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The fusion of autophagosome with lysosome  
is impaired in L-arginine-induced acute pancreatitis
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Abstract: Background & aims: Acute pancreatitis is an inflammatory pancreatic disease that carries considerable 
morbidity and mortality. The pathogenesis of this disease remains poorly understood. We investigated the incidence 
of autophagy in mice following induction of acute pancreatitis. Methods: Mice were received intraperitoneal injec-
tions of L-arginine (200 mg × 2/100 g BW), while controls were administered with saline. Pancreatic tissues were 
assessed by histology, electron microscopy and western blotting. Results: Injection of L-arginine resulted in the ac-
cumulation of autophagosomes and a relative paucity of autolysosomes. Moreover, the autophagy marker p62 is 
significantly increased. However, the lysosomal-associated membrane protein-2 (Lamp-2), a protein that is required 
for the proper fusion of autophagosomes with lysosomes, is decreased in acute pancreatitis. These results sug-
gest that a crucial role for autophagy and Lamp-2 in the pathogenesis of acute pancreatitis. Conclusions: Our data 
suggest that the autophagic flux is impaired in acute pancreatitis. The depletion of Lamp-2 may play a role in the 
pathogenesis of acute pancreatitis.
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Introduction

The molecular mechanisms underlying the 
pathogenesis of acute pancreatitis with respect 
to acinar cell death have not been completely 
elucidated. Although the severity of experimen-
tal pancreatitis is correlated with necrosis and 
apoptosis [1-3], the role of autophagy in pan-
creatitis has not been evaluated.

Two decades ago, accumulation of autophagic 
vacuoles and massive acinar cell destruction 
(presumably due to massive necrosis) were first 
observed in human acute pancreatitis speci-
mens [4]. Cytoplasmatic vacuolization is 
described as one of the early signs of tissue 
damage in pancreatitis and linked to the altera-
tion of zymogen granules and to the formation 
of autophagosomes in human acute pancreati-
tis [4]. Recent years, evidence has accumulat-
ed that the pathological vacuolization indeed is 
associated with the accumulation of autopha-
gosomes [5, 6].

Lysosomal-associated membrane protein 2 
(Lamp-2) is a ubiquitous lysosomal membrane 

protein that is highly expressed in normal 
human pancreatic tissue [7] and is required for 
the proper fusion of lysosomes with autophago-
somes in the late stage of the autophagic pro-
cess [8-10]. Autophagy is a dynamic, evolution-
arily conserved process in which parts of the 
cytoplasm, including organelles and cytosolic 
components, are sequestered in double-mem-
brane vesicles (autophagosomes) and then 
delivered to lysosomes where the autophagic 
cargo is degraded. The latter step involves the 
Lamp-2-dependent fusion of autophagosomes 
with lysosomes to form autophagolysosomes 
(also called autolysosomes) [10]. Autophagy is 
a cytoprotective mechanism through which 
cells maintain homeostatic functions such as 
protein and organelle turnover. It can be rapidly 
induced when cells require to generate intracel-
lular nutrients and energy, for instance, upon 
starvation or growth factor withdrawal [10]. 
Lamp-2 depletion results in the inhibition of 
cytoprotective autophagy signaling secondary 
to the failure of fusion between lysosomes and 
autophagosomes [8, 11]. A genetically deter-
mined Lamp-2 deficiency accounts for Danon 
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disease, which is characterized by severe car-
diomyopathy, myopathy, and variable mental 
retardation [11]. Patients with Danon disease, 
as well as mice deficient in Lamp-2, exhibit 
extensive accumulation of autophagic vacuoles 
in multiple cell types, including pancreatic aci-
nar cells [8, 12]. Cytoplasmatic vacuolization is 
also one of the early signs of cell damage in 
pancreatitis, although its precise mechanism 
remains elusive [4]. Cytoplasmatic vacuoles 
are linked to the alteration of zymogen granules 
and to the formation of autophagosomes in 
human acute pancreatitis [4].

The aim of the present study was to analyze 
autophagy in vivo by assessing ultrastructural 
and biochemical changes in pancreatic tissues 
at the early onset of acute pancreatitis. We pro-
vided evidence that the depletion of Lamp-2, 
strongly correlated with massive accumulation 
of autophagosomesand increased levels of 
p62 in L-arginine induced pancreatitis.

Materials and methods

Animals

Ten male KUNMING mice weighing 25 g ± 5 g 
were provided by the Animal Department of the 
Third Xiangya Hospital, Central South University. 
The animals were housed with free access to 
food and water. The room temperature was 
kept at 23 ± 1°C under the 12-h light/dark 
cycle. The institutional and licensing committee 
has approved the experiments undertaken. 
Experiments were performed in accordance 
with the Guidelines for the Care and Use of 
Laboratory Animals, formulated by the Ministry 
of Science and Technology of China.

Study design

The 10 male KUNMING mice were equally and 
randomly assigned to two groups: normal saline 
(NS) group and the experimental group. For 
L-arginine-induced pancreatitis, a sterile solu-
tion of L-arginine hydrochloride (20%; Sigma) 
was prepared in normal saline and the pH was 
adjusted to 7.0. Mice received two hourly intra-
peritoneal (i.p.) injections of L-arginine (200 mg 
× 2/100 g), while controls were administered 
saline i.p. as a control. All 10 mice were killed 
24 h after intraperitoneal injections, pancreatic 
tissue samples were collected, snap frozen in 
liquid nitrogen, and stored at -80°C for western 

blotting. Formalin-fixed pancreas samples were 
processed, and 5 μm thick paraffin sections 
were stained with hematoxylin and eosin (H&E) 
for histological analysis. In addition, frozen pan-
creatic tissues were fixed in ice-cold 1.5% para-
formaldehyde for electron microscopy obser- 
vation.

Pancreatic histology

Pancreata were cut into 4-ųm-thick serial sec-
tions from 4% formalin-fixed, paraffin-embed-
ded blocks. Sections were stained with H&E 
and examined by a pathologist who was not 
aware of the sample identity. Tissue sections (n 
= 5) were examined for parenchymal edema, 
acinar cell vacuolization, necrosis, inflammato-
ry cell infiltration, and hemorrhage and ana-
lyzed in 10 randomly selected fields with the 
aid of the Olympus B × 100 microscope camera 
system (Olympus, Hamburg, Germany). Altera- 
tions in average tissue injury were scored on 
the following scales. 

For fibrosis: 0, no pericellular fibrosis; 1, mild 
pericellular fibrosis; 2, moderate pericellular 
intralobular fibrosis; 3, severe pericellular fibro-
sis. For edema: 0, no edema; 1, interlobular 
edema; 2, interlobular and moderate intralobu-
lar edema; 3, interlobular and severe intralobu-
lar edema. For neutrophil infiltration: 0, absent 
to 3, high infiltration. For necrosis: 0, no necro-
sis to 3, severe necrosis. For vacuoles: 0, no 
vacuoles to 3, maximal vacuoles.

Western blotting

The Kunming male mice were euthanized by 
decapitation; their pancreatic tissues were 
extracted in 3 min and immediately frozen in 
liquid nitrogen and kept at -80°C until use. 
Protein was extracted from the pancreatic tis-
sue segment using the RIPA lysis buffer 
(Beyotime Biotech, China) following the manu-
facturer’s instruction. Briefly, the total protein 
(25 μg) was separated on SDS-polyacrylamide 
Gelequal (SDS-PAGE) (Beyotime Biotech, 
China); the proteins on the gel were transferred 
to a polyvinylidenedifluoride (PVDF) (Pell, USA) 
membrane and blocked with 5% nonfat dry milk 
for 1 hour. The primary antibody (1:100 dilution 
of rabbit polyclonalanti-Lamp-2, Abcam, 
Cambridge, UK) was added and incubated over-
night at room temperature in fresh blocking 
buffer. The membrane was washed for 30 min-
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utes in washing buffer at room temperature 
and incubated for 1 h with the secondary anti-
body conjugated with horseradish peroxidase 
at room temperature. The membranes were 
detected using ECL system (KPLBiosciences). 
For densitometric analysis, the band intensities 
were analyzed using the ImageJ software and 
the results were expressed as the ratio of 
Lamp-2 and p62 immunoreactivity to β-actin 
immunoreactivity.

Electron microscopy 

Frozen pancreatic tissues (n = 5) were fixed in 
ice-cold 1.5% paraformaldehyde and embed-
ded in Epon (Sigma-Aldrich, St. Louis, MO). 
Ultrathin sections were prepared for microsco-
py according to a routine procedure. Briefly, 
areas within scanned images of electron micro-
graphs were measured using a Metamorph 
tracing semiautomatic counting tool. Each 
defective or intact mitochondrion was carefully 
outlined and the area within the traced region 
was determined using the analysis 3.2 Software 
(Soft Imaging System, Munster, Germany) in 
relation to the entire traced region and 
expressed in square nanometers. The traced 
region for autophagosomes and autolysosomes 

was determined in the same fashion. All areas 
were calibrated to scale bars on the micro-
graphs and expressed as a percentage of the 
entire region measured and were digitally eval-
uated in 5 animals per group (n = 5) in 100 ran-
domly selected 45 × 45 μm fields per animals. 

Statistical analysis

All data were analyzed using SPSS version 19.0 
(SPSS, Chicago, IL, USA) and expressed as 
mean ± SEM. Differences between groups were 
compared by one-way analysis of variance with 
group t-test. A value of P < 0.05 was considered 
statistically significant.

Results

The model of acute pancreatitis is constructed 
successfully

As shown in Figure 1 and Table 1. Pancreatic 
tissues were examined for fibrosis, parenchy-
mal edema, inflammatory cell infiltration, aci-
nar necrosis, and vacuolization and were ana-
lyzed in 20 randomly selected fields. Blotted 
are means ± SEM for 5 mice per group. H&E, 
100 × original magnification. Quantitation of 

Figure 1. Histological assessment of pancreatic tissue in response to L-arginine (A) or saline (B). Representative 
tissue sections stained with H&E. Note the large area of vacuoles within this tissue.

Table 1. Histological assessment of pancreatic tissue sections
Group Fibrosis Edema Inflammation Necrosis Vacuoles Average
NS 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
L-arginine 0 ± 0 0.4 ± 0.1 0.25 ± 0.25 0.25 ± 0.25 0.75 ± 0.14* 0.33 ± 0.15**

Pancreatic tissues were examined for fibrosis, parenchymal edema, inflammatory cell infiltration, acinar necrosis, and vacuol-
ization and were analyzed in 20 randomly selected fields. Blotted are means ± SEM for 5 mice per group. H&E, 100 × original 
magnification. Quantitation of the average tissue vacuole assessment, *P < 0.05 vs. acute pancreatitis. Quantitation of the 
overall average tissue injury score, **P < 0.05 vs. acute pancreatitis.
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the average tissue vacuole assessment, *P < 
0.05 vs. acute pancreatitis. Quantitation of the 
overall average tissue injury score, *P < 0.05 
vs. acute pancreatitis.

Lamp-2 depletion is involved in acute pancre-
atitis in response to L-arginine

As shown in Figure 2. Representative immu-
noblot of Lamp-2 und β-actin. The quantitation 
of the normalized ratio was plotted as means ± 
SEM of 5 animals per group. *P < 0.05 vs. acute 
pancreatitis. Compared with control group, the 
Lamp-2 protein was reduced in L-arginine 
induced acute pancreatitis.

Autophagic flux is impaired in L-arginine in-
duced acute pancreatitis

As shown in Figure 3. Electron microscopy 
assessment of autophagosomal and autolyso-
somal formation. A: Representative EM image 
of pancreatic acinar cells. The red arrow indi-
cates a typical autophagosomes containing 
mitochondria and other intracellular compo-
nents. B: Quantitation of autophagosomes of 
the entire acinar cell volume (determined as a 
percentage as in A. Plotted as means ± SEM of 
5 individuals per group. *P < 0.05 vs. acute 
pancreatitis. C: Representative EM image of 
pancreatic acinar cells. The red arrow indicates 
a typical autolysosomes containing digested 
mitochondria and other intracellular compo-
nents. D: Quantitation of the volume of autoly-
sosomes (expressed as percentage of the total 
acinar cell volume). Plotted as means ± SEM of 
5 animals per group. *P < 0.05 vs. acute pan-
creatitis. E: Representative immunoblot of p62 
und β-actin. The quantitation of the normalized 
ratio was plotted as means ± SEM of 5 animals 
per group. *P < 0.05 vs. acute pancreatitis. 

Compared with control group, the p62 protein 
was significantly up-regulated in L-arginine 
induced acute pancreatitis.

Discussion

Our results demonstrate that following injection 
of L-arginine results in a depletion of Lamp-2. It 
is conceivable that inhibition of cytoprotective 
autophagy induction occurs as a result of the 
failure of autophagosomal and lysosomal 
fusion. Lysosomal-associated membrane pro-
tein 2 (Lamp-2) is a ubiquitous lysosomal mem-
brane protein that is highly expressed in normal 
human pancreatic tissue [7] and is required for 
the proper fusion of lysosomes with autophago-
somes in the late stage of the autophagic pro-
cess [8, 10]. In addition, knockout or knock-
down of Lamp-2 is used as an experimental 
strategy for the inhibition of autophagosome-
lysosome fusion and triggers the accumulation 
of autophagosomes by blocking their turnover 
[13, 14]. Thus, the depletion of Lamp-2 protein 
which is induced by L-arginine may explain the 
perturbation of autophagy in pancreatitis.

Our results demonstrate that the autophagy 
marker p62 is significantly increased after fol-
lowing injection of L-arginine. This is consistent 
with the massive formation of autophagosomes 
and reduction of autolysosomes. Of note, the 
number of autophagosomes observed at any 
time reflexes the balance between the rates of 
their generation and degradation during the 
subsequent stages of autophagy. The p62 is 
localized at the autophagosome formation site 
[15] and directly interacts with LC3, an autopha-
gosome location protein [16-19]. In this con-
text, the p62 is incorporated into the autopha-
gosome and then degraded. Taken together, 
the massive formation of autophagosomes and 
reduction of autolysosomes and increased lev-
els of p62 reveal that autophagic flux is 
impaired in pancreatitis.

Our study provided evidence that autophagic 
flux is impaired in experimental pancreatitis, 
the depletion of Lamp-2 plays a critical role in 
the early onset of acute pancreatitis. 
Irrespective of its precise molecular mecha-
nisms, it appears thatLamp-2 depletion may 
serve as a biomarker for further investigations 
of the pathogenesis of acute pancreatitis. In 
addition, impaired autophagy may be also 
important in the pathogenesis of chronic pan-

Figure 2. Representative immunoblot of Lamp-2 und 
β-actin. The quantitation of the normalized ratio was 
plotted as means ± SEM of 5 animals per group. *P < 
0.05 vs. acute pancreatitis.
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Figure 3. Electron microscopy assessment of autophagosomal and autolysosomal formation. A: Representative EM 
image of pancreatic acinar cells. The red arrow indicates a typical autophagosomes containing mitochondria and 
other intracellular components. B: Quantitation of autophagosomes of the entire acinar cell volume (determined as 
a percentage as in A. Plotted as means ± SEM of 5 individuals per group. *P < 0.05 vs. acute pancreatitis. C: Repre-
sentative EM image of pancreatic acinar cells. The red arrow indicates a typical autolysosomes containing digested 
mitochondria and other intracellular components. D: Quantitation of the volume of autolysosomes (expressed as 
percentage of the total acinar cell volume). Plotted as means ± SEM of 5 animals per group. *P < 0.05 vs. acute 
pancreatitis. E: Representative immunoblot of p62 und β-actin. The quantitation of the normalized ratio was plotted 
as means ± SEM of 5 animals per group. *P < 0.05 vs. acute pancreatitis.
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creatitis, particularly in pancreatic fibrosis, 
which merits further investigation. For example, 
fibrosis might be initiated if autophagic removal 
of ubiquitinated protein aggregates is impaired 
(due to defective clearance of p62), as was 
shown in a mouse model of the liver disease 
α1-antitrypsin deficiency [20]. In addition, 
autophagy may also regulate the activation of 
satellite cells in pancreatitis [21].
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