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4. INTRODUCTION:

Pancreatitis is an inflammatory disease of the pancreas that causes significant morbidity and mortality.
Pancreatitis occurs in acute and chronic variants. Acute pancreatitis especially due to alcohol and smoking goes
onto chronic pancreatitis which, in turn, has the highest proportional risk for pancreatic cancer of any known
environmental risk factor. Because only a relatively small portion of patients with alcohol abuse and smoking
develop pancreatitis, it is very likely that there are genetic underlying predisposing factors that have not been
discovered that explain why certain individuals develop pancreatitis. A genetic defect in the trypsinogen gene
(PRSS1 gene) causing hereditary pancreatitis is now well established. We developed a transgenic mouse using
a Bacterial Artificial Chromosome harboring the full-length human PRSS1 with the key mutation of hereditary
pancreatitis (PRSS1R'?2H).  Wwith this novel model, we will test our central hypothesis that
physiological/environmental factors interact with PRSS1R'22H to activate the trypsin-endoplasmic reticulum (ER)
stress- inflammation axis and cause both acute and chronic pancreatitis and progression to pancreatic cancer.
Targeting the ER stress and inflammatory cascade will be beneficial for pancreatitis prevention and therapy. We
expect that this study will elucidate fundamental mechanisms of pancreatitis and provide a preclinical platform
for testing potential therapies.

5. KEYWORDS:
Pancreatitis, acute pancreatitis, chronic pancreatitis, hereditary pancreatitis, alcohol abuse, smoking,
inflammation, cell death, endoplasmic reticulum stress.

6. ACCOMPLISHMENTS:

6.1. Major goals of the project (Cedars-Sinai Medical Center site):
The major goals described in the approved SOW remain the same.

Specific Aim 2: Determine the role of PRSS1R??H and alcohol/smoking in the development of pancreatitis.
Subtask 1: Test the hypothesis that mutant PRSS1 expression cooperates with ethanol and smoke
extract NNK to induce increased trypsin activity and pancreatic acinar damages.

Subtask 2. Test the hypothesis that PRSS1R122H will sensitize the pancreas to ethanol and NNK-
induced pancreatitis.

6.2. Accomplishments under the goals stated in the approved SOW

Subtask 1: Test the hypothesis that mutant PRSS1 expression cooperates with ethanol and smoke
extract NNK to induce increased trypsin activity and pancreatic acinar damages. Timeline, 18-36 months

During the second funding Year, we continued working on the combined effects of ethanol and cigarette
smoking extracts on the pathobiology of the pancreatic acinar cell. This work was included in our recent
publication in Gastroenterology.! We reported that ethanol + a mixture of cigarette smoking compounds (CSE)
promote acinar cell death in isolated mouse and rat acinar cells. Acinar cell death is associated with oxidative
stress, ER stress and dysregulated ER stress responses. Moreover, CSE decreases levels of the UPR regulator
and transcription factor XBP1. Reduction of XBP1 levels in acinar cells, by using XBP1 genetic deficient mice or
XBP1 inhibitors, is associated with exacerbated ER stress, upregulation of cell death signaling, acinar cell
damage, and loss of secretory capacity.™ ? In addition, and in collaboration with Dr. Wilson and Dr Apte
(University of New South Wales, Australia), we studied whether smoking exacerbates pancreatitis responses in
a rat model of alcoholic pancreatitis. In this model, pancreatitis manifests when alcohol feeding is accompanied
by repeated administration of lipopolysaccharide (LPS), a bacterial product that promotes inflammation and can
be elevated in the circulation of heavy drinkers due to increased gut permeability.® The results of this study are
included in our publication in Gastroenterology.! Briefly, we found that in the absence of LPS, ethanol feeding
and smoking either alone or in combination induced minor pathological changes in pancreas. Similarly, LPS
administration alone was insufficient to cause inflammation. However, ethanol feeding significantly induced
pancreatic damage when co-administered with LPS and, notably, smoking further increased the severity of
pancreatitis in alcohol-fed, LPS challenged rats. Thus, we observed increases in histologic scores for
inflammatory cell infiltration, fibrosis, acinar cell vacuolization and cell death (necrosis + apoptosis), These
histological changes were accompanied by ER stress and reduced number of digestive enzymes in acinar cells
(evidenced by electron microscopy) and, importantly, dysregulation of adaptive ER stress responses. These
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findings in vivo were similar to those found in cultured acinar cells treated with ethanol and smoking extracts.
Taken together, the data indicates that our in vivo model recapitulates the acinar cell pathology and loss of
adaptive cellular responses we observed in acinar cells in culture.> 2 However, it is important to note that in our
in vivo model, ethanol feeding and smoking, (whether) alone or in combination decrease the threshold for
pancreatitis, but by themselves are insufficient to induce acinar cell pathology. In this model, LPS administration
is needed to initiate the inflammatory process that is further exacerbated by ethanol intake and smoking. Similar
inflammatory input may be required in humans for initiation of pancreatitis since only a small percentage of heavy
drinkers and smokers develop pancreatitis.

We next studied whether genetic mutations in the trypsinogen gene (PRSS1-R122H) sensitize the pancreas
to ethanol and smoking-induced pancreatitis. We recently performed a systematic review of published literature
and meta-analysis on the role of human PRSS1 p.R122H mutation in hereditary and non-hereditary chronic
pancreatitis (CP); this report has been recently published in Gastroenterology Research Practice.* We found that

A B overall, the PRSS1 p.R122H mutation is
23 5] awr 20 Lt significantly associated with an increased
ZEY arizzH + | oE 15 eR12zM T risk of CP. In particular, the p.R122H
© 0 3 x O 1 1
® 2 ¥ G O T T i i i ;
o T 27 1 mutation is strongly associated with the
EC: . .o 25 10 e . ; ;
%E 1{ga d L =3 increased risk of hereditary CP and
£35 o 3o - - - - weakly, but still significantly associated
o0 R CSE  cSes with non-hereditary CP, both idiopathic or
EtOH alcoholic CP. Consistent with these data,
& . . .
Figure 1. Ethanol and smoking in combination increased cell death and trypsin activity in We found that !n pancreat]c acinar cells
R122H acinar cells. (A) Acinar cells isolated from wild-type (WT)and R122H mice were kept |SO|ated fr‘om mice expressmg the human
untreated (C) or treated for 3 h with ethanol (EtOH, 50 mM) or cigarette smoke extract (CSE, 40 : :
ng/mi) alone or in combination. A subset of cells were also treated during the last 30 min with pR122H mUt?‘tlon (R122H mICE), ethanol
CCK to induce trypsinogen activation. (B) Acinar cells were incubated for 24 h with the indicated in combination with CSE augments
agents. Cell death was assessed by measuring Propidium iodide uptake (PI). Data are means * i i i i
SEM, 2 6: 0.0 ve contror pathologlca_l trypsinogen activation
induced by inflammatory input (high doses

of cholecystokinin, CCK; Figure 1A). Moreover, R122H acinar cells were more susceptible to death when treated
with ethanol+CSE than wild-type cells (Figure 1B).

Subtasks 2: Test the hypothesis that PRSS1-R122H will sensitize the pancreas to ethanol and NNK-
induced pancreatitis. Timeline, 1-24 months

We next performed in vivo studies to determine whether long-term ethanol feeding in combination with
smoking induces pancreatitis in R122H mice. Seventeen wild-type (WT) and seventeen R122H mice were
randomly allocated into two diet groups: the control diet group was fed a liquid Lieber-DeCarli control diet, and
the ethanol diet group was fed a isocaloric liquid Lieber-DeCarli diet containing ethanol (36% of calories provided
by ethanol). Mice were on diets for 5 consecutive weeks. During the last 2 weeks, a subset of mice was treated
with the nicotine metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK, 100 mg/kg body weight; once
per day, 3 times per week), a tobacco-specific nitrosamine, and the rest of mice were treated with saline as
vehicle control. Mice were euthanized at
EWTC e WTCNNK B e L RIZIHCNNK the end of the 5-week feeding period and

*T] e-RI2ZHE  —R122HE-NNK tissue samples were taken for analyses.
Mice in all groups had similar body weight
at the beginning of the diets and before
initiating NNK treatment. As shown in
Figure 2A, ethanol feeding alone (WT-E

-0.2

group) did not induce body weight changes
Figure 2. Compared to wild-type (WT) mice, body weight loss was higher in R122H mice fed : . .
ethanol diet and treated with the smoking compound NNK. WT (panel A) and R122H (panel B) in WT mice. In these mice, NNK treatment

mice were fed control (C) or ethanol-containing diets (E) for 5 weeks. During the last 2 weeks, a (WT-C-NNK group) led to body weight
subset of mice were treated with the nicotine metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone (NNK, 100mg/kg body weight; once per day, 3 times per week). Graphs show body weight IOSS1 and this effect was greater when NNK
changes during the last two weeks on diets. Day 1 indicates the initiation of NNK treatment. Data was administered to ethanol-fed mice

are means of 3:5 mice per group. (WT-E-NNK group). In contrast, ethanol
feeding alone (R122H-E group; Figure 2B) induced body weight loss in R122H mice, and this effect was
significantly increased by administration of NNK (R122H-E-NNK group). These data indicate that R122H mice
are more susceptible to the toxic effects of long-term ethanol feeding and smoking.
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Figure 3. Combination of ethanol feeding and NNK administration altered protein
levels of the trypsinogen inhibitor SPINK1 and Cathepsin B in pancreas of R122H
mice. Wild-type (WT) and R122H mice were fed ethanol-containing diets (E) and treated
with NNK as indicated in Figure 2. Graphs show pancreatic protein levels, as determined by
Western blotting analysis, of human trypsinogen, SPINK1, phosphorylated STAT-3 and
Cathepsin B. Data are means + SD, n=3-5; *p<0.05 vs. R122H-NNK.

We next examined whether ethanol and
NNK treatments affect pancreatic protein
levels of trypsinogen and its physiological
inhibitor serine protease inhibitor Kazal-type 1
(SPINK1) in pancreas of WT and R122H mice.
We also measured protein levels of Cathepsin
B, a protease that promotes intracellular
trypsinogen activation into trypsin during
pancreatitis, and protein levels of STAT-3, a
transcription factor that mediates cellular
responses to inflammatory stimuli. As shown
in Figure 3, R122H mice, but not WT mice,
expressed the mutated form of human
trypsinogen  (htrypsinogen). Interestingly,
levels of SPINK 1 were elevated in NNK-
treated R122H, but significantly decreased

after ethanol+NNK treatments. Moreover, ethanol+NNK treatments led to significant upregulation of cathepsin B

in R122H mice, an effect that together
with the observed low levels of SPINK

A Mice were fed Lieber-DeCarli ethanol diet

may sensitize these mice to pathological 22 saine

trypsinogen activation. We also found in
these mice a mild increase in protein

levels of phosphorylated STAT-3

suggesting activation of inflammatory § 2608 1 TNFa
pathways after ethanol feeding and NNK 8 se.08 |
treatment. Despite these observed 5 1E08 |
effects, ethanol feeding alone or in | 2*%]
combination with NNK treatment induced E TR wr Rizn
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only minor pancreas pathology in R122H
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or WT mice (not shown). These results
are consistent with our previous study
using rats,! indicating that inflammatory
stimuli are required to unveil the toxic
effects of ethanol feeding and smoking on
pancreatic acinar cells.

Figure 4. Alcoholic pancreatitis in WT and R122H mice. Mice were fed Lieber-DeCarli
ethanol-containing diets for 5 weeks. Then, pancreatitis was induced by administration of 6
hourly intraperitoneal injection of low doses of cerulein (20 pg/kg). Pancreatic tissue samples
were collected 1 hour after the last cerulein injection. (A) H&E-stained pancreatic tissue sections
from mice treated with saline (control) or cerulein. As shown in the right panel, inflammatory cell
infiltration (blue arrow) was greater in cerulein-treated R122H mice than in WT mice (middle
panel). Saline-treated mice showed normal parenchyma. (B) Pancreatic expression levels of the
cytokines TNF-q, IL-6 and IL-1.

To further characterize the effects of long-term ethanol feeding in R122H mice, we used a mouse model of
alcoholic pancreatitis induced by low doses of cerulein (20 pg/kg). Cerulein at these low doses has minor effects

WT mice R122H mice

saline

cerulein

pancreas and necrotic acinar cells.

Figure 5. Pancreas of R122H mice display high numbers of
infiltrating inflammatory cells and necrotic acinar cells during
the acute phase of cerulein pancreatitis. 6-7 week-old mice were
administrated 7 hourly intraperitoneal injections of saline or 50
Hg/kg cerulein to induce acute pancreatitis. Tissues were collected 1
h after the last injection. Panels show H&E-stained pancreatic
tissue sections; arrows indicate inflammatory cells infiltrating the

on pancreas of control-fed mice but induces an
inflammatory reaction in ethanol-fed mice. As shown in
Figure 4A, we found that ethanol feeding in the absence
of cerulein treatment (R122H-saline group) did not induce
histologic damage in pancreas of R122H mice. However,
after cerulein treatment, pancreas displayed edema and
inflammatory cell infiltration, effects that were exacerbated
in ethanol-fed R122H compared to ethanol-fed WT mice.
Consistent with these data, we found increased expression
of inflammatory cytokines in pancreas of R122H mice
compared to WT mice (Figure 4). In sum, our data support
the concept that the p.R122H mutation predisposes to
pancreatitis, and heavy drinking together with appropriate
inflammatory stimuli may trigger a severe form of
pancreatitis in individuals expressing this trypsinogen
mutation .

We next initiated studies to investigate in detail the
effects of the pR122H mutation in acute and recurrent
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pancreatitis, and whether the pR122H mutation predisposes to chronic pancreatitis. WT and R122H mice were
subjected to one or two episodes of cerulein pancreatitis, and inflammatory responses were assessed during
the acute phase of pancreatitis (1 h after the last cerulein injection) and during the recovery phase (2 days after
the last cerulein injection). Pancreas tissue samples were analyzed to determine pancreatic edema and
microscopic morphology, expression of the human trypsinogen mutation and pathological trypsin activity, acinar

cell death and inflammatory
A rypsinactii B . signaling. Figure 5 illustrates
o0 inactivity PINK1
o 15! pancreas morphology at the
. g : w acute phase of pancreatitis (one
5o 50 T episode of pancreatitis). Both
Ba L % o H M & WT and R122H mice treated with
o —. TR e e saline control (Figure 5A-B)
C saline cerulein saline cerulein d | d | ti
- 1B e ISplayed a normal pancreatic
'2 0.000007 Il-s 0.000007 1 1 i 1
8 oo TNFa i s I ey T parenchyma enriched in acinar
g% Doooz oo cells organized in small acini.
$ o a B o o EES . - Cerulein administration induced
£ T w | wan wr a2 wr | s wr R12zH e | ran wr Razzs in WT m|Ce pancreatic edema,
saline cerulein saline cerulein saline cerulein . . g .
Figure 6. Trypsin activity and cytokine expression in pancreas of wild-type (WT) and R122H mice mfIammatory cell infiltration and
during the acute phase of cerulein pancreatitis. WT and R122H mice received 7 hourly acinar cell damage (Flgure 5C);
intraperitoneal injections of saline or 50 ug/kg cerulein to induce pancreatitis. Tissues were colected | and these effects were greatly
durlng. thg acute phasg of p_arlwcreatltls.(1 h after th_e last _ceruleln |nje_ct|on). (A) Compared to WT mice, augmented in R122H mice
cerulein-induced trypsin activity was significantly higher in R122H mice. However, mRNA levels of the . icul
trypsin inhibitor SPINK1 were lower in cerulein-treated R122H mice (B). (C) mRNA expression levels of (Flgure 5D)- In partlcu _ar,
TNF-q, IL-6 and IL-13 were higher in cerulein-treated R122H mice than in WT mice. Data are means =+ pancreas of R122H mice
SD, n=3-5; *p<0.05. displayed extensive acinar cell

necrosis and a dense
inflammatory cell infiltrate rich in neutrophils. In addition, we observed in cerulein-treated R122H mice a
significant increase in intrapancreatic trypsin activity that was concomitant with a reduction in SPINK1 expression
(Figure 6A-B). Moreover, pancreatic levels of inflammatory cytokines including TNFa, IL6 and IL13 were higher
during the acute phase of pancreatitis in R122H than in WT mice (Figure 6C).

R122H mice subjected to recurrent episodes of cerulein pancreatitis displayed a severe form of pancreatitis
during the acute phase (Figure 7). Trypsin activity increased in these mice by almost 10-fold over basal,
compared to a 3-fold increase in WT

A B Saline phase | __re mice, and pancreas of R122H mice
1200 oo 8 -+ X exhibited an extensive inflammatory
ZE 1000 WR12H s E cellinfiltrate rich in neutrophils and also
gg 800 = monocytes/macrophages (not shown).
D o In addition, we observed differentiation
g £ of acini into ductal structures (acinar-
= T ;
g ] ductal—metapIaS|a)_, a phenomenqn
acute phase recovery & also observed in human chronic
Histology score- acute phase . Histology score- recovery pancreatitis. Interestingly, pancreas
WT IR122H 1 mWT =mR122H i
" recovery was impaired in R122H mice.
31 As illustrated in Figure 7B, two days
5 ] after cerulein administration the
pancreatic parenchyma was greatly
" recovered in WT mice, although few
0 inflammatory cells were still present in
Inflammation  edema cell death Inflammation  edema cell death interlobular areas. However pancreas
Figure 7. Pancreas damage in wﬂd-type and R122H mice during recurrent cerulein pancreatltls. f R122H mi till hibit d' t .
WT and R122H mice were subjected to two episodes of acute cerulein pancreatitis (2 days apart). O 'mlce stll ex I_ ltea exiensive
Tissues were collected during the acute phase and the recovery phase (2 days after the second inflammation, loss of acinar cells, poor
episode of pancreatitis). (A) Compared to WT mice, pancreatic trypsin activity was significantly higher H H
in R122H mice both during the acute phase and during recovery. (B) H&E-stained pancreatic tissue ac_lnar cell regeneratlon and A[_)M
sections from mice treated with saline (control) or cerulein (acute and recovery phases). As shown in | (Figure 7B-C). Moreover, expression
the panels, pancreas recovery after cerglein-induced damage_ was markedly im_pa_ired'in R122H mice. levels of cytokines including IL6 and
(C) H&E-stained pancreatic tissue sections were scored for inflammatory cell infiltration, edema, cell TNF . d | t d d . th
death, and acinar-ductal metaplasia (ADM). Graphs show means = SD, n=4-5; *p<0.05. a remained elevaie uring €

recovery phase in R122H mice,
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indicating unresolved inflammation (Figure 8). In these mice, we also found increased levels of the cell-death

signal regulators RIPK1 and RIPK3

A Figure 8. Expression levels of P
= 0.0002 IL6 0.00000: TNFa inflammatory cytokines and necrotic durmg bOth the acute and t_h_e
2 ooooze] W WT P . mmwr markers in pancreas of wild-type and | €COVery phase of pancreatitis
gom‘ R122H LT —L Rizzd  R122H mice during recurrent cerulein (Figure 88)
g *T isiiad pancreatitis. WT and R122H mice were )
Y 3 e * subjected to two episodes of acute cerulein .
Z 00000 00001 - pancreatitis (2 days apart). Tissues were Taklng together, our data
£, : | 0. e collected during the acute phase and the H H
Saline aﬁ:;ee recovery Saline aﬁ:;eerecovery recovery phase (2 days after the second ConflrmS our hypotheSIS tha.t
B P P episode of pancreatitis). (A) Compared to PRSS1-R122H sensitize the
140 4 RIPK3 s0 1 RIPK1 WT mice, pancreatic mRNA levels of IL6 .
c =120 -‘xzm -:'-TZZH and TNFo were significantly higher in pancrea_s to aICOh_O_IIC anq non-
7 S0 i] R122H mice, both at the acute phase and | alcoholic pancreatitis. During the
29 during recovery. (B) Similarly, expression .
&;: levels of the cell-death signal regulators next . fundmg . year . we are
gé‘w Receptor Interacting  Serine/Threonine planr“ng to investigate the
s * Kinase (RIPK) 1 and 3 were elevated in . .
% & 2(; i :T R122H compared to WT mice. Graphs show meCha.n.lsmS underlyl ng these
" Saline ~ acute recovery Saline acute recovery Means = SD, n=4-5; *p<0.05. sensitizi ng effeCtS.
phase phase
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All individuals indicated as personnel in the project submission.

b. Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the
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Title: Statins prevent pancreatic diseases through mitophagy activation
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mitochondrial pathways.
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Aims: Aim 1. Determine the effects of simvastatin treatment in vitro and in vivo on expression of sXBP1
and pathways of mitophagy in acinar cells of the pancreas using human and murine acinar cells.
Aim 2. Determine the effect of the simvastatin treatments on Ca2+ signaling and mitochondrial
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