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The Esophageal Carcinoma is the 6th most common

cancer in the world, accounting for 604100 new

cases and 544076 deaths in the year 2020. The

disease has a diverse geographical distribution.

While Asia reported the largest number of

Incidence and mortality, It is also seen that

the incidence of Esophageal Cancer in Men is

considerably more than the Females (Sung H et

al). Moreover, the 5-year survival of Esophageal

Carcinoma is between 12% and 20%, owing to the

fact that the disease is usually diagnosed at

advanced stages and is usually resistant to the

majority of therapies due to molecular

heterogeneity (Napier KJ et al).

The Esophageal Carcinoma has two major

histological categories called the Esophageal

Adenocarcinoma (EAC) and the Esophageal Squamous

Cell Carcinoma (ESCC). The ESCC subtype is the

neoplasm of squamous cells, usually associated

with alcohol consumption and tobacco use. It is

localised to the middle and lower esophagus. The

esophageal Adenocarcinoma is predominant in the

lower third of the esophagus. Unlike ESCC,

Esophageal Adenocarcinoma is closely associated

with conditions like gastroesophageal reflux

disease, untreated can lead to Barrett’s

Esophagus (Napier KJ et al), a pre-neoplastic

condition where the squamous epithelium is

replaced by columnar epithelium.

The ESCC is the most prevalent histological

subtype of Esophageal Cancer in the world,

developing nations such as India reports the

majority of the ESCC cases (Figure-1). On the

contrary, EAC is majorly diagnosed in the

population of developed nations like the USA, UK

(Joel H. Rubenstein & Nicolas J. Shaheen).

Treatment of Esophageal Cancer includes surgical

interventions, chemotherapy and radiotherapy.

Although the two histological subtype exhibits

diverse molecular characteristics but still in

clinical studies, they are not differentiated

for the purpose of therapy.

DATASET

For this study, The Cancer Genome Atlas Esophageal Carcinoma

(ESCA) RNA-seq dataset (retrieved from firebrowse) was used.

Among the 198 samples analysed, there were 97 ESCC tumour

samples, 88 EAC tumour samples and 13 Normal samples (Fig-

2).

CLUSTERING AND CLASSIFICATION

Principal Component Analysis was performed on the dataset

using the T-Bioinfo server. The expression RPKM values table

(Quantile normalized and log2 transformed) was uploaded on

the server and the PCA Pipeline was performed on the data to

see clustering based on the subtype.

DIFFERENTIAL GENE EXPRESSION ANALYSIS AND PATHWAY ENRICHMENT

ANALYSIS

The data was analysed using the T-bioinfo Server. The

Differential Gene expression analysis was performed using

the DEseq2 algorithm on the T-bioinfo server, for the

pathway enrichment, GSEA enrichment and Pathway Enrichment

algorithms on the T-bioinfo were used (streamlined with

DEseq2).

The three different analyses were performed for

understanding diverse affairs involved in the subtypes:

- Differential Gene Expression Analysis was performed

between the 88 EAC samples and 97 ESCC samples. For the

analysis, raw read counts were used.

- Differential Gene Expression Analysis and Pathway

Enrichment analysis was done between two groups:

o 13 Normal samples and 88 EAC samples

o 13 Normal samples and 97 ESCC samples

A number of differentially expressed genes

were discovered between the two subtypes.

It was seen that a number of differentially

expressed long non-coding RNA genes and

miRNAs were discovered. Both lncRNA and

miRNA plays an important role in Gene

regulation thus, making them a new class of

targets for drug discovery (Matsui M and

Corey DR).

HOTAIR or HOX Transcript Antisense

Intergenic RNA, an important lncRNA found

in cancer usually involved in cancer

progression and drug resistance, was found

to be up-regulated in Esophageal

adenocarcinoma (Rajagopal T et al). HOTTIP

OR HOXA transcript at the distal tip, an

important prognostic marker in various

cancers was up-regulated in EAC (Fig-13).

A number of long intergenic non coding RNAs

were found to be up-regulated in ESCC

including LINC01549 which is an important

lncRNA in Hepatocellular carcinoma (Ye J et

al) (Fig-12).

As we discovered a number of lncRNAs and

miRNA differentially expressed between the

two histological subtypes, we can work

towards the path of Precision Medicine

based on the histology.

The Pathway enrichment revealed some of the

similarities between EAC and ESCC. While

both shared up-regulated pathways related

to DNA confirmation change, Cell cycle

regulation, Signalling pathway, the Lipid

metabolism related pathways were activated

in both.

Result of Clustering

The PCA was performed on 198 samples based on the histological subtype. The two 

histological subtypes name EAC and ESCC separated along the X-axis (PC1), while 

the normal samples were mixed with EAC (Figure 6). Another PCA plotted between 

Normal and individual subtype showed two separate clusters (Figure 7 & 8). 

Result of Differential Gene Expression Analysis (EAC VS ESCC)

A total of 3633 Genes were found to be Differentially Expressed between the 

subtypes (with a P-adjusted value of >0.05 and log Fc Value greater than 1.5 or 

less than -1.5). It was also seen that 43 lncRNAs genes and 66 miRNAs genes were 

also differentially expressed between the two subtype (Figure 9). 

Result of DGE and Pathway Enrichment 

1. Normal VS EAC

DGE analysis revealed 1807 Up-regulated genes (with a P-adjusted value of >0.05 

and log Fc Value greater than 1.5) and 1807 down-regulated genes (with a P-

adjusted value of >0.05 and log Fc Value less than -1.5). While the pathway 

enrichment revealed that the majority of the Genes were enriched in fat 

metabolism pathways, chemokine signalling, Cell cycle-related pathways (Figure 10).

2. Normal VS ESCC

DGE analysis revealed 2277 Up-regulated Genes (with a P-adjusted value of >0.05 

and log Fc Value greater than 1.5) and 2250 down-regulated genes (with a P-

adjusted value of >0.05 and log Fc Value less than -1.5). Pathway enrichment 

revealed that the majority of genes were enriched in T cell activation, cell 

cycle-related pathways, DNA confirmation change pathways (Figure 11). 
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Figure 1: Global differences in the 

incidence of histological subtypes of 

esophageal cancer , cited: Joel H. 

Rubenstein & Nicolas J. Shaheen

Figure 2: Bar graph signifying  number 

of samples in each category

Figure 4 : Analysis Flow Chart

Figure 5 : DEG and  Pathway Enrichment 

Analysis  Pipeline Graph

Figure 5 :  Principal Component Analysis 

Pipeline Graph

Figure 6 : PCA  (Normal, EAC and ESCC)

Figure 7 : PCA (Normal & EAC )

Figure 8: PCA (Normal & ESCC) 

Figure 9 : Volcano Plot Figure 10 :Pathway Enrichment  Analysis, EAC 

subtype

Figure 11 :Pathway Enrichment  Analysis, ESCC 

subtype

Figure 12: miRNAs and 

lncRNAs upregulated in ESCC 

subtype

Figure 13: miRNAs and 

lncRNAs upregulated in EAC 

subtype


