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ABSTRACT

Purpose of the study. Identification of potential miRNA markers in material of focal pancreatic lesions.

Materials and methods. Samples of focal pancreatic lesions after histological evaluation were enrolled in the study including
chronic pancreatitis (ChP) (n = 23), low-grade pancreatic intraepithelial neoplasia /PanIN-1/2 (n = 19), high-grade pancreatic
intraepithelial neoplasia /PanIN-3 (n = 8), and invasive pancreatic ductal adenocarcinoma PDAC (n = 26). Workflow of research
included the profiling of cancer-associated miRNA in pooled samples, the selection of potential marker miRNAs, the assess-
ment of selected miRNAs expression in total collection of specimens, the identification of differentially expressed miRNAs,
and the approbation of new algorithm of data interpretation via ratio of “reciprocal miRNA pair”. Consequent reactions of
revers transcription and quantitative teal-time PCR were used.

Results. The expression levels of miR-216a and miR-217 were decreased in the following order: PanIN-1/2 > PanIN-3 > PDAC.
Moreover, miR-375 was up-regulated while miR-143 was down-regulated in the PDAC. Differential diagnostics of PDAC ver-
sus focal chronic pancreatitis might be performed with high accuracy (AUC > 0.95) by assessment panel of four molecules:
miR-216a, miR-217, miR-1246 and Let-7a.

Conclusion. The assessment of microRNAs in pancreatic lesions is a promising approach for the differential diagnosis of
PDAC, but this technology requires further validation with an increase in the number of samples.
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3.1.6. OHKonorus, nyyeBas Tepanus
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PE3IOME

Lienb uccnepoBaHus. [onck noTeHuManbHO MapKepHblx Monekyn MukpoPHK B mMaTepuane y3noBbix o6pa3oBaHuUii Nog-
YKeNy[04YHOM Xenesbl.

Martepuanbi n meToabl. B uccnepoBaHmne 6b1n BKNOYEHbI 06pa3sLibl TKaHW 04aroBbiX 06pa3oBaHUA NOAXKENYA0YHON Xe-
Ne3bl C TMCTONOrMYECKMM 3aK/OYEHMEM: XPOHUYECKMii naHKpeaTuT (n = 23), UHTpaanuTenuanbHas Heonna3sws low grade /
PanIN-1/2 (n = 19) u high grade ctenenu /PaniIN-3 (n = 8), uHBa3uBHasi NpoToKoBas KapuuHoMa (n = 26). B pamkax pa6oTbl
6b1J1 NPOBEAEH LUMPOKMIA MpodaiIMHI NynoB 06pa3LioB PasHbIX MMCTONOrMYECKMX TUMOB, BbIGOP NOTEHLMAIbHO MapKEPHbIX
MUKpoPHK, aHanuns akcnpeccun Bbl6paHHbIx Mosiekyn MUKpoPHK Bo Bcex o6pasLiaX, BK/THOUEHHbIX B UCCNeA0BaHNeE, MOUCK
CTaATUCTMYECKMN 3HAUMMBbIX Pasnnunii Mexay rpynnamu o6pasuoB, anpobauus HOBOro anroputMa UHTeprnpeTauuv nony-
YeHHbIX pe3ynbTaToB NyTeM BbIYMC/IEHUSI COOTHOLLEHMI KOHLEHTpaLui «peLMnpokHbix nap» MukpoPHK. MeTog aHanusa:
obpaTHas TPaHCKpUNUMSA C nocneaytoLein konmyectseHHon MNLP B pexxnme peanbHOro BpeMeHwu.

Pe3ynbraTbl. YpoBeHb aKcnpeccun Mosnekyn miR-216a u miR-217 cHwxaetca B psagy: PanIN-1/2 > PanIN-3 > npoTokoBas
KapuuHoma K. Takxke B KneTkax MHBasMBHOM NPOTOKOBOW KapLMHOMbI MOMXKeNYA04HOW Xeslesbl MoBbilleHa 3Kcnpec-
cust miR-375 u cHueHa akcnpeccusa miR-143. Bbicokasi TouHOCTb AuddepeHumanbHoi auarHoctuku (AUC > 0,95) oyaros
XPOHWYECKOro NaHkpeaTUTa U MHBa3MBHOMW NPOTOKOBOWM KapLMHOMbI XX MoXeT 6bITb o6ecneyeHa ¢ MOMOLLbIO NaHenu u3
yeTblpex Monekyn miR-216a, miR-217, miR-1246 u let-7a.

3aknioueHune. OueHka akcnpeccun monekyn MukpoPHK B maTepuane o4aroBbix o6pa3soBaHuii XK c uenbio guddepeh-
LManbHOW AMarHOCTUKM NPOTOKOBOW KapLMHOMbI MMEET AUArHOCTUYECKUIA NMOTEHLMAN, HO MeTog TpebyeT BanmaaLumm
C UCNosib3oBaHNEM 60JIbLLEN KOMIEKLMM BUONOrMYeCcKUX 06pasLioB.

KntouyeBble cnoBa: MUKPOPHK, pak nogyxenyfo4yHom xesesbl, T(POTOKOBasi HEOMa3usl, XPOHUYECKUI MAHKPeaTHT,
OT-NLUP, anarHoctuka
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INTRODUCTION

In the structure of oncological morbidity in Rus-
sia, pancreatic ductal adenocarcinoma (PDAC) ac-
counts for 3.4 % of cases, this disease ranks 11th
in incidence. During the period from 2010 to 2020,
there was an increase in the absolute number of
incidences of PDAC from 7522 to 9275 cases. In
the structure of oncological mortality of the Russian
population, the proportion of diagnoses of PDAC
was 6.8 %, which corresponded to the 5th position in
the list of the most "lethal" diagnoses. The absolute
number of deaths from PDAC in the period 2010-
2020 increased from 7783 to 9625 [1]. The cumu-
lative five-year survival rate of patients with PDAC
(M/W) is 22.2 /33.3 % — at stage |; 14.9/13.7 % -
atstagell;8.4/59 % —atlll; 3.4/ 3.9 % — at stage
IV of the first diagnosis [2]. The presented statistical
data confirm the well-known fact of low "curability”
of PDAC and indicate a deterioration in the epidemi-
ological situation observed despite the development
of diagnostic and therapeutic technologies.

Modern diagnostic standards are based on methods
of physical examination, laboratory and instrumental
research methods, such as endoscopic ultrasound
(EUS), dynamic multispiral computed tomography
(MSCT) and magnetic resonance imaging (MRI) of
the abdominal cavity [3]. Biopsy with subsequent mor-
phological examination of the biopsy material is rec-
ommended for all patients with suspected PDAC, while
surgical intervention in some cases can be performed
without morphological confirmation; the use of conser-
vative treatment requires mandatory morphological
verification. Modern diagnostic algorithms do not fully
solve the problem of timely diagnosis of PDAC. The
task of introducing screening for certain risk groups
and improving the effectiveness of the diagnosis of
PDAC seems important and involves various approach-
es [4], including predictive analytics methods [5], inno-
vative liquid biopsy technologies [6; 7], high-tech meth-
ods of pathology visualization. Modern instruments
allow you to combine endo-ultrasound with contrast
technologies [8], elastography, fine needle aspiration
biopsy [9]. Endoscopic ultrasound-guided fine needle
aspiration biopsy (EUS-FNA) is gradually entering into
wide clinical practice, opening up prospects, firstly, for
expanding the scope of morphological analysis meth-
ods and, secondly, for developing new technologies for
molecular diagnostics of biopsy material.

22

The main advantage of the EUS-FNA method
with subsequent production of cytological smears
and cell block is relatively low invasiveness. The
Russian authors showed high sensitivity (93 %)
and specificity (100 %) of a complex morphological
study of the EUS-FNA material using the technol-
ogy of manufacturing cell blocks calculated tak-
ing into account the results of subsequent histo-
logical diagnostics of the surgical material [10].
Despite the obvious advantages, the technology
and effectiveness of EUS-FNA is accompanied
by known objective and subjective difficulties of
subsequent cytological diagnosis. A fine needle
puncture allows you to obtain microfragments of
the tissue of the gland formations and a cellular
suspension, the effectiveness of the analysis of
which is determined by the volume and structure
of the aspirate. Difficulties also arise in assessing
the proliferative processes of the ductal epithelium,
which are observed both in areas of intraepithelial
neoplasia (primarily PanIN3) and in areas of reac-
tive hyperplasia associated with the pancreatitis;
cellular signs are similar and differential diagnosis
is often difficult due to the small amount of materi-
al. In contrast to the histological examination of the
surgical material, it is more difficult to assess the
condition of the basement membrane, the structure
and non-glandular patterns of the organ in the FNA
material. In this regard, additional technologies of
molecular diagnostics of epithelial changes can
increase the informative value of a complex mor-
phological diagnosis.

MicroRNAs are short regulatory molecules that
control the stability of protein-coding RNAs and the
efficiency of protein synthesis. The transformation
of the ductal epithelium of the pancreas reflects
a multi-stage process of development of ductal ad-
enocarcinoma (the dominant morphological form of
PDAC); this process is accompanied by a change in
the expression profile (or composition) of microRNA
molecules. Therefore, the analysis of the microRNA
composition in the biopsy material seems to be
a promising method for diagnosing focal lesions
of the pancreas, which is confirmed by the activity
of research and the number of relevant publica-
tions. A search in the PubMed scientific literature
database for the keywords "pancreatic cancer AND
miRNA" yields more than 2.8 thousand publications.
The analysis of the available scientific information
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is presented in a number of review articles [11-15],
but in clinical practice, there are no examples of di-
agnostic test systems based on microRNA analysis
of the material of pancreatic lesion biopsy.

Purpose of the study: To select potential microR-
NA markers of PDAC, to evaluate the diagnostic sig-
nificance of the method and to develop an algorithm
for PCR data interpretation, based on the analysis
of the expression of tumor-associated microRNAs.
To evaluate the possibility and expediency of de-
veloping and introducing into clinical practice the
method of differential diagnosis of PDAC patholog-
ical patterns based on the analysis of microRNA in
the material of EUS-FNA.

MATERIALS AND METHODS

Patients

The study plan was approved by the local Eth-
ics Committee of the N. N. Petrov National Medical
Research Center of Oncology, extract 27/27 No. 1
dated 01/28/2021. All patients signed an informed
consent to participate in the study. Before being
included in the study, biological samples and clinical
data were depersonalized.

The study included patients who were treated at
the L. G. Sokolov Federal State Medical Center and
the N. N. Petrov National Medical Research Center
of Oncology. In accordance with the standards of
medical care and clinical recommendations (ID:355),
all patients underwent pancreato-duodenal resection
or pancreatectomy. The material of the pancreatic
formations was immediately placed in a buffered
solution of 10 % formalin in a ratio of 1:10 and af-
ter 24 hours of fixation was cut into cassettes for
further histological wiring and subsequent light
microscopy. Based on histological examination of
hematoxylin-stained eosin preparations, the study in-
cluded material from 47 patients. In most cases, the
analysis of the preparations allowed us to identify
areas of tissue with different morphological struc-
tures, so 76 representative samples were prepared
for further study.

Isolation of RNA

Sections with a thickness of 3—4 microns were
prepared from the tissue samples, the sections
were dewaxed by incubation in 1 ml of mineral oil
(MP Biomedicals, USA) at 65 °C — 15 min, then the

oil and paraffin were removed using two washings
with 96 % ethanol. Proteolysis was carried out in
100 pl of proteinase K solution, 2 mg/ml (activity:
30 units/mg, Algimed-Techno, Belarus) at 60 °C —
1 hour. The remaining tissue after proteolysis was
precipitated by centrifugation (10,000 G, 4 °C -
10 min), the supernatant (~100 pl) was transferred
to a clean test tube, 200 pl of buffer was added (0.8
M sodium acetate; pH 4.0; 0.5 % octanoic acid) and
100 pl of guanidine isothiocyanate (3M), mixed,
and incubated for 5 minutes at room temperature.
The sample was transferred to a spin column filled
with sorbent (BioSilica, Russia), washed twice with
buffer for washing No. 1 (500 pl; 0.5M guanidine
isothiocyanate; 10mM tris-acetate; pH 6.5; 50 %
ethanol; 1 % 2-mercaptoethanol) and twice with buf-
fer for washing No. 2 (500 pl; 75 % ethanol; 0.1M
sodium chloride, T0mM tris hydrochloride; pH 7.5.
RNA from the surface of the sorbent was eluted
using 50 pl of an elution buffer (10mM NaHCO3,
10 mM EDTA). The concentration and quality of
the isolated RNA were evaluated using a NanoDrop
2000C spectrophotometer (Thermo Scientific, USA).

"Profiling" of tumor-associated microRNAs

In order to select potentially marker molecules, the
expression analysis (profiling) of cancer-associated
85 microRNAs was carried out. For this purpose,
"pools" were formed, which were mixtures of RNA
samples of similar morphology: chronic pancreati-
tis (ChP), intraepithelial neoplasia of the pancreas
(PanIN), invasive ductal adenocarcinoma of the pan-
creas (PDAC). The analysis was carried out using a set
of reagents manufactured by Exiqon (miScript Il RT
Kit, miRCURY LNA miRNA Cancer-Focus PCR Panel)
the analytic procedure involved poly-adenylation reac-
tion, reverse transcription (RT) of all RNA molecules
using a poly-T primer followed by real-time quantita-
tive PCR reaction for 85 microRNA molecules. The in-
tensity of amplification was evaluated using the DNA
intercolating reagent SYBR-green. All reactions were
carried out in accordance with the manufacturer's pro-
tocol on the CFX96 Touch™ amplifier (Bio-Rad, USA).

Analysis of individual microRNA molecules

expression

The expression of individual microRNA mole-
cules in the material of each sample (n = 76) was
analyzed by RT-PCR using kits manufactured by

23
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Algimed-Techno (Belarus). The set for the analysis
of each microRNA involved conducting a "two-tailed"
microRNA-specific reverse transcription reaction us-
ing an RT-primer, the "flanks" of which complementa-
rily annealed on the 3' and 5' ends of the microRNA
molecule, orienting "towards" each other. This tech-
nology of priming the reverse transcription reaction
ensured its high specificity [16]. Then, a real-time
quantitative PCR reaction was performed using two
microRNA-specific PCR primers. The amplification
intensity was evaluated using a fluorescently labeled
PCR probe. All RT-PCR reactions were carried out
in accordance with the manufacturer's protocols,
each analysis was performed in three repeats on the
CFX96 Touch™ amplifier (Bio-Rad, USA).

Statistics

Normalization of the "profiling" data was carried
out according to the manufacturer's recommenda-
tions: the results of the analysis of each pooled sam-
ple were normalized versus averaged Ct values of
the three reference molecules. Before comparing the
results of the analysis of individual samples (pools),
normalization was carried out versus "inter-plate”
calibrators. The molecules for subsequent analysis
were selected by simply comparing the normalized
Ct values.

Normalization of the results of the individual mol-
ecules (n = 24) analysis in individual samples (n =
76) was carried out in two alternative ways: relative
to the averaged Ct values of all analyzed samples (24
x 76 = 1842), so called total Ct, and relative to one of
the 24 studied molecules, which was characterized
by the most stable level of expression in the studied
samples. To select the optimal normalizer, the stabil-
ity (or variability) of the expression of the analyzed
molecules was evaluated using the NormFinder algo-
rithm [17]. Normalization was carried out according
to the standard method of counting (formula 1):

dCt=2Ct(miRNA)-Ct(normaIizer)

The statistical significance of the difference in
the expression levels of individual microRNAs in the
compared groups was assessed using the nonpara-
metric Mann-Whitney U-test. The prognostic signif-
icance of each molecule was evaluated using ROC
analysis (constructing a ROC curve and calculating
the AUC value).

24

We also searched for optimal ratios of the relative
concentrations of the so-called "reciprocal pairs" of
microRNA molecules (molecules with multidirec-
tional and associated with the process of neoplas-
tic transformation changes in expression levels).
A software algorithm has been developed for the
automated solution of this problem. Reciprocal pairs
were formed as all possible combinations of 24 test-
ed microRNAs. The total number of analyzed pairs,
determined by the formula 2:

n!
Pn= (n-r)xr!

(where P — quantity of unique miRNAs combina-
tions, n — quantity of analyzed miRNAs (24), r — quan-
tity of miRNA in any particular combination (2)).

Then, for each mRNAs pair, the amplification ef-
ficiency ratio parameter (Ratio miR-1/miR-2) was
determined by the formula 3:

dCt= 2Ct(miR»1 )-Ct(miR-2)

The evaluation of the diagnostic significance of
Ratio miR-1/miR-2 parameters was evaluated similar-
ly to the significance of individual molecules: using
ROC analysis and calculating the AUC value.

RESEARCH RESULTS

Research design, sample preparation

In the practice of analyzing the material of EUS-
FNA focal formations of the pancreas, differential
diagnosis between conditions having similar clinical
and sonographic patterns is of clinical importance:
chronic pancreatitis (ChP), intraepithelial lesions of
varying degrees of malignancy (pancreatic intraep-
ithelial neoplasia, PanIN), and invasive ductal ade-
nocarcinoma (pancreatic ductal adenocarcinoma,
PDAC). Taking into account the task of searching
for markers of differential diagnosis of the listed
conditions, the research plan assumed the sequen-
tial implementation of the following stages: 1) his-
tological analysis of pancreatic pathology (surgical
material), 2) selection and microdissection of sites
with the appropriate morphological pattern and iso-
lation of RNA, 3) formation of "pools" of RNA from
samples of typical morphology and analysis of 85
tumor-associated microRNAs ("profiling") in these
pools, 4) selection and analysis of potentially marker
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Focal pancreatic

1. Data collection, morphological formations (n = 72)
analysis // \‘ \‘
2. Sample dissection, isolation of RNA ChP PanIN-1/2 PanIN.3 PDAC
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3. Forming the "pools", miRNA i
profiling Tumor-associated microRNAs (n= 85)
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Fig. 1. Study design.
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Fig. 2. Representative examples of sites of pathological formations of the pancreas.

Note: A - fibrosing chronic pancreatitis (ChP): the structure of the gland with pronounced structural changes, loss of acinar cells,
pronounced fibrosis with inflammatory infiltration, compressed deformed ducts and areas of proliferation of small ducts. B — intraepithelial
lesion (PanIN1/2): small pancreatic ducts lined with a single—layer cylindrical ductal epithelium with predominantly basally located nuclei
(PanINT), as well as areas with signs of pseudostratification — nuclei located at different levels (PanIN2). B - intraepithelial lesion (PanIN3):
a large pancreatic duct lined mainly with cells with cellular and nuclear atypia, high nuclear-cytoplasmic ratio, hyperchromia of the nuclei,
uneven nuclear contours, loss of polarity of the nuclei, mitosis figures, partly foamy-gland pattern (foamy cells), partly with mucus formation
and oncocytic differentiation. Atypical cells are located within the basement membrane. G - invasive ductal adenocarcinoma (PDAC) with

widespread perineural invasion. Staining in all cases with hematoxylin-eosin.
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Table 1. The "profile" of 18 potentially marker microRNA molecules expression in normal pancreatic tissue and cells of focal
formations of various morphologies

Relative expression level in pathological sample Relati ion level
(miRNA Cancer-Focus PCR Panel) A P e
in intact pancreatic cells

(miRNATissueAtlas2)

No. microRNA

ChP PanIN1/2/3 PDAC

1 hsa-let-7a-5p 9.13 14.41 7.80 512.4
2 hsa-miR-10b-5p 0.50 0.40 0.60 111.5
3 hsa-miR-15a-5p 0.80 1.29 0.82 143.6
4 hsa-miR-23a-3p 6.96 4.43 5.21 462.7
5 hsa-miR-24-3p 10.03 7.67 8.31 177.2
6 hsa-miR-26b-5p 2.22 2.73 1.70 415.5
7 hsa-miR-27a-3p 10.25 9.31 7.08 229.1
8 hsa-miR-29¢c-3p 2.21 5.91 2.86 1298.3
9 hsa-miR-125b-5p 32.56 17.24 17.46 426.3
10 hsa-miR-126-3p 13.02 7.50 5.39 532.6
11 hsa-miR-141-3p 2.99 10.13 3.02 82
12 hsa-miR-143-3p 3.20 3.92 6.22 94.6
13 hsa-miR-145-5p 23.79 12.19 23.60 509.2
14 hsa-miR-146b-5p 0.51 0.80 0.61 82.1
15 hsa-miR-155-5p 0.32 0.39 0.28 747
16 hsa-miR-192-5p 1.38 4.25 4.08 24.6
17 hsa-miR-200a-3p 0.38 1.01 0.90 22.8
18 hsa-miR-200c-3p 7.56 10.96 5.16 17.4

Table 2. The list of molecules additionally included in the study

No. microRNA Relative expression level in intact pancreatic cells (miRNATissueAtlas?2) Lsit.i:?;g;e
1 hsa-miR-375-3p 20.4 [19]
2 hsa-miR-451a-5p 4650.4 [13]
3 hsa-miR-1246 3416.7 [20]
4 hsa-miR-1290 886.3 [21]
5 hsa-miR-216a-5p 42.3 [22]
6 hsa-miR-217-5p 20.1 [23]
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mircoRNA molecules, 5) statistical processing of
the results. The design of the study is schematically
presented in Figure 1.

The samples of ChP, when selected on the area
of the entire slides, did not contain tumor tissue, the
morphological picture varied from mild inflammatory
infiltration with moderate fibrosis (both intra-lobular
and periductal) to a pronounced inflammatory reac-
tion with areas of fibrosing Ch P. The PanIN1/2 group
included samples of intraductal papillary mucinous
neoplasia (intraductal papillary mucinous neoplasm,
IPMN) and mucinous cystic tumors (mucinous cys-
tic neoplasm, MCN) with a low degree of dyspla-
sia. Specimens of this group could include small
fragments of normal pancreatic tissue. The PanIN3
group included images of severe dysplasia, including
cases of IPMN and MCN, the presence of PDAC sites
was excluded. The PDAC group was represented
by typical histotypes and two cases of mucinous
cystadenocarcinoma with moderate or low degree
of differentiation. This category can contain small
fragments of the PanIN3 and PDAC combination.

During light microscopy, zones with the corre-
sponding morphological pattern were identified,
microdissection of selected tissue fragments was
performed for subsequent RNA isolation. In some
cases, material of different morphology was ob-
tained from the same sample and categorized in
different groups. As a result, the following samples
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were included in the study: ChP (n = 23), PanIN1/2
(n =19), PanIN3 (n = 8), PDAC (n = 26). Represen-
tative examples of sites with a characteristic mor-
phological pattern selected for the study are shown
in Figure 2.

Selection of potentially "marker" microRNAs

Total RNA was isolated from all samples. There
was a large variation in RNA concentrations (0.5-
350 ng/ul), which could be a result of tissue het-
erogeneity and/or different degrees of cellular RNA
integrity. RNAs isolated from histologically sim-
ilar samples were combined in equal mass ratio
into so-called "pools" for preliminary analysis of
the expression profile of potentially marker mole-
cules. This approach makes it possible to conduct
an inexpensive comparative analysis of groups of
samples, but without the possibility of assessing
the statistical significance of the results obtained.
The analysis made it possible to assess the differ-
ence between three conditions: chronic pancreati-
tis (ChP), intraepithelial neoplasia of any degree
(PanIN1/2/3) and invasive ductal adenocarcinoma
of the pancreas (PDAC). MicroRNA molecules with
relatively high and significantly different levels of
expression in three groups were selected for subse-
quent analysis. An additional selection criterion was
information on the previously estimated expression
of these molecules in the pancreatic cell, presented

%

©
@0 O
(&Q-&g-

Fig. 3. Results of evaluation of expression variability of microRNA molecules (n.23) in the analyzed samples (n.76) using the NormFinder

algorithm.

Note: the NormFinder algorithm [17] allows ranking the analyzed molecules according to the level of stability/variability of their expression in
the group of samples under study. The stability coefficient = 1 corresponds to a molecule whose expression level is identical in all samples,
such molecules can be used as normalizers. As part of the experiment, the most stable expression level was shown for miR-200a.
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in the miRNATissueAtlas2 database [18]. A total
of 18 molecules were selected. Table 1 presents
normalized expression levels of selected molecules
in samples of three variants of pathological focal
formations: ChP, panIN1/2/3, PDAC and data on the
expression of these molecules in cells of normal
pancreatic tissue (according to miRNATissueAt-
las2). It should be noted that the comparison of
the presented results of the analysis of groups of
pathological and normal samples is not adequate,
because these are the results of different studies
performed by different methods. But a comparative
assessment of different molecules within a certain
study can be informative. In general, the present-
ed results suggest that the selected 18 molecules

are indeed actively expressed in pancreatic cells,
and the formation of focal formations by chronic
inflammatory reaction or malignancy is probably
associated with a change in their expression and
functional activity.

An analysis of previous studies has shown that
a number of mircoRNA molecules not included in
the miRCURY LNA miRNA Cancer-Focus PCR Panel
play an important role in the development of PDAC
and may have diagnostic potential; they (n = 6) were
also included in the study. The level of expression
of these molecules in normal pancreatic tissue ac-
cording to "miRNATissueAtlas2" and links to relevant
studies are presented in Table 2. Thus, a "panel” of 24
potentially marker microRNA molecules was formed.

Table 3. The results of a comparative analysis of the expression of potentially marker microRNAs in samples of focal

formations of pancreas of different morphology

MicroRNA ChP (n = 23) PanIN1/2 (n = 19) PanIN3 (n = 8) PDAC (n = 26) Kruskal-Wallis test
hsa-miR-143-3p 0.1 0.16 0.09 0.04 0.0007 ***
hsa-miR-217-5p 0.87 0.42 0.28 0.07 0.007 ***
hsa-miR-216a-5p 1.48 0.84 0.83 0.38 0.0032 **
hsa-miR-375-3p 0.2 0.32 0.13 0.48 0.0137 *
hsa-miR-200c-3p 0.18 0.23 0.24 0.10 0.0259 *
hsa-miR-1246 0.07 0.09 0.09 0.03 0.0336 *
hsa-miR-155-5p 0.4 0.38 0.31 0.22 0.1098
hsa-miR-146b-5p 1.4 2.56 2.5 0.84 0.1131
hsa-miR-26b-5p 0.42 0.23 0.58 0.22 0.1485
hsa-miR-192-5p 0.5 0.38 0.19 0.29 0.1538
hsa-miR-125b-5p 0.09 0.17 0.34 0.20 0.2127
hsa-miR-4571a-5p 0.11 0.12 0.04 0.52 0.2323
hsa-miR-29¢c-3p 0.84 5.97 17.65 0.62 0.2599
hsa-miR-24-3p 0.09 0.1 0.12 0.09 0.3167
hsa-let-7a-5p 0.34 0.31 0.27 0.24 0.3674
hsa-miR-126-3p 0.96 1.05 0.66 1.00 0.4304
hsa-miR-10b-5p 51.04 70.6 50.47 74.01 0.4911
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Analysis of potentially marker molecules

The expression level of each of the selected 24
molecules was assessed using a microRNA-specif-
ic two-flank reaction and subsequent PCR in each
sample included in the study. The specificity of RT
was provided by an RT primer having two flanks for
binding to a microRNA molecule. As a result of the
RT reaction, a complementary DNA molecule was
synthesized, both flanks of which had microRNA-spe-
cific sites for binding to PCR primers. The possibility
of assessing microRNA expression levels and the
high specificity of this approach were shown earli-
er [24]. On the base of obtained result, miR-1290 was
excluded in further analysis since expression level of
this molecules appeared under the limit of detection
of used method in majority of samples.

miR-216a
* &
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L

In order to determine the optimal normalizer of RT-
PCR data, the variability of expression of each of the
23 molecules was evaluated using the NormFinder
algorithm, the results are shown in Figure 3.

The most stable expression level (stability val-
ue — 1) was shown for microRNA-200a, which was
later used as a normalizer. An alternative normaliza-
tion method involves calculating the averaged (total)
Ct value of all molecules tested in all samples (76
samples x 24 molecules = 1824 values in total), and
normalizing each particular results relative to this
value [25]. The results of RT-PCR were normalized
by two methods: relative to the value of total Ct and
relative to Ct (miR-200a) for each individual sample.
The normalized values were combined into groups
(ChP, PanIN 1/2, PanIN 3, PDAC), which made it pos-
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Fig. 4. Comparative analysis of miR-216a and miR-217 expression levels in tissue samples of pancreatic focal formations of various

histological structures.

Note: groups of samples of chronic pancreatitis / ChP (n = 23), mild intra-epithelial neoplasia / PanIN-1/2 (n = 19), and severe / PanIN-3
(n = 8), ductal carcinoma / PDAC (n = 26). The statistical significance of the observed difference was estimated by calculating the Kruskal-

Wallis criterion (** p < 0.005; *** p < 0.0005).
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Fig. 5. Comparative analysis of miR-375 and miR-143 expression levels in the tissue of foci of chronic pancreatitis and PDAC.
Note: The graph represents arithmetic averages for a group of samples of chronic pancreatitis /ChP (n = 23) and ductal carcinoma/PDAC
(n = 26). The statistical significance of the observed difference was estimated by calculating the Mann-Whitney criterion (* p < 0.05;

*k% ) < 0.0005).
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sible to evaluate the difference in the expression of
individual molecules in the studied groups of sam-
ples. For a number of molecules, contradictions were
observed between the results obtained using different
normalization methods. Such molecules were exclud-
ed from the further analysis. Only those results that
were similar with different normalization methods,
i.e. minimally dependent on them, were taken into
account; there were 17 of 24 such molecules.

The next step was to evaluate the statistical sig-
nificance of the difference in the expression levels of
individual microRNAs between clinical groups. The
results are presented in Table 3.

For a number of molecules, a statistically signifi-
cant change in expression activity was observed in

the PanIN-1/2 — PanIN-3 — PDAC series. For exam-
ple, an increase in the severity of ductal epithelial
dysplasia was accompanied by a decrease in the
expression level of miR-216a and miR-217 (Fig. 4).

The obtained results suggest that the low ex-
pression of these molecules in the material of the
EUS-FNA of the focal lesion of the pancreas may
be a marker of its malignant nature. Statistically
significant difference between the studied groups
was obtained for a number of molecules: miR-143,
miR-375, miR-200c and miR-1246.

Interestingly, when comparing groups of ChP and
PDAC samples, without taking into account the data
obtained for samples of intraepithelial lesions of vary-
ing degrees of malignancy (PanIN1/2/3), an increase

Table 4. Indicators of efficacy of differential diagnosis of chronic pancreatitis (ChP) versus PDAC by means of individual

microRNAs assessment

MicroRNA AUC Sens. Spec. PPV, % NPV, % Accuracy, %
hsa-miR-143-3p 0.75 70.59 82.61 79.17 75.00 77.50
hsa-miR-216a-5p 0.81 76.19 78.26 78.26 76.19 77.27
hsa-miR-217-5p 0.81 76.19 78.26 78.26 76.19 77.27
hsa-miR-375-3p 0.78 71.43 71.43 71.43 71.43 71.43

Table 5. Indicators of effectiveness of chronic pancreatitis (ChP) and PDAC differential diagnosis based on the assessment of

the concentration ratios of microRNA "reciprocal pairs"

MicroRNA pair AUC Sens. Spec. PPV, % NPV, % Accuracy, %
miR-1246/miR-217 0.95 95.24 82.61 95.00 83.33 88.64
miR-1246/miR-216a 0.95 90.00 91.30 91.30 90.00 90.70
miR-1246/miR-375 0.81 85.00 73.91 85.00 73.91 79.07
miR-143/miR-216a 0.83 81.25 82.61 86.36 76.47 82.05
let-7a/miR-216a 0.97 94.44 94.74 94.74 94.44 94.59
miR-155/miR-217 0.93 88.89 90.48 90.48 88.89 89.74
let-7a/miR-217 0.96 88.24 100.00 90.48 100.00 94.44
miR-155/miR-216a 0.91 83.33 90.48 86.36 88.24 87.18
miR-192/miR-216a 0.93 83.33 100.00 87.50 100.00 92.31
miR-192/miR-217 0.91 80.95 95.24 83.33 94.44 88.10
miR-143/miR-217 0.85 68.75 95.65 81.48 91.67 84.62
miR-200c/miR-216a 0.88 80.95 78.26 81.82 77.27 79.55
miR-200c/miR-217 0.88 75.00 78.26 78.26 75.00 76.74
miR-45Ta/miR-216a 0.81 80.00 78.26 81.82 76.19 79.07
miR-451a/miR-217 0.82 85.71 73.91 85.00 75.00 79.55
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in the expression level of miR-375 and a decrease in
the expression level of miR-143 associated with the
process of chronic inflammation was observed (Fig. 5).

In order to assess the diagnostic value of the
individual potentially marker microRNAs (miR-143,
miR-217, miR-216a, miR-375) for differential diagnos-
tic of ChP and PDAC, a ROC analysis and calculation
of standard indicators were carried out. The results
presented in Table 4 and Figure 6 indicate a high
diagnostic potential of these markers.

Differential diagnosis algorithm

Normalization of the results of RT-PCR analysis of
microRNA and clinically applicable interpretation of
the results of such analysis is a non-trivial task. One
of the possible approaches is the search for mole-
cules with a reciprocal (opposite) trend of tumor-
associated expression changes and the evaluation of
the ratio of concentrations of such molecules in test-
ed samples. The effectiveness of this approach has
been proven earlier: the values of such expression
ratios may have a higher diagnostic potential than
the diagnostic values of individual molecules [26].

As part of this work, a previously developed com-
putational algorithm was used to search for prom-
ising "reciprocal pairs" of microRNAs. So, this algo-
rithm assumed the selection of all possible pairs of
microRNA molecules, calculation of their concentra-
tion ratios (miR-1/miR-2 Ratio) and ROC analysis of

s
0.6 i _]

these parameters as markers of differential diagno-
sis of ChP vs. PDAC. Thus, diagnostic values were
estimated for 276 pairs of molecules, including AUC,
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and diagnostic accu-
racy. The results presented in Table 5 demonstrated
the high diagnostic potential of many "reciprocal
pairs" of microRNAs (AUC > 0.8).

From the data in the table, it can be seen that the
composition of "reciprocal pairs" includes molecules
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Fig. 6. Evaluation of individual microRNA diagnostic value in the
framework of differential diagnosis of chronic pancreatitis (ChP)
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Note: The results of the ROC (Receiver operating curve) analysis
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curves for four molecules are presented.

0.8

0.6

0.0

= kil

= | AuC=

‘n i e 0.81 miR-216a

ol - R o i [— 0.5 miR-1246/216a

W T || e 0.83 miR-143/216a
IJ- 0.97 let-7a/miR-216a

0.91
0.93
0.88
0.81

miR-155/216a
miR-192/216a
miR200¢/216a
miR-451/216a

T
02

04 0.6

08 10

Sensitivi

0.4

02 =t

0.0

AUC=

0.81
0.95
0.93
0.96
0.91
0.85
0.88
0.82

miR-217
miR-1246/217
miR-155/217
let-7a/217
miR-192/217
miR-143/217
miR200c/217
miR-451/217

04 0.6

0.8 1.0

specificity

1 — specificity

Fig. 7. Evaluation of the diagnostic value of the analysis of "reciprocal pairs" of microRNA molecules in the framework of differential diagnosis

of chronic pancreatitis (ChP) and PDAC.

Note: A — the results of the evaluation of the diagnostic potential of miR-216a and several "reciprocal pairs" formed by this molecule. B - the
results of the evaluation of the diagnostic potential of miR-217 and several "reciprocal pairs" formed by this molecule. The results of the ROC
(Receiver operation curve) analysis and the values of the area under the AUC (area under curve) curves are presented.
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with a relatively high diagnostic potential as individ-
ual markers. However, the ratio of the concentration
of these molecules and molecules with a "recipro-
cal" expression behavior have significantly higher
diagnostic value. Figure 7 shows the ROC curves
confirming this conclusion for the "reciprocal pairs”
that form the miR-216a and miR-217 molecules.

Thus, the AUC value for miR-216a is 0.81, and
for the concentration ratios of this molecule and
miR-192, miR-1246 or let-7a, the AUC values increase
10 0.93, 0.95 and 0.97, respectively. Similarly, the AUC
value for miR-217 is 0.81, and for the concentration
ratios of this molecule and miR-155, miR-1246 or
let-7a, the AUC values increase to 0.93, 0.95 and
0.96, respectively. In general, the analysis of a "pan-
el" of four molecules, miR-216a, miR-217, miR-1246
or let-7a, provides the ability to calculate four pa-
rameters for the differential diagnosis of chronic
pancreatitis and PDAC, and the AUC value of these
parameters is in the range of 0.95-0.97, sensitivity:
0.88-0.95, specificity: 0.82-1.

DISCUSSION

The article presents the results of a pilot study con-
ducted to assess the prospects for the development
of a method for differential diagnosis of focal pancre-
atic pathology based on microRNA analysis in biopsy
material. The materials of postoperative histological
examination were used in the work. The authors sug-
gest that the obtained results will serve as the basis
for the development of an innovative method of mo-
lecular analysis of the EUS-FNA material, which will
be able to complement and increase the diagnostic
potential of a standard morphological study.

The study analyzed the expression of 85 cancer-
associated microRNA molecules in the material of
76 samples obtained from 47 operated patients. His-
tological examination made it possible to form four
groups of samples corresponding to the diagnoses:
chronic pancreatitis (ChP), mild pancreatic intraepi-
thelial neoplasia (PanIN-1/2), severe intra-epithelial
neoplasia (PanIN-3) and the most common form of
pancreatic cancer (invasive ductal adenocarcinoma,
PDAC). MicroRNA expression analysis revealed sta-
tistically significant differences in expression levels
of miR-143,-217,-2164a, -375, -200c, -1246 between
assayed groups of samples. The results obtained have
both fundamental and applied significance.

32

Involvement of miR-217 [23], -216a [22], -375
[19],-1246 [20] in the process of malignant trans-
formation of the ductal epithelium of the pancreas
was shown earlier; these data were confirmed by the
our results. Suppression of miR-143 in PDAC cells
is an interesting finding, which is also in a line with
the scientific literature. Thus, a comparative analysis
of normal pancreatic tissue and PDAC, conducted
by Chinese researchers using the material of 37 pa-
tients, showed similar results to ours [27]. In addi-
tion, ectopic expression of this molecule in various
pancreatic cancercell lines (MIA PaCa-2 and PANS-1)
had a therapeutic effect, inhibiting cell proliferation
and metastatic potential [27; 28]. In situ experiments
have shown that a decrease in the concentration/
functional activity of miR-143 in PDAC cells is asso-
ciated with activation of the expression of a number
of oncogenes (ARHGEF1 (GEF1), ARHGEF2 (GEF2),
K-RAS), which confirms the therapeutic potential of
synthetic analogues of this molecule.

No statistically significant changes in the expres-
sion of miR-1246 were detected in our study, but the
ratio of the concentration of this molecule and the
concentration of miR-216a or miR-217 showed a high
diagnostic potential. The results obtained indicate
the possibility of over-expression of this molecule in
PDAC cells, and this process is associated with inhi-
bition of miR-216a or miR-217 expression. Whether
this association is random or biologically justified
event is still unknown. The analysis of scientific
literature does not form an unambiguous idea of
the participation of miR-1246 in the development of
PDAC. A number of publications show the diagnostic
potential circulating in the plasma miR-1246 [6; 29],
but what is the relationship between the concentra-
tion of this molecule in plasma and its role in PDAC
cells is not clear. The analysis of the biogenesis of
this molecule in tumor cells was recently carried out
by a group of American researchers [30]. It has been
shown that miR-1246 is a product of degradation
of small nuclear RNA (RNU2-1), which functions as
part of the nuclear complex of the spliceosome. In
this case, miR-1246 is a product of a non-canonical
microRNA synthesis pathway, and an increase in
intracellular concentration and/or secretion of this
molecule by PDAC cells may not be related to its role
in the process of post-transcriptional regulation of
target genes expression. Our results shown that the
expression of the let-7a molecule has a "reciprocal”
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character relative to the expression of miR-216a and
miR-217. The biological meaning of this phenome-
non remains still unknown, but it can be used for
clinically acceptable interpretation of RT-PCR results.
In general, the results obtained complement the ex-
isting ideas about the role of individual microRNA
molecules in the development of PDAC.

The practical value of the results obtained is im-
portant as well. We achieved to demonstrate, firstly,
the technical possibility of isolating and analyzing
microRNAs in biopsies of pancreatic formations us-
ing domestic reagents, and, secondly, the diagnostic
potential of such an analysis. In terms of developing
a technology suitable for clinical use, additional ef-
forts should be made (1) to develop a method for
preserving the EUS-FNA material and subsequent
isolation of small RNAs and (2) to determine the
optimal (minimum) set of marker microRNAs for
inclusion in the diagnostic "panel for differential di-
agnosis of focal pancreatic lesion. In order to ensure
high and, most importantly, reliable indicators of the
diagnostic significance of the test system, an import-
ant aspect is the development of an algorithm for in-
terpreting RT-PCR data. This issue was successfully
solved previously in the frame of test-system for the
assessment the severity of cervical epithelial dys-
plasia [31]. Thus, the following analytical algorithm
seems optimal: semi-quantitative analysis of a set

of microRNA molecules with reciprocal (opposite)
PDAC-associated expression changes, calculation
of concentration ratios of "reciprocal pairs" of mi-
croRNAs, determination of the significance of each
such parameter using a machine learning algorithm
and calculation of the final diagnostic criterion re-
flecting the risk of pancreatic malignancy. After eval-
uating diagnostic parameters on a large collection
of biopsy material, the developed test system can
be registered as a medical device and offered for
practical use.

CONCLUSION

In presented study we identified several potentially
marker microRNA molecules and shown that the
assessment of their expression in the sample of fo-
cal pancreatic formations is a promising diagnostic
approach.

The development of a reliable and clinically-
applicable diagnostic technology will require con-
tinued research in two main areas: (1) expanding
the panel of marker molecules and developing an
algorithm for their complex analysis, and (2) validat-
ing the diagnostic potential of the new technology
using a larger collection of biological samples and
developing approaches to clinically convenient and
effective interpretation of the RT-PCR results.
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