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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-
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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.
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URL: https://www.wjgnet.com/1948-5204/full/v16/i6/2663 .htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.16.2663

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
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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 (1 = 5), and pancreatic cysts (1 =
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 pL of nuclease-free H,O (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/pL 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.
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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 pg. 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/uL, regardless of the RIN values and A260/A280 and A260/A230 ratios. RNA concen-
trations exceeded 20 ng/uL 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/pL to 2.0 pg/uL (mean 272.5 ng/pL). 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
arange > 100 ng/pL.

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

Lesion diameter,

RNA indicators

FUSFNA samples TR RN Concentration, - o601a230 ratio A260/A280 ratio
ng/pL
Ductal adenocarcinoma 15 45 3.9 29 1.1 1.6
32 0 156 13 1.8
39 5 618 1.9 1.9
42 0 387 1.8 1.8
35 7 248 21 1.9
24 7 895 22 1.95
38 6.9 1378 22 1.99
35 7 227 1.94 1.83
35 6.3 780 224 1.98
40 55 1081 191 1.92
38 51 360 1.82 1.93
40 6.2 2044 213 1.98
50 5.7 432 223 1.96
40 7.8 912 22 1.96
32 7.6 374 1.62 1.86
Median 38 (24-50) 62(0-7.8) 432 (29-2044) 19 (1.1-2.2) 1.92 (1.6-2.0)
(range)
Chronic pancreatitis 5 Size not estimated 5.8 109 2.15 1.72
- 51 294 23 1.88
- 2.5 543 2.26 1.84
- 6.4 68 1.9 1.84
- 7.8 71 24 1.69
Median - 58(25- 109 (68-543) 23 (1.9-2.4) 1.8 (1.7-1.9)
(range) 7.8)
Cysts Fluid MCN, IPMN 4 22 5 304 1.94 1.95
30 7.5 201 221 1.86
27 8.2 203 1.48 1.87
19 79 170 2.05 1.87
Median 24.5 (19-30) 7.7 (5.0- 202 (170-304) 1.9 (1.5-2.2) 1.9 (1.9-2.0)
(range) 8.2)
SCN 4 70 0 21 0.9 1.75
30 0 0 0 0
57 0 0 0 0
24 0 0 0 0
Median 44 (24-70) 0 0 (0-21) 0(0-0.9) 0(0-1.8)
(range)
Pseudocyst 2 21 6.5 33.6 1.87 1.73
35 3.5 1000 1.6 1.8
Median 28 (21-35) 5(35-65) 516.8 (33.6-1000) 1.7 (1.6-1.9) 1.7 (1.7-1.8)
(range)
TTNB MCN, IPMN 3 20 0 33 13 2.0
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45 0 0 19 19
38 0 23 0.27 19
Median 34 (20-45) 0 11.5 (0-33) 0.8 (0-1.9) 1.9 (0-1.97)
(range)
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/pL vs 432 ng/pL) (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 =

WJGO | https://www.wjgnet.com 2669 June 15,2024 | Volume16 | Issue6 |

Jaishideng®



Seyfedinova SS et al. RNA profiling of pancreatic neoplasms

4) exhibited high RIN values (median 7.7) and a relatively high concentration (median 202 ng/pL). Among pseudocysts,
the RIN was lower (median 5), but the RNA concentration was higher (median 516.8 ng/uL), 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/pL (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/pL). 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
21.1 and 260/280 2 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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