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Abstract: Background: A new diagnostic and prognostic biomarker may be of value in cancer diseases. Our study 
aimed to evaluate the CDKN1A/p21 and TGFBR2 level measurable in a cohort of patients with breast cancer after 
mastectomy, and to confirm their suitability to serve as prognostic biomarkers of the cancer. Methods: The expres-
sion levels of CDKN1A/p21 and TGFBR2 were detected by reverse transcription-PCR (RT-PCR), western blot as-
say and immunohistochemical staining for 65 primary tumor samples and paired adjacent noncancerous breast 
tissues. Their relations to clinicopathologic parameters and to the prognosis of patients with breast cancer were 
analyzed. Results: We found the mRNA and protein expression levels of CDKN1A/p21 were significantly upregulated 
in breast cancer tissues compared with adjacent nontumorous breast tissues. Increased CDKN1A/p21 expression 
showed a significant correlation with larger tumor size (P=0.014), higher tumor dedifferentiation grade (P=0.021), 
lymph node metastasis (P=0.019) and a shorter disease-free survival (P=0.044). Contrarily, the expression levels of 
TGFBR2 mRNA and protein were significantly decreased in breast cancer tissues compared with adjacent nontumor-
ous breast tissues. Underexpression of TGFBR2 in breast cancer was correlated with larger tumor size (P=0.034), 
lymph node metastasis (P=0.039) and a shorter disease-free survival (P=0.035). Statistical analysis suggested that 
there was no significant association between CDKN1A/p21 and TGFBR2 expression. Conclusions: in summary, our 
results suggested that high CDKN1A/p21 and low TGFBR2 expression was closely correlated with adverse patho-
logical parameters and poor prognosis in breast cancer. Both CDKN1A/p21 and TGFBR2 are presented as possible 
candidates for breast cancer biomarkers.
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Introduction

It is well recognized that breast cancer is a het-
erogeneous disease. Although remarkable pro- 
gress has been made in the early detection and 
treatment of breast cancer over the years, 
behavior is variable. Therefore, it is important 
to identify potential markers for the prognosis 
and also aid the selection of appropriate thera-
py, and it may be of value in the management of 
individual patients.

Cell cycle regulator p21, the protein product 
encoded  by cyclin-dependent kinase inhibitor 
1A (CDKN1A) gene, was first identified as acy-
clin-dependent kinase (Cdk) inhibitor with the 
ability to cause growth arrest through inhibition 
of Cdks, which are required for G1 to S transi-

tion [1]. In addition, by interaction with prolifer-
ating cell nuclear antigen (PCNA), CDKN1A/p21 
was found to inhibit DNA replication [2]. p21 is 
widely expressed at low levels in most tissues 
under steady state, its expression is increased 
in response to DNA damage or other chemical 
or physical cellular stressors, plays a critical 
role in cell survive and genetic fidelity, by result-
ing in the activation of cell cycle checkpoints 
until repair has taken place. Because carcino-
genesis closely related to cell cycle regulation, 
the roles of p21 in carcinoma progression have 
attracted great attention. Several studies have 
suggested CDKN1A/p21 promotes tumors, it 
may also mediate a drug-resistance phenotype 
[3, 4], and clinical studies have indicated that 
high p21 expression was correlated with poor 
prognosis [5, 6]. However, the functional role of 
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CDKN1A/p21 in carcinogenesis remains con-
troversial. Loss of expression or function of 
CDKN1A/p21 has been implicated in the gen-
esis or progression of in a variety of carcino-
mas, including breast cancer [7, 8], and it was 
correlated with poor prognosis clinically. These 
contrasting observations have undoubtedly 
increased the significance of p21 in the field of 
cancer biology. Moreover, to date, no consen-
sus has been reached about the relationship 
between CDKN1A/p21 and clinicopathological 
parameters, and the characteristics of CDKN1A 
/p21 expression and its clinical/prognostic sig-
nificance in human breast cancer remain 
unclear.

It is generally accepted that p21 expression is 
tightly controlled by the famous tumor suppres-
sor p53, involved in mediate p53-dependent 
cell  cycle  arrest,  DNA  repair and apoptosis in 
response to various cellular stressors [9]. On 
the other hand, several studies have demon-
strated that CDKN1A/p21 expression can be 
regulated by other p53-independent pathways, 
including transforming growth factor beta (TGF-
β) signaling [7]. TGF-β belongs to TGF-β protein 
superfamily, plays an essential role in regulat-
ing cell growth, differentiation and apoptosis, 
and it is one of the important components of 
cellular microenvironment [10]. TGF-β plays an 
important role in the process of carcinogene-
sis, but its role remains complicated. At the 
early stage of tumorigenesis, TGF-β functions 
as a tumor suppressor through inhibiting the 
proliferation of tumor cells and promote apop-
tosis, whereas at advanced stages TGF-β 
involved in the process of cancer development, 
through promoting tumor cells invasion and 
metastasis, angiogenesis and immune escape 
[11]. Therefore, TGF-β pro-or anti-tumorigene-
sis depends on the cell and tissue contexts. 
The activation of TGF-β signal transduction 
begins with ligand binding to the TGF-β receptor 
type II (TGFBR2), the TGF-β receptor can regu-
late Smad or non-Smad signaling pathways, 
and then ultimately dictate TGF-β’s biological 
effects [12]. TGF-β ligands and their receptors 
are widely expressed in multiple human tis-
sues; the regulatory role played by these growth 
factors is very importance in the  occur-
rence  and  development of cancer. Previous 
researches found that the expression of 
TGFBR2 was often low in a wide variety of 
malignant tumor, including breast cancer. 

Moreover, it has been reported that p21 and 
TGF-β induced tumor cells apoptosis appear to 
depend on relatively high expression of 
TGFBR2, and then activate the MAPK-ERK and 
SMAD pathways [13]. Therefore, loss of TGF-β 
receptors expression could help tumor cells 
escape from TGF-β mediated inhibition may be 
a predictor of poor prognosis. However, there 
are few studies focused on the correction 
between TGFBR2 expression and prognosis in 
breast cancer, in addition, to our knowledge, no 
reports have investigated the correlation 
between CDKN1A/p21 and TGFBR2 in human 
breast cancer samples. Therefore, it is neces-
sary to perform further investigation to under-
stand the prognostic value of TGFBR2 in breast 
cancer.

In the current study, we sought to assess the 
expression levels of CDKN1A/p21 and TGFBR2 
in a cohort of breast cancer patients from our 
institute, and evaluate their correlation with 
established pathological parameters and the 
prognosis of breast cancer patients. 

Materials and methods

Patients and tissue samples

Breast tumor samples were obtained from 65 
patients with histologically proven primary 
breast cancer who underwent either mastecto-
my or wide local excision with axillary surgery at 
The Affiliated Tumor Hospital of Guangxi Uni- 
versity (Nanning City, China) between January 
2011 and January 2012. Patient eligibility crite-
ria were not having received preoperative che-
motherapy or radiation therapy. All these pa- 
tients were women, and their clinicopathologic 
data were retrieved from clinical records and 
pathological reports. Matched fresh specimens 
of breast cancer and adjacent noncancerous 
breast tissues were collected for reverse tran-
scriptase-polymerase chain reaction (RT-PCR) 
and western blotting. This study was approved 
by the Ethics Committee of the Affiliated Tumor 
Hospital of Guangxi Medical University (Nanning 
City, China), and previous informed consent 
was obtained.

RNA extraction and RT-PCR analysis

Total RNA from the tissues were extracted 
using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
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tions. RT-PCR was performed as described in 
previous studies. The CDKN1A primer sequenc-
es were 5’-GGAAGGGACACACAAGAAGAAG-3’ 
and 5’-AGCCTCTACTGCCACCATCTTA-3’, the TGF- 
BR2 primer sequences were 5’-CCATTCTTCTCA- 
AGTCCCAAAG-3’ and 5’-ATTTTTCTCCCACAAGG- 
CAGTA-3. Primers for GAPDH were 5’-CAAGGT- 
CATCCATGACAACTTT-3’ and 5’-GTCCACCACCCT- 
GTTGCTGTAG-3’. All primers were obtained fr- 
om Invitrogen. Primer Premier 5.0 software 
(Applied Biosystems) was used to design the 
primers. The intensity of CDKN1A, TGFBR2 or 
GAPDH bands was quantified by using the 
Molecular Imager VersaDoc MP 4000 (Bio-Rad, 
Hercules, CA), and analyzed with the Image J 
software (National Institutes of Health, USA). 
The intensity value for CDKN1A and TGFBR2 
RNA was normalized to the in-lane value of 
GAPDH, and this normalized ratio from dupli-
cate lanes was averaged.

Western blotting assay

Tissue Total protein was extracted tissue lysis 
buffer and resolved by SDS-PAGE. After block-
ing, blots were probed with the appropriate pri-
mary antibodies anti-p21 antibody (Cell Sig- 
naling Technology, Beverly, MA) or anti-TGFBR2 
antibody (Cell Signaling Technology, Beverly, 
MA) overnight at 4°C, and then washed and 
incubated with horseradish peroxidase-conju-
gated secondary antibodies. β-actin protein 
levels (Santa Cruz, CA) were used as a loading 
control. Bands were detected and imaged using 
a LiCor Odyssey scanner. The near-infrared flu-
orescent values of bands were quantified by 
using Odyssey 3.0 analytical software (LiCor, 
Lincoln, NE). The near-infrared fluorescence 
value for p21 and TGFBR2 protein was normal-
ized to the in-lane value of β-actin, and this nor-
malized ratio from duplicate lanes was 
averaged.

Immunohistochemical analysis

The p21 and TGFBR2 expression were also 
detected by immunohistochemical analysis. 
Paraffin sections (4-μm thick) of tumor tissue 
were subjected to immunohistochemical stain-
ing using the standard streptavidin-perosidase 
(SP) methods. The tissue sections were stained 
with p21 antibody (1:50 dilution; Santa Cruz 
Biotechnology) and TGFBR2 polyclonal anti-
body (1:50 dilution; Sigma, St. Louis, Mo) 
respectively. The staining levels of p21 and 
TGFBR2 were assessed using a semi-quantita-
tive staining index method. The percentage of 
positive cells was assessed quantitatively and 
scored as follows: 0, <5% of the total counted 
cells were stained; 1, 5% to 24% of the total 
counted cells were stained; 2, 25% to 50% of 
the total counted cells were stained; and 3, 
>50% of the total counted cells were stained. 
Those having positive staining in less than 3 
score were regarded as “negative”, greater 
than 3 score as “positive”. All immunohisto-
chemical analyses were carried out in a single 
reference laboratory and evaluated by light 
microscopy blindly and independently by two 
pathologists.

Follow-up and prognostic study

We obtained follow-up data by direct communi-
cation with all the included patients after sur-

Table 1. Patient and baseline tumor charac-
teristics
Characteristic Number (%)
Age (years)
    ≤50 44 (67.7)
    >50 21 (32.3)
Menopausal status
    Premenopausal 41 (63.1)
    Postmenopausal 24 (36.9)
Tumor size (cm)
    ≤5 cm 53 (81.5)
    >5 cm 12 (18.5)
Clinical nodal status
    Negative 34 (52.3)
    Positive 31 (47.7)
ER status
    Negative 18 (27.7)
    Positive 47 (72.3)
PR status
    Negative 21 (32.3)
    Positive 44 (67.7)
HER2 status
    Negative 42 (64.6)
    Positive 23 (35.4)
Ki-67 index
    ≤14% 13 (20)
    >14% 52 (80)
ER, estrogen receptor; PR, progesterone receptor; HER2, 
human epidermal receptor 2.
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gery. All patients were followed-up until the 
date of death or when censored at the latest 
date (March 30th 2015). All patients were 
received standard treatment base on the post-
operative pathologic types and stages, includ-
ing chemotherapy, radiotherapy or endocrino-
therapy. Disease relapse and metastasis were 
diagnosed by clinical examination, ultrasonog-
raphy, computed tomography (CT) or Magnetic 
Resonance Imaging (MRI) scans. The primary 
endpoint was disease-free survival (DFS), 
defined as the time interval from breast cancer 
surgery to the first evidence of recurrence and 
metastasis.

Statistical analysis

All statistical analyses were carried out using 
SPSS version 16.0 for Windows (SPSS Inc., 
Chicago). The differences between the CDKN1A 
/p21 or TGFBR2 levels in breast cancer tissue 
and control tissue were evaluated using Chi-
square or the Student’s t-test. The relationship 
between CDKN1A/p21 or TGFBR2 expression 

and clinicopathological parameters was asse- 
ssed using the Spearman’s rank correlation 
test. Correlation between CDKN1A/p21 and 
TGFBR2 expression was calculated by Spear- 
man’s rank correlation coefficients. Kaplan-
Meier analysis was employed to evaluate the 
distribution of disease-free survival (DFS). 
Univariate and multivariate Cox regression 
analyses were performed to determine inde-
pendent prognostic factors. Differences were 
considered significant when the associated P 
value was less than 0.05.

Results

Patient characteristics

Table 1 summarizes the characteristics of 
patients in this study. The median age of the 
included patients was 46 years (range 33-69 
years), and 63.1% of these patients were pre-
menopausal. The patients’ tumor stage range 
from stage II A to stage III B. Major pathological 
parameters were available, including tumor 

Figure 1. The differences in the CDKN1A/p21 levels between breast tumor tissue and normal breast tissue. In-
creased CDKN1A RNA expression was found in breast tumor tissue (A, B). Increased expression of p21 protein was 
seen in breast tumor tissue (C, D). Data are means ± SEM. T, tumor tissue; N, normal breast tissue. *P<0.05.
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size, location, histological grade, lymph node 
status, and ER, PR, and HER2 status, as deter-
mined by conventional IHC.

The expression of CDKN1A/p21 and TGFBR2 
in breast cancer and normal breast tissues

The intensity of CDKN1A/p21 and TGFBR2 
mRNA expression were measured by RT-PCR in 
65 breast tissues and adjacent noncancerous 
tissues. The average intensity value of CDKN1A 

sues (0.56±0.06 vs. 0.14±0.02), and the differ-
ence was statistically significant (P<0.01), and 
shown in Figure 1C and 1D. These results indi-
cated that CDKN1A/p21 is upregulated in 
breast cancer tissues. Furthermore, TGFBR2 
mRNA expression was also analyzed in these 
tissues. The results show that the average 
intensity value of TGFBR2 mRNA was 0.454 
±0.02 in the breast cancer tissues and 
0.513±0.04 in normal breast samples, with a 
statistically significant difference (Figure 2A 

Figure 2. The differences of TGFBR2 levels between breast tumor tissue and normal breast tissue. Decreased 
TGFBR2 RNA expression was found in breast tumor tissue (A, B). Decreased expression of TGFBR2 protein was seen 
in breast tumor tissue (C, D). Data are means ± SEM. T, tumor tissue; N, normal breast tissue. *P<0.05.

Table 2. p21 and TGFBR2 protein expression in breast 
cancer and adjacent noncancerous tissue detected by 
immunohistochemical analysis

Status
Breast 
cancer 

tissue (n)

Adjacent 
noncancerous 

tissue (n)
Χ2 P

p21 + 43 29 6.01 0.021
- 22 36

TGFBR2 + 25 47 15.07 0.000
- 40 18

+, positive; -, negative.

mRNA was 0.81±0.08 in the breast cancer 
tissues and 0.13±0.04 in normal breast 
samples (Figure 1A and 1B), Suggesting 
that the transcript level of CDKN1A was 
upregulated in breast cancer. The differ-
ence was statistically significant (P<0.01). 
To determine whether CDKN1A upregula-
tion was also apparent at the translational 
level, p21 protein expression was also 
analyzed in these tissues. Western blot-
ting analysis showed that the p21 protein 
was highly expressed in breast cancer 
samples, compare with normal breast tis-
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and 2B). For the protein level, TGFBR2 expres-
sion was significantly lower in breast cancer tis-
sues compare with adjacent noncancerous tis-
sues (0.315±0.04 vs. 0.457±0.07), as shown 
in Figure 2C and 2D, suggesting that TGFBR2 
was downregulated from normal breast tissue 
to breast cancer.

Immunohistochemical staining for p21 and 
TGFBR2

In 65 breast cancer samples, 66.2% (43/65) of 
samples were positive for p21 expression, 
while 44.6% (29/65) were positive in the adja-
cent noncancerous samples, which was signifi-
cantly different (P=0.021). As for TGFBR2 

expression, the positive rate were 38.5% 
(25/65) in breast cancer samples and 72.3% 
(47/65) in adjacent noncancerous samples 
respectively, and the differences were statisti-
cal significance (P=0.000) (Table 2).

Association of p21 and TGFBR2 protein ex-
pression with clinicopathological parameters 
of breast cancer patients

To investigate the role of CDKN1A/p21 and 
TGFBR2 in the clinical progression of breast 
cancer, the expression levels of the proteins 
were analyzed against the clinicopathological 
variables of the breast cancer patients. The 
results indicated that p21 protein expression 

Table 3. Spearman analysis of correlation between p21, TGFBR2 protein expression and clinicopatho-
logical characteristics
Variables p21 expression level TGFBR2 expression level

Spearman correlation P value Spearman correlation P value
Age 0.002 0.142 0.002 0.142
Menstrual status 0.014 0.082 0.014 0.082
Tumor size 0.216 0.014 0.186 0.034
Tumor dedifferentiation grade 0.193 0.021 0.028 0.055
Lymph node status 0.203 0.019 0.178 0.039
ER status 0.005 0.122 0.011 0.154
HER2  status 0.033 0.059 0.017 0.063
TGFBR2 expression level -0.041 0.067
ER, estrogen receptor; HER-2, human epidermal receptor.

Figure 3. A. Kaplan-Meier curves of disease-free survival according to the p21 expression status (p21-positive and 
p21-negative). Log-rank tests indicated that there were significant differences in the disease-free survival of two 
subgroups (P=0.044). B. Kaplan-Meier curves of disease-free survival according to the TGFBR2 expression status 
(TGFBR2-negative and TGFBR2-positive). Log-rank tests indicated that there were significant differences in the 
disease-free survival of two subgroups (P=0.035).
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was signif﻿﻿icantly associated with larger tumor 
size (P=0.014), higher tumor dedifferentiation 
grade (P=0.021) and lymph node metastasis 
(P=0.019). However, no association with age 
(P=0.142), menstrual status (P=0.082), ER sta-
tus (P=0.122), or HER2 status (P=0.059) was 
identified. By contrast, a loss of TGFBR2 pro-
tein expression was closely associated with 
larger tumor size (P=0.034) and lymph node 
metastasis (P=0.039). There was no associa-
tion with age (P=0.142), tumor dedifferentia-
tion grade (P=0.055), menstrual status 
(P=0.082), ER status (P=0.154) or HER2 status 
(P=0.063) (Table 3).

Association between p21 and TGFBR2 expres-
sion in breast cancer

The expression of p21 was compared with 
TGFBR2 expression in breast cancer, and the 
results were showed in Table 3. Spearman’s 
rank correlation test showed that the expres-
sion of p21 protein was not significantly associ-
ated with TGFBR2 expression (P=0.067).

Prognostic implications of p21 and TGFBR2 
expression

To detect the relation between p21 or TGFBR2 
levels and breast cancer prognosis, 65 patients 
were divided into different groups according to 
p21 or TGFBR2 protein expression. A Kaplan-
Meier analysis showed that p21-positive expre- 
ssion was strongly associated with decreased 
DFS (Figure 3A, P=0.044), and patients with 
TGFBR2-negative expression had shorter DFS 
than patients with positive TGFBR2 expression 
(Figure 3B, P=0.035). To test whether p21 or 
TGFBR2 expression is the independent factors 
predicting prognosis, univariate and multivari-

ate Cox regression analyses were performed to 
identify independent prognostic factors. The 
multivariate analysis showed that p21, TGFBR2, 
lymph node metastasis and tumor dedifferen-
tiation grade were identified as independent 
predictive factors for DFS (Table 4).

Discussion

Although the significance of CDKN1A/p21 has 
been investigated in several different cancers, 
including lung [14], gastric [5], oesophageal 
[15], gallbladder [16], pancreatic [17], ovarian 
[18], and colorectal [19] carcinomas, the asso-
ciation between CDKN1A/p21 and cancer clini-
cally has not been documented. When it comes 
to breast cancer, multiple studies have yielded 
conflicting results. Our study provided the evi-
dence that CDKN1A/p21 was highly elevated in 
breast cancer tissues at both the mRNA and 
protein levels, compared with adjacent noncan-
cerous tissues. High expression of p21 protein 
is significantly correlated with larger tumor size, 
poorly differentiated grade and lymph node 
metastasis. Adverse pathological parameters 
are associated with poor prognosis; therefore, 
the value of p21 in predicting breast carcinoma 
prognosis was evaluated. Our data revealed 
that p21-positive expression was strongly asso-
ciated with shorter disease-free survival, and 
multivariate Cox regression analysis showed 
that p21 was an independent prognostic factor 
for disease-free survival. These data suggest 
that p21 is likely to be of particular utility as a 
prognostic marker for breast cancer patients. 
These ex vivo data are consistent with the 
results of previous studies. In previous reports, 
investigators showed that p21 overexpression 
was associated with positive nodal status, larg-
er tumor size and a worse prognosis in breast 

Table 4. Cox regression analyses of p21, TGFBR2, clinical variables and DFS
Characteristic Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Age 1.41 (0.65-2.48) 0.287
Menstrual status 1.21 (0.63-2.59) 0.412
Tumor size 1.58 (0.73-3.24) 0.059
Tumor dedifferentiation grade 2.37 (0.92-5.74) 0.022 1.85 (0.77-6.39) 0.036
Lymph node status 3.28 (1.26-5.41) 0.000 2.73 (1.18-5.76) 0.001
HER2 status 1.62 (0.46-3.52) 0.043 1.42 (0.65-4.23) 0.071
p21 2.64 (1.26-5.87) 0.008 2.52 (1.14-5.34) 0.015
TGFBR2 1.89 (0.75-3.17) 0.025 1.54 (0.71-3.66) 0.048
DFS, disease-free survival; HER-2, human epidermal receptor.
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cancer patients [20, 21]. In addition, CDKN1A/
p21 has been identified involvement in drug 
resistance, including chemotherapy drugs, 
tamoxifen and trastuzumab resistance [3], thus 
affects the prognosis of patients. On the con-
trary, others have shown that patients with 
p21-/p53+ IHC-labeled tumors had a worse 
5-year survival rate than p21+/p53+-tumor-
bearing patients [22], suggesting that loss of 
p21 correlates with poor patient prognosis, 
likely due to the loss of its growth-inhibitory 
functions and ability to suppress oncogenes. 
There is growing evidence that the function of 
p21 is related to its localization in cells. When 
localized to the cytoplasm, p21 functions as an 
oncogene, therefore promoting cell prolifera-
tion and progression through the cell cycle, 
whereas nuclear p21 was reported be involved 
in the pro-differentiating and senescence-pro-
moting effects [4, 23]. The molecular regulation 
and cellular function of p21 are being 
researched at present. Reports have shown 
that in breast cancer cells, HER2 may contrib-
ute to relocalization of p21 from the nucleus to 
the cytoplasm, resulting in a loss of p21 tumor 
suppressor functions [23, 24]. Others found 
that HER2 overexpression was positively corre-
lated with p21 in breast tumors and there was 
significant correlation of p21 positivity with 
worse disease free survival [25]. However, in 
our study, p21 expression was not correlated 
with HER2 significantly. This result could be 
interpreted that HER2 only affect the localiza-
tion of p21, without affecting its expression.

The exact mechanisms of p21’s effect on onco-
genesis and development were still unclear. 
Studies have reported that p21 is required for 
TGF-β-mediated cell migration and invasion, 
and TGF-β’s biological responses is dependent 
on the expression of TGFBR2 directly [26]. 
However, no studies have analyzed the correla-
tion between CDKN1A/p21 and TGFBR2 
expression in breast cancer. Therefore, in the 
current study, we sought to investigate expres-
sion of the TGFBR2 in breast cancer specimens 
and define the prognostic significance, and 
analyze the correlation between TGFBR2 and 
CDKN1A/p21 in breast cancer.

Our result showed that TGFBR2 expression was 
decreased in breast cancer. In addition, the low 
expression of TGFBR2 protein was closely 
associated with larger tumor size and lymph 
node metastasis, but no association with other 

clinicopathological features. It is noteworthy 
that survival analysis (Kaplan-Meier) showed 
TGFBR2-negative expression had a shorter dis-
ease-free survival, and Cox regression analysis 
indicated that TGFBR2 was an independent 
prognostic factor. These data suggested that 
TGFBR2 plays as a tumor suppressor in our 
single center study group, which may offer a 
potential tumor biomarker. Our results were 
consistent with previously published studies 
[27, 28]. However, it is normally accepted that 
TGF-β signaling plays a different role in the 
development of tumor depend on the different 
stages of tumors, and rely on the cell type and 
context of the cells [29]. As the key element in 
the TGF-β signaling pathways, TGFBR2 may 
also play different biological effects according 
to the different status of the tumor. Gobbi et al. 
reported that in human breast neoplasms, 
down-regulation of TGFBR2 is correlated with 
progression, invasion and metastasis of both in 
situ and invasive breast carcinomas [30]. Paiva 
et al. reported that absence of TGFBR2 expres-
sion predicts bone and lung metastasis in 
breast carcinomas, and is associated with poor 
prognosis [31]. These data demonstrate the 
suppressive role of TGFBR2 in breast tumori-
genesis and tumor progression, and may serve 
as a prognostic marker. In contrast, there are 
several reports showed that TGFBR2 act as a 
tumor promoter in late stages of breast cancer 
progression. Figueroa et al. reported that 
TGFBR2 expression is related with earlier age 
at onset and adverse tumor characteristics in 
invasive breast cancers [32]. It is speculated 
that the decreased expression of TGFBR2 in 
breast cancer in our study may be due to the 
included patients were most in relatively early 
stage, therefore show a tumor-suppressor 
trend. What is particularly intriguing is studies 
have reported that TGFBR2 expression in 
breast cancer was inversely correlated with 
overall survival, but only in patients with 
ER-negative tumors [33]. Loss of TGFBR2 
expression among ER-negative tumors was 
associated with better overall survival. However, 
in our study, TGFBR2 expression was not cor-
related with ER status. Besides, TGFBR2 was 
not correlated with HER2 expression in our 
study, while in vitro studies have shown that 
high expression of HER2 could convert TGF-β 
from a neutral or even anti-migratory factor to a 
strongly pro-migratory and -invasive factor in 
untransformed MCF-10A human mammary epi-
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thelial cells [34, 35], and others demonstrated 
that human HER2+ breast cancer associated 
with decreased TGF-β signaling [36]. The differ-
ences could be accounted for heterogeneity of 
tumor, and more studies are needed to confirm 
the correlation between TGFBR2 expression 
and other pathological features.

The action of TGF-β as a tumor suppressor is 
shown by functional inactivation of its recep-
tors and Smads, and elevated expression of 
TGF-β signaling in human carcinoma [13]. TGF-β 
controls cell proliferation mainly by inducing or 
activating cdk inhibitors such as, p16, p15, p21 
and/or p27, and inhibiting cell cycle progres-
sion through G1-arrest [10, 37, 38]. Andres 
Rojas et al. reported that the regulation of 
TGFBR2 expression levels affects the TGF-β 
mediated expression of CDKN1A/p21 [13]. In 
the present study, we have analyzed the corre-
lation between TGFBR2 and p21 expression in 
breast cancer. However, the result showed that 
the expression of TGFBR2 protein was not sig-
nificantly associated with p21 protein expres-
sion, suggesting that p21 was not activated by 
TGF-β signaling constantly. It was possible that 
the difference could be attributed to the differ-
ent biological behavior of different individu- 
als，at the same time suggest that the network 
of protein activation were broad and complex in 
tumor cells.

In summary, the expression of CDKN1A/p21 
was significantly upregulated, TGFBR2 were 
significantly decreased in breast cancer tis-
sues, compared with adjacent nontumorous 
breast tissues. The expression of both CDKN1A 
/p21 and TGFBR2 were found to be prognostic 
factors for patients with breast cancer. There- 
fore, they may serve as novel prognostic mark-
ers in addition to conventional factors. However, 
due to the limited quantity of patients in our 
study, a larger case population is needed to fur-
ther verify our results. In addition, further inves-
tigation of the cell biology of CDKN1A/p21 and 
TGFBR2, and their relationship is necessary.
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