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Abstract. Esophageal squamous cell carcinoma (SCC) possesses 
one of the worst prognoses out of the digestive carcinomas. 
Several studies have suggested that transforming growth factor β 
receptor type II (TGF-βRII), Smad family member 4 (Smad4) 
and p21 wild-type p53-activated factor 1 (p21waf1) are associated 
with esophageal SCC. The aim of the present study was to eval-
uate the effect of Smad4, TGF-βRII and p21waf1 in esophageal 
squamous cancer tissue and the pathological significance of the 
effect. An immunohistochemical method was used to evaluate 
the expression levels of Smad4, TGF-βRII and p21waf1 in speci-
mens of esophageal SCC lesions obtained from 80 patients. It 
was found that the expression of Smad4, TGF-βRII and p21waf1 in 
histologically-classified grade I esophageal SCC, without inva-
sion or lymph node metastasis, was markedly higher compared 
with grade III esophageal SCC that had invaded into the deep 
muscular or serous layer and metastasized to the lymph nodes 
(P<0.05). Analysis of the expression level of Smad4, TGF-βRII 
and p21waf1, as well as the clinical and pathological character-
istics of esophageal SCC, revealed that the three proteins may 
be associated with the carcinogenesis, biological behavior and 
prognosis of esophageal SCC, parallel to the pathological stage 
and cell grade.

Introduction

Esophageal squamous cell carcinoma (SCC) possesses one of 
the worst prognoses out of the digestive carcinomas. At present, 
early detection is the best and only opportunity to improve 
the prognosis of esophageal SCC (1) Transforming growth 
factor β (TGF-β) plays an important role in numerous critical 
cellular processes, including regulation of the cell cycle, cell 
differentiation and extracellular matrix synthesis. One of the 

most prominent activities of TGF-β is the inhibition of cell 
proliferation. TGF-β receptor type II (TGF-βRII) is required 
for the growth-inhibitory effects of TGF-β on proliferating 
epithelial cells. TGF-βRII mutations have been identified in 
a broad spectrum of human epithelial malignancies, including 
colon and gastric cancers, and are strongly associated with the 
development of TGF-β resistance in the cell lines derived from 
these tumors (2). Altered immunohistochemical expression of 
TGF-βRII in bladder carcinoma and pancreatic cancer (3) 
has been associated with an advanced pathological stage, but 
Fukai et al suggested that the reduced expression of TGF-β 
receptors is an unfavorable prognostic factor in human 
esophageal squamous cell carcinoma (4). Additionally, the 
present study focuses on the association between TGF-βRII 
expression and the pathological characteristics of patients with 
esophageal SCC.

The Smad protein family is a family of intracellular signal 
transducers that act downstream of receptors for TGF-β 
family members (2). Smad family member 4 (Smad4), which 
is considered to be a tumor suppressor gene, is a common 
mediator of TGF-β superfamily signaling and plays a role 
in TGF-β induced growth inhibition (5). In pancreatic and 
colorectal cancer, the inactivation of the Smad4 gene through 
mutation occurs frequently in association with malignant 
progression (6). Lv et al (7) suggested that Smad4 was associ-
ated with the prognosis of esophageal SCC. The present study 
aims to clarify the association between the expression of the 
Smad4 protein and the clinicopathological features of SCC, 
which remains unclear at present (2).

The protein product of the p21 wild-type p53-activated 
factor 1 (p21waf1) gene is a negative regulatory element of the 
cell cycle. The function of p21waf1 is mediated by the inhibi-
tion of G1 cyclin-dependent kinase (CKD) complexes, thereby 
inhibiting cell cycle progression and cell growth (8). In 
previous years, the expression of p21waf1 has been investigated 
in esophageal SCC and in tumors of other tissues, including 
the larynx, stomach and head and neck (9,10). Several studies 
have revealed the prognostic significance of p21 expression 
in patients with esophageal squamous cell carcinoma (11-13). 
p21waf1 overexpression has been reported to be associated with 
a worse prognosis in bladder (14), ovarian (15), breast (16) and 
esophageal carcinomas (17,18), and also in oral SCC (19).

In the present study, the changes in the expression of 
Smad4, TGF-βRII and p21waf1 were investigated in esophageal 
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SCC by immunohistochemical staining, and the association 
between the expression of these proteins and the clinicopatho-
logical features of the patient was also examined.

Materials and methods

Tumor samples. In total, 80 esophageal SCC samples were 
obtained from patients that were consecutively recruited at 
Renmin Hospital of Wuhan University (Wuhan, China) between 
1 January 2008 and 30 December 2012. The patients consisted 
of 49 men and 31 women, with a mean age of 63.0 years (range, 
45-72 years). The histopathology of the lesions was graded 
according to the World Health Organization (WHO) classifica-
tion system (20), and the esophageal SCC tissue samples were 
obtained from 21 patients with lesions that were classified as 
stage I, 24 as stage II and 35 as stage III. Cancer cells had 
infiltrated to the deep muscularis or serosa in 65 patients and 
regional lymph node metastasis was observed in 47 patients. 
The study was approved by the ethics committee of Renmin 
Hospital of Wuhan University and written informed consent 
was obtained from all patients.

Immunohistochemical SP assay. Paraffin‑embedded esopha-
geal SCC tumor tissues and normal esophageal tissues were 
used to identify the expression of Smad4, TGF-βRII and 
p21waf1. Sections of tissue, 4‑6 µm thick, were deparaffinized 
in xylene, followed by treatment with a graded series of 100, 
95 and 80% ethanol, dilution with double-distilled H2O (v/v), 
and rehydrated in phosphate-buffered saline (PBS; pH 7.5). 
The sections analyzed for p21waf1 and Smad4 expression were 
microwaved for 5 min for antigen retrieval. For the detection of 
TGF-βRII, sections of paraffin‑embedded tissues were treated 
with pepsin (Sigma-Aldrich, St. Louis, MO, USA) for 15 min 
at 37˚C and then washed with PBS. All samples were incu-
bated with 3% hydrogen peroxide in methanol (v/v) for 12 min 
to block endogenous peroxidase, washed with PBS (pH 7.5), 
and incubated in protein blocking solution, comprising 5% 
normal human serum and 0.5% normal goat serum in PBS 
(v/v), for 30 min. Sections were analyzed for the expression 
of Smad4, TGF-βRII and p21waf1 using the following primary 
antibodies, respectively: Smad4 antibody, mouse monoclonal 
IgG (catalog no. sc-7966, Santa Cruz Biotechnology, Dallas, 
TX, USA); TGF βRII antibody, rabbit polyclonal IgG (catalog 
no. sc-400, Zhongshan Jingqiao Biotechnology Company, 
Beijing, China); and p21waf1 antibody, mouse monoclonal IgG 
(catalog no. sc-6246, Zhongshan Jingqiao Biotechnology 
Company). Sections were incubated with the primary antibody 
(dilution, 1:100) in a humidified chamber for 2 h at 37˚C and 
then rinsed three times with PBS.

The sections were subsequently incubated for 1 h with 
the corresponding peroxidase-conjugated secondary anti-
body [goat anti-mouse IgG for Smad4 and P21waf1 (catalog 
no. sc‑2005), and goat anti‑rabbit IgG for TGF‑βRII (catalog 
no. sc-2004); dilution, 1:200; Santa Cruz Biotechnology] for 
1 h at room temperature. Positive reactions were visualized 
by incubating the slides with stable 3,3'-diaminobenzidine 
(DAB) for 5-10 min (Zhongshan Jinqiao Biotechnology Co., 
Ltd.). The sections were rinsed with distilled water, counter-
stained with Gill's hematoxylin for 1 min (Sigma-Aldrich, 
St. Louis, MO, USA), and images were captured using 

a BX53 Olympus upright microscope (Olympus, Tokyo, 
Japan). The mean density of the sections was calculated 
using Image-Pro Plus 4.5 software automatic counting 
(Media Cybernetics, Inc., Rockville, MD, USA). 

An immunohistochemical Substance P assay kit was 
purchased from Zhongshan Jinqiao Biotechnology Co., Ltd. 
and performed according to the manufacturer's instructions. 
The results were observed under a light microscope. The cells 
exhibiting granular brown substances in the cytoplasm or 
membrane were defined as Smad4‑ and TGF‑βRII-positive. 
Staining in the nucleus was defined as p21waf1-positive. 
Normal esophageal tissues were stained as the controls. 
Immunoreactivity was evaluated by two observers using 
a blind procedure. Compared with the control, the slides 
with the same or higher staining of Smad4 were defined as 
Smad4-positive and those with >25% stained cells in a slide 
were considered TGF-βRII- and p21waf1-positive.

Statistical analyses. Exact probability tests and χ2 tests were 
used for intergroup comparisons, and P<0.05 was considered 
to indicate a statistically significant difference.

Results

Immunohistochemical analysis Smad4, TGFβRII and 
p21waf1 expression decreased with increasing malignancy of 
the esophageal SCC tumor tissues. In total, 80 tissue samples 
obtained from patients diagnosed with esophageal SCC were 
classified as grades I‑III, according to the WHO classification 
system. In all samples, Smad4 and TGF-βRII staining was 
restricted to the tumor epithelial cells and no staining was 
observed in the fibrocytes associated with the desmoplastic 
reaction. Smad4 and TGF-βRII were predominantly expressed 
in the cytoplasm (Figs. 1 and 2), while p21waf1 was predomi-
nantly expressed in the nucleus (Fig. 3).

In the normal tissue surrounding malignant esophageal 
SCC tumors and well-differentiated esophageal squamous 
grade I tumor regions, there was a distinct staining of 
Smad4 and TGF-βRII within the epithelial cells. In 
moderately-differentiated esophageal SCC grade I tumor 
regions, the cells demonstrated a less prominent expres-
sion of Smad4 and TGF-βRII. The poorly-differentiated 
esophageal SCC grade III tumor tissues also exhibited 
weak expression of Smad4 and TGF-βRII (Figs. 1 and 2). 
Additionally, immunostaining for p21waf1 revealed strong 
expression in well-differentiated tumor tissue, whereas weak 
expression was demonstrated in poorly-differentiated tumor 
regions (Fig. 3). Immunohistochemical analysis of esophageal 
SCC tissue samples of increasing malignancy revealed that 
the expression of Smad4, TGF-βRII and p21waf1 decreased 
with the increasing malignancy of the esophageal SCC tumor 
tissues (Figs. 1-3).

The relative cell counts of the immunopositive Smad4, 
TGF-βRII and p21waf1 cells were obtained as a percentage of 
the total number of cells within the same areas, as exhibited 
in Fig. 4. Significant differences were identified between the 
calculated relative cell counts of Smad4-positive cells in grade I 
(70.75%), grade II (41.25%) and grade III (19.25%) esophageal 
SCC tissue samples. The proportion of TGF-βRII-positive cells 
was highest in tissue samples classified as grade I (68.25%), 
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Figure 1. Immunohistochemical detection of Smad4 in in esophageal squamous cell carcinoma tissue samples, classified as grades I‑III according to the World 
Health Organization classification, and normal esophageal tissues. The expression of Smad4 demonstrates grade dependency. The staining intensity varied 
between specimens, with the staining in normal esophageal tissues and well-differentiated tissues being strong (+++), the staining in moderately-differentiated 
tissues being moderate (++) and the staining of poorly‑differentiated tissues being weak (+). Magnification, x200. Smad 4, Smad family member 4.

Figure 2. Representative immunohistochemical staining of the TGF-βRII protein in esophageal squamous cell carcinoma tumor tissues and normal esophageal 
tissues. Normal esophagela tissues exhibited strong (+++) TGF-βRII expression. Strong expression (+++) of TGF-βRII was also present in well-differentiated 
esophageal squamous cell carcinoma tissues. Moderate expression (++) of TGF-βRII was observed in moderately-differentiated tissues, and weak expression (+) 
was identified in poorly‑differentiated esophageal squamous tumor tissues. Magnification, x200. TGF‑βRII, transforming growth factor β receptor type II.
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followed by grade II (34.25%) and grade III (17.75%) tissues. 
The proportion of p21waf1-positive cells was also highest in 
grade I tissue samples (40.75%), followed by samples classified 
as grade II (16.50%) and grade III (7.25%) (Fig. 4).

Correlation between the expression of Smad4, TGF‑βRII 
and p21waf1 and the clinicopathological characteristics of 
esophageal SCC. Evaluation of the clinical significance of the 
expression of Smad4, TGF-βRII and p21waf1 revealed that the 
expression of the three proteins was significantly associated 
with the degree of differentiation of the cells (P<0.05), the 
histopathological stage of the lesions (P<0.05), the occurrence 
of lymph node metastasis (P<0.05) and the depth of tumor 

invasion (P<0.05). It was also found that the rate of detection 
of positive expression was significantly higher (P<0.05) in 
samples that were histopathologically classified as grade I, 
exhibited invasion of less than two-thirds of the depth of 
the muscularis and did not metastasize to the lymph nodes,  
compared with grade III tissue samples that demonstrated 
invasion of over two-thirds of the depth of the muscularis and 
resulted in lymph node metastasis (Table I). Overall, the present 
results revealed that the expression of Smad4, TGF-βRII and 
p21waf1 was significantly associated with malignancy of the 
esophageal SCC tumor tissues (Table I).

Discussion

The present study demonstrated that the change in the 
expression of Smad4, TGF-βRII and p21waf1 is a common 
phenomenon in esophageal SCC lesions, and also that this 
change is strongly associated with tumor cell differentiation. 
In addition, the association between the expression of Smad4, 
TGF-βRII and p21waf1 and the pathological tumor variables, 
the clinicopathological features, was immunohistologically 
examined in patients with esophageal SCC.

In the current study, Smad4 expression was observed in 
the cytoplasm in esophageal SCC cells. This was consistent 
with numerous previous studies performed using various 
carcinomas, and was similar to the results that have been 
reported in colon and gastric carcinoma (21,22). In the present 
study, Smad4 expression was inversely associated with the 
depth of tumor invasion. Smad4 expression was low when the 
proliferative activity of esophageal SCC was high, particularly 

Figure 3. Immunohistochemical analysis of p21waf1 expression in esophageal squamous cell carcinoma tissues of increasing malignancy, revealing that 
p21waf1 expression decreased with increasing malignancy of esophageal squamous cell carcinoma. p21waf1 is strongly expressed in the nuclei. Magnification, x200. 
p21waf1, p21 wild-type p53-activated factor 1; +++, strong expression; ++, moderate expression; +, weak expression; ±, non-positive expression.

Figure 4. Bar graph revealing the percentage of Smad4- , TGF-βRII- and 
p21waf1-positive immunohistochemically stained cells in 80 esophageal 
squamous cell carcinoma tissue samples at various stages of differentiation. 
Smad4, Smad family member 4; TGFβRII, transforming growth factor β 
receptor type II; p21waf1, p21 wild-type p53-activated factor 1. *P<0.05.
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in lesions that were classed as poorly-differentiated esopha-
geal SCC grade III. The loss or reduction in the expression 
of Smad4 was also significantly correlated with the grade of 
differentiation exhibited by the carcinoma. This finding is 
consistent with the results reported by Miyaki et al (23). This 
previous study found that the frequency of Smad4 mutations 
was also associated with the stage of the colorectal cancer 
lesions (23). Inactivating mutations in TGF-βRII and its 
downstream effector Smad4 have been found in numerous 
gastrointestinal cancers (24). Smad4 acts as a central mediator 
of TGF-β signaling (25,26) and simultaneously acts as a tumor 
suppressor gene (27,28). Therefore, it is hypothesized that 
the loss of Smad4 expression is at least partially responsible 
for the resistance of esophageal SCC to the antiproliferative 
effects of TGF-β (5).

Macroscopic structural mutations of TGF-βRII have been 
observed in numerous cancer types (29) and it has previously 
been reported that mutation of the TGF-βRII gene is rarely 
found in patients with esophageal SCC (30). By contrast, the 
present study immunohistochemically demonstrated that 
the expression of TGF-βRII was correlated with the depth 
of invasion, lymph node metastasis and pathological stage 
in esophageal SCC. It was also identified that the degree of 
receptor expression appeared to be inversely correlated with 
the degree of differentiation of the tumor and with the depth 
of the invasion. Certain studies have found that during tumor 
initiation and early progression, TGF-β is often a tumor 
suppressor (31,32). However, late in tumor progression TGF-β 
signaling promotes tumorigenesis and demonstrates the 
potential to positively or negatively regulate the metastasis of 
the transformed epithelial cells (31,32), a finding that was not 
confirmed in the present study.

The tumor suppressor p21waf1 is among the most important 
known gene products involved in cell growth arrest, differ-
entiation and senescence. p21waf1 is able to inhibit the activity 
of CDKs, resulting in cellular growth suspension at the G1/S 
phase, thus suppressing tumor proliferation. In the present 
study, undifferentiated carcinomas exhibited a marked loss of 
p21waf1 expression, whereas well- to moderately-differentiated 
tumors demonstrated higher levels of p21waf1 expression. 
Similarly, a correlation between p21waf1 expression and tumor 
differentiation has been identified in human cutaneous SCCs 
and head and neck SCCs (9,33,34). In addition, in the present 
study, p21waf1 expression was significantly associated with 
invasion depth (P<0.05), lymph node metastasis (P<0.05) and 
clinical stage (P<0.05) of esophageal SCC. el-Deiry et al (35) 
demonstrated that p21 is involved in the control of prolifera-
tion in normal digestive mucosa and that such control is lost in 
tumor cells, which is consistent with the present finding of an 
association between p21waf1 expression and the progression of 
esophageal carcinoma. It has been reported that p21waf1 medi-
ates the growth response to TGF-β in human epithelial cells and 
that the absence of p21waf1 may be one method used by cancer 
cells to escape the growth inhibitory effects of TGF-β (36). The 
fact that high p21waf1 expression significantly correlates with 
poorer clinical outcome is in agreement with previous studies 
conducted on carcinomas, such as prostate carcinoma (37), 
superficial bladder tumors (38) and gastric carcinoma (39). 
The opposite results have also been reported from studies of 
several other types of tumor, including breast (40), lung (41) 

and laryngeal (42) carcinoma. Additional studies are therefore 
required to clarify the association between p21waf1 expression 
and the clinical outcome in esophageal SCC.

In conclusion, the overexpression of Smad4, TGF-βRII 
and p21waf1 was found to be associated with the stage of 
tumor progression, including the depth of invasion and pres-
ence of lymph node metastasis. However, additional studies 
are required to clarify the role of the expression of Smad4, 
TGF-βRII and p21waf1 in the prognosis of esophageal SCC. 
To conclude, the present study indicates that the expression 
of Smad4, TGF-βRII and p21waf1 may be a useful indicator for 
the treatment of esophageal SCC.
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