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Exenatide Induces Impairment of Autophagy Flux
to Damage Rat Pancreas

Zhigiang Li, MD,* Lihua Huang, PhD,} Xiao Yu, PhD,* Can Yu, MD,* Hongwei Zhu, MD,* Xia Li, MD, }
Duo Han, MD,* and Hui Huang, MD*

Objectives: The study aimed to explore the alteration of autophagy in rat
pancreas treated with exenatide.

Methods: Normal Sprague-Dawley rats and diabetes-model rats induced
by 2-month high-sugar and high-fat diet and streptozotocin injection were
subcutaneously injected with exenatide, respectively, for 10 weeks, with
homologous rats treated with saline as control. Meanwhile, AR427J cells,
pancreatic acinar cell line, were cultured with exenatide at doses of 5 pM
for 3 days. The pancreas was disposed, and several sections were stained
with hematoxylin-eosin. Immunohistochemistry was used to measure the
expressions of glucagon-like peptide 1 receptor (GLP-1R) and cysteine-
aspartic acid protease-3 in rat pancreas, and Western blot was used to
test the expressions of GLP-1R, light chain 3B-I and -II, and p62 in rat
pancreas and AR42]J cells. The data were expressed as mean (standard
deviation) and analyzed by unpaired Student's #-test.

Results: Exenatide can induce pathological changes in rat pancreas.
The GLP-1R, p62, light chain 3B-II, and cysteine-aspartic acid protease-3
in rat pancreas and AR42J cells treated with exenatide were significantly
overexpressed.

Conclusions: Exenatide can activate and upregulate its receptor, GLP-
1R, then impair autophagy flux and activate apoptosis in the pancreatic
acinar cell, thus damaging rat pancreas.
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s an analog of human glucagon-like peptide 1 (GLP-1),

which was authorized firstly to treat type 2 diabetes mellitus,
exenatide can bind to the GLP-1 receptor (GLP-1R) of pancreatic
islet B-cells to promote the secretion of insulin and effectively
control the blood glucose level. However, since 2008, when an ar-
ticle published in the New England Journal of Medicine reported
that exenatide might induce acute pancreatitis,' there emerged
many reports about this adverse effect, which hampered its appli-
cation to treat type 2 diabetes mellitus patients.> Therefore, it is
very important to explore the correlation between exenatide and
the exocrine pancreas. Our previous studies found that long-
term application of exenatide can induce chronic pancreatitis in
Sprague-Dawley (SD) rats® rather than acute pancreatitis. To
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explore its mechanism, our group further conducted animal exper-
iments and found that exenatide may activate the pancreatic stel-
late cell to induce rat pancreatic tissue fibrosis,® but Nakamura
et al” showed that the pancreatic stellate cells treated by GLP-1R
agonist cannot be activated in vitro, so the pancreatic stellate cell
of rats treated with exenatide may be activated by other factors,
such as cytokines released from pancreatic acinar cells (PACs),
which may be the main reasons to induce chronic inflammation
change of the pancreatic tissue. Gier et al® found that exenatide
can induce pancreatic ductal cell proliferation and pancreatic
intraepithelial neoplasia, which may activate the trypsinogen in
the PAC to induce pancreatitis by the obstruction of ductal out-
flow. The trypsinogen activated in the PAC by impaired autophagy
flux, which can induce chronic atrophic pancreatitis in mice
shown by Diakopoulos et al,” is the initial factor to start the pan-
creatitis.'” So, we hypothesized that long-term application of
exenatide may induce the impairment of autophagy flux in the
PAC, which then damages pancreatic cells to release certain cyto-
kines and thus activates pancreatic stellate cells to induce pancre-
atic tissue fibrosis. In this study, we preliminarily explored the
change of autophagy in the rat pancreatic cell.

MATERIALS AND METHODS

Animals

Animal experimental protocols were approved by the Uni-
versity Animal Care and Use Committee of the Association for
Assessment and Accreditation of Laboratory Animal Care. Fifty
male SD rats (Hunan Slacjingda Lab Animal Inc, Changsha, China)
weighing 180 to 210 g were housed separately in cages in a room
with constant temperature and humidity and a 12-hour light-dark
cycle throughout the experimental period. Rats were adapted to
the environment for 3 days with free access to water and food.

Establishment of the Diabetes-Model Rats

Thirty rats were randomly selected for the diabetes model.
After the rats had adapted to the experimental room environment,
we measured their fasting plasma glucose levels and took the
mean of results as the normal reference value. Then, these rats
were fed with a high-sugar and high-fat diet for 2 months, and sub-
sequently were injected intraperitoneally with a dose of 35 mg/kg
streptozotocin (Sigma, St. Louis, Mo) as previously reported.® Af-
ter 72 hours, we measured the fasting blood glucose level 3 times
and took the mean level that was greater than 16.7 mmol/L as the
criteria for successful establishment of the diabetes-model rats.
Then, we divided the diabetes-model rats into 2 subgroups, namely
the diabetes-model exenatide-injected group and the diabetes-
model control group. The fasting plasma glucose level of the rats
was measured weekly after induction of diabetes to exclude any
rats that had glucose levels less than 16.7 mmol/L for 3 times
continually from the diabetes-model rat group. During the estab-
lishment of the diabetes-model rats, 20 normal SD rats were
fed normally and 2 months later were divided into 2 groups, namely
the normal control group and the normal exenatide-injected group.
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Exenatide Treatment and Specimen Collection

After the diabetes-model rats were established, all rats had
free access to water and were fed quantitatively. The rats in the
normal experimental group and diabetes-model experimental
group were injected subcutaneously with exenatide (GL Biochem
Shanghai Ltd, Shanghai, China) at a dosage of 5 pg/kg at 8:00 A.M.
and 6:00 PM. of each day, 1 hour before feeding. The rats in the
normal control group and the diabetes-model control group were
treated with normal saline through subcutaneous injection at an
identical volume. All rats were weighed once weekly so that the
dosage can be adjusted in a timely manner according to the weight
and treated with exenatide or normal saline for 10 weeks. At the
end of the experimental period, all rats were injected intraperitone-
ally with 10% chloral hydrate at a dose of 3 mL per 1 kg (body
weight) to anesthetize them. Five rats in each group were chosen
randomly to perform thoracotomy on to expose the heart and were
perfused with 300 to 450 mL 4% paraformaldehyde solution via
the left ventricle until the liver color turned yellow, then the
pancreases were harvested and kept in the 4% paraformaldehyde
solution. For the other rats of each group, the pancreases were
collected directly and each one was divided into 2 pieces,
then 1 piece was kept at —80°C and the other kept in the 4%
paraformaldehyde solution.

Cell Culture and Treatment

As previously reported,'! PAC line AR427 cells, purchased
from American Type Culture Collection (Manassas, Va), were
grown in F-12 K medium with 2 mM L-glutamine, 250 pg/mL
amphotericin, 100 units/mL penicillin, 100 pg/mL streptomycin,
and 20% fetal bovine serum at 37°C under a humidified condition
0f 95% air and 5% CO,. Cells were plated at a density of approx-
imately 10° cells/mL in 12-well plates. Morpholino antisense or
missense control was added separately to the culture media at
20 uM. Cells were then cultured with exenatide at doses of 5 pM
for 3 days before treatment for molecular detection.

Histology

The specimens of pancreas kept in the 4% paraformaldehyde
solution were paraffin-embedded and sliced with a thickness of
5 um, and then the slices were stained by hematoxylin and eosin
(HE) and examined under a light microscope.

Immunohistochemical Staining of Cysteine-Aspartic
Acid Protease-3 and GLP-1R

The pancreatic tissue from the rats that were perfused
with 4% paraformaldehyde solution via the left ventricle were
sliced, and immunohistochemistry was carried out using indirect

immunoperoxidase detection with primary antibody: rabbit anti—
cysteine-aspartic acid protease-3 (caspase-3) polyclonal antibody
(19677-1-AP; Proteintech, Chicago, Ill) or anti-GLP-1R antibody
(ab39072; Abcam, London, UK). Five no-repeated vision fields
under a 400x light microscope were selected on the same
section, and the cell with brown granular staining within the
cytoplasm was defined as the positive cell, to calculate the
number of positive cells in each microscope field and to analyze
statistically the mean and standard deviation.

Western Blot

The pancreatic tissues kept at —80°C or cultured AR42J
cells were lysed and centrifuged, then the proteins were extracted
from the supernatant, separated by electrophoresis, transferred to
polyvinylidene difluoride membranes, and probed by antibodies.
The antibodies were microtubule-associated protein light chain
3B (LC3B)-specific antibody (18725-1-AP, Proteintech), p62/
SQSTM1 antibody (18420-1-AP, Proteintech), anti-GLP-1R anti-
body (ab39072, Abcam, UK) and -actin antibody (60008-1-Ig,
Proteintech) as loading control. Densitometric analyses were con-
ducted with Quantity One software (BIO-RAD, USA- Hercules,
CA) and data were expressed in arbitrary units.

Statistical Analysis

The data were expressed as mean (standard deviation) and
were analyzed by unpaired Student 7 test using SPSS 18.0 statis-
tics software (SPSS China, Shanghai, China). A P value less than
0.05 was considered to be statistically significant for all tests.

RESULTS

The HE Staining of Pancreatic Tissues

The pancreatic tissue from 9 rats (4 from the normal
exenatide-injected group and 5 from the diabetes-model exenatide-
injected group) showed pathological changes such as gland
structure damage, pancreatic cell atrophy, and cell compartment
broadening. The pancreatic tissue in the normal control group
and the diabetes-model control group did not show pathological
changes (Fig. 1).

The GLP-1R Immunohistochemistry

The GLP-1R-stained cells could not be seen in the exocrine
pancreas in the normal control group and diabetes-model control
group. But, in the normal exenatide-injected group and diabetes-
model exenatide-injected group, GLP-1R staining was seen in
the PACs, and the staining was obvious. The numbers of GLP-
IR immunohistochemical-positive cells of the pancreatic tissue

FIGURE 1. Representative images of the pancreatic tissue HE staining in 4 groups. A, Normal control group. The pancreatic tissue showed
no lesions. B, Normal exenatide-injected group. The gland structure damage, pancreatic cell atrophy, and cell compartment broadening
can be seen clearly (arrow). C, Diabetes-model exenatide-injected group. The pancreatic tissue lesions such as gland structure damage,
pancreatic cell atrophy, and cell compartment broadening were apparent (arrow). D, Diabetes-model control group. The pancreatic
tissue showed no lesions. Magnification x100.
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FIGURE 2. Representative photographs of the pancreatic tissue GLP-1R immunohistochemistry (left panel) and statistical evaluation of the
counts of GLP-1R-stained cells (right panel). A, Normal control group. The GLP-1R-stained cells (brown) almost could not be seen in the
exocrine pancreas. B, Normal exenatide-injected group. The GLP-1R staining was seen in the PACs and the staining was obvious. The counts
of GLP-1R-stained cells in this group were higher than the normal control group (*P = 0.000). C, Diabetes-model exenatide-injected group.
The GLP-1R staining in the PACs was apparent. The counts of GLP-1R—stained cells in this group were higher than the diabetes-model control
group (**P=0.000). D, Diabetes-model control group. Stained cells almost could not be seen in the exocrine pancreas. Magnification x400.

in the 2 exenatide-injected groups were more than their respective
control groups, and the differences were statistically significant
(P <0.05) (Fig. 2).

The Caspase-3 Immunohistochemistry

Only a few pancreatic cells showed Caspase-3 staining in
the normal control group and diabetes-model control group.
But, in the 2 exenatide-injected groups, the stained cells ap-
peared more, and the staining was more obvious especially
in the diabetes-model exenatide-injected group. The counts of
caspase-3 immunohistochemistry-positive cells in the pancreatic

tissue of the diabetes-model exenatide-injected group were higher
than the ones of the normal exenatide-injected group; the differ-
ence was statistically significant (P < 0.05) (Fig. 3).

Western Blot Test of Pancreatic Tissue

Western blot showed that the expressions of LC3B-II, p62,
and GLP-1R in rat pancreatic tissues of the normal exenatide-
injected group and the diabetes-model exenatide-injected group
were higher, and the LC3B-I protein level in rat pancreatic tissues
of the 2 exenatide-injected groups was lower than their respective
control groups. Through densitometric analysis, the LC3B-II level
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of the counts of caspase-3-stained cells (right panel). A, Normal control group. Immunohistochemistry showed a few caspase-3—stained
cells (arrow) and the caspase-3 staining was thin. B, Normal exenatide-injected group. Caspase-3 staining was seen in the PACs and the
staining was obvious. The counts of caspase-3-stained cells (arrow) in this group were higher than the normal control group (*P=0.011).

C, Diabetes-model exenatide-injected group. The caspase-3 staining in the PACs was apparent. The counts of caspase-3-stained cells (arrow)
in this group were higher than the diabetes-model control group and the normal exenatide-injected group (**P=0.001, C vs D; ***P=0.022,

C vs B). D, Diabetes-model control group. A few caspase-3—stained cells (arrow) could be seen in the exocrine pancreas. Magnification x400.
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FIGURE 4. The protein levels of LC3B-I, LC3B-Il, p62, and GLP-1R in pancreatic tissues of SD rats by Western blot method and the
densitometric analysis of LC3B-II level relative to LC3B-I, p62 and GLP-1R level relative to B-actin. A. Normal control group. The expression of
LC3B-I was higher than LC3B-Il level. B. Normal exenatide-injected group. The expression of LC3B-Il was higher than LC3B-I level, and the
expression of p62 and GLP-1R in pancreatic tissues of this group was higher than the normal control group. Densitometric analysis showed that
the ratios of LC3B-Il to LC3B-l, p62 to B-actin, and GLP-1R to B-actin in this group were higher than the normal control group (*P = 0.000,
*#4p = 0.013, ***+*+P = 0.002 respectively). C. Diabetes-model exenatide-injected group. The expression of LC3B-Il was higher than LC3B-I, and
the expression of p62 and GLP-1R in pancreatic tissues of this group was higher than the diabetes-model control group. Densitometric analysis
showed that the ratios of LC3B-Il to LC3B-I, p62 to B-actin, and GLP-1R to B-actin in this group were higher than the diabetes-model control
group (**P =0.000, ****P = 0.025, respectively). D. Diabetes-model control group. The expression of LC3B-I was higher than LC3B-I| level.

relative to LC3B-I, p62 level relative to 3-actin, and GLP-1R level
relative to [3-actin were higher in pancreatic tissue of rats treated
with exenatide than the control (Fig. 4).

Western Blot Test of PAC

Western blot in PACs showed the same results as the rat
pancreatic tissue: that the expressions of p62, LC3B-II, and
GLP-1R in the pancreatic cell treated with exenatide were higher.
Through densitometric analysis, the LC3B-II level relative to
LC3B-I, the p62 level relative to (3-actin and GLP-1R level rela-
tive to 3-actin were higher in PAC treated with exenatide than the
control (Fig. 5).

DISCUSSION

In this study, after being treated with exenatide, pathological
changes occurred in the pancreatic tissue of 4 normal SD rats and
5 diabetes-model rats such as gland structure damage, pancreatic
cell atrophy, and cell compartment broadening, which conformed
with our previous experimental findings. Our previous experi-
ments using the scanning electron microscope found that the
change of pycnosis was characteristic of apoptosis in PACs of rats
treated with exenatide. To know whether apoptosis is activated in
pancreatic cells of rats administered by exenatide, we used immu-
nohistochemistry to test the expression of caspase-3, which is
an essential downstream-effector caspase for all kinds of pathways
to induce apoptosis,'? and found that the expression of caspase-3
was upregulated in the pancreatic tissue of normal rats and
diabetes-model rats with long-term treatment of exenatide. Thus,
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the long-term treatment of exenatide may induce pancreatic cells
to apoptosis and atrophy, which leads to chronic injury of the pan-
creatic tissue. However, the way that exenatide induces pancreatic
cells to apoptosis is not still clear.

Exenatide is a kind of GLP-1R agonist and plays its biologic
role through combining with GLP-1R of cells. In the normal pan-
creatic tissue of rats, GLP-1R expression was detected mainly in
pancreatic 3-cells and was not detected in PACs, the expression
of GLP-1R in the PACs was upregulated in the pancreas of
humans and rats with chronic pancreatitis,” and exenatide can pro-
mote apoptosis of human pancreatic cancer cells by activating
GLP-1R." In this study, we found that GLP-1R expression was
also present in the PACs of rats treated with exenatide, which
means that exenatide may upregulate the expression of GLP-1R
in the PACs and induce PACs to apoptosis by combining with
the GLP-1R of PACs.

Diakopoulos et al’ found that impaired autophagy flux can
induce the PACs to apoptosis and chronic atrophic pancreatitis.
This study aimed to detect the expressions of autophagic markers
LC3B and p62 to show the change of autophagy in pancreatic
cells. The LC3B, the mammalian homolog of yeast Atg8, is in-
volved in autophagosome formation during autophagy. In immu-
noblotting, LC3B is detected as 2 bands: the one above represents
LC3B-I, which mainly exists in the cytoplasm when autophagy
is not activated, and the other one below is LC3B-II, which is con-
jugated with phosphatidyl ethanolamine and is located in the
autophagosomal membrane.” When the cell is stimulated by star-
vation, stress, some pathophysiological factors, and so on, autoph-
agy will be induced in the cytoplasm and many autophagosomes

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. The expressional levels of LC3B-I, LC3B-II, p62, and GLP-1R in PACs by Western blot methods and the densitometric analysis
of LC3B-II level relative to LC3B-I, p62, and GLP-1R levels relative to B-actin. The ratio of LC3B-Il to LC3B-I in the PACs treated by exenatide
was higher than the saline group (*P = 0.004), which means that exenatide can activate autophagy in the PACs. However, the expression
of p62 protein (which is degraded by the autophagic flux) in the PAC of exenatide group was higher than the saline group (**P = 0.000).
The expression of GLP-1R (with which exenatide binds to play its activity) in the PAC treated with exenatide also was higher than the

saline group (***P = 0.001).

are formed; meanwhile, LC3B-I in the cytoplasm will conjugate
with phosphatidyl ethanolamine on the autophagosomal mem-
brane to form LC3B-II, which is present on the autophagosomal
membrane, then the autophagosome will fuse with a lysosome
for degradation of the sequestered materials. The processing of
autophagy is termed as autophagy flux, which will be impaired
because of blockage of autophagosome-lysosome fusion or lyso-
some dysfunction to make autophagosome accumulate and vac-
uolization of the cell. Examining the cytosolic LC3B-II/I ratio is
a quantitative method for monitoring autophagy in the cell, and
the LC3B-II/I ratio will increase when autophagy is induced.'*'>

An alternative method for monitoring the autophagic flux is
measuring p62 degradation.'® The p62 is a kind of a ubiquitin-
binding protein, which can recognize and bind with ubiquitinated
proteins in protein aggregates, damaged mitochondria, and perox-
isomes, shut them into autophagosomes by binding LC3B-II, and
then degrade them by lysosomal enzymes.’ Thus, the expression
level of p62 could be an indicator of autophagic degradation,
and the accumulation of p62 can indicate the autophagy suppres-
sion or inhibition of autophagic degradation.'”!

In this study, the LC3B-II/I ratio and the expression level of
p62 in the rat pancreatic tissue of the exenatide-injected group
and diabetes-model exenatide-injected group were significantly
higher than their respective control groups, but there were no sig-
nificant differences between the 2 exenatide-injected groups and
the 2 control groups. Thus, long-term treatment of exenatide
may induce autophagy, but induced autophagy cannot degrade
p62 adequately, which meant that autophagy flux was impaired.
To verity it, the PACs were cultured with exenatide at doses
of 5 pM for 3 days, and similar results were gained. Impaired
autophagy flux can lead to accumulation of autophagosomes or
autolysosomes and vacuolization of cells, which conformed to

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

our previous experimental findings that the rat PAC vacuoles in-
creased in the exenatide-injected group. Impaired autophagy flux
cannot fully degrade certain cytoplasmic constituents, which ac-
cumulate to damage the cell. Diakopoulos et al® found that the ac-
cumulation of p62 could promote apoptosis by activating the
Nrf2/Nqo1/p53 signaling pathway. So, impaired autophagy flux
may be the mechanism of pancreatic cell apoptosis and tissue at-
rophy, which deserves further research. Some researchers found
that impaired autophagy can lead to cytokine release from the
PAC by activating the p62-TRAF6-NFkB pathway,'*** and cer-
tain cytokines can activate the pancreatic stellate cells to drive
pancreatic fibrosis.>! These can interpret our previous findings
that long-term administration of exenatide may lead to the activa-
tion of the pancreatic stellate cells, which cannot be directly acti-
vated by exenatide.” Thus, the impaired autophagy flux may be
the main mechanism of pancreatic tissue pathological changes
found in our research. However, the mechanism of how the bind-
ing of exenatide with the GLP-1R of PACs induces the impaired
autophagy flux is not clear, which deserves further study to elab-
orate. And, the reason of the autophagy flux impairement in the
PAC treated with exenatide will be next focus of research to get
a target to prevent the pancreas of patients treated with exenatide
from being damaged.

REFERENCES

1. Ahmad SR, Swann J. Exenatide and rare adverse events. N Engl J Med.
2008;358:1970-1971.

2. Elashoff M, Matveyenko AV, Gier B, et al. Pancreatitis, pancreatic,
and thyroid cancer with glucagon-like peptide-1-based therapies.
Gastroenterology. 2011;141:150-156.

www.pancreasjournal.com | 87


http://www.pancreasjournal.com

Lietal Pancreas e Volume 46, Number 1, January 2017
3. Singh S, Chang HY, Richards TM, et al. Glucagonlike peptide 1-based 12. Kitazawa M, Anantharam V, Kanthasamy AG. Dieldrin induces apoptosis
therapies and risk of hospitalization for acute pancreatitis in type 2 by promoting caspase-3-dependent proteolytic cleavage of protein kinase
diabetes mellitus: a population-based matched case-control study. Cdelta in dopaminergic cells: relevance to oxidative stress and
JAMA Intern Med. 2013;173:534-539. dopaminergic degeneration. Neuroscience. 2003;119:945-964.
4. Faillie JL, Babai S, Crépin S, et al. Pancreatitis associated with the use 13. Zhao H, Wei R, Wang L, et al. Activation of glucagon-like peptide-1
of GLP-1 analogs and DPP-4 inhibitors: a case/non-case study from the receptor inhibits growth and promotes apoptosis of human pancreatic
French Pharmacovigilance Database. Acta Diabetol. 2014;51:491-497. cancer cells in a cAMP-dependent manner. 4m J Physiol Endocrinol
5. Yu X, Tang H, Huang L, et al. Exenatide-induced chronic damage of Metab. 2014;306:E1431-E1441.
pancreatic tissue in rats. Pancreas. 2012;41:1235-1240. 14. Kadowaki M, Karim MR. Cytosolic LC3 ratio as a quantitative index
6. Yang Y, Yu X, Huang L, et al. GLP-1R agonist may activate pancreatic of macroautophagy. Methods Enzymol. 2009;452:199-213.
?t;ilf;tz c;(l)lls to induce rat pancreatic tissue lesion. Pancreatology. 2013; 15. Mizushima N, Yoshimori T. How to interpret LC3 immunoblotting.
STETE Autophagy. 2007;3:542-545.
7. Nakamura T, Ito T, Uchida M, et al. PSCs and GLP-1R: occurrence in . .
normal pancreas, acute/chronic pancreatitis and effect of their activation 16. Bjerkey G, Lamark T, Brech A. p62/SQSTMI form§ protein
by a GLP-1R agonist. Lab Invest. 2014;94:63-78. aggrggatfes fiegraded by autophagy and has a protective effect on
) ) ) ) huntingtin-induced cell death. J Cell Biol. 2005;171:603—614.
8. Gier B, Matveyenko AV, Kirakossian D, et al. Chronic GLP-1 receptor
activation by exendin-4 induces expansion of pancreatic duct glands in rats 17. Wang QJ, Ding Y, Kohtz DS, et al. Induction of autophagy in axonal
and accelerates formation of dysplastic lesions and chronic pancreatitis in dystrophy and degeneration. J Neurosci. 2006;26:3057-8068.
the Kras(G12D) mouse model. Diabetes. 2012;61:1250-1262. 18. Nakai A, Yamaguchi O, Takeda T, et al. The role of autophagy in
9. Diakopoulos KN, Lesina M, Wérmann S, et al. Impaired autophagy cardiomyocytes in the basal state and in response to hemodynamic
induces chronic atrophic pancreatitis in mice via sex- and stress. Nat Med. 2007;13:619-624.
nutrition-dependent processes. Gastroenterology. 2015;148:626-638. . .
neep p crofoey = ) 19. Ling J, Kang Y, Zhao R, et al. KrasG12D-induced TKK2/3/NF-B
10. Mar?“mova' OA, Hermann K, Frenc'h SW, etal. Irflpalred auFopl}aglf: flux activation by IL-1a and p62 feedforward loops is required for development
mediates acinar cell vacuole formation and trypsinogen activation in of pancreatic ductal adenocarcinoma. Cancer Cell. 2012;21:105-120.
rodent models of acute pancreatitis. J Clin Invest. 2009;119:3340-3355.
20. Moscat J, Diaz-Meco MT. p62: il Ititasker tak .
11. Yew KH, Hembree M, Prasadan K, et al. Cross-talk between bone osea J’. 1z e(fo P27, o versatile muTlitasker fakces on cancet
k . . . L. Trends Biochem Sci. 2012;37:230-236.
morphogenetic protein and transforming growth factor-beta signaling is
essential for exendin-4-induced insulin-positive differentiation of 21. Apte MV, Pirola RC, Wilson JS. Pancreatic stellate cells: a starring role

AR42] cells. J Biol Chem. 2005;280:32209-32217.

88 | www.pancreasjournal.com

in normal and diseased pancreas. Front Physiol. 2012;3:344.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pancreasjournal.com

