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Abstract
Background & Aims—The role of trypsinogen activation in pathogenesis of acute pancreatitis
(AP) has not been clearly established.

Methods—We generated and characterized mice with disruption in the gene that encodes
trypsinogen7 (T7; T−/− mice), the mouse correlate of human cationic trypsinogen. The effects of
pathologic activation of trypsinogen were studied in these mice, during induction of AP with
caerulein. Acinar cell death, tissue damage, early intra-acinar activation of the transcription factor
NF-κB, and local and systemic inflammation were compared between T−/− and wild-type mice
with AP.

Results—Deletion of T7 reduced the total trypsinogen content by 60%, and resulted in total loss
of cationic trypsinogen, but did not affect physiologic function. T−/− mice lacked pathologic
activation of trypsinogen, which occurs within acinar cells early during AP progression. Absence
of trypsinogen activation in T−/− mice led to near complete inhibition of acinar cell death in vitro
and a 50% reduction in acinar necrosis during AP progression. However, T−/− mice had similar
degrees of local and systemic inflammation during AP progression, as well as comparable intra-
acinar levels of NF-κB activation—which was previously shown to occur concurrently with
trypsinogen activation during early stages of pancreatitis.

Conclusions—T7 is activated during pathogenesis of AP in mice. Intra-acinar trypsinogen
activation leads to acinar death during early stages of pancreatitis, which is responsible for 50% of
the pancreatic damage in AP. However, progression of local and systemic inflammation in AP
does not require trypsinogen activation. NF-κB is activated early in acinar cells, independently of
trypsinogen activation, and might be responsible for progression of AP.

Keywords
PRSS1; pancreas; inflammatory response; regulation; protease; mouse model

Introduction
Acute pancreatitis (AP) is a necro-inflammatory disease of the pancreas with high mortality
and significant morbidity due to lack of specific therapy (1, 2). The pathogenesis of this
condition is not well understood. More than a century ago, Chiari observed activation of
digestive enzymes in the pancreas in patients who succumbed to AP and suggested that
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pancreatitis is a disease of autodigestion by prematurely activated digestive enzymes (3).
Consistent with this concept, research in the last few decades has shown intra-acinar
trypsinogen activation in the early stages of pancreatitis in experimental models (4–10) as
well as in clinical specimens (11, 12) and current research continues to focus on its
mechanism (8, 13).

In multiple models of AP, colocalization of zymogens and lysosomes has been observed at
early stages of pancreatic injury (6, 8, 9, 14–16). In these colocalization organelles,
cathepsin B activates trypsinogen to trypsin (7, 17, 18). The intra-acinar trypsin is then
believed to result in cell death eventually leading to AP. This “trypsin central” hypothesis is
based on indirect evidence using chemical inhibitors (5, 18–20) or, more recently, using
adenoviral mediated gene expression techniques (21–23), both of which have significant
limitations. Further support comes from hereditary pancreatitis associated mutations in
trypsinogen or trypsin inhibitors that lead to increased intra-acinar trypsin activity (24, 25).
However, these are at best correlational and circumstantial evidence. Currently there is no
direct and concrete experimental evidence showing that premature activation of trypsinogen
is causally responsible for the pathogenesis of AP. Further, protease inhibitors have not
proven effective in AP (26, 27). A group of investigators have suggested that intra-acinar
trypsinogen activation may even be a protective response (28–31).

In this study, we report generation of a novel knockout mice lacking mouse trypsinogen
isoform-7, a paralog of human cationic trypsinogen (PRSS1). These mice do not
demonstrate pathologic trypsinogen activation and therefore are simple yet most rigorous
tool to explore the role of intra-acinar trypsinogen activation in acute pancreatitis. Using
these novel knock-out mice, we provide important data showing that while trypsinogen
activation is important in causing cell injury early during pancreatitis, the progression of
inflammation, both local and systemic, during acute pancreatitis does not require activation
of trypsinogen.

Material and Methods
All experiments were performed according to protocols approved by the Institutional
Animal Care and Use Committee of the University of Minnesota. AP was induced by
caerulein i.p. injections at 50μg/kg/hour given 10 times. Animals were sacrificed 1 hour
after the last injection, or 30 minutes after the first injection for early time point
experiments. For further experimental and methodological details, see supplementary
material and methods section.

Mouse trypsinogens
In mice, 20 genomic trypsinogen sequences located on chromosome 6 have been identified,
numbered T1–20 (32–34). Of these, T 1, 3, 13, 14, 17, 18 and 19 are pseudogenes and T2
and 6 are relic genes (32, 34). Among the rest that are thought to be transcribed, only 4
isoforms are secreted at measurable levels by normal mouse pancreas (34). Similarly, in
humans, of 9 known trypsinogen sequences, only 3 isoforms are secreted and the rest are
pseudogenes (35). T7 isoform appeared as the best target for deletion based on careful
review of available literature on mouse trypsinogens (32–34, 36–38).

Generation of trypsinogen isoform-7 knock-out mice
The entire 3844 nucleotide long T7 trypsinogen gene together with 440 nucleotide upstream
and 386 nucleotide downstream flanking sequences was deleted by homologous
recombination and replaced with an 1710 nucleotide sequence containing the neomycin
resistance gene in embryonic stem [MK6(129S7)] cells. The targeting plasmid was
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constructed in the pKO Scrambler NTKV 1901 vector, which contains the neomycin
resistance gene for positive selection and the thymidine kinase gene for negative selection.
The 3510 nucleotide long 5′ homology arm was cloned between Kpn I and Xho I restriction
sites and the 3491 nucleotide long 3′ homology arm was cloned between the EcoR I and Not
I restriction sites. The plasmid was linearized with Xmn I digestion and electroporated into
ES cells. Clones were screened by Southern blotting with probes annealing downstream and
upstream of the 3′ and 5′ homology arms, respectively.

Three correctly targeted ES clones were identified by PCR and Southern analysis. These
clones were used in separate C57Bl/6 blastocyst injection experiments to generate high-
degree chimeric mice. Mating of the chimeric mice with C57BL/6N mice determined that
one targeted clone (B59) gave rise to germ-line transmitting chimeric mice. Tail biopsy and
Southern analysis of the subsequent agouti offspring identified F1 generation mice that were
heterozygous for the T7 mutant allele. These mice were bred to C57BL/6N wildtype mice to
establish a colony of heterozygous (T7 +/−) mice, and intercrossed to generate mice
homozygous for the targeted allele (T7 −/−). These mice were further backcrossed with
C57BL/6 strain for ten generations to obtain mice in C57BL/6 background.

Cathepsin B knock-out mice
These mice were obtained from Dr. G.J. Gores, Mayo Clinic, Rochester, MN and have been
characterized previously (17, 39).

Statistical analysis
Results are expressed as means ± SEM. Unpaired Student’s t-test or ANOVA with Tukey-
Kramer post-hoc test (> 2 groups) were used. α=0.05 and two-tailed p-values are reported.

Results
Phenotype characterization of T−/− mice

We successfully deleted trypsinogen isoform-7 (T7) gene in these novel knockout mice (T−/
−). This was confirmed by absence of trypsinogen-7 gene transcript/mRNA (figure 1a).
Probing with antibody against trypsinogen showed (figure 1b) two important results- 1)
reduction of band intensity at 26 kD in T−/− mice (this band is known to correspond to
trypsinogens based on previous studies on human and mouse (32, 40, 41)), and 2) absence of
the peptide corresponding to 17 kD band in T−/− mice. Human cationic trypsinogen exists
in two forms- single chain and double chain, and this phenomenon is specific to only
cationic trypsinogen, not observed with other trypsinogen isoforms (40–42). Under reducing
conditions, the two peptides of double chain trypsinogen (human form) separate and move
to lower molecular weight segments during electrophoresis, one of these producing a
prominent band at 17 kD (40, 41). Although this phenomenon has previously not been
studied in mouse cationic trypsinogen, based on the properties of human cationic
trypsinogen, the band observed at 17 kD in figure 1b is suspected to be T7 specific peptide
of its double-chain form. The absence of this band in T−/− mice is strong evidence
indicative of absence of cationic trypsinogen in T−/− mice.

Cationic trypsinogen is the major trypsinogen isoform accounting for 60–65% of total
trypsinogen in humans (40, 41, 43–46). Consistent with this fact, we found that the
trypsinogen content in T−/− mice was only about 40% of that in the WT mice (figure 1c).
Thus T7 isoform accounts for 60% of total secreted trypsinogen in mouse pancreas which is
absent in T−/− mice. At the same time, expression of other trypsinogen isoforms is not
altered in T−/− mice (figure 1a), and these account for 40% of total trypsinogen (figure 1c).
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T−/− mice demonstrated a healthy phenotype. Weight gain, development and gross behavior
were similar to WT mice suggesting lack of any physiological deficits. Similar secretory
response to caerulein stimulation was seen in T−/− acini and WT acini as measured by
amylase release in vitro (figure 1d) further confirming that physiological secretion is not
altered in T−/− mice.

T−/− mice lack pathologic trypsinogen activation
Intra-acinar trypsinogen activation is known to peak around 30 minutes after pathologic
stimulus in caerulein model (4). We measured trypsin activity in T−/− mice at 30 minutes
when maximal activation is expected and at later time points (2 hr and 4 hours) to exclude
any possibility of pathologic activation later. As demonstrated in figure 2a, T−/− did not
demonstrate significant trypsinogen activation at 30 minutes while WT mice showed robust
activation. At later time points, trypsinogen activation was not observed in any group.
Similar results were obtained in-vitro demonstrating absence of trypsinogen activation in T
−/− acini after supramaximal stimulation with caerulein for 30 minutes (2.3 fold activation
in WT acini Vs no significant activation in T−/− acini compared to respective control group
incubated without caerulein).

Trypsinogen activation is the earliest event starting a cascade that eventually leads to
activation of digestive enzymes present in the zymogen granules (47). To exclude the
possibility that other components of the zymogen granules may be activated independent of
trypsinogen activation, we explored the activation status of another enzyme component of
zymogen, namely chymotrypsinogen. As demonstrated in figure 2b, there was no
demonstrable chymotrypsinogen activation in T−/− mice while robust activation was
observed in WT mice. It was confirmed that total chymotrypsinogen content was similar in
WT and T−/− mice (WT: 409.95±28.41, T−/−: 382.46±45.43 (Units/mg protein), p=0.31,
n=4).

Trypsinogen activation leads to acinar cell death in-vitro
Stimulation of acinar cells from WT mice with supramaximal doses of caerulein for 3 hours
led to significant acinar necrosis demonstrated by LDH release (figure 3). Lack of
trypsinogen activation in T−/− acini abrogated acinar necrosis providing clear evidence that
intracellular trypsinogen activation is required for acinar cell death during pancreatitis in-
vitro (figure 3).

Trypsinogen activation is responsible for half of pancreatic injury during acute
pancreatitis

From figure 3, it is clear that intracellular trypsinogen activation leads to acinar cell death.
To explore the contribution of this mode of acinar cell death in the pancreatic damage
observed in acute pancreatitis, pancreatic necrosis during acute pancreatitis was compared in
the presence (WT) and absence of trypsinogen activation (T−−). As shown in figure 4,
absence of trypsinogen activation (T−/−) led to 50% reduction in necrosis suggesting that
trypsinogen activation is responsible for half of local pancreatic damage during acute
pancreatitis. Given that trypsinogen activation leads to acinar cell death at early time-points
in-vitro (figure 3), these data (figure 4) together suggest that trypsinogen activation
contributes to pancreatic injury during early stages of pancreatitis.
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Trypsinogen activation is not required for progression of local and systemic inflammation
during AP

The extent of local inflammation was analyzed by measuring MPO activity in the pancreas
which provides an estimate of the degree of neutrophil infiltration. Surprisingly, T−/− mice
showed similar extent of local inflammatory response as compared to WT mice (figure 5a).

Similarly, inflammatory response in the lungs during acute pancreatitis has been classically
used as a marker of systemic inflammatory response. Absence of trypsinogen activation in T
−/− mice had no effect on the extent of systemic inflammation demonstrated by similar
degree of neutrophil infiltration (figure 5b) and histological changes in lungs (figure 5d–e)
of WT and T−/−mice.

NFkB is activated early during AP independent of trypsinogen activation
Activation of NFkB is an early event in pancreatitis paralleling trypsinogen activation (19,
48). However the relationship between these two early events has been a matter of hot
debate (19, 49–51). Figure 6a shows activation of NFkB in the presence (WT) and absence
(T−/−) of trypsinogen activation during in-vivo pancreatitis. To establish that NFkB
activation was indeed taking place in the acinar cells, we conducted experiments using
acinar cell preparation in-vitro. As demonstrated in figure 6b, caerulein supramaximal
stimulation led to NFkB activation in acinar cells from WT as well as T−/− mice. The use of
cathepsin B knockout mice (CB−/−) which have been previously shown to lack significant
trypsinogen activation provided parallel evidence (figure 6a and b, last 2 lanes). IkBα
degradation immediately follows NFkB activation and reduction in IkBα levels to similar
extent in WT and T−/− mice (figure 6c) further confirms that intra-acinar NFkB activation
during acute pancreatitis is independent of trypsinogen activation.

Discussion
In this study, we report generation of a novel knockout mice lacking trypsinogen isoform-7
(mouse paralog of human cationic trypsinogen (PRSS1)) and have characterized its
phenotype. Using this novel and simple yet rigorous tool, we show that cationic trypsinogen
is the isoform that is involved in pathologic intra-acinar activation during acute pancreatitis,
and explore the role of this pathologic process. We establish that intracellular trypsinogen
activation leads to acinar cell death during early pancreatitis and this process is responsible
for half of eventual pancreatic injury in acute pancreatitis. The progression of local and
systemic inflammation during acute pancreatitis does not require trypsinogen activation to
occur. We further show that NFkB is activated in acinar cells early during pancreatitis
independent of trypsinogen activation and this may be responsible for local inflammation
contributing to the remainder of pancreatic injury and for the development of the widespread
systemic inflammatory response. Based on these data, we propose a novel paradigm for the
pathogenesis of acute pancreatitis (figure 7).

The findings of this study challenge the century old trypsin-central dogma of pancreatitis.
Ever since the observation of Chiari (3) more than a century back, pancreatitis has been
considered as an autodigestive process resulting from premature activation of digestive
enzymes in the acini triggered by activation of trypsinogen. We show that while trypsinogen
activation is important, it is only a partial player. It leads to acinar cell death as conceived in
the trypsin-central paradigm. However, it is responsible for only half of eventual pancreatic
damage thus contesting the belief that pancreatitis is merely an autodigestive phenomena.
The fact that markers of local and systemic injury during pancreatitis were not affected by
the absence of trypsinogen activation underscores the importance of so far under-appreciated
trypsin-independent events in acute pancreatitis.
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Recently, Gaiser et al (52) demonstrated that expression of active trypsin in pancreas was
sufficient for induction of AP. In this study, a rat anionic trypsinogen PRSS2 construct was
modified to result in continuous intra-acinar expression of moderate-low levels of active
trypsin, diverging from the known pattern of transient but high level trypsin activation
which was an important limitation of this model. Nevertheless, the conclusions from this
model represent important advance in this field although it raises a very fundamental
dilemma- whether trypsin activation is a prerequisite for AP? Our findings clearly establish
that trypsinogen activation is required for early pancreatic damage during AP. However, the
mechanism of trypsin induced cell death may be more complex than as yet widely believed
autodigestive phenomenon and remains to be explored further.

Previous studies have shown reduction in pancreatic injury with inhibition of trypsinogen
activation using cathepsin B inhibitors (18, 20), in cathepsin B knockout mice (17) or using
protease inhibitors (27). Notably, significant pancreatic injury was persistent in these studies
consistent with our findings (17, 18, 20). Further, levels of MPO in the pancreas and lungs
remained unaffected in some of these studies (17, 18, 20). Though suggestive, these
experiments lacked concrete interpretability due to lack of a direct trypsin-specific genetic
model or by off-target effects of chemical inhibitors (17, 18, 20, 27). Another study
observed lack of correlation between the extent of trypsinogen activation and pancreatic
injury in cathepsin L knockout mice which have much higher trypsinogen activation but
significantly reduced pancreatic injury (30). Based on this, an alternate hypothesis was put
forward suggesting trypsinogen activation may even have a protective role during
pancreatitis by degrading trypsin(ogen) and possibly other proteases thus preventing or
retarding activation of intra-acinar digestive enzymes (28–31). These much debated
questions in the pathogenesis of pancreatitis have been definitively answered in the present
study.

It has been generally accepted that trypsinogen activation is the first step ultimately
triggering the cascade of other digestive enzyme activation both in physiological conditions
in the duodenum and in the pathological process within the acini (47). However, some
investigators have suggested the possibility that some digestive enzymes may be activated
independent of trypsinogen activation. The finding that chymotrypsinogen activation was
completely abrogated in the absence of trypsinogen activation in T−/− mice (figure 1c)
confirms that trypsinogen activation is indeed the key step during intra-acinar zymogen
activation.

The relationship between key early events- trypsinogen activation and NFkB activation has
been well-debated for over a decade (19, 48–51, 53–58). One study reported inhibition of
NFkB activation in-vitro using non-specific protease inhibitors, hence concluding that
trypsinogen activation is essential for NFkB activation (51). However, adenoviral mediated
expression of active trypsin in acinar cells in-vitro failed to induce NF-kB activation (22). In
this study, presence of early NFkB activation of comparable magnitude in the presence (WT
mice) and absence (T−/− mice) of trypsinogen activation (figure 6) both in-vivo and in-vitro
clearly establishes that intra-acinar NFkB activation is independent of trypsinogen activation
during pancreatitis.

Intra-acinar NFkB activation has been previously shown to result in local pancreatic damage
as well as systemic inflammation (53, 54). Thus NFkB activation may be the key early event
responsible for progression systemic injury and the trypsin-independent component of local
injury observed in T−/− mice. This is further supported by another important study which
demonstrated partial reduction in acinar necrosis during pancreatitis in mice lacking p50 unit
of NFkB (p50−/−) (55). Though this study lacked quantification, the observed reduction of
acinar injury in p50−/− mice is directly attributable to NFkB activation. But the persistent
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acinar injury may be accounted for by trypsinogen activation, consistent with our findings.
In contrast, NFkB-related component of injury is persistent while trypsin-dependent
component of acinar injury is absent in T−/− mice. Although activation of other
inflammatory cascades have been described in AP and may theoretically lead to trypsin-
independent and NF-kB independent injury which need to explored in further studies, these
pathways are generally known to be minor players compared to NFkB pathway.

Another important highlight of this study is the establishment of cationic trypsinogen as the
trypsinogen isoform that is involved in pathologic activation during AP. The association of
gain of function mutations exclusively in the cationic trypsinogen isoform (PRSS1) with
hereditary pancreatitis was suggestive but no direct proof existed until now of the role of
various trypsinogen isoforms in pancreatitis (24, 25, 35, 59). Sahin-toth et al (41) compared
activation and degradation kinetics of cationic trypsinogen with anionic trypsinogen in
calcium and pH simulating physiology (as in duodenum) as well as in pathology. In
physiological conditions, both demonstrated similar behavior (41) implying that anionic
trypsinogen is as functional as the cationic isoform for physiological function. This is well
demonstrated by observation of intact physiology in T−/− mice further indicating anionic
trypsinogen is in fact sufficient for physiological functions. This is not totally surprising
given the known huge functional reserve of the exocrine pancreas.

In contrast, the behavior of major trypsinogens is very different in pathologic conditions. In
conditions simulating colocalization compartments, activation of anionic trypsinogen was
considerably inhibited relative to cationic trypsinogen while the autocatalytic degradation of
anionic trypsinogen and trypsin derived from it was 10–20 folds higher (41) indicating that
cationic trypsinogen and its trypsin are important players in pathological conditions. In fact,
upregulation of anionic trypsinogen reported to occur in pancreatic diseases (45, 46, 60)
could be a protective response to limit enzyme activation (41) although upregulation of
anionic trypsinogen has also been cited to argue otherwise (52). Using knockout approach,
we report that the absence of cationic trypsinogen abrogates pathologic trypsinogen
activation, thus clearly establishing that cationic trypsinogen is the isoform that is involved
in pathologic intra-acinar enzyme activation during pancreatitis. The slower activation
kinetics of anionic trypsinogen and much faster degradation of its trypsin in pathologic
conditions also explain lack of pathologic trypsinogen activation in T−/− mice despite
presence of non-cationic trypsinogens. Other alternate possibilities could be prompt
inactivation by trypsin inhibitors (in fact, we found that SPINK-3 levels were not altered in
T−/− mice, data not shown) and potential differences in affinity for cathepsin B mediated
activation. These biochemical aspects need to be explored in future studies.

In conclusion, we have established that cationic trypsinogen is the isoform involved in
pathologic activation and this leads to acinar cell death during early pancreatitis. Progression
of inflammation in acute pancreatitis is independent of trypsinogen activation. NFkB
activation is a key early event independent of trypsinogen activation and may be responsible
for progression of local and systemic inflammation. These findings redefine our current
understanding of the pathogenesis of pancreatitis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AP Acute pancreatitis

T7 Trypsinogen isoform-7

T−/− trypsinogen isoform-7 knock out mice

PRSS1 Protease Serine 1

WT wild type

NFkB Nuclear Factor kappa B
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Figure 1. Characterization of T−/− mice
A) Absence of trypsinogen isoform-7 gene in T−/−mice: The mRNA transcript of
trypsinogen isoform-7 gene is absent in T−/− mice while the expression of other isoforms of
trypsinogen is not affected (n=8 each group). B and C) Reduction of total trypsinogen in
T−/− mice: The 26kD band in T−/− lane is significantly reduced in intensity signifying
reduction in total trypsinogen (B). On quantification (C), there was 60% reduction of total
trypsingoen in T−/− mice as compared to WT (n≥3 for each group). The 17kD band (B) is
suspected to be cationic trypsinogen/T7 specific peptide (from its double-chain form) based
on studies on human cationic trypsinogen (40, 41), and its absence in T−/−mice strongly
suggests the absence of cationic trypsinogen in T−/− mice. See text for further details. D)
Dose response curve for amylase secretion in response to caerulein in-vitro. WT and T−/
− acini demonstrate similar secretory response on stimulation with indicated concentrations
of caerulein for 30 minutes. Data pooled from three experiments.
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Figure 2. T−/− mice lack pathologic trypsinogen activation
A) Trypsinogen activation was measured at indicated time points after caerulein (50μg/kg
i.p. every hour). For controls and 30 minutes, n=12–15 per group, pooled from 3
independent experiments. N=6 per group for 2 hour and 4 hour points. p<0.0001 for WT
controls Vs WT 30 minutes and for WT 30 minutes Vs T−/−30 minutes. p>0.90 for all other
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pair-wise comparisons. B) Chymotrypsinogen activation is dependent on trypsinogen
activation and is absent in T−/− mice. Chymotrypsin activity was measured 30 minutes
after caerulein (50μg/kg i.p.). N=10–13 per group, pooled from 2 independent experiments.
p=0.007 for WT control Vs WT caerulein; p=0.02 for WT caerulein Vs T−/− caerulein.
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Figure 3. Cell death in response to caerulein supramaximal stimulation is abrogated in acini
from T−/− mice
LDH activity was measured in the supernatant after 3 hours of incubation with or without
100nM caerulein and data were normalized to protein content in each well. The data are
expressed as percentage of LDH release in the absence of caerulein. N=6 per group, each
well in triplicate. p=0.003 WT caerulein Vs T−/− caerulein group.
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Figure 4. T−/− mice demonstrate about half of acinar necrosis Vs WT mice during acute
pancreatitis
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Acute pancreatitis was induced by caerulein (50μg/kg i.p. every hour for 10 hours). A–C:
representative pictures at 10x field (H and E stain). A) normal pancreas from saline injected
mice. B) Presence of significant degree of acinar injury, edema and neutrophil infiltration in
wild type mice. C) Less acinar injury in T−/− mice. D) Quantification of necrosis by
morphometry. N=18 per group from 3 independent experiments. p<0.00001 for WT AP Vs
T−/−AP.
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Figure 5. Comparable local and systemic inflammation during acute pancreatitis in WT and T−/
− mice
Neutrophil infiltration in (A) pancreas (n=18 per group from 3 independent experiments)
and (B) lungs (n=12 per group from 3 independent experiments). C–E: Representative
pictures of lungs at 10x field (H and E stain). C) control, D) WT and E) T−/− mice with
pancreatitis, demonstrating similar parenchymal damage, edema and inflammatory infiltrate
in the lungs.
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Figure 6. NFkB is activated early in parallel but independent of trypsinogen activation during
acute pancreatits
A and B: NFkB activation was assessed by EMSA. A) NFkB is activated in the pancreas of
mice receiving caerulein (50μg/kg i.p.) as assessed after 30 minutes. Pictures are
representative of results from 3 independent experiments. B) NFkB activation in acinar cells
in-vitro. Acini from WT, T−/− and CB−/− mice were incubated with or without 100nM
caerulein for 30 minutes. Pictures are representative of results from 3 independent
experiments. C) IkBα degradation demonstrated in the cytosolic fraction of pancreas from
mice (WT and T−/−) after 30 minutes of caerulein injection (50μg/kg i.p).
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Figure 7. A simplified schematic describing the pathogenesis of acute pancreatitis
Intra-acinar trypsinogen activation and NFkB activation are activated independently and in
parallel early during pancreatitis. Trypsinogen activation contributes to acinar injury during
early pancreatitis, which accounts for about half of total pancreatic damage. NFkB
activation, known to be associated with several inflammatory diseases, leads to production
of inflammatory mediators which elicits severe local inflammation causing further
pancreatic damage (the other half of the pancreatic damage). The production of
inflammatory mediators from acini as well as from incumbent inflammatory infiltrate leads
to the widespread systemic inflammation during acute pancreatitis.
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