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Mucin1 (MUC1) expression correlates with invasion and metastasis and poor sur-
vival in some cancers. The purpose of the study was to investigate the clinical 
significance of MUC1 expression and the risk of tumor metastatic recurrence in 
patients with esophageal squamous cell cancer (ESCC) after curative resection. 
A total of 108 ESCC patients were enrolled in this study. MUC1 expression was 
detected in ESCC tissues from 70 patients by immunohistochemistry (IHC). The 
expression of MUC1 in the cancerous tissue group was significantly higher than 
that in the paracancerous normal tissue group (65.4%:10.0%, p < 0.01). MUC1 
expression correlated with pT (< 0.05), pN (p < 0.01) and pTNM stage (< 0.01). 
The 5-year survival rate of the patients was 39.8%. The 5-year tumor metastatic 
recurrence rate of the patients was 74.1%, and it was associated with pT (p < 
0.01), pN (p < 0.01), pTNM stage (p < 0.01) and MUC1 expression (p < 0.01). 
Multivariate analysis confirmed that pN and MUC1 expression were independent 
predictive factors. In conclusion, MUC1 expression correlates with tumor meta-
static recurrence in postoperative ESCC patients.

Key words: Mucin1, esophageal squamous cell cancer, metastatic recurrence, im-
munohistochemistry.
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Introduction

Esophageal cancer is one of the most common 
malignancies in China. The major histological type 
is esophageal squamous cell carcinoma (ESCC). 
Esophagectomy has remained the most effective mo-
dality for ESCC patients. However, the long-term 
outcome is unsatisfactory, and the 5-year survival 
rate is only 20-30% [1]. More than half of the post-
operative patients developed recurrence within 2-3 

years, and 80% would eventually die from tumor re-
currence [2, 3]. To date, TNM staging is the main 
parameter for predicting recurrence and prognosis, 
even though it lacks sensitivity and accuracy. There-
fore, the discovery of a  sensitive reliable biomarker 
identifying the high-risk patient with recurrence is 
crucial for improvement of the survival rate [4].

Recent studies have revealed that several genes are 
involved in the origin and progression of ESCC. It has 
been reported that Mucin1 (MUC1) plays important 
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roles in development and progression of some cancers 
[5, 6]. MUC1 is a structural membranous bound mu-
cin, expressed on the apical surface of normal glandu-
lar epithelial cells in normal tissues [7]. In neoplastic 
tissues, MUC1 expression could be up-regulated and 
could be expressed on the entire cell surface. MUC1 
expression correlates with invasion, metastasis and 
poor prognosis in some cancers.

However, few reports have confirmed the correla-
tion between MUC1 expression and clinicopatholog-
ical characteristics in patients with ESCC. Thus, the 
present study was designed to investigate the clinical 
significance of MUC1 expression and its correlation 
with the risk of tumor metastatic recurrence in pa-
tients with ESCC after curative resection by both 
univariate and multivariate analysis. In the study, 
MUC1 expression was detected by immunohisto-
chemistry (IHC).

Material and methods

Patients 

There were 162 consecutive ESCC patients who 
underwent esophagectomy at the Department of 
Thoracic Surgery, Jinan Central Hospital Affiliat-
ed to Shandong University; and the Department 
of Thoracic Surgery East Ward, Provincial Hospi-
tal Affiliated to Shandong University from August 
2008 to July 2009. A  total of 108 patients were 
enrolled in the study. The inclusion criteria were as 
follows: (1) patients accepted no preoperative radio-
therapy and chemotherapy; (2) middle and lower 
thoracic esophageal cancer patients accepted cura-
tive resection via left posterolateral thoracotomy in-
cision; (3) postsurgical pathology confirmed ESCC 
with stage I-III and no residual malignant cells on 
the upper and lower incisal edges; (4) no seriously 
surgical contraindication; (5) cases kept well pre-
served. There were 89 men and 19 women in the 
study and the patients’ age ranged from 49 to 76 
years (Table I). The TNM staging was according to 
the International Union Against Cancer (UICC) in 
2009. The study was approved by the Ethics Com-
mittee of Shandong University.

Immunohistochemistry

All the ESCC specimens were obtained from the 
108 patients. Twenty corresponding normal tissue 
samples, which came from the 108 patients’ nor-
mal esophagus (6 cm away from ESCC) randomly, 
were used as controls. The tissue specimens were 
fixed in 10% neutral buffered formalin and pro-
cessed routinely. Hematoxylin and eosin (HE)-
stained slides as well as immunohistochemical re-
actions were performed on paraffin-embedded 
and formalin-fixed tissue using primary antibod-

ies against MUC1 (1 : 100 dilution; Fuzhou Max-
im Inc., Fuzhou, Fujian, China) and visualized by 
the Envision System (Dako). MUC1 was located in 
the tumor cell cytoplasm. MUC1 protein expres-
sion is indicated by bright yellow, brown yellow 
or brown granules focally or diffusively distrib-
uted. The expression of MUC1 was scored as fol-
lows: 0, 1 = < 5% of cells; 2 = 5-29% of cells; �

Table I. Correlation between MUC1 expression and clini-
cal features of the 108 ESCC patients

Clinical  
characteris-
tics

Patients

(n = 108)
MUC1 expression

(–) (+) P valuea

38 70 

Gender 0.290*

Male 89 29 60

Female 19 9 10

Age, years 0.548*

< 60 52 20 32

≥ 60 56 18 38

Smoking 1.000*

Yes 49 17 32

No 59 21 38

Tumor length, cm > 0.05

< 3 12 6 6

3-5 52 21 31

> 5 44 11 33

Tumor location 0.100*

Middle 66 19 47

Lower 42 19 23

Differentiation > 0.05

Well 15 8 7

Moderately 70 25 45

Poorly 23 5 18

pT < 0.05

pT1 10 7 3

pT2 59 20 39

pT3 39 11 28

pN 0.004* 

– 65 30 35

+ 43 8 35

pTNM < 0.01

pI 37 21 16

pII 48 13 35

pIII 22 4 19
P valuea: χ2 test, *Fisher’s exact probability test.
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3 = 30-60% of cells; 4 = > 60% of cells. Cancers 
were regarded as positive when the score was ≥ 3, 
according to previous reports [8, 9].

Follow-up 

In our cases, 12 patients received postoperative 
radiotherapy alone. Postoperative chemotherapy was �
given to 44 patients in more than three cycles (mainly 
5-fluorouracil and cisplatin/carboplatin), and 26 pa-
tients received combined chemoradiotherapy. Patients 
were routinely examined every 3 months during the 
first 3 years and every 6 months thereafter. During 
each follow-up visit, the patient underwent a  thor-
ough physical examination, chest roentgenography, 
ultrasonography of the neck and abdomen, chest 
CT, and endoscopic examination. Some patients even 
underwent positron emission tomography combined 
with computed tomography (PET/CT) examination. 
The location and time of tumor relapse were record-
ed. Patients who died of tumor were enrolled in the 
prognostic analysis. 

Statistical analysis

The frequency data were analyzed using Fisher’s ex-
act probability test or the χ2 test. Univariate analysis 
was performed by Kaplan-Meier survival curves. The 
log-rank test was performed to compare the recurrence 
difference. Multivariate analysis was carried out using 
the Cox proportional hazard model. Differences were 
considered significant when the P value was less than 
0.05. The statistical data were obtained using the SPSS 
software package (SPSS 13.0 Inc., Chicago, IL, USA).

Results

Correlation between MUC1 expression and 
clinical characteristics

MUC1 protein was detected by IHC in ESCC 
tissues from 70 patients. The diagnostic sensitivity 
was 65.4% (70/108). The expression of MUC1 in 
the cancerous tissue group was significantly higher 
than that in the paracancerous normal tissue group 
(65.4%:10.0%, p < 0.01). (Fig. 1, Table II). As 

Fig. 1. A) Immunohistochemical staining of human ESCC tissue sections demonstrating MUC1 protein. The MUC1 
staining was confined to the cytoplasm, and photomicrographs showed human ESCC specimen with high MUC1-positive 
tumor cells (> 3). Original magnification 200×. B) Photomicrographs showing ESCC specimen with low MUC1-positive 
tumor cells (< 3). Original magnification 200×. C) Photomicrographs showing the corresponding normal tissue speci-
men with MUC1-positive tumor (> 3). Original magnification 200×. D) Photomicrographs showing the corresponding 
normal tissue specimen with no MUC1-positive tumor (< 3). Original magnification 200×

A
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shown in Table I, MUC1 expression correlated with 
pT (< 0.05), pN (p < 0.01) and pTNM (< 0.01). 
No other clinicopathological parameter was related 
to MUC1 expression.

Correlation between MUC1 expression  
and tumor metastatic recurrence

The Kaplan–Meier method indicated that the 
5-year survival rate of the 108 patients was 39.8% 
(Fig. 2). The first recurrence exhibiting lymph nodal 
metastasis was recognized in 80 patients (74.1%) in 
the first 5 years after the operation (Fig. 3). The pa-
tients had the first recurrence in cervical, supraclavic-
ular, mediastinal, and celiac lymph nodes (Table III). 
Forty-one patients (51.25%) developed lymph node 
recurrence; 24 patients (30.00%) developed a hema-
togenous recurrence and 15 patients (18.75%) had 

lymph node and hematogenous recurrence. In uni-
variate analysis by the log-rank test (Table IV), the 
5-year tumor metastatic recurrence rate in ESCC pa-
tients after the operation was significantly associated 
with pT (p < 0.01), pN (p < 0.01), pTNM stage 
(p < 0.01) and MUC1 expression (p < 0.01) (Figs. 
4-7). No other clinicopathological parameter was re-

Table II. MUC1 expression in cancerous tissue group and 
paracancerous normal tissue group 

Case Number MUC1 expression

128 –
(n = 56)

+
(n = 72)

P valueb

Cancerous 
tissue group

108 38 70 0.001

Normal tissue 
group

20 18 2

P valueb: Fisher’s exact probability test.

Table III. Sites of tumor metastatic recurrence in 80 
ESCC patients

Sites of tumor metastatic recurrence No. of pa-
tients (%)

Lymph node recurrence 41 (41/80) �
(51.25)

Cervical/supraclavicular lymph node 3

Mediastinal lymph node 21

Abdominal lymph node 6

Mediastinal and cervical lymph node 5

Mediastinal and abdominal lymph node 6

Hematogenous recurrence 24 (24/80) �
(30.00)

Brain 2

Lung 6

Esophagus 4

Stomach 4

Liver 5

Bone 3

Hematogenous and lymph node 
recurrence

15 (15/80) �
(18.75)

Lung and mediastinal lymph node 4

Lung, pleura and mediastinal lymph node 1

Stomach and mediastinal lymph node 3

Liver and abdominal lymph node 4

Brain, liver and abdominal lymph node 1

Liver, lung and mediastinal lymph node 1

Bone, liver and abdominal lymph node 1
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Fig. 2. Kaplan-Meier analysis of overall survival after the 
operation
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Fig. 3. Kaplan-Meier analysis of tumor metastatic recur-
rence rate after the operation
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Table IV. Univariate analysis with respect to 5-year metastatic recurrence rate 

Clinical characteristics Patients 5-year metastatic recurrence rate (%), 80 (74.1) P valuec

108 n (%) 

Gender 0.249

Male 89 67 75.3

Female 19 13 68.4

Age, years 0.974

< 60 52 38 73.1

≥ 60 56 42 75.0

Smoking 0.507

– 59 43 72.9

+ 49 37 75.5

Tumor length, cm 0.063

< 3 12 7 58.3

3-5 52 36 69.2

> 5 44 37 84.1

Tumor location 0.865

Middle 66 48 72.7

Lower 42 32 76.2

Differentiation 0.395

Well 15 10 66.7

Moderately 70 52 74.3

Poorly 23 18 78.3

pT 0.002

pT1 10 2 20.0

pT2 59 45 76.3

pT3 39 33 84.6

pN <0.01

– 65 38 58.5

+ 43 42 97.7

pTNM  <0.01

pI 37   16 43.2

pII 48 41 85.4

pIII 23 23 100

Chemotherapy 0.301

– 38 25 65.8

+ 70 55 78.6

Radiotherapy 0.085

– 70 44 62.9

+ 38 36 94.7

MUC1 expression (IHC) 0.001

– 38 23 60.5

+ 70 57 81.4
P valuec: log-rank test.
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Fig. 4. Kaplan-Meier analysis of tumor metastatic recur-
rence rate after the operation in patients with pT stage
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Fig. 6. Kaplan-Meier analysis of tumor metastatic recur-
rence rate after the operation in patients with pTNM stage
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Fig. 7. Kaplan-Meier analysis of tumor metastatic recur-
rence rate after the operation in patients with positive and 
negative MUC1 expression, respectively
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Fig. 5. Kaplan-Meier analysis of tumor metastatic recur-
rence rate after the operation in patients with pN(–) and 
pN(+)

lated to 5-year tumor metastatic recurrence rate. The 
results of Cox regression multivariate analysis con-
firmed that pN and MUC1 expression were indepen-
dent predictive factors (Table V).

Discussion

MUC1 expression correlated with invasion and 
metastasis and poor survival in some cancers. It was 
reported that MUC1 was overexpressed in breast 
cancer, and was absent or expressed at a low level in 
normal mammary gland. MUC1 might be a poten-
tial target in breast cancer immunotherapy [10, 11]. 
In gastric cancer, MUC1 was not only expressed in 

metastatic disease, but also found to be highly ex-
pressed in primary tumor, indicating that it might be 
promoting initial spread [12, 13]. High MUC1 ex-
pression was also associated with lymph node metas-
tasis and vascular invasion in liver [14] and pancreas 
[15] cancer and oral squamous cell carcinoma [16]. 
MUC1 was also associated with higher grade tumors 
and shorter metastasis-free survival in renal cell car-
cinoma [17], thyroid cancer, and lymphomas [18]. 
These studies revealed a strong link between MUC1 
expression and metastatic progression. 

Only a few studies have reported the clinicopatho-
logical characteristics of MUC1 in ESCC patients, and 
their correlation remains controversial. Guillem et al.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=22878593
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Table V. Results of Cox regression multivariate 5-year tumor metastatic recurrence rate analysis

B SE Wald P HR 95.0% CI for HR

Gender –0.040 0.335 0.015 0.904 0.960 0.498-1.852

Age –0.277 0.235 1.394 0.238 0.758 0.478-1.201

Smoking 0.214 0.245 0.757 0.384 0.1.238 0.765-2.003

Tumor length, cm 0.212 0.190 1.254 0.263 1.237 0.853-1.793

Tumor location –0.351 0.274 1.641 0.200 0.704 0.411-1.204

Differentiation 0.051 0.233 0.049 0.825 1.053 0.667-1.660

pT 0.600 0.329 3.322 0.068 1.822 0.956-3.472

pN 1.318 0.487 7.322 0.007 3.735 1.438-9.699

pTNM 0.217 0.375 0.336 0.562 1.243 0.596-2.591

Chemotherapy –0.140 0.266 0.278 0.598 0.869 0.517-1.463

Radiotherapy 0.126 0.254 0.248 0.618 1.135 0.690-1.866

MUC1 expression 0.569 0.264 4.632 0.031 1.766 1.052-2.966
B – regression coefficient; SE – standard error; Wald – Wald value; HR – hazard ratio; CI – confidence interval

[19] and Kahkhaie et al. [20] evaluated MUC1 expres-
sion in ESCC at the mRNA level. They both found that 
MUC1 expression correlated with tumor progression 
in ESCC. Song [21] reported that 78.9% of ESCC 
patients expressed MUC1 at the protein level. Also, 
MUC1 expression was correlated with lymph node 
metastasis, and high expression of MUC1 correlates 
with poor survival in ESCC patients. Kijima et al.  
[22] used immunohistochemistry to detect MUC1 
protein in ESCC patients and found that MUC1 ex-
pression was an early event in cancer progression; 
however, it was not significantly associated with me-
tastasis of human esophageal carcinomas. Sagara et al. 
[23] used different anti-MUC1 monoclonal antibod-
ies examining MUC1 expression in 192 ESCC and 
obtained a different result on prognosis. These find-
ings could be explained by the use of different analyt-
ic methods, different inclusion criteria, and variable 
treatments and follow-up protocols. Up to now, no 
reports have been found in PubMed on the correla-
tion between MUC1 expression and tumor metastat-
ic recurrence in patients with ESCC. In our study, the 
expression of MUC1 was detected by IHC in 65.42% 
of ESCC patients. MUC1 expression correlated with 
tumor invasion (pT), lymph node metastasis (pN) 
and pTNM. The 5-year tumor metastatic recurrence 
rate of the patients with MUC1 expression in tu-
mor issue was significantly higher than that of the 
patients without expression in a univariate analysis. 
To eliminate the impact of mixed factors correlated 
with the result on statistical analysis, Cox regression 
multivariate analysis was performed to determine 
the independent predictive factors. pN and MUC1 
expression were the independent predictive factors 
for tumor metastatic recurrence. The examination of 

MUC1 expression in ESCC would become a  useful 
marker to predict tumor metastatic recurrence.

In conclusion, the expression of MUC1 is relat-
ed to tumor invasion, lymph node metastasis and 
pTNM in ESCC. MUC1 expression correlates with 
tumor metastatic recurrence in ESCC patients. 

The authors declare no conflict of interest.
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