAM 20 μM + 

vit D 100nM) treated groups. The results 

were similar for all time points (24, 48 and 

72 hours) and 20 µM Tamoxifen had the 

Table 1: Primer sets for each gene 

Genes  Primers 

BCL2 (forward) 5′-CGGAGGCTGGGA TGCCTTTG-3′ 

BCL2 (reverse) 5′-TTTGGGGCAGGCATGTTGAC-3′ 

BAX (forward) 5′-GCCCTTTTGCTTCAGGGTTT-3′ 

BAX (reverse) 5′-TCCAATGTCCAGCCCATGAT-3′ 

P53 (forward) 5′-CCCCTCCTGGCCCCTGTCATCTTC-3′ 

P53 (reverse) 5′-GCAGCGCCTCACAACCTCCGTCAT-3′ 

ACBT (forward) 5′-GAGACCTTCAACACCCCAGCC-3′ 

ACBT ((reverse) 5′- AGACGCAGGATGGCATGGG-3 
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highest potency compared to the rest of the 

groups (Figure 3 and Table 4). xCELLigence 

results suggested that although combination 

therapy was effective to decrease the prolif-

eration rate of MCF-7 cells, it was not as ef-

fective as 20 uM of Tamoxifen alone (Sup-

plementary Figure 3). Combination of Vita-

min D3 with the same concentration of Ta-

moxifen did not have a synergistic effect. In-

stead, the combination resulted in decrease 

in anti-proliferative activity of 20 uM of 

Tamoxifen (Table 2). Cell proliferation in-

dex of treatment of MCF-7 cells with Vit D3 

administered at different concentrations (10 

nM, 50 nM, 75 nM, 100 nM, 125 nM, 200 

nM 500 nM and 1 µM). 

 

Tamoxifen was more effective than its com-

bination with Vitamin D3 or Vitamin D3 

alone for the induction of apoptosis in 

MCF-7 cells 

Flow cytometry analysis was conducted 

after 48 and 72 h treatment of MCF-7 cells 

with Tamoxifen 10 uM, Tamoxifen 20 uM, 

Vitamin D3 50 nM, Vitamin D3 100 nM and 

combination of both (Combination 1: TAM 

10 μM + vit D 50 nM, Combination 2: TAM 

10 μM + vit D 100 nM, Combination 3: 

TAM 20 μM + vit D 50 nM and Combina-

tion 4: TAM 20 μM + vit D 100 nM). When 

the data from both time points were ana-

lyzed, Tamoxifen induced higher rates of 

apoptosis on MCF-7 cells compared to the 

rest of the groups (Tables 3 and 4). These re-

sults were in line with the xCelligence re-

sults. Moreover, there was no meaningful 

difference between the groups for the induc-

tion of necrosis (Figures 1 and 2), (Supple-

mentary Figures 4-5). 

 
Table 2: Cell proliferation index of MCF-7 cells treatment with Tamoxifen (10 and 20 μM), vitamin D3 
(50 and 100 nM) and combinations of both (Combination 1: TAM 10 μM + vit D 50 nM, Combination 2: 
TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + vit D 50 nM and Combination 4: TAM 20 μM 
+ vit D 100 nM) 

Groups (n=6) H 0 H 24 H 48 H 72 

Control 3.50 ± 0.21 6.06 ± 0.19 7.34 ± 0.25 7.28 ± 0.30 

TAM 10  3.19 ± 0.29 5.62 ± 0.44 6.70 ± 0.34 6.50 ± 0.19 

TAM 20 3.12 ± 0.13 4.62 ± 0.14a 4.99 ± 0.33a 4.65 ± 0.37a 

Vit D350  3.14 ± 0.11 6.75 ± 0.97 7.76 ± 0.97 7.47 ± 1.08 

Vit D3100 3.03 ± 0.06 6.25 ± 0.02 7.08 ± 0.13 6.76 ± 0.06 

Combination 1 3.65 ± 1.08 6.09 ± 0.39b 6.51 ± 0.38a,b 6.10 ± 0.36a,b,c 

Combination 2 3.12 ± 0.18 5.95 ± 0.27b 6.44 ± 0.23 a,b 5.96 ± 0.26 a,b,c 

Combination 3 3.22 ± 0.09 5.85 ± 0.29b 6.36 ± 0.26 a,b 6.03 ± 0.29 a,b,c 

Combination 4 3.33 ± 0.27 6.12 ± 0.20
b
 6.57 ± 0.21 a,b 6.09 ± 0.14 a,b,c 

ap < 0.05 vs control, bp < 0.05 vs 20 µM tamoxifen group, cp < 0.05 vs 100 nM Vit D group 

 

Table 3: Evaluation of apoptosis/necrosis in MCF-7 cells treated with the combination of Tamoxifen 
and vitamin D3 for 48 hours using the Annexin V-PI assay in flow cytometry 

Groups (n=4) Live cells Early apoptosis Late apoptosis Necrosis 

Control 99.0 ± 0.1b. 0.52 ± 0.09b 0.30 ± 0.00b. 0.10 ± 0.00b 

TAM 10 20.4 ±. 4.7a 13.1 ± 1.72a 25.1 ± 13.4a 41.3 ± 9.98a 

TAM 20 27.3 ± 1.03a 9.37 ± 1.19a 21.1 ± 6.28a  42.1 ± 6.43a 

Vit D3 50 22.9 ± 4.14a 9.10 ± 2.84a 30.7 ± 5.37a 37.3 ± 2.68a 

Vit D3 100 26.2 ± 2.40a 12.3 ± 2.97a 25.0 ± 3.04a 36.3 ± 0.68a 

Combination 1 38.3 ± 2.57a 1.85 ± 0.36 27.4 ± 0.86a 32.3 ± 2.16a 

Combination 2 32.5 ± 0.77a 3.22 ± 0.62 25.0 ± 3.04a 39.3 ± 2.91a 

Combination 3 36.8 ± 1.46a 3.40 ± 1.38 26.7 ± 3.29a 33.1 ± 5.86a 

Combination 4 29.0 ± 12.2a 18.7 ± 12.2a,b 21.6 ± 4.24a 30.5 ± 1.35a,b 
ap < 0.05 vs control, bp < 0.05 vs 20 µM tamoxifen group 
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Table 4: Evaluation of apoptosis / necrosis in MCF-7 cells treated with the combination of Tamoxifen 
and vitamin D3 for 72 hours using the Annexin V-PI assay in flow cytometry 

Groups (n=4) Live cells Early  
apoptosis 

Late  
apoptosis 

Necrosis 

Control 93.1 ± 12.4b 0.27 ± 0.26b 0.52 ± 0.531 6.15 ± 11.7b 

TAM 10 55.5 ± 4.7a 16.5 ± 8.65a 6.30 ± 0.14 22.1 ± 4.04a 

TAM 20 52.8 ± 1.90a 16.1 ± 3.36a 7.57 ± 2.314 23.4 ± 1.91a 

Vit D3 50 54.8 ± 4.20a 6.77 ± 3.68 6.00 ± 2.25 32.3 ± 1.70a 

Vit D3100 57.8 ± 3.9a 4.97 ± 3.02 4.40 ± 3.52 32.8 ± 10.1a 

Combination 1 51.9 ± 11.9a 5.17 ± 1.36 9.62 ± 2.74 33.1 ± 10.5a 

Combination 2 62.5 ± 5.61a 4.82 ± 3.06 5.97 ± 1.78 26.6 ± 3.18a 

Combination 3 59.3 ± 4.39a 7.65 ± 4.71 8.25 ± 4.10 24.7 ± 5.15a 

Combination 4 63.4 ± 5.6a 6.05 ± 2.38 5.30 ± 3.25 25.2 ± 2.37a 

ap < 0.05 vs control, bp < 0.05 vs 20 µM tamoxifen group 

 

 

 

Figure 1: Apoptosis and necrosis levels of the MCF-7 cells after Tamoxifen 10 uM, Tamoxifen 20 uM, 
Vitamin D3 50 nM, Vitamin D3 100 nM and combination of both (Combination 1: TAM 10 μM + vit D 50 
nM, Combination 2: TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + vit D 50 nM and Com-

bination 4: TAM 20 μM + vit D 100 nM). The cells were incubated for 48 hours. 1x106 cells/mL were 

plated in 6 well plates and after treatment with appropriate compounds and incubation of cells for 48 
hours. The samples were stained with Annexin V and PI dye and analyzed by flow cytometry. The re-
sults were plotted as graphs and a representative flow cytometry image is given beneath the graphs. 
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Figure 2: Apoptosis and necrosis levels of MCF-7 cells after Tamoxifen 10 uM, Tamoxifen 20 uM, Vit-
amin D3 50 nM, Vitamin D3 100 nM and combination of both (Combination 1: TAM 10 μM + vit D 50 
nM, Combination 2: TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + vit D 50 nM and Com-

bination 4: TAM 20 μM + vit D 100 nM). The cells were incubated for 72 hours. 1x106 cells/mL were 

plated in 6 well plates and after treatment with appropriate compounds and incubation of cells for 72 
hours. The samples were stained with Annexin V and PI dye and analyzed by flow cytometry. The re-
sults were plotted as graphs and a representative flow cytometry image is given beneath the graphs. 

 

 

 

Tamoxifen, Vitamin D3 and combination of 

both resulted in similar levels of cell cycle 

arrest at G1 

Flow cytometry analysis was conducted 

for PI staining of the DNA content, after 48 

and 72 hours treatment of MCF-7 cells with 

Tamoxifen 10 uM, Tamoxifen 20 uM, Vita-

min D3 50 nM, Vitamin D3 100 nM and 

combination of both (Combination 1: TAM 

10 μM + vit D 50 nM, Combination 2: TAM 

10 μM + vit D 100 nM, Combination 3: 

TAM 20 μM + vit D 50 nM and Combina-

tion 4: TAM 20 μM + vit D 100 nM). At 48 

and 72 hours time points the results were 

similar compared to control groups for all 

treatment groups; the percentage of cells in S 

phase of the cell cycle was significantly low-

er whereas the percentage of cells in G1 

phase of the cells cycle was higher (Tables 5 

and 6). These results suggest that Tamoxifen, 

Vitamin D3 and combination of Tamoxifen 

and Vitamin D3 similarly affected the cell 

cycle progression and led to cell cycle arrest 

at G1 phase (Figures 3 and 4) (Supplemen-

tary Figures 6 and 7). 
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Table 5: Flow cytometry analysis for cell cycle distribution of MCF-7 cells treatment with Tamoxifen, 
vitamin D and combinations of both for 48 h 

Groups (n=4) G1 S G2 

Control 57.4 ± 2.85b 34.5 ± 2.85b 8.00 ± 0.00c 

TAM 10 60.5 ± 29.5 8.71 ± 13.8a 30.7 ± 34.8a 

TAM 20 84.9 ± 2.57a 0.63 ± 0.74a 15.2 ± 3.19 

Vit D3 50 82.7 ± 2.72a 6.18 ± 4.88a 11.1 ± 6.38 

Vit D3 100 80.7 ± 1.25 6.19 ± 6.51a 13.4 ± 5.28 

Combination 1 75.6 ± 1.26 16.2 ± 1.07a 8.06 ± 1.65 

Combination 2 75.4 ± 1.58 2.05 ± 4.10a 22.4 ± 4.35 

Combination 3 91.2 ± 1.44a,c 3.42 ± 3.67a 5.37 ± 2.26c 

Combination 4 88.6 ± 4.18a,c 0.80 ± 1.60a 10.5 ± 4.69 

ap < 0.05 vs control, bp < 0.05 vs 20 µM tamoxifen, cp < 0.05 vs 100 nM Vit D group  

 

Table 6: Flow cytometry analysis for cell cycle distribution of MCF-7 cells treatment with Tamoxifen, 
vitamin D3 and combinations of both for 72 h 

Groups (n=4) G1 S G2 
Control 76.6 ± 4.69b 15.9 ± 6.70b 7.46 ± 2.03 
TAM 10 89.4 ± 6.47 2.95 ± 3.69 7.59 ± 3.66 
TAM 20 93.6 ± 0.78a 0.84 ± 0.68a 5.53 ± 0.31 
Vit D3 50 85.7 ± 5.86 7.17 ± 6.61 4.90 ± 1.16 
Vit D3 100 91.5 ± 2.30a 3.53 ± 4.04a 7.02 ± 2.64 
Combination 1 90.4 ± 8.25a 1.64 ± 2.72a 7.86 ± 6.31 
Combination 2 94.2 ± 2.75a 2.60 ± 2.56a 3.18 ± 0.50 
Combination 3 91.2 ± 4.04a 3.48 ± 2.99a 5.27 ± 1.16 

Combination 4 82.7 ± 8.08 12.5 ± 7.40b 4.74 ± 0.80 

ap < 0.05 vs control, bp < 0.05 vs 20 µM tamoxifen group 

 

 

Figure 3: Cells in different stages of cell cycle after 10 uM Tamoxifen, 20 uM Tamoxifen, 50 nM Vita-
min D3, 100 nM Vitamin D3 and combination of both (Combination 1: TAM 10 μM + vit D 50 nM, Com-
bination 2: TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + vit D 50 nM and Combination 4: 
TAM 20 μM + vit D 100 nM).  The MCF-7 cells were incubated for 48 hours; 1x106 cells/mL were plat-
ed in 6 well plates and after treatment with appropriate compounds and incubation of cells for 48 
hours, the samples were stained with PI dye and analyzed by flow cytometry. The results were plotted 
as graphs and a representative flow cytometry image is given beneath the graphs (N=3; *p<0.001, 
** p<0.0005, ***p<0.0001) 
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Figure 4: Cells in different stages of cell cycle after 10 uM Tamoxifen, 20 uM Tamoxifen, 50 nM Vita-
min D3, 100 nM Vitamin D3 and combination of both (Combination 1: TAM 10 μM + vit D 50 nM, Com-
bination 2: TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + vit D 50 nM and Combination 4: 
TAM 20 μM + vit D 100 nM). The MCF-7 cells were incubated for 72 hours; 1x106 cells/mL were plated 
in 6 well plates and after treatment with appropriate compounds and incubation of cells for 72 hours, 
the samples were stained with PI dye and analyzed by flow cytometry. The results were plotted as 
graphs and a representative flow cytometry image is given beneath the graphs (N=3; *p<0.001,  
** p<0.0005, ***p<0.0001). 

 

 

Tamoxifen, Vitamin D3 and their combina-

tion exerted their anti-cancer activity by 

similarly decreasing gene expression levels 

for P53 and BCL2. The proteins were in-

volved in cell cycle progression and apopto-

sis respectively 

Q-RT-PCR was done for the cDNA sam-

ples from MCF-7 cells that were treated for 

72 hours with the following compounds: 10 

µM Tamoxifen. 20 µM Tamoxifen, 50 nM 

Vitamin D3, 100 nM Vitamin D3 and combi-

nation of both (Combination 1: TAM 10 μM 

+ vit D 50 nM, Combination 2: TAM 10 μM 

+ vit D 100 nM, Combination 3: TAM 20 

μM + vit D 50 nM and Combination 4: TAM 

20 μM + vit D 100 nM). P53 plays an im-

portant role in the arrest of cell cycle pro-

gression as a tumor supressor and its expres-

sion is lowered in tumor cells. Compared to 

control groups Tamoxifen, Vitamin D3 and 

their combination therapy lead to significant 

decreases in P53 expression levels. These 

compounds either separately or in combina-

tion had similar levels (Figure 5). BCL-2 is 

known to be an anti-apoptotic protein and 

according to our results, its expression levels 

were significantly decreased in treated 

groups compared to the control group. This 

trend was in line with increasing apoptosis 

levels (Figures 1, 2 and 5). BAX protein can 

act as anti- or pro-apoptotic depending on its 

dimerized couple. BAX gene expression lev-

els did not change compared to control group 

after the treatments (Figure 5). Both for 

BCL2 and BAX expression levels, Tamoxi-

fen or Vitamin D3 or their combinations had 

similar effects (Figure 5). 

 

DISCUSSION 

Breast cancer has the highest incidence 

rate among women throughout the world and 

treatment options for this cancer are limited 

(Su et al., 2008; Colston et al., 1981). Ap-

proved and clinically acclaimed chemothera-

py applications suffer from low efficacy as 

well as unwanted side effects (Pondé et al., 

2019). Other than developing novel chemo-

therapy agents with higher efficiencies and 

lower side effects, combination therapy 

stands as a plausible application to eradicate 

the tumor. Another advantage of combina-

tion therapy is that the stages of drug devel-

opment and application procedures would be 

bypassed since the drug molecules that are 

already in use are tried to create a synergistic 

effect. 

Cell Cycle 72 h G1 Cell Cycle 72 h S Cell Cycle 72 h G2 
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Figure 5: P53, BCL2 and BAX genes expression level for MCF-7 cells treated with 10 uM Tamoxifen, 
20 uM Tamoxifen, 50 nM Vitamin D3, 100 nM Vitamin D3, and combination of both (Combination 1: 
TAM 10 μM + vit D 50 nM, Combination 2: TAM 10 μM + vit D 100 nM, Combination 3: TAM 20 μM + 
vit D 50 nM and Combination 4: TAM 20 μM + vit D 100 nM) for 72 hours. The cells were incubated for 
72 hours 1x106 cells/mL were plated in 6 well plates and after treatment with appropriate compounds 
and incubation of cells for 72 hours, the cDNAs were generated from each group of cells to determine 
the gene expression levels (N=3; *p<0.001, ** p<0.0005, ***p<0.0001). 

 

 

Tamoxifen is a commonly used chemo-

therapeutic against estrogen receptor alpha 

positive tumor cells (Yang et al., 2013). It 

leads to a change in the conformation of the 

ER receptor and induces apoptosis of the 

tumor cells by activating P53 and PKC 

pathways (Mohamed et al., 2020). Re-

sistance agains the estrogen is the main prob-

lem with the Tamoxifen treatments and gen-

erating a combination with a drug molecule 

that targets different pathways might over-

come the issue of estrogen resistance. Estro-

gen resistance develops by time after the 

treatment and targetting different pathways 

would most likely prevent the development 

of the estrogen resistance and would make 

Tamoxifen effective in the treatment regi-

mens (Mohamed et al., 2020; Motawi et al., 

2016). 

In our current study we chose Vitamin D3 

as part of the combination therapy together 

with Tamoxifen against breast cancer cell 

line. Its receptor, VDR, regulates the cell 

proliferation and differentiation pathways. 

This receptor is expressed in different types 

of cancer cells including but not limited to 

breast, prostate, thyroid and hemotopoietic 

tumors. Studies suggest that the mechanism 

of action of Vitamin D3 is to block the cell 

proliferation (Yingyu et al., 2010, Abe-

Hashimoto et al., 1993; Axanova et al., 

2010), inducing cell death and causing cell 

cycle arrest at G0/G1 phase (Zheng et al., 

2019). 

Metabolites of Vitamin D3 are also used 

on clinical settings to enhance the activities 

of chemotherapeutics. Therefore, we hypoth-

esized that since Tamoxifen works through 

ER and Vitamin D3 works through PKC 

pathway their combination might have syn-

ergistics anti-cancer effects. Previous studies 

suggest that their combination led to higher 

anti-proliferative activity on breast cancer 

cells compared to their utilization by them-

selves (Yingyu et al., 2010; Abe-Hashimoto 

et al., 1993). Our results are not in line with 

those studies since Tamoxifen’s higher con-

centration was the most effective in decreas-

ing the proliferation of MCF-7 cells com-

pared to Vitamin D3 or its combination with 

Vitamin D3. Instead of having a synergistic 

effect, their combination actually decreased 

the activity of Tamoxifen (Table 2) (Sup-

plementary Figure 3). At the cell prolifera-

tion level their combinations blocked. More-

over, the apoptotic and necrotic cell levels 

were comparable between the groups and in 

line with the cell proliferation results, higher 



EXCLI Journal 2021;20:1394-1406 – ISSN 1611-2156 

Received: June 14, 2021, accepted: August 24, 2021, published: September 21, 2021 

 

 

1404 

concentration of Tamoxifen was the most ef-

fective treatment (Tables 3 and 4). Combina-

tion therapy was not as effective as Tamoxi-

fen’s higher concentration (Figures 1 and 2) 

(Supplementary Figures 4 and 5). Further-

more, all the treatment regimens similarly 

blocked the cell cycle progression at G1 

phase (Tables 5 and 6). Different concentra-

tions of Tamoxifen, Vitamin D3 and their 

combinations similarly blocked the cell cycle 

progression towards S phase (Figures 3 and 

4) (Supplementary Figures 6 and 7). 

In order to decipher the activities of Ta-

moxifen, Vitamin D3 and their combinations 

at gene expression level, three genes expres-

sion’s were measured by Q-RT-PCR. P53 is 

a tumor suppressor whose expression de-

creases in tumor cells to go through cell cy-

cle and proliferate (Zheng et al., 2019). Pre-

vious studies suggest that Vitamin D3 or 

melatonin and Vitamin D3 combination ex-

erted its anti-proliferative effect on MCF-7 

cells by upregulating P53 expression both at 

gene and protein level (Raman et al., 2018). 

Our results suggest that Vitamin D3 or its 

combination with Tamoxifen led to a signifi-

cant decrease in gene expression levels of 

P53 compared to control untreated groups 

(Figure 5). The reason behind this discrepan-

cy between that study and our study is un-

known. There are also studies suggesting that 

Vitamin D3 exerts its activity on tumor cells 

depending on P53 expression level. Those 

studies suggest that the mutated form of P53 

alters Vitamin D’s activity to make it anti-

apoptotic instead of pro-apoptotic (Perry et 

al., 2010). Another study suggests that Ta-

moxifen did not change gene expression lev-

els of BAX or P53, our results overlap for 

BAX expression levels but not for P53 

(Zhang et al., 1999). P53 expression levels 

significantly dropped after Tamoxifen, Vit-

amin D3 or their combination treatment. 

There were no differences between the 

treatment groups. BAX is another protein 

that is involved in apoptosis. Depending on 

its dimerization partner it can either act as 

anti- or pro-apoptotic. In all treated groups 

BAX expression was similar to that in the 

control groups. BCL-2 is an anti-apoptotic 

protein and its gene expression levels were 

significantly lower in groups treated with 

Tamoxifen, Vitamin D3 and their combina-

tions compared to control groups. This de-

crease was in line with previous findings 

(Alamro et al., 2021). Discrepencies between 

our results and previously published work 

might stem from differences in experimental 

protocols. There are studies conflicting with 

each other in the literature as well (Perry et 

al., 2010; Zhang et al., 1999; Alamro et al., 

2021). Our results and their findings suggest 

that this field requires further investigations. 

Overall, Tamoxifen and Vitamin D3 did not 

exert a synergistic anti-cancer effect on 

breast cancer cells. Tamoxifen was more po-

tent by itself at its higher concentrations 

compared to Vitamin D3 alone or its combi-

nation with Vitamin D3. The mechanism of 

action was to block proliferation, cell cycle 

progression and induction of apoptosis. Ex-

pression levels of anti-apoptotic BCL-2 gene 

was lowered at comparable levels after the 

treatment with Tamoxifen, Vitamin D3 and 

their combinations, P53 tumor suppressor’s 

expression levels were also lower in those 

treatment groups. Most probably the mutated 

form of P53 was downregulated to prevent 

cell cycle progression and induces apopto-

sis in the breast cancer cells since there was 

a cell cycle arrest and increased apoptosis in 

the cell groups that were treated with Ta-

moxifen, Vitamin D3 and their combinations. 

It should be emphasized that we used only 

one cell line in this study. More studies with 

different ER+ and ER-cell lines should be 

conducted for generalization of our results. 

Depending on the cell line type the results 

may also conflict or overlap each other. 

Therefore, further investigation of Vitamin 

D3 and Tamoxifen would be informative for 

the field.  

In conclusion, further studies are needed 

to determine the most compatible compound 

for combination therapy with Tamoxifen. 

Our results suggest that Vitamin D3 is not a 

good candidate for combination with Ta-

moxifen against breast cancer cells. In our 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882298/)
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882298/)
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future studies, we will focus on other FDA 

approved drug candidates for their possible 

usage against breast cancer cells in combina-

tion with Tamoxifen. 
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