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Abstract

Aim: Esophageal squamous cell carcinoma (ESCC) is one of the most common fatal malignances of the digestive tract. Its
prognosis is poor mainly due to the lack of reliable markers for early detection and prognostic prediction. Here we aim to
identify the molecules involved in ESCC carcinogenesis and those as potential markers for prognosis and as new molecular
therapeutic targets.

Methods: We performed genome-wide gene expression profile analyses of 10 primary ESCCs and their adjacent normal
tissues by cDNA microarrays representing 47,000 transcripts and variants. Candidate genes were then validated by semi
quantitative reverse transcription-PCR (RT-PCR), tissue microarrays (TMAs) and immunohistochemistry (IHC) staining.

Results: Using an arbitrary cutoff line of signal log ratio of $1.5 or #21.5, we observed 549 up-regulated genes and 766
down-regulated genes in ESCCs compared with normal esophageal tissues. The functions of 302 differentially expressed
genes were associated with cell metabolism, cell adhesion and immune response. Several candidate deregulated genes
including four overexpressed (CTTN, DMRT2, MCM10 and SCYA26) and two underexpressed (HMGCS2 and SORBS2) were
subsequently verified, which can be served as biomarkers for ESCC. Moreover, overexpression of cortactin (CTTN) was
observed in 126/198 (63.6%) of ESCC cases and was significantly associated with lymph node metastasis (P = 0.000),
pathologic stage (P = 0.000) and poor survival (P,0.001) of ESCC patients. Furthermore, a significant correlation between
CTTN overexpression and shorter disease-specific survival rate was found in different subgroups of ESCC patient stratified
by the pathologic stage (P,0.05).

Conclusion: Our data provide valuable information for establishing molecules as candidates for prognostic and/or as
therapeutic targets.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is the predomi-

nant type of esophageal cancer (EC) internationally, accounting

for more than 90% of all EC cases [1]. ESCC is one of the most

common forms of cancer and is associated with a poor prognosis

[2]. Despite advances in diagnostic techniques and multimodal

therapies, ESCC remains a deadly cancer with a 5-year survival

rates averaging 15% in many countries [3]. The bad prognosis is

the result of the aggressive biological character of the tumor, a lack

of reliable diagnostic techniques for early-stage detection and

absence of effective individualized treatment [4]. Decreasing the

mortality rate would require early diagnosis and treatment for

patients. However, current biomarkers that are used to identify

ESCC patients at an early stage and select treatment modalities for

individual patients still lack sufficient sensitivity and specificity [5].

So far, molecular technique has been regarded as an ideal method

for early diagnosis and prognostic prediction in ESCC. Thus, it is

of great clinical value to look for new diagnostic, therapeutic

indicators and prognostic prediction based on the molecular

mechanism underlying esophageal carcinogenesis.

To understand the molecular basis and select candidates for the

development of novel anti-tumor drugs and tumor markers, it is

necessary to analyze the global changes of gene expression between

the ESCC tumor tissues and non-tumor tissues. For this purpose,

cDNA microarray technology, a powerful tool for large scale gene

expression studies which based on hybridization, was used to

analyze the changes in the expression of thousands of genes

simultaneously [6]. Several microarray studies have investigated the

gene expression profiles in ESCC tissues and cell lines [7,8].

However, useful information derived from those studies was limited.
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With an aim to identify more novel esophageal cancer-related

genes which might be potential molecular targets for diagnosis,

treatment, and/or prevention of ESCC, we compared gene

expression profiles between tumor tissues and matched normal

epithelia from 10 ESCC specimens using the Affymetrix human

genome U133 Plus 2.0 GeneChip consisting of 47,000 transcripts.

The present study identified a number of differentially expressed

genes including those related to cell adhesion, cell metabolism and

immune response. Notably, an actin filament-binding protein and a

kinase target, cortactin (CTTN or EMS1), was found to be one of

the most significant overexpressed genes in ESCC. Here, we

reported that overexpression of CTTN has independent prognostic

value and could also be served as a therapeutic target for ESCC.

Materials and Methods

Ethics Statement
ESCC tissue specimens used in this study were approved by the

Committees for Ethical Review of Research involving Human

Subjects at Zhengzhou University. Written informed consents for

the original human work that produced the tissue samples were

obtained.

ESCC Clinical Samples
Primary ESCC tissues and adjacent normal esophageal

epithelial tissues (taken 5 cm away from the tumor edge) were

collected at the time of surgical resection at Linzhou People’s

Hospital (Henan, China). All tumor tissues were histopathologi-

cally confirmed as ESCC. The patients were all previously

untreated (i.e, no radiotherapy or chemotherapy). Informed

consent was obtained from all patients. The specimens after

surgical resection were stored at 280uC immediately until the time

of RNA extraction. The ten tumor samples selected for cDNA

microarray analyses were derived from dissected tumor tissues

which comprised more than 80% of tumor cells without necrosis.

Paired adjacent normal mucosas were used as reference. A total of

231 formalin-fixed and paraffin-embedded ESCCs and their

corresponding normal esophageal epithelial tissue samples were

also kindly provided by Linzhou People’s Hospital. All clinical

information was obtained from medical records.

Cell Lines
Five Japanese ESCC cell lines (KYSE140, KYSE410, KYSE180,

KYSE30 and KYSE510) were obtained from DSMZ (Braunsch-

weig, Germany), the German Resource Centre for Biological

Material [9]. Chinese ESCC cell line HKESC1,EC18 and EC109

were kindly provided by Professor Srivastava (Department of

Pathology, The University of Hong Kong, Hong Kong, China)

[10]. All these ESCC cell lines were cultured in RPMI 1640

supplement with 10% fetal bovine serum. The cells were incubated

at 37uC in a humidified chamber containing 5% CO2.

RNA Extraction, Amplification and Labeling
Tissue samples were ground into powder in liquid nitrogen, and

TRIzol reagent was added as soon as nitrogen vaporization

concluded. Total RNA was subsequently isolated according to the

manufacturer’s instructions. RNA concentration was measured

using a NanoDrop spectrophotometer (ND-1000; Labtech Inter-

national, France) and the purity was assessed by the A260/A280

and A230/A260 ratios. An Agilent bioanalyzer (model 2100;

Agilent Technologies, Santa Clara, CA) was used to assess RNA

quality after isolation and, subsequently, after biotin labeling and

fragmentation. For this, 100 ng RNA of each specimen was

amplified to obtain cRNA and was labeled using Affymetrix

GeneChip eukaryotic 2 cycle labeling assays for expression

analysis(Affymetrix;900494) according to the manufacturer’s

instructions at http://www.affymetrix.com/products/reagents/

specific/cdna2.affx.

Microarray Hybridization
Affymetrix HG U133 Plus 2.0 oligonucleotide microarrays were

prehybridized in hybridization solution containing 1 mol/L NaCl,

20 mmol/L EDTA, 100 mmol/L 2-(N-morpholino) ethanesulfo-

nic acid, and 0.01% Tween 20 for 10 minutes at 45uC and 60

revolutions per minute. The prehybridization solution was then

removed and replaced with 200 mL hybridization solution

containing 0.05 mg/mL fragmented cRNA, and the arrays were

hybridized for 16 hours at 45uC and 60 revolutions per minute.

Arrays were subsequently washed (Affymetrix fluidics station

model 400), and was scanned and visualized using a Gene Array

scanner (Hewlett-Packard).

Microarray Analysis
The quality of the pooled normal or tumor samples have been

checked by the heatmap with clustering (Figure S1). Affymetrix

human genome U133 Plus 2.0 GeneChip (Affymetrix), covering

47,000 transcripts and variants, was used to identify differentially

expressed genes between ESCC tumor tissues and normal tissues.

Microarray reaction was done according to the manufacturer’s

instructions. Probe set intensities were calculated using the

Microarray Analysis Suite (MAS v5.0, Affymetrix) software and

normalized against 100 housekeeping genes to a mean intensity of

2,000 in mask files of U133 Plus 2.0 before further statistical

analysis. Normalized expression values were then compared

between ESCC samples and their paired normal tissues. Fold-

change differences were calculated to identify up-regulated and

down-regulated genes. Transcripts with more than a 1.5-fold

difference in expression level were defined as differentially

expressed. Specifically designed online tools, including FatiGO

[11], Gene Ontology [12] provided by the GO Consortium, and

NetAffx Analysis Center database [13], were used to classify the

functional roles of the identified differentially expressed genes.

cDNA microarray data have been submitted to Gene Expression

Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) under the

accession number GSE33810.

Semiquantitative Reverse Transcription-PCR (RT-PCR)
To examine the reliability of the microarray data, RT-PCR

analysis was used to confirm the microarray analysis data for the

selected four up-regulated genes(CTTN, DMRT2, MCM10 and

SCYA26) and two down-regulated genes (HMGCS2 and

SORBS2) as described previously [14]. A total of 2 mg mRNA

aliquot from each sample were reverse transcribed to single-

stranded cDNAs using an Advantage RT for PCR kit (Clontech)

and cDNA was subjected to PCR for 30 cycles of amplification.

RT-PCR experiments were carried out with the following sets of

synthesized primers specific to the selected six genes or with

GAPDH-specific primers as an internal control: cortactin (CTTN

or EMS1)-Fr: 59-TGAGTGTGT GTTCTTCCCCAAG-39,cor-

tactin(CTTN or EMS1)-Rr:59-CACGTGACCTTCTGGA AA-

GACA-39;DMRT-Fr:59-GCGTGGTGTCCTGCCTGAAG-

39,DMRT-Rr:59-GCCCCTTCTTGTCCTCGGTG-

39;MCM10-Fr:59-GCAAAAATCCCCTGTAGAGA-39,

MCM10-Rr:59-CCCCACAATTTGACCTCTAG-39;SCYA26-

Fr:59-CACCTTGGAACTGCCACACG-39,SCYA26-Rr:59-

TGGGTACAGACTTTCTTGCC-39;HMGCS2-Fr:59-

CTGGGATGGTCGTTATGCCA-39,HMGCS2-Rr:59-

TCGTCAAGGGTGAAGGGTCG-39;SORBS2-Fr:59-ACGTA-
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GAGAAACTCACACCT-39,SORBS2-Rr:59-TCCTATCACTA-

GAATAGCTG-39;GAPDH-Fr:59-CATGAGAAGTATGACAA-

CAGCCT-39,GAPDH-Rr:59-AGTCCTTCCACGATAC-

CAAAGT-39.

Tissue Microarrays (TMAs) and Immunohistochemistry
(IHC)

Tissue microarrays (TMAs) were constructed with 231 pairs of

primary ESCC tumor samples and matched normal esophageal

epithelia as described previously [15,16]. The ESCC specimens

varied from pathological stage grade I to grade III from patients in

the age group of 40–80 years. Standard streptavidin-biotin-

peroxidase complex method was used for IHC staining. Briefly,

TMA sections were deparaffinized, rehydrated and blocked by

10% normal goat serum at room temperature for 30 minutes.

Sections were then incubated with anti-cortactin (CTTN) antibody

(Abcam, Cambridge, UK) at a dilution of 1:300 overnight at 4uC.

After washed with TBS, the slides were then incubated with

biotinylated goat anti-rabbit immunoglobulin at a concentration of

1:100 for 30 min at 37uC. Three independent investigators

semiquantitatively assessed CTTN positivity without prior knowl-

edge of clinicopathologic data. Positive expression of CTTN in

normal and malignant ESCC tissues was primarily a cytoplasm

pattern. Because the intensity of CTTN staining within each tissue

core was mostly homogeneous, the intensity of CTTN staining was

semiquantitatively evaluated using the following criteria: strong

positive (scored as 2+), dark brown staining in .50% of normal or

malignant esophageal squamous cells completely obscuring

cytoplasm; weak positive(1+), any lesser degree of brown staining

appreciable in cell cytoplasm; absent (scored as 0), no appreciable

staining in normal or malignant esophageal squamous cells. We

classified strong positive expression as CTTN overexpression (+),

weak positive and absent expression as CTTN no overexpression

(–). Cases were accepted as being strongly positive only if the

reviewers independently defined them as such.

Statistical Analysis
Statistical analysis was done with the SPSS standard version

13.0 (SPSS Inc). The association between CTTN expression in

tumor tissues and clinicopathologic characteristics such as age,

gender, tumor cell differentiation, lymph nodes metastasis and

pathological stage was analyzed using the chi-square test. Disease-

specific survival (DSS) curves were calculated from the date of

diagnosis to the date of death related to ESCC or the last date of

follow-up. Survival curves were assessed by the Kaplan–Meier

method and differences in survival times were compared by the

log-rank test. Relative risks of cancer-related death associated with

CTTN expression status and clinicopathologic variables including

age, sex, tumor cell differentiation and lymph nodes metastasis

were estimated by univariate analyses. Multivariate Cox analysis

was performed on all variables that were detected to be significant

on univariate level. Differences were considered significant when P

value was less than 0.05.

Results

Identification of Differentially Expressed Genes between
ESCC Tissues and Adjacent Normal Esophageal Epithelia

Gene expression profiles of pooled tumors (from 10 ESCCs) and

their pooled normal counterparts were obtained by microarray

analysis using Affymetrix human genome U133 plus 2.0 arrays

covering 47,000 transcripts and variants. A total of 25,206 probe

sets (transcripts) were present in ESCC tissues relative to their

normal controls. We found that 1315 genes showed differentially

expression levels. Among these genes, 549 up-regulated genes

(41.7%, Table S1) and 766 down-regulated genes (58.3%, Table

S2) were detected in tumor tissues compared with the expression

profile of normal esophageal epithelia, using an arbitrary cutoff

line of signal log ratio of $1.5 or #21.5. The functional roles of

715 of these genes (340 up-regulated and 375 down-regulated) are

known. The function of 302 differentially expressed genes (of 715,

42.24%) in tumor tissues were associated with cell metabolism (148

genes, Table S3), cell adhesion (90 genes, Table S4), and the

immune response (64 genes, Table S5).

Validation of Selected Genes using Semiquantitative PCR
(RT-PCR)

To verify the microarray data, the expression levels of 6

randomly selected genes (4 up-regulated genes and 2 down-

regulated genes) were examined by RT-PCR using the same RNA

samples that were used for microarray analysis. The expression

patterns of 6 randomly selected genes in tumor tissues detected by

RT-PCR, except SORBS2, were fully consistent with those from

the cDNA microarray results (Figure 1A).

Evaluation of CTTN as a Prognostic Marker for ESCC
To evaluate the possibility of candidate overexpressed genes as

biomarkers for ESCC, we carried out IHC staining with antibody

for CTTN on tissue microarrays containing 231 pairs of ESCC

tumor tissues and their adjacent normal esophageal epithelia.

Informative IHC results were obtained from 198 ESCC cases.

Non-informative samples included lost samples, inappropriately

stained samples and samples with too few cells; such were not used

as valid data. We observed the differential cytoplasm expression of

CTTN between the primary ESCC tumors and their matched

normal tissues (Figure 1B). The percentage of CTTN overexpres-

sion in informative ESCC tumor tissues was up to 63.6% (126/

198), which was significantly higher than that in normal

esophageal epithelia (26.8%, 53/198, P,0.001, Wilcoxon signed

rank test, Figure 1B and Table 1). Of the 198 informative cases

examined, the correlation between CTTN expression status and

clinicopathologic features of ESCCs was detected. The results

showed that CTTN overexpression was significantly associated

with lymph node metastasis (P = 0.000) and pathological stage

(P = 0.000). No significant difference was detected in age

(P = 1.000), gender (P = 0.883) and tumor cell differentiation

(P = 0.619, Table 2). Kaplan-Meier survival analysis showed that

patients with CTTN (+) tumors (n = 126) have significantly worse

survival rate than those with CTTN(–) tumors (n = 72) (P,0.001,

log-rank: 19.517, Figure 2A). Meanwhile, Kaplan-Meier survival

analysis also showed that patients with advanced pathologic stage

(IIB+III; n = 85) have significantly worse survival rate than those

with early pathologic stage (I+IIA; n = 113) (P = 0.000, log-rank:

19.390, Figure 2B). Furthermore, we examined the prognostic

value of CTTN expression in ESCC patients with different

pathologic stages. Patients with CTTN overexpression had

significantly shorter disease-specific survival rate than those

without CTTN overexpression in both I+IIA subgroup (n = 113,

p = 0.001, Figure 3A) and IIB+III subgroup (n = 85, p = 0.027,

Figure 3B), indicating that CTTN could be a valuable prognostic

marker for ESCC. Furthermore, univariate analysis was used to

evaluate associations between prognosis and several factors

including age, sex, tumor cell differentiation, lymph nodes

metastasis and CTTN status of ESCC tumors. The result showed

that lymph nodes metastasis (P = 0.000), tumor cell differentiation

(P = 0.001) and overexpression of CTTN in tumors (P = 0.000)

were significant negative prognostic factors for ESCC patients

(Table 3). Among those parameters, multivariate analyses using
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the Cox proportional hazard model revealed that overexpression

of CTTN in ESCC tumors (P = 0.001), LN metastasis (P = 0.003)

and tumor cell differentiation (P = 0.000) were independent

prognostic factors for ESCC, respectively (Table 3). Collectively,

our findings show that overexpression of CTTN in ESCC tumors

independently predicts a poor prognosis for patients with ESCC.

Discussion

Esophageal squamous cell carcinoma (ESCC) is a highly

aggressive cancer, being the fourth leading cause of death from

cancer in China [17]. Due to the lack of reliable diagnostic

techniques and specific symptoms for early stage detection, most

Figure 1. The differential expression of CTNN in ESCC. (A) Semiquantitative reverse transcription-PCR (RT-PCR) was applied to compare
expression status of CTTN, DMRT2, MCM10, SCYA26, HMGCS2 and SORBS2 between 8 pairs of primary ESCC tumor samples and matched normal
esophageal epithelia. GAPDH was used as an internal control. (B) Representative of CTNN expression in a pair of ESCC (right) and adjacent normal
tissue (left) detected by immunostaining with anti-CTNN antibody (brown). The slide was counterstained with hematoxylin (Original magnification:
upper 6100, bottom 6200).
doi:10.1371/journal.pone.0088918.g001
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patients have locally advanced of disseminated cancer at diagnosis

when they swallow with difficulty or feel uncomfortable. Several

tumor markers, such as carcinoembryonic antigen (CEA),

squamous cell carcinoma antigen (SCC) and cytokeratin 19-

fragment (CYFRA 21-1), are used in clinical diagnosis as well as in

patient’s follow-up. EGFR is expressed in 33.3% of esophageal

squamous cell carcinomas (ESCCs), Lapatinib can have a

significant therapeutic effect against EGFR-expressing ESCC by

inhibiting the growth of ESCC cells and augmenting Herceptin-

and Cetuximab-mediated ADCC [18]. In fact, we haven’t

discovered any useful tumor marker for the detection of ESCC

at early stage and effective molecular-targeted therapies. A better

understanding of molecular mechanism involved in occurrence

and development of ESCC may lead to a more effective treatment

for ESCC patients and find effective markers for the early

detection and a better selection of adjuvant treatment modalities

for appropriate ESCC patients. Determing differences in gene

expression between ESCC tumor and normal tissues is essential to

better understand this molecular mechanism.

Analysis of expression profiles by means of cDNA microarray is

now widely used in various cancer cells [19–21]. A novel feature of

the present study is that we used a microarray containing a very

large number of probes to determine differential gene expression

Figure 2. Kaplan-Meier plots for the Disease-specific survival
rate of ESCC patients. (A) Kaplan-Meier plots for the Disease-specific
survival (DSS) rate of ESCC patients with (n = 126, green line) or without
(n = 72, blue line) CTNN overexpression. (B) Kaplan-Meier plots for the
DSS rate of ESCC patients with pathologic stage I+IIA (n = 113, blue line)
or IIB+III (n = 85, green line).
doi:10.1371/journal.pone.0088918.g002

Figure 3. Kaplan-Meier plots for the DSS rate in ESCC patients
subgrouped into pathologic stage I-IIA (A) and pathologic
stage IIB-III (B) as differentiated by with (+) or without (2)-
CTTN overexpression.
doi:10.1371/journal.pone.0088918.g003

Table 1. Expression of CTTN in ESCC and normal esophageal
tissues.

Tissue n CTTN expressions x2 P

Positive (n)
Negative
(n) %

ESCC 198 126 72 63.6 27.164 ,0.001*

Normal 198 53 145 26.8

Note:*P,0.005.
doi:10.1371/journal.pone.0088918.t001
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between ESCC tissues and matched normal esophageal epithelia

by expression array. The result showed that 1315 genes were

differentially expressed in ESCC. Among these genes, 549 were

up-regulated and 766 were down-regulated. Of 715 differentially

expressed genes with known function, 42.24% were associated

with cell metabolism, cell adhesion and the immune response. In

concordance with earlier reports, we identified genes, such as

FASCIN (SNL), EGFR and ECRG4, were known to be

differential expression in ESCC tissues and matched normal

esophageal epithelia [18,22–24]. In addition, we also discovered

several ESCC-related genes which have not been previously

reported. Some of differentially expressed genes may be useful as

diagnostic markers, prognostic markers or novel therapeutic

targets. In this study, we selected an up-regulated gene CTTN

and examined its encoding protein (cortactin) expression status by

tissue microarray analysis. Cortactin has been described as an

actin-associated scaffolding protein, which binds and activates the

actin related protein 2/3 complex, and has emerged as a central

element connecting signaling pathways with cytoskeleton restruc-

turing [25,26]. Remodeling of the actin cytoskeleton has effects on

cell migration, motility, and adhesion, as well as on tumor invasion

and metastasis [27]. Overexpression of cortactin is associated with

increased invasiveness of hepatocellular carcinoma cells [28].

Cortactin is overexpressed in many types of human cancers,

including head and neck squamous carcinomas and colorectal,

gastric, hepatocellular, breast and ovarian cancers [26,29].

Previous reports showed that a significant correlation between

CTTN overexpression and poor prognosis in osteosarcoma [30].

In this study, we evaluated the expression status of cortactin by

using high-throughput TMA analysis. Our study has exhibited the

potential value of CTTN in predicting patient survival in

subgroups with early or advanced pathological stage, suggesting

that overexpression of CTTN can be used as an independent

factor for prognostic prediction of ESCC. However, more work

need to be performed to further evaluate the CTTN gene for

clinical applications to ESCC patients.

In summary, our cDNA microarray analysis detected differential

gene expression profiles between ESCC tissues and normal

esophageal epithelia and thereby provided valuable information

for further study the molecular basis underlying the tumorigenesis of

esophageal cancer. Better understanding the gene expression

profiles of ESCC may lead to more effective management of ESCC

by precise prognostic indicators and effective personalized therapy.

Supporting Information

Figure S1.

(TIF)

Table S1 Up-regualted genes ($1.5-fold) in ten cases of
esophageal squamous cell carcinoma.

(DOC)

Table 2. Association between CTTN over-expression and clinicopathologic characteristics of patients with ESCC (n = 198).

Clinicopathologic
characteristics N CTTN expression no.(%) x2 P value

Not overexpression Over-expression

Age(y)

#60 103 37(35.9) 66(64.1) 0.018 1.000

.60 95 35(36.8) 60(63.2)

Gender

Male 93 33(35.5) 60(64.5) 0.059 0.883

Female 105 39(37.1) 66(62.9)

Tumor cell differentiation

Well 27 9(33.3) 18(66.7) 0.959 0.619

Moderate 129 50(38.8) 79(61.2)

Poor 42 13(31.0) 29(69.0)

Lymph nodes metastasis

N0 109 55(50.5) 54(49.5) 20.819 0.000*

N1 89 17(19.1) 72(80.9)

Pathologic stage

I+IIA 113 55(48.7) 58(51.3) 17.234 0.000*

IIB+III 85 17(20.0) 68(80.0)

*P,0.05.
doi:10.1371/journal.pone.0088918.t002

Table 3. Cox proportional hazard regression analyses for
disease-specific survival.

Clinical features Univariate analysis Multivariate analysis

HR(95% CI) P value HR(95% CI)
P
value

Age 1.211(0.924–1.587) 0.165

Gender 1.135(0.864–1.490) 0.364

LN metastasis 1.828(1.389–2.407) 0.000* 1.609(1.175–2.203) 0.003*

Differentiation 1.530(1.201–1.949) 0.001* 1.732(1.337–2.244) 0.000*

CTTN overregulation 1.987(1.443–2.738) 0.000* 1.820(1.296–2.555) 0.001*

CI = confidence interval; HR = hazard ration;
*Statistical significance(P,0.05) is shown in bold.
doi:10.1371/journal.pone.0088918.t003
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Table S2 Down-regulated genes ($1.5-fold) in ten cases
of esophageal squamous cell carcinoma.

(DOC)

Table S3 List of 148 genes associated with cell metab-
olism.

(DOC)

Table S4 List of 90 genes associated with cell adhesion.

(DOC)

Table S5 List of 64 genes associated with immune
response.
(DOC)

Author Contributions

Conceived and designed the experiments: JJQ YRQ. Performed the

experiments: PL JJQ. Analyzed the data: JJQ LF JW ST. Contributed

reagents/materials/analysis tools: WH YJ YS. Wrote the paper: PL JJQ

YRQ.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, et al. (2009) Cancer statistics,2009. CA

Cancer J Clin 59: 225–249.
2. Shahbaz Sarwar CM, Luketich JD, Landreneau RJ, Abbas G (2010) Esophageal

cancer: an update. Int J Surg 8: 417–422.
3. Portale G, Hagen JA, Peters JH, Chan LS, DeMeester SR, et al. (2006) Modern

5-year survival of resectable esophageal adenocarcinoma: single institution

experience with 263 patients. J Am Coll Surg 202: 588–598.
4. Lambert R, Hainaut P (2007) The multidisciplinary management of gastroin-

testinal cancer Epidemiology of esophagogastric cancer. Best Pract Res Clin
Gastroenterol 21: 921–945.

5. Bird-Lieberman EL, Fitzgerald RC (2009) Early diagnosis of esophageal cancer.
Br J Cancer 101: 1–6.

6. Hu JG, Wang YX, Zhou JS, Chen CJ, Wang FC, et al. (2011) Differential gene

expression in oligodendrocyte progenitor cells, oligodendrocytes and type II
astrocytes. Tohoku J Exp Med 223: 161–76.

7. Hu YC, Lam KY, Law S, Wong J, Srivastava G (2001) Identification of
differentially expressed genes in esophageal squamous cell carcinoma(ESCC) by

cDNA expression array: overexpression of Fra-1, Neogenin, Id-1, and CDC25B

genes in ESCC. Clin Cancer Res 7: 2213–2221.
8. Kan T, Shimada Y, Sato F, Maeda M, Kawabe A, et al. (2001) Gene expression

profiling in human esophageal cancers using cDNA microarray. Biochem
Biophys Res Commun 286: 792–801.

9. Shimada Y, Imamura M, Wagata T, Yamaguchi N, Tobe T (1992)
Characterization of 21 newly established esophageal cancer cell lines. Cancer

69: 277–284.

10. Fu L, Qin YR, Xie D, Hu L, Kwong DL, et al. (2007) Characterization of a
novel tumor-suppressor gene PLC delta 1 at 3p22 in esophageal squamous cell

carcinoma. Cancer Res 67: 10720–10726.
11. Al-Shahrour F, Diaz-Uriarte R, Dopazo J (2004) FatiGO: a web tool for finding

significant associations of Gene Ontology terms with groups of genes.

Bioinformatics 20: 578–580.
12. Gene Ontology Consortium (2001) Creating the gene ontology resource: design

and implementation. Genome Res 11: 1425–1433.
13. Liu G, Loraine AE, Shigeta R, Cline M, Cheng J, et al. (2003) NetAffx:

Affymetrix probesets and annotations. Nucleic Acids Res 31: 82–86.
14. Kato T, Daigo Y, Hayama S, Ishikawa N, Yamabuki T, et al. (2005) A novel

human tRNA-dihydrouridine synthase involved in pulmonary carcinogenesis.

Cancer Res 65: 5638–5646.
15. Callagy G, Cattaneo E, Daigo Y, Happerfield L, Bobrow LG, et al. (2003)

Molecular classification of breast carcinomas using tissue microarrays. Diagn
Mol Pathol 12: 27–34.

16. Callagy G, Pharoah P, Chin SF, Sangan T, Daigo Y, et al. (2005) Identification

and validation of prognostic markers in breast cancer with the complementary
use of array-CGH and tissue microarrays. J Pathol 205: 388–396.

17. Zhao P, Dai M, Chen W, Li N (2010) Cancer trends in China. Jpn J Clin Oncol

40: 281–285.

18. Mimura K, Kono K, Maruyama T, Watanabe W, Izawa S, et al. (2011)

Lapatinib inhibits receptor phosphorylation and cell growth and enhances

antibody-dependent cellular cytotoxicity of EGFR-and HER2- overexpressing

esophageal cancer cell lines. Int J Cancer 129: 2408–2416.

19. Ochi K, Daigo Y, Katagiri T, Nagayama S, Tsunoda T, et al. (2004) Prediction

of response to neoadjuvant chemotherapy for osteosarcoma by gene-expression

profiles. Int J Oncol 24: 647–655.

20. Kakiuchi S, Daigo Y, Ishikawa N, Furukawa C, Tsunoda T, et al. (2004)

Prediction of sensitivity of advanced non-small cell lung cancers to gefitinib

(Iressa, ZD1839). Hum Mol Genet 13: 3029–3043.

21. Kitahara O, Furukawa Y, Tanaka T, Kihara C, Ono K, et al. (2001) Alterations

of gene expression during colorectal carcinogenesis revealed by cDNA

microarrays after laser-capture microdissection of tumor tissues and normal

epithelia. Cancer Res 61: 3544–3549.

22. Takikita M, Hu N, Shou JZ, Giffen C, Wang QH, et al. (2011) Fascin and CK4

as biomarkers for esophageal squamous cell carcinoma. Anticancer Res 31: 945–

952.

23. Li LW, Li YY, Li XY, Zhang CP, Zhou Y, et al. (2011) A novel tumor

suppressor gene ECRG4 interacts directly with TMPRSS11A (ECRG1) to

inhibit cancer cell growth in esophageal carcinoma. BMC Cancer 11: 52.

24. Li LW, Yu XY, Yang Y, Zhang CP, Guo LP, et al. (2009) Expression of

esophageal cancer related gene 4 (ECRG4), a novel tumor suppressor gene, in

esophageal cancer and its inhibitory effect on the tumor growth in vitro and

in vivo. Int J Cancer 125: 1505–1513.

25. Cosen-Binker LI, Kapus A (2006) Cortactin: the gray eminence of the

cytoskeleton. Physiology (Bethesda) 21: 352–361.

26. Buday L, Downward J (2007) Roles of cortactin in tumor pathogenesis. Biochim

Biophys Acta 1775: 263–273.

27. van Rossum AG, Moolenaar WH, Schuuring E (2006) Cortactin affects cell

migration by regulating intercellular adhesion and cell spreading. Exp Cell Res

312: 1658–1670.

28. Zhao G, Huang ZM, Kong YL, Wen DQ, Li Y, et al. (2013) Cortactin is a

sensitive biomarker relative to the poor prognosis of human hepatocellular

carcinoma. World J Surg Oncol 11: 74.

29. Kirkbride KC, Sung BH, Sinha S, Weaver AM (2011) Cortactin: a

multifunctional regulator of cellular invasiveness. Cell Adh Migr 5: 187–198.

30. Folio C, Zalacain M, Zandueta C, Ormazabal C, Sierrasesumaga L, et al. (2011)

Cortactin (CTTN) overexpression in osteosarcoma correlates with advanced

stage and reduced survival. Cancer Biomark 10: 35–41.

Gene Profile Analyses Identify CTTN in EC

PLOS ONE | www.plosone.org 7 February 2014 | Volume 9 | Issue 2 | e88918


