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Executive summary

Objective
The goal of this project was to capture emerging trends for pancreatitis in the scientific literature over the last 
three years. These trends were to be found in the following taxonomy categories: Proteins and Genomic Elements, 
and Biological Functions.

Acute pancreatitis (AP) is the most common GI related 
cause for hospitalization in the US. Acute pancreatitis can 
progress to recurrent pancreatitis and chronic pancreatitis 
(CP). Patients with CP have ~4x greater mortality rate than 
the general population. Treatment is largely supportive with 
no current disease-modifying drugs available.

To gain insight into emerging areas of research for 
pancreatitis, a trend analysis was done. This type of natural 
language processing (NLP) analysis uncovers terms that are 
found in pancreatitis-related publications at an increasing 
rate over a certain time period. The assumption is that a 
term found with increasing frequency is gaining traction in 
the field and may be an emerging or new area of research.

In the current analysis, the terms in the Proteins and 
Genomics taxonomy category identified as trending were 
NLRP3, miR-155, and heme oxygenase (HO-1). Several 
drugs are in early clinical trials targeting the NLRP3 
inflammasome for other inflammatory diseases. Positive 
results in these trials could eventually translate into a 
treatment for pancreatitis. A miR-155 inhibitor has also 
been in the clinic for another indication and was found to 
be well-tolerated. A Chinese herbal medicine approved for 
heart failure in China was found to upregulate HO-1 in 
rats with induced severe acute pancreatitis. The treated rats 
showed protection against inflammatory organ damage.

The trending terms identified in the Biological Functions 
taxonomy category were neutrophil extracellular trap 
(NET) formation and polarization. NETs are formed from 
neutrophils and normally are beneficial in that they bind 
pathogens. However, NETs can be too much of a good 
thing in the unchecked inflammatory state of pancreatitis 
leading to tissue damage. Polarization refers to the process 
of monocytes being converted to different subtypes of 
macrophages. Inhibition of polarization in rats was found 
to improve markers of pancreatitis.

Several of these targets are being tested for other 
inflammatory indications in the clinic with NLRP3 
inflammasome inhibitors currently attracting the most 
attention. Positive clinical results would be welcome news 
to pancreatitis patients and researchers and may get the 
field closer to discovering a disease-modifying drug.
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Methods

Defining query
A query for Elsevier Text Mining (ETM) was constructed to 
find terms with a semantic relationship with ‘pancreatitis’. 
The date range was restricted to March 30, 2018, to April 
30, 2021. For instance, the ETM query ‘rel({pancreatitis} 
AND {Proteins and Genomic Elements})’ would identify a 
journal article where one of the terms in the Proteins and 
Genomic Elements taxonomy has a semantic relationship 
with ‘pancreatitis’.

Identifying terms with semantic relationship 
to Pancreatitis
Once the journals containing a term with a semantic 
relationship to ‘pancreatitis’ have been identified, all of 
the terms in the taxonomy category found in the journal 
articles are captured. To identify which of these terms has 
a semantic relationship with ‘pancreatitis’, each term is 
queried separately to determine if a semantic relationship 
exists. If at least one journal is found to contain a term 
with the desired semantic relationship, the term is kept. 
Otherwise, the term is removed from the list. 

Aggregating and normalizing 
publication counts
Finally, each of the remaining terms is queried to 
determine the number of journals in which the term is 
found to have a semantic relationship with ‘pancreatitis’. 
The publication counts are then aggregated by quarter 
and normalized by dividing each quarterly count by the 
publication count of the first quarter in the analysis. If there 
are zero publication counts in the first quarter, the count is 
temporarily changed to one publication to avoid dividing by 
zero. The first quarter count is then changed back to zero 
after normalizing the publication counts.

Identifying emerging trending terms
As a result of normalizing the publication counts to the 
first quarter in the analysis, the value for each subsequent 
quarter corresponds to the fold change in publication 
counts. Terms commonly found to have a semantic 
relationship with ‘pancreatitis’ will have relatively stable 
publication counts so the fold change over time will be 
low. On the other hand, terms that are found in increasing 
number of publications over the time period analyzed will 
show an increase in the fold change relative to the first 
quarter. The goal is to identify terms in which publication 
counts are increasing the most over time relative to the 
other terms.

To identify trending terms, a Poisson regression line is fit to 
the normalized publication counts. Thresholds for Poisson 
regression parameters such as the coefficient, p -value, 
and dispersion are adjusted to identify terms of interest. 
The regression lines for the more promising terms are 
visualized. The most promising terms are chosen for a final 
filter in which the publication counts for each of the terms 
is aggregated yearly for the past 5 years to provide a more 
historical perspective. The visualizations of this historical 
publication counts are used to choose the terms that 
appear to be emerging more recently.
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Results

Proteins and genomic elements
The trending terms in the Protein and Genomic Elements category are 
shown in Fig. 1 with their total yearly publication counts from 2016-2020. 
Each of the terms show an increasing trend in publication counts over this 
time period.

A short description along with aliases for the trending terms are 
summarized in Table 1. A more extensive summary for each of these terms 
is provided in the next section.

Figure 1: Publication counts of trending protein and genomic terms related to pancreatitis.

Table 1: Descriptions and aliases of trending protein and genomic terms from NCBI.

Term Description Aliases

miR-155 microRNA 155 MIRN155, miRNA155, mir-155

nlrp3 NLR family pyrin domain containing 3 AGTAVPRL, AII, AVP, C1orf7, CIAS1, CLR1.1, DFNA34, 

FCAS, FCAS1, FCU, KEFH, MWS, NALP3, PYPAF1

heme oxygenase HO-1
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miR-155

The definition for a miRNA provided by the NCBI is: 
“microRNAs (miRNAs) are short (20-24 nt) non-coding RNAs 
that are involved in post-transcriptional regulation of gene 
expression in multicellular organisms by affecting both the 
stability and translation of mRNAs. miRNAs are transcribed 
by RNA polymerase II as part of capped and polyadenylated 
primary transcripts (pri-miRNAs) that can be either protein-
coding or non-coding. The primary transcript is cleaved by the 
Drosha ribonuclease III enzyme to produce an approximately 
70-nt stem-loop precursor miRNA (pre-miRNA), which is 
further cleaved by the cytoplasmic Dicer ribonuclease to 
generate the mature miRNA and antisense miRNA star 
(miRNA*) products. The mature miRNA is incorporated into 
an RNA-induced silencing complex (RISC), which recognizes 
target mRNAs through imperfect base pairing with the miRNA 
and most commonly results in translational inhibition or 
destabilization of the target mRNA. The RefSeq represents the 
predicted microRNA stem-loop.”

miR-155 is a miRNA involved in the inflammatory response 
and is considered a key player in the development of 
AP. The process of autodigestion in AP induces the 
inflammatory response through the recruitment of CD+ 
4 helper cells (Th17). miR-155 was shown to affect the ratio 
of Th17/Treg (regulatory T cell) through the downregulation 
of SOCS1, which in turn increases the production of 
inflammatory factors. Inhibition of miR-155 went beyond 
the restoration of SOCS1 levels. SOCS1 was upregulated 
as a result of miR-155 inhibition. The authors suggest that 
miR-155 could be a useful biomarker for disease severity 
or a therapeutic target.1

Zhang et al more recently found that upregulation of 
miR-155 resulted in impaired autophagy as a result of its 
interaction with Rictor, which is part of the MTOR complex 
2.2 The relationship between impaired autophagy and AP 
has been demonstrated in animal models.3

There has been a Phase 1 clinical trial with the miR-155 
inhibitor MRG-106 (Cobomarsen) sponsored by miRagen 
(NCT02580552). While not being studied for pancreatitis, 
the drug was reported to be well tolerated.

NLRP3

The definition of NLRP3 provided by the NCBI is: 
“This gene encodes a pyrin-like protein containing a pyrin 
domain, a nucleotide-binding site (NBS) domain, and a 
leucine-rich repeat (LRR) motif. This protein interacts with the 
apoptosis-associated speck-like protein PYCARD/ASC, which 
contains a caspase recruitment domain, and is a member 
of the NLRP3 inflammasome complex. This complex functions 
as an upstream activator of NF-kappaB signaling, and it plays 
a role in the regulation of inflammation, the immune response, 
and apoptosis. The SARS-CoV 3a protein, a transmembrane 
pore-forming viroporin, has been shown to activate the 
NLRP3 inflammasome via the formation of ion channels 
in macrophages. Mutations in this gene are associated with 
familial cold autoinflammatory syndrome (FCAS), Muckle-Wells 
syndrome (MWS), chronic infantile neurological cutaneous 
and articular (CINCA) syndrome, neonatal-onset multisystem 
inflammatory disease (NOMID), keratoendotheliitis fugax 
hereditarian, and deafness, autosomal dominant 34, with 
or without inflammation. Multiple alternatively spliced 
transcript variants encoding distinct isoforms have been 
identified for this gene. Alternative 5' UTR structures are 
suggested by available data; however, insufficient evidence 
is available to determine if all of the represented 5' UTR splice 
patterns are biologically valid.”
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Local inflammation leading to systemic inflammation is 
a hallmark of acute pancreatitis. This systemic inflammatory 
response syndrome (SIRS) is a major cause of mortality 
in AP. There is also a compensatory mechanism known 
as compensatory anti-inflammatory response (CARS) 
which includes immunosuppression which may exacerbate 
necrotic pancreatic infections. Sendler et al found that these 
two types of inflammatory response occur simultaneously 
in mice.4 Administration of the known NLRP3 inhibitor 
MCC950 to mice with induced SAP showed marked 
improvements in pancreatitis biomarkers. Importantly, 
inhibition of NLRP3 regulated both the SIRS and CARS 
pathways of the immune response.

Iguratimod (IGU) is a small molecule that was originally 
developed as an NSAID. It is currently approved in Japan 
and China as a disease-modifying antirheumatic drugs 
(DMARD). It was recently reported that IGU had beneficial 
effects on mice with induced SAP.5 In addition to its 
inhibition of COX-2, the mechanism of action for its anti-
inflammatory effects involves the inhibition of NLRP3.

NLRP3 inflammasome inhibitors for multiple indications 
are being actively pursued in the pharmaceutical industry 
with several compounds progressing through early 
clinical trials.6 These include Inzolemid from Inflazome 
(NCT04015076), DFV890 from Novartis (NCT04382053 
& NCT04868968), NT-1067 from NodThera, and 
Dapansutrile from Olatec (NCT03534297, EudraCT 2016-
000943-14, & NCT04540120). 

Heme oxygenase (HO-1)

HO-1 is an enzyme with antioxidant properties that is 
highly expressed in an inflammatory response. It was 
suggested that the levels of HO-1 could be used to assess 
the extent of inflammation and tissue damage in AP.7

Zhang and coworkers published on the effects of the 
traditional Chinese herbal medicine Shenmai.8 Shenmai 
injection (SMI) has been approved by the China Food and 
Drug Administration for chronic heart failure and is known 
to have anti-inflammatory properties. Their conclusion 
from rat in vivo studies was that SMI protected against 
SAP by upregulating HO-1 and downregulating other 
proinflammatory factors.

HO-1 mediates the degradation of pro-oxidative HEME 
leading to the release of anti-oxidative species biliverdin 
which is converted to bilirubin. Bilirubin is known to have 
anti-oxidative and anti-inflammatory properties. However, 
its concentration in cells is too low to effectively ablate 
oxidative stress on its own. To address the low cellular 
concentrations and the poor water solubility of bilirubin, 
Yao et al encapsulated bilirubin in silk fibrin nanoparticles 
(BRSNPs).9 The bilirubin was designed to be released in 
the presence of high enzyme concentrations. In vivo rodent 
studies showed that BRSNPs reduced the severity of AP 
through anti-inflammatory and antioxidative effects.
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Neutrophil extracellular trap formation

Neutrophils are cells of the immune system that are 
a hallmark of inflammation. They play a role in the local 
and systemic inflammatory processes of pancreatitis. While 
neutrophils play a constructive role in ridding the body of 
infection, this process becomes destructive in pancreatitis 
which is not a result of infection. Neutrophil extracellular 
trap (NET) formation is one way in which neutrophils fight 
infection. Cellular components including DNA are released 
which creates web-like structures that trap bacteria. This 
mechanism becomes destructive in AP where NETs are a 
major cause of tissue damage and play a role in morbidity 
due to AP complications including lung, kidney, and heart 
injury. NETs are also involved in thrombus formation which 
can restrict blood supply in the pancreas which in turn can 
cause injury and/or necrosis. NET formation is stimulated 
by pancreatic juice or inflammatory factors in SAP which 
can further cause or aggravate pancreatic injury or blockage 
of pancreatic ducts creating a negative feedback loop.10 
Thus, inhibiting the formation of NETs is a logical approach 
to breaking that feedback loop and potentially improving 
clinical outcomes.

A recent review by Hu et al aptly titled “Targeting 
neutrophil extracellular traps in severe acute pancreatitis” 
discusses the three main strategies for mitigating 
NETs effects on SAP.11 These strategies are 1) block NET 
formation, 2) disassemble the DNA scaffold of NETs, and 3) 
inhibit the toxicity of proteins on NETs. Advances are being 
made in the detection of NETs which should facilitate the 
targeting of NETs in a clinical setting.12

Polarization

Macrophages are a type of white blood cell that can 
stimulate the immune system, and paradoxically, they can 
also have anti-inflammatory properties. Polarization refers 
to the process of the creation of different macrophage 
subtypes. The M1 subtype is proinflammatory and causes 
damage in the early stages of pancreatitis. The M2 subtype 
on the other hand is involved in the repair of damaged 
tissues. Conditions leading to these two polarization 
states are shown in Fig. 3.13 M1 polarization is induced by 
pro-inflammatory species such as TNF-a and the NLRP3 
inflammasome (discussed earlier). M2 polarization on the 
other hand is induced by species including IL-4 and IL-10.

Figure 2: Publication counts of trending biological terms related to Pancreatitis.

Biological functions
The trending terms in the Biological Functions category are shown in Fig. 2 
with their total yearly publication counts from 2016-2020



Life Sciences Professional Services 9

It has been reported that inhibition of matrix 
metalloproteinases (MMPs) attenuates the inflammatory 
response and tissue damage in AP. The mechanism behind 
the effect on inflammatory cells by MMP inhibition had not 
been fully understood until recently. While it was known 
that MMP-9 was correlated with pancreatitis severity, 
Wu and coworkers showed that one of the effects of 
inhibition of MMP-9 in mice was the inhibition of 
macrophage polarization.14 This was accompanied by 
improvements in pancreatitis markers. The authors suggest 
targeting MMP-9 as a potential treatment for pancreatitis.

Interestingly mir-155, which was discussed earlier, has been 
implicated in the inflammatory process through effects 
that include M1 polarization.15 Upregulation of miR-155 has 
been observed in several inflammatory diseases including 
asthma, atherosclerosis, rheumatoid arthritis, septic shock, 
multiple sclerosis, and inflammatory bowel disease.

Figure 3: Conditions affecting macrophage polarization
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Conclusion
Several emerging terms in the pancreatitis scientific literature over the last three years 
have been identified. These terms showed the greatest fold increase in publication counts 
relative to other terms and thus were defined as emerging trending terms.

Inflammation is a hallmark of many diseases including pancreatitis. Therefore, it is not 
surprising that all of the trending terms identified had some involvement in inflammation 
and the immune system. Of note is that each of the terms has been validated in animal 
in vivo studies and shown to have favorable impacts on markers for pancreatitis. 
In addition, several compounds have been dosed in humans in clinical trials. Positive 
results from any of the clinical trials looking at various mechanisms related to pancreatitis 
and its progression would bring new hope to finding a disease-modifying therapeutic for 
this currently unmet medical need.
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