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Obesity is associated with increased risk of breast cancer. Leptin is a well-
known factor involved in obesity and its serum levels are increased in breast 
cancer. Hyperglycemia is another significant risk factor for breast cancer. 
Consistently, high glucose induces proliferation and invasion of breast cancer 
cells and in-vivo calorie restriction reduce tumorigenesis in rodent models. The 
aim of this study was to investigate the effect of leptin on the viability and mode 
of cell death in breast cancer cells incubated in different glucose concentrations 
to represent caloric restriction. For this purpose, MCF-7 and T47D breast cancer 
cells incubated in different glucose concentrations for a total of 72 hours were 
treated with or without leptin either for one hour or 24 hours and the ratio of 
apoptotic, necrotic and alive cells were analyzed by flow cytometry. Our data 
revealed that glucose incubation significantly decreased apoptosis and necrosis, 
while increasing viability in both cell lines in a dose dependent manner. One-hour 
leptin treatment significantly decreased viability, and increased apoptosis but did 
not significantly affect necrosis in T47D cells incubated in 2.5 mM glucose. In 
MCF-7 cells, one-hour leptin incubation significantly increased necrosis but its 
effects on apoptosis and viability were not significant. In conclusion, although 
glucose induces cell death by apoptosis and necrosis in T47D and MCF-7 cells 
respectively in a dose dependent manner , the overallviability is still increased 
in both cell lines. One-hour leptin treatment reverses the effect of low glucose 
incubation on apoptosis of T47D and necrosis of MCF-7 cells. Moreover, the 
effect of one-hour leptin treatment on apoptosis or necrosis is significantly 
higher than that of 24-hour leptin treatment.

© 2020 OMU

* Correspondence to:
Soner Dogan  
Department of Medical Biology, 
Faculty of Medicine,
Yeditepe University, 
Istanbul, Turkey
e-mail: dogansoner@yahoo.com 

Keywords: 
Calorie restriction
Cancer cell viability
Glucose
Leptin
MCF-7
T47D

1. Introduction
Breast cancer is the most commonly diagnosed cancer 
and the second leading cause of cancer related death 
among women worldwide (Niu et al., 2013). A number 
of meta-analyses revealed that obesity and body weight 
(BW) gain are associated with an increased breast cancer 
risk, especially for post-menopausal women (Keum et 
al., 2015). Obesity has been reported to be related to an 
increased risk of disease recurrence (Ligibel, 2011) and 

a poorer survival rate (Chan et al., 2014) in both pre- 
and post-menopausal women diagnosed with breast 
cancer. Although there are several previous studies 
investigating the association between obesity and 
breast cancer development, the molecular mechanism 
of the association remains largely unknown (Dogan 
et al., 2007; Dogan et al., 2011; Tuna et al., 2017). In 
this context, adipokines are suggested as important 
molecules linking obesity to breast cancer (Dogan et 
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al., 2010; Cicekdal et al., 2019; Cicekdal et al., 2019). 
Leptin, a 16 kDa peptide hormone, is an adipokine 
secreted mainly by the adipose tissue as a product 
of the obese (Ob) gene. There is a well-established 
link between leptin and obesity (Artac and Altundag, 
2012) as leptin is a key appetite-regulating hormone 
which plays critical roles in appetite control, energy 
intake and energy expenditure (Amitani et al., 2013). 
Both leptin and its receptors were reported to be 
overexpressed in breast cancer tissue (Ishikawa et al., 
2004). Consistently, serum leptin levels have also been 
reported to be significantly higher in breast cancer 
patients compared to that of healthy individuals (Wu et 
al., 2009). Besides, circulating leptin levels are higher 
in breast cancer patients with lymph node metastasis 
relative to the benign disease breast cancer patients 
(Niu et al., 2013). Effects of leptin on the proliferation 
and survival of anchorage independent growth of breast 
cancer cells have also been demonstrated in vitro (Hu 
et al., 2002).
 Calorie restriction, defined as reducing the energy 
intake without causing malnutrition, is one of the 
most accepted preventive approaches for breast cancer 
development in many species (Dogan et al., 2010; 
O’Flanagan et al., 2017). In vitro cell culture models 
may allow for a more controllable calorie intake and 
also provide quantification of inputs and outputs on a 
molecular level in a shorter period of time. Therefore, 
in vitro cell culture experimental design of calorie 
intake (lower or higher), which is controlled by the 
glucose concentration in cell culture, may lead to a 
better understanding of the association between leptin 
and breast cancer cell proliferation.
 Leptin plays an important role in the regulation 
of glucose metabolism independent of its effect on 
BW. Inadequate leptin signaling has a pivotal role in 
hyperglycemia induction, persistence of which may 
lead to diabetes (Amitani et al., 2013). Consistently, 
chronic hyperglycemia is a common characteristic of 
mice lacking the leptin encoding gene (ob/ob) (D’souza 
et al., 2017) and is alleviated by administration of low 
doses of leptin that do not significantly affect BW in ob/
ob mice (Pelleymounter et al., 1995; Hedbacker et al., 
2010). However, not much is known about the effect of 
leptin on the viability and mode of cell death in breast 
cancer cells especially in the presence of different 
glucose concentrations in-vivo or in vitro.   
 Here, we investigated the effect of leptin on viability 
and cell death using MCF-7 and T47D breast cancer 
cell lines cultured in different glucose concentrations 
(0 mM, 2.5 mM, 5 mM (normal glucose levels in cell 
medium), 25 mM, 50 mM), which mimics in-vivo 
calorie intake conditions (lower or higher) in-vitro 
condition. The present study is the continuation of our 
previous research which was focusing on the effects of 
glucose or leptin on cancer cell growth either in-vitro or 

in-vivo conditions (Cicekdal et al., 2019; Demirel et al., 
2019; Tuna et al., 2020). To the best of our knowledge, 
this is the first study to report the effects of leptin on 
breast cancer cell viability and mode of cell death in the 
presence of different glucose concentrations in-vitro. 

2. Materials and methods
Cell culture
Estrogen receptor (ER) positive breast cancer cell lines 
(T47D, MCF-7) were obtained from the American 
Type Culture Collection (ATCC, VA, USA). These two 
cell lines differ by their TP53 characteristics. MCF-
7 cells have wild type TP53 while T47D cells have 
mutant TP53 (Neve et al., 2006).  Breast cancer cell 
lines (MCF-7 and T47D) were chosen to be studied 
because the focus of our group has been breast cancer 
and obesity in mouse models (Dogan et al., 2007; 
Demirel et al., 2019). These two cells lines have 
different characteristics for intracellular apoptotic 
signaling proteins. Although T47D cells have caspase 
3 activity, MCF-7 cells don’t have caspase 3 activity, 
suggesting that leptin may be triggering a different 
apoptotic pathway(s) (Mooney et al., 2002). Cells were 
grown in complete DMEM medium (Gibco, NY, USA) 
containing 5 mM glucose, 10% heat inactivated FBS 
(Gibco, NY, USA), 0.25% Insulin (Gibco, NY, USA), 
1% Pen/Strep (Gibco, NY, USA) then incubated in 5% 
CO2 at 37°C   until they reached 70% confluency prior 
to the experiments.

Experimental design
After reaching confluency, T47D (passage 29) and 
MCF-7 (passage 19) cells were washed with PBS 
and then trypsinized at 37oC to collect cells in normal 
media. Cells were centrifuged at 1000 rpm for 7-10 
min, resuspended in medium, an equal number of cells 
(8.5 x 105 cells/plate) were placed in petri dishes and 
incubated overnight to allow the cells to attach.  On the 
following day, cell medium was removed and replaced 
with fresh DMEM containing differing amounts of 
glucose (0 mM, 2.5 mM, 5 mM, 25 mM, and 50 mM) 
and incubated at 37oC for 72 hours. Normal glucose 
concentration in a cell medium is 5 mM. Therefore, two 
of the glucose concentrations tested were below the 
normal glucose concentration (0 mM, 2.5 mM,) while 
the other two concentrations were above the normal 
glucose levels (25 mM, 50 mM).  To see the effects 
of leptin on breast cancer cells in different glucose 
concentrations, 100 ng/ml leptin (Cell Sciences, MA, 
USA) was added to the cell medium either at the end 
of either 48 or 71 hours after the start of incubation of 
the cells with the medium containing different glucose 
concentration. Cells were further incubated in medium 
with or without leptin until 72 hours from the start 
of glucose incubation.  In other words, the cells were 
incubated with leptin either for 24 hours or one-hour. 
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Thus, total glucose (Sigma, MO, USA) incubations 
were 72 hours at each glucose concentration tested 
(either 48 hours glucose incubation +/- 24-hour leptin 
treatment or 71 hours glucose incubation +/- one-
hour leptin treatment). Study design is shown in Fig. 
1. For each set of experiments on a given day, two to 
three different petri dishes were used for each glucose 
concentration and the average of these replicates was 
taken as one sample (duplicate or triplicate).  

Flow cytometry analysis of apoptosis
Following the 72 hour-incubations, T47D or MCF-7 
cells were trypsinized (Gibco, NY, USA) and harvested. 
Cells were then centrifuged, washed with PBS and 
labeled with Annexin V-Fluorescein Isothiocyanate 
and PI (Propidium Iodide) (Annexin V-FITC Apoptosis 
Detection Kit, MBL International Corp., MA, USA).  
The distribution pattern of alive and dead (apoptotic/
necrotic) cells were determined by FACS analysis 
(Becton-Dickinson FACS Calibur flow cytometer, 
BD Biosciences, CA, USA). The FITC and PI signals 
were detected in FL1 and FL2 channels, respectively. 
Small debris were excluded by gating intact cells in the 
FSC/SSC plot. Cells in the lower left panel of the FL1/
FL2 dot plot (labeled with low Annexin V-FITC and 
PI) were considered as viable, cells in the right panel 
(labeled with Annexin V-FITC) were considered to be 
apoptotic, and cells in the upper left plot (labeled with 
PI only) were considered to be in necrosis.

Statistical analysis
Two tailed Mann Whitney test and Kruskal-Wallis test 
with Dunn’s multiple comparison test were performed 
to determine statistical differences among the groups. 
All analyses were conducted in Graphpad Prism 
7.0. Data represent mean ± standard deviation (SD). 
Differences were accepted as statistically significant 
when p<0.05.  “n value” for each comparison is given 
in the figure legends.

3. Results
Glucose decreases cell death in T47D and MCF-7 
cells in a dose dependent manner
MCF-7 and T47D cells were incubated in medium 
containing different glucose concentrations for 72 
hours and necrotic/apoptotic cells were analyzed using 
flow cytometry to investigate the effect of glucose on 
breast cancer cell death (Fig. 2). All tested glucose 
concentrations (2.5 mM, 5 mM, 25 mM, and 50 
mM) significantly decreased cell death in both T47D 
and MCF-7 cells compared to the glucose free group 
(p<0.05, Fig. 2). Although incubation in each glucose 
concentration led to a significant decrease in apoptosis 
in both T47D and MCF-7 cells (p<0.05, Fig. 2A, 2B), 
the levels of apoptosis in T47D cells were lower than 
that of MCF-7 cells for 2.5 mM glucose concentration 
(p<0.0001 for T47D cells, p<0.05 for MCF-7 cells).

All glucose concentrations significantly decreased 
necrosis compared to 0 mM glucose except for 2.5 
mM in T47D cells (p<0.05, Fig. 1C). On the other 
hand, all glucose concentrations decreased necrosis 
significantly compared to the 0 mM glucose group in 
MCF-7 cells (p<0.0001, Fig. 2D). However, the effect 
of 5 mM glucose on necrosis was more drastic in MCF-
7 cells compared to T47D cells (p<0.0001 for MCF-7 
cells, p<0.05 for T47D cells, Fig. 1D). Consistently, 
glucose incubation significantly increased viability of 
both MCF-7 and T47D cell lines in a dose dependent 
manner (p<0.05, Fig. 3). Notably, the positive effect 
of 2.5 mM glucose incubation on viability was more 
apparent in MCF-7 cells compared to T47D (p<0.01 for 
MCF-7 cells, p<0.05 for T47D cells, Fig. 3).

Demirel et al.

Fig. 1. Experimental study design.

Fig. 2. Effect of different glucose concentrations on cell 
death in breast cancer cells. A) Apoptosis of T47D 
(n=30) B) Apoptosis of MCF-7 (n=29) cultured in 0 
mM, 2.5 mM, 5 mM, 25 mM, or 50 mM glucose. C) 
Necrosis of T47D (n=29-31) D) Necrosis of MCF-7 
(n=29) cultured in 0 mM, 2.5 mM, 5 mM, 25 mM, 
or 50 mM glucose for 72 hours. n represents the 
number of independent experiments. Data represent 
mean ± S.D. *, p<0.05, **** p<0.0001.
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Leptin enhances the effect of glucose on cell death in 
T47D and MCF-7 cells
In order to examine the effects of leptin on the 
viability of breast cancer cells cultured in medium with 
different glucose concentrations, T47D and MCF-7 
cells incubated in 0 mM, 2.5 mM, 5 mM, 25 mM, or 
50 mM glucose for 72 hours in total were treated with 
or without leptin (100 ng/ml) for either one-hour or 24 
hours and necrotic and apoptotic cells were analyzed 
by flow cytometry (Fig. 4). One-hour leptin incubation 
significantly increased apoptosis (p<0.05, Fig. 4A), 
but did not dramatically affect necrosis in T47D cells 
cultured in medium with 2.5 mM glucose (p>0.05, Fig. 
4B). Consistently, viability was significantly lower 
in one-hour leptin treated cells cultured in 2.5 mM 
glucose compared to leptin untreated cells cultured in 
2.5 mM glucose (p<0.05, Fig. 4C). Notably, the positive 
effect of one-hour leptin treatment on the apoptosis of 
T47D cells in 2.5 mM glucose was significantly higher 
compared to 24-hours leptin treatment (p<0.05, Fig. 
4A). However, the effect(s) of one-hour leptin treatment 
on the necrosis of T47D cells was not significantly 
different compared to the 24-hour leptin treatment 
(p>0.05, Fig. 4B). In support of these data, viability 
was significantly decreased in T47D cells incubated 
in medium with 2.5 mM glucose and then treated 
with leptin for one-hour compared to 24-hour leptin 
treatment (p<0.01, Fig. 4C). Similar to 2.5 mM glucose 
cultured cells, one-hour leptin treatment significantly 
increased apoptosis in T47D cells in 5 mM glucose 
(p<0.05, Fig. 4A) but, it did not have a significant effect 
on necrosis in T47D cells incubated in 5 mM glucose 
(p>0.05, Fig. 4B). Although not statistically significant, 
one-hour leptin treatment decreased viability of T47D 
cells incubated in 5mM glucose (p>0.05, Fig. 4C). 
Besides, compared to the 24-hour leptin treatment, the 

negative effect of one-hour leptin treatment on viability 
of T47D cells incubated in either 2.5 mM or 5mM 
glucose was significantly higher (p<0.05, Fig. 4C).

 Unlike T47D cells, one-hour leptin treatment 
significantly increased necrosis in MCF-7 cells 
(p<0.001, Fig. 5B), but did not have a significant effect 
on apoptosis in 2.5 mM glucose (Fig. 5A). Although 
not statistically significant, viability of one-hour leptin 
treated MCF-7 cells cultured in 2.5 mM glucose was 

Fig. 3. Effect of different glucose concentrations on the viability of breast cancer cells. A) Viability of T47D (n=30) and B) 
Viability of MCF-7 (n=28) cultured in various glucose concentrations for 72 hours. n represents the number of 
independent experiments. Data represent mean ± S.D. *, p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Fig. 4. Effect of leptin on the viability of T47D cells 
cultured in different glucose concentrations. A) 
Apoptosis of T47D B) Necrosis of T47D C) 
Viability of T47D cultured in different glucose 
concentrations in the presence or absence of leptin 
(100 ng/ml) (n=7-29). n represents the number of 
independent experiments. Data represent mean ± 
S.D. * p<0.05, ** p<0.01.
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lower compared to leptin untreated cells (p>0.05, Fig. 
5C). The positive effects of one-hour leptin treatment 
on necrosis of MCF-7 cells incubated in either 2.5 mM 
or 5 mM glucose were significantly higher compared to 
24-hour leptin treated cells (p<0.05, Fig. 5B), although 
apoptosis was not significantly different in these 
groups (p>0.05, Fig. 5A). Consistently, one-hour leptin 
treatment significantly decreased viability of MCF-7 
cells in either 2.5 mM or 5 mM glucose relative to the 
24-hour leptin treatment (p<0.01, Fig. 5C).  Compared 
to leptin untreated cells, one-hour leptin treatment 
significantly (p<0.05) reduced viability of MCF-7 cells 
incubated in 5 mM glucose, however, it did not have a 
significant effect on either necrosis or apoptosis (Fig. 
5). One or 24-hour leptin treatment did not have any 
significant effect on modes of cell death or viability in 
either MCF-7 or T47D cells (Figs. 4, 5).

 Our data showed that glucose significantly 
decreased cell death while increasing viability in both 
MCF-7 and T47D cell lines in a dose dependent manner. 
Additionally, one-hour leptin treatment significantly 
increased apoptosis in T47D cells cultured in the 
presence of 2.5 mM glucose, however it significantly 
increased necrosis in MCF-7 cells. Moreover, one-hour 
leptin treatment increased necrosis more significantly 
in 5 mM glucose cultured MCF-7 cells relative to T47D 
cells. Besides, the effect of one-hour leptin treatment 
of MCF-7 and T47D cells cultured in low (2.5 mM) 
and physiological (5 mM) doses of glucose was more 
significant compared to that of 24-hour leptin treatment.

4. Discussion
Hyperglycemia, defined as increased glucose levels 
in blood, is a significant risk factor for breast cancer 
development especially for post-menopausal women 
(Boyle et al., 2012). Several studies have suggested 
that hyperglycemia may contribute to cell proliferation, 
apoptosis, metastasis, and chemotherapy resistance of 
cancer cells (Vigneri et al., 2009; Johnson et al., 2012; 
Duan et al., 2014; Ryu et al., 2014; Demirel et al., 
2019). Consistently, glucose and other factors involved 
in glucose metabolism including insulin and insulin-
like growth-factors (IGFs) contribute to breast cancer 
development (Muti et al., 2002; Dogan et al., 2011). 
In addition, incubation in high glucose containing 
medium induced proliferation and invasion of breast 
cancer cells in-vitro (Wei et al., 2017; Demirel et 
al., 2019). On the other hand, leptin, a key appetite-
regulating hormone, is recognized as another important 
risk factor for breast cancer development and prognosis 
since both leptin and its receptors are reported to be 
overexpressed in breast cancer (Ishikawa et al., 2004). 
In this study, we examined the effect of leptin on cell 
death and viability in T47D and MCF-7 breast cancer 
cell lines cultured in cell media with different glucose 
concentrations to mimic leptin’s effect on calorie intake 
(lower or higher) in-vitro.
 Although there are studies performed in high 
glucose medium and assessing cell proliferation, to our 
knowledge there are no previous studies investigating 
the effects of leptin at different glucose concentrations, 
specifically lower than normal glucose concentration (5 
mM glucose) in cell media. In this context, high glucose 
levels were previously demonstrated to promote 
proliferation of breast cancer cells (Yamamoto et al., 
1999; Okumura et al., 2002; Hou et al., 2017; Wei et al., 
2017; Demirel et al., 2019). Consistently, we showed 
that glucose increases viability and decreases cell death 
in both T47D and MCF-7 cells in a dose dependent 
manner (Figs. 2 ,3). Specifically, high glucose 
concentrations (25 mM and 50 mM) decrease necrosis 
and apoptosis significantly in both MCF-7 and T47D 
cell lines. However low glucose (2.5 mM), which was 
used to mimic calorie restriction in-vitro, significantly 
induced apoptosis in T47D and necrosis in MCF-7 
cells. Additionally, physiological normal glucose (5 
mM) increases necrosis more significantly in MCF-7 
cells compared to T47D cells (Fig. 2A, 2B).  In this 
context, although Krętowski et al. reported a decrease 
in the percentage of apoptotic cells in low glucose (2.8 
mM) compared to the high glucose concentration of 25 
mM (Krętowski et al., 2016), our data indicated that 
apoptosis was lower in high glucose cultured cells (25 
mM and 50 mM) compared to low glucose (2.5 mM) 
in both MCF-7 and T47D cells (Figs. 2, 3). A major 
difference between Krętowski et al.’s study and ours 
that might have contributed to the different findings is 

Fig. 5. Effect of leptin on the viability of MCF-7 cells 
cultured in different glucose concentrations. A) 
Apoptosis of MCF-7 B) Necrosis of MCF-7 C) 
Viability of MCF-7 cultured in different glucose 
concentrations in the presence or absence of leptin 
(100 ng/ml) (n=4-30). n represents the number of 
independent experiments. Data represent mean ± 
S.D. *, p<0.05,  ** p<0.01, *** p<0.001.

Demirel et al.
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in the duration of the glucose incubations: Krętowski 
et al. examined the apoptotic cells following a 48-hour 
incubation, whereas we applied a 72-hour glucose 
incubation prior to examining apoptosis.
 Okumura et al., previously reported that 5 day-
treatment of 10-9 or 10-8 M leptin in the presence 
of physiological glucose concentration (5.5 mM) did 
not significantly increase proliferation of MCF-7 cells 
(Okumura et al., 2002). Consistently, we also did not 
observe a significant effect on the viability of MCF-
7 cells following the 24-hour treatment of 6.25x10-9 
M leptin. However, one-hour leptin (6.25x10-9 M) 
treatment significantly decreased viability in 5 mM 
glucose-cultured MCF-7 cells, indicating that leptin 
might have different effects on the viability of MCF-
7 cells dependent on the dose and duration of the 
treatment. Other previous studies have also reported 
different results regarding hyperleptinemia both in-
vitro and in-vivo studies. One of the reasons for this 
could be leptin resistance effects especially in obese 
subjects.
 Our data revealed that glucose incubation 
significantly reduced apoptosis and necrosis, while 
increasing overall viability in the T47D cell line in 
a dose dependent manner. Additionally, one-hour 
leptin treatment of T47D cells significantly increased 
apoptosis in 2.5 mM glucose. In MCF-7 cells, glucose 
incubation decreased both apoptosis and necrosis 
in a dose dependent manner, thus increasing overall 
viability. One-hour leptin treatment significantly 
increased necrosis in 2.5 mM glucose cultured MCF-7 
cells. In both cell lines, the effect of one-hour leptin 
treatment on apoptosis or necrosis was significantly 
higher compared to 24-hour leptin treatment. It’s 
noteworthy that leptin at low and physiological glucose 
concentrations increase apoptosis in T47D cells which 
lack P53, suggesting that leptin may be triggering a 

P53-independent apoptotic pathway(s) (Mooney et al., 
2002). Although Okumura et al., reported that 5-day 
treatment of 10-6 M leptin enhanced proliferation 
of MCF-7 cells incubated in 25 mM glucose, in the 
present study we did not observe any significant effect 
of one or 24-hour 6.25x10-9 M leptin treatment on the 
viability of T47D and MCF-7 cells incubated in 25 mM 
or 50 mM glucose compared to 5 mM (Okumura et 
al., 2002). The different effects of leptin and glucose 
concentrations on the mechanisms of cell death in 
T47D and MCF-7 cell lines might be due to the genetic 
background differences. It is also not unusual to see 
different responses for leptin and/or glucose in different 
cell lines. Therefore, these results should be tested in 
healthy breast cell lines to see whether leptin effects are 
specific to cancerous cells. 
 These results reveal that leptin effect for cell 
viability, apoptosis and necrosis are secondary in the 
presence of enough levels of glucose in breast cancer 
cell lines in in-vitro conditions. However, leptin may 
play a glucose like role in the absence of glucose in 
cancer cell growth. More mechanistic studies are 
needed to clarify the cross-talk between leptin and 
glucose signaling pathways in regard to cancer cell 
proliferation.  
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