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Abstract

We have previously demonstrated that the anti-apoptotic protein BAD is expressed in normal 

human breast tissue and shown that BAD inhibits expression of cyclin D1 to delay cell-cycle 
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progression in breast cancer cells. Herein, expression of proteins in breast tissues was studied by 

immunohistochemistry and results were analyzed statistically to obtain semi-quantitative data. 

Biochemical and functional changes in BAD-overexpressing MCF7 breast cancer cells were 

evaluated using PCR, reporter assays, western blotting, ELISA and extracellular matrix invasion 

assays. Compared to normal tissues, Grade II breast cancers expressed low total/phosphorylated 

forms of BAD in both cytoplasmic and nuclear compartments. BAD overexpression decreased the 

expression of β-catenin, Sp1, and phosphorylation of STATs. BAD inhibited Ras/MEK/ERK and 

JNK signaling pathways, without affecting the p38 signaling pathway. Expression of the 

metastasis-related proteins, MMP10, VEGF, SNAIL, CXCR4, E-cadherin and TlMP2 were 

regulated by BAD with concomitant inhibition of extracellular matrix invasion. siRNA 

knockdown of BAD increased invasion and Akt/p-Akt levels. Clinical data and the results herein 

suggest that in addition to the effect on apoptosis, BAD conveys anti-metastatic effects and is a 

valuable prognostic marker in breast cancer.
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Introduction

Most apoptosis regulators, including BCL-2 family members, are typically localized to the 

intracellular membranes, cytoplasm, or mitochondria [1-4]. We previously demonstrated 

that the BCL-2 antagonist, BAD is localized to the nucleus, in addition to the cytoplasm in 

normal human breast tissue and that BAD prevents cyclin D1 transcription; hence cell cycle 

progression in breast cancer cells [5]. Al-Bazz et al. [6] and we [7] reported that BAD is 

localized to both the nucleus and cytoplasm in breast cancer tissue, suggesting a nuclear role 

for BAD. Other BH3 proteins, BIM and BCL-2 are also localized to the nucleus [1-3,8] 

suggesting that BCL-2 family proteins may have nuclear roles [9]. Our observations suggest 

that although BCL-2 and BAD have opposing effects in apoptosis in vitro [10,11], their cell-

cycle-related functions could be comparable (see discussion).

Many clinical studies suggest that BCL-2 expression is a strong predictor of overall and 

disease-free survival in breast cancer patients. BCL-2 is a favorable and superior prognostic 

marker [12,13] independent of lymph node status, tumor size, grade, and other biomarkers 

including estrogen receptor a (ERa) [14]. This is in marked contrast to the majority of in 

vitro studies, where BCL-2 is depicted as a pro-survival or cancer-promoting factor [10,11]; 

however, BCL-2 has a variety of non-apoptotic functions in vitro [10,11,15-20] as does 

another BCL-2 family protein MCL1 [16,18,21]. BID has been demonstrated to have a role 

in inflammation and immunity independent of apoptosis [22]. In recent studies non-

apoptotic roles of BAD were shown to include: blood glucose regulation, cooperation with 

p53 in the mitochondria, cell cycle regulation, and pro-survival functions [23-28]. Many of 

the proteins that have critical roles in apoptosis also have non-apoptotic functions, including 

cytochrome C, which is a key player in the intrinsic apoptosis pathway and is required for 

oxidative phosphorylation-linked electron transport. In addition to their well-established 

roles in apoptosis, functions for caspases have been described in cell-cycle entry, cell 

Cekanova et al. Page 2

Exp Cell Res. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



maturation, immune system function [29,30], differentiation [31], and other apoptosis-

unrelated functions [32,33]. Other pro-apoptotic molecules, e.g. apoptosis inducing factor 

(AIF), Endo G and Omi [34,35] also have pro-survival effects [36,37].

As a continuation of our previous work on BAD in breast cancer cells [5,38], we evaluated 

the role of BAD in breast cancer both in vitro and in vivo. We demonstrated that BAD 

regulated several key molecules governing epithelial-mesenchymal transition (EMT), which 

thereby modulated the extra-cellular matrix invasion of breast cancer cells in vitro. This is 

the first demonstration of anti-invasive effects of a BCL-2 family protein in breast cancer 

cells.

Materials and Methods

Cell Lines and Plasmid vectors

MCF7 human breast cancer cell lines, and conditional and transient overexpression BAD 

constructs has been previously described [5,39,40].

Antibodies

Following antibodies were used in this study: BAD (H-168), phospho-AKT (S473), 

phospho-ERK1, ERK1, ERβ, Actin, Flag, phospho-c-Jun, c-Jun, phospho-JNK, JNK, 

phospho-p38, CXCR4, β-catenin, GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA); 

phospho-BAD (S136), Sp1 (Upstate, Lake Placid, NY); AKT (Cell Signaling, Danvers, 

MA); cyclin D1 (Novocastra Laboratories Ltd., Newcastle Upon Tyne, UK); SNAIL 

(Abcam, Cambridge, MA); GFP (Sigma, St. Louis, MO) and MTA3 antibody was described 

in [41]. Secondary antibodies: Amersham (San Diego, California) and Chemicon (Millipore, 

Billerica, MA).

Immunohistochemistry

Formalin-fixed and paraffin-embedded blocks of human normal (n=3) and neoplastic breast 

tissue (n=4) were purchased from SeraCare GCI Global Repository (West Bridgewater, 

MA) and breast tissue microarrays (TMAs) BR801, BR722 were purchased from US 

Biomax, Inc. (Rockville, MD). Slides were incubated overnight in humid chamber at 4°C 

with appropriate concentrations of primary antibodies. Incubation with diluent alone served 

as negative controls. Slides were washed and incubated with biotinylated Super Sensitive 

Link followed by HRP-conjugated Super Sensitive Label (BioGenex, Fremont, CA). 

Diaminobenzidine (Vector, Burlingame, CA) was used as the substrate. Nuclei were lightly 

counterstained with hematoxylin (Richard Allen Scientific, MI). Stained slides were 

reviewed by a certified pathologist (RLD) and the staining intensities were scored on a 0-3 

scale (0=no staining, 1=mild staining, 2=moderate staining, 3=marked staining). The scores 

of the staining were averaged for statistical analyses.

Western Blot

Protein samples were separated on 10% SDS-PAGE and transferred to PVDF or 

nitrocellulose membranes. After blocking, membranes were incubated with primary 

antibodies, HRP-labeled secondary antibodies, and followed by ECL to detect proteins [5].
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ELISA

ELISA for p-GSK3β (Ser 9/21), total GSK3β, p-AKT (Ser 473), total AKT and VEGF 

(Assay Gate Inc, Ijamsville, MD), and human MMP array (RayBiotech Inc. Norcross, GA) 

were carried out on a fee-for-service basis. E-Cadherin was quantified by PathScan ELISA 

Kit (cat#7886, Cell Signaling) and human STAT (CBEL-STAT-SK) ELISA kit from Ray 

Biotech was used to measure phospho/total STAT1, 3, and 5.

PCR

Total RNA was extracted using RNeasy Mini Kit (Qiagen, Valencia, CA). cDNA was 

synthesized using random hexamers (Applied Biosystems: Carlsbad, CA) and M-MuLV 

reverse transcriptase (New England BioLabs, Inc, Inswich, MA). The quantitative real-time 

PCR was carried out using following primers (SNAIL: QT00010010, Actin: QT01680475, 

Qiagen) and iQ SYBR Green RT Supermix and iCycler MyiQ Real Time PCR system (Bio-

Rad, Hercules, CA). The results were normalized to endogenous control (actin). Fold 

changes were calculated in relation to reference control cDNA using the method described 

in [42]. Semi-quantitative reverse transcriptase-PCR was used to measure β-catenin and 

GAPDH mRNA as previously described [5].

Flow Cytometry

CXCR4 surface expression was measured using a Flowcellect flow cytometry kit (Millipore 

Billerica, MA). Cells were fixed in paraformaldehyde, washed and stained with mouse anti-

human CXCR4 at 4°C. Cells were stained with Phycoerythrin conjugated secondary 

antibody and analyzed by flow cytometry.

Invasion Assay

Cells were incubated in the presence or absence of tetracycline in starving media for 24hrs. 

Quiescent cells were placed on the upper wells of a Matrigel-coated invasion chambers (BD 

Biosciences, Bedford, MA). Bottom wells contained serum. The chambers were incubated 

for 24hrs at 37°C and 5% CO2. Cells on the upper surface were removed and the cells 

invading the underside of the membrane were fixed and stained with propidium iodide and 

quantified. The average of n=3 (biological replicates) with 2 technical replicates for each 

experiment is shown as described in [43].

BAD siRNA transfection

MCF7 cells were transfected with BAD siRNA (Santa Cruz) and control scrambled siRNA 

(Sigma Aldrich) using Lipofectamine (Life Technologies). Cells were serum-starved 24h 

following transfection and subjected to invasion assays and western blot analysis.

Statistical analysis

The scored intensities from IHC data from normal and neoplastic breast tissue were 

analyzed using SAS software (Cary, NC). The BR801 tissue array had both normal and 

matching neoplastic breast tissue from same patients, so a randomized block design, 

blocking on patient (effectively a paired t-test) was used to analyze BAD, p-BAD, AKT, p-

AKT, ERK1, and p-ERK1 expression levels. Markers were not paired, and a one-way model 
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was used to analyze the data. Responses were categorical scores, but the measure of mean 

response was desired, so analysis of variance with rank transformation was used for the non-

normally distributed scores. Means of untransformed data are reported, and Fisher's 

protected LSD was used to compare means. Simple Spearman rank correlations were 

calculated among all staining scores for each marker on the same tissue sample, and 

correlations were compared using Fisher's z-transformation.

Results

BAD and p-BAD is down-regulated in neoplastic breast epithelium

Breast tissue microarrays (TMA) were analyzed for BAD, phospho-BAD (p-BAD) by 

immunohistochemistry. Significantly less staining intensities for BAD and p-BAD were 

found in cancer than in normal breast tissue (p<0.01) and in both cases the expression of 

BAD in the cytoplasm exceeded that of nuclei (Figures 1A-C). In Grade II cancers (n=34) a 

decreased expression of p-BAD was found in 47% of cytoplasm and 80% of nuclei (Figure 

1D) compared to normal tissue (p<0.001, Fischer’s exact test). These results demonstrated 

that BAD and p-BAD expressions are decreased both in the cytoplasm and nuclei of human 

breast cancer tissues.

BAD regulates functions associated with invasiveness in breast cancer

Cyclin D1 and c-Jun promote breast cancer cell invasion [44-46] and BAD inhibits both 

these proteins [5]; therefore, we measured the effects of BAD on cancer cell invasion and on 

the expression of proteins that regulate metastasis. Overexpression of BAD significantly 

reduced MCF7 cell invasion through Matrigel by approximately 50% (Figure 2A). As 

predicted, partial silencing of BAD by siRNA led to a 70% increase of MCF7 cell invasion 

through Matrigel (Figure 2B). The relative BAD expression in the overexpressing or 

knockdown cells were confirmed by western blotting analysis.

Although MCF7 cells are considered to be minimally invasive, this cell line was established 

from a pleural effusion [47] attesting to their invasiveness in vivo. We have previously used 

RNA interference to demonstrate that BAD regulates cyclin D1 and c-jun in MCF7 cells [5]. 

In these cells, a decrease in MMP10 (Figure 2C) was found coupled with increased secretion 

of the MMP inhibitor TIMP-2 (Figure 2D) that correlates with improved survival in breast 

cancer patients [48]. In addition, the production of pro-angiogenic VEGF, which correlates 

with increased cancer metastasis [49] was significantly reduced by the expression of BAD 

(Figure 2E). Increased E-cadherin expression has been shown to correlate with better 

prognosis in various cancer types. Overexpression of BAD induced E-cadherin (Figure 2F), 

which correlated with reduced extracellular matrix invasion in MCF7 cells (Figure 2A). 

Other proteins measured by the MMP array, as described in Material and Methods section in 

detail, were unchanged by BAD overexpression (data not shown).

BAD regulates β-catenin, STAT and AKT activities

Previously, we demonstrated by overexpression, as well by RNA interference that BAD 

suppresses cyclin D1 via repression of the cyclin D1 promoter and BAD reduces cyclin D1 

abundance induced in response to estradiol or serum via a negative regulation of c-Jun [5]. 
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In the present study, we investigated whether BAD could regulate β-catenin, another inducer 

of cyclin D1 [50] in breast cancer cells. A decrease in β-catenin mRNA and protein was 

observed simultaneously (Figure 3A). Phosphorylation of β-catenin by GSK-3β induces its 

degradation and GSK-3β is inactivated by AKT/PKB phosphorylation [51]. We measured 

the effects of BAD on GSK-3β phosphorylation, and a significant decrease in p-GSK-3β was 

found in BAD over-expressing cells (Figure 3B) without a change in total GSK-3β 

(Supplemental Figure 1B) indicative of GSK-3β activation. STAT family proteins regulate 

the cell cycle in breast cancer cells [52,53]. ELISA analyses showed a significant down-

regulation of both phosphorylated and total STAT1 and STAT3 in BAD over-expressing 

cells (Supplemental Figures 2A and 2B) resulting in a reduced p/T ratio (Figures 3C and 

3D). In contrast, a decrease only in p-STAT5 but not in total STAT5 (Supplemental Figure 

2C) was noted with reduced p/T ratio STAT5 (Figure 3E).

BAD regulates EMT-related proteins

SNAIL, a well characterized inducer of epithelial to mesenchymal transition (EMT) [54], 

was inhibited by BAD as demonstrated by mRNA and protein expression (Figures 4A and 

4B). Further, the expression of MTA3, an upstream regulator of SNAIL [41], was also 

blocked by BAD (Figure 4A). This observation together with the increased E-cadherin 

expression in these cells (Figure 2F), suggested that the transcriptional repression of the E-

cadherin promoter exerted by SNAIL [54] may be antagonized by BAD. CXCL12/SDF1, a 

c-Jun target and its receptor CXCR4, play significant roles in breast cancer metastasis [46]. 

Our results demonstrated a significant down-regulation of CXCR4 by BAD (Figure 4A and 

4C). In addition, Sp1, a transcription factor required for EMT, was inhibited by BAD as 

shown in Figure 4D.

BAD regulates ERK and AKT signaling pathways

Since BAD interacts selectively with un-phosphorylated c-Jun [5], we investigated whether 

BAD could also regulate signal pathways that phosphorylate c-Jun. We hypothesized that 

BAD may inhibit the Ras-MEKK-MEK-ERK and JNK pathways selectively [5]. c-Jun is 

phosphorylated and activated by JNK, ERK, and a variety of other kinases [55]. As shown 

in Figure 5A, BAD decreased the phosphorylation of c-Jun and JNK without affecting the 

phosphorylation of p38, showing a degree of specificity. The inhibitory effects of BAD on 

the activation of JNK/c-Jun by E2 are broadly similar to that of serum. The BAD double 

mutant, in which both serine residues are mutated to alanine (DMBAD S75A/S99A), 

completely reversed the effect of BAD (Figure 5A). Inhibition of ERK by conditional over-

expression of BAD is demonstrated in Figure 5B.

BAD specifically inhibited MEK-dependent ERK1/2 activation, but not Myr-AKT-induced 

ERK activation (Supplemental Figure 4). We examined the effects of BAD on AKT as 

AKT1 promotes migration of breast cancer cells [56]. BAD induced total AKT 

(Supplemental Figure 1A) and reduced phospho/total (p/T) ratio. Thus BAD inhibits relative 

p-AKT (Figure 5C). Silencing of BAD by siRNA increased p-AKT levels (and total AKT to 

a lesser extent), resulting in restoring the activation of AKT (Figure 5D). Thus BAD 

inactivates AKT, which may activate GSK-3β (Figure 3B) causing reduction of β-catenin 

(Figure 3A).

Cekanova et al. Page 6

Exp Cell Res. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



As BAD inhibited ERK1/2 activation, we determined the expression pattern of the signal 

molecules (ERK, phosphorylated ERK, AKT and phosphorylated AKT) in breast tissue 

blocks by immunohistochemistry. Higher ERK and a significantly less p-ERK expression 

were evident in the neoplastic compared to normal cells (Supplemental Figure 3A-D). 

Reduced AKT and increased p-AKT were found in neoplastic cytoplasm (Supplemental Fig 

3E-H).

Taken together, our data suggest that in addition to the previously known cell cycle and 

apoptotic effects BAD also influences breast cancer cell invasion and epithelial to 

mesenchymal transition (Figure 6).

Discussion

Studies over the last decade have shown that many apoptosis regulatory proteins have 

additional functions unrelated to apoptosis. Previously, we demonstrated that BAD enforced 

a G1 phase block via inhibition of cyclin D1 synthesis in breast cancer cells. BAD is located 

in the cytoplasm and in the nucleus in normal breast tissue suggesting a physiological role 

for nuclear BAD [5]. In this report, we have extended these observations and demonstrate a 

novel role for BAD to inhibit breast cancer cell invasion and EMT. To our knowledge, this 

is the first report to demonstrate that BCL-2 family proteins have both anti-invasive and 

EMT-inhibiting effects in breast cancer cells. These findings may underlie the association of 

decreased BAD/p-BAD expression in breast cancer and the association of prolonged 

survival with enhanced BAD expression [6,7]. Novel findings of changes in p-BAD and 

relative changes in p-BAD/BAD in the nucleus vs cytoplasm in tumor vs normal (Figure 1) 

support a model, in which BAD could inhibit breast cancer metastasis. High BAD 

expression is associated with longer disease free survival, overall survival [6], and longer 

time to relapse in tamoxifen-treated breast cancer patients [57], and a role for BAD as a 

good prognostic indicator has been reported for gastric, hepatocellular and colon carcinomas 

[58-62]. Although in prostate cancer, BAD accelerated tumor growth in prostate cancer 

C4-2 xenografts [26].

Premenopausal breast carcinoma in younger women is more aggressive with a higher 

potential for invasion and metastasis and poor prognosis compared to postmenopausal breast 

carcinoma [63]. Interestingly, BCL-2 and BAD expression in premenopausal breast 

carcinoma was significantly lower than in post-menopausal breast carcinoma and this 

decrease in proteins correlated with progression from Grade I to III [64]. It is noteworthy 

that both BCL-2 and its antagonist BAD decreased with increasing severity of the disease.

The mechanisms, by which BAD regulates EMT-related gene expression remains to be 

elucidated. BAD may regulate gene expression via several proteins, including c-Jun, cyclin 

D1, β-catenin, and Sp1. The transcription factor Sp1 that regulates SNAIL expression 

(Figure 4A) is also an activator of the cyclin D1 promoter [65].

Several proteins related to tumor cell invasiveness, EMT, and metastases were down-

regulated by BAD (MTA3, SNAIL, and CXCR4 as shown in Figure 4) with concomitant 

inhibition of MCF7 cell invasion (Figure 2). We showed that c-Jun was inhibited by BAD 
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[5] and c-Jun is known to promote cellular migration and invasion [45,46]. As patients with 

breast cancers expressing higher levels of BAD protein had a longer survival [6], and 

survival is directly related to metastasis, it is plausible that increased expression of BAD 

could be associated with a lowered metastatic potential. c-Jun as well as cyclin D1 (inhibited 

by BAD) are known to promote migration and invasion by breast cancer cells (vide infra). 

Previous studies have shown that BH3 only protein BMF may regulate anoikis, which also 

plays a role in invasiveness at least in vitro [66]. In this study, BAD had an opposite effect 

to that of BIM and BMF and decreased anoikis. A reversal or inhibition of EMT by BAD 

was further evident by its stimulatory effect on E-cadherin expression (Figure 4D). 

Increased E-cadherin expression correlates with better prognosis in many cancer types, and 

E-cadherin transcription is inhibited by SNAIL [54]. In addition, Sp1, a transcription factor 

required for EMT, was inhibited by BAD. Collectively, our data indicated a role for BAD in 

the reduction of cancer progression and as an inhibitor of EMT, cancer cell migration, and 

invasion.

In vitro data supports the a pro-invasive role for BCL-2 and its pro-survival partner BCLxL 

[67-70] or anti-invasive role for BCL-2 [71]. Most in vitro results suggest an anti-apoptotic 

role for BCL-2, yet expression correlates with improved prognosis. Increased BCL-2 and 

BAD expression correlate with improved outcome in breast cancer. Given the anti-invasive 

effects of BCL-2 in vivo, the effects of synthetic BCL-2 antagonists, should be further 

examined.

Conclusion

We have presented clinical data showing that p-BAD and BAD expression is decreased in 

breast cancer compared with normal breast tissue. BAD impedes breast cancer invasion and 

migration correlating with the inhibition of EMT and transcription factors that promote 

breast cancer cell migration. These functions are distinct from the role of BAD to promote 

mitochondria-mediated apoptosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AIF apoptosis inducible factor

AP-1 activator protein-1

AKT protein kinase B
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Apaf-1 apoptosis protease activating factor-1

BAD Bcl-2-associated death promoter

BCL-2 B-cell lymphoma 2

BCLxL B-cell lymphoma-extra large

BH3 Bcl-2 homology domain 3

BRCA1 breast cancer type 1 susceptibility protein

CDK4 cyclin-dependent kinase-4

CXCL12/SDF1 stromal cell -derived factor-1

CXCR4 chemokine receptor type 4

DM double mutant

ECL enhanced chemiluminescence

EGFP enhance GFP

EMSA electrophoretic mobility shift assay

EMT epithelial-mesenchymal transition

ERa estrogen receptor a

ERβ estrogen receptor β

ERK extracellular signal-regulated kinases

FADD Fas-associated protein with death domain

GAPDH glyceraldehyde 3-phosphate dehydrogenase

GFP green fluorescent protein

GSK3β glycogen synthase kinase 3 beta

HER2 human epidermal growth factor receptor-2

HIF Hypoxia-inducible factor 1, alpha subunit

HRP horseradish peroxidase

IHC immunohistochemistry

p phospho

Ras/MEK/ERK MAPK signaling pathway

JNK c-Jun kinase

MCL1 myeloid leukemia cell differentiation protein-1

MMP10 metalloproteinase-10

MTA3 metastasis-associated protein-3

Rb retinoblastoma protein
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SNP single-nucleotide polymorphism

Sp1 specificity protein-1

STAT Signal transducer and activator of transcription

TMA tissue microarrays

TIMP2 metallopeptidase inhibitor 2

TRE transcription response elements

VEGF Vascular endothelial growth factor
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• BAD and p-BAD expressions are decreased in breast cancer compared with 

normal breast tissue.

• BAD impedes breast cancer invasion and migration.

• BAD inhibits the EMT and transcription factors that promote cancer cell 

migration.

• Invasion and migration functions of BAD are distinct from the BAD’s role in 

apoptosis.
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Figure 1. BAD and p-BAD expressions in normal and neoplastic breast tissues by IHC
(A) Down-regulation of BAD and p-BAD expressions are shown in neoplastic and normal 

breast tissue. Objective 40X, scale bar 50μm. (B) Semi-quantitative evaluation of IHC 

staining intensities of BAD and (C) p-BAD in normal and neoplastic breast tissues with the 

average intensities of cytoplasmic and nuclear expression of BAD and p-BAD. (D) 

Percentage changes of p-BAD expression in Grade II tumors compared to normal tissue 

differed between cytoplasm and nucleus (n=34). T=tumor, N=normal; difference significant 

at ***p<0.001 by Fisher’s exact test. Values represent the mean ± S.D. *p<0.05, 

***p<0.001 by Student’s t-test.
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Figure 2. BAD regulates functions associated with invasiveness
(A) Invasion by MCF7 cells was measured following BAD induction for 72 hrs. (B) 

Invasion by MCF7 cells was measured following silencing BAD by siRNA for 72 hrs. (C) 

MMP10, (D) TIMP2, (E) VEGF, and (F) E-cadherin were measured by ELISA in cell 

lysates of control and BAD induced cells (n=3). Values represent the mean ± S.E. **p<0.01, 

***p<0.001 by Student’s t-test.
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Figure 3. BAD controls expression of β-catenin signaling pathway
(A) BAD was induced in MCF7 cells for 48 or 96 hrs. β-catenin mRNA was measured by 

RT-PCR with GAPDH expression measured as control. β-catenin protein was measured by 

western blot with actin as loading control. (B-E) Phospho and total forms of GSK-3β, 

STAT1, STAT3 and STAT5 were measured by ELISA. Phospho/total (p/T) ratio of each 

protein in control vs. BAD-overexpressing cells are shown (n=3). Values represent the mean 

± S.E. **p<0.01, ***p<0.001 by Student’s t-test.
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Figure 4. BAD regulates EMT-related proteins
(A) Expression of MTA3, SNAIL, and CXCR4 were assayed by WB in control and 

conditionally BAD induced MCF7 cells (n=3). Expression of actin and GAPDH are shown 

as protein loading controls. (B) Relative SNAIL mRNA expression was determined by 

qPCR in 3 individual experiments with comparable results; representative results from one 

experiment are shown. (C) Flow cytometric analysis of CXCR4 in control and conditionally 

BAD-induced MCF7 cells. MCF7 cells containing the tetracycline regulator, but not the 

BAD insert, were used as a control to show lack of effect of tetracycline by itself. 

Experiment was repeated 4 times with comparable results. Values represent the mean ± S.E. 

**p<0.01, ***p<0.001 by Student’s t-test. (D) Expression of Sp1 was assayed by WB in 

control and conditionally BAD induced MCF7 cells (n=3). Actin was used as loading 

control.
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Figure 5. BAD regulates ERK and AKT pathways
(A) MCF7 cells were transiently transfected with indicated plasmid vectors and were growth 

arrested with 10nM ICI and 0.1% serum for 48 h prior to stimulation with 5% serum or 10 

nM E2. Whole cell lysate (50 μg) of each sample was resolved using SDS-PAGE and 

immunoblotted with indicated antibodies. (B) After BAD induction for 72 hrs, cells were 

serum-starved for 24 hrs and stimulated with serum for 1 hr (experiments in duplicate). 

Lysates from BAD induced and control cells were probed with p-ERK and ERK antibodies. 

(C) Phospho and total AKT were measured by ELISA and phospho/total (p/T) ratios are 

shown. Values represent the mean ± S.E. **p<0.01, ***p<0.001 (n=3). (D) Induction of 

AKT after silencing BAD by siRNA.

Cekanova et al. Page 20

Exp Cell Res. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 6. Scheme of proposed summary of BAD regulation of diverse gene expressions 
regulating cell invasion and proliferation in breast cancer identified in this study
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