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Abstract. Slug, a member of the Snail family of transcriptional 
factors, is a newly identified suppressive transcriptional factor 
of E‑cadherin. The present study investigated the expression 
pattern of Slug in thymomas to evaluate its clinical significance. 
Immunohistochemistry was used to investigate the expression 
pattern of the Slug protein in archived tissue sections from 
100 thymoma and 60 histologically normal thymus tissue 
samples. The associations between Slug expression and 
clinicopathological factors, such as prognosis, were analyzed. 
Positive expression of Slug was detected in a greater propor-
tion of thymoma samples [51/100 (51%) patients, P<0.001] 
compared with normal thymus tissues [9/60 (15%) cases]. Of 
the 100 patients with thymoma, 42 (42%) displayed high levels 
of Slug expression (high‑level group) and 58 (58%) displayed 
low levels of Slug expression (low‑level group). The 10‑year 
survival rate was improved for patients in the low‑level group 
when compared with those in the high‑level group (P=0.002). 
A multivariate analysis using the Cox proportional hazards 
regression model demonstrated that Slug overexpression was 
not an independent prognostic factor. In conclusion, the present 
study demonstrated that Slug overexpression was associated 
with poor prognosis in patients with thymoma. Therefore, Slug 
may be a potential diagnostic biomarker and a predictor of 
poor prognosis in thymoma patients.

Introduction

Thymoma is an epithelial tumor of the thymus that is char-
acterized by indolent growth with local invasiveness and is 
the most common type of tumor in the anterior portion of the 
mediastinum (1). The overall incidence of thymoma is rare, 
with ~0.15 cases per 100,000 cases/year (2,3). Thymoma had 

previously been regarded as a benign disease, but more recent 
evidence indicated that it is a potentially malignant tumor 
requiring prolonged follow‑up (4). However, biomarkers for 
thymoma diagnosis and prognosis have not yet been estab-
lished.

Slug is a member of the Snail family of zinc‑finger tran-
scription factors and was first identified in the neural crest and 
developing mesoderm of chicken embryos (5). Slug induces the 
downregulation of E-cadherin, an adhesion molecule, leading 
to the breakdown of cell-cell adhesions and the acquisition of 
invasive growth properties in cancer cells (6). These changes 
facilitate an increase in spindle morphology and cellular 
invasion (7‑9). Previous studies have demonstrated that Slug 
expression is associated with poor prognosis in colorectal 
carcinoma, esophageal cancer and breast carcinoma (10-13); 
however, the clinical relevance of Slug expression in thymoma 
remains unknown.

The aims of the present study were to examine Slug expres-
sion in thymoma and to determine whether the degree of Slug 
expression correlates with prognosis.

Patients and methods

Patients and specimens. Ethical approval for the present study 
was obtained from the medical ethics committee of the Affili-
ated Hospital of Qingdao University (Qingdao, China), and 
the study was performed in accordance with the institutional 
guidelines. Written informed consent was obtained from each 
patient prior to tissue acquisition.

Tissue specimens were obtained from 100 patients with 
thymoma who underwent thymectomy between January 1997 
and December 2003 at the Affiliated Hospital of Qingdao 
University. Thymomas were classified according to the World 
Health Organization (WHO) criteria (14), and clinical stages 
are based on the Masaoka staging system (15). In addition, 
normal thymus tissues were obtained from 60 patients with 
mediastinal cysts who underwent cystectomy at the same 
institution between January 1997 and December 2003, and 
were set as the control group (Tables I and II). The normal 
tissue specimens were obtained from adjacent thymus tissues 
based on histological evidence of the surgically resected medi-
astinal cyst. Follow-up for all patients following discharge 
included an X‑ray examination or computed tomography 
scan every 3‑6 months. Postoperative follow‑up data were 
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obtained from all patients, and the median follow-up period 
was 99.7 months (range, 3‑120 months).

Immunohistochemical staining and evaluation. The primary 
specimens were fixed in 10% formaldehyde and routinely 
embedded in paraffin. Next, 4‑µm sections were prepared 
and immunohistochemical staining was performed using the 
streptavidin‑biotin peroxidase method, as described previ-
ously (16). Briefly, following deparaffinization and hydration, 
the sections were washed in phosphate-buffered saline (PBS; 
3 times, for 3 min each time), and the washed sections were 
treated with 3% hydrogen peroxide in the dark for 15 min. 
The sections were washed initially in distilled water and then 
in PBS [3 times, for 5 min each time (3x5 min)]. Antigen 
retrieval was performed in Tris‑ethylenediaminetetraacetic 
acid (EDTA; 10 mM Tris, 1 mM EDTA, pH 8.0) at 120˚C for 
2 min, and the sections were preincubated in PBS (3x5 min). 
Next, the sections were incubated with a rabbit anti‑human 
Slug polyclonal antibody (dilution, 1:100; Slug H-140; catalog 
no. sc-15391; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) overnight at 4˚C. After washing in PBS (3x5 min), the 
sections were incubated with the secondary antibody (dilution, 
1:1,000; Polink-2 HRP; catalog no. d22-110; Golden Bridge 
International, Inc., Bothell, WA, USA) at room temperature 
for 30 min. The sections were washed again in PBS (3x5 min), 
treated with 3,3'-diaminobenzidine working solution at room 
temperature for 10 min and then washed in distilled water.

Two pathologists performed independent immunohis-
tochemical evaluation using the following criteria: Positive 
Slug expression was defined as a detectable immunoreaction 
in either the nucleus or cytoplasm. The staining inten-
sity was graded between 0 and 3 (0, negative; 1, weak; 2, 
moderate; 3, strong), and the extent of staining was graded 
between 0 and 4 (0, no staining; 1, 1-25%; 2, 26-50%; 3, 
51‑75%; 4, 76‑100%). The overall staining was scored by 
multiplying the intensity of the staining (when viewed at 
x200 magnification; BX41 Olympus microscope; Olympus 
Corporation, Tokyo, Japan) by the extent of staining (when 
viewed at x40 magnification). Therefore, the staining scores 
ranged between 0 and 12.

Statistical analysis. The χ2 test and t-test were used to calcu-
late differences between the thymoma group and the control 

group. The overall survival rates were determined using the 
Kaplan-Meier method, and group differences were calculated 
using the log‑rank test. Prognostic factors were examined by 
univariate analysis using the Kaplan‑Meier method and by 
multivariate analysis using the Cox proportional hazards 
regression model. P‑values were two‑sided, and P<0.05 was 
considered to indicate a statistically significant difference. 
All statistical analyses were performed using SPSS software, 
version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Expression of Slug in normal thymus and in thymoma tissues. 
Slug was expressed in the cytoplasm of normal thymus tissues 
in 9/60 specimens (15.0%; Fig. 1, tissues N1 and N2), and Slug 
was expressed in the cytoplasm or nucleus of thymoma tissues 
in 51/100 specimens (51.0%; Fig. 1, tissues classified as A, AB, 
B1, B2, B3 and C). Notably, cytoplasmic Slug expression was 

Table I. Clinical characteristics of thymoma patients and con-
trols (patients with mediastinal cysts).

 Thymoma Controls 
Characteristic patients (n=100) (n=60) P‑value

Mean age, years 53.42±12.18 48.93±10.17 0.078a

(±SD)
Gender, n   0.902b

  Male 54 33 
  Female 46 27 

P‑values calculated using the aStudents t-test or bχ2 test. b SD, stan-
dard deviation.

Table II. Slug expression in relation to clinicopathological 
findings.

 Slug
 ---------------------------------------------
 Total, High‑level Low‑level
Variables n group, n group, n P‑value

Mean age, 53.42 50.74 55.53 0.069
years (±SD) ±12.18 ±12.76 ±12.97 
Gender    0.592
  Male 54 24 30 
  Female 46 18 28
Stage    <0.001
  I 48 9 39 
  II 19 9 10 
  III 26 19 7 
  IV 7 5 2 
Classification    0.013
  A, AB, B1 55 17 38 
  B2, B3, C 45 25 20 
MG    0.478
  No 80 35 45 
  Yes 20 7 13 

MG, myasthenia gravis; SD, standard deviation.
 

Table III. Slug expression in normal thymus tissues and thy-
moma tissues.

 Slug
 -------------------------------------------
 Positive, Negative, 
Tissues n (%) n (%) Total, n P‑value

Normal thymus   9 (15.0) 51 (85.0)   60 <0.001
Thymoma 51 (51.0) 49 (49.0) 100
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significantly increased in thymoma tissues compared to that 
observed in normal thymus tissues (P<0.001; Table III).

Slug expression and clinicopathological characteristics. To 
evaluate the association between clinicopathological factors 
and Slug expression in thymoma, the specimens were divided 
based on staining scores into the low‑level (score ≤3, including 
negative expression) and high‑level groups (score >3; 
Table II). The Masaoka stages and WHO classifications of 
the high‑level group were significantly different compared 
with those of the low‑level group. Patients with advanced 
stage thymoma exhibited increased levels of Slug expression 
compared with patients with early-stage thymoma (P<0.001). 
Furthermore, type B2, B3 and C thymomas exhibited 
increased levels of Slug expression compared with type A, AB 

Figure 1. Expression of Slug in thymoma. Representative examples of negative expression (N1; magnification, x200) and positive expression (N2; magnifica-
tion, x200) of Slug in normal thymus tissues are shown. In addition, representative examples of positive Slug expression in type A, AB, B1, B2, B3 and C 
thymomas are shown (magnification, x200).

Table IV. Univariate analyses of prognostic factors in  
thymoma.

  10‑year survival
Variables Total, n rate, % P‑value

Gender   0.642
  Male 54 75.9
  Female 46 69.6
Group   <0.001
  Positive 51 56.9
  Negative 49 89.8
Stage   <0.001
  I and II 67 89.6
  III and IV 33 39.4
Classification   <0.001
  A, AB, B1 55 94.5
  B2, B3, C 45 46.7
MG   0.812
  No 80 75.0
  Yes 20 72.5

MG, myasthenia gravis.
 

Figure 2. The 10‑year survival curves of thymoma patients according to 
the Slug expression levels (low or high). A statistically significant differ-
ence was identified between the high‑level and low‑level Slug expression 
groups (P=0.002).

Table V. Multivariate analyses of prognostic factors in 
thymoma patients.

Independent factors P‑value HR 95% CI

Stage (I, II/III, IV) 0.026 0.328 0.123‑0.872
Classification (A, AB, 0.003 0.143 0.040‑0.507
B1/B2, B3, C)
Group (positive/negative) 0.089 0.401 0.139‑1.151

HR, hazard ratio; CI, confidence interval.
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and B1 thymomas (P=0.013). Slug expression did not correlate 
with age, gender or myasthenia gravis (all P>0.05).

Association between prognosis and Slug expression. The 
follow‑up time was >120 months, during which 1 patient 
succumbed to a heart attack and another 2 patients did not 
complete the follow‑up. Patients in the low‑level group exhibited 
a significantly increased 5‑year survival rate of 91.4% (53/58) 
compared with 73.8% (31/42) for patients in the high‑level 
group (P=0.016; Fig. 2). Patients with low Slug expression 
levels also exhibited a significantly increased 10‑year survival 
rate of 84.5% (49/58) compared with a rate of 57.1% (24/42) for 
patients with high Slug expression levels (P=0.002; Fig. 2).

Univariate and multivariate analyses of prognostic factors. 
Univariate analysis demonstrated that overexpression of Slug, 
the Masaoka stage and WHO classification of the tumor 
were significantly correlated with patient survival (P<0.05; 
Table IV). Multivariate analysis using the Cox proportional 
hazards regression model indicated that the Masaoka stage and 
WHO classification, but not Slug expression, were independent 
prognostic factors in patients with thymoma (Table V).

Discussion

At present, thymoma is regarded as a potentially malignant 
tumor with a growth pattern that ranges from indolent to highly 
invasive and metastatic (4). Disruption of cellular activities that 
are important for normal embryonic development and for the 
maintenance of proper function and structure results in the 
loss of tissue differentiation and facilitates invasion and metas-
tasis (10). Therefore, certain epithelial markers and adhesion 
molecules, including E-cadherin and Slug, are important for 
tumor progression and development (17).

Epithelial-mesenchymal transition (EMT), a process 
through which epithelial cells lose their polarity and switch to 
a migratory sarcomatoid phenotype, is a critical event during 
malignant tumor progression and metastasis (18). A hallmark 
of EMT is the loss of expression of the cell adhesion molecule 
E‑cadherin, and several EMT regulators have been identified 
as E-cadherin repressors (19). Slug is a member of the Snail 
family of transcription factors and is crucial in the regulation of 
EMT by suppressing E-cadherin, therefore triggering complete 
EMT and the acquisition of invasive and tumorigenic proper-
ties (10,20). The aim of the present study was to investigate 
the Slug expression patterns in thymomas in addition to the 
association between Slug expression levels and prognosis.

A previous study indicated that Slug is expressed in the 
thymus, heart, liver, lung and pancreas in humans (21). Using 
immunohistochemistry, the present study demonstrated that 
15% of normal thymus tissues expressed Slug at low levels. 
Previous studies demonstrated that Slug expression correlates 
with prognosis in patients with esophageal squamous cell 
carcinoma, gastric cancer and colorectal carcinoma (10,11,22). 
To the best of our knowledge, this is the first study on the 
expression and clinical significance of Slug in thymoma.

Slug has an anti-apoptotic effect in leukemia cells (23,24), 
and downregulates epithelial markers, including Muc-1, 
desmoplakin and cytokeratin‑18 (25,26). The downregula-
tion of certain anti-apoptotic cadherins is associated with 

poor prognosis in patients. E-cadherin is a major cell-cell 
adhesion molecule that is critical for the development and 
maintenance of cell polarity and tissue architecture (27,28). 
Although E‑cadherin expression was not analyzed in the 
present study, previous studies have reported that Slug 
represses E-cadherin in vivo and that E‑cadherin expression 
is associated with poor prognosis in esophageal squamous 
cell and breast carcinomas (11,12).

The most common disease associated with thymoma is 
myasthenia gravis, which is an autoimmune neuromuscular 
disease caused by antibodies that block acetylcholine recep-
tors in muscle, resulting in muscle weakness (29,30). A 
previous study revealed that the anti‑KV1.4 antibody was a 
predictor of prognosis in patients with thymoma-associated 
myasthenia gravis (31). However, in the current study, the 
expression of Slug was not associated with myasthenia gravis.

While Slug expression was significantly associated with 
patient survival in the univariate analysis, it was not an 
independent prognostic factor in the multivariate analysis. 
However, the overall survival rate of thymoma patients with 
high levels of Slug expression was lower compared with 
thymoma patients with low levels of Slug expression.

There are certain limitations in the present study, 
including the long observation period (leading to the loss 
of patients to follow‑up) and the relatively small number of 
patients. Thus, these findings should be tested and validated 
in a larger scale study that includes more patients.

In conclusion, Slug expression was found to be associ-
ated with prognosis, Masaoka stage and WHO classification, 
while overexpression of Slug correlated with poor prognosis 
in patients with thymoma. Therefore, Slug may serve as a 
predictor of poor prognosis in patients with thymoma and as 
a diagnostic biomarker of thymoma. In addition, Slug may be 
a potential target for the treatment of thymoma.
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