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Abstract: Synovial sarcoma (SS) is a malignant tumor of soft tissue and is noted for late local recurrence and metas-
tasis. Aberrant epithelial-mesenchymal transition (EMT) has been implicated in the pathogenesis of diverse human 
malignancies. Immunohistochemical techniques were used to assess EMT-related proteins (E-cadherin, N-cadherin, 
β-catenin, Snail, and Slug) and the TGF-β1 pathway (TGF-β1 and Smad2/3) proteins expression in different histo-
logical subtypes and epithelial mesenchymal compositions of SS. The expression of cell-surface (E-cadherin) and 
cytoskeletal proteins (β-catenin) were higher significantly in biphasic SSs (BSSs) (70.4%, 51.9%) than MFSSs (both 
for 10%). Among monophasic fibrous SSs (MFSSs) samples, E-cadherin protein expression was negatively correlated 
with expression Snail, Slug, TGF-β1, and Smad2/3. The expression levels of Snail and Smad2/3 were correlated 
with the pTNM stage (I-II vs. III-IV; P=0.047, P=0.021) and TGF-β1 exhibited a tendency toward a positive correlation 
with pTNM stage (I-II vs. III-IV; P=0.052), but did not correlate with the histological grade (p>0.05). Interestingly, our 
data showed that expression of E-cadherin protein correlated with greater survival in SS patients. Overexpression of 
Snail, and TGF-β1 is associated with suppressed expression of E-cadherin in MFSSs, which supports the hypothesis 
that the MFSS subtype may have developed via neoplastic EMT.
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Introduction

Synovial sarcoma (SS) is a malignant tumor of 
soft tissue. It is characterized by uncertain his-
tological origin and exhibits a biphasic morphol-
ogy involving both the mesenchymal and epi-
thelium. The 2 main SS types are the biphasic 
synovial sarcomas (BSSs), which display glan-
dular epithelial differentiation architecture in a 
background of spindle cells, and the monopha-
sic fibrous synovial sarcomas (MFSSs), which 
show predominant spindle cells morphology. 
SS clinical outcomes are very poor and approxi-
mately 90% of patients die from metastatic dis-
ease [1]. 

In recent years, there has been increased inter-
est in understanding the role of epithelial-mes-
enchymal transition (EMT) in cancer invasion 
and metastasis. EMT can be defined as a phe-
nomenon whereby epithelial cells dissemble 
their junctional structures, initiate expression 
of mesenchymal proteins, remodel their extra-
cellular matrix, and become migratory. After 
invasion, tumor cells can transition back to the 
epithelial morphology (mesenchymal-epithelial 
transition, MET) to proliferate and generate 
tumors at distant sites. Therefore, EMT/MET is 
closely associated with the invasion and metas-
tasis of cancer and is involved in the regulation 
of the TGF-β1, Wnt, Ras, Hedgehog, and Notch 
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signaling pathways and transcription factors [2, 
3]. Indeed, TGF-β is a major inducer of EMT dur-
ing development and is overexpressed in many 
types of human cancer. This suggests that 
TGF-β might act as an inducer of EMT in tumors 
that develop into cancers (e.g., breast carcino-
ma [4] and head and neck squamous cell carci-
noma [5]). Importantly, the loss of E-cadherin 
involves several transcriptional repressors 
such as Snail, Slug, and Zeb, and the de novo 
expression of N-cadherin or P-cadherin is also 
known to be associated with EMT in invasive 
and metastatic cancer [6]. However, the role of 
EMT/MET in sarcoma progression is consider-
ably less well understood.

The formation of a mesenchymal tumor cell 
phenotype is considered to be a complex pro-
cess regulated by a variety of growth factors 
like TGF-β1 [7], which is highly expressed in 
many tumors. Therefore, we hypothesized that 
the TGF-β signaling pathway plays an important 
role in sarcoma tumorigenesis. The biphasic 
morphology and high invasiveness of SS make 
it a good model for investigating the relation-
ship between TGF-β1-induced EMT/MET for 
mesenchymal tumors. Therefore, understand-
ing the process by which tumor cells can cause 
EMT/MET is essential for the advancement of 
SS treatment strategies and improving sur- 
vival. 

Herein, we ① analyze the expression of cell-
surface proteins (E-cadherin and N-cadherin), 
cytoskeletal proteins (β-catenin), transcription 
factors (Snail and Slug), and TGF-β1 signal pat- 
hway-related proteins (TGF-β1 and smad2/3) in 
BSS and MFSS; ② evaluate the difference of 
E-cadherin expression between the glandular 
and spindle cell components in SS; ③ assess 
the clinical significance of E-cadherin state in 
synovial. Taken together, these studies suggest 
that EMT mediates SS progression.

Materials and methods

Specimens

Thirty-seven fusion gene status–confirmed and 
paraffin-embedded SS samples (27 BSSs and 
10 MFSSs); the patients from whom these sam-
ples had been obtained had been treated at 
the Department of Pathology, the First Affiliated 
Hospital, Shihezi University, School of Medicine, 
and the First Affiliated Hospital of Xinjiang 

Medical University Department of Pathology, 
between 1968 and 2011. The clinical and 
demographic data were obtained from the 
medical charts (Table 1). The diagnosis of SS 
was confirmed by histological and immunohis-
tochemical analyses and SYT-SSX fusion gene 
detection by RT-PCR. The histopathological 
grading system of SS is based on FNCLCC and 
clinical stage according to the 2012 NCCN 
guidelines for Soft Tissue Tumors. This study 
was approved by the internal review board of 
the Shihezi University School of Medicine.

Immunohistochemical staining

IHC staining was performed on formalin-fixed, 
paraffin-embedded tissue sections, by using 
steam heat-induced epitope retrieval or pepsin 
digestion (Dako Envision Detection System; 
DAKO, Carpinteria, CA), according to the manu-
facturer’s instructions. Table 2 details the tech-
nical characteristics of the different immuno-
histochemical markers with respect to their 
commercial source, working dilution, antigen-
retrieval method, primary antibody incubation 
time, and the method for detection of antigen-
antibody complexes. Positive controls for 
E-cadherin consisted of staining patterns in the 
basal cells of skin from healthy patients. Breast 
cancer tissue was used as the positive control 
for N-cadherin, Slug, and TGF-β1. Colon carci-
noma tissue and normal kidney tissue were 
used as the positive controls for Smad and 
Snail. Substitution of a primary antibody with 
PBS buffer constituted the negative control.

Scoring of the immunohistochemical staining

The evaluation of E-cadherin, N-cadherin, 
β-catenin, Snail, Slug, TGF-β1, and Smad2/3 
were semiquantitatively scored as described by 
Martin [8] and Subramaniam [9]. Cellular local-
ization was also noted. EMT-related protein 
immunoreactivity scoring included E-cadherin, 
N-cadherin, β-catenin, Snail, and Slug by using 
the following system: 0, no reactivity or less 
than 1% positive tumor cells; 1+, 1-10% positive 
tumor cells; 2+, 11-50% positive tumor cells; 
and 3+, >50% positive tumor cells. The TGF-β 
signaling pathway-related proteins analysis 
included analysis of TGF-β1 and Smad2/3 
immunoreactivity with the following scoring sys-
tem: 0-10% (0), 10-25% (1+, focal), 25-50% 
(2+), and >50% (3+, diffuse). For β-catenin, only 
membranous expression was considered to be 



TGF-β and EMT-related proteins in SS

2789 Int J Clin Exp Pathol 2013;6(12):2787-2799

Table 1. Clinical features in 37 cases of synovial sarcomas
Case sex/age Site Size (cm) Diagnosis FNCLCC pTNM Metastases Status at last follow-up
1 F/32 Left groin NA BSS 3 IIA DOD
2 F/38 Left forearm 9 BSS 3 IIB AWD 56 months after presentation
3 F/15 Right neck 4 BSS 3 IIA AWD 78 months after presentation
4 F/43 Left hip 13 MFSS 3 III DOD
5 F/40 Left thigh 2.8 BSS 3 IIA NA
6 F/22 Left heel 3 BSS 3 IIA DOD
7 M/19 Left ankle 8.5 BSS 3 IIB DOD
8 F/10 Right elbow 5 BSS 3 IV Bone marrow cavity NA
9 M/36 Left thigh 5 BSS 3 IIA DOD
10 M/36 Right elbow 11 BSS 3 III NA
11 F/37 Right tibia 6; 5 BSS 3 III DOD
12 M/33 Pleura 4 BSS 2 IV Lung DOD
13 F/25 Left Knee 3 BSS 2 IIA NA
14 M/26 Left popliteal fossa 1.4 BSS 2 IIA AWD 47 months after presentation
15 F/37 left neck 5.5 BSS 2 III lung DOD
16 F/28 Right parotid gland 7 BSS 2 III recuurence AWD 36  months after presentation
17 M/23 Right upper quadrant 10.5 BSS 2 III AWD 26 months after presentation
18 M/61 lumbar vertebrae NA BSS 2 IV Bone marrow cavity AWD 10 months after presentation
19 F/70 Right leg 15 BSS 2 III DOD
20 F/15 Left toe 6.5 BSS 2 IIB DOD
21 M/70 Left hip 11.5 BSS 3 IV lung DOD
22 M/39 Left hand and forearm 6 BSS 3 I liver DOD
23 F/21 Right thigh 7.5 BSS 3 I AWD 27 months after presentation
24 M/55 Right foot 5.2 BSS 3 I lung DOD
25 M/14 Left elbow fossa 6 MFSS 3 IIB DOD
26 F/55 left ilium 5 MFSS 3 IV lung DOD
27 F/29 back 16 MFSS 2 IIB lung DOD
28 M/37 Right knee 2 MFSS 2 III NA
29 M/70 Right leg 7.0 MFSS 2 IV lung DOD
30 M/40 Right groin 22 MFSS 2 IV liver AWD 9 months after presentation
31 M/35 Right distal femur 5 MFSS 2 I DOD
32 F/19 Left thigh 7.5 MFSS 3 III DOD
33 M/47 Left leg 5 MFSS 3 IV lung DOD
34 M/32 Oral 3 MFSS 3 I lung DOD
35 F/38 Left scapula 5 BSS 2 I DOD
36 M/24 Right thumb 5 BSS 2 II AWD 6 months after presentation
37 M/74 Left hip 5 BSS 2 III AWD 35 months after presentation
BSS, biphasic synovial sarcoma; MFSS, monophasic fibrous synovial sarcoma; AWD, alive with disease; DOD, died of disease; F, female; M, male; NA, not available.
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positive, whereas aberrant nuclear and cyto-
plasmic accumulation was scored as negative. 
For BSSs, epithelial and spindle cell compo-
nents were scored separately, and when the 
expression was counted in 1 of the compo-
nents, it was scored accordingly. The signal 
intensity of cells was indicated as mild, moder-
ate, or intense. The IHC score was calculated 
independently by 2 pathologists. Cases with 
discrepant scores were reviewed with the use 
of a 5-headed microscope and then scored 
according to the consensus.

Statistical analysis

We evaluated all data based on the all gene 
expression pattern by SPSS Software 12.0, and 

using the following two statistical methods. For 
the frequencies of protein expression between 
presence and absence of epithelial cells in 
SSs, as well as correlation of the expression of 
E-cadherin with other markers in these tumors 
were performed using the χ2 test. For small 
sample sizes, the Fisher exact test was used to 
compare the relationship between the indica-
tors, histological grade, and clinical stage.

Results 

Clinical findings 

The ratio of patients was about 1:1 [male 18, 
female 19], with the age at diagnosis ranging 
from 10 to 74 years (mean, 36 years). The 

Table 2. Antibodies used of the immunohistochemical examination
Antibody Clone Dilution Source Location
E-cadherin Mouse mAb 1:200 DAKO cell membrane
Vimentin Mouse mAb 1:600 DAKO cytoplasm
N-cadherin Rabbit pAb Use antibody Abcam cell membrane or cytoplasm
Snail Goat pAb 1:800 Abcam cell membrane or cytoplasm
Slug Rabbit pAb 1:200 Abcam cell membrane or cytoplasm
β-catenin Mouse mAb 1:400 Abcam cell membrane
TGF-β1 Mouse mAb 1:25 Abcam Extracellular Matrix
Smad2/3 Rabbit pAb 1:200 Abcam cytoplasm
pAb, polyclonal antibody; mAb, monoclonal antibody.

Figure 1. Major histologic feature of BSSs and MFSSs. BSSs displaying glandular structure (A: hematoxylin and 
eosin (H&E)×200) or epithelial nested architecture (B: H&E×200) in a background of spindle cells (C: H&E×200). 
Some tumor cells show hyperchromatic, eccentrically placed nuclei and ample, brightly eosinophilic cytoplasm (D: 
H&E×400). MFSSs composed of highly cellular short fascicles of uniform spindle cells (E: H&E×400, F: H&E×200).
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tumors arose with a wide anatomical distribu-
tion; however, most arose in the extremities 
(24, 65%), trunk (8, 22%). Four tumors (11%) 
arose in the head and neck, and one tumor 
(3%) in the lung.

Clinical follow-up was available for 32 cases 
(nine of MFSSs and 23 of BSSs). The mortality 
rate is very high up 60% (22 of 32 patients), 
involved 14 of BSS, 9 of MFSS died of disease 
or metastasis. Parts of surviving patients pres-
ent local recurrences or liver and lung metasta-
sis. The data are listed in Table 1.

Pathological features

Tumor size ranged from 14 mm to 220 mm 
(mean, 68 mm). Analysis of the gross appear-
ance of the tumors showed that they were gray-
white with soft or rubbery nodules. Areas of 
necrosis, hemorrhage, and capsular space 
were common. Histologically, 2 main patterns 
were observed in the BSS cases, which are 
mixed between nested epithelial cells and spin-
dle cells with transitional areas that can be 
seen. The epithelial cells seen included irregu-
lar glands (Figure 1A, 1C) and nested epithelial 
lager cells (Figure 1B). Such areas showed a 
population of oval or rounded cells with eosino-
philic cytoplasm (Figure 1D). Some samples 
contained partly myxoid-to-sclerosing stroma. 
In MFSS, Spindle cells showed uniform spin-
dles to ovoid cells with relatively bland nuclear 
features that form dense cellular sheets and 
vague fascicles; some areas are similar to fibro-
sarcoma (Figure 1E, 1F).

Differential expression of TGF-beta signaling 
and EMT-related proteins between BSS and 
MFSS

The immunohistochemical staining results are 
summarized in Tables 3, 4, and representative 
images are shown in Figure 2 (A though H are 
BSSs; I through P are MFSSs). TGF-β1 and 
Smad2/3 expression was high both in BSSs 
and MFSSs (p>0.05). The expression rates of 
E-cadherin and β-catenin in BSSs were 70.4% 
(19/27) and 51.9% (14/27), respectively. In 
contrast, MFSSs showed significantly downreg-
ulated expression of E-cadherin and β-catenin 
(1 of 10, 10% for both, p<0.05). The expression 
of N-cadherin and Slug in MFSSs was higher 
than that in BSSs, but this difference was not 
statistically significant (p>0.05). However, the 
expression rate of Snail in the MFSSs was 8 of 

10 (80%) higher than BSS (8 of 27, 29.6%), and 
the difference was statistically significant 
(p<0.05), while the expression of N-cadherin 
was high. This suggests that a significant 
inverse correlation exists between E-cadherin 
and N-cadherin (p<0.001). 

Immunohistochemical expression of protein 
components was obviously different between 
the glandular and spindle cell components in 
BSSs. Aberrant β-catenin expression in the 
form of nuclear and cytoplasmic accumulation 
was more frequently detected in MFSSs (7 of 
10; 70%) than in BSSs (7 of 27; 25.9%). 
E-cadherin and β-catenin expression in the epi-
thelial component were higher (19 of 19 and 14 
of 14, respectively), but lower in the spindle 
component (3 of 19 and 2 of 14, respectively), 
thus suggesting a significant inverse correla-
tion between epithelial and spindle cell compo-
nents for E-cadherin and β-catenin expression 
(p<0.001). In addition, the mesenchymal mark-
er, N-cadherin, was also expressed at high lev-
els similar to those of E-cadherin in the epithe-
lial component. The expression of other related 
proteins (Snail, Slug, TGF-β1, and Smad2/3) did 
not show statistically significant expression 
differences.

Correlation between positive-E-cadherin ex-
pression and other EMT-related proteins in 
epithelial and spindle cells component of BSS 
and MFSS

Since E-cadherin expression is a critical compo-
nent of EMT, we correlated the expression of all 
other EMT-markers with E-cadherin expression 
in the epithelial component and spindle cell 
component, respectively (Table 4, Figure 3A-H).

In the E-cadherin-positive epithelial compo-
nent: Most BSSs showed higher expression of 
N-cadherin (16 of 19) in E-cadherin-positive 
cases and, therefore, a significant positive cor-
relation between E-cadherin and N-cadherin 
expression (p<0.05). The expression rate of 
Snail, Slug, TGF-β1, Smad2/3, and β-catenin 
was 42.1% (8 of 19), 42.1% (8 of 19), 63.2% 
(12 of 19), 73.7% (14 of 19), and 73.7% (14 of 
19) in E-cadherin-positive cases, and did not 
show statistically significant expression differ- 
ences.

In the E-cadherin-positive spindle cells compo-
nent: In contrast to the epithelial component, 
the spindle cells of BSS exhibited fewer cases 
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of preserved membranous expression of 
E-cadherin (3 of 27; 11.1%) and β-catenin (3 of 
27; 11.1%), but expression of N-cadherin, TGF-
β1, and Smad2/3 was high in both E-cadherin-
negative and E-cadherin-positive samples. The 
expression rate of Snail and Slug was similar 
for E-cadherin-negative and E-cadherin-positive 
samples. 

In the E-cadherin-negative MFSSs, the expres-
sion rate of Snail, Slug, TGF-β1, and Smad2/3 
was 80% (8/10), 80% (8/10), 80% (8/10), and 
90% (9/10), respectively, and was significantly 
related to the loss of E-cadherin expression 
(p<0.05).

Interestingly, in some BSS cases (7 of 27; 
25.9%) showed weak and ⁄or strong expression 
of nuclear β-catenin in spindle cells but no 
nuclear β-catenin expression in glandular cells 
(Figure 3I). Aberrant β-catenin expression in 
the form of nuclear and cytoplasmic accumula-
tion was more frequently detected in MFSSs (7 
of 10; 70%) (Figure 3J).

Correlation between TGF-β1, EMT-related pro-
teins and histological grade, and clinical stage 
of SSs

Increased Snail and smad2/3 protein expres-
sion was related to worse clinical stage 
(p=0.047 and p=0.021, respectively). TGF-β1 
exhibited a tendency toward a positive correla-
tion with the pTNM stage (I-II vs. III-IV, P=0.052), 
but no correlation with the histological grade 
(p>0.05). In contrast, E-cadherin, N-cadherin, 
and Slug did not show a statistically significant 
correlation with the histological differentiation 
and clinical stage (data not shown).

E-cadherin status and clinical outcome

Kaplan-Meier curves for overall survival (OS) in 
relation with clinical stage and E-cadherin sta-
tus are shown in Figure 4. Clinical stages III-IV 
were related to significantly poorer prognosis 
than clinical stages I-II. E-cadherin is a key 
point for EMT/MET; therefore, the patients were 
stratified based on the presence or absence of 
reactivity even focal staining of E-cadherin. A 

Table 3. Expression frequencies of TGF-β1 signaling and EMT Proteins in BSSs and MFSSs
(BSS; n=27) (MFSSs; n=10)

P Value 
BSS Positive cases No. (%)

P Value
No. (%) No. (%) Epithelial cells Spindle cells

E-cadherin
0.002*+ 19 (70.4) 1 (10) 19 (100) 3 (15.8)

<0.001***

- 8 (29.6) 9 (90) 0 (0) 16 (84.2)
N-cadherin

0.393+ 19 (70.4) 9 (90) 19 (100) 16 (84.2)
0.23

- 8 (29.6) 1 (10) 0 (0) 3 (15.8)
β-catenin
+ 14 (51.9) 1 (10)

0.028*
14 (100) 2 (14.3)

<0.001***

- 13 (48.1) 9 (90) 0 (0) 12 (85.7)
Snail
+ 8 (29.6) 8 (80)

0.009**
8 (100) 7 (87.5)

>0.99
- 19 (70.4) 2 (20) 0 (0) 1 (12.5)
Slug
+ 11 (40.7) 7 (70)

0.151
11 (100) 11 (100)

>0.99
- 16 (59.3) 3 (30) 0 (0) 0 (0)
TGF-β1
+ 20 (74.1) 9 (90)

0.404
15 (75) 19 (95)

0.182
- 7 (25.9) 1 (10) 5 (25) 1 (5)
Smad2/3
+ 20 (74.1) 10 (100)

0.155
20 (100) 16 (80)

0.106
- 7 (25.9) 0 (0) 0 (0) 4 (20)
*Positive expression of E-cadherin, β-catenin correlated significantly with glandularity (BSS). **Positive expression of Snail corre-
lated significantly with lack of glandularity (MFSS). ***Both E-cadherin and β-catenin had significant inverse correlation between 
epithelial component and spindle cell component. 
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highly significant difference was observed. As 
shown in Figure 4D, E-cadherin-negative pati- 
ents had a worse event-free survival than 
E-cadherin-positive patients.

Discussion

SS is a malignant soft-tissue neoplasm tradi-
tionally known for its biphasic histological pat-
tern and accounts for approximately 5-10% of 
all soft-tissue sarcomas. Although the inci-
dence rate of SS peaks in the third decade of 
life [8], 31% of the cases occur in adolescents 
younger than 20 years [10]. The clinical out-
comes of SS are very poor and approximately 
90% of patients die as a result of metastasis. 
Understanding the process by which tumor 
cells destroy the basement membrane, invade, 
and metastasize is essential for the advance-
ment of SS treatment strategies and improving 
survival. EMT plays a significant role in tumor 
progression and invasion [11]. EMT-related sig-

naling pathways are wide reaching and include 
pathways such as the TGF-β, NF-κB, Wnt, and 
Notch pathways [12]. TGF-β is a major inducer 
of EMT during development and is overex-
pressed in many types of human cancers, thus 
indicating a role for TGF-β as an inducer of EMT 
in tumors through a Smad-dependent tran-
scriptional pathway and a Smad-independent 
transcriptional pathway [13]. Furthermore, pre-
vious studies have demonstrated that the 
TGF-β signaling pathway is also a key player in 
promoting tumor progression and metastasis 
[2, 3]. Notably, the role of TGF-β in SS cells is 
not well understood.

In this study, we primarily focused on E-cadherin 
expression, the relationship between the TGF-
β1/Smad-dependent transcriptional pathway, 
tumor histology, and progress on SSs. Both epi-
thelial cells and spindle cells in BSSs involved 
of MFSSs the expression of TGF-β1 and 
smad2/3 are overexpression, which are 

Table 4. Correlation of E-cadherin expression with TGF-β1 and Other EMT-Related Proteins in epithe-
lial and spindle cells of BSS and MFSS

Proteins

epithelial cells component  
of BSS

spindle cells component  
of BSS

spindle cells component  
of MFSS

E-cadherin E-cadherin E-cadherin
+ -

P Value
+ -

P Value
+ -

P Value
(n=19) (n=8) (n=3) (n=24) (n=1) (n=9)

N-cadherin
+ 16 (84.2) 5 (62.5)

0.027*
2 (66.7) 15 (62.5)

0.888
1 (100) 8 (88.9)

0.725
- 3 (15.8) 3 (37.5) 1 (33.3) 9 (37.5) 0 (0) 1 (11.1)
β-catenin
+ 14 (73.7) 2 (25)

0.019**
2 (66.7) 2 (8.3)

0.007**
1 (100) 0 (0)

0.002***

- 5 (26.3) 6 (75) 1 (33.3) 22 (91.7) 0 (0) 9 (100)
Snail
+ 8 (42.1) 2 (25)

0.666
0 (0) 8 (33.3)

0.233
0 (0) 8 (88.9)

0.035****

- 11 (57.9) 6 (75) 3 (100) 16 (66.7) 1 (100) 1 (11.1)
Slug
+ 8 (42.1) 3 (37.5)

0.824
0 (0) 11 (45.8)

0.128
0 (0) 8 (88.9)

0.035****

- 11 (57.9) 5 (62.5) 3 (100) 13 (54.2) 1 (100) 1 (11.1)
TGF-β1
+ 12 (63.2) 4 (50)

0.525
1 (33.3) 15 (62.5)

0.332
0 (0) 8 (88.9)

0.035****

- 7 (36.8) 4 (50) 2 (66.7) 9 (37.5) 1 (100) 1 (11.1)
Smad2/3
+ 14 (73.7) 4 (50)

0.233
2 (66.7) 14 (58.3)

0.782
0 (0) 9 (100)

0.002****

- 5 (26.3) 4 (50) 1 (33.3) 10 (41.7) 1 (100) 0 (0)
*N-cadherin and E-cadherin had significant positive correlation in epithelial cells component; **β-catenin and E-cadherin had 
significant positive correlation both in epithelial cells and spindle cells component; ***β-catenin was significantly down-regu-
lated expression in the MFSSs; ****The expression of Snail, Slug, TGF-β1 and Smad2/3 were significantly related to the loss of 
expression of E-cadherin.
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inversely correlated with loss of E-cadherin 
expression for MFSSs (p=0.035, p=0.002). 
Moreover, for pTNM stage, smad2/3 levels are 
significantly correlated with clinical stages III 
and IV (p=0.021), TGF-β1 exhibited a tendency 
toward a positive correlation with stage III-IV, 
(p=0.052). Taken together, it appears that TGF-
β1/smad play an important role in the EMT of 
SSs. Moreover, they also appear to be associ-
ated with more advanced stages and a poor 
prognosis. Chiyoda et al [14] characterized the 
gene expression profile of uterine carcinosar-
coma and found that it resembles that of uter-

ine sarcoma more than that of uterine endome-
trial carcinoma. Interestingly, EMT-acquired 
markers are upregulated and TGF-beta signal-
ing is activated in uterine carcinosarcoma. In 
addition, Chiyoda [14] also identified chromo-
somal amplification and high gene expression 
of 19q13, including that of the TGF-β locus, 
suggesting that this may contribute to high 
expression of TGF-β, therefore, the EMT pheno-
type of carcinosarcoma. Bostrom et al [15] sug-
gested that sarcomatoid clear cell renal cell 
carcinoma morphologically and immunohisto-
chemically may represent a completed EMT 

Figure 2. Immunohistochemical staining of differentially expressed proteins in the BSS and MFSS tissues. A though 
H, In BSSs, Frequent presented membranous expression of E-cadherin, both glandular (A: ×400) and nested epi-
thelial cells (B: ×400) show definitely positive, with focal and sporadic expression in the spindle cells; β-catenin (C: 
×400) show positive membranous expression in most gland epithelial cells; N-cadherin (D: ×200) present positive 
cytoplastic expression in most gland epithelial cells; snail (E: ×400), slug (F: ×400) are more nuclear expression in 
glandular than spindle cell components; TGF-β1 (G: ×200) and Smad2/3 (H: ×200) are cytoplastic expression both 
glandular and spindle cell components. I through P, In MFSSs, E-cadherin (I: ×400) and β-catenin (K: ×400) expres-
sion was generally negative, focal membranous expression was seen in few cases (J: ×200); a significant proportion 
of the MFSSs showed cytoplasm staining N-cadherin (L: ×200) more than E-cadherin; high levels of nuclear Snail 
(M: ×200) and Slug (N: ×200) were frequently detected; TGF-β1 (O: ×400) and smad2/3 (P: ×200) proteins were 
intensely expressed and were associated with down-regulation of E-cadherin expression.
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and that TGF-β1 could be an important driving 
force during the sarcomatoid transdifferentia-
tion of clear cell renal cell carcinoma.

E-cadherin is anchored to the cytoskeleton via 
β-catenin, a cytoplasmic plaque protein [16], 
and functions as a downstream transcriptional 
activator of the Wnt signaling pathway. In our 
study, preserved expression of E-cadherin 
(70.4%) and β-catenin (51.9%) was noted in the 
glandular component in most cases of BSSs. In 
contrast, significant loss of E-cadherin and 
β-catenin expression was noted in the spindle 
cell component of BSSs as well as in the spin-
dle tumor cells of MFSSs (10% for both). 
However, the mesenchymal marker, N-cadherin, 
was highly expressed in both the glandular 
component of BSSs (70.4%) and in the spindle 
cell component of BSSs (59.3%), and particu-
larly in MFSSs (90%). In contrast, most carcino-
mas show cadherin switching [17] (high expres-
sion of N-cadherin and low expression of 

E-cadherin) and are correlated with invasion 
and lymph node metastasis, as well as EMT 
features. Interestingly, there is no cadherin 
switching and the expression of N-cadherin and 
E-cadherin is as high as that for SS. Our data 
may imply that a glandular component with 
biphasic histological features of BSSs involved 
some degree of MET, and expression of 
E-cadherin protein correlated with greater sur-
vival in SS patients. Matthew et al [18] observed 
that chondrosarcoma cells begin to express 4 
epithelial markers, that is, E-cadherin, desmo-
collin3, maspin, and 14-3-3σ, all of which are 
associated with an MET-like phenomenon that 
accompanies chondrosarcoma progression. 
These lineage transitions perhaps have impor-
tant consequences for cell morphology, cell-to-
cell adhesion, cell motility, and the extracellular 
matrix. Interestingly, our data showed that 
E-cadherin protein expression was correlated 
with better survival in SS patients. Yang, Thiery 
and Subramaniam [9, 19, 20] also proposed 

Figure 3. Representative images depicting correlation between E-cadherin and snail and slug in synovial sarcoma 
(SS), and β-catenin nuclear staining was observed in some cases. Each pair of images (A-H), representing the cor-
relation between E-cadherin (left column) and snail or slug (right column), are taken from the same tumor sample. A 
through D, In BSSs, positive E-cadherin expression (A and C: ×200) was significantly associated with down-regulated 
Snail (B: ×200) and slug (D: ×400) expression. E through H, In MFSSs, lack E-cadherin expression (E and G: ×100) 
was significantly correlated with positive expression of Snail (F: ×200) and slug (H: ×200). Tumor cells frequently 
show weak and ⁄ or strong (I, J: ×400) nuclear expression of β-catenin in spindle cells no matter MFSSs or BSSs, but 
negative in glandular cells (J: ×400).
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that regulating the activity of E-cadherin repres-
sors may be an obvious strategy to suppress 
sarcoma progression.

The zinc finger proteins Snail and Slug are 
important mediators and transcription factors 
of EMT in epithelial tumor cells [21, 22]. Snail 
binds to the E-boxes of the E-cadherin promoter 
and can recruit the histone deacetylase HDAC1 
and DNA methyltransferase DNMT1 to aid in 
the epigenetic silencing of E-cadherin [23]. 
Snail triggers EMT by repressing the expression 
of epithelial markers and induces the expres-
sion of mesenchymal markers. This critical step 
is required for EMT. For BSSs, our data showed 
that Snail expression significantly decreased in 
the glandular and spindle cell components. 
More than 70% of BSSs with preserved 
E-cadherin expression showed decreased Snail 

expression, indicating an inverse correlation 
(p=0.009). However, the expression of Slug 
was not reduced to the same extent as that of 
Snail and did not correlate with E-cadherin 
expression, possibly because Slug is a weaker 
E-cadherin repressor than Snail [20]. In MFSSs, 
Snail (80%) and Slug (70%) expression was 
detected more frequently and was associated 
with significant downregulation of E-cadherin 
(p=0.035), also signifying an inverse correla-
tion. This inverse correlation between Ecadherin 
and Snail expression has been documented 
previously in SSs [9, 23, 24] as well as in cervi-
cal cancer [25, 26], breast [27, 28] and gastric 
cancers [29].

TGF-β1 plays an inhibitory role, but tumor cells 
at advanced stages can evade anti-proliferative 
control and undergo tumorigenic progression in 

Figure 4. The expression of E-cadherin and other proteins in glandular and spindle cells involved of MFSSs, and the 
relationship between E-cadherin Status and clinical outcome. The expression of E-cadherin and β-catenin in BSS 
were significantly higher than MFSS (A). In BSSs, The expression of E-cadherin and β-catenin in glandular cells were 
also significantly higher than spindle cells (B). However, Snail expression in the MFSSs was higher than BSS (A). 
Clinical stage III-IV were significantly had poor prognosis than clinical stage I-II (C). Patients who E-cadherin negative 
had a worse event-free survival than patients E-cadherin positive (D).
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response to TGF-β [30]. The regulatory mecha-
nisms of TGF-β signaling in EMT are also com-
plicated. Several pathways induced by TGF-β1 
contribute to EMT regulation. Moreover, TGF-β1 
often cooperates with Notch, Wnt [31, 32], FGF, 
and other factors during EMT [33]. In this study, 
we detected that the expression of TGF-β1 and 
Smad2/3 noted high both in the epithelial cells 
and spindle cells in BSSs involved of MFSSs. 
Loss of β-catenin expression in spindle cells, 
whether in BSSs or MFSSs, shows a pattern 
similar to that seen with E-cadherin. Additionally, 
some samples did exhibit nuclear β-catenin. 
The expression of E-cadherin and β-catenin is 
correlated with cell differentiation. Reduced 
expression of E-cadherin and β-catenin may 
indicate a high potential of recurrence or 
metastasis and a poor prognosis, while nuclear 
β-catenin expression is correlated with a poor 
prognosis in SSs with metastasis [34]. In cells 
undergoing EMT, β-catenin is located in the 
cytoplasm. This cytosolic β-catenin translo-
cates to the nucleus to promote the transcrip-
tion of genes that induce EMT. Nuclear 
β-catenin is a transcriptional coactivator with 
T-cell factor/lymphoid enhancer-binding factor, 
which controls the transcription of Snail [34]. 
Therefore, we suspect that the zinc finger pro-
teins Snail and Slug interact with each other or 
others to provide crosstalk between the TGF-β 
and Wnt signaling pathways.

In conclusion, our results suggest that sup-
pressed expression of E-cadherin is correlated 
with overexpression of Snail and Slug in spindle 
tumor cells of MFSSs and the activation of the 
TGF-β1 signaling pathway in SSs. These data 
perhaps support the hypothesis that neoplastic 
EMT contributes to the transition between spin-
dle cell and epithelial morphology of synovial 
sarcoma. While our data also showed that 
expression of E-cadherin protein correlated 
with greater survival in SS patients. These 
results may provide a foundation and a new tar-
get for the treatment and prognosis of SS. 
Therefore, our observations here may warrant 
further molecular experiments to investigate 
the role of TGF-β1-regulated EMT in SS. 
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