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Modulation of the leptin receptors 
expression in breast cancer cell lines 
exposed to leptin and tamoxifen
Rodolfo López Linares1, Jonnathan Guadalupe Santillán Benítez1*, Mariana ortiz Reynoso1, 
carlos González Romero1 & Antonio Sandoval-cabrera2

one of the factors that has increased the incidence and worse prognosis of breast cancer is obesity. in 
this condition, high amounts of leptin are secreted, which have proliferative, mitogenic, antiapoptotic, 
and proinflammatory activity that may be antagonistic to treatment with tamoxifen, considered 
the first choice. The modulation evaluation of leptin receptor expression in the presence of leptin 
and tamoxifen stimuli was performed in breast cancer cell lines MCF 7, MDA MB 231 and HCC 1937 
as a model of initial approach for the study of breast cancer subtypes and their behavior to the 
action response of adipokines and their possible relationship with the mechanism of resistance to 
chemotherapeutics such as tamoxifen in eR positive cell lines and triple negative marker. it was 
determined that leptin increases the proliferation of the three breast cancer cell lines and tamoxifen is 
able to exert an antiproliferative effect on them, however, it was identified that the ability of tamoxifen 
to decrease the proliferation of cancer cells is diminished in the presence of leptin, in addition to 
changes in the modulation of the expression of its receptor. it was determined that tamoxifen induces 
a greater modulation of the expression of obRb in cell lines, which may be related to the decrease of 
its antiproliferative activity, while leptin generates a proliferative effect in the three cell lines and could 
participate in the tamoxifen treatment resistance mechanism.

Breast cancer is the main type of neoplasm that affects women worldwide; it is a pathology that can be triggered 
due to multiple factors that lead to an abnormal and uncontrolled proliferation of the cells that make up the mam-
mary gland, which is constituted by three different cell types: myoepithelial, ductal epithelial cells and alveolar 
epithelial cells1.

In turn, breast cancer can be classified into different subtypes depending on the expression pattern of some 
receptors, such as estrogen (ER), progesterone (PR) and human epidermal growth factor type 2 (Her-2), giving 
rise to luminal breast cancer A (ER+, PR+), luminal B (ER+, PR+), Her-2 positive and triple negative marker. 
This classification is very useful to identify the type of chemotherapeutic treatment that should be administered, 
as well as the degree of risk and prognosis of the condition2.

Obesity is defined as the abnormal or excessive accumulation of fatty tissue in the body, is a health problem 
that has received worldwide attention in recent years as its incidence has increased and it is associated as a risk 
factor for the development of chronic degenerative diseases that include cardiovascular diseases, diabetes mellitus 
type 2, hypertension and some types of cancer, including breast cancer3,4.

There are different mechanisms by which obesity has been linked to cancer, among which are the promotion 
of inflammation and angiogenesis through the release of some molecules by adipocytes such as fibroblast growth 
factor (FGF2), angiopoietin-2, angiostatin, endostatin, thrombospondin (TSP-1), resistin, and elevated levels of 
adipokines such as leptin, among others5.

Leptin is a polypeptide hormone that is produced in adipose tissue, whose plasma levels are increased in 
patients who are obese, generating a condition known as hyperleptinemia6. Under normal physiological condi-
tions, leptin maintains energy homeostasis by influencing the central anorectic pathway, where it acts to reduce 
food intake and increase metabolism7.

On the other hand, it also participates in the regulation of pathological processes such as breast cancer by pre-
senting mitogenic, antiapoptotic and proinflammatory activity, and it is only capable of inducing the proliferation 
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of cancer cells and not of normal breast cells, which is indicative that leptin participates directly in the develop-
ment of this type of cancer8,9.

To exert its biological function, leptin has a specific receptor (ObR), which has six different isoforms, which 
vary in the amount of intracytoplasmic residues they contain. Among them, ObRb, also known as the long iso-
form of the leptin receptor, is considered to be the one with the greatest capacity to activate signaling pathways10.

Within the signaling pathways activated by leptin are: JAK2-STAT3, mitogen-activated protein kinase 
(MAPK) and phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT), which generates the activation of 
some genes such as: C-MYC, CYCLIN D1, P21 WAF1, C-JUN, JUNB, ERG-1 and BCL-2, which are strongly 
involved in cell growth and proliferation4,11.

The relationship between obesity, leptin and breast cancer has taken a further slope, that of chemotherapy 
resistance mediated by adipokines, proteins released by adipose tissue and can be involved in the action of chem-
otherapeutic drugs, since the higher risk of recurrence and mortality in patients with obesity and breast cancer 
could be related to a lower efficacy of cancer treatments, this is probably due to the plasma variations of adipokine 
levels, since women with breast cancer and obesity are less sensitive to chemotherapy and have higher mortality 
rates7.

In relation to the above, it has been determined that leptin can influence the development of resistance to 
treatment with tamoxifen, an antiestrogenic drug commonly administered to breast cancer patients with the pres-
ence of ER. It was observed that combination therapy involving the blockade of the leptin receptor and treatment 
with tamoxifen could inhibit proliferation and promote apoptosis in breast cancer cells resistant to tamoxifen, 
suggesting that the suppression of leptin could be a new means to circumvent resistance to antiestrogenic treat-
ment in breast cancer, because the signaling pathways activated by leptin could directly participate in the cellular 
response to the chemotherapeutic treatment12.

Therefore, the objective of this work is to evaluate the modulation of gene expression of leptin receptors in 
three different breast cancer cell lines as an initial approach model for the study of the behavior of subtypes of this 
disease before its exposure to leptin and tamoxifen.

Materials and Methods
cell culture. The cell lines MCF-7, MDA-MB 231 and HCC1937 were obtained from the American Type 
Culture Collection (ATCC). The cells were cultured at 37 °C in a 5% CO2 atmosphere, with RPMI 1640 culture 
medium (RPMI Medium 1640, Gibco Thermo Fisher Scientific, USA) supplemented with 10% FBS (Fetal Bovine 
Serum, certified, US origin, Gibco Thermo Fisher Scientific, USA) and 1% penicillin-streptomycin. Additionally, 
for the MCF-7 and MDA-MB 231 cell lines, the culture medium was enriched with a 2 mM pyruvate concentra-
tion and for the HCC 1937 line, a 2 mM concentration of glutamine was used. The culture medium was changed 
every third day.

IC50 determination of tamoxifen. Proliferation of 5,000 cells of the cell lines MCF-7, MDA-MB 231 and 
HCC1937 (n = 3) was carried out in 96-well plates for 48 hours in RPMI-1640 medium (10% SFB). Subsequently 
they were stimulated for 48 hours with the following concentrations of tamoxifen: 0.002 μM, 0.02 μM, 0.2 μM, 
2 μM, 20 μM and 200 μM, changing the stimulus every 24 hours.

At the end of the 48 hours of stimulation, the cells were fixed with 4% formaldehyde for 15 minutes. The fixed 
cells were washed with PBS and stained with crystal violet (0.02%) for 15 minutes, to remove the residual dye, 3 
washes of 250 μl of water were carried out and finally 250 μl of 10% acetic acid was added to each well. The plate 
was read at an excitation wavelength of 490 nm and an emission length of 630 nm in a microplate reader (Stat Fax 
2100 Microplate Reader, Awareness Technology Inc.).

proliferation assays. Proliferation of 5,000 MCF-7 cells, MDA-MB 231 and HCC1937 (n = 3) was car-
ried out in 96-well plates for 48 hours. The cells were then washed with PBS and fresh culture medium (supple-
mented to 5% of SFB) was added with leptin stimulation (Recom Hu Leptin Active, Sino Biological, Thermo 
Fisher Scientific, USA) in concentrations of 0 ng/mL, 10 ng/mL, 100 ng/mL and 200 ng/mL for 72 hours, changing 
the stimulus every 24 hours. Additionally, another test was carried out using these concentrations of leptin plus 
a corresponding standard with the IC50 of tamoxifen (Tamoxifen, Sigma-Aldrich) obtained experimentally for 
each of the cell lines (MDA MB 231: 2,230 μM, MCF7: 10,045 μM, HCC 1937: 4.579 μM) and another only with 
the tamoxifen standard. The decrease in SFB was performed to decrease growth factors that could interfere with 
the action of leptin and tamoxifen13.

Every 24 hours after the stimulation the cells were fixed with 4% formaldehyde for 15 minutes. At the end of 
the 72 hours of stimulation, the fixed cells were stained with crystal violet (0.02%) for 15 minutes, to remove the 
residual dye, 3 washes of 250 μl of water were carried out and finally 250 μl of 10% acetic acid was added to each 
well. The plate was read at an excitation wavelength of 490 nm and an emission length of 630 nm in a microplate 
reader (Stat Fax 2100 Microplate Reader, Awareness Technology Inc.).

Gene expression analysis. The regulation of gene expression of leptin receptors was evaluated by add-
ing leptin and tamoxifen in cell lines, using the following methodology proposed by Jardé et al.14, with some 
modifications.

20,000 cells of MCF-7, MDA-MB 231 and HCC1937 (n = 3) were plated in 24-well plates for 48 hours. The 
stimulation was carried out with leptin (10 ng/mL, 100 ng/mL and 200 ng/mL) and tamoxifen (HCC 1937: 
4.579 μM, MDA MB 231: 2230 μM and MCF 7: 10.045 μM) in culture medium RPMI-1640 (5% SFB) for 72 hours 
with stimulus change every 24 hours. At the end of the stimulation, the culture medium was removed and 750 μL 
of TRIzol Reagent was added to carry out the RNA extraction according to the protocol of use (Ambion).
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Once the RNA was obtained, complementary DNA (cDNA) was obtained from 2 μg of mRNA by means 
of the reverse transcriptase reaction according to the protocol of use (High Capacity RNA-to-cDNA kit, 
Applied Biosystems) obtaining 20 μL of cDNA. The same was used for the amplification of ObRb, ObRt, ER, 
aromatase and 18S control genes under initial amplification conditions at 94 °C for 5 minutes, 35 cycles (94 °C 
for 30 seconds, 57 °C for 30 seconds, 72 °C for 60 seconds) and a final extension at 72 °C for 10 minutes, using 
the HotStarTaq DNA Polymerase, (QIAGEN, Germany) and the following pairs of primers: ObRb (Fw: 
5′-GATAGAGGCCCAGGCATTTTTTA-3′, Rv: 5′-ACACCACTCTCTCTCTTTTTGATTGA-3′), ObRt, 
(Fw: 5′-CATTTTATCCCC ATTGAGAAG TA-3′, Rv: 5′-CTGAAAATTAAGTCCTTGTGCCCA-3′), ER (Fw: 
5′-GTGTACAACTACCCCGAGGGC-3′, Rv: 5′-AAACCCCCCAGGCCGTTGGAG-3′) and aromatase (Fw: 
5′-CAAGGTTATTTTGAT GCATGG-3′, Rv: 5′-AATCCTTGACAGACTTCTCAT-3′), gene 18S (Fw: 5′-GTC 
TGTGATGCCCTTAGA TG-3′, Rv: 5′-AGCTTATGACCCGCACTTAC-3′).

Likewise, the cDNA obtained was used to perform the determination of gene expression of leptin receptors by 
real-time PCR (TaqMan Universal Mix II, with UNG) using TaqMan probes (Gene Expression Assays, Applied 
Biosystems) for ObR (Hs00174497_m1) and as control gene on 18S (Hs99999901_s1) following the instructions 
of the LightCycler 2.0 thermocycler (Roche Diagnostics) for each sample in duplicate. The program used to 
perform the RT-PCR was 50 °C for 2 minutes, 95° for 10 minutes and 40 cycles at 95 °C for 15 seconds and 60 °C 
for 1 minute. For the determination of the degree of genetic expression of the leptin receptors, the relative quan-
tification method of Pfaffl was used, based on the comparison of the CT of a constitutive gene (18S) against the 
problem gene taking the value of its differences against the control line for each sample15.

eLiSA. It was performed using the supernatants of the stimulated cell cultures and under the protocol of use 
of the ELISA kit for human leptin receptor (Human Leptin receptor ELISA Kit. DEIA8050 Creative Diagnostics). 
The detection range of the test ranges from 156 to 10,000 pg/mL. The plate was read with the microplate reader 
(Stat Fax 2100 Microplate Reader, Awareness Technology Inc.) at a wavelength of 450 nm.

Statistic analysis. The statistical analysis was performed using ANOVA for the growth curves of each cell 
line. The value of P < 0.05 will be considered as statistically significant.

For tests of gene expression, the normality test was used using the Kolmogorov-Smirnov test. Subsequently, 
Student’s t test for parametric variables and the Mann-Whitney U test for nonparametric variables with a p 
value > 0.05 for each one were performed.

ethical approval. This article does not contain any studies with human participants or animals performed 
by any of the authors.

Results
Leptin, estrogen and aromatase receptors mRnA expression in breast cancer cell lines. The 
determination of the constitutive expression of mRNA was carried out by RT-PCR of the long isoform of the 
leptin receptor (ObRb), homologous region for any of the six different isoforms of the leptin receptor (ObRt), 
estrogen receptor (ER) and aromatase (CYP19A1) in the three breast cancer cell lines prior to stimulation with 
leptin and tamoxifen, as shown in Fig. 1.

In the MCF7 cell line, the presence of mRNA of the four genes of interest was found, in the MDA MB 231 cell 
line only mRNA of the general homologous form of the leptin receptor was found and in the HCC 1937 cell line 
the expression of the leptin receptor was detected in its two variants.

Determination of the IC50 of tamoxifen for each cell line. From the proliferation assay a dose 
response curve was obtained for each cell line (Fig. 2) from which the IC50 of tamoxifen was determined, result-
ing in 2,230 μM for the MDA line MB 231, 10,045 μM for the MCF7 line and 4,579 μM for the HCC 1937 line.

MDAMB231    MCF7    HCC1937          CN  

ObRt

ObRb

ER

CYP19A1

18S

186 bp 

273 bp 

140 bp 

100 bp 

177 bp 

Figure 1. Electrophoresis in agarose gel 1.5% stained with BrEt of the RT-PCR products. The bands obtained 
for each gene of interest (ObRt, ObRb, ER, CYP19A1) and a negative control (CN) in each cell line (MDA MB 
231, MCF7 and HCC1937) are shown, as well as the size of the amplified sample.
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Leptin and tamoxifen effect on the proliferation of breast cancer cell lines MDA MB 231, MCF 7 
and HCC 1937. In general, in the cultures of the three different breast cancer cell lines, a positive proliferative 
effect was observed by stimulation with leptin, the opposite effect was observed when stimulating with tamoxifen 
(Fig. 3).

The cells were cultured for 48 hours and subsequently stimulated with leptin and tamoxifen, observing the 
following results: in the MDA MB 231 cell line stimulation of leptin in any concentrations causes a proliferative 
effect from 24 hours of stimulation (Fig. 3, sub-figure a), reaching an increase in the cell population of 27.18% for 
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Figure 2. Graphs of the determination of tamoxifen IC50 in breast cancer cell lines. The dose response 
curves obtained for each cell line with the tamoxifen stimulus are shown. In graph (a) the IC50 is observed of 
tamoxifen for the MDA MB 231 cell line corresponding to 2230 μM, in graph (b) the IC50 is observed for the 
cell line MCF 7 corresponding to 10.045 μM and in the graph (c) the one corresponding to the HCC 1937 cell 
line whose concentration is 4,579 μM is observed.

Figure 3. Effect of leptin and tamoxifen on the proliferation of breast cancer cell lines. Figure (a) shows the 
effect presented in the MDA MB 231 cell line, in figure (b) the effect in the cell line MCF 7 and in figure (c) the 
effect produced in the HCC cell line 1937 is shown.
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10 ng/mL, 10.75% for 100 ng/mL and 21.12% for 200 ng/mL, this increase in cell proliferation was increased by 
the time of exposure to the leptin stimulus, reaching the greatest effect at 72 hours, finding an increase of 166.6% 
for 10 ng/mL, 272.22% for 100 ng/mL and 308.33% for 200 ng/mL.

In the cell line MCF7 (Fig. 2, sub-figure b) an increase in cell proliferation was observed when stimulated with 
leptin in the three concentrations during the 72 hours, reaching an increase in proliferation of up to 232.22% for 
10 ng/mL, 315% for 100 ng/mL and 310% for 200 ng/mL after 72 hours of stimulation compared to the control. In 
this cell line the action of tamoxifen is more evident, which reduced the cell population in the three stimulation 
times, however, it can be observed that when tamoxifen is administered in combination with leptin, cell prolif-
eration is greater than with the group only exposed to tamoxifen, similarly it is observed that the greater effect of 
tamoxifen, occurs during the first 48 hours of stimulation.

In the cell line HCC 1937 (Fig. 3, sub-figure c) an increase in cell proliferation was observed when stimulated 
with leptin, reaching a maximum effect at 24 hours of stimulation with an increase of 71.74% for 10 ng/mL, 57.3% 
for 100 ng/mL and 70.3% for 200 ng/mL compared to the control, subsequently a decrease in proliferation is 
observed. In this cell line tamoxifen decreases proliferation, however, the same effect is seen as the two previ-
ous cell lines, where when leptin is combined with tamoxifen, cell proliferation is greater than where it is only 
stimulated with tamoxifen. In this cell line, there are no statistically significant differences between the different 
stimulation times.

Expression of the leptin receptor in breast cancer cell lines MDA MB 231, MCF 7 and HCC 1937 
exposed to leptin and tamoxifen. The relative expression of leptin receptor mRNA (ObR) was deter-
mined in the different cell lines as shown in Fig. 4, obtaining the following results.

In the MCF-7 cell line, the expression of the ObR had an increase of 71.86% (10 ng/mL) in the cells treated 
with leptin with respect to the control, however, at concentrations of 100 and 200 ng/mL of leptin, a decrease in 
ObR expression is observed, for the stimulation of tamoxifen a 37.2% increase in the expression of the gene was 
observed, with respect to the control, while for the combination stimuli of leptin with tamoxifen a decrease in the 
expression of the gene was observed.

In the HCC 1937 cell line, a decrease in all cases of ObR expression was identified.
In the MDA MB 231 cell line, no amplification was obtained with the Taqman probe for the leptin receptor.

Determination of ObRt protein by the ELISA technique. The determination and quantification of the 
leptin receptor protein in the supernatant of each of the cultures stimulated by the ELISA technique was carried 
out, obtaining the results shown in Fig. 5.

In the MDA MB 231 cell line, a higher concentration of the ObR protein was found in all the groups of stimu-
lated cells compared to the control, reaching the highest concentration in stimuli that include 100 ng/mL of leptin 
and 100 ng/mL of leptin plus tamoxifen, with a concentration of 147.3 pg/mL.

In the MCF 7 cell line, greater expression of the ObR protein was found in all cases where stimulus was added, 
however, it is of great interest that the stimulus that showed a higher concentration of the protein was in which 
only tamoxifen was added, obtaining a concentration of 407.7 pg/mL, while in the trials that include leptin, some-
thing similar to the MDA MB 231 line is found, since the stimuli that generated the highest expression of the pro-
tein were those of 100 ng/mL of leptin and 100 ng/mL of leptin plus tamoxifen, with concentrations of 183.1 pg/
mL and 215.3 pg/mL respectively.

In the HCC 1937 cell line, greater expression of the ObR protein was found in the stimuli corresponding to 
200 ng/mL of leptin plus tamoxifen and only tamoxifen, where the concentration of 385.7 pg/mL and 397.5 pg/
mL respectively was reached. A different behavior was identified in the stimulus corresponding to 200 ng/mL of 
leptin since a decrease in the expression of the ObR protein was observed, finding a concentration of 110.1 pg/mL 
which is lower than the concentration identified in the control which was 225.3 pg/mL.

Discussion
The determination of mRNA expression by RT-PCR was determined for the long isoform of the leptin receptor 
(ObRb), homologous region for any of the six different isoforms of the leptin receptor (ObRt), estrogen receptor 
(ER), aromatase (CYP19A1) and the 18s gene in the three breast cancer cell lines, as part of the characterization 
prior to stimulation with leptin and tamoxifen, it was determined that in the MCF7 cell line the mRNA of the 

Figure 4. Relative expression of ObR. Graphs showing the relative expression of ObR, in the cell lines MCF7 
(a) and HCC1937 (b) obtained by real-time PCR.
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five genes of interest is expressed, which is consistent with the description of this cell line, since as an identifica-
tion feature it expresses the estrogen receptor and therefore the presence of CYP19A1 is found, an enzyme that 
participates in the estrogen biosynthesis, likewise the presence of leptin receptor mRNA was found, both in the 
homologous form for any of the six different isoforms of the receptor, as for the long isoform (ObRb), which is of 
interest since it is considered as the isoform that has greater activity and capacity to activate signaling pathways 
such as JAK2/STAT3 due to the intracytoplasmic residues it presents2.

In the MCF7 cell line, the maximum increase in the proliferation of cancer cells was identified when stimu-
lated with leptin for 72 hours, after a growth prior to stimulation of 48 hours, reaching an increase in proliferation 
of 232.22% for 10 ng/mL, 315% for 100 ng/mL and 310% for 200 ng/mL, which indicates that leptin generates an 
increase in the proliferation of this cell line and that after 100 ng/mL a significant increase is no longer found, the 
increase in cell proliferation corresponds to the reported characteristics of the activation of leptin signaling path-
ways, which contribute to the progression of cancer through multiple mechanisms, since it is known that leptin 
activates several signaling cascades, such as the JAK/STAT, MAPK and PI3 kinase/AKT pathways, most of which 
are involved in the differentiation and proliferation of cancer cells. In addition to that it has been shown that 
treatment with leptin suppresses apoptosis and accelerates the progression of the cell cycle through the induction 
of genes related to it16.

In this cell line a greater anti-proliferative effect of tamoxifen is observed in comparison with the other cell 
lines (MDA MB 231 and HCC 1937), reaching a 76.12% decrease in cell proliferation, this is because tamoxifen 
is an antiestrogenic drug that acts by binding with the estrogen receptor competing with estrogen and nullifying 
the biological effects of these molecules, the tamoxifen-estrogen receptor complex interacts with nuclear DNA 
and blocks the action of estrogen by inhibiting the production of growth factors, which negatively affects cell 
proliferation17.

There are other types of cell lines that belong to the type of triple negative breast cancer, which is an aggressive 
form that is characterized by the absence of some membrane receptors such as ER, PR and Her-2, which leads to 
limited treatment options. Therefore, in order to understand the molecular basis of this type of cancer, the anal-
ysis of the in vitro behavior of triple negative cell lines is crucial, in this study the MDA MB 231 and HCC 1937 
lines were used.

In the MDA MB 231 cell line, neither the presence of estrogen receptor mRNA nor CYP19A1 was found, 
this is consistent with the characteristic of the cell line belonging to the triple negative cancer type, for which it 
lacks the expression of the estrogen, progesterone and Her-2 receptor. Regarding the presence of leptin receptor 
mRNA, it was found only for the general homologous form of the receptor, so it can not be established which of 
the six different isoforms of the receptor is the one that is being expressed in this cell line.

In the HCC 1937 cell line, which possesses a mutation in the BRCA1 gene, the presence of mRNA expres-
sion of the leptin receptor was found in the two isoforms analyzed (long and homologous isoform), as in the 

Figure 5. Concentration of the ObR protein in breast cancer cell lines. Graphs showing the concentrations 
of the ObRt protein obtained by the ELISA test, in figure (a) the determination for the MDA line MB 231 is 
observed, in figure (b) for the MCF line 7 and in the figure (c) for the HCC 1937 line.
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MDA MB 231 cell line, no expression of the estrogen receptor or CYP19A1 was found, as it was also a negative 
triple-negative breast cancer cell line.

In the two lines of cancer triple negative marker an increase in cell proliferation was identified when stimu-
lated with leptin, which suggests that as in the cell line MCF 7, leptin participates activating signaling pathways 
that give this cell type greater proliferative capacity, one of these pathways is related to Wnt/β-catenin, which is 
key in the development of several types of cancer, since Wnt/β-catenin signal transduction fulfills fundamental 
functions in the regulation of the proliferation and differentiation of cancer cells. Activation of the Wnt/β-catenin 
pathway is enriched in different types of breast cancer. In a recent study Liang et al.; they identified results similar 
to those obtained in this study when they found an increase in cell proliferation in lines MCF 7 and MDA MB 231 
when stimulated with leptin and an increase in β-catenin levels was also identified18.

In both negative triple marker cell lines it was identified that tamoxifen generates a cytostatic effect on cell 
proliferation, which is interesting since tamoxifen is an antiestrogenic drug and its molecular target is the estro-
gen receptor, which is absent in these cell lines, however recent studies have identified that tamoxifen shows a 
response rate of 10% to 15% in tumors without ER expression, these findings suggest that tamoxifen has cer-
tain anticancer properties independent of ER. One of these mechanisms is the one that involves the decrease of 
the regulation of the cancerous inhibitor of protein phosphatase 2A (CYP2A) and p-Akt, which correlates with 
tamoxifen-induced apoptosis in ER-negative breast cancer cells, the possible mechanism that contemplates the 
interaction between leptin and tamoxifen in these cell lines is shown in Fig. 6 19.

Regarding the relative expression of the ObR in the cell lines determined by qPCR, it was found that in the 
cell line MCF 7 there is an increase in the expression of the receptor in a 71.86% compared to the control for the 
concentration of 10 ng/mL of leptin, for the concentrations of 100 and 200 ng/mL the expression is surely dimin-
ished by a blockade of the expression due to the saturation of the receptor by the action of leptin, however it is 
important to note that when the cell line is stimulated with tamoxifen there is also an increase in the expression of 
the receptor, this is possibly due to the fact that the cancer cells induce a greater expression of the leptin receptor 
to maintain its viability and proliferation, since it has been determined that breast cancer cells use the signaling 
pathways of leptin as a fundamental part of maintaining their proliferation20.

In the HCC 1937 cell line, a decrease in ObR expression was found in all stimulation cases compared to the 
control, this is due to the fact that upon finding a higher expression of the ObR protein in this cell line, mRNA 
expression is diminished, whereas for the MDA MB 231 cell line the ObR amplification was not identified by 
qPCR, this is because the probe used does not amplify the desired sequence in this cell line, since it is focused on 
the detection of ObRb, which by RT-PCR was determined in MCF 7 and HCC1937 cell lines, but was not detected 
in MDA MB 231.

The ObR protein levels obtained by the ELISA technique show that for MCF 7 and MDA MB 231 cell lines, 
higher concentration was obtained compared to the control in all the stimuli, whereas in the HCC 1937 cell line 

Figure 6. Proposal of tamoxifen resistance mechanism in breast cancer cell lines triple negative marker. 
Tamoxifen may exert antiproliferative action on the triple negative marker cell lines by stimulating the 
expression of PP2A, a tumor suppressor protein and inhibiting the activity of CIP2A, which favors the 
proliferation of cancer cells. There are different signaling pathways by which leptin could participate in the 
development of resistance to treatment with tamoxifen, including JAK2/STAT5, MAPK/ERK, PI3K/AKT and 
the activation of genes such as C-myc, XIAP, MDM2, Bcl -XL, etc2,19,21–31.
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an increase in the concentration of the protein was obtained when stimulated with leptin (10 ng/mL) and with 
leptin plus tamoxifen in its different concentrations, in the case of the stimulation of leptin at 100 and 200 ng/
mL, a lower concentration of the protein was obtained compared to the control, this makes it possible to define 
that the expression of the ObR protein is expressed under normal physiological conditions and not in a marked 
increase in the concentration of leptin. It is important to note that in this study it was determined that in the 
three cell lines a higher concentration of ObR protein expression is observed when stimulated with tamoxifen, 
this probably corresponds to the ability of ER positive (MCF 7) and triple negative marker cells (HCC 1937 and 
MDA MB 231) to increase the expression of ObR as a survival mechanism against the damage caused by the 
chemotherapeutic agent20,21.

The presence of the ObR in the three cell lines corresponds to that reported in the literature where it is men-
tioned that the ObR is necessary for the maintenance and renewal of cancer cells21, however, it is of great interest 
the evidence found that when the tamoxifen stimulus is placed in combination with leptin in the three cell lines, 
greater cell proliferation is observed than when only tamoxifen is added, so it can be defined that probably the 
plasma variations of leptin levels in women with breast cancer and obesity participate in generating lower sensi-
tivity to chemotherapy and this leads to higher mortality rates.

conclusions
In this study it was determined that leptin favors the proliferation of cell lines MCF 7, HCC 1937 and MDA MB 
231, noticing a time-dose dependent effect; it was also determined that tamoxifen is able to generate its antipro-
liferative effect in the three cell lines, being the most noticeable effect in the cell line MCF7, which is ER positive.

It is observed that the combination of the leptin-tamoxifen stimulus generates a decrease in the antiprolif-
erative capacity of tamoxifen, which leads to propose that leptin participates in the mechanism of resistance to 
tamoxifen treatment, commonly observed in patients with breast cancer and obesity.

Similarly, in this study it can be observed that the administration of tamoxifen in the three cell lines favors a 
higher expression of the ObR at the protein level, however, at the level of mRNA, the same can not be confirmed, 
since a greater expression is observed in the MCF7 cell line, while in the HCC1937 cell line, a decrease in the 
expression of the receptor is observed and in the MDA MB 231 cell line could not be determined because in this 
cell line the amplified one was not obtained by the Taqman probe.
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 6. Díaz-Rubio, E. & García-Conde, J. Oncología clínica básica. Madrid: Arán (2000).
 7. Bougaret, L. et al. Adipocyte/breast cancer cell crosstalk in obesity interferes with the anti-proliferative efficacy of tamoxifen. PLOS 

ONE. 13(2), e0191571 (2018).
 8. Madej, P. et al. Evaluation of Adipokines, Inflammatory Markers, and Sex Hormones in Simple and Complex Breast Cysts’ Fluid. 

Disease Markers. 2016, 1–6 (2016).
 9. Samia, S., Mohamed, W. & Marwa, K. Leptin influences estrogen metabolism and increases DNA adduct formation in breast cancer 

cells. Cancer Biology & Medicine. 13(4), 505 (2016).
 10. Vadillo-Buenfil, M., Vela Ojeda, J. & Galindo Rodríguez, J. Leptina y su influencia en los principales padecimientos 

ginecoobstétricos. Ginecol Obstet Mex 73, 99–104 (2005).
 11. Giordano, C. et al. Leptin as a mediator of tumor-stromal interactions promotes breast cancer stem cell activity. Oncotarget. 7(2), 

1262–1275 (2015).
 12. Qian, Y. et al. ObRb downregulation increases breast cancer cell sensitivity to tamoxifen. Tumor Biology. 36(9), 6813–6821 (2015).
 13. Dubois, V., Delort, L., Billard, H., Vasson, M. & Caldefie-Chezet, F. Breast Cancer and Obesity: In Vitro Interferences between 

Adipokines and Proangiogenic Features and/or Antitumor Therapies? PLoS ONE. 8(3), e58541 (2013).
 14. Jarde, T. et al. Involvement of adiponectin and leptin in breast cancer: clinical and in vitro studies. Endocrine Related Cancer. 16(4), 

1197–1210 (2009).
 15. Pfaffl, M. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Research. 29(9), 45e–45 (2001).
 16. Raut P et al. Estrogen receptor signaling mediates leptin-induced growth of breast cancer cells via autophagy induction. Oncotarget. 

8(65) (2017).
 17. Fernández-Santander, A. Aspectos farmacogenéticos en el tratamiento del cáncer de mama con tamoxifeno. ADEMÁS 

Comunicación Gráfica (2008).
 18. Liang, X. et al. Leptin promotes the growth of breast cancer by upregulating the Wnt/β-catenin pathway. Experimental and 

Therapeutic Medicine (2018).
 19. Liu C, et al. Tamoxifen induces apoptosis through cancerous inhibitor of protein phosphatase 2A–dependent phospho-Akt 

inactivation in estrogen receptor–negative human breast cancer cells. Breast Cancer Research. 16(5) (2014).
 20. Haque, I. et al. Leptin-induced ER-α-positive breast cancer cell viability and migration is mediated by suppressing CCN5-signaling 

via activating JAK/AKT/STAT-pathway. BMC Cancer. 18(1) (2018).
 21. Zheng, Q. et al. Leptin receptor maintains cancer stem-like properties in triple negative breast cancer cells. Endocrine-Related 

Cancer. 20(6), 797–808 (2013).
 22. Li K, et al Leptin promotes breast cancer cell migration and invasion via IL-18 expression and secretion. Int J Oncol. 

Jun;48(6):2479–87. (2016).
 23. Ray, A. & Cleary, M. The potential role of leptin in tumor invasion and metastasis. Cytokine & Growth Factor Reviews. 38, 80–97 

(2017).
 24. Eisenberg, E. & Levanon, E. Human housekeeping genes, revisited. Trends in Genetics. 29(10), 569–574 (2013).
 25. Argolo, D., Clifford, H. & Neil, I. The Impact of Obesity on Breast Cancer. Current Oncology Reports. 20(47) (2018).

https://doi.org/10.1038/s41598-019-55674-x


9Scientific RepoRtS | (2019) 9:19189 | https://doi.org/10.1038/s41598-019-55674-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

 26. Crean-Tate, K. & Reizes, O. Leptin Regulation of Cancer Stem Cells in Breast and Gynecologic Cancer. Endocrinology. 159(8), 
3069–3080 (2018).

 27. Liu, C. & Liu, L. Polymorphisms in three obesity-related genes (LEP, LEPR, and PON1) and breast cancer risk: a meta-analysis. 
Tumor Biology. 32(6), 1233–1240 (2011).

 28. Pan, H. et al. Association between serum leptin levels and breast cancer risk. Medicine. 97(27), e11345 (2018).
 29. O’Brien, S., Welter, B. & Price, T. Presence of Leptin in Breast Cell Lines and Breast Tumors. Biochemical and Biophysical Research 

Communications. 259(3), 695–698 (1999).
 30. Weichhaus, M., Broom, J., Wahle, K. & Bermano, G. Leptin inhibits proliferation of breast cancer cells at supraphysiological 

concentrations by inhibiting mitogen-activated protein kinase signaling. Oncology Letters. 8(1), 374–378 (2014).
 31. Pierobon, M. & Frankenfeld, C. Obesity as a risk factor for triple-negative breast cancers: a systematic review and meta-analysis. 

Breast Cancer Research and Treatment. 137(1), 307–314 (2012).

Author contributions
Rodolfo López Linares: Research, preparation and review of the article. Jonnathan Guadalupe Santillán Benítez: 
Preparation and review of the article. Mariana Ortiz Reynoso: Preparation and review of the article. Carlos 
González Romero: Preparation and review of the article. Antonio Sandoval-Cabrera: Preparation and review of 
the article.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-55674-x.
Correspondence and requests for materials should be addressed to J.G.S.B.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-55674-x
https://doi.org/10.1038/s41598-019-55674-x
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Modulation of the leptin receptors expression in breast cancer cell lines exposed to leptin and tamoxifen
	Materials and Methods
	Cell culture. 
	IC50 determination of tamoxifen. 
	Proliferation assays. 
	Gene expression analysis. 
	ELISA. 
	Statistic analysis. 
	Ethical approval. 

	Results
	Leptin, estrogen and aromatase receptors mRNA expression in breast cancer cell lines. 
	Determination of the IC50 of tamoxifen for each cell line. 
	Leptin and tamoxifen effect on the proliferation of breast cancer cell lines MDA MB 231, MCF 7 and HCC 1937. 
	Expression of the leptin receptor in breast cancer cell lines MDA MB 231, MCF 7 and HCC 1937 exposed to leptin and tamoxife ...
	Determination of ObRt protein by the ELISA technique. 

	Discussion
	Conclusions
	Figure 1 Electrophoresis in agarose gel 1.
	Figure 2 Graphs of the determination of tamoxifen IC50 in breast cancer cell lines.
	Figure 3 Effect of leptin and tamoxifen on the proliferation of breast cancer cell lines.
	Figure 4 Relative expression of ObR.
	Figure 5 Concentration of the ObR protein in breast cancer cell lines.
	Figure 6 Proposal of tamoxifen resistance mechanism in breast cancer cell lines triple negative marker.




