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Background: According to histopathology, esophageal cancer can be divided into squamous cell carcinoma
(SCC) and esophageal adenocarcinoma (adeno arcinoma). In China, 90% of esophageal cancer patients are
squamous cell carcinoma. Cisplatin and fluaziridine are the main chemotherapy before and after surgery.
Long-term drug treatment is often accompanied by the emergence of drug resistance of tumor cells. There
are many mechanisms for the emergence of drug resistance of tumor cells, including the increase of drug
efflux, the decrease of drug intake, the inhibition of cell apoptosis, and so on. This study aimed to investigate
the key cancer-promoting genes related to chemotherapy resistance in esophageal squamous cell carcinoma
(ESCCQC).

Methods: Two datasets from the Gene Expression Omnibus (GEO) database (GSE86099 and GSE50224)
were retrieved. We performed microRINA (miRNA) and messenger RINA (mRINA) expression analysis to
identify differentially expressed genes (DEGs). The intersection of the downregulated miRNA targets and
the upregulated mRNAs were used for Gene Ontology (GO) enrichment analysis, and survival risk was
assessed using data from The Cancer Genome Atlas (TCGA).

Results: There were 35 common genes, of which, based on GO enrichment, most were related to the
cardiac muscle cell action. Four genes showed significant association with the estimated half-maximal
inhibitory concentration (IC) of paclitaxel: bone morphogenetic protein 1 (BMPI), dumbbell former 4
protein (DBF4), angiogenin (ANG), and MAP7 domain containing 2 (MAP7D2). Four risk factors (MPI,
HIPI, ANG, and MAP7D2) were selected to generate a signature using least absolute shrinkage and selection
operator (LASSO) regression. Protein-protein interaction (PPI) analysis showed guanine nucleotide-binding
protein subunit beta 4 (GNB4), calcium voltage-gated channel auxiliary subunit beta 2 (CACNB2), and
sodium voltage-gated channel alpha subunit 1 (SCN1A4) were located at key positions of the network. Among
potential risk genes, only the high expression of dedicator of cytokinesis 8 (DOCKS) was associated with
poorer survival.

Conclusions: The 35 oncogenes may be involved in mechanisms of chemotherapy resistance in ESCC,
as well as the corresponding enrichment and regulatory network. The signature containing 4 key risk genes
merits further investigation and may provide a deeper understanding of the molecular mechanisms in ESCC

treatment failure.
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Introduction

Esophageal cancer is one of the most common cancers
worldwide, and with a 5-year survival rate less than 25%,
is a leading cause of cancer-related deaths (1). Esophageal
squamous cell carcinoma (ESCC), a malignancy of
esophageal epithelial cells, accounts for around 90% of
esophageal cancer cases (2). In clinical practice, surgery
remains the best choice for esophageal cancer treatment (3).
However, compared with surgery alone, chemotherapeutic
approaches have demonstrated a survival advantage for
patients undergoing either neoadjuvant chemotherapy or
combined chemoradiotherapy treatment before surgery.
Cisplatin and paclitaxel are two chemotherapeutic agents
frequently used alone or in combination with surgery.
Although the overall effect of chemotherapy is considerable
and it has been widely used, many patients respond poorly
to chemotherapy or eventually develop chemotherapy
resistance. Chemoradiotherapy resistance (in particular,
towards cisplatin and paclitaxel) and cancer relapse are
among the most difficult issues in ESCC treatment (4,5).
Thus, novel therapies developed with the aid of molecular
biomarkers are urgently needed to prevent resistance
of ESCC. Therefore, it is important to discover novel
molecular biomarkers associated with chemotherapy
resistance so as to predict the effectiveness of chemotherapy.
There are some methods for screening tumor markers
include radioimmunoassay, chemiluminescence
immunoassay, enzyme-linked immunosorbent assay,
immunosensor, proteomics, polymerase chain reaction
(PCR), fluorescence in situ hybridization (FISH), single
strand conformation polymorphism (SSCP), liquid biopsy
and so on.

To discover useful and novel cancer-promoting genes
related to chemotherapy resistance in ESCC, microRNA
(miRNA) and messenger RNA (mRINA) expression patterns
of the resistant ESCC strains can be probed. Theoretically,
when a suspected miRNA and its potential targets reverse
directions under chemotherapy stress, they are possibly
involved in the process of resistance development. In other
cancer types, miRNA expression has been shown to exert
an impact on the response to chemotherapy (6-9), but
few studies have reported on resistance in ESCC. Herein,
we focus on the novel molecular biomarkers associated
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with chemotherapy resistance and the effectiveness of
chemotherapy. Therefore, we aimed to seek associations
between miRNA/mRNA expression and chemotherapy
resistance in ESCC cell lines. In addition, we assessed the
risk of potential oncogenes associated with chemotherapy
resistance on survival in ESCC patients. Herein, we
combined two datasets of the Gene Expression Omnibus
(GEO) database and identified some novel and important
cancer-promoting genes.

We present the following article in accordance with
the STREGA reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-7032/rc).

Methods
Microarray data

We searched all gene expression data associated with
chemotherapy resistance in ESCC using samples from the
GEO database (http://www.ncbi.nlm.nih.gov/geo/). The
inclusion criteria were as follows: (I) the samples were human
ESCC cells or tissues; (II) mRNA or miRNA expression
profiling was included; and (III) there were chemotherapy
resistance samples as well as wild-type control.

There were two available arrays with chemotherapy-
resistant ESCC samples: GSE86099 (gene expression
signature of paclitaxel resistance in human ESCC cell
lines) and GSE50224 (the expression profiling of miRNA
from chemotherapy-resistant esophageal adenosquamous
carcinoma cell line). The first dataset, GSE86099, used
parental and paclitaxel resistant cell lines and studied
mRNA transcription levels by microarray analysis to explore
the key molecules for developing paclitaxel resistance. The
second dataset, GSE50224, A global miRNA expression
program for potential chemoresistance is described in detail,
which identifies different classes of upregulated miRNAs in
the generated chemoresistant cell lines. We only used the
ESCC cell line (KYSE410) in this dataset. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013).

Differentially expressed genes (DEGs)
MRNA and miRNA expression profiles were analyzed for
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DEGs. Expression data were imported into the DEGseq
package in R to compare expression differences between
samples. The fold change and adjusted P value were
obtained for each transcript. Based on the threshold of
adjusted P<0.05 and fold change >2 or <0.5, the DEGs of
each dataset were then acquired. If the screened results
showed that the fold change was not significant, the fold
change was widened to >1.5 or <0.6. Volcanic plots were
produced for DEGs and differentially expressed (DE)
transcripts using the ggplot2 package in R. In particular, we
paid attention to DE mRNAs and miRNAs with changes in

opposite directions.

Target prediction of the DE miRNAs and screening of the
key oncogenes

The online tool miRWalk (http://mirwalk.umm.uni-
heidelberg.de/) was used to predict the mRNAs potentially
targeted by the DE miRNAs acquired from the GSE50224
dataset. The criterion of any target was the matching score
=1. The intersection of all targets was obtained through a
Venn diagram. Given all DE miRNAs were downregulated,
we screened all the upregulated DE mRNAs from the
GSE86099 dataset. The intersection of upregulated DE
mRNAs and the targets of DE miRINAs represented the key

oncogenes associated with chemotherapy resistance.

Correlation between drug sensitivity scove and gene
expression

The selected genes and their correlation with paclitaxel
sensitivity were investigated. Drug response data [defined
by the half-maximal inhibitory concentration (ICs) value]
was downloaded from the Genomics of Drug Sensitivity in
Cancer (GDSC) database. Gene expression was acquired
from The Cancer Genome Atlas (TCGA) samples, and
the sensitivity score was predicted using the pRRophetic
package. We used ridge regression to estimate the ICy, of
each sample based on risk and gene expression. Spearman
correlation analysis of paclitaxel ICy, score and genes of
interest was presented by a scatter plot for the 82 TCGA
esophageal carcinoma (ESCA) samples.

Prognostic predictive signature

After screening the essential ESCC-associated genes
involved in both chemotherapy resistance and survival, least
absolute shrinkage and selection operator (LASSO) Cox
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regression was performed to identify relevant risk genes,
using 10-fold cross-validation, and the prognostic predictive
signature, using the R software package glmnet (v 4.1-1).
Raw counts of RNA-sequencing data and corresponding
clinical information were obtained from TCGA (https://
portal.gdc.cancer.gov/). Kaplan-Meyer survival analysis
and log-rank tests were also used to compare survival
differences. The log-rank test and univariate Cox
proportional risk regression were used to obtain P values
with 95% confidence intervals and risk ratios.

Receiver operating characteristic (ROC) curve analysis
was performed to compare the predictive accuracy of
the risk score. All analytical methods and R packages are
conducted using R software version 4.0.3 (R Statistical
Computing Foundation, 2020). P<0.05 is considered
statistically significant.

Gene Ontology (GO) envichment analysis

We used the WEB-based Gene Set Analysis Toolkit to
explore GO functional enrichment and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment
of the key oncogenes. A directed acyclic graph (DAG)
was then drawn based on the enriched GO terms. The
overrepresentation analysis (ORA) enrichment method
was used based on the H. sapiens organism. Among 35
unique Entrez Gene IDs, 34 were annotated to the selected
functional categories and reference list, which were used for
enrichment analysis. The Metascape gene-list analysis tool
was used for analysis of enrichment in DisGeNET, which
integrates information on human disease-associated genes,
and the enriched transcription factor targets. Terms with a
P<0.05, the minimum collection count 3 and enrichment
factor (the ratio between observed count and accidental
expected count) are greater than 1.5, and are grouped into
clusters according to their membership similarity. P value is
calculated based on cumulative hypergeometric distribution,
and Q value is calculated by Benjamini-Hochberg program
to illustrate multiple tests. When hierarchical clustering is
performed on rich items, Kappa score is used as similarity
measure, and subtrees with similarity >0.3 are considered
as clusters. Select the most statistically significant term in a
cluster to represent the cluster.

Protein-protein interaction (PPI) enrichment analysis

PPI enrichment analysis was carried out on the key oncogenes
using the Search Tool for the Retrieval of Interacting Genes/
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Figure 1 Volcano plots of differentially expressed mRNAs (DE
mRNAs, in the GSE86099 dataset) (A), and miRNA (DE-miRs, in
the GSE50224 dataset) (B). DE, differentially expressed.

Proteins (STRING) database (https://string-db.org/), and
a PPI network was generated. Only physical interactions
(physical score >0.4) in STRING were used.

The survival risk of key oncogenes in ESCC patients

We downloaded the survival data of ESCC patients along
with the expression of key oncogenes from TCGA. There
were 83 patients with clear gene expression data based on
RNA sequencing (RNA-seq) and expressed as HT Seq-
FPKM (Fragments Per Kilobase of transcript per Million
mapped). The patients were divided into two groups for
each oncogene (high expression and low expression) and
the overall survival rate was analyzed through KM analysis
by SPSS. The oncogenes with significant survival risk for
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ESCC patients were screened out to draw a KM survival
curve.

Statistical analysis

Statistical analysis using R software (R: Language and
Environment for Statistical Computing, R Core Team, R
Foundation for Statistical Computing, Vienna, Austria,
version 3.4.0). Examination time was compared by Student’s
t-test after normality testing by Shapiro-Wilk test.

Results
ESCC-associated DEGs and chemotherapy-resistant DEGs

As shown in Figure 14, there were 5,152 DE transcripts
in the GSE86099 dataset associated with 2,942
DE mRNAs, including 2,675 upregulated and 267
downregulated genes (https://cdn.amegroups.cn/static/
public/10.21037atm-21-7032-1.xIsx). When using a stricter
screening criterion, there were 306 highly changed DEGs
(Figure 14). In the GSE50224 dataset, there were only 3 DE
miRNAs (bsa-mir-18a-3p, hsa-mir-935, and bsa-mir-1226-3p)
under the criteria of adjusted P<0.05 and fold change >2
or <0.5, and all were downregulated. Further, bsa-mir-99b-
5p was also significantly decreased (adjusted P=0.0237, fold
change =0.5899). Given there were very few screened DE
miRNAs, we regarded the above 4 miRNAs as essential DE
miRNAs, and their targets were collected. Theoretically,
these upregulated mRINAs and the targets of downregulated
miRNAs could eventually promote ESCC development.

In addition, we used the TCGA-ESCA dataset to
identify a total of 3,530 DEGs (2,404 upregulated and 1,126
downregulated) in the ESCA group versus normal control.
The volcano plot of DEGs in TCGA-ESCA is shown in
Figure 1B.

Upregulated targets of the DE miRNAs

Next, the targets of the above 4 miRNAs were acquired.
In the miRWalk database, we found 4,143 targets of hsa-
miR-935, 6,238 targets of hsa-miR-18a-3p, 6,041 targets
of bsa-miR-1226-3p, and 1,960 targets of hsa-miR-99b-5p
(Figure 24). There were 173 common targets shared by the
4 miRNAs. The intersection of the two sets is presented
in Figure 2B and include the miRNA targets of the 4 DE
miRNAs in GSE50224 (all downregulated) and the 2,675
upregulated mRNAs in GSE86099. There were 35 common

genes which could be important cancer-promoting genes
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Figure 2 miRNA and their targets analysis. (A) Intersection analysis of all targets of 4 DE miRNAs; (B) the intersection of common targets
and all upregulated mRNAs; (C) genes associated with paclitaxel resistance, DEG, and prognosis differentially expressed. DE, differentally

expressed; DEG, differentially expressed genes.

related to chemotherapy resistance in ESCC. These 35
genes were: NEK1, KALRN, SCN4B, SATB1, IGF2, G7C1,
SHANK?2, EYA1, DOCKS, PTPRD, RBM23, CACNB2,
GNB4, ZBEDY, AKT2, NKAINI1, DLG2, GPRI61, SCN1A,
PDE4DIP, FAT2, ZBTB20, TCF4, STARD4, DCLKI,
TIGIT, PPPIR9A, MRO, OSBPLIA, CIART, SLC39A14,
CMKLR1, USH2A, HIF3A, and ZNF235.

ESCC survival-associated genes and interaction analysis

There were 549 genes in the whole genome associated
with the prognosis of ESCC, and together with the
306 essential genes associated with paclitaxel resistance

© Annals of Translational Medicine. All rights reserved.

and the 3,530 DEGs from TCGA, a Venn diagram was
generated. The Venn diagram found 5 genes shared by the
3 sets: bone morphogenetic protein 1 (BMPI), dumbbell
former 4 protein (DBF4), huntingtin-interacting protein 1
(HIPI), angiogenin (ANG), and MAP7 domain containing
2 (MAP7D2) (Figure 2C). These 5 genes were essential
ESCC-associated genes involved in both chemotherapy
resistance and survival.

Correlation between paclitaxel sensitivity prediction and 5
common genes

The estimated paclitaxel IC;, of the 82 TCGA-ESCA

Ann Transl Med 2022;10(2):92 | https://dx.doi.org/10.21037/atm-21-7032
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Figure 3 Correlation between paclitaxel sensitivity prediction and 4 key risk genes. For all 82 TCGA-ESCA samples, the estimated
paclitaxel ICs, of each sample and the above 5 genes were paired for correlation analysis. Four genes have significant association with the
estimated IC;, of paclitaxel: (A) ANG, (B) BMP1, (C) DBF4, and (D) MAP7D2. TCGA, The Cancer Genome Atlas; ESCA, esophageal

carcinoma.

samples and the above 5 genes were paired for correlation
analysis. Four genes showed significant association with
the estimated IC;, of paclitaxel: BMPI, DBF4, ANG, and
MAPTD?2 (Figure 34-3D).

Prognostic performance of the signature

The prognostic performance of the risk-gene signature
was showed (Figure 44). Four risk factors (MPI1, HIPI,
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ANG, and MAP7D2) were selected to construct a risk score
using LASSO regression (Figure 4B), after dimensions were
reduced (Figure 4C). Patients were divided into a high-risk
group and low-risk group. KM survival analysis showed a
significant difference in survival between the two groups
(median survival period: 1.5 and 3.7 years, respectively;
Figure 4D). This signature showed satisfactory performance
in 1-, 2-, and 3-year survival prediction as shown by the area
under the curve (AUC) of the ROC curve (Figure 4E). In
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Figure 4 The prognostic performance of the risk-gene signature. (A) Coefficients of selected genes are shown by lambda parameter; (B)

partial likelihood deviance versus log (A) was drawn using LASSO Cox regression model; (C) prognostic analysis of gene characteristics in

the TCGA set. The dotted line represents the median risk score and divides patients into low-risk and high-risk groups. Risk score curve.

Survival status of patients. Higher patient mortality was associated with a higher risk score. Heatmap of prognostic gene expression profiles

in low-risk and high-risk groups; (D) Kaplan-Meyer survival analysis of gene characteristics; (E) time-dependent ROC analysis the of the

gene characteristics. TCGA, The Cancer Genome Atlas; ROC, receiver operating characteristic.

particular, the AUC value for the 2-year survival evaluation
was 0.856 (95% CI: 0.742-0.969).

Enrichment analysis

Enrichment analysis was conducted based on the 35 cancer-
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promoting genes related to chemotherapy resistance as
DE miRNA targets. Nine GO terms were significantly
enriched, including AV node cell to bundle of His cell
communication, cardiac muscle cell action potential
involved in contraction, dendrite morphogenesis, cardiac
muscle cell contraction, cardiac muscle cell action potential,
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positive regulation of dendrite development, regulation of
membrane potential, post-synapse organization, and cell-
cell signaling involved in cardiac conduction (Figure 5).

PPI network

A PPI network was generated using the STRING database.
As shown in Figure 6, guanine nucleotide-binding protein
subunit beta 4 (GNB4), calcium voltage-gated channel
auxiliary subunit beta 2 (CACNB2), and sodium voltage-
gated channel alpha subunit 1 (SCN14) were located at
key positions of the network. PPI analysis showed GNB4,
CACNB2, and SCN1A were located at key positions of
the network. Among potential risk genes, only the high
expression of dedicator of cytokinesis 8 (DOCKS) was
associated with poorer survival. GNB4, CACNB2, SCN1A4
and DOCKS have different effects on the formation of
tumor chemotherapy resistance microenvironment. These
nodes merit more attention in future research of ESCC
progression and treatment.
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Survival risk of DOCKS in ESCC patients

Finally, we analyzed the influence of 35 key oncogenes
on survival using TCGA data of 82 ESCC cases (https://
cdn.amegroups.cn/static/public/10.21037atm-21-7032-2.
xlsx). Among these potentially risk genes, we found only
DOCKS had a correlation with overall survival, and high
expression of DOCKS also implied poorer survival time
(Figure 7). The median survival of the low-DOCKS$ group
was 1,361 days (95% CI: 754-1,968 days), while that of the
high-DOCKS group was 650 days (95% CI: 499-801 days)
(logrank P=0.02). There were no correlations between the
4 miRNAs and survival in ESCC patients. Taken together,
DOCKS should be considered a preferred gene for detecting
the underlying mechanisms of chemotherapy resistance.
Among 35 key oncogenes, only 1 factor (DOCKS) was
found to be a survival risk gene, implying that the influence
and deep network of oncogenes under chemotherapy stress
is more complicated.

Discussion

The mRNAs and miRNAs associated with ESCC
development have been widely studied through high-
throughput approaches, and known ESCC-related miRNAs
include miR-196a-5p, miR-1-3p, miRNA-134, miR-135b-5p,
miR-15b-5p, miR-195-5p, miR-124, miRNA-1290, miRNA-
20b-5p, miR-885-5p, miR-140-3p, miR-708, miR-639, miR-
596, miRNA-506, and miR-338-5p (10-16). In addition,
hundreds of ESCC-driving mRNAs have been reported.
However, the key genes associated with chemotherapy-
resistance in ESCC are not fully understood. Several
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data. A total of 83 ESCC cases were collected. A high expression of
DOCKS implies poorer survival. DOCKS, dedicator of cytokinesis 8;
TCGA, The Cancer Genome Atlas; ESCC, esophageal squamous

cell carcinoma.

published works have demonstrated that this resistance
could be affected by both mRNAs, including taurine
upregulated 1 (TUGI), zinc finger protein x-linked (ZFX),
and nuclear factor-erythroid factor 2-related factor 2 (Nrf2),
and miRNAs, such as miR-130a-3p, miR-148a-3p, miR-
125a-5p, and miR-224 (17-21). Herein, we discovered that
bsa-miR-18a-3p, hsa-miR-935, hsa-miR-1226-3p, and hsa-
miR-99b-5p were downregulated in resistant ESCC cells,
and for the first time, that some novel targets, including
DOCKS, GNB4, CACNB2, and SCNI1A, were possibly
highly involved in ESCC chemotherapy resistance. To
the best of our knowledge, these results, particularly
of the key mRNAs, have not been reported in previous
ESCC studies. Although there appear to be discrepancies
between our results and the original article of some
data (e.g., GSE50224), this was mainly due to the use of
different grouping methods. For example, we combined
all chemotherapy-resistant esophageal cancer cells into
the resistant group. SCN1A4 is a neuronal sodium-channel
gene and is associated with different nervous-system related
disorders, as shown in the enrichment results in DisGeNET
(22,23). Currently, this is the first study reporting that
SCN1A may be an important ESCC driver.
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In prognosis analysis using the 4-risk factor signature
(BMP1, HIP1, ANG, and MAP7D2), we observed a good
performance, especially in 2-year survival prediction. BMP1
is capable of inducing formation of cartilage in vivo and
is associated with osteogenesis imperfecta and high bone
mass osteogenesis imperfecta. Among its related pathways
are activation of cyclic adenosine monophosphate (cAMP)-
dependent protein kinase A (PKA) and adipogenesis.
A previous study on the immune genes associated with
prognosis in esophageal carcinoma also reported that BMP1
was a risk gene in esophageal carcinoma (24). HIPI is a
membrane-associated protein that functions in clathrin-
mediated endocytosis and protein trafficking within the
cell. Recently, it was reported that abnormally high HIPI
expression was associated with metastatic behaviors and
poor prognosis in ESCC (25). ANG is a member of the
ribonuclease (RNase) A superfamily and is associated
with amyotrophic lateral sclerosis and amyotrophic lateral
sclerosis. Among its related pathways are cell junction
organization and pathways of neurodegeneration. One
study reported, consistent with our results, that all-trans
retinoic acid (ATRA) inhibited angiogenesis and metastasis
of ESCC by suppressing the ANG-Tie2 pathway (26).
MAP7D?2 is a relatively novel risk gene in carcinoma. An
integrated bioinformatics analysis showed that MAP7D2
was a prognostic biomarker of gastric cancer (27), and it
may contribute to the progression of ESCC through a
similar mechanism.

DOCKS is a member of the DOCK family of guanine
nucleotide exchange factors, which interact with Rho
GTPases and are components of intracellular signaling
networks. In patients with human papillomavirus (HPV)-
positive head and neck squamous cell carcinoma, DOCKS$
can serve as a prognostic biomarker and is related to
immune infiltration (28). In 2008, a Japanese study
reported that DOCKS was an upregulated gene involved
in radiosensitivity of ESCC (29). The specific mechanism
of DOCKS towards the stress of chemotherapeutic drugs
is largely unknown. Notably, mutations of DOCKS are
associated with immunodeficiency (30,31). Expression
levels of DOCKS were reduced in 87% of primary lung
cancers in comparison with normal lung tissue (32). These
results appeared to be the exact opposite of our findings.
In hepatocellular carcinoma, DOCKS is a downstream
member of signal transducer and activator of transcription
3 (STAT3) and can play a role as a guanine-nucleotide
exchanging factor for Rac Family Small GTPase 1 (RACI),
which drives mesenchymal-type movement (33). Moreover,
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DOCK family proteins are involved in the regulation of
migration, morphology, adhesion, and cell growth (32),
suggesting that they may enhance the migration ability of
ESCC cells under the stress of chemotherapy. Given the
increased expression of DOCKS in resistant ESCC cells
and its association with poorer survival, we believe that its
molecular action mechanism in ESCC merits urgent further
exploration. GNB4 is also a hub gene in ovarian cancer and
Helicobacter pylori-induced gastric cancer (34,35), but
its detailed mechanism in tumor development is largely
unknown. The association between CACNB2 and squamous
cell carcinoma (SCC) was reported by another miRNA
study regarding head and neck SCC (36), which found that
the tumor suppressor miR-31-5p targeted CACNB2 and
affected prognosis.

The authors of dataset GSE50224 published 2 similar
articles regarding the 4 downregulated miRNAs, with
consistent results (37,38), and another study reported that
miR-1226-3p could sensitize ESCC towards cisplatin in
50% of cell lines (19). However, other supporting evidence
is limited. Therefore, miR-18a-3p, hsa-miR-935, and hsa-
miR-99b-5p in ESCC is worthy of more attention.

Some upregulated mRNAs seemed contradictory to
previous studies. For example, NK6 Homeobox 1 (NKX61)
has been reported as a suppressor of metastasis in colorectal
cancer (39). This inconsistency can be explained by the fact
that the role of NKX61 in ESCC and colorectal cancer may
differ. Further, we cannot confirm that the upregulated
targets were a driver of chemotherapy resistance as this may
have been a concomitant phenomenon, albeit with a high
probability of being a driving factor.

Radiotherapy combined with cisplatin and taxol
chemotherapy can improve the immune function of patients
with esophageal cancer. In the training and validation
cohort, the down-regulation of NS1-BP is related to
chemoradiotherapy resistance and short disease-specific
survival (DSS). Both synchronous radiotherapy and pure
radiotherapy are appropriate. Improving the immune
function of patients can promote progress, increase T
lymphocyte, inhibitory T-cells, helper T cells and Th/Ts
levels of patients, lower the Ts level and lower the tumor
index. The level of SCC-Ag and CYFRA21-1 should
be kept at the same time, and chemotherapy should be
performed simultaneously.

This study had some limitations. First, of the 35 key
oncogenes, only 1 factor (DOCKS) was found to be a
survival risk gene, implying that the influence and deep
network of oncogenes under chemotherapy stress is more

© Annals of Translational Medicine. All rights reserved.
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complicated. In addition, we did not perform verification
of the expression of DE mRNA and miRNA, the protein
expression of the corresponding mRNAs, or their matched
targeting relationships. We have hardly analyzed IncRNA
and ceRNA network which will be carried out in the next
research work. The functions of the key genes have not
been verified by experiments. This step is exceedingly
necessary for deeper exploration. Finally, the number of
ESCC cases in TCGA was limited, and the phenotype
dimension was not sufficient. Therefore, patients with
different stages and treatments were pooled together for
analysis. This may have led to the negative results of most
candidate oncogenes.

Conclusions

In conclusion, we combined miRNA and mRNA changes
and found 35 key oncogenes involved in chemotherapy
resistance in ESCC, as well as the corresponding
enrichment and regulatory network. The novel candidates
in this study merit further investigation and may provide
a deeper understanding of the molecular mechanisms in
ESCC treatment failure.
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