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EXPERIMENTAL STUDY

The effect of vitamin D on MCF-7 breast cancer cell metabolism
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ABSTRACT
The role of vitamin D in calcium absorption and bone health is known. The studies revealed that vitamin D 
modulates breast cancer cell growth and it is also associated with a reduced breast cancer risk. The primary 
objective of this study was to highlight the metabolic effect of Vitamin D on MCF-7 breast cancer cell line. For 
that purpose, we checked the apoptosis, energy, amino-acid and acylcarnitine levels in cancer cells, that the 
study propose, that 1α, 25(OH)2D3 could inhibit cell growth in a dose and time dependent manner. IC50 dose 
was calculated as 145 nM for vitamin D. We observed the apoptosis level in vitamin D groups, which were 18, 
28 and 38.5 % at 24, 48 and 72 hours, respectively. During metabolic screening analysis, it was observed that 
glutamine, methionine and glutamic acid levels were treated more by Vitamin D groups in cell line and also, that 
acylcarnitine level was increased in 24 and 48 hour groups when compared to the control, but decreased in 72 

hours. Further studies are needed to analyze the role of amino acids and acylcarnitines for early apoptosis and 
cancer metabolism (Tab. 2, Fig. 4, Ref. 24). Text in PDF www.elis.sk.
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Introduction

Breast cancer is the most frequently diagnosed cancer world-
wide and the leading cause of cancer death among females, with an 
estimated 1.7 million cases and 521,900 deaths in 2012 (1). The fi rst 
suggestion that vitamin D could infl uence cancer came in 1980 when 
researchers (2) proposed that the high rate of colon cancer seen in 
the Northern U.S. compared to the Southern U.S. was due to the UV 
light-induced production of vitamin D in the skin. A growing body 
of literature emerging from epidemiologic and laboratory studies 
led to the hypothesis that vitamin D could reduce breast cancer risk.

Vitamin D is well known as a modulator of calcium and bone 
metabolism. For the past three decades, an abundant evidence has 
accumulated to indicate that the active form of vitamin D, 1α,25-
dihydroxyvitamin D3, 1α,25(OH)2D3, or calcitriol, possesses many 
actions not associated with calcium and bone metabolism. They 
include anti-proliferation, anti-angiogenesis, pro-apoptosis, pro-
differentiation, and immune regulation in a cell and tissue-specifi c 
manner (3–6).

Tumor regression occurs when the rate of cell death exceeds 
that of cell proliferation. Cell death can be regulated by different 
mechanisms such as necrosis or apoptosis. Apoptosis is a highly 
regulated natural process that can remove undesirable, redundant, 
or damaged cells from multicellular organisms in an orderly, non-
infl ammatory way. Agents that promote apoptosis in tumors are 
currently considered as powerful tool for cancer therapeutics. (7).

The number of diseases that could be detected by the multi-
plex analysis of acylcarnitine and amino acid increased at a greater 
extent by the introduction of MS/MS. 

Cancer cells have several specifi c metabolic features, which 
have been explored for targeted therapies. One of the fi rst described 
was the Warburg effect (8) a shift from oxidative phosphorylation in 
mitochondria towards glycolysis. Mass spectrometry based analy-
sis (NBS) is used for metabolic screening in blood samples impreg-
nated on the papers (9, 10). This method provides us with the in-
formation about cell metabolism when adapted to cell culture (11).

Adenosine triphosphate (ATP) molecules provide energy for 
all cellular functions. Energy consumption from metabolic activi-
ties in normal cells relies primarily on mitochondrial oxidative 
phosphorylation, which is effi cient and generates more ATP than 
glycolysis. However, one of the metabolic features of cancer cells 
is to avidly take up glucose for aerobic glycolysis. Therefore, un-
derstanding the features and complexity of the cancer energy me-
tabolism will help to develop new approaches in early diagnosis 
and effectively target cancer therapy. The aim of this study was 
to investigate the metabolic profi ling of these cells.

Materials and methods

All cells were cultured at 37 °C and 5 % CO2 in humidifi ed 
atmosphere. Human breast cancer cell lines, MCF-7, were ob-
tained from American Type Culture Collection (ATCC, US) and 
were grown in DMEM (Dulbecco’s Modifi ed Eagle Medium) 
supplemented with 10 % fetal bovine serum (FBS), 100 IU/mL 
penicillin, and 100 mg/mL streptomycin.

All supplements were purchased from Sigma including1α, 
25(OH)2 D3 We used xCELLigence System to monitor the cell 
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viability. The xCELLigence System (Roche Diagnostics GmbH, 
Penzbeerg, Germany) monitors cellular events in real time without 
the incorporation of labels. 

The system measures electrical impedance across interdigi-
tated micro-electrodes integrated on the bottom of tissue culture 
E-plates. Changes in cell number were observed (followed) every 
15 min up to 72 hours at 10, 25, 50, 125, 250, 500, 1000 nM con-
centrations of Vitamin D. Cell Protein Analysis was performed ac-
cording to Lowry Method by Spectrometer( Perkin Elmer Lambda 
25 UV/Vis, US).

Cell energy level 
The energy levels of the cells were measured as reported by 

Cimen with some modifi cation.(12). The analyses were run by HPLC 
(Shimadzu DGU-20A3R,US) Sample volumes 50 μM were sepa-
rated using a 5 μm GES C18 column (Vertical VertiSep™, 4.6 x 150 
mm).The mobile phase of 160 mM KH2PO4 and 100 mM KCI, pH 6.5. 
All measurements were based on absorption of light at 254nm run.

Apoptosis analysis 
MCF-7 cell apoptosis was analysed using a fl ow cytometer 

with Annexin V-FITC (fl uorescein isothiocyanate) and 7AAD 
(7-Aminoactinomycin D) staining kit (BD Biosciences) to distin-

guish early apoptotic from necrotic cells as previously described 
(13). Briefl y, one day and two days after the 145 μM 1α, 25(OH)2D3 
treatment, MCF-7 cell apoptosis was analyzed using a fl ow cy-
tometer with Annexin V-FITC and 7AAD staining. 

Aminoacid and acylcarnitine levels
The NBS assay kit from Chromsystems (Germany), originally 

developed for quantifi cation of amino acids and acylcarnitines in 
dried blood samples, (Rashed et al, 1997), was adapted for use 
with cultured cells. For this assay, every dose and control group 
cells (106) cultured at 100 cm2 petri dishes. Cells were harvested 
and trypsinized at 24, 48, and 72 hours after treatment. Cells were 
washed twice with PBS and cell lyses buffer was added. Cells were 
stored at –80 °C. After the day of assay, cells were removed from 
–80 °C, then were disintegrated for 30 minutes by sonication, and 
centrifuged for 30 min at 14,000 rpm. The supernatant was col-
lected after passing through the fi lter (after fi ltration) paper satu-
rated with NBS and was left to stand overnight. Further, samples 
were analyzed by LC/MS-MS (API 3200, US).

Statistical analysis
The data were analyzed by non-parametric Mann–Whitney U 

test (SPSS 18 Software).

Fig. 1. The dose dependent inhibitory effects of vitamin D on the growth of MCF-7 cells. 1 – DMEM, 2 – CONTROL, 3 – ETHANOL, 4 – 10 nM
vitamin D, 5 – 100 nM vitamin D, 250 nM vitamin D, 500 nM vitamin D, 1000 nM vitamin D.

 
 

7-IADD Negative,
Annexin V Positive (%)

7-ADD Negative,
Annexin V Positive (%)

7-ADD Positive,
Annexin V Positive (%)

Control 24h 87.8 1.1 0.5
Vitamin D 24h 74.1 18 3
Control 48h 90.6 1.1 0.8
Vitamin D 48h 67.4 28.6 2.8
Control 72h 82.4 0.8 0.9
Vitamin D 72h 52.3 38.5 6.5

Tab. 1.The distribution of different phases of MCF-7 cell cycle after 1α,25(OH)2D3 treatment determined by fl ow cytometry with Annexin V-
FITC and 7-AAD staining.
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Time Control Group ATP μmol/g Median (min–max) Vitamin D Group ATP μmol/g Median (min–max) 
24hr 3.27 (2.64–3.91) 1.23(1.15–1.31)*
48hr 1.46 (1.15–1.69) 1.00 (0.86–1.14)*
72hr 1.00 (1.00–1.06) 1.03(1.00–1.13)
 Control Group ADP μmol/g Median (min–max) Vitamin D Group ADP μmol/g Median (min–max)
24hr 5.09 (3.82–5.73) 3.11(2.77–3.23)*
48hr 5.00 (4.62–5.77) 3.28 (3.07–3.71)*
72hr 5.56 (5.35–5.88) 6.10 (5.53–6.20)
 Control Group AMP μmol/g Median (min–max) Vitamin D Group AMP μmol/g Median (min–max)
24hr 9.13 (8.73–9.64) 7.88 (6.69–8.00)*
48hr 10.57 (9.62–11.46) 13.86 (13.71–14.36)*
72hr 46.59 (45.18–48.94) 58.06 (57.07–58.93)*
*p < 0. 05

Tab. 2. Effect of vitamin D on MCF-7 cells energy level.

Fig. 2. Effects of 1α25(OH)2D3 on MCF-7 cell apoptosis analyzed by fl ow cytometry with Annexin V-FITC, 7-AAD staining, Annexin V-FITC 
in conjunction with 7-AAD staining was used to distinguish early apoptotic (Annexin V-FITC positive, 7AAD negative; bottom right quadrant 
of each panel) from late apoptotic or necrotic cells (Annexin V-FITC positive, 7 AAD positive; top right quadrant of each panel). Fluorescence 
intensity for Annexin V-FITC is plotted on the x-axis, and 7 AAD is plotted on the y-axis. A – 24th, B – 48th, C – 72th hour Groups.

A

B

C
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Results

Effect of vitamin D on MCF-7 cells proliferation
The effect of vitamin D on MCF-7 growth was analyzed in 

the relation to dose and time. As presented in Figure 1, vitamin 
D caused a dose dependent inhibition of cell growth. It has been 
also observed that Vitamin D at 500 and 1000 nM doses showed 
direct toxic effect on MCF-7 cells. IC50 was calculated as 145 
nM (r2 = 0.99) with reference to the proliferation curve of the Vi-
tamin D applied cell.

Cell energy level
ATP, Adenosine diphosphate (ADP) and Adenosine mono-

phosphate (AMP) results of MCF-7 cells, to which Vitamin D was 
applied, were obtained at 24, 48 and 72 hours through HPLC de-
vice and they were verifi ed using cell protein levels. The analysis 
was repeated six times.

Effects of 1α,25(OH)2D3 on MCF-7 cell apoptosis
To compare the apoptotic response induced by 1α,25(OH) in 

MCF-7 cells, fl ow cytometry analysis coupled with staining cells 
with Annexin V (Annexin V-FITC) and 7-ADD was utilized. The 
quantitative numerical distribution of apoptotic cells from this 
analysis is presented in the Table 1. When Vitamin D in our groups 
was compared to the control groups, it was observed that the apop-
tosis level, which was 18 % at 24 hour (Annexin V Positive,7-AAD 
Negative) was respectively 28 % at 48 hour (Annexin V Pozitif,7-
AAD Negative), and 38.5 % at 72 hour.

Amino acid and Acyl carnitine Level
During this analysis, we compared the amino acid and acyl car-

nitine levels of Vitamin D and the control cell groups by using NBS 
analysis at LC MS/MS device. We observed that in 24 and 48 hour 
treated group, glutamine, methionine and glutamic acid levels were 
used more in the Vitamin D groups than the one in the control groups. 
This situation took a reverse path in the 72th group. However, the 
total aclycarnitine level decreased at the 72th hour while it increased 
at the 24th and 48th hours when compared to the control group.

Discussion

The focus of this study was to investigate the metabolic ac-
tivities in addition to anti-proliferative and pro-apoptotic effect of 
Vitamin D3 in the MCF-7 breast cancer cell. Linked to dose and 
time, we observed the anti-proliferative effects of vitamin D with 
real time cell detecting system (Fig. 1).

A reduction in growth rate of melanoma culture cells that 
were fi rst treated by Colston (1981) with 1,25(OH)2D was seen 
dependent to dose (14). The growth inhibitory effect of 1,25(OH)2 

D on cancer issues including, but not limited to colon, breast and 
prostate is also clear (15–17). We observed that Vitamin D was 
inhibiting cell growth in our study when compared to the control 
group, dependent on the dose and time (Fig. 2). IC50 dose, which 
was calculated using the aforementioned values was found as 145 
nM similar to the literature (6).

Apoptosis is a well-designed natural process, which removes 
undesirable or damaged cells in multi cell organisms in non-in-
fl ammatory way. The cancer therapy becoming more effi cient with 
the in vivo or in vitro when the use of radiotherapy or anticancer 
drugs is related to rising apoptosis markers (7). MCF-7 cells ex-
presses the genes, which play a critical role for Vitamin D signal 
pathway and metabolism and 1,25(OH)2D3 application inhibited 
cell growth and proliferation and thereby increased apoptosis (18). 
Our results also confi rmed the existing literature. Apoptosis was in 
an increasing trend: it was 18 % at the 24th hour (Annexin V posi-
tive, 7-AAD negative) respectively 28 % at the 48th hour (Annexin 
V positive, 7-AAD negative), and 38.5 % at the 72th hour (Tab. 1).

Fig. 3. Overview of Amino-acid Level as dedected by LC-MS/MS on 
MCF-7 cell Lines undergo inVitamin D treatment. A – 24th Groups, 
B – 48th Groups, C – 72th Groups.

A

B

C
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ATP is an energy transporter for energy requiring reactions 
occurring in cell. AMP levels in cytosol represent a better indica-
tor than ATP concentration for ATP usage rate. 

AMP concentration is defi ned with the equilibrium point of 
adenylate kinase reaction. 

At the equilibrium point during all energy requiring reactions 
like hydrolysis of ATP into ADP, both ADP and AMP contents 
increase in cytosol. However, ATP is found in higher quantity in 
comparison to AMP or ADP, for this reason any small reduction in 
ATP concentration results in a higher increase in AMP pool (Smith, 
Marks, Lieberman, Marks, & Marks, 2005). AMP functions are to 
be an energy sensor and a metabolism regulator. 

When ATP production is unable to meet the requirements, a 
larger part of a cell’s adenine nucleotide pool is in shape of AMP. 
AMP thereafter stimulates ATP producing metabolic pathways. 
When 24th, 48th and 72nd hour groups from Vitamin D applied 
cells were compared to control groups, we observed that the AMP 
level were increasing by time, a clear evidence that ATP was used 
(Tab. 2). This lead us to think of a parallelism with increasing 
apoptosis rate.

Tumor cells utilize glucose, lipids or amino acids in order to 
grow and reproduce depending to the tumor type and evolution 
stage (19). To be able to grow, tumors need essential amino acids, 
for purine and pyrimidine synthesis amino acids like glutamine, 
glycine and aspartic acids and for the synthesis of membrane lipid 
components serine. 

Therefore, they need selective amino acids. During our meta-
bolic screening, we observed that glutamine, methionine and glu-
tamic acid levels were used more in the Vitamin D groups than the 
ones in the control groups (Fig. 3). Methionine, whose crucial role 
in DNA synthesis and single carbon metabolism is highlighted, is 
an essential amino acid. Some cancer cell cultures show a growth 
dependent to the methionine. Methionine amount/quantity, which 
was seen in decrease when compared to the control groups in our 
study was very remarkable (Fig. 3).

Glutamine (GLN), which is largely found in blood, is mak-
ing up 50 % of amino acid pool GLN and whose 75 % is found 
in skeletal muscle and most of the remaining portion in liver, is 

neutral and can be essential amino acid according to the circum-
stances (Cresci, 2005). GLN is the most important component of 
proteins. It contains in its structure two amine groups; purine and 
pyrimidine, therefore it takes part in nucleic acid synthesis as an 
important nitrogen conductor/carrier. Glutation (GSH/glutamyl 
cysteinyl-glycine), which is a side product GLN metabolism is 
one of the most intense antioxidants and protects normal tissue 
against oxidative damages. GLN, for its importance in nucleic acid 
synthesis is an amino acid required for the continuity of regularly 
dividing and reproducing cells. It has energy source and nitrogen 
carrier function. It is also the leading regulator of glycogenesis and 
protein synthesis. Last studies on cancer metabolism have offered 
insight to the cell reproduction and maintenance, alternative energy 
sources and especially the role of glutamine and other amino acids. 

Proofs observed from various tests confi rmed this result. It is 
presented that estrogen simulation was inducing glutaminolysis 
in breast cancer cells (20). 

In our study, glutamine amount showed signifi cant changes. 
In comparison to the control groups, glutamine amount decreased 
notably in 24th and 48th hour Vitamin D groups. The other param-
eter of NBS analysis carnitine profi le (ACP) performs biochemical 
screening of fat acid irregularities and organic acid metabolism. 

It is also represented that carnitines have a protective impact 
against toxic effects caused by cisplatin (21) and the in-cell trans-
port is related to apoptosis (22). Besides, carnitines play a vital 
role in energy production and fat acid mechanism and thanks to its 
useful effects, nutritional variation is under study (23). 

Acylcarnitines can be protective against oxidative tension by 
the reduction of lactic acidosis leading to ROS formation through 
changes at mitochondrial and cytosolic stages, or induction of anti-
oxidant genes (24). We also observed in our study that it increased 
in 24th and 48th groups in comparison to the control ones but de-
creased in 72th (Fig. 4).The decrease in 72th group revealed that 
it can be linked to increasing AMP, i.e. reduced metabolic speed 
as well as to 38 % apoptosis level.

Conclusion

It was observed that the anti-proliferative effect of Vitamin D 
on MCF-7 breast cancer cell was similar to literature through the 
real time cell electronic detection system. 

Using these data, we considered that IC50 value calculated as 
140 nM would be helpful for treatment and cell culture studies. 
We observed that it led to reduction in energy level both at 24th 
group signifi cantly and 48th group at ATP, ADP and AMP nucleo-
tides. These data evidenced the apoptosis mechanism increasing 
by time and requiring energy. 

The fact that Vitamin D lead to apoptosis when considered as 
therapeutic agent, we think that it can be used in cancer therapy 
mostly in breast cancer and therefore vitamin D blood level op-
timization is of utmost importance. Metabolic screening results 
were very remarkable for glutamine, glutamic acid and methionine 
amino acid. When it was compared to the control group, a reduc-
tion was seen in Vitamin D groups. If NBS analysis is considered 
to be the screening test, in our opinion, a quantitation is required 

Fig. 4. Total Acylcarnitines Level of Vitamin D Groups.
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for amino acids and acylcarnitines at the next step. In conclusion, 
we think that amino acids need to be analyzed in more details both 
as biomarker for early apoptosis and cancer nutrition and metabo-
lism at further studies.
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