
Abstract. Background/Aim: Silencing mediator of retinoid
and thyroid receptors (SMRT) is a nuclear corepressor in
thyroid and estrogen hormones pathways. The aim was to
evaluate SMRT expression in relation to thyroid hormone
levels and prognostic markers in breast cancer (BC).
Patients and Methods: Serum and tumor tissues were
obtained from 36 patients with benign breast disease (BBD)
and 79 BC patients. SMRT expression was determined by
immunohistochemistry. Free-triiodothyronine (FT3), free
thyroxine (FT4) and thyroid-stimulating hormone (TSH)
were measured in serum. Results: Higher FT4, lower
FT3/FT4 ratio and higher expression of SMRT were found
in BC compared to BBD (for all p<0.001). In BC, increased
SMRT expression was associated with lower FT3 (p=0.028),
higher tumor grade (p=0.031), increased KI67 proliferation
index (p=0.015), higher risk of recurrence (p=0.014) and
shorter disease-free survival (p=0.006). In multivariate
analysis, SMRT overexpression and below-median levels of
TSH were independent prognostic factors in BC. Conclusion:
Elevated FT4 and decreased FT3/FT4 in BC patients suggest
a role for thyroid hormones in malignant transformation.
SMRT tumor overexpression is associated with lower FT3
levels, tumor proliferative activity and an aggressive clinical
course.

Epidemiological studies of the relationship between thyroid
function and breast cancer (BC) have yielded conflicting
results. Some population-based cohort studies have cited an
increased risk among women with hyperthyroidism and
decreased risk among women with hypothyroidism (1, 2).
Other studies found an increased risk of BC with an earlier
diagnosis of hypothyroidism (3, 4). Findings from a recent
population-based, case–control study suggested that women
with a history of hyperthyroidism or hypothyroidism might
have increased risk of developing BC (5).

Thyroid function in patients with benign breast disease
(BBD) and BC was evaluated based on serum levels of
hormones such as thyroid-stimulating hormone (TSH), free
thyroxine (FT4) and free triiodothyronine (FT3). Findings are
conflicting (6-10), and to date, there are no conclusive data.

Transcriptional activation by thyroid hormones (TH)
involves their binding to specific nuclear thyroid hormone
receptors (THRs), acting mainly as a complex with retinoid
X receptors (RXRs) (11). The presence of TH allows the
cooperation of the complex with coactivators (12). In the
absence of TH, the complex interacts with nuclear receptor
corepressors, one of which is the silencing mediator for
retinoid and thyroid receptor (SMRT), facilitating
transcriptional repression through recruitment of histone-
modifying enzymes to induce local chromatin condensation
and transcription repression (13-15). The classical model of
TH action suggests a relationship between ligand
availability for THR and SMRT expression. In vivo
experiments have not revealed any role of SMRT in TH-
regulated pathways (16, 17). In a global SMRT knockout
mouse TH levels were not affected (16), and SMRT was not
involved in determining the set point of the hypothalamic-
pituitary-thyroid (HPT) axis (17). However, to the best of
our knowledge, there is no available information on the
relationship between TH serum levels and tumor expression
of SMRT.
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Considerable attention has been focused on the relationship
between SMRT expression and resistance to endocrine therapy
(18, 19). SMRT was characterized as a co-repressor,
interacting with the estrogen receptor (ER) in the presence of
tamoxifen (20). In some studies, the decrease in the stability
and levels of SMRT was associated with resistance to
tamoxifen (19), while others suggested that increased stability
of SMRT and its overexpression in BC may be involved in
acquiring resistance to anti-hormonal treatment (18).

Regarding the prognostic significance of SMRT, there are
indications for the protective role of SMRT, and its
diminished expression was suggested to drive BC initiation
and progression (21). In a study of patients with ER-positive
BC, higher levels of SMRT mRNA were associated with a
better outcome (22). However, in other studies, elevated
expression of SMRT was associated with a poorer prognosis
(18, 23, 24). The aim of this study was to evaluate the
associations of tumor SMRT nuclear expression with thyroid
hormones and prognostic markers in BC.

Patients and Methods
This study, which was approved by the Institutional Ethical Review
Board, included 115 women who underwent surgery for breast lesions
between May 2004 and December 2010. All had surgery and were
followed at Hadassah University Hospital, Jerusalem, Israel. All patients
signed an informed consent form. There were 36 patients with benign
breast disease (BBD) and 79 patients with invasive breast cancer.
Patients with a prior history of malignancy or metastatic breast cancer
and patients who had preoperative neoadjuvant chemotherapy, hormonal
therapy or thyroid hormone replacement therapy were excluded.

Serum samples were obtained from all patients preoperatively,
aliquoted and stored at –80˚C until analysis. Thyroid function tests
including FT4, FT3 and TSH were performed by using the
commercial IMMULITE kits, which are solid-phase, two-site
chemiluminescent immunometric assays (Immullite, DPC, USA).
The normal ranges in our lab were 0.35-4.50 mIU/l for TSH, 3.50-
6.50 pmol/l for FT3, and 9.0-23.0 pmol/l for FT4.

Tissue samples were obtained from mastectomy, lumpectomy or
wide local excision specimens, embedded in a 10% formalin
solution shortly after surgical resection, and used for tissue
microarray construction. The expression of SMRT in these samples
was examined using immunohistochemistry on tissue microarray
sections, containing specimens from patients with BC and BBD.
Two cores from representative areas (BC or BBD) were deposited
in a paraffin block using a semi-automated tissue arrayer. 

The expression of SMRT was detected by immunohistochemistry,
with the commercially available SMRT antibody (Product code sc-
13554, antibody1542/H7 Santa Cruz Biotechnology, Santa Cruz,
CA, USA). This antibody was raised against amino acids 994-1005.
SMRT immunohistochemical (IHC) staining used the modified
version of the H-score method. The staining intensity was scored as
0 (negative), 1 (weak), 2 (moderate) and 3 (strong) (Figure 1). A
nuclear staining score of 3 was defined as overexpression. 

Statistical analysis. FT4, FT3 and TSH concentrations were evaluated
both as continuous variables, and as categorical variables. Numeric
variables are presented as median and interquartile range (IQR). Non-

parametric Kruskal–Wallis and Mann–Whitney tests were used for
comparisons. Associations between categorical variables were
evaluated with the Fisher’s exact test. Pearson’s coefficients are
presented as a measure of correlation between numeric variables. The
clinical end-point was recurrence-free survival (RFS), measured from
the date of surgery to the date of the last follow-up or disease
recurrence. 

Patients who developed a second unrelated malignancy, and those
who died due to unrelated causes, were censored. Recurrence was
defined as any first recurrence of disease either local or at distant
sites, and calculated using the Kaplan–Meier method. Cox
proportional hazards model was used to test the statistical
independence and significance of predictors on disease-free survival
(DFS). Statistical calculations were performed using SPSS, version
17 for Windows (SPSS Inc., Chicago, IL, USA). A value of p<0.05
was considered significant.

Results 

The BBD group consisted of 36 patients (range=19-81 years,
median 41, IQR=30-50). This group included patients with
fibroadenoma, papilloma, and epithelial ductal and lobular
hyperplasia. The BC group consisted of 79 women
(range=24-83 years, median 56, IQR=46-68). Seventy-three
patients (92%) had invasive ductal carcinoma and 6 patients
(8%) had invasive lobular carcinoma. Thirty-two patients
(41%) were diagnosed with grade I/II and 43 cases (54%)
were diagnosed with grade III BC. T1 (≤2.0 cm) tumors
were seen in 46 patients (58%), and T2-T3 (>2.0 cm) in 33
patients (42%). Thirty-six were node-positive (46%) and 43
patients (54%) were node-negative. Sixty-five were ER
positive (82%), 58 cases were progesterone receptor (PR)
positive (73%) and 18 cases were Her2/neu positive (23%).
Nine patients (11%) had triple-negative (TN) BC. Of the 79
women who underwent surgery for BC, 14 (17.7%)
developed a recurrence. Median follow-up was 132 months. 

FT3, FT4 and TSH in BBD and BC. In the total cohort of
115 patients there was no significant correlation of FT4 and
TSH levels with age (r=0.02, p=0.865 and r=0.05, p=0.628),
while FT3 levels were reversely correlated with age
(r=–0.43, p<0.001). The median serum level of FT4 (Table
I) was significantly higher in BC than in BBD (18.53 vs.
16.73 pmol/l, p<0.001). No patients in this study had
abnormally low FT4 levels (<9.0 pmol/l), whereas the rate
of patients with abnormally elevated FT4 levels (>23.0
pmol/l) was higher in BC patients than in patients with BBD
(15.2% vs. 0%, p=0.017). When stratifying patients by age
(below and above 45 years) the difference in median levels
of FT4 between BBD and BC subgroups remained
significant (p=0.004 and p=0.009). FT4 above the median
(>18.53 pmol/l) significantly predicted BC, after adjustment
for age (OR=7.8, 95%CI=2.5-24.5.5, p<0.001). 

There was no difference in median baseline values of TSH
between patients with BBD or BC before (p=0.169) or after
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(p=0.288 and p=0.751) stratifying by age 45 (Table I). The
rates of abnormally low (<0.35 mIU/l) and abnormally high
(>4.5 mIU/l) basal TSH levels were similar in both groups
(0 vs. 2.5%, p=1.000 and 5.6 vs. 5.1%, p=1.000). 

The median serum levels of FT3 were higher in BBD than
BC (5.22 vs. 4.78 pmol/l, p=0.010). Abnormally low FT3
levels (<3.5 pmol/l) were recorded in 0% and 6.3% of cases
with BBD and BC, respectively (p=0.323). Abnormally high
serum levels of FT3 (>6.5 pmol/l) were more prevalent in
BBD than BC (25.0% vs. 7.6%, p=0.016). Lower median
FT3 level was detected in elder compared to younger
patients both in the BBD and BC groups (4.91 vs. 5.85
pmol/l, p=0.011 and 4.62 vs. 5.25 pmol/l, p=0.002). After
stratification by age, the difference between BBD and BC
was not significant (≤45 years, p=0.376 and >45 years,
p=0.386). 

Significant correlation between serum levels of FT3 and
FT4 was found in patients with BBD (r=0.43, p=0.010), but
not in BC patients (r=0.01, p=0.916). FT3/FT4 ratio was
significantly higher in BBD than in BC (median: 0.32 vs.
0.26, p<0.001). After stratification by age, the difference in
FT3/FT4 ratio between BBD and BC remained significant
both in women below and above 45 years of age (median:
0.35 vs. 0.30, p=0.006 and 0.31 vs. 25, p=0.024,
respectively). FT3/FT4 ratio below the median (0.26) was
significantly associated with BC after adjustment for age
(OR=10.0, 95%CI=2.2-46.5, p=0.003).

FT3, FT4 and TSH in relation to histopathological
characteristics of BC. There was no association of FT3, FT4
and TSH levels with tumor stage, tumor grade, or nodal status
(Table II). TSH levels above the median basal level was
significantly associated with PR positive BC (1.67 mIU/l vs.
0.98 mIU/l, p=0.020). The median basal FT4 in TN BC (ER-
negative, PR-negative and Her2/neu negative) cases tended to
be higher than in ER-positive (19.31 vs. 18.02 pmol/l,
p=0.186), PR-positive (19.30 vs. 18.00 pmol/l, p=0.082) and
Her2/neu-positive cases (19.18 vs. 16.47 pmol/l, p=0.073).

FT3, FT4 and TSH in relation to SMRT expression in BBD and
BC. Immunohistochemical assessment of breast tissues revealed
a positive expression of SMRT, predominately localized to the
nucleus (Figure 1). Only nuclear staining of SMRT was
considered positive. The rate of cases with negative-weak
expression of SMRT (staining score 0-1) was higher in BBD
(Figure 2) than in BC (86.1% vs. 34.2%, p<0.0001), while
strong expression (staining score 3-overexpression) was
detected only in BC (0% vs. 39.2%, p<0.0001). 

In the entire cohort of 115 patients, TSH and FT4 serum
levels were not associated with SMRT expression (Table III),
while FT3 was negatively associated with the expression of
SMRT (negative/weak, moderate, strong: median 5.16, 4.82 and
4.58 pmol/l, p=0.017). Decreased (<3.5 pmol/l) and elevated
FT3 levels (>6.5 pmol/l) were significantly associated with up-
and down-regulation of SMRT, respectively (p=0.014).
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Figure 1. Representative photographs of immunohistological expression of silencing mediator of retinoid and thyroid hormone receptors (SMRT)
in breast cancer specimens. A. Negative (staining score 0); B. Weak (staining score 1); C. Moderate (staining score 2); D. Strong (staining score 3
- overexpression). Original magnification, ×40.
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Table I. Thyroid function tests in patients with benign breast disease and breast cancer.

Characteristics                                                    N                                              BBD                                                BC                                   p-Value

TSH (mIU/l), median, IQR                        115 (36/79)                             2.04, 1.16-3.09                              1.62, 0.91-2.82                          0.169
  ≤45 years                                                  38 (22/16)                              2.61, 1.36-3.18                              1.66, 1.37-2.69                          0.288
  >45 years                                                  77 (14/63)                              1.49, 1.08-2.50                              1.51, 0.83-2.86                          0.751
  p-Value                                                                                                              0.189                                              0.500                                    
TSH (<0.35 mIU/l)                                     115 (36/79)                                   0/36 (0)                                       2/79 (2.5%)                             1.000
TSH (>4.50 mIU/l)                                     115 (36/79)                                2/36 (5.6%)                                   4/79 (5.1%)                             1.000
FT3 (pmol/l), median, IQR                       115 (36/79)                             5.22, 4.58-6.56                               4.78 4.2-5.41                            0.010
  ≤45 years                                                   38 (22/16)                              5.85, 4.75-6.70                              5.25, 4.79-6.06                          0.376
  >45 years                                                   77 (14/63)                              4.91, 4.40-5.33                              4.62, 4.06-5.33                          0.386
  p-Value                                                                                                              0.011                                              0.002                                    
FT3 (<3.5 pmol/l)                                       115 (36/79)                                   0/36 (0)                                       5/79 (6.3%)                             0.323
FT3 (>6.5 pmol/l)                                       115 (36/79)                               9/36 (25.0%)                                  6/79 (7.6%)                             0.016
FT4 (pmol/l), median, IQR                       115 (36/79)                          16.73, 14.48-18.02                        18.53, 16.22-21.36                     <0.001
  ≤45 years                                                   38 (22/16)                           16.73, 15.44-17.73                        18.98, 16.73-21.11                       0.004
  >45 years                                                   77 (14/63)                           15.44, 14.16-18.02                        18.02, 15.96-21.36                       0.009
  p-Value                                                                                                              0.631                                              0.741                                    
FT4 (<9.0 pmol/l)                                       115 (36/79)                                   0/36 (0)                                          0/79 (0)                                 -
FT4 (>23.0 pmol/l)                                    115 (36/79)                                   0/36 (0)                                    12/79 (15.2%)                           0.017
FT3/FT4 ratio, median, IQR                     115 (36/79)                             0.32, 0.30-0.37                              0.26, 0.22-0.32                        <0.001
  ≤45 years                                                   38 (22/16)                              0.35, 0.31-0.40                              0.30. 0.25-0.33                          0.006
  >45 years                                                   77 (14/63)                              0.31, 0.29-0.33                              0.25, 0.21-0.32                          0.024
  p-Value                                                                                                            0.017                                              0.046                                    

TSH: Thyroid-stimulating hormone; FT3: triiodothyronine; FT4: free thyroxine; IQR: interquartile range. p-Values were derived from Mann–Whitney
and Fisher’s exact tests. Bold values indicate statistical significance.

Table II. Association between thyroid function tests and histopathological parameters in BC.

Characteristics                                    N                                TSH (mIU/l)                                  FT3 (pmol/l)                                         FT4 (pmol/l)
                                                                                            median, IQR                                  median, IQR                                         median, IQR

Tumor stage                                                                                                                                                                                                      
  ≤2.0 cm                                           46                              1.96, 0.94-2.88                               4.80, 4.12-5.43                                  18.47, 16.15-21.49
  >2.0 cm                                           33                              1.51, 0.89-2.67                               4.64, 4.29-5.46                                  18.53, 16.35-21.11
  p-Value                                                                                    0.686                                              0.919                                                     0.503
Tumor grade                                                                                                                                                                                                     
  I-II                                                    32                              1.48, 0.87-2.71                               4.83, 4.06-5.36                                  19.18, 18.02-21.36
  III                                                     43                              1.63, 0.88-2.87                               4.67, 4.27-5.55                                  18.53, 15.44-21.88
  p-Value                                                                                    0.574                                              0.336                                                     0.336
Nodal status                                                                                                                                                                                                      
  Positive                                            36                              1.51, 1.01-2.34                               4.71, 4.07-5.54                                  19.24, 16.02-21.82
  Negative                                          43                              1.79, 0.78-3.00                               4.80, 4.18-5.36                                  18.02, 16.73-20.59
  p-Value                                                                                    0.595                                              0.701                                                     0.737
ER                                                                                                                                                                                                                     
  Positive                                            65                              1.63, 1.01-2.84                               4.78, 4.19-5.40                                  18.02, 15.96-20.59
  Negative                                          14                              1.05, 0.68-2.51                               4.73, 4.13-5.82                                  19.31, 17.57-21.88
  p-Value                                                                                    0.146                                              0.997                                                     0.186
PR                                                                                                                                                                                                                      
  Positive                                            58                              1.67,1.07-2.96                               4.77, 4.19-5.40                                  18.00, 15.83-20.11
  Negative                                          21                              0.98, 0.73-2.27                               4.64, 3.89-5.91                                  19.30, 17.38-21.88
  p-Value                                                                                    0.020                                               0.756                                                     0.082
Her2/neu                                                                                                                                                                                                           
  Positive                                            18                              1.57, 0.81-2.90                               4.65, 4.18-5.74                                  16.47, 15.44-19.31
  Negative                                          61                              1.64, 0.97-2.80                               4.80, 4.14-5.38                                  19.18, 17.12-21.75
  p-Value                                                                                    0.896                                              0.846                                                     0.073

BC: Breast cancer; TSH: thyroid-stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine; ER: estrogen receptor; PR: progesterone
receptor; IQR: interquartile range. p-Values were derived from Mann–Whitney test. Bold values indicate statistical significance.



Most BBD and BC patients with abnormally high FT3 had
down-regulated (negative/weak) expression of SMRT (Table
IV, 89%, 8 of 9 and 66.7%, 4 of 6, respectively). There were
no cases of BBD with low FT3 levels and/or over-expression
of SMRT, while in 80% of BC cases (4 of 5) with low FT3
serum levels, the expression of SMRT in the tumor was up-
regulated (strong).

SMRT expression in relation to histopathological characteristics
in BC patients. In further analysis, FT3, FT4 and TSH serum
levels were dichotomized by their median values (4.75 pmol/l,
18.53 pmol/l and 1.62 mIU/l, respectively). Serum FT3 levels
were negatively associated with SMRT expression (Table V,
p=0.028). In patients with FT3 levels below the median, the
negative/weak (down-regulation) and strong (up-regulation)
expression of SMRT was found in 20.5% and 51.3% of cases
respectively, while in patients with FT3 levels above the
median, an opposite direction of changes was found: 47.5% and
27.5% (p=0.01). FT4 and TSH were not associated with SMRT
expression (p=0.513 and p=0.513, respectively). Furthermore,
the expression of SMRT (Table V) was significantly positively
associated with tumor grade (p=0.031), the Ki-67 labeling index
(p=0.015) and tumor recurrence (p=0.014). There was no
association of SMRT with age, tumor stage, nodal status, ER,
PR or Her2/neu status (Table V).

Association of FT3, FT4, TSH and SMRT with prognosis. For
prognostic evaluation, SMRT was dichotomized into non-over-
expression versus over-expression (– vs. +). This division was
adopted because over-expression of SMRT was a distinctive
feature of BC when compared to BBD. Patients with tumors
over-expressing SMRT had a shorter DFS (Figure 3A,

LR=7.46, p=0.006). Tumor size (≤2.0 cm vs. >2 cm) was also
significantly associated with DFS (LR=5.81, p=0.016). ER,
PR, Her2/neu and nodal status were not found to be related to
prognosis (LR=0.138, p=0.710, LR=0.914, p=0.339,
LR=0.355, p=0.551 and LR=2.08, p=0.149 respectively). 

There was clear distinction between the patients with
above median serum levels of TSH who had a longer DFS
than patients with decreased TSH levels (Figure 3B,
LR=9.52, p=0.002). Serum levels of FT3 and FT4 were not
associated with differences in DFS (LR=0.453, p=0.501 and
LR=0.465, p=0.495). 

After univariate analysis for the following factors: SMRT,
tumor size, TSH, FT3, FT4, ER, PR, Her2/neu and nodal

Nisman et al: Breast Cancer, Thyroid Function, SMRT, and BC Prognosis

6421

Table III. Distribution of FT3, TSH and FT4 levels by SMRT expression in the total cohort of 115 patients with BBD and BC.

                                                                                                                           SMRT expression

                                                                          Negative/Weak                               Moderate                                    Strong                                p-Value
                                                                                 n=58                                           n=26                                         n=31                                        

FT3 (pmol/l), median, IQR                              5.16, 4.56-6.00                          4.82, 4.16-5.75                         4.58, 4.15-5.25                           0.017
   <3.5                                                                           1                                                  0                                                4                                       0.014
   3.5-6.5                                                                      45                                               24                                              26                                          
   >6.5                                                                          12                                                2                                                1                                           
TSH (mIU/l), median, IQR                              1.68, 0.92-3.02                          2.17, 1.38-3.16                         1.51, 0.95-2.70                           0.347
   <0.35                                                                         1                                                  1                                                0                                       0.245
   0.35-4.5                                                                   55                                               22                                              30                                          
   >4.5                                                                           2                                                  3                                                1                                           
FT4 (pmol/l), median, IQR                           17.18, 15.44-19.88                     18.6, 16.92-21.67                     18.0, 14.93-19.56                         0.184
   <9.0                                                                           0                                                  0                                                0                                       0.222
   9.0-23.0                                                                    54                                               21                                              28                                          
   >23.0                                                                         4                                                  5                                                3                                           

SMRT: Silencing mediator for retinoid and thyroid receptor; FT3: free triiodothyronine; BBD: benign breast disease; BC: breast cancer; FT4: free thyroxine;
TSH: thyroid stimulating hormone. p-Values were derived from Kruskal-Wallis and Fisher’s exact tests. Bold values indicate statistical significance.

Figure 2. Distribution of staining score for silencing mediator of
retinoid and thyroid hormone receptors (SMRT) in benign breast disease
(BBD) and breast cancer (BC).
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Table IV. Distribution of FT3 and SMRT expression in BBD and BC.

                                                                                                                             SMRT expression

                                                                               BBD (n=36)                                                                                        BC (n=79)                         

                                      Negative/Weak                    Moderate                 Strong                    Negative/Weak                  Moderate                    Strong

FT3 (pmol/l)                                                                                                                                                                                                               
   <3.5                                        0                                      0                             0                                      1                                    0                                4
   3.5-6.5                                  23                                      4                             0                                    22                                  20                              26
   >6.5                                         8                                      1                             0                                      4                                    1                                1
   Total                                      31                                      5                             0                                    27                                  21                              31

SMRT: Silencing mediator for retinoid and thyroid receptor; FT3: free triiodothyronine; BBD: benign breast disease; BC: breast cancer.

Table V. Association of SMRT expression with FT3, FT4, TSH and histopathologic characteristics in BC.

                                                                                                                     SMRT expression

                                                                              Negative/Weak                   Moderate                      Strong                      Total                        p-Value

Age                                                                                                                                                                                                                             
   ≤45 years                                                                       6                                        5                                   5                          16                            0.777
   >45 years                                                                     21                                      16                                 16                          63                                
FT3                                                                                                                                                                                                                             
   Below the median (<4.75 pmol/l)                                 8                                       11                                 20                          39                            0.028
   Above the median (≥4.75 pmol/l)                               19                                      10                                 11                          40                                
FT4                                                                                                                                                                                                                             
   Below the median (<18.53 pmol/l)                             14                                        8                                 17                          39                            0.513
   Above the median (≥18.53 pmol/l)                             13                                      13                                 14                          40                                
TSH                                                                                                                                                                                                                            
   Below the median (<1.62 mIU/l)                                14                                        8                                 17                          39                            0.513
   Above the median (≥1.62 mIU/l)                                13                                      13                                 14                          40                                
Tumor size                                                                                                                                                                                                                  
   ≤2.0 cm                                                                        18                                        9                                 19                          46                            0.230
   >2.0 cm                                                                          9                                      12                                 12                          33                                
Tumor grade                                                                                                                                                                                                               
   Grade 1-2                                                                     15                                        9                                   8                          32                            0.031
   Grade 3                                                                           9                                      12                                 22                          43                                
Node                                                                                                                                                                                                                           
   Negative                                                                       14                                      12                                 17                          43                            0.959
   Positive                                                                         13                                        9                                 14                          36                                
ERα                                                                                                                                                                                                                             
   Positive                                                                         24                                      17                                 24                          65                            0.570
   Negative                                                                         3                                        4                                   7                          14                                
PR                                                                                                                                                                                                                               
   Positive                                                                         20                                      16                                 22                          58                            0.949
   Negative                                                                         7                                        5                                   9                          21                                
Her2/neu                                                                                                                                                                                                                     
   Positive                                                                           4                                        6                                   8                          18                            0.441
   Negative                                                                       23                                      15                                 23                          61                                
KI67                                                                                                                                                                                                                            
   Positive                                                                           2                                        9                                   8                          19                            0.015
   Negative                                                                       25                                      12                                 23                          60                                
Recurrence                                                                                                                                                                                                                  
   Yes                                                                                  1                                        3                                 10                          14                            0.014
   No                                                                                 26                                      18                                 21                          65                                

SMRT: Silencing mediator for retinoid and thyroid receptor; PR: progesterone receptor; ER: estrogen receptor; BC: breast cancer; FT3: free
triiodothyronine; FT4: free thyroxine; TSH: thyroid stimulating hormone. p-Values were derived from Fisher’s exact test. Bold values denote
statistical significance.



status, with Log-rank test, three factors, including tumor size,
below-median levels of TSH and SMRT over-expression were
identified as risk factors for cancer recurrence (p<0.05) and
included in a multivariate analysis based on Cox regression.
FT3 was also included in this model, which demonstrated that
tumor stage, nuclear SMRT expression and serum TSH levels
were explanatory variables (Table VI), while FT3 did not
contribute to this model (HR=2.00, p=0.268). The second
model including the same four variables was also constructed
for 65 patients with ER positive BC who received adjuvant
hormonal treatment. In this model, both SMRT and TSH were
significantly associated with DFS (SMRT, HR=5.63,
95%CI=1.25-25.3, p=0.024 and TSH, HR=11.7, 95%CI=1.43-
96.09, p=0.022) and the effect of FT3 was not significant
(HR=1.5, 95%CI=0.4-6.5, p=0.604).

Discussion

To date, only a handful of studies comparing preoperative
TSH, FT4 and FT3 levels in BBD and primary BC have
been published. Confirming the data presented in these
studies (6-8, 10, 25), we did not find significant differences
in preoperative TSH levels in BC patients compared to BBD
patients. 

Several studies have not found any difference between
serum FT4 levels in patients with BBD and BC (6, 10, 25),
while others (26-28) found BC to be associated with low
levels of FT4. In contrast, we found significantly higher
levels of FT4 in BC than in BBD, a finding consistent with
earlier studies (7-8). We also found a higher prevalence of
cases with abnormally elevated FT4 levels in BC than in
BBD. The difference between the two groups retained
significance in patients both under and over 45 years of age.
These data are in accordance with a recently reported
association between elevated serum concentrations of

thyroxin and BC in both premenopausal and postmenopausal
women in a case-control study (29). Our data are also in line
with three independent investigations of pre-diagnosis levels
of thyroid hormones in relation to subsequent risk of breast
cancer based on a population-based prospective cohort "The
Malmo Diet and Cancer Study". In all three studies, the
authors reported a significant positive association of elevated
serum FT4 levels with BC risk (1, 30, 31). It appears that
elevated FT4 levels exist a long time prior to diagnosis, and
could be detected at the time of BC diagnosis. In our study,
FT4 was found to be a predictor of BC after adjustment for
age (OR=7.8, p<0.001). Association of elevated FT4 levels
with BC risk is explained by the proliferative effects of this
hormone on breast tissue through the same signalling cascade
utilized by estrogens (32, 33). In human breast cancer cells
lines, T4 was shown to stimulate the transcriptional activity
of ERα via non-genomic activation of MAPK and MAPK-
dependent phosphorylation of ERα (32, 34). 

With respect to T3, epidemiological studies have also
produced contradictory data. Positive association of
prospectively measured T3 levels with BC was reported in
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Table VI. Cox proportional hazards analyses for predictors of disease-
free survival. 

Characteristics                                         Hazard       95%CI        p-Value
                                                                   ratio

Tumor size, (≤2.0 cm vs. >2.0 cm)          4.10       1.20-14.08       0.025
SMRT overexpression (neg vs. pos)         6.39       1.73-23.58       0.005
TSH (>1.62 mIU/l vs. ≤1.62 mIU/l)        6.40       1.39-29.37       0.017
FT3 (>4.75 pmol/l vs. ≤4.75 pmol/l)       2.00        0.59-6.85        0.268

SMRT: Silencing mediator for retinoid and thyroid receptor; TSH:
thyroid-stimulating hormone; FT3: free triiodothyronine.

Figure 3. Disease-free survival according to silencing mediator of retinoid and thyroid hormone receptors (SMRT) expression (A) and thyroid-
stimulating hormone (TSH) serum levels (B).



postmenopausal women (35). Ditsch et al. (7) also reported
higher FT3 levels in BC compared to patients with BBD.
Other studies (8, 25, 36), however, did not find differences
in FT3 levels in BBD and BC. In our study, serum FT3
significantly reversely correlated with age, and lower levels
were found in older women with both BBD and BC. The
difference in FT3 between BBD and BC groups was
significant only when analysing the whole cohort. After
stratification by age the difference was not significant. 

We confirmed the findings of a previous study (8),
reporting a stronger association of serum FT4 levels with BC
compared with FT3. These findings were explained by the
shorter half-life and the circadian rhythm of FT3 (37), making
it a less reliable marker of thyroid function compared to FT4,
which is also less dependent on age and menopausal status.

In this study, we found that the FT3/FT4 ratio inversely
correlated with age, with significantly lower values detected
in older patients with BBD and BC. These data confirm the
findings of a study reporting a decrease in FT3 levels and
FT3/FT4 ratio with aging (38). The authors related these
findings to decreased conversion of thyroxine (T4) to
triiodothyronine (T3). They suggested that reduced activity
of deiodinase is a protective mechanism against excessive
TH levels and considered it a part of the aging process.
Meanwhile, we found that FT3/FT4 ratio was lower in BC
patients than in patients with BBD both below and above age
45, suggesting that malignant transformation could
contribute to the age-related reduction in the conversion of
FT4 to FT3. In addition, FT3/FT4 ratio was significantly
associated with BC after adjustment for age (OR=10.0,
p=0.003) and could be considered a risk factor for BC.

Increased levels of FT4, decreased ratio of FT3/FT4 and
weaker correlation between FT3 and FT4 in BC compared
to BBD indicate the difference in controlling TH
homeostasis in malignant transformation, and suggest the
involvement of specific iodothyronine deiodinases in
regulating this process. Recently, Brandt et al. (39) were able
to identify a SNP (rs2235544) in the gene for deiodinase
type 1, which was associated with both elevated FT4 levels
and breast cancer risk. Reduced expression of deiodinase
type 3 mRNA in tumoral breast glandular tissue compared
to normal tissue was also reported (40).

Using immunohistochemistry on tissue microarray
sections, we found significantly higher expression of SMRT
in patients with BC compared to those with BBD. Analysis
of SMRT expression distribution showed that over-
expression of SMRT was prevalent in BC but not in BBD
(39.2% vs. 0%, p<0001), suggesting a potential role of
SMRT in malignant transformation. The increased SMRT
mRNA expression was reported in tumor samples with
intraductal carcinomas compared to the normal mammary
gland tissue (41). The authors related SMRT up-regulation
with breast cancer development.

It is widely accepted that SMRT is subject to extensive
alternative mRNA splicing events, which generate a diverse
series of distinct co-repressor variants (42, 43). Zhang et al.
(18) revealed a splice variant of SMRT with a deletion of a
site responsible for proteasome-mediated degradation in BC
cell lines as well as in tumor tissues. The authors suggested
that this could be one of the explanations for the over-
expression of SMRT in BC. Another mechanism regulating
the stability of SMRT was associated with the activation of
peptidyl-prolyl isomerase, which together with the cyclin-
dependent kinase Cdk2 has been shown to promote
degradation of SMRT (44). It can be speculated that a
disturbance in the degradation mechanism in BC may be the
reason for the observed increased expression of SMRT in
ours and other studies (18, 23, 24).

In experiments on synchronized A549 cells, the expression
of SMRT increased when entering the S-phase, suggesting
that SMRT may play a role in cell cycle progression (45). In
ERα-positive MCF-7 breast cancer cells, SMRT promoted
the E2-dependent proliferation and activation of ER target
genes involved in the proliferation processes, such as cyclin
D1, thus controlling the G1/S transition (46, 47). E2-
dependent recruitment of SMRT to the regulatory regions of
the PR was also reported. It was suggested that SMRT
promotes breast tumorigenesis, at least in part, through
amplifying ER target gene expression (48). Depletion of
SMRT inhibited growth of ER-positive cells (49). SMRT was
also reported to promote cell growth through inhibition of
apoptotic and co-activation of antiapoptotic gene expression.
These processes were ER independent (49). Our finding of
an association between SMRT expression and a higher Ki-
67, a validated marker of breast cancer proliferation
reflecting mitotic activity, is in accordance with these data.

Our findings are also in agreement with data reported by
Green et al. (23), who found the association of high SMRT
expression with poor DFS, using a SMRT antibody against
amino acids 994-1005, which was the same antibody used in
our study. Later, Smith et al. (24) reported the significant
relation of higher SMRT expression [using a different
antibody, raised against another amino acids sequence (1366-
1473aa) of SMRT] with poor DFS only in BC patients not
receiving adjuvant hormonal treatment. In our study, the
association of SMRT with survival was significant for
patients with ER positive BC who received adjuvant
hormonal treatment. The discrepancy between the results of
this and our study might be related to the use of different
antibodies, which may identify different variants of the
corepressor. Different splice variants may differ significantly
in their molecular architecture, biological potential and
demonstrate functional differences (46, 50). They could also
differ notably in their affinity for different nuclear hormone
receptors (42). Zhang et al. (18) found a new splice variant
of SMRT in BC tissue. The expression of this isoform
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positively correlated with tamoxifen resistance and
proliferative signaling. High expression level of the co-
repressor in patients who received adjuvant tamoxifen was
associated with a worse DFS. The results of this and our
study support the association of high expression of SMRT
protein in patients with BC with resistance to hormonal
treatment and poor outcomes.

According to the classical model of TH action in
unliganded state, SMRT is associated with thyroid receptors
and retinoid acid receptor (RAR). Upon natural ligand
triiodothyronine (T3) binding, SMRT is released from this
complex and replaced by the coactivator (13). Ubiquitination
of SMRT for proteosomal degradation favors the exchange
of the corepressor for the coactivator (51). This model
assumes the relationship between T3 availability and
expression of SMRT. In accordance with this model, we
found a significant reverse association between FT3 levels
and SMRT expression in both BC and BBD. Among these
patients, overexpression of the co-repressor was detected in
80% of cases with abnormally low FT3 levels (<3.5 pmol/l),
while in 80% cases with abnormally high FT3 levels (>6.5
pmol/l) the expression of SMRT was down-regulated. 

In our study, patients receiving levothyroxin for primary
hypothyroidism were excluded. This may be the reason for
the low prevalence of cases with low FT3 in BC patients,
and their lack in the smaller group of patients with BBD.
Concerning BBD, in consistence with the negative
relationship between FT3 and SMRT, we did not find cases
with SMRT over-expression, while 89% of patients with
elevated FT3 levels had down-regulated SMRT. Thus, a
similar pattern of relationship between FT3 and SMRT was
observed in patients with BBD and BC patients, and notably,
SMRT over-expression was absent in BBD. Although all
these data show a clear association of FT3 levels and tumor
SMRT expression both in BBD and BC, it is not possible to
conclude on a causal relationship between them. 

The involvement of SMRT in the central regulation of TH
signaling through interaction with THRs has long been
hypothesized (52). However, in mouse models, SMRT was not
involved in TH-regulated pathways (16). It is not clear whether
these data could be applied to the tumor expression of SMRT.
It seems more likely that FT3 has a modulating effect on
SMRT expression both in benign and malignant tissues. 

Taking into account the significant negative association
between FT3 and SMRT, the noticeable effect of FT3 on
prognosis could be expected. However, the association of
FT3 with DFS was weak, and in multivariate analysis the
SMRT over-expression was the explanatory variable. It
appears that serum FT3 could exert some modulating effect
on tumor expression of SMRT, which however remained a
crucial factor in disease progression.

Our data showed improved prognosis for patients with
above-median levels of TSH. To the best of our knowledge,

no studies have reported the effect of TSH levels on
prognosis in primary BC. Groot et al. (53) investigated the
predictive value of thyroid function on pathological complete
response (pCR) in BC patients receiving neoadjuvant
chemotherapy, and reported that high TSH was significantly
associated with pCR only in univariate analysis. 

In the current study, TSH was an explanatory variable along
with SMRT. The analysis of the association of TSH with
pathohistological characteristics revealed higher levels of this
hormone in PR positive BC. This finding could explain at
least in part the improved prognosis of patients with elevated
TSH levels. The importance of PR on the activation of steroid
hormone dependent genes involved in cell proliferation and
breast cancer pathology is well established (54). Several
studies related PR expression to prognosis in BC, and
improved survival is seen in patients with a PR-positive status,
while PR negativity has been associated with early disease
recurrence and worse survival (55, 56). 

Since all patients receiving levothyroxin for primary
hypothyroidism were excluded from this study, only a small
percentage of patients with BC (5.1%) had TSH levels above
the upper normal limit for the euthyroid reference range. It
can be speculated that the influence of TSH on disease
course is related not to thyroid hypofunction, but to the
biology of the hormone itself, for example its influence on
the expression of PR. A recent large population-based cohort
study did not find any association between thyroid
hypofunction at BC diagnosis and disease recurrence (57). 

In other types of cancer, various effects of TSH levels
have been reported. Patients with non-small cell lung cancer
and normal TSH levels were found to have a better median
survival compared to patients with reduced TSH levels (58),
whereas in patients with endometrial cancer, elevated pre-
therapeutic serum TSH has been independently associated
with poor DFS (59). This inconsistency may reflect
differences in tumorigenesis between BC and other types of
cancer, and the multifunctional nature of TSH (58).

Conclusion

We report a high incidence of elevated serum FT4 levels in
patients with BC compared to BBD. Elevated FT4
significantly correlated with FT3 in patients with BBD, but
not in BC. We found that the FT3/FT4 ratio was lower in BC
compared with BBD. Taken together, these data suggest
differences in the control of TH homeostasis in BBD and BC. 

In BC tissue, the expression of SMRT was higher than in
BBD, with over-expression detected only in BC, suggesting
the involvement of SMRT in malignant transformation. The
significant differences in FT4 levels, FT3/FT4 ratio and
expression of SMRT between BBD and BC warrant further
investigation to determine the usefulness of these parameters
in the diagnostic work-up of BC.
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Our study found a significant reverse association between
serum FT3 levels and tumor expression of SMRT in the total
cohort including both patients with BBD and BC. Most
patients with abnormally low FT3 levels had tumours over-
expressing SMRT, while in most cases with abnormally
elevated FT3, the expression of SMRT was down-regulated.
The same pattern was observed in patients with BC. This is
the first time a relationship between thyroid function in terms
of serum FT3 levels and tumor SMRT expression has been
reported, specifically in patients with BBD and BC. 

Supporting the data on the involvement of SMRT in
proliferation is our finding of a positive association with
tumor grade and Ki67 proliferation index. In addition, we
found that TSH is a prognostic factor, positively  associated
with PR expression and survival. In multivariate analysis,
SMRT and serum TSH were both associated with DFS,
implying their independent prognostic significance for BC
patients, specifically in patients with ER positive disease
receiving adjuvant hormone therapy. Thus, the results of this
study showed that in BC, the expression of SMRT is
associated with thyroid function in terms of serum FT3
levels, tumor proliferative activity and a more aggressive
clinical course.
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