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Abstract

these effects were validated with in vivo experiments.

the IL-6/STAT3 pathway.

Background: The microarray data analysis predicted that Rbpjl is poorly expressed in acute pancreatitis (AP). Acti-
vated IL-6/STAT3 signaling is further known to contribute to the progression of AP through immune regulation, and
both IL-6 and STAT3 were bioinformatically predicted to interact with Arid5a. Accordingly, we aimed to investigate the
potential involvement of the Arid5a/IL-6/STAT3 axis in the regulatory role of Rbpjl in the inflammation of AP,

Methods: Pancreatic acinar cells were exposed to lipopolysaccharide (LPS) to induce the pancreatic cell damage,
and mice were subjected to supramaximal cerulein stimulation to induce AP. Expression patterns of Rbpjl and the
Arid5a/IL-6/STAT3 axis were measured in mouse and cell models. Their expression was further manipulated to explore
their effects on pancreatic cell injury and inflammation, as reflected by cell viability and apoptosis as well as reactive
oxygen species (ROS) accumulation and proinflammatory cytokine secretion. Moreover, ChIP, EMSA, and dual-lucif-
erase reporter assays were carried out to identify the interactions between Rbpjl and Arid5a.

Results: Rbpjl was found to be down-regulated in pancreatic tissues of AP mice and LPS-induced pancreatic acinar
cells, while re-expression of Rbpjl led to enhanced cell viability, suppressed LPS-induced inflammation and ROS accu-
mulation, and alleviation of AP-induced damage. Mechanistically, Rbpjl could bind to the promoter region of Arid5a
and down-regulated its expression, thus repressing the activation of the IL-6/STAT3 signal axis. Furthermore, Rbpjl
impaired Arid5a-dependent IL-6/STAT3 activation, hence alleviating pancreatic acinar cell inflammation. Furthermore,

Conclusion: Collectively, our findings highlight that Rbpjl attenuates AP by down-regulating Arid5a and inactivating
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Background

Acute pancreatitis (AP) entails acute inflammation of
the pancreas that can precipitate organ failure and sec-
ondary pancreatic infection or peripancreatic necrosis,
and lead to significant mortality [1, 2]. Pathologically,
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inflammation of pancreatic acinar cells is regarded a
hallmark of AP [3]. Interestingly, characterization of
signaling pathways implicated in acinar cell injury, such
as inflammatory and autophagic proteins and endoplas-
mic reticulum stress markers, can aid the identification
of potential molecular targets for therapeutic use against
AP [4, 5].

Recombination signal binding protein for immuno-
globulin kappa ] region like (Rbpjl), is associated with a
handful of aliases, including RBPL, SUHL and RBPSUHL.
Recently, Rbpjl was identified as a protein expressed in
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pancreas particularly in exocrine pancreas, as well as in
endocrine cells that are implicated the development of
human pancreas and thus represents a potential target
for exploration of pancreas-related disease states and
treatment [6, 7]. Moreover, alterations in the pancreas
specific Rbpjl in mouse pancreatic acinar cells are known
to influence the risk of type 2 diabetes by regulating the
expression of exocrine enzyme [6]. Furthermore, replace-
ment of Rbpj with Rbpjl in the pancreas transcription
factor 1 (PTF1) complex is associated with acinar differ-
entiation, whereby maintaining the homeostasis in acinar
cells [8].

Initial bioinformatics prediction in our study indi-
cated that AT-rich interactive domain-containing pro-
tein 5a (Arid5a) serves as a differential gene interacting
with Rbpjl. In addition, Arid5a is detected as an RNA-
binding protein in both the cytoplasm and nucleus of
cells in normal growth, and further exerts a crucial role
in the context of inflammation [9]. What’s more, Arid5a
also possesses therapeutic potential against inflammatory
autoimmune diseases such as encephalomyelitis and sep-
sis [10]. Existing evidence further indicates that Arid5a
is capable of stabilizing interleukin 6 (IL-6), signal trans-
ducers and activators of transcription 3 (STAT3) to exert
its effects of immune regulation [11]. IL-6 represents a
member of prototypical cytokines that participate in the
maintenance of homeostasis [12]. Meanwhile, STAT3, a
cellular signal transcription factor, is known to regulate a
variety of cellular activities, including cell differentiation,
proliferation, and angiogenesis in normal cells [13]. Fur-
thermore, activation of the IL-6/STAT3 axis is associated
with aggravation of AP [14], whereas down-regulation of
this axis by microRNA-148a brought about suppression
of autophagy in AP induced by cerulein [15].

In lieu of the aforementioned evidence, we proposed a
hypothesis that Rbpjl might affect AP through its regu-
lation on Arid5a and the IL-6/STAT3 axis. Accordingly,
the current study set out to testify the aforementioned
hypothesis and illuminate the underlying molecular
mechanism of Rbpjl in pancreatic acinar cell and animal
models of AP, in an effort to provide novel therapeutic
strategies against AP.

Results

Rbpjl was poorly expressed in pancreatic tissues of AP
mice and lipopolysaccharide (LPS)-induced pancreatic
acinar cells

First, we retrieved the AP-related gene expression
microarray dataset GSE121038 (Additional file 1:
Table S1) from the GEO database. Next, differen-
tially expressed genes (DEGs) were screened in the
GSE121038 dataset, which yielded a total of 1549
DEGs, including 826 up-regulated genes and 723
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down-regulated genes (Fig. 1A). Additionally, 1357 and
13,089 AP-related genes were obtained from the Gen-
eCards and CDT databases, respectively. Subsequently,
32 genes were obtained by taking the intersection of
the top 300 DEGs in the GSE121038 dataset and the
AP-related genes (Fig. 1B). The detailed differential
analysis results of the 32 genes are illustrated in Addi-
tional file 2: Table S2. In accordance with the expres-
sion data of the 32 genes in control and AP samples of
the GSE121038 dataset in Additional file 3: Table S3,
an expression heat map of these 32 genes was plot-
ted, which revealed that Foxa2, PRDM16, ANGPTI,
Dicerl and Rbpjl were significantly down-regulated in
AP (Fig. 1C). Rbpjl is regarded as a key gene for the dif-
ferentiation and maturation of acinar cells, and further
implicated in maintaining the homeostasis of acinar
cells to drive acinar differentiation [8, 16, 17]. Consist-
ently, results of microarray GSE121038 profiling dis-
played that Rbpjl was poorly expressed in AP samples
(Fig. 1D), suggesting that Rbpjl may participate in the
occurrence of AP, and thus was selected as the focus of
our study.

Furthermore, results of hematoxylin and eosin (HE)
staining illustrated that compared with sham-operated
mice, the pancreatic tissue integrity in AP mice was com-
pletely destroyed, accompanied by severe morphological
changes of interstitial edema, interstitial hemorrhage and
fat necrosis, as well as severe structural damage (Addi-
tional file 5: Figure S1A). Meanwhile, pancreatic organ
coeflicient in AP mice was significantly increased rela-
tive to sham-operated mice (Additional file 5: Fig. S1SB).
These findings highlighted the successful establishment
of AP mouse models.

Immunohistochemical staining further demonstrated
that the expression of Rbpjl was significantly lower in
pancreatic tissues of AP mice relative to that in sham-
operated mice (Fig. 1E). Moreover, the results of termi-
nal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling (TUNEL) staining illustrated that the
apoptosis rate of pancreatic cells was notably higher
in AP mice compared to that in sham-operated mice
(Fig. 1F). Subsequent enzyme-linked immunosorbent
assay (ELISA) results revealed that compared with sham-
operated mice, the expression of pro-inflammatory fac-
tors TNF-a, IL-1f and IL-6 was all significantly increased
in the serum of AP mice (Fig. 1G).

Additionally, the results of Western blot assay displayed
that pancreatitis-associated protein-1 (PAP-I) protein
expression [18] was almost undetectable in control pan-
creatic acinar cells, while being highly expressed in LPS-
induced MPC-83 cells (Additional file 5: Fig. S1C). ELISA
results also depicted that the expression of TNF-a, IL-1p
and IL-6 was significantly elevated in the supernatant of
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Fig. 1 Rbpjlis under-expressed in both pancreatic tissues of AP mice and LPS-induced pancreatic acinar cells. A A volcano map of the expression
of DEGs in AP samples in GSE121038 microarray (red dot indicates highly expressed genes, green dot indicates poorly expressed genes, X axis
represents -log10, and Y axis indicates logFC. B Venn map of AP-related genes from GeneCards and CDT databases and differential genes obtained
from GEO database. C A heat map of 32 candidate genes involved in the regulation of AP in AP samples (green to red indicates the expression
value from small to large). D The expression of Rbpjl in AP samples in the GSE121038 microarray. E Immunohistochemistry analysis of Rbpjl protein
in pancreatic tissues of sham-operated or AP mice (* p <0.05 vs. sham-operated mice). F The apoptosis rate in pancreatic tissues of sham-operated
or AP mice was detected by TUNEL staining (* p<0.05 vs. sham-operated mice). G The expression of pro-inflammatory factors in the serum of
sham-operated or AP mice was detected by ELISA (* p<0.05 vs. sham-operated mice). H, Western blot assay was used to detect the protein
expression of Rbpjl in control pancreatic acinar cells or pancreatic acinar cells treated with LPS at different time points (¥ p <0.05 vs. control cells).

1 The expression of pro-inflammatory factors in control pancreatic acinar cells or pancreatic acinar cells treated with LPS for 24 h was detected by
Western blot assay. (* p <0.05 vs. control cells). The mouse experiments were performed 14 days after AP modeling, with n=8 for mice in each
group. The cell experiment was conducted three times independently

IL-6

LPS-induced MPC-83 cells (Additional file 5: Fig. S1D).
These findings highlighted the successful establishment

of in vitro pancreatic cell injury model.

Moreover, Western blot assay results illustrated that
expression of Rbpjl was progressively reduced in LPS-
induced MPC-83 cells over time than that in control

MPC-83 cells, whereas, the reduction was no longer
obvious after 24 h (Fig. 1H). In addition, there was an

increase in the expression of TNF-a, IL-1p and IL-6 in

AP models and pancreatic cell injury models.

the supernatant of LPS-induced MPC-83 cells (Fig. 1I).
Altogether, the aforementioned findings demon-
strated that Rbpjl was poorly expressed in both mouse
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Rbpjl inhibited LPS-induced inflammatory response

in pancreatic acinar cells

To further elucidate the effect of Rbpjl on AP, we over-
expressed or knocked down Rbpjl in the LPS-induced
MPC-83 cells and determined the efficiency of oe-Rbpjl/
sh-Rbpjl. As illustrated by the results of Western blot
assay, oe-Rbpjl treatment in control MPC-83 cells ele-
vated Rbpjl expression, while sh-Rbpjl treatment brought
about the opposing effects. In addition, oe-Rbpjl treat-
ment in LPS-exposed MPC-83 cells led to elevated Rbpjl
expression and sh-Rbpjl treatment resulted in a reduction
of Rbpjl expression. Additionally, LPS-induced MPC-83
cells following each treatment presented with lower Rbpjl
expression compared to control MPC-83 cells following
each treatment (Fig. 2A).

Moreover, over-expression of Rbpjl led to enhanced
LPS-induced MPC-83 cell proliferation, while these
effects were abrogated by Rbpjl silencing. Meanwhile,
there were no evident differences in the proliferation of
each group of MPC-83 cells without LPS stimulation
(Fig. 2B). Following LPS treatment, MPC-83 cell apop-
tosis was reduced following over-expression of Rbpijl.
Conversely, Rbpjl silencing resulted in enhanced cell
apoptosis. Each group of MPC-83 cells without LPS stim-
ulation exhibited no significant difference in the apopto-
sis, whereas apoptosis of LPS-induced MPC-83 cells was
higher following each treatment as compared to control
cells (Fig. 2C).

Over-expression of Rbpjl increased glutathione (GSH)
production, while down-regulating that of malondialde-
hyde (MDA) in LPS-induced MPC-83 cells. Conversely,
GSH production was decreased, and MDA production
was increased following Rbpjl silencing. There were
no changes in GSH and MDA production in the con-
trol MPC-83 cells following each treatment, while LPS-
induced MPC-83 cells upon each treatment presented
with lower GSH production and higher MDA produc-
tion relative to MPC-83 cells without LPS stimulation
(Fig. 2D). Moreover, over-expression of Rbpjl notably
reduced reactive oxygen species (ROS) accumulation,
whereas Rbpjl silencing led to increased ROS accumula-
tion. Meanwhile, LPS-induced MPC-83 cells following
each treatment exhibited higher ROS accumulation com-
pared to MPC-83 cells without LPS stimulation (Fig. 2E).
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Furthermore, the results of Western blot assay and ELISA
illustrated that over-expression of Rbpjl decreased the
levels of pro-inflammatory proteins TNF-a, IL-1p and
IL-6 in LPS-induced MPC-83 cells and the supernatant,
respectively, while opposite results were observed fol-
lowing Rbpjl knockdown. In addition, the levels of TNEF-
a, IL-1p and IL-6 were not significantly altered in each
group of MPC-83 cells without LPS stimulation, while
LPS-induced MPC-83 cells following each treatment pre-
sented with higher levels relative to MPC-83 cells without
LPS stimulation (Fig. 2F, Additional file 5: Figure S1E).
Overall, the aforementioned findings suggested that
over-expression of Rbpjl attenuated the damage of LPS to
pancreatic cells and reduced the inflammatory response.

Rbpjl targeted and inversely regulated Arid5a
Next, we sought to further investigate the molecular
mechanism of Rbpjl in AP. There is evidence to suggest
that Arid5a is highly expressed in the context of inflam-
mation [19]. In this study, Arid5a expression was up-reg-
ulated in AP samples in the GSE121038 dataset (Fig. 3A).
Moreover, the JASPAR website predicted that the binding
sequence of transcription factor Rbpjl and gene Arid5a
promoter region was CAGACACCAGTGAG (Fig. 3B).
Subsequent results of reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) and Western blot
assay confirmed that Arid5a was indeed highly expressed
in the pancreatic tissues of AP mice (Fig. 3C, Additional
file 6: Figure S2A). Meanwhile, the expression of Arid5a
showed a progressive increase in the LPS-induced MPC-
83 cells over time, while this increase was no longer
prominent after 24 h (Fig. 3D). In addition, Pearson’s
correlation coefficient illustrated that Arid5a protein
expression was negatively correlated with Rbpjl protein
expression in LPS-induced MPC-83 cells at different
time points (Fig. 3E). Therefore, we speculated that Rbpjl
might affect AP by regulating the expression of Arid5a.
Accordingly, we manipulated the expression of
Rbpjl in pancreatic acinar cells, with over-expression
and knockdown efficiency validated by RT-qPCR and
Western blot assay (Additional file 7: Figure S3A).
The results of chromatin immunoprecipitation (ChIP)
assay revealed that enrichment of Arid5a promoter by
Rbpjl was reduced in the presence of Rbpijl silencing,

(See figure on next page.)

Fig. 2 Overexpression of Rbpjl inhibits LPS-induced inflammatory response in pancreatic acinar cells. Control and LPS-induced MPC-83 cells were
treated with oe-Rbpjl or sh-Rbpjl. A The protein expression of Rbpjl in control and LPS-induced MPC-83 cells was detected by Western blot assay.

B The control and LPS-induced MPC-83 cell viability was detected by CCK-8 assay. C Apoptosis of control and LPS-induced MPC-83 cells detected
by flow cytometry. D GSH and MDA production in control and LPS-induced MPC-83 cells were detected using an ultraviolet spectrophotometer. E
The production of ROS in control and LPS-induced MPC-83 cells. F The expression of pro-inflammatory factors in control and LPS-induced MPC-83
cells was detected by Western blot assay. & p < 0.05 vs. control MPC-83 cells + oe-NC. @ p < 0.05 vs. control MPC-83 cells +sh-NC. * p <0.05 vs.
MPC-83 cells treated with LPS + 0e-NC. # p < 0.05 vs. MPC-83 cells treated with LPS + sh-NC. Cell experiments were performed after 72 h of lentivirus
transduction and 24 h of LPS stimulation. The cell experiment was conducted three times independently
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while being increased following Rbpjl over-expres-
sion (Fig. 3F), underscoring that Rbpjl could bind to
the Arid5a promoter region. Moreover, the results of
electrophoresis mobility shift assay (EMSA) further
revealed that Rbpjl bound to the Arid5a promoter-
WT, but not to the Arid5a promoter-MUT (Fig. 3QG).
Meanwhile, dual luciferase reporter assay data identi-
fied a significant decrease in the luciferase activity of

WT-Arid5a promoter following Rbpjl overexpression,
whereas there were no alterations in the luciferase
activity of MUT-Arid5a promoter (Fig. 3H).

Furthermore, the results of RT-qPCR and Western blot
assay illustrated that knockdown of Rbpijl led to a signifi-
cant enhancement in the mRNA and protein expression
of Arid5a, while over-expression of Rbpjl led to the oppo-
site results (Fig. 31, Additional file 6: Figure S2B).
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Altogether, the aforementioned findings suggested that
Rbpjl specifically bound to Arid5a promoter and nega-
tively regulated the expression of Arid5a.

Arid5a activated the IL-6/STAT3 axis in pancreatic acinar
cells

To further predict the downstream regulatory factors of
Arid5a, the STRING website was utilized to obtain the
gene interaction network of Arid5a. Subsequent find-
ings revealed that IL-6 was located at the core of the net-
work, exhibiting a close interaction with Arid5a (Fig. 4A),
whereas STAT3 was located as the core of IL-6 interac-
tion network, exhibiting close association with IL-6
(Fig. 4B). As illustrated by Western blot assay results, the
intranuclear protein expression of STAT3 and STAT3
phosphorylation levels were significantly increased,
while the total protein expression of STAT3 did not alter
in the pancreatic tissues of AP mice and LPS-induced
MPC-83 cells (Fig. 4C, Additional file 6: Figure S2C).
Following knockdown of Arid5a in LPS-induced MPC-
83 cells, there was a decrease in the intranuclear protein
expression of STAT3 and STAT3 phosphorylation levels,
whereas the total protein expression of STAT3 was unaf-
fected. In addition, in MPC-83 cells without LPS stimula-
tion, knockdown of Arid5a did not alter the total protein
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expression of STAT3 (Fig. 4D, Additional file 6: Figure
S2D). Moreover, the results of RT-qPCR exhibited that
the IL-6 levels were decreased in LPS-induced MPC-
83 cells in response to Arid5a knockdown. Meanwhile,
there were no significant changes in the level of IL-6 in
the MPC-83 cells upon Arid5a knockdown without LPS
stimulation (Fig. 4E).

Collectively, the aforementioned findings indicated that
Arid5a activated the IL-6/STAT3 axis in pancreatic aci-
nar cells.

Rbpjl impaired Arid5a-dependent activation of IL-6/STAT3
axis to alleviate inflammatory response

In an attempt to further explore the effect of Rbpjl reg-
ulating the Arid5a/IL-6/STAT3 axis on inflammatory
response of pancreatic acinar cells, we manipulated the
expression of Rbpjl and Arid5a in pancreatic acinar cells.
Subsequent results of RT-qPCR illustrated an enhance-
ment of Rbpjl mRNA expression and a decline in Arid5a
and IL-6 mRNA expression in LPS-induced MPC-83
cells transfected with oe-Rbpjl. Meanwhile, there were no
changes in the Rbpjl mRNA expression, while Arid5a and
IL-6 mRNA expression was up-regulated following fur-
ther over-expression of Arid5a. However, in each group
of MPC-83 cells without LPS stimulation, Arid5a and
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IL-6 mRNA expression exhibited consistent results to
those of LPS-induced MPC-83 cells following each treat-
ment, except for the unaltered IL-6 mRNA expression
in the MPC-83 cells without LPS stimulation (Fig. 5A,
Additional file 8: Figure S4A). Moreover, Western blot
assay results demonstrated that over-expression of Rbpjl
decreased the intranuclear protein expression of STAT3
and STAT3 phosphorylation levels, while the total pro-
tein expression of STAT3 was unaffected in LPS-induced
MPC-83 cells, and these effects could be reversed by
restoration of Arid5a. Each group of MPC-83 cells with-
out LPS stimulation exhibited consistent results in the
protein expression of Rbpjl and Arid5a as those of LPS-
induced MPC-83 cells following each treatment; there
were no appreciable differences in the intranuclear pro-
tein expression of STAT3, total protein expression of
STAT3, or STAT3 phosphorylation levels in each group
of MPC-83 cells without LPS stimulation (Fig. 5B, Addi-
tional file 6: Figure S2E and Additional file 8: Figure S4B).

Furthermore, cell counting kit-8 (CCK-8) assay results
illustrated that over-expression of Rbpjl promoted the
viability of LPS-induced MPC-83 cells, while these effects
were reversed by over-expression of Arid5a. In addition,
following treatment with oe-Arid5a-+]SI-124 (STAT3
inhibitor, 1 uM for 24 h, Bio-Techne Co. Ltd.), LPS-
induced MPC-83 cells presented with enhanced cell via-
bility. Meanwhile, there were no changes in cell viability
in each group of MPC-83 cells without LPS stimulation
(Fig. 5C, D, Additional file 8: Figure S4C, D). The results
of flow cytometry showed that over-expression of Rbpjl
inhibited MPC-83 cell apoptosis, whereas over-expres-
sion of Arid5a promoted cell apoptosis. On the other
hand, JSI-124 treatment reversed the promoting effect of
Arid5a over-expression on the cell apoptosis. Each group
of MPC-83 cells without LPS stimulation exhibited no
differences in the cell apoptosis (Fig. 5E, F, Additional
file 8: Figure S4E, F).

Moreover, over-expression of Rbpjl significantly
increased the production of GSH and down-regulated
the production of MDA in LPS-induced MPC-83 cells,
whereas over-expression of Arid5a reversed the effects
of Rbpjl on the production of GSH and MDA. In addi-
tion, following treatment with oe-Arid5a+ JSI-124,
the production of GSH was elevated and that of MDA
was reduced in the LPS-induced MPC-83 cells. Mean-
while, there were no changes in the production of GSH
and MDA in each group of MPC-83 cells without LPS
stimulation (Fig. 5G, H, Additional file 8: Figure S4G,
H). Additionally, the results of ELISA and Western blot
assay demonstrated that Rbpjl over-expression signifi-
cantly inhibited the secretion of inflammatory factors
in LPS-induced MPC-83 cells and the supernatant,
respectively, while this anti-inflammatory effect was
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negated by overexpression of Arid5a. On the other
hand, JSI-124 treatment reversed the promotive effect
of Arid5a over-expression on the secretion of inflam-
matory factors. Besides, secretion of inflammatory
factors showed no alterations in each group of MPC-
83 cells without LPS stimulation (Fig. 5I, J, Additional
file 6: Figure S2F, G, Additional file 7: Figure S3B, C,
Additional file 8: Figure S41, J).

Overall, the aforementioned findings suggested that
Rbpjl decreased the expression of Arid5a and thus
inhibited IL-6/STAT3 axis to alleviate LPS-induced
inflammatory response in pancreatic acinar cells.

Rbpjl alleviated AP by blocking Arid5a-dependent
activation of IL-6/STAT3 in vivo
Lastly, we established mouse models of AP, and then
injected lentivirus over-expressing Rbpjl or Arid5a
into mice via tail vein. Subsequent results of Western
blot assay illustrated that over-expression of Rbpjl aug-
mented the protein expression of Rbpjl and reduced
that of Arid5a in pancreatic tissues of AP mice. How-
ever, there were no changes in Rbpjl protein expres-
sion, while the Arid5a protein expression was elevated
in pancreatic tissues of oe-Rbpjl+ oe-Arid5a-treated
mice (Fig. 6A, Additional file 6: Figure S2H). Moreover,
Western blot assay results showed that over-expression
of Rbpjl notably decreased intranuclear STAT3 protein
expression and STAT3 phosphorylation levels, while
the total protein expression of STAT3 remained unal-
tered in pancreatic tissues of AP mice; however, further
over-expression of Arid5a reversed the effects of Rbpjl
over-expression (Fig. 6B, Additional file 6: Figure S2I).

Furthermore, HE staining results illustrated that
over-expression of Rbpijl significantly alleviated pancre-
atic tissue lesions in AP mice; whereas, over-expression
of Arid5a led to significant aggravation of severe pan-
creatic tissue lesions in the presence of Rbpjl (Fig. 6C).
Moreover, over-expression of Rbpjl markedly decreased
pancreatic organ coefficient in AP mice, while these
effects were reversed by over-expression of Arid5a
(Fig. 6D). Moreover, the results of TUNEL staining
depicted that over-expression of Rbpjl significantly
reduced cell apoptosis in pancreatic tissues of AP mice,
which could be reversed by over-expression of Arid5a
(Fig. 6E). In addition, ELISA results displayed that over-
expression of Rbpjl significantly inhibited the expres-
sion of pro-inflammatory factors in the serum of AP
mice, while these effects could be abrogated by over-
expression of Arid5a (Fig. 6F).

Collectively, the aforementioned findings indicated that
Rbpjl was capable of alleviating AP by down-regulating
Arid5a and inhibiting the IL-6/STAT3 axis in vivo.
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Fig. 6 Rbpjl alleviates AP by downregulating Arid5a and blocking the IL-6/STAT3 axis in vivo. A Rbpjl and Arid5a protein expression in pancreatic
tissues of mice treated with oe-Rbpjl or combined with oe-Arid5a determined by Western blot assay. B The intranuclear STAT3 protein expression,
total protein expression of STAT3 as well as STAT3 phosphorylation level in pancreatic tissues of mice treated with oe-Rbpjl or combined with
oe-Arid5a were measured by Western blot assay. C HE staining was used to observe the degree of pancreatic injury, and the degree of pancreatic
injury was graded and evaluated in mice treated with oe-Rbpjl or combined with oe-Arid5a. D The weight ratio of pancreatic tissues to total body in
mice treated with oe-Rbpjl or combined with oe-Arid5a was detected. E TUNEL staining was used to detect the apoptosis rate in pancreatic tissues
of mice treated with oe-Rbpjl or combined with oe-Arid5a. F The expression of pro-inflammatory factors in the serum of mice treated with oe-Rbpjl
or combined with oe-Arid5a was detected by ELISA. The mouse experiments were performed 14 days after AP modeling, with n=8 for mice in
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Discussion

In our current work, we validated the alleviatory effect
of Rbpjl in AP through a series of functional experiments
both in vitro and in vivo, in an effort to offer potential
future therapeutic strategies against AP. Altogether, our
findings highlighted that Rbpjl alleviated the develop-
ment of AP by regulating the Arid5a/IL-6/STAT3 axis.

The obtained data illustrated that Rbpjl was poorly
expressed in the pancreatic tissues of AP mice and
LPS-induced pancreatic acinar cells, whereas further
over-expression of Rbpjl exerted an inhibitory effect on
LPS-induced inflammatory response in pancreatic aci-
nar cells. Unsurprisingly, Rbpjl was previously indicated
to serve as an important transcription factor in the reg-
ulation of the differentiation and development of acinar
cells [16]. Further elaborating the significance of Rbpjl in
pancreatic disorders, the study carried out by Nair et al.
indicated that Rbpjl could affect type 2 diabetes risk via
positive modulation of exocrine enzyme Ctrb in mouse
pancreatic acinar cells [6]. Meanwhile, PTF1a, function-
ing as a key transcription factor regulating early pancre-
atic development, is capable of directly binding to the
promoter region of Rbpjl gene, while also being impli-
cated in the transcription initiation of Rbpjl [20]. Recent
investigations have further shown that PTFla is poorly
expressed at the onset of pancreatitis [21], while one
study remarked that deletion of PTF1la alone is enough
to precipitate inflammatory response of pancreatic cells
[22]. Altogether, the aforementioned findings and evi-
dence make it plausible to suggest that down-regula-
tion of Rbpjl expression may be directly associated with
down-regulation of PTF1la transcriptional activity in the
occurrence of AP, while the regulation of these transcrip-
tion factors by inflammatory signals requires further
exploration.

Additional experimentation in our study identified
Arid5a as the downstream factor of Rbpjl in AP through
database-based bioinformatics prediction, as well as ChIP
and Western blot assays. Currently, Arid5a is regarded as
an RNA binding protein that stabilizes various inflamma-
tory factors, such as IL-6 and STAT3 [10]. Interestingly,
the loss of Arid5a in mouse models was correlated with
resistance to bleomycin-induced lung damage, which is a
leading cause of mortality on a global scale owing to acute
inflammation in lung [23]. Moreover, a prior study indi-
cated that down-regulation of Arid5a led to diminished
levels of IL-6 in LPS-treated mice, and further prevented
development of experimental autoimmune encephalo-
myelitis [24]. Consistent with these findings, the results
obtained in this study indicated that the inhibitory role of
Rbpjl in AP required downregulation of Arid5a.
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Thereafter, we adopted a mechanistic approach in
our research, and uncovered that down-regulation of
Arid5a inhibited the IL-6/STAT3 axis to ameliorate AP.
Strikingly, there is a plethora of evidence highlighting
the regulatory relationship between Arid5a and IL-6/
STATS3. For instance, Arid5a, functioning as a type of
dynamic molecule, was previously shown to stabilize
the mRNA transcripts of multiple inflammatory factors,
including IL-6, thereby participating in the inflamma-
tory response and progression of inflammation-related
diseases [19]. In addition, a prior study demonstrated
that targeting the phosphorylation and degradation of
Arid5a could facilitate the release of IL-6, consequently
exerting a critical role in autoimmunity [25]. Similarly,
the efforts of Masuda et al. revealed that Arid5a pos-
sesses the ability to promote cytokine production and
control the half-life of pro-inflammatory factors, includ-
ing IL-6 and STAT3, in activated macrophages, as well as
T cells [26]. On the other hand, up-regulation of Arid5a
induced by P2-adrenergic stimulation was previously
associated with elevated IL-6 levels, thereby enhanc-
ing inflammation in cardiac fibroblasts [27]. Meanwhile,
Arid5a-induced selective stabilization of STAT3 is known
to influence the fate of CD4+ T cells [28]. In fact, a large
number of studies have explored the critical involve-
ment of IL-6 and STAT3 in AP. For example, inhibition
of IL-6 and down-regulation of STAT3 phosphorylation
by Chaiqin Chengqi decoction can lead to amelioration
of AP [29]. Besides, Wang et al. reported that IL-6 up-
regulates the expression of TMEM16A through activa-
tion of the IL-6R/STAT3 signaling pathway in pancreatic
acinar cells, thereby contributing to the development of
AP [30]. In contrast, inhibition of IL-6 by picroside II aids
the attenuation of intestinal barrier injury induced by
severe AP [31]. Overall, these findings underscored the
critical involvement of Arid5a-mediated activation of the
IL-6/STATS3 axis in the pathogenesis of AP, whereas Rbpjl
impaired this activation to attenuate the pancreatic dam-
age, further evidenced by our animal experimentation
findings.

In addition to Rbpjl, the Foxa2, PRDM16, ANGPT1 and
Dicer1 genes were all uncovered to be significantly down-
regulated in AP samples. Foxa2 is regarded as an indica-
tor of the differentiation of islet pancreatic cells, whereas
induction of islet pancreatic cell differentiation may be
one of the mechanisms of anti-inflammatory effect [32].
Meanwhile, the study performed by Sugiyama et al
revealed that PRDM16 is required for pancreatic islet
development in vivo [33]. In addition, ANGPT1 gene-
modified human mesenchymal stem cells were previously
indicated as a potential therapeutic approach for severe
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AP in rats, due to its ability to diminish pancreatic injury
and serum levels of pro-inflammatory cytokines [34].
Lastly, Dicer1 is known to play key roles in the morpho-
genesis of developing tissues, which is imperative to the
maintenance of adult pancreas [35]. In lieu of the afore-
mentioned reports, we cannot exclude the involvement
of the above factors in the regulation of AP progression.
Moreover, a variety of inflammatory molecular pathways
are implicated in the development of pancreatitis, such
as NF-kB, MAPK and JAK-STAT [36]. At this conjecture,
our study primarily identified the correlation between the
inflammatory response mediated by IL-6/STAT3 and the
regulation of Rbpjl/Arid5a; however, it cannot be ruled
out whether other inflammatory phenotypes are depend-
ent on the Arid5a/IL-6/STAT3 axis, and shall be one of
the focuses of our future endeavors.

Conclusions

Collectively, findings obtained in our study highlighted
that Rbpjl decreases Arid5a expression by binding to
the Arid5a promoter region, and blocks activation of
the IL-6/STAT3 signaling pathway, thus suppressing the
expression of inflammatory factors TNF-a, IL-1p and
IL-6 in AP. On the other hand, augmenting the expres-
sion of Rbpjl reduces the inflammatory response medi-
ated by Arid5a/IL-6/STAT3, and then attenuates the
progression of AP (Fig. 7). Our discoveries could pave the
way for promising molecule targets for treatment of AP
but requires further confirmation with clinical trials. In

Page 12 0f 18

addition, the inducing factors and underlying function-
ing of Rbpjl as an anti-inflammatory mediator during AP
warrant investigation in future studies. Lastly, the mecha-
nism behind the regulation of the IL-6/STAT3 signaling
by Arid5a in AP warrants further exploration.

Methods

Ethical approval

The current study was carried out with the approval of
the Ethics Committee of Harbin Medical University Can-
cer Hospital, and all animal experimental procedures
were performed in accordance with the Guide for the
Care and Use of Laboratory Animals published by the
US National Institutes of Health. Extensive efforts were
made to minimize the suffering of the included animals.

Microarray-based gene expression profiling

The AP-related microarray GSE121038, with better data
availability and quality obtained from 16 microarrays,
was retrieved from the GEO database with “acute pan-
creatitis” serving as the key word, “Mus musculus” as the
species and “Expression profiling by array” as the type.
The samples were obtained from mouse pancreatic tis-
sues, and the sequencing platform file was GPL10787.
Sample grouping information is illustrated in Additional
file 1: Table S1. Differential analysis of the GSE121038
microarray was performed using the R language “limma”
package, with |logFC|>1, p value<0.05 serving as the
threshold to screen DEGs in pancreatitis samples.
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Fig. 7 The molecular mechanism plot for the role of Rbpjl in AP. Ropjl down-regulates Arid5a expression by binding to the Arid5a promoter region,
thus reducing IL-6 expression and STAT3 protein phosphorylation, and STAT3 translocation into nuclei. Further, Rbpjl inhibits activation of the IL-6/
STAT3 signaling pathway, and the production of inflammatory factors TNF-a, IL-1(3 and IL-6, thereby alleviating AP
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Additionally, genes related to AP were downloaded from
the GeneCards and CDT databases. Intersection analy-
sis was subsequently conducted on the top 300 DEGs in
the GSE121038 dataset and the AP-related genes using
the jvenn tool. In addition, the binding sequence of tran-
scription factor Rbpjl and the promoter region of Arid5a
gene was predicted using the JASPAR website. Lastly,
the interaction network of Arid5a and IL-6 was obtained
from the STRING website.

Cell culture and transfection

Mouse pancreatic acinar cell line (MPC-83, CL-0518),
procured from Procell (Wuhan, Hubei, China), was cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS) (HyClone Com-
pany, Logan, UT), supplemented with 100 U/mL penicil-
lin and 100 U/mL streptomycin (Gibco Company, Grand
Island, NY) in a 5% CO, incubator at 37 °C. Upon reach-
ing 80% confluence, the cells were passaged and collected
for follow-up experiments.

BLOCK-iT™ RNAi Designer was adopted to design
Rbpjl and Arid5a short hairpin RNA (shRNA) sequences.
The obtained shRNAs were subsequently cloned into
pLKO.1-puro lentivirus plasmids. Mouse Rbpjl and
Arid5a full-length sequences were cloned into pCDH-
EF1-MCS-copGFP lentivirus plasmids. MPC-83 cells
were stimulated with LPS (2 pg/mL, L8880, Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China)
to mimic the microenvironment of pancreatitis. The
specific action time was detailed in the legend of rel-
evant results. In the LPS treatment groups, the cells
were transfected with plasmids of oe-NC, oe-Rbpjl,
sh-NC,  sh-Rbpjl  (5-CCATCCAAACCAGAGTCT
GAT-3'), sh-Aridsa (5-GCCTGAGTATTCAGATGA
CAA-3’), oe-Rbpjl+0e-NC, oe-Rbpjl+ oe-Arid5a, oe-
Arid5a+DMSO, and oe-Arid5a+JSI-124 (JSI-124: 1 uM
for 24 h, Bio-Techne), alone or in combination. Simul-
taneously, in control groups, the cells were transfected
with plasmids of oe-NC, oe-Rbpjl, sh-NC, sh-Rbpjl, oe-
Rbpjl+o0e-NC, sh-Arid5a, oe-Rbpjl+oe-Arid5a, oe-
Arid5a+DMSO and oe-Arid5a+]JSI-124, alone or in
combination. Thereafter, the HEK-293 T cells (CL-0005,
Procell) were seeded in a 6-well plate, and 4 pg of over-
expression or silencing plasmids were added with 8 pL
Lipofectamine 3000 (L3000015, Thermo Fisher Scientific
Inc., Waltham, MA) for transient transfection. Lentivirus
(virus titer of 2 x 108 TU/mL) was collected, isolated, and
purified. Afterwards, the purified lentivirus was utilized
to transduce MPC-83 cells, which were collected after
72 h.
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RT-qPCR
Tissue or cell samples were lysed with the TRIzol reagent
(16,096,020, Thermo Fisher Scientific) for 10-30 min at
room temperature. Total RNA content was extracted
with the addition of phenol/chloroform, and RNase-Free
DNase I was used to digest and extract RNA. The concen-
tration and purity of the extracted RNA (260/280=1.8—
2.0) were detected with a nucleic acid quantitative
analyzer (ND-1000, NanoDrop Technologies Inc.). Next,
400 ng total RNA was reverse-transcribed into cDNA
with PrimeScript RT Reagent Kit (D7168l, Beyotime,
Shanghai, China). RT-qPCR was subsequently performed
using SYBR® Premix Ex Taq'" II kits (RR820A, Takara).
PCR primers were synthesized by Riobio Biotechnology
Co., Ltd (Guangzhou, China). The specific sequences are
illustrated in Additional file 4: Table S4. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was adopted as
internal reference control of mRNAs. The 2724¢T method
was utilized to express the relative expression of the gene.

Western blot assay

Total protein was extracted from tissues or cells using
radioimmunoprecipitation assay (RIPA) buffer (R0010,
Solarbio) with 1 mM PMSF protease inhibitor. Best-
Bio Beibo Nuclear Protein Extraction Kit (BB-3102-1,
Invent Biotechnologies Inc., Eden Prairie, MN) was used
to extract nuclear protein. Briefly, appropriate amounts
of cytoplasmic extraction buffer were added to the cells
or tissues, and the homogenate was shaken and cen-
trifuged at 16,000 rpm and 4 °C for 5 min. Next, the
supernatant (cytoplasmic fraction) was transferred to
a new pre-cooled 1.5 ml centrifuge tube. The pellet was
resuspended in 0.5 mL of pre-cooled PBS, and then cen-
trifuged at 10,000 rpm for 3—5 min. The collected pel-
let was supplemented with an appropriate amount of
nucleus extraction buffer, and later incubated on ice for
1 min. Afterwards, the nuclear extract was centrifuged at
14,000-16,000 rpm for 30 s, and the nuclear protein was
stored at — 80 °C.

The protein concentration was determined with a bicin-
choninic acid (BCA) protein assay kit (G3522, Jiebeisi
Biotechnology, Guangzhou, China). Next, 40 pg protein
was extracted from each sample and separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis. The
obtained proteins were transferred onto a polyvinylidene
fluoride (PVDF) membrane (Millipore Corporation, Bil-
leria, MA), which was sealed with TBST containing 5%
bovine serum albumin (BSA) at room temperature. The
membrane was subsequently incubated with diluted pri-
mary antibodies against PAP-I (0.1 pug/mL, PA5-47,700,
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Thermo Fisher Scientific), Rbpjl (dilution ratio of 1:1000,
ab25949, Abcam Inc., Cambridge, UK), Arid5a (dilu-
tion ratio of 1:2000, ab81149, Abcam), phosphorylated
(p)-STAT3 (dilution ratio of 1:1000, ab76315, Abcam),
STAT3 (dilution ratio of 1:1000, _#9139, Cell Signal-
ing Technologies [CST], Beverly, MA), tumor necrosis
factor-a (TNF-a) (dilution ratio of 1:1000, #3707, CST),
IL-6 (dilution ratio of 1:1000, # 12,153, CST), IL-1p (dilu-
tion ratio of 1:1000, #12,153, CST), histone H3 (dilu-
tion ratio of 1:1000, # 4499, CST) and GAPDH (dilution
ratio of 1:2000, TA-08, Zhongshan Gold-bridge, Beijing,
China) overnight at 4 °C. The following day, second-
ary goat anti-rabbit against IgG antibody (dilution ratio
of 1:2000, Zhongshan Gold-bridge) or goat anti-mouse
against IgG (dilution ratio of 1:2000, Zhongshan Gold-
bridge) was added to the membrane for 1 h incubation
at room temperature. Enhanced chemiluminescence rea-
gent (Beyotime) was employed to visualize images using
the Bio-Rad Gel Doc XR gel imager (Bio-Rad Labora-
tories, Hercules, CA). Image ] software was adopted to
quantify the gray value of the protein bands. The semi-
quantitative expression of protein was expressed by the
ratio of gray value of the target protein to that of internal
reference protein. GAPDH was adopted as the internal
reference of total protein, and histone 3 as the internal
reference of nuclear protein.

EMSA

Initially, 1 pg of purified Rbpjl protein was incubated
with 1 uL. DNA probe (0.08 pM) in the Arid5a pro-
moter binding region (WT sequence: forward: 5-CCA
CCAAGCTCACTGGTGTCTGCTCCAGGCTGAGC-
3’; reverse: 5-GCTCAGCCTGGAGCAGACACCAGT
GAGCTTGGTGG-3’; MUT sequence: forward: 5'-CCA
CCAAGTTTTTTTTTTTTTTCTCCAGGCTGAGC-
3’; reverse: 5-GCTCAGCCTGGAGAAAAAAAAAAA
AAACTTGGTGG-3') in a binding buffer supplemented
with 25 mM HEPES buffer (pH 7.6), 50 mM KCl, 0.1 mM
EDTA (pH 8.0), 12.5 mM MgCl,, 1 mM DTT, 0.5% BSA,
and 5% glycerol at room temperature for 30 min. Subse-
quently, the binding reaction mixture was loaded onto a
7% non-denaturing polyacrylamide gel and run at 80 V
for 2 h. Afterwards, the bound DNA was visualized by
ethidium bromide staining [37].

CCK-8 assay

Pancreatic acinar cells were trypsinized and dispersed
into a single cell suspension. Next, the cells were seeded
into 96-well plates, at a density of 6 x 10° cells per well.
Subsequently, 200 pL cell suspension was added to each
well, with 6 parallel wells set for each group. At the 24 h,
48 h, 72 h and 96 h time intervals, 10 uL. CCK-8 solution
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(96,992, Sigma-Aldrich Chemical Company, St Louis,
MO) was added to each well. After a 2 h period of cul-
ture, the optical density (OD) values at 450 nm were
detected with a microplate reader (NYW-96 M, Beijing
N.Y.W. Instrument Co., Ltd., Beijing, China).

Flow cytometry

Early and late apoptotic MPC-83 cells were detected
by flow cytometry. Briefly, MPC-83 cells (at a density
of 1 x 10*well) were trypsinized, rinsed with PBS and
resuspended in a binding buffer. Subsequently, the cells
were stained with 5 uL Annexin V FITC and PI (BD Bio-
sciences) for 30 min in conditions void of light at 37 °C.
The cells were subsequently detected on a flow cytometer
(FACScan™; BD Biosciences), and the results were ana-
lyzed with the FlowJo software (version 10.6.2; BD Bio-
sciences) to count the proportion of apoptotic cells.

ROS production assay by dihydroethidium (DHE)
fluorescence staining

DHE-ROS reactive oxygen detection kits (BB-47051,
Shanghai Best Biotechnology Co., Ltd., Shanghai, China)
were adopted to detect ROS accumulation in pancreatic
acinar cells. Briefly, DHE solution was diluted with PBS
buffer at a ratio of 1:200, added to pancreatic acinar cells,
incubated at 37 °C in conditions void of light for 30 min,
and then rinsed thrice with PBS. Finally, the cells were
visualized under an inverted fluorescence microscope
(BX63, Olympus Optical Co., Ltd., Tokyo, Japan). Follow-
ing excitation by blue light, ROS-positive cells presented
with red staining in the whole nuclear area; meanwhile,
following excitation with ultraviolet light, the unoxidized
dihydroethidine in the cytoplasm presented with blue
fluorescence.

ChIP assay

Cultured pancreatic acinar cells were cross-linked with
1% paraformaldehyde at room temperature for 5 min,
and then added with glycine at a final concentration
of 127 mM to terminate the cross-linking. Next, the
cells were lysed with cell lysis buffer (50 mM Tris HCI,
pH=8.1, 1% sodium dodecyl sulfate, 10 mM EDTA) con-
taining protease inhibitor on ice for 30 min, and then
subjected to ultrasonification to produce 200—1000 bp
chromatin fragments.

Afterwards, ChIP Assay Kits (#9002, CST) were uti-
lized. Protein A/G agarose (SC-2003, Santa Cruz Biotech-
nology, Inc, Santa Cruz, CA) and ChIP antibody to Rbpjl
(ab25949, Abcam) or IgG (#14,705, CST) were added to
50 ug DNA and incubated overnight at 4 °C. Normal IgG
antibody was adopted as NC. The DNA complex was
washed successively with low-salt buffer and high-salt
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buffer. DNA was subsequently extracted and purified
with phenol/chloroform. Specific ChIP-RT-qPCR prim-
ers (forward: 5-TTGGAAAGGATGGAACCGGC-3/;
reverse: 5'-CTTTGCAGCTAGGGGCTGAT-3') were
designed for the Arid5a promoter.

Dual luciferase reporter assay

Arid5a promoter region with WT and MUT Rbpjl
binding site was constructed into the pGL3-Basic vec-
tor (Promega Corp., Madison, Wisconsin) to obtain the
recombinant vector of WT-Arid5a promoter (5-CAG
ACACCAGTGAG-3') and MUT-Arid5a promoter (5'-
CAGGACTTGACGAG-3'). Subsequently, HEK-293 T
cells (CL-0005, Procell) were seeded in 24-well plates, at
a density of 3 x 10* cells/well. WT-Arid5a promoter and
MUT-Arid5a promoter were then co-transfected with
0oe-NC and oe-Rbpjl into HEK-293 T cells. At a 48-h
period of transfection, the cells were collected and lysed,
after which the luciferase activity was detected using
the luciferase detection kit (K801-200, BioVision, Mil-
pitas, CA) on a Glomax20/20 Luminometer (Promega).
The relative luciferase activity was expressed as the ratio
of the firefly luciferase activity to the Renilla luciferase
activity. The relative luciferase activity of different treat-
ment groups was normalized to the ratio of 1 of the con-
trol group.

TUNEL staining

TUNEL cell apoptosis detection kits (C1098, Beyotime)
was adopted for this experiment. Following pre-process-
ing, the cells were treated with 20 pg/mL of proteinase K
without DNase at 37 °C, incubated with 50 puL of TUNEL
detection solution at 37 °C for 60 min, and then added
with DAB (DA1010, Solarbio) as a substrate. Apoptotic
cells were subsequently observed under a microscope.
Under a light microscope, the nuclei of the apoptotic cells
appeared as brown spots, which were manually counted
and quantitatively analyzed in a blind manner.

Detection of MDA and GSH

GSH and MDA production was determined with GSH
(r-glutamyl  cysteingl 4+ glycine, #S0056, Beyotime)
and MDA kits (#S0131, Beyotime), in accordance with
the provided instructions. Briefly, pancreatic tissues
(100 mg) were lysed with cell lysis buffer (# p0013, Beyo-
time) on ice for 30 min, followed by 10-min centrifuga-
tion at 12,000g and 4 °C, with the supernatant harvested.
Next, BCA protein concentration determination kit
(#2020LES76, Yeasen Biotechnology, Shanghai, China)
was utilized to detect the total protein concentration.
Afterwards, GSH activity was detected at 340 nm and
MDA activity at 520 nm.
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ELISA

Mouse serum or supernatant of pancreatic acinar cells
was collected. ELISA Kkits for proinflammatory factors
TNF-« (ab181421), IL-1B (ab214025) and IL-6 (ab46029)
were purchased from Abcam. Briefly, 96-well plates were
placed in the microplate reader (Thermo Fisher Scien-
tific) to analyze the OD values at 562 nm. A standard
curve was subsequently drawn with standard protein
concentration as the X axis and OD value as the Y axis.

Establishment of AP mouse models

Six-week-old C57/B6 male mice were purchased from
Beijing Vital River Biological (Beijing, China) and raised
in a specific-pathogen-free animal laboratory. The mice
were allowed to acclimatize for two weeks, and then ran-
domly assigned into the following 6 groups (with 8 mice
in each group): the sham group, the AP group, the oe-NC
group (AP mice injected with lentivirus carrying oe-NC),
the oe-Rbpjl group (AP mice injected with lentivirus car-
rying oe-Rbpijl), the oe-Rbpjl+o0e-NC group (AP mice
injected with lentivirus carrying oe-Rbpjl+ oe-NC) and
the oe-Rbpjl + oe-Arid5a (AP mice injected with lentivi-
rus carrying oe-Rbpjl+ oe-Arid5a). AP was induced with
an intraperitoneal injection of supramaximal cerulein
(Sigma-Aldrich) at a dose of 100 mg/kg, for a total of
ten times with a 1-h interval between injections. Sham-
operated mice were subjected to treatment with PBS. To
achieve effective interference, 10 pL of lentivirus (final
titer of approximately 1 x 10% TU/mL) was injected via
tail vein of mice 1 week prior to AP establishment [38].
Lentiviruses carrying oe-Rbpjl and oe-Arid5a were pro-
cured from Genechem (Shanghai, China). The titer of
lentivirus was above 1x 10° TU/mL. Each mouse was
injected with 300 pL of corresponding lentivirus for a
duration of 14 days. Pancreatic tissues were collected and
weighed. The organ coefficient was calculated using the
following formula: organ coefficient = organ weight (mg)/
body weight (g).

HE staining

Paraffin-embedded tissue sections were stained with
hematoxylin (C0007, Baoman Biotechnology Co., Ltd.,
Shanghai, China) at room temperature for 10 min,
hydrolyzed with 1% hydrochloric acid alcohol, and then
reverted to blue in 0.6% ammonia. Next, the tissue sec-
tions were counterstained with eosin at room tem-
perature. The morphological and structural changes of
pancreatic tissues were subsequently observed under
an optical microscope (XSP-36, Boshida Optical Instru-
ments Co., Ltd., Shenzhen, China). Pathological scoring
was evaluated, and the parameters included edema, fat
necrosis, hemorrhage, inflammatory cell infiltration, and
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acinar necrosis. The severity of pancreatic injury and the
corresponding score were recorded as follows: 0 point
indicates no injury; 1 point indicates mild injury; 2 points
indicate moderate injury; 3 points indicates severe injury;
4 points indicates very severe injury [39].

Immunohistochemical staining

Pancreatic tissues were sectioned at the thickness of
5 pm, dehydrated, treated with 3% hydrogen peroxide,
and then subjected to peroxidase blocking with normal
goat serum. Immunohistochemical staining was sub-
sequently performed by incubating the tissue sections
with primary antibody to Rbpjl (dilution ratio of 1:100,
14,613—1-AP, Proteintech) overnight at 4 °C. The follow-
ing day, the tissues sections were incubated with biotin-
labeled goat anti-rabbit secondary antibody (dilution
ratio of 1:200, BA1003, Boster Biological Technology Co.
Ltd., Wuhan, Hubei, China) for 20 min at 37 °C. After-
wards, the sections were exposed to DAB substrate, fol-
lowed by hematoxylin counterstaining and standard
dehydration treatment. Staining images were obtained
using a microscope. Finally, the Image] software was
adopted for statistical analysis of positive staining. Five
different fields of view were randomly selected to count
the number of positive cells, and the total number of cells
counted was more than 100. The proportion of positive
cells = (number of positive cells/total cells) x 100% [40].

Statistical analysis

Statistical analyses were performed using the SPSS
21.0 statistical software (IBM Corp. Armonk, NY).
Measurement data, obtained from three independent
experiments, were expressed as mean =+ standard devia-
tion. Data between two groups were compared using
unpaired ¢ test, and those among multiple groups were
compared with one-way analysis of variance (ANOVA),
combined with Tukey’s post-hoc tests. Data at differ-
ent time points among multiple groups were compared
by repeated measures ANOVA, followed by Bonferroni
post-hoc tests. A value of p<0.05 was regarded statisti-
cally significant.
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AP: Acute pancreatitis; LPS: Lipopolysaccharide; ROS: Reactive oxygen
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kappa J region like; PTF1: Pancreas transcription factor 1; Arid5a: AT-rich
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Differentially expressed genes; HE: Hematoxylin and eosin; TUNEL: Termi-
nal deoxynucleotidy! transferase-mediated dUTP-biotin nick end labeling;
ELISA: Enzyme-linked immunosorbent assay; PAP-I: Pancreatitis-associated
protein-I; GSH: Glutathione; MDA: Malondialdehyde; ROS: Reactive oxygen
species; RT-gPCR: Reverse transcription-quantitative polymerase chain reac-
tion; ChIP: Chromatin immunoprecipitation; EMSA: Electrophoresis mobility
shift assay; CCK-8: Cell counting kit-8; FBS: Fetal bovine serum; shRNA: Short
hairpin RNA; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; RIPA:

Page 16 of 18

Radioimmunoprecipitation assay; BCA: Bicinchoninic acid; PVDF: Polyvi-
nylidene fluoride; BSA: Bovine serum albumin; HEPES: N-2-hydroxyethyl-pip-
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Additional file 1: Table S1. Sample grouping in the GSE121038 microar-
ray dataset

Additional file 2: Table S2. Detailed differential analysis results of the 32
genes obtained from the GSE121038 dataset.

Additional file 3: Table S3. Expression data of the 32 genes in control
and acute pancreatitis samples of the GSE121038 dataset.

Additional file 4: Table S4. Primer sequences for RT-qPCR. Arid5a, AT-rich
interactive domain-containing protein 5a; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; RT-gPCR, reverse transcription-quantitative
polymerase chain reaction; F, forward; R, reverse.

Additional file 5: Figure S1. Detection of pancreatic tissue injury in mice
and the expression of pro-inflammatory factors in the cell supernatant of
pancreatic acinar cells. A, HE staining for the severity of pancreatic tissue
injury in sham-operated or AP mice (* p < 0.05 vs. sham-operated mice). B,
The weight ratio of pancreas to total body of sham-operated or AP mice

(* p < 0.05 vs. sham-operated mice). C, Western blot assay detection of
PAP-I protein in control or LPS-induced pancreatic acinar cells (for 24 h).
*p < 0.05 vs. control cells. D, The expression of pro-inflammatory factors

in the supernatant of control or LPS-induced pancreatic acinar cells (for
24 h) detected by ELISA. * p < 0.05 vs. control cells. E, The expression of
pro-inflammatory factors in the supernatant of pancreatic acinar cells with
oe-Rbpjl or sh-Rbpjl (for 72 h) stimulated by LPS (for 24 h) was detected
by ELISA. * p < 0.05 vs. cells treated with LPS 4+ oe-NC.* p < 0.05 vs. cells
treated with LPS + sh-NC. The mouse experiments were performed 14
days after AP modeling, with n = 8 for mice in each group. The cell experi-
ment was conducted three times independently.

Additional file 6: Figure S2. Representative Western blots. A, Repre-
sentative Western blots of Figure 3C. B, Representative Western blots of
Figure 31. C, Representative Western blots of Figure 4C. D, Representative
Western blots of Figure 4D. E, Representative Western blots of Figure 58. F,
Representative Western blots of Figure 51. G, Representative Western blots
of Figure 5J. H, Representative Western blots of Figure 6A. |, Representative
Western blots of Figure 6B. The mouse experiments were performed 14
days after AP modeling, with n = 8 for mice in each group. The cell experi-
ment was conducted three times independently.

Additional file 7: Figure S3. Detection of the Rbpjl protein expression
and expression of pro-inflammatory factors in pancreatic acinar cells.

A, RT-gPCR and Western blot assay were used to detect the protein
expression of Rbpjl after pancreatic acinar cells with oe-Rbpjl or sh-Rbpjl
(for 72 h) were stimulated by LPS (for 24 h) (* p < 0.05 vs. cells treated

with sh-NC.* p < 0.05 vs. cells treated with oe-NC). B, The expression of
pro-inflammatory factors in the supernatant of pancreatic acinar cells with
oe-Rbpjl or combined with oe-Arid5a (for 72 h) stimulated by LPS (for 24
h) was detected by ELISA. (* p < 0.05 vs. cells treated with LPS 4 oe-NC. #
p < 0.05 vs. cells treated with LPS + oe-Rbpjl + oe-NC) C, The expression
of pro-inflammatory factors in the supernatant of pancreatic acinar cells
with oe-Arid5a (for 72 h) or combined with JSI-124 (for 24 h) stimulated by
LPS (for 24 h) was detected by ELISA. (& p < 0.05 vs. cells treated with LPS
+ oe-Arid5a + DMSO) The cell experiment was conducted three times
independently.

Additional file 8: Figure S4. Rbpjl downregulates Arid5a expression
and thus inhibits the IL-6/STAT3 axis to alleviate inflammatory response
in control pancreatic acinar cells. A, mRNA expression of Rbpjl, Arid5a
and IL-6 in control MPC-83 cells treated with oe-Rbpjl or combined with
oe-Arid5a for 72 h determined by RT-gPCR. B, Rbpjl, Arid5a and STAT3
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protein expression in MPC-83 cells treated with oe-Rbpjl or combined
with oe-Arid5a for 72 h determined by Western blot assay. C, CCK-8 assay
was used to detect control MPC-83 cell viability following treatment with
oe-Rbpjl or combined with oe-Arid5a for 72 h. D, CCK-8 assay was used

to detect control MPC-83 cell viability following treatment with oe-Arid5a
or combined with JSI-124 for 72 h. E, Apoptosis of control MPC-83 cells
following treatment with oe-Rbpjl or combined with oe-Arid5a for 72 h
detected by flow cytometry. F, Apoptosis of control MPC-83 cells following
treatment with oe-Arid5a or combined with JSI-124 for 72 h detected by
flow cytometry. G, Ultraviolet spectrophotometers were used to detect
GSH and MDA production in control MPC-83 cells following treatment
with oe-Rbpjl or combined with oe-Arid5a for 72 h. H, Ultraviolet spectro-
photometers were used to detect GSH and MDA production in control
MPC-83 cells following treatment with oe-Arid5a or combined with
JSI-124 for 72 h. I-J, TNF-q, IL-13 and IL-6 expression in control MPC-83 cells
following treatment with oe-Arid5a or combined with JSI-124 for 72 h. *

p < 0.05 vs. control MPC-83 cells treated with oe-NC. ¥ p < 0.05 vs. control
MPC-83 cells treated with oe-Rbpjl + oe-NC. The cell experiment was

conducted three times independently.
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