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Abstract

Melatonin, has been shown repeatedly to inhibit the growth of human breast tumor cells in vitro 
and in vivo. Its anti-proliferative effects have been well-studied in MCF-7 human breast cancer 

cells and several other estrogen receptor α (ERα)-positive human breast cancer cell lines. 

However, the MDA-MB-231 breast cancer cell line, an ERα negative cell line widely used in 

breast cancer research, has been shown to be unresponsive to melatonin’s growth-suppressive 

effect in vitro. Here we examined the effect of melatonin on the cell proliferation of several ERα-

negative breast cancer cell lines including MDA-MB-231, BT-20 and SK-BR-3 cells. Although the 

MT1 G-protein-coupled receptor is expressed in all three cell lines, melatonin significantly 

suppressed the proliferation of SK-BR-3 cells without having any significant effect on the growth 

of MDA-MB-231 and BT-20 cells. We confirmed that the MT1-associated Gα proteins are 

expressed in MDA-MB-231 cells. Further studies demonstrated that the melatonin-

unresponsiveness in MDA-MB-231 cells may be caused by aberrant signaling downstream of the 

Gαi proteins, resulting in differential regulation of ERK1/2 activity.
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Introduction

Melatonin, the main secretory product of the pineal gland, is involved in the regulation of a 

wide variety of biological processes in target tissues, which include the regulation of 

reproduction in seasonally-breeding animals, synchronization of the circadian rhythms, and 

sleep-promotion [1–4]. Like the other hormones, melatonin exerts these physiological 

effects in target tissues via specific binding proteins or receptors. Two membrane-associated 

melatonin receptors, which belong to the G-protein-coupled receptor (GPCR) superfamily, 

have been cloned and sequenced in mammals [5]. The MT1 receptor is distributed in the 

central nervous system, numerous peripheral tissues, including ovary and uterus, and 

mammary tumor cells including the MCF-7 human breast cancer cell line [5–10]. In 

contrast, expression of the MT2 receptor is limited primarily to the central nervous system 

[11, 12].

In addition to its physiologic effects, studies in the last decade have revealed that melatonin 

exerts an inhibitory influence on the development and growth of breast tumors [9, 13]. It has 

been proposed that melatonin acts on breast tumor growth by directly suppressing the 

proliferation of breast tumor cells. Numerous studies have shown that melatonin 

administration inhibits the in vitro proliferation of several breast cancer cell types including 

the estrogen receptor α (ERα)-positive MCF-7 human breast cancer cells [14, 15].

As demonstrated in our previous studies, melatonin administration at physiologic 

concentrations (10−9 M), which correspond to the human peak plasma nighttime 

concentration of melatonin, significantly inhibit the in vitro proliferation of MCF-7 cells by 

30–50% [16]. Further studies have shown that the anti-proliferative actions of melatonin are 

mediated primarily through activation of the MT1 G-protein-coupled receptor. 

Overexpression of MT1 receptor in MCF-7 cells potentiates melatonin-induced growth-

suppression in vitro, enhances melatonin’s growth-inhibitory effect in vivo in athymic nude 

mice implanted with MT1-overexpressing MCF-7 cells [17, 18], and suppresses mammary 

gland development in mice [19]. Additionally, melatonin-induced growth-inhibition is 

blocked by pre-treatment with antagonists to the MT1/MT2 receptors [17, 18]. Although the 

precise intracellular mechanism(s) underlying melatonin’s anti-proliferative effects are not 

yet fully elucidated, it has been suggested that the MT1-mediated growth-suppressive actions 

of melatonin involve “cross talk” with specific growth-regulatory signaling pathways, such 

as the steroid/thyroid hormone nuclear receptor family, and some growth factor signaling 

pathways, via selective activation of multiple G-proteins.

Melatonin’s growth-suppressive effects are not limited to ERα-positive breast cancer cells as 

melatonin also impacts the growth of mammary gland epithelial cells and inhibits the 

proliferative activities in ERα-negative MCF-7 tumor xenografts [19–21]. However, in our 

studies, administration of physiologic concentrations of melatonin failed to inhibit the 

proliferation of ERα-negative MDA-MB-231 breast cancer cells [22], despite the expression 

of the MT1 receptor at both mRNA and protein levels in these cells [23].

As a GPCR, the MT1 receptor has been shown to associate with a wide variety of G-proteins 

in various tissues [24–27]. The pattern of responses of a particular cell type to GPCR 
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activation depends on the G-proteins associated with the receptor, specific effector 

molecules expressed, and the relative concentration of the various components in the 

signaling cascade. The ERα-negative MDA-MB-231 breast cancer cells exhibit a distinctive 

malignant phenotype including loss of nuclear receptors and loss of responsiveness to 

estradiol, resistance to anti-estrogenic treatment, high invasive/metastatic potential, and 

constitutive-activation of the MAPK signaling pathway. Since the MT1 receptor, which 

mediates much of melatonin’s growth-suppressive action in MCF-7 breast cancer cells [18], 

is expressed in MDA-MB-231 cells, we hypothesize that, a molecular deficiency in the MT1 

signaling pathway leads to the uncoupling of the melatonin signal transduction and the 

unresponsive phenotype in MDA-MB-231 human breast cancer cells.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and tissue culture reagents were purchased from Sigma Chemical Co. (St. 

Louis, MO, USA). Cell culture medium, RPMI 1640, and fetal bovine serum (FBS) were 

purchased from Gibco BRL (Grand Island, NY, USA). The FuGENE 6 transfection reagent 

was purchased from Roche (Indianapolis, IN, USA).

Cell lines and cell culture

MCF-7, BT-20, SK-BR-3 and MDA-MB-231 cells were purchased from American Tissue 

Culture Collection (ATCC, MD, USA). These cells were routinely maintained in 

RPMI-1640 medium supplemented with 10% FBS (Gibco BRL), 2 mM glutamine, 50 mM 

MEM non-essential amino acids, 1 mM sodium pyruvate and 10 mM BME. Cells were 

cultured as monolayer in 150 cm2 flasks, at 37° C in a humidified atmosphere of 5% CO2 

and 95% air.

Transient transfection

For cell proliferation assays, MDA-MB-231 cells were plated onto 35 mm2 6-well plates at a 

density of 2.0 × 104 cells/well, in RPMI-1640 medium supplemented with 10% FBS. 

Twenty-four hours after plating, cells were transiently transfected with 50 ng/well of the 

control vector (pcDNA3.1), dominant-positive (DP) or –negative (DN) G-protein constructs, 

using Fugene 6 transfection reagent (Roche). Eight hours following transfection, cells were 

re-fed with fresh medium supplemented with 10% FBS. Cell numbers were counted on a 

hemacytometer 6 days following transfection. For Western blot analyses, MCF-7 and MDA-

MB-231 cells were plated onto 10-cm petri dishes at a density of 1.2 × 106 cells/dish and 

were transiently transfected with 600 ng/dish of control vector (pcDNA3.1) or dominant-

positive Gαi2 protein plasmid in RPMI medium (6 ml/dish) supplemented with 10% FBS, 

using Fugene 6 transfection reagent. Six hours following transfection, another 4 ml of fresh 

medium containing 10% FBS was added to each dish. Cells were harvested at 3, 18, 24 and 

36 hours following transfection.

Cell proliferation assay

For cell proliferation studies, MCF-7, BT-20, SK-BR-3 and MDA-MB-231 cells were plated 

onto 35 mm2 6-well plates at a density of 2.0 × 104 cells per well, in RPMI-1640 medium 
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supplemented with 10% FBS. Cells were serum-starved for 24 hours prior to treatment. For 

melatonin response studies, BT-20, SK-BR-3 and MDA-MB-231 cells were treated with 

either melatonin (10−9 M), or diluent (0.0001% ethanol). For 8-Br-cAMP dose response 

assays, MCF-7 and MDA-MB-231 cells were treated with 8-Br-cAMP (10−10, 10−8, 10−6, 

and 10−4 M), or diluent (ddH2O). After 6 days, cells were counted on a hemacytometer, 

using the trypan blue exclusion test.

Western blot analysis

Cells were harvested and then lysed in a protein extraction buffer containing Tris (50 mM, 

pH 7.4), EDTA (20 mM), NP-40 (0.5%), NaCl (150 mM), phenylmethylsulfonyl fluoride 

(0.3 mM), NaF (1 mM), NaVO4 (1 mM), dithiothreitol (1mM), aprotinin (1 μg/ml), 

leupeptine (1 μg/ml), and pepstatin (1 μg/ml). The cell lysates were centrifuged for 10 min at 

10,000 × g, at 4° C. Protein concentrations of the supernatants were determined by Bio-Rad 

assay (Bio-Rad, Hercules, CA, USA). Total protein (50 ×g per sample) was 

electrophorectically separated on a 10% SDS polyacrylamide gel, and electroblotted onto a 

Hybond membrane. After incubation with 5% nonfat milk in a Tris-buffered saline 

containing 0.1% Tween-20, the blots were probed with anti-G protein polyclonal rabbit 

antibodies (Gαi2, Gαi3, Gαq and Gα11) (Santa Cruz, CA, USA), phospho-p38 (Thr180/

Tyr182) or phospho-p44/42 MAPK (Thr183/Tyr185) antibodies (Cell Signaling, Beverly, 

MA, USA). The same blots were stripped and re-probed with anti-actin antibody (Sigma, St. 

Louis, MO, USA).

Statistical analysis

Data are represented as the mean ± the standard error of the mean. The statistical 

significance at 95% confidence level was determined by one-way ANOVA followed by 

Newman-Kuels post-hoc test analyses using the Statview software.

RESULTS

To determine if melatonin’s growth-suppressive effects are limited to ERα-positive breast 

cancer cells, cell proliferation assays were conducted to determine melatonin’s effect on the 

in vitro growth of ERα-negative MDA-MB-231, BT-20 and SK-BR-3 breast cancer cells. As 

shown in Fig. 1, melatonin treatment (10−9 M) significantly inhibited the proliferation of 

ERα-negative SK-BR-3 cells by 50%, but did not significantly inhibit the proliferation of 

MDA-MB-231 cells. In BT-20 cells, melatonin appears to induce a trend of growth-

inhibition but its effect on cell growth was not statistically significant.

As demonstrated in previous studies, the membrane-associated MT1 melatonin receptor, but 

not MT2, is expressed in breast cancer cells [9, 10], and mediates melatonin’s growth-

suppressive effects in breast cancer cells [17, 18]. To determine if loss of melatonin-

responsiveness in MDA-MB-231 cells is due to the lack of the MT1 melatonin receptor, 

qPCR analyses were conducted to examine the steady state expression of the MT1 receptor 

mRNA in MDA-MB-231 cells. As shown in Fig. 2, expression of MT1 mRNA was highest 

in MCF-7 cells and at comparable levels in BT-20, SK-BR-3 and MDA-MB-231 cells.
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To address if uncoupling of the MT1 signal transduction cascade in MDA-MB-231 cells is 

caused by the absence of certain G-proteins which associate with MT1 receptor in MCF-7 

cells, protein expression of Gαi2, Gαi3, Gαq and Gα11 proteins in MDA-MB-231 cells was 

determined by Western blot analyses. As shown in Fig. 3, all of these G-proteins are 

expressed in MDA-MB-231 breast cancer cells.

As shown in Fig. 4, transfection with the vector construct had no significant effect on MDA-

MB-231 cell growth, while transfection with the dominant-positive G-protein plasmids (DP-

Gαi3, -Gαq and -Gα11) significantly stimulated cell proliferation by approximately 30% 

(non-transfected control set as 100%). In contrast, transfection with dominant-negative G-

protein plasmids (DN-Gαi2, -Gαi3, -Gαq and -Gα11) suppressed cell growth, causing a 

significant decrease of approximately 20% in cell growth (non-transfected control set as 

100%). The above data suggests that the G-proteins (Gαi2, Gαi3, Gαq and Gα11) that couple 

to MT1 receptor in MCF-7 cells and inhibit their proliferation are also expressed in MDA-

MB-231 cells, but act as mitogenic signaling pathways in MDA-MB-231 cells.

In the subsequent studies, we examined the effects of DP-Gαi2 on ERK1/2 phospho-

activation in MCF-7 and MDA-MB-231 cells by Western blot analyses. As shown in Fig. 5, 

transfection with the vector construct for up to 36 hours did not affect ERK1/2 

phosphorylation in either cell line. Transfection with DP-Gαi2 plasmid at 3 hours almost 

completely blocked the phosphorylation of ERK1/2 in MCF-7 cells (by ~90%), but had no 

effect on ERK1/2 phosphorylation in MDA-MB-231 cells.

A well-established second messenger that transduces signals from the Gαi-protein is cAMP. 

Therefore, we further compared the effects of 8-Br-cAMP, a cAMP analog, on the 

proliferation of MCF-7 and MDA-MB-231 cells by cell proliferation assays. As shown in 

Fig. 6, 8-Br-cAMP at low concentrations (10−10 to 10−6 M) caused a general trend of 

growth-suppression in MCF-7 cells but growth-stimulation in MDA-MB-231 cells. The most 

obvious effects were observed at the lowest concentration used (10−10 M), at which, 8-Br-

cAMP significantly inhibited cell proliferation in MCF-7 cells by approximately 40%, while 

significantly increasing MDA-MB-231 cell growth by approximately 40% (controls set as 

100%). The highest concentration of 8-Br-cAMP (10−4 M), which is considered as a 

cytotoxic concentration in previous reports, however, induced a dramatic reduction (>80%) 

in cell growth in both cell lines.

To determine if the difference in Gαi2 regulation of ERK1/2 activity in MCF-7 and MDA-

MB-231 cells is caused by alterations in B-Raf expression, which has been shown to be 

critical for cAMP to regulate ERK1/2 [28, 29], we examined the protein expression of B-Raf 

by Western blot analyses. Figure 7 clearly shows that both MCF-7 and MDA-MB-231 cells 

express B-Raf.

Discussion

Melatonin has been repeatedly shown to directly inhibit the in vitro growth of a wide variety 

of cancer cell types including the MCF-7 ERα-positive human breast cancer cells [14, 15]. 

Previous studies have shown that, at physiologic concentrations (10−9 M to 10−11 M), 
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melatonin significantly inhibits the proliferation of MCF-7 cells by 30–50% [16]. It has also 

been shown that melatonin down-regulates the estrogen-response pathway by decreasing 

ERα expression, suppressing estrogen-induced ERα transactivation, thus modulating the 

expression of the estrogen-responsive growth-regulatory genes in MCF-7 cells [10, 30, 31]. 

However, down-regulation of the ERα signaling may not be the only mechanism underlying 

the growth-suppressive actions of melatonin since melatonin has also been shown to 

differentially regulate the transcriptional activity of other members of the steroid/thyroid 

hormone receptor superfamily, including the retinoic acid receptor alpha (RARα), 

glucocorticoid receptor (GR), retinoic acid related orphan receptor alpha (RORα), and 

vitamin D receptor (VDR) [24, 32], which, like the ERα, play an important role in the 

development and growth of breast tumors. It has been suggested that melatonin inhibits 

breast cancer cell proliferation partially through both suppression of the mitogenic pathways 

(ERα, GR, and RORα) and potentiation of the growth-inhibitory pathway (RARα). As 

shown in Figure 1, melatonin also exhibits an inhibitory effect on cell proliferation in the 

SK-BR-3 ERα-negative breast cancer cells. This result indicates that melatonin may act 

through other mechanism(s) to regulate cell growth in ERα-negative cell lines. Further 

studies are needed to delineate the signaling pathways involved in melatonin’s actions on 

cell growth in SK-BR-3 cells.

In contrast to SK-BR-3 cells, the MDA-MB-231 cell line was unresponsive to the anti-

proliferative effect of melatonin (Fig. 1), even though it expresses the MT1 melatonin 

receptor at levels comparable to MCF-7 cells (Fig. 2). These results are consistent with 

previous reports [22] and demonstrate that the loss of responsiveness to melatonin is not due 

to the absence of the MT1 melatonin receptor. A recent study reported that melatonin 

showed weak cytotoxicity in MDA-MB-231 cells as measured by MTT assay [33]. The 

concentrations of melatonin examined in their report were at pharmacological levels (8 and 

16 mM). The discrepancy between their results and our data may be largely due to different 

effects of melatonin concentrations (physiological versus pharmacologic) and a result of 

receptor-mediated effects alone at physiologic concentrations versus combined effects of 

receptor-mediated and non-receptor mediated events at pharmacologic concentrations.

As a GPCR, the MT1 melatonin receptor has been previously reported to associate with a 

wide variety of G-proteins in a number of tissues [24–27]. By association with specific G-

proteins, and thus activating specific G-protein signaling pathways, the activated MT1 can 

elicit particular intracellular events that may lead to different patterns of cellular responses in 

a given cell type. In MCF-7 cells, MT1 specifically couples to a selective subset of G-

proteins upon melatonin binding, including the Gαi2, Gαi3, Gαq and Gα11 proteins. The 

Gαi2 and Gαq proteins appear to be involved in melatonin’s growth-suppressive effect [25]. 

All of these G proteins (Gαi2, Gαi3, Gαq and Gα11) are expressed in MDA-MB-231 cells as 

determined by Western blot analysis (Fig. 3), suggesting that uncoupling of the MT1 signal 

transduction cascade in MDA-MB-231 cells does not result from the absence of certain G-

proteins which associate with MT1 receptor in MCF-7 cells.

To further determine if the signaling pathways downstream of the Gαi2, Gαi3, Gαq and Gα11 

proteins are functional at regulating cell growth in MDA-MB-231 cells, cell proliferation 

assays were performed to examine the effects of Gαi2, Gαi3, Gαq and Gα11 proteins on cell 
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growth in MDA-MB-231 breast cancer cells. We have previously shown that transfection 

with the DP-Gαi2 and -Gαq constructs inhibited the proliferation of MCF-7 cells [25], 

suggesting that these G-protein signaling pathways (Gαi2 and Gαq) act as anti-mitogenic 

pathways in MCF-7 cells. Interestingly, in MDA-MB-231 cells these same G-proteins act as 

mitogenic pathways instead as transfection with the same DP-Gα constructs (Gαi2 and Gαq) 

significantly stimulated cell proliferation, while transfection with DN-Gα (Gαi2 and Gαq) 

constructs inhibited cell growth (Fig. 4). Together, these results suggest that the same set of 

G-proteins differentially regulates cellular proliferation in ERα-negative MDA-MB-231 

cells vs. ERα-positive MCF-7 breast tumor cells.

Melatonin repression of ERα transcriptional activity appears to be mediated specifically via 

Gαi2, since expression of a DN-Gαi2 protein, but not Gαi3, Gαq or Gα11 proteins, abrogated 

melatonin’s ability to repress estrogen-induced ERα transactivation [25]. A well-established 

second messenger transducing signals from the Gαi-protein is cAMP. Transcriptional 

activity of steroid receptors including ERα can be modulated by phosphorylation at specific 

residues by a wide variety of effector protein kinases in the G-protein signaling pathways, 

such as PKC, calmodulin (CaM), and PKA. These kinases, in turn, are under the direct 

control of second messengers including cAMP, cGMP, Ca2+, and diacylglycerol (DAG) [34]. 

Melatonin has been previously reported to block the accumulation of intracellular cAMP in 

various tissues, including the breast [34–36], and suppress PKA activity in tissues other than 

the breast [7]. In MCF-7 human breast cancer cells it has been shown that melatonin inhibits 

estrogen and forskolin- or pituitary activating polypeptide (PACAP)-induced elevation of 

intracellular cAMP [35]. This inhibitory action appears to be mediated through Gαi2. 

Therefore, melatonin-mediated suppression of ERα transactivation may involve Gαi2-

mediated regulation of the cAMP/PKA signaling cascade.

As a key player in the signaling network, the cAMP/PKA pathway may play an important 

role in mediating melatonin’s growth-suppressive effects by linking MT1 signaling pathway 

to other central signaling pathways as well. Previous studies have shown that the 

cAMP/PKA pathway cross talks with the MAPK cascade at the level of Raf. Therefore, it is 

possible that melatonin exerts its anti-proliferative effects partially by PKA-mediated 

suppression of the mitogenic ERK1/2 signaling pathway via Gαi2 protein. As shown in 

Figure 5, transfection with DP-Gαi2 construct blocked the phosphorylation/activation of 

ERK1/2 in MCF-7 cells, which is consistent with the anti-mitogenic role of Gαi2 protein 

revealed by cell proliferation assay and our recent studies in MCF-7 triple-negative breast 

tumor xenografts [21]. In contrast, Gαi2 protein had no effect on ERK1/2 phosphorylation in 

MDA-MB-231 cells (Fig. 5). Together, these results demonstrate that Gαi2 protein inhibits 

MCF-7 cell growth partially through repressing ERK1/2 activity and loss of Gαi2–regulation 

of ERK1/2 may lead to abnormal function of Gαi2 on cell growth in MDA-MB-231 cells.

To further determine if the signal transduction components in Gαi2 pathway downstream of 

cAMP are functional in terms of regulating cell growth, we compared the effects of 8-Br-

cAMP on the proliferation of MCF-7 and MDA-MB-231 cells. As shown in Figure 6, 8-Br-

cAMP (at a concentration of 10−10 to 10−6 M) exerts opposite effects on the proliferation of 

MCF-7 and MDA-MB-231 cells, significantly inhibiting cell proliferation in MCF-7 cells 

while increasing MDA-MB-231 cell growth. This data suggests that the signaling cascade 
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downstream of cAMP/PKA is not functioning in the same way in these two cell lines, 

leading to different patterns of cellular responses to cAMP, and thus, to Gαi2 protein, and 

ultimately, melatonin, in MCF-7 vs. MDA-MB-231 cells.

As mentioned above the cAMP/PKA pathway cross talks with the MAPK pathway. 

Elevation of the intracellular cAMP level represses the activity of ERK1/2 in some cells, 

while stimulating ERK1/2 activity in others [34]. One of the well-established mechanisms 

underlying cell type-specific effects of cAMP on ERK1/2 activation is the differential 

expression of B-Raf. According to previous results, cAMP generally inhibits ERK1/2 

activity unless B-Raf is expressed [28, 29]. As shown in Figure 7, B-Raf protein is expressed 

at comparable levels in both MCF-7 and MDA-MB-231 cells. This data suggests that, the 

different pattern of cellular responses to cAMP and Gαi2 protein in MCF-7 and MDA-

MB-231 cells is not caused by presence or absence of B-Raf. Further studies are needed to 

pinpoint the missing link in the MT1/Gαi2 signal transduction cascade downstream of 

cAMP, which causes abnormal regulation of ERK1/2 activity, cellular responses to cAMP 

and Gαi2, and ultimately responsiveness to melatonin in MDA-MB-231 cells. Finally, these 

studies demonstrate that melatonin at physiologic concentrations, and through receptor-

mediated mechanisms, can inhibit the proliferation of both ERα-positive and ERα-negative 

breast tumor cell lines, but that some ERα-negative breast tumors, such as the MDA-

MB-231 cell line, are not growth-inhibited by melatonin even though they express the MT1 

melatonin receptor. Interestingly, uncoupling of melatonin signal transduction pathway and 

loss of melatonin-responsiveness has also been observed in the ERα-positive melatonin-

responsive MCF-7 cells in response to exposure to magnetic field [37], which causes 

uncoupling of the melatonin receptor from downstream signaling (adenyl cyclase/cAMP) 

[37]. This study further demonstrates that insensitivity to melatonin may be caused by 

uncoupling of the MT1/Gαi2 signal transduction cascade.
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Figure 1. Effect of melatonin on the proliferation of BT-20, SK-BR-3, MDA-MBA-231 human 
breast cancer cells
BT-20, SK-BR-3 and MDA-MB-231 breast cancer cells were plated into 35 mm2 6-well 

Costar plates, at a density of 2.0 × 104 cells/well, in RPMI-1640 supplemented with 10% 

FBS. Cells were serum-starved for 24 hours and then treated with melatonin (Mlt, 10−9 M) 

or diluent (Control, 0.0001% ethanol). Six days following treatment cells were harvested by 

brief trypsinization and counted on a hemacytometer using the trypan blue exclusion test. 

Data is presented as percent of mean cell count in ethanol-treated MDA-MB-231 cells 

(100%). One-way ANOVA followed by Newman-Kuels post-hoc test analyses was used to 

determine statistically significant differences in the percentage among different groups. n=3, 

* P < 0.05.
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Figure 2. mRNA expression of MT1 melatonin receptor in MCF-7, BT-20, SK-BR-3, MDA-
MBA-231 human breast cancer cells
Expression levels of MT1 were determined by qPCR analysis.
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Figure 3. Expression of G-proteins in MDA-MB-231 human breast cancer cells
MDA-MB-231 breast cancer cells were plated into 150 mm2 flasks in RMPI-1640 

supplemented with 10% FBS. Four days after seeding cells were harvested by scraping and 

whole cells lysates were extracted. Fifty micrograms of total cellular protein from MDA-

MB-231 cells was electrophoretically separated on 10% SDS polyacrylamide gel, and 

transferred onto nitrocellulose membrane. Expression of specific G-proteins was detected by 

Western blot analyses using anti-G protein polyclonal rabbit antibodies (Gαi2, Gαi3, Gαq 

and Gα11) at a 1:1000 dilution. These figures are representative of multiple (n=3) Western 

blot analyses of Gα-protein expression in MDA-MB-231 breast cancer cells.
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Figure 4. Effects of dominant-positive and dominant-negative G-proteins on the proliferation of 
MDA-MB-231 human breast cancer cells
MDA-MB-231 breast cancer cells were plated into 35 mm2 6-well Costar plates, at a density 

of 2.0 × 104 cells/well, in RPMI-1640 supplemented with 10% FBS. Twenty-four hours after 

seeding, cells were sham transfected (Parental), or transfected with 50 ng/well of pcDNA3.1 

(Vector), dominant-positive G-protein plasmids (Gαi2, Gαi3, Gαq and Gα11), or dominant-

negative G-protein plasmids (Gαi2, Gαi3, Gαq and Gα11). Six days following transfection 

cells were harvested by brief trypsinization and counted on a hemacytometer using the 

trypan blue exclusion test. Data is presented as percent of mean cell count in parental MDA-

MB-231 cells (100%). One-way ANOVA followed by Newman-Kuels post-hoc test analyses 

was used to determine statistically significant differences in the percentage among different 

groups. * P < 0.05 vs. parental cells, n=3.
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Figure 5. Effects of the dominant-positive Gαi2 protein on the activation of ERK1/2 in MCF-7 
and MDA-MB-231 human breast cancer cells
(A) MCF-7 and (B) MDA-MB-231 breast cancer cells were plated onto 10-cm Petri dishes 

at a density of 1.2 × 106 cells/dish in RPMI-1640 supplemented with 10% FBS. Twenty-four 

hours after seeding, cells were sham transfected (Parental), or transfected with 600 ng/dish 

of pcDNA3.1 (Vector) or dominant-positive Gαi2 protein (DP-Gαi2) plasmid for 6 hours and 

then harvested at 3, 18, 24, and 36 hours following transfection. Whole cell lysates were 

extracted from MCF-7 and MDA-MB-231 cells. Fifty micrograms of total cellular protein 

was electrophoretically separated on 10% SDS polyacrylamide gel, and transferred onto 

nitrocellulose membrane. The phosphorylation of ERK1/2 was examined by Western blot 

analyses using anti-phospho-p44/42 MAPK (Thr183/Tyr185) antibody, at a 1:1000 dilution. 

The same blots were stripped and reprobed with anti-actin antibody. Western blot signal 

intensities were measured by phosphoimage densitometry and then normalized to the actin 

levels (bottom graph). Results were expressed as relative arbitrary units with a value of 

100% for the parental control groups. This figure is a Western blot analysis of ERK1/2 

phosphorylation in MCF-7 and MDA-MB-231 breast cancer cells, and it is representative of 

3 independent experiments.
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Figure 6. Effects of 8-Br-cAMP on the proliferation of MCF-7 and MDA-MB-231 human breast 
cancer cells
MDA-MB-231 cells were plated into 35 mm2 6-well Costar plates, at a density of 2.0 × 104 

cells/well, in RPMI-1640 supplemented with 10% FBS. Cells were treated with either 

ddH2O (Control) or 8-Br-cAMP (10−10, 10−8, 10−6, 10−4 M). Six days following treatment 

cells were harvested by brief trypsinization and counted on a hemacytometer using the 

trypan blue exclusion test. Data is presented as percent of mean cell count in vehicle-treated 

control MCF-7 and MDA-MB-231 cells (100%). One-way ANOVA followed by Newman-

Kuels post-hoc test analyses was used to determine statistically significant differences in the 

percentage among different groups. * P < 0.05 vs. vehicle treated cells, n=3.
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Figure 7. Expression of B-Raf in MCF-7 and MDA-MB-231 human breast cancer cells
Whole cell lysates were extracted from MCF-7 and MDA-MB-231 breast cancer cells 

incubated in RPMI-1640 medium supplemented with 10% FBS. Fifty micrograms of total 

cellular protein from MDA-MB-231 cells was electrophoretically separated on 10% SDS 

polyacrylamide gel, and transferred onto nitrocellulose membrane. Expression of B-Raf was 

detected by Western blot analyses using anti-B-Raf antibody at a 1:1000 dilution. The same 

blots were stripped and reprobed with anti-actin antibody. This figure is a Western blot 

analysis of B-Raf expression in MCF-7 and MDA-MB-231 breast cancer cells, and it is 

representative of 3 independent experiments.
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