
Copyright © 2021 Marmara University Press
DOI: 10.33808/clinexphealthsci.756701

Clin Exp Health Sci 2021; 11: 418-425
ISSN:2459-1459

Clinical and Experimental 
Health Sciences

 
ABSTRACT
Objective: Epidermal growth factor-like repeats and discoidin I-like domains 3 (EDIL3) expression is upregulated in some types of cancer which 
means that it can be used as a candidate tumor marker. The expression level of EDIL3 as a marker of the hypoxic microenvironment of pancreatic 
cancer was assessed by studying its relationship with the expression of tumor-associated carbonic anhydrases (CA IX and CA XII) and Hypoxia-
inducible factor-1 (HIF-1) in tumor development.

Methods: Gene expression and mutation profiles of pancreatic cancer patients and healthy tissue samples were downloaded The Cancer 
Genome Atlas (TCGA), and the genetic alterations and expression levels of the EDIL3, HIF-1α, CA IX and CA XII genes were analyzed. Additionally, 
PolyPhen-2 and SNAP tools were used to prediction and confirmation of detected alterations pathogenicity and survival analysis was performed.

Results: Expression levels of EDIL3, HIF-1α and CA IX were found to be statistically significant higher in the patient compared to healthy group 
and we showed also positive correlation between EDIL3 and HIF-1α gene expression. Furthermore, low CA IX and CA XII expression levels were 
found effective on overall survival (p<0.05). Additionally, 8 missense mutations were detected in the coding region of studied genes.

Conclusion: We suggested that relationship between EDIL3 and HIF-1α in pancreatic cancer and EDIL3 is a novel molecule cancer development 
in pancreatic cancer.

Keywords: CAs, EDIL3, HIF-1α, mutation, expression, pancreatic cancer

Dilara Fatma Akin Bali1 , Rahsan Ilikci Sagkan2

1Nigde Omer Halisdemir University, Faculty of Medicine, Medical Biology, Nigde, Turkey
2Usak University, Faculty of Medicine, Medical Biology, Usak, Turkey

Correspondence Author: Rahşan Ilikci Sagkan
E-mail: rahsan.ilikci@usak.edu.tr
Received: 23.06.2020 Accepted: 29.06.2021

Mutations and Expression Profile of EDIL3 and Correlation 
with HIF1A and Tumor-Associated Carbonic Anhydrases in 
Pancreatic Cancer

1. INTRODUCTION

Pancreatic cancer, which has become increasingly frequent 
in recent years and known as the fourth fatal cancer, is 
a disease with an aggressive character which develops 
relatively asymptomatically and usually appears advanced 
in diagnosis (1). Additionally, the genetic and phenotypic 
heterogeneity of pancreatic cancers is a significant clinical 
problem. Understanding the interactions between the 
molecular mechanisms underlying pancreatic cancer 
progression will provide a significant improvement in the 
development of more selective and effective treatment 
models for medical therapy for pancreatic cancer (2,3). The 
presence of hypoxic areas in the tumor microenvironment 
causes more unstable genetic structure, aggressive/
invasive phenotype, increase tumor volume, trigger 
epithelial mesenchymal transmission and escape of 
cancer cells from the immune system (4,5). In addition, 
it causes resistance to alternative cancer treatment and 
a significant decrease in survival rates. Although the 

underlying mechanisms mediating pancreatic cancer 
invasion and metastasis are largely unknown, hypoxic 
microenvironment and hypoxia-related factors have been 
reported to be critical driving forces in pancreatic cancer 
metastasis and progression.

Hypoxia-inducible factor-1 (HIF-1) is the main effector 
in hypoxia activation by generation of the blood vessels, 
lymphatic vessels, fibroblasts, immune cells, and various 
extracellular matrix components (6,7). The interaction of 
these input molecules with tumor cells cause to clinical 
outcomes. Most solid tumors have hypoxic regions 
because of abnormal vascularization and low blood 
supply. This character of hypoxia promotes numerous 
changes favor cancer progression (4-8). The expression 
of HIF-1α gene activates signaling pathways related 
with cell metabolism and supports to glycolytic mode 
by producing H+. Furthermore, the activity of carbonic 
anhydrases (CA) is affected by HIF-1α signalization. Zinc 
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containing carbonic anhydrase enzymes have important 
roles in different physiological functions as gas exchange, 
ion transport and acid-base balance (10). There are 15 
enzymatically active CA isoforms in mammalian and 
the role of these enzymes, participate in pH regulation, 
are catalysis of the hydration of CO2 molecule and 
dehydration of HCO3 – ion (10,11). The molecular and 
cellular structure and functions of several carbonic 
anhydrases have been characterized. CA IX and CA XII, 
the major types of tumor associated proteins (11,12). The 
discovery of transmembrane carbonic anhydrases which 
are CA IX and CA XII is a hallmark of cancer, especially 
angiogenesis, tumor invasion, progression and metastasis 
(10-12). Several studies have shown that cancer-related 
CA IX and CA X II expression can take place in cancer. 
These enzymes were identified in numerous cancer types 
such as human renal cancer, pancreatic, colon, prostate, 
ovaries, testicles, lung, brain, normal endometrial cells 
and epididymis duct cells (10-13). The association 
between malignant transformation and the expression of 
carbonic anhydrases could not be accentuated until the 
discovery of CA IX and CA XII from tumor-associated CA 
isozymes.

Epidermal growth factor-like repeats and discoidin I-like 
domains 3 (EDIL3 is also called DEL-1) is a secreted and 
multifunctional extracellular matrix protein that plays an 
important role in regulating cellular growth, differentiation, 
adhesion, and apoptosis in many biological systems especially 
tumor cells (14). EDIL3 has also an anti-inflammatory 
function because of inhibiting the recruitment of immune 
cells to inflammatory site. In addition, inflammation is 
critical in the progression of various types of carcinoma, 
and donates invasive and metastatic characteristics upon 
transformed cells (15,16). The tumor microenvironment 
facilitates tumor metastasis to other organs. Various 
signaling pathways contribute to this abnormal process. 
The role of EDIL3 in cancer is complex and paradoxical, 
varying by cell type and stage of tumorigenesis (17). In the 
present bioinformatical study was done to determine the 
relationship between transmembrane carbonic anhydrases 
and EDIL3 mutation profile and m-RNA expression patterns 
in the data of pancreatic cancer and healthy samples. The 
function of EDIL3, HIF-1 accentuated and tumor-associated 
carbonic anhydrases are poorly understood. In this study, 
we have used bioinformatics tools to decipher the mutation 
profiles and expression levels of EDIL3, HIF-1α, CA IX and CA 
XII genes.

2. METHODS

2.1. Data collection

The pancreatic cancer data set was obtained from TCGA 
database. Demographic, clinical and genetic data regarding 
the patient group are summarized in Table 1.

Table 1. Demographic, clinical and genetic data of patients with 
pancreatic cancer
Characteristic Patient data n:640 (%)
Gender
 Male
 Female
 NA

340 (53.1%)
281 (43.9%)
19 (3.0%)

Diagnosis age, years 61 (range, 33-90)
Race Category
White 161(25.2%)
Black or African American 7 (1.1%)
Asian 11 (1.7 %)
NA 461 (72%)
Sample Type
 Primary 560 (87.5%)
Metastasis 3 (0.5%)
NA 77 (12%)
Overall Survival Status
 Living 99(15.5%)
 Deceased 85 (13.3%)
NA 456 (71.3%)
Metastasis Stage Code
 M0 84(13.1 %)
 MX 95(14.8%)
 M1  5(0.8%)
 NA 456 (71.3%)
Tumor stage code
T1 7 (1.1%)
T2 23 (9.1%)
T3 148 (23.1%)
T4 4 (0.6%)
TX 1 (0.2%)
NA  457(71.4%)
Alteration Frequency in pancreatic cancer Case (Frequency%)
HIF-1Α Mutation 3 (0.5%)
EDIL3 Mutation 2(0.4%)
CAIX Mutation 13 (2.3%)
CAXII Mutation 1(0.2%)

2.2. Mutation Analysis

The cBio Cancer Genomics Portal (http://cbioportal.org) is 
an open accessed, The Cancer Genome Atlas (TCGA)-based 
resource that allows interactive research of multidimensional 
cancer genomic datasets and provides access to the data 
of more than 5,000 tumor samples from 20 cancer studies 
(18,19). Pancreatic cancer was chosen as the type of cancer of 
interest on the web interface to examine mutations in HIF-1α, 
EDIL3, CA IX and CA XII genes in pancreatic cancer patients 
presented in the portal. The selected TCGA data set consists 
of the genome sequencing data of 640 pancreatic cancer 
patients. The characteristics of the mutations detected are 
comprehensively analyzed using the OncoPrint and Mutation 
tools provided by the interface.
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2.3. In-Silico Analysis

To determine the possible pathogenicity of the mutations 
which we detected in our study genes; HIF-1α, EDIL3, CA 
IX and CA XII, we used the scores given by Polymorphism 
Phenotyping v2 (PolyPhen-2), Scanning of unacceptable 
polymorphisms (SNAP) and the Catalog of Somatic Mutations 
in Cancer (COSMIC) databases.

PolyPhen-2, which can be accessed via a web server, helps 
predict the possible effects of possible mutations on the 
stability and function of human proteins using the structural 
and comparative evolutionary analyses of the amino 
acid positions of these possible mutations. The program 
estimates the probability of the missense mutation being 
damaging based on a combination of all these features and 
provides both a qualitative prediction (probably damaging, 
possibly damaging, benign or unknown) with a score (20).

SNAP is a machine learning device called “neural network”. 
It distinguishes between effect and neutral variants/non-
synonymous SNPs by taking a variety of sequence and variant 
features into account. It includes evolutionary constraints, 
structural features and protein annotation information. 
The most important single feature for SNAP prediction is 
conservation in a family of related proteins as reflected by 
PSIC scores (21). In the SNAP software, when the given values 
are between – 100-0 and 0-100, the mutations are considered 
neutral and affected, respectively. Finally, the score given by 
the COSMIC database was used to predict and confirm the 
pathogenic effect of detected changes (22). Moreover, the 
evolutionary conservation analyses of the detected mutant 
amino acids were evaluated among different species via 
the “Multiple sequence alignment” tool in the PolyPhen-2 
software.

2.4. Gene Expression, Survival and Correlation Analysis

GEPIA (http://gepia.cancer-pku.cn/) is an online database 
that contains the expression profiles of 9736 tumor 
samples and 8587 healthy samples. It is an interactive 
web server developed to provide customizable analyses 
such as differential expression analysis in tumor or normal 
tissues, profiling according to cancer types or pathological 
stages, patient survival analysis, similar gene detection, 
correlation analysis, and dimensionality reduction (23). The 
profiles of HIF-1Α, EDIL3, CA IX, and CA XII gene expressions 
were analyzed as box plot graphs created by the GEPIA 
database using data from 179 pancreatic cancer patients 
and 171 healthy tissue samples obtained from TCGA and 
GTEx data. Furthermore, the correlation analyses between 
the expression levels of the EDIL3 gene and other study 
genes were done using the software. The p-values were 
automatically calculated by the software in both analyzes, 
and p-values below 0.05 were considered statistically 
significant. The survival analyses of the study genes 
according to their varying gene expression levels were done 
via the web interface.

2.5. Statistical Analysis

All statistical analyzes were carried out on the GEPIA 
database. Kaplan-Meier curves regarding overall survival. 
Low and high expression groups were compared used the 
log-rank test. Pearson test was performed for correlation 
analyses using online database. p<0.05 was considered to 
indicate a statistically significant difference.

3. RESULTS

3.1. Results of mutation analysis

To identify the genetic changes in HIF-1α, EDIL3, CAIX, and CA 
XII genes in pancreatic cancer samples, genome sequencing 
data from 640 pancreatic cancer patients were analyzed 
via the cBioPortal interface. At least one genetic change 
(missense mutation) was detected in the HIF-1α, EDIL3, CA 
IX, and CA XII genes in 3.4% of all pancreatic cancer patients 
(Figure-1). Eight missense mutations (HIF-1Α p.G429R, 
p.S692Y, p.N827D; EDIL3 p.L9I, p.D52Y; CAIX p.L293V, 
p.S294C; CA XII p.R240Q) were detected in all study genes. 
The changes detected in the studied genes as a result of the 
mutation analysis are shown in Table-2. CA IX was found to 
be the most frequently changed gene with a rate of 2.3% 
among the analyzed genes.

Figure 1. Distribution of mutations in EDIL3, HIF-1Α, CA IX and CA XII 
genes in patients with pancreatic cancer

HIF-1α has two transactivation domains (TAD) as the NH2 
terminal (N-TAD) and the COOH terminal (C-TAD). These 
two domains are responsible for the transcriptional 
activity of HIF-1α. The C-TAD domain (between amino 
acids 786-826) interacts with coactivators such as CBP/
p300 to modulate the gene transcription of HIF-1α under 
hypoxia. The p.N827D change detected in HIF-1α in our 
study was located on the C-TAD domain. The oxygen-
dependent degradation domain (ODDD) rich in Pro-Ser-
Thr amino acids is localized between amino acids 401-603 
in the central region of HIF-1Α, and it is responsible for the 
oxygen-dependent degradation of HIF-1α. The p.G429R 
detected in our study was located on this domain. The 
p.L293V and p.S294C missense mutations detected in the 
CA IX gene and the p.R240Q missense mutation detected 
in the CA XII gene were localized on the carbonic anhydrase 
active sites in both genes.
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Table 2. Mutations of the EDIL3, HIF-1Α, CA IX and CA XII genes in pancreatic cancer patients.

No Gene Nt 
alteration

Accession 
Number

Alteration 
type

Localization
AA

position
Previously

determined 
disease/browser

Clinical significance
Poly-Phen2

(score)
 SNAP

 (score)
COSMIC 

prediction

M-1 EDIL3
c.25C>A COSV56907881 Missense

mutation
-

p.L9I
 Pancreatic 

Adenocarcinoma
Benign
(0,08)

Neutral
(-9)

Pathogenic
(0.74)

 M-2 EDIL3
c.154G>T rs117.372.6255 Missense

mutation
EGF Doman

p.D52Y
Pancreatic 

Adenocarcinoma
Benign
(0,26)

Effect
(42)

-

 M-3 HIF-1Α
c.1285G>A COSV60190598 Missense

mutation
ODD

p.G429R
Pancreatic 

Adenocarcinoma
Probably 
damaing

(1,00)

Effect
(68)

Pathogenic 
(1.00)

 M-4 HIF-1Α
c.2075C>T rs749686395 Missense

mutation
ID

p.S692Y
Pancreatic 

Adenocarcinoma
Possibly 

damaging 
(0,73)

Neutral
(-20)

-

M-5 HIF-1Α
c.2479A>G COSV60190475 Missense

mutation
C-TAD

p.N827D
Pancreatic 

Adenocarcinoma
Probably 
damaing

(0,99)

Effect
(82)

Pathogenic 
(score 0.99)

M-6 CAIX
c.877C>G COSV61406489 Missense

mutation
Carb_

anhydrase
domain

p.L293V
Pancreatic 

Adenocarcinoma
Probably 
damaing

(1,00)

Neutral
(-13)

Pathogenic 
(0.81)

M-7 CAIX
c.881C>G COSV61406510 Missense

mutation
Carb_

anhydrase
domain

p.S294C
 Pancreatic 

Adenocarcinoma
Probably 
damaing

(1,00)

Neutral
(-27)

Pathogenic 
(0.83)

M-8 CAXII
c.719G>A COSV51604343 Missense

mutation
Carb_

anhydrase
domain

 p.R240Q  Pancreatic 
Adenocarcinoma

Probably 
damaing 

(0,97)

Neutral
(-57)

Pathogenic 
(1.00)

M: Mutation; EGF: Epidermal Growth Factor; ODD: oxygen-dependent degradation domain; ID: inhibitory domain; C – TAD: terminal transactivation domain; 
COSV: The genomic mutation identifier

Moreover, 6 of the missense mutations mentioned above were 
recorded as somatic mutations in the COSMIC database. The 
schematic representation of the domain architecture of the proteins 
and mutations found in pancreatic cancer is shown in Figure 2.

Figure 2. Schematic representation of domain architecture of the 
EDIL3, HIF-1Α, CA IX and CA XII proteins and mutations found in 
pancreatic cancer patients. (A) Human EDIL3 is a polypeptide of 480 
amino acids. (B) Human HIF-1Α is a polypeptide of 826 amino acids 
(C) Human CA IX is a polypeptide of 459 amino acids. (D) Human CA 
XII is a polypeptide of 354 amino acids.

3.2. Results of in-silico Analysis

According to Poly-Phen2 database analysis results, 6 of the 8 
missense mutations that were detected in the study genes and that 
are given in detail in Table-1 (HIF-1α p.G429R, p.S692Y, p.N827D; CA 
IX p.L293V, p.S294C; CA XII p.R240Q) had a pathogenic score close 
to 1, suggesting that they might have pathogenic characteristics. 

The estimations for the pathogenic characteristics using the Poly-
Phen2 software are given in detail in Figure-3 (a-d).
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Figure 3. Estimation of possible functional effects of mutations in 
EDIL3, HIF-1Α, CA IX and CA XII genes with PolyPhen-2 program.

In addition, the comparison of the amino acid sequences 
affected by the missense mutations detected in different 
species using the “Multiple sequence alignment” option in 
the Poly-Phen2 software showed that the p.G429R, p.S692Y, 
and p.N827D missense mutations detected in HIF-1α, the 
p.L293V, and p.S294C missense mutations detected in CA 
IX and the p.R240Q missense mutation detected in CA XII 

replaced their amino acids at critical points, which have 
been conserved among different species throughout their 
evolutionary process (Figure-4).

3.3. Results of Gene Expression, Survival and Correlation 
Analysis

Gene expression analysis was done to determine whether 
the gene expression profiles of HIF-1α, EDIL3, CA IX, 
and CA XII genes showed variation between pancreatic 
cancer patients and healthy samples. According to our 
results, the expression levels of HIF-1α, EDIL3, and CA 
IX were significantly higher in pancreatic cancer patients 
compared to normal tissues. CA XII was found to be lower 
in pancreatic cancer patients compared to the healthy 
group. The gene expression profile analyses for each 
gene were found to be statistically significant between 
the groups. In addition, the Pearson correlation between 
HIF-1α, CA IX, and CA XII mRNA expression results and 
EDIL3 expression levels was evaluated separately, and a 
positive correlation with a low correlation coefficient was 
determined between HIF-1α and EDIL3 expressions. No 
correlation was found between CA IX, CA XII, and EDIL3 
expressions (Figure 5). Additionally, in Figure 6, according 
to the log-rank test and p-value, the low expression levels 
of CA IX and CA XII were found effective on overall survival 
(p=0.009 and p=0.000056 respectively).

Figure 4. The evolutionary conservation analyses of the mutated amino acids in HIF-1Α, CA IX and CA XII genes in the present study. The 
mutated amino acids were demonstrated. The detected mutant amino acids were evaluated among different species.



423Clin Exp Health Sci 2021; 11: 418-425 DOI: 10.33808/clinexphealthsci.756701

The role of EDIL3 in the pancreatic cancer Original Article

Figure 5. Validation of the m-RNA expression levels of (A) EDIL3, HIF-1Α, CA IX and CA XII in pancreatic cancer tissues and normal pancreas 
tissues using GEPIA. These four box plots are based on 179 pancreatic cancer samples (marked in red) and 171 normal samples (marked in 
green). (B) Pearson correlation analyses of HIF-1Α, CA IX and CA XII m-RNA expressions with EDIL-3 expression. (*indicates p<0.05).

Figure 6. Kaplan–Meier analysis of overall survival and disease free survival of the 179 pancreatic patients according to different HIF-1Α (A), 
EDIL3 (B), CA IX (C) and CA XII (D) levels. (*indicates p<0.05).
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4. DISCUSSION

The adaptation of hypoxic tumor environment related 
to tumor progression and hypoxic nature is a unique 
characteristic in advanced pancreatic cancer like other 
solid tumors (24). The measurement of cellular responses 
to hypoxia may be clinical correlation with prognosis and 
prediction in treatment. HIF-1α is a good hypoxia marker 
and also transcription factor (5-7,24). Activation of HIF-1α 
signal protein may lead to cell proliferation, prevention 
of programmed cell death and accelerating of tumor 
progression (24, 25). Carbonic anhydrase IX is one of the 
target gene of HIF-1α and is known to play an important 
in angiogenesis, abnormal cell invasion and metastasis. 
Previous studies demonstrated that the induction of CA 
IX by HIF-1 in various cancer under hypoxic conditions 
(9-12,24,25). The association of HIF-1α, CA IX and EDIL3 
expression has not yet been assessed in pancreatic cancer. 
In the present study, a significant association among CA IX, 
HIF-1α and EDIL3 expression was reported in pancreatic 
cancer patients. Furthermore, we observed that CA IX and 
EDIL3 expressions were markedly increased at m-RNA level, 
accompanied by increased level of HIF-1α in pancreatic 
cancer patients compared to healthy subjects. HIF-1α 
regulates tumor angiogenesis and its overexpression has 
been associated with tumor angiogenesis as in our study 
group. It has been also reported that high HIF-1α expression 
has a poor effect on the overall survival of pancreatic 
patients (26,27). CAIX, which is a membrane-bound protein 
regulated by HIF-1α under hypoxic conditions, also has a 
very high expression level in the pancreatic patient group, 
which includes our study group, compared to the healthy 
group. Interestingly, a positive correlation was identified 
between CA IX and HIF-1α expression. Therefore, CA IX 
expression induced by hypoxia appears to critical role in 
tumor development by induction of neovascularization and 
enhancing inflammation relevance to EDIL3 expression. 
Considering the prognostic significance of EDIL3 expression 
status may be more reliable marker for predicting tumor 
aggressiveness associated with tumor hypoxia. Besides, 
patients with low CA IX and CA XII expression levels were 
found to have longer survival times than those with higher 
expression levels.

 To determine the mutation profiles of EDIL3, HIF-1α, CA IX 
and CA XII genes, which are among the genome sequencing 
results of 640 pancreatic cancer patients in TCGA datasets, 
were comprehensively analyzed. We found that 3.4% of the 
patient group had a mutation and that the most frequent 
genetic changes occurred in CA IX (2.3%). Missense 
mutations were identified in the study genes, especially 
in the sequences that encoded their important domains. 
According to the evolutionary analyses of the missense 
mutations we detected (HIF-1α p.G429R, p.S692Y, p.N827D; 
CAIX p.L293V, p.S294C; CA XII p.R240Q ), we think that the 
mutations may have led to the formation of HIF-1α, CAIX, 
and CA XII genes with impaired functions and the genes 
were likely to have potential pathogenic characteristics 
since the functional pathogenic effects analyses showed 

that the mutations affected the amino acids that have 
been preserved throughout the evolutionary processes 
of these genes. Because these missense mutation points 
were locations that were highly conserved among species 
in the evolutionary process. Moreover, the missense 
mutations detected in all four genes were listed as somatic 
mutations in the COSMIC database. As there are no 
studies in the literature indicating the mutation profiles 
of the EDIL3, HIF-1α, CA IX, and CA XII genes and the role 
of the association between expression patterns in the 
pathogenesis of pancreatic cancer, our study is the first 
study stating the cancer-guiding roles of the mutations and 
expression profiles. Additionally, a further large-scale wet-
lab study is needed to evaluate the roles of EDIL3, HIF-1α, 
CA IX, and CA XII genes in pancreatic cancer.

5. CONCLUSION

The key findings of this in-silico analysis are that the 
overexpression of CA IX is induced by HIF-1α in pancreatic 
cancer and also high level of CA IX expression are predictor of 
clinical outcome and decrease survival but no the correlation 
of EDIL3 and cancer-associated carbonic anhydrases. On the 
contrary, the relationship between EDIL3 and hypoxic marker 
HIF-1α was found. In addition, the high expression level of 
EDIL3 might be good predictive and prognostic marker and 
as a novel research target related with tumor hypoxia in 
pancreatic cancer.
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