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Abstract: It has been 30 years since the first member of the protease-activated receptor (PAR) family was
discovered. This was followed by the discovery of three other receptors, including PAR2. PAR2 is a G
protein-coupled receptor activated by trypsin site-specific proteolysis. The process starts with serine
proteases acting between arginine and serine, creating an N-terminus that functions as a tethered ligand that
binds, after a conformational change, to the second extracellular loop of the receptor, leading to activation
of G-proteins. The physiological and pathological functions of this ubiquitous receptor are still elusive.
This review focuses on PAR2 activation and its distribution under physiological and pathological
conditions, with a particular focus on the pancreas, a significant producer of trypsin, which is the prototype
activator of the receptor. The role in acute or chronic pancreatitis, pancreatic cancer, and diabetes mellitus
will be highlighted.
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Introduction

Thrombin receptor activated by a novel mechanism, i.e., site-specific proteolysis, was discovered 30
years ago [1]. Since then, three other receptors with similar activation mechanisms have been discovered
and are known as protease-activated receptors (PARS). Proteolysis cleaves off the N-terminal segment of
the receptor, making a new N-terminal end that acts as a tethered ligand. After the subsequent
conformational change, the tethered ligand interacts with the second extracellular loop (ECL-2) of the
receptor and activates a site-specific G-protein on the third intracellular loop (ICL-3). The activated G-
protein leads to intracellular consequences, including respective second-messengers (inositol triphosphate
(IP3), calcium mobilization, mitogen-activated protein kinases (MAPK), protein kinase C (PKC), etc.) [2-
4]. The tethered ligand can also activate neighboring receptors of the same PAR-type as well as other PAR-

types [5]. Additionally, synthetic analogs of the respective tethered ligand can activate PARs, generally
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recognized as PAR-activating peptides [6]. Among the four identified types of PARs, types 1, 3, and 4
(PAR1, PAR3, PAR4) [1,7,8] are predominantly activated by thrombin and similar enzymes. The type 2
receptor (PAR?2) is activated by site-specific proteolysis caused by trypsin or tryptase (produced mainly by
mast cells) [9-11]. Trypsin is predominantly produced in the exocrine pancreas as an inactive form called
cationic trypsinogen, which is a proteinaceous product of the PRSS1 gene [12]. Our brief review is intended
to bring attention to the relationship between trypsin, either normal or mutated, and PAR2 under
physiological and pathological conditions, with a special focus on the pancreas.

Regional distribution and function of PAR2

PAR2 is a ubiquitous membrane receptor found in all tissues, including vessels, immune-competent
cells, epithelial cell layers, and all organs, including the heart and brain. Its distribution is not stable and
varies between physiological and pathological conditions, as well as throughout embryonic development.
Minimal expression is observed at the genesis of organs; expression then rises and culminates at specific
times for each organ. This is followed by a decrease to levels usually seen in adult tissues. It is suggested

that these changes in PAR2 expression correspond to the level of differentiation [13].

In the central nervous system, neurons and astrocytes normally exhibit weak positivity of PAR2 [14].
However, increased levels of PAR2 can be observed under pathological conditions, including HIV
infection, Alzheimer’s disease (AD) [15], multiple sclerosis [16], and Parkinson’s disease [17]. Radiation
injury in the murine model an increase in PAR2 positivity in cortical neurons was described. Authors
suggest blood-brain barrier damage and reaction to the leak of free blood proteinases, including trypsin, as
an explanation[18]. In a spinal cord injury model, activation of PAR2 via c-Jun N-terminal kinases (JNK)
promotes glial scar formation. The inhibition by either PAR2 or JNK prevents scar formation and could

prolong axonal regeneration times [19].

PAR2 is an integral part of the cardiovascular system, including lymphatic vessels. PAR2 is
abundantly present on the endothelial cells and smooth muscle cells of arteries [20]. PAR2 stimulation on
endothelium results in vasodilation and hypotension [21]. Atherosclerosis, a common arterial disease, is
also related to PAR2 stimulation because of the high concentration of PAR2 inside atherosclerotic plaques
[22]. Furthermore, atherosclerosis was less developed in murine PAR2 gene knock-out models (PAR2-KO
mice) than in the control group. Bone marrow transplantation reversed the PAR2 gene knock-out effect,

showing the involvement of blood cells in the process [22].



Inside the mesenteric lymphatic vessels of guinea pigs, PAR2 is expressed on the endothelium.
Stimulation of the receptor and subsequent production of NO via endothelial cyclooxygenase resulted in a
decrease in spontaneous transient depolarizations and frequency of lymphatic vessel contractions. The

author of this experiment concluded that this response plays a role in inflammation [23].

In the heart, PAR1 and PAR?2 are expressed on cardiomyocytes, the stimulation of which promotes
increased spontaneous automaticity (via elevated Ca?* levels), survival of cardiomyocytes (activation of c-
Jun, AKT cascades), and induces hypertrophy [24]. In zones surrounding myocardial infarctions,
inflammatory stimuli via PAR2 can induce arrhythmias leading to poor outcomes [24]. In patients suffering
from diastolic heart failure with preserved ejection fraction, one of the key factors is advanced myocardial
fibrosis [25], which is linked to stimulation of PAR1 and TGF-f receptors resulting in increased collagen |

production by heart fibroblasts [25].

In the respiratory tract, bronchial and alveolar epithelium, as well as the smooth muscle cells and
endothelium, exhibit strong positivity for PAR2 [14]. In a murine asthma model, inhibition of PAR2
alleviated eosinophilic inflammation and allergen-induced airway hyper-responsivity [26]. PAR2 is
strongly involved in developing idiopathic pulmonary fibrosis (IPF), a scarring disease of the lungs
refractive to treatment; PAR2 stimulation by mast cell tryptase promotes proliferation of fibroblasts and
extracellular matrix production [27]. Furthermore, treatment with PAR2 inhibitor diminishes bleomycin-

induced pulmonary fibrosis in murine models [28].

PAR?2 is strongly expressed in the gastrointestinal tract on epithelium and goblet cells [29]. Basal
stimulation regulates mucus and electrolyte (HCO3z and CI) secretion, while apical stimulation increases
paracellular permeability. Proteases released from the mucosa can stimulate the PAR2 present on vegetative
nerves resulting in hyperalgesia. Furthermore, stimulation of PAR1, PAR2, and PAR4 modulates smooth
muscle contractility in the intestinal wall. [30]. In the kidneys, PAR2 is expressed in epithelial, mesangial,
inflammatory cells, fibroblasts, and blood vessels. The suggested role is ion transport, tissue protection,
inflammation, repair, and fibrosis [31]. PAR2 is also involved in the immune system. PAR2 is expressed
on various leukocytes (T-cells, NK-cells, monocytes, neutrophils, eosinophils, and mastocytes) [32], and
combined PAR2-mediated activation of leukocytes and endothelial cells increases capillary permeability
and diapedesis [33].



PAR2 localization and role in healthy pancreas

Kawabata et al. immunolocalized PAR2 to the apical part of pancreatic acini, and stimulation
facilitated amylase secretion [10]. Using a canine pancreatic model, Nguyen et al. observed a granular
pattern of PAR2 expression inside pancreatic ductal epithelial cells (PDEC) of intralobular and interlobular
ducts [34]. In another study with bovine pancreatic explants, immunolocalization showed a strong presence
of PAR2 in the apical membrane of PDEC; the authors concluded that different expression patterns resulted
from better tissue preservation [35]. Olejar et al. observed PAR2 expression on the endothelium of venules
and arterioles; discrete positivity in Langerhans islets was also present [36]. In addition to the exocrine and
endocrine compartments and interstitium the pancreas contains dispersed quiescent pancreatic stellate cells
(PSC) [37]. Masamune et al. observed expression of PAR2 in freshly isolated rat PSC [38]. Fig. 2 A-C
demonstrates localization of PAR2 receptor in formalin-fixed paraffin-embedded tissue block of archival

human pancreas.

In pancreatic acini, direct activation of PARZ2 increases the secretion of zymogen granules from acinar
cells [39]. Furthermore, PAR2 activation increases mucus exocytosis [40] as well as increases HCO3
secretion from PDEC [41]. These mechanisms modulate the luminal environment and influence
trypsinogen activation and trypsin activity. PAR2 acts as a protective mechanism against the development
and progression of pancreatitis and is discussed further below [39-41].

PAR2 in acute pancreatitis

Pancreatitis is an inflammatory disease of the pancreas classified as either acute or chronic according
to the clinical course; the acute form can be further classified as mild or severe. Mild pancreatitis tends to
be a self-limited disease dominated by the loss of tight junctions and focal apoptosis [42]. Severe
pancreatitis is a destructive disease associated with local complications (abscess, pseudocyst, necrosis with
loss of exocrine and endocrine functions) [43,44], as well as systemic complications (massive amounts of

pancreatic enzymes in the systemic circulation followed by multiorgan failure and death)[44].

PAR?2 plays several roles in protecting from acute pancreatitis. The common molecular basis behind
the protective mechanism is PAR2-induced dephosphorylation of MAP/ERK followed by downregulation
of MAP kinase [39]. Direct activation of PARZ2 increases the secretion of zymogen granules from acinar
cells, protecting them from intracellular activation and digestion [39]. Another protective mechanism
mediated by PAR2 (via Ca?" and PKC) is increased mucus exocytosis by PDEC [40], which most likely



creates a thin mucus layer that protects PDEC from enzymatic damage. Activated PAR2 increases HCO3
secretion via increased expression of CI'/HCOs exchangers on PDEC. The following increase in pH protects
the pancreas from spontaneous trypsinogen activation and consequential damage [41]. On the other hand,
PAR2 can initiate and cause the progression of pancreatitis indirectly by vasoconstriction (via PAR2 on
smooth muscle cells) followed by vasodilation (PAR2 on endothelia). This sequence of events damages
epithelial structures via the ischemia-reperfusion mechanism [45]. Systemic complications of severe
pancreatitis were simulated when rat models were treated with trypsin or PAR2-AP. In the lungs, this
resulted in activation of mast cells and macrophages, increasing activity of tryptase and myeloperoxidase,
respectively. This results in PAR2-induced lung injury, which can be partially decreased by a PAR2
inhibitor [46]. In summary, in edematous pancreatitis, PAR2-induced local protective effects prevail, and
the disease tends to be limited to the pancreas. Taken together, the supposed failure of local protective
mechanisms in severe pancreatitis results in massive trypsin activity in the systemic circulation, followed

by PAR2-induced life-threatening organ complications [47].

PAR2 in chronic pancreatitis

Chronic pancreatitis is a progressive fibroinflammatory disease of the pancreas in which healthy tissue
is replaced with fibrous tissue produced by PSC [48,49]. This disease is associated with alcohol, smoking,
and specific genetic mutations (e.g., PRSS1, cystic fibrosis conductance regulators (CFTR), serine protease
inhibitor Kazal type 1 (SPINK1)). Complications include maldigestion (due to a lack of enzymes and
repeated steatorrhea), pancreatic diabetes mellitus combined with sudden changes in glucose levels, bouts
of chronic neuropathic pain due to the affection of nearby nerves, and carcinogenesis [49]. These
complications decrease the patient’s quality of life and life expectancy [49].

Restricting known modifiable risk factors can limit exacerbations and slow disease progression [49].
A well-known but unmodifiable risk factor is a genetic mutation in the PRSS1 gene, which results in a
hereditary form of chronic pancreatitis. A missense mutation leads to increased transcription of PRSS1,
autoactivation of trypsinogen, and decreased trypsin degradation [50]. The disease itself results in increased
trypsin activity (and activation of PAR2) [51], tissue damage followed by exocrine and endocrine
insufficiency, and an increased risk of cancer development [50]. For other causes of chronic pancreatitis,
the involvement of PAR2 is only partially explained. In chronic pancreatitis, PAR2 downregulates apical
anion exchangers and CFTR on PDEC [51]. This set of events decreases the secretion of bicarbonate, as
well as lowers the pH, and autoactivates trypsinogen [44,51]. PDEC can respond by downregulating PAR2
on the transcriptional level and translocating PAR2 into the cytoplasm [51].



Unlike the healthy pancreas, activated PSC acquires a myofibroblast-like phenotype and overproduces
collagen and metalloproteinases inhibitors, resulting in overproduction of collagen and replacement of
original tissues [37]. Freshly isolated rat PSC express PAR2, and activation by PAR2-AP (SLIGRL-NH>)
pushes PSC to increased proliferation activity and collagen production (via c-JUN and p38-MAP) [38].
Abdominal neuropathic pain in chronic pancreatitis, as well as pancreatic adenocarcinoma, are associated
with pancreatic neuritis. Inflammatory infiltrates show specific enrichment of mast cells, producing tryptase
capable of PAR2 stimulation of nerves [52,53].

PAR2 in Langerhans islet pathologies

In 1970 Bertaccini et al. described significant increases in blood insulin concentrations after
administration of caerulein to anesthetized dogs [54]. In taurocholate-induced pancreatitis, the level of
PAR2 expression in Langerhans islets dramatically increases [36]. These findings suggest that severe

pancreatitis could directly modulate insulin secretion (apparently by PAR2 activation).

Diabetes mellitus (DM) is a group of metabolic diseases resulting in hyperglycemia, non-enzymatic
glycation of proteins and organ complications. Most DM cases can be classified as type | or type Il. Type
I is an autoimmune disease associated with complete ablation of -cells and a complete absence of insulin
production at an early age [55]. Recently a new, phenomena were described, putatively associated with
PAR2. In murine model of hereditary pancreatitis Langerhans islet hyperplasia was observed [56]. On the
other hand, stimulation of PAR2 in islets devoid of B-cells resulted in transdifferentiation of a-cells into f3-

cells [57]. After further elucidation, targeting of PAR2 could serve as long term treatment of the type | DM.

Type 11 usually appears later in life and is connected with a relative lack of insulin due to increased
insulin resistance [55]. Insulin resistance is caused by adipose tissue and immune system dysfunction and
is usually associated with modern diets (high in lipids and carbohydrates). In human and rat adipose tissue,
an increase in PAR2 expression correlates with an increased BMI, potentiated by diets high in palmitic,
stearic, and myristic acids, with the greatest impact linked to palmitic acid. Three-quarters of this PAR2
increase was associated with the non-adipose stromal vascular cells fraction; PAR2 was more common
compared to other PARs. Administration of the PAR2 antagonist, GB88, reduced body weight, visceral fat
deposition (central obesity), and fatty tissue inflammation (involving macrophages and mast cells),
eliminated liver and pancreatic dysfunction by normalized expression of glucose transporter 2 (GLUT2),
normalized glucose-stimulated insulin secretion, decreased insulin resistance, and reduced complications

of metabolic syndrome [58].



PAR2 in non-pancreatic cancers

Associated tumors are heterogeneous groups of autonomous proliferative diseases in which trypsin-
PAR2 mediates various mechanisms that support tumor progression. Colon cancer is a typical example of
a neoplasia producing trypsin and stimulating local PAR2 in an autocrine manner [59]. Co-stimulation of
PAR2 and tissue factor (TF) in colon cancer cell lines results in a complex intracellular cascade consisting
of protein kinase C (PKC) followed by an extracellular signal-regulated kinase (ERK 1/2). This results in
increased mitotic activity (phosphorylation and upregulation of c-Jun/AP1 proto-oncogene) [60], as well as
facilitated migration (upregulated production of matrix metalloproteinase (MMP), which digests the
surrounding extracellular matrix [61]. Another example is a cholangiocarcinoma cell experiment, in which
PAR?2 activating peptide (PAR2-AP) increased migration through collagen membranes by the formation of
filopodia spikes (mediated by an intracellular cascade consisting of a tyrosine-kinase met (MET) receptor,
a mitogen-activated protein kinase (MAPK) and a signal transducer and activator of transcription 3
(STAT3)) [62]. In hepatocellular carcinoma, activation of PAR2-ERK leads to an epithelial-mesenchymal
transition that is associated with enhanced migration and invasion capability. Furthermore, increased PAR2
expression corresponds to larger tumors, increased microvascular invasion, and advanced tumor stage. [63]

In such cases, the level of PAR2 expression could be a valuable prognostic factor [63].

Besides the direct influence on tumors, PAR2 influences the tumor microenvironments. PAR2 induces
a desmoplastic reaction (i.e., increased collagen production) which decreases the permeability of solutes
and drugs (one cause of tumor drug resistance). At the same time, PAR2 suppresses lymphatic vessel
formation and lymphatic propagation of neoplasias [64]. This dual role of PAR2, which has been described
in other neoplasias as well [65], poses an obstacle in the pharmacological treatment of cancers [66].

PAR2 in pancreatic tumors and their precursors

Benign pancreatic lesions with an increased risk of transforming into pancreatic ductal
adenocarcinoma (PDAC) are Pancreatic intraepithelial neoplasia (PanIN), Intraductal papillary mucinous
neoplasia (IPMN), and Mucinous cystic neoplasia (MCN) [67]. PanIN involves microscopic lesions that
can form flat lesions, tufts, or small papillae affecting the pancreatic ducts and mucin-producing columnar
epithelium [68]. In experiments using the PRSS1-R116C mutation in transgenic mice (a model for
hereditary pancreatitis), histopathological findings consist of pancreatic duct inflammation and epithelial
dysplasia (i.e., defective structure and cell arrangement, disorganization, epithelial mucilage) that

corresponds to PanIN [56]. Human patients with severe hereditary pancreatitis frequently develop early



PanIN. Fifty percent of these patients have PanIN with high-grade dysplasia and a higher risk of PDAC
[69]. Involvement of mutated pancreatic trypsin and subsequently PAR2 activation is indicated. Yada et al.
reported that the majority of IPMNs strongly express PAR2 in the cytoplasm, just like PDAC. According
to this finding author suggests IPMN-PDAC sequence [70].

PDAC, according to 5-year survival rates, is one of the deadliest malignant tumors. Annually PDAC
causes 331,000 deaths, with the highest incidence in developed countries [71]. PDAC is a neoplasm
resembling the pancreatic duct system, typically forming tubular structures [72]. PDAC usually harbors the
p53 mutation, which may be the driver for malignant transformation since p53 is absent in PanIN and IPMN
[73]. In experimental models, increased expression and activation of PAR2 were associated with increased
pancreatic cancer cell proliferation via the MAP-kinase pathway. Co-expression of trypsinogen inside these
malignant cells suggests autocrine stimulation of this receptor and results in greater autonomy and
progression of the malignancy [74]. In experiments with the PANC-1 cell line harboring the PRSS1-R116C
mutation or overexpressing the PRSS1 gene, excessive stimulation of PAR2 was described [56]. PAR2
activation starts the phosphorylation cascade PKC-JAK1- STATS and results in upregulated expression of
trypsin (autocrine stimulation of PAR2), increased proliferation (enhanced transition of G1/S phase), and
invasion (MMPs) [75]. Increased production and release of MMPs by these neoplasias results in connective
tissue degradation that facilitates infiltrative growth [75-77]. Another PAR2 pathway in PDAC initiates the
production of IL-8, causing stimulation of PSC and intercellular crosstalk. This chain reaction results in
progressive desmoplasia in the vicinity of malignant cells, allowing evasion of therapeutic drugs (drug
resistance) and disease progression [78,79]. Activated PAR2 can stimulate PDAC indirectly by increased
expression of VEGF-a via the MEK pathway, which induces neo-angiogenesis and tumor-related
thrombosis [80]. The pain of neuropathic origin is a frequent complication of patients with PDAC [61].
Colocalization of neuronal markers with PARZ in the tumor’s proximity suggests the involvement of trypsin
in the development of neuropathic pain [53]. A series of invasive and non-invasive methods can
significantly reduce pain and improve the patient’s quality of life [81]. According to murine experiments,
administration of a PAR2 antagonist after intraperitoneal administration of tumorous cells led to pain relief.
The development of specific anti-PAR2 agents could have great potential in this field [81].

Another highly malignant pancreatic tumor is acinar cell carcinoma, which resembles acinar structures
and usually produces exocrine granules. In experiments with the TGP49 cell line (analog of pancreatic
acinar cell carcinoma), PAR2-AP supports cellular growth and eventually overcomes harmful cell

mutations. The use of a PAR2 antagonist results in decreased proliferation. The experiment showed that



cell growth is dependent on autocrine stimulation of PAR2 [82].
PAR?2 in experimental models of pancreatic diseases

Two experimental murine models of acute pancreatitis are frequently in use to represent the
toxonutritive and cholestatic etiology of the disease. The first one is pancreatitis induced by caerulein, a
cholecystokinin analog, which represents early intracellular trypsinogen activation followed by acinar
injury [83]. The other is pancreatitis induced by taurocholate, a component of bile salts, representing injury
caused by detergent action on cell membranes [84]. Supraphysiological doses of caerulein and taurocholate
led directly to an interruption of apical exocrine secretion, intracellular activation, and basolateral secretion
resulting in autodigestion and direct initiation of pancreatitis [83,84]. This is consistent with findings from
Maeda et al., describing a change in the PAR2 staining pattern (antibodies focused against the cleavage

site) in the apical membrane of acini and lobular ducts to the basolateral part of these cells [85].

Furthermore, in taurocholate model shows increased expression of PAR2 in acinar cells, ductal cells,
Langerhans islets, and the smooth muscle layer of vessels. This possibly enhances the effect of both
protective and harmful mechanisms [37]. However, these models are not interchangeable: since deletion of
PAR2 decreases acinar cell injury and intracellular signaling in taurocholate-induced pancreatitis, but in
caerulein-induced pancreatitis, it has the opposite effect [86].

A transgenic murine model with PRSS1-R116C represents a hereditary form of chronic pancreatitis.
One observed phenomenon is Langerhans islet hyperplasia [56]. In this model, histopathological changes
of the exocrine pancreas consist of dysplastic changes resembling PanIN [56]. Further research with this
model is needed for elucidation of chronic activation of PAR2, the effect on Langerhans islets, PanIN

development, and PanIN-PDAC sequence.

In islets void of B-cells, Piran et al. observed PAR2-induced trans-differentiation of a-cells into -cells
[57]. Consecutive shrinkage of the a-cell population and consequently lower blood glucagon levels resulted,
followed by the genesis of new a-cells. Together, both processes could help ameliorate DM type | and, after
comprehensive elucidation, may represent a treatment [87, 88].

PAR?2 as a target of treatment

There are several sites where the function of PAR2 can be influenced; as such, they are potential
treatment targets. PAR2-AP (e.g., SLIGKV-NH2 or 2-furoyl-LIGRL-NH2) resemble TL, and their binding



to orthosteric pockets on ECL-2 results in non-enzymatic activation [89]. On the other hand, activation of
PAR2 could be blocked by monoclonal antibody (PAR2-Ab) binding to TL or PAR2 antagonists (PAR2-
Ant) binding to orthosteric pockets. PAR2-Ant consist of peptides (FSLLRY-NH.), non-peptide small
molecules (e.g., GB88), and antigen-binding fragments (Fab) [89]. PAR2 modulators (PAR2-Mod, e.g.,
AZ3451 and AZ8838) bind to allosteric pockets formed by hydrophobic parts of transmembrane domains
(TMDs) or TMDs and ECLZ2; the subsequent conformational change affects transduction [90]. Lastly,
pepducins are a group of short lipidated peptides (e.g., P2pal-18S) that penetrate plasma membranes and
bind with ICL-3, where G-protein pockets are present [89]. Fig. 1A demonstrates binding sites of these
drugs on PAR2.

Currently, there are no PAR2-targeting drugs in clinical use. However, Vorapaxar (PAR1 competitive
antagonist) has already been approved for preventing cardiovascular events (myocardial infarction and
peripheral arterial diseases) [91]. One of the promising PAR2-targeting drugs is MEDI0618 (PAR2
monoclonal antibody), which is in phase I trials and is intended to treat chronic pain from osteoarthritis
[89].

Other drugs offer a novel approach to inflammatory diseases. FSLLRY-NH; significantly decreases
the responsiveness of respiratory epithelium and bronchial smooth muscle cells. This could be a potential
adjuvant agent to asthma therapy [92]. 1-287 (PAR2 negative allosteric modulator) selectively inhibits the
Gq and G113 pathways (PLC-1Ps/DAG-PKC; SRF-RE; FAK; ERK1/2; 1L-8) without altering the Gin
pathway (B-arrestin). As such, it could effectively inhibit pro-inflammatory responses [93]. In the pancreas,
P2pal-18S diminishes injury caused by bile salts in murine models and may prove helpful in pancreatitis
induced by Endoscopic-retrograde cholangiopancreatography (ERCP) [94].

PAR2 drugs could find a place in the treatment of neoplasias as well. For example, FSLLRY-NH: in
HeLa cell cultures significantly inhibits proliferation and increases apoptosis, and in in vivo experiments,
it suppresses cancer growth via the STAT3 pathway [95]. P2pal-18S in NSCLC attenuates ERK
phosphorylation that forces epithelial-mesenchymal transition, which induces EGFR transactivation and
PD-L1 expression and results in Osimertinib resistance (third-generation EGFR tyrosine kinase inhibitor).
The combined use of P2pal-18S and Osimertinib further block cell viability, migration, 3D sphere

formation, and in vivo tumor growth [96].



Conclusions

PAR2, the “trypsin” receptor, is involved in physiological and pathological processes in all tissues.
Especially in the pancreas, where large amounts of the PAR2 enzyme are produced, activation participates
in the development or progression of acute and chronic pancreatitis, insulin resistance in type 2 diabetes
mellitus, and pancreatic ductal adenocarcinoma. Logically, targeting the PAR2 receptor seems like a
rational treatment modality, but currently, there are no PAR2-targeting drugs available. There are several
promising candidates representing activators, antagonists, and modulators, which have the potential to

thwart the course of these, often fatal, pancreatic conditions.
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Figure 1. PAR2 mechanism of activation by specific proteolysis [9] and putative binding sites of drugs (agonists are green, antagonists red and modulators
blue) [89, 90]. A) PAR2 receptor consists of N-terminal end (NHz and peptide) followed by tethered ligand (TL), 7 transmembrane domains (black columns
bound together by 6 loops), and C-terminal (COOH). This receptor is coupled to the inactive G-protein (a group composed of a, 3, and Y domains, with attached
GDP to the a domain) in a nucleotide-binding pocket on the third intracellular loop [9,97]. The enzyme (white indented ellipsis) cuts between the N-terminal
and tethered ligands. At the same level, PAR2-AP binds to the first extracellular loop and causes non-enzymatic activation (TL works similarly on a different
PAR. [9]. B) N-terminal end is cleaved off, and the tethered ligand is uncovered. This results in a conformational change and receptor activation by the tethered
ligand. In both mechanisms, the activation of the receptor is then transferred to the G-protein, resulting in the release of GDP and replacement by GTP. [98]
C) The a-subunit with the GTP is separated from 8Y-subunits, and both can induce intracellular signal cascades [97,98].



lar ducts
and the endothelium of vessels, and weak diffuse positivity in Langerhans islets. Fibroblasts are negative. B) detail view of PAR2 positivity in interlobular ducts,
acini, and venules. C) Apical positivity of PAR2 (green) on acini and interlobular duct cells, where cytokeratins 8/18 diffusely fills cytoplasm (red). D) In
pancreatitis, acini and intralobular duct cell PAR2 positivity decreases and takes on a diffuse cytoplasmic pattern. At the periphery, there is enhanced PAR2
positivity in fibroblasts and immune cells. E) In pancreatic ductal adenocarcinoma, there is strong membranous positivity of PAR2 as well as greatly enhanced
expression of PAR2 in fibroblasts. F) Proximity of ductal adenocarcinoma to nerves results in enhanced neural PAR2 positivity. In A, B, D, E & F use
immunohistochemical localization of PAR2, and in C, localization of PAR2 is by immunofluorescence in a confocal microscope. Original magnification 40x in A
and D; 100x in B, E & F; 630x in C. P. Suhaj provided these archival pictures.
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