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The organ was first described by the Greek anatomist and surgeon Herophilus (335-280 BC). The name “pancreas” was given to the organ four centuries later by another Greek anatomist, Rufus of Ephesus (c70-c110 AD). It was constructed by the two words “pan” meaning whole, and “creas” meaning flesh, the name presumably implying it´s fleshy consistence (1). The roman anatomist Galenius (138-201 AD) made the wrong assumption that the task of the pancreas was to function as a padding, protecting the large vessels just behind the organ. This inaccuracy stood then as the truth for more than a thousand years (2). The main pancreas duct was first described by Johann George Wirsüng (1589-1643) in 1642, but he never understood the function of the duct that now bears his name. Wirsüng was later murdered by his student Giacomo Cambier, according to the legend, over an argument on whom of them that actually had discovered the duct. The basic histology of the pancreas was probably first described in 1852 by the French student D. Moyse who in his thesis draw a rough sketch of the acini. Seventeen years later the German student Paul Langerhans (1847-1888) made the first good histological description of the organ, including the endocrine islets that later was to be named the Islets of Langerhans. The hormone Insulin produced by the islets was later found in 1921 by Banting (1891-1941) and Best (1899-1978). The digestive enzymes of the pancreas were on the other hand all described in the second half of the 19th century by several scientists. In 1908 Julius Wohlgemuth discovered a way to measure Amylase, and thus made diagnostics of pancreatitis possible (3). The first historic reference in the literature to pancreatitis is however from as early as 1652 when the Dutch physician Nicolas Tulp (1593-1674) described the disease. In 1889 Reginald Fitz (1843-1913) a pathologist and internist in Boston presented what is consider to be the first more thorough work on AP in which he described both clinical symptoms and pathological findings such as pus and necrosis, both local and disseminated and haemorrhage (4). The first suggestion that gallstones could be involved in the pathogenesis was made in 1901 by Eugene Opie (1873-1971) (5), and the role of alcohol in development of AP was established by WSC Symmers in 1917(6).
[bookmark: _Toc51926274]Anatomy and physiology of the pancreas
The pancreas is the second biggest glandular organ of the body, measuring around 15 cm in length, weighting 75-110 g in an adult. It is located retroperitoneal in the upper abdomen, just ventral of the second lumbar vertebra in parallel with, and beneath the stomach. The organ is anatomically divided into the head (Caput) the neck (Colum), the body (Corpus) and the tail (Cauda). The head is framed by the duodenum, filling out its entire concavity. On the head of the pancreas is a small outgrowth, called the uncinate process, defined by a small incision named incisura pancreatitis. This process of the organ extends to the left, behind the superior mesenteric artery and superior mesenteric vein. Since the corpus runs in front of these vessels the pancreas encircles them on three out of four sides. The head is connected to the body of the pancreas by the neck, which is a slightly constricted part of the gland located just in front of the beginning of Vena Porta and the origin of the superior mesenteric artery. The tail finally is extending towards and not seldom into, or just below the hilum of the spleen. This very central location of the pancreas in the abdominal cavity, with proximity to large vessels and other organs (duodenum, stomach, spleen and colon transversus) is important since it plays a crucial role for the development of possible complications if the organ gets inflamed or in other ways affected by disease. The pancreatic duct runs through the organ from tail to head, where it merges with the common bile duct and enter the duodenum through the papilla Vateri. If an accessory duct is present, which is sometimes the case it will enter the duodenum through the papilla Santorini.
Embryologically the pancreas develops from two endodermal diverticulae, the ventral and the dorsal, that buds from the duodenum around the 4th fetal week (7). The ventral pancreatic bud shares origin with the liver and the gallbladder and it will give rise to the uncinate process. Around the 5th week it will migrate posteriorly of the duodenum and merge with the dorsal bud which will give rise to the head, neck, body and tail (8). The duct of the ventral bud will become the main pancreatic duct (ductus Wirsungii) were as the duct of the dorsal bud, if it persists will give rise to the accessory duct (ductus Santorini). 
The head of the pancreas gets it blood supply from an arterial arcade formed by the ventral and dorsal superior pancreaticoduodenal arteries, that branches from the gastroduodenal artery and the ventral and dorsal inferior pancreaticoduodenal arteries that comes from the superior mesenteric artery. The body and tail of the pancreas gets most of its blood supply from the splenic artery. The corresponding veins are drained in the portal system
The pancreas holds both endocrine and exocrine function, where the endocrine role of maintaining a proper glucose homeostasis by producing and secreting peptides (mainly insulin and glucagon) is probably the most well-known. However, these endocrine cells, gathered together in the islets of Langerhans, constitutes only around 2% of the cells of the pancreas whereas the exocrine cells (i.e. acinar and ductal cells) make up around 80% of the gross weight (9). The exocrine cells are organized in so called acinis which is spherical clusters containing several hundreds of acinar cells gathered around a small ductules. These ductules are lined with ductal cell called centro-acinar cells. Several acinis grouped together composes lobules, and a number of lobules constitutes a pancreatic lobe. The acinar cells work as the functional units of the exocrine pancreas producing, storing and secreting different proteins, of which around 90% in the form of digestive enzymes (10). The ductal cells make up the ductal system, which starts in the acinis and then drains the pancreatic secretions into larger and larger ducts to the main pancreatic duct and finally into the duodenum. Beside this function the ductal cells also secrete large amount of bicarbonate, that transports digestive enzymes from the acinis to the duodenum and in that way clearing the pancreatic ducts from harmful substances. The bicarbonate also neutralizes the acidic chyme in the duodenum, and in that way, both protecting the intestinal mucosa and creating an optimal pH for the function of the digestive enzymes.
Both types of exocrine cells are regulated by both neural (vagal) stimulation and hormonal input in response to food, but under basal conditions the secretion rate is low. The gastrointestinal proteins responsible for inducing secretion of proteins from acinar cells are mainly cholecystokinin (CCK) whereas secretion of bicarbonate from ductal cells is a response of secretin. The hormone somatostatin has an opposing effect acting as an inhibitor of exocrine pancreas secretion (11). Pancreatic secretion could be divided into three different phases (12); the cephalic phase (before food actually reaches the stomach, but when thinking of, smelling, tasting and swallowing food affects the system), the gastric phase (when food enters the stomach) and the intestinal phase when food (or rather chyme) enters the duodenum and intestinal tract. In the cephalic phase the Vagus nerve (cranial nerve X) sends signals that releases acetylcholine which then stimulate the acinar cells to secrete proteins, this initial stimulation will result in approximately 20 % of the total protein release. In the gastric phase the food will provoke additional nervous impulses from the Vagus nerve that will result in an extra 5-10% of the total protein secretion. The food (or now chyme) then passes further into the duodenum initiating the intestinal phase. Here the cells of the duodenal and upper jejunal mucosa will respond by producing CCK, that will give the final additional stimulus to the acinar cells. At the same time the pH of the duodenum will be lowered as the acidic chyme enters the bowel. This will trigger production of secretin which will stimulate secretion of bicarbonate from the ductal cells. This will flush out the secreted proteins from the pancreas into the duodenum, and in this way the proteins produced during the cephalic and gastric phase will not reach the duodenum until the intestinal phase, i.e. when their action is needed. Furthermore, the bicarbonate will neutralize the acid in the duodenum. Each day around 2,5 litres of pancreatic juices is secreted into the duodenum.
The enzymes produced in the acinar cells could roughly be divided into three categories namely; proteases that degrades proteins (also called peptidases or proteinases), amylase that hydrolyses carbohydrates and lipases that degrades fat into fatty acids. Of these, the proteases, including trypsin, chymotrypsin and carboxypolypeptidase are by far the most bountiful. Since these proteases (from the combination of the Greek words “protelos” meaning “first rank” and diastasis meaning “cleavage”(13)) has the aggressive non wanted ability of autodigestion of the organ itself, they are stored and secreted as inactive pro-enzymes (zymogens). These pro-enzymes are produced in the ribosomes of the rough endoplasmatic reticulum in the acinar cells, and from there they are transported to the Golgi apparatus where they are packed in condensing vacuoles, that matures into zymogen granules that also contains secretory trypsin inhibitors (14). Through exocytosis from the apical side of the acinar cells these membrane-bound compartments then release their content into the lumen of the pancreatic ductules. The exocytosis is very well regulated and controlled by rapid influx of Ca2+ into the acinar cells. A sudden elevation of the otherwise rather low intracellular Ca2+ levels will lead to release of the zymogens content into the ducts, and this is triggered by several mechanisms including acetylcholine (15) and CCK. It is of importance that the Ca2+not constantly remains elevated since high intracellular Ca2+ levels itself are toxic (16), but also since the normally low intracellular Ca2+ has a protective property in that it promotes degradation of trypsin rather than activation. The acidic milieu inside the zymogen granulaes also act as a protective mechanism against premature activation of pro-enzymes. 
Of the proteases Trypsin is the most abundant, and alone accounts for 40% of all secretion from the pancreas. It is secreted as the inactive proenzyme Trypsinogen that will be activated to Trypsin when the Trypsinogen Activation Peptide (TAP) is cleave from its N-terminal end by the brush border enzyme enterokinase. This is a process that occurs in the duodenum and this sets of an activation- cascade of other proenzymes, such as activation of chymotrypsinogen into chymotrypsin and proelastase into elastase. The intestinal mucosa is protected from harmful effects of these proteases by protease inhibitors located within the mucosa itself, and auto degradation and degradation performed by the protein Cathepsin L is part of the delicate control that ensures that no intrapancreatic activation of trypsin occurs (17).
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[bookmark: _Toc51926276]Epidemiology and aetiology
Acute pancreatitis (AP) is a sudden inflammation and auto destruction of the pancreas. It is characterized by an early intracellular activation of proteases within the acinar cells, followed by an inflammatory response that could be both local or systemic, affecting remote organs (18). Worldwide the annual incidence of the disease ranges from 13-75 per 100 000 inhabitants depending on demographic variations (19), with a global average of 34 per 100 000 inhabitants (20), and the trend seems to be increasing (21, 22) In total there is no significant difference in the incidence between men and women (23), but the different etiological causes of pancreatitis varies between the sexes, gallstones being more common in females, while alcohol is the more common cause in males. The disease predominantly affects middle-age and older persons (24), and blacks have a two to three folded risk compared to whites (25). The overall mortality rate in AP is well under 10% (26), but even so it was found to be the tenth most common non-malignant gastrointestinal cause of in-hospital mortality in the United States (27). Higher age and obesity increases this risk (28). Cause of death in acute pancreatitis is usually SIRS or MOD in the first two weeks after onset, while later deaths are often due to sepsis or other complications (29).
Around 80 % of all cases of pancreatitis are mild and the disease is self-limiting, whereas the remaining 20% consequently has a moderate to severe pancreatitis (30), featuring a systemic inflammatory response and organ dysfunction. More about the classification will be outlined in a later section. 
There are several known etiological factors for AP and most of them could be summarized with the English mnemonic “I GET SMASHED” (I: idiopathic, G: gallstones and genetic (predominantly cystic fibrosis), E: ethanol, T: trauma, S: steroids, M: mumps and malignancy, A: autoimmune, S: scorpion stings/spider bites, H: hyperlipidemia, hypercalcemia, hyperparathyroidism, E: ERCP-induced, D: drugs). The most common cause being gallstones contributing to roughly 40% of all cases (31). Gallstones will induce pancreatitis when they get stuck into the papilla of Vater and in that way obstructing the outflow of juices from the pancreatic duct. This will lead to an increased pressure in the pancreas that will induce acinar injury and onset of the disease (32). Regurgitation of bile salt could theoretically also be a possible explanatory mechanism. After gallstones, immoderate alcohol consumption are the second most common reason for AP, responsible for around 30% of the cases (31). For more than a century ethanol has been known to be a risk factor for AP and the epidemiological connection is evident. However only a minority of alcoholics ever experience AP. This indicate that alcohol itself is not responsible for developing the disease but rather for sensitizing the organ for other risk factors. However, due to developmental relations the pancreas shares the ability to metabolize alcohol with the liver, and when this is done several substances that has a known adverse effect to the pancreas is generated. In the pancreas massive alcohol intake will induce both oxidative and non-oxidative processes. The oxidative pathways that uses cytochrome P450 and pancreatic alcohol dehydrogenase, will form acetaldehyde and reactive oxygen species while the non-oxidative metabolism will yield fatty acid ethyl esters. These metabolites will cause oxidative stress and could cause several changes in the homeostasis of the acinar cells, including increased intracellular Ca2+, impaired autophagy and activation of digestive enzymes (33-35). AP generated by alcohol often has a more aggressive course than gallstone induced AP. In summary, gallstones and alcohol together account for 70-80% of the cases. In around 10-30% the aetiology remains unknown, making idiopathic the third most common cause. The other mentioned factors together make up for a few per cents of the total amount of AP, and here different pathomechanisms are at play, such as: sphincter spasm, localized angioedema, hypertensive reaction, toxicity of free fatty acids and other cytotoxic and metabolic effects (36-38). There are also other uncommon causes such as some rare genetic conditions (39, 40), anatomic abnormalities (40) and as a scarce complication to some infectious disease (41). Beside of this, pregnancy holds a slight inherent risk for AP (42).
[bookmark: _Toc51926277]Diagnostics and classification
The diagnosis of AP is made if a patient shows at least two out of three cardinal signs, namely: 1: sudden onset of upper abdominal pain, 2: Serum Amylase that are elevated at least three times the normal, this could also be applied on lipase, or 3: classical pancreatitis signs on computer tomography (CT) (43). The clinical spectrum of the disease ranges from very mild to life threatening, and several attempts to classify AP have been made. Since 1992 the Atlanta classification (AC) has been the prevailing system (44). After twenty years of assessment and further research in the field of AP, several limitations in the AC was identified (45, 46). As a result two new classifications systems were introduced, namely; the revised Atlanta classification (RAC) and the determinant-based classification (DBC) (47, 48). The RAC is the system that best correlates to the recommendations given by the IAP/APA (International Association of Pancreatology/ American Pancreatic Association) (43) and it is also the system used in the Swedish guidelines. The classification is based on imaging, mainly contrast-enhanced CT (CECT), and organ failure according to the Marshall scoring system (49). 
CECT is the imaging modality that is considered to be the golden standard of assessing AP (50), and out of the findings AP could according to the RAC be classified as: interstitial edematous pancreatitis (IEP) or necrotizing pancreatitis. Associated with IEP are the findings that indicate local complications namely; acute pancreatic fluid collection (APFC) and pancreatic pseudocysts that both could be found on CECT. In necrotizing pancreatitis, the local complications are divided into acute necrotic collection (ANC) that could be found both intra and extra pancreatic and walled-off necrosis (WON) also both intra or extra pancreatic. They are also found on CECT, and the difference between them is how well developed the wall around the necrosis actually is (51). These necroses could then further be classified as sterile or infected, if there is gas bubbles in necrotic areas on the CECT. This is seen 2-4 weeks after onset of AP (52). To the local determinants are also included, thrombosis of the portal or splenic vein, gastric outlet syndrome and colon necrosis, However, it must be stated that spite decades of technical refinement and constant progress of the interpretation CECT cannot evaluate the severity of AP the first days after onset, and thus has limited value and is not recommended as routine procedure (53). 
The presence of organ failure is defined as two points or more in the Marshall Score. If it remains after 48 h it is classified as persisting, otherwise it is a transient organ failure. Systemic complications arise when there is an aggravation of other conditions such as heart or lung failure due to the AP.
In the RAC a description of two different clinical phases have been made, namely: early phase (1st week after onset) in which severity is based on the presence or absence of systemic organ failure, and late (>1st week after onset): in which severity is based on the presence of local complication or persistent systemic organ failure. Based on these three grades of AP could be defined: 
Mild AP: no organ failure, no local or systemic complications 
Moderate severe AP: transient organ failure, and/or local complications and/or systemic complications
Severe AP: persisting organ failure, with or without local or systemic complications
The determinant-based classification (DBC) is built on the use of determinants of both local and systemic severity and not on clinical descriptions s the RAC (48). The system was defined through three stages, first a meta-analysis of the literature, second a global web-based survey and finally an international consensus symposium. The system is graded into four categories based on determinants where the main ones are infected pancreas necrosis and organ failure. Another difference is that DBC uses the Sepsis-related Organ Failure Assessment score (SOFA-score) (54) instead of the Marshall score. 
In comparison both the RAC and the DBC have turned out to be rather equal regarding investigated outcome both in the clinic and in the research field (55). In both systems the severity grade could be correlated to the outcome and prognosis. Whereas mild pancreatitis is self-limiting and associated with almost no mortality or long-term morbidity, poorer outcomes arises with every degree of severity, so that in sever or critical level the morbidity is almost 100% and the mortality rates significant, between 22-80% (56, 57). 
Since both systems is based on signs that takes days to weeks to evolve, they could not be used to identify patients at risk of developing a sever AP at admission, which otherwise would have been very beneficial. Multiple attempts to develop such a method have been made, but none have met the challenge of adequate prognostic precision (58, 59). 
Beside CECT there are other methods of imaging that are relevant in the diagnosis of AP. Since gallstones are the predominant cause of AP (31), abdominal ultrasound is always indicated in the initial phase. For the same reason Magnetic resonance cholangiopancreatography (MRCP) is often performed as a complementary mapping of the biliary tree (60). Endoscopic ultrasound is superior to MRCP when it comes to diagnose gallstone, with the exception of small ones with a diameter less than 5 mm (61). Since it also has the advantage of both diagnostic and interventional capability at the same time, it is likely that its role in the cause of AP will be more developed and utilized in the future. The sensitivity of Magnetic Resonance Imaging (MRI) is equal to CECT when it comes to diagnosis and severity evaluation in AP, and even a bit superior than CECT when it comes to assessing fluid collections and necrosis (62). For practical reasons though CECT are more feasible. 
[bookmark: _Toc51926278]Management of the patient
There is no targeted treatment for AP, and there for the care is empirical and unspecific with support of vital functions and prevention of complications as the primary focus. To obtain a stable hemodynamic situation is the initial concern. This is done by rather aggressive volume resuscitation (250-500 ml/h of crystalloids) and monitoring of fluid losses. Infusion of fluids should start already at the emergency department, in that an early fluid resuscitation has been showen to be associated with reduced rates of SIRS, organ failure, MODS and hence lower mortality (63, 64). If the pulse is <120 bpm, the mean arterial blood pressure is >65 mmHg with a urinary output of > 0.5 ml/kg/h, the resuscitation is considered adequate (43). In order to avoid oedema due to over-resuscitation, the need for fluids should be repeatedly evaluated (65).
Traditionally patients with AP has been given total parenteral nutrition, and in the early phase parenteral nutrition has been demonstrated to be associated with reduced levels of infectious complications, organ failure and death (66). However, in mild AP it is considered safe and possibly even beneficial with early oral feeding (67), 
The role of antibiotics in AP is a matter of debate. Systemic antibiotics have not been able to show any benefits in preventing infectious complications in any studies (68), this is true for all grades of AP. 
Pain relief is of the out most importance early in the course of the disease and should be given promptly upon admission (69), however, there is no preferred substance or method of administration defined.
Beside treating the patient, diagnostics of the aetiology should be performed, primarily with laboratory test and abdominal ultrasound. Could no reason be found, further examinations with MRCP, CT, EUS and genetical analysis should be done (70). When the aetiology is established, the causative factor should be eliminated, in order to prevent recurrence, for instance at the presence of gall stones, a cholecystectomy at the same admission as the AP reduces the risk of gall stone-related complications with 72% (71). ERCP should be performed only if there are signs of cholangitis, and there are no clear evidence that ERCP should be done in AP with cholestasis without cholangitis (72). However, ERCP is also indicated in patients with biliary pancreatitis that for some reason are consider unsuitable for cholecystectomy.
In general, there has been a shift towards a more conservative approach with less surgical interventions during the last twenty years (73). Traditionally open necrosectomy was the standard of care for infected necrosis, but with modern minimal invasive procedures, fewer complications and reduced mortality has been achieved (74), thus confirming the old maxim: ”surgeon, the pancreas is not your friend”.
[bookmark: _Toc51926279]Pathogenesis
[bookmark: _Toc51926280]Proteas activation and initial cellular damage
Even though several etiological factors are known, and several theoretical mechanisms for explaining the pathophysiological pathways behind AP are described, the precise trail is still yet to be clarified. There are debate and consideration over both the precise initial events and the following subsequent reactions (75). However, over a century ago, Hans Chiari (1851-1916) proposed premature proteas activation and following autodigestion as a central happening in the early development of AP (76). This is still generally recognized to be correct and has been verified repeatedly in experimental models over the years (77-79). Among the proteases, trypsin is considered to be the primary suspect since, it is the most abundant, very potent and has the ability of activating the other proteases as well as trypsinogen, and hence itself. Indeed, premature activation of trypsinogen into trypsin is generally accepted as the key step in the early development of the disease (80). The untimely activation of trypsinogen could theoretically occur; inside the acinar cells, interstitially or intraductal. 
Intracellular activation has been intensely studied, and verified in several studies over the years (77, 81). The predominantly explanatory model behind is the “co-localization theory” which states that during stress, the zymogen granules for some reason confluence with the lysosomes of the cells (82), forming an intracellular vacuole (83). This is a hallmark for acinar cell damage and could be caused by some factor blocking the apical exocytosis (84). These lysosomes contain hydrolases, where the most abundant, Cathepsin B have the ability to activate trypsinogen into trypsin (85). However, it has been observed that digestive enzymes and lysosome hydrolases colocalize in the same cellular compartment in healthy humans as well, indicating that other factors and conditions might affect whether vacuolization and premature intracellular activation of trypsinogen occurs (86). As already been stated, the second most common lysosomal hydrolase Cathepsin L has a protective role during physiological conditions, in that it degrades both trypsinogen and trypsin and thus function as an antagonist of Cathepsin B. However, a paradox exist in that a milder form of pancreatitis will develop if Cathepsin L is depleted (17), this is possibly because lack of Cathepsin L, and thus lack of protection seems to shift the acinar cells into apoptosis, hence self-limiting the damage.
[bookmark: _Hlk40211640]Another very important factor to consider in this context is the role of calcium. This is indicated by both the fact that hypercalcemia is a risk factor (although rare) for AP (87), whereas a calcium depleted milieu protects against AP in animal models (88). Under physiological conditions the Ca2+ concentration of the acinar cells are higher in the endoplasmatic reticulum (ER) and the extracellular space than intracellularly, 100µM compared to 100nM (89). If the inositol 1,4,5-triphoste receptor (IP3R) is activated a rapid elevation of Ca2+ levels occurs in the apical end of the intracellular space (90) which will lead to a release of the zymogen granules through exocytosis (15, 91). The two physiological stimulators of exocrine secretion, namely the neurotransmitter acetylcholine and the circulation hormone CCK will both eventually stimulate high intracellular Ca2+-spikes that will trigger exocytosis (92, 93). Since a high intracellular Ca2+- concentration is toxic to most cells and will, depending on the degree of calcium load, induce apoptosis or necrosis (94), it is important that Ca2+ quickly returns to normal, which it normally does when stimulation ends, there are also several mechanisms for ensuring that Ca2+-levels are adequate. A maintained elevated level of intracellular Ca2+ has been described as a possible pathophysiological explanation, driving inhibition of defence mechanisms and activation of intracellular trypsinogen (95-98). It has been showed that bile acids are capable of inducing high intracellular Ca2 +-peaks and prolonged elevated intracellular Ca2+-levels. This is done both by inhibiting Ca2+utake to the ER, and by potentiate the release of Ca2+ from the ER by opening two Ca2+-channels of the ER, via IP3R and ryadine receptor (RyR), and in this way enhancing further influx of Ca2+(99). It has been showed that inhibition of RyR, return the amplitude of the Ca2+-spikes to normal and by that reducing the bile acid induced damage (100). 
Interstitial pre-mature cleavage of trypsinogen into trypsin is less investigated than intracellular ditto, but it is generally considered to happen by enterokinase induce activation. It is regarded that interstitial activation through enterokinase generate a more severe disease altering the course from mild to severe and ultimately necrotizing (101, 102). There is no evidence that AP is generated through intraductal activation of trypsinogen into trypsin (103).
[bookmark: _Hlk40211676]Since trypsin itself shares the ability to activate trypsinogen with Cathepsin B and enterokinase, there are systems for regulating this autoactivation mainly consisting of the already mentioned protease inhibitors. One major such inhibitor is Serine Protease Inhibitor Kazal type 1 (SPINK1) also called Pancreatic Secretory trypsin inhibitor (PSTI), present in the acinar cells (104). Under normal conditions it deactivates the small amount of trypsinogen that becomes converted into active trypsin and thereby preventing autodigestion and upholding the integrity of the acinar cells. If for some reason the amount of activated trypsin exceeds the capacity of PSTI a subsequent cascade of events leading to activation of more trypsinogen and other protease precursors. This is a process were calcium once again matters, since the inhibitory process is decelerated in presence of increased intracellular calcium levels allowing trypsin activation to persist longer (105). Mutations in the genes responsible for SPINK1 is associated with increases incidence of acute pancreatitis in children (106), probably due to diminished trypsin inhibitory effect (107).
Part from Trypsin inhibition, also regulation of pH to some extent acts as a stabilizing factor preventing pre-emptive activation of trypsin (108).
Autophagy is a protective mechanism in which the cells breaks down and recycles various cytoplasmic materials from cells that are damaged, malfunctioning or old (109). This is a process that is important to all cells, but specially to the acinar cells since they are very productive. Impaired autophagy of the acinar cells also leads to unstable cells and activation of trypsinogen (110).
[bookmark: _Hlk40211710]Another substance that have proven able of trypsinogen activation is matrix metalloproteinase-9 (MMP-9) (111). This somewhat complicates the picture, since it is a substance released from different cell types including activated neutrophils and thus should come into play downstream of protease activation. However, neutrophils them self has the ability of activating trypsinogen (112) and infiltration of neutrophils into the pancreas does not seem to be necessary for this to happen (113). MMP-9 appears to be an important link in the interrelationship between proteolytic activation and neutrophil extravasation in AP.
[bookmark: _Hlk40211762][bookmark: _Hlk40211743][bookmark: _Hlk40211789]Except pre-mature activation of trypsinogen another early event of importance in the course of AP is that Nuclear Factor-κB (NF-κB) for some reason becomes activated (114). This pathway has the ability to induce AP and a massive inflammatory response in a process that seems to be independent of trypsin activation (115). On the other hand, activation of NF-κB is not necessary for the development of acinar cell injury (65). Several triggers of the NF-κB-pathway have been suggested and again the role of intracellular Ca2+-levels seems to be important (116), but also generation of reactive oxygen species (ROS) is responsible for initiating an intra acinar NF-κB cascade (117). 
[bookmark: _Toc51926281]Local and systemic inflammation
Regardless of the underlying mechanism, premature activation of trypsinogen and/or activation of the NF-κB cascade will initiate a chain reaction of further activation of proteases that will cause damage and eventually death of the acinar cells (118). This injury constitutes the initial phase in the development of AP and will set off a sequence of events leading to an inflammatory response syndrome which constitutes the second phase of AP (119). The inflammation is not an immediate happening but develops somewhat gradually after the protease activation. There is a significant overlap of these two phases but for the understanding of the pathophysiology of AP it is a useful division. 
The inflammatory reaction includes enhanced vasodilation, increased permeability of the vessels and infiltration of leukocytes, primarily neutrophils and monocytes, into the pancreatic tissue (120). Especially the extra vasal recruitment of neutrophils is a prominent feature of this second phase of AP (121) and it has been demonstrated that it constitutes a rate limiting step in the development of the disease (112). The inflammatory response is mediated by the immune system, which is composed of two parts, the adaptive, and the innate immune system, each holding different roles, challenges and mechanisms. 
The adaptive immune system is mainly made up by B and T lymphocytes that powerfully responds with a highly tailored precision towards specific recognized antigens. Their ability to identify different antigens are due to the fact that, part from elimination, the adaptive immune system holds the task of developing an immunological memory (122).
[bookmark: _Hlk40211855][bookmark: _Hlk40211883][bookmark: _Hlk40211909][bookmark: _Hlk40211935][bookmark: _Hlk40212049][bookmark: _Hlk40212100]The innate immune system which constitutes the first line of defence, using several different ways of action, does not possess a long-lasting immunological memory but instead uses molecules that are broadly shared by pathogens, but distinguished from hosts endogenous molecules, as its starting signal (123). These recognition molecules are called Pathogen-Associated Molecular Patterns (PAMPS) and they will trigger Pattern Recognition Receptors (PRRs) that are present on the inflammatory cells that are already present, scattered around in the different tissues of the body (124). The PRRs not only react to PAMPs but also holds the ability to recognize endogenous material released from damage host cells, so called Damage Associated Molecule Patterns (DAMPS) (125, 126). Upon recognition of PAMPS or DAMPS, PRRs activate signaling pathways in the immunological cells controling the expression of immune response genes (127). The PRRs are singel-pass membrane-spanning receptors recognizing lipopolysaccarides, endotoxins or other PAMPS and DAMPS, and transmitting the signal from the extracellular milieu to the nuclues of the cell. The first PRRs to be discovered were the Toll Like Rceeptors (TLRs) (128, 129), of which today 10 are identified in humans, and three more are known in mice (130). Especially TLR-4 has been showen to be of importance in the development of AP (113, 131). The intracellular signaling pathways initiated by TLRs are complex and go either over the fast MyD88 signalingway activating NF-κB, or the more delayed pathway that uses MAP-kinase and TIR-domain-containing adapter-inducing interferon-β (TIRF) (132, 133). Activation will start a chain of events including; reformation of the chromatin structure, assembly of transcription complexes and gene transcription and eventually production and secretion of cytokines, chemokines and other inflammatory compounds such as Cyclooxygenases (COX) (134-136). The Cyclooxygenases are enzymes that are important mediators of inflammation, in that they converts the fatty acid arachidonic acid into prostanoids, which is a subgroup of the signal substances eicosanoids and includes prostaglandins, prostacyclins and trombaxanes (137). There are two types of COX in humans COX-1 and COX-2 and especially cytokine induced formation of COX-2 is associated with AP and the systemic complications that could arise (138). 
The chemokines secreted will create a chemotactical gradient that will attract neutrophils to leave the circulation and migrate into the pancreatic tissue. Here they will exert their tasks using proteolytic enzymes, free radicals such as ROS and other defence mechanisms, and while doing so further promoting the development of inflammation(139).
[bookmark: _Hlk40212134][bookmark: _Hlk40212166]After extravasation the invading neutrophils are further stimulated and activated either by cytokines, PAMPS, DAMPS or many other inflammatory substances and a degranulation within the cell occurs. This will lead to cytoplasmic proteins such as Myeloperoxidase (MPO), matrix metalloproteinases (MMPs) or nuclear contents (for example Neutrophil Extracellular Traps (NETs)) being released from the neutrophils. From the surface of activated neutrophils microparticles (MPs) will be shed off (140-143). These substances will further boost the signalling pathway and recruit more neutrophils.
[bookmark: _Hlk40212200][bookmark: _Hlk40212278]Beside neutrophils and platelets which are the main sources of the signal substances in AP, the acinar cells them self are able to produce cytokines such as Macrophage inflammatory protein-2 (MIP-2), Interleukine-8 (IL-8), Tumor Necrotic Factor α (TNFα), keratocyte cytokine and Monocyte chemotactic protein-1 (MCP-1)(144-147). Furthermore, other cell types, such as ductal cells or tissue resident macrophages are also believed to have the ability of synthetizing and secreting cytokines (148).
The subsequent inflammation will impair the microcirculation, with hypoxia and cellular damage as the result. Eventually, this will result in necrosis of pancreatic tissue (149). This will yield additional burst of inflammatory substances, such as activated complement component 3 (C3), TNFα, nitric oxide, ROS, interleukins and platelet activating factor (150), that will result in capillary leakage, and due to the related and neighbouring conditions and location, damage to the bowel mucosa and ensuing permeability and impaired barrier function of the intestine. This could then lead to a translocation of bacteria into the necrotic pancreatic tissue, and this is considered to be the capital factor for infected necrosis (151). These infectious complications emerge not immediately but around a week after onset. When they arise they will further boost release of cytokines and chemokines, leading to clinical deterioration of the patient, and a subsequent elevation of the risk for organ failure and death (152)
The expelled signal substances will, if the inflammation aggravates, leave the pancreas through the vena porta and enter the circulation. This will lead to distant cells being activated, initiating a chain reaction that will subsequently, if continued, lead to a systemic inflammatory response syndrome (SIRS), which is a condition were the normal physiology of the immune system are derailed. The systemic outflow of cytokines and chemokines will promote increased capillary permeability and leakage, and subsequent migration of leukocytes into all kinds of tissue. As a consequence, released proteases and ROS yield further tissue damage and deterioration of microcirculation that will further promote tissue damage (153). Eventually this will lead to organ degradation and failure. Not all organs are that sensitive, but in the case of the lungs, it is demonstrated that the cytokine induced damage occurs early after onset (154). Repeated cytokine burst will result in multiple organ dysfunction syndrome (MODS) if they continue (155). 
Organ failure is something that occurs earliest 24 hours into the course of the disease, but could evolve any time during the following days. If the onset is early, i.e. in the first week after onset, it is generally considered to be due to sterile inflammation, whether later onset is thought to be caused by septic complication, most often infected pancreatic necrosis (154). The severity and hence mortality are lower if the organ failure develops early, i.e. less than 48 hours after onset, compared to later (156). Quite naturally there is a significant increase in mortality, from 10% to 35-50%, between single organ failure and MODS due to AP (157, 158). 
[bookmark: _Toc51926282]Leukocytes
Leukocytes are the cells of the immune system and encompass different types of cells, including Granulocytes, B-lymphocytes, T-lymphocytes and monocytes. Of these the granulocytes are the most predominant, making up 50-70% of the total circulating population(159). They are produced in the bone marrow and mature through several steps namely myeloblast, promyelocyte, myelocyte, metamyelocyte, band cell and finally polymorphonuclear leukocytes (PMNLs) (160). Each day around 2x1011 PMNL are released from the bone marrow. They constitute a group of different types of cells, namely granulocyte neutrophils, eosinophil, basophils and mast cell (161), which all have different functions. For clarity, only the term neutrophils (meaning) granulocyte neutrophils will be used in the future in this thesis. Neutrophils will circulate the body, and upon signal from chemoattractants, such as cytokines and chemokines, they will invade the affected tissue, and there fulfilling their immunological task. This recruitment of neutrophils is a central process in all kinds of inflammation and has in numerous studies been shown to be of extreme importance in the development and course of AP (18, 112, 162, 163), where it constitutes the most rate-limiting step (164). Consequently, it has been demonstrated that depletion of neutrophils will ameliorate the course of AP giving rise to a more modest disease, both concerning local and systemic inflammatory response (112). 
In the host defence system, the neutrophils act as one of the first responders and holds the functions of defeating invading microorganisms and to clear necrotic debris (142, 165). This is done mainly by three mechanisms namely; release of antimicrobial substances through degranulation, phagocytosis and formation of so called neutrophil extracellular traps (NETs) (141, 166, 167). 
[bookmark: _Hlk40212453][bookmark: _Hlk40212475]The process in which the activated neutrophils releases the antimicrobial substances they hold in their intracellular granules is called degranulation(168). There are four types of granules in the cytoplasm of neutrophils namely; the azurophilic or primary granules, the specific or secondary granules, the tertiary or gelatinase granules and secretory vesicles, which all contains different enzymes and peptides. The primary granules contain and release; myeloperoxidase (MPO), different elastases, heparin-binding proteins and Cathepsin G. The secondary granules release; ATPase, lysozyme, NADPH oxidase, histaminase among others and tertiary granules contain substances such as; Cathepsin, collagenase and gelatinase (MMP-9 is a gelatinase also known as Gelatinase B)(169). The content of the secretory vesicles and tertiary granules are mostly involved in the process of adhesion and extravasation whereas the primary and secondary granules holds most of the direct microbial killing tasks (170). Around 5% of the total protein content of neutrophils are made up by the enzyme Myeloperoxidase (MPO), which upon activation functions as a producer of hypochlorous acid and several microbicidal reactive oxidants (171). Since MPO is so plenteous in neutrophils it is often used as an indirect measure of the quantity of neutrophils that have been recruited into an organ, such as pancreas or lung (172, 173).
Neutrophils share the ability of phagocytosis with several other cell types of the immune system. After extravasation, the neutrophils follow a strict trail of chemoattractants until they reach the invading pathogen which they then capsulate into a phagosome. The neutrophil then kills the invading microorganism by releasing its granular content into the Phagosome (174). Since the granule proteins could be secreted both into the phagosome or into the extracellular milieu, they could act both intracellular and extracellular (175). 
During both degranulation and phagocytosis large quantities of reactive oxygen species (ROS) are produced and release, as part of the neutrophil’s weaponry against pathogens, in what is called the” respiratory burst” (176). The enzyme responsible for this is NADPH-oxidase that acts by producing the superoxide anion which will start a chain reaction were it spontaneously reacts with other molecules yielding different free radicals (177). These radicals, which are of the outmost importance for the function of the neutrophils, also has the disadvantage of being harmful to the host as well. Already before the invasion of neutrophils there are some oxidative stress in the pancreas due to the hypoxia yielded by the local inflammation (178, 179), this initial oxidative stress will be further much exacerbated by the ROS expelled by the recruited, activated neutrophils. In the pathogenesis of AP, and especially severe AP, this oxidative burst and high concentration of free radicals is believed to play a crucial role (180), so ROS must be considered a double-edge sword.
The third way in which neutrophils exert its duties in the host-defence system is by creating NETs (141) in a process called NETosis. Here activated neutrophils expel nuclear content in the form of web like structures. These NETs will act in several ways to disarm an intruding pathogen (181), but the precise matters in which this is done is still not totally understood. Even though NETosis is of great importance for the protection of the organism by killing invaders and limiting dissemination of pathogens, it is also involved in the pathogenesis and pathophysiology of several conditions(182). This is also true in AP, were NETs are involved in both trypsinogen activation, neutrophil recruitment and hence tissue damage (183). More about the role of NETs will be dealt with later in this thesis.
[bookmark: _Toc51926283]Neutrophil recruitment and extravasation
Before the neutrophils can perform their tasks, they must leave the circulation and enter the extravascular space. This is a key happening in the development of inflammation in general and specifically in AP where it constitutes a rate limiting step in the tissue damage that is associated with the disease (112, 164, 184). The process of neutrophil recruitment and extravasation is characterized by a close interaction between neutrophils and the endothelial cells in the vessel walls of the microcirculation. It is divided into several steps, in which epithelial surface receptors of the integrin and selectin families are activated to form adhesive interactions with ligands on circulating cells (185). This is done as a direct answer to the specific stimuli exerted by chemokines, cytokines and other inflammatory mediators (186, 187). Essential for the neutrophil recruitment to occur is that the surfaces receptors and adhesion molecules are upregulated, which is performed either by the just previously mentioned mediators or directly by PRR-mediated detection (187). When there is an increased expression of surface molecules on the cellular surface, the fine-tuned process of neutrophil adhesion and transmigration will occur, this is done in four clearly defined steps namely; 1: rolling, when the neutrophils are tethered and the velocity of the circulation cells are reduced. 2: Adhesion, when the neutrophils come to a full arrest, and a week adhesive interaction between endothelial cells and neutrophils is formed. 3: Crawling, when a firm adhesion is established and the neutrophils crawl the endothelium following a chemokine gradient towards the site of transmigration. 4: Transmigration, when the neutrophils leave the vessels either paracellular (between endothelial cells) or transcellular (through epithelial cells) (188-190). During these different step selectins are mostly responsible for rolling, whereas integrins play their part in the phase of adhesion, crawling and transmission.
[bookmark: _Hlk40212563][bookmark: _Hlk40212610][bookmark: _Hlk40212655]Selectins are glycoproteins that belong to the family of cell adhesion molecules or CAMs. There are three known types of selections namely P-selectin, E-selectin and L-selectin, where the different letters refer to the cell type in which they were originally found (namely P for platelets, E for endothelium and L for leukocytes) (191). P-selectin is continuously produced and stored in secretary granules of the endothelial cells or platelets. These granules are called Wiebel -Palade bodies in the endothelium and α-granules in platelets. Upon stimulation from inflammatory mediators such as ROS, thrombin, cysteinyl leukotrienes, histamine, MCP-1 or MIP-2 the granules rapidly fuse with the cellular membrane and within minutes P-selectin is expressed on the cellular surface (192). Transcription of P-selectin can also be induced by some cytokines (193). Now up-regulated on the endothelial cell surface P-selectin predominantly interact with the P-selectin glycoprotein ligand (PSGL)-1that is expressed on the surface of the circulation leukocytes (193). In contrast to P-selectin, E-selectin is not produced beforehand (except in skin) but rather expressed on demand by stimulation of TNF-α and IL-1β, and thus have a delay of around 2 h from stimulation until expression (194). E-selectin associates with several ligands including PSGL-1, membrane activated complex (Mac)-1, CD44 and murine E-selectin ligand -1 (195). L selectin protrudes from the cell body of the leukocytes and has a role in optimizing the interactions between leukocytes and endothelial cells (196).When the selectins and their preferred ligands interact and bind to each other the velocity of the circulating leukocytes is reduced , the cells are tethered and leukocytes are considered to be rolling when the speed is down approximately 50 times compared to normal (197). The role of selectins, and especially P-selectin have been demonstrated to be of capital importance in the development of many conditions, including AP in mice (198). There are however differences between man and mice also in the aspect of selectins, and there are data implying that P-selectin is most important for neutrophil rolling among mice, whereas E-selectin holds that function in humans (199).
[bookmark: _Hlk40212712][bookmark: _Hlk40212745][bookmark: _Hlk40212841][bookmark: _Hlk40212872][bookmark: _Hlk40212904]When p-selectin has slowed down the neutrophils the next step in the recruitment process is adhesion, when the cells will come to a complete halt, and start to firmly attach to the activated endothelium. Here the integrins come into play. Integrins are heterodimeric proteins made up by an α-unit and a β-unit expressed on the surface of leukocytes upon stimulation by chemokines. There are 18 α subunits and 8 β subunits in mammal, and for a long time it was thought that only β2 integrins were expressed on leukocytes. Even though it is now demonstrated that both β1 and β3 are displayed as well, β2 integrins is still considered the capital leukocyte integrins, and the best known β2 integrins are; Lymphocyte function antigen (LFA)-1 and Macrophage-1 antigen (Mac)-1. Another name for Mac-1 is complement receptor 3, and it is only expressed on myeloid cell, whereas LFA-1 is found on both lymphocytes and other leukocytes (200). The ligands of LFA-1, which mac-1 also binds to, is the transmembrane glycoprotein ICAMs (abbreviation of Intra cellular adhesion molecule) that belongs to the immunoglobulin superfamily (201). There are several known ICAMs but the cardinal one is ICAM-1 .They are expressed on the surface of endothelial cells, and the expression is up-regulated by proinflammatory cytokines (202) but also by trypsin (203). When the integrins bind to its ligand a binding is formed, and the neutrophils will come to a complete halt. The cell will then crawl along the endothelium to the most suitable place for transmigration to occur, i.e. tricellular corners (as the name implies this is corners where three cells meet) of the endothelium (204). The crawling is a process were the interaction of mac-1 and ICAM seems to be holding extra importance (205). Even though neutrophils not necessarily have to pass the vessel wall paracellular, 70 % of them do, and an inhibited crawling results in fewer extravascular neutrophils (206). Transmigration is the final step in the recruitment of neutrophils that will then follow the chemotactic gradient towards the sources of the inflammation. Transmigration is defined as the neutrophils crossing the endothelium, base membrane and pericytes, and it constitutes a critical step in both the innate immune response as in the neutrophil derived tissue injury (207). It is also the step of the process where the knowledge is most limited. What is known however is that transmigration consists of a complex multistep cascade involving several adhesive molecules including; platelet/endothelial cell adhesion molecule (PECAM)-1, junction adhesion molecules (JAMs), endothelia cell-selective adhesion molecule (ESAM) and vascular endothelial cadherin (208). There are also mechanisms at play where the leukocytes change their shape by rearrangement of their cytoskeleton, and also changes in the extracellular matrix are involved in the process of transmigration (209, 210). This is also a course in which MMPs like MMP-9 from activated neutrophils are supposed to play a role (211).
Even though the function of selectins and integrins somewhat overlap, they all have unique properties and play an important role in neutrophil extravasation and hence in inflammation, not least in AP (198). 
[bookmark: _Toc51926284]Neutrophil extracellular traps (NETs)
As mentioned earlier the formation of NETs is the third strategy that neutrophils use to combat pathogens beside degranulation and phagocytosis. NETs are, like the name implies net-like structures composed of condensed chromatin (DNA and histones), both nuclear and mitochondrial, that is scattered with cytosolic and granule proteins (141). NETs have been shown to neutralize; bacteria (141), viruses (212), fungi (213) and parasites (214), and it is also believed that NETs has the ability to impede further spreading of both bacterial and fungal infections (215, 216), and hence play a vital role in the innate immune system, The knowledge of the precise mechanisms behind this is still very limited (217). However, since it holds great power it can also be harmful under certain conditions, and indeed uncontrolled or inadequate NET production is supposed to play a part in the pathogenesis of many diseases such as thrombosis (218), autoimmune diseases such as rheumatoid arteritis and Systemic Lupus Erythematosus (SLE) (219, 220), inflammatory bowel disease (221) and cancer (217), but also in acute pancreatitis (183).
[bookmark: _Hlk40213013][bookmark: _Hlk40213063]Formation of NETs was originally discovered in the 80s as a new mechanism of cell death, separated from necrosis and apoptosis among neutrophils, and it was later termed NETosis (222). It was found that PMNLs that was exposed to the plant-derived terpene ester; phorbol 12-myristate 13-acetate (PMA) decondensed its chromatin, after which the cell membrane ruptured and the nuclear content was expelled (223). PMA activates protein kinase C (PKC) that triggers the production of ROS (222). In a later study it was shown that not only PMA could generate NETs but also interleukine-8 (Il-8) and LPS of gram-negative bacteria (141). In the same study the main components of NETs were identified as DNA, coated with core histones (Histones 1,3 and 4), MPO and Elastase (141). Now many more proteins such as calprotectin, cathelicidins, defensins and actin have been found on NETs (213). Before the discovery of NETs it had been observed that the levels cell free DNA (cfDNA) was elevated in various diseases (224-226), including AP and to such extent that it had been suggested as an early prognostic marker (227). 
As mentioned NETosis was found to be a cell death mechanism that also had bactericidal effect and that ROS played an important role. It was later found that NETs could also be generated in a fashion that did not end up with the downfall of the neutrophil, but in which a vital anucleate phagocytic cytoplast persisted after NETs had been secreted. This was a process that were named non-lytic NETosis (228). The non-lytic NETosis is a much faster process that occurs within minutes after the first neutrophils arrive, in comparison with the 3-8 hours it takes for regular NETosis to occur (229). 
[bookmark: _Hlk40213212][bookmark: _Hlk40213248][bookmark: _Hlk40213281]The mechanisms behind NETosis are complex and still remains elusive, however some basic pathways have been identified as critical in the process, and it seems that ROS play a key role in the cascade that eventually forms NETs. The main route here is that the membrane-associated protein complex NADPH (nicotinamide adenine dinucleotide phosphatase)-oxidase generates ROS that will trigger MPO which will stimulate and translocate the enzyme neutrophil elastase (NE) from the azurophilic granules where it is stored to the cellular nucleus (230). Well in the nucleus NE will perform its proteolytical action on the histones, hence disrupting the chromatin structures in ways that to a large extent are unknown. It has been shown that if NADPH-oxidase is inhibited NETs formation in vitro is reduced (222). The importance of NADPH oxidase in the process is further strengthened by the fact that patients with the genetic condition Chronic Granulomatosis Disease (CGD) in which there is a defective function of NADPH-oxidase, lacks the ability to form NETs (231). Furthermore, inhibition of the signalling pathway Raf-MEK-ERK that is upstream of NADPH oxidase, also obstruct the formation of NETs (232). Even though, the role of NADPH oxidase and ROS seams to central in NETosis, there are other stimuli, such as nicotine, ionomycin and immune complexes that induces NETs independent of NADPH oxidase, and instead are relying on ROS generated by mitochondria (233, 234). Furthermore, the non-lytic NETosis seems to occur independently of ROS (229, 235), indicating that there are other pathways of NETs-formation, that might generate a somewhat different kind of NETs. 
[bookmark: _Hlk40213339]For the nuclear decondensation to occur another modification is implicated namely, citrullination (i.e. conversion of the amino acid arginine into the non-ribosomal encoded amino acid citrulline) of the chromatin (236). This is a process that is driven by the enzyme protein-arginine deiminase type 4 (PAD-4), that has been shown to promote the formation of NETs, and consequently, inhibition of PAD-4 reduces NETosis (237). The direct link between ROS formation and decondensation of chromatin is unknown, but several studies indicate that PAD-4 is located downstream of ROS, MPO and NE (238, 239). The happenings upstream of NADPH -oxidase, what actually starts off the whole process are mainly unknown. 
[bookmark: _Hlk40213409]Autophagy could also somehow play a role in NET formation, exactly how is benighted, but increased ROS promotes autophagy (240), which will further increase the amount of ROS, thus sustaining the oxidative burst (241). Also, inhibition of the protein-kinase; mammalian target of Rapamycin (mTOR), which is a regulator and promotor of autophagy lead to decreased levels of NETs (242).
Platelets are somehow also involved in NETosis. This will be further outlined in the Platelets chapter.
Another issue concerning NETs is control and degradation of the NETs itself. Impaired degradation for any reason is thought to play a role in several pathological conditions including thrombosis and several autoimmune diseases (218, 243). If this play any role in the pathogenesis of AP is still unknown and hence beyond the scope of this thesis.
Even though there are grooving evidence that NETs are involved in AP the exact role it plays in the development of the disease is still enigmatic.
[bookmark: _Toc51926285]Microparticles
Microparticles (MPs) are small fragments or vesicles measuring between 0.1-1µm in diameter that are released from the cell membranes (244). They are shed off from the surface of almost every cell type during either apoptosis or activation. They are most extensively studied in platelets where they were initially observed (190) and here they are known to act as a pro-coagulant (245), however, MPs derived from activated neutrophils and activated endothelial cells are gaining more and more interest. Microparticles are found in the circulation, in different concentrations, in both healthy and sick persons. Under normal conditions they are release at a rather slow speed, upholding a modest steady state (246), but the amount increases in patients with diseases such as cancer and sepsis (247, 248).
[bookmark: _Hlk40213445]When microparticles are formed, an outward blebbing of the plasma membrane and a proteolytic cleavage of the cytoskeleton occur, leading to the release of a vesicular MPs (249). The mechanisms behind shedding of MPs are still unknown, but it has been shown to be a fast process, within minutes after activation (250), and is characterized by a rapid increases in intracellular Ca2+ (251). Other substances that are thought to play a role in the formation of MPs are; Rho-kinase, mitogen-activated protein kinases (MAPKs) and NF-κB, where inhibition of the latter totally blocked the formation of neutrophil-derived MPs in some studies (252). When release from its mother-cell the MPs bring with them cell surface markers, genetic material and intracellular molecules that in this way is transferred to other locations, where they could cause biological or epigenetical changes (252). This might be the reason why they are shed off in the first place, but much of their role still remains elusive. 
[bookmark: _Hlk40213488][bookmark: _Hlk40213567][bookmark: _Hlk40213609][bookmark: _Hlk40213629]In the physiological state there is an asymmetry between the outer an the inner cell membrane with the lipids phosphatidylcholine (PC) and sphingomyelin (SM) on the external membrane layer, and phosphatidylserine (PS) and phosphatidyl-ethanolamine (PE) on the inner side of the cell membrane. When MPs are shed off, there is a loss of membrane asymmetry and PS is translocate to the outer membrane on the MPs (253). The translocated PS is negatively charged and is therefore able to attract procoagulant factors (254). The PS on the MPs surface has also been showen to interact with histones (255) which constitutes the major protein in NETs (256), and MP-NETs interactions have indeed been demonstrated in abdominal sepsis, where they could explain some of the complex mechanisms behind the well observed sepsis-induced coagulopathic dysfunctions (257). However, the role of MPs in AP is still yet unknown.
[bookmark: _Toc51926286]Platelets
Even though platelets are best known for their tasks in clot formation and haemostasis, they also play a major role in the inflammatory response (258).
Platelets or thrombocytes are unnucleated cells of irregular size measuring around 2-3µm in diameter. They are the second most plentiful blood cell after erythrocytes. The platelets are produced in the bone marrow as small fragments of megakaryocytes that are release in an endomitotic process rather than by straight forward cellular duplication (259). Even though platelets are not eukaryotic they share many features with such cells in that they have mitochondria, actin and myosin filaments and a residual of endoplasmic reticulum. Instead of a nucleus, they contain prepacked proteins and various RNA residues from its original mother cell. Beside this their cytoplasm also contain three distinct types of granules, namely: α-granules, δ-granules (also called dense-granules) and lysosomes (260, 261). These three types of granules have different tasks and store different substances; α-granules store cytokines, chemokines (CXCL4 being one of the most plentiful), MMP-9 and different factors including P-selectin, factor V and VIII and von Willebrand factor. The δ-granules contain small molecules like polyphosphates, ADP, serotonin, histamine and calcium, necessary for the platelets task of haemostasis. Finally, the lysosomes contain different enzymes able to cleave glycoproteins, glycolipids and glycosaminoglycans (260, 262).
[bookmark: _Hlk40213776][bookmark: _Hlk40213810]Under physiological conditions the platelets circulate around the body along the vessel wall without any interaction (263). However, when there is a damage to the endothelium, the inhibitory functioning production of prostacyclin, nitric oxide and other substances is impaired, and extracellular matrix proteins are exposed into the circulation leading to adherence of the platelets to the vessel wall via different mechanisms (264). This process shares many features with the processes seen in leukocyte adhesion and crawling. The attachment will activate the platelets and also irreversible change the cytoskeleton leading to a morphological metamorphosis in which the platelets change from their normal discoid shape into an activated state with numerous pseudopodia that makes them highly adhesive to other cells and other platelets (265). The activated platelets will then release the contents of its granules, which will attract more platelets needed for the clot formation (266). Interestingly many of these substances released from the platelets, such as chemokines, MMP-9, p-selectin, are the same as attract, attach and activate neutrophils and hence, linking recruitment and activation of both platelets and neutrophils via similar pathways (267). All the details of clot formation, organization and stabilization will not be dealt with here, but this is a highly monitored process including several substances that, if it fails for some reason might lead to thrombosis. However in response to the tissue damage caused by blood-borne pathogens, a coordinated wanted intravascular coagulation could be activated, via a mechanism called immunothrombosis (268). This is a process where the coagulation system seals off infected parts by creating clot barriers, hence preventing dissemination and thus facilitating for the immune system (269). This is another example of how the coagulation and immune system are intertwingled, and to further emphasize the notion, studies have revealed that NETs play a major role in the delicate interplay of immunothrombosis (270, 271). In this particular context of thrombosis, the NETosis is thought to be triggered by release of von Willebrand factor and P-selectin that will attract and activate the neutrophils (272, 273). Activated platelets have also been showed to activate NETosis via the nuclear protein high-mobility group box 1 (HMBG 1) in interaction with receptor for advanced glycation end products (RAGE) (217).
[bookmark: _Hlk40213866][bookmark: _Hlk40213929]The platelets them self also exert other direct functions in the innate immune system beyond their role in immunothrombosis. On their surface they express TLR2 and TLR4 that, when they bind to bacteria lipopolysaccharide and other PAMPS, activate the platelets which leads to the platelets releasing microbicidal proteins (PMPs), such as thrombocidines and kinocidins from their granules (274). The platelets also holds the ability of engulfing invaders much like phagocytes (275), but since there are no digestive vacuole but other mechanism involved it is not formally phagocytosis but a process termed covercytosis (276). Even so the result is similar, with microbes being decomposed by the platelets. The most predominant role of the platelets in this context must however be the feature of neutrophil recruitment and migration. This is performed both through the secretory products released from their granules, but also by direct interactions via ligand binding to receptor, for instance P-selectin/PSGL-1 (277). In the case of an infection the stimulation of TLR-2 and TLR-4 induces activation of the platelets, which enables platelet attachment to endothelial cells together with neutrophils and other leukocytes (278). This process is dependent of upregulation of p-selectin and PSGL-1 respectively (279). Another important promotor of platelet-neutrophil interaction is the transmembrane protein CD40 ligand (CD40L) which is expressed on platelets after activation. This will increase expression of ICAM-1 on endothelial cells (280), but also of Mac-1 on neutrophils (281), which will promote the formation of Platelet-Neutrophil Aggregates (PNA) (282). Circulating PNA is a well-documented observation in several inflammatory conditions such as; abdominal sepsis (283), reperfusion injury (284), myocardial disease (285), and also AP (286). 
[bookmark: _Hlk40213958][bookmark: _Hlk40213998]Platelets constitute the capital source of polyphosphates (PolyP) in the body. It is stored in the δ-granules of the platelets, and PolyP polymers are secreted upon stimulation in order to potentiate clotting at various points of the coagulation cascade (287). Beside this role studies have revealed that PolyP also exerts proinflammatory effects in that it promotes NF-κB signaling, activates the complement system and change the vascular permeability (288-290). The precise mechanisms behind synthetization and regulation of PolyP are to a large extent unknown, but the enzyme inositol hexakisphosphate kinase 1 (IP6K1) that is probably only produced in the platelets have been demonstrated crucial in the hemostasis of PolyP, in that mice lacking IP6K1 had reduced levels of PolyP (291). Furthermore, it has been shown that IP6K1 promoted platelet-neutrophil aggregation in a model of endotoxin induced lung inflammation, hence indicating a possible systemic pro-inflammatory role as well (292). 
As already have been stated the platelets store chemokines in their α-granules. These chemokines are potent attractors and activators of neutrophils and consider to be the main orchestrators of the recruitment (293). Examples of chemokines that are known to play part in neutrophil migration in inflammatory diseases are CXCL2 (aka. mip-2), CXCL4 (aka. platelet factor-4) and CCL5 (aka. RANTES) (294-297). Of these specially CXCL2 have been shown to be of importance in AP, and blocking of its receptor (CXCR2) have been demonstrated to ameliorate AP (298), more on the role of chemokines will be outlined in the cytokine, chemokines chapter. 
The notion that platelets play a key role in AP is further emphasized by the fact that depletion of platelets in mice lead to a reduced numbers of leukocytes in the pancreas and also reduced MPO levels, thus indicating a more moderate course of the disease in a pancreatitis model (294)
[bookmark: _Toc51926287]Complement system 
The complement system or complement cascade is one of the major pillars of the innate immune system, where it acts as a first line of defense, mediating inflammatory response and linking together different branches of the cellular and humoral immunity. Complements or complement components are small proteins manufactured mostly by hepatocytes, but other cells also produce complements and they are then release into the circulation as inactive precursors. Upon stimulation protease enzymes will cleave the complements and hence activate them. This is true for most of the complement proteins. The complement will after cleavage be formed into one bigger and one smaller fragments where the bigger one is termed b while the smaller is referred to as the a fragment (in complement 2 it is the other way around due to historical reasons ) (299). The complement system has three major tasks in the immunity namely; enable phagocytosis by opsonization (C3b is here the most predominant), promote inflammation by function as an anaphylatoxin attracting macrophages and neutrophils, and finally, membrane attack, performed by a membrane attack complex (MAC), also referred to as the terminal complement complex (sC5b-9), consisting of several different activated complement components that together forms a pore in the cellular membrane of pathogens (300). Activation of complement components initiate a massive proteolytic cascade, where many activated complements act as proteases them self in a consecutive cleavage process of components. All the details of the complement cascade are beyond the scope of this thesis and here only a brief summary of the main features will be given. 
The complement system consist of more than 30 different complement components that could be activated via three different canonical pathways namely the classical, the lectin and the alternative pathway (301). In the cross road of all these different trails stands complement component 3 (C3), and further cleavage of C3 by different C3 convertase enzymes will drive the cascade and the inflammatory response onwards.
The classical pathway recognizes antibodies (IgG and IgM) and pentraxins (for instance CRP) that bind to C1q and form a C1 complex. This will lead to cleavage of C4 and C2 which then will form C4b2a, that is the C3 convertase of the classical pathway. 
[bookmark: _Hlk40214168][bookmark: _Hlk40214200]The lectin pathway is initiated by mannose-binding lectin (MBL) that recognize pathogenic factors, eventually forming the C4b2a or C3 convertase via activation of MBL-associated proteases (MASP-1 and MASP-2). 
In the alternative pathway, PAMPS and DAMPS trigger a hydrolyzation of C3 that together, with other factors (most predominantly factor B) eventually will form C3 convertase, although of another kind than in the classical or lectin pathway (namely C3bBb).
When C3 is cleaved, C3a and C3b are formed, where C3a , one of the anaphylatoxins that via different mechanisms promotes recruitment of neutrophils and other immune cells, and hence boost an immune response (302, 303). C3b on the other hand holds many functions, first and foremost it drives the cascade onwards by forming C5 convertase that will cleave the next complement on the path towards the MAC i.e. C5. Furthermore, it forms a self-amplifying loop cleaving more C3 via the classical pathway. It will also be release and presented and function as a DAMP and in this way also perform a positive feedback -amplification (304). Furthermore, C3b will function as a very potent opsonin (305), that will opsonize a pathogen and hence make it recognizable for complement receptor 1 (CR1) on neutrophils and other phagocytes. This will eventually lead to phagocytosis of the pathogen, or formation of NETs (306).
Complement component 3 could also be activated via a fourth, non-canonical extrinsic pathway, where coagulation factors, elastase or trypsin cleaves C3 and initiate the cascade (307). It has already been noted that proteases such as trypsin cleaves C3 and in the case of AP this is naturally a very interesting mechanism.
[bookmark: _Hlk40214257]Due to the potency of the complement cascade, it is tightly regulated in order to protect the hosts cells. This is done by many mechanisms and inhibiting proteins, so called complement regulatory proteins (CRegs) where Factor H and Factor I acts as inhibitors of C3 convertase and thus is in control of the very center of the cascade. Disturbances in the balance between activation of complements and counter activation of CRegs is thought to be involved in the development of several diseases, especially in conditions with massive release of proteases such as Lyell´s syndrome and Steven-Johnson´s syndrome of the skin (308), Multiple organ dysfunction syndrome (MODS) (309), multi trauma (310) and AP (117).
The complement system and the coagulative cascade are to a large extent intertwingled when it comes to protease release and could be seen as parts of a global protease system (311). The details in this complex interplay is however beyond the scope of this thesis.
In AP the complement system has been proposed to play a part in the pathogenesis since the 70s (312).This has later been confirmed in several studies (307, 313, 314). Even though all details are still unknown, and a few studies show contradictive results (315), some general assumptions seems to be valid. It seems that the complement system could be activated both through the classical and the alternative pathway, but to a lesser extent via the lectin pathway in AP (316). Since trypsin cleaves C3, the extrinsic pathway is also activated and possibly constitutes the main road of the pathogenesis (314). Elevated levels of C3a and C5a, which is downstream from C3 in the complement cascade, is observed in patients with AP, and has been proposed as a predictor of severity (317). Both C3a and especially C5a are very strong anaphylatoxins promoting neutrophil recruitment, which has already been stated is the hallmark of inflammation in AP. It has been proposed that C5a is the main driver behind both local and systemic inflammation and especially for neutrophil recruitment to the lungs in ARDS (318). However, when C5a is plethorically generated a functional paralyze of the neutrophil response will eventually arise, and thus somewhat paradoxically may constitute a mechanism for ameliorating neutrophil-induced pancreatic damage (319). The role of NETs in AP is a well-established feature (183), and the powerful opsonizing effect of C3b is strongly involved in NETosis (306), and hence AP. On the other hand NETs itself have been showed to activate both the classical (320) and the alternative pathways (321), and thus complements and NETs can promote each other in a self-amplifying loop. The mechanisms at play here are still elusive, but some plausible explanations have been suggested. On PMA-induced NETs all the three components needed for the production of C3bBb convertase have been found, namely C3, Factor B and properdin (320-322), and thus theoretically NETs hold the ability to cleave C3. It is also conceivable that the elastase present on the NETs could cleave C3 (323). Furthermore MPO have been showed to directly by itself cleave C5 and in this way could start of the complement cascade further downstream (324). Since MPO could bind to properdin of NETs, it is consequently possible that NETs could act as a scaffold on which activation of complements could occur (325). Further indication of the effect of complements, and especially C3 when it comes to NETosis, and thus AP, is the fact that Factor H, the major C3-inhibitor of the alternative pathway has been showed to inhibit NETs formation (326). 
[bookmark: _Toc51926288]Cytokines, Chemokines
Cytokines constitutes a broad and loose category of polypeptides that functions as transducers in cellular signaling during inflammatory conditions, such as AP (327). They are produced by many types of cells including immune cells, stroma cells, fibroblasts, platelets and epithelial cells, and the production of a specific cytokine is not restricted to just one cell type. The response to a specific cytokine could also differ depending on what cell type receiving the stimuli,
It has been difficult to find a robust classification system for cytokines due to their redundancy and pleomorphism, but broadly they can be classified as either pro- or anti-inflammatory (328). Among the pro-inflammatory cytokines, that hence are involved in the innate immune system, are Tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-2 and IL-6, that mediate a classical acute phase response, including signs such as fever or nausea, but also, synthesis of acute phase reactants in the liver (329) and release of neutrophils (330, 331). The anti -inflammatory cytokines, are more associated with the humoral immune system and include among others; IL1-receptor antagonist (IL-1ra), IL-4 and IL-10 (332). Cytokines from one of these subgroups tends to inhibit the effect of cytokines from the other subgroup (333). This is very delicately moderated and dysregulation is believed to be involved in the pathogenesis of autoimmunity (334).
Cytokines are secreted upon mediation of specific stimuli, this could be a ligand binding to a TLR, leading to transcription factors such as NF-κB translocating to the nucleus where it will facilitate the expression of a specific cytokine gene (335, 336). Other stimuli that could yield a cytokine release are ROS (337) but also other cytokines (338). Storage and secretion is also heterogenous among cytokines, were a few are produced continuously (327), others like IL-1 are stored in monocytes and release passively and some, like IL-6 are synthesized and released upon stimulation (339). 
Chemokines are a family within the cytokine group, consisting of small signalling proteins with the task to act as a chemoattractant to guide the migration of leukocytes (340). All chemokines structurally consist of four cysteine residues, and depending of the spacing of their first two residues they are classified into four groups namely; C, CC, CXC and CX3C (341). Orchestration of the migration of neutrophils are based on the action of chemokines of the CXC group (342). The nomenclature when it comes to cytokines and chemokines is a bit complex were the same substance could have alternative names, that also differ depending on specie, for instance, the murine chemokine MIP-2 is also termed CXCL-2, but its counterpart in humans is called IL-8.
[bookmark: _Hlk40214422][bookmark: _Hlk40214458]Several cytokines and chemokines have been demonstrated to play a role in the pathophysiology of AP. For instance, it has been demonstrated that IL-6 is elevated in serum samples from patients early in the course of AP (343) and that IL-6 leukocytes via Janus Kinase (JAK)-2performes phosphorylation of the protein; Signal Transducer and Activator of Transcription (STAT)-3 (344). Phosphorylation of STAT-3 leads to a massive expression of inflammatory genes, and has been showed to causes apoptosis and necrosis of pancreatic cells (345) and also to promote pancreatitis associated lung injury and hence affect the grade of severity in AP (346).
Furthermore, MIP-2 (i.e. CXCL2 and/or IL-8) have been demonstrated to regulate both activation and migration of leukocytes in AP (347) and that inhibition of MIP-2 reduced the severity (172). The high affinity receptor for CXCL2 is CXCR2, and it has been shown to be critical in supporting the infiltration of neutrophils into the pancreatic tissue during AP (298). On the other hand, IL-10 has been demonstrated to have a protective role in an experimental model, in according to its anti-inflammatory nature. However it did not ameliorate the symptoms in the clinical setting (348). Even though much is still elusive, taken together it is clear that cytokines and chemokines are key-player in the regulation and orchestration of inflammation, not at least in AP.
[bookmark: _Toc51926289]Chromatin changes and Nuclear proteins 
[bookmark: _Hlk40214617][bookmark: _Hlk40214648]In order to survive under stressful conditions such as infections, starvation or trauma the cells have to be adoptable and adjust their nature in accordion with the demands. This is achieved through coordination of the gene transcription in aspect of time and cellular context (349). The way this happens is through chromatin changes and assembly of transcript complexes in the nucleus of the cell (350). The primary protein components of the chromatin are the histones, H2A, H2B, H3 and H4 that are arranged duplicable to form a histone octamer. This octamer acts as a spool around which 146 or 147 base pairs of DNA curves to form a nucleosome (351). For gene transcription to occur, the nucleosome structure must be relaxed by modification of histone elements, thus allowing recruitment of transcript factors in to the affected DNA elements (352). The RNA formed in the transcription process is transferred to the ribosomes where they are translated into polypeptide chains of amino acids that will undergo modifications in order to finally become mature protein products. These changes of the amino acids occurring after the translation is thus termed post-translational (353). The post translational modifications of histones, occurs predominantly at the N-terminal tail and there are at least eight distinct different changes known (354), for instance acetylation of lysine (355), methylation and citrullination of arginine (356) and phosphorylation of serein and threonine residues (357). The importance of citrullination of histone has already been dealt with in the NETs chapter. The process of adding methyl groups at the N-terminus of lysine residues is catalysed by the enzyme histone acetylase (HAT), and removal of methyl groups by enzymes of the histone deacetylase (HDAC)-family (358). HDAC has been shown to be involved in several biological processes including regulation of autophagy (359), ubiquitination (360), intracellular transduction (361) and even transcription . Since these are all processes concerning regulation of cell survival and growth, it is not surprising that HDAC have been shown to be involved in the development of several types of cancer (362), but also in many inflammatory conditions including AP (363). HDAC is also involved in post-translational deacetylation of other, non-histone proteins including transcription factors such as NF-κB and signal mediators such as STAT-3(364). 
[bookmark: _Hlk40214684]Attached to the nucleosome are other proteins than histones such as High- Mobility Group Box 1 (HMGB1) (365) and Cold-Inducible RNA-binding Protein (CIRP) (366). Upon stimulation and stress such as ROS; histones, HMGB1 and CIRP can detach from the nucleosome, thus allowing transcription to occur and eventually translocate from the nucleus of the cell to the surface, where they will act as DAMPs (367-369) thus initiating inflammation and complement activation. 
HMGB1contain three structural domains, two DNA binding boxes (box A and box B) and one histone binding C-terminal end. The C-terminal end could interact with the A and B boxes inducing changes in the internal protein structure of HMGB1 (370) this together with the fact that deacetylation through action of HDAC regulates the affinity of the protein to the nucleosome (371), enable rapid detachment from the chromatin and hence permitting transcription. After detachment HMGB1 could translocate to the cytoplasm via post-translational modifications (acetylation) (372, 373). Well in the cytoplasm HMGB1 are organized in secretory vesicles and eventually released (372). In models of AP, HMGB1 confined to the inside of acinar cell ameliorated the course of the disease, while extracellular HMGB1 from other cell types gave rise to a more aggressive course (374), indicating the protective purpose of intracellular HMGB1 during oxidative stress (375). Furthermore, release of HMGB1 has also been observed to induce NETosis via TLR-4 (376) in accordance with many other known DAMPS. 
Originally CIRP was recognized as a protein that promotes cell differentiation and suppresses mitosis during hypothermia (377), hence its name. Now several other stress factors such as ROS, hypoxia and UV-radiation have been shown to upregulate the expression, and release of CIRP, from the nucleus. Within the cytoplasm it is referred to as iCIRP (where "i" stands for intracellular) and here it regulates several stress coping strategies favourable for the cell including; mRNA stability, cell proliferation, cell survival, telomerase maintenance and stress adaptation (378). Intracellularly the iCIRP is stored in stress granules that upon further stimulation could be gradually released to the extracellular space where it will be referred to as eCIRP (here "e" consequently stands for extracellular), and here it will act as a DAMP (379). In the extracellular context eCIRP will bind to TLR4-MD2 receptor, activating NF-κB leading to release of TNF-α and HMBG1 and further proinflammatory effects (369). Via this NF-κB pathway eCIRP has also been shown to activate NETosis (380). In the same study it was also noted that increase levels of eCIRP lead to higher levels of ICAM-1 neutrophils, and that those neutrophils released more NETs.



[bookmark: _Toc51926290]Aims
[bookmark: _Toc51926291]Paper I
The migration of neutrophils into the pancreas is one of the hallmarks of AP (121), and this recruitment is effectively orchestrated by chemokines (186) secreted from platelets. CXCL4 is one of the most plethoric chemokines in platelets (381), and the aim of this paper was to examine weather CXCL4 play any role in acute pancreatitis 
[bookmark: _Toc51926292]Paper II
Neutrophil extracellular traps (NETs) expelled from activated neutrophils are of significant importance in AP (183). Activated neutrophils also shed out micro particles (MPs) that are known to form complex with NETs (257) and as such promote inflammation. Furthermore, it has been shown that interplay between platelets and neutrophils leads to NETs formation (271). The platelet-produced enzyme IP6K1 could possibly be involved in this process since it has been reported that it regulates aggregation of platelets and neutrophils in lung inflammation (292). The aim of this paper was to investigate whether platelets and neutrophils interaction are involved in NETs release and possible NETs-MP formation, if such occurs, in AP; and more specifically what role, if any, IP6K1 play in these processes and hence in the development of AP
[bookmark: _Toc51926293]Paper III
Cold-induced RNA-binding protein (CIRP) is a nuclear protein that during stress could be expelled to the extracellular space and here function as a Damage-Associated-Molecular-Pattern protein called eCIRP (379). It has been shown that eCIRP induce NETs formation in sepsis (380). Since NETs is also a prominent feature of AP (183), the aim with this paper was to examine whether eCIRP is involved in NETs formation in AP.
[bookmark: _Toc51926294]Paper IV
Premature activation of trypsinogen into trypsin is consider a key step in the pathogenesis of AP (80). Trypsin is known to cleave, and thus activate complement component 3 (C3), and hence the complement cascade (307). Activation of C3 has been demonstrated to induce NETs (306), which in turn has the ability to activate the complement cascade (320, 321). Since formation of NETs is of great importance in AP, the aim of this study was thus to investigate whether C3 affects the formation of NETs in AP.
[bookmark: _Toc51926295][bookmark: _Hlk36640160][bookmark: _Hlk41517738]Material and methods:
[bookmark: _Toc51926296]Animals 
In all experiments male C57BL/6 mice (Taconic Europe, Bomholt Denmark (paper I), Janvier Labs, Leof Genest-Sant-Isle, France (paper II, III, IV)), (20-25 g, 8-9 weeks old), were used as wild type. 
In paper II, male IP6K1 deficient mice (21-25g, 8-9 weeks old), and in paper IV, C3 deficient mice were used (21-27 g, 8-9 weeks old). (Jackson laboratories, Farmington, CT, USA) 
The animals were kept on a 12–12 h light dark cycle with access to laboratory diet and water ad libitum. For in vivo studies involving animals, the ARRIVE guidelines (382) and an editorial on the application of ARRIVE guidelines to pharmacological studies (383) were consulted. All experiments were approved by the Regional Ethics Committee for animal experimentation at Lund University, Sweden. 
Before all procedures, the mice were anesthetized by intraperitoneal (i.p.) administration of 75 mg of ketamine hydrochloride (Hoffman-La Roche, Basel, Switzerland) and 25 mg of xylazine (Janssen Pharmaceutica, Beerse, Belgium) per kg body weight.
[bookmark: _Toc51926297]Study design
Paper I. In order to examine the role of CXCL4, wild-type mice were treated with ip PBS (vehicle) or with 10 µl of the monoclonal antibody against murine CXCL4 (clone 140910) (R&D Systems, Europe, Abingdon, Oxon, UK) or 4mg/kg of the CXCR2 antagonist SB225002 (Calbiochem, Merck, Darmstadt, Germany) prior induction of pancreatitis. 
To study the role of platelet, 1.0 mg/kg of a platelet-depleted antibody against murine CD42b (anti-GP1bα) (Emfret Analytics GmbH& Co, Wurzburg, Germany) or 1.0 mg/kg of an isotype control antibody (clone R3-34) (BD Bioscience Pharmigen, San Jose, CA, USA) was given i.p. before the challenge with taurocholate. Animals were sacrificed 24 hours after induction, and blood and samples collected.
Paper II. In order to examine the role of platelets, platelet-neutrophil aggregation and the role of IP6K1, wild-type and IP6K1-/- mice were treated with ip injection of either: PBS (vehicle), 5 mg/kg of DNase-1 (Pulomzyne, Roche, Grenzach-Wyhlen, Germany), 1mg/kg of anti-GP1bα (Emfret Analytics GmbH& Co, Wurzburg, Germany), 2 mg/kg of an anti-P-selectin antibody (clone RB40.43, rat IgG)(BD Bioscience Pharmigen, San Jose, CA, USA), 1.0 mg/kg of a control antibody (rat IgG)( Emfret Analytics GmbH& Co, Wurzburg, Germany) or 20 mg/kg of the IP6K1 inhibitor TNP (2N-(m-Trifluorobenzyl),N6-(p-nitrobenzyl)purine) (Tocris bioscience, Bristol, UK), prior to induction of pancreatitis. Animals were sacrificed 24 hours after induction, and blood and samples collected.
Paper III. To investigate the role of CIRP, wild-type mice received iv. injection of vehicle (saline) or 8 mg/kg of the CIRP antagonist C23 one hour prior to induction of pancreatitis. The used dose of C23 has been effective in reducing inflammation in various animal models (384). One group of animals received C23 alone without sodium taurocholate. Animals were sacrificed 24 hours after induction, and blood and samples collected
Paper IV. In order to examine the role of C3; wild type or C3-/- mice were challenged with taurocholate. Animals were sacrificed 24 hours after induction, and blood and samples collected.
[bookmark: _Toc51926298]Experimental models of induction of pancreatitis. 
[bookmark: _Toc51926299]Taurocholate induced pancreatitis 
The main method for inducing pancreatitis in all papers (Paper I-IV) was by controlled retrograde infusion of the bile salt taurocholate. This is a well described method in rodents. With this procedure extensive necrosis develops in the head of the pancreas, but not in the body and tail, since the infusion does not reach so far up the pancreatic duct (385). Briefly, anesthetized mice underwent a midline incision into the abdominal cavity and the second part of duodenum and papilla of Vater were identified. Traction sutures (7.0 Prolene) were placed one cm proximally and one cm distally of the papilla for immobilization A small puncture was made through the duodenal wall (23 G needle) opposite to and parallel with the papilla of Vater in accordion with the described method (386). A polyethylene catheter connected to a micro-infusion pump (CMA/100, Carnegie Medical, Stockholm, Sweden) was inserted through the punctured hole in the duodenum and one mm into the common bile duct. A micro clamp was temporarily placed on the common hepatic duct at the liver hilum to prevent hepatic reflux. Ten µl of 5% sodium taurocholate (Sigma, St. Louis, MO, USA) were infused into the pancreatic duct for 10 min, after which the catheter and the clamp on the common hepatic duct were removed and the duodenal puncture was closed with a 7.0 purse-string suture. Traction sutures were removed and the abdomen was closed with sutures in two layers. Sham mice underwent the exact same procedure except that the pancreatic duct was infused with 10 µl of 0.9% sodium chloride. The mice all received Temgesic subcutaneously at the end of the surgery for pain relief. The mice were sacrificed under anaesthesia by cervical dislocation 24 h after induction of AP, and blood and tissue samples were collected.
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Figure 1. 
[bookmark: _Toc51926300]L-arginine induced pancreatitis 
Given i.p. the essential amino acid L-arginine causes pancreatitis in mice (387). The reason for this is not totally known, but might be related to the fact that nitric oxide synthase has been known to metabolize L-arginine intra acinar, and hence yield an accumulation of nitric oxide and inflammatory mediators in the acinar cells (388), that will induce oxidative stress that provokes necrosis and apoptosis of the acinar cells. L-arginine induced pancreatitis was used as a control in paper I and II. 
Pancreatitis was thus induced by giving L-arginine hydrochloride (4g/kg, 8% diluted in saline, Sigma-Aldrich) i.p. twice with an interwall of one hour as previously described (387). Sham mice were given i.p. saline infusion twice and served as negative control. All mice were sacrificed 72 hours after induction of AP through cervical dislocation under anaesthesia, and blood and tissue were procured.


[bookmark: _Toc51926301]Amylase levels 
Amylase levels were quantified in blood obtained from the tail vein (diluted using a commercially available assay (Reflotron, Roche Diagnostics GmbH, Mannheim, Germany)
[bookmark: _Toc51926302]Preparation of Neutrophils and Platelets
Neutrophils were isolated from bone marrow in femur and tibia of mice as described previously in the literature (389) by density gradient centrifugation using a Ficoll-Paque gradient (GE healthcare, Uppsala, Sweden) (paper I-IV).
For isolation of platelets (paper II), blood from the vena cava was collected and 1:10 acid citrate dextrose anticoagulant added. Blood was then immidiately diluted with equal volumes of modified Tyrode sollution (1µg/ml prostaglandin E1 and 0.1 U/ml apyrase) and centriguged at 200 g for 5minutes. The resulting platelet-rich plasma was the collected and further centrifuged at 800 g for 15 minutes. After the supranatent was removed the paltelet pellet weas washed with modified Tyrode solution twice, and instantly used for experiments.
[bookmark: _Toc51926303]NETs generation in vitro 
In papers II, III and IV, freshly isolated neutrophils were incubated with 500 nM phorbol myristate acetate (PMA)(Sigma-Aldrich, Stockholm, Sweden) for 3 hours at 37°C in 6-well plate in RPMI medium, this have been demostrated to trigger NETs formation (390). In relevant experiments of paper II cells was also co-incubated with with caspase (50µM, Z-VAD-FMK )(R&D systems, Europe, Abingdon, Oxon, UK) and calpain (25µM, PD150606)(Sigma-Aldrich, Stockholm, Sweden) inhibitors which has been demostrated to generate NETs without MPs (257), Supernatants were discharged and fresh media was added to isolate NETs. Residual neutrophils and NETs were collected through extensive pipetting. The mixture was centrifuged at 200 g for 5 min to remove cellular components and NETs containing supernatants were collected. Supernatants were further centrifuged at 19,000 g for 10 min to pellet the NETs for collection (paper II, III and IV). 
For MP preparation (paper II), the supernatants were exposed to high centrifugation (21000 g for 1 h at 4ºC), afterwhich the supernatants were removed and the pellets resuspended in phosphate buffer saline (PBS).
[bookmark: _Toc51926304]
Pancreatic Acinar Cells
Pancreatic acinar cells were prepared by collagenase digestion as previously described in the literature (391) HEPES-ringer buffer containing collagenase from Clostridium histolyticum type 1 (2.5 ml, 1%, Sigma-Aldrich, Stockholm, Sweden) was gently infused into the pancreatic duct of male C57BL/6 mice. The animals were sacrificed through cervical dislocation and pancreatic tissue was collected. In order to achieve maximal exposure to collagenase, the pancreas was minced, gently shaken and incubated at 37°C for 15 minutes. The solute was then centrifuged and washed three times in cold HEPES-Ringer buffer, pH 7.4 to stop digestion and remove the collagenase. Next, the acinar cells were suspended in cold HEPES-Ringer buffer and the solute was passed through a 150 µm cell strainer (Partec, Görlitz, Germany). Trypan blue was used to check the viability of pancreatic acinar cells which was higher than 95%. The cell suspension was then aliquoted into Eppendorf tubes and kept on ice until subsequent in vitro experiments and determination of amylase secretion assay. 
In paper I, isolated cells were then, stimulated with either cerulein or murine CXCL4 (100, 500 or 1000 ng/mL) in duplicates at 37ºC for 30 minutes.
In paper II, isolated acinar cells were exposed to NETs, NETs depleted of MPs (calpain/caspase treated), NETs treated with DNase-1 and/or neutrophil-derived MPs, for 1 h at 37ºC.
In paper III, the isolated acinar cells were instead exposed to taurocholate or NETs for 1 hour at 37°C, either in the presence or absence of C23. 
The pellets of isolated acinar cells were used for western blot (STAT-3 phosphorylation) (paper II) and flow cytometry (paper III).
[bookmark: _Toc51926305]Chemotaxis assay
In paper I, neutrophil chemotaxis was performed in accordance with a previously described protocol (392). Isolated neutrophils (1,5x106), were placed in the upper chamber of the 5µm pore size transwell inserts (Corning Costar, Corning, NY, USA). The inserts were then placed in wells containing medium alone (control), medium with murine CXCL2 (100ng/mL) (R&D systems, Europe, Abingdon, Oxon, UK) or medium plus murine CXCL4 (100, 500, 1000 ng/ml) (R&D systems, Europe, Abingdon, Oxon, UK). After 120 minutes the inserts were removed, the migrated neutrophils were stained with Turks solution and counted in a Burker chamber in order to determine the chemotaxis
[bookmark: _Toc51926306]
Myeloperoxidase levels
Myeloperoxidase (MPO) was analysed in pancreas and lung in all four papers as a measurement of infiltration of neutrophils and hence systemic inflammation. All samples of pancreas and lung tissue were snap frozen in liquid nitrogen, and before analysis, thawed and weighed and then homogenized in 1 ml mixture (4:1) of PBS and aprotinin (10,000 kallikrein inactivator units per ml; Trasylol) (Bayer HealthCare AG, Leverkusen, Germany) for one min. Homogenates were centrifuged for 10 min (15,300 g, 4°C), and supernatants were frozen to -20°C, and stored for other analysis. MPO activity was determined in the remaining pellets in obedience with a well-established protocol (393). Pellets were resuspended in 0.2M PB pH7.4. After another round of centrifugation, the samples were suspended with one ml of 0.5% hexadecyl-trimethylammonium bromide. The dissolved samples were frozen for 24h, thawed, sonicated for 90 sec and put in a water bath (60°C, 2h). Enzyme activity was determined spectrophotometrically as the MPO-catalysed change in absorbance in the redox reaction of H2O2 (450 nm, with a reference filter 540 nm, 25°C). Data are expressed as MPO units per gram tissue.
[bookmark: _Toc51926307]Flow cytometry
For flowcytometry, blood from the vena cava was collected into syringes pre-filled with 1:10 acid citrate dextrose. Immediately after collection, blood samples were incubated for 10 minutes at room temperature with an anti-CD16/CD32 antibody blocking Fcγ III/II receptors to reduce non-specific labelling
In paper I and II, blood collected from the vena cava 24 hours after induction of AP was used to determine expression of mac-1 on circulating neutrophils (paper I) or the presence of platelet-neutrophil aggregates (PNA) (Ly6G+= neutrophils, CD41+=platelets) and the percentage of platelets and different leukocyte subtypes (paper II).
In paper III, isolated pancreatic acinar cells from pancreatic mice were used to quantify expression of TLR-4-. The acinar cells were incubated for 10 minutes at room temperature with an anti-CD16/CD32 antibody blocking Fcγ III/II receptors to reduce non-specific labelling, immediately after isolation.
In paper IV isolated neutrophils from bone marrow of mice with pancreatitis were used to determine MPO and citrullinated H3 on neutrophils. The isolated neutrophils were also immediately after isolation incubated for 10 minutes at room temperature with an anti-CD16/CD32 antibody blocking Fcγ III/II receptors in order to reduce non-specific labelling, 
In paper I, the blood samples after blocking were incubated with phycoerythrin-conjugated anti-Gr-1 (clone RB6-8C5 rat IgG2b) (eBioscience, Frankfurt, Germany) and fluorescein isothiocyanate anti-mac-1 antigen (clone M1/70, rat IgG2bκ) (BD Bioscience Pharmigen, San Jose, CA, USA) antibodies. 
After fixation in 2% formaldehyde solution, the erythrocytes were lysed using ACK lysing buffer (Thermo Fisher Scientific, Somerset, NJ, USA), the sample was centrifuged and the neutrophils recovered. 
In paper II, the blood samples were incubated after blocking with phycoerythrin-conjugated anti-Ly6G (clone 1A8) (BD Pharmingen, San Jose, CA, USA) and fluorescein isothiocyanate-conjugated anti-CD41 (clone MWReg30) (BD Pharmingen, San Jose, USA) antibodies. 
Cells were fixed with 2% formaldehyde solution, erythrocytes were lysed using ACK lysing buffer (Thermo Fisher Scientific, Somerset, NJ, USA) and neutrophils were recovered following centrifugation. Samples were then incubated with PerCP-Cy5.5-conjugated anti-CD45 (clone 30-F11) (Biolegend, San Diego, CA, USA) and an APC-conjugated antiCD4 (clone GK 1.5) (eBioscience, San Diego, CA, USA) antibody at 4°C for 20 minutes. Cells were fixed with 2% formaldehyde; erythrocytes were lysed and cells were recovered following centrifugation. 
Furthermore, in paper II, comparison of leukocytes subtypes and platelets, in blood of both wild-type and IP6K-/- mice were performed. Blocking was performed as previously described and the blood samples were incubated for 20 minutes in 4º, with different antibodies: PerCP-Cy5.5-conjugated anti CD45 (clone 30-F11) (Biolegend, San Diego; CA, USA )antibody, phycoerythrin-conjugated antiLy6G (clone 1A8, BD Pharmingen, San Jose, CA, USA) antibody, APC-conjugated anti-CD4 (clone GK 1.5, eBioscience, San Diego, CA, USA) antibody and FITC-conjugated anti CD41 (clone eBioMWReg30) (eBioscience, San Diego, CA, USA) antibody. After this the cells were fixed with 2% formaldehyde; ACK lysing buffer (Thermo Fisher Scientific, Somerset, NJ, USA) was used to lyse erythrocytes and the cells were centrifuged and recovered. 
In paper III, after blocking, the acinar cells were incubated with biotinylated peanut agglutinin (B-1075-5, Vector, UK), APC conjugated anti-TLR-4 Ab (clone MTS510) (Thermo Fisher Scientific, Somerset, NJ, USA) or APC conjugated IgG2a Ab (clone RTK2758) (Biolegend, San Diego, CA, USA) at 4°C for 20 min. After two washes, the acinar cells were incubated with a secondary phycoerythrin-conjugated anti-biotin antibody (clone BK-1/39) (Thermo Fisher Scientific, Somerset, NJ, USA) at 4°C for 20 min. 
In paper IV, the neutrophils after stimulation with PMA (a total of 1 x 106 neutrophils) and blocking, were incubated with primary antibodies: phycoerythrin-conjugated anti-Ly6G (clone 1A8)(BD Pharmingen, San Jose, CA, USA), fluorescein isothiocyanate-conjugated anti-MPO antibody (mouse: ab90812)( Abcam, Cambridge, MA, USA) and rabbit anti-citH3 (citrulline 2,8,17, ab5103)(Abcam, Cambridge, MA, USA) in PBS containing 5% donkey serum. After washing two times, cells were incubated with rat anti-rabbit APC conjugated secondary antibody (A-21038) (Thermo Fisher Scientific, Rockford, IL, USA). 
Flow cytometric analysis was performed according to standard settings on a Cytoflex flow cytometer (Beckman Coulter, Indianapolis, IN, USA), and viability gate was used to exclude dead and fragmented cells. Data was analysed using CytExpert version 2.0 (Beckman Coulter, Indianapolis, IN, USA), depending on scatter patterns.
[bookmark: _Toc51926308]Histology
Samples of the pancreatic head were fixed in 4% formaldehyde phosphate buffer overnight and then dehydrated and paraffin embedded. Six-micrometer sections were stained with hematoxylin and eosin and examined using light microscope, magnification x100. Pancreatic damage was quantified in a blinded manner using a pre-existing scoring system based on quantification of four findings: acinar cell necrosis, hemorrhage, edema and neutrophil accumulation, on a 0 to 4 scale (394) see table.
[bookmark: _Hlk36499020][bookmark: _Hlk36816904]
Tabel 1. Local tissue injury in pancreatic tissue samples analyzed in light microscope, magnification x100, in a blinded manner. Paraffin embedded samples cut in 6 µm sections and stained with hematoxylin and eosin. Hemorrhage and oedema were graded 0-4 (0=absent, 4=extensive). Necrosis and neutrophil infiltration were assessed in 10 random high-power fields (HPF) per sample.
Histopathologic scoring criteria 0-4:
Oedema
0		Absent
0,5		focal expansion of the interlobar space
1		diffuse expansion of the interlobar space
1,5		1+ focal expansion of the interlobar space
2		1+ diffuse expansion of the interlobar space	
2,5		2+ focal expansion of the interlobar space
3		2+ diffuse expansion of the interlobar space
3,5		3+ focal expansion of the interlobar space
4		3+ diffuse expansion of the interlobar space

Acinar cell necrosis
0		Absent
0,5		Focal occurrence of 1-4 necrotic cells/HPF
1		Diffuse occurrence of 1-4 necrotic cells/HPF
1,5		Focal occurrence of 5-10necrotic cells/HPF
2		Diffuse occurrence of 5-10 necrotic cells/HPF		
2,5		Focal occurrence of 11-16 necrotic cells/HPF
3		Diffuse occurrence of 11-16 necrotic cells/HPF
3,5		Focal occurrence of >16 necrotic cells/HPF
4		Extensive confluent necrosis/HPF

Hemorrhage
0		Absent
0,5		1 focus
1		2 foci
1,5		3 foci
2		4 foci
2,5		5 foci
3		6 foci
3,5		7 foci
4	                               >7 foci

Extravascular leukocytes
0		0-1 interlobar or perivascular leucocyte/HPF
0,5		2-5 interlobar or perivascular leucocytes/HPF		
1		6-10 interlobar or perivascular leucocytes/HPF
1,5		11-15 interlobar or perivascular leucocytes/HPF
2		16-20 interlobar or perivascular leucocytes/HPF
2,5		21-25 interlobar or perivascular leucocytes/HPF
3		26-30 interlobar or perivascular leucocytes/HPF
3,5		>30 leukocytes/HPF or focal micro abscess
4		>30 leukocytes/HPF or confluent micro abscess


[bookmark: _Toc51926309]Electron microscopy
For examination of NETs in tissue samples, in paper II, III, IV, high resolution scanning electron microscopy was performed, using paraffin embedded pancreatic tissue samples. The specimens on coverslips were deparaffinized and the pancreatic tissue samples were fixed in 2.5% glutaraldehyde in 0.15 mol/l sodium cacodylate, pH7.4 (cacodylate buffer) for 30 min at room temperature. Specimens were then washed with cacodylate buffer and dehydrated with an ascending ethanol series from 50% (vol/vol) to absolute ethanol (10 min/step). Specimens were subjected to critical-point drying in carbon dioxide with absolute ethanol as intermediate solvent, mounted on aluminium holders, and finally sputtered with 20 nm palladium/gold. Specimens were examined using a Jeol/FEI XL 30 FEG scanning electron microscope at the Core facility for Integrated Microscopy at the Panum Institute (University of Copenhagen, Denmark).
Location of individual target molecules in tissue NETs were analysed at high resolution by ultrathin sectioning and transmission immunoelectron microscopy. Specimens on coverslips were embedded in Epon 812 and sectioned into 50-nm–thick ultrathin sections with a diamond knife in an ultramicrotome. For immunohistochemistry, sections were incubated overnight at 4°C with primary antibodies against elastase (paper II, III and IV), histone 4, mac-1, CD41(paper II) and citrullinated histone 3 (paper III and IV) (Abcam, Cambridge, MA, USA).
In paper III, transmission electron microscopy was used in order to detect eCIRP in NETs generated from PMA-stimulated bone marrow neutrophils, samples were incubated overnight at 4°C with a primary antibody against CIRP (Proteintech, Rosemont, IL, USA). Controls without primary antibodies were included. The grids were incubated with species-specific, gold-conjugated secondary antibodies (Electron Microscopy Sciences, Fort Washington, MD, USA). The sections were then post-fixed in 2% glutaraldehyde and post-stained with 2% uranyl acetate and lead citrate. Specimens were observed in a Jeol/FEI CM100 transmission electron microscope operated at 80-kV accelerating voltage at the Core Facility for Integrated Microscopy at the Panum Institute. 
[bookmark: _Toc51926310]Confocal imaging
In paper II, confocal imaging was performed to confirm the deficiency of Poly-P in platelets. Isolated platelets from both wild type mice and IP6K1-/- mice were fixed in 4% paraformaldehyde in PBS in room temperature for 30 minutes, after which they were washed with PBS. The pellet of platelets was then dissolved in water and 1 mg/ml of 4’,6-diamidino-2-phenylindole (DAPI) was added. DAPI emits higher wavelengths light after binding to Poly-P, and thus induce a higher fluorescence intensity if Poly-P is present (395). The samples were then mounted on slides, and confocal microscopy was performed.
In another experiment in paper II, isolated neutrophils were co- incubated with wild-type or IP6K1-/- platelets, together with or without Poly-P (100µM) and/or with or without thrombin (0.2 U/ml) for three hours in 37ºC .The neutrophils were then challenged with PMA, fixed with 2% formaldehyde and permeabilized with 1% Triton-X-100 for 10 minutes, after which they were washed twice with PBS containing 2% fetal bovine serum. Following this, the cells were incubated in PBS with 5% donkey serum and with primary antibodies; Fluorescein isothiocyanate conjugated anti-MPO (mouse ab90812) (Abcam, Cambridge, MA, USA) and rabbit anti-H3cit (citrulline 2,8,17, ab5103) (Abcam, Cambridge, MA, USA). After washing twice, incubation with rat anti-rabbit allophycocyanin conjugated secondary antibody (A-21038) (Thermo Scientific, Rockford, IL, USA). When the immunostaining was completed the cells were counterstained with Hoechst 33342 in order to stain DNA. The cells were then mounted and confocal microscopy performed.
The microscope used was Zeiss LSM 800 (Carl Zeiss, Jena, Germany), and the images were processed using ZEN2012 software.
[bookmark: _Hlk40214982][bookmark: _Toc51926311]Enzyme-linked immunosorbent assay (ELISA)
Pancreatic and plasma levels of CXCL2 and IL-6 were quantified (paper I-IV) using double-antibody, enzyme-linked immunosorbent assay kits (R&D Systems Europe, Abingdon, Oxon, UK) according to the manufacturers’ instructions. The same assay kit was used to determine plasma CXCL 1 (paper II, III and IV), pancreatic CXCL 1 (paper II and III) CXCL4 (paper I), MMP-9 (paper II, III and IV) and pancreatic histone 3 and 4 (Paper II). 
In paper III, CIRP was quantified using another double-antibody ELISA kit (Cusabio Biotech, Houston, TX, USA). Supernatants were collected from homogenized pancreatic tissue and stored at -20°C until used, blood collected from the inferior vena cava was diluted (1:10) in acid citrate dextrose, centrifuged (15,300 g for 5 min at 4°C), and stored at -20°C until use. 
DNA-histone complexes were determined in blood obtained from the inferior vena cava (Paper II-IV). Blood was diluted (1:10) in acid citrate dextrose and centrifuged for 5 min (15,300 g, 4°C). In order to quantify DNA-histone complexes, a Cell Death Detection Elisa Plus kit (Roche Diagnostics, Mannheim, Germany) was used, according to the manufacturers’ instructions. DNA histone-complexes were also determined, in paper II the same way as described above, in supernatants from co-incubated isolated platelets and neutrophils (see section on confocal microscopy for details).
In paper III, plasma levels of CIRP in humans with AP were quantified using double-antibody enzyme-linked immunosorbent assay kits (Wuhan Fine Biotech Co., Ltd, Wuhan, China) according to the manufacturers’ instructions. 
In paper IV, DNA-histone complexes were determined in the supernatants of in vitro experiments, neutrophils were here isolated from bone marrow as previously described. A total of 1 x 106 neutrophils was stimulated with 0.3 μg/ml PMA (Sigma-Aldrich, Stockholm, Sweden) or 1.0 μg/ml mouse recombinant C3a (R&D Systems Europe, Abingdon, Oxon, UK) in suspension. Samples were centrifuged (400 g, 5 min) and supernatants were collected for analysis of DNA-histone as described above.
[bookmark: _Toc51926312]Western blot
In paper II, collected pellets of isolated acinar cell were incubated with NETs, NETs depleted of MPs (i.e. pre-treated with calpain/caspase), DNase1.treated NETs or neutrophil derived MPs and homogenized in ice-cold RIPA buffer (Pierce RIPA Buffer, Thermo Scientific™, USA) containing protease inhibitors (Halt Protease Inhibitor Cocktail; Pierce Biotechnology, Rockford, IL). Samples were kept 20 min on ice and sonicated and centrifuged for 15 min (16,000 g, 4°C).
In paper III, pancreatic tissue samples (30-40 mg) were homogenized and treated in exactly the same way as in paper II. In both paper II and III supernatants were stored at -20°C and their protein concentration were determined using the Pierce BCA Protein Assay Reagent (Pierce Biotechnology). Proteins (20 μg per lane) were separated by 8-16% SDS-PAGE gels and transferred to polyvinylidene fluoride membranes (Novex, San Diego, Calif., USA). Prior to blotting, a total protein gel image was taken using Bio-Rad’s stain-free gel chemistry. Membranes were blocked in TPBS/Tween 20 buffer containing 5% non-fat dry milk powder. 
Immunoblots were then generated using specific antibodies:
In paper II this was done using antibodies against phosphotyrosin (Tyr 705)-STAT-3 and STAT-3 (Cat. #9131 and Cat. #4904, Cell Signalling Technology, Beverly, MA, USA). 
In paper III, this was performed by use of an anti-histone H3 antibody (citrulline R2+R8+R17; AB5103, Abcam, Cambridge, MA, USA). 
Membranes (both in paper II and III) were then incubated with peroxidase conjugated secondary antibodies. Protein bands were developed using the Bio-Rad ChemiDoc MP imaging system. The Image Lab software (version 5.2.1) was used to normalize the band against the total protein in respective lane. 
In Paper IV, for confirmation of the C3 deficiency in protein level, liver homogenate samples were used and run on a 10% SDS-PAGE, transferred to PVDF membranes and blotted for C3 using goat anti-mouse C3 (catalog number 55500) (ICN Biomedicals Eire, PA, USA), then detected using rabbit anti-goat HRP-labeled secondary antibody (DAKO, ST Clara, CA, USA), and developed using enhanced chemiluminescence reagent (Millipore) and imaged using a Bio-Rad Chemidoc CCD camera. Loading control of beta-actin was detected with anti-beta-actin monoclonal antibody (Abcam, Cambridge, MA, USA.) 
[bookmark: _Hlk40215013][bookmark: _Toc51926313]Quantitative Reverse Transcription-polymerase chain reaction 
(qRT-PCR)
In Paper I, total RNA was isolated from isolated acinar cells by use of an RNeasy Mini Kit (Qiagen, West Sussex, UK) and treated with RNase-free DNase (DNase I; Amersham Pharmacia Biotech, Sollentuna, Sweden) to remove potential genomic DNA contaminants. By measuring the absorbance at 260 nm, RNA concentrations were determined, by reverse transcription from 10 μg of the total RNA Each complementary DNA was synthesized by use of the SuperScript First-Strand Synthesis System and random hexamer primers (Stratagene) (AH diagnostics, Stockholm, Sweden). Real-time polymerase chain reaction (PCR) was performed using a Brilliant SYBR Green QPCR master mix and MX 3000P detection system (Stratagene, AH diagnostics, Stockholm, Sweden). The primer sequences were: 
for CXCL2: (forward) 5′-CGC CCA GAC AGA AGT CAT AG-3′ 
(reverse) 5′-CCT CCT TTC CAG GTC AGT TAG -3′ 
for CXCL4 (forward) 5′-CTC ATA GCC ACC CTG AAG AAT G-3′ 
(reverse) 5′-AGG CAG CTG ATA CCT AAC TCT-3′ 
and for β-actin (forward) 5′-TGT GAT GGT GGG AAT GGG TCA GAA-3′ (reverse) 5′-TGT GGT GCC AGA TCT TCT CCA TGT-3′. 
Standard PCR curves were generated for each PCR product to establish linearity of the reverse transcription-polymerase chain reaction. PCR amplifications were performed in a total volume of 50 μL, containing 25 μL of SYBR Green PCR 2× Master Mix, 2 μL of 0.15-μM each primer, 0.75 μL of reference dye, and 1 1-μL complementary DNA as a template adjusted up to 50 μL with water. PCR reactions were started with 10 minutes denaturing temperature of 95°C, followed by a total of 40 cycles (95°C for 30 seconds and 55°C for 1 minute) and 1 minute of elongation at 72°C. The relative differences in expression between groups were expressed by using cycling time values. Cycling time values for the specific target genes were first normalized with that of β-actin in the same sample, and then relative differences between groups were expressed as percentage of control.
In paper II, isolated acinar cells were incubated with NETs, NETs depleted of MPs (calpain/caspase treatment), DNase I-treated NETs and neutrophil-derived MPs, then cell pellets were collected and expression of IL-6 mRNA and TGFB1 mRNA were analyzed by RT-qPCR. Briefly, RNA samples were extracted using Direct-zol RNA extraction kit (Zymo Research, Irvine, CA, USA) kit according to manufacturer’s recommendations. Total RNA concentration was determined using Nanodrop spectrophotometer at 260 nm absorbance and cDNA was synthesized using Revert Aid First Strand cDNA synthesis kit (Thermo Fisher Scientific) in a final reaction volume of 10 μL according to the manufacturer’s instructions. qRT-PCR was conducted in a final volume of 25 μL using SYBR Green dye (Takara Bio, Mountain View, CA, USA) for relative expression of IL-6 mRNA and TGFB1 mRNA. The PCR primers used were as follows;
IL-6 (forward); 5'-GAGGATACCACTCCCAACAGACC-3', 
(reverse) 5'- AAGTGCATCATCGTTGTTCATACA-3' 
TGFB1 (forward); 5′- TCCCGTGGCTTCTAGTGCTG-3′, 
(reverse); 5′-ATTTTAATCTCTGCAAGCGCA-3′,
GAPDH 6 (forward); 5′-GTCCCAGCTTAGGTTCATAG-3′, 
(reverse); 5′- GATGGCAACAATCTCCACTTTG-3′. 
IL-6 mRNA and TGFB1 mRNA relative to housekeeping gene GADPH were determined using 2- ΔΔ CT method.
[bookmark: _Toc51926314][bookmark: _Hlk40215042]Genotyping by polymerase chain reaction (PCR)
In paper IV in order to confirm that the C3 gene was really knocked out, genotyping PCR was carried out on RNA from C3-deficient mice using common forward primer ATCTTGAGTGCACCAAGCC and either Wild Type-specific reverse primer GGTTGCAGCAGTCTATGAAGG or Knocked Out-specific reverse primer GCCAGAGGCCACTTGTGTAG, in combination with RedTaq PCR readymix (Sigma Aldrich, Stockholm, Sweden), according to reagent instructions. Bands were confirmed using UV light.
[bookmark: _Toc51926315]Patients Samples
Analyses on blood from human patients with AP were performed in Paper I and Paper IV. Informed consent (oral and written) was obtained from all participants included, and the study was approved by the regional ethics committee at Lund University (2009/413). Patients age over 18 years with AP admitted to the Department of Surgery, Skåne University Hospital, Malmö, Sweden, from January 2010 to September 2013 were prospectively and consecutively included. To fulfil the diagnosis of AP, three criteria were used: 1) acute characteristic upper abdominal pain, 2) serum amylase ≥3 times the upper limit or 3) characteristic findings of AP on CT scan, abdominal ultrasound or MRI. Blood samples were drawn at 24-48 hours after admission, placed in plasma separator tubes and centrifuged (2000g, 25°C, 10 minutes) before plasma was frozen at
-80°C. Retrospectively the patients were then classified as having mild, moderately severe or severe AP according to the revised Atlanta classification of 2012 (47). Samples from healthy persons were included as controls, and handled the same way as patient samples.
In paper 1, CXCL4 was determined with an ELISA Kit (see section Enzyme-link immunosorbent assay).
In paper III, eCIRP was determined with an ELISA-kit (see section Enzyme-link immunosorbent assay.
[bookmark: _Toc51926316]Statistical analysis. 
Paper I Data are presented as mean values ± standard error of the mean. Statistical evaluations were performed by using nonparametric tests Kruskal-Wallis 1-way analysis of variance on ranks followed by multiple comparisons. P < 0.05 was considered significant, and n representing the number of animals or patients.
[bookmark: _Hlk50507413]Paper II, III and IV Graphpad Prism 7 was used for data analysis. Data are presented in box plot (25-75 percentiles) where horizontal line indicates median of the group; whiskers extend from the minimum to the maximum values. Statistical comparisons were performed using non-parametrical tests (Mann-Whitney (paper II, III, IV) or ANOVA on ranks followed by Dunnett’s multiple comparisons (paper II, IV). P < 0.05 was considered significant and n representing the number of animals or experiments.

[bookmark: _Toc51926317]
Results and Discussions
[bookmark: _Toc51926318]Paper 1
In paper I the purpose was to examine whether CXCL4 the most abundant chemokines in the platelets are involved in neutrophil recruitment in AP.
After challenge with taurocholate there was a 6-fold increase in the plasma levels of CXCL4 (figure 1). Sham animals showed low but detectable plasma levels. 
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Figure 1. Levels of CXCL4 in plasma in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an antiCXCL4 Ab, Anti-GP1ba, and the CXCR2 antagonist SB225002. 
The same elevation of CXCL4 was seen in the plasma of human patients both with mild and sever AP, compared with healthy controls (Figure 2). 
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Figure 2. CXCL4 levels in patients with AP. Plasma was drawn at admission and 24 h after admission from patients with mild and severe AP. Plasma levels of CXCL4 were determined by use of ELISA. Healthy individuals served as controls
When the antibody anti-GP1bα was given prior to induction of AP, an 85 % depletion of platelets was observed, combined with a reduction of CXCL4 to levels in parity with sham animals (Figure 1). This strongly indicates that platelets are the main source of CXCL4 in AP. 
Also, when an anti-CXCL4 antibody was given before Taurocholate was infused, the plasma levels of CXCL4 decreased significantly, something that was not observed when a control antibody was administrated instead. Furthermore, a 4-fold increase of CXCL4 was seen in the inflamed pancreas after challenge with taurocholate, but when platelets were depleted, a significant decrease in the pancreatic levels of CXCL4 was observed (Figure3). A corresponding decrease was seen when CXCL4 was reduced through immunoneutralization (Figure 3).
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Figure 3. Levels of CXCL4 in pancreas in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an antiCXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002..
Another finding was that induction of AP dramatically increased the plasma levels of Il-6, an important marker of systemic inflammation (396). If antibodies against platelets (anti-GP1bα) or CXCL4 were given aforehand, no such increase of plasma Il-6 was observed (figure 4)
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Figure 4. Levels of Il-6 in plasma in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an antiCXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002 mean.
When AP was induced by retrograde infusion of taurocholate a 7-fold increase in plasma amylase levels were noted. However, when an antibody against CXCL 4 was given before induction of AP the elevation of plasma amylase was 44 % lower (figure 5). This decrease in amylase was not observed if a control antibody was given instead. 
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Figure 5. Levels of Amylas in blood in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an anti-CXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002.

Changes in the histology of the pancreas were correlated to elevation of plasma amylase, where sham mice had normal microarchitecture, whereas challenge with taurocholate induced significant destruction of the morphology, typified by haemorrhage, oedema, acinar cell necrosis and neutrophil accumulation. When depletion of platelets or immunoneutralization of CXCL4 were performed, more moderate alternations of the morphology was observed as could be noted in figures 6. The same patterns concerning plasma amylase and histology, together with increased recruitment of neutrophils in both pancreas and lung, was also demonstrated if AP was induced with another model using L-arginine instead of taurocholate,


Figure 6. (A) edema (B) hemorrhage (C) acinar necrosis, and (D) extravascular leukocytes in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an anti-CXCL4 Ab, and AntiGP1bαA
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Next the role of CXCL4 concerning neutrophil infiltration in AP was examined. As an indicator of infiltration of neutrophils, MPO levels were measured, and taurocholate challenge rendered a 4-fold increase in pancreatic MPO. Pre-treatment with the anti-CXCL4 antibody decreased the taurocholate-induced MPO levels with 77%. A similar reduction in MPO was also seen when the platelets were depleted (Figure 7A).
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Figure 7A. MPO activity in the pancreas in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an anti-CXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002.
MPO was also measured in lungs as an indicator of systemic response to severe AP, and indeed, retrograde infusion of taurocholate generated a significant elevation of lung MPO. The increase in MPO activity was markedly reduced when platelets or CXCL 4 were eliminated, all in accordance with earlier studies (294) (Figure 7B).
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Figure 7B. MPO activity in the lung in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an anti-CXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002.


In order to check the activation of peripheral neutrophils in mice with AP, the expression of mac-1 was check with flowcytometry. Even though the expression of mac-1 was increased on circulating neutrophils in the animals with AP, no change in mac-1 expression was noticed when immunoneutralization of CXCL4 was performed (figure 8A)
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Figures 8A. Mac-1 expression on neutrophils in sham (saline) animals and taurocholate-exposed mice pretreated with saline or an anti-CXCL4 Ab
In correspondence with this it was noted that in vitro incubation of isolated neutrophils with CXCL2 increased the expression of mac-1, whereas co-stimulation with CXCL4 did not (figure 8B).
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Figures 8B. Mac-1 expression on isolated neutrophils stimulated with CXCL2 and CXCL4.
In vitro, CXCL2 was found to trigger a marked chemotactic effect on isolated neutrophils, whereas no effect induced by CXCL4 was seen on neutrophil migration (Figure 9A). In accordance with this notion, no effect on gene expression of CXCL4 was observed when acinar cells were incubated with cerulein, while on the contrary a marked increase in mRNA levels of CXCL2 was obvious (Figure 9B)
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Figure 9. (A) Neutrophil chemotaxis provoked by CXCL2 or different concentrations of CXCL4. (B) Gene expression of CXCL2 and CXCL4 in acinar cells stimulated with cerulein.
To summarize, these observations indicate that even though CXCL4 patently triggers accumulation of neutrophils in the inflamed pancreas, this is due to some kind of indirect effect of CXCL4, and not a direct action on the neutrophils.
When AP was induced a 5-fold increase in CXCL2 was seen in both plasma and pancreatic tissue, whereas it was low but detectable in sham mice. If CXCL4 was immunoblocked prior challenge with taurocholate the plasma levels of CXCL2 was reduced with 40% and pancreatic CXCL2 with 80%. A correlative pattern was noticed if an antibody towards platelets was given before induction of AP (figures10A and 10B).
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Figures 10. CXCL2 levels in the (A) pancreas and (B) plasma in sham (saline) animals and taurocholate-exposed mice pretreated with saline, control antibody (Ab), an anti-CXCL4 Ab, Anti-GP1bα, and the CXCR2 antagonist SB225002
Taken together this indicate that the indirect CXCL4-effect of neutrophil recruitment in AP in some way is related to CXCL2 formation, since it, as mentioned above, triggered a massive neutrophil migration. In order to examine this, the CXCL2 receptor CXCR2 was targeted by the specific antagonist SB225002, which resulted in reduced Il-6 levels (Figure 4), lower amylase levels (Figure 5) and less neutrophil recruitment to both pancreas (Figure7A) and lung (Figure 7B), indicated by lower MPO levels. However, it did not influence the levels of CXCL4 in neither plasma nor pancreas in mice with AP (Figures 4 and 5).
The fact that platelets play a role in AP through its impact on neutrophil recruitment and activation is a well-established notion (294). For instance it has been demonstrated that, platelet-derived P-selectin regulate neutrophil activation in AP, but also activation and tissue recruitment of neutrophils in the lung and thus systemic inflammation (198). However, it is the chemokines exerted from the platelets that are considered to be the main feature in the interplay between platelets and neutrophils, and in paper I, for the first time in the literature, the role of CXCL4, one of the most plentiful chemokines in platelets, was demonstrated. It was found that CXCL4 is of importance for the development of AP in terms of neutrophil recruitment, both locally in the pancreas as well as systemic, in the lungs. This is somewhat surprising since this particular chemokine is known as a poor chemoattractant for neutrophils but rather known to be a strong activator of eosinophils, macrophages and lymphocytes (397). However, it has been demonstrated before, in other models ls of inflammation, that targeting CXCL 4 reduce neutrophil recruitment (398). In line with these findings it was also noted that taurocholate infusion generated elevated levels of CXCL 4, but if the animals were immune-depleted of platelets, the plasma levels and also the pancreatic tissue levels of CXCL 4 was greatly reduced. This finding thus indicates that the main source of CXCL 4 must be the platelets. 
Since pancreatic mice that had their CXCL 4 immunoneutralized, showed much less microscopic tissue damage, and lower blood amylase levels, the role of CXCL 4 and hence platelets in the development of AP was further underlined. On top of this, Il-6, a cytokine identified as a key link between local and systemic inflammation was markedly elevated in AP. If, however the animals were depleted of platelets or CXCL 4, the plasma levels of Il-6 significantly decreased, indicating that CXCL 4 from the platelets acts as a potent inducer of systemic inflammation in AP.
Since the accumulation of neutrophils in the tissues are the rate-limiting step in regulating the tissue damage in AP, and MPO levels are used to measure just the neutrophil infiltration, it was not surprising that challenging the pancreas with taurocholate elevated the number of neutrophils, but also the levels of MPO in the inflamed pancreatic tissue. Both these levels were however markedly decreased when CXCL 4 as well as Platelets were depleted, suggesting that CXCL 4 plays a specific role in the recruitment of neutrophils to the inflamed pancreas. Since this is such an important component of the pathophysiology of AP, this could help to explain why inhibition of CXCL 4 either direct via depletion or indirect through depletion of platelets, generates less tissue damage.
The same pattern was noted in the lungs were the enhanced MPO activity that were produced by taurocholate were attenuated when CXCL 4 was neutralized. This confirms the previously stated notion that CXCL 4 regulates the systemic recruitment of neutrophils and hence the systemic inflammation itself.
This raises the question, how comes that CXCL 4, that is not a potent activator of neutrophils itself, yet seems to be so important in the process of neutrophil accumulation? Neutrophil migration from the circulation to extracellular sites of inflammation is a multistep action, mediated by several substances, where mac-1 is one of the more important (399). However, CXCL 4 turned out to have no effect on mac-1-expression in neutrophils of mice with AP. The same was also found on isolated neutrophils in vitro. Contrariwise to this, it was demonstrated that CXCL 2 highly up-regulated mac-1-expression in vitro. CXCL 2 was also found to exert a strong chemotactic effect on neutrophils in vitro, in opposition to CXCL 4 that did not promote any such effect. When CXCL 4 was depleted in animals with AP, both the plasma and pancreas levels of CXCL 2 were however markedly decreased. Taken together this suggest that the noted CXCL 4-induced recruitment of neutrophils to the pancreatic tissue in AP is not due to a direct action of CXCL 4 on neutrophils, but might be mediated via generation of CXCL 2 and thus upregulation of mac-1. The importance of CXCL 2 was further strengthened by the fact that blocking the main receptor of CXCL 2, namely CXCR 2, in animals challenged with taurocholate, gave rise to much lower levels of neutrophils within both the pancreas and the lungs, and also lower blood amylase levels and less tissue damage. However, since it was demonstrated that CXCL 4 not by itself upregulate CXCL 2 in isolated acinar cells, the cellular mechanisms behind the CXCL 4-induced secretion of CXCL 2 is still shrouded in darkness.
Since the pathology of AP could be divided into two phases, namely, trypsinogen activation into trypsin, and neutrophil recruitment, it was important to rule out in which of these phases CXCL 4 perform its action. When isolated acinar cells were challenged with CXCL 4, no trypsinogen activation was noted, thus showing that CXCL 4 acts downstream of trypsin activation, strengthening the idea that CXCL 4 plays its role in the neutrophil accumulation.
The observed findings were not dependent of taurocholate but could be verified in an alternative model for inducing AP, using i.p. L-arginine instead. 
In comparison, human patients with AP were also observed to have elevated levels of CXCL 4, but no difference was noted between patients that developed mild AP compared to the group that developed severe disease. CXCL 4 is thus not responsible for aggravation of the disease but is rather involved in a broad spectrum of disease activity in AP. 
Taken together these finding implies that targeting CXCL 4 could be a beneficial strategy when it comes to ameliorate the clinical course of all types of AP. 
[bookmark: _Toc51926319]Paper II
The purpose of paper II was to examine whether NETs and microparticles are interplay in the pathophysiology of Ap. Furthermore, the intention was to study whether neutrophils and Platelets form complexes with each other in AP and if these complexes affect NETs formation. Finally, it was studied whether the enzyme IP6K1 that is derived from the platelets, somehow affects the above mention processes.
With scanning electron microscopy formation of extracellular fibrillar, web-like structures in the pancreas compatible with NETs could be found after mice had been challenge with retrograde taurocholate infusion. Moreover, transmission immunoelectron microscopy showed that co-localized with these extracellular fibrillar and web-like structures were the neutrophil-derived granule proteins elastase, and histone 4, found. 
In the normal pancreas however no such findings were observed 
When platelets were depleted using the antibody directed against GP1ba a significant decreased in the taurocholate-induced NETs formation was noted in the inflamed pancreas. This effect was as expected, abolished when mice were pre-treated with DNase I.
Furthermore, challenge with taurocholate enhanced plasma levels of DNA-histone complexes by 3-fold, whereas depletion of platelets in animals with AP, reduced DNA-histone complexes in plasma by 86% (Figure 1A). 
A similar pattern as in plasma was observed within the pancreas itself, were taurocholate infusion increased pancreatic levels of histone 3 and histone 4 by 3-fold and 4-fold, respectively. The levels of histone 3 and histone 4 in the inflamed pancreas were however greatly attenuated when platelets were depletion (Figures 1B-C). 
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Figures 1. (A)Plasma levels of DNA-histone complexes, (B) pancreatic levels of histone 3 and (C) pancreatic levels of histone 4, after retrograde infusion of taurocholate or saline (sham) into the pancreatic duct. Mice were pre-treated with i.p. injection of PBS, DNase-1, a control antibody or an antibody against GP1bα (depletion of platelets).
Furthermore, in scanning electron microscopy, it was found that taurocholate-induced NETs in the pancreas contained numerous round structures compatible with MPs, and transmission electron microscopy revealed that these MPs probably were of both platelet and neutrophil origin, since they expressed both CD41 or Mac-1 respectively (CD41 from platelets and mac-1 from neutrophils). 
Platelet depletion with an anti-GP1bα antibody, reduced tissue damage and also NETs formation in the inflamed pancreas. On the remaining NETs, decreased numbers of MPs was also seen. 
If DNase I was given to mice when AP was induced, formation of NETs was eliminated and consequently of the MP on the NETs as well. (Figure 2) 
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Figure 2 Formation of NET-MP complexes, after retrograde infusion of taurocholate or saline (sham) into the pancreatic duct. Mice were pre-treated with i.p. injection of PBS,  a control antibody, an anti-GP1bα antibody (depletion of platelets) or DNase-1
Since formation of leukocyte-platelet aggregates (PNAs) is a common feature in many inflammatory conditions (283, 400) it was hypothesized that such complex formation also influence neutrophil activation and NETs formation in AP. Indeed, it was found that taurocholate-induced AP markedly increased formation of PNA in the circulation of mice (Figure 3). Furthermore, it was noted that immunoneutralization of P-selectin significantly reduced the taurocholate-induced formation of PNA (Figure 3), which lead to the assumption that the P-selectin-mediated contact between platelets and neutrophils could be of importance also for NETs formation. 
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Figure 3. Aggregate data on platelet-neutrophil aggregates, after retrograde infusion of taurocholate or saline (sham) into the pancreatic duct. Mice were pre-treated with iv injection of a control antibody or an antibody against P-selectin. 
One notion was that thrombin stimulation of co-incubated platelets and neutrophils increased formation of DNA-histone complexes (Figure 4). In vitro it was also demonstrated that inhibition of P-selection abolished thrombin-induced formation of DNA-histone complexes under the same conditions, strengthening the idea that P-selectin-mediated contact between neutrophils and platelets plays a key role in this NETs formation (Figure 4). 
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Figure 4 Formation of DNA- histone complexes. In vitro mixtures of neutrophils and platelets were stimulated with thrombin and treated with a control antibody or an anti-P-selectin antibody. PMA-stimulated neutrophils served as positive control.
In vivo experiments further demonstrated that immunoneutralization of P-selectin in taurocholate-induced AP showed markedly reduced NETosis in the inflamed pancreas, alongside reduced plasma levels of DNA-histone complexes and also lower levels of histone 3 and histone 4 in the pancreas of these animals. As a consequence, less inflammation and tissue damage were observed in the pancreas of these pancreatic animals (Figures 5A-D). 
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Figures 5. Histological quantification of (A) edema, (B) hemorrhage, (C) acinar cell necrosis and (D) leukocyte infiltration after retrograde infusion of Taurocholate or saline (sham) into the pancreas duct. Mice were pre-treated with i.p. injection of a control antibody or an antibody against P-selectin
PMA stimulation of neutrophils triggered not only formation of NETs but these NETs also contained numerous MPs. Since such NET-MP complexes in other studies have been showed to regulate trypsin activation in acinar cells (257), we asked if MPs attached to NETs play a role also in AP. Indeed, if neutrophils in vitro were co-incubated with calpain and caspase inhibitors the NETs formed had markedly less MPs on them, and the NETs depleted of MPs were demonstrated to have a significantly lower capacity to trigger amylase secretion from acinar cells (Figure 6). 
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Figure 6. Secretion of Amylase from acinar cells stimulated with: NETs formed in presence of a vehicle, NETs depleted of microparticles (with a combination of caspase and calpain inhibitors), NETs formed in presence of DNase or microparticles derived from isolated neutrophils.
It was also found that NETs stimulation markedly increased the intra acinar activity of signal transducer and activator of transcription-3 (STAT-3), an important signaling molecule in acinar cells (346). When the cells were co-incubation with DNase I a complete reduction of NET-induced phosphorylation of STAT-3 was seen (Figure 7) Notably, co-incubation with caspase and calpain inhibitors (known to reduce MPs), decreased NET-induced STAT-3 phosphorylation by 44%, but had no effect on the levels of PMA-induced DNA-histone complex levels or NETs content of histone 4. Co-incubation of acinar cells only with neutrophil-derived MPs did not have any effect on neither amylase secretion nor STAT-3 phosphorylation (Figure 7). 
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Figure 7. Aggregated data showing phosphorylated STAT-3 normalized to total STAT-3 in acinar cells stimulated with: NETs formed in presence of a vehicle, NETs depleted of microparticles (with a combination of caspase and calpain inhibitors), NETs formed in presence of DNase or microparticles derived from isolated neutrophils.
This indicates that both NETs and MPs together in complex are involved in the STAT-3 phosphorylation and inflammatory response in AP, maybe through STAT-3 targeting genes for IL-6 and TGFβ1. As an indication of this notion being valid NETs challenge greatly enhanced acinar cell mRNA levels of IL-6 and TGFβ1, whereas co-incubation with DNase I or calpain and caspase inhibitors (i.e. neither NETs nor MPs respectively) significantly reduced NET-provoked gene expression of IL-6 and TGFβ1 in acinar cells. Incubation of acinar cells with MPs alone had no effect on mRNA levels of neither IL-6 nor TGFβ1.
The platelet derived enzyme IP6K1 has been shown to regulate formation of PNA and theoretically thus indirectly regulate NETs and NETs-MP formation. Indeed, NETs formation, revealed by use of electron microscope was also markedly reduced in the pancreas of IP6K1-deficient mice exposed to taurocholate. In parallel with this, taurocholate challenge increased DNA histone complexes in plasma by more than 7-fold (Figure 8 A). Whereas plasma levels of DNA-histone complexes were decreased by 81% in animals lacking IP6K1 when triggered by taurocholate. The levels of histone 3 and histone 4 in the pancreas were enhanced 52-fold and 25-fold, respectively when challenged with taurocholate, whilst the levels were low in sham animals. In IP6K1 gene-deficient mice, the increases in histone 3 and histone 4 levels provoked by AP were respectively 97% and 87%, lower than in wild-type mice (Figures 8 B-C). No differences in the number of leukocyte subtypes or platelets was observed between wild-type and IP6K1-deficienct animals. 
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Figures 8 A-C. (A) Plasma levels of DNA-histone complexes, (B) pancreatic levels of histone 3 and (C) Pancreatic levels of histone 4, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct of wild-type (WT) and IP6K1 gene-deficient (IP6K1-/-) mice
Challenge with taurocholate enhanced the amylase level, which was assessed as an indicator of tissue damage in AP, nearly 21-fold. In IP6K1-deficient-animals taurocholate-induced increase in amylase was decreased by 65% (Figure 9A). The tissue levels of MPO in the pancreas were used as an indicator of neutrophil infiltration and taurocholate increased pancreatic MPO activity by 12-fold. In mice lacking IP6K1, taurocholate-provoked pancreatic levels of MPO were however decreased by 86% (Figure 9B). 
Taurocholate not only increased amylase-expression but also formation of the chemokine CXCL1, and in parity with amylase the levels of CXCL1 significantly lower in IP6K1 gene-deficient animals after AP was induced (Figure 9C). 
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Figures 9 A-C. (A) Blood amylase levels, (B) pancreatic MPO levels and (C) pancreatic CXCL1 levels, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct of wild-type (WT) and IP6K1 gene-deficient (IP6K1-/-) mice
When the histology of control animals was examined normal microarchitecture in pancreas tissue from found, whereas taurocholate challenge caused severe destruction of the pancreatic tissue structure characterized by extensive edema, acinar cell necrosis, hemorrhage in the interstitial tissue along with massive infiltration of neutrophils (Figures 10 A-D). This taurocholate-provoked destruction of the tissue architecture was not seen in IP6K1 knock-out mice, instead, compared with wild-type mice the edema, acinar cell necrosis, hemorrhage and leukocyte accumulation caused by taurocholate were reduced by 64%, 61%, 63% and 62%, respectively, in IP6K1-deficient mice (Figures 10A-D). 
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Figure 10A-D. Histological quantification of (A) Edema, (B) Hemorrhage, (C) acinar cell necrosis and (D) leukocyte infiltration, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct of wild-type (WT) and IP6K1 gene-deficient (IP6K1-/-) mice
Furthermore, activated neutrophils accumulate in the lung and MMP-9 and IL-6 levels increase in the circulation in severe AP as part of a systemic inflammatory response (Figures 11A-C). When IP6K1 knock-out mice were exposed to taurocholate, MPO levels in the lung was attenuated by 66% (Figure 11A), plasma levels of MMP-9 by 80% (Figure 11B) and IL-6 by 90% (Figure 11C) compared with wild-type. 
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Figures 11A-C. (A)Lung levels of MPO, (B)Plasma levels of MMP-9 and plasma levels of IL-6, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct of wild-type (WT) and IP6K1 gene-deficient (IP6K1-/-) mice


Similar pattern as in the IP6K1 deficient mice, i.e. decreases NET formation, inflammation and tissue injury in AP, were seen when the IP6K1 inhibitor TNP (401) was used. More specifically TNP treatment markedly generated less NETs in the inflamed pancreas after Taurocholate-challenge compared to untreated mice.
In parallel administration of TNP in animals exposed to taurocholate were shown to reduce the levels of DNA-histone complex in the plasma by 63% and histone 3 and 4 levels in the pancreas by 68% and 67%, respectively, (Figures 12A-C). 
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Figures 12A-C. (A)Plasma levels of DNA-histone complexes, (B) pancreatic histone 3 and (C) pancreatic levels of histone 4, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct. The animals were pre-treated with either vehicle (PBS) or TNP (an IP6K1 inhibitor).
Furthermore, administration of TNP attenuated amylase by 48%, pancreatic MPO activity by 75% and CXCL1 levels by 67% in comparison with untreated mice with AP. Since the pattern so far is in line with the result seen in the IP6K1- deficient animals, hardly surprising, mice treated with TNP also exhibited less taurocholate-induced damage to the tissue of the inflamed pancreas, in terms of decreased edema, hemorrhage, acinar cell necrosis and leukocyte infiltration (Figures 13A-D).
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Figures 13 A-D. Histological quantification of (A) edema, (B) hemorrhage, (C) acinar cell necrosis and (D) leukocyte infiltration, after retrograde infusion of saline (sham) or taurocholate into the pancreatic duct. The animals were pre-treated with either vehicle (PBS) or TNP (an IP6K1 inhibitor).
Since IP6K1 is known to regulate platelet homeostasis of polyphosphate formation (27) it was hypothesized that polyphosphates play a role in the formation of NETs. As expected, in the experiments it was first noted that reduction of IP6K1 led to lower number of polyphosphates in platelets.
Furthermore, stimulation of platelets and neutrophils from wild-type mice together with thrombin resulted in significantly more DNA-histone complexes formation, in contrary to thrombin stimulation of IP6K1-deficient platelets co-incubated with wild-type neutrophils. Here a 59% reduction in DNA-histone complexes was observed. However, if, polyphosphate was added to the mixture of thrombin stimulated IP6K1-deficient platelets and wild-type neutrophils, formation of DNA-histone-complexes were restored, in a direct dose-dependent manner, further underlining that polyphosphates are involved in this process (Figure 14).
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Figures 14. DNA-histone complex formation (measured by ELISA). Wild type neutrophils were co-incubated with isolated wild-type or IP6K1-/- platelets together with or without Thrombin with or without PolyP (two different concentrations (10µM or 100µM)
Stimulation of wild-type platelets and neutrophils with thrombin also resulted in the confocal microscope findings of expulsion of DNA co-localizing with MPO and citrullinated histone 3, well matching the picture of NETs formation. No such expulsion was seen when IP6K1-deficient platelets and wild-type neutrophils were stimulated with thrombin, but when polyphosphate was added to the mixture, NETs formation reoccurred. However, even if IP6K1 affect NETosis it is not an absolute necessity.
Much of the same patterns were seen if AP was induced by i.p. injection of L-arginine, which was used as an alternative experimental model to taurocholate, in order to confirm the findings.
In much the same way as when taurocholate was used, L-arginine exposure increased NET formation in the pancreas, plasma levels of DNA-histone complexes and pancreatic levels of citrullinated histone 3 formation, furthermore, L-arginine challenge increased blood amylase levels as well as pancreatic and plasma markers of inflammation. Blocking IP6K1 in animals exposed to L-arginine with TNP significantly decreased NET formation, as well as levels of blood amylase and levels of MPO and other pro-inflammatory compounds in the pancreas and plasma. Finally, administration of TNP attenuated the pathological microscopy-findings: edema, hemorrhage, acinar cell necrosis and leukocyte infiltration in the pancreas.
The role of platelets in the pathophysiology of AP was thus further outlined in paper II since several mechanisms involving platelets were at play. 
Convincing evidence in the literature suggest that the formation of NETs is a process which is central in the development of AP (183, 402). Since it is a well establish fact, also pointed out in paper I, that platelets are involved in the recruitment of neutrophils (271, 281), it is not farfetched to think that platelets somehow are involved in the NETosis involved in AP, in a similar way to what have previously been demonstrated in bacterial (403) and viral (404) infections. Indeed, when pancreatitis was induced in mice that were depleted of platelets, it showed much lower pancreatic levels of NETs, here identified as DNA co-localized with histone 4 and elastase, compared to wild-type mice. Furthermore, it was noticed that the elevated levels of DNA-histone complexes in plasma, and the increased numbers of histone 3 and 4 registered in the pancreas after challenge with taurocholate, was markedly reduced if the platelets were depleted. Since NET-derived histones are known to have the potential of activating trypsin (183) and also of their own power cause epithelial damage (405), elevated amount of histones must be considered harmful, and consequently a reduction is something desirable. The precise trail by which platelets exert its action in the NETosis of AP is still elusive, but since TLR 4 have been reported to be involved in platelet induced NETs formation in conjunction with endotoxemia, and also as a key player in neutrophil recruitment of AP, it is rather possible, that TLR 4 is involved also in the platelet mediated NETosis of AP. This is however still just theories, and must be proven in future studies.
In the concept of NETs, another important phenomenon is the fact that NETs could interact with MPs and form so called NET-MP complexes, which are known to be of importance for thrombin generation in sepsis (257). In paper II, it was found that there were indeed increased numbers of NET-MP complexes in the inflamed pancreas after AP had been induced, and also that the amount was diminished if platelets were depleted. The MPs in these complexes could be derived as to be of both neutrophil and platelet origin. It turned out that the NET-MP complexes were much more potent then NETs alone, depleted of MPs, when it came to elevating blood amylase levels or the gene expression of Il-6, alongside with STAT-3 phosphorylation and expression of TGFβ1. Since neither the amount of NETs nor the content of histones on the NETs were diminished, but only the MPs, this indicates that the formation of NET-MP complexes is of importance in the pathophysiology of AP, in that it seems that the NETs function as a scaffold on which the MPs could be assembled. 
Since the MPs on the NETs expelled from activated neutrophils came from both neutrophils and platelets, together with the fact that neutrophils and platelets them self are known to form complexes with one another in many inflammatory conditions such as abdominal sepsis (283), pulmonary infection (400) and AP (286), it was hypothesized that platelet-neutrophil aggregates (PNA) formation in some way was conjoint with the formation of NET-MP complexes. Indeed, when P-selectin was immunoneutralized not only the formation of PNA but also the amount of NETosis were significantly decreased in animals with AP. Further notion of the presumed physical interplay was done by observations made in vitro were a mixture of neutrophils and platelets stimulated with thrombin generated marked formation of NETs, whereas this NETosis was significantly reduced in the absence of P-selectin.
In the delicate interaction of PNA formation many substances, not only P-selectin, are at play. On such substance that in several models have been reported to play a key role in this interplay, and hence in the formation of NETs from activated neutrophils, is the platelet derived enzyme IP6K1 (292). In paper II it was showed that this notion is valid also in AP. When AP was induced, the number of NET-MP complexes, histone 3 and histone 4 formation in the pancreas as well as generation of DNA-histone complexes in plasma were markedly reduced in mice lacking IP6K1. Furthermore, the MPO activity and the numbers of neutrophils in the pancreatic tissue was much lower in the IP6K1-deficient group after induction of AP compared to normal mice. This is important, since the extravasation of neutrophils constitutes the most rate-limiting step and also a direct presumption for the occurrence of NETosis. One observation that could be connected with the lower number of recruited neutrophils and hence reduced tissue damage in IP6K1 depleted animals, is that in this group there was an evident decline in the extensive production of the chemokine CXCL 1, a strong attractant of neutrophils (186), that was otherwise noted when AP was induced.
Not only was the local inflammatory response in the pancreas itself more modest, but also the otherwise blustery systemic reactions normally observed in AP were more restrained in the IP6K1 deficient mice. This was measured in terms of MPO activity in the lungs, plasma levels of Il-6 and MMP 9. This indicates that IP6K1is a key regulator of not only local, but also systemic inflammation in AP. These findings, namely reduced NETosis, ameliorated local and systemic inflammation, were corroborated in experiments were IP6K1 was block with the specific inhibitor TPN. The same observations were also done when AP was induced via an alternative method.
Obviously IP6K1 is a key player in the pathogenesis of AP, and since it was demonstrated that it is the IP6K1 originated from the platelets, not from the neutrophils that affected the development of the disease, some mechanism executed by IP6K1 in the platelets seems to be essential. One such tasks performed by IP6K1 in the platelets is the regulation of PolyPs (291), which by themself have a pro-inflammatory potential in that it could activate the kallikrein–kinin (26) and complement systems (40). In paper II it was however for the first time showed, that IP6K1 beside these other mechanisms, also, acts as a regulator of PolyPs from the platelets, directly promoted generation of NETs, and hence plays a major role in the development of AP. This is probably not limited to just AP but could be valid in a lot of other inflammatory conditions as well. It must be stated that since IP6K1 is pleiotropic in its effects on inflammation these findings do not exclude other mechanisms operating in parallel to just platelet mediated NETosis in AP. On such possible pathway could be the coagulation system in which IP6K1 is known to promote generation of bradykinin (290), that is also by itself, a powerful activator of neutrophils. Since both inflammation and coagulation are at play in AP it could be very beneficial to concomitantly target both these systems. Here could IP6K1 be a key player.
Taken together, Paper II showed that; NET-MP complexes are more potent than NETs alone when it comes to generate a more extensive inflammatory response in AP. Furthermore, the important role of platelets in generation of NETs and also in the process of NET-MP formation in AP was pointed out for the first time. It was also demonstrated that IP6K1 generated from the platelets exerts a major role in the regulation of NETosis and formation of NET-MP complexes in AP, possibly via its influence on the homeostasis of PolyPs. 
To summarize, targeting IP6K1 could be a useful strategy to attenuate both local and systemic inflammation in AP.
[bookmark: _Toc51926320]Paper III
The purpose with paper III was to examine whether the protein eCIRP plays any role in NETosis in AP.
Challenge with taurocholate increased the plasma levels of eCIRP to a 5-fold from the low baseline levels of eCIRP seen in healthy mice. Pretreatment with the eCIRP antagonist C23 decreased the levels of eCIRP in the plasma of animals with pancreatitis by 77%. Administration of C23 alone on the other hand had no effect on eCIRP levels in sham animals (Figure 1). 
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Figure 1. Plasma levels of eCIRP, after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP. 
A similar pattern was found in human patients that that were admitted to hospital with AP, were plasma levels of eCIRP was significantly increased in patients with both moderate or severe AP compared with healthy controls (Figure 2).
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Figure 2. Plasma levels of eCIRP in patients with AP. Plasma was drawn at 24–48 h after admission. 
Induction of pancreatitis with taurocholate increased plasma levels of DNA-histone complexes by 6-fold (Figure 3A). In the pancreatic tissue, levels of citrullinated histone 3 increased by more than 15-fold in mice exposed to taurocholate (Figures 3A-B), indicating that severe AP is associated with increased generation of NETs. When C23 was given prior to infusion of taurocholate, levels of citrullinated histone 3 were reduced in the pancreas by 82%. In the plasma the levels of DNA-histone complexes were lowered by 65%. This indicates that targeting eCIRP decreases NET generation in the inflamed pancreas (Figures 3A-B). This notion was further confirmed by electron microscope findings; where increased generation of extracellular fibrillar and web-like structures that co-localized with neutrophil-derived granule protein elastase as well as with citrullinated histone 3 (Figure 3B) was seen after infusion of taurocholate. These findings are all compatible with NETs formation, indicating that the AP was associated with increased generation of NETs. Notably, if the eCIRP antagonist C23 was given, the taurocholate-provoked formation of NETs was markedly reduced in the pancreas (Figure 3A). Injection of C23 alone on the other hand did not have any impact on the formation of NETs in the healthy pancreas 
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Figure 3. (A) DNA-histone complexes (B) aggregate data showing H3cit protein normalized to total protein, after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP. 
Retrograde infusion of taurocholate in the pancreatic duct increased blood levels of amylase by 8-fold compare with controls (Figure 4). Treatment with C23 generated a 58% reduction of blood amylase levels in taurocholate-induced animals, (Figure 4) whereas administration of C23 alone did not influence the blood levels of amylase in healthy mice at all (Figure 4).
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Figure 4. Quantitative measurements of blood amylase levels after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP
Histological examination revealed that taurocholate infusion triggered destruction of the pancreatic tissue microarchitecture typified by acinar cell necrosis, hemorrhage, edema formation and leukocyte infiltration (Figures 5). When C23 was given prior induction of AP the taurocholate-provoked tissue injury (Figures 5) was substantially decreased. When the tissue damage in the inflamed pancreas was quantified, treatment with C23 decreased edema by 60%, acinar cell injury by 56%, hemorrhage by 64% and neutrophil infiltration by 67%, all and all a markedly ameliorated situation.
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Figure 5. (A) edema, (B) acinar cell necrosis, (C) hemorrhage, and (D) leukocyte infiltration, after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP 


As an indicator of infiltration of neutrophils, MPO levels were measured, and it was noted that retrograde infusion of taurocholate increased the level of MPO in the pancreas by 14-fold (Figure 6A). Pre-treatment with C23 rendered a reduction by 70% of taurocholate-provoked activity of MPO in the pancreatic tissue (Fig. 6A). This is well in correspondence with the observed C23-performed reduction on the number of neutrophils in the inflamed pancreas by 67% (Figure 5D). 
Furthermore, increased pancreatic levels of both CXCL1 and CXCL2 respectively was seen when AP was induced. A3dministration of C23 however decreased the pancreatic levels of CXCL1 by 80% (fig 6B) and CXCL2 by 84% (Figure 6C). When C23 alone, without any induction of pancreatitis, was given, no impact on pancreatic levels of neither MPO, CXCL1 nor CXCL2 (Figures 5A-C) were observed in the healthy animals.
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Figures 6. Neutrophil recruitment and chemokines in the inflamed pancreas. Pancreatic levels of (A) MPO, (B) CXCL1, and (C) CXCL2
Lung levels of MPO was measured to evaluate the pulmonary accumulation of neutrophils, and hence the degree of systemic inflammatory response in severe AP. It was observed that infusion of taurocholate enhanced lung levels of MPO by 11-fold, but if the animals were pre- treated with C23 MPO activity in the lung was reduced by 62% (Figure 7). 
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Figure 7. Pulmonary levels of MPO after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP
Moreover, taurocholate infusion generated a 5-fold increase in CXCL2, a 2.5-fold elevation of MMP-9 levels and 2.4-fold rise in IL-6 levels in the plasma. However, the plasma levels of CXCL2, MMP-9 and IL-6 decreased by 82%, 67% and 63%, respectively in pancreatitis animals treated with C23 (Figures 8 A-C). 
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Figure 8. Plasma levels of (A) CXCL2, (B) MMP-9, (C) IL-6 after injection of saline (sham) or Taurocholate. Mice were treated with PBS (vehicle) or C23 before induction of AP
Furthermore, by use of scanning and transmission electron microscopy, formation of NETs containing significant levels of eCIRP was found when neutrophils were stimulated with PMA (Figure 9A). In line with the knowledge that eCIRP perform its actions by binding to the TLR4-MD2 complex, it was found that when the expressed TLR-4 of isolated acinar cells were stimulated with NETs, amylase secretion increased by 3.5-fold, and that co-incubation with C23 significantly reduced NET-induced secretion of amylase from acinar cells (Figures 9B-C).
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Figure 9. (A) Aggregate data on NET formation from PMA-stimulated bone marrow neutrophils in the presence or absence of an anti-CIRP antibody. (B) Flow cytometry showing the expression of TLR-4 in isolated acinar cells. 
(C) Amylase secretion by acinar cells- The cells were coincubation with NETs in the presence of vehicle or C23
To conclude, paper III focused on the nuclear protein CIRP (cold-inducible RNA-binding protein) that is released from the nucleus as a response to stress, and, in the intracellular milieu promotes many stress coping strategies (378). However, if the stressful situation continues and the CIRP is released in a superfluous manner, the CIRP will be expressed extracellular as eCIRP and here act as a DAMP (379). This have been noticed to be the case in AP, were it found that levels of CIRP to correlates to the grade of severity of AP (406), the same pattern was noticed in our animal model when mice were challenged with taurocholate. 
The oligopeptide C23 that is derived from CIRP has the ability to preclude the function of eCIRP by blocking the TLR4/MD2complex (369) and thus interrupting the positive feedback-loop that eCIRP promotes on its own release. In line with this it was also found that administration of C23 dramatically reduced the plasma levels of eCIRP that otherwise was clearly increased in AP.
In sepsis eCIRP have been identified as a promotor of NETs-formation via ICAM-1 induction and activation of PAD4 (380), and since NETosis is a key event in the pathogenesis of AP, it was hypothesized that eCIRP would increase generation of NETs also in AP. Indeed, retrograde infusion of taurocholate generated a marked increase in two commonly used surrogate markers of NET formation, namely DNA-histone complex in the plasma and citrullinated histone 3 in the pancreas. These indicators of NETosis were both decreases when eCIRP was blocked by administration of C23. This notion was further underlined by use of electron microscopy where neutrophil extrusion of DNA structures containing neutrophil-derived granule protein elastase and citrullinated histone 3 were increased in AP but markedly decreased after C23 was given. This all together suggests that eCIRP is involved in controlling the generation of NETs in AP. When the effect eCIRP had on tissue damage in the pancreas was further studied, findings in parallel with the above mentioned was noted, with markedly attenuated plasma levels of amylase and a more preserved microarchitecture in the pancreas if C23 was given prior to induction of AP. This notion constitutes the first evidence in the literature indicating that eCIRP plays a role in the development of AP.
Since eCIRP and NETs obviously are interconnected, in part by the fact that eCIRP controls NETosis, but also by the fact they are released by the same stressors, such as LPS, it was interested to note that they also physically interact. When NETs were induced by stimulation with PMA, it was noted that the NETs formed, was scattered with eCIRP, thus adding eCIRP to the list of NETs-associated proteins such as different histone types and HMBG1. This, further strengthened the link between eCIRP and NETs. In the same context it was noted that NETs depleted of eCIRP to a much lower extent induced secretion of amylase from activated isolated acinar cells compared to NETs not depleted of eCIRP. This suggests that NET-associated eCIRP is involved in the proteolytic activation of the inflamed pancreas.
Since it is already known that MMP-9 derived from neutrophils holds the ability to activate trypsinogen into trypsin and hence contribute to the development of AP (111). It was interesting to note that markedly reduced levels of MMP-9 were seen when C23 was administrated before the introduction of AP, hence giving yet another possible explanation to why blocking eCIRP would lead to less tissue damage and a more ameliorated course of the disease.
As have already been pointed repeatedly in this thesis extravascular recruitment of neutrophils into the pancreatic tissue constitutes the hallmark of inflammation and is considered to be the most rate limiting step (163). In the study it was noted that inhibition of eCIRP with C23 significantly reduced the otherwise, by taurocholate, elevated activity of MPO in the pancreas, indicating that eCIRP is a major regulator of neutrophil migration in the inflamed pancreas. Since this traffic to a large extent, as pointed out in paper I, is regulated by CXC chemokines such as CXCL 1 and CXCL 2, it was interesting to notice that challenge with taurocholate markedly increase the pancreatic levels of these chemokines, and that this elevation was significantly reduced if C23 was administrated. This finding suggests that eCIRP in some way are involved in the regulation of chemokine formation in the inflamed pancreas.
The same pattern was also found in the context of systemic neutrophil infiltration, here defined as pulmonary MPO activity, were there was a clear-cut increase of MPO in the lungs after AP was induced, and that this increase was diminish by C23. This indicates that eCIRP also plays a role in the systemic inflammation seen in severe AP. In line with these findings were also the observation that C23 attenuated the plasma levels of one of the indicators of systemic inflammation, namely Il-6 after AP was induced. Since the amount of Il-6 directly correlates with mortality of severe AP patients (346), this further supports the notion that eCIRP is of importance in this development.
There are, at least theoretically, a special feature of the mechanism by which C23 exert its function that could make it very interesting as a therapeutic strategy against AP. That is the fact that it seems to target a very specific eCIRP-binding site in the TLR4-MD2 receptor complex. This means that C23 will block eCIRP, but not other agonists of TLR4 such as bacterial components and thus C23 will not hamper desired and adequate anti-microbial responses. This is research that is still in its cradle, but it has been showed that C23 does not inhibit LPS- induced secretion of TNFα in macrophages, and also observations have been made that C23 binds to a special pocket of MD2 that is not a site for binding of LPS. If this turns out to be correct (these findings are not published yet), it means that C23 could block the eCIRP/TLR4-MD2 pathway, without interfering with host defense systems against infectious agents, thus constituting a very interesting way of targeting the development of AP. 
In conclusion, the results demonstrate that eCIRP regulates NETs formation, inflammation and tissue damage in AP. It also indicates that eCIRP promotes systemic inflammation in AP. Furthermore, it was found that eCIRP is a NETs-associated protein and that the eCIRP that is present on the NETs holds the ability to activate acinar cells. Finally, it was demonstrated that C23 is potent inhibitor of eCIRP and consequently of NETs-formation and inflammation in AP. Targeting eCIRP with inhibitors such as C23 might thus be an effective way to ameliorate both local and systemic inflammation in AP
[bookmark: _Toc51926321]Paper IV
Since the importance of NETs in AP is evident and there are more and more data on interlinking between NETs and the complement cascade. The purpose with paper IV was to examine if C3, which long has been expected to be involved in the pathophysiology of AP, somehow affects the formation of NETs in AP
When taurocholate was infused into the pancreatic duct, it caused a 16-fold increase in the plasma levels of DNA-histone complexes. Resembling patterns were seen in the pancreas itself, were the DNA-histone complex however was reduced by 89% in the C3 knockout group (Figure 1).
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Figure 1. Plasma levels of DNA-histone complexes after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
These notions were confirmed by experiments revealing that infusion of taurocholate increased generation of extracellular fibrillar, web-like structures co-localized with neutrophil-derived granule protein elastase and histone 3, in the inflamed pancreas, taken together the signs of NETs-presence. 
Notably, when the challenge with taurocholate was done on the C3 knock out mice, the formation of NETs in the pancreas was reduced by 84% (Figure 2). This indicates that C3 somehow plays a role in the generation of NETs in AP. 
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Figure 2. Aggregate data on NET formation in the pancreas after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice. 
Retrograde infusion of taurocholate in the pancreatic duct increased blood levels of amylase by 12-fold. In the C3 -/- mice, the increase in taurocholate-induced blood amylase levels were significantly lower compared with the wild-type group, 454 ± 96 µKat/L compared to 188 ± 68 µKat/L, corresponding with a 65 % reduction. Injection of saline into the pancreatic duct did not cause any elevation in the levels of blood amylase in ether wild type or C3-/- mice (Figure 3). 
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Figure 3. Levels of blood amylase after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
Furthermore, taurocholate infusion caused destruction of the microarchitecture in the pancreas. This was typified in microscope by: acinar cell necrosis, hemorrhage, edema formation and leukocyte infiltration. When infusion of taurocholate was performed in the C3-/- mice, there was a substantial decrease in tissue injury (Figures 4A-D) compared with the wild type group. Quantification of tissue damage revealed that the C3-/-group had 51% less edema (Figure 4A), hemorrhage was reduced by 61% (Figure 4B), acinar cell injury by 52% (Figure 4C), and neutrophil infiltration was 58% lower (Figure 4D) in the inflamed pancreas compared to pancreatic tissue of wild type mice.
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Figure 4. Histological quantification of (A) edema, (B) hemorrhage, (C) acinar cell necrosis and (D) leukocyte infiltration, after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
The MPO activity in the pancreas increased by 20-fold after infusion of taurocholate, in the C3 knock-out group however taurocholate-provoked activity of MPO in the pancreas was 74% lower (Figure 5). 
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Figure 5. Quantitative measurements of pancreatic levels of MPO, after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
This corresponds well with the observed reduction (by 70%) of neutrophils in the inflamed pancreas in the C3 knock-out mice. Additionally, challenge with taurocholate increased pancreatic levels of CXCL1 and CXCL2. The rise of the pancreatic levels of CXCL1 and CXCL2 in the C3 knock out mice were significantly lower 83% and 97%, respectively after induction of AP (Figures 6A-B). 
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Figure 6. Quantitative measurements of pancreatic levels of (A) CXCL1 and (B) CXCL2, after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
As can been seen in figure 5, 6A and 6B, administration of saline had no impact on levels of MPO, CXCL1 and CXCL2 in the healthy pancreas.
Not only local pancreatic inflammation but also systemic inflammation was studied, and as a marker of a systemic inflammatory response in severe AP, accumulation of neutrophils in the lung was used. Here it was observed that infusion of taurocholate enhanced lung levels of MPO by 30-fold in wild type mice (Figure 7). When infusion of taurocholate was performed on the C3 knockout mice the lung levels of MPO was 77% lower compared with wild type (Figure 7). 
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Figures 7. Levels of lung MPO, after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
Moreover, taurocholate infusion increased CXCL2, MMP-9 and IL-6 levels in the plasma by 85-fold, 7-fold and 28-fold, respectively. Whereas lower elevations of the plasma levels of IL-6, MMP-9 and CXCL2 (92%, 83 % and 53%, respectively) were seen in the C3 -/-group compared with wild type, when pancreatitis were induced (Figures 8A-C). 
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[bookmark: _Hlk52313311]Figures 8. Plasma levels of (A) IL-6, (B) MMP-9 and (C) CXCL2, after infusion of sodium taurocholate or saline (sham) into the pancreatic duct in wild type and C3-deficient mice.
So, in paper IV it was demonstrated, for the first time in the literature, something that has been suspected for long time, namely that C3 is directly involved in the pathophysiology of AP. We showed that C3 is contributing to neutrophil recruitment into the inflamed pancreas, and hence NETs formation and tissue damage, but also that it affects release of cytokines and chemokines and thus act as a promotor of systemic inflammation.
The observation that complement components C3 and C4 are consumed in the plasma of patients with AP was made a long time ago (407). In the same study it was also suggested that complements might play a role in some of the pathological systemic changes seen in AP. However, the general knowledge and laboratory techniques at the time did not allow further mapping of these mechanisms back then. In more recent times studies of patients with AP have showed that there are increased plasma levels of C3a and also that the severity of the disease were in correlation with this increase (317). This harmonize well with the old observations of complement consumption, since consumption of C3 will yield elevated levels of the fragments C3a (and C3b). Interestingly the same study also noted elevated plasma levels of the terminal complement complex (sC5b-9), connected with the same correlation with clinical severity of pancreatitis. This indicates that in AP the complement cascade is driven all the way to MAC-formation. The fact that trypsin could cleave complement C3 is also something that was demonstrated in the 70s (408), it is worth mentioning that in that study it was observed that C3 was much more susceptible to trypsin cleavage if pH was lowered. Taken together it is not farfetched to see a chain of events from preemptive trypsinogen activation into trypsin, that cleaves C3, thus yielding C3a (an anaphylatoxin) and C3b (an opsonin and part of C5 convertase), hence driving the cascade onwards cleaving C5 and thus generate C5a (an anaphylatoxin with strong chemoattractant properties to neutrophils), promoting neutrophil recruitment and thus NETs-formation, which will trigger further recruitment of neutrophils leading to inflammation both locally and systemically. These notions are in correlation with our findings that lack of C3 generated lower plasma levels of amylase and pancreatic MPO compare to wild type mice and also decrease in the plasma levels of the chemokines CXCL1 and CXCL2 which have been demonstrated to play a key role in neutrophil recruitment and hence the pathophysiology of AP (298, 342). Furthermore, the circulation plasma levels of Il-6, MMP-9 and CXCL2 was much lower in C3 deficient mice after induction of AP compared with wildtype. This indicate that C3 also are involved in regulating systemic inflammation in AP.
The literature concerning complement C5 and AP is complex and somewhat contradictive. For instance, mice deficient of C5 developed less tissue edema in one study (409) whereas it generated more edema in another study (410). However, these two studies used different experimental models to induce AP which makes the results hard to compare. Another issue to take under consideration is that, if C5a is extremely excessively expressed, a stop in neutrophil response will be generated (319). This might inhibit the damage mediated by neutrophils on the pancreas. In this way C5a will acts as a promotor of neutrophil-induced inflammation up to a certain point, after which C5a instead will hold anti-inflammatory abilities. This might explain the different findings.
Whether complement fragments themselves could stimulate NETosis is a matter that is to a large extent still unknown. However, the fragment C5a has beyond its capacity as a powerful anaphylatoxin, been showed to directly stimulate NETs formation from neutrophils by itself, under condition that the neutrophils were primed with interferon -α or -γ (411). Since TLRs could be triggered by endogenously produced ligands (412), it is a possible mechanism that complement fragments also could activate TLRs to yield a innate response, such as NETosis (413). Such a complement- TLR induction is possibly amplified by cytokines such as Il-6, which themselves are TLR induced that might enhance expression of receptors for C3a and C5a (414). 
Our studies however did not indicate a similar capability of C3a, at least not I vitro. But it is possible that there are priming and activation of the neutrophils at play in vivo which pushes the neutrophils into NETosis when stimulated with C3a. In our study however C3a itself was not found to be a direct stimulator of NETs formation, but a promotor of neutrophil recruitment and as such very much involved in the process of NETosis. 
The opsonizing function of C3b is another matter that could be involved in the process of NETosis. It has been showed in some bacteria models that opsonization of the bacteria with C3b promotes NETosis (306), but in sterile inflammation this has not yet been demonstrated. 
Furthermore, C3b is part of the C5 convertase of both the classical and alternative pathway and as such cleaves C5 and drives the cascade onwards (307). Furthermore, C3b is part of the C3 convertase of the alternative pathway, and thus functioning as a self-amplifier.
So, whether C3 and its cleaving products are directly involved in the process of NETosis thus remains a matter of discussion. It has been showed that blocking C3R-receptor significantly reduced production of NETs in lipopolysaccharide-stimulated neutrophils (415). Furthermore, one study by Yipp et al. demonstrated that C3 deficient PMN totally lacked both the ability of phagocytosis and NETosis even though the numbers of PMN were adequate and also that their crawling during migration were seriously impaired compared to normal PMN (228). The same study also saw that the ability of NETosis came back if serum, and thus complements (including C3) was added, underlining the importance of C3 in NETosis. It was also noted that not only C3 but also TLR 2 was needed for generating NETs, but that none of them by themselves was able to promote NETosis after activation (228). This indicates a multi-tiered regulation in which both TLR2 and C3 are inalienable, could explain why we saw no NETosis in vitro when incubating the neutrophils with recombinant C3a. In comparison it has also been noted that the C3a receptor is more important than the C5a receptor in the concept of NETosis (228). However, our findings are to some extent contradicting some of the findings in the quoted study, in that we found C3 deficient neutrophils capable of NETosis after stimulation with PMA. However, Yipp et al used a bacterial model in vivo whereas our neutrophils were stimulated with PMA in vitro making the two models hard to compare
However, our findings suggest that C3 is of importance for NETs formation in AP. Since NETs play such a significant role in the pathophysiology of AP, the reduced damage seen both locally and systemically in C3 -/- mice is not surprising. Taken together, targeting C3 for instance with Compstatin (416) a substance that binds to C3 and protects it from cleavage and at the same time prevent assembly of C3 convertase (417), could thus be an effective way to attenuate both the local and systemic effects seen in AP.


[bookmark: _Toc51926322][bookmark: _Hlk36639018]Considerations, concluding remarks, and future perspectives
The studies of this thesis have mostly been performed on murine models. The use of mice is broadly accepted in biomedical research as a model for studying pathophysiological mechanism. However, some problems must be addressed. For the first, it is not obvious that the inflammatory response observed in mice could be directly transferred to humans. This has been showed in studies were correlation of gene expressions under inflammatory conditions between man and mice were poor (418). The study showed that within the human specie the inflammatory gene expression patterns had a high degree of similarity (between 88-97%). when trauma, burn and endotoxemia were compared. However, when the gene expressions of the corresponding murine models were compared to humans, the accordance were low (47-63%). This study also saw a noticeably weak correlation between gene expression in the different murine models used. This notion underlines that there could be of great value in repeating the experiments in different separate animal models, to confirm the new findings. This was done in papers I and II. Also, the use of patient samples from humans, to verify the mechanistic findings, constitutes a valuable link between experimental findings on mice, and man.
The techniques to induce AP is also something that could be problematized. Two different well-established murine models have been used in this thesis. The primary technique has been the use of retrograde infusion of Taurocholate. This technique yields a severe form of AP that is rather easy to reproduce. However, it requires quite excessive surgery, including puncturing of the duodenum, all of which could give rise to both local and systemic inflammatory changes, that could disturb the reactions of interest. Perforation of the duodenum is also something that rises the amylase levels in the blood Furthermore, retrograde infusion of Taurocholate will undoubtfully give rise to injuries in the pancreas, however, these injuries could not solely be attributed to protease activation, which is the natural cause of most cases of pancreatitis. Even the small retrograde infusion of saline into the pancreas duct of the sham animals, gives rise to some irritation of the pancreas. emphasizing the sensitivity of the pancreas to external manipulation. To correlate this to the clinical setting it is transferable to the pathomechanism of ERCP-induced pancreatitis. This does not however constitute the major or most common  cause of AP. The causative mechanism behind L-Arginine induced AP in murine does not have any counterpart in humans, raising the question once again if the findings is transferable to man. When concluding which mechanisms that best represents the condition of interest, one often faces that certain biological processes of interest in one model might have a contrary role in another (419). 
There are also some aspects of the laboratory analysis that has to be addressed. First, to measure the amount of leukocyte infiltration into pancreas and lungs are an important assessing in AP, since it correlates to the progression of the disease (163). However, leukocytes are unevenly scattered throughout both pancreas and lungs during pancreatitis. This means that microscopic analysis and scoring of one particular part of the organ does not necessarily represent the global distribution of leukocytes in an organ. Furthermore, quantifying leukocyte infiltration in pancreas and lungs using MPO is a widely accepted method (172). This is relevant since MPO is an enzyme stored in neutrophils (420) and release during the neutrophil oxidative burst thus generating microbicidal reactive oxidants (421). However, the measurement of MPO in pancreas and lungs might very well be affected by other biochemical compounds. Firstly, since there is no assay specific for Neutrophil MPO, assessment of total peroxidase activity in a tissue will probably include both eosinophilic and monocyte derived MPO (422). This will however probably be in a rather small amounts since it is neutrophils and not monocytes or eosinophils that are the predominating cell type infiltrating tissues in an acute inflammatory response. However, since MPO assay is based on H2O2-oxidation of an artificial electron donor, several compound, for instance Fe2+ might disturb this reaction. Other potential interfering substances are: ascorbic acid, catalase and ceruloplasmin (423). In order to minimize the effect of these pitfalls, protocols for the entire procedure of MPO assessments, that for instance emphasizes the importance of flushing the lungs during tissue procurement, have been develop which has greatly reduce the sources of error (423). Another methodological problem is that to study the direct interplay between complements and NETs in vitro is difficult since serum, which is most often used as the source of complements, also contains DNase and hence could degrade the NETs possibly generated, thus complicating the interpretation (320).
Some words must also be said on the topic of pseudo coloring which could be done in order to clarify an electron microscopy image. Because the substances of interest are of such small size, something must often be done in order to illustrate their presence. Since the techniques for doing so to some extent could be interpreted as making changes in the image, this could interfere with the roles of journals that prohibits manipulation of pictures. Here more robust routines as where the line between, adding markers etc. in order to present a picture in an understandable manner, and what is consider to be manipulation and dishonesty, is actually drawn.
The methods for evaluation of NETs itself both in vivo and in vitro is also an issue that holds it specific challenges (424). The golden standard for examining NETs is still not concluded, but the use of scanning electron microscopy (SEM) seems to be considered as reliable. This is however not very easy to conduct and also it has the methodological weakness that it lacks objectivity since the it is the examiner self that has to interpret the picture, even though computer programs for image analysis could diminish this source of error. Furthermore, it could not be excluded that the fixation process could yield morphological changes that could be interpreted as NETs. Another difficulty is that it could be hard to distinguish NETs from fibrin using SEM (425). Citrullinated histone 3 is generally accepted as a specific NETs marker (426), however some cancer cells could also express citrullinated H3. Other suggested markers such as cfDNA, MPO and neutrophil derived elastase are often elevated in the presence of NETs but could not be considered NETs specific, since they could be elevated even in the absence of NETs. Flow cytometric techniques for detection and quantification for NETs is currently developing and could turn out to have great potential, however the procedures are still immature and more research is needed (424). So, concluding a golden standard and simplifying the examination of NETosis are matters for the future. 
The accumulation of neutrophils into the pancreas is the hallmark of inflammation, but also considered to be the most rate limiting step and also the most relevant process to target for therapy against AP (79, 121). This happening involves several systems that are all highly intermingled and a lot of them have, each by them self, been identified as playing a part in the development of AP. However, an Alexandrian cut that solves the entire issue is yet to be identified, and it is highly unlikely that any such mechanism will be found. Instead targeting the recruitment process and the development of inflammation at the many different points of the course of AP seems like a more credible ambition. In this thesis several different systems: platelets and hence the coagulation, neutrophil activation and NETosis, the interaction between neutrophils and platelets, expulsion of MPs, expression of nuclear products such as CIRP, and the complement system, are studied and found in some way to be involved and interconnected in the pathogenesis of AP.
Serine proteases are in the very centre of the pathophysiology of AP, since pre-emptive activation of trypsin is considered to be the starting point of the disease. Furthermore trypsin is by some even considered to be the main driving force behind development of MODS in AP (427). Other serine proteases (some of which are trypsin-like), are also known to play a direct crucial role in driving both the complement and the coagulation cascade (428). It is thus not farfetched to see that the different systems could be somewhat interconnected in one global protease system which would be very much affected by AP. Since NETs are of the outmost importance in the development of AP, inter alia by means of trypsin activation (183). The role of NETs and NETosis is therefore evident also in this context.
That the coagulation, the complement system and NETosis are somehow interlinked is getting more and more and obvious. NETs and the coagulation interplay in several manners. Neutrophils are the first cell type to arrive at sites of endothelia damage, and here they assist in initiating the coagulation. Neutrophils and NETs are also found in a great number in thrombi of both man and mice (429, 430). In different inflammatory conditions neutrophils are known to form complexes, presumably with involvement of P-selectin. This is a notion that is further underlined in paper II. These platelet-neutrophil aggregates enhanced NETs formation, possibly via expelled HMGB1 from the platelets. The precise trail is still elusive, but it could be that the close attachment between platelets and neutrophils in these complexes will bring the HMGB1 from platelets close enough to activate neutrophils via their TLR2 TLR4 or RAGE (431). Furthermore, as stated in paper I the platelets expel chemokines and thus also indirectly promotes NETs-formation in means of neutrophil recruitment. It seems that not only has the coagulation-cascade the capability of promoting NETosis, but the NETs expelled from the neutrophils has the ability to promote coagulation itself. The precise mechanisms are unknown, but several possible substances and ways of action, have been identified. First it is a possibillity that NETs function as a scaffold on which fibrin formation could occur (218). Furthermore, it is possible that since the NETs are negatively charge, they could activate FXII and thus the intrinsic pathway (432). Other substances that are proposed to be involved in the NET-induced promotion of coagulation are: P-selectin, von Willebrand factor and/or NETs -associated proteins such as NE or TF (270, 271, 432, 433). The entire field of immunothrombosis, a field that I think still is in its cradle and will be much more explored in the future, not the least due to covid-19 (434), is another mechanism that points to how closely associated the coagulation and NETs are.
The interconnection of the complement system and NETs has already been stated repeatedly in this thesis. The complements promotes NETosis through opsonization, here the fragment C3b seems to be of the outmost importance (306), but also through the effect of the anaphylatoxins C3a and C5a, which promotes neutrophil recruitment¨. The anaphylatoxins also induces upregulation of complement receptors and other immune receptors like TLRs (321). On the other hand, NET itself could activate the complement cascade. Properdin, Factor B and C3 have all been showed to be deposited on the NETs (320, 321). Since these three are the substances needed for formation of the C3 convertase of the alternative pathway, it is possible that NETs again constitute a scaffold on which the assembly of convertase and hence activation of the complement cascade could occur. Strengthening this notion is the fact that it has been showed that complement activation decreases when DNase, which disrupt the NETs, is given (320, 322). The biological relevance for why NETs holds the ability to activate the complement cascade could ultimately be the generation of the anaphylatoxins C3a and C5a in order to alert the immune system and promote neutrophil recruitment.
The interplay between the complement cascade and the coagulation is beyond the scope of this thesis. However that a close intermingling exists is something that has been known for many years (435) and the general opinion moves more and more towards regarding them not as two separate entities but as one. Some of the substances that have been showed to be involved in this cooperation are among others, thrombin, fibrin and TF (436). Platelets themselves could also hold the ability to activate and/or inactivate the complement cascade (432, 437) and, as pointed out in papers I and II, since platelets play an important role in neutrophil recruitment, a direct link between complements, platelets, neutrophil recruitment and hence NETosis also exists.
All and all, there seem to be a triangular relationship between Neutrophils and NETs, the platelets (and hence coagulation) and the complement cascade. All the details of the interplay, regulation and finetuning of this big conglomerate of systems are still to a large extend elusive, and much more research is indicated and needed. The role of neutrophil recruitment and NETs in this context must however again be underlined and, as this thesis has pointed out, some of the signalling pathways and regulation mechanisms that are at play in the development of acute pancreatitis. Even though they exert their actions in different places of the system they all in one way or the other affects the generation of NETs and hence the course of the disease. Each of these mechanisms holds the capacity to aggravate the clinical course of AP but, on the other hand targeting each of them offer opportunities to affect the disease, even though much more research is necessary before therapies and drugs based on this are available for clinical use. To find a targeted treatment against AP has proven to be very hard. The role of NETs and NETosis and its importance for the development of AP seems to be central and hence targeting the NETosis might prove to be an effective angel of approach. Since the role of NETs are gaining more and more attention in pathophysiological mechanisms for many other diseases such as cancer and autoimmunity, it is possible that treatments originally develop for treating NETosis in these conditions will prove effective also on pancreatitis. The increasing use of DNase, both in laboratory settings and in the clinic might give new insights in this matter. Other possible future concepts of treatment include many different approaches to immune modulation such as targeting the immune response (i.e. cytokines and chemokines), impair the activation of platelets, ameliorate tissue necrosis in the pancreas (by targeting or promoting interleukins), strengthening the endothelial barrier thus complicating migration of neutrophils by blocking adhesion molecules, strengthening the intestinal barrier hindering bacterial translocation and blocking steps in the complement cascade, just to mention some (438). All the mechanisms studied in this thesis each holds the potential to be possible approaches for therapy in order to ameliorate AP. However much more research is needed.
The pancreas is a very powerful organ which hold the potential to destroy itself and the body around it. Therefore, it needs to be very delicately monitored. I chose here to conclude this thesis with the words of General Sun Tzu from “the Art of war “, since my impression is that this is what the pancreas are saying to the rest of the body:
“Can you imagine what I would do if I could do all I can?” 
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1. CXCL4 play an important role in the neutrophil recruitment in acute pancreatitis, and thus in the inflammation and tissue damage. 
The CXCL4 is secreted from the platelets and exert its action probably via CXCL2.
2. Platelets are key regulators of the NETs formation in acute pancreatitis. 
The expelled NETs forms complexes with microparticles (MP) in a process that is also platelet dependent. NETs-MP-complexes generates more tissue damage and inflammation than NETs or MP would do each by the selves.
Platelets and neutrophils form aggregates, in AP. These complexes induce a more pronounced NETs formation and inflammation than neutrophils alone.
Platelet derived enzyme IP6K1 is an important promotor of NETs production and hence inflammation and tissue damage in acute pancreatitis, possibly via regulation of PolyP secretion from the platelets
3. The nuclear protein eCIRP is elevated in acute pancreatitis. C23 is a specific inhibitor of eCIRP, and treatment with C23 reduced NETs formation in acute pancreatitis. 
4. Complement component 3 (C3) plays a central role in the NET formation, inflammation and tissue damage in acute pancreatitis.
5. Targeting CXCL4, IP6K1, eCIRP and/or C3 are all possible strategies for treatment of acute pancreatitis
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Bukspottskörteln eller pankreas är kroppens näst största körtel och är belägen mycket centralt i buken. Den har flera funktioner; en endokrin som producerar hormon vilka frisätts direkt till blodbanan. Vidare har den en exokrin funktion, vilket innebär att pankreas utsöndrar sekret via kanaler till kroppens externa miljö. Hit räknas även mag-tarmkanalen. Pankreas exokrina funktion spelar en viktig roll i matspjälkningen, då den utsöndrar potenta enzymer, däribland trypsin som har till uppgift att bryta ner protein. Eftersom pankreas till stor del består av protein har körteln således förmågan att bryta ner sig själv. 
För att förebygga att så sker, utsöndras trypsin som ett inaktivt förstadium, kallat trypsinogen. Detta aktiveras till aktivt trypsin först utanför själva körteln. Om denna aktivering av någon anledning istället sker för tidigt, dvs inne i själva pankreas, kan detta leda till en inflammation i Bukspottkörteln kallad akut pankreatit (AP). Denna sjukdom är relativt vanlig och spänner ifrån en mycket mild sjukdom, som går över av sig själv inom någon dag, till ett mycket allvarligt, livshotande tillstånd. Det senare kan kräva månader av intensivvård och är förenlig med en betydande dödlighet. Då det inte finns någon riktad behandling mot pankreatit är man, som kliniker hänvisad till endast lindrande och stöttande terapi. Varför sjukdomen utvecklas så olika vet man ännu inte. Till stor del beroende på att alla mekanismerna bakom sjukdomen ännu ej är kartlagda. Detta är också orsaken till att någon specifikt riktad terapi ännu ej finns. Man vet emellertid att sjukdomsutvecklingen av pankreatit kan delas upp i två faser. Fas ett utgörs av den för tidiga aktiveringen av trypsinogen till trypsin inne i pankreas. Fas två definieras som när den typ av vita blodkroppar som kallas neutrofiler, lämnar blodbanan för att istället invadera själva bukspottkörtelvävnaden. Det är allmänt vedertaget att fas två utgör det begränsande steget i sjukdomsutvecklingen och är den fas som det är mest relevant att försöka påverka med riktad behandling mot pankreatit.
Neutrofiler är alltså en typ av vita blodkroppar, och som sådana spelar de en viktig roll i kroppens försvar. De brukar jämföras vid kroppens skyttesoldater, vilka patrullerar blodomloppet för att vid tecken på inflammation lämna cirkulationen och ta sig till det berörda området för att där utkämpa sin strid. I normalfallet är neutrofiler således till godo för kroppen eftersom de skyddar mot angrepp av sjukdomsalstrande organismer såsom bakterier. De har också till uppgift att städa bort död och gammal vävnad. Emellertid slår de ganska brett och kan därför under vissa omständigheter, så som vid exempelvis pankreatit, i stället orsaka skada. De vapen som neutrofilerna har i sin arsenal har historiskt ansetts vara fagocytos och degranulering. Fagocytos innebär att neutrofilen helt omsluter och ”äter upp” den invaderade organismen. Degranulering innebär att neutrofilen släpper ut det aggressiva bakteriedödande innehållet från sina granules, små bubblor som finns inne i cellen. På senare tid har även ett tredje ”vapensystem” identifierats, nämligen att neutrofilerna från sin cellkärna utsöndrar DNA beklätt med olika proteiner, vilket sammantaget utgör en nätlik struktur som kallat NETs (förkortning för Neutrophil Extracellular Traps). Dessa nät av NETs fångar in det sjukdomsalstrande organismerna och bryter ner dem. Även NETs har dock visat sig vara ett tveeggat svärd, som vid bl.a. pankreatit även bidrar till sjukdomsutvecklingen. I vissa fall har man funnit att NETs även bekläs med mikropartiklar, dvs små fragment från andra cellers yta. Detta tror man är av betydelse både för NETs effektivitet, men tros också ha betydelse för de fall då NETs-bildning driver på sjukdomsutveckling.
Rekryteringen av neutrofiler ut till platsen för inflammation orkestreras till stor del av ämnen som kallas cytokiner och chemokiner, vilka utsöndras från flera olika celltyper. En celltyp som har påvisats vara mycket betydelsefull härvidlag är blodplättarna eller trombocyterna. De är mest kända för sin helt centrala roll i blodets levringsförmåga, men deras betydelse inom inflammationsområdet börjar dock bli allt mer oomtvistlig. Neutrofiler och blodplättar samverkar intimt så till den grad att de till och med bildar sammankopplade cellkomplex vid flera inflammatoriska tillstånd. Detta är en delikat process där en mängd olika substanser, enzymer och även NETs tros spela in. 
Sjukdomsutvecklingen vid pankreatit är som redan antytts en mycket komplex historia, vilken till stora delar är okänd. Utöver rekrytering av neutrofiler vilket involverar flera olika signalsubstanser, samspel mellan blodplättar och neutrofiler, utsöndring av NETs samt mikropartiklar spelar här även andra faktorer in. Här kan nämnas frisättningen av proteiner från cellkärnorna i bukspottkörtelcellerna, såsom exempelvis proteinet eCIRP, samt aktivering av det så kallade komplementsystemet vilket utgör en del av det medfödda immunförsvaret. 
Målet med denna avhandling har varit att försöka kartlägga ett antal specifika substansers roll i de nyss nämnda mekanismerna, deras eventuella betydelse vid akut pankreatit, samt hur de samspelar i denna sjukdomsutveckling.
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Metod
I två väletablerade djurmodeller på mus inducerades bukspottkörtelinflammation. Djuren delades in i olika grupper och innan djuren fick pankreatit erhöll mössen i några grupper olika substanser eller antikroppar för att ta bort specifika faktorer. En del möss var framavlade med en speciell gen utslagen och saknade således en särskild egenskap. Blod och vävnad från mössen analyserades sedan avseende bl.a. hur stor lokal respektive systemisk (dvs i hela kroppen) inflammation som hade genererats i de olika grupperna. Detta gjordes dels genom att i mikroskop analysera de vävnadsskador som uppkommit med hjälp av ett på förhand definierat scoring-system. Vidare analyserade, mättes och kvantifierades de olika substanser vilka man vet är involverade i de inflammatoriska processerna. Med hjälp av elektronmikroskop kunde man identifiera huruvida NETs hade bildats och om någon skillnad förelåg mellan de olika grupperna. 
Vissa analyser av blodprover från människor vilka utvecklat akut pankreatit. gjordes för jämförelse.
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Den första studien fokuserad på en specifikt chemokin, CXCL4. Våra analyser visade förhöjda nivåer av CXCL4 vid akut pankreatit. Detta såg man både i djurförsök och vid analys av blodprov från patienter med AP. Det visade sig vidare att CXCL4 vid bukspottkörtelinflammation kommer ifrån blodplättarna. Om dessa avlägsnades med en antikropp minskade inte bara nivån av CXCL4 utan även de skador som annars uppträder såväl lokalt som systemiskt. Samma mönster kunde man se om CXCL4 specifikt avlägsnades med en antikropp. Vidare noterades att om CXCL4 försvann sjönk även halterna av ett annat chemokin, nämligen CXCL2. Det är känt att CXCL2 spelar stor roll när det kommer till rekrytering av neutrofiler. Detta är som redan har nämnts av stor betydelse för sjukdomsutvecklingen av AP. Tillsammans med andra observationer blir den sammantagna bilden att CXCL4 via CXCL2 är delaktig i sjukdomsutvecklingen vid akut bokspottkörtelsinflammation genom rekrytering av neutrofiler.
[bookmark: _Toc51926330]Studie 2
I studie nummer två noterades initialt att om man med en specifik antikropp avlägsnade blodplättarna, så minskade både mängden NETs och mängden mikropartiklar, samt att man fick en mildare inflammation såväl lokalt som systemiskt. 
Vi sökte då fördjupa oss i samspelet mellan neutrofiler och trombocyter och utröna om de vid akut pankreatit bildar tätt sammankopplade cellkomplex, så som de har demonstrerats göra vid andra inflammatoriska tillstånd. Det visade sig att så var fallet och att substansen P-selectin förmodligen är inblandad i denna process. eftersom bildandet av trombocyt-neutrofilkomplex, kallade PNA, minskade om P-selectin avlägsnades eller blockerades. Vid minskad mängd PNA sågs också en påtagligt minskad mängd NETs och följaktligen en mildare inflammation i djurmodellen. 
Nästa sak att undersöka var ifall det vid pankreatit är, så som man noterat vid andra inflammatoriska tillstånd, nämligen att det NETs som frisätts bildar komplex med mikropartiklar. Om det skulle visa sig vara fallet, påverkar det i så fall sjukdomsbilden? Våra försök avslöjade att dylika komplex bildades och vidare, att NETs tillsammans med mikropartiklar gav en mer häftig pankreatit med större vävnadsskada än vad NETs utan mikropartiklar ensamt gav upphov till. 
I blodplättarna finns ett enzym som heter IP6K1 vilket har till uppgift att reglera balansen av ämnet polyfosfat. Detta enzym har vid andra tillstånd visat sig var engagerat i bildandet av PNA. För att undersöka om så var fallet även vid akut pankreatit användes möss som saknade genen för IP6K1 och således inte hade detta enzym. Ytterligare andra möss med normal genuppsättning erhåll TNP, en specifik inhibitor (dvs ett ämne som blockerar ett annat ämne) riktat mot IP6K1. Det visade sig att vid frånvaro eller blockering av IP6K1 bildades avsevärt mindre NETs vid pankreatit, och då också en mer måttlig inflammation såväl lokalt som systemiskt. Eftersom IP6K1 reglerar balansen av polyfosfat, ett ämne som i sig själv besitter inflammationsbefrämjande förmåga, antog vi att polyfosfat på något sätt kunde vara inbladat i processen. Det visade sig att vid avsaknad av IP6K1 och således lägre polyfosfat, genererades mindre NETs, men att NETs-bildningen kunde kompenseras upp om extra polyfosfat tillfördes. Man kan således anta att utöver att vara inblandat i bildandet av PNA, är det via polyfostaregleringen som IP6K1 påverkar produktionen av NETs 
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I den tredje studien undersöktes vilken betydelse proteinet eCIRP har vid pankreatit. Det har i andra modeller för andra inflammatoriska tillstånd noterats att eCIRP är förhöjt och spelar en roll. 
För att svara upp mot yttre påfrestningar bildar celler protein vilka inuti cellerna ska bistå med viktiga funktioner och skyddsmekanismer mot det hot som cellerna utsätts för. Om belastningen är stor och eller pågår länge kommer dessa proteiner att bildas i sådan mängd att de kommer lämna cellens insida och istället finnas på utsidan. Här kommer de inte längre göra nytta, utan kan istället bidra till utveckling av olika sjukdomstillstånd. Detta gäller t.ex. proteinet CIRP som då det uppträder utanför cellen kallas eCIRP. I vår studie visade det sig att eCIRP var förhöjt vid akut pankreatit, både i djurmodellen och hos patienter. Vidare noterades att om substansen C23, vilket är ett ämne som blockerar effekten av eCIRP, gavs innan pankreatit inducerades minskade inte bara mängden eCIRP utan också mängden NETs. Detta gav upphov till en mildare pankreatit med mindre vävnadsskada, men också mindre systemiska effekter och komplikationer.
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Komplementsystemet är en del av det medfödda immunförsvaret och utgör som sådant en avgörande aktör i kroppens skydd mot olika sjukdomsalstrande organismer. Systemet aktiveras av olika stimuli via ett antal fördefinierade vägar så kallade ”pathways”, där en komplementkomponent klyver en annan komponent så att den blir aktiverad och sedan klyver nästa komponent etc. Dessa pathways går samtliga över komplementkomponent C3 varefter de följer en gemensam kaskad vilket slutligen leder fram till att det utför sin verkan mot det fientliga målet. I studie fyra var fokus att studera om komplementkomponent C3 spelar någon roll i sjukdomsutveckling vid akut pankreatit och främst då med avseende på eventuell NETs formation Det är känt sedan tidigare att komplementsystemet kan aktivera NETS formation och även vise versa att NETs kan aktiver komplementsystemet. Vidare är det ett känt faktum att trypsin, vilket spelar en nyckelroll vid pankreatit, kan klyva C3 och på så sett initiera kaskaden av komplementaktivering.
I studien användes möss vilka hade fått genen för C3 utslagen och således saknades komplementkomponent C3. Det noterades att hos dessa möss bildades avsevärt mindre NETs och följaktligen blev det en mer mild sjukdom såväl lokalt som systemiskt.
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· CXCL4 från blodplättarna är involverad i rekryteringen av neutrofilerna in i bukspottkörtelvävnaden, och spelar således en viktig roll i sjukdomsutvecklingen av akut pankreatit 
· CXCL4 utför förmodligen denna rekrytering via reglering av CXCL2
· Blodplättarna är delaktiga i regleringen av NETs-bildandet och således sjukdomsutvecklingen vid akut pankreatit
· Blodplättar och neutrofiler bildar cellkomplex med varandra vilket påverkar utsöndringen av NETs vid akut bukspottkörtelinflammation. I denna process spelar substansen P-selektin en avgörande roll.
· Vid akut pankreatit bildar NETs och mikropartiklar komplex och förekomst av sådana komplex är direkt kopplat till graden av inflammation.
· Enzymet IP6K1 från blodplättarna är en betydelsefull regulator för bildandet av NETs vid akut pankreatit, högst troligt via reglering av ämnet polyfosfat.
· Proteinet eCIRP var förhöjt i akut pankreatit och direkt involverat i inflammation, NETs-bildning och vävnadsskada
· C23 blockerar eCIRP och leder till minskad NETs-produktion.
· Komplementkomponent C3 påverkar graden av NETs-bildning och således graden av inflammation vid akut pankreatit.
· Riktade insatser mot CXCL4, IP6K1, eCIRP (med tex C23) och C3 är alla potentiellt möjliga sätt att påverka sjukdomsutvecklingen vid akut pankreatit och är således tänkbara behandlingsstrategier.
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Fig 2. (continued).

provoked damage of the tissue microarchitecture in the
pancreas (Fig 6 and Table 1) and reduced blood levels
of amylase. In addition, inhibition of CXCL4 markedly
reduced L-arginine-induced MPO levels and the
number of extravascular neutrophils in the pancreas
(Table 1) as well as MPO activity in the lung (Table 1).

CXCL4 formation in patients with AP. Our findings indi-
cated that CXCL4 formation is important in AP and
may, therefore, represent a potential therapeutic target.
Therefore, we next examined the clinical relevance of
these experimental findings in patients with AP. Serum
was drawn at admission and 24 hours after admission
from individuals with mild and severe AP. Interestingly,
it was observed that levels of CXCL4 were significantly
elevated in serum from patients with both mild and se-
vere AP compared with healthy controls (Fig 7).

DISCUSSION

This study demonstrates a new and important role of
platelet-derived CXCL4 in severe AP. Moreover, our

findings reveal key mechanisms regulating CXCLA4-
dependent accumulation of neutrophils in the pancreas
and lung in AP. These results indicate not only a central
role of platelets in AP but also suggest that targeting
CXCL4 might be a useful strategy to ameliorate tissue
damage in the inflamed pancreas.

It is generally held that platelets are critical in several
processes, such as wound healing and thrombosis, but
accumulating data also implicate platelets in the patho-
physiology of inflammatory diseases.”*” For example,
studies have documented a role of platelets in sepsis,
obstructive liver injury, allergic reactions, and AP’
A common denominator of these studies is that platelets
seem to control neutrophil activation and accumulation
at sites of tissue inflammation. For example, platelet-
derived CD40L and P-selectin have been shown to regu-
late sepsis-induced neutrophil activation and tissue
recruitment in the lung.'””® Notably, platelets are
known to contain several other pro-inflammatory sub-
stances, including a plethora of different chemokines.”” "
The most abundant chemokines in platelets are CCL5 and
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Fig 2. (continued).

provoked damage of the tissue microarchitecture in the
pancreas (Fig 6 and Table 1) and reduced blood levels
of amylase. In addition, inhibition of CXCL4 markedly
reduced L-arginine-induced MPO levels and the
number of extravascular neutrophils in the pancreas
(Table 1) as well as MPO activity in the lung (Table 1).

CXCL4 formation in patients with AP. Our findings indi-
cated that CXCL4 formation is important in AP and
may, therefore, represent a potential therapeutic target.
Therefore, we next examined the clinical relevance of
these experimental findings in patients with AP. Serum
was drawn at admission and 24 hours after admission
from individuals with mild and severe AP. Interestingly,
it was observed that levels of CXCL4 were significantly
elevated in serum from patients with both mild and se-
vere AP compared with healthy controls (Fig 7).

DISCUSSION

This study demonstrates a new and important role of
platelet-derived CXCL4 in severe AP. Moreover, our

findings reveal key mechanisms regulating CXCLA4-
dependent accumulation of neutrophils in the pancreas
and lung in AP. These results indicate not only a central
role of platelets in AP but also suggest that targeting
CXCL4 might be a useful strategy to ameliorate tissue
damage in the inflamed pancreas.

It is generally held that platelets are critical in several
processes, such as wound healing and thrombosis, but
accumulating data also implicate platelets in the patho-
physiology of inflammatory diseases.”*” For example,
studies have documented a role of platelets in sepsis,
obstructive liver injury, allergic reactions, and AP’
A common denominator of these studies is that platelets
seem to control neutrophil activation and accumulation
at sites of tissue inflammation. For example, platelet-
derived CD40L and P-selectin have been shown to regu-
late sepsis-induced neutrophil activation and tissue
recruitment in the lung.'””® Notably, platelets are
known to contain several other pro-inflammatory sub-
stances, including a plethora of different chemokines.”” "
The most abundant chemokines in platelets are CCL5 and
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