
Abstract. Background: The transforming growth factor ‚
(TGF-‚) superfamily regulates cell growth in various cells.
Previous studies have shown that altered expression of TGF-‚
receptors, Smad2 and Smad4, as mediators of TGF-‚
superfamily signaling, contributes to tumor progression in
esophageal squamous cell carcinoma (SCC). Δhe expression
of Smad6 and Smad7 as negative regulators was examined, to
investigate the further effects of TGF-‚ superfamily signaling.
Materials and Methods: Immunohistochemical staining with
anti-Smad6 and anti-Smad7 polyclonal antibodies was
performed on surgical specimens obtained from 115 patients
with esophageal SCC. Results: The expression of Smad6 and
Smad7 was inversely correlated with depth of invasion in the
early stages (p=0.0003 and p=0.0173, respectively). Moreover,
there was a significant correlation between the expression of
Smad6 and Smad7, and poor survival rate (p=0.0078 and
p=0.0207, respectively). Conclusion: Smad6 and Smad7
expression affects the progression of early lesions of esophageal
SCC and indicates a poor prognosis.

Transforming growth factor-‚ (TGF-‚) and related factors

are multifunctional cytokines that regulate cellular growth,

differentiation, adhesion, apoptosis and morphogenesis of

various cell types (1). More than 30 proteins have been

identified as members of the TGF-‚ superfamily, which

includes TGF-‚s, activins and bone morphogenic proteins

(BMPs). Activins and BMPs play important roles in early

embryogenesis (2, 3). TGF-‚ acts as a potent growth

inhibitor for most types of cells (1, 4). Perturbations of the

TGF-‚ signaling pathway result in loss of cell growth

regulation, which is one of the most crucial steps in

oncogenesis (5).

TGF-‚ and related factors bind to two different types of

serine/threonine kinase receptors, termed type I and type II

receptors. Type I receptors are activated by type II

receptors upon ligand binding, and mediate specific

intracellular signals. Smad proteins play a crucial role in

intracellular signaling by members of the TGF-‚

superfamily (6-8). Eight different Smad proteins have been

identified in mammals and are classified into three

subgroups: receptor-regulated Smads (R-Smads), common

partner Smads (Co-Smads) and inhibitory Smads (I-Smads).

R-Smads are phosphorylated and activated by different type

I receptors of the TGF-‚ superfamily. R-Smads then form

heteromeric complexes with Co-Smads and translocate into

the nucleus. Nuclear Smad complexes regulate transcription

of target genes. I-Smads interfere with the activation of R-

Smads via the TGF-‚ superfamily type I receptor and the

formation of R-Smad/Co-Smad complexes (9-11). Among

the R-Smads, Smad2 and Smad3 act in the TGF-‚ and

activin pathways, whereas Smad1, Smad5 and Smad8 act in

the BMP pathways. Smad4 is the only Co-Smad in

mammals, and Smad6 and Smad7 are I-Smads (12).

I-Smad expression is up-regulated by TGF-‚/activins and

BMPs (13-15). Smad7 is a potent inhibitor of signaling by

both TGF-‚/activins and BMPs, and expression of Smad7 is

induced by direct effects of Smad3 and Smad4 on the

Smad7 promoter (16). Smad6 preferentially inhibits BMP

signaling rather than TGF-‚ signaling, and Smad6

expression is induced by direct effects of BMP-activated

Smads on the Smad6 promoter (17). R-Smads/Co-Smads

and I-Smads thus form a negative feedback loop in the

signaling pathways activated by the TGF-‚ superfamily (5).
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In our previous studies, altered expression of TGF-‚

specific receptors, Smad4 and activated Smad2 (as

mediators of TGF-‚ superfamily signaling) was correlated

with tumor progression in esophageal squamous cell

carcinoma (SCC) (18-20). Furthermore, we have also

reported that alteration of activated Smad2 expression in

the TGF-‚ signaling pathway is induced by enhancement

of Smad2 degradation mediated by high-level expression

of SMAD ubiquitination regulatory factor 2 (Smurf2) (20).

In this study, we examined the expression of the I-Smads

Smad6 and Smad7, to investigate the further effects of

TGF-‚ superfamily signaling in esophageal SCC.

Moreover, no immunohistological studies of the expression

of Smad6 and Smad7 in esophageal SCC have been

reported. Therefore, we used immunohistochemistry to

examine the correlation between Smad6 and Smad7

expression (as markers of the TGF-‚ superfamily signaling

pathway) and pathological tumor variables in patients with

esophageal SCC.

Materials and Methods

Patients. Surgical specimens were obtained from patients (99 males

and 16 females) with esophageal SCC who underwent potentially

curative surgery without preoperative therapy at the Department

of General Surgical Science, Gunma University Graduate School

of Medicine, Japan, between 1983 and 2002. The age of the

patients ranged from 40 to 78 years, with a mean age of 61.7 years.

Tumor stage was classified according to the fifth edition of the

TNM classification of the International Union Against Cancer. All

of the distant metastastic lesions were lymph nodes.

Immunohistochemistry for Smad6 and Smad7. Resected specimens

were fixed with 10% formaldehyde and embedded in paraffin

blocks. Immunohistochemical staining of the sections for Smad6

and Smad7 was performed by the standard streptavidin-biotin-

peroxidase complex (SAB) method. Each 4-Ìm-thick section was

deparaffinized, rehydrated and incubated with fresh 0.3% hydrogen

peroxide in methanol for 30 min at room temperature. After

rehydration through a graded ethanol series, the sections were

heated in 20 mM citrate buffer, pH 6.0, at 120ÆC for 3 min for

antigen retrieval and then cooled to 30ÆC. After applying normal

goat serum (Histofine SAB-PO (R) kit; Nichirei, Tokyo, Japan),

the tissue sections for the Smad6 and Smad7 study were incubated

for 30 min. The sections were then incubated overnight with

primary rabbit anti-Smad6 polyclonal antibody (Zymed

Laboratories Inc., San Francisco, CA, USA, dilution 1:50) and

primary rabbit anti-Smad7 polyclonal antibody (Santa Cruz

Biotechnology Inc., Santa Cruz, CA, USA, dilution 1:50) in PBS

containing 1% bovine serum albumin at 4ÆC. Slides were

subsequently incubated with secondary antibody for 30 min at

room temperature. Immunohistochemistry was performed with the

SAB–PO (M) kit. The color was developed using 3,3’-

diaminobenzidine. The sections were lightly counterstained with

hematoxylin. Negative controls were prepared by substituting

normal rabbit serum for each primary antibody, and no detectable

staining was evident. 

Evaluation of Smad6 and Smad7 expression. The evaluation of

Smad6 and Smad7 expression in tumor cells was compared with

that in normal epithelium as in a previous study (18). When tumor

cells, especially in the front of the tumors, were stained more

strongly than, or as strongly as, normal epithelium, the sample was

classified as positive staining; when tumor cells were stained more

weakly than normal epithelium, or not at all, the sample was

classified as negative staining.

Statistical analysis. Statistical analysis was performed using the Chi-

squared test, Fisher’s exact test and the Mann-Whitney U-test.

Survival curves of the patients were calculated by using the Kaplan-

Meier method, and analysis was performed with the log rank test.

Statistical significance in this study was set as p<0.05.

Results

Immunohistochemistry for Smad6 and Smad7. In normal

squamous epithelium of the esophagus, immunostaining of

Smad6 was detected predominantly in nuclei from the basal

to the suprabasal, terminally-differentiated keratinocytes

(Figure 1A), while immunostaining of Smad7 was detected

in nuclei across all of the layers (Figure 1B). Smad6-positive

staining was predominantly in nuclei (Figure 1C), while

Smad7-positive staining was in cytoplasm and

simultaneously nuclei at the invasive front of the carcinoma

(Figure 1D).

Correlation between Smad6 and Smad7 expression and
clinicopathological findings. The correlations between the

clinicopathological characteristics of patients with esophageal

SCC and Smad6 and Smad7 expression in their tumors are

summarized in Table I. Smad6 was positive in 62 out of 115

patients (54%) and negative in 53 (46%). There was a

significant inverse correlation between Smad6 expression and

depth of invasion (p=0.0003). However, there was no

significant association with patient age, sex, tumor location,

differentiation, regional lymph node metastasis, distant lymph

node metastasis and pathological stage. Smad7 was positive

in 77 out of 115 patients (67%) and negative in 53 (43%).

There was a significant inverse correlation between Smad7

expression and depth of invasion (p=0.0173), distant lymph

node metastasis (p=0.0117) and pathological stage

(p=0.0243). However, there was no significant association

with patient age, sex, tumor location, differentiation and

regional lymph node metastasis.

A significant correlation was observed between

expression of Smad6 and Smad7 (p<0.0001; Table II).

Expression of TGF-‚, TGF-‚ type I (T‚R-I) and type II

receptors (T‚R-II), Smad4, activated Smad2 and Smurf2

has previously been reported to be associated with tumor

progression in esophageal SCC (18-20). Thus, the

correlation between expression of Smad6 and Smad7 and

these factors was investigated to examine the underlying

mechanisms involved in the effects of Smad6 and Smad7 on
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tumor cell regulation. There was a significant correlation

between expression of Smad6, and T‚R-I (p=0.0068) and

Smad4 (p=0.0017), but not TGF-‚, T‚R-II, activated

Smad2 or Smurf2 (Table πππ A, B). Furthermore, there was

a significant correlation between expression of Smad7, and

T‚R-I (p=0.0023), T‚R-II (p=0.0179) and Smad4

(p=0.0038), but not TGF-‚, activated Smad2 or Smurf2

(Table πV ∞, B, C).

Prognostic significance of Smad6 and Smad7 expression. The

survival rates of patients with Smad6-negative tumors were

significantly lower than for those with Smad6-positive

tumors (p=0.0078; Figure 2A). The five-year survival rate

of patients without Smad6 immunostaining was 38%, while

that of patients with Smad6 immunostaining was 57%.

Moreover, the survival rates of patients with Smad7-

negative tumors were significantly lower than for those with

Smad7-positive tumors (p=0.0207; Figure 2B). The five-year

survival rate of patients without Smad7 immunostaining was

43%, while that of patients with Smad7 immunostaining was

54%. However, according to multivariate analysis using a

Cox proportional hazard model, immunostaining of Smad6

and Smad7 was not identified as an independent prognostic

factor (data not shown).
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Figure 1. Photographs of tissue sections immunostained for Smad6 and Smad7 (x100).
(A) Smad6 was detected predominantly in the nuclei from the basal to the suprabasal layers in normal esophageal epithelium.
(B) Smad7 was detected in the nuclei across all of the layers in normal esophageal epithelium.
(C) Smad6 was positively-stained in the nuclei of tumor cell nests in primary esophageal squamous carcinoma.
(D) Smad7 was positively-stained in the cytoplasm and simultaneously nuclei at the invasive front of the carcinoma.



Discussion

As I-Smads, Smad6 and Smad7 are intracellular negative

mediators of TGF-‚ superfamily signaling. Smad7 inhibits

signaling by both TGF-‚/activins and BMPs, while Smad6

inhibits BMP signaling rather than TGF-‚ signaling. I-Smads

interact with the TGF-‚ superfamily type I receptors in a

similar way to R-Smads, and R-Smads rapidly dissociate from

activated type I receptors (9, 10). I-Smads also compete with

Co-Smads for formation of complexes with R-Smads (11).

Although Smad6 and Smad7 showed variable expression in

pancreatic or head and neck cancers (21-23), the correlation

between the expression of Smad6 and Smad7 and the

clinicopathological characteristics was unknown. In this study,

we observed immunohistologically the correlation between

the expression of Smad6 and Smad7 and pathological tumor

variables in patients with esophageal SCC, to investigate the

further effects of TGF-‚ superfamily signaling.

Smad6 and Smad7 expression was frequently positive in

early lesions at the tumor front, where the proliferative

activity of esophageal SCC is high (24), and was inversely
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Table I. The correlation between the expression of Smad6 and Smad7 and clinicopathological characteristics.

Smad6 Smad7

Parameters Total

Negative Positive P-value Negative  Positive P-value

(n=53) (n=62) (n=38) (n=77)

Age(mean±SD; yrs) 62.6±9.4 60.9±8.3 0.2998 62.6±9.3 61.3±8.4 0.8743

Sex 0.1197 0.6829

Male 99 49 (49.5) 50 (50.5) 32 (32.3) 67 (67.7)

Female 16 4 (25.0) 12 (75.0) 6 (37.5) 10 (62.5)

Location 0.3903 0.1540

Upper 16 10 (62.5) 6 (37.5) 4 (25.0) 12 (75.0)

Midthoracic 72 30 (41.2) 42 (58.8) 21 (29.2) 51 (70.8)

Lower 27 13 (48.1) 14 (51.9) 13 (48.1) 14 (51.9)

Differentiation 0.6479 0.2178

Well 28 15 (53.6) 13 (46.4) 13 (46.4) 15 (53.6)

Moderate 54 24 (44.4) 30 (55.6) 16 (29.6) 38 (70.4)

Poor  33 14 (42.4) 19 (57.6) 9 (27.3) 24 (72.7)

TNM classificationa

T 0.0003 0.0173

T1 47 12 (25.5) 35 (74.5) 8 (17.0) 39 (83.0)

T2 14 12 (85.7) 2 (14.3) 6 (42.9) 8 (57.1)

T3  47 26 (55.3) 21 (44.7) 22 (46.8) 25 (53.2)

T4  7 3 (42.9) 4 (57.1) 2 (28.6) 5 (71.4)

N 0.2508 0.0706

N0 50 20 (40.0) 30 (60.0) 12 (24.0) 38 (76.0)

N1 65 33 (50.8) 32 (49.2) 26 (40.0) 39 (60.0)

M 0.5311 0.0117

M0 96 43 (44.8) 53 (55.2) 27 (28.1) 69 (71.9)

M1 19 10 (52.6) 9 (47.4) 11 (57.9) 8 (42.1)

Stage 0.2090 0.0243

I 33 8 (24.2) 25 (85.8) 6 (18.2) 27 (81.8)

II 35 20 (57.1) 15 (42.9) 10 (28.6) 25 (71.4)

III 28 15 (53.6) 13 (46.4) 11 (39.3) 17 (60.7)

IV 19 10 (52.6) 9 (47.4) 11 (57.9) 8 (42.1)

SD: standard deviation (%)
aInternational Union Against Cancer TNM classification of malignant tumors.

Table II. The correlation between Smad6 and Smad7 expression.

Smad6

Positive Negative P-value

Smad7

Positive 55 22

<0.0001

Negative 7 31



correlated with depth of invasion. Moreover, we observed a

correlation between Smad6 and Smad7 and poor prognosis.

Initially, we had assumed that high expression of Smad6 and

Smad7 might be a risk factor for depth of invasion or poor

prognosis, in line with observations that they negatively

regulate the effects of TGF-‚ superfamily signaling,

especially cell growth inhibition, but the results were

contrary to our expectation. Based on these findings, we

think that the presence of Smad6 and Smad7 expression in

esophageal SCC may indicate the completion of a feedback

loop in TGF-‚ superfamily signaling, rather than the value

of inhibitory mediators (5). For this reason, Smad6 and

Smad7 are up-regulated by TGF-‚ superfamily signaling and

form a negative feedback loop with other Smads in their

signaling pathways. Thus, the observation of Smad6 and

Smad7 expression may still reflect the maintenance of TGF-

‚ superfamily signaling in esophageal SCC.

There was a significant correlation between expression of

Smad6, and T‚R-I and Smad4. There was also a significant

correlation between the expression of Smad7, and T‚R-I,

T‚R-II and Smad4. In our previous studies, T‚R-I, T‚R-II

and Smad4 were obviously present in the early stages (18,

19). Furthermore, there was a significant correlation

between expression of Smad6 and Smad7, as they were

often expressed in the early stages. It is likely that the

expression of Smad6 and Smad7 in relation to these

components indicates preservation of the TGF-‚

superfamily signaling pathway, especially in the early stages.

In previous studies, Smad6 and Smad7 were localized in

both nuclei and cytoplasm (25, 26). Smad6 and Smad7 were

seen relatively in the nuclei in normal esophageal

epithelium. Although Smad6 was detected predominantly

in nuclei in the carcinoma, Smad7 was detected in

cytoplasm and simultaneously in nuclei. The localization of

Smad6 and Smad7 in esophageal SCC may suggest a

difference in their effects, but the details were then

unknown. Moreover, Smad7 expression was also correlated

with distant lymph node metastasis and pathological stage,

because Smad7 reflects the TGF-‚ signaling involved in cell

growth regulation to a greater extent than Smad6.

Consequently, perturbations of the TGF-‚ signaling

pathways based on the lack of Smad7 expression may

induce loss of cell growth regulation, and promote tumor

development and subsequent distant lymph node

metastasis. Although we have observed, previously, that
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Table IIIA. The correlation between Smad6 and T‚R-I expression.

Smad6

Positive Negative P-value

T‚R-π

Positive 25 12

0.0068

Negative 16 27

TGF-‚ type π receptor: T‚R-π

Table πππB. The correlation between Smad6 and Smad4 expression.

Smad6

Positive Negative P-value

Smad4

Positive 27 12

0.0017

Negative 14 27

Table IVA. The correlation between Smad7 and T‚R-I expression.

Smad7

Positive Negative P-value

T‚R-π

Positive 30 7

0.0023

Negative 21 22

TGF-‚ type π receptor: T‚R-π

Table IVB. The correlation between Smad7 and T‚R-II expression.

Smad7

Positive Negative P-value

T‚R-ππ

Positive 41 16

0.0179

Negative 10 13

TGF-‚ type II receptor: T‚R-II

Table IVC. The correlation between Smad7 and Smad4 expression.

Smad7

Positive Negative P-value

Smad4

Positive 31 8

0.0038

Negative 20 21
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Figure 2. Overall postoperative survival rates according to Smad6 and Smad7 expression. 
(A) Patients with Smad6-positive tumors had a significantly more favorable prognosis than those with Smad6-negative tumors (five-year survival rate:
positive, 57%; negative, 38%; p=0.0078). 
(B) Patients with Smad7-positive tumors had a significantly more favorable prognosis than those with Smad7-negative tumors (five-year survival rate:
positive, 54%; negative, 43%; p=0.0207).



mutation of the T‚R-II, Smad2, Smad3 and Smad4 genes is

rare in patients with esophageal SCC (27), altered

expression of Smad6 and Smad7 resulting from mutations

has not been reported in human cancers, including

esophageal SCC. However, the molecular mechanisms

responsible for the expression and localization of Smad6

and Smad7 need to be clarified in the future.

In conclusion, Smad6 and Smad7 expression affects the

development of early lesions of esophageal SCC, and

indicates poor prognosis. Smad6 and Smad7 expression may

reflect the maintenance of TGF-‚ superfamily signaling.

However, the effects of Smad6 and Smad7 expression as

negative mediators in TGF-‚ superfamily signaling,

including cross-talk regulation, remain unclear and should

be investigated in esophageal SCC (28).
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