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Abstract
The Polycomb group genes are a general class of regulators that are responsible for maintaining homeotic gene expression
throughout cell division. Polycomb group expression plays an important role in oncogenesis of several types of human cancer.
Melanoma nuclear protein 18 and B-cell-specific Moloney leukemia virus insert site 1 are key Polycomb group proteins. Studies have
shown that melanoma nuclear protein 18 is a potential tumor suppression, and B-cell-specific Moloney leukemia virus insert site 1 is
overexpressed in several human malignancies. However, the roles of melanoma nuclear protein 18 and B-cell-specific Moloney
leukemia virus insert site 1 in esophageal squamous cell carcinoma are still unclear. In this study, we analyzed the expression levels of
melanoma nuclear protein 18 and B-cell-specific Moloney leukemia virus insert site 1 in 89 esophageal cancer tissues and paired
normal mucosal tissues using immunohistochemistry, Western blotting, and quantitative real-time polymerase chain reaction
analyses. We found that the expression of melanoma nuclear protein 18 in the carcinoma tissues was significantly lower than that in
the noncancerous mucosal tissues (P < .05), and B-cell-specific Moloney leukemia virus insert site 1 expression in the carcinoma
tissues was significantly higher than that in the noncancerous mucosal tissues (P < .05). In addition, the expression of melanoma
nuclear protein 18 was correlated with clinical stage, depth of invasion, and lymph node metastasis (P < .05) but was not correlated
with gender, age, degree of differentiation, or disease-free survival (P > .05). B-cell-specific Moloney leukemia virus insert site 1
expression was strongly correlated with the degree of differentiation, clinical stage, and lymph node metastasis (P <.05) but was not
correlated with the gender, age, depth of invasion or disease-free survival (P > .05). Moreover, there was a negative correlation
between melanoma nuclear protein 18 and B-cell-specific Moloney leukemia virus insert site 1 expressions in esophageal squamous
cell carcinoma (P < .05). Our study suggests that melanoma nuclear protein 18 and B-cell-specific Moloney leukemia virus insert site 1
may play a crucial role in esophageal squamous cell carcinoma. Melanoma nuclear protein 18 or B-cell-specific Moloney leukemia
virus insert site 1 may be a potential biomarker for diagnosis and prognosis of esophageal squamous cell carcinoma.
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Introduction

Esophageal malignancy is one of the most lethal cancers world-

wide. It comprises approximately 7% in all gastrointestinal

cancers internationally.1 Despite clinical advances in the field

of oncology, esophageal cancer has the sixth highest mortality

of all cancers, with 406 800 deaths per year.2 Esophageal squa-

mous cell carcinoma (ESCC) is the major histological type of

esophageal cancer. Smoking and drinking are the major risk
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factors for ESCC.3-5 Esophageal squamous cell carcinoma is a

highly aggressive malignancy due to late diagnosis, rapid pro-

gression, and poor prognosis. Thus, the rate of the mortality of

esophageal cancer is similar to the rate of the incidence.6,7 The

5-year survival rate of esophageal cancer is less than 20%.8,9

However, the overall survival could be dramatically improved

by early diagnosis, with a 5-year survival rate of up to 90%.10

The majority of patients with early ESCC show no clinical

symptoms and manifestations. Therefore, identifying ideal

markers with high sensitivity and specificity will provide phy-

sicians with valuable information for diagnosis and suitable

treatment options. At present, there are no suitable biomarkers

for diagnosing ESCC; thus, finding specific biomarkers of

ESCC is urgently needed to detect tumors and recurrence.

The Polycomb group (PcG) genes are involved in the regu-

lation of the cell cycle, hematopoiesis, and X-inactivation.11,12

Polycomb group gene expression plays an important role in

oncogenesis of various types of human cancer.13 Melanoma

nuclear protein 18 (Mel-18) and B-cell-specific Moloney leuke-

mia virus insert site 1 (Bmi-1) are key PcG proteins, and they are

highly similar in structure. Melanoma nuclear protein 18 and

Bmi-1 play important roles in oncogenesis and progression of

ESCC; however, the effects of Mel-18 and Bmi-1 are different in

cancer cell growth and survival.14 Previous studies have shown

that Mel-18 is overexpressed in several human tumors, including

Hodgkin’s lymphomas,15 human melanoma,16 and medulloblas-

toma.17 Recently, several reports have suggested that Mel-18

may act as a tumor suppressor restraining c-Myc expression in

oncogenesis and progression of ESCC.18,19 Thus, the function of

Mel-18 in cancers is still unclear. The Bmi-1 gene was discov-

ered in 1999, and overexpression of Bmi-1 has been found in a

variety of human cancers, such as breast cancer,20 gastric can-

cer,21 and head and neck cancer,22 and its expression was also

associated with the development of tumors.23,24 Studies have

shown that the expression of Mel-18 is negatively correlated

with Bmi-1 in several tumors.24,25 However, the functions of

Mel-18 and Bmi-1 in ESCC have not been fully elucidated.

Therefore, we investigated the expression levels of the 2 marks

in esophageal cancer tissues and paired normal mucosal tissues,

and our study suggests that Mel-18 or Bmi-1 may be a biomarker

for diagnosis and prognosis of ESCC.

Materials and Methods

Sample Preparation of Patient With ESCC

The samples of esophageal cancer tissue and adjacent noncan-

cerous mucosal tissue were obtained from 29 patients who

received the surgical treatment from 2015 to 2016 in our hos-

pital. Normal tissues located 5 cm away from the tumor edge

were collected during the surgery. Tissue microarrays contain-

ing 60 esophageal tissue, and adjacent normal tissue sections

were commercially obtained from Chaoying Bioscience

(Shanxi, China). None of the patients received prior che-

motherapy or radiotherapy before the surgery. Pathology of the

esophageal cancer biopsies showed they were all squamous cell

carcinomas. The patient information, including gender, age,

and clinicopathological characteristics, was obtained from the

medical records or the manufacturer. The enrolled patients

included 64 males and 25 females, and the median age was

59 years (range: 36-76 years). The median follow-up time was

13.8 months (range: 5.0-22.9 months). The duration of disease-

free survival (DFS) began at the day of surgery and ended at

relapse, metastasis, last follow-up, or death for any cause.

Patients consented to the specimen collection, and this study

was approved by the research ethics committee of our hospital

(Qianfoshan Hospital affiliated with Shandong University).

Quantitative Real-Time-PCR Assays

Total RNA was extracted from frozen tissue specimens using

Total RNA Kit II (Omega, Georgia). One microgram of total

RNA was used to perform reverse transcription for first-strand

cDNA using the Revert Aid First Strand cDNA Synthesis Kit

(Thermo Scientific, Waltham, Massachusetts). Subsequently,

quantitative PCR was performed in triplicate on an ABI VIIA7

Real-Time PCR System (Applied Biosystems, Foster City,

California) with SuperReal PreMix Plus (SYBR Green;

TIANGEN, Beijing, China). The following gene-specific pri-

mer pairs were used: Mel-18: (F) 50-CGGACTACACGGAT-

CAAAATCA-30, (R) 50-GGCGTCGATGAAGTACCCC-30;
Bmi-1: (F) 50-CCACCTGATGTGTGTGCTTTG-30, (R) 50-
TTCAGTAGTGGTCTGGTCTTGT-30. b-Actin: (F) 5’-GAC

CACACCTTCTACAATGAG-30, (R) 50-GCATACCCCTCG

TAGATGGG-30. All reactions were performed in a 20 mL

reaction volume. Polymerase chain reaction was carried out

after predenaturing at 95�C for 15 minutes followed by 40

cycles at 95�C for 10 seconds and 62�C for 32 seconds. Gene

expression was analyzed with the comparative threshold (Ct)

cycle method after normalizing to b-Actin. DDCt ¼ DCt (eso-

phageal cancer)-DCt (control) for RNA samples. The fold

change for each esophageal cancer sample relative to the con-

trol sample ¼ 2-DDCt. When the expression showed a 2-fold

increase or decrease compared to the normal counterpart tissue,

it was considered altered expression.

Immunohistochemistry Staining

Tissue samples were soaked in 10% neutral buffered formalin,

embedded in conventional paraffin, and sectioned to a thick-

ness of approximately 3 mm. After deparaffinization, the speci-

mens were hydrated and incubated with an epitope retrieval

solution (pH 6.0) in a microwave (temperature controlled at

95�C-100�C) for 20 minutes. The slices were then incubated

with 0.3% H2O2 for 10 minutes at room temperature to inacti-

vate endogenous peroxidase and rinsed with phosphate-

buffered saline. Then, the specimens were incubated with

rabbit polyclonal antibody for Mel-18 (1:300 dilution,

bs-9673 R, Bioss, Beijing, China) and rabbit polyclonal anti-

body for Bmi-1 (1:500 dilution, ab85688, Abcam) at 4�C over-

night. After that, the specimens were incubated with secondary

antibodies using an Elivision Plus Kit (Maixin-Bio; Lab
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Vision, Kalamazoo, Michigan). DAB (Diaminobenzidine)

(DaKo, Carpinteria, California) chromogenic reagent was

added. After the specimens were counterstained with hematox-

ylin, they were dehydrated, mounted, and observed with a

Nikon 50i fluorescence microscope (Nikon, Tokyo, Japan).

The immunohistochemical specimens were observed under

200� optical microscope and evaluated using positive staining

intensity and percentage of positive staining by 2 pathologists.

The extent of the stained cells was graded as follows: 0%-5.0%
¼ 0, 5.1%-25.0% ¼ 1, 25.1%-50.0% ¼ 2, 50.1%-75.0% ¼ 3,

and 75.1%-100% ¼ 4. Positive staining intensity was rated as

follows: no staining¼ 0, light yellow¼ 1, yellow¼ 2, and dark

yellow ¼ 3. The final score was determined by multiplying the

positivity scores with the staining intensity scores of cells; a

score of 0 to 2 was regarded as negative (�), 3 to 5 as weak (þ),

6 to 8 as moderate (þ þ), and 9 to 12 as strong (þþþ) .

Western Blot

Human esophageal cancer tissues and adjacent noncancerous

mucosal tissue were homogenized and centrifuged at 12 000g

for 30 minutes at 4�C. The protein concentrations were deter-

mined using the BCA (Bicinchonininc Acid) Protein Assay Kit

(BOSTER, Wuhan, China). Thirty micrograms of total protein

was separated by 10% SDS-PAGE (Sodium Dodecyl Sulfate

Polyacrylamide Gel Electrophoresis), transferred to a PVDF

(Polyvinylidene Fluoride) membrane, and blocked in 5% milk.

The membranes were incubated with rabbit polyclonal antibody

for Mel-18 (1:500 dilution, bs-9673 R, Bioss, Beijing, China)

and rabbit polyclonal antibody for Bmi-1 (1:8000 dilution,

ab85688, Abcam) or GAPDH (Glyceraldehyde Phosphate Dehy-

drogenase) (1:6000 dilution, China) at 4�C overnight. The sec-

ondary antibody (1:8000 dilution, China) was incubated with the

membrane for 1 hour at room temperature. Finally, the immu-

noreactive protein bands were visualized with a chemilumines-

cence kit (Millipore, MA, USA).

Statistical Analysis

The protein expression data were statistically analyzed with w2

tests and Fisher exact test. The correlation between Mel-18 and

Bmi-1 messenger RNA (mRNA) expression levels was ana-

lyzed by Pearson coefficient test. Disease-free survival rates

were plotted using the Kaplan-Meier method, and the log-rank

test was used for analysis. All statistical analyses were per-

formed using the SPSS 21.0 software package. P < .05 was

considered statistically significant.

Results

Immunodetection of MEL-18 and BMI-1 in ESCC Tissues

The expression rate of Mel-18 in ESCC tissues and normal

mucosa was 33.7% (30 of 89) and 68.5% (61 of 89), respec-

tively. The expression rate of Bmi-1 in ESCC tissues and nor-

mal mucosa was 74.2% (66 of 89) and 30.3% (27 of 89),

respectively. The differences in the expression of Mel-18 and

Bmi-1 were statistically significant between esophageal cancer

tissues and normal esophageal mucosa (w2 ¼ 21.606, P < .05;

w2 ¼ 34.249, P < .05). In our cases, Mel-18 and Bmi-1 were

expressed in the nuclei of tumor cells as shown by immuno-

histochemistry staining (Figure 1).

The Association Between the Expression of MEL-18 and
BMI-1 With Clinicopathological Parameters

The importance of Mel-18 and Bmi-1 in ESCC was evaluated

by correlating their expression levels with clinicopathological

features. Several of the analyzed characteristics showed signif-

icant associations with the expression levels (Table 1). The

results showed that the expression of Mel-18 was correlated

with clinical stage, depth of invasion, and lymph node metas-

tasis but not with patient gender, age, or degree of differentia-

tion. The expression of Bmi-1 was correlated with degree of

differentiation, clinical stage, and lymph node metastasis but

not with patient gender, age, or depth of invasion.

Quantifying MEL-18 and BMI-1 Expression Levels by
Western Blot Analysis and Real-Time PCR

Melanoma nuclear protein 18 and Bmi-1 protein levels were

quantified by Western blot analyses. The proteins were

detected in ESCC and corresponding para-carcinoma tissues.

Compared to the para-carcinoma tissues, the expression level

of Mel-18 was significantly lower, and Bmi-1 was significantly

higher in ESCC with statistically significant differences (P ¼
.028 and P ¼ .008, respectively, paired-sample test; Figure 2).

Transcription of Mel-18 and Bmi-1 was quantified by quanti-

tative real-time PCR. The results show that Mel-18 mRNA was

downregulated in 16 (55.17%) of 29 esophageal tumor tissues

(<0.5-fold), and Bmi-1 mRNA was overexpressed in 18

(62.07%) of 29 esophageal tumor tissues (>2-fold).The ESCC

tissues exhibited a lower level of Mel-18 mRNA and a higher

level of Bmi-1 mRNA than the para-carcinoma tissues.

Association of MEL-18 and BMI-1 With Survival Outcome

We also analyzed the association between the expression of

Mel-18 and Bmi-1 with patient survival. By the end of the

study, 4 patients had relapsed and 1 patient had died from

ESCC. The median DFS time was 20.4 months (95% CI:

18.5-22.4 months). Kaplan-Meier analysis shows that there was

no significant correlation between the expression of Mel-18

and Bmi-1 with DFS (P > .05; Figure 3).

Correlation Among MEL-18 and BMI-1 Expressions in
ESCC Tissues

Correlation analysis was performed to test the relationship

between Mel-18 mRNA and Bmi-1 mRNA. The Mel-18

expression was negatively associated with Bmi-1 by Pearson

coefficient test (r ¼ �.592, P ¼ .001). Moreover, according

to the result of immunohistochemical studies, there were
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significant negative correlations between Mel-18 and Bmi-1

(r ¼ �.285, P ¼.007, w2 test; Table 2).

Discussion

Mammalian PcG proteins are classified into Polycomb repres-

sive complexes 1 and 2 (PRC1 and PRC2). Melanoma nuclear

protein 18, a member of the PRC1, is detected in a number of

tumor and normal tissues.25 Melanoma nuclear protein 18 was

reported to be overexpressed in several tumors, including

human melanoma, Hodgkin lymphomas, and medulloblas-

toma. However, a number of previous reports have revealed

that Mel-18 acts as a tumor-suppressor gene, including

breast,26,27 colorectal, prostate,28,29 and gastric cancers.21

Table 1. Correlations Between the Expression Level of Mel-18 or Bmi-1 and Clinical-Pathologic Variables.

Variable

Mel-18 Bmi-1

Total Cases Positive Cases Positive Rat w2 P Total Cases Positive Cases Positive Rat w2 P

Gender

Male 64 18 28.1% 3.178 .086 64 48 75.0% 0.048 .792

Female 25 12 48.0% 25 18 72.0%
Age, years

<60 45 13 28.9% 0.946 .375 45 35 77.8% 0.623 .475

�60 44 17 38.6% 44 31 70.5%
Differentiation degree

Well 9 5 55.6% 3.071 .215 9 2 22.2% 14.625 .001a

Moderate 48 17 35.4% 48 37 77.1%
Poor 32 8 25.0% 32 27 84.8%

Clinical stage

I/II 71 29 40.8% 8.003 .004 a 71 48 67.6% 7.863 .005 a

III/IV 18 1 5.6% 18 18 100.0%
T classification

T1/2 28 18 64.3% 17.094 .001 a 28 19 67.9% 0.846 .436

T3/4 61 12 19.7% 61 47 77.0%
Lymph node metastases

Negative 71 28 39.4% 5.156 .026 a 71 48 67.6% 5.771 .005 a

Positive 18 2 11.1% 18 18 100.0%

Abbreviations: Bmi-1, B-cell-specific Moloney leukemia virus insert site 1; Mel-18, melanoma nuclear protein 18.
aStatistically significant. Statistically significant at 0.05 level (bilateral).

Figure 1. Immunohistochemical staining of esophageal squamous cell carcinoma using an antibody against Mel-18 (A and B) or Bmi-1 (C

and D). Mel-18 protein expression in ESCC cells was weaker than that in adjacent noncancerous tissues. B-cell-specific Moloney leukemia virus

insert site 1 (Bmi-1) protein expression in esophageal squamous cell carcinoma (ESCC) cells was stronger than that in adjacent noncancerous

tissues. Original magnification was 200�.
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Therefore, these results suggest that Mel-18 plays an oncogenic

or tumor-suppressor role possibly depending upon the context

of the cancer system. In our study, the expression of Mel-18

was significantly reduced in ESCC tissues compared to the

corresponding noncancerous mucosal tissues. We found a neg-

ative correlation between the expression of Mel-18 and the

clinical stage, depth of cancer invasion (T classification), and

lymph node metastasis (N classification) with statistically sig-

nificant differences (P < .05). These results suggest that Mel-18

protein is associated with carcinogenesis, progression, and

metastasis. Thus, Mel-18 may play a crucial role in ESCC.

B-cell-specific Moloney leukemia virus insert site 1 is struc-

turally highly similar to Mel-18, is another important member

of PRC1, regulates proliferation and senescence in mammalian

cells. It displays an inverse correlation with Mel-18 and was

identified as an oncogene.30 It has been reported to be nega-

tively regulated by Mel-18 via repression of the c-Myc. Over-

expression of Bmi-1 in esophageal cancer has been previously

reported.31,32 In this study, we found that Bmi-1 plays an

important role in ESCC progression. We demonstrated that

Bmi-1 expression was significantly upregulated in ESCC tis-

sues compared to adjacent noncancerous tissues. In addition,

we also observed that positive expression of Bmi-1 was corre-

lated with the clinical stage, degree of differentiation, and

lymph node metastasis (N classification), and the differences

were statistically significant (P < .05). These results suggest

that Bmi-1 protein may play a crucial role in the carcinogen-

esis, progression, and metastasis of ESCC. However, there was

no correlation between Bmi-1 expression and depth of cancer

invasion or DFS, which was not consistent with the results of a

previous study. He et al33 reported an association between Bmi-

1 overexpression and poor OS (Overall Survival). However,

Hwang et al34 and Choy et al35 found no association between

Bmi-1 expression and OS in patients with ESCC consistent

with the results of the present study. One of the reasons may

the small number of samples.

Previous studies have shown that the expression of Bmi-1

was no significant associations with age, gender, tumor dia-

meter, or nationality.31,32,33-35 But there is argument about the

relationship between the gene expression and depth of inva-

sion, lymph node metastasis, or clinical stage. Liu et al32 found

that high expression of Bmi-1 was significantly associated with

lymph node metastasis and clinical stage but not associated

with depth of invasion or distant metastasis, which was con-

sistent with the results of our study. Zhang et al31 reported the

expression of Bmi-1 was correlated with depth of invasion and

lymph node metastasis .However, Choy et al35 shown that there

were no significant associations of Bmi-1 expression with

lymph node metastasis and clinical stage. For instance, esopha-

geal carcinoma cell line including Eca109, EC 9706, TE1, and

so on; however, further research is needed.

The molecular pathways by which these proteins regulate

oncogenesis remain unclear. B-cell-specific Moloney leuke-

mia virus insert site 1 can inhibit the INK4a-ARF gene and

participate in the development of a variety of tumors. B-cell-

specific Moloney leukemia virus insert site 1 can promote

self-renewal and differentiation in liver cells, improve leuke-

mia stem cell proliferation, and is involved in the proliferation

of tumor cells under the synergy of the c-Myc gene.23 B-cell-

specific Moloney leukemia virus insert site 1 has been

reported to be negatively regulated by Mel-18 via repression

of the c-Myc oncogene, which is amplified and/or overex-

pressed in a variety of malignancies. Lee et al36 reported that

Mel-18 expression was reduced in breast cancer cells and

tissues and upregulated the expression of Mel-18 and

decreased the expression of c-Myc. Thus, Bmi-1 levels were

decreased, reducing the activity of PKB/Akt in breast cancer

cells, accelerating ageing and decreasing the life of cells, and

inhibiting tumor growth. Wang et al28 found a significant

negative correlation between the expression of Mel-18 and

c-Myc in prostate cancer. Zhang et al14 found that Mel-18

also had lower expression in gastric cancer tissues and cells;

overexpression of Mel-18 decreased Bmi-1 expression and

upregulated p16, eventually inhibiting the growth of gastric

cancer cells.

In the study, we demonstrated that neoplastic ESCC cells

show abnormal expression of Mel-18 and Bmi-1. We pro-

pose that abnormal PcG expression alters the expression of

Figure 2. Downregulation of Mel-18 and overexpression of Bmi-1 in ESCC tumors. Three paired primary esophageal tumors (T) and normal

esophageal tissues (N) from the same 3 patients were analyzed for Mel-18 (A) and Bmi-1 (B) expression at the protein level by Western blotting.

The expression level was normalized by GAPDH. Statistical analysis was performed using a paired-sample t test (C).
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target genes involved in regulation of senescence or the cell

cycle in an altered composition of the PRC1 in ESCC. Our

observations add to the increasing evidence that PcG genes

are important contributors to carcinogenesis and progression

of human tumors. We additionally found that there was a

strong negative correlation between Mel-18 and Bmi-1

expressions at the mRNA (r ¼ �0.592, P ¼ .001) and

protein level (r ¼ �0.285, P ¼ .007). The underlying

mechanism of Mel-18 and Bmi-1 may be through the reg-

ulation of c-myc.

This study is the first to investigate the correlation between

Mel-18 expression level and clinicopathological characteristics

in ESCC. The expression of Mel-18 and Bmi-1 was correlated

with esophageal cancer progression. Advanced-stage ESCC is

more likely to express lower Mel-18 and higher Bmi-1. We

examined associated gene expression, but we did not investi-

gate the detailed mechanisms of regulation of esophageal can-

cers. The molecular pathways through which these genes

regulate oncogenic signals need to be further studied in ESCC.

Conclusion

In conclusion, we observed an inverse correlation between the

expression levels of Mel-18 and Bmi-1 in ESCC. Both Mel-18

and Bmi-1 are involved in the development and progression of

ESCC. Melanoma nuclear protein 18 and Bmi-1 might be novel

molecular markers for ESCC. However, the detailed mechan-

isms of regulation of Mel-18 and Bmi-1 remained to be

elucidated.

Acknowledgments

The authors would express our outmost gratitude to all the personnel’s

in the Medical Research Center, Qianfoshan Hospital, Shandong Med-

ical University for their excellent technical assistance.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This

research was supported by the Ministry of Science and Technology

Research Foundation for funding support (2013GSF11836).

References

1. Song T, Liang X, Fang M, Wu S. High-dose versus conventional-

dose irradiation in cisplatin-based definitive concurrent chemora-

diotherapy for esophageal cancer: a systematic review and pooled

analysis. Expert Rev Anticancer Ther. 2015;15(10):1157-1169.

2. Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA

Cancer J Clin. 2011;61(2):69-90.

Table 2. Relationship Between the Expression of Mel-18 and Bmi-1

in Esophageal Cancer.

Mel-18

BMI-1

þ �

þ 17 13

� 49 10

Abbreviations: Bmi-1, B-cell-specific Moloney leukemia virus insert site 1;

Mel-18, melanoma nuclear protein 18.

There were significant negative correlations between Mel-18 and Bmi-1

(r ¼ �0.285, P ¼ 0.007; chi-square test).

Figure 3. Kaplan-Meier analysis of the prognostic value of the

expression of Mel-18(A) and Bmi-1(B) in prediction of disease-free

survival.

Ji et al 833



3. IARC Working Group on the Evaluation of Carcinogenic Risks to

Humans. Biological agents. Volume 100 B. A review of human

carcinogens. IARC Monogr Eval Carcinog Risks Hum. 2012;

100(Pt B):1-441.

4. Freedman ND, Abnet CC, Leitzmann MF, et al. A prospective

study of tobacco, alcohol, and the risk of esophageal and

gastric cancer subtypes. Am J Epidemiol. 2007;165(12):

1424-1433.

5. Baan R, Straif K, Grosse Y, et al. WHO International Agency for

Research on Cancer Monograph Working Group. Carcinogenicity

of alcoholic beverages. Lancet Oncol. 2007;8(4):292-293.

6. Crew KD. Neugut AI. Epidemiology of upper gastrointestinal

malignancies. Semin Oncol. 2004;31(4):450-464.

7. Vaupel P, Mayer A. Hypoxia in cancer: significance and impact

on clinical outcome. Cancer Metastasis Rev. 2007;26(2):225-239.

8. Siegel R, Naishadham D, Jemal A. Cancer statistics for Hispanics/

Latinos. CA Cancer J Clin. 2012;62(5):283-298.

9. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics. CA Cancer J

Clin. 2014;64(1):9-29.

10. Zhou SL, Wang LD. Circulating microRNAs: novel biomarkers

for esophageal cancer. World J Gastroenterol. 2010;16(19):2348.

11. Heard E. Recent advances in X-chromosome inactivation. Curr

Opin Cell Biol. 2004;16(3):247-255.

12. Raaphorst FM, Otte AP, van Kemenade FJ, et al. Distinct BMI-

1and EZH2 expression patterns in thymocytes and mature T cells

suggest a role for Polycomb genes in human T cell differentiation.

J Immunol. 2001;166(10):5925-5934.

13. Raaphorst FM. Deregulated expression of polycomb-group onco-

genes in human malignant lymphomas and epithelial tumours.

Hum Mol Genet. 2005;14(spec no 1): R93-R100.

14. Zhang XW, Sheng YP, Li Q, et al. Bmi1 and Mel-18 oppositely

regulate carcinogenesis and progression of gastric cancer. Mol

Cancer. 2010;9:40.

15. Dukers DF, van Galen JC, Giroth C, et al. Unique polycomb gene

expression pattern in Hodgkin’s lymphoma and Hodgkin’s

lymphoma-derived cell lines. Am J Pathol. 2004;164(3):873-881.

16. Tagawa M, Sakamoto T, Shigemoto K, et al. Expression of novel

DNA-binding protein with zinc finger structure in various tumor

cells. J Biol Chem. 1990;265(32):20021-20026.

17. Wiederschain D, Chen L, Johnson B, et al. Contribution of

polycomb homologues Bmi-1 and Mel-18 to medulloblastoma

pathogenesis. Mol Cell Biol. 2007;27(13):4968-4979.

18. Guo WJ, Datta S, Band V, Dimri GP. Mel-18, a polycomb group

protein, regulates cell proliferation and senescence via transcrip-

tional repression of Bmi-1 and c-Myc oncoproteins. Mol Biol

Cell. 2007;18(2):536-546.

19. Silva J, Garcia JM, Pena C, et al. Implication of polycomb mem-

bers Bmi-1, Mel-18, and Hpc-2 in the regulation of p16INK4a,

p14ARF, h-TERT, and c-Myc expression in primary breast car-

cinomas. Clin Cancer Res. 2006;12(23):6929-6936.

20. Guo BH, Feng Y, Zhang R, et al. Bmi-1 promotes invasion and

metastasis, and its elevated expression is correlated with an

advanced stage of breast cancer. Mol Cancer. 2011;10(1):10.

21. Lu YW, Li J, Guo WJ. Expression and clinicopathological sig-

nificance of Mel-18 and Bmi-1 mRNA in gastric carcinoma. J

Exp Clin Cancer Res. 2010;29:143.

22. Dalley AJ, Pitty LP, Major AG, Abdulmajeed AA, Farah CS.

Expression of ABCG2 and Bmi-1 in oral potentially malignant

lesions and oral squamous cell carcinoma. Cancer Med. 2014;

3(2):273-283.

23. Li DW, Tang HM, Fan JW, et al. Expression level of Bmi-1

oncoprotein is associated with progression and prognosis in colon

cancer. J Cancer Res Clin Oncol. 2010;136(7):997-1006.

24. Guo P, Gao A, Zhang G, Han H, Zhou Q. Decoding the knots of

initiation of oncogenic epithelial-mesenchymal transition in

tumor progression. Curr Cancer Drug Targets. 2013;13(9):

996-1011.

25. Sanchez-Beato M, Sanchez E, Gonzalez-Carrero J, et al. Varia-

bility in the expression of polycomb proteins in different normal

and tumoral tissues. A pilot study using tissue microarrays. Mod

Pathol. 2006;19(5):684-694.

26. Riis ML, Luders T, Nesbakken AJ, Vollan HS, Kristensen V,

Bukholm IR. Expression of BMI-1 and Mel-18 in breast tissue-

a diagnostic marker in patients with breast cancer. BMC Cancer.

2010;10:686.

27. Guo BH, Zhang X, Zhang HZ, et al. Low expression of Mel-18

predicts poor prognosis in patients with breast cancer. Ann Oncol.

2010;21(12):2361-2369.

28. Wang W, Lin T, Huang J, Hu W, Xu K, Liu J. Analysis of Mel-18

expression in prostate cancer tissues and correlation with clinico-

pathologic features. Urol Oncol. 2011;29(3):244-251.

29. Wang W, Yuasa T, Tsuchiya N, Hu W, Xu K, Liu J. The novel

tumor-suppressor Mel-18 in prostate cancer: its functional poly-

morphism, expression and clinical significance. Int J Cancer.

2009;125(12):2836-2843.

30. Alkema MJ, Wiegant J, Raap AK, Berns A, van Lohuizen M.

Characterization and chromosomal localization of the human pro-

tooncogene Bmi-1. Hum Mol Genet. 1993;2(10):1597-1603.

31. Zhang Y, Zhang YL, Chen HM, et al. Expression of Bmi-1 and

PAI-1 in esophageal squamous cell carcinoma. World J Gastro-

enterol. 2014;20(18):5533-5539.

32. Liu WL, Guo XZ, Zhang LJ, et al. Prognostic relevance of Bmi-1

expression and autoantibodies in esophageal squamous cell car-

cinoma. BMC Cancer. 2010;10:467.

33. He XT, Cao XF, Ji L, et al. Association between Bmi1 and clin-

icopathological status of esophageal squamous cell carcinoma.

World J Gastroenterol. 2009;15(19):2389-2394.

34. Hwang CC, Nieh S, Lai CH, et al. A retrospective review of the prog-

nostic value of ALDH-1, Bmi-1 and Nanog stem cell markers in eso-

phageal squamous cell carcinoma. PLoS One. 2014;9(8): e105676.

35. Choy B, Bandla S, Xia Y, et al. Clinicopathologic characteristics

of high expression of Bmi-1 in esophageal adenocarcinoma and

squamous cell carcinoma. BMC Gastroenterol. 2012;12:146.

36. Lee JY, Jang KS, Shin DH, et al. Mel-18 negatively regulates

INK4a/ARF-independent cell cycle progression via Akt inactiva-

tion in breast cancer. Cancer Res. 2008;68(11):4201-4209.

834 Technology in Cancer Research & Treatment 16(6)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


