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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest malignancies, with poor prognosis
resulting mostly from late diagnosis. Surgery remains the most effective treatment and early detection
significantly increases the overall survival. Biomarkers used for diagnosis and to monitor the response to
treatment, such as carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA), are not
adequate as early detection markers of PDAC, partly due to low sensitivity/specificity. Therefore, new
biomarkers for PDAC are critically needed. This review aims at recent advancements in the identification
and characterization of new biomarkers, microRNAs, which might prove useful in the early detection of

PDAC.

1. Introduction

Despite the progress in the design of new therapies in advanced
pancreatic cancer, it remains a big challenge to precisely iden-
tify the group of patients that will be able to benefit from their
use. For some patients, new treatment options may extend
their life by several months, for others even by up to two
years." On the other hand, medical diagnosis without the use
of invasive methods makes differentiation between pancreatic
ductal adenocarcinoma (PDAC), benign tumors or chronic
pancreatitis (CP) difficult.

Biomarkers for PDAC can be classified as diagnostic, prog-
nostic (provide information about the patient’s overall cancer
outcome, regardless of therapy), and predictive (give informa-
tion about the effect of a therapeutic intervention).”
Unfortunately, routine cancer markers (such as carbohydrate
antigen 19-9; CA 19-9) do not seem to be reliable in prognosis
and detection of early stage of PDAC."™ However, new stra-
tegies are emerging. Collected data indicate that specificity and
sensitivity of diagnosis is optimal when several biomarkers are
used in combination. Moreover, the use of newly identified
biomarkers together with “classical” CA 19-9 may significantly
increase specificity and sensitivity in early PDAC detection.’

An ideal combination of biomarkers should: (1) be capable of
distinguishing healthy subjects from patients, (2) be expressed
early in the disease progression, (3) be easy to assay and rela-
tively inexpensive, and (4) give reproducible results. There are
several factors that may impact the sensitivity and specificity of
a biomarker such as: sample type (biofluid vs. tissue), stability of
the sample and processing time to assay the biomarker, proper
use of negative controls as well as background profiling.

Scientists’ attention has recently been drawn to specific
molecules of ribonucleic acid with unique stability. These
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molecules, called microRNAs (miRNAs), are a group of small
non-coding RNAs involved in regulating a range of develop-
mental and physiological processes; their dysregulation has
been associated with many diseases, including cancer. Small
size as well as the fact that miRNAs bind with proteins may
protect them from ribonucleases and thus improve their stabi-
lity in the blood, which may suggest their utility in biomarker
studies. Concurrently, extracellular vesicles (exosomes), which
are lipid bilayer-delimited particles that are naturally released
from a cell and - unlike the cell - cannot replicate, remain the
major source of circulating miRNAs. Exosomes are a type of
extracellular vesicles that contain constituents (protein, DNA,
and RNA) of the cells that secrete them. Exosomes play an
important role in information exchange between cells and once
released, they travel throughout the body before releasing their
contents into a recipient cell.

Some researchers have shown that miRNAs circulating in
the blood can transmit information and regulate the health of
cells other than those from which they originate.>* Others
believe that circulating miRNAs are merely by-products
released from cells that are completely unnecessary and have
no function.* Regardless of which of these theories is true, it
has become clear that expression levels of certain miRNAs are
altered in cancer patients compared with healthy controls.”
Exosomal miRNA profiling could be thus a relatively low-
invasive method to detect PDAC, or to monitor its progression
or treatment efficacy. However, it also seems obvious that such
a mix of miRNAs released from different cells cannot be easily
interpreted.

In this review, we focus on miRNAs potential as biomarkers
for early detection of PDAC. We summarize the clinical evi-
dence of application of miRNAs in diagnostics and analytical
challenges related to their use.
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2. Characterization of PDAC - currently available
diagnostic tools and treatment options

Pancreatic cancer is a lethal disease with an aggressive biology
leading to early metastases in the liver and the gallbladder and
low overall survival. The age of peak incidence of pancreatic
cancer is between 60 and 80 years of age with male-to-female
ratio of 1:1.13.° The global incidence was 458,918 new cases in
2018, and the trend is increasing (there were 337,872 new cases
in 2012) with an estimation of incidence for Europe in 2040 of
171,414 patients and the number of deaths reaching 168,489.”
Late diagnosis is resulting from nonspecific nature of the pre-
senting symptoms, the lack of good biomarkers to identify
patients at risk, and limitations of the imaging techniques as
well as tissue sampling.® Continuous efforts to improve diag-
nostic tools allowed for earlier diagnosis and treatment, which
led to an increase in the overall 5-years survival rate to nearly
9%; however, it remains unsatisfactory.>’

Symptoms of pancreatic cancer are often uncharacteristic
and include abdominal pain, loss of appetite, early satiety and
nausea. The most common form (90% of cases) of pancreatic
cancer is pancreatic ductal adenocarcinoma (PDAC), stromal-
rich tumor that develops within the exocrine compartment of
the pancreatic gland.'® Because of lack of specific symptoms,
except for jaundice, combined with its biological aggressive-
ness, patients are usually diagnosed late with PDAC, which is
in 80-85% present as locally advanced (1aPDAC) or distant
metastatic disease (mPDAC) with limited therapeutic options,
and only a minority of patients (15-20%) are eligible for
potentially curative surgical resection.'"'?

The systemic therapy has limited effectiveness, partly caused
by molecular differences between various PDAC types -
defined for example by Collisson E. et al."” as: classical, quasi-
mesenchymal, and exocrine-like, with various therapeutic
responses and clinical outcomes. Furthermore, PDAC has
extensive, both tumor-promoting and tumor-inhibiting, stro-
mal involvement and Moffitt RA et al."* investigated tumor-
and stroma-specific PDAC gene expression. They have identi-
fied four prognostic subtypes of PDAC, being a combination of
the two tumor-specific subtypes (classical or basal-like) and
two stromal subtypes (normal or activated). The classical
tumors with normal stroma subtypes had best prognosis and
the basal-like with activated stroma subtypes had worst,
although the classical subtype tumors were less responsive to
adjuvant therapy compared to basal-like tumors."* Moreover,
many genomic alterations, contributing to PDAC progression
were found in PDAC patients, the most frequently altered
genes are KRAS (identified in 88% of 3594 PDAC samples),
TP53 (74%), CDKN2A (44%), SMADA4 (22%), and CDKN2B
(21%)." The clinical use of this information remained limited
until combined with transcriptomic studies, which allowed
identification of PDAC subtypes with prognostic and biologi-
cal relevance.'®"'® For example, genetic and epigenetic sequen-
cing revealed the existence of four molecular PDAC subtypes:
squamous (31% incidence), pancreatic progenitor (19% inci-
dence), immunogenic (29% incidence) and aberrantly differ-
entiated endocrine exocrine (ADEX) (21% incidence), all
having heterogeneous genetic characteristics and different

biological behavior.'"*'” However, future consensus subtyping
is needed to establish the subtypes relevant for clinicians.

PDAC originates from the exocrine glands of the pancreas
and the majority of cases are sporadic with lifestyle factors such
as smoking, alcohol abuse and obesity, as well as type II
diabetes being the known risk factors.”>*' CP is also a risk
for PDAC as confirmed in a Danish epidemiological study with
a hazard ratio of 6.9 to develop PDAC in patients with CP
compared to controls.’>**** The key challenge is the differen-
tial diagnosis between mass-forming chronic pancreatitis
(MFCP) and PDAC as they significantly differ in the manage-
ment and prognosis, with dramatically worse outcome of the
latter. Despite recent progress, the diagnostic imaging signifi-
cantly overlaps and histopathologic assessment of tissue sam-
ples remains the ultimate differentiator between the two.*

The diagnostic as well as decision on the management of
PDAC should be performed by a multi-specialist team, con-
sisting of a gastroenterologist, surgeon, radiologist, pathologist
and oncologist in high-level reference centers. Standard ultra-
sound of the abdominal cavity has limited value and a contrast-
enhanced computed tomography (CECT) scan of the abdom-
inal cavity and pelvis should be performed, in unclear cases the
magnetic resonance imaging (MRI) might be helpful due to its
sensitivity and specificity. Positron emission tomography
(PET) does not allow to differentiate between PDAC and CP
but might be helpful to detect distant metastases or cancer
recurrence. The recommended diagnostic method remains
the endoscopic ultrasound (EUS) with fine-needle aspiration
biopsy. Although the CA19-9 antigen is a recognized prognos-
tic and predictive PDAC biomarker, it has limited value in
early diagnostics or screening; however, annual EUS scans
and serum CA19-9 are recommended for high-risk patients
with hereditary pancreatitis or family history of pancreatic
cancer.”!

The most effective treatment in early-diagnosed PDAC is
pancreatectomy; however, the 5-year survival rate of early stage
resected PDAC remains limited to 20-25%.>* The current
treatment  options for metastatic PDAC include
FOLFIRINOX (5-fluorouracil, leucovorin, irinotecan, and oxa-
liplatin), modified (m)FOLFIRINOX (without bolus fluorour-
acil) or nab-paclitaxel and gemcitabine in patients with good
ECOG performance status (PS 0-1) or gemcitabine mono or
combo therapy for patients with ECOG PS 2-3.* Other ther-
apeutic strategies, esp. immunotherapy, are being investigated
and multiple clinical trials are ongoing.

Patients with advanced PDAC should undergo both germ-
line and somatic profiling first and targeted therapy might
prove beneficial for some.”® Biomarker-driven strategy, such
as platinum-based therapy combined with PARP inhibitor in
patients with BRCA-mutated PDAC (4.6-8% incidence) and
immune checkpoint inhibitors in patients with microsatellite
instability (MSI) may prove beneficial. The pathologic and
transcriptomic profiling allows to distinguish between
a classical and basal type of PDAC, with increased treatment
resistance of the latter.*®

Early detection of PDAC would improve survival rate; how-
ever, the prevalence of PDAC is relatively low what makes
screening within the general population impractical. The crucial



task is thus to identify in the general population individuals at
risk who would later benefit from surveillance programs, opti-
mally using noninvasive biomarkers complementing diagnostic
imaging (CECT, MRI and EUS, of which the latter is considered
the most efficient method in early detection).”” The groups at
risk include families with germline mutations (BRCA2, BRCAI,
PALB2, CDKN2A, ATM, TP53 and mismatch repair genes
MLH]I, MSH2, MSH6), patients with a history of pancreatitis,
with mucinous pancreatic cysts, and elderly patients with new-
onset diabetes. The currently investigated biomarker assays for
PDAC (proteins, autoantibodies, circulating DNA, miRNAs,
methylated DNA, exosomes) undergo testing in a diagnostic
setting, but have not yet proved useful for continuous surveil-
lance in asymptomatic individuals.”® Nevertheless, constant
efforts are being made worldwide to establish a biomarker-
based diagnostic procedure.

3. Recent scientific reports regarding miRNA as
biomarkers in PDAC

Micro RNAs (miRNAs) belong to non-coding RNAs
(ncRNAs), which, although not translated into proteins, are
crucial for DNA replication, translation, RNA splicing and
epigenetic regulation. They can be classified based on their
localization as cytoplasmic and nuclear or as small (<200 base
pairs (bp)) and long (>200 bp) ncRNAs based on nucleotide
length. The family of ncRNAs includes miRNAs, PIWI-

Table 1. Non-coding RNAs and PDAC tumorigenesis.
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interacting RNAs (piRNAs), small interfering RNAs
(siRNAs), small nucleolar RNAs (snoRNAs), tRNA-derived
stress-induced RNAs (tiRNAs), enhancer non-coding RNAs
(eRNAs), circular RNAs (circRNAs), and long non-coding
RNAs (IncRNAs). ncRNAs were found to regulate tumor pro-
gression by affecting cell proliferation, invasion, metastasis,
angiogenesis and chemoresistance and ncRNAs with tumor-
promoting functions are: ncRNAs (HOTAIR, HOTTIP,
MALATI1), IncRNA (H19, PVT1), circ-RNA (ciRS-7, circ-
0030235, circ-RNA_100782, circ-LDLRAD3, circ-0007534,
circRHOT1, circZMYM2, circ-IARS, PDESA), miR-21, miR-
155, miR-221/222, miR-196b, miR-10a. On the contrary, some
ncRNAs, such as GAS5, MEG3, and IncRNA
ENST00000480739, has_circ_0001649, miR-34a, miR-100,
miR-217, and miR-143 inhibit cell proliferation and invasion
of PDAC (Table 1).*

miRNAs, discovered in 1993,” are single-stranded RNAs
with 19-25 nucleotides, transcribed and processed into mature
miRNAs with 21-23 nucleotides. miRNAs do not encode pro-
teins but regulate approximately 50% of protein-coding
genes.”’ miRNA molecules are involved in crucial processes
for the development and functioning of the body, such as cell
division, differentiation and programmed cell death, and blood
vessel formation. Due to the ability to regulate gene expression
at the post-transcriptional level, miRNAs ultimately affect the
number of individual proteins in the body and may be char-
acterized as “guardians” which control the proper course of

PDAC promoting Aliases for gene (genecards.org/)

Gene location (genenames.org/)

Increased expression promoting other cancers (mala-
cards.org/)

MicroRNA

miR-21 MicroRNA 21
miR-155 MicroRNA 155
miR-221/222 MicroRNA 221/222
miR-196b MicroRNA 196b
miR-10a MicroRNA 10a
Circular RNA

CiRS-7 CDR1 Antisense RNA

circ-LDLRAD3 Low Density Lipoprotein Receptor Class

A Domain Containing 3

RHOT1 Ras Homolog Family Member T1

ZMYM2 Zinc Finger MYM-Type Containing 2

IARS Isoleucine TRNA Ligase 1, Cytoplasmic

PDE8SA Phosphodiesterase 8A

Long non-coding RNA

H19 H19 Imprinted Maternally Expressed Transcript

HOTAIR HOX Transcript antisense RNA

HOTTIP HOXA Transcript At The Distal Tip

MALAT1 Metastasis Associated In Lung Adenocarcinoma
Transcript 1

PVT1 Plasmacytoma Variant Translocation 1

PDAC inhibiting  Aliases for Gene(genecards.org)

MicroRNA

miR-34a MicroRNA 34a

miR-100 MicroRNA 100

miR-217 MicroRNA 217

miR-143 MicroRNA 143

Long non-coding RNA

GAS5 Growth Arrest Specific 5
MEG3 Maternally Expressed 3

ENST00000480739 ribosomal protein L13a pseudogene 23

Gene location (genenames.org/)

17g23.1 Multiple cancers

21921.3 Multiple cancers
Xp11.3/ Xp11.3  Multiple cancers
7p15.2 Multiple cancers

17921.32 Multiple cancers
Xq27.1 Bladder cancer

11p13 No data

17911.2 No data

13q12.11 Lymphoma, leukemia, myelofibrosis
9922.31 Breast ductal adenocarcinoma

15g25.3 Melanoma

11p15.5 Wilms tumor 2, embryonal carcinoma,

choriocarcinoma

12q13.13 Gastrointestinal cancers, triple negative breast cancer
7p15.2 Glioma, small cell lung cancer

11913.1 Acute monocytic leukemia, ovarian endometrial cancer
8q24.21 Plasmacytoma, Hodgkin lymphoma, B-cell lymphoma

Decreased expression in tumorigenesis of other
cancers (malacards.org/)

1p36.22 Multiple cancers
119241 Multiple cancers
2p16.1 Chronic lymphocytic leukemia, nasopharyngeal
carcinoma
5932 Multiple cancers, incl. PDAC
1925.1 Multiple cancers
14q32.2 Multiple cancers
12913.3 Osteosarcoma
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processes within the cell. Genome damage (translocations,
deletions, amplifications, integration of foreign DNA) during
oncogenesis or tumorigenesis affects not only the expression of
protein genes that are tumor suppressor genes, but also expres-
sion of miRNAs. In consequence, a change in the expression
level of miRNAs is observed in various types of cancer, e.g.,
ovarian, breast, liver as well as pancreas. Importantly, normal
and cancerous tissues can be differentiated based on the level of
miRNAs.

Multiple studies demonstrated that miRNAs are not only
highly correlated with tumorigenesis and progression, but are
also related to drug resistance, tumor metastasis, angiogenesis,
cancer relapse, and poor clinical outcomes.’*** In PDAC,
miRNAs are considered to be responsible for apoptosis escape,
proliferation, epithelial mesenchymal transition (EMT;
a process by which epithelial cells lose their cell polarity and
cell-cell adhesion, and gain migratory and invasive properties
to become mesenchymal cells; EMT), metastasis, invasion, and
drug resistance, and consequently they might be used as poten-
tial biomarkers for PDAC diagnosis.”*

EMT is crucial in formation of metastasis in PDAC and
miRNAs, particularly miR-10, miR-21 and members of the
miR-200 family are closely involved in EMT. Nakamura et al.
found relative levels of exosomal miRNAs, ex-miR-21 and ex-
miR-155 significantly higher in pancreatic juice of PDAC
patients compared to CP patients, with no significant differ-
ence in relative levels of miR-21 and miR-155, respectively.’
Hence, the presence of exosomal miRNAs in disease opens up
the possibility of using these miRNAs as biomarkers. Exosomal
miRNA profiling could be a noninvasive method to detect
disease, or a way to monitor progression or treatment efficacy.

Schultz et al.* found a difference in the miRNA expression in
whole blood between patients with pancreatic cancer, patients
with CP, and healthy participants and proposed relevant diag-
nostic panels of miRNAs in pancreatic cancer. Based on
microRNAs that were significant in the training cohort, they
suggested two diagnostic indices. Index I consisted of four
selected microRNAs and was designed to be robust to technical
variation as well as contained no model parameters. On the
contrary, index II included all significant microRNAs from
a multivariable model and corresponded to the upper limit in
terms of training and was thus potentially overfitted. These
diagnostic panels included four miRNAs in index I (miR-145,
miR-150, miR-223, miR-636) and 10 in index IT (miR-26b, miR-
34a, miR-122, miR-126*, miR-145, miR-150, miR-223, miR-505,
miR-636, miR-885.5p) with the potential to distinguish patients
with PDAC from healthy controls (Table 2). Here, further
research is needed, especially in relation to the levels of serum
CA 19-9.%

Zhu et al.”’” found 165 deregulated mature miRNAs in next-
generation sequencing (NGS)-analyzed plasma samples from
Han Chinese population of PDAC patients, with 75 miRNAs
up- and 90 miRNAs down-regulated compared with healthy
individuals. The two significantly up-regulated miRNAs were
miR-182-5p, known to promote tumor cell proliferation and
miR-4732-5p, which interferes with tumor suppressive protein
p53. The two significantly down-regulated miRNAs were miR-
139-5p and miR-23b-3p. Further prospective investigations in

Table 2. Index | and Il (whole blood levels) — two diagnostic microRNA panels to
distinguish patients with PDAC from healthy controls.3*

Index | Index Il
miR-145 miR-26b
miR-150 miR-34a
miR-223 miR-122
miR-636 miR-126*
miR-145
miR-150
miR-223
miR-505
miR-636
miR-885.5p

larger cohorts of all four above-mentioned miRNAs circulating
in plasma are critically needed.

PDAC is often characterized with elevated levels of pancrea-
tic stellate cells (PSCs), which release exosomes containing
high levels of circulating miRNA-21 (miR-21). Ma Q. et al.*®
evaluated the effects of exosomal miR-21 on the migratory
ability of PDAC cells in order to characterize the underlying
molecular mechanisms. Weighted gene correlation network
and The Cancer Genome Atlas database analysis revealed that
high miR-21 levels are strongly connected with a poor prog-
nosis in patients with PDAC. Moreover, it has been stated that
Ras/ERK signaling pathway may be a potential target of
miR-21. In vitro, PDAC cells were demonstrated to internalize
the PSC-derived exosome, resulting in high miR-21 levels,
which subsequently promoted cell migration, induced EMT
and increased matrix metalloproteinase-2/9 activity. In addi-
tion, exosomal miR-21 increased the levels of ERK1/2 and Akt
phosphorylation in PDAC cells. Collectively, these results sug-
gested that PSC-derived exosomal miR-21 may promote
PDAC cell migration and EMT and enhance Ras/ERK signal-
ing activity. Thus, miR-21 may contribute to the poor prog-
nosis in patients with pancreatic cancer and represent a new
diagnosis and treatment target.

The miRNAs, which could be considered as the potential
biomarkers for early PDAC detection due to positive initial
validation in patients’ material have been summarized in
Table 3.”

Pre-clinical evidence showed that miR-486-5p, which
expression is a frequent molecular event in human malignan-
cies, could promote the proliferation of pancreatic cancer
cells.*® miR-210, which regulates mitochondrial metabolism
and oxidative stress, has been strongly linked with the hypoxia

Table 3. miRNAs initially tested in human samples as potential biomarkers for
PDAC.

Significantly  No signifi- Significantly ~ Potential
up- cant down- biomarker
Samples tested regulated  difference  regulated  for PDAC
PDAC pancreatic juice  Ex-miR-21 miR-21 Ex-miR-21
vs. chronic Ex-miR-155  miR-155 Ex-miR
pancreatitis®> -155
Plasma samples from  miR-182-5p miR-139-5p  miR-182-
Chinese PDAC 5p
patients vs healthy ~ miR-4732-5p miR-23b-3p  miR-4732-
subjects®” 5p (late-
stage)
miR-
23b3p




pathway and is upregulated in response to hypoxia-inducible
factors which are important transcription factors that regulate
oxygen consumption and morphological changes in response
to varying oxygen concentrations.

miR-210 is overexpressed in tumors; it is also stated to
promote invasion and EMT.** Yang Z. et al.*' investigated
whether exosomes derived from gemcitabine-resistant pan-
creatic cancer stem cells mediate cell-cell communication
between cells that are sensitive or resistant to gemcitabine
and, by doing so, regulate drug resistance. Relevant miRNAs
associated with gemcitabine resistance were identified and the
role of miR-210 in conferring drug resistance was examined
in vitro and in vivo. They concluded that exosomes derived
from cancer stem cells of gemcitabine-resistant pancreatic
cancer cells enhance drug resistance by delivering miR-210.

miR-1246 is considered an oncomiR, i.e., miRNA that is
associated with cancer, in various cancer types. However, the
origin and biogenesis of miR-1246 remained controversial,
with misunderstandings concerning its detection and biologi-
cal functioning. Consequently, using next-generation small
RNA sequencing, clustered regularly interspaced short palin-
dromic repeats Cas-9 (CRISPR-Cas9 knockout, siRNA knock-
down and the poly-A tailing SYBR qRT-PCR) Y.-F. Xu et al.**
examined the biogenesis of exosomal miR-1246 in human
cancer cell model systems. They found that miR-1246 is highly
enriched in exosomes derived from PANC-1 cells - majority of
the miR-1246 sequences detected in both PANC-1 cells and
PANC-1 exosomes contained the GAGA, and none of them
contained AGTG, indicating that the miR-1246 sequence
detected is derived from U2 small nuclear RNA (RNU2-1)
and not from the precursor miR-1246. Knockdown of
RNaselll enzymes DROSHA and DICER which mediate
miRNA maturation, did not reduce exosomal miR-1246 levels,
indicating that exosomal miR-1246 is generated in a Drosha-
and Dicer-independent manner. Direct digestion of cellular
lysate by RNase A and knockdown of the RNU2-1 binding
protein SmB/B’ demonstrated that exosomal miR-1246 is
a RNU2-1 degradation product. Furthermore, the GCAG
motif present in the RUN2-1 transcript was shown to mediate
miR-1246 enrichment in human PDAC cells and cancer exo-
somes — the same was true in other human cells, including
MIA-PaCa-2, and hTERT-HPNE lines. Y.-F. Xu et al.** con-
cluded that exosome miR-1246 is derived from RNU2-1 degra-
dation through a non-canonical miRNA biogenesis process.
These findings revealed the origin of an oncomiR in human
PDAC cells, providing guidance in understanding miR-1246
detection and biological function as well as potential use as
a biomarker. However, clinical evidence is still needed.

A recent study by Khan LA. et al.*’ assessed a panel of
miRNAs for their ability to differentiate PDAC from CP,
a benign inflammatory condition of the pancreas. Next-
generation sequencing was performed to identify miRNAs
present in 60 formalin-fixed, paraffin-embedded tissue samples
(27 PDAC, 23 CP and 10 normal pancreatic tissues). Four up-
regulated (miR-215-5p, miR-122-5p, miR-192-5p, and miR-
181a-2-3p) and four down-regulated miRNAs (miR-30b-5p,
miR-216b-5p, miR-320b, and miR-214-5p) in PDAC com-
pared to CP were selected based on next-generation sequen-
cing results. Next, the levels of these eight differentially
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expressed miRNAs were measured by qRT-PCR in 125 serum
samples (50 PDAC, 50 CP, and 25 healthy controls (HC)). The
results showed significant upregulation of miR-215-5p, miR-
122-5p, and miR-192-5p in PDAC serum samples. In contrast,
levels of miR-30b-5p and miR-320b were significantly lower in
PDAC as compared to CP and HC. Receiver Operator
Characteristic analysis showed that these five miRNAs can
distinguish PDAC from both CP and HC. Hence, it was con-
cluded that this panel could serve as a noninvasive biomarker
for the early detection of PDAC.

A study by Wang C. et al.** investigated the potential role of
serum exosomal miRNA in detection of PDAC and analyzed
the correlation between the levels of exosome miRNA and the
tumor biology.

It was concluded that the expression of 11 miRNAs showed
same trend between PDAC and benign pancreatic lesions, and
between PDAC and HC. Six of them were upregulated (miR-
203b-5p, miR-342-5p, miR-337-5p, miR-149-5p, miR-877-5p,
miR-203a-3p), and five were downregulated (miR-1226-3p,
miR-3182, miR-625-3p, miR-624-5p, miR-664a-5p). miR-1226-
3p was selected as the candidate exosomal biomarker for the
PDAC detection. The expression of serum exosomal miRNA-
1226-3p was downregulated in PDACs compared to the benign
pancreatic lesions (p = .025). Moreover, miR-1226-3p had accep-
table performance in predicting PDAC. Exosomal miRNA-1226-
3p level in PDAC with invasion or metastases was lower than
that without invasion or metastases (p = .028). Transfection of
miRNA-1226-3p significantly inhibited the proliferation of
PANC-1 and BXP-3 cells, stimulated cell apoptosis and inhibited
cell migration. To conclude, serum exosomal miRNA-1226-3p
may be regarded as a potential biomarker in diagnosing and
predicting the tumor invasion or metastases of PDAC.

Miao H. et al.*® identified a novel host factor, namely the
IncRNA TP73-AS1, as overexpressed in PDAC tissues com-
pared to adjacent healthy tissue samples. The overexpression of
TP-73-AS1 was found to correlate with both PDAC stage and
lymph node metastasis. To reveal its role in PDAC, they tar-
geted TP73-AS1 using InRNA inhibitors in a range of PC cell
lines. They found that the inhibition of TP73-AS1 led to a loss
of MMP14 expression in PC cells and significantly inhibited
their migratory and invasive capacity. No effects of TP73-AS1
on cell survival or proliferation were observed. Mechanistically,
they found that TP73-AS1 suppressed the expression of the
known oncogenic miR-200a. Taken together, these data high-
lighted the prognostic potential of TP73-AS1 for PC patients
and emphasized it as a potential anti-PDAC therapeutic target.

Finally, it has already been stated that four potential
miRNAs may affect the progression of PDAC by targeting
MET via the PI3K/AKT signaling pathway. Yao LC et al.*®
aimed to identify the potential biomarkers of PDAC carcino-
genesis and progression using three microarray datasets,
GSE15471, GSE16515 and GSE28735, which were downloaded
from the Gene Expression Omnibus database. The datasets
were analyzed to screen out differentially expressed genes
(DEGs) in PDAC tissues and adjacent normal tissues. A total
of 143 DEGs were identified, including 132 upregulated genes
and 11 downregulated genes. Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes functional and signaling
pathway enrichment analyses were performed on the DEGs,
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Figure 1. Steps to miRNA profiling.

and the Search Tool for the Retrieval of Interacting Genes/
Proteins database was used to construct a protein-protein
interaction network. The main functions of DEGs include
extracellular matrix degradation, and regulation of matrix
metalloproteinase activity and the PI3K-Akt signaling pathway.
The five hub genes were subsequently screened using Cytoscape
software, and survival analysis demonstrated that abnormal
expression levels of the hub genes were associated with poor
disease-free survival and overall survival. Biological experi-
ments were performed to confirm whether EMT factors pro-
mote the proliferation, migration and invasion of PDAC cells
via the PI3K/AKT signaling pathway. In addition, six EMT-
targeted miRNAs were identified, four of which had conserved
binding sites with EMT. Based on the signaling pathway enrich-
ment analysis of these miRNAs, it is suggested that they can
affect the progression of PDAC by targeting EMT via the PI3K/
AKT signaling pathway. In conclusion, it was stated that the
hub genes and miRNAs that were identified in the study con-
tribute to the molecular mechanisms of PDAC carcinogenesis
and progression and may be regarded as candidate biomarkers
for early diagnosis and treatment of patients with PDAC.

4. MiRNA as diagnostic tools - limitations

Growing interest in miRNAs as both biomarkers of disease and
therapeutic targets drives the need for fast and effective meth-
ods for miRNA profiling. Unfortunately, diverse studies have
demonstrated the validation of miRNA biomarkers to be
unsuccessful, which could be explained by discrepancies in
methodology, the lack of standard methods for normalization,
miRNA processing and the inability to differentiate among
closely related miRNAs. The crucial steps while profiling
miRNA that might be challenging are given in Figure 1.

4.1. Sample preparation

High-quality miRNA can be extracted from both cells and
tissue. However, studying miRNAs can be a challenge
because of their small size, which requires specialized and
dedicated tools for analysis. The cell heterogeneity of the
tissue is also an important consideration because many
miRNAs are tissue-specific. For this reason, using micro-
dissection methods or other cell-targeting approaches are
advisable. Furthermore, miRNAs are often released from
blood cells (plasma, red blood cells, white blood cells, and
platelets) at the time of storage period, which may result in
false outcomes. Finally, the white blood cells and red blood
cell hemolysis can also adversely affect the quality and
quantity of miRNA extracted.

4.2. miRNA extraction

For some sample types, miRNA extraction methods may
require optimization. For example, in their native state, endo-
genous blood plasma miRNAs are protected from RNase; how-
ever, extracted miRNAs that are spiked into plasma degrade
quickly. For this reason, it is important that any technique for
miRNA extraction from blood plasma should be quick and
completely inactivate the RNase activity.

4.3. miRNA quality and quantity control

Evaluating the quality of extracted RNA is important for both
the quality and reproducibility of miRNA profiling results.
Because most profiling methods use total RNA, it is not usually
necessary to quantitate the amount of miRNA present in
extracted RNA. Accordingly, the protocols should be standar-
dized for sample collection, storage and processing, e.g., often
used anticoagulants while collecting plasma are ethylenediami-
netetraacetic acid, citrate or heparin. However, some antic-
oagulants (e.g. heparin) decrease or even stop the action of
the reverse transcriptase as well as DNA polymerase enzymes
which are crucial for quantitative studies.*”

Importantly, the amount of circulating miRNAs may be
affected by many factors such as: gender, age, lifestyle habits
(smoking, drugs, diet).* Knowing how each factor influences
miRNAs may improve the characterization and measurement
of diagnostic or prognostic values of miRNAs in the specific
environment.

4.4. miRNA qualitive and quantitative measurements

Now that many miRNA sequences are known (cataloged in the
miRBase Sequence Database), one of the most common next
steps is the analysis of miRNA expression levels between differ-
ent tissues, developmental stages, or disease states. miRNA
expression levels can be studied by several methods: quantitative
reverse transcription polymerase chain reaction (qQRT-PCR),
droplet digital PCR (ddPCR), microarrays and miRNA sequen-
cing (miRNA-seq). miRNA expression by qRT-PCR enables
reliable detection and measurement of products generated dur-
ing each cycle of PCR process and can be performed in an
absolute or relative method. However, as there is no invariant
validator, relative quantification of miRNA in blood serum or
plasma has been faced with severe difficulties.”® Conventionally,
relative expression of miRNAs was mainly based on small
nuclear (e.g., U6 snRNA) or small nucleolar RNAs (e.g.,
snoRNA U44, also known as SNORD44) for normalization.
However, in a study by Masé et al.”® analysis of the five fre-
quently used reference genes for miRNA research (5S rRNA, U6



snRNA, hsa-miR-16-5p, SNORD48), exposed insufficient and
limited performance of widely used normalizers such as U6
snRNAs. Approved and certified miRNA reference genes miR-
16, miRs-10b, miR-30a, miR-30d, miR-103, miR-148b, miR-191
and miR-192 have been rumored to be regulated in a different
manner in serum compared to plasma of breast cancer patients
in several studies.”’ Accordingly, it is critical to verify and
characterize the expression stability of presumed invariant in
each pilot test.”® Of note, when there is no consensus on
endogenous controls, it is advisable to perform the absolute
quantification of miRNAs.* miRNAs must be reverse tran-
scribed to cDNA before PCR can be performed, and this step
is associated with inherent inefficiencies. ddPCR has been
reported to have meaningful potential as a technique to calcu-
late miRNA copy numbers at limiting dilutions without bias.”’
However, profiling of hundreds of differentially expressed
miRNAs from blood serum or plasma when RNA quantity is
limited may cause some technical trouble. It seems that the pre-
amplification of cDNA, which is essentially a highly multiplexed
PCR reaction performed for a limited number of cycles using
the same primer sets that will be used in the downstream qPCR
reaction, may address this problem. Still, it has some drawbacks.
Microarrays have decreased sensitivity and specificity compared
with qRT-PCR and are unreliable at low input. Presently,
miRNA-seq is the most appropriate platform for miRNA dis-
covery, which is immensely sensitive and contributes to relative
expression data for small RNAs in a sample with a greater
dynamic range compared with miRNA microarrays.*’

4.5. Data analysis

Analysis of miRNA profiling data is divided into several steps:
processing, quality assessment, normalization and differential
expression calculations. The best approach to these steps
should be dependent on the miRNA profiling platform and
the goal of the experiment.

4.6. Other limitations

One of the crucial determinants, which may have an influence
on using miRNAs as a diagnostic tool in clinical settings, is
correlated with detection of miRNAs in patients with different
tumor types. One such example is miR-21, which elevated
serum levels have already been found not only in PDAC but
also in patients diagnosed with colorectal, lung, breast, pros-
tate, liver, esophageal and endometrial cancers.”> Another pro-
blem is that these results are not coherent even among related
studies of the same condition.”" Of note, down-regulation of
miRNA in tumors may be associated with genomic and epige-
nomic alterations, but in circulation, this could happen only if
the tumor affected the expression of the miRNAs in other cells
in an adverse manner or reduced the stability of miRNAs in
circulation. This implies that decreased serum levels of circu-
lating miRNAs may be identified with nonspecific responses to
the presence of cancer. Additionally, the total lump or mass of
tumor tissue carried by an individual with cancer cannot be
related with the up-regulated levels of circulating miRNAs. Of
note, only in a small number of tumors (mainly late-stage)
patients may be characterized with upregulated expression of
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miRNA in the blood due to dilution effects of blood. Therefore,
it is more probable that upregulation of circulating miRNAs
contributes to the response(s) to the presence of cancer rather
than its absence.”!

5. Conclusion

Identification of biomarkers that enable the prediction of treat-
ment efficacy and responses to therapeutics, and which will
allow the selection of an appropriate, “tailored” therapy, is not
an easy task. An ideal biomarker should be readily available by
noninvasive procedures, inexpensive to measure, and very
specific and sensitive in the diagnosis of the disease. In addi-
tion, an ideal biomarker must not be too susceptible to tech-
nical variables and other pathological conditions unrelated to
the studied disease but occurring in patients. The most impor-
tant issue, however, is to reliably identify the disease, preferably
before the appearance of its clinical symptoms. The develop-
ment of PDAC is associated with the accumulation of
a number of somatic mutations in the neoplastic genome.
These mutations condition the uncontrolled multiplication of
tumor cells, which results in clonal expansion leading to tumor
progression. Some of the functional somatic mutations in the
neoplastic genome cause loss of function of suppressor genes,
others are activating, leading to the acquisition of new func-
tions and activation of oncogenes. Hence, we believe that an
analysis of somatic mutations in miRNA genes and miRNA
biogenesis genes should preferably be the focus before embark-
ing on the quest for the effective biomarkers. Molecular mar-
kers open up new diagnostic possibilities and seem easy to
interpret, and with circulating miRNAs as relatively noninva-
sive yet valid biomarkers, there is an opportunity for
a screening program in people at higher risk of PDAC. Thus,
these people will finally have a chance to receive appropriate
medical care at an early-stage disease.

The use of miRNAs as biomarkers has not been validated
yet. Most of the studies presented above are preliminary and
experimental, in small groups of patients, which do not meet
the criteria of validation analyses.

However, certain miRNAs are master regulators of tumor-
igenesis in some cancers (breast cancer, colorectal cancer,
kidney cancer, testicular cancer, etc.), and thus represent
powerful therapeutic targets. Moreover, many miRNAs are
aberrantly expressed in PDAC and may influence tumor pro-
gression. Accumulating studies suggest that multiple miRNAs
are actively involved in the PDAC metastasis process. Thus, we
aimed to introduce the role of miRNAs in multi-steps of PDAC
metastasis, including cancer cell invasion, intravasation, circu-
lation, extravasation, colonization, angiogenesis, and EMT. Of
note, several clinical studies are currently ongoing, including
a large (5000 patients), prospective, observational, longitudinal
study BIOmarkers in Patients With Pancreatic Cancer
(BIOPAC), NCT03311776, which has already published initial
results with Biomarkers Consensus Signature, although
miRNAs have not yet been included.”

What is more, miRNAs also represent a promising target for
therapeutic intervention. Potentially, in future, the analysis of
miRNAs will be an important stage in diagnostics and an
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Focusing on extracellular vesicles, improvement of sampling and isolation
techniques, in combination with absolute quantification without the use of reference
gene(s) may result in practical miRNA biomarker in the future

Knowing which body fluid (serum or plasma) is ideal for the measurement of
circulating miRNA concentration

Validating novel miRNA biomarkers in independent studies

Focusing on upregulated miRNAs rather than the downregulated miRNAs

Choosing a panel of selected miRNAs, insted of a single one, as more effective
method to guarantee that the biomarkers are specific to a cancer.

Figure 2. Important considerations necessary in profiling and analyzing circulating miRNAs to find validated cancer biomarkers.

introduction to treatment consistent with the endotype of
a given disease entity in personalized medicine.

In order to find validated cancer biomarkers, several impor-
tant considerations need to be taken in profiling and analyzing
circulating miRNAs (Figure 2). Further extensive research in
this field is yet warranted to identify an optimal miRNA, or
a set of miRNAs, to enable an easy and early diagnosis of
PDAC, a difficult to treat disease with low survival rates.
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