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Abstract. The present study examined SMAD4 expression 
in fine‑needle aspiration cell blocks from patients with breast 
ductal carcinoma, in order to assess its viability as a prognostic 
marker. Using immunohistochemistry, the SMAD4 protein 
status of 86 breast ductal carcinoma fine-needle biopsies, from 
patients who underwent tumor resection at Beihua University 
Affiliated Hospital (Jilin, China) between 2002 and 2008, was 
characterized. The association between SMAD4 expression 
and clinicopathological parameters, as well as prognosis was 
assessed using the Mantel‑Haenszel method and Cox propor-
tional hazards regression. SMAD4 staining was observed in 
the cytoplasm and nucleus, and its expression was found to be 
decreased in ductal breast carcinoma as compared with adja-
cent normal breast epithelia. Patients with reduced SMAD4 
expression levels tended to exhibit more poorly differentiated 
tumors, a higher risk of recurrence and shorter overall survival. 
These results demonstrated that the evaluation of SMAD4 
protein status in fine-needle biopsy specimens of breast ductal 
carcinoma may provide additional prognostic information.

Introduction

Worldwide, breast cancer is the most frequently diagnosed 
carcinoma amongst females, accounting for approximately 
one‑third of all cancers in women (1). Although the mortality 
rate associated with breast cancer has decreased over the 
past 25 years, particularly in more economically developed 
countries, as a result of progress in earlier detection through 
mammography and the development of more efficacious 
adjuvant therapies (2‑4), breast cancer currently remains the 
leading cause of cancer-associated mortality amongst females, 

worldwide (5). Based on Globocan 2008 (5), breast cancer 
accounted for 458,000 mortalities, and the age‑standardized 
rate of breast cancer mortality was 13.7/100,000. Invasive 
ductal carcinoma is the most common subtype of invasive 
breast cancer, accounting for 80% of all diagnosed cases (6,7). 
This subtype is characterized by its histomorphological and 
genetic complexity, as well as its clinical diversity (6), all of 
which renders accurate histological grading difficult and thus 
perturbs the selection of appropriate treatment options.

Breast cancer is highly curable if diagnosed at an early 
stage and treated with the optimal strategies, thus it is clini-
cally significant to have accurate prognostic markers that are 
able to aid guidance of the clinical management of the disease. 
Traditional prognostic factors, including axillary lymph node 
status, tumor size and histological grade, that currently guide 
the clinical management of breast cancer are not able to 
accurately predict treatment response. Technological advances 
over the last decade have provided insight into the molecular 
mechanisms associated with the development and progression 
of breast cancer, raising prospects that molecular markers may 
aid histological classification and the prediction of patient 
outcomes. A large number of molecular markers, including 
p53 (8,9) phosphatase and tensin homolog (10), BRCA (11,12), 
fragile histidine triad (13), human epidermal growth factor 
receptor-2  (14‑16) and Ki‑67  (17), have been investigated 
in breast cancer to determine their ability to predict prog-
nosis; however, these studies have generated conflicting 
results (18,19). SMAD4, a tumor suppressor gene, has attracted 
significant attention as a potential molecular marker in the 
field of cancer research (20).

The SMAD4 gene encodes a protein that is involved in the 
transmission of chemical signals in the transforming growth 
factor‑β (TGF‑β) signal transduction pathway. The TGF‑β 
signaling process is initiated when TGF‑β binds to its trans-
membrane receptor, the TGF‑β type II receptor (TβRII) on the 
cell surface, which recruits and activates TGF‑β type I receptor 
(TβRI). In turn, activated TβRI phosphorylates SMAD family 
members 2 or 3, which heterodimerize with SMAD4. The 
SMAD4/SMAD protein complex then translocates from the 
cytoplasm into the nucleus where it transmits upstream signals 
by binding to specific DNA sequences to control the activity 
of particular genes and regulate cell proliferation, differen-
tiation and extracellular matrix production (21). Abrogation 
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of SMAD4 function may result in the breakdown of the 
TGF‑β signaling pathway and loss of transcription of genes 
critical to cell cycle control (22), and cells may therefore evade 
TGF‑β‑mediated growth control and apoptosis (23).

SMAD4 has been found to play a confirmed yet compli-
cated role in the regulation of the initiation, progression 
and prognostic outcome of breast cancer. Li et al (24) found 
that SMAD4 induced apoptosis in estrogen receptor‑α 
(ERα)‑positive breast cancer cells, and this was confirmed by 
a subsequent in vitro study which demonstrated that SMAD4 
was essential for TGF‑β‑mediated inhibition of ERα estro-
genic transcription activity (25). However, Deckers et al (26) 
reported that SMAD4/TGF‑β-induced growth inhibition 
and apoptosis only occurred at early stages of breast cancer, 
and that in advanced disease, TGF‑β induced the epithelial 
to mesenchymal transition (EMT) and metastasis of breast 
cancer cells to bone, effects which were critically dependent 
on SMAD4. The dichotomous function of TGF‑β in breast 
cancer progression has been attributed to aberrant expression 
of SMAD4 or disruption of SMAD4 activity, which has been 
demonstrated to switch TGF‑β from a repressor to an activator 
of ERα trans‑activation (25). Furthermore, it has been reported 
that SMAD4/TGF‑β‑induced breast cancer cell invasion 
occurred via the upregulation of matrix metalloproteinase 
(MMP)-2 and -9 (27). Although there have been numerous 
studies investigating the role of SMAD4 in the tumorigenesis 
and progression of breast cancer (28‑31), there is currently 
very limited information regarding the expression of SMAD4 
in human breast cancer tissues and its potential prognostic 
significance.

In the present study, immunohistochemistry was used to 
examine the expression of SMAD4 in 86 ductal breast carci-
noma tissues in comparison to corresponding adjacent normal 
tissue from the mammary glands. The expression profile was 
analyzed for correlations with established prognostic markers, 
as well as overall survival.

Materials and methods

Study population. Investigations were conducted on 86 patients 
with ductal breast carcinoma treated at Beihua University 
Affiliated Hospital (Jilin, China) between 2002 and 2008. 
The study group comprised 86 patients whose tumor material 
from fine-needle aspiration (FNA), adjacent normal breast 
epithelia tissue and clinicopathological data were available at 
the time the present study was being performed. All patients 
were surgically treated by mastectomy (partial or total) and 
axillary lymph node resection. No patient had received radio-
therapy or chemotherapy prior to surgery. Sixty‑two (72%) 
of the patients were treated with surgery and post‑operative 
radiotherapy, while the remaining 24 (28%) were treated with 
surgery only. Indications for the requirement of post‑operative 
adjuvant therapy included large, deeply-invasive tumors, close 
or positive surgical margins and lymphovascular invasion. 
All 86 primary ductal breast carcinoma specimens were from 
female patients. The median age of the group was 54 years 
(range, 28‑79 years) and the median period of follow‑up was 
267 weeks (range, 112‑423 weeks). The distribution of the 
tumors according to T and N stage classification of the 2010 
American Joint Committee on Cancer staging criteria (32) is 

presented in Table I. Time to recurrence and overall survival 
were measured from the date of diagnosis.

The study was approved by the ethics committee of Beihua 
University, and informed consent was obtained from each 
patient once the purpose and nature of the study had been fully 
explained.

Immunohistochemical assay. The expression of SMAD4 was 
evaluated by immunohistochemical analysis of 5-µm sections 
of formalin-fixed, paraffin‑embedded tumor tissues and asso-
ciated normal breast epithelial tissues, which were mounted 
on superfrost slides (Thermo Fisher Scientific, Pittsburgh, PA, 
USA). Briefly, antigen retrieval was achieved by heating the 
slides at 95˚C for 15 min in citrate buffer (10 mM sodium citrate 
buffer; pH 6.0; Shandong Hongshide Chemical Industry Co., 
Ltd., Linyi, China). Following extensive trials to optimize the 
protocol, the subsequent steps were selected and performed. 
Endogenous peroxidase was blocked using 3% hydrogen 
peroxide (Maixin, Fuzhou, China) in phosphate-buffered 
saline (PBS; Qingdao Jie Shi Kang Biotechnology Co., Ltd.,  
Qingdao, China) for 30 min at room temperature. To elimi-
nate nonspecific staining, the sections were then incubated 
with goat serum (Maixin) for 20 min at room temperature. 
Following this, the sections were incubated with rabbit mono-
clonal anti‑SMAD4 antibody (ab40759; Abcam, Cambridge, 
UK) at 1:100 dilution at 4˚C overnight. Following 3 washes in 
PBS, biotinylated anti‑mouse, anti‑rabbit and anti‑goat immu-
noglobulins (Maixin) were applied for 15 min. Processing was 
then conducted in a humidified chamber at room temperature 
by the addition of streptavidin‑peroxidase (Maixin) for 15 min, 
followed by 3,3'‑diaminobenzidine (Maixin) and hydrogen 
peroxide for 5 min. The sections were counterstained with 
Mayer's hematoxylin (Guangzhou Xiuwei Commerce Co., 
Ltd., Guangzhou, China) Negative controls were obtained 
by omission of the primary antibody and substitution of the 
primary antibody with normal serum. The positive control 
comprised a section of a breast ductal cancer block (ab40759; 
Abcam) previously demonstrated to be positive for the marker, 
which was incorporated in each run.

Immunohistochemical results of semi‑quantitative analysis. 
Stained specimens were viewed under a light microscope 
(CX31; Olympus Corporation, Tokyo, Japan) at objective 
magnifications of x200 and x400, and evaluated semi-quan-
titatively by at least 3 of the 4 independent experienced 
pathologists involved in the present study (Dr Nannan Liu, 
Dr Chunyan Yu, Dr Yanfen Shi and Dr Yuhe Liu) without 
prior knowledge of the clinicopathological parameters and 
clinical outcomes of the patients. The SMAD4 expression of 
≥1000 tumor cells was evaluated for each section. The evalua-
tion method was similar to that described by Taubert et al (33), 
based on the intensity of staining and proportion of stained 
cells, using normal breast tissue as a reference. The percentage 
of positive cells was thus scored as follows: 1, 1‑10% positive 
cells; 2, 11‑50%; 3, 51‑75%; and 4, >75% positive cells. Staining 
intensity was scored as: 0, absent; 1, weak; 2, moderate; and 
3, intense. The immunoreactive score (IRS) was calculated 
by multiplying the scores for the percentage of positive cells 
and the expression intensity (34), and were as follows: 0, no 
staining; 1‑4, weak staining; 5‑8, moderate staining; and 9‑12, 
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strong staining. An IRS of 1-12 (1≤IRS≤12) was considered 
to indicate an SMAD4‑positive result. Results were validated 
by repeat staining once more on sequential sections from 
the same block. Variations in classification between patholo-
gists occurred infrequently and were reconciled using a 
double‑headed microscope.

Statistical analysis. Statistical analyses were conducted 
using SPSS software version 17.0 (SPSS Inc., Chicago, IL, 
USA). Associations between clinical outcomes (tumor recur-
rence and disease‑specific survival) and SMAD4 expression 
of the tumors, clinicopathological variables [including 
clinical stage, pathological node status, tumor grade, age (as 
a continuous variable) and treatment (surgery plus adjuvant 
radiotherapy or surgery alone)] were analyzed using the 
Mantel‑Haenszel method (35). All tests were 2‑tailed and 
P<0.05 was considered to indicate a statistically significant 
difference. Cox proportional hazards regression  (36) was 

then used to examine the independent effects of each signifi-
cant variable.

Results

Recurrence and survival of patients. Among the 86 patients 
evaluated there were 22 (25.6%) recurrences, comprising 
6 of the 24 patients treated with surgery alone and 16 of the 
62 patients who received surgery and adjuvant radiotherapy 
and/or chemotherapy. Disease recurred in the locoregional area 
in 7 patients, and systemic recurrences arose in 15 patients. 
The total 5‑year overall survival rate was 80% for the study 
group.

SMAD4 expression is decreased in breast ductal carcinoma. 
Immunostaining of SMAD4 was observed in the cytoplasm 
and nucleus of breast carcinoma cells, as well as normal breast 
epithelia (Fig. 1). As indicated in Fig. 1, the staining intensity 
varied between the tumor and normal epithelial tissues from 
various patients, however there was no significant difference in 
the intracellular localization of SMAD4 in the tumor tissues, 
compared with that of the normal breast epithelia. According 
to the IRS criteria, 12  cases (13.9%) of the tumor tissues 
were SMAD4‑negative (IRS=0) and 74 cases (86.1%) stained 
positive (1≤IRS≤12). Of the SMAD4-positive cases, 37 (43%) 
were only weakly positive (1≤IRS≤4). By contrast, no nega-
tive staining was observed in the adjacent normal tissues, and 
41 cases (48%) exhibited strong positive staining (9≤IRS≤12). 
In general, SMAD4‑expression was significantly lower in 
breast carcinoma tissues (IRS, 4.03±2.12) than that in normal 
breast epithelia (IRS, 8.40±2.23; P<0.01; Fig. 2).

SMAD4 expression is negatively associated with histological 
tumor grade and poor prognosis. The expression of SMAD4 
(negative: IRS=0 vs. positive: 1≤IRS≤12) was negatively asso-
ciated with histological tumor grade. No significant correlation 
was detected between SMAD4 expression and other clinico-
pathological parameters evaluated [age, tumor size, World 
Health Organization (WHO) stage or nodal status] (Table II).

Univariate analyses revealed that negative SMAD4 
expression (IRS=0), together with high histological grade 
(grade III vs. grades I and II), high lymph-node involvement 
(≥10 vs. <10), and large tumor size (≥5 cm vs. <5 cm) signifi-
cantly predicted an increased risk of tumor recurrence and 
poor overall survival. Patients with negative SMAD4 expres-
sion had a 2-fold higher risk of recurrence than those with 
SMAD4-positive carcinomas (P=0.028). The Kaplan‑Meier 
recurrence curve for SMAD4‑positive and ‑negative cases is 
shown in Fig. 3. In addition, the overall survival of patients 
without SMAD4 expression was significantly shorter than 
that of those with tumors expressing SMAD4 (median 
survival, 212.5 vs. 298.5 weeks; P=0.011). The relative risk 
of mortality amongst patients with SMAD4‑negative cancer 
was >3 times higher than that of those with SMAD4‑positive 
tumors (P=0.008). The Kaplan‑Meier survival curve for 
SMAD4‑positive and negative cases is shown in Fig. 4. In 
the multivariate Cox model, SMAD4 expression remained a 
statistically significant marker of recurrence (P<0.05) once 
age, tumor size, WHO stage and nodal status had been taken 
into account, whereas histological grade remained significant 

Table I. Distribution of 86 breast ductal carcinomas according 
to T and N stage.

	 T stage
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
N stage	 T1	 T2	 T3	 T4	 Total

N0	   9	 16	 11	 2	 38
N1	   3	   5	   4	 3	 15
N2	   3	 13	   7	 3	 26
N3	   0	   5	   1	 1	   7
Total	 15	 39	 23	 9	 86

Table II. Expression of SMAD4 in association with clinico-
pathological characteristics.

	 SMAD4 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Negative	 Positive	 P‑value

Age, years			   0.234
  ≤51	 8	 38
  >51	 4	 37
Stage			   0.993
  I/II	 7	 43
  III/IV	 5	 31
Histological grade			   0.008
  I	 0	 12
  II	 5	 45
  III	 7	 17
Tumor size			   0.935
  ≤2 cm	 3	 12
  >2 cm	 9	 62
Lymph node (n=48)			   0.563
  ≤10	 4	 37
  >10	 1	   6
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when all variables except SMAD4 expression were included 
in the model (P<0.05). Cox regression analysis for survival 
indicated that the improved survival for those patients with 
SMAD4‑positive cancers was independent of stage, patho-
logical node status, age, and tumor size (P<0.05). Histological 
grade remained significant when SMAD4 expression was 
excluded from the model.

Discussion

In the current study, the expression of SMAD4 was inves-
tigated by immunohistochemical analysis, in 86  cases of 
human breast ductal carcinoma compared with that in 
the surrounding normal breast epithelia. The present data 
demonstrated that SMAD4 protein expression was decreased 

or even lost in tumor tissues, compared with that of normal 
breast epithelia. A decreasing trend in SMAD4 protein levels 
was detected from histological grade I to III, suggesting that 
SMAD4 may participate in the carcinogenesis and progression 
of breast ductal carcinoma. Notably, it was also demonstrated 
that among the 86 patients undergoing surgical resection of 
breast ductal carcinoma, the loss of SMAD4 expression was 
independently associated with poor prognosis. Patients with 
SMAD4‑negative cancers exhibited a 2-fold greater risk of 

Figure 1. Detection of SMAD4 in tumor tissues and surrounding normal breast epithelia by immunohistochemistry. Staining intensity varied between 
specimens. (A) Normal breast epithelia: Brown, normal breast lobules. Breast carcinoma: (B) Yellow, well differentiated; (C) pallide‑flavens, moderately 
differentiated and (D) poor differentiated, colorless. Magnification, x400.

Figure 2. Expression of SMAD4 as indicated by IRS in ductal carcinoma 
compared to the corresponding surrounding normal breast epithelia (n=86). 
The highest and lowest IRS values are shown (P<0.01, sign‑test). IRS, immu-
noreactive score.

Figure 3. Kaplan‑Meier recurrence‑free survival curves for 86 patients 
with breast carcinoma, grouped according to SMAD4 expression. 
SMAD4‑negative patients demonstrated a significantly reduced recur-
rence‑free survival rate compared with that of SMAD4-positive patients 
(P=0.028).

  A

  C

  B

  D
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recurrence and a 3-fold higher risk of mortality than those 
with SMAD4‑positive cancers. SMAD4 expression therefore 
provides additional prognostic information, even following 
adjustments for other clinicopathological parameters, including 
age, tumor size, stage and nodal status.

The present observation of decreased SMAD4 protein 
expression in breast ductal carcinoma was in agreement with 
the reports of Stuelten et al (37) and Ren et al (25), which 
also demonstrated that SMAD4 protein expression was 
markedly downregulated or lost in breast ductal carcinoma 
when compared with that in the normal breast epithelium. 
However, Ren et al (25) further observed that SMAD4 was 
highly expressed in the cytoplasm and nucleus of benign breast 
ductal epithelial cells, whereas it was only weakly expressed 
and largely restricted to the cytoplasm of cancer cells. Such 
a change in the intracellular localization of SMAD4 was 
not detected in the present study, which may be a result of 
sampling differences and the variability of antibody sensi-
tivity. In addition, a small study conducted by Miller et al (38) 
reported reduced expression of the SMAD4 gene in a series 
of 26 invasive ductal carcinomas, where the protein expres-
sion of SMAD4 was also reduced accordingly. In contrast to 
the apparent loss of expression of SMAD4 protein associated 
with ductal breast carcinoma, Xie et al (39) detected SMAD4 
protein expression in 98% of 367 cases of primary invasive 
ductal breast carcinoma, while only 9 cases failed to express 
SMAD4 protein in the study group using a tissue microarray 
analysis. Regardless of the discrepancies in the expression 
of SMAD4 protein amongst these studies, which may be 
attributed to the antibodies used, the distinct sample groups or 
the cut‑offs used for the evaluation, it was suggested that the 
reduced expression of SMAD4 may occur in at least a subset 
of breast ductal carcinoma.

The mechanisms underlying the decrease in SMAD4 
protein expression remain to be elucidated. SMAD4 (also 
known as MADH4/DPC4) homozygous deletion may represent 
one of the mechanisms of SMAD4 protein instability. This was 
evidenced by the results of a study by Zhong et al (40) who 
demonstrated that the frequency of SMAD4 homozygous dele-
tion was ~6% in infiltrative ductal carcinoma, and that these 
samples were also negative for SMAD4 protein expression 
by immunohistochemistry. In addition, proteasome‑mediated 
protein degradation may also have a role in SMAD4 protein 
inactivation. Jakob et al (41) identified a 9 bp in‑frame dele-
tion of SMAD4 (amino acids 49‑51) in breast cancer cell line 
HCC1428 that did not affect the SMAD4 message but altered 
the levels of SMAD4 protein. There are likely additional 
mechanisms contributing to the loss of SMAD4 protein 
expression, for example epigenetic changes, and further inves-
tigations of the underlying cause are therefore required.

SMAD4 inactivation appears to result in a biologically 
more aggressive form of breast ductal carcinoma. The present 
data indicated that SMAD4 protein levels were significantly 
decreased from grade I to III, suggesting that SMAD4 inacti-
vation is associated with the advanced disease state of breast 
cancer. Analogously, western blot analysis of breast cancer 
cells with increasing malignancy revealed that SMAD4 
protein expression decreased concurrently with increasing 
malignancy of the tumor cell line, suggesting that decreased 
SMAD4 protein expression may accompany tumor progres-
sion from the early stages of cancer, as demonstrated in situ 
and in vivo (37). As the key intracellular mediator of tran-
scriptional responses to TGF‑β signaling, which is altered in 
various tumors (42), SMAD4 consistently transmits the TGF‑β 
signal from the cell membrane to the nucleus. Inactivation of 
SMAD4 results in insensitivity to TGF‑β growth inhibitive 
signaling  (43), and is thus involved in tumorigenesis and 
progression (44,45). In addition, SMAD4 inactivation within 
an evolving neoplasm may indirectly influence the extracel-
lular matrix to promote tumor growth. This was confirmed by 
a study, which found that TGF‑β/SMAD induced breast cancer 
cell invasion via upregulation of MMP2 and 9 by TGF‑β in a 
SMAD4‑dependent manner (27).

The observation that SMAD4 expression is correlated with 
prognosis is also of interest. Despite one report, which demon-
strated that loss of SMAD4 expression resulted in a trend for 
increased survival times in a subgroup of 197 cases of breast 
ductal carcinoma (N1 or ER-negative, respectively)  (37), 
in the present series of 86 patients it was demonstrated that 
loss of SMAD4 expression was associated with increased 
risk of recurrence and shorter survival time. This finding 
corroborates the results of a study by Stuelten et al (37), which 
indicated that the survival curve of SMAD4‑negative patients 
was marginally better than that of SMAD4-positive patients in 
terms of overall 5‑year survival, although this difference was 
not statistically significant. These contradictory results may be 
due to the differences in sampling and clinical management of 
the disease.

In conclusion, the present study demonstrated that SMAD4 
expression in ductal breast cancer was lower than that in normal 
adjacent breast epithelial tissue, and that SMAD4 expression 
levels were negatively correlated with histological grade of the 
tumor. In addition, decrease or loss of SMAD4 expression was 

Figure 4. Kaplan‑Meier cancer‑specific survival curves for 86 patients with 
breast carcinoma, grouped according to their SMAD4 expression status. 
SMAD4-negative patients had a significantly reduced overall survival rate 
compared with that of SMAD4-positive patients (P=0.008).
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correlated with higher risk of recurrence and shorter overall 
survival. Since in the majority of cases, the primary diagnosis 
of breast ductal carcinoma is made by pathological assess-
ment of fine‑needle aspiration, such samples of breast cancer 
are therefore critical in guiding clinical management of the 
disease.
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