Gastroenterology

Baishideng Publishing Group Inc



Contents Weekly Volume 27 Number 36 September 28, 2021

World Journal of
Gastroenterology

5989

FRONTIER
Fluorescent cholangiography: An up-to-date overview twelve years after the first clinical application

Pesce A, Piccolo G, Lecchi F, Fabbri N, Diana M, Feo CV

6004

6025

REVIEW

Histone methylation in pancreatic cancer and its clinical implications

Liu XY, Guo CH, Xi ZY, Xu XQ, Zhao QY, Li LS, Wang Y

Hepatitis B virus infection and hepatocellular carcinoma in sub-Saharan Africa: Implications for
elimination of viral hepatitis by 2030?

Amponsah-Dacosta E

6039

6053

MINIREVIEWS
Liver disease in the era of COVID-19: Is the worst yet to come?

Mikolasevic 1, Bozic D, Pavi¢ T, Ruzic A, Hauser G, Radic M, Radic-Kristo D, Razov-Radas M, Puljiz Z, Milic S

Treatment of hepatitis B virus infection in children and adolescents

Stinco M, Rubino C, Trapani S, Indolfi G

6064

6079

6093

6110

ORIGINAL ARTICLE

Basic Study

CircRNA_0084927 promotes colorectal cancer progression by regulating miRNA-20b-3p/ glutathione S-
transferase mu 5 axis

Liu F, Xiao XL, Liu YJ, Xu RH, Zhou WJ, Xu HC, Zhao AG, Xu YX, Dang YO, Ji G

Exosomal microRNA-588 from M2 polarized macrophages contributes to cisplatin resistance of gastric
cancer cells

Cui HY, Rong JS, Chen J, Guo J, Zhu JQ, Ruan M, Zuo RR, Zhang SS, Qi JM, Zhang BH

Case Control Study

Evaluation of biomarkers, genetic mutations, and epigenetic modifications in early diagnosis of pancreatic
cancer

Rah B, Banday MA, Bhat GR, Shah OJ, Jeelani H, Kawoosa F, Yousuf T, Afroze D

Retrospective Study
Impact of radiogenomics in esophageal cancer on clinical outcomes: A pilot study

Brancato V, Garbino N, Mannelli L, Aiello M, Salvatore M, Franzese M, Cavaliere C

Jaishideng®

WJG | https://www.wjgnet.com I September 28,2021 | Volume?27 | Issue36 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 36 September 28, 2021

6128  Clinicopathological characteristics and longterm survival of patients with synchronous multiple primary
gastrointestinal stromal tumors: A propensity score matching analysis

Wu H, Li C, Li H, Shang L, Jing HY, Liu J, Fang Z, Du FY, Liu Y, Fu MD, Jiang KW, Li LP

Observational Study
6142  Urotensin II levels in patients with inflammatory bowel disease

Alicic D, Martinovic D, Rusic D, Zivkovic PM, Tadin Hadjina I, Vilovic M, Kumric M, Tokic D, Supe-Domic D, Lupi-
Ferandin S, Bozic J

CASE REPORT
6154  Inverted Meckel’s diverticulum diagnosed using capsule endoscopy: A case report

El Hajra Martinez 1, Calvo M, Martinez-Porras JL, Gomez-Pimpollo Garcia L, Rodriguez JL, Leon C, Calleja Panero JL

Bishidengs WIG | https://www.wjgnet.com I September 28,2021 | Volume27 | Issue36 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 36 September 28, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Mark D Gorrell, BSc, PhD, Professor of Liver Science,
Head, Liver Enzymes in Metabolism and Inflammation Program, Centenary Institute, Faculty of Medicine and
Health, The University of Sydney, New South Wales 2006, Australia. m.gorrell@centenary.org.au

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79;
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020:
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Yu-Jie Ma; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
September 28, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WIJG | https://www.wjgnet.com 111 September 28,2021 | Volume27 | Issue36 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v27.i36.6093

World Journal of
Gastroenterology

World | Gastroenterol 2021 September 28; 27(36): 6093-6109

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Case Control Study

ORIGINAL ARTICLE

Evaluation of biomarkers, genetic mutations, and epigenetic
modifications in early diagnosis of pancreatic cancer

Bilal Rah, Manzoor Ahmad Banday, Gh Rasool Bhat, Omar J Shah, Humira Jeelani, Fizalah Kawoosa, Tahira

Yousuf, Dil Afroze

ORCID number: Bilal Rah 0000-
0003-3673-5044; Manzoor Ahmad
Banday 0000-0002-9495-845X; Gh
Rasool Bhat 0000-0002-5223-4875;
Omar J Shah 0000-0001-9207-7440;
Humira Jeelani 0000-0001-5545-
3283; Fizalah Kawoosa 0000-0002-
2669-6128; Tahira Yousuf 0000-0002-
6983-2716; Dil Afroze 0000-0002-
0724-8899.

Author contributions: Rah B
performed data analysis and
manuscript writing; Banday MA
contributed to study design, data
analysis and gave directions; Bhat
GR contributed to data analysis
and proofreading; Shah OJ
contributed by providing patient
samples; Jeelani H contributed to
manuscript writing; Kawoosa F
contributed to sample collection
and experimentation; Yousuf T
contributed to manuscript writing;
and Afroze D contributed to study
design, data analysis and gave
directions; All authors gave the
final approval of the current
version of the manuscript for
publication and agreed to be
accountable for the current work.

Institutional review board
statement: The study was
reviewed and approved by the
Institutional Ethics committee
(IEC), Sher-i-Kashmir Institute of

Jaishideng®

WJG | https://www.wjgnet.com

Bilal Rah, Gh Rasool Bhat, Humira Jeelani, Tahira Yousuf, Dil Afroze, Advanced Centre for
Human Genetics, Sher-i-Kashmir Institute of Medical Sciences, Srinagar 190011, Jammu and
Kashmir, India

Manzoor Ahmad Banday, Department of Medical Oncology, Sher-i-Kashmir Institute of Medical
Sciences, Srinagar 190011, Jammu and Kashmir, India

Omar J Shah, Department of Surgical Gastroenterology, Sher-i-Kashmir Institute of Medical
Sciences, Srinagar 190011, Jammu and Kashmir, India

Fizalah Kawoosa, Department of Immunology and Molecular Medicine, Sher-i-Kashmir
Institute of Medical Science, Srinagar 190011, Jammu and Kashmir, India

Corresponding author: Dil Afroze, PhD, Full Professor, Advanced Centre for Human Genetics,
Sher-i-Kashmir Institute of Medical Sciences, Main Road, Srinagar 190011, Jammu and
Kashmir, India. afrozedil@gmail.com

Abstract

BACKGROUND

Pancreatic cancer (PC) is one of the deadliest malignancies with an alarming
mortality rate. Despite significant advancement in diagnostics and therapeutics,
early diagnosis remains elusive causing poor prognosis, marred by mutations and
epigenetic modifications in key genes which contribute to disease progression.

AIM

To evaluate the various biological tumor markers collectively for early diagnosis
which could act as prognostic biomarkers and helps in future therapeutics of PC
in Kashmir valley.

METHODS

A total of 50 confirmed PC cases were included in the study to evaluate the levels
of carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS),
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGEF-A),
and epidermal growth factor receptor (EGFR). Mutational analysis was performed
to evaluate the mutations in Kirsten rat sarcoma (KRAS), Breast cancer type 2 (
BRCA-2), and deleted in pancreatic cancer-4 (DPC-4) genes. However, epigenetic
modifications (methylation of CpG islands) were performed in the promoter
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regions of cyclin-dependent kinase inhibitor 2A (p16; CDKN2A), MutL homolog 1
(hMLH1), and Ras association domain-containing protein 1(RASSF1A) genes.

RESULTS

We found significantly elevated levels of biological markers CA 19-9 (P < 0.05),
TPS (P < 0.05), CEA (P <0.001), and VEGF (P < 0.001). Molecular genetic analysis
revealed that KRAS gene mutation is predominant in codon 12 (16 subjects, P <
0.05), and 13 (12 subjects, P < 0.05). However, we did not find a mutation in DPC-4
(1203G > T) and BRCA-2 (617delT) genes. Furthermore, epigenetic modification
revealed that CpG methylation in 21 (P < 0.05) and 4 subjects in the promoter
regions of the p16 and hMLH1 gene, respectively.

CONCLUSION

In conclusion, CA 19-9, TPS, CEA, and VEGF levels were significantly elevated
and collectively have potential as diagnostic and prognostic markers in PC. Global
data of mutation in the KRAS gene commonly in codon 12 and rare in codon 13
could augment the predisposition towards PC. Additionally, methylation of the
p16 gene could also modulate transcription of genes thereby increasing the predis-
position and susceptibility towards PC.

Key Words: Pancreatic cancer; Genetic mutations; Epigenetic modifications; Biomarkers;
Risk factors; Diagnostics

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrates that the collective evaluation of genetic mutations,
epigenetic modifications in key genes and elevated levels of serum carbohydrate
antigen 19-9, tissue polypeptide specific antigen, carcinoembryonic antigen, and
vascular endothelial growth factor-A could be used as predictive biomarkers for
diagnostics and prognostics in pancreatic cancer patients of the ethnic Kashmiri
population. This could be useful to track the disease status of pancreatic cancer patients
who are on a different regimen of chemotherapeutic interventions. To validate these
results in the ethnic Kashmiri population, future studies need comprehensive, cohort,
and replicative studies with large sample size.

Citation: Rah B, Banday MA, Bhat GR, Shah OJ, Jeelani H, Kawoosa F, Yousuf T, Afroze D.
Evaluation of biomarkers, genetic mutations, and epigenetic modifications in early diagnosis of
pancreatic cancer. World J Gastroenterol 2021; 27(36): 6093-6109

URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6093.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6093

INTRODUCTION

Pancreatic cancer (PC) is one of the deadliest malignancies among several solid
malignancies. It is the 15*leading cancer in the world with an overall estimated
incidence of 277000 new cases which is being diagnosed every year[1]. In the United
States, PC is the fourth leading cause of death with a 5-year survival rate of less than
5%[2]. PC is mostly found in elderly people and has been reported to be associated
with several risk factors[3]. The predominant risk factors include age, cigarette
smoking, a high-fat diet, decreased serum levels of folate, diabetes mellitus, obesity,
and chronic pancreatitis[4,5]. The familial history of pancreatitis increases the
probability of developing PC by around 40%[6]. PC has the lowest prognosis among
several solid-type tumors, mainly because almost 80% of PC patients are diagnosed
when the disease is in the advanced or metastatic stage[7]. Owing to the lack of
specific biological biomarkers used in clinical practice for the detection of PC and its
nonspecific symptomology at the initial stage of the malignancy, the early diagnosis is
extremely critical to detect and analyze disease progression[8]. Therefore, it is vital to
identify specific biomarkers that play a key role in early diagnosis thereby improving
the management and therapeutic outcome in PC.
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Tumor biomarker(s) are the substances that can be examined in body fluids (blood,
urine, and other fluids), synthesized and excreted by malignant cells within the tumor
tissue besides exceeding the normal level potentiating its use for cancer diagnosis
and/or prognosis[9]. Thus, ideally, the tumor markers should have high sensitivity
and specificity, however, none of the tumor biomarkers have attained such precision
[10]. Recent reports suggest that commonly used biomarkers for various malignancies
include carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS),
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGF-A), and
epidermal growth factor receptor (EGFR)[11]. The CA 19-9 and CEA are high
molecular weight glycoproteins attached to the surface of tumor cells predominantly
used in the diagnosis and prognosis of gut-associated cancers. However, marred by
low sensitivity and specificity, they far from qualify for the diagnosis of other cancers
[12]. The group of intermediate filament proteins to which TPS belongs is mainly used
to measure cytokeratin 18 and 19 and expected to reflect the tumor progression. A few
studies have examined TPS expression in PC; however, the findings are contentious.
Although, individually TPS expression in PC may not provide significant information
about the disease progression; in concert with other tumor biological markers it is
worthwhile to evaluate its role for early diagnosis, prognosis, and to predict metastatic
growth of PC[13]. A predominant dimeric, heparin-associated glycoprotein, VEGF-A
has powerful pro-angiogenic and mitogenic activity. Elevated expression of VEGF-A
enhances vascular permeability of endothelial cells and is reported to be involved in
PC-associated angiogenesis[14], thus potentiates as a predictive biomarker. EGFR is a
transmembrane protein that regulates cell growth and development. Mutation or
elevated expression of EGFR is a key event in the pathogenesis of various
malignancies such as glioblastoma, lung and oral carcinomas. There are reports of
EGFR-mediated signaling associated with EGFR mutation in PC patients[15].
Consequently, these reports suggest that evaluation of serum EGFR levels in PC can be
a promising putative biomarker for early diagnosis and prognosis to monitor the
disease status post-therapeutic interventions. Although, individually the tumor
biomarkers could aid in diagnostic and prognostic evaluation to a certain level,
however, collectively, they can be more beneficial to track tumor progression and
could be more useful to monitor disease status. Therefore, the current study aims to
evaluate the collective role of various tumor biomarkers in PC patients for their
potential role in early diagnosis and application in prognosis to examine post-
treatment disease status in the ethnic Kashmiri population.

Genetic mutations play a pivotal role in tumor progression and genetic markers are
critically important for the detection of malignant changes in PC[16]. Approximately,
97% of PC patients have alterations in genes that either follow the germline inheritance
mode of transmission or occur sporadically[17]. These mutations could be either
oncogenic (gain of function) or diminish tumor suppressor activity (loss of function).
Gain-of-function in Kirsten rat sarcoma (KRAS) a proto-oncogene that encodes
guanosine triphosphatase (GTPase), is one of the prominent mediators in signal
transduction pathways that are implicated in neoplastic transformation and inflam-
mation[18]. Approximately 95% of all cancers including PC are reported to harbor a
KRAS gene mutation which is a key event in early tumorigenesis. The major KRAS
activating gene mutations reportedly occur at codon 12 and less commonly at codon 13
and codon 61. Therefore, evaluation of genetic mutational analysis at the hotspot
regions of the KRAS gene could help in early diagnosis and prognosis in PC. Breast
cancer type 2 (BRCA-2), a tumor suppressor gene is associated with the maintenance of
the genome by enhancing homologous recombination of a double-stranded break.
Around 80% of BRCA-2 mutations are either frameshift or nonsense mutations that
result in the formation of premature stop codons to encode non-functional BRCA-2
protein[19]. Almost 7.3% of PC patients have a hereditary mutation in the BRCA-2
gene which increases the risk of developing PC by approximately 20-fold[20]
implicating a critical role of BRCA-2 in the early diagnosis of PC. Another vital gene,
“deleted in pancreatic cancer-4’ (DPC-4) also known as SMAD family member 4,
mothers against decapentaplegic homolog 4 (SMAD-4) is a tumor suppressor gene
involved in the regulation of gene transcription. DPC-4 protein a downstream target of
transforming growth factor-beta (TGF-B) pathway plays a critical role in the activation
of TGF-p signaling thereby promotes neoplastic growth. It is reported that 30% of PC
cases develop due to homozygous mutations in the DPC-4 gene[21,22]. Thus,
mutational analysis of the DPC-4 gene could be a promising factor for the early
diagnosis and prognosis of PC.

Besides genetic mutations, recent evidence suggests the epigenetic modifications
such as DNA methylation plays a critical role in the pathogenesis of PC. In the recent
past, reports suggest that methylation at the promoter regions of key tumor

WJG | https://www.wjgnet.com 6095 September 28,2021 | Volume?27 | Issue36 |



Rah B et al. Early diagnosis of pancreatic cancer

Jaishideng®

suppressor genes induces gene silencing and contributes to the development and
progression of tumorigenesis[23]. Various tumor suppressor genes were inactivated by
epigenetic modifications. Cyclin-dependent kinase inhibitor 2A (p16; CDKN2A), a
tumor suppressor gene that encodes a member of cyclin-dependent kinase inhibitor
which arrests the G,-S phase of the cell cycle to prevent tumor cell progression. Loss of
the p16 gene is reported in 70% of cancers and around 10%-15% of the loss was due to
promoter methylation[24]. Thus, screening of epigenetic modifications at the promoter
region of the p16 gene could help in the early diagnosis of PC. MutL homolog 1 (
hMLH1) a tumor suppressor gene that belongs to the mismatched repair gene family
and prevents DNA damage by radiations and other associated mechanisms. hMLH1 is
also reported to be inactivated epigenetically by promoter methylation which leads to
DNA damage. The accumulation of mismatched and damaged DNA promotes tumor
cell progression[25]. Ras association domain-containing protein 1(RASSF1A) is another
tumor suppressor gene inactivated by promoter methylation. It is a component of
RAS/PI3K/AKT and RAS/MAPK pathways. Recent reports suggest that epigenetic
modifications in the RASSFIA promoter region promote tumor progression in various
cancers including kidney, breast, lung, prostate, and thyroid[26]. Recent evidence
suggests that 64% of pancreatic adenocarcinoma patients have RASSF1A hyperme-
thylation at the promoter region, indicating that analysis of hypermethylation of
RASSF1A at promoter region could be a promising approach for early diagnosis of PC.
To summarize, these studies suggest that genetic mutations, epigenetic modulations,
and elevated levels of serum biological markers play a critical role in the early
diagnosis, therapeutics, and prognosis of various cancer. Therefore, keeping in consid-
eration the documented role of tumor biomarkers, genetic mutations, and DNA
methylation of tumor suppressor/protooncogenes in various malignancies including
PC. The current study aimed to evaluate the serum levels of various biological tumor
markers, genetic mutations, and epigenetic modifications of some key regulatory
genes in PC. This would prove immensely helpful in the early diagnosis of PC, which
helps in the identification of high-risk PC and may enable their development as
biomarkers for future diagnostics, therapeutic interventions, and prognostics in the
ethnic Kashmiri population.

MATERIALS AND METHODS

In this study, a total of 50 patients with pancreatic carcinoma and 50 healthy controls
were included.

Inclusion criteria

Only the patients with histologically confirmed pancreatic carcinoma were included in
this study. Written consent was taken at the very beginning from all the patients and
healthy controls that were included in the study.

Exclusion criteria
The patients with a history of other malignancies and those who were not willing to
comply with pre-requisite protocol were excluded from the study.

Physical examination and lifestyle habits

The study was designed and approved by the institutional review board of the Sher-i-
Kashmir Institute of Medical Sciences (SKIMS), and informed consent was obtained
from all participants. A comprehensive physical/clinical examination was performed
in the Department of Medical Oncology, SKIMS, and the patients were evaluated for
Jaundice (by examining features like yellowing of eyes and skin), pruritis (by
examining features like redness, bumps, spots or blisters, dry/cracked skin and
leathery/scaly skin), muscle wasting (by evaluating features like weakness or
numbness in the limbs, loss of muscle coordination, tingling or weakness of the
extremities, impaired balance while walking, fatigue and a general illness, facial
weakness, progressive weakness, gradual memory loss and liver enlargement (were
examined by features like abdominal pain, nausea/vomiting, fatigue, whitening of
eyes and yellowing of the skin).

Besides the physical examination, lifestyle activities of the PC patients were also
recorded which included smoking status, salt tea consumption, spicy and non-spicy
food intake, dried vegetable consumption, mutton, and beef consumption, fish
consumption, oil intake, urine habits, bowel habits, and daily physical activity were
also recorded.
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Laboratory findings

The basic clinical laboratory findings were performed by using automated analyzers.
The laboratory findings are liver function test (like aspartate transaminase-AST,
alanine transaminase-ALT, bilirubin, and alkaline phosphatase-ALP), diabetic status
(hyperglycemia) by measuring glucose levels, and anemia by measuring red blood cell
(RBC) count.

Diagnostic imaging

For any other malignancy PC patients were initially screened by using multiphase
multidetector computed tomography (CT) scan, magnetic resonance imaging (MRI),
ultrasonography (USG), endoscopic ultrasound (EUS), and chest X-ray (CXR).

Sample collection

A total of 5 mL blood sample was collected in clot activator and Ethylenediaminetet-
raacetic acid (EDTA) vial from PC patients. The serum was separated from the clot
activator vials using centrifugation and was stored at -80 °C for further analysis. EDTA
vials contain blood was stored at -20 °C for DNA extraction. A tissue chunk (12-50 pm
thick tumor tissue section) was obtained from the PC patient by endoscopy using
USG-guided probes for mutational analysis and epigenetic modifications.

Tumor biomarkers

Tumor markers including CA19-9, TPS, CEA, VEGF-A, and EGFR were estimated in
the serum obtained from blood collected from the PC patients. Measurement of CA 19-
9, CEA, VEGF-A, and EGEFR levels in serum were performed by using a modular E-170
analyzer. However, TPS levels in the serum were measured by using an Immulite
instrument.

Genetic mutation analysis

Genomic DNA was extracted by the phenol-chloroform method from mononuclear
cells. Hypaque density gradient centrifugation was performed to extract leucocytes
from blood and tissue samples obtained from PC patients. The quantity and quality
control analysis of genomic DNA was performed by carrying out UV spectropho-
tometer (Eppendorf Biospectrometer®, Hamburg Germany) analysis and Gel electro-
phoresis, respectively. However, polymerase chain reaction (PCR) was carried out
with a different set of primers for KRAS, DPC-4, and BRACA-2 genes under different
PCR conditions. The PCR products obtained were subjected to Restriction Fragment
Length Polymorphism (RFLP) using restriction enzymes BstN1 and Bgll for
mutational analysis of KRAS codon 12 and 13, respectively. GGA—TGA in exon 8§,
codon 358 of DPC-4 gene was analyzed by using MnllI restriction enzyme. 6174delT of
BRCA-2 was analyzed by using allele-specific PCR technique and polyacrylamide gel
electrophoresis (PAGE) was carried out to study any change in the BRCA-2 gene.

Epigenetic analysis

The epigenetic analysis was performed by examining the methylation status of the
promoter and exon regions of genes including p16, RASSFIA, and hMLHI. The
methylation status of p16, RASSF1A, and hMLH1 genes was determined by
methylation-specific (MSP) PCR. Briefly, DNA extracted from tissue samples was first
subjected to bisulfite conversion using EZ direct methylation kit. The bisulfite-
converted DNA was then subjected to PCR using methylated and unmethylated
primers specific for the respective genes. The results were analyzed on 2% agarose gel.

Statistical analysis

Numerical data collected from experiments for statistical analysis were performed by
using non-parametrical statistical analysis tools which are the Kruskal-Wallis test and
Mann-Whitney U test.

RESULTS

The current study included 50 PC patients with a mean age of 47.82 years at the time
of diagnosis for the evaluation of various tumor biological markers for the PC
diagnosis. Radio-diagnostics such as USG and CT, confirmed that all 50 patients had
PC. Further, histopathological analysis supported the radio-diagnostic results and
revealed that out of 50 confirmed PC patients, 47 PC patients had characterized to
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have adenocarcinoma whereas the remaining 3 PC patients have neuroendocrine
carcinoma in the pancreas as shown in Figure 1. The other demographic parameters
and daily activities of all confirmed 50 PC patients are presented in Table 1.

Owing to have relative ease in blood collection and non-invasive, it is preferred to
evaluate the biological tumor markers in serum. Therefore, we also intended to
evaluate the biological tumor markers which included CA 19-9, TPS, CEA, VEGF-A,
and EGEFR levels in the blood collected from PC patients. Our results demonstrated
that the levels of serum biological tumor markers CA 19-9, CEA, VEGF-A, TPS, EGFR
of PC patients were significantly raised in 33 (66%), 32 (64%), 48 (96%), 48 (96%) and 0
out of 50 PC patients, respectively (Table 2) and Figure 2.

Although the PC progression is a heterogeneous and complex process that includes
cell proliferation of intraepithelial and dysplasia to form a mass of cells, followed by
an invasion of cells to neighboring tissues. Subsequently, one of the important driving
factors of PC progression is genetic mutations of protooncogenes (gain-of-function)
and tumor suppressor genes (loss-of-function). Among genetic mutations, KRAS
mutation is the key point mutation followed by deletion mutation in tumor suppressor
genes BRCA-2, DPC-4, and p16 in PC. To evaluate whether the PC patients in our
study harbor these mutations, we sought to perform mutational analysis of KRAS
hotspot codons (codon 12 and codon 13), DPC-4 (1203G>T), and BRCA-2 mutation
(6174delT) in our PC subjects. Our mutational analysis results revealed that out of 50
PC patients, 16 and 12 PC patients had KRAS mutation at codons 12 and 13,
respectively. However, we could not find mutation(s) at codons 12 and 13 of the KRAS
gene in the remaining 34 and 38 PC patients, respectively Figure 3. The representative
agarose gel picture of the amplification product of codons 12 and 13 of the KRAS gene
and their RFLP pattern is shown in Figures 4 and 5. Subsequently, the mutational
analysis of tumor suppressor gene DPC-4 (1203G>T) and BRCA-2 (6174delT) were also
evaluated in all PC subjects. Interestingly, we did not find any mutations in DPC-4 and
BRCA-2 mutation at (1203G>T) (6174delT) sites, respectively Figure 3. The repres-
entative agarose gel picture of DPC-4 (1203G>T) amplification and RFLP pattern is
shown in Figure 6, respectively, and that of amplification and RFLP pattern of BRCA-2
(6174delT) is shown in Figure 7. The results obtained from the genetic mutation
analysis are summarized in Table 3.

Epigenetic alterations have been documented to play a crucial role in PC
progression. The p16, RASSF1A, and hMLH1 are key tumor suppressor genes
regulating mismatch repair to minimize DNA damage and are frequently inactivated
by epigenetic modification in various malignancies. Therefore, we intended to
investigate the epigenetic modification (methylation of CpG islands) of p16, RASSF1A,
and hMLH1 genes by determining the methylation in their respective promoter regions
in all PC subjects. Our epigenetic modification results demonstrated that 21 out of 50
PC subjects were found methylated in the CpG islands of the promoter region of the
p16 gene while the remaining 29 were unmethylated. However, the CpG islands in the
promoter region of RASSF1A were found to be unmethylated in all 50 PC patients.
Additionally, we observed that 4 out of 50 PC patients showed methylation patterns in
the promoter region of the hMLH1 gene, whereas the remaining 46 PC patients had the
hMLH1 gene unmethylated in their promoter regions. The representative agarose gel
pic of MS-PCR for hMLH1 and RASSF1A is shown in Figure 8. The methylation and
unmethylation status as observed in the present study for p16, tMLHI, and RASSF1A
are summarized in Table 4 and Figure 9.

DISCUSSION

Despite new therapeutic approaches to improve the outcome of PC patients by the
introduction of molecular target approaches and combinatorial therapy, there is an
unmet need to find the prospective biomarkers for early diagnosis of PC[27].
Therefore, the aim of the current study was to collective evaluation of tumor biological
markers, mutational status, and epigenetic modulations in PC patients of the ethnic
Kashmiri population for early diagnosis. Our findings revealed the elevated levels of
serum biomarkers CA 19-9, TPS, CEA, and VEGEF-A, in the blood samples of PC
patients, however, EGFR levels were found to be in the normal range. The mutational
analysis demonstrated that the KRAS gene mutation which is the major driver in PC
progression was found in codons 12 (16 subjects) and 13 (12 subjects). Furthermore,
DNA of CpG islands of 21 subjects was found significantly methylated in the promoter
regions of the p16 gene. Collectively, these results suggest that in combination with
mutational analysis and epigenetic modulations (CpG methylation), the biological
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Patient characteristics Cases, n=50 P value
Age inyr
<50 28 (56.0) 0.0377
> 50 22 (44.0)
Gender
Male 29 (58.0) 0.031
Female 21 (42.0)
Family history
Smoker
Yes 22 (44.0) 0.034
No 28 (56.0)
Lifestyle
Active 44 (88.0) 0.001
Sedentary 06 (12.0)
Residence
Rural 40 (80.0) 0.01
Urban 10 (20.0)
Dietary habits
Salt tea
Yes 47 (94.0) 0.01
No 03 (06.0)
Spicy food
Yes 28 (56.0) 0.043
No 22 (44.0)
Appetite
Yes 25 (50.0) 0.05
No 25 (50.0)
Vegetables
Yes 48 (100.0) 0.001
No 02 (00.0)
Non-veg.
Yes 47 (100.0) 0.001
No 03 (00.0)
Edible oil
Saturated 43 (86.0) 0.01
Unsaturated 07 (17.0)
Urine habits
Normal 28 (56.0) 0.05
Disturbed 22 (44.0)
Bowel habits
Normal 30 (60.0) 0.05
Disturbed 20 (40.0)
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Table 2 Analysis of tumor biological marker in the serum of pancreatic cancer patients

Tumor Normal PC patients with elevated levels PC patients with normal levels P value for PC patients with elevated
marker level of tumor markers of tumor markers levels vs normal levels
CA19-9 <37U/mL 33 17 0.05
TPS <80U/L 32 18 0.05
CEA <5ng/mL 48 02 0.003
VEGF-A 31.2-2000 48 02 0.003
pg/mL
EGFR 62.5-4000 0 50 0.001
pg/mL

PC: Pancreatic cancer; CA19-9: Carbohydrate antigen 19-9; TPS: Tissue polypeptide specific antigen; CEA: Carcinoembryonic antigen; VEGF-A: Vascular

endothelial growth factor-A; EGFR: Epidermal growth factor receptor.

Table 3 Mutational analysis of KRAS (Codon 12 and 13), DPC-4, and BRCA-2 gene mutations within pancreatic cancer subjects

Key genes in PC patients evaluated for mutational Mutation’s Mutation’s P value for mutations present vs
analysis present absent absent

KRAS mutation (codon 12) 16 34 0.05

KRAS mutation (codon 13) 12 38 0.05

DPC-4 mutation (1203G>T) 0 50 0.001

BRCA-2 mutation (6174delT) 0 50 0.001

KRAS: Kirsten rat sarcoma; DPC-4: Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.

Table 4 Methylation and unmethylation status in the promoter region of p16, RASSF1A, and hMLH1within pancreatic cancer subjects

Genes Promoter methylation analysis Promoter unmethylation analysis P value for promoter methylation vs
status status ummethylation

pl6 21 29 0.05

RASSFIA 0 50 0.001

KMLH1 4 46 0.165

JBaishideng®

tumor markers evaluated in PC subjects could be valuable for early diagnostics and
could strongly predict the PC prognostics. Additionally, these types of studies could
further strengthen the validation of biological tumor markers and have a promising
perspective for the predisposition and susceptibility towards PC.

A biological tumor marker is an entity in the body that gives information about a
diagnosis, prognosis, and therapeutic modalities for a particular disease. The preferred
entity to be eligible as a biomarker should be available in body fluids and non-invasive
[28]. One of the important tumor biomarkers used in various malignancies is a high
molecular weight glycoprotein CA 19-9. Biochemically, a carbohydrate antigen, CA19-
9 is mainly expressed by the cells of the pancreaticobiliary system. Previous studies
suggest that CA 19-9 levels were elevated in gut-associated malignancies such as
gastric, bile duct, colorectal, and ovarian cancers. Owing to its relatively higher
sensitivity and specificity among other biomarkers in PC patients, CA 19-9 is an
important and valuable biomarker in the diagnostics of PC[29]. Although reports
suggest a significant progress in overall survival and reduction in CA19-9 levels in PC,
however, a recent study by Hess et al[30] did not support these findings. O’Brien et al
[31] reported that CA 19-9 levels were raised in PC patients and may act as a better
biomarker for the early diagnosis of PC. Besides, the levels of CA 19-9 were found
directly associated with tumor size, tumor burden, and stage of tumorigenesis in PC,
the pre-and post-operative levels of CA 19-9 in PC patients could be used as a
prognosticator. Consistent with these findings, our results revealed that out of 50 PC
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Distribution on the basis of subtypes of PC
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Figure 1 Distribution of samples (cases) based on subtypes of pancreatic cancer. PC: Pancreatic cancer.
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Figure 2 Analysis of tumor biological marker (carbohydrate antigen 19-9, tissue polypeptide specific antigen, carcinoembryonic antigen,
vascular endothelial growth factor-A, and epidermal growth factor receptor) in the serum of pancreatic cancer patients. PC: Pancreatic
cancer; CA19-9: Carbohydrate antigen 19-9; TPS: Tissue polypeptide specific antigen; CEA: Carcinoembryonic antigen; VEGF-A: Vascular endothelial growth factor-

A; EGFR: Epidermal growth factor receptor.
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patients 33 had significantly elevated levels of CA 19-9 in their blood samples, which
indicates that more studies with a large cohort size are needed in the future to validate
CA 19-9 as a better early diagnostic biomarker in PC.

Another valuable biomarker used in the diagnosis of various malignancies is TPS. It
is essentially an antigen that binds to the epitope of soluble cytokeratin 18 fragments.
The striking feature of TPS is to differentiate between PC and chronic pancreatitis and
it is a better marker than CA 19-9 for differentiating PC and pancreatitis[32]. Previous
studies suggested that serum TPS levels have a better correlation with gastric,
colorectal, and pancreatic cancer than CA 19-9, CA 195, or CEA biomarkers[33,34].
Consistent with the previous studies, our results revealed that 48 out of 50 confirmed
PC patients had significantly elevated levels of TPS, which suggests that elevated
levels of serum TPS are better correlated with PC than CA 19-9 and could act as a
better diagnostic and prognostic biomarker in PC. CEA, a glycoprotein, first identified
in 1965, is present normally in the fetal pancreas, gastrointestinal tract, and liver. In the
adolescent stage, it is found in lesser quantity in endodermal tissue and colon. CEA
was used as a diagnostic marker of PC decades before and is now replaced by markers
that have greater sensitivity for the detection of PC[35]. Elevated serum levels of CEA
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Mutational analysis of KRAS (Codon 12 and 13), DPC-4, and BRCA-2 gene mutations within PC subjects
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Figure 3 Mutational analysis of KRAS (Codon 12 and 13), DPC-4, and BRCA-2 gene mutations within pancreatic cancer cases. KRAS:
Kirsten rat sarcoma; DPC-4: Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.
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Figure 4 Representative agarose gel picture of polymerase chain reaction amplification (A) and restriction fragment length polymorphism
using BstN1 (B) for KRAS codon 12. The arrow represents the 157 bp amplicon and M denotes the DNA marker (50 bp). Lane M represents a DNA marker

(50 bp). Lanes 2, 4, 7, 8, and 10 represent the mutant band (undigested) of 157 bp. Lane 1, 3, 6, and 9 represent the wild band (digested) of 128 bp. U represents the
undigested band used as mutant control.
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Figure 5 Representative gel picture of polymerase chain reaction amplification (A) and restriction fragment length polymorphism using
Bgll (B) for K-RAS codon 13. The arrow represents the 157 bp amplicon and M denotes the DNA marker (100 bp). Lane M represents a DNA marker (100 bp).
Lanes 2, 3,6,7,8,9,10, and 11 represent the mutant band (undigested) of 157 bp. Lanes 1, 4, 5, and 8 represent a wild band (digested) of 125 bp.

have been documented in more than 60% of cases of PC. Consistent with previous
findings, our results demonstrated that 64% of patients (32 out of 50 confirmed PC)
had elevated levels of serum CEA. However, if used with other biomarkers for early
diagnostics, CEA could be adding up great value to early diagnostics of PC[36]. High
expression of VEGF-A is associated with tumor size and progression. Overexpression
of VEGF-A has been reported in head and neck, non-small cell lung, ovarian,
endometrial, osteosarcoma, bladder, B cell lymphoma, ocular adnexal lymphoma,
papillary renal cell carcinoma, and pancreatic cancers. VEGF-A is reported to have an
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Figure 6 Representative gel picture of polymerase chain reaction amplification and restriction fragment length polymorphism using Mnli
of DPC-4. The arrow represents the 184bp amplicon and M denotes the DNA marker (100 bp). Lane M represents a DNA marker (50 bp). 117 bp and 67 bp
represent the wild bands (digested). U represents the mutant control band of 184 bp (undigested).
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<«——151bp

Figure 7 Representative agarose gel picture of AS-polymerase chain reaction amplification (A) and gel picture representing
polyacrylamide gel electrophoresis (20% gel) (B) of BRCA-2. Al the lanes show 151 bp amplicon which is the wild band and M denotes the DNA marker
(100 bp). M is the marker lane (25 bp). Here also, the only wild band (151 bp) is observed in all the lanes.

B M UMC MC NM NUM TUM TM

124 bp 115 bp 93 bp 105bP

Figure 8 Gel picture representing MS-polymerase chain reaction for h(MLH1 (A, 100 bp) and RASSF1A (B, 25 bp). M represents DNA marker;
UMC represents unmethylated control; MC represents methylated control; NM represents normal methylated; NUM represents normal unmethylated; TUM represents
tumor unmethylated; TM represents tumor methylation.

80 gene loci whose alterations are reported in hepatocarcinoma, lung, pancreatic, and
endometrial cancers[36]. A study conducted by Seo et al[37] demonstrated that 93% of
ductal pancreatic adenocarcinomas showed high expression of VEGF-A protein. In the
recent past, around 77% of VEGF-A expression was observed in PC tissues whereas
only 15% of VEGF-A expression was found in the normal range[38]. Consistent with
these findings, our results showed that out of 50 confirmed PC subjects, 48 cases had
elevated levels of VEGF-A expression, which indicates that VEGF-A plays a critical
role and had a strong causal association with PC progression, thus could act as a
valuable tumor biomarker in combination with other biomarkers for early diagnosis of
PC.

Besides, the currently available biomarkers for PC diagnostics, it is worthy to
introduce genetic markers to develop more sophisticated tools for early detection of
PC. PC is a disease that harbors somatic as well as hereditary mutations. Approx-
imately, 5%-10% of the familial PC is caused by a mutation in a myriad of genes and
surges the predisposition to PC by several-fold[24]. Previous studies reported that
several genes showed a strong causal association with PC progression, among these
most important are KRAS, DPC-4, and BRCA-2 which in turn are associated with
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Figure 9 Methylation and unmethylation status in the promoter region of p16, RASSF1A, and hMLH1 within pancreatic cancer subjects.

PC: Pancreatic cancer.
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different other genes using different interactions like physical interaction, genetic
interaction, shared protein interaction, etc. as depicted in Figure 10[39]. The most
common mutation reported in PC is KRAS mutation and is the earliest recognizable
event in its pathogenesis. Studies have reported that mutations in the KRAS gene are
mainly limited to codon 12 and rarely on codon 13[40,41]. The pathological mutation
in KRAS encodes constitutive Ras protein which belongs to GTP binding protein
family. The constitute Ras protein facilitates the oncogenic signaling pathway which
leads to inflammation, deregulated cellular growth, cell motility, and remodeling of
the cytoskeletal elements. KRAS gene mutations are known to be driver mutations that
occur sporadically. It accounts for 30% of early neoplasms of the pancreas and nearly
100% in pancreatic adenocarcinomas. Besides PC, a mutation in the KRAS gene is
adequate to promote lung cancer, colon cancer, breast cancer, and other cancers as well
[42,43]. Recent clinical data suggest that KRAS mutations act as significant prognostic
biomarker to predict therapeutic intervention for PC management. Kim et al[44]
demonstrated that out of 136 PC patients, 70 PC patients harbored point mutation in
codon 12 of the KRAS gene, and these patients have shown dismal response to
gemcitabine-based chemotherapy compared to those who had wild type allele for
KRAS gene[44]. Another study revealed that out of 173 PC patients, 121 were found to
harbor point mutations in codon 12 of the KRAS gene, and among them are
nonresponders to erlotinib. However, patients with wild-type alleles displayed a
promising overall survival rate[45]. Consistent with these studies, our mutational
analysis results revealed that 16 PC patients had KRAS point mutation at codon 12,
interestingly we observe point mutation in the KRAS gene at codon 13. These findings
suggest that further studies are needed to validate the high frequency of point
mutation in codon 13 of the KRAS gene. BRCA-1 and BRCA-2 germline mutations
substantially increase the lifetime risk of breast cancer tumorigenesis. Recent reports
suggest that the mutations in these genes also have a strong causal association with
other cancers including PC[46]. The primary role of the BRCA-2 gene is the
maintenance of the genome by enhancing homologous recombination of a double-
stranded break. Approximately, 80% of BRCA-2 mutations are either frameshift or
non-sense mutations which result in the formation of premature stop codons to encode
non-functional BRCA-2 protein. BRCA-2 mutations have been found in 7.3% of familial
PC patients which indicates an increased risk of cancers by about 20-fold[47]. DPC-4 (
SMAD-4) is a tumor suppressor gene intricated in the regulatory mechanisms of gene
transcription. Approximately, 30% of PC cases have been reported to harbor
homozygous mutations in the DPC-4 gene[21]. The mutated DPC-4 gene-encoded
hyperactivated Smad-4 protein leads to the activation of TGF-B pathways thereby
promote cell proliferation and tumor growth. Mutations in the DPC-4 gene have been
reported in approximately 50% of PCs and serves as a leading cause of protein
inactivation[48]. Inconsistent with previous studies, our mutational analysis of BRCA-2
and DPC-4 genes revealed a zero frequency of DPC-4 1203 G>T and BRCA-2 6174
deletion in PC patients. Collectively, these findings suggest that a larger sample size is
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Figure 10 Interaction of KRAS, SWAD4 (DPC4), and BRCA2 with other genes based on various parameters. KRAS: Kirsten rat sarcoma; DPC-4:
Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.
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needed to validate our results in the ethnic Kashmiri population.

Epigenetic modulations play a critical role in tumorigenesis. Change in DNA
methylation of tumor suppressor genes has indispensable importance in therapeutics
and could serve as biomarkers for diagnostics and prognostics in various cancers[49].
pl6 is a tumor suppressor gene that encodes cyclin-dependent kinase inhibitors to
arrest the cellular growth of malignant cells. Besides point mutations and homozygous
deletions in the p16 gene, recent evidence suggests that methylation of CpG islands in
the promoter regions of p16 stimulates transcriptional silencing of the p16 gene and
contributes to PC progression. In the recent past, hypermethylation in the promoter
region of p16 is significantly raised in chronic pancreatitis compared to normal;
suggesting that hypermethylation in the promoter region of the p16 gene might
deregulate cell cycle kinetics and could promote PC progression. Further, reports
demonstrated that p16 hypermethylation in chronic pancreatitis might increase the
risk of PC development many-fold[48]. Moore et al[50] demonstrated the role of p16
promoter hypermethylation and associated molecular pathways involved in exocrine
and endocrine development of PC. Further, studies suggest that the reduction in
overall survival rate associated with p16 alterations signifies the fact that p16 could act
as an important diagnostic and prognostic biomarker in resected ductal PC patients
[51]. RASSF1A is another tumor suppressor and an important component of
RAS/PI3K/AKT and RAS/RAF/MEK/ERK pathways that have been epigenetically
inactivated in various sporadic human malignancies. A higher frequency of promoter
methylation status of RASSFIA has been implicated in several cancers. The highest
frequency of RASSF1A promoter hypermethylation was reported in prostate cancer
(99%), followed by lung cancer (95%) and breast cancer (88%)[52]. Recent reports
suggest that a low frequency of ’/MLH1 hypermethylation was detected in PC. The loss
of the hMLH1 gene which encodes for Mut L protein homology 1 is common in various
cancers. Further, whole-genome sequencing revealed that somatic hMLH1 mutations
are rare in cancers with an observed frequency of < 1%[53]. In the present study, we
carried out epigenetic modifications (CpG methylation) of promoter regions of p16,
RASSF1A, and hMLH1 genes. Our results demonstrate that significant
hypermethylation (CpG islands) was reported in the promoter regions of the p16 gene
in PC patients. However, we observed an extremely low frequency of methylation in
the promoter region of the hMLHI gene in PC patients. Interestingly, the CpG
methylation in the promoter region of the RASSF1A gene was completely absent in PC
patients. Additionally, in-silico analysis suggest that plethora of genes are associated
through various interactions with the key genes (1MLH1, RASSF1A, and CDKN2A) as
in Figure 11, which could play a key role in the progression of PC[39]. Together, these
results suggest that a cohort and comprehensive study with larger sample size is
needed to document our findings in the ethnic Kashmiri population.

CONCLUSION

In conclusion, the present study strongly suggests that the elevated levels of serum CA
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Figure 11 Interaction of MLH1, RASSF1, and CDKN2A (p16) with other important genes which have a role in the progression of
pancreatic cancer.
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19-9, TPS, CEA, and VEGF-A can be used as predictive biomarkers in PC patients of
the ethnic Kashmiri population and may act as prognostic biomarkers to benefit the
patients who are on a different regimen of chemotherapeutic interventions. Further,
mutational analysis data suggest that besides harboring point mutation in codon 12 of
KRAS gene, the PC patients of the current study significantly harbored codon 13-point
mutation as well, which is very rarely reported in the previous studies. This may act as
a genetic risk predictor in the development of PC. Additionally, considerable
hypermethylation (CpG islands) in the promoter region of the p16 gene in the current
study may lead to silencing of the p16 gene and could also increase the predisposition
towards PC. However, we could not find the association of DPC-4G>T and BRCA-2
6174 deletion mutations and hypermethylation of CpG islands in the promoter region
of RASSF1A and hMLH1 gene towards the risk of PC. To validate these results in the
Kashmiri population the future studies need to be comprehensive and with larger
sample sizes.

ARTICLE HIGHLIGHTS

Research background

Pancreatic cancer (PC) is one of the deadliest malignancies with an alarming mortality
rate. Despite significant advancement in diagnostics and therapeutics, early diagnosis
remains elusive causing poor prognosis, marred by mutations and epigenetic modific-
ations in key genes which contribute to disease progression.

Research motivation
To explore the various biological tumor markers collectively and mutational analysis
of key regulatory genes for early diagnosis and prognosis of PC.

Research objectives

To evaluate various biological tumor markers collectively in PC and their association
with genetic mutation and epigenetic modification of key regulatory genes that could
act as early diagnostic and prognostic biomarkers and will help in future therapeutics
of PC in Kashmir valley.

Research methods

The current study includes 50 confirmed PC cases to evaluate the levels of
carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS),
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGF-A), and
epidermal growth factor receptor (EGFR) by enzyme-linked immunosorbent assay
(ELISA) method. Mutational analysis of key genes Kirsten rat sarcoma (KRAS), Breast
cancer type 2 (BRCA-2), and deleted in pancreatic cancer-4 (DPC-4) genes was
performed to evaluate the mutations at hotspot regions. Furthermore, epigenetic
modifications were performed in the promoter regions of cyclin-dependent kinase
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inhibitor 2A (p16; CDKN2A), MutL homolog 1 (hMLH1), and Ras association domain-
containing protein 1 (RASSF1A) genes.

Research results

Besides significant elevation in levels of tumor markers CA 19-9 (P < 0.05), TPS (P <
0.05), CEA (P < 0.001), and VEGF (P < 0.001), our mutational analysis observed that
KRAS gene mutation is predominant in codon 12 (16 subjects, P < 0.05), and 13 (12
subjects, P < 0.05). Additionally, epigenetic modification analysis suggests that CpG
methylation was observed in 21 (P < 0.05) and 4 subjects in the promoter regions of the
p16 and hMLH1 gene, respectively.

Research conclusions

The study revealed the significant elevation of serum biological markers in PC patients
and the causal association of hotspot mutations and epigenetic modification of key
with PC pathogenesis thus indicates the potential of biological markers, mutational
status, and epigenetic modifications of key genes collectively for predisposition,
susceptibility as well as diagnostics and prognostics of PC.

Research perspectives

The study strongly suggests that the elevated levels of serum CA 19-9, TPS, CEA, and
VEGE-A can be used as predictive biomarkers in PC subjects. Additionally, mutational
analysis epigenetic modifications in the promoter region of key genes may act as
prognostic biomarkers to benefit the patients who are on a different regimen of
chemotherapeutic interventions. Further to validate these results, future studies need
comprehensive, cohort, and explicative studies with large sample sizes.
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