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Abstract: Association studies suggest that thyroid hormone receptor 3 (TR) could function as a tumor suppressor in
breast cancer development, but unequivocal evidence is still lacking. To understand the role of TR in breast tumor
development, we adopted the gain-of-function approach by stably expressing the THRB gene in a human breast
cancer cell line, MCF-7 (MCF-7-TRB). Parental MCF-7 cells express the estrogen receptor, but not TRs. MCF-7 cells,
stably expressing only the selectable marker, the Neo gene, were also generated as control for comparison (MCF-7-
Neo cells). Cell-based studies indicate that the estrogen (E2)-dependent growth of MCF-7 cells was inhibited by the
expression of TR in the presence of the thyroid hormone (T3). In a xenograft mouse model, large tumors rapidly
developed after inoculation of MCF-7-Neo cells in athymic mice. In contrast, markedly smaller tumors (98% smaller)
were found when MCF-7-TRp cells were inoculated in athymic mice, indicating that TRB inhibited the E2-dependent
tumor growth of MCF-7 cells. Further detailed molecular analysis showed that TR acted to activate apoptosis and
decrease proliferation of tumor cells, resulting in inhibition of tumor growth. The TRB-mediated inhibition of tumor
growth was elucidated via down-regulation of the JAK-STAT-cyclin D pathways. This in vivo evidence shows that TR
could act as a tumor suppressor in breast tumorigenesis. The present study provides new insights into the role of

TR in breast cancer.
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Introduction

Thyroid hormone receptors (TRs) are ligand-
dependent transcription factors that mediate
the biological actions of the thyroid hormone
(T3) in development, growth, differentiation,
and maintenance of metabolic homeostasis [1,
2]. Two human TR genes, THRA and THRB,
located on different chromosomes, encode
three major T3-binding TR isoforms. Although
there has been significant progress in the
understanding of molecular mechanisms by
which TRs act to maintain normal physiological
cellular functions, their role in human carcino-
genesis is less well understood. Evidence sug-
gesting TRs could be involved in human carci-
nogenesis came from the discoveries of
mutated TRs in human hepatocellular carcino-
ma, renal clear cell carcinoma, breast cancer,
pituitary tumor, and thyroid cancer [3-10]. The
loss of normal expression of the THRB gene
located on chromosome 3p due to truncation
or deletion was also observed in many malig-

nancies including lung, melanoma, breast,
head and neck, renal cell, uterine cervical, ovar-
ian, and testicular tumors [10-13]. Decreased
THRB expression by promoter hypermethylation
has been reported in human breast cancer,
lung cancer, and thyroid carcinoma [14-16].
These findings raise the possibility that TR
could act as a tumor suppressor in human
cancers.

Although the function of most members of the
nuclear receptor superfamily in breast tumor
biology has been documented [17], much less
is known about TRs. A low circulating thyroid
hormone level (hypothyroidism) has been pro-
posed to favor mammary hyperplasia in rodents
and the development of breast tumors [18]. In
addition, loss of TRR expression by gene dele-
tion or silencing, or production of abnormal TR
proteins due to THRB mutations, has been
reported in breast tumors. These correlative
observations suggest that TR could act as a
tumor suppressor [6, 19, 20]. However, how TR
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can function as a suppressor in tumor develop-
ment and/or progression of breast tumors is
not clear.

Accordingly, in the present study, we adopted
the gain-of-function approach by expression of
the THRB gene in human MCF-7 cells. MCF-7 is
a breast cancer cell line derived from a patient
with invasive breast ductal carcinoma [21].
MCF-7 cells express the estrogen receptor, but
lack TRs. Proliferation and tumorigenesis of
MCEF-7 cells are responsive to estrogen stimula-
tion (E2). We therefore stably expressed the
THRB gene in the MCF-7 cell line and evaluated
the effects of the expression of TR on cell pro-
liferation and tumor development in mouse
xenograft models. We found that the xenograft
tumor development was markedly inhibited in
MCEF-7 cells by the expression of TRB. These
inhibitory responses resulted from decreasing
cell proliferation via activation of apoptotic
activity and down-regulation of JAK-STAT signal-
ing pathway. Thus, TR could act as a tumor
suppressor in E2-mediated tumorigenesis of
MCEF-7 cells.

Materials and methods

Generation of MCF-7 cell lines stably express-
ing TRB

MCF-7 cells were cultured in DMEM media con-
taining 10% fetal bovine serum (FBS).
Establishment of MCF-7 cells stably expressing
either the human THRB gene or the control
gene (Neo) was done much the same as
described previously for HelLa cells [22]. Briefly,
MCF-7 cells were transfected with the expres-
sion plasmid containing cDNA encoding Flag-
Hemagglutinin-TRB (FH-TRP) or the empty vec-
tor containing only the cDNA for the selector
marker, the Neo gene. After transfection, cells
were selected with 400 pg/ml G418 (Invitrogen,
Carlsbad, CA) for 2 weeks. G418-resistant colo-
nies expressing FH-TRP were expanded for sub-
sequent experiments. The expression of FH-TR[3
protein was verified by Western blot analysis
using monoclonal anti-TR3 antibody (J53) [23].

Cell proliferation assay

Control (Neo) and TRp stably expressing MCF-7
cells (MCF-7-TRB) (5 x 10* cells per well) were
plated in 6-well plates (in triplicates) and cul-
tured for 3 days in the presence of T3 (100 nM)
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and/or E2 (10 nM) in phenol red free DMEM
medium. Cell proliferation was measured after
treatment with hormone for 72 hours using a
cell and particle counter (Beckmann Coulter,
Indianapolis, IN).

In vivo mouse xenograft study

The protocols for the use and care of the ani-
mals in the present studies were approved by
the National Cancer Institute Animal Care and
Use Committee. Six-week-old female athymic
NCr-nu/nu mice were obtained from the NCI-
Frederick animal facility. Administration of
17B-estradiol (E2, 10 pg/ml) in the drinking
water was started for one week preceded the
injection of cells [24]. Two clones each of the
control MCF-7-Neo cells and TRpB-expressing
cells (MCF-7-TRB) (5 x 10° cells) in 200 ul sus-
pension mixed with Matrigel basement mem-
brane matrix (BD Biosciences, San Jose, CA)
were inoculated subcutaneously into the right
flank of mice. The tumor size was measured
with calipers weekly until it reached ~2 cm in
diameter. The mice were then sacrificed and
the tumors dissected. The tumor volume was
calculated as L x W x H x 0.5236.

Western blot analysis

Lysates from the tumors were prepared using a
buffer containing 50 mM Tris, 250 mM NaCl, 5
mM EDTA, 0.5% NP-40, a cocktail of protease
inhibitors (Roche Diagnostics cat.
11873580001), and cocktail of phosphatase
inhibitors (Thermo Ltd: cat. 78420). After a
10-minute incubation on ice, cell lysates were
centrifuged at 13,000 rpm for 10 minutes, and
the supernatants were collected. Western blot
analysis was carried out similarly as described
previously [25]. The primary antibodies used
were: antibodies against-TR [J53; 2 ug/ml [23],
phospho-Jak2 (Tyr1007/1008) (1:500, Cell
Signaling Technology cat. #3776), Jak2
(1:1000, Cell Signaling Technology cat. #3230),
anti-phospho-STAT3  (Tyr705) (1:500, Cell
Signaling Technology cat. #9131), STAT3
(1:1000, Cell Signaling Technology cat. #9132),
phospho-STAT5 (Tyr694) (1:500, Cell Signaling
Technology cat. #9359), STAT5 (1:1000, Cell
Signaling Technology cat. #9363), phospho-Rb
(Ser807/811) (1:500, Cell Signaling Technology
cat. #9308), Rb (1:200, Santa Cruz Cat#.
SC-50), GAPDH (1:1000, Cell Signaling
Technology cat. #2118). Band intensities were
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Figure 1. TR inhibits the proliferation of MCF-7 cells. A: TR[3 was stably expressed in MCF-7 cell (lanes 3 and 4), but
not in control MCF-7-Neo cells (lanes 1 and 2). The Western blot analysis was carried out as described in Materials
and Methods. Two representative results are shown using two independent clones: MCF-7-Neo#1 (lane 1) and MCF-
7-Neo#12 (lane 2) and MCF-7-TRB#18 (lane 3) and MCF-7-TRB#19 (lane 19). B: E2-dependent cell proliferation
of MCF7 was inhibited by the expression of TR in the presence of T3. Cells with or without hormone (E2 and T3)
treatment are as marked. Cell growth was analyzed as described in Materials and Methods. Data are expressed as

mean * standard error (SE) (n=3).

quantified by using NIH ImageJ software ver-
sion 1.44 (Wayne Rasband, National Institutes
of Health, Bethesda, MD).

Immunohistochemical analysis

Immunohistochemistry was performed on for-
malin-fixed paraffin tumor sections, as previ-
ously described [26]. Primary antibodies used
were anti-Ki-67 antibody (dilution 1:300;
Thermo Scientific, Fremont, CA, USA; #RB-
9043-P0) and anti-cleaved caspase-3 antibod-
ies (1:300 dilution; Cell Signaling, Cat#: 9661).
Staining was developed with 3,30 diaminoben-
zidine (DAB) using the DAB substrate kit for per-
oxidase (Vector Laboratories, Burlingame, CA,
USA, SK-4100). For quantitative analysis Ki-67
or cleaved caspase-3 positive cells were count-
ed by using NIH ImagelJ software version 1.44
(Wayne Rasband, National Institutes of Health,
Bethesda, MD).

Statistical analysis

All data are expressed as mean * the standard
error of the mean (SEM). Significant differences
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between groups were calculated using
Student’s t-test with the use of GraphPad Prism
5 (GraphPad Software, Inc., San Diego, CA).
p<0.05 is considered statistically significant.

Results
TR inhibits growth of MCF-7 cells

To elucidate the role of TR in tumorigenesis of
MCEF-7 cells, we generated MCF-7 cells stably
expressing TRB (TRB#18 and TRB#19) or only
the neomycin as controls (Neo#1 and Neo#12)
The expression of TRB proteins in MCF-7
TRB#18 and TRB#19 was confirmed by Western
blot analysis (Figure 1A, lanes 3 & 4), showing
similar amounts in the two clones, whereas no
TRB was detected in control Neo cells (Figure
1A, lanes 1 & 2 for Neo#1 and 12, respective-
ly). The lower band shows the loading control
using glycerolaldehyde 3-phosphate dehydro-
genase (GAPDH).

To ascertain whether the expressed TRfB in
MCF-7 cells was functional, we evaluated the
cell growth of MCF-7 cells with or without the
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Figure 2. E2-dependent xenograft tumors induced by MCF-7 cells are blocked by the expression of TRB. A: Two
clones each of MCF-7-Neo and MCF-7-TR[3 were inoculated into athymic mice without or with E2 as described in
Materials and Methods. No tumors were induced by MCF-7 cells in the absence of E2 treatment. B: Tumor weight
was determined at the endpoint for the MCF-7-Neo (clones #1 and #12) and MCF-7-TR (clones #18 and #19). %
represents no tumors. The data are expressed as mean + SE (n=3). The p values are indicated.

expression of TRpB. Figure 1B shows that con-
sistent with previous findings, the cell growth of
MCF-7 cells (Neo control, no TRB) was
E2-dependent (compare bar 3 to 1). As expect-
ed, T3 had no significant effect on cell growth
of MCF-7 cells with TRB (compare bar 2 to 1;
bar 4 to 3). However, while expression of TR
had no significant effect on cell growth in the
absence of E2 (compare bar 6 to 5), the expres-
sion of TRP inhibited the E2-dependent cell
growth in the presence of T3 and E2 (compare
bar 8 to 7). The data shown in Figure 1 indicate
that TR expressed in MCF-7 cells is functional
and that TRpB-expressing cells are suitable
model cell lines to ascertain the role of TRB in
tumorigenesis in vivo using xenograft models.

TR expression inhibits tumor growth of MCF-7
cells in mouse xenograft models

To ascertain the role of TRB in E2-dependent
tumorigenesis of MCF-7 cells, we injected
Neo#1, Neo#12, TRB#18 and TRB#19 subcu-
taneously into the right flank of athymic nude
mice. As shown in Figure 2A, the tumor volume
induced by MCF-7-TRB#18 and MCF-7-TRB#19
was significantly less than that induced by con-
trol MCF-7 (Neo#1 and Neo#12) cells (p<0.05
and p<0.05, respectively). The quantitative
comparison, illustrated in Figure 2B, showed
that the expression of TR( blocked the tumor
growth induced by MCF-7 cell by 98%. These
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findings indicate that TRB could act as a tumor
suppressor in E2-dependent tumorigenesis of
MCE-7 cells in vivo.

TRB expression reduces tumor growth by acti-
vating apoptosis of tumor cells

To understand how TRB expression inhibited
tumor growth in vivo, we evaluated the patho-
histological features of tumors induced by
MCF-7 cells without (Figure 3A-a, 3A-b) or with
(Figure 3A-c, 3A-d) the expression of TRB. H &
E-stained cells revealed that the tumors
induced by MCF-7-Neo cells demonstrated fea-
tures typical of an aggressive malignant pheno-
type including marked nuclear pleomorphism,
minimal apoptosis, and numerous mitotic fig-
ures (M marked by arrows; Figure 3A-a, 3A-b).
Brisk mitotic activity is indicative of rapid unreg-
ulated cell cycling and tumor expansion, as
expected for a highly malignant phenotype. In
contrast, tumors with stably expressed TRf
(panels ¢ and d) showed limited mitotic figures
and numerous examples of apoptotic cell
death, with cellular and nuclear fragments
(Figure 3A-c, 3A-d; marked by arrows). These
alterations are consistent with an interruption
of cell cycling and induction of the apoptotic
cascade, with resultant slowed tumor growth.

These histological findings prompted us to eval-
uate how the expression of TRp altered the
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Figure 3. Induction of apoptosis by TRB in tumors derived from MCF-7-TRpB cells. A: Representative histological
features of hematoxylin and eosin (H & E) stained sections of tumors derived from MCF-7-Neo#1 (panel a), MCF-7-
Neo#12 cells (panel b), MCF-7-TRB#18 (panel ¢ and d). Pronounced mitoses (M) were detected in the Neo tumors
(a and b) and apoptotic remnants were detected in TR tumors (c and d, shown by arrows). Magnification x 300.
B-I: Western blot analysis of apoptotic key regulators in tumors. Tumors were excised from the injection sites (hind
flanks) of athymic nude mice, and the Western blot analysis was carried as described in Materials and Methods.
Lanes 1-4 were apoptotic key regulators detected in extracts from tumors derived from MCF-7-Neo cells, and lanes
5-6 were from tumors derived from MCF-7-TR{3 cells. The proteins (cleaved caspase 3, cleaved PARP, BAX, and
GAPDH) detected are as marked. B-ll: The band intensities of the proteins detected in B-l were quantified and
compared. The data are shown as mean + SE (n=2-4). C-I: Analysis of the protein expression of cleaved caspase 3
by immunohistochemistry. Sections of tumors derived from MCF-7-Neo cells (panels a and b) and MCF-7-TR cells
(panels c and d) were treated with control anti-IgG (panel a and c) or with anti-cleaved caspase 3 antibodies (panels
b and d) as described in Materials and Methods. The cleaved caspase 3-positively stained cells are indicated by
arrows. C-ll: The cleaved caspase 3-positive cells were counted and expressed as percentage of cleaved caspase
3-positive cells versus total cells. The data are expressed as mean + SE (n=3). The p values are shown.

expression of key regulators in apoptotic path-
ways in tumors induced by MCF-7-Neo cells.
Lanes 5 and 6 in Figure 3B-lI show more protein
abundance of cleaved caspase 3 (panel a,
lanes 5 and 6), cleaved poly-ADP ribose poly-
merase (PARP) (panel b), and Bcl-associated X
protein (BAX) (panel c¢) in tumors induced by
MCF-7-TR cells than in control MCF-7-Neo cells
(lanes 1-4). The band intensities shown in
Figure 3B-l were quantified and summarized in
Figure 3B-Il, indicating significant increased
protein levels of these apoptotic key regulators.
Increased cleaved caspase 3 and cleaved
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PARP are indicative of elevated apoptotic activ-
ity [27, 28] and elevated BAX acts to promote
apoptosis via activating caspases [29]. These
data indicated that TRP could act to increase
the expression of BAX to promote apoptosis via
activating caspases.

That the cleaved caspase 3 was elevated was
further confirmed by immunohistochemical
analysis. Only a few cells in the MCF-7-Neo-
tumors were stained with anti-cleaved caspase
3 antibodies (Figure 3C-I, panel b); whereas
more cells in the MCF-7-TRB-tumors were

Am J Cancer Res 2013;3(3):302-311
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Figure 4. Inhibition of cell proliferation by TRB in tumors derived from MCF-7-TRp cells. A-l: Immunohistochemical
analysis of protein abundance of the nuclear proliferation marker, Ki-67, in tumors. Sections of tumors derived from
MCF-7-Neo cells (panels a and b) and MCF-7-TRp cells (panels ¢ and d) were treated with control anti-IgG (panel a
and c) or with anti-Ki-67 antibodies (panels b and d) as described in Materials and Methods. The Ki-67 positively
stained cells are indicated by arrows. A-ll: The Ki-67-positive cells were counted and expressed as percentage of
Ki-67-positive cells versus total cells. The data are expressed as mean + SE (n=3). B-l: Western blot analysis of
key regulators and effectors in JAK2-STAT signaling pathway in tumors. Tumors were excised from the injection
sites (hind flanks) of athymic nude mice, and the Western blot analysis was carried as described in Materials and
Methods. Lanes 1-4 were key regulators and effectors detected in extracts from tumors derived from MCF-7-Neo
cells, and lanes 5-6 were from tumors derived from MCF-7-TRp cells. The proteins (p-JAK, total JAK, p-STAT3, total
STAT3, p-STAT5, total STAT5, cyclin D2, cyclin D3, and GAPDH) detected are as marked. B-ll: The band intensities of
the proteins detected in B-l were quantified and compared. The data are shown as mean * SE (n=2-4). The p values
are shown.

intensely stained with anti-cleaved caspase 3 decreased tumor growth shown in Figure 2. We
antibodies (Figure 3C-I, panel d). Panels a and therefore first ascertained whether cell prolif-
¢ were the negative controls using IgG only. The eration was affected in tumors induced by
positively stained cells were counted and the MCF-7 expressing TRB by staining the nuclear
quantitative data are shown in Figure 3C-II, proliferation marker, Ki-67, using immunohisto-
indicating an 80% increase in cells stained with chemical analysis. The intense staining of Ki-67
anti-cleaved caspase 3 antibodies from cells in cells was clearly visible in tumors induced by
derived from MCF-7-TR(3 tumors. Taken togeth- MCF-7-Neo cells (arrows, Figure 4A-1-b). In con-
er, these data indicated that TRp could act to trast, there were markedly fewer cells stained
increase the expression of BAX to promote with Ki-67 in tumors induced by MCF-7-TRj3
apoptosis via activating caspases. cells (Figure 4A-I-d) than those induced by

MCF-7-Neo cells. Panels a and ¢ show the nega-
TRB expression inhibits tumor cell proliferation tive controls in which no primary antibodies
by attenuating JAK-STAT signaling were used. The Ki-67 positively stained cells

were counted and the quantitative data are
In addition to promoting increased apoptosis, shown in Figure 4A-Il, revealing a 65% reduc-
TR expressed in MCF-7 cells could also act to tion of Ki-67 stained cells. These data indicate
decrease cell proliferation, resulting in the that the expression of TR results in the inhibi-
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tion of tumor cell proliferation. Thus, the inhibi-
tion of tumor growth results from increased
apoptosis as well as decreased proliferation of
tumor cells.

To elucidate the pathways by which TRp acted
to inhibit cell proliferation, we hypothesized
that this anti-proliferative effect could be medi-
ated through the Janus kinase-signal transduc-
ers and activators of transcription (JAK-STAT)-
signaling pathway. This hypothesis was based
on the findings that E2 up-regulates JAK2
expression in MCF-7 cells and also activates
STAT transcriptional activity [30, 31]. Moreover,
constitutively activated STAT3 is frequently
found in breast cancer cell lines and patients
with advanced breast disease [32-34]. We
therefore investigated whether the JAK-STAT
signaling pathway was affected by the expres-
sion of TRB (Figure 4). We found that the acti-
vated JAK2-STAT3 signaling in MCF-7-Neo cell-
induced xenografted tumors (lanes 1-4, Figure
4B-l) was de-activated as evidenced by the
decreased phosphorylated JAK (Y1007/1008)
(lanes 5-6, panel a), phosphorylated STAT3
(Y705) (lanes 5-6, panel c), and phosphorylat-
ed STAT5 (Y694) (lanes 5-6, panel €). However,
no apparent changes in the total JAK2 (panel
b), STAT3 (panel d), or STAT5 (panel f) were
detected, indicating the signaling was via the
phosphorylation cascades. The decreased sig-
naling led to the lowered protein abundance of
key cell cycle regular cyclin D1 (compare lanes
1-4 with lanes 5-6, panel g) and D2 (compare
lanes 1-4 with lanes 5-6, panel h). The changes
are clearly shown in the quantitative evaluation
of the band intensities of the Western blots
(Figure 4B-Il). These results support our
hypothesis that the TRB-mediated decreased
proliferation of tumor cells induced by MCF-7-
Neo cells is, at least in part, acting through the
JAK2-STAT signaling.

Discussion

Previous studies demonstrating a close asso-
ciation of reduced expression and somatic
mutations of the THRB gene with several
human cancers support the hypothesis that
TRB could act as a tumor suppressor [3-10].
Direct in vivo evidence to support the tumor
suppressor role of TRB in breast cancer came
from the studies of a mouse model harboring a
dominant negative TRB mutant (denoted as PV)
in both alleles (Thrb™”" mice) with haplodefi-
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ciency in the phosphatase and tensin homo-
logue deleted from chromosome 10 (Pten;
Thrb?”?'Pten” mice). The Thrb” mutation fur-
ther markedly augments the risk of mammary
hyperplasia in Pten*”” mice, which are highly
susceptible to mammary tumor development
[35]. Importantly, the Thrb? mutation increas-
es the activity of STATS to increase cell prolif-
eration and the expression of the STATS target
gene encoding -casein in the mammary gland
[36]. Moreover, cell-based studies in T47D
cells, a breast cancer cell line, also showed that
T3 represses STATS signaling in TRB-expressing
cells through decreasing STAT5-mediated tran-
scription activity and target gene expression,
whereas sustained STATS signaling was
observed in TRBPV-expressing cells [36]. These
findings clearly support the idea that TR3 could
function as a tumor suppressor in breast can-
cer development in vivo and in vitro.

In the present study, we adopted the gain-of-
function approach to further explore the tumor
suppressor role of TRB in an E2-dependent
breast cancer cell line. The expression of TRB in
MCEF-7 cells led to inhibition of in vivo tumor
development by induced apoptosis and
decreased proliferation of tumor cells. We fur-
ther elucidated the pathways by which TR
blocked the E2-stimulated cell proliferation by
attenuating the JAK-STAT signaling. Thus, the
present study provides additional in vivo evi-
dence to support the idea that TR could act as
a tumor suppressor in breast cancer develop-
ment and progression.

At present, the detailed mechanisms by which
TRPB antagonized the aberrantly activated JAK-
STAT signaling in MCF-7 cells are not clear.
However, studies have shown that cyclin D1 is
the downstream target of JAK-STAT activation,
leading to increased cell proliferation of MCF-7
cells and other cancer cells [37-41]. In the pres-
ent studies, we found that protein abundance
of cyclin D2 and D3 was lowered in tumors
derived from MCF-7-TR[3 as a result of the TR{-
mediated attenuation of JAK-STAT signaling
(see Figure 4). Previously, we have shown that
TRB represses the STAT5 signaling through
decreasing STAT5-mediated transcriptional
activity [36]. Thus, one mechanism by which
TRB antagonized the activated JAK-STAT signal-
ing in MCF-7 cells was mediated at the tran-
scriptional level. Other potential mechanisms
that could underlie the TRB-mediated anti-pro-
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liferative action await further studies in the
future.

Breast cancer is the most common neoplasia
and the second-leading cause of cancer deaths
in women in western countries [42]. Genetic
mutations, either inherited or sporadic, as well
as dysregulation of ovarian hormone signaling
are known to contribute to the development
and progression of breast cancers. However,
many studies have investigated the potential
association of hypothyroid or hyperthyroid dis-
orders with breast cancer in the last decades,
but without clear conclusions [43-47]. The rea-
sons for the controversial findings among these
studies are not immediately apparent. TRs have
been shown to express in normal mammary
gland [48] and breast tumors [49, 50]. However,
silencing of the THRB gene by promoter hyper-
methylation, or the expression of truncated
TRB, has been reported in human breast can-
cers [6, 19]. Dysregulation of the TRs was
reported to trigger breast cancer development
[50]. These findings suggested the critical role
of TRs in breast cancer development. The pres-
ent studies demonstrate that in the presence
of T3, the expression of the THRB gene blocked
tumor development in MCF-7 cells in vivo. Thus,
our findings would support T3’s being consid-
ered therapeutically favorable for ER-positive
breast cancer.
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