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Abstrcat: The aim of this study was to investigate the effects of Quercetin (Que) and vitamin D (vitD) alone and Que in combination 
with vitD on proliferation of human breast cancer cells (MCF–7) by real-time and continuous monitoring of cell proliferation, and 
viability. After seeding 200 µL (10.000 cells/well) of the cell suspensions into the wells of E-plate 16, cells were treated with Que, vitD 
and Que+vitD mixtures and monitored every 15 min for 140 hours. Almost a day after seeding, the cells were treated with Que (100-125-
150 µM) and 140 nM vitD and Que+vitD mixtures. Antiproliferative effect of Que+vitD mixtures started to increase at ~45. hours 
compared to Que doses and at ~65. hours compared to vitD after treatment. Cell proliferation decreased to 71,4 % with 150 µM mix, 
61,7 % with 125 µM mix and 57,4 % with 100 µM mix for 80 hours compared to the control (p=0,000). When MCF-7 cells were treated 
with Que, vitD and Que+vitD mixtures, cell viability decreased significantly in time-dependent manner. Exposure of MCF-7 cells to 
Que+vitD mixture resulted in a clear decrease in viable cells and may be a new and alternative therapeutic approach to breast cancer. 
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1. Introductıon 
 
Flavonoids, are group of polyphenolic compounds, known to 
have significant anti-tumor, antioxidant and anti-
inflammatory activities1. Several dietary polyphenols, 
present in vegetables, fruits and beverages, are known to 
possess health protective, cancer preventive and anti-cancer 
effects2. Dietary polyphenols have been correlated with a 
reduced risk of developing cancer3. Quercetin (Que), one of 
the main flavonoids present in fruits and vegetables 
particularly rich in this compound, such as onions, apples, 
and strawberries4. 
 
Vitamin D or vitamin D analogues might have potential as 
anticancer agents because their administration has 
antiproliferative effects, can activate apoptotic pathways and 
inhibit angiogenesis. In addition, Vitamin D potentiates the 
anticancer effects of many cytotoxic and antiproliferative 
anticancer agents5. 
 
Worldwide it is estimated that more than one million women 
are diagnosed with breast cancer every year and more than 
410,000 will die from this disease6,7. As such, despite the 
considerable number of available therapeutic strategies 
against breast cancer8, this pathology continues to be a great 
public health burden worldwide. 
 
Therefore, developing new strategies for prevention of 
breast cancer progression and overcoming drug resistance 
represents a major challenge. The purpose of this study was 
to investigate the effects of Que alone and in combination 
with vitamin D on proliferation in human breast cancer 
MCF-7 cells by real-time and continuous monitoring of cell 
proliferation, and viability. 
 
2. Materıals and Methods 
 
Quercetin dihydrate (Calbiochem, 551600), vitamin D 
(cholecalciferol sigma, c9756) and Que+vitamin D mixture, 

E-plate 16 (ACEA Biosciences, Inc. cat no: 05469813001) 
were used in this study.  
 
Cell Culture 
An immortalized human breast cancer cell line (MCF–7) 
provided by Dr. Abdulkerim Bedir (Medical Faculty of 
Ondokuz Mayıs University, Samsun, Turkey) was used. All 
cells used in this study were maintained in Dulbecco's 
modified Eagle's medium (DMEM) containing 10% fetal 
bovine serum (FBS, v/v) and 1% penicillin (100 U/ml) and 
streptomycin (100 mg/ml) at 37 °C incubator with 5% CO2 
saturation. The cells were passaged with 0.25% trypsin and 
0.1% ethylene diaminotetraacetic acid. After seeding 200 µL 
(10.000 cells/well) of the cell suspensions into the wells of 
E-plate 16, cells were treated with Que, vitamin D and 
Que+vitamin D mixture and monitored every 15 min for 161 
hours. ~1 day after seeding, the cells were treated with 100 
µM Que, 125 µM Que, 150 µM Que and Vitamin D (50 
µM) and Que+Vitamin D mixtures. Then the changes were 
observed in cell proliferation for 161 hours by xCELLigence 
device (xCELLigence, Roche Diagnostics GmbH, 
Penzbeerg, Germany).  
 
Cell Proliferation and Viability Assay Using 
xCELLingence System 
The xCELLigence system (xCELLigence, Roche 
Diagnostics GmbH, Penzbeerg, Germany) was used to 
evaluate cell survival according to the instructions of the 
supplier. The xCELLigence system consists of 4 main 
components: the impedance based real-time cell analyzer 
(RTCA), the RTCA plate station, the RTCA computer with 
integrated software, and three disposable E-plate 16. The 
RTCA plate station fits inside a standard tissue-culture 
incubator. The electronic impedance of the sensor electrodes 
was measured to allow monitoring and detection of 
physiologic changes in the cells on the electrodes. The 
voltage applied to the electrodes during the RTCA 
measurement was approximately 20 mV (root mean square). 
The impedance measured between the electrodes in each 
well depends on the electrode geometry, ion concentration in 
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the well, and attachment of the cells to the electrodes. In the 
absence of cells, the ion environment both at the electrode-
solution interface and bulk solution mainly determines 
electrode impedance. In the presence of cells, cells attached 
to the electrode sensor surfaces act as insulators and alter the 
local ion environment at the electrode-solution interface, 
leading to increased impedance. 
 
Thus, the obtained values of electrode impedance increase as 
the number of cells growing on the plate increases. The data 
expressed in cell index units can be exported to the Excel 
program for any type of mathematical analysis. 
 
Statistical Analysis 
 
Statistical analysis was performed using one-way analysis of 
variance (ANOVA) and Tukey-HSD multiple comparison 
tests (p<0.01) for the proliferation experiments. All 

calculations were performed using the RTCA integrated 
software of the xCELLigence system. The RTCA software 
performs a curve fitting of selected sigmoidal dose-response 
equations to the experimental data points. The data are 
presented as means ± SD deviation of triplicate wells. 
 
3. Results 
 
The online growth of the control and experimental groups of 
the cells were shown at Figure. The mean and standard 
deviation of three wells were used to calculate the 
differences between control group and experimental groups 
(table 1). Control group baseline cell indexes were 1,08 for 
72. hours and 2,82 for 161. hours. The cells were shown a 
good proliferation curve for the whole experiment time.  

 

 

 
Figure: Real-time monitoring of cell adhesion and cell proliferation 

 
Que alone did not inhibit the cell proliferation at the dose of 
100, 125 and 150µM during first 100 h of treatment (figure 
1). Cell proliferation was decreased up to 16,3 % with 100 
µM Qu, 23,8 % with 125 µM Qu and 24,6 % with 150 µM 
Qu at 110. hours compared to the control (p=0,000). 
Vitamin D related inhibition was not observed at initial 80 
hours after treatment. Vit. D inhibited cell proliferation 84,5 
% at 110 and 91,3% (p=0,000) at 122 h (table 2).  
 

While vitamin D and Que still seperately was uneffective, 
Que+vitamin D mixture started to inhibit cell proliferation at 
50. hours after treatment. Inhibitor effect of 150 µM mix 
was observed earlier than other mix doses. Cell proliferation 
was decreased up to 91,9 % with 150 µM mix, 80 % with 
125 µM mix and 75,1 % with 100 µM mix for 90 hours 
compared to the control (p=0,000). Cell proliferation was 
decreased 100 % with all mix doses for 110 hours compared 
to the control (table 2). 
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Table 1: Cell index as mean ± standard deviation (M±SD) on the MCF-7 cells at 12 h, 74 h, 110 h and 122 h after treatment 
 12 h(M±SD)       
CONTROL 0,83±0,021 1,254±0,08 c 2,52±0,13 a 2,75±0,086 ab 
DMSO 0,80±0,013 1,82±0,14 b 2,59±,048 a 2,68±0,055 b 
Ethanol 0,81±0,036 1,61±0,13 bc 2,86±0,13 a 2,92±0,152 a 
Etanol+DMSO 0,81±0,016 1,33±0,14 c 1,77±0,052 b 2,34±0,098 b 
50 µM VitD 0,74±0,042 1,89±0,14 b 0,39±0,035 c 0,24±0,071 e 
100 µM Qu 0,85±0,019 2,09±0,07 ab 2,11±0,09 b 1,6±0,158 cd 
125 µM Qu 0,82±0,022 2,24±0,031 ab 1,92±0,13 b 1,47±0,104 d 
150 µM Qu 0,83±0,025 2,28±0,081 a 1,90±0,08 b 1,17±0,082 c 
100 µM Qu+50 µM VitD 0,81±0,019 1,07±0,14 c 0,00±0,001 c 0,00±0,051 e 
125 µM Qu+50 µM VitD 0,79±0,026 1,18±0,11 c 0,00±0,021 c 0,00±0,069 e 
150 µM Qu+50 µM VitD 0,79±0,021 0,60±0,061 d 0,00±0,012 c 0,00±0,013 e 
P 0,23 0,00   0,00   0,00   

a,b,c: Means with different letters in the same column are different 
 
Table 2. Cell index as mean ± standard deviation (M±SD) and percentages of cell viability on the MCF–7 cells at 12 h, 90 h, 

110 h and 122 h after treatment 
  12 h   90 h   110 h   122 h   

  
Cell Cell  Cell Cell  Cell Cell  Cell Cell  
index(M±SD)  via.(%) index (M±SD) via.(%) index (M±SD) via.(%) index (M±SD) via.(%) 

CONTROL 0,83±0,021 100 1,85±0,09 100 2,52±0,13 100 2,75±0,086 100 
50 nM VitD 0,74±0,042 89,2 1,30±0,06 70,3 0,39±0,035 15,5 0,24±0,071 8,7 
100 µM Qu 0,85±0,019 102,4 2,1±0,05 113,5 2,11±0,09 83,7 1,6±0,158 58,2 
125 µM Qu 0,82±0,022 98,8 2,1±0,09 113,5 1,92±0,13 76,2 1,47±0,104 53,5 
150 µM Qu 0,83±0,025 100 2±0,05 108,1 1,90±0,08 75,4 1,17±0,082 42,5 
100 µM Qu+ 50 nM VitD 0,81±0,019 97,5 0,46±0,08 24,9 0 0 0 0 
125 µM Qu+ 50 nM VitD 0,79±0,026 95 0,37±0,09 20 0 0 0 0 
150 µM Qu+ 50 nM VitD 0,79±0,021 95 0,15±0,05 8,1 0 0 0 0 

 
4. Dıscussıon  
 
The most widely accepted physiological role of vitamin D, is 
in the physiological regulation of Ca2+ and Pi transport and 
bone mineralization9. However, recent observations indicate 
a much broader range of action for vitamin D, including the 
regulation of differentiation, proliferation and apoptosis10. 
Epidemiological observations have shown an association 
between low serum vitamin D levels and increased risk for 
breast cancer11.  
 
MCF-7 has a receptor for vit D12. In our study exposure of 
MCF-7 cells to Vitamin D resulted in an approximate 29.7% 
at 90 h, 84.5 % at 110 h and 91.3% at 122 h decrease in 
viable cells after treatment. In literature plenty of study 
showed growth inhibition by vit D of the cancer cells.  
 
Sundaram et al. have demonstrated that treatment vitamin 
D3 analog EB 1089 (100 nM) for 72 h reduced MCF–7 cells 
growth by ~50%. Combined treatment of cells with EB 
1089, 72 h followed by adriamycin resulted in an 
approximately 90% reduction in final cell number compared 
to growth of untreated controls. The vitamin D3 analog EB 
1089 enhances the antiproliferative effects of adriamycin six 
folds in MCF-7 breast tumor cells13.  
 
Swami et al. demonstrates the effect of 1,25(OH)2D3 and its 
analogues on the growth of MCF-7 cells on the regulation of 
estrogen receptor (ER) in the estrogen-responsive MCF-7 
human breast cancer cell line, which is known to 
predominantly express ERα and 1,25(OH)2 D3 caused a 
dose-dependent decrease in the cell growth. 1,25(OH)2D3 

induced a dose-dependent decrease in ER levels, which was 
modest at 1 and 10 nM and higher (~50%) at 100 nM 14. 
 
Que shows specific inhibitory activity for cancer cell 
growth15,16, but the mechanisms underlying the effects of Que 
in the induction of cell cycle arrest in human breast cancer 
cells are still unknown. Choi et al. examined the 
antiproliferative effect of Que on human breast cancer MDA-
MB-453 cells at various concentrations (1-100 μM) and 
exposure times (3, 6, 12, and 24 hrs). Que significantly 
decreased the proliferation of MDA-MB–453 cells in time- 
and dose dependent manner. MDA-MB–453 cells treated with 
100 μM Que for 24 hrs and resulted in a decreased number of 
G1 phase MDA-MB-453 cells (37.42% of the cell population 
compared with 60.81% for the controls)17. 
 
Chou et al. were treated MCF-7 cells with Que for 24 and 48 
h and at various doses (10-175 μM), cell viability decreased 
significantly in time- and dose-dependent manners. Que 
decreased the percentage of viable cells by approximately 12-
90% in dose-and time-dependent manners, with an IC50 (50% 
inhibitory concentration) value of 92.4 μM after 48 h of 
treatment18. 
Yang et al. exhibited significant antiproliferative activity of 
Quercetin 3-β-D-glucoside (Q3G) against MCF-7 cells at 
doses of 20-60 μM in a dose-dependent manner. The EC50 
value of Q3G in inhibiting MCF-7 cell growth was 46.4 ± 1.3 
μM19. Although above studies shown an inhibiton of cell 
growth less than 125 uM of Que we did not observed any 
inhibition in online cell growth monitoring system for 100 
hours. We had a significant inhibition over 100 uM doses 
after 100 h of treatment. 
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In the present work, we conducted experiments with a new 
real-time system that investigated the effects of the Que, 
vitamin D and Que+vitamin D mixture on MCF-7 cell line by 
real-time and continuous monitoring of cell proliferation and 
viability. Furthermore, the real-time cell analysis system 
allowed for calculation of time-dependent different 
concentrations, which can give more accurate information 
than single-value end points of classical proliferation and 
viability testing20,21. Compared with conventional end point 
cell-based assays, real-time monitoring of cell response, such 
as cell adhesion, proliferation, and cell death, is an advantage 
of the real-time system to optimize the cell concentration for 
in-vitro assays; it also allows both cell and assay conditions to 
be constantly obtained before and during the experiments. 
Furthermore, the response of live cells can be monitored in 
real time; this is impossible with current end-point assays22. 
 
As it can be seen from the data Que has a potential effect to 
increase vitamin D antiproliferative effects. Increased 
steroid receptor coactivators (NCoR1 and SMRT) have been 
found and implicated in the development of breast cancer 
cell lines. These coactivators repress the VDR-related 
activity. Que may have an effect on these coactivators. The 
potentiation effect of Que may be in the cell signalling 
pathway especially on EGFR related tyrosine kinase activity. 
It has been demonstrated that one of the induced apoptotic 
effect of vitamin D is the blockade of the MAPK signalling. 
Flavinoids have also a potent inhibitor of tyrosine kinase 
activity. Therefore it is possible to conclude that either vit D 
or Que induce each others antiproliferative activity by 
depressing the tyrosine kinase activity. It has been 
demonstrated that Que and resveratrol potentiates gefitinib 
(EGFR spesific tyrosine kinase inhibitor) antiproliferative 
activity. This potentiation may be an increase in apoptosis. 
Increased caspase 3 activity by Que in MDA cells may have 
potentiate Vit D activity23, 24. 
 
5. Conclusıon 
 
When MCF-7 cells were treated with 100-150 µM Que, 
Vitamin D (50 µM) and Que+Vitamin D mixture, cell 
viability decreased significantly in time-dependent manner. 
Exposure of MCF-7 cells to Que+Vitamin D mixture 
resulted in a clear decrease in viable cells. Combine vit D 
and flavonoid treatments may be a new and alternative 
therapeutic approach to breast cancer. 
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