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Abstract: Background: Obesity is considered as one of the risk factors for breast cancer. Leptin has
been found to be involved in breast cancer progression. Therefore, novel approaches to antagonize
biological effects of leptin are much needed. The objective of this study was to evaluate the protective
effects of six dietary compounds (quercetin, curcumin, gallic acid, epigallocatechin gallate (EGCG),
ascorbic acid and catechin) and assess the phosphorylation of extracellular signal-regulated kinase
1/2 (ERK1/2) in leptin-stimulated MCEF-7 breast cancer cells in vitro. Methods: MCE-7 cells were
exposed to leptin, leptin and compound and compound alone for 48 h. Cell viability was determined
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT and fluorometric assays after
48 h incubation. Phosphorylation of ERK1/2 was quantified by ELISA. Results: Only quercetin,
curcumin and EGCG showed significant protective effects against leptin-induced proliferation of
MCE-7 cells. Increase in ERK1/2 phosphorylation in response to leptin was reduced by the addition
of quercetin, curcumin and EGCG. Conclusions: Considering the high prevalence of obesity, this
observation provides a rationale for use of curcumin, quercetin and EGCG as antagonists of leptin in
the treatment of obese breast cancer patients.
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1. Introduction

Breast cancer is the most commonly diagnosed cancer among women in the world but there
are limitations in patient care mostly due to inability of predicting outcome and limited treatment
options [1]. Several studies have indicated that levels of circulating metabolites such as adipokines,
hormones, and cytokines are associated with breast cancer cell proliferation and migration [2,3].
Leptin is one such molecule considered to mediate breast cancer progression [4]. Leptin is a hormone
mainly produced by white adipocytes. It is also synthesized by other organs/tissues including the
mammary epithelium and placenta. Leptin plays an important role in energy homeostasis, food intake,
reproductive processes, immunity, metabolism and oxidation of lipids, etc. [5]. Several studies have
shown that leptin can exert proliferative effects on breast cancer cells in vitro [6-9]. Effects of leptin on
mammary tumor cell growth included several mechanisms such as up/down regulation of apoptosis,
anti-apoptotic genes and modulation of the extracellular environment [10]. Leptin receptor over
expression has been observed in breast cancer compared to normal mammary epithelium [11,12]. Upon
binding with its receptor, leptin activates pathways such as, Jak/STAT3, ERK1/2, phosphoinositide
3-kinase pathways and cyclin D1 expression [13]. In leptin-stimulated breast cancer cells, STAT3,
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extracellular signal-regulated kinase (ERK), and Akt activation has been demonstrated in several
in vitro studies [14,15]. Several epidemiological studies have demonstrated that a diet rich in fruits
and vegetables can reduce the risk of several cancers including breast cancer [16]. Many flavonoids,
polyphenols, terpenoids, fatty acids, isothiocynates, proanthocyanidins and flavonolignans present in
human diet have been shown to prevent cancer and are thus considered as possible chemopreventive
agents [17,18]. Limited studies have been carried out to identify possible natural compounds which
can inhibit the oncogenic role of leptin. Recently, protective effects of natural compounds, honokiol and
benzyl isothiocyanate, in leptin-stimulated breast cancer cells have been demonstrated in vitro [8,19].
Indra et al. [20] have shown that quercetin, a natural polyphenol, can mediate protective effects in
leptin-stimulated Human Umbilical Vein Endothelial Cells (HUVECsS) in vitro.

Even though the therapeutic potential of inhibition of leptin action in disease conditions associated
with metabolic syndromes is well recognized, inhibition of leptin signaling pathway /s in breast cancer
has not been adequately investigated. Thus, the present study was designed to identify the protective
effects of six dietary compounds (quercetin, curcumin, gallic acid, EGCG, ascorbic acid and catechin)
against the oncogenic actions of leptin in MCF-7 breast cancer cells in vitro.

2. Materials and Methods

2.1. Cell Culture, Cell Culture Maintenance, Cell Culture Reagents and Chemicals

Human oestrogen receptor positive breast cancer cell line (MCF-7) and all the cell culture reagents
were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). MCF-7 cells
were cultured according to the ATCC recommended culture conditions. Curcumin (C 1386), gallic acid
(G 7384), epigallocatechin gallate (E 4143), ascorbic acid (A 4403) and catechin (43412) were purchased
from Sigma-Aldrich, St. Louis, MO, USA. Quercetin and catechin were isolated from the bark of
Mangifera zeylanica in one of our previous studies [21]. Human recombinant leptin was purchased from
R&D systems (Minneapolis, Minnesota, USA, cat. no- 398-LP-05M).

2.2. Cell Viability Assays

2.2.1. Determination of ICsq of Selected Compounds by MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) Assay

Upon 80% confluency, cells were harvested by trypsinization and seeded in 96-well plates at a
density of 5000 cells per well. After a 24-h incubation period, cells were treated with the selected
compounds (quercetin, curcumin, gallic acid, epigallocatechin gallate, ascorbic acid and catechin) and
incubated for 48 h. MTT assay was then carried out as described by Gerlier and Thomasset [22].

2.2.2. Effects of Letin on MCF-7 Cell Viability

MCEF-7 cells were seeded in 96-well plates at a density of 20 x 103 cells per well. After 12 h serum
starvation, the culture media were changed to serum free media containing leptin (12.5, 25, 50, 100,
200 ng/mL) and incubated for 48 h. Doses of leptin were selected based on the studies carried out by
previous researches [8,23]. Effects of leptin on cell proliferation were determined by MTT assay.

2.2.3. Determination of Cell Viability in Leptin vs. Leptin and Compounds in MCF-7 Breast Cancer
Cells by MTT Assay

To determine cell viability in leptin or leptin and compounds treated breast cancer cells, the
method described by Indra et al. [20] was applied to MCF-7 breast cancer cells with modifications.
Cells were seeded in 24-well plates at a density of 75 x 10° cells per well. After 12 h serum starvation,
the culture media were changed to serum free media containing treatments [(leptin (200 ng/mL); leptin
(200 ng/mL) and compound (ICsy dose); compound alone (IC5p dose)]. The untreated controls only
received serum free media. We assumed that the ICs( value obtained for six compounds from the MTT
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assay with 5 x 103 cells would be marginally cytotoxic for 75 x 10° cells. Therefore, the concentration
of the compounds was maintained at IC5y dose (quercetin, curcumin, gallic acid, epigallocatechin
gallate (EGCG), ascorbic acid and catechin). After 48 h incubation period, the effect of leptin or leptin
with compounds on MCF-7 cell viability was determined by MTT assay. An amount of 200 ng/mL of
leptin was chosen as this concentration showed the highest increase in MCF-7 cancer cell viability.

2.2.4. Determination of Cell Viability by Fluorometric Assay

Cell viability reagent in the ApoTox-Glo™ Triplex Assay was used for further confirmation of
results (effects of leptin on MCF-7 cell viability and determination of cell viability in leptin/leptin and
compounds), according to the manufacturer’s instructions. This reagent measures cell viability using a
fluorogenic, cell-permeate peptide substrate (glycyl-phenyl-alanyl-aminofluorocoumarin; GF-AFC).

2.3. Phospho-KinaseEnzyme-LinkedImmunosorbentAssay(ELISA)

Cell-based ELISA [Phospho-ERK1/ERK2 (T202/Y204) Immunoassay, R&D Systems, Minneapolis,
Minnesota, USA (cat no. KCB1018),] was carried out according to the manufacturer’s instructions.
Briefly, MCE-7 cells were grown and starved as mentioned in the previous section and treated with
leptin, leptin and compound and compound alone for 48 h as indicated in methods 2. 2. 3 Two different
fluorescent substrates were used for quantification. Fluorescence was measured on a Synergy™ HT
Multi-Mode Microplate Reader; Bio-Tek Instruments, Inc., Winooski, VT, USA with excitation at
540 nm and emission at 600 nm (phosphorylated proteins) and excitation at 360 nm and emission at
450 nm (total proteins).

2.4. Statistical Analysis

At least three individual experiments in triplicate were carried out. Differences between the
studied groups were determined by ANOVA, followed by Bonferroni test for selected pairs (GraphPad
Software, Inc., La Jolla, CA, USA). All data are shown as means =+ SD, and p <0.05 was considered as
statistically significant.

3. Results

3.1. Cytotoxic Effects of Compounds in MCF-7 Cells

All the compounds used in the study showed cytotoxic properties in MCFE-7 breast cancer cells
after a 48-h incubation period. Among these, curcumin, ascorbic acid and epigallocatechin gallate
showed the most potent cytotoxic effects after 48 h incubation whereas, catechin, quercetin and gallic
acid showed less cytotoxicity in breast cancer cells. ICsj values of compounds are summarized in the
Table 1.

Table 1. IC5, values of six dietary compounds in MCF-7 cells examined by MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) assay after 48 h post incubation.

Compound Tested ICsqValues (uM)

Ascorbic acid 6.5
Catechin 583
Curcumin 3.5
EGCG 7.5
Gallic acid 90

Quercetin 70
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3.2. Proliferation of MCF-7 Cells by Leptin Treatment

Leptin caused a significant dose-dependent increase in cell viability in MCF-7 breast cancer cells
after 48 h incubation. Highest cell viability was observed at 200 ng/mL leptin concentration (p < 0.0001).
Fluorometric assay also confirmed the effects of leptin in MCF-7 cell viability in a significant manner
(p < 0.0001) (Figure 1).
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Figure 1. MCF-7 breast cancer cell viability after exposure to leptin for 48 h. (A) MTT assay (B)
fluorometric assay. * p < 0.05, *** p < 0.0001 compared to the controls (one way ANOVA followed by
Bonferroni test for selected pairs).

3.3. Protective Effects of Tested Compounds against Leptin-Induced Breast Cancer Cell Proliferation

In the experiment carried out with six selected test compounds, the addition of leptin increased
the cell number by 18% to 25% at 48 h of exposure (MTT assay). Quercetin, curcumin and EGCG
were able to reduce the basal cell proliferation by 25% to 35% (untreated cells vs. compound treated
cells, p < 0.0001). In addition, quercetin, curcumin and EGCG were able to reduce the leptin-induced
cell proliferation significantly (percentage reduction of 63% (p < 0.0001), 60% (p < 0.0001) and 66%
(p <0.0001) for quercetin, curcumin and EGCG respectively (Figure 2). Fluorometric assay also
confirmed these results. However, this assay showed a higher cell proliferation in response to leptin
with 103% to 117% increase in the cell number at 48 h incubation. Similarly, the reduction in basal
cell proliferation in response to quercetin, curcumin and EGCG was 51% to 62% (untreated cells
vs. compound treated cells, p < 0.0001). Quercetin, curcumin and EGCG were able to reduce the
leptin-induced cell proliferation significantly (percentage reduction of 52% (p < 0.0001), 46% (p < 0.0001)
and 58% (p < 0.0001) for quercetin, curcumin and EGCG respectively (Figure 3).

A B
e 200+
. p<0.001 p<0.0001
=0.001 =0.0001
5 1504 p<0.001 £ 1809 p<0.0001
£ ]
= B
§ 1004 Z 1004
=
: g
=
< 5o ] 50
o= -
L ptin (200 ngimi) = + - - Leptin (200 ng'ml) = * *
Quercetin (70 M) . = . - Curcurmin (3.5 uM) - - + +

Figure 2. Cont.
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Figure 2. Protective effects exerted by six dietary compounds in leptin-stimulated MCF-7 breast cancer
cells examined by MTT assay. (A) quercetin (B) curcumin (C) EGCG (D) catechin (E) ascorbic acid and
(F) gallic acid. ** p < 0.001, *** p < 0.0001 compared with leptin-stimulated cells by one way ANOVA

with Bonferroni test for selected pairs of columns.
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Figure 3. Protective effects exerted by (A) quercetin (B) curcumin and (C) EGCG in leptin-stimulated
MCE-7 breast cancer cells examined by flurometric assay. *** p < 0.0001 compared with leptin-stimulated
cells by one way ANOVA with Bonferroni test for selected pairs of columns.

3.4. Inhibition of ERK1/2 Phosphorylation

Cell-based ELISA revealed that the addition of 200 ng/mL leptin increased ERK1/2
phosphorylation in MCF-7 cells by 60% to 87% at 48 h incubation. Quercetin, curcumin and EGCG were
able to reduce basal ERK1/2 phosphorylation by 44% to 52% (untreated cells vs. compound treated
cells). In addition, quercetin, curcumin and EGCG were able to reduce the ERK1/2 phosphorylation in
leptin-stimulated cells (percentage reduction of 59%, 20% and 32% for quercetin, curcumin and EGCG

respectively (Figure 4).
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Figure 4. Leptin-induced ERK1/2 phosphorylation in (A) quercetin (B) curcumin and (C) EGCG in
MCE-7 breast cancer cells.

4. Discussion

Obesity is associated with many metabolic disorders and with an increased risk of developing
breast cancer [2]. Though the link between obesity and breast cancer has not been exactly delineated,
elevated leptin levels have been identified as one of the key factors for breast cancer development,
progression and metastasis [2]. Evidence from several in vitro studies shows a proliferative effect of
leptin on cancer cells including MCF-7 breast cancer cells [6-9]. In this study, we have also showed that
leptin can increase the survival of MCF-7 breast cancer cells in a significant dose-dependent manner
after 48 h incubation. Highest cell survival was observed at 200 ng/mL of leptin treatment in both
the assays (colorimetric and fluorometric). However, the fluorometric assay showed a higher survival
(2.03-fold increase) at 200 ng/mL leptin treatment than the MTT assay. This may be due to the greater
sensitivity of fluorometric assays over colorimetric determinations [24].

A Number of phytochemicals with anti-obesity effects have been studied extensively. Among
those, quercetin, curcumin, apigenin, luteolin, kaempferol, myricetin, quercetin, genistein, caffeine,
daidzein, cyanidin, grape seed proanthocyanidin extract, xanthohumol, epigallocatechin gallate and
resveratrol are some of the major compounds found to have anti-obesity effects [25]. Adipocytes cause
increase of fat mass. Quercetin, epigallocatechin gallate, naringenin, rutin, hesperidin, resveratrol,
naringin, genistein, p-coumaric acid, curcumin, ursolic acid, m-coumaric acid and chlorogenic acid
have been identified as phytochemicals which specifically target adipocyte life cycle [25].

Jak/STAT3, ERK1/2, phosphoinositide 3-kinase pathways and cyclin D1 expression pathways
are reported to be involved in mediating leptin-stimulated breast cancer cell growth [13]. Even though
several compounds with anti-obesity properties have been identified, studies on natural compounds
which can inhibit the oncogenic role of leptin and target leptin signaling pathway/s are limited. In the
present study, it was observed that, quercetin, curcumin and EGCG can exert significant protective
effects against leptin-induced MCEF-7 breast cancer cells after 48 h incubation period. Though these
three compounds are reported to possess anti-obesity properties, this is the first report on their
protective role on leptin-induced breast cancer cells. Moreover; curcumin, quercetin and EGCG have
also been identified as targeting the JAK-STAT pathway, which is one of the main leptin signaling
pathways, in several cancer cells [26-28]. Several researchers have also demonstrated reduced leptin
and leptin receptor gene expression in breast cancer cell lines after treatment with curcumin [29].

It has been reported that the ERK1/2 pathways play a major role in leptin signaling in MCF-7
breast cancer cells [30,31]. Effects of the compounds, found to be protective (quercetin, curcumin
and EGCG) against leptin-induced breast cancer cells, on phosphorylation of ERK1/2 was assessed
in the present study. Activation of ERK1/2 in response to leptin was confirmed by assessing
the levels of phosphorylation of ERK1/2. Whether the compounds that exerted inhibitory effects
on leptin-stimulated breast cancer cell proliferation reduce the ERK1/2 phosphorylation was also
tested.Although the pERK1/2 levels were lower in cells co-treated with both the compounds and
leptin than in the cells that received only leptin, the difference was not statistically significant. This is
the first report on the identification of quercetin, curcumin and EGCG functioning as antagonists of
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leptin. However detailed studies on each compound are necessary to understand the underlying
mechanism/s as antagonists of leptin.

5. Conclusions

This study provides experimental evidence of quercetin, curcumin and EGCG as potential dietary
compounds which can inhibit leptin-induced MCF-7 breast cancer cell proliferation. Considering the
high occurrence of obesity in the world, this study has the potential to influence obese breast cancer
women by giving new opportunities for breast cancer research and eventually therapy using these
three compounds against breast cancer.

Acknowledgments: National Research Council of Sri Lanka (Grant No: NRC 11-018) is gratefully acknowledged
for financial support. This work constitutes part of the PhD studies of Meran Keshawa Ediriweera.

Author Contributions: Meran Keshawa Ediriweera and Kamani Hemamala Tennekoon conceived and designed
the experiments; Meran Keshawa Ediriweera performed the experiments; Meran Keshawa Ediriweera,
Kamani Hemamala Tennekoon and Sameera Ranganath Samarakoon analyzed the data; Meran Keshawa Ediriweera
wrote the paper and Kamani Hemamala Tennekoon, Ira Thabrew and E. Dilip de Silva revised the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Oncology ASoC. The state of cancer care in America, 2015: A report by the American Society of Clinical
Oncology. J. Oncol. Pract. 2015, 11, 79-113.

2. Esquivel-Velazquez, M.; Ostoa-Saloma, P.; Palacios-Arreola, M.I.; Nava-Castro, K.E.; Castro, J.I;
Morales-Montor, J. The role of cytokines in breast cancer development and progression. J. Interferon
Cytokine Res. 2015, 35, 1-16. [CrossRef] [PubMed]

3. Vucenik, L; Jones, L.P.; McLenithan, J.C. Linking Obesity, Metabolism, and Cancer. Metab. Syndr. 2016,
723-741. [CrossRef]

4. Schmidt, S.; Monk, J.; Robinson, L.; Mourtzakis, M. The integrative role of leptin, oestrogen and the insulin
family in obesity-associated breast cancer: Potential effects of exercise. Obes. Rev. 2015, 16, 473-487.
[CrossRef] [PubMed]

5. Pérez-Pérez, A.; Sanchez-Jiménez, F; Maymo, J.; Duefias, J.L.; Varone, C.; Sinchez-Margalet, V. Role of leptin
in female reproduction. Clin. Chem. Lab. Med. 2015, 53, 15-28. [CrossRef] [PubMed]

6.  Garofalo, C.; Surmacz, E. Leptin and cancer. J. Cell. Physiol. 2006, 207, 12-22. [CrossRef] [PubMed]

7. Hu, X,; Juneja, S.C.; Maihle, N.J.; Cleary, M.P. Leptin—A growth factor in normal and malignant breast cells
and for normal mammary gland development. J. Natl. Cancer Inst. 2002, 94, 1704-1711. [CrossRef] [PubMed]

8. Kim, S.H.; Nagalingam, A.; Saxena, N.K ; Singh, S.V.; Sharma, D. Benzyl isothiocyanate inhibits oncogenic
actions of leptin in human breast cancer cells by suppressing activation of signal transducer and activator of
transcription 3. Carcinogenesis 2011, 32, 359-367. [CrossRef] [PubMed]

9. Somasundar, P.; Alice, K.Y.; Vona-Davis, L.; McFadden, D.W. Differential effects of leptin on cancer in vitro.
J. Surg. Res. 2003, 113, 50-55. [CrossRef]

10. Mishra, A K,; Parish, C.R.; Wong, M.L.; Licinio, J.; Blackburn, A.C. Leptin signals via TGFB1 to promote
metastatic potential and stemness in breast cancer. PLoS ONE 2017, 12, e0178454. [CrossRef] [PubMed]

11. Peela, N.; Sam, E.S.; Christenson, W.; Watson, A.W.; Ros, R.; Mouneimne, G.; Nikkhah, M. Breast cancer cell
invasion in a highly organized three dimensional (3D) microengineered tumor model. Cancer Res. 2015, 75
(Suppl. S15), 310. [CrossRef]

12.  Lorincz, A.; Sukumar, S. Molecular links between obesity and breast cancer. Endocr. Relat. Cancer 2006, 13,
279-292. [CrossRef] [PubMed]

13. Ray, A. Adipokine leptin in obesity-related pathology of breast cancer. J. Biosci. 2012, 37, 289-294. [CrossRef]
[PubMed]

14. Saxena, N.K,; Sharma, D.; Ding, X,; Lin, S.; Marra, E; Merlin, D.; Anania, F.A. Concomitant activation of
the JAK/STAT, PI3K/AKT, and ERK signaling is involved in leptin-mediated promotion of invasion and
migration of hepatocellular carcinoma cells. Cancer Res. 2007, 67, 2497-2507. [CrossRef] [PubMed]


http://dx.doi.org/10.1089/jir.2014.0026
http://www.ncbi.nlm.nih.gov/pubmed/25068787
http://dx.doi.org/10.1007/978-3-319-11251-0_50
http://dx.doi.org/10.1111/obr.12281
http://www.ncbi.nlm.nih.gov/pubmed/25875578
http://dx.doi.org/10.1515/cclm-2014-0387
http://www.ncbi.nlm.nih.gov/pubmed/25014521
http://dx.doi.org/10.1002/jcp.20472
http://www.ncbi.nlm.nih.gov/pubmed/16110483
http://dx.doi.org/10.1093/jnci/94.22.1704
http://www.ncbi.nlm.nih.gov/pubmed/12441326
http://dx.doi.org/10.1093/carcin/bgq267
http://www.ncbi.nlm.nih.gov/pubmed/21163886
http://dx.doi.org/10.1016/S0022-4804(03)00166-5
http://dx.doi.org/10.1371/journal.pone.0178454
http://www.ncbi.nlm.nih.gov/pubmed/28542577
http://dx.doi.org/10.1158/1538-7445.AM2015-310
http://dx.doi.org/10.1677/erc.1.00729
http://www.ncbi.nlm.nih.gov/pubmed/16728564
http://dx.doi.org/10.1007/s12038-012-9191-9
http://www.ncbi.nlm.nih.gov/pubmed/22581334
http://dx.doi.org/10.1158/0008-5472.CAN-06-3075
http://www.ncbi.nlm.nih.gov/pubmed/17363567

Medicines 2017, 4, 56 80f8

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Schiffler, A.; Scholmerich, J.; Buechler, C. Mechanisms of disease: Adipokines and breast cancer-endocrine
and paracrine mechanisms that connect adiposity and breast cancer. Nat. Clin. Pract. Endocrinol. Metab. 2007,
3, 345-354. [CrossRef] [PubMed]

Byers, T.; Nestle, M.; McTiernan, A.; Doyle, C.; Currie-Williams, A.; Gansler, T.; Thun, M. American Cancer
Society guidelines on nutrition and physical activity for cancer prevention: Reducing the risk of cancer with
healthy food choices and physical activity. CA Cancer J. Clin. 2002, 52, 92-119. [CrossRef] [PubMed]

Birt, D.F; Hendrich, S.; Wang, W. Dietary agents in cancer prevention: Flavonoids and isoflavonoids.
Pharmacol. Ther. 2001, 90, 157-177. [CrossRef]

Pan, M.H.; Ho, C.T. Chemopreventive effects of natural dietary compounds on cancer development.
Chem. Soc. Rev. 2008, 37, 2558-2574. [CrossRef] [PubMed]

Avtanski, D.B.; Nagalingam, A.; Kuppusamy, P.; Saxena, N.K.; Sharma, D. A novel bioactive approach to
inhibit leptin-induced epithelial-mesenchymal transition in breast cancer. Cancer Res. 2013, 73 (Suppl. S8),
5497. [CrossRef]

Indra, M.R.; Karyono, S.; Ratnawati, R.; Malik, 5.G. Quercetin suppresses inflammation by reducing ERK1/2
phosphorylation and NF kappa B activation in Leptin-induced Human Umbilical Vein Endothelial Cells
(HUVECsSs). BMC Res. Notes 2013, 6, 275. [CrossRef] [PubMed]

Ediriweera, M.K.; Tennekoon, K.H.; Adhikari, A.; Samarakoon, S.R.; Thabrew, 1.; de Silva, E.D. New
halogenated constituents from Mangifera zeylanica Hook. f. and their potential anti-cancer effects in breast
and ovarian cancer cells. J. Ethnopharmacol. 2016, 189, 165-174. [CrossRef] [PubMed]

Gerlier, D.; Thomasset, N. Use of MTT colorimetric assay to measure cell activation. J. Immunol. Methods
1986, 94, 57-63. [CrossRef]

Taliaferro-Smith, L.; Nagalingam, A.; Knight, B.B.; Oberlick, E.; Saxena, N.K.; Sharma, D. Integral role of
PTP1B in adiponectin-mediated inhibition of oncogenic actions of leptin in breast carcinogenesis. Neoplasia
2013, 15, 23-38. [CrossRef] [PubMed]

Nociari, M.M.; Shalev, A.; Benias, P.; Russo, C. A novel one-step, highly sensitive fluorometric assay to
evaluate cell-mediated cytotoxicity. J. Immunol. Methods 1998, 213, 157-167. [CrossRef]

Rayalam, S.; Della-Fera, M.A.; Baile, C.A. Phytochemicals and regulation of the adipocyte life cycle.
J. Nutr. Biochem. 2008, 19, 717-726. [CrossRef] [PubMed]

Lin, C.H.; Chao, L.K.; Hung, P.H.; Chen, Y.J. EGCG inhibits the growth and tumorigenicity of nasopharyngeal
tumor-initiating cells through attenuation of STAT3 activation. Int. J. Clin. Exp. Pathol. 2014, 7, 2372-2381.
[PubMed]

Michaud-Levesque, J.; Bousquet-Gagnon, N.; Béliveau, R. Quercetin abrogates IL-6/STAT3 signaling and
inhibits glioblastoma cell line growth and migration. Exp. Cell Res. 2012, 318, 925-935. [CrossRef] [PubMed]
Shehzad, A.; Wahid, F.; Lee, Y.S. Curcumin in cancer chemoprevention: Molecular targets, pharmacokinetics,
bioavailability, and clinical trials. Arch. Pharm. 2010, 343, 489-499. [CrossRef] [PubMed]

Nejati-Koshki, K.; Akbarzadeh, A.; Pourhassan-Moghaddam, M. Curcumin inhibits leptin gene expression
and secretion in breast cancer cells by estrogen receptors. Cancer Cell Int. 2014, 14, 1. [CrossRef] [PubMed]
Yin, N.; Wang, D.; Zhang, H.; Yi, X.; Sun, X,; Shi, B.; Wu, H.; Wu, G.; Wang, X.; Shang, Y. Molecular
mechanisms involved in the growth stimulation of breast cancer cells by leptin. Cancer Res. 2004, 64,
5870-5875. [CrossRef] [PubMed]

Cirillo, D.; Rachiglio, A.M.; la Montagna, R.; Giordano, A.; Normanno, N. Leptin signaling in breast cancer:
An overview. . Cell. Biochem. 2008, 105, 956-964. [CrossRef] [PubMed]

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/ncpendmet0456
http://www.ncbi.nlm.nih.gov/pubmed/17377617
http://dx.doi.org/10.3322/canjclin.52.2.92
http://www.ncbi.nlm.nih.gov/pubmed/11929008
http://dx.doi.org/10.1016/S0163-7258(01)00137-1
http://dx.doi.org/10.1039/b801558a
http://www.ncbi.nlm.nih.gov/pubmed/18949126
http://dx.doi.org/10.1158/1538-7445.AM2013-5497
http://dx.doi.org/10.1186/1756-0500-6-275
http://www.ncbi.nlm.nih.gov/pubmed/23856194
http://dx.doi.org/10.1016/j.jep.2016.05.047
http://www.ncbi.nlm.nih.gov/pubmed/27224244
http://dx.doi.org/10.1016/0022-1759(86)90215-2
http://dx.doi.org/10.1593/neo.121502
http://www.ncbi.nlm.nih.gov/pubmed/23358729
http://dx.doi.org/10.1016/S0022-1759(98)00028-3
http://dx.doi.org/10.1016/j.jnutbio.2007.12.007
http://www.ncbi.nlm.nih.gov/pubmed/18495457
http://www.ncbi.nlm.nih.gov/pubmed/24966947
http://dx.doi.org/10.1016/j.yexcr.2012.02.017
http://www.ncbi.nlm.nih.gov/pubmed/22394507
http://dx.doi.org/10.1002/ardp.200900319
http://www.ncbi.nlm.nih.gov/pubmed/20726007
http://dx.doi.org/10.1186/1475-2867-14-66
http://www.ncbi.nlm.nih.gov/pubmed/25866478
http://dx.doi.org/10.1158/0008-5472.CAN-04-0655
http://www.ncbi.nlm.nih.gov/pubmed/15313931
http://dx.doi.org/10.1002/jcb.21911
http://www.ncbi.nlm.nih.gov/pubmed/18821585
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Cell Culture, Cell Culture Maintenance, Cell Culture Reagents and Chemicals 
	Cell Viability Assays 
	Determination of IC50 of Selected Compounds by MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) Assay 
	Effects of Letin on MCF-7 Cell Viability 
	Determination of Cell Viability in Leptin vs. Leptin and Compounds in MCF-7 Breast Cancer Cells by MTT Assay 
	Determination of Cell Viability by Fluorometric Assay 

	Phospho-KinaseEnzyme-LinkedImmunosorbentAssay(ELISA) 
	Statistical Analysis 

	Results 
	Cytotoxic Effects of Compounds in MCF-7 Cells 
	Proliferation of MCF-7 Cells by Leptin Treatment 
	Protective Effects of Tested Compounds against Leptin-Induced Breast Cancer Cell Proliferation 
	Inhibition of ERK1/2 Phosphorylation 

	Discussion 
	Conclusions 

