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Role of Noncoding RNAs in Chronic Pancreatitis
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Chronic pancreatitis (CP) is a progressive inflammatory disease of pancreas, resulting in irreversible damage of exocrine and
endocrine function of the gan.Tissue fibrosis is a characteristic feature ofWere the pancreatic stellate cells have been
thought to play a very crucial role. Patients with chronic pancreatitis have also been reported to be more susceptible to
pancreatic cancer as compared to any healthy individual. Considering the public health importance of the disease, efforts
are underway to comprehend the alterations in gene expression pattern during the development and progression of the
disease. Non-coding RNAs (ncRNAs) do not code for any proteins, but they are the key players in modulating the
expression of large number of protein coding genes, consequently maintaining their normal function as well as adversely
affecting the gene expression leading to disease pathophysibiaggent years, studies on ncRNAs have gained much
importance with the discovery of more and more types of ncRNAs and their involvement in almost every disease. Same is
true for chronic pancreatitis as well, and the ncRNAs have been implicated to have important regulatory role in the biology
of this disease. Furthermore, they have also been shown to have the ability to be used as diagnostic and prognostic
biomarkers of this disease. This review highlights the major findings in the field of ncRNAs (especially microRNAs and
long noncoding RNASs) with respect to chronic pancreatitis in humans.
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Introduction potential candidates for diagnostic or prognostic

into cancerChronic pancreatitis Is of no exception exosomes and microvesicless a consequence,

and both clinical and experimental studies have Shownfollowing the global trends, there has been a lot of

strong association to pancrea’qc cancer d_evek)pmemstudies to investigate the contribution of noncoding
Apart from that, because of its irreversible nature,

he di is oft iated with hiah d NAs in the disease biology of chronic pancreatitis
the disease Is often associated with high degree ol 5154 (o find out whether the alteration in noncoding

morpidity and mortality with a huge impact on the RNA pattern in peripheral blood or other body fluids
public health burden. Therefore, there has been alon%ould function as early diagnostic or prognostic

lasting interest among the scientific community to biomarker of the disease. Here, we aim to review the

understand the_development and progression of thlﬁmportant findings in order to revisit our achievement
disease, especially at the molecular level.In recent.

. in this field and also to explore how we can move
years, resear_ch on noncodmg RNAs (ncRNAS) hasforward with our existing knowledge.
gained much importance with the discovery of newer
members through technologically advanced methods Describing the Disease: Chronic Pancreatitis
as well as with more studies establishing their _ N o _
functional relevance in the disease pathophysiology ‘Chronic Pancreatitis’, as the name indicates, is
Furthermore, in addition to their regulatory role, the chronic inflammation of pancreas. It is characterized

noncoding RNAs have also been implicated as by progressive and irreversible damage to both
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exocrine and endocrine components of the pancreagpopulations in Southern India as per a recent survey
therefore, leading to exocrine insufficiency and conducted in dferent countries in thAsia-Pacific
diabetes mellitus. Symptoms of the disease includeregion (Garget al., 2004). Over the years many
characteristic pain in abdomen radiating towards thetheories for the pathogenesis of the disease have been
back, steatorrhoea, fibrosis and atrophy of pancreagproposed like oxidative stress thedoxic metabolic
accompanied by ductal irregularities. It is a theory stone and ductal obstruction theargcrosis-
multifactorial disorder with alcohol being one of the fibrosis theory etc. (®venset al., 2004). However
major factors responsible for the development of Whitcomb and colleagues have proposed an interesting
chronic pancreatitis (also known as alcoholic chronic hypothesis for the pathogenic development of chronic
pancreatitis oACP) worldwide (Clemenst al., pancreatitis, which unifies all these previous theories
2010) Apart from this, hereditary chronic pancreatitis and also incorporates recent advancements about the
(HCP) is a very rare form of early onset chronic cellular and molecular changes leading to the disease
pancreatitis with a classic autosomal dominant naturedevelopment. They have termed their hypothesis as
of inheritance, involving mutations in specific genes ‘Sentinel Acute Pancreatitis Event (SAPE)
(Rosendahét al., 2007; Kimet al., 2004). However  Hypothesis’ (Schneidet al., 2002). This model
chronic pancreatitis may also occur without an describes factors associated with chronic pancreatitis
apparent cause, in which case the term “idiopathicfitting to a hypothetical pathway that leads from an
chronic pancreatitis” (ICP) is used (Dodge, 1998). episode of acute pancreatitis towards chronic
The scenario in a tropical country like India is quite pancreatitisiccording to this model, an initiating event
different. Majority of the cases here are not attributed (sentinel event) is necessary for causing acute
to alcohol and prevalence of ICP is more. Though apancreatitis and acinar cell injury first, which is
predominant subtype of ICP with early age at onsetfollowed by recruitment and activation of the immune
and severe ductal calcifications had earlier beencells and stellate cells crucial for the development of
identified as ‘tropical calcific pancreatitis’ or ‘tropical chronic inflammation and fibrosis. This finding also
chronic pancreatitis’(TCP) by some Indian groups highlights the importance of pancreatic stellate cells
(Barmanet al., 2003); further studies suggest that in the process. Pancreatic stellate cells (PSCs) have
the phenotype of the disease has changed and thbeeen found to play a very crucial role in the
term ‘tropical pancreatitis’ could be considered development of fibrosis. These are myo-fibroblast like
misnomer (Midheet al., Gut 2010). Genetic factors cells present in pancreas in quiescent form. They get
have reportedly been found to be associated with theactivated in the presence of inflammatory cytokines
disease with various studies identifying mutations or whenever there is any pancreatic injutypon
polymorphisms in genes like protease, serine-1lactivation, they migrate to the site of tissue injury and
(PRSS1), protease, serine-2PRSS2), serine release extra-cellular matrix components to promote
peptidase inhibitor Kazal type-B¥INK1), cystic tissue repaifThis is the normal function of PSCs but
fibrosis transmembrane conductance regulatorwhenever there is chronic inflammation, this system
(CFTR), chymotrypsin C(CTRC), calcium sensing  goes aberrant leading to over activation of PSCs and
receptor{CASR), cathepsin BCTSB) and claudin 2 causing tissue fibrosis {&senset al., 2004;Apte et
(CLDN2), modulating disease susceptibility in different al., 2015).

forms of pancreatitis including chronic pancreatitis . ) ,
(Reddyet al., 2014; Mounzeet al., 2013). Overal,  Nature of this disease is progressive and
chronic pancreatitis is one of the most common irreversible resulting in |_rreparable damage to _the
sources of morbidity in the United States and Europepancreas. Hgnce, there_ is high ‘?'egree of morbldlty
with annual incidence rates reported worldwide and mortality assoc_lated with the_ dl_sease.
ranging from 5 to 14 per 100,000 individuals, with a Man_a_gement _Of the d!sease starts with lifestyle
prevalence of approximately 30-50 per 100,000 modlf_lcatlons Ilkg stopping alcoho_l and tobacco use
individuals (Kleeffet al., 2017). Not many reports and |nc.orpora't|n_g re_Ievant dietary c_:hanges.
are there presenting the epidemiology of the diseaséa‘nalges'cs’ z_antl-dlabetlcs and panc_reatlc enzyme
in India. One study demonstrates the prevalence ofsupplementatlon are commonly prescribed medicines.

the disease as high a$41200 cases per 100,000 _If there @s require_ment of endqscopic or surgical
interventions, the risks and benefits of each procedure
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is critically evaluated. While therapeutic endoscopy mediate epigenetic modifications of DNA by recruiting
is adopted for symptomatic or complicated pseudocyst,chromatin remodeling complexes to specific locus.
biliary obstruction, and decompression of pancreaticlincRNAs are the class of IncRNAs transcribed from
duct; surgical procedures are followed mainly for long intergenic regions. They regulate the expression
pancreatic head resection during the treatment ofof neighbouring genes, as well as distant sequences.
severe chronic pancreatitis as the pancreatic headircular RNAs are very recent discoveries in the
mass lies at the core of the chronic inflammatory group of honcoding RNAs which belong to a large
process. Over time, organ-preserving procedures, sucklass of endogeneous RNAs believed to be originated
as the duodenum-preserving pancreatic headby exon skipping events (Huaegal., 2017).

resection and the pylorus-preserving Whipple, have _ o

become the standard treatment procedure for théNoncoding RNAs in Diseases

surgeons and have resulted in major improvements ing e of non-coding RNAs in disease is not rielany

pain relief, salvation of pancreatic function, and .t them are reported to be differentially expressed
therefore increasing the quality of life of patients 4 play important role/s in development and

(Strobeletal., 2009; Forsmark, 2013)oweverthere o4 o0hvsiology of various diseases. Discussing all

is no such drug which could be used to either slow ¢ e is beyond the scope for this review:however

down this debilitating disease or to reverse the y,qir rgje in cancer and inflammatory diseases is briefly
pancreas to normalcy by targeting relevant S'g”a“ngdiscussed

pathways. Hence, there should be more studies

aiming to elucidate the molecular changes taking place miRNAs have been explored thoroughly for their
during disease development and the progression thatole in cancefThey act as oncomiR as well as tumor
might be helpful in designing future strategies for suppressor miRs and have key role in tumorigenesis
diagnostic and therapeutic interventions for the process (Croce, 2009). miRNA deregulation could

treatment of pancreatitis. occur through epigenetic changes and genetic
_ _ alterations which could cause problems associated
Overview of Noncoding RNAs with miRNA synthesis, maturation or binding to their

Almost 75% of human genome is transcribed into target_s (Esteller20_]1). piRNAs and its associated
RNA but only 2% of these transcripts code for proteins are also involved in cancer development.
proteins, which implies that most of the RNA diversity PIWI assoc!ated RNAs are a_Iso found to be aberrantly
in our cells is due to non-coding RNAs (Alexanetar expressed in human somatic tum'ors (Qhengl)ZOl
al., 2015). Non-coding RNAs themselves do not codeAmong the IncRNAs_, HOX transprlpt ar_msense RNA
for any proteins but instead regulate the expression(HOTAlR)' HOXA distal transcript antisense RNA

of target genes. Non-coding RNAs could be classified(HOTTIP)_' Metasta§|s assouate_d Iu'ng
as microRNAs, PIWI interacting RNAs (piRNAS), adenocarcinoma transcript 1 (Non-Protein Coding)

long noncoding RNAs (INcRNA), small nucleolar (MALAT1), Hepatocellular carcinoma up-regulated

RNAS (snoRNAs), long intergenic noncoding RNAs Iong_noq-coding RNA (HUI.‘C) and ng are very wel
(lincRNAs) etc. Among them, microRNAS studied in human neoplasia and with the advent next

(MiRNAs) have been most well characterized generation technologies new and new IncRNAs are

miRNAs are small ncRNAs of about 22 nucleotide being |mp||cat_ed in cancer (Bhaat aI.,_ 2017).
length which are found to regulate around 60% or Furthermore, circular RNAS are alsq being thought
more protein coding genes (Estel911). They are to play_lmportant roI(_e in oncogene&_s_through their
capable of downregulating the expression of their“’zgu""‘tIon qf trans_cnptlon,_ RNA splicing and also
target genes either by mRNA degradation or by through their function as microRNA sponge (Huang
inhibition of translation initiation. piRNAs are slightly etal., 2017).

longer than miRNAs with the length of around 24-30 Non-coding RNAs has been found to play an

nucleotide. They are thought to regulate genejmportant role in pathogenesis of various inflammatory
expression together with the help of PIWI proteins. giseases like obesitgtherosclerosis, type 2 diabetes,
INcRNAs encompasses all the ncRNAs which are gsteparthritis, autoimmune and degenerative diseases,
more than 200 nucleotide long. They are known to asthma, periodontitis, cirrhosis, as well as, Chronic
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Pancreatitis. Inflammation is mediated by various generation of reactive oxygen and nitrogen species
inflammatory mediators likEumor Necrosis Factor  (ROS and RNS) and induction of genomic instability
alpha (TNF-alpha), Interleukin 1 (IL-1), Interleukin 6 through several genetic and epigenetic changes
(IL-6), Interleukin 18 (IL-18), Nuclear Factor Kappa (Balkwill et al., 2001; Ptak-Belowsket al., 2012).

B Subunit (NFkB), Intercellulakdhesion Molecule-  Chronic pancreatitis is no exception and several studies
1 (ICAM1), Vascular CellAdhesion Molecule-1  have reported the disease to be a risk factor for
(VCAML), Plasminogerctivator Inhibitor1 (FAI- pancreatic ductal adenocarcinoma (Zhenhal.,

1) etc. (Marques-Rochat al., 2015). These 2013).

mediators are activated by signals from the cell _ _

membrane in response to foreign antigens. They act . _m'RNAS hav_e already been d_escrlbed to ple_ly a
as transcription factors to induce or repress certains'gmﬁc"Jlnt role in the modulation of chronic

genes involved in the inflammatory process. The non_inflammatory pathways through regulation of the
coding RNAs play a role here by modulating the

expression of several pro and anti-inflammatory genes
expression of inflammatory genes directly or by and few studies have also been done to evaluate their
modulating the mediators, which in-turn affects the

role in development and progression of chronic
inflammatory genes (Carpentet al., 2015).

pancreatitis. Genome-wide comparison of miRNA
Furthermore, one of the most important discoveries expression between pancreatic tissue from CP patients

in recent years is the detection of nuclease resistan??ddhormﬁhpfn?;ea;!c ttlssue wasdreported In severfal
extracellular miRNAs in almost all known biological studies. lie the first oné made comparison o

fluids. Strong evidence suggests that some of thesémRNA profile of bOt_h blood and tissue from normal,
extracellular miRNA species could perform cell CF @nd PDAC patients (Bauer al., 2012); the
signaling function during disease development andsecond study used the same dataset and |_dent|f|e<_3I 14
progression. Their expressions have also beenPregulated and 39 downregulated miRNAs in
attributed to specific diseases. Therefore, a lot of workPancreatitis samples cqmpared with control samples,
is being pursued to unfold the potential of these through a meta-analysis @gét al., 2016).They

exosomal mIRNAS as non-invasive biomarkers for further identified 424 differentially expressed miRNA
various diseases gene pairs in the miRecords and W&k databases

and they got 290 target genes of differentially
Role of miRNAs in Chronic Pancreatitis expressed miRNAs. The functions of target genes

were predicted using the 4D online tool and GO
Inflammation is a protective mechanism through which gnq KEGG pathway enrichment analyses was
further injury to the tissue is prevented by infiltration fg)1owed revealing the major biological pathways they
of granulocytes from the blood aiming to remove the contribute to. Some of the target genes like Cyclin
cause of injuryOnce the tissue damaging agent is p1 (CCND1), AKT Serine/Threonine Kinase 2
eliminated, the process called resolution of (AKT2), Cyclin Dependent Kinase €DK6) and
inflammation starts, the purpose of which is to gpqap Family Member 2 $MAD2) were also
promote tissue repair and bring it back to homeostasisolved in the pancreatic cancer pathwagiey
through inhibition of pro-inflammatory signaling, fyrther performed regulatory network analysis and
prevention of further granulocyte recruitment and reported that 279 of these genes were pancreatitis
clearance of the damaged tissue. Howeslaring  5ssociated genes, which were targeted by 37 miRNAs
chronic inflammation, this resolution step is disrupted i, the regulatory networkAnother original study
resulting in continuing inflammatory response and gjmilarly compared miRNA expression profile from
progressive damage of the tissue. Furthermore, Chroni(bancreatic tissues of normal, CP and PDAC patients
inflammatory conditions have also been very strongly g identify key changes in the set of 22 miRNAs
linked to the development of malignandyudolf  showed increased expression in chronic pancreatitis
Virchoy, back in 1863, first time proposed the role of 5p¢ expression of 2 miRNAs were decreased
inflammation in carcinogenesis and since then multiple compared with normal pancreas (Bloomsébal.,
studies have established that chronic inflammation in2007)_ The same dataset was also reanalyzed by
esophagous, stomach, liypancreas, colon, thyroid  another group and the results were integrated with
and other organs can induce malignancy throughgene expression data from pancreatic tissue in CP
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patients and healthy individuals @\get al., 2017). expression of individual miRNAs to evaluate their
Initially, they identified 624 DEGs and 305 DEmiRs functional role. Most of these studies have focused
followed by clustering analysis, further identifying on PDAC and one of them has looked into the CP
DEGs and DEmiRs differentially expressed between patients too where miR-217 has been reported to be
CP and normal samples. Gene set enrichment analysidownregulated in Chancreas (Ychytilova-
resulted in 73 downregulated and 84 upregulatedFaltejskovaet al., 2015). Reports from another group
pathways; like extracellular matrix (ECM) receptor have also suggested a possible role for downregulated
interaction, focal adhesion, cell adhesion molecules,miR-217 (Dengt al., 2014) According to their study
vasculature development, cell migration and so on.miR-217 downregulation is involved in epithelial-
Next, they performed the target analysis using DEG mesenchymal transition via miR-217-Sirtuin-1 (5IR
and DEmiRs and functional analysis of these 1) pathway

differentially expressed targets were also done and
DEmiR-risk gene-pathway relationships were also
established. They further explored whether the _ . . L
MIRNA expression profile of rat CP model is similar associated with alcoholirelated f|br05|_s in liver (Mepg
to their analysis of human CP patients and identified <t al., 2012) and there is enough evidence that it is

miR-182, miR-184, miR-205, and miR-431 upregulated als_o differentially expressgd in pancreas of CP
in both human and rat CP pancreas; modulating'oat'err[S (Huet al., 2015). miR-34a modulates of

pathways and processes related to regulation 0'expression of matrix metalloproteases 1 and 2 (MMP-

- ; ; 1, MMP-2), which are the mediators involved in cell
apoptosis, regulation of phosphate metabolic process;’ AR : X X
poptos guat pRosp cp emodeling during alcohol-induced fibrosis (&tal .,

neurotrophin signaling pathway and pancreatic cancer’ ) .
etc. Another important study also made similar 2015; Derdalet al., 2013). Increased expression of

comparison of miRNA expression in normal pancreasmiR'Zl’_ miR-19_9a-3p and m‘_R"”a”‘?' decreased
and pancreatic tissue from CP and PDAC pa,[ien,[sexpresswn of miR-148a and miR-802 in the pancreas

(Szafranskat al., 2007). They have also included of mice models upon ethanol feeding has also been
pancreatic cancer cell lines in the comparison relported (Cha(;”e?t alf., ggl;li._Otrr]]er groups havz_e_
increasing further interest. Their result showed that /SO Suggested role of miR-21 in chronic pancreatitis

MiRNA expression profiles in chronic pancreatitis alnd hrelported that_z_a mll(?j-21 |nh|b|_to:¢_t<):an_prevent
were distinct from the normal and cancer profiles ang&conolic pancreatitis and pancreatic fibrosis eHu

interestingly in most of the cases global miRNA al., 201_5;hNa_tara|Jaret al., 21:015)' On(_a |mp”ortant I
expression levels in pancreatitis tissues wereSPect is the involvement of pancreatic stellate cells

intermediate between the normal and PDAC tissues.(PSCS)’ which has been known to play an important

Amongst the 68 miRNAs differentially expressed in role in fibrosis of pancreatic tissue. It has been

chronic pancreatitis vs normal tissues, 61 were alsomentloned before that they get activated by

deregulated in pancreatic canckiowever they inflammatory cytokines. miRNAs plays an important
performed the target identification and function role. here as well. TheY modulate the expression of
prediction analysis for only the top 26 MiRNAs the inflammatory cytokines and thereby regulate the
deregulated in PDAC. The list of top ten deregulated activation of stellate cells. Exploration of the role of
miRNAs identified in these studies is showiTable g"?NAS '8 F;SC p|olc|)gy has not l(:j)ee_:n sta_rted_ mucr:]h
1. Moreoveridentification of pancreatitis associated elore ar_1 t _ere IS a most.no stu _y |_nvest|gat|ng the
genes as targets of deregulated miRNAs and theilp_ha_nges n m'RNA expression profile in human .PSCS'
involvement in relevant pathways leading to linking them with F.)SC physmlogyery few studies
pancreatitis is further supported by studies which havehave attempted in animal models and the most

independently identified deregulated genes aSimportant onehave reported 42 upregulated and 42
important factors in epithelial-stromal signaling in

downregulated miRNAs in activated pancreatic stellate
pancreatic desmoplasia (Binkley al., 2004) and c'\e;lls as compalaregotilthe;qwﬁscent onle n ra;t models
pancreatitis associated pancreatic fibrosis éBali., ( asamunet d." I'). at r\]/vay ana yf}'s 0 t;tsrget
2016). In addition to these studies, there are few othelJENEs revealed signaling pathways such as p MAP
studies where different groups have compared the

kinase, extracellular signal regulated kinases, and
Smad?2/3. Insulin and proinflammatory cytokine

It is very well known that alcohol is one of the
major cause leading to CiiR-34a has been found
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signaling pathways were also reported which indicatesreport, the study has important implications in terms
the role of miRNAs in modulation of inflammatory of future diagnostic potential of urinary miRNAs.
proteins. The same group later on identified 251

miRNAs enriched in PSC derived exosomes in humanRole of Long Noncoding RNAs in Chronic
subjects. Highly expressed microRNAs included miR- Pancreatitis

1246, miR-21-5p, and miR-1290, which are also aqyancements of genome sequencing technologies
reported to be found in serum of pancreatic cancerh,ye helped us in identifying large numbers of long (>
patients (Bkikawaet al., 2017). So, clearly these 5q nt) noncoding RNAs (IncRNASs) mapping to
MiRNA alterations along with gene expression result oiinar intronic or intagenic regions. Interestingljome

in PSCs could explain the biology of these cells ¢ them are poly-adenylated and some of them are
towards pathophysiology of CP and PDAC and could 5, 3genylated too. There is also a huge amount of
be used as biomarkers in pancreatic cancer as wellorest to decode the functional role of this subset of

Chronic pancreatitis is a disease which is noncoding RNAs and coordinated efforts throughout

diagnosed by its typical symptoms and imaging findings the globe has assigned their roles in important biological
of atrophic pancreas or pancreatic calcification Processes. The role of H19 and X Inactive Specific
through CTFscan, MRCP ERCP etc. But, Transcript (XIST) long noncoding RNAs have been
unfortunatelywhen these symptoms are manifested known for decades for their function in genomic
in a patient, the disease has already been progressdfiPrinting and chromosome inactivation respectively
to late stage causing irreversible damage to the orgarfNOW they are being implicated in processes like cell
There are no early diagnostic non-invasive biomarkersProliferation and cell death, cell differentiation, nuclear
for the disease and recent efforts have also exploredransport etc. Their molecular mechanism of action
the possibility of finding blood based miRNA mainly involves scaffolding activity in positioning
biomarkers for early detection of chronic pancreatitis. N€Cessary regulators of gene expression. The role of
One such studyhas reported six serum miRNAs which!ong noncoding RNAs have been characterized in
have the potential to be used as the biomarker fordreater details in most of the diseases, especially in
diagnosis and prognosis of CP (Xéhal., 2017). cancer Some reports are also there, describing
According to their studyniR-130a and miR-221 could ~ Possible involvement of IncRNAs in inflammatory
distinguish early CP from late CP whereas miR-320a,d'SeaS?S- Howev,el‘ne.re is not much |'nformat|on_
miR-320b, miR-320c and miR-320d are specific for régarding the expression of InCRNAs in pancreatic
late CP(Table 1) Togetherthese six miRNAs could ~ cancer as well as chronic pancreatitis. The first study
distinguish CP from other similar health conditions. dates back to 1999, where, there was an attempt to
Howevey more similar studies need to be conducted a@nalyse the role of imprinting of H19 long noncoding
to establish them as a diagnostic or prognosticRNA in human inflammatory pancreatic tissue and
biomarker at the clinical levehdditionally, there are  they found that H19 is imprinted in normal pancreas
a few studies where alterations in specific miRNAs s well as in chronic pancreatitis (Micgtal., 1999).
have been looked into serum or plasma of CP patients©One study has compared the expression of both protein
miR-155, miR-196a,miR-181a, miR-181b are reported €0ding MRNAs as well as long noncoding RNAs in
to be overexpressed in plasma of CP patients agiormal pancreas, PDAC and CP tissues and they
compared to the normal healthy controls (&fial., could detect intergenic and intronic long noncoding
2012). miR-21 is found to be upregulated in serum of RNAs in CP tissues along with known long noncoding
CP patients as reported by another group (Keng RNAS (Tahiraetal., 2011). Another group performed
al., 2011). In addition to serum or plasma based a similar long noncoding RNA profiling experimentin
detection of extracellular miRNA, there are reports PDAC and CP tissue and reported that expression of
of investigating urinary or salivary miRNAs also for HOTTIP and 6 other long noncoding RNAs were
their biomarker potential. Following the same tune, downregulated and that of 26 long noncoding RNAs
one group has conducted a study and identified 4Were upregulated in CP as compared to PDAC
upregulated andlldownregulated miRNAs in urine (Wanget'al., 2015). One_ of the mechar_wlsms of long
of CP patients as compared to the healthy individualsnoncoding RNA mediated regulation of gene
(Debernardét al., 2015). Being the first of its kind of ~ €XPression can be explained through ‘ceRNA
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Table 1. Exploration of miRNA changesin pancreatic tissues and body fluids of CP patients with respect to healthy control
individuals

A. Comparison in pancreatic tissue
Analysis of Global miRNA changes

Study reference/ Top 10 deregulated miRNAs
Dataset reference
Upregulated Downregated Remarks
Baueretal., 2012/ miR-100, miR-361-3p,miR-181d, miR-514,miR-7, miR-217, miR-130b, miR-182Comparison in pancreatic
GSE24279 miR-181b, miR-532-3p, miR-181c, miR-216a, miR-192, miR-215, tissue of CP and
miR-1206, miR-214,miR-486-5p miR-216b, miR-194, miR-335 Normal individuals
Wangetal., 2016/ miR-155, miR-150, miR-181d, miR-181c, miR-548b-3p, miR-429, Do
GSE24279 miR-181a, miR-181b, miR-214, miR-100, miR-216b, miR-216a, miR-130b,
miR-31, miR-214* miR-30a, miR-200b, miR-200c,

miR-375, miR-192

Bloomstonet al., mMiR-494, miR-100-1/2, miR-125b-2, miR- miR-96, miR-497 Do
2007/E-ABM-664 125b-1, miR-125a, miR-199a-1, miR-100,
miR-199a-2, miR-10b, miR-7-3

Szafranskat al., miR-150, miR-31, miR-145, miR-143, miR-148b, miR-96, miR-148a, Do
2007 miR-214, miR-125b, miR-100, miR-99a, mIiR-130b, miR-29¢c, miR-95,
miR-487, miR-199a miR-182, miR-374, miR-216, miR-217
Analysis of Candidate miRNA Changes

Vychytilova- miR-217 Do
Faltejskovaet al., 2015

Dengetal., 2014 miR-217 Do
Huetal., 2015 miR-34amiR-21 Do
Natarajaretal ., miR-21 Do

B. Comparison in body fluid
Analysis of Global miRNA Changes

Study reference Upregulated Downregated
Xinetal., 2017 Early CP:miR-221, miR-130alLate CP: Comparison in serum of
miR-320a, miR-320b, miR-320c, miR-320d CP and Normal
individuals
Debernardetal., miR-30b, miR-30e, miR-143,miR-223 miR-4750, miR-3141, miR-4739, Comparison in urine of
2015 miR-1207-5p, miR-1275, miR-149*, CP and Normal

miR-1915, miR-665, miR-483-5p, individuals
miR-3663-3p, miR-204

Analysis of Candidate miRNA Changes

Liuetal., 2012 miR-155, miR-196a, miR-181a, miR-181b Comparison in serum of
CP and Normal
individuals

Kongetal., 2011 miR-21 Do

hypothesis’ or competing endogenous RNA have explored this phenomenon and interestjogly

hypothesis, where the long noncoding RNA itself acts of them has proposed a INcCRNA-miRNA-mRNA
as the decoy of a specific miRNA to sponge it out, ceRNA network involving long noncoding RNA
leaving the overexpression of the mRNAs which are Syntaxin-12, miR148a, miR-130b, SMADS5 or
target of that specific miRNA. Some recent studies Interleukin 6 Signallransducer (IL6ST), operating
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Table 2: Exploration of long noncoding RNA changes in pancreatic tissue of CP patients with respect to healthy control
individuals

A. Comparison in pancreatic tissue
Analysis of Global IncRNA Changes

Study reference/ Top 10 deregulated INcCRNAs
Dataset reference

Upregulated Downregated Remarks

Wangetal., 2015 TMED11PTMED11PRP5-894D12.3H XLOC_006390HOTTIP-005RP11-Comparison in
MIincRNA767RP11-331F4.4RP4-809F 567G11.1XLOC_012784LINC pancreatic tissue of

18.1LINC00426RP11-753D20.4LOC 00460CTD-2547H18.1RP3- CP and PDAC
389023AC011306.2 395M20.9 patients
Analysis of Candidate INcRNA Changes
Micha et.al., 1999 H19 Found to be imprinted in
both normal and CP
pancreas
Wang Hetal., 2017 STX12 Comparison in pancreatic
tissue of CP and PDAC
patients
Li etal., 2016 NUTF2P3-001 Do

during the PSC activation in chronic pancreatitis. They to function as biomarkers for a specific disease. The
have also identified other putative ceRNA pairs importance of chronic pancreatitis disease lies in the
regulating the activation of PSCs §fg Het al., fact that it is a progressive disorder of the pancreas
2017) Another similar report elaborates the interaction leaving the patient in a morbid state with irreversible
involving long noncoding RNA, NUTF2P3-001, miR- damage of the organ with minimal or no exocrine or
3923 and KRAS mRNA. Long noncoding RNA, endocrine activityFurthermore, the disease has been
NUTF2P3-001 is highly overexpressed in chronic considered as one of the major risk factors for
pancreatitis tissue and shares the 3'-UTR binding sitepancreatic ductal adenocarcinoma. Hence several
of miR-3923 with KRAS mRNA and their interaction studies have been done to link two ends of the rope
involving ceRNA phenomenon describes a new by exploring the role of ncRNAs in C&s discussed
mechanism of regulation of KRAS in CP and PDAC in this review and also summarized in Fig. 1. Howgver
(Li et al., 2016). These deregulated IncRNAs are despite these efforts, gaps do exist in our knowledge,

listed inTable 2. especially with respect to activation of pancreatic
_ stellate cells and their mediation of subsequent events
Future Perspectives leading to the disease outcorAs.newer noncoding

RNAs, mostly long noncoding RNAs, are being

Noncoding RNA mediated regulation of gene di d with the helo of ad d technologies. it
expression is one of the major post-transcriptional IScovered with the help of advanced technologles, |
has become imperative to determine their exact

regulatory mechanism. They might also have multiple . . . .
g y ymidg P functional role, elucidation of the biological pathways

target genes and therefore, alteration of their levels d sianali works thev interf ith i ¢
might interfere with many pathways simultaneously and sighaling hetworks ey interiere with, in greater
details. It has been well documented that during the

microRNAs and long noncoding RNAs are the two devel t and ) £ di RNA
mostly studied noncoding RNAs and numerous studies cevelopment and progression of diseases, ne S
an modulate expression of their target genes towards

have helped our understanding of the mechanism b)F ific fat d d th | b lated b
which these noncoding RNAs could participate in a speciiic fate and cou emselves be reguiated by

disease pathogenesis. Furthermore, theiridentificationspec'fIC disease conditions as well. In this context,

as one of the major components of secretory exosomegnomer. |tmportapt astpecr;[ ltf] tothde(;:_ode througfh
has also initiated exploration to assess their potentiar’:lplorolorla € experiments whether the disease speciic
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secreted in Blood |

| Diagnostic Biomarker -

Fig. 1: Sequence of events during development of chronic pancreatitis and involvement of ncRNAs in the process: Illustrative
diagram showing different causative agents initiating pancreatic tissue damage and inflammation of pancreas, leading
to pancreatic stellate cell activation and fibrosis. Noncoding RNAs has been shown to modulate the entire process at
multiple steps. Furthermore, secreted extracellular noncoding RNAs can also be explored for their biomarker potential.
PSC stands for pancreatic stellate cells, miRNA: microRNA, IncRNA: long noncoding RNA and ceRNA: competing
endogenous RNA

alterations in ncRNAs, described here, are the causé cknowledgement

of disease or just a consequence of the diseas?\lone

pathophysiologyMoreover additional eiorts should

be implemented to explore the biomarker potential of Funding

the noncoding RNAs in chronic pancreatitis as this

area also has not been investigated fully The work has been performed receiving financial
support from Department of Biotechnolagy
Government of India.
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