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Introduction
The development and growth of many human cancers including 

breast cancer are known to be influenced by steroid hormones [1,2]. 
Abnormal responsiveness of the cells especially to estrogen hormone 
has been a major cause of breast cancer development and progression 
[3]. Therefore better understanding and manipulation of the endocrine 
milieu may provide effective palliative treatment for patients with 
hormone-dependent cancers [4-6]. Thyroid hormone and estrogen 
share a common signaling pathway in regulation of proliferation 
and growth in the target cells, including cancer cells. So the aberrant 
signaling by these hormones needs to be evaluated in terms of regulated 
growth of normal cells vs. cancer cells.

Estrogen plays an important role in regulating the growth and 
differentiation of normal premalignant and malignant cells, i.e. 
typically breast epithelial cells through interaction with two nuclear 
estrogen receptors (ERα and ERβ) [7]. The action of thyroid hormone 
triiodothyronine (T3) is mediated by TRs which belong to the super 
family of nuclear receptors [8] affecting the phenotype, proliferation 
and gene expression of cultured mammary epithelial cells [9-11]. The 
function of thyroid hormones and their receptors on cell proliferation 
varies depending upon the cell type, developmental state and 
pathophysiological condition [12] of the cells. 

ERs and TRs belong to the nuclear hormone receptor superfamily 
sharing a basic structure consisting of a receptor specific amino terminal 
domain, central DNA binding domain and carboxyl terminal ligand 
binding domain [8]. These receptors share a common mechanism 
of action whereby hormone receptor complexes bound to cis-acting 
elements enhance or repress the target genes. ER homodimers and TR 

monomer or heterodimers along with Retinoid acid receptor (RXR), 
recognize E2 (ERE) and T3 response element (TRE) respectively [13]. 
TR and ER have the potential to bind to an identical half site consensus 
sequence, AGGTCA, although the number of spacing nucleotides 
between the half sites and their orientations may vary for ERE and 
TRE. T3 bound TR can directly bind to ERE of the PR (progesterone 
receptor) promoter and stimulate its transcription [14]. When TR 
and ER both coexist, T3 bound TR inhibits E2 bound ERα-mediated 
transactivation of the preproenkaphlin [15,16] and prolactin gene [17] 
suggesting interference of estradiol signaling by thyroid hormone and 
vice versa. Previous studies suggested a crosstalk between ER and TR 
in neuroendocrine tissues leading to inhibition of estrogenic effects 
by thyroid hormone [18]. These crosstalks between E2 bound ER and 
T3 bound TR signaling pathways are postulated due to redundancy of 
DNA recognition and the common utilization of cofactors [19,16].

SMP30, a novel age-associated protein which decreases during 
ageing is highly expressed in hepatocytes and in renal tubular epithelia 
[20]. Earlier report suggests that SMP30 too plays a diverse role in 
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Abstract
Thyroid hormone and Estrogen regulate transcription(s) of target genes by binding to their nuclear receptors 

that interact with specific responsive elements -TRE and ERE, respectively. Recently, we have demonstrated 
that 3, 3’5 Triiodo L Thyronine (T3) can induce apoptosis in ER positive breast cancer cells (MCF-7) through 
downregulation  of Senescence Marker Protein-30 (SMP30) gene. SMP30, a novel age-associated protein which 
decreases during ageing is highly expressed in hepatocytes and in renal tubular epithelia. Earlier reports suggest 
that SMP30 too plays a diverse role in proliferation, survival and differentiation of the cells. SMP30 has also been 
reported to be downregulated by 17β-Estradiol (E2) in prostate gland and mammary epithelial cells. Interestingly, 
Thyroid Receptors (TRs) and Estrogen Receptors (ERs) share a common consensus half site sequence. In this  
context; we hypothesize a possible competition between both the receptors in SMP30 promoter under different 
types of hormonal signaling. To prove this hypothesis, gel retardation and luciferase assays were conducted by 
taking hSMP30 promoter reporter constructs which validated our findings for the putative ERE site. Competition 
Chromatin Immunoprecipitation Assay (ChIP) in the above mentioned ERE showed differential TRβ binding upon 
thyroid/estrogen hormone treatment, while ERα showed binding mainly in control and estrogen treated sample. 
Although the SMP30 promoter activity was almost same in response to E2 and T3, but the functional consequences 
of down regulation of SMP30 in human breast cancer cells post E2/T3 treatment were different in terms of apoptosis. 
To unravel the mechanism behind the differential consequences of E2/T3 treatment, in addition to looking at the 
expression of regular apoptotic markers such as Bax and Cleaved PARP, we have also tried to verify the possible 
involvement of p53, which has been already reported to be a downstream target of SMP30.
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proliferation, survival and differentiation of the cells [21]. On the 
contrary, SMP30 has also been shown to induce p53 expression [22] 
leading to p21 induction. Additionally, anti-apoptotic role of SMP30 is 
well documented [23-26]. In the context of the above background we 
wanted to question whether there is a competition between T3 bound TR 
and E2 bound ER for getting recruited in the common response element 
of SMP30 gene. This is in line with our bigger goal to extend our study 
to confirm whether T3 can be projected as an adjuvant therapy for ER 
positive breast cancer patient by unravelling the mechanism of crosstalk 
and/or competition between liganded TR and ER for manipulating the 
expression of SMP30. We already reported about down regulation of 
SMP30 in rat liver by thyroid hormone [27]. We also reported SMP30 
down regulation by T3 induced apoptosis in MCF-7 cells [28], which is 
in accordance with the fact that higher concentration of T3 treatment 
can inhibit breast cancer cell proliferation [29]. It has also been reported 
that E2 downregulates SMP30 in rat mammary and prostate gland [30]. 
However, E2 is known to promote cell proliferation in both normal and 
transformed mammary epithelial cells by modifying the expression of 
hormone responsive genes involved in the cell cycle/programmed cell 
death. Estradiol induced apoptosis at basal level, may be referred to 
non-genomic steroid actions [31]. However, although SMP30 is down 
regulated by both T3 and E2, its functional consequences and cross-talk/ 
or competition between T3 liganded TR and E2 liganded ER in SMP30 
downregulation is yet to be unravelled. By unfolding the mechanistic 
insights, their role in development and progression of breast tumors 
can be established. 

Materials and Methods
Cell culture

MCF-7, T-47D and MDA MB-231 human breast carcinoma cells 
were obtained from National Centre for Cell Sciences (NCCS), Pune. The 
cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplemented with 10% Fetal Bovine Serum (FBS) maintained in 5% 
CO2 atmosphere at 37°C until 70-80% confluence. For stimulation with 
T3 or E2, culture medium was removed; the cells were rinsed twice with 
phosphate buffer saline (PBS) and incubated in medium containing 
10% Charcoal-Stripped Fetal Bovine Serum (CS-FBS) for 3 days. T3 
(10 µM/10 nM) or E2 (10 nM) (from Sigma) was diluted in medium 
containing 10% charcoal-stripped fetal bovine serum and cells were 
treated for the time-points indicated in figure legends.

Plasmid constructions

hSMP30 promoter reporter construct was prepared by amplifying 
human SMP30 promoter from MCF-7 genomic DNA by using 
hSMPKpn4F primer and hSMPXhoR primer sequences which are 
shown in Table 1. Then the PCR product was purified using QIAquick 
Gel Extraction Kit (Qiagen). The fragments harboring ERE, having 
KpnI and XhoI restriction sites and pGL3-basic vector were digested 
with KpnI and XhoI enzymes. Ligation was performed using T4 DNA 
Ligase (USB) and cloned. The clones were then confirmed by PCR 
using vector specific universal RV3 and GL2 primers, cDNA fragments 
of hSMP30 were prepared from MCF-7 RT PCR products by using 
hSMP30 EcoRI F and XhoI R primers (Table 1). cDNA product was 
then ligated to digested pCMV 3T3A vector using T4DNA Ligase 
to make hSMP30 expression vector and cloned. All constructs were 
confirmed by manual sequencing.

Transfection and luciferase assay

For Dual Luciferase Assay, transient transfections were carried 

out using MCF-7 cells. 20 hrs before transfection, cells were plated in 
DMEM containing 10% CS-FBS, at a density of 1×105 cells per well, 
in 12 well plates. For transient transfection, 0.5 µg of reporter plasmid 
DNA, 0.25 µg of TRβ and TRα (as TRs), RXRα or 0.25 µg of ERα 
expression vector or pCMV vector and 50 ng of pRL-TK control vector 
were co-transfected using Fugene HD transfection reagent (Roche) as 
per manufacturer’s instruction. After 24 hrs of transfection 10 µM T3 
or 10 nM E2 hormones or DMSO was added for overnight treatment. 
The cells were harvested to prepare lysates and luciferase activities were 
measured in duplicates in three independent experiments.

Electrophoretic mobility shift assay

Electrophoretic Mobility Shift Assay (EMSA) was performed 
as described in Sar et al. [27]. Oligonucleotides (both strands) 
corresponding to hSMP30 ERE sites were synthesized as shown 
in Table 2. For each site one strand was end labelled with γ32P ATP 
using T4 poly nucleotide kinase and annealed to its complementary 
unlabelled strand. Nuclear extracts of MCF-7 (10 µg) were incubated 
with 20 fmoles of radiolabelled oligonucleotide duplex and 1 µg poly 
(dI-dC) in 30 µl reaction mixture containing 10 mM Tris-HCl (pH 
7.5), 50 mMNaCl, 1 mM DTT, 5% glycerol for 20 minutes at room 
temperature. In competition experiments, 100 fold molar excess of 
unlabeled self, consensus ERE oligos (Table 2) were added during 
incubation period. Then Gel Retardation Assay was performed in 5% 
non-denaturing polyacrylamide gel.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was performed as previously described [28]. Briefly, 
MCF-7 cells were grown to 90% confluence in DMEM supplemented 
with 10% charcoal stripped fetal bovine serum for 3 days. After addition 
of 10 µM T3 or 10 nM E2 or DMSO for 1hour, cells were cross-linked 
and lysed using ChIP Kit from Upstate Biotechnology Inc. Lysates 
containing DNA-protein complexes were sheared by sonication, 
precleared and immunoprecipitated according to manufacturer’s 
protocol by antibodies for TRβ (Abcam), ERα (Abcam) and normal 
Rabbit IgG (Santacruz). DNA-protein-antibody complexes were 
pulled down with protein A-sepharose beads, washed and reverse-
crosslinked for 4-5 hour at 65°C with 5M NaCl and subjected to 
Proteinase K digestion at 45°C for one hr. Then the purified DNA 
fraction was isolated by phenol-chloroform. In-vivo association of the 
protein complexes with hSMP30 promoter EREs were demonstrated 
by performing PCR of ChIP-elutes using site-specific primers- hSMP30 

Sequence 5' - 3'

hSMP30 EcoR I F                                 ACAGAATTCCCTGCGACCATGTCTTCC

hSMP30 Xho I R   ACACTCGAGTCCCGCATAGGAGTAGGGA

hSMP30 Kpn4 F CAATCTAGGCAAGAAATG

hSMP30 Xho R CGACCTTCTTAGGACGTTTC

Table 1: Primers Used for Cloning.

Sequence 5' - 3'
hSMP30 ERE 1 SS                        ATGTTGGTCAGGCTGGTCTCAAACTCCTGACCTTAGG
hSMP30 ERE 1 AS                       CCTAAGGTCAGGAGTTTGAGACCAGCCTGACCAACAT
hSMP30 ERE 2 SS                        GAAGGACATTAAAGGGACAATTTCTATGACCTGGTG
hSMP30 ERE 2 AS                        CACCAGGTCATAGAAATTGTCCCTTTAATGTCCTTC
ERE Consensus SS TGGCTACAGGTCAGTCTGACCTCTGGCATG
ERE Consensus AS CATGCCAGAGGTCAGACTGACCTGTAGCCA

Table 2: Oligonucleotide Used for EMSA.
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ERE1 (h SMP PCR1F1 and Xho2 R), and non ERE region. These primer 
sequences were listed in Table 3. 

Real-time PCR

MCF-7 or MDA MB-231 cells were transfected with hSMP30-
pCMV 3Tag3A expression vector; after 24hrs of transfection, cells 
were treated with 10 µM of T3 or 10 nM of E2 for 24 hrs. Then cells 
were harvested and RNA was isolated using Trizol method. BCL-2, 
BAX, SMP30 and GAPDH mRNA expression were determined by 
quantitative RT PCR using SYBR Green Jump-Start Taq Ready mix 
system (SIGMA) for quantitative PCR. The sequences of sense and 
antisense primers for BCL-2, BAX, SMP30 and GAPDH mRNA were 
given in Table 4. Relative values (mean ± SD) were normalized to 
GAPDH expression. Then PCR products were electrophoresed in 1.5% 
agarose gel.

Western blot analysis

For preparation of whole cell lysates, transfected or treated cells 
were washed with PBS and lysed in RIPA buffer at 4°C for 2 hr. 
Then, after 30 min centrifugation, the supernatant was isolated and 
quantification of protein was done by Bradford Method.

10%SDS-PAGE was performed with 50 (for p53-experiment)/120 
µg protein in each well in Mini-PROTEAN Electrophoresis System 
(Biorad). PVDF membrane (Millipore) was used for overnight transfer 
of protein and transfer (at~30V) was performed with Biorad Mini 
Trans-blot Cells in methanol-containing Tris-Glycine transfer Buffer. 
Post-transfer blocking was done with non-fat dry milk (Santa Cruz) 
for 1hr. Each blot was the incubated with primary antibody overnight, 
washed with TBS-T and then respective HRP-conjugated secondary 
antibody incubation was done. Blot was subjected to chemilumenescent 
detection reagent (GE Healthcare) for visualisation of bands.

Antibody dilutions were as follows: anti-SMP30 antibody 
(Santacruz) 1:500 times, anti-cleaved PARP-amino-terminal (Cell 
Signalling) 1:1000 times, anti-TRβ (Abcam) 1:1000 times, anti-p53 
(Imgenex) 1:5000 times, and their respective HRP conjugated 
secondary antibody (Santacruz) 1:5000 times, α-Tubulin antibody 
(Santa Cruz) 1:1000 times. 

Western Blot Densitometric Analysis was performed by Biorad 
Quantity One Software.

Flow cytometric analysis

To measure the extent of early or late induction of apoptosis flow 
cytometric analysis was performed. MCF-7 cells transfected with 
control vector (pCMV-3Tag3A) and expression vector containing 
SMP30 gene (SMP30-pCMV3Tag3A) were incubated in presence or 
absence of 10 µM T3 or 10 nM E2 or DMSO for 24 hrs at 37°C. After 24 
hrs of incubation cells were harvested and assayed for apoptosis using 
the Annexin V-FITC Apoptosis Detection Kit (Imgenex) according 
to manufacturer’s instruction. Cells were analyzed in FACS Calibur 
(Becton Dickinson) by using Cell Quest Pro software.

Results and Discussions
SMP30 and TRβ expression in human breast cancer cells

We screened SMP30 expression in different human breast cancer 
cell lines by western blot analyses. Figure 1A shows SMP30 protein 
expression in all ER positive (MCF-7, ZR-75, and T47D), ER negative 
(MDA-MB 231) breast cancer cells and 3T3 fibroblast cells in 1st to 6th 
lane in upper panel. In middle panel, TRβ expression is shown in all the 
above described cell lines. Densitometric Analysis shows that SMP30 
expression is differentially regulated in ER positive, ER negative breast 
cancer cells and in non-cancerous cells irrespective of TRβ expression 
status. 

Down regulation of SMP30 in breast cancer cell line by 
β-Estradiol

We examined the effect of overnight treatment of estrogen (10 nM) 
on SMP30 expression at protein level. Figure 1B shows that overnight 
treatment with estrogen hormone down regulates SMP30 protein 
expression in MCF-7. 

Identification of high affinity ER binding sites within SMP30 
Promoter

To determine whether there were any ER binding site within 
2kb upstream of transcription start site of human SMP30 (hSMP30) 
promoter, We scanned hSMP30 promoter for EREs within 2kb from 
transcription start site. In hSMP30 promoter we identified two ER 
binding half sites i.e. at 613 bp and 1.2 kbp from hSMP30 transcription 
start site. The sequence of the former from -637 to -600 was found to 
be ATGTTGGTCAGGCTGGTCTCAAACTCCTGACCTTAGG  and 
that of later from -1274 to -1235 was GAAGGACATTAAAGGGACAA 
TTTCTATGACCTGGTG. We performed Electrophoretic Mobility 
Shift Assay (EMSA) using MCF-7 nuclear extract. Electrophoretic 
mobility assay and competition with 100 fold molar excess of cold self 
and consensus ERE oligos confirmed the binding of ER to ERE site1 
whereas ERE site 2 did not show any competition with 50 and 100 fold 
molar excess of cold consensus ERE as shown in Figure 2A and 2B. The 
above results clearly indicated that SMP30 promoter has one specific 
binding site for ERs.

Recruitment/ Competition of TRβ and ERα to SMP30 
promoter after E2 or T3 treatment

We next investigated recruitment of ER on SMP30 promoter by 
ChIP analysis (Figure 3A-3C). It was found that ERα can bind to hSMP30 
ERE1 of SMP30 promoter irrespective of the presence or absence of E2, 
but its binding affinity was decreased in the case of later. Our previous 
study confirmed the presence of two important putative TREs [28] in 
contrast to one putative ERE. TRβ could also bind to hSMP30 ERE1 
of SMP30 promoter irrespective of the presence or absence of T3, but 

Sequence 5' - 3' 
hSMP PCR 1F1                                     GGATTCAAGCAATTCTCCTGTCTCAGCC
hSMP XhO2 R                                      ACACTCGAGACAGTCTGGGCTTTCTCC
hSMP non ERE F                                   TGGAGAAAGCCCAGACTGTCAGAT
hSMP non ERE R                                    GGCTGGAAGAATCCTGCAAAG

Table 3: Primers Used in ChIP PCR.

Sequence 5' - 3'
hSMP30 + 560 to + 580                          GCCACCATTGGAACCAAGTT
hSMP30 +1105 to +1085                          CCCTCCAAAGCAGCATGAAG
hGAPDH SS2                                           GATCATCAGCAATGCCTCCT
hGAPDH AS2                                           TTCCTCTTGTGCTCTTGCTG
Bcl2 SS TGTGGATGACTGAGTACCTG
Bcl2AS GGAGAAATCAAACAGAGGCC
Bax SS CAGCTCTGAGCAGATCATGAAGACA
Bax AS GCCCATCTTCTTCTTCCAGATGGTGAGC

Table 4: Primers Used for Real Time- PCR.
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its binding affinity was decreased in the case of T3 treatment. This is 
typically an established feature of negative thyroid response element. 
This may happen due to interaction of unknown thyroid receptor 
associated proteins on the negative thyroid response elements which 
eventually led to repression [28]. There are reports based on interference 
between estradiol and thyroid hormone signaling pathways. Previous 
studies suggest inhibition of estrogenic effects by thyroid hormone in 
neuroendocrine tissues [18]. Additionally, coexistence of ER and TR 
has been reported to inhibit E2 bound ER mediated transactivation [15-
17]. To unravel the above conflicting facts in relation to hSMP30 gene, 
we did competition ChIP assays after treating MCF-7 cells with thyroid 
hormone as well as estrogen hormone.

On top of everything, percentage of TRβ bound to ERE/ TRE does 
overshadow the percentage of ERα bound to the same element under 
combinatorial treatment.

SMP30 Promoter activity in response to E2 and T3

We examined the response of E2, T3 and E2 plus T3 together 
on transcriptional activity of hSMP30 promoter in MCF-7 cells by 
measuring luciferase activity. We transfected hSMP30 promoter 
reporter construct along with expression vectors in MCF-7cells. 
Luciferase activity of hSMP30 promoter (+ 66 to - 1252) having ERE1 
(hSMP30 Pro) showed slight repression in presence of E2; however, 
the repression was further enhanced in presence of both E2 and T3 
treatment in MCF-7 cells (Figure 4). 

These results indicated that hSMP30 promoter is negatively 
regulated by liganded ERα. However, T3 bound TR was found to further 
inhibit E2 bound ER transrepression of hSMP30 promoter in presence 
of both E2 and T3. Similar pattern of inhibitory effect of T3 bound TR on 
E2 bound ER has been reported on transactivation of preproenkephalin 

[15,16] and prolactin gene [17]. 

T3 is able to regulate Bcl2/Bax ratio through down regulation 
of SMP30, but this effect was not shown by E2 mediated 
SMP30 down regulation

It is well established that Estradiol (E2) enhances cell proliferation 
and inhibits apoptosis. As SMP30 is anti-apoptotic, to check the status 
of apoptosis as a result of SMP30 down regulation in response to E2, 
we checked the expression of various pro- and anti-apoptotic genes. 
Estrogen (E2) mediated up regulation of BCL-2 and down regulation 
of BAX gene expression remained same before or after SMP30 over 
expression. Compared to estrogen, thyroid hormone treatment 
enhanced the proportion of MCF-7 cells undergoing apoptosis by 

Figure 1: (A): SMP30 and TRβ expression in human breast cancer cells. 
SMP30 expression in different breast cancer cell-lines (MCF-7, ZR-75, T47D, 
MDA MB 231) and immortalized 3T3 fibroblast cell line (non-cancer cell-line) are 
shown by Western blot analyses and Densitometric histogram for protein band 
intensity. The histogram of % protein expression was prepared by subtracting 
the corresponding control.
(B): Down regulation of SMP30 in human breast cancer cell line by 17-β- 
estradiol. Representative Western blot of total SMP30 protein in response to 
overnight treatment with 10nM E2 in MCF-7 cells and Densitometric histogram 
for protein band intensity. The histogram of % protein expression was prepared 
by subtracting the corresponding control.

Figure 2: Identification of high affinity ER binding sites within hSMP30 Pro-
moter. (A) Electrophoretic mobility shift assay for hSMP30 ERE1 to confirm the 
binding of ER. (2B) Electrophoretic mobility shift assay for hSMP30 ERE2 to 
confirm the binding of ER. 

Figure 3: Recruitment/ Competition of TRβ and ERα to SMP30 promoter 
after E2 or T3 treatment. (A,B) ERα binding to SMP30 promoter is affected by 
E2 treatment was shown in ChIP. (C) Recruitment/ Competition of TRβ and ERα 
to SMP30 promoter after E2 or T3 treatment. Respective Band intensity was 
measured after subtracting the corresponding control (IgG) and normalized with 
respective positive control (Input).
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20-30% by down regulating anti apoptotic BCL-2 and up regulating 
pro apoptotic BAX (Figure 5A).Over the past few years, increasing 
evidences have suggested the non genomic effects of thyroid hormone 
treatment induces apoptosis in lymphocytes and pro myeloleukemic 
HL-60 cells in dose dependent manner [32,33]. Sometimes, the effect 
of non physiological concentrations (about two orders of magnitude 
higher) of T3 resulting in decreased proliferation, has been reported 
in breast cancer cells [29]. Similarly, we found there was maximal 
induction of early apoptosis in MCF-7 cells after 16 hr of 1-10 µM 
concentration of T3 treatment and no further induction was found 
either by increasing the duration of T3 treatment or by increasing the 
concentration of T3 (data not shown). Over expression of SMP30 in 
MCF-7 cells lowered the proportion of apoptotic cells induced by T3 by 
up regulating BCL-2 and down regulating BAX expression as shown by 
qRT-PCR (Figure 5C). 

To further confirm the effect of estrogen hormone, we carried 
out the above experiments in ER negative MDA MB-231 cells (Figure 
5B and 5D). Estrogen did not show any significant enhancement of 
apoptosis although there was no further enhancement of BCL-2 
expression (Figure 5D). On the other hand thyroid hormone was able 
to induce apoptosis in MDA MB-231 cells through reducing BCL-2 and 
enhancing BAX gene expression. SMP30 over expression reversed the 
rate of apoptosis induction caused by T3 (Figure 5B and 5D). 

Taken together, the above results clearly suggested that down 
regulation of SMP30 has an important role during thyroid hormone 
induced apoptosis in MCF-7 as well as MDA MB-231 breast cancer 
cells.

Possible involvement of p53 in T3 induced apoptosis

Since SMP30 has already been shown to induce p53 expression 
[22] leading to p21 induction, and in an important clinical study [34], 
hypothyroidism has been speculated to be associated with reduced 
evidence of primary breast carcinoma, it appeared interesting to us, 
to know, whether the physiological concentration of thyroid hormone, 
was unable to induce apoptotic stimuli even in presence of wild-type 
p53. To unravel the mechanism behind thyroid hormone induced 
apoptosis in human breast cancer cells through activated p53 molecule, 
we transfected wt p53 and phosphorylated form of p53 (p53-18D20D). 
On treatment of cells with E2, T3 and E2 plus T3, the expression of 

cleaved PARP was observed through western blot analysis. Since TR 
β has been already shown to interfere with p53-mediated signaling 
pathways  in terms of apoptotic induction [35], the objective of our 
western was to check whether our p53-18D20D (phosphorylated p53) 
construct was resistant to T3 (Figure 6).

Figure 6 shows effect of vehicle (A)/E2 (B)/T3 (C)/E2+T3 (D) over 
vector transfected, p53 and p53-18D20D transfected MCF-7 cells 
along with their respective densitometric analysis (E,F,G,H). Figure S2 
(Supplementary data) shows decreased p53-mediated PARP induction 
upon any treatment versus almost stabilized PARP induction under 
any treatment in case of p53-18D20D. p53-18D20D construct 
expresses constitutively phosphorylated form of p53. The reduction 
of PARP induction of p53 under E2 and T3 seemed to be reversed by 
introduction of this construct. From our western blot results (Figure 
6A and 6C), it was evident, that T3 alone, at upper physiological level of 
10 nM concentration, was unable to induce apoptosis in even MCF-7 
cells which expresses wild type p53. But upon over-expression of p53, 
as expected, apoptotic signal was increased. So, it could be inferred, that 
p53 overexpression in ERα positive breast cancer cells was not enough 
to induce apoptotic stimuli even at upper physiological concentrations 
of T3. Since, it has already been reported that the peak activity of E2 
occurs at 10 nm so we have decided to perform the competition 
assay between T3 and E2 at this concentration of E2. But at the same 
physiological concentration; estrogen is able to induce basic level of 
apoptosis in same cells. This data supports the clinical evidence of 
hypothyroidism association with reduced occurrence of primary breast 
carcinoma and that of non-genomic effects of estrogen. TRβ, indeed 
have been shown to bind to p53-DNA-binding domain and thereby 
block its transcriptional activity [35] at physiological concentrations. 
By observing these opposing effects of T3 and E2 at physiological 
concentrations, we checked what happens if both the ligands are 
introduced in the same cell line. As per our western blot, the PARP-
inducing capability of p53 is enhanced by phosphorylation of p53 at 
18th and 20th position. In presence of physiological concentration of T3, 
PARP inducing capability of p53-18D20D is higher than that of p53.
This effect is probably due to inability of physiological concentration of 
T3 to phosphorylate p53-18D20D (activated p53) at 15th position with 
MAPK in contrast to wild type p53 [40]. p53 mutation or deregulation 
is the most common cause of neoplasia. However, the frequency of p53 
mutation in breast cancer is significantly lower in terms of clinical cases 
[36]. Being the most thoroughly studied tumor-suppressor protein, 
p53 has been shown to induce growth arrest or apoptosis in response 
to cellular stresses including hypoxia, carcinogen exposure, nucleotide 
depletion or oncogenic signals. But the evidences of breast cancer 
in presence of wild-type p53 raise the question of deregulation in its 
balancing mechanisms.

Possible downstream mechanism behind differential 
regulation of SMP30 by E2/T3

SMP30, has been so far denoted as an anti-apoptotic protein, 
although it is an upstream positive regulator of p53 [34]. Hence it seems 
debatable, whether an inducer of tumor suppressor protein needs to 
be down regulated for induction of apoptosis, as is apparent from our 
results. Figure 7 shows possible mechanism behind differential effect of 
SMP30 regulation by T3 or E2. We hypothesize, T3 or E2 may regulate 
intracellular calcium levels apart from regulating SMP30 (subject to 
further study). SMP30 has been reported to inhibit activation of liver 
nuclear DNA fragmentation at about 0.5 to 2.0 µM Ca2+ [37]. This 
inhibition is reversed in presence of 25 to 50 µM Ca2+, suggesting that 

Figure 4: SMP30 Promoter activity in response to E2 and T3. Transient 
transfections of hSMP30 Promoter was carried out using MCF-7 cells. Values 
are the mean of three independent experiments ± SD normalized to Renilla 
activity. P<0.001difference from vehicle control using ANOVA.
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Figure 5: Induction of apoptosis as a result of T3 Mediated repression of hSMP 30 in contrast to absence of any significant induction of apoptosis as result of 
E2 mediated repression of hSMP 30. (A,B) A representative qRT-PCR data for two apoptotic related genes BCL-2 and BAX expression in MCF-7 and MDA MB-231 
cells. Shown are the mean of triplicate samples (mean ± SD) normalized to GAPDH. CT values obtained from the real time PCR was used to compare the expression 
label of treated sample from control assuming 100% amplification. Results were confirmed in three independent experiments. P<0.0001 difference from only vector 
transfected control using ANOVA for BCL-2 gene, P<0.0232 difference from control using ANOVA for BAX gene expression in MCF-7 cells. P<0.0001 difference from 
only vector transfected control using ANOVA for BCL-2 gene, P<0.001 difference from control using ANOVA for BAX gene expression in MDA MB-231 cells. Over 
expression of SMP30 gene after transfection has been confirmed by RT-PCR. SMP30 gene in (upper panel) and GAPDH gene in (lower panel) are shown using cDNA 
from MCF-7 and MDA MB-231 cells.
(C,D) Apoptosis was assessed post vector/SMP30 cDNA transfection and E2/T3 treatment by flow cytometry. Shown are the mean of triplicate samples ± SD normalized 
to control. Similar findings were found in two other experiments, P < 0.001 difference from only vector transfected control using ANOVA in Figure 5C and P < 0.01 
difference from only vector transfected control using ANOVA in Figure 5D.

inhibition is dependent on intracellular Ca2+ level. On the other hand, 
concentration of intracellular Ca2+ has been reported to be a key element 
in apoptotic signalling [38]. SMP30 level as well as level of intracellular 
calcium, possibly regulates the fate of the cells in terms of Bax-mediated 
apoptosis or p21-mediated growth-check through differentially 
regulated p53 under thyroid hormone treatment/estrogen treatment. 
Remarkably, thyroid hormone concentration should have a definitive 
role in regulation of above mentioned intracellular calcium levels as 
being apparent from our study. In fact, Ca2+ has been reported to be 
the first messenger for action of thyroid hormone at level of plasma 
membrane [39]. Still, the mechanism of modulation of p53 activity by 
thyroid hormone/estrogen hormone signaling, through SMP30, which 
results into Bax-mediated PARP induction remains unclear.

Conclusion
Although E2 and T3 cause downregulation of SMP30 promoter but the 

functional consequences are different in terms of apoptosis. This study 
is aimed to unravel the underlying molecular mechanism of difference 
in functional consequences of E2 and T3 mediated downregulation of 
SMP30. We confirmed a putative ERE at -613 bp (hSMP30 ERE1). 
ER and TR were shown to compete with each other for binding to 
this ERE in different hormonal treatments (estrogen and thyroid 
hormone).  It was seen that the binding of TRβ was overshadowing 
ERα in combinatorial treatment. To ascertain the role of SMP30 in the 
estrogen hormone induced apoptosis of human breast cancer cells, we 
studied the effect of estrogen hormone after over expressing the SMP30 
gene in MCF-7 and MDA MB-231 cells respectively. Over expression 
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Figure 6: Western Blots showing effect of p53/phosphorylated p53 (p53-18D20D) over PARP under E2/T3 treatment. Figures 6A, B, C, D: Western Blots of 
vehicle treated (5A), 10 nM E2 treated (5B), 10 nM T3 treated (5C), 10 nM E2+10 nM T3 treated (5D) 50 µg MCF-7 whole cell lysates; cleaved PARP (amino terminal) 
was detected at 24 kDa; p53 was detected at 53 kDa; alpha-tubulin was used as loading control. 
Figures 6E, F, G, H: Bar diagrams for Figures 5A, B, C, D respectively representing densitometric analysis performed with Biorad Quantity One software.

of SMP30 did not affect the effect of estrogen on BCL-2 and BAX gene 
expression. At the same time over expression of SMP30 in our study 
resulted in reversal of thyroid hormone induced apoptosis of human 
breast cancer cells by increasing anti apoptotic BCL-2 gene expression 
as well as down regulating proapoptotic BAX gene expression. These 
findings indicated anti-apoptotic role of SMP30 in breast cancer cells 
which is in accordance with earlier reports regarding the role of SMP30 
in literature [23-26] in other systems. We found out that apoptosis 
can be induced by T3 mediated down regulation of SMP30 gene in 
human breast cancer cells. 10 μM of T3 is able to induce significant 

amount of apoptosis [28] which is critically important for challenging 
metastatic invasion of breast cancer. SMP30, has been so far denoted 
as an anti-apoptotic protein, although it is an upstream positive 
regulator of p53 [34]. Hence it seems debatable, whether an inducer of 
tumor suppressor protein needs to be downregulated for induction of 
apoptosis, as is apparent from our results. Detailed study focussed on 
this area may indicate a possible treatment option of ER positive breast 
cancers through hormonal therapy to increase the survival rate.

Acknowledgment

We acknowledge the support extended by the Director, ILS in terms of DBT 
core grant and core instrumentation facilities. We thank Dr. Ronald M. Evans, The 
Salk Institute for Biological Studies, San Diego, CA. for providing us pCMX-hRXR-α, 
pCMX-hTRβ and pCMX-rTRα plasmid constructs. pSG-mERalpha was received 
from Dr.Borja Belandia, Instituto de InvestigacionesBiomedicas, Spain. Prof. F. F. 
Lang, Department of Neuro-Oncology, UT MD Anderson Cancer Center provided 
us p53 p53-18D20D plasmid constructs. This work was funded by Department of 
Biotechnology, Govt. of India. PS and DS are supported by Research Fellowships 
from University Grant Commission, Government of India, New Delhi. DB and BR 
are supported by Institutional Research Fellowship from Institute of Life Sciences 
(an Institute under Department of Biotechnology, Govt. of India). SC is supported 
by Research Fellowship from Department of Biotechnology, Government of India, 
New Delhi. Part of this work has been presented in Annual Meeting of American 
Association for Cancer Research, 2012.

References

1. Lewis-Wambi JS, Jordan VC (2009) Estrogen regulation of apoptosis: how can 
one hormone stimulate and inhibit? Breast Cancer Res 11: 206.

Figure 7: Putative Pathway involved in Regulation of Apoptosis/Growth 
check through SMP30. Downregulation of SMP30 leads to high intracellular 
Ca2+ resulting in p53 induced Bax and downstream PARP mediated apoptosis. 
Upregulation of SMP30 leads to decrease in intracellular Ca2+ resulting in p53 
induced downstream p21 mediated growth check.

http://www.ncbi.nlm.nih.gov/pubmed/19519952
http://www.ncbi.nlm.nih.gov/pubmed/19519952


Citation: Sar P, Bhargava DK, Sengupta D, Rath B, Chaudhary S, et al. (2012) In Human Breast Cancer Cells TRβ Competes with ERα for Altering 
BCl2/Bax Ratio through SMP30-Mediated p53 Induction. J Cancer Sci Ther 4: 227-234. doi:10.4172/1948-5956.1000146

Volume 4(8) 227-234 (2012) - 234 
J Cancer Sci Ther 
ISSN:1948-5956 JCST, an open access journal

2. Kim JJ, Champan-Davis E (2010) Role of progesterone in endometrial cancer. 
Sem Reprod Med 28: 81-90.

3. Mazumdar A, Wang RA, Mishra SK, Adam L, Bagheri-Yarmand R, et al. (2001) 
Transcriptional repression of oestrogen receptor by metastasis-associated 
protein 1 corepressor. Nat Cell Biol 3: 30-37.

4. Denis LJ, Griffiths K (2000) Endocrine treatment in prostate cancer. Semin 
Surg Oncol 18:  52-74. 

5. Nicholson RI, Johnston SR (2005) Endocrine therapy--current benefits and 
limitations. Breast Cancer Res Treat 93: S3-S10.

6. Ahmad N, Kumar R (2011) Steroid hormone receptors in cancer development: 
a target for cancer therapeutics. Cancer Lett 300: 1-9.

7. Platet N, Cathiard AM, Gleizes M, Garcia M (2004) Estrogens and their 
receptors in breast cancer progression: a dual role in cancer proliferation and 
invasion. Crit Rev Oncol Hematol 51: 55-67.

8. Mangelsdorf D, Thummel C, Beato M, Herrlich P, Schutz G, et al. (1995) The 
nuclear receptor superfamily: the second decade. Cell 83: 835-839.

9. Vonderhaar BK, Greco AE (1979) Lobulo-alveolar development of mouse 
mammary glands is regulated by thyroid hormones. Endocrinol 104: 409-418.

10. López-Barahona M, Fialka I, González-Sancho JM, Asunción M, González 
M, et al. (1995) Thyroid hormone regulates stromelysin expression, protease 
secretion and the morphogenetic potential of normal polarized mammary 
epithelial cells. EMBO J 14: 1145-1155.

11. Gonzalez-Sanch JM, Figueroa A, Lopez-Barahona M, López E, Beug H, et al. 
(2002) Inhibition of proliferation and expression of T1 and Cyclin D1 genes by 
thyroid hormone in mammary epithelial cells. Mol Carcinog 34: 25-34.

12. Puzianowska-Kuznicka M, Pietrzak M, Turowska O, Nauman A (2006) Thyroid 
hormones and their receptors in the regulation of cell proliferation. Acta Biochim 
Pol 53: 641-650.

13. Klinge CM, Bodenner DL, Desai D, Niles RM, Traish AM (1997) Binding of 
type II nuclear receptors and estrogen receptor to full and half-site estrogen 
response elements in vitro. Nucleic Acids Res 25: 1903-1912.

14. Scott RE, Wu-Peng XS, Yen PM, Chin WW, Pfaff DW (1997) Interactions of 
estrogen- and thyroid hormone receptors on a progesterone receptor estrogen 
response element (ERE) sequence: a comparison with the vitellogenin A2 
consensus ERE. Mol Endocrinol 11: 1581-1592.

15. Zhu YS, Yen PM, Chin WW, Pfaff DW (1996) Estrogen and thyroid hormone 
interaction on regulation of gene expression. Proc Natl Acad Sci USA 93: 
12587-12592.

16. Vasudevan N, Ogawa S, Pfaff D (2002) Estrogen and thyroid hormone receptor 
interactions: physiological flexibility by molecular specificity. Physiol Rev 82: 
923-944.

17. Pernasetti F, Caccavelli L, Van de Weerdt C, Martial JA, Muller M (1997) 
Thyroid hormone inhibits the human prolactin gene promoter by interfering with 
activating protein-1 and estrogen stimulations. Mol Endocrinol 11: 986-996.

18. Morgan MA, Dellovade TL, Pfaff DW (2000) Effect of thyroid hormone 
administration on estrogen-induced sex behavior in female mice. Horm Behav 
37: 15-22.

19. Vasudevan N, Koibuchi N, Chin WW, Pfaff DW (2001) Differential crosstalk 
between estrogen receptor (ER) alpha and ERbeta and the thyroid hormone 
receptor isoforms results in flexible regulation of the consensus ERE. Brain Res 
Mol Brain Res 95: 9-17.

20. Fujita T, Uchida K, Maruyama N (1992) Purification of Senescence marker 
protein-30 (SMP30) and its androgen independent decrease with age in the rat 
liver. Biochim Biophys Acta 1116: 122-128.

21. Yamaguchi M (2000) The role of regucalcin in nuclear regulation of regenerating 
liver. Biochem Biophys Res Commun 276: 1-6.

22. Tsurusaki Y, Yamaguchi M (2004) Role of regucalcin in liver nuclear function: 
binding of regucalcin to nuclear protein or DNA and modulation of tumor-related 
gene expression. Int J Mol Med 14: 277-281.

23. Fujita T, Inoue H, Kitamura T, Sato N, Shimosawa T, et al. (1998) Senescence 
marker protein-30 (SMP30) rescues cell death by enhancing plasma membrane 
Ca2+ pumping activity in HepG2 cells. Biochem Biophys Res Commun 250: 
374-380.

24. Ishigami A, Fujita T, Handa S, Shirasawa T, Koseki H, et al. (2002) Senescence 
marker protein-30 knockout mouse liver is highly susceptible to tumor necrosis 
factor alpha- and Fas-mediated apoptosis. Am J Pathol 161: 1273-1281.

25. Jeong DH, Goo MJ, Hong IH, Yang HJ, Ki MR, et al. (2008) Inhibition 
of radiation induced apoptosis via overexpression of SMP30 in Smad3- 
knockout mice liver. J Radiat Res 49: 653-660.

26. Handa S, Maruyama N, Ishigami A (2009) Overexpression of 
Senescence marker protein-30 decreases reactive oxygen species in
human hepatic carcinoma HepG2 cells. Biol Pharm Bull 32: 1645-1648.

27. Sar P, Rath B, Subudhi U, Chainy GB, Supakar PC (2007) Alterations 
in expression of Senescence marker protein-30 (SMP30) gene by 3,3’5
triiodo 
L-  thyronine (T3). Mol Cell Biochem 303: 239-242.

28. Sar P, Peter R, Rath B, Das Mohapatra A, Mishra SK, et al. (2011) 3, 
3’5 Triiodo L Thyronine induces Apoptosis in human breast cancer 
MCF-7cells, repressing SMP30 expression through negative thyroid
response elements. PLoS One 6: e20861.

29. Martinez-Iglesias O, Garcia-Silva S, Tenbaum SP, Regadera J, Larcher
F, et al. (2009) Thyroid hormone receptor beta1 acts as a potent suppressor
of tumor invasiveness and metastasis. Cancer Res 69: 501-509.

30. Maia CJ, Santos CR, Schmitt F, Socorro S (2008) Regucalcin is expressed
in rat mammary gland and prostate and down-regulated by 17beta-estradiol.
Mol Cell Biochem 311: 81-86.

31. Rouayrenc JF, Vignon F, Bringer J, Pujol P (2000) Non-genomic steroid 
effects: estrogen action revisited. Ann Endocrinol (Paris) 61: 517-523. 

32. Mihara S, Suzuki N, Wakisaka S, Suzuki S, Sekita N, et al. (1999)
Effects of thyroid hormones on apoptotic cell death of human lymphpocytes.
J Clin Endocrinol Metab 84: 1378-1385.

33. Hara M, Suzuki S, Mori J, Yamashita K, Kumagai M, et al. (2000) 
Thyroid hormone regulation of apoptosis induced by retinoic acid in
promyeloleukemic HL-60 cells studies with retinoic acid receptor-specific and 
retinoid X-receptor specific ligands. Thyroid 10: 1023-1034.

34. Cristofanilli M, Yamamura Y, Kau S, Bevers T, Storm S, et al. (2005) 
Thyroid Hormone and Breast Carcinoma. Cancer 103: 1122-1128.

35. Barrera-Hernandez G, Zhan Q, Wong R, Cheng SY (1998) Thyroid 
hormone receptor is a negative regulator in p53-mediated signaling pathways. 
DNA Cell Biol 17: 743-750.

36. Gasco M, Shami S, Crook T (2002) The p53 pathway in breast cancer.
Breast Cancer Res 4: 70-76.

37. Yamaguchi M, Sakurai T (1991) Inhibitory effect of calcium-binding 
protein regucalcin on Ca2(+)-activated DNA fragmentation in rat liver nuclei. 
FEBS Lett 279: 281-284.

38. Olofsson MH, Havelka AM, Brnjic S, Shoshan MC, Linder S (2008) 
Charting calcium-regulated apoptosis pathways using chemical biology:
role of calmodulin kinase II. BMC Chem Biol 8: 2.

39. Segal J (1990) Calcium Is the First Messenger for the Action of 
Thyroid Hormone at the Level of the Plasma Membrane: First Evidence for 
an Acute Effect of Thyroid Hormone on Calcium Uptake in the Heart. 
Endocrinology 126: 2693-2702.

40. Shih A, Lin HY, Davis FB, Davis PJ (2001) Thyroid hormone promotes 
serine phosphorylation of p53 by mitogen-activated protein kinase.
Biochemistry 40: 2870-2878.

http://www.ncbi.nlm.nih.gov/pubmed/20104432
http://www.ncbi.nlm.nih.gov/pubmed/20104432
http://www.ncbi.nlm.nih.gov/pubmed/11146623
http://www.ncbi.nlm.nih.gov/pubmed/11146623
http://www.ncbi.nlm.nih.gov/pubmed/11146623
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291098-2388%28200001/02%2918:1%3C52::AID-SSU8%3E3.0.CO;2-6/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291098-2388%28200001/02%2918:1%3C52::AID-SSU8%3E3.0.CO;2-6/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16247594
http://www.ncbi.nlm.nih.gov/pubmed/16247594
http://www.ncbi.nlm.nih.gov/pubmed/20926181/
http://www.ncbi.nlm.nih.gov/pubmed/20926181/
http://www.ncbi.nlm.nih.gov/pubmed/15207254
http://www.ncbi.nlm.nih.gov/pubmed/15207254
http://www.ncbi.nlm.nih.gov/pubmed/15207254
http://www.ncbi.nlm.nih.gov/pubmed/8521507
http://www.ncbi.nlm.nih.gov/pubmed/8521507
http://www.ncbi.nlm.nih.gov/pubmed/109279
http://www.ncbi.nlm.nih.gov/pubmed/109279
http://www.ncbi.nlm.nih.gov/pubmed/7720705
http://www.ncbi.nlm.nih.gov/pubmed/7720705
http://www.ncbi.nlm.nih.gov/pubmed/7720705
http://www.ncbi.nlm.nih.gov/pubmed/7720705
http://www.ncbi.nlm.nih.gov/pubmed/12112320
http://www.ncbi.nlm.nih.gov/pubmed/12112320
http://www.ncbi.nlm.nih.gov/pubmed/12112320
http://www.ncbi.nlm.nih.gov/pubmed/17115080
http://www.ncbi.nlm.nih.gov/pubmed/17115080
http://www.ncbi.nlm.nih.gov/pubmed/17115080
http://www.ncbi.nlm.nih.gov/pubmed/9115356
http://www.ncbi.nlm.nih.gov/pubmed/9115356
http://www.ncbi.nlm.nih.gov/pubmed/9115356
http://www.ncbi.nlm.nih.gov/pubmed/9328341
http://www.ncbi.nlm.nih.gov/pubmed/9328341
http://www.ncbi.nlm.nih.gov/pubmed/9328341
http://www.ncbi.nlm.nih.gov/pubmed/9328341
http://www.ncbi.nlm.nih.gov/pubmed/8901626
http://www.ncbi.nlm.nih.gov/pubmed/8901626
http://www.ncbi.nlm.nih.gov/pubmed/8901626
http://www.ncbi.nlm.nih.gov/pubmed/12270948
http://www.ncbi.nlm.nih.gov/pubmed/12270948
http://www.ncbi.nlm.nih.gov/pubmed/12270948
http://www.ncbi.nlm.nih.gov/pubmed/9178758
http://www.ncbi.nlm.nih.gov/pubmed/9178758
http://www.ncbi.nlm.nih.gov/pubmed/9178758
http://www.ncbi.nlm.nih.gov/pubmed/10712854
http://www.ncbi.nlm.nih.gov/pubmed/10712854
http://www.ncbi.nlm.nih.gov/pubmed/10712854
http://www.ncbi.nlm.nih.gov/pubmed/11687272
http://www.ncbi.nlm.nih.gov/pubmed/11687272
http://www.ncbi.nlm.nih.gov/pubmed/11687272
http://www.ncbi.nlm.nih.gov/pubmed/11687272
http://www.ncbi.nlm.nih.gov/pubmed/1581340
http://www.ncbi.nlm.nih.gov/pubmed/1581340
http://www.ncbi.nlm.nih.gov/pubmed/1581340
http://www.ncbi.nlm.nih.gov/pubmed/11006072
http://www.ncbi.nlm.nih.gov/pubmed/11006072
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/9753637
http://www.ncbi.nlm.nih.gov/pubmed/9753637
http://www.ncbi.nlm.nih.gov/pubmed/9753637
http://www.ncbi.nlm.nih.gov/pubmed/9753637
http://www.ncbi.nlm.nih.gov/pubmed/12368201
http://www.ncbi.nlm.nih.gov/pubmed/12368201
http://www.ncbi.nlm.nih.gov/pubmed/12368201
http://www.ncbi.nlm.nih.gov/pubmed/19001783
http://www.ncbi.nlm.nih.gov/pubmed/19001783
http://www.ncbi.nlm.nih.gov/pubmed/19001783
http://www.ncbi.nlm.nih.gov/pubmed/19801822
http://www.ncbi.nlm.nih.gov/pubmed/19801822
http://www.ncbi.nlm.nih.gov/pubmed/19801822
http://www.ncbi.nlm.nih.gov/pubmed/17426926
http://www.ncbi.nlm.nih.gov/pubmed/17426926
http://www.ncbi.nlm.nih.gov/pubmed/17426926
http://www.ncbi.nlm.nih.gov/pubmed/21687737
http://www.ncbi.nlm.nih.gov/pubmed/21687737
http://www.ncbi.nlm.nih.gov/pubmed/21687737
http://www.ncbi.nlm.nih.gov/pubmed/21687737
http://www.ncbi.nlm.nih.gov/pubmed/19147563
http://www.ncbi.nlm.nih.gov/pubmed/19147563
http://www.ncbi.nlm.nih.gov/pubmed/19147563
http://www.ncbi.nlm.nih.gov/pubmed/18157649
http://www.ncbi.nlm.nih.gov/pubmed/18157649
http://www.ncbi.nlm.nih.gov/pubmed/18157649
http://www.ncbi.nlm.nih.gov/pubmed/11148326
http://www.ncbi.nlm.nih.gov/pubmed/11148326
http://www.ncbi.nlm.nih.gov/pubmed/10199782
http://www.ncbi.nlm.nih.gov/pubmed/10199782
http://www.ncbi.nlm.nih.gov/pubmed/10199782
http://www.ncbi.nlm.nih.gov/pubmed/11201846
http://www.ncbi.nlm.nih.gov/pubmed/11201846
http://www.ncbi.nlm.nih.gov/pubmed/11201846
http://www.ncbi.nlm.nih.gov/pubmed/11201846
http://onlinelibrary.wiley.com/doi/10.1002/cncr.20881/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.20881/full
http://www.ncbi.nlm.nih.gov/pubmed/9778033
http://www.ncbi.nlm.nih.gov/pubmed/9778033
http://www.ncbi.nlm.nih.gov/pubmed/9778033
http://breast-cancer-research.com/content/4/2/70
http://breast-cancer-research.com/content/4/2/70
http://www.ncbi.nlm.nih.gov/pubmed/2001740
http://www.ncbi.nlm.nih.gov/pubmed/2001740
http://www.ncbi.nlm.nih.gov/pubmed/2001740
http://www.ncbi.nlm.nih.gov/pubmed/18673549
http://www.ncbi.nlm.nih.gov/pubmed/18673549
http://www.ncbi.nlm.nih.gov/pubmed/18673549
http://www.ncbi.nlm.nih.gov/pubmed/2328703
http://www.ncbi.nlm.nih.gov/pubmed/2328703
http://www.ncbi.nlm.nih.gov/pubmed/2328703
http://www.ncbi.nlm.nih.gov/pubmed/2328703
http://www.ncbi.nlm.nih.gov/pubmed/11258898
http://www.ncbi.nlm.nih.gov/pubmed/11258898
http://www.ncbi.nlm.nih.gov/pubmed/11258898

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Cell culture
	Plasmid constructions
	Transfection and luciferase assay
	Electrophoretic mobility shift assay
	Chromatin immunoprecipitation (ChIP) assay
	Real-time PCR
	Western blot analysis
	Flow cytometric analysis

	Results and Discussions
	SMP30 and TRβ expression in human breast cancer cells
	Down regulation of SMP30 in breast cancer cell line by β-Estradiol
	Identification of high affinity ER binding sites within SMP30 Promoter
	Recruitment/ Competition of TRβ and ERα to SMP30 promoter after E2 or T3 treatment
	SMP30 Promoter activity in response to E2 and T3
	T3 is able to regulate Bcl2/Bax ratio through down regulation of SMP30, but this effect was not show
	Possible involvement of p53 in T3 induced apoptosis
	Possible downstream mechanism behind differential regulation of SMP30 by E2/T3.

	Conclusion
	Acknowledgment
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7

