
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2024 June 15; 16(6): 2264-2866

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I June 15, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 16 Number 6 June 15, 2024

EDITORIAL

Dual primary gastric and colorectal cancer: The known hereditary causes and underlying mechanisms2264

Azer SA

Application of Fusobacterium nucleatum as a biomarker in gastrointestinal malignancies2271

Yu LC, Li YP, Xin YM, Mao M, Pan YX, Qu YX, Luo ZD, Zhang Y, Zhang X

T1 colorectal cancer management in the era of minimally invasive endoscopic resection2284

Jiang SX, Zarrin A, Shahidi N

Mixed neuroendocrine and adenocarcinoma of gastrointestinal tract: A complex diagnosis and therapeutic 
challenge

2295

Shenoy S

Advancements in breath-based diagnostics for pancreatic cancer: Current insights and future perspectives2300

Tez M, Şahingöz E, Martlı HF

Colorectal cancer and dormant metastases: Put to sleep or destroy?2304

Senchukova MA

REVIEW

Advances in targeted therapy for human epidermal growth factor receptor 2 positive in advanced gastric 
cancer

2318

Jiang YK, Li W, Qiu YY, Yue M

Research progress of ferroptosis regulating lipid peroxidation and metabolism in occurrence and 
development of primary liver cancer

2335

Shu YJ, Lao B, Qiu YY

Early monitoring values of oncogenic signalling molecules for hepatocellular carcinoma2350

Yao M, Fang RF, Xie Q, Xu M, Sai WL, Yao DF

MINIREVIEWS

Therapeutic strategies targeting the epidermal growth factor receptor signaling pathway in metastatic 
colorectal cancer

2362

Zhou Y, Wu S, Qu FJ

Predicting the prognosis of hepatic arterial infusion chemotherapy in hepatocellular carcinoma2380

Wang QF, Li ZW, Zhou HF, Zhu KZ, Wang YJ, Wang YQ, Zhang YW



WJGO https://www.wjgnet.com II June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Unraveling colorectal cancer prevention: The vitamin D - gut flora - immune system nexus2394

Zhan ZS, Zheng ZS, Shi J, Chen J, Wu SY, Zhang SY

ORIGINAL ARTICLE

Retrospective Cohort Study

Unveiling the secrets of gastrointestinal mucous adenocarcinoma survival after surgery with artificial 
intelligence: A population-based study

2404

Song J, Yan XX, Zhang FL, Lei YY, Ke ZY, Li F, Zhang K, He YQ, Li W, Li C, Pan YM

Analysis of metabolic characteristics of metabolic syndrome in elderly patients with gastric cancer by non-
targeted metabolomics

2419

Zhang H, Shen WB, Chen L

Retrospective Study

Predictive value of preoperative routine examination for the prognosis of patients with pT2N0M0 or 
pT3N0M0 colorectal cancer

2429

Jing PF, Chen J, Yu ED, Miao CY

Simplified liver imaging reporting and data system for the diagnosis of hepatocellular carcinoma on 
gadoxetic acid-enhanced magnetic resonance imaging

2439

Lyu R, Hu WJ, Wang D, Wang J, Ye YB, Jia KF

Efficacy comparison of fruquintinib, regorafenib monotherapy or plus programmed death-1 inhibitors for 
microsatellite stable metastatic colorectal cancer

2449

An TQ, Qiu H, Zhou QB, Zong H, Hu S, Lian YG, Zhao RH

Development of a diagnostic nomogram for alpha-fetoprotein-negative hepatocellular carcinoma based on 
serological biomarkers

2463

He L, Zhang C, Liu LL, Huang LP, Lu WJ, Zhang YY, Zou DY, Wang YF, Zhang Q, Yang XL

Drug-eluting bead transarterial chemoembolization as neoadjuvant therapy pre-liver transplantation for 
advanced-stage hepatocellular carcinoma

2476

Ye ZD, Zhuang L, Song MC, Yang Z, Zhang W, Zhang JF, Cao GH

Association between Helicobacter pylori infection, mismatch repair, HER2 and tumor-infiltrating 
lymphocytes in gastric cancer

2487

Castaneda CA, Castillo M, Bernabe LA, Sanchez J, Fassan M, Tello K, Wistuba II, Chavez Passiuri I, Ruiz E, Sanchez J, 
Barreda F, Valdivia D, Bazan Y, Abad-Licham M, Mengoa C, Fuentes H, Montenegro P, Poquioma E, Alatrista R, Flores 
CJ, Taxa L

Impact of baseline hepatitis B virus viral load on the long-term prognosis of advanced hepatocellular 
carcinoma treated with immunotherapy

2504

Pan D, Liu HN, Yao ZY, Chen XX, Li YQ, Zhu JJ, Han ZX, Qin XB

Prediction of pathological complete response and prognosis in locally advanced rectal cancer2520

Xu YJ, Tao D, Qin SB, Xu XY, Yang KW, Xing ZX, Zhou JY, Jiao Y, Wang LL



WJGO https://www.wjgnet.com III June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Observational Study

Extrahepatic cholestasis associated with paracoccidioidomycosis: Challenges in the differential diagnosis 
of biliopancreatic neoplasia

2531

dos Santos JS, de Moura Arrais V, Rosseto Ferreira WJ, Ribeiro Correa Filho R, Brunaldi MO, Kemp R, Sankanrakutty AK, 
Elias Junior J, Bellissimo-Rodrigues F, Martinez R, Zangiacomi Martinez E, Ardengh JC

Clinical and Translational Research

Development of a novel staging classification for Siewert II adenocarcinoma of the esophagogastric 
junction after neoadjuvant chemotherapy

2541

Zhang J, Liu H, Yu H, Xu WX

N6-methyladenosine methylation regulates the tumor microenvironment of Epstein-Barr virus-associated 
gastric cancer

2555

Zhang Y, Zhou F, Zhang MY, Feng LN, Guan JL, Dong RN, Huang YJ, Xia SH, Liao JZ, Zhao K

Hepatocellular carcinoma: An analysis of the expression status of stress granules and their prognostic 
value

2571

Ren QS, Sun Q, Cheng SQ, Du LM, Guo PX

Comprehensive analysis of clinical and biological value of ING family genes in liver cancer2592

Liu SC

Epidemiology and prognostic nomogram for locally advanced gastric signet ring cell carcinoma: A 
population-based study

2610

Yu ZH, Zhang LM, Dai ZQ, Zhang MN, Zheng SM

Socioeconomic traits and the risk of Barrett’s esophagus and gastroesophageal reflux disease: A Mendelian 
randomization study

2631

Liu YX, Bin CL, Zhang L, Yang WT, An BP

Basic Study

Complement factor I knockdown inhibits colon cancer development by affecting Wnt/β-catenin/c-Myc 

signaling pathway and glycolysis

2646

Du YJ, Jiang Y, Hou YM, Shi YB

Fine-needle aspiration technique under endoscopic ultrasound guidance: A technical approach for RNA 
profiling of pancreatic neoplasms

2663

Seyfedinova SS, Freylikhman OA, Sokolnikova PS, Samochernykh KA, Kostareva AA, Kalinina OV, Solonitsyn EG

Comprehensive analysis of gene mutations and mismatch repair in Chinese colorectal cancer patients2673

Chen H, Jiang RY, Hua Z, Wang XW, Shi XL, Wang Y, Feng QQ, Luo J, Ning W, Shi YF, Zhang DK, Wang B, Jie JZ, Zhong 
DR

Action of circulating and infiltrating B cells in the immune microenvironment of colorectal cancer by 
single-cell sequencing analysis

2683

Zhang JP, Yan BZ, Liu J, Wang W



WJGO https://www.wjgnet.com IX June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

Bidirectional effects of the tryptophan metabolite indole-3-acetaldehyde on colorectal cancer2697

Dai Z, Deng KL, Wang XM, Yang DX, Tang CL, Zhou YP

Sm-like 5 knockdown inhibits proliferation and promotes apoptosis of colon cancer cells by upregulating 
p53, CDKN1A and TNFRSF10B

2716

Mo CJ, Deng XY, Ma RL, Zhu K, Shi L, Li K

Shi-pi-xiao-ji formula suppresses hepatocellular carcinoma by reducing cellular stiffness through upregu-
lation of acetyl-coA acetyltransferase 1

2727

Jian HY, Liang ZC, Wen H, Zhang Z, Zeng PH

Aspirin suppresses hepatocellular carcinoma progression by inhibiting platelet activity2742

Zhao LJ, Wang ZY, Liu WT, Yu LL, Qi HN, Ren J, Zhang CG

Circ_0004592: An auxiliary diagnostic biomarker for gastric cancer2757

Kong S, Xu YH, Zheng M, Ju SQ, Shi HC

N-glycosylation of Wnt3 regulates the progression of hepatocellular carcinoma by affecting Wnt/β-catenin 

signal pathway

2769

Zhang XZ, Mo XC, Wang ZT, Sun R, Sun DQ

SYSTEMATIC REVIEWS

Ferroptosis regulating lipid peroxidation metabolism in the occurrence and development of gastric cancer2781

Wang LM, Zhang WW, Qiu YY, Wang F

META-ANALYSIS

Meta-analysis of transarterial chemoembolization combined with cryoablation vs transarterial chemoem-
bolization alone for ≥ 5 cm hepatocellular carcinoma

2793

Cheng JF, Sun QL, Tang L, Xu XJ, Huang XZ

Dynamic contrast enhanced ultrasound in differential diagnosis of hepatocellular carcinoma: A systematic 
review and meta-analysis

2804

Esposto G, Santini P, Termite F, Galasso L, Mignini I, Ainora ME, Gasbarrini A, Zocco MA

Correlation analysis of interstitial maturity and prognosis of colorectal cancer: Meta-analysis2816

Liu ZJ, Zhang XW, Liu QQ, Wang SZ

SCIENTOMETRICS

Visualization analysis of research hotspots and trends on gastrointestinal tumor organoids2826

Wang G, Liu T, He WT

Trends and hotspots in gastrointestinal neoplasms risk assessment: A bibliometric analysis from 1984 to 
2022

2842

Fu QQ, Ma L, Niu XM, Zhao HX, Ge XH, Jin H, Yu DH, Yang S



WJGO https://www.wjgnet.com X June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

LETTER TO THE EDITOR

New perspectives in prognostication of hepatocellular carcinoma: The role and clinical implications of 
transient receptor potential family genes

2862

Guan SH, Hu WJ, Wang XY, Gu YX, Zhou DH

RETRACTION NOTE

Retraction note to: RNA-binding protein CPSF6 regulates IBSP to affect pyroptosis in gastric cancer2865

Wang XJ, Liu Y, Ke B, Zhang L, Liang H



WJGO https://www.wjgnet.com XI June 15, 2024 Volume 16 Issue 6

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 6 June 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Samy Azer, FACG, MD, PhD, Professor, 
Department of Medical Education, King Saud University College of Medicine, Riyadh 11461, Saudi Arabia. 
azer2000@optusnet.com.au

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
Science and Technology Journal Database, and Superstar Journals Database. The 2023 edition of Journal Citation 
Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without journal self cites: 2.9; 5-year IF: 3.0; Journal 
Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology; Quartile category: Q3; Ranking: 58 among 93 
journals in gastroenterology and hepatology; and Quartile category: Q3. The WJGO’s CiteScore for 2023 is 4.2 and 
Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xiang Li; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 15, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

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
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 2663 June 15, 2024 Volume 16 Issue 6

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2024 June 15; 16(6): 2663-2672

DOI: 10.4251/wjgo.v16.i6.2663 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Fine-needle aspiration technique under endoscopic ultrasound 
guidance: A technical approach for RNA profiling of pancreatic 
neoplasms

Sabina Sherafedinovna Seyfedinova, Olga Aleksandrovna Freylikhman, Polina Sergeevna Sokolnikova, 
Konstantin Aleksandrovich Samochernykh, Anna Aleksandrovna Kostareva, Olga Viktorovna Kalinina, Evgeniy 
Gennadievich Solonitsyn

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade C 
Novelty: Grade C 
Creativity or Innovation: Grade C 
Scientific Significance: Grade B

P-Reviewer: Tang Y, China

Received: December 26, 2023 
Revised: February 18, 2024 
Accepted: April 7, 2024 
Published online: June 15, 2024

Sabina Sherafedinovna Seyfedinova, Olga Aleksandrovna Freylikhman, Evgeniy Gennadievich 
Solonitsyn, Research Laboratory of Digestive Cancer, Almazov Medical Research Centre, 
Saint-Petersburg 197341, Russia

Polina Sergeevna Sokolnikova, Research Laboratory of Molecular and Cellular Modeling and 
Gene Therapy, Almazov Medical Research Centre, Saint-Petersburg 197341, Russia

Konstantin Aleksandrovich Samochernykh, Head of Russian Neurosurgical Institute Named after 
Prof. A. L. Polenova, Russian Neurosurgical Institute Named after Prof. A. L. Polenova, Saint-
Petersburg 191014, Russia

Anna Aleksandrovna Kostareva, Head of Institute of Molecular Biology and Genetics, Almazov 
National Medical Research Centre, Saint-Petersburg 197341, Russia

Olga Viktorovna Kalinina, Research Laboratory of Autoimmune and Autoinflammatory 
Diseases, Almazov National Medical Research Centre, Saint-Petersburg 197341, Russia

Co-first authors: Sabina Sherafedinovna Seyfedinova and Olga Aleksandrovna Freylikhman.

Corresponding author: Sabina Sherafedinovna Seyfedinova, Doctor, Research Scientist, 
Research Laboratory of Digestive Cancer, Almazov Medical Research Centre, Akkuratova Av. 
2, Saint-Petersburg 197341, Russia. seysabina000@gmail.com

Abstract
BACKGROUND 
Early diagnosis of pancreatic ductal adenocarcinoma (PDAC) has been a 
longstanding challenge. The prognosis of patients with PDAC depends on the 
stage at diagnosis. It is necessary to identify biomarkers for the detection and 
differentiation of pancreatic tumors and optimize PDAC sample preparation 
procedures for DNA and RNA analysis. Most molecular studies are done using 
paraffin-embedded blocks; however, the integrity of DNA and RNA is often 
compromised in this format. Moreover, RNA isolated from human pancreatic 
tissue samples is generally of low quality, in part, because of the high concen-

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v16.i6.2663
mailto:seysabina000@gmail.com


Seyfedinova SS et al. RNA profiling of pancreatic neoplasms

WJGO https://www.wjgnet.com 2664 June 15, 2024 Volume 16 Issue 6

tration of endogenous pancreatic RNAse activity present.

AIM 
To assess the potential of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) to obtain specimens 
from pancreatic neoplasms for subsequent RNA molecular profiling, including next-generation sequencing (NGS).

METHODS 
Thirty-four EUS-FNA samples were included in this study: PDAC (n = 15), chronic pancreatitis (n = 5), pancreatic 
cysts (n = 14), mucinous cysts (mucinous cystic neoplasia/intraductal papillary mucinous neoplasia) n = 7, serous 
cystic neoplasms n = 5, and pseudocysts n = 2. Cyst material consisted of cyst fluid and cyst wall samples obtained 
by through-the-needle biopsy (TTNB). Samples were stored at -80 °C until analysis. RNA purity (A260/230, 
A260/280 ratios), concentration, and integrity (RIN) were assessed. Real-time polymerase chain reaction was 
conducted on all samples, and small RNA libraries were prepared from solid mass samples.

RESULTS 
RNA was successfully extracted from 29/34 (85%) EUS-FNA samples: 100% pancreatic adenocarcinoma samples, 
100% chronic pancreatitis samples, 70% pancreatic fluid cyst samples, and 50% TTNB samples. The relative 
expression of GAPDH and HPRT were obtained for all successfully extracted RNA samples (n = 29) including low-
quality RNA specimens. Low concentration and nonoptimal RIN values (no less than 3) of RNA extracted from 
EUS-FNA samples did not prevent NGS library preparation. The suitability of cyst fluid samples for RNA profiling 
varied. The quality of RNA extracted from mucinous cyst fluid had a median RIN of 7.7 (5.0-8.2), which was 
compatible with that from solid neoplasms [6.2 (0-7.8)], whereas the quality of the RNA extracted from all fluids of 
serous cystic neoplasms and TTNB samples had a RIN of 0.

CONCLUSION 
The results demonstrate the high potential of EUS-FNA material for RNA profiling of various pancreatic lesions, 
including low-quality RNA specimens.

Key Words: Endoscopic ultrasound-guided, fine-needle aspiration; Pancreatic cancer; Pancreatic cysts; RNA extraction; 
Through-the-needle biopsy; Next-generation sequencing

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, the use of RNA from endoscopic ultrasound-guided, fine-needle aspiration (EUS-FNA) samples of 
cystic and solid pancreatic neoplasms, including samples of low-quality RNA, was demonstrated. The process of sample 
preparation from EUS-FNA material is detailed along with the necessary criteria for assessing RNA quality for effective 
molecular biological analysis. Issues regarding the dependence of RNA quality on the type of neoplasm and material are 
identified. Modification of the library preparation protocol made it possible to obtain libraries for samples with RNA 
integrity number equivalent values of three and above, meeting the quality criteria for purity and concentration.

Citation: Seyfedinova SS, Freylikhman OA, Sokolnikova PS, Samochernykh KA, Kostareva AA, Kalinina OV, Solonitsyn EG. Fine-
needle aspiration technique under endoscopic ultrasound guidance: A technical approach for RNA profiling of pancreatic neoplasms. 
World J Gastrointest Oncol 2024; 16(6): 2663-2672
URL: https://www.wjgnet.com/1948-5204/full/v16/i6/2663.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i6.2663

INTRODUCTION
Pancreatic cancer (PC) remains one of the most lethal malignancies because of its asymptomatic nature and the difficulties 
in differentiating it from chronic pancreatitis or benign pancreatic cysts[1]. Molecular profiling of pancreatic neoplasms is 
of paramount importance for identifying predictors of severe dysplasia, early malignancy, metastasis, and therapeutic 
targets as well as for developing personalized approaches for selecting effective chemotherapy regimens. The 2023 
National Comprehensive Cancer Network (NCCN) guidelines recommend molecular profiling for all patients with 
locally advanced or metastatic PC[2]; however, one of the key conditions for its success is obtaining high-quality biopsy 
material[3]. Most studies involving the molecular genetic analysis of pancreatic neoplasms rely upon formalin-fixed 
paraffin-embedded (FFPE) samples derived from postoperative material[4-6]. However, preoperative diagnosis at the 
primary stage is important for improving diagnosis, prognosis, and selecting appropriate therapy. NCCN recommends 
endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) as the primary method for morphological diagnosis 
when PC is suspected; however, the information obtained from EUS-FNA samples may be limited because of technical 
difficulties, concurrent inflammation, and other conditions. One problem is that 22 G needles only allow for a small 

https://www.wjgnet.com/1948-5204/full/v16/i6/2663.htm
https://dx.doi.org/10.4251/wjgo.v16.i6.2663
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amount of tissue to be harvested. Furthermore, pancreatic adenocarcinomas are characterized by hypocellularity with a 
prominent desmoplastic component and often exhibit neoplastic cellularity of only 5%-20%[7]. This further reduces the 
amount of available information obtained from these specimens.

The suitability of EUS-FNA samples for molecular analyses has already been assessed in recent studies of FFPE blocks, 
not native material, and DNA informativeness[8,9]. The quality of nucleic acids extracted from formalin-fixed tissue is 
generally low and variable, primarily because the integrity is compromised. It remains to be determined whether this 
method is adequate for molecular profiling of neoplasms at the DNA and RNA levels.

RNA isolated from human pancreatic tissue samples is often characterized by low integrity, primarily because of the 
high concentration of endogenous pancreatic RNAses present. However, total RNA isolated from tissue representing 
various RNA classes, including messenger RNA (mRNA) and microRNA (miRNA), can serve as highly informative 
material for studying gene expression or its regulation, although significant workflow adjustments are required to 
overcome the limitations caused by low RNA input and integrity[10]. Therefore, optimizing EUS-FNA sample 
preparation method is important for the extraction of high-quality total RNA.

Particular attention has been given to the development of methods for the diagnosis of pancreatic cystic neoplasms as 
precancerous conditions. Mucinous cysts have a higher potential for malignancy compared with other types of cystic 
neoplasms, and thus require close monitoring. ESGE (the 2017 update)[11] recommends performing EUS-FNA of 
pancreatic cysts only for biochemical and cytological analyses. As a result, the diagnosis is usually based on a 
combination of such data along with clinical symptoms. The sensitivity of EUS-FNA for cystic neoplasms is only 51%-54% 
because of the low cell content of the fluid, with a specificity of 93%-94%[12,13]. The sensitivity and specificity for differ-
entiating mucinous and non-mucinous cystic neoplasms are 42% and 99%, respectively[14]; however, the number of 
nucleic acids extracted from lysed or exfoliated cyst cavity cells is usually sufficient and informative for molecular typing
[15]. Previous studies that added next-generation sequencing (NGS) data to cytology exhibited a higher sensitivity (94.1% 
vs 87.1%) and specificity (100% vs 50%) compared with cytology alone for the detection of mucinous neoplasms and, in 
part, the detection of high-grade lesions[16]. Another study reported that the addition of molecular analysis altered 
disease management in approximately 25% of the patients and 40% of the cases when carcinoembryonic antigen levels 
were undetermined[17]. Several studies performed a molecular genetic analysis of cystic fluid based on RNA obtained 
using EUS-FNA used various methods of material transport and storage[4,18].

To improve the diagnostic accuracy of EUS-FNA, the through-the-needle biopsy (TTNB) method may be used to obtain 
tissue directly from the cyst wall. According to the literature, the sensitivity of TTNB for detecting mucinous cysts is 87%-
90%, with a specificity of 94%-95%[19]. The aim of this study was to assess the potential of the EUS-FNA technique to 
obtain tissue specimens from pancreatic neoplasms for subsequent RNA profiling, including NGS.

MATERIALS AND METHODS
Samples
Biobanking of 95 EUS-FNA pancreatic samples was done from October 2019 to May 2023. Diagnoses were established 
based on histological findings, whereas cytological and biochemical examinations were also conducted on cyst samples. 
The EUS-FNA technique is standard and performed on patients for histological verification of neoplasms. This study 
included 34 patients with unequivocal diagnoses and stages in case of pancreatic ductal adenocarcinoma (PDAC). The 
patients were categorized into the following groups: PDAC (n = 15), chronic pancreatitis (n = 5), and pancreatic cysts (n = 
14). Cystic lesions were further divided into mucinous cysts [mucinous cystic neoplasia (MCN)/intraductal papillary 
mucinous neoplasia (IPMN)] n = 7, serous cystic neoplasms (SCN) n = 5, and pseudocysts n = 2.

EUS-FNA technique
Solid lesions: EUS-FNA was performed using a 22 G needle with the wet suction technique[20]. Considering the 
hypocellularity and potential heterogeneity of tumors, a “fanning” technique was used during needle passes, which 
involved back-and-forth movements with continuous aspiration while varying the angle of approach (Figure 1)[21]. As a 
result, the material was sampled from the central and peripheral regions of the neoplasm to enhance diagnostic accuracy. 
Two to four passes were performed for each lesion until adequate material was obtained. Then, macroscopic on-site 
evaluation[22] of the acquired specimens was done to assess the adequacy of the sample for histological diagnosis.

Performing a puncture from sites of chronic pancreatitis was challenging because of the increased discharge of chronic 
inflamed tissue as well as the presence of areas of destruction, fluid collection, and calcification. Because of the absence of 
a dense stroma, the amount of material that could be obtained from a single pass varied and was generally smaller 
compared with that obtained from neoplastic changes. In this study, the EUS-FNA technique did not differ from that 
used for solid neoplasms; however, obtaining adequate material required a larger number of passes.

Cystic lesions: EUS-FNA of pancreatic cysts was done using a 19 G or 25 G needle, depending on the localization of the 
cyst and the vascularity of its septations. Initially, cyst fluid was aspirated and submitted for biochemical and cytological 
analyses. Approximately 0.5-2 mL of fluid was placed in a cryovial for genetic analysis. EUS-guided TTNB was 
performed for histological examination of neoplastic cysts, which enabled us to obtain tissue samples from the cyst wall 
and/or internal septations. Typically, the resulting material was macroscopically visible as small tissue fragments up to 1 
mm in size, with 1-2 such fragments placed into a cryovial.

Biobanking the EUS-FNA samples: The complexity of standardizing the procedure for biological material sample 
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Figure 1 Ultrasound image of the pancreatic body including a hypoechoic lesion (in the center) with clear boundaries. Orange arrows 
indicate the directions of the needle movements during fine-needle aspiration using the “fanning” technique.

preparation can negatively impact quality, subsequently leading to a decrease in the quantity and integrity of the 
extracted RNA. The most standardized sample preparation stage is the immediate placement of the biopsy in liquid 
nitrogen after collection and its further storage in liquid nitrogen vapors, which reduces the opportunity for tissue lysis 
over time[23,24].

After each pass, the needle was withdrawn from the echoendoscope, and the initial portion of the material from the 
distal end of the needle was placed onto a slide. When visually identifiable “worm-like” fragments were obtained, the 
remaining material was transferred into a 2 mL cryovial, immediately placed into a container filled with liquid nitrogen, 
and delivered to the sample processing room. Solid samples as well as cyst fluid were placed into vials in their native 
form, whereas TTNB tissue fragments were transferred to a vial filled with RNAlater Stabilization Solution (Thermo 
Fisher Scientific, United States) to prevent potential loss during defrosting because of its extremely small size. The 
samples were then immediately transported to the biobank for storage in a cryogenic storage depot until RNA extraction. 
The entire process is presented as a diagram in Figure 2.

Molecular genetic methods
RNA isolation: RNA was isolated from EUS-FNA biopsy specimens, which had the following average sample weights: 
0.45 g for PDAC, 0.35 g for chronic pancreatitis; and for pancreatic cystic neoplasia, 0.75 g for liquid biopsy, and 0.001 g 
for forceps biopsy. Total RNA isolation from all samples was performed using a TRIzol Reagent (Invitrogen, United 
States) based on the manufacturer’s instructions. RNA was resuspended in 15 μL of nuclease-free H2O (Invitrogen, 
United States) and stored at -80 °C until use.

Assessment of RNA quality and quantity: RNA purity and concentration were assessed by spectrophotometry 
(NanoDrop ND-1000 spectrophotometer, Thermo Fisher Scientific, United States). The RNA concentration was measured 
in ng/μL and the purity was assessed based on the absorbance ratios, A260/280 and A260/230. The optimal A260/A280 
ratio for pure RNA is in the range of 1.8-2.2. A value less than 1.8 may indicate contamination of the sample with protein, 
whereas a greater than 2 may indicate possible degradation and the presence of free nucleotides. The A260/A230 ratio 
should be approximately 2. Lower values indicate contamination with components that remain after the RNA isolation 
procedure (phenol, isopropanol). RNA integrity was analyzed based on the RNA integrity index, RNA integrity number 
equivalent (RIN) which ranged from 1 to 10 using a 4150 Tape Station (Agilent Technologies, United States), a cartridge, 
and an RNA ScreenTape reagent kit (Agilent Technologies, United States). A value of zero was beyond the detection 
capability of the device, 1 was considered the most degraded, and 10 was mostly intact based on the RIN algorithm.

Real-time reverse transcriptase-polymerase chain reaction: Reverse transcription of the RNA (100 ng of each sample) 
was performed using random primers and the MMLV RT kit reagents (Evrogen, Russia) according to the manufacturer’s 
instructions. Quantitative polymerase chain reaction (PCR) reactions were performed in technical duplicate using specific 
primers designed to amplify the HPRT and GAPDH genes[25] and a qPCRmix-HS SYBR low ROX reaction mixture 
(Evrogen, Russia) following the manufacturer’s instructions. All samples were amplified on an ABI 7500 apparatus 
(Applied Biosystems, United States) under the following reaction conditions: denaturation at 95 °C for 5 min, followed by 
40 cycles consisting of 95 °C for 15 s, 60 °C for 30 s, and 70 °C for 30 s. Following amplification, the reaction efficiency and 
the average threshold cycle (Ct) value were determined. To confirm product specificity, a melting curve analysis was 
performed.



Seyfedinova SS et al. RNA profiling of pancreatic neoplasms

WJGO https://www.wjgnet.com 2667 June 15, 2024 Volume 16 Issue 6

Figure 2 Strategy for processing biopsy samples obtained from fine-needle aspiration under endoscopic ultrasound guidance. The steps 
for processing biopsy samples for biobanking are highlighted in yellow. TTNB: Through-the-needle biopsy.

Preparation of libraries for small RNA sequencing using NGS: To prepare small RNA libraries, we used 500 ng of total 
RNA from each sample and the TruSeq Small RNA Preparation Kit (Illumina, United States) according to the 
manufacturer’s instructions or with some modifications. Briefly, during the modification, the number of amplification 
cycles was increased from 11 to 16, T4 RNA ligase was used instead of T4 RNA ligase 2, deletion mutant, and the initial 
RNA concentration was increased from 500 ng to 1 μg. The quality and concentration of the libraries were assessed using 
a Bioanalyzer 2100 instrument (Agilent Technologies, United States) with high-sensitivity DNA chips (Agilent Techno-
logies, United States). The optimal library concentration was 10000-30000 pM/L.

Statistical analysis
Statistical analysis was conducted using IBM SPSS Statistics software. For descriptive statistics, continuous data were 
presented as means with standard deviation as well as median and range. Differences between groups were analyzed 
using an analysis of variance. The significance of statistical differences between the two groups was assessed using the 
independent samples t-test and Welch’s criterion for t-tests with different variances. Pearson’s coefficients and P values 
were used to determine the correlation between variables.

RESULTS
Total RNA quality assessment
The most informative approach involves a comprehensive analysis of quantitative and qualitative RNA sample 
parameters[26]. Statistical analysis of each parameter individually enables us to identify the most significant factors 
relevant to a specific research method.

RNA assessment was conducted for all 34 samples (Table 1). Extraction was considered successful when the sample 
concentration exceeded 20 ng/μL, regardless of the RIN values and A260/A280 and A260/A230 ratios. RNA concen-
trations exceeded 20 ng/μL in 29 out of 34 samples: 15/15 (100%) pancreatic adenocarcinoma samples, 5/5 (100%) 
chronic pancreatitis samples, 7/10 (70%) pancreatic fluid cyst samples, and 2/4 (50%) TTNB samples.

RNA concentration
The concentration of successfully extracted RNA samples ranged from 21 ng/μL to 2.0 μg/μL (mean 272.5 ng/μL). The 
concentration depended on the material origin and it was positively correlated with purity and RIN. Concentration, as a 
single factor, was not the key characteristic for using RNA for qPCR analysis or for preparing small RNA libraries. The 
working concentrations are all values presented for the set of samples in the study. The optimal concentration was within 
a range > 100 ng/μL.

Assessment of integrity and concentration
In the group of ductal adenocarcinoma samples (n = 15) the RIN values were the highest with a median of 6.2. Two 
samples had a RIN of 0, whereas the other values ranged from 3.8 to 7.8. There was no correlation observed when 
assessing the effect of tumor diameter on RIN and RNA concentration (r = -0.18, P = 0.5, and r = -0.01, P = 0.9, 
respectively). Therefore, the differences were likely the result of structural characteristics and heterogeneity of the tumor.
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Table 1 Indicators of quality and quantity of RNA isolated from the endoscopic ultrasound-guided fine-needle aspiration samples

RNA indicators
EUS-FNA samples Total, n Lesion diameter, 

mm RIN Concentration, 
ng/μL A260/A230 ratio A260/A280 ratio

45 3.9 29 1.1 1.6

32 0 156 1.3 1.8

39 5 618 1.9 1.9

42 0 387 1.8 1.8

35 7 248 2.1 1.9

24 7 895 2.2 1.95

38 6.9 1378 2.2 1.99

35 7 227 1.94 1.83

35 6.3 780 2.24 1.98

40 5.5 1081 1.91 1.92

38 5.1 360 1.82 1.93

40 6.2 2044 2.13 1.98

50 5.7 432 2.23 1.96

40 7.8 912 2.2 1.96

15

32 7.6 374 1.62 1.86

Ductal adenocarcinoma

Median 
(range)

38 (24-50) 6.2 (0-7.8) 432 (29-2044) 1.9 (1.1-2.2) 1.92 (1.6-2.0)

Size not estimated 5.8 109 2.15 1.72

- 5.1 294 2.3 1.88

- 2.5 543 2.26 1.84

- 6.4 68 1.9 1.84

5

- 7.8 71 2.4 1.69

Chronic pancreatitis

Median 
(range)

- 5.8 (2.5-
7.8)

109 (68-543) 2.3 (1.9-2.4) 1.8 (1.7-1.9)

22 5 304 1.94 1.95

30 7.5 201 2.21 1.86

27 8.2 203 1.48 1.87

4

19 7.9 170 2.05 1.87

MCN, IPMN

Median 
(range)

24.5 (19-30) 7.7 (5.0-
8.2)

202 (170-304) 1.9 (1.5-2.2) 1.9 (1.9-2.0)

70 0 21 0.9 1.75

30 0 0 0 0

57 0 0 0 0

4

24 0 0 0 0

SCN

Median 
(range)

44 (24-70) 0 0 (0-21) 0 (0-0.9) 0 (0-1.8)

21 6.5 33.6 1.87 1.732

35 3.5 1000 1.6 1.8

Fluid

Pseudocyst

Median 
(range)

28 (21-35) 5 (3.5-6.5) 516.8 (33.6-1000) 1.7 (1.6-1.9) 1.7 (1.7-1.8)

20 0 33 1.3 2.0

Cysts

TTNB MCN, IPMN 3
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45 0 0 1.9 1.9

38 0 23 0.27 1.9

Median 
(range)

34 (20-45) 0 11.5 (0-33) 0.8 (0-1.9) 1.9 (0-1.97)

SCN 1 30 0 0 0 0

EUS-FNA: Endoscopic ultrasound-guided, fine-needle aspiration; RIN: RNA integrity number equivalent; MCN: Mucinous cystic neoplasia; SCN: Serous 
cystic neoplasms; IPMN: Intraductal papillary mucinous neoplasia; TTNB: Through-the-needle biopsy.

The range of RIN values in the patient group with chronic pancreatitis ranged from 2.5 to 7.8; however, the median 
RIN in this group did not significantly differ compared with that of the ductal adenocarcinoma samples (5.8 vs 6.2) (P = 
0.9), although the samples from the chronic pancreatitis group had an expectedly significantly lower concentration 
(median 109 ng/μL vs 432 ng/μL) (P = 0.02).

RNA purity
The indicator of RNA sample purity was characterized by the 260/280 and 260/230 ratios, which showed low 
significance for RT-qPCR efficiency and the preparation of small RNA libraries. Analysis of the distribution of 260/280 
ratio values as a fundamental indicator of purity revealed that it varied within a range of 0-2.0 for all samples (median 
1.9). The median values for the adenocarcinoma (median 1.92) and chronic pancreatitis (median 1.8) specimens were close 
to the optimal range. The MCN/IPMN and pseudocyst subgroups also had optimal values (median 1.9 and 1.7, 
respectively), whereas the median value in the SCN group was expectedly zero. Interestingly, in the TTNB subgroup, the 
260/280 ratio value was satisfactory (median 1.9), despite low RIN and concentration values. The minimum effective 
values for qPCR and small RNA library preparation were established as 1.6 and 1.1 for 260-280 and 260-230, respectively. 
Values lower than these thresholds can lead to erroneous results in some molecular analyses.

Quantitative PCR
RT-qPCR was performed to indirectly evaluate the quality and suitability of RNA from all types of EUS-FNA samples by 
analyzing the relative abundance of the GAPDH and HPRT1 gene transcripts. Efficiency, threshold cycle (Ct), and melting 
curve analysis indicated the specificity of the amplified product, the efficiency of the reaction, and the reproducibility of 
the results. Although the dependence of the Ct values and reproducibility of the results as indicators of RNA integrity, 
purity, and concentration was observed, analysis by qPCR was successful for all 29 samples with successfully isolated 
RNA, including the samples with undetectable RIN.

Small RNA libraries
The original protocol was used successfully for library preparation on the first attempt for only 10 of 17 small RNA 
libraries. Presumably, this is due to a compromised RNA integrity for some samples, as evidenced by the RIN value. A 
modified library preparation protocol was developed, which enabled the generation of libraries that met the quality 
criteria for purity and concentration (with a total concentration of two target peaks ranging from 10000 to 70000 pM/L) 
for samples with an RIN of 3 or higher and purity ratios of 260/230 ≥ 1.1 and 260/280 ≥ 1.6. Samples with RIN values 
between 2.5 and 3 may be used under conditions that relax library quality standards (reduced concentration or the 
presence of additional peaks). No libraries were obtained for the two adenocarcinoma samples with RIN values of zero.

DISCUSSION
Total RNA quality assessment
RNA integrity was characterized by RIN ranging from 0 to 8.2. Among the solid samples, adenocarcinoma had the 
highest RIN (median 6.2), whereas the chronic pancreatitis subgroup exhibited lower values (median 5.8). Among the 
samples of cystic fluid, RIN exhibited pronounced heterogeneity, with relatively high values in the mucinous cyst 
subgroup (median 7.7), low values in the pseudocyst subgroup (median 5.0), and extremely low values in the serous cyst 
subgroup (RIN below the detection limit for all samples).

For RNA samples used in modern molecular biology, including NGS, the recommended RIN is ≥ 8[27,28]. However, 
RNA samples extracted from pathological pancreatic tumor material generally exhibit lower RIN compared not only with 
healthy tissue, but also with RNA extracted from other organ tumors, which typically achieve a value near 7[29,30]. 
Nevertheless, the RIN of RNA extracted from EUS-FNA specimens usually falls within even lower ranges, from 2.7 to 
5.15[25]. Our findings largely confirm these data and characterize the variable integrity of RNA samples obtained during 
EUS-FNA, depending on the pathological type and collection method.

Assessment of integrity and concentration
RNA quality in the cyst group was separately evaluated in fluid and TTNB samples. In the fluid samples (n = 10), 
significant differences in RNA integrity and concentration were observed based on cyst morphology. Mucinous cysts (n = 
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4) exhibited high RIN values (median 7.7) and a relatively high concentration (median 202 ng/μL). Among pseudocysts, 
the RIN was lower (median 5), but the RNA concentration was higher (median 516.8 ng/μL), which is likely due to the 
presence of tissue fragments, detritus, and areas of discharged pancreatic parenchyma within the cyst cavity. 
Interestingly, all SCN fluid samples were characterized by unsuccessful RNA extraction with RIN values of 0, and the 
median concentration was also < 1 ng/μL (range 0.1-21). These results may be associated with the low cellularity of the 
serous cyst fluid. Cytological studies of SCN fluid confirm the cellular depletion and variability of cuboidal epithelial 
cells compared with mucinous cysts[31]. In addition, the average diameter of serous cysts in our study was larger 
compared with that in other groups [52.3 mm vs 24.5 mm (MCN) and 28 mm (pseudocysts)], which could further reduce 
cellularity. In larger cysts, the concentration of exfoliated cells and free RNA in the fluid is lower compared with that in 
smaller cysts.

RNA extraction from samples obtained by TTNB, both from serous and mucinous cysts, proved to be less effective 
(median RIN 0, median concentration 11.5 ng/μL). Presumably, this is related to the insufficient size of the sample, which 
is sufficient for histological examination, but not sufficient for RNA extraction. A recent study revealed high sensitivity 
and specificity for the diagnosis of mucinous cysts and IPMNs using TTNB samples by NGS. However, TTNB samples in 
this study were presented by cell blocks, and targeted NGS was performed[32]. Typically, 2-3 samples were obtained 
when performing 4-5 TTN biopsies of the cyst wall. Given the high accuracy of morphological diagnosis using TTNB 
samples, their value for both clinical and research studies, and the extremely small amount of biopsy material, we 
preferred histological analysis as the most effective approach in such cases.

Quantitative PCR
The average Ct value, with a reaction efficiency of 95%-100%, for GAPDH amplification varied within a range of 20.4-33.5 
(median 25.4), and for HPRT1 it was 27.3-34.1 (median 29.4), which also indicates satisfactory RNA quality to obtain 
reproducible results when measuring gene expression. Significant dispersion in the average Ct values for GAPDH was 
observed, although this may be associated with differential expression of the GAPDH gene mRNA for this group of 
samples[33,34]. Thus, the use of GAPDH as a reference gene for this group is questionable, but this assumption needs to 
be confirmed with a larger set of samples.

Small RNA libraries
The original protocol was used successfully for library preparation on the first attempt for only 10 of 17 small RNA 
libraries. Presumably, this is due to a compromised RNA integrity for some samples, as evidenced by the RIN value. A 
modified library preparation protocol was developed, which enabled the generation of libraries that met the quality 
criteria for purity and concentration (with a total concentration of two target peaks ranging from 10000 to 70000 pM/L) 
for samples with an RIN of 3 or higher and purity ratios of 260/230 ≥ 1.1 and 260/280 ≥ 1.6. Samples with RIN values 
between 2.5 and 3 may be used under conditions that relax library quality standards (reduced concentration or the 
presence of additional peaks). No libraries were obtained for the two adenocarcinoma samples with RIN values of zero.

CONCLUSION
Given the small volume of EUS-FNA samples, their heterogeneity in quality, and rapid autolysis due to the abundance of 
pancreatic endogenous RNases, DNases, and proteases, a major factor for increasing the accuracy of molecular analyses is 
the standardization of the process of RNA sample preparation.

In this study, we demonstrated the potential of EUS-FNA in various pancreatic specimens for RNA profiling, including 
low-quality RNA samples. However, the suitability of EUS-FNA samples for RNA extraction for molecular studies varied 
significantly depending on the technique used to collect the biological material. In particular, the TTNB technique yielded 
the lowest resolution among the samples studied with respect to the quality and quantity of samples for RNA profiling. 
The suitability of cyst fluid samples for RNA profiling also varied. The quality of RNA extracted from mucinous cysts 
was comparable to that of solid neoplasms, whereas the fluid of serous cystic neoplasms exhibited low RNA quality. 
There is a trend of inverse dependence between cyst diameter and RNA suitability. The samples containing RNA with a 
RIN value less than 3 and a concentration of approximately 20 ng/mL can be informative for qPCR assays. The samples 
containing RNA with RIN values greater than 3, concentrations of approximately 20 ng/mL, and purity ratios of 260/230 
≥ 1.1 and 260/280 ≥ 1.6 are sufficient for NGS library preparation.

Taken together, the EUS-FNA technique is a promising tool for identifying RNA markers for the early diagnosis of 
pancreatic neoplasms and the prediction of carcinogenesis. Further studies using a larger sample size will be useful for 
estimating the sensitivity and specificity of RNA profiling for diagnostic assays. Considering that biochemical and 
cytological examination of EUS-FNA cyst samples does not provide sufficient sensitivity and specificity, and the 
diagnosis of malignant forms requires a more thorough approach, molecular studies should provide greater efficiency 
and significantly increase the sensitivity and specificity of the diagnosis of pancreatic neoplasms.
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