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Abstract: Purpose: The aim of this study was to research biomarkers for ESCC diagnosis and chemosensitivity 
related differently expressed genes (DEGs). Methods: Gene microarray data of GSE45670 was obtained and DEGs 
were screened by Significant analysis of microarray method. series test of cluster (STC) was processed to research 
the expression trend features among three groups. Based on GO and KEGG database, go functions and KEGG 
pathways were enriched, gene signal network and gene co-expression network were constructed. Results: A total 
of 9061 DEGs were screened and mainly grouped in 16 profiles. Among of these profiles, there were 6 significant 
profiles. These screened DEGs were enriched in various functions, including mitotic cell cycle and transcription. 
Besides, these genes were also participate in different pathways, such as metabolic pathway and pathways in 
cancer. Pathway relationship network with 96 nodes and 336 edges were constructed. Thereinto, MAPK signaling 
pathway, apoptosis, pathways in cancer and cell cycle were hub nodes with degree of 43, 31, 28 and 23, respec-
tively. Gene signal network was constructed with 992 nodes and 3015 edges. The hub nodes included PRKACB, 
PLCB4, MAPK8 and PIK3R1. PRKACB and MAPK8 were with indirect activation relationships, while PIK3R1 and 
PLCB4 were with metabolic relationships. Gene co-expression network was also constructed with 456 nodes and 
1713 edges. Top 5 nodes were NEGR1, MITF, TNFSF12 and DAAM2. Conclusions: Screened genes including NEGR1, 
MITF, PRKACB and PLCB4 might be potential key genes for ESCC diagnosis. Importantly, PRKACB and PLCB4 were 
closely related with chemosensitivity.
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Introduction

Esophageal carcinomas is always arising from 
esophagus with symptoms including difficulty 
in swallowing, weight loss, enlarged lymph no- 
des around the collarbone and even vomiting 
blood [1]. Esophageal squamous cell carcino-
ma (ESCC) was a main sub-type of esophageal 
carcinomas, which was common in the devel-
oping world [2]. Chemotherapy was an effective 
treatment for ESCC in a tumor type-dependent 
manner. Moreover, neoadjuvant chemoradio-
therapy was confirmed to improve survival and 
recommended in the guidelines for ESCC man-
agement [3].

The effects of neoadjuvant chemoradiotherapy 
for ESCC treatment was a controversial issue. 
Liu et al. showed that clinical complete respon- 

se, pathologic complete response and neoadju-
vant chemoradiotherapy were with significant 
correlations [4]. Some studies have confirmed 
that neoadjuvant chemoradiotherapy might 
provide more survival benefit to ESCC patients 
than patients with adenocarcinoma [5]. Besi- 
des, Huang et al. found that age, smoking his-
tory and tumor length were key predictors for 
pathologic complete response in ECSS patients 
[6]. Interestingly, pathological complete respon- 
se to neoadjuvant chemoradiotherapy played 
important role in postoperative survival rate of 
ESCC patients, especially in patients of stage  
of II-III [7]. In addition, the expression level of 
Rad51 was confirmed to be an effective predic-
tive factor in this process. Besides, Okumura et 
al. [8] summarized many literatures and select-
ed numbers of biomarkers for response to neo-
adjuvant chemoradiation therapy, such as cell 
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division cycle 25B (CDC25B), ribonucleotide re- 
ductase regulatory TP53 inducible subunit M2B 
(p53R2), ERCC excision repair 1, endonuclease 
non-catalytic subunit (ERCC1) and vascular 
endothelial growth factor (VEGF).

However, not all ESCC patients showed patho-
logical complete response to neoadjuvant che- 
moradiotherapy. Understanding the sensitivity 
of tumor to chemotherapy might contribute to 
select postoperative chemotherapy scheme. 
Thereby, differently expressed genes (DEGs) 
among normal, pathological complete respon- 
se and not pathological complete response 
groups were screened in this study. Further- 
more, DEGs related functions and pathways 
were also researched. The research of this 
study might lay a foundation for ESCC disea- 
se prediction and chemosensitivity prediction.

Methods

Accession numbers

Gene microarray data of GSE45670 was depos-
ited in gene expression omnibus (GEO) data-
base by Wen et al. [9] on Aug 1, 2014 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc= 
GSE45670). The platform of this microarray 
was A-AFFY-44-Affymetrix GeneChip Human 
Genome U133 Plus 2.0 [HG-U133_Plus_2]. 
The raw data included 10 normal esophageal 
epithelium samples, 17 esophageal squamous 
cell carcinoma (ESCC) patients not pathological 
complete response to preoperative chemora-
diotherapy (CRT) and 11 ESCC patients patho-
logical complete response to preoperative CRT. 

Preprocessing of raw data

Firstly, Robust Multi-chip Average (RMA) algo-
rithm was used to calculate expression level of 
probe sets with 3 steps: background correc-
tion, normalization and summarizing [10]. Then, 
all probes were annotated based on annotation 
files (*.transcript.csv) of affymetrix official web-
site (http://www.affymetrix.com/support/tech-
nical/annotationfilesmain.affx). Afterwards, the 
value of normalized unscaled standard errors 
(NUSE) was regarded as the evaluation crite- 
ria for the feasibility and reliability of design 
scheme. The threshold was defined as (1-0.2) < 
median {NUSE} < (1+0.2). And on this basis, re- 
lative log expression (RLE) was applied to asse- 
ss the change rule of each probe set. Samples 

met standards of (-0.25) < median {RLE} < 
(0.25) were included.

Screening of differently expressed genes 

Significant analysis of microarray (SAM) meth-
od [11] was used to screen DEGs among three 
groups of samples. The threshold of DEGs was 
P < 0.05.

Series test of cluster for DEGs

In this study, series test of cluster (STC) was 
processed to research the expression trend 
features among three groups [12]. Based on 
grouping and amplitude of gene expression va- 
riation, trending models were defined. In addi-
tion, relationship between gene expression and 
trending models were established, and the sig-
nificance of each model was examined. Multiple 
comparative tests were applied to control fami-
ly-wise error rate.

Functional and pathway enrichment analysis

Gene Ontology (GO), which was built by Gene 
Ontology Consortium, was widely used for func-
tional enrichment of genes and proteins. Path- 
way analysis showed much biochemical infor-
mation, including metabolism, signal transmis-
sion and cell cycle. In this study, Fisher exact 
test was used for GO and pathway enrichment 
as following contingency table:

Difference 
Gene

Non-difference 
Gene

Total

Genes in GO/pathway nf n - nf n

Genes out of GO/pathway Nf - nf (N - Nf) - (n - nf) N - n

Total Nf N - Nf N

In addition, p value was calculated by formula 
as follows:
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Benjamini-Hochberg was used to correct p 
value to FDR, and enrichment score was calcu-
lated to evaluate the enrichment level of DEGs 
in each function or pathway. The computing 
method was shown as follows:

e
f

f

/
/

R N N
n n= .



Biomarkers screening for ESCC

2034 Int J Clin Exp Med 2018;11(3):2032-2040

Enriched functions and pathways with P < 0.05 
were regarded to be with significance.

Construction of pathway relationship network 

Pathway relationship network was constructed 
based on KEGG database. This network could 
intuitively reflect the signal conduction relation-
ships among significant pathways. The degree 
of node i was calculated by formula of, while  
the betweeness was calculated by formula of. 

Thereinto, was the number of shortest path 
from node s to node t, while was the number of 
shortest path through node i.

Gene signal network and gene co-expression 
network construction

DEGs in GO terms and KEGG pathways were 
inserted and numbers of key DEGs were ob- 
tained. Then gene co-expression network and 
gene signal network were constructed based 

Figure 1. Top 16 series test of clusters: The red cluster was with significance. 0, 1 and 2 in a-axis represent normal 
esophageal epithelium samples, esophageal squamous cell carcinoma (ESCC) patients not pathological complete 
response to preoperative chemoradiotherapy (CRT) and ESCC patients pathological complete response to preopera-
tive CRT, respectively.
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on these key DEGs. Gene co-expression net-
work were constructed by learning from scale-
free property of mass data, and scale-free rela-
tionship of network was fitted by correlation 
coefficient between key DEGs. Correlation co- 
efficient of gene co-expression network should 
be approximated to 1. Gene signal network was 
constructed to screen up- and down-stream 
protein. In this study, up- and down-stream 
genes were filtrated in KEGG database. These 
genes were connected by various regulatory 
relationships, such as binding, phosphoryla-
tion, ubiquination and indirect relationships. 

Results

DEGs screening

With the threshold of P < 0.05, a total of 9061 
DEGs were screened in this study, such as 
angiopoietin-like 1 (ANGPTL1), chordin-like 1 
(CHRDL1), chromosome 2 open reading frame 
40 (C2orf40) and complement component 7 
(C7).

Series test of cluster for DEGs

Screened DEGs were processed by series test 
of cluster and mainly grouped in 16 profiles. 
Among of these profiles, there were 6 signifi-
cant profiles, including profile 2 (p = 0), profile 3 
(p = 0), profile 7 (p = 0), profile 13 (p = 0), profile 
1 (p = 1.786e-55) and profile 4 (p = 1.366e-
24). Genes in profile 2 was increased in ESCC 
patients not pathological complete response to 

CRT and increased higher in ESCC patients 
pathological complete response to preopera-
tive CRT. However, after preoperative CRT treat-
ment, genes in profile 3 were showed increased 
trending, but with no different between patho-
logical complete response and not pathological 
complete response groups (Figure 1).

Functional and pathway enrichment analysis

These screened DEGs were enriched in various 
functions, including mitotic cell cycle (FDR = 
6.69E-78), transcription, DNA-dependent (FDR 
= 5.22E-63), apoptotic process (FDR = 7.43E-
57) and cell division (FDR = 7.43E-57) (Table 1). 
Besides, these genes were also participate in 
different pathways, such as metabolic pathway 
(FDR = 8.19E-38), pathways in cancer (FDR = 
2.06E-27), protein processing in endoplasmic 
reticulum (FDR = 1.33E-24) and cell cycle (FDR 
= 1.29E-22) (Table 2).

Construction of pathway relationship network 

Pathway relationship network with 96 nodes 
and 336 edges were constructed. Thereinto, 
MAPK signaling pathway, apoptosis, pathways 
in cancer and cell cycle were hub nodes with 
degree of 43, 31, 28 and 23, respectively. It 
was worth mentioning that pathways in cancer 
(outdegree = 28, indegree = 0) was an up-
stream pathway, while cytokine-cytokine recep-
tor interaction (outdegree = 0, indegree = 14) 
was a down-stream pathway (Figure 2). 

Table 1. Top 5 GO terms of differently expressed genes

GO ID GO Name Diff Gene Counts 
in GO

Gene Amount 
in GO

Enrichment 
Score p-value FDR

GO:0000278 Mitotic cell cycle 192 363 4.501151895 1.20E-81 6.96E-78
GO:0006351 Transcription, DNA-dependent 477 1827 2.221820128 1.81E-66 5.22E-63
GO:0006915 Apoptotic process 237 654 3.083895568 4.18E-60 7.43E-57
GO:0051301 Cell division 149 295 4.298266287 5.14E-60 7.43E-57
GO:0010467 Gene expression 237 668 3.019263026 3.87E-58 4.48E-55

Table 2. Top 5 KEGG pathways of differently expressed genes
Pathway 
ID Pathway Name Diff Gene Counts 

in Pathway
Gene Amount 

in Pathway
Enrichment 

Score p-value FDR

1100 Metabolic pathways 304 1189 2.175809126 3.12E-40 8.19E-38
5200 Pathways in cancer 117 327 3.044858915 1.57E-29 2.06E-27
4141 Protein processing in endoplasmic reticulum 75 167 3.821851931 1.51E-26 1.33E-24
4110 Cell cycle 61 124 4.186366196 1.96E-24 1.29E-22
230 Purine metabolism 72 173 3.541730067 4.27E-23 2.24E-21
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Figure 2. Pathway relationship network: The node represent 
pathway, and the size represent their degree. Edges were 
their relationships.
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Gene signal network and gene co-expression 
network construction

Gene signal network was constructed with 992 
nodes and 3015 edges. The hub nodes includ-
ed PRKACB (Betweenness = 73087), PLCB4 
(Betweenness = 48412), MAPK8 (Betweenness 
= 38854) and PIK3R1 (Betweenness = 28792). 
PRKACB and MAPK8 were with indirect activa-
tion relationships, while PIK3R1 and PLCB4 
were with metabolic relationships (Figure 3).

Gene co-expression network was also con-
structed with 456 nodes and 1713 edges. As 
shown in Figure 4, top 5 nodes were NEGR1 
(degree = 52), MITF (degree = 49), TNFSF12 
(degree = 47) and DAAM2 (degree = 47). In- 

terestingly, NEGR1 and TNFSF12 were with po- 
sitive relationship. Similarly, NEGR1 and DAAM2 
were also with positive relationship (Figure 4). 

Discussion

In order to screen biomarkers for ESCC disease 
prediction and chemosensitivity prediction, se- 
veral DEGs were screened including NEGR1, 
MITF, PRKACB and PLCB4. These genes might 
be potential important genes in pathogenesis 
and therapeutic mechanism of ESCC. 

NEGR1 was an important gene which regulated 
dendritic arborization. Kim et al. [13] confirmed 
that NEGR1 participated in cell recognition and 

Figure 3. Gene signal expression network: The node represent gene, and the size represent betweenness centrality 
value. Edges and arrows represent regulatory relationship.
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interaction, and further contribute to tumor 
suppression. In the current study, NEGR1 was 
enriched in cell adhesion and cell adhesion 
molecules. In addition, NEGR1 also belonged in 
profile 13, which expressed lower in both ESCC 
treatment groups. However, the expression of 
this gene was with no difference between com-
plete response and pathologic complete res- 
ponse groups. Similar results were obtained in 
study of Nishimori et al. [14], downregulated 
cell adhesion protein was detected in primary 
esophageal squamous cell carcinoma. Besi- 
des, several cell adhesion molecules such as 
CD44V6 were closely associated with patho-
genesis of ESCC [15]. Thereby, we inferred that 
NEGR1 might be a biomarker for ESCC, but not 
related with sensitivity of chemotherapy.

MITF was screened with higher degree in gene 
co-expression network, and also belonged to 
profile 13 in this study. In addition, it enriched 
in positive regulation of transcription from RNA 
polymerase II promoter, negative regulation of 
apoptotic process and melanogenesis. As de- 
scribed in previous study, regulation of MITF 
occurred the downstream of various signaling, 
including FGF2, POMC and EDN1 [16]. The cell 
growth of ESCC was depended on different 
receptor tyrosine kinase signaling, and inhibi-
tion of these signals was closely related with 
the treatment of ESCC [17]. Besides, MITF was 
found to be with relationship with several genes 
in this study, such as CREB1, DCT and TYRP1. 
Wang et al. [18] found that CREB1 could partici-
pate in the process of DNA damage and apop-

Figure 4. Gene co-expression network: The node represent gene, 
and the size represent represent their degree. The solid and dotted 
line represent positive and negative correlations.
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tosis. Collectively, CREB1 might also be a bio-
marker for ESCC diagnosis.

PRKACB, a member of serine/threonine protein 
kinase family, encoded a protein which medi-
ates signaling though cAMP [19]. It was well 
known that cAMP signaling was important to 
cell proliferation and differentiation [20]. In the 
present study, this gene was enriched in func-
tions and pathways of blood coagulation, MAPK 
signaling pathway and small molecule meta-
bolic process. In Kazakh patients, MAPK signal-
ing pathway was found to be important in the 
early pathogenesis of ESCC [21]. By regulating 
MAPK/ERK signaling pathway, FAT1 was con-
firmed to promote the process of epithelial me- 
senchymal transition in ESCC [22]. It was worth 
noting that the changes of energy metabolism 
such as glucose metabolism play a critical role 
in malignant transformation of ESCC [23]. Im- 
portantly, PRKACB in this study was found to 
belong to profile 7, which expressed lower in 
complete response group than that in patho-
logic complete response group. PRKACB might 
be associated with sensitivity of chemotherapy. 
Thereby, this gene could be regarded as bio-
markers for ESCC diagnosis and treatment.

PLCB4 encoded a protein which catalyzed the 
formation of inositol 1,4,5-trisphosphate and 
diacylglycerol from phosphatidylinositol 4,5- 
bisphosphate. Similarly with PRKACB, PLCB4 
was also belonged to profile 7. Furthermore, 
this gene was also enriched in lipid metabolic 
process, chemokine signaling pathway and Wnt 
signaling pathway. In 2009, Diao et al. [24] 
found that the serum levels of lipid was associ-
ated with the different stages of ESCC. A new 
study from Germany found that ESCC cells 
could modulate hyaluronan synthesis and che-
mokine expression in fibroblasts [25]. Simulta- 
neously, numbers of genes and proteins, such 
as RAP1B, NDRG1 and WNT5A have been con-
firmed to activate Wnt signaling pathway and 
further affect the development of ESCC [26-
28]. Therefore, PLCB4 was also a potential ge- 
ne for ESCC diagnosis and treatment.

In conclusions, screened genes including NEG- 
R1, MITF, PRKACB and PLCB4 might be poten-
tial key genes for ESCC diagnosis. Importantly, 
PRKACB and PLCB4 were closely related with 
chemosensitivity, which might provide direction 
and help for postoperative chemotherapy.
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