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ABSTRACT

Acute pancreatitis (AP) being one of the rapidly emerging gastrointestinal concerns, needs early surveillance as the instantaneous
inflammatory response in the pancreas may lead to severe pathological clinical phenotypes. Failure in monitoring AP may lead to
severe inflammatory response syndrome (SIRS) which is seen amongst one-fifth of individuals requiring extensive management and
palliative care to prevent the disease progression. However, the major question of defining a definitive pool of molecular targets for
AP remains unanswered thus far. As a first step towards designing a definitive pool of molecular targets for AP, we aim to compile
the reported evidence of potential signaling molecules in AP. During AP, the inflammatory response-inducing factors trigger multiple
signaling molecules that cause the pancreatic tissue assault. As a counter-active response, the host body's immune system initiates
the resolution of inflammation and repair of the damaged tissue by stimulating various anti-inflammatory signaling molecules. The
communication between the components of these pro-inflammatory and anti-inflammatory signaling pathways opens up a wide
window for the identification of various prognostic markers and molecular targets for the management of AP. This review collectively

presents the available prognostic biomarkers in detail for a better prognosis of AP.
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INTRODUCTION

cell releases variety of signalling molecules that act

as a ligand for the cell receptors facilitating

communication during the physiological processes.
These receptors can be intercellular or extracellular based
on the type of trigger that elicit the particular response. In
general, the chemical nature of a signalling molecule can
be hydrophobic (that helps them to pass through the
plasma membrane and bind to internal receptors like the
steroid hormones) or hydrophilic (some proteins/peptides
are water soluble and interact with the cell membrane
receptors). The ligands bind to their respective receptors
and initiate a cascade of chemical reactions known as a cell
signalling pathway. (Fig.1). This cascade continues until the
last signalling molecule gets activated and the desired
physiological event occurs in the target cell'. Some of these
signalling molecules act as prognostic or predictive
markers during various disease conditions.

Prognostic markers are biomarkers used to measure the
progress of a disease in the patient sample. Prognostic
markers are useful to stratify the patients into groups,

guiding towards precision medicine
collectively describing the overall
irrespective of treatment?3,

by providing
disease outcome
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Figure 1: lllustration of Cell Signalling Process

On the other hand, a predictive biomarker gives
information about the effect of a therapeutic intervention.
A predictive biomarker can possibly become a potential
therapeutic target against the disease in question. Some
prognostic biomarkers of inflammation are Erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and
plasma viscosity (PV) levels measured in blood?*. Further,
there are other types of molecules like biological gaseous
mediators that can act as signalling molecules during
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inflammation®. For instance, the nitrous oxide (NO) can
mediate the actions of macrophages and associated
cytokines on the target cells®. In general, targeting these
pathways is crucial for drug development as interception
in these pathways majorly leaves an impact on disease
progression and prognosis. Few examples of these
pathways include pro-survival pathway (Protein kinase B
/AKT signalling), Mitogen-activated protein kinase (MAPK)
pathway, apoptosis signalling mechanisms, JAK-STAT
signalling, Nf-kB Pathway, etc’. That being so, some of the
potential prognostic and predictive markers of AP are
discussed in this review. AP is an acute inflammatory
condition of the pancreas resulting in release of digestive
enzymes prematurely eliciting a severe immune response
in the host. Several molecules and signalling pathways
have been identified and targeted in AP pathogenesis so
far.

2. PATHOGENESIS OF AP

Located within the retroperitoneum, the pancreas is well
protected from both environmental and mechanical injury.
AP is described as a cascade of inflammatory events
involving sudden pancreatic autodigestion due to
premature release of trypsin resulting from early zymogen
activation. Patients can go on to develop mild to severe AP
depending on the severity of tissue damage. It is widely
understood that AP can result in multiple organ failure and
systemic inflammatory response syndrome. In most cases
necrotic foci are noted within the pancreatic tissue*®.
Severe AP can have several etiologies with gallstones and
alcohol being the most prevalent®. In the majority of
patients, the condition resolves without complications,
however it can cause substantial complications and
mortality in up to 25% of those needing hospitalization
periods in an intensive care unit beyond 2 weeks®.

Impaired or hyperactive pancreas regeneration after injury
would cause exocrine insufficiency or recurrent / chronic
pancreatitis and potentially carcinogenesis. Given
inflammation is a host immune response to the tissue
injury, many immune cells are activated to restore the
organ function and integrity. Macrophages are the most
abundant immune cells in the regenerating pancreas;
however, their phenotype and role remain poorly defined.
Using caerulein-induced AP model it has been reported
that M1 macrophages dominated the pro-inflammatory
phase of AP, while M2-like macrophages dominated during
pancreas repair/regeneration. Depletion of macrophages
at early or late regenerative stage dramatically blocked the
acinar-ductal metaplasia (ADM) or delayed inflammation
resolution, respectively. Moreover, alternative activation
of macrophages was partially dependent on IL-4RA
signalling and ECM/AKT activation in pancreatic
macrophages facilitated inflammation resolution during
tissue regeneration®.

3. CLINICAL MANIFESTATIONS AND PROGNOSIS OF AP

Although most patients with AP have the mild form of the
disease, about 20-30% develops a severe form, often
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associated with single or multiple organ dysfunction
requiring intensive care. Early diagnosis for a severe case is
one of the major challenges in managing severe AP, The
assessment of the severity of AP is a critical early step in its
management as it predicts prognosis. A range of options
are available for this including clinical evaluation,
standardized prognostic criteria, computed tomography
(CT) and biochemical markers. Clinical assessment has
limited predictive accuracy in case of AP. Therefore,
additional assessment using biochemical and radiologic
criteria in combination with standardized tests, is
appropriate to determine severity and prognosis in AP.
Although disease-specific therapy for AP remains limited at
this point, accurate grading of severity can guide the
clinician in directing severe cases to the intensive or
specialty care and justifies more aggressive and potentially
invasive management (e.g., endoscopic sphincterotomy,
intravenous antibiotics)*!.

The atherogenic index of plasma (AIP) reflects the levels of
triglycerides (TG) and high-density lipoprotein (HDL)
cholesterol. The AIP is a potential biomarker for the
prediction of SAP in clinical practice. This result provides
that impaired lipid metabolism is associated with the
severity of pancreatitis.

Local and systemic lipotoxicity has been recognized as an
important risk factor for SAP or multisystem of in AP.
Evaluated the predictive ability of the AIP for the severity
of AP compared with other scoring systems. Several tools
have been developed for severity stratification in AP. They
include single biochemical markers, imaging methods and
complex scoring systems, all of which aim at an early
detection of severe AP to optimise monitoring and
treatment of patients as early as possible. Among single
biochemical markers, C-reactive protein (CRP) remains the
most useful. Despite its delayed increase, peaking not
earlier than 72 h after the onset of symptomes, it is accurate
and widely available. Many other markers have been
evaluated for their usefulness, and for some of them, very
promising data could be shown. Among them interleukin 6
seems to be the most promising parameter for use in
clinical routine. For the detection of pancreatic
infection, procalcitonin is the most sensitive, and can be
used as an indicator for the need for fine-needle
aspiration of pancreatic necrosis.

Regarding imaging, contrast-enhanced computed
tomography is still the reference method for the detection
of necrotising AP. Pancreatitis-specific scoring systems
have been shown to be of value for the prediction of
severity and progression of AP, but cannot be applied any
earlier than 48 h after admission to hospital. The APACHE-
Il score has not been developed specifically for AP and is
rather complex to assess, but has been proven to be an
early and reliable tool. Indication, timing and
consequences of the methods applied need to be carefully
considered and incorporated into clinical assessments to
avoid costs and harm to the patient®2.
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4. SIGNALING PATHWAYS IN AP PATHOGENESIS

The molecular signalling processes are complicated events
stimulated by several families of signalling molecules
inside the cells for cell growth, viability, differentiation,
proliferation and various other physiological processes. A
lot of diseases including inflammatory conditions, cancers
and related autoimmune diseases occur due to faulty cell
signalling events or due to an interruption in the signalling
pathways'®. Many types of cell communications are
reported as the chemical mediators migrate to their
appropriate target sites resulting in a cell response to the
stimulus. Generally, the chemical mediators follow any of
the following four signalling types namely: Paracrine
signalling, autocrine signalling, endocrine signalling, and
direct communication between neighbouring cells via gap
junctions®®,
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Inflammation is a response of the body’s immune system
against tissue injury, this can be chronic or acute
inflammation. Cytokines play a supreme role in the
development of inflammation in pancreatic cells directed
by the cytokine pathway which is regulated by cytokine
signalling molecules and their receptors in the respective
targeted cells. Cytokines are protein molecules secreted
from cells to do the job of cell communication, they can act
in the autocrine, paracrine and endocrine mode of cell
signalling®.  Pro-inflammatory and anti-inflammatory
cytokines are two types of cytokine molecules based on
their area of secretion- Th1 and Th2 cells and regulate the
inflammatory reaction. In this section cytokine molecules
which are significantly associated with AP will be
discussed.

5 INFLAMMATORY MEDIATORS AS PREDICTIVE MARKERS OF AP
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Figure 2: Inflammatory Mediators as Predictive markers for AP
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Figure 3: Types of mediators in AP disease progression
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5.1 C-reactive protein (CRP)

This is the most widely used predictor of severity in AP,
though it is not specific. There is a 48 — 72 hour delay until
peak values are reached, which limits its use for early
evaluation of the severity of the condition. At the time of
admission to hospital, the sensitivity of CRP is 47% — which
is similar to that of clinical examination. At 48 hours post-
symptom onset, if a cut-off level of 150 mg/I is used, it has
been shown to be an accurate severity predictor (sensitivity
and specificity above 80%). It is useful in the follow-up of
the disease. The advantages of CRP are that it is easy to
measure, cheap and widely available®.

5.2 Interleukin-6

The pro-inflammatory cytokine IL-6 is the key inducer of
CRP synthesis in the liver. Peak concentrations of IL-6 are
reached 24 to 48 hours before those of CRP. It distinguishes
between severe and mild AP with 86% to 100% sensitivity
and 71% to 100% specificity. The sensitivity of IL-6 for
detecting severe AP was 100%, with a specificity of 86% at
a cut-off concentration of 2.7 ng/L. Serum concentrations
of IL-6 decrease swiftly and its use in clinical practice has
also been limited by the complexity and cost of the assay?’.
Moreover, IL-6 works as a pro-inflammatory as well as anti-
inflammatory cytokine largely synthesized by lymphocytes
and works on B cells maturation to produce plasma cells to
produce antibodies. It also decreases the action of pro-
inflammatory cytokines like TNF-alpha and IL-B. On the
other hand, it triggers the production of IL-10 which is a pro-
inflammatory cytokine and helps tumour cells escape
immune-surveillance’®. The role of IL-6 in AP is major.
Cerulein induced pancreatitis in mice models showed an
increase in the amount of digestive enzyme production
which led to acinar cell death followed by the production of
excessive leukocytes which directly increase the production
of pro-inflammatory cytokines like IL-6, TNF-alpha, IL-1beta.
However, mice with an IL-6 knockout showed damage in
pancreatic tissues suggesting its anti-inflammatory action.
In AP, the release of IL-6 and TNF-alpha leads to various
secondary infections and an increased mortality?°. A study
has shown IL-6 can be used as an early detection marker for
AP patients in a case to study organ failure as the level of IL-
6 and IL-8 are elevated compared to IL18 and TNF-a.2%.

5.3 Procalcitonin (PCT)

This is an acute phase reactant, considered to be one of the
earliest and most specific markers of bacterial infections in
immunocompromised and immunodeficient patients.
Normally, the plasma PCT level in healthy individuals is very
low (<0.5ng/mL). It provides a rapid diagnostic test,
available at the patient’s bedside, and its half-life is suitable
for daily monitoring of disease progress and treatment. It
rises earlier than CRP in the course of severe infections and
falls promptly with response to appropriate antibiotics.
Post-operatively, PCT has proved to be a sensitive indicator
of whether infected necrosis had been successfully
evacuated, but surgery itself does not result in a post-
operative PCT increase as long as infection is absent.
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In contrast, acute phase parameters like CRP or IL-6 are
elevated in response to both infectious and non-infectious
(for example, post-operative) stimuli, so an estimation of
the presence or absence of infection is not possible. In
contrast, levels of IL-6 were high in both infected and sterile
pancreatic necrosis, and remained high for several days,
even after surgical removal of the infected focus. Therefore,
PCT is a readily available, helpful and an accurate marker
that enables a decision concerning surgical therapy?2.

5.4 Interleukin-8 (IL-8)

IL-8 level estimation is inferior in the prediction of infected
necrosis when compared to PCT and CRP with an overall
sensitivity of 72% in patients with infected necrosis. A
constant rise in IL-8 concentrations to at least 140 pg/mL,
usually during the second week of the disease, is indicative
of septic multiple organ failure but it is not reliable to PCT
and even CRP level estimation?!.

5.5 Tumor Necrosis Factor -o. (TNF-c.)

TNF-o. is a research hotspot for many acute, chronic
conditions involving inflammation, cancer as well as in
autoimmune disorders?>. TNF-a. is a pro-inflammatory
mediator that predominantly controls gene expression, cell
viability etc.?*. A large number of cells produces TNF-alpha
but a major source of this molecule is Macrophages, this
production is controlled by various factors, for example,
nuclear factor kappa B (NF-kB)®. After binding of TNF
molecule with its receptor, they initiate two different
signaling complex, one which negatively controls anti-
apoptotic proteins and thus stop cell death and the other
one initiates cell death after internalization receptors?®2,

Sodium taurocholate induced AP in rat model showed an
increased level of TNF-a. and other cytokines in serum?’.

Studies showed AP increase the production of pro-
inflammatory cytokines like TNF-a. and IL-1 beta hereby
increase damage in nearby organs as well as trigger acute
lung injury?®.

In Pancreatic Acinar Cells, TNF-alpha increases activation of
protease before maturation and induce necrosis®.
However, treating AP patients with somatostatin,
ulinastatin and Saliva miltiorrhiza significantly decreased
the level of TNF-alpha, IL6 on 4t and 7" day of treatment®.

5.6 Interleukin -1 (IL-1)

IL-1 is produced during acute and chronic inflammation, but
showed no correlation with the severity of AP. Blockade of
the cytokine cascade at the level of the IL-1 receptor before
or soon after induction of pancreatitis significantly
attenuates the rise in these cytokines and is associated with
decreased severity of pancreatitis and reduced intrinsic
pancreatic damage3!. Thus, early prediction of the severity
of AP can be made by well-validated scoring systems at 48
hours, but the serum markers procalcitonin and IL-6 allow
earlier prediction (12 to 24 hours after admission).
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IL-1 is a pro-inflammatory cytokine derived from
macrophages majorly known for an innate immune
response made up of 11 proteins and has a role in
autoinflammatory diseases in humans32. They have seven
agonist ligands molecules, one anti-inflammatory cytokine
and three receptor antagonists. Ligands and receptors of IL-
1 family linked with chronic and acute inflammation33. IL 1
and TNF- alpha triggers the production of IL8 from
monocytes, neutrophils and NK cells which has a role in AP.
A study conducted with AP patient’s serum sample on 1%,
3™ and 5% day of hospitalization showed an increased
amount of IL-8 compare to control group3.

IL-1 has one more family member named IL-33 is also
associated with inflammation, a study has been conducted
where AP induced in mice and rats and performed ELISA for
serum cytokines measurements where it was shown an
increasing amount of IL-33 this study also showed that IL-
33 is associated with activation of acinar cell inflammatory
pathways and cause inflammation in the pancreas®.

5.7 Interleukin-10 (1L-10)

Interleukin-10 acts as anti-inflammatory cytokine largely
produced by macrophages and reduce the production of
inflammatory mediators. Irregular expression or
dysregulation of IL-10 production is associated with
inflammation and numerous auto-immune disease.

In mice model, sodium taurocholate induced AP was
created and administrated to IL-10 in in vitro and in vivo. It
was observed that IL-10 reduced inflammation in in vivo and
reduce the action of TNF-alpha in in vitro¥.

5.8 Chemokines

Chemokines are small protein molecules shares structural
similarity with cytokines. [www.sciencedirect.com/topics/
medicine-and-dentistry/chemokine]. They work along with
their receptors to control normal physiology, cell
development and immune responses. Conserved position
of cytokine residues divides chemokines into four groups
which are CXC, CX3C or C and CC38. Studies have shown in
AP excess amount of chemokine receptors are associated
with acute lung injury whereas treatment with antagonist
reduces the amount of receptor in case of AP*°. One more
study where AP was induced with cerulein showed an
increasing amount of CCL2 chemokine receptor through
Real-time PCR which suggests that Chemokines and their
receptors can be used as an early marker®°.

5.9 Redox signaling molecules

AP is a localised inflammation of the pancreas that must be
considered together with conditions like sepsis, trauma etc
that would culminate into systemic inflammatory response
syndrome accompanied by multiple organ failure. Oxidative
stress and redox signalling play an important role in the
initiation and progression of the disease. The mechanisms
involved in the progression of AP have not been clearly
elucidated but it is well accepted that they start in the
acinar cells which are the exocrine cells of the pancreas that
produce and transport enzymes that are pass onto the
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duodenum where they will assist in the digestion of food
and both alcohol consumption and gallstone play significant
role in triggering AP.

The reactive oxygen species (ROS) cause a direct oxidative
damage to the lipids and proteins that modulate redox
sensitive transcription factors and signal-transduction
pathways. ROS is an important player amongst others like
pro-inflammatory cytokines, chemokines and platelet
activation factors in the systemic progression of AP. Since
the eighties, reports have suggested the use of antioxidants
and pro-oxidants in the treatment of the disease, providing
proof for the involvement of oxidative stress in AP. Recent
studies have led to the conclusion that oxidative stress is
not only a key mediator of the early events associated with
AP but also of the associated systemic inflammatory
response system®.,

Hydrogen peroxidise (H202) is a second messenger of the
NADPH oxidases, a major source of ROS in inflammation
that in its turn activates the NF- «kB. The nuclear factor-
kappa B (NF-kB) is a protein that specifically binds to the kB
site of cellular genes and induces transcription of the
respective genes and is a key factor of the immune
response, inflammation, stress, damage of tissues and
apoptosis. Deletion of the kB site from the NOS2 promoter
will prevent the cytokine-induced increases in NOS2
transcription that regulates the activity of NF-«B.

In-situ studies in rats have shown that in mild AP due to
overstimulation of cerulein, the free radical generation is
prominently associated with the infiltration of activated
neutrophils while on the other hand, in necrotic AP that is
induced by taurocholate retrograde perfusion, the major
event is the conversion of Xanthine Oxidase dehydrogenase
(XDH) to Xanthine Oxidase (XO), a pro-oxidant enzyme.
Two different mechanisms account for the activation and
conversion of XDH to XO in AP: activation of
chymotrypsinogen to chymotrypsin may lead to activation
of XDH to XO and oxidation of thiol groups could also lead
to XO formation.

5.10 Gaseous Mediators

Hydrogen sulphide (H2S) is a common endogenously
produced gaseous signalling molecule, synthesized from L-
cysteine primarily by two key enzymes:

e  cystathionine-y-lyase (CSE) in the peripheral tissues

e  cystathionine-B-synthetase (CBS) in the central
nervous system.

An increase in the levels of HaS causes simultaneous
increase in the levels of pancreatic cytokines and vice-versa
and hence the levels of H2S are correlated with disease
severity*2. H,S plays a dual role in AP based on its
concentration in the system. It presents an anti-
inflammatory effect when present in low concentrations
and cellular toxicity through the oxidative free radicals at
high concentrations®. The anti-inflammatory effect is
produced via the inhibition of the production of pro-
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inflammatory  cytokines by activation of the
phosphatidylinositol 3-kinase/protein kinase B pathway.

Nitric oxide (NO) is a highly reactive free radical produced
by the action of L-arginine through a series of isoenzymes
known as nitric oxide synthase (NOS). NOS can be divided
into three further categories, eNOS, iNOS, and nNOS.
Amongst these, iINOS is expressed in a large number of
cells**.  The inducible nitric-oxide synthase (iNOS)
contributes to large NO formation in inflammatory
processes like AP. Although a normal level of NO is
considered beneficial, uncontrolled production of NO is
detrimental. Endogenous NO will protect against oxidative
damage since inhibition of NOS with increase lipid
peroxidation by N-nitro-L-arginine methyl ester.

5.11 Caspases and apoptosis in AP

Apoptosis was initially used to define a morphologically
distinct form of cell death (Kerr et al., 1972) but has since
been understood to be a highly regulated and distinctive
form of ‘programmed’ cell death involving biochemical
events leading to changes in morphology and the
subsequent elimination of cells. These morphological
changes include the shrinking of cells, blebbing, nuclear and
chromosomal fragmentation, DNA fragmentation etc.
Apoptotic cell death in AP follows several different
mechanisms and their study might offer important
pharmacological insight*.

Among the protein families involved in apoptosis, the most
prominent are Caspases. There are ten major caspases that
have been categorized into initiators (caspase-2,-8,-9,-10),
effectors (caspase-3,-6,-7) and inflammatory caspases
(caspase-1,-4,-5) (Rai et al.,2005). Other caspases that have
been identified are caspase 11, 12, 13 and 14 which
regulate apoptosis in specific situations and tissues.
Caspases are activated by several pathogenic factors in AP.
Substances like Cholecytokinin lead to the activation of
caspase-8. It is an early regulator of the proteolytic cascade
relating to apoptosis. Other reports suggest that factors like
oxidative stress induce apoptosis of acinar cells in
pancreatic cancer. This includes the activation of caspase-3
which in turn degrades DNA repair proteins Ku70 and Ku80.

6 APOPTOSIS-ASSOCIATED GENE EXPRESSION IN AP.

Another important functional component of the apoptotic
pathway is the Bcl-2 family of regulators. This family
includes Bclxi, Bcl-w, A1/Bfl -1, Boo/ Diva, Mcl-1, Bax, Bak,
Bad, Bclxis, and other genes. Apoptosis is determined by the
balance between the pro-apoptotic and anti-apoptotic
genes of this family. Bcl-2 and Bclx. inhibit apoptosis,
however Bax can dimerize with them and inhibit their
function, thereby promoting apoptosis. AP induces an
increase in the levels of pancreatic Bax in acinar cells
inducing apoptosis. Apart from the Bcl-2 family of genes, a
stress-induced protein gene localized in acinar cells is
overexpressed during pancreatitis leading to cell apoptosis.
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6.1 Transcription Factor Involvement in Acinar Cell
Apoptosis

The involvement of transcription factors in the signal
transduction pathways steering apoptosis is still an area of
scrutiny. The instances of the transcription factors
highlighted below may serve to illustrate this statement.
For instance, transcription factor p53. It is known that p53
induces bax expression, which further aids apoptotic
initiation. However, it is unclear whether this transcription
factor plays such a role in the pancreatic acinar cells as well.
Research has shown that p53 may mediate apoptosis in
AR4-2] cells following treatment with a higher than normal
dose of cerulein. A report has even found pancreatic p53
MRNA levels to be temporarily coordinated with that of bax
during AP. On the other hand, a different study found that
while Bax expression was in synchrony with acinar cell
apoptosis, there was no actual relationship with p53 itself.

Another example is that of the nuclear factor NF-kB which,
along with activator protein-1, assists in the control of
several immune and inflammatory response genes. There is
reason to believe that NF-kB may also play a role in the
initiation of the transduction pathways leading to
apoptosis, even in pancreatic acinar cells. It has been
hypothesized that NF-xB may induce cell death by
activating TNF-alpha transcription. This has been further
supported by research that found that NF-xB and activator
protein-1 are activated by lyso-PC before apoptosis. Prior
studies on lyso-PC have already suggested its connection to
the pathogenesis of AP. However, further research must be
conducted in order to truly implicate this factor in
pancreatic apoptosis.

6.2 Neutrophils and Apoptosis

Neutrophil levels are an important indicator of the extent
of progression of AP. Depletion of neutrophils were found
to correspond with an increase in number of cells
undergoing apoptosis (Sandoval et al.). Treatment with
methotrexate also resulted in a significant decrease in
number of neutrophils and a subsequent increase in cell
death. Another study found that in a taurocholate-induced
severe AP as the experimental model, neutrophils along
with TNF alpha may be implicated in the apoptotic and
necrotic forms of acinar cell death?.

Neutrophils and acinar cells release cytokines such as TNF-
o and interleukin-1B in order to induce inflammation.
However, recent studies have intimated that these
cytokines may be involved with the induction of pancreatic
apoptosis as well. This is because acinar cells have been
shown to release TNF-a, which has been implicated in the
progression to pancreatitis. Furthermore, TNF-a has been
found to mediate apoptosis both in in vitro suspensions of
acinar cells as well as in in vivo cerulein models of AP.

In addition, TNF-o. has been shown to initiate acinar cell
apoptosis in a time and dose dependent manner. It can also
elicit mechanisms that both promote as well as inhibit
apoptosis in the AR4-2) cells. This is due to the ability of
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TNF-a to activate TNFR, resulting in a balance between NF-
kB activation and the induction of the effectors of mitogen-
activated protein kinases and Fas- associated death
domain/ caspase activity. In several models using TNF-a.,
mitochondrial permeability transition has been essential in
releasing cytochrome c and further initiating apoptosis. It is
already known that the opening of the mitochondrial
permeability transition pore plays an important role in
necrotic as well as apoptotic cell death, blurring the
supposedly fundamental distinction between the two
pathways.

As of now however, the apoptotic and necrotic mechanisms
behind AP are still under inquiry. Both pathways however,
involve several molecules that may be targeted for therapy.
It is hence worthwhile to study and consider the selective
induction of acinar apoptosis as an important factor in AP.

7 HEAT SHOCK PROTEINS AS AP MODULATORS

Cerulein as well as L-arginine-induced models of AP have
been used to evaluate heat shock response. The relative
expression level of HSP70 was found different in response
to induction of pancreatitis and heat shock. Four isoforms
of HSP70 were expressed in the pancreas in response to
thermal stress in vivo. With induction of arginine
pancreatitis there was increase in expression of HSP27, 70,
60 and 90. Lower dose of L-arginine, resulted in highest
expression of HSP27 followed by HSP70, 60 and 90. With a
higher dose, HSP60 was overexpressed level followed by
HSP27 and HSP70. HSP27 exists as three isoforms
(unphosphorylated, mono- and diphosphorylated forms) in
rat pancreatic acinar cells. HSP27 phosphorylation was
stimulated by CCKin vivoandin vitroand by osmotic
stress in vitro. Phosphorylation status of HSP27 was also
altered with monophosphorylated form increasing at 6 h
and remained elevated up to 120 h. Dephosphorylated
form was maximum at 12 h and decreased thereafter but
was still higher compared to basal level. Injection of
nonpathological dose of L-arginine (3g/kg) induced a higher
ratio of phosphorylated to unphosphorylated HSP27
protein which indicates that it might be a protective
response. Overexpression of HSP27 is known to confer
resistance to heat and other stresses.

Some of the plausible mechanisms could be (i) decrease in
cellular contents of ATP (ii) accumulation of unfolded
proteins (i) ischemia because of compromised
microcirculation?. All of these are capable of triggering
stress in the cell and a heat stress response. A severity
assessment system consisting of 2 sets of factors—one is a
prognostic score based on clinical parameters and the other
based on contrast-enhanced computed tomography (CECT)
imaging is developed recently. The prognostic score and
CECT grade variables are shown in Tables 1 and 2. If the
patient is diagnosed with SAP by either prognostic score
and/or CECT grade, the diagnosis of SAP is established. The
prognostic score relies on the presence of base excess or
shock, respiratory failure, age, SIRS criteria, elevated BUN,
lactate dehydrogenase, CRP, and reduced platelet count
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and serum calcium. Having 3 or more abnormal variables
indicates severe disease.

8 CHALLENGES OF TARGETING SIGNALLING
MOLECULES IN AP

Despite hundreds of clinical trials, there is no licensed
specific drug therapy for the disease. A recently published
evidence-based review summarized the harsh reality that
we have actually very little effective treatment modalities
to date. The authors outlined many promising experimental
and preliminary clinical studies that ultimately were proven
to be ineffective in improving clinical outcomes.
Nonetheless, progress has been made through reasonably
reliable observations. Accurately predicting SAP has been a
challenge for clinicians. There are a variety of scoring
systems and prediction markers, including the Ranson
criteria, Glasgow score, bedside index of severity in AP
score (BISAP), APACHE II, systemic inflammatory response
syndrome (SIRS), C-reactive protein (CRP), haematocrit, and
blood urea nitrogen (BUN). Early severity assessment is
important especially on the day of admission because this
is considered the window of opportunity for application of
interventions to prevent necrosis and organ failure.

A challenge for early prognostic systems is the difficulty in
identifying patients who initially appear well, but
subsequently deteriorate. Our ability to establish prognosis,
especially in the earliest disease phases, for triaging
patients or instituting specific therapies, still needs
improvement. The paradigms used to predict the severity
of AP are good, but only after several days of disease.

However, CECT fails sometimes to predict the formation of
necrotizing pancreatitis, when taken very early after the
onset. data suggest that perfusion CT might be an
alternative measure to the clinical scores and CECT for risk
stratification in SAP. It is clear that at present there are no
reliable scoring systems or markers to predict either
moderate or SAP and persistent organ failure. Further, the
diagnosis of pancreatic or peripancreatic necrosis on CT
scan, a good marker of severity, may require 72 hours after
diagnosis to reach its peak. This period may be too late for
a therapeutic intervention based on disease severity

It is commonly believed that AP evolves rapidly from an
initial assault into local and systemic tissue damages. From
there, the patient may develop a variety of complications or
recover fully. Evidences suggest that current treatment
modalities are gold standard of palliative care for AP but
there is no complete cure for the disease still.

CONCLUSION

Unfortunately, there is no specific drug available to treat AP
in early stages to prevent the moderate and severe forms.
All the earlier RCTs with several pharmacological therapies,
including glucagon, gabexate, somatostatin, and lexipafant
failed to show a significant benefit. Hence, the current
guidelines recommend only supportive care as the main
treatment modality in AP. Even after the above mentioned
negative trials, there have been several agents reported to
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be effective in experimental AP in recent years. However,
bench to bedside translation of any of the agents has not
happened and the main reason for this is the inherent
difficulties in conducting drug intervention trial in AP. AP is
almost always treated in the hospital setting, and thus
different from diseases like inflammatory bowel disease
(IBD) where the agents being tested are administered
predominantly in the outpatient setting. There have been
few trials of promising immunotherapeutic agents and no
trials targeting primary acinar cell injury, even though there
have been many preclinical studies of this last disease
mechanism. There has therefore been a lack of translation.
Other areas of medicine where drug discovery and
development have been successful in bringing new
therapies to the clinic are exemplars. Understanding of
critical pathological mechanisms that can be targeted by
drugs is important in the development of new treatments
and underpins the uptake of new treatments.

One can find many current drug trials in AP from clinical
trials.gov, but published positive studies include one using
ulinastatin from India and another with pentoxifylline.
Important requirements to overcome the above challenges
are: (1) performing trials at institutions with significant
number of patients with AP to avoid multicentre study
which is difficult to conduct in AP due to logistics; 2)
including an experienced principle investigator in the field
of AP with a team; (3) establishing infrastructure for early
identification of all patients admitted; (4) obtaining the
resources to conduct the study. Early identification of
patients with AP is important if we are to initiate studies
within the first 24 hours after diagnosis of AP. From
experimental and clinical experience, it appears that after
the initial 24 to 72 hours, the inflammatory cascade may be
fully established leading to multiorgan failure; this may limit
the utility of any drug therapies*. A collaborative network
with the overall goal of development of an effective,
licensed therapy could enhance these endeavours.
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