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Abstract

Our previous study confirmed that umbilical cord mesenchymal stem cells-exosomes
(ucMSC-Ex) inhibit apoptosis of pancreatic acinar cells to exert protective effects.
However, the relationship between apoptosis and autophagy in traumatic pancreati-
tis (TP) has rarely been reported. We dissected the transcriptomics after pancreatic
trauma and ucMSC-Ex therapy by high-throughput sequencing. Additionally, we used
rapamycin and MHY1485 to regulate mTOR. HE, inflammatory factors and pancreatic
enzymatic assays were used to comprehensively determine the local versus systemic
injury level, fluorescence staining and electron microscopy were used to detect the
effect of autophagy, and observe the expression levels of autophagy-related markers
at the gene and protein levels. High-throughput sequencing identified that autophagy
played a crucial role in the pathophysiological process of TP and ucMSC-Ex therapy.
The results of electron microscopy, immunofluorescence staining, polymerase chain
reaction and western blot suggested that therapeutic effect of ucMSC-Ex was medi-
ated by activation of autophagy in pancreatic acinar cells through inhibition of mTOR.
ucMSC-Ex can attenuate pancreas injury by inhibiting mTOR to regulate acinar cell
autophagy after TP. Future studies will build on the comprehensive sequencing of

RNA carried by ucMSC-Ex to predict and verify specific non-coding RNA.
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1 | INTRODUCTION

Traumatic pancreatitis (TP) is a special type of acute pancreatitis (AP)
which occurs after abdominal trauma.! Although TP has a low fre-
guency in abdominal trauma, it causes excessive release of zymogen
by pancreatic acinar cells, induces irreversible pancreatic injury and
is highly susceptible to patient death.?® In order to reduce the pan-
creatic tissue damage after TP and improve the follow-up pancre-
atic acinar cells repair, our previous study confirmed that umbilical
cord mesenchymal stem cells-exosomes (ucMSC-Ex) exert repara-
tive effects on TP damaged pancreatic tissues by attenuating the
inflammatory response through inhibiting the expression of inflam-
matory factors.* Furthermore, most importantly we demonstrated
that ucMSC-Ex inhibit apoptosis of pancreatic acinar cells to exert
protective effects.” However, current research focuses on exosome
mediated functional repair and tissue remodelling, and we convince
that the research of exosomes should be multilevel, interdisciplinary
and comprehensive.® Further research is required to determine the
specific mechanisms by which exosomes exert therapeutic effects
and the interactive effects on the regulation of cellular life activities.

Macroautophagy (this will be referred to simply as ‘autophagy’ in
this study) is well recognized as a mutual antagonism for apoptosis
in the cellular vital movement.” In autophagy, the misfolded proteins
and lipids could be orderly degraded and further reused by the cell.
Mammalian pancreatic tissue has a significantly higher autophagic
flux than other tissues, and typical autophagosomes have been
observed early in pancreatic acinar cells from experimental animal
AP models and AP patients.s’10 Further intervention experiments
found that disrupting genes encoding autophagy initiation pro-
cesses blocks autophagy in the pancreas and induces spontaneous
pancreatitis.** Impaired autophagy in AP experimental animals di-
rectly leads to enhanced apoptosis and necrosis of pancreatic acinar
cells and aggravates AP.1213 At present, scholars focus on regulating
autophagy for treatment in AP.¥* In autophagy, mTOR is the most
important upstream of regulation, and researchers can significantly
regulate autophagic flux by precise regulation of mTOR phosphor-
ylation. One study achieved the goal of treating AP by inhibiting
mTOR using rapamycin in a rat AP model, and the autophagy was
observed to be significantly enhanced in pancreatic acinar cells.*?
However, the relationship between apoptosis and autophagy in TP
has rarely been reported, and further exploration of the autophagic
effect of pancreatic acinar cells will be helpful to deeply investigate
the specific mechanism of hucMSC-Exs in the treatment of TP.*¢

An increasing number of studies are uncovering the genetic basis
of multiple phenotypic traits through comprehensive analysis of
whole transcriptome resequencing data.’’” Analysis of transcriptome
data can help to reveal the effects of experimental variables on cel-
lular life activities at the gene expression level.'® In this study, we
performed whole transcriptome resequencing of pancreatic tissue
from TP rats after uctMSC-Ex treatment to identify significantly al-
tered cellular activities and target gene expression. Subsequently,
we confirmed that ucMSC-Ex exerted therapeutic effects after TP
by enhancing autophagy through the regulation of mTOR.

2 | MATERIALS AND METHODS

2.1 | Whole transcriptome sequencing of rat
pancreatic tissue

Total RNA was extracted from tissue samples. The concentration
and purity of the extracted RNA were checked using nanodrop2000.
RNA integrity was checked by agarose gel electrophoresis, and the
values of Rin were determined using Agilent 2100. Eukaryotic mRNA
has the structure of a Ploy-A tail. The base pairing of A and T used
magnetic beads with oligo (dT). mRNA was isolated from total RNA
for analysis of transcriptome information. Adding to the fragmenta-
tion buffer, MRNA can be randomly fragmented and small fragments
around 300bp isolated by magnetic bead screening. Under the ac-
tion of reverse transcriptase, six base random primers (random hex-
amers) were added, and mRNA was used as the template to reverse
synthesize the first strand cDNA, followed by the second strand
synthesis, which formed a stable double strand structure. The dou-
ble stranded cDNA was end sticky, which was complemented with
blunt ends by adding end repair mix at the 3 end for ligation of a Y-
shaped linker. [llumina 6000 platform is used for sequencing. All the
gene data were analysed by PCA between samples. In addition, the
KEGG databases were used to explore the differentially expressed
genes and make statistical analysis.

2.2 | Experimental materials
Sprague Dawley (SD) rats, weighing 200-250g, were purchased
from Chengdu Dashuo Experimental Animal Co., Ltd. (animal licence
No.: SCXK [Chuan] 2020-030). The multifunctional animal impact
equipment has been authorized patent (self-developed, patent
number: ZL 2016 10347341.5)." ucMSC-Ex were provided by the
Chengdu KangErmei Biological Cell Preparation Center (Number:
G01210001). The enzyme-linked immunosorbent assay (ELISA) kits
for serum amylase, lipase and rat IL-6, IL-10, TGF-f and TNF-a were
purchased from Shanghai Jiancai Biological Technology Co., Ltd.
LC3B, mTOR, P62, p-mTOR and GAPDH antibodies were purchased
from Affinity Biosciences (Cincinnati, USA).

This study was approved by the ethics committee of the General
Hospital of Western Theater Command (2022EC2-ky022). Every ef-
fort was made to minimize animal suffering in the study.

2.3 | Extraction and identification of ucMSC-Ex

The supernatant was extracted in the third generation cell. UC-
MSCs were centrifuged at 2000xg and 4°C for 30min, followed
by centrifugation at 10,000xg and 4°C for 45min again. The su-
pernatant was collected and centrifuged at 100,000x g and 4°C for
70min. Ultracentrifugation was performed at 4°C and 100,000x g
for 70min. The supernatant was discarded, and the precipitate
was resuspended in 200puL phosphate-buffered saline (PBS). The
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isolated partial ucMSC-Ex were observed using a transmission elec-
tron microscope (Hitachi, HT-7700) and assessed with western blot
(WB). Additionally, the size of ucMSC-Ex was measured using a na-

noparticle size analyser.

2.4 | Experimental grouping and establishment of
animal model

Fifty SD rats were randomly divided into four group, namely
the control group, TP group, ucMSC-Ex group (TP+ ucMSC-Ex
group), rapamycin group (TP+ucMSC-Ex + rapamycin group) and
MHY1485 group (TP+ucMSC-Ex + MHY1485 group). In the con-
trol group, rats were fixed after anaesthesia and laparotomy was
performed. The pancreas was gently turned over several times with
sterile cotton swabs and then closed. Approximately 1 mL normal
saline was injected via the tail veins of rats. In the TP group, the
modelling approach is presented in a previous study.* In the TP+
ucMSC-Ex + rapamycin group, a TP model was established for this
group. ucMSC-Ex (10pg/100g) were injected via the tail veins of
rats. Rapamycin (0.3mg/mL; 0.2 mg/100g) was administered by in-
traperitoneal injection at the end of the procedure described above.
In the TP+ ucMSC-Ex + MHY1485 group, modelling procedure and
the way of exosome injection was as above, and MHY1485 (1.5mg/
mL; 1mg/100g) was administered by intraperitoneal injection at the
end of the above procedure. All rats were sacrificed after 24 h of mod-
elling, and serum and pancreatic tissue were retained for subsequent
experiments. All animal experiments followed the minimize animal
suffering. This study was approved by the ethics committee of the
General Hospital of Western Theater Command (2022EC2-ky022).

2.5 | HE and biochemical detection

Pancreatic tissues from rats in each group were performed to
haematoxylin-eosin (HE). The pancreatic oedema, bleeding, cell
necrosis and inflammatory cell infiltration were scored by two pa-
thologists blinded to the grouping according to the criteria reported
by Schmidt et al.?° The average score of 10 high-power fields was
taken as the final score for each slice. Serum amylase, lipase activity
and inflammatory factors (interleukin [IL]-6, IL-10, tumour necrosis
factor-alpha [TNF-a] and transforming growth factor [TGF-g]) were
detected using ELISA.

2.6 | TEM and immunofluorescence

Pancreatic tissue was first fixed and dehydrated, followed by infil-
tration and embedding. About 60~90nm ultrathin sections were
prepared using an ultramicrotome and then stained. TEM (JEM-
1400FLASH) was used for image acquisition. Pancreatic tissues were
deparaffinized to water by paraffin sections. The sections were im-
mersed in citrate buffer (pH 6.0) and were heated by using microwave
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TABLE 1 RT-gPCR primer sequences.

Genes Primer sequences

mTOR F: gcaacaacctccaggatacactcag
R: ttccaccagggcttcattgacatc

LC3 F: gagcgagttggtcaagatcatccg
R: gatgtcagcgatgggtgtggatac

p62 F: ggtgtctgtgagaggacgaggag
R: tctggtgatggagcctcttactgg

GADPH F: acagcaacagggtggtggac

R: tttgagggtgcagcgaactt

oven. Then, goat serum blocking solution was added dropwise, and
the primary antibody was incubated. Diamidinophenylindole (DAPI)
was added dropwise and incubated for 10min at room tempera-
ture; the sections were blocked using anti-fluorescence attenuating
blocking reagent. The Image-J analysis system was used to obtain
the integrated density and area of all the acquired images, and the
mean grey value of each image was calculated, which was recalcu-
lated using the mean integrated density of the 2 images to obtain the

mean integrated density of each sample.

2.7 | Real-time fluorescence quantitative
polymerase chain reaction (RT-qPCR)

Total RNA was isolated and extracted from pancreatic tissue. UV
spectrophotometry was used to determine the concentration and
purity of the extracted total RNA. RNA was reverse-transcribed to
cDNA. The primer sequences of mTOR, LC3 and p62 were shown

in Table 1. The relative mRNA expression levels were calculated by
27AACT,

2.8 | Western blot

Protein concentrations were determined with a BCA Protein
Quantification Kit. Equal amounts of denatured proteins were sepa-
rated via sodium dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE). The gel face was connected with the negative
electrode, and the PVDF membrane was connected with the posi-
tive electrode, and the power was switched on for 1-2h. The PVDF
membrane was put into 5% non-fat milk diluted with TBST buffer
into an incubation box and shaken gently for 2h. The membrane was
incubated with the appropriate primary antibody (LC3B 1:2000,
mTOR 1:1000, P62 1:10000 p-mTOR 1:2000, GAPDH 1:50000) at
4°C for 12h, which followed by incubation with secondary antibod-
ies for 1h at room temperature. The bands were performed with the
GIS Chassis Control Software v2.0, and the results were expressed
as relative expression of the protein. (Relative expression of target
protein=integrated optical density [IOD]) value of target protein/
integrated optical density value of internal reference.



ZHAO ET AL.

40f11
S| WILEY

2.9 | Statistical analyses

The data were performed using SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA). All of the data were presented as means +stand-
ard deviations (SD) of at least three independent experiments.

Univariate comparisons were evaluated by the Student t-test, and
multiple comparisons were evaluated by one-way analysis of vari-
ance (ANOVA). Differences were considered significant at p<0.05.
Statistical graphs were made by GraphPad Prism (GraphPad
Software Corp, San Diego, CA, USA).
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FIGURE 1 Whole genome high-throughput sequencing of pancreatic tissue. (A) PCA of pancreatic tissues from the three groups. (B)
Quantitative analysis of expression of differential genes. (C) Differential gene expression volcano plot of TP and ucMSC-Ex groups. (D)
Differential gene expression volcano plot of TP and control groups. (E) Differential gene expression volcano plot of control and ucMSC-Ex
groups. (F) KEGG enrichment analysis: Bubble chart. (G) Expression of mTOR.
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3 | RESULTS 3.3 | Analysis of pathological injury of pancreatic
tissue and biochemical detection

3.1 | High-throughput sequencing results and

analysis

We have uploaded the sequencing data to the Gene Expression
Omnibus (GEO) database, numbered GSE214370. The results of
principal component analysis (PCA) showed high heterogeneity
among samples, which suggested successful modelling and reason-
able experimental design (Figure 1A). We analysed the differences
of transcripts between groups. The results showed that 3911 dif-
ferential genes were screened in TP and ucMSC-Ex groups, in-
cluding 1785 up-regulated genes and 2126 down regulated genes
(Figure 1C). Similarly, 5083 differential genes were screened in the
control and TP groups, including 2004 up-regulated genes and 3079
down regulated genes (Figure 1D). A total of 1739 differential genes
were screened in the control and ucMSC-Ex groups, including 516
up-regulated genes and 1223 down regulated genes (Figure 1E).
The statistical analysis of differential gene expression is shown in
Figure 1B.

Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis showed that 63 autophagy-related genes had significant
differences, accounting for 45% of the total genes. According to the
adjusted P value, the significance of autophagy is in the third place
(Figure 1F). Among them, the gene expression of mTOR increased in

TP group and decreased in ucMSC-Ex group (Figure 1G).

3.2 | Extraction and identification of exosomes
Transmission electron microscope (TEM) was used to identify the
shape of the exocrine body as a vesicular structure (Figure 2A). The
average particle size of exosomes is 78.51 nm, and the concentration
is 2.89*107 Particles/mL. It indicates that the exosomes were suc-
cessfully extracted and identified (Figure 2B).

A - _ ()]
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In the TP group, pro-inflammatory factors (IL-6 and TNF-a) were
significantly increased and anti-inflammatory (IL-10 and TGF-p)
factors significantly decreased. In the MHY1485, ucMSC-Ex and
Rapamycin groups, the pro-inflammatory factors increased in turn,
while the anti-inflammatory factors decreased in turn. The ex-
pression of lipase and amylase exhibited a trend consistent with
pro-inflammatory factors. The above differences were statistically
significant (Figure 3A-C).

In the control group, there was no obvious necrosis, bleeding and
other pathological damage. In other groups, there were different de-
grees of damage. In the TP group, the pancreatic tissue structure was
confused, the boundary was unclear, and obvious haemorrhage and
inflammatory cell infiltration could be seen. In MHY1485 group, the
pancreatic structure was clear, a few acinar cells were necrotic and
degenerated, and no obvious haemorrhage was found. In the ucM-
SC-Ex group, the gap between acinar cells was slightly widened, and
the stroma was slightly oedematous with inflammatory cell infiltration.
In Rapamycin group, interstitial haemorrhage was slight, and some aci-
nar cells were necrotic and degenerative (Figure 3D). The pathological
scores of TP group were significantly different from those of control
group (Figure 3E). The pathological scores of MHY1485 group, ucM-
SC-Ex and Rapamycin groups decreased in turn, with statistical differ-
ence. In addition, the degree of pathological damage in the three above

groups was significantly improved compared with that in the TP group.

3.4 | Analysis of autophagy in pancreatic tissue

In the control group, no obvious effect of autophagy was observed.
Different degrees of autophagy effect were observed in the treat-
ment groups. Compared to the TP group, the intensity of the au-
tophagic effect was significantly higher in the ucMSC-Ex group.

30 40 60 80

‘I‘*-‘.- i -.l'.|.| .
120 150

100
Size (nm)

FIGURE 2 Extraction and identification of ucMSC-Ex. (A) TEM of ucMSC-Ex. (B) Nanoparticle tracking analysis of ucMSC-Ex.
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Using MHY 1485, the fluorescence intensity decreased significantly.
Whereas the fluorescence intensity significantly increased after
being treated with paromomycin. Differences were considered sta-
tistically significant (Figure 4A,B). TEM revealed that pancreatic aci-
nar cells had abundant rough endoplasmic reticulum and zymogen
granules, and autophagosomes were observed. It suggested that
autophagy occurred in acinar cells (Figure 4C).

3.5 | Analysis of autophagy-related genes and
protein expression profiles

In the MHY1485, ucMSC-Ex and Rapamycin groups, mTOR ex-
pression levels were significantly decreased. Autophagy-related

ucMSC-Ex

Rapamycin

ctor (IL-6, TNF-a). (B) Anti-inflammatory factor (IL-10, TGF-p). (C)
tissue: HE stain. (E) The pancreatic oedema, bleeding, cell necrosis
*Control vs. TP, p<0.05; **TP vs. ucMSC-Ex, p <0.05; #ucMSC-Ex

LC3 showed an upward trend. On the contrary, P62 showed a de-
creasing trend. The above differences were statistically significant
(Figure 5A-C).

Western blot showed that p-mTOR expression levels were sig-
nificantly decreased in MHY, ucMSC-Ex and Rapamycin groups. The
ratio of LC3 1l/I showed an increasing trend. The expression levels of
P62 showed an opposite trend. The above differences were statisti-
cally significant (Figure 5D-H).

4 DISCUSSION

Traumatic pancreatitis is a class of inflammatory diseases of the
pancreas, which is highly susceptible to patient death and the lack
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Rapamycin

MHY 1485 ucMSC-Ex

FIGURE 4 Qualitative and quantitative detection of autophagy in pancreatic tissue. (A) Immunofluorescence imaging. (B) Quantitative
analysis of fluorescence intensity. (C) TEM of autophagosome. The red arrow indicates autophagosome; the blue arrow indicates swollen
mitochondria; and the yellow arrow indicates zymogen particles. *Control vs. TP, p<0.05; **TP vs. ucMSC-Ex, p <0.05; “ucMSC-Ex vs.

MHY1485, p <0.05; #ucMSC-Ex vs. Rapamycin, p <0.05.

of effective therapeutic choices. It is necessary to increase re-
searches for treatment of TP.?! However, the ability of examine
functional biological questions in TP has been hampered owing to
the lack of suitable animal models and stable trauma control devices.
In addition, the unclear expression level of genes related to post-
traumatic stress and repair presents are additional challenges in
understanding the development of this disease. Our previous study
established a stable TP model and confirmed ucMSC-Ex exerts re-
parative effects on TP4>Y In this study, we further dissected the
transcriptomics after pancreatic trauma and ucMSC-Ex therapy by
high-throughput sequencing. KEGG enrichment analysis and differ-
ential analysis identified that autophagy played a crucial role in the

pathophysiological process of TP and ucMSC-Ex therapy. The wide
variation in the amount of mTOR expressed as the core of autophagy
regulation suggested that ucMSC-Ex may exert therapeutic effects
by influencing their function. Our experiment supported this view
by activating and inhibiting mTOR to influence the therapeutic ef-
ficacy of ucMSC-Ex on TP (Figure 6).

Autophagy is an adaptive response activated under stress to
maintain cellular energy homeostasis through the autolysosomal
degradation pathway and clear damaged organelles.zz'23 In this
process, intracellular components are targeted for elimination by
lysosome dependent recycling mechanism.?*2° Recent researches

have emphasized the importance of autophagy in the occurrence
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and severity of acute pancreatitis.?>?4?” The key event in the
development of acute pancreatitis is the overactivation of tryp-
sinogen within the pancreas, whereas activated autophagy will
clear activated trypsinogen and damaged organelles with high
efficiency.28 Further, much attention has been paid to the reg-
ulation of autophagy during the development of pancreatitis.29
In the present study, a rat model of traumatic pancreatitis with
a fixed range and extent of injury was used to explore the spe-
cific mechanisms by which ucMSC-Ex exert therapeutic effects
through modulation of autophagy. Firstly, we first performed
whole transcriptome sequencing and found that the expression
of autophagy-related genes was significantly different by KEGG
enrichment analysis.

Autophagy is regulated by several pathways, such as depletion
of TX-2 increases Atg16L1 binding to inclusion proteins, which leads
to impaired autophagic flux and increased severity of AP.3% An ex-
periment in a pancreatitis model which was constructed in ATG5
knockout mice reported that autophagy was activated in these ani-
mals resulting in a reduction in the severity of pancreatitis.31 Further
quantitative analysis on the expression level of autophagy-related
genes enriched by KEGG showed that the expression level of mTOR
was greatly increased after trauma, and recovered after ucMSC-Ex
treatment. mTOR is a serine / threonine protein kinase, and activa-
tion of the mTOR pathway is involved in many aspects of molecular
and cellular biology. For autophagy effects, the initiating factor lies
in the activation of ULK1 and AMBRA1 complexes following AMPK
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activation and mTOR inhibition.®? The regulation of this progress to
affect autophagy has been well-established applied to in vivo and
vitro experiments. As a classical upstream regulator of autophagy,
inhibition of MTOR has been shown to exert protective effects in
chronic pancreatitis (CP).%3

However, the effect in traumatic pancreatitis has not been fully
studied. In order to analyse the influence of ucMSC-Ex on the expres-
sion of MTOR on pancreatitis, we used rapamycin and MHY1485 to
regulate mTOR. Subsequent histological examination (HE) detection
of pancreatic tissue and quantitative detection of serum inflamma-
tory factors found that traumatic pancreatitis in rats after ucMSC-Ex
treatment had been significantly alleviated. On this basis, inhibition
of mTOR could play a more significant therapeutic effect. Especially,
serum levels of amylase and lipase were greatly reduced, suggesting
that mTOR inhibition confers significant suppression of the ‘waterfall
effect’ in pancreatitis. Further immunofluorescence staining revealed
that the amount of red fluorescence expression in pancreatic tissue
was increased after exosome treatment, which suggested autophagy
was significantly enhanced and the autophagosomes were observed
by electron microscopy. These confirmed the above trends.

The mTOR pathway is closely related to the proliferation, dif-
ferentiation, apoptosis, motility, metabolism and autophagy of
cells, and the regulation of this pathway contributes to the pre-
cision treatment of pancreatic diseases.®* To determine the gene
expression levels and protein expression amounts of mTOR and
autophagy, we performed RT-gPCR and WB assays, and found
that the inhibition of mTOR directly led to the enhancement of au-
tophagic flux. More specifically, significant decrease in phosphor-
ylated mTOR protein. As a result, the ULK1-mediated catabolic
programme was activated, leading directly to the enhancement of
autophagy. An experimental finding consisting of three different
kinds models of AP with increased serum AMY and PNLIP revealed

phagophore

lysosomes

autolysosomes

a link between impaired autophagy and the release of digestive
enzymes into the circulation.*? Another study in this area similarly
found that perturbing the basal pancreatic acinar cell autophagy
effect would directly exacerbate inflammatory damage and pro-
duce a higher likelihood of severity.>® Our study supported this
widely observed phenomenon.

As discussed, the prognosis of pancreatitis is closely related to
the effect of autophagy. On the basis of our demonstration that
ucMSC-Ex exerts therapeutic TP by enhancing autophagy via inhib-
iting mTOR, the mechanism by which ucMSC-Ex achieve regulatory
effects remain unclear. The effects of non-coding RNA enriched in
ucMSC-Ex on signalling processes have been observed, but the spe-
cific mechanisms still need further verification. Future studies will
build on the comprehensive sequencing of RNA carried by exosomes
to predict and experimentally validate specific non-coding RNA

playing such a role.

5 | CONCLUSION

We revealed an important role of mTOR, which may exert therapeu-
tic effects by regulating acinar cell autophagy after TP. Therefore,
ucMSC-Ex may repress the expression of mTOR enhancing au-
tophagy as an effective therapy for TP, which may be a potential
drug development direction for TP patients.
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