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Emodin Alleviates Sodium Taurocholate–Induced
Pancreatic Ductal Cell Damage by Inhibiting

the S100A9/VNN1 Signaling Pathway

Fangyue Guo, PhD,*† Qi Zhou, PhD,*† Yu Wu, MS,‡§ Mingming Chen, MS,‡§

Liang Zhao, MD,|| and Hong Xiang, PhD*
Objectives: Because the pathogenesis of the disease is unclear, the treat-
ment of patients with acute pancreatitis, especially severe acute pancreatitis,
is still a major challenge for clinicians. Emodin is an anthraquinone com-
pound extracted from rhubarb that can alleviate the damage to pancreatic
ductal epithelial cells induced by adenosine triphosphate, but whether it has
a similar protective effect on sodium taurocholate (STC)–stimulated pancre-
atic ductal cells and the underlying mechanism has not yet been reported.
Methods: A model of STC-induced HPDE6-C7 human pancreatic ductal
epithelial cell injury was established, and then apoptosis and the levels of re-
active oxygen species (ROS), glutathione, gamma-glutamylcysteine synthe-
tase, and inflammatory cytokines were assessed in the presence or absence
of emodin pretreatment. S100 calcium binding protein A9 (S100A9) and
Vanin1 (VNN1) protein expression was also measured.
Results: Emodin significantly increasedHPDE6-C7 cell viability, inhibited
apoptosis and ROS release, and elevated glutathione levels and
gamma-glutamylcysteine synthetase activity. Furthermore, emodin downreg-
ulated S100A9 andVNN1 protein expression and inhibited the production of
inflammatory factors, such as interleukin (IL)-1β, IL-6, IL-8, and IL-18.
Conclusions: Emodin attenuates STC-induced pancreatic ductal cell injury
possibly by inhibiting S100A9/VNN1-mediated ROS release. This finding
provides evidence for the future development of emodin as a therapeutic agent.
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A cute pancreatitis (AP), defined as the rapid onset of pancre-
atic inflammation, is the most common gastrointestinal dis-

ease leading to hospital admission worldwide.1 The annual inci-
dence of AP ranges from 13 to 45 per 100,000 individuals in the
United States, and the mortality rate of severe AP (comprising ap-
proximately 10%of all cases) remains remarkably high (~28%).2,3

The typical characteristics of AP are acinar cell injury and exocrine
abnormalities, and sustained inflammation is responsible for local
or systemic inflammatory response syndrome.4,5 Thus, most stud-
ies have focused on pancreatic acinar cell damage mediated by var-
ious stimuli and its underlying molecular mechanisms.6–8 The exo-
crine pancreas is composed of both acinar and ductal cells. These 2
types of exocrine cells interact closely to maintain the normal phys-
iological function of the pancreas.9 Pancreatic acinar cell destruc-
tion is undoubtedly the terminal step in pancreatitis, but the duct plays
a crucial role in maintaining the integrity of the pancreas; when this
protective function is compromised, pancreatitis occurs.10,11 Under
physiological conditions, the primary function of the pancreatic duct
is to secrete ductal fluid and HCO3

−, which together form a ductal
mucosal barrier that protects the pancreas from noxious stimuli by
blocking the backflow of bile and trypsin into the pancreas.12 Pre-
vious studies have shown that high concentrations of bile acids in-
hibit HCO3

− secretion, thus leading to damage to the epithelial bar-
rier. The ducts can no longer protect against bile acids, and loss of
this protective effect may contribute to the progression of AP.10

Given the anatomy and biological functions of the pancreatic duct,
the pancreatic ductal epithelium seems to be vulnerable to harmful
stimuli, such as endoscopic retrograde pancreatography and gall-
stone passing.13,14 However, the mechanisms of pancreatic duct
injury in AP pathogenesis have not been clarified, and further ex-
ploration is warranted.

S100 calcium binding protein A9 (S100A9), also known as
myeloid-related protein-14, is one of the primary members of
the S100 protein family and has been demonstrated to play an impor-
tant role in the regulation of migration or adherence of inflammatory
cells.15 Our previous study showed that deletion of S100A9 in the
pancreatic duct ameliorates AP by targeting Vanin1 (VNN1)-
mediated reactive oxygen species (ROS) release, which provides
evidence for S100A9 as a potential therapeutic target for AP.16

The Chinese herb rhubarb has been used alone or as a mon-
arch herb in traditional Chinese medicine (TCM) formulas (eg,
Qingyi decoction, Dachengqi decoction, and Yinchenhao decoc-
tion) to treat AP for many years.17–20 Emodin (1,3,8-trihydroxy-
6-methylanthraquinone) is an anthraquinone derivative mainly ex-
tracted from rhubarb and has effects against AP in vitro and in
vivo.21,22 Recent studies on the effect of emodin against AP have
focused mainly on its ability to protect pancreatic acinar cells and
suppress the inflammatory cascade.23,24 Interestingly, our previous re-
search found that emodin also ameliorates the damage to pancreatic
ductal epithelial cells induced by adenosine triphosphate in vitro.25

In this article, a model of sodium taurocholate (STC)–induced dam-
age was first established to explore the protective effect of emodin
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TABLE 1. Primer Sequences Used in the Present Work

Gene Primers (5′-3′)

β-actin Forward: CCTGGGCATGGAGTCCTGTG
Reverse: TCTTCATTGTGCTGGGTGCC

IL-1β Forward: ATGATGGCTTATTACAGTGGCAA
Reverse: GTCGGAGATTCGTAGCTGGA

IL-6 Forward: AAGCCAGAGCTGTGCAGATGAGTA
Reverse: TGTCCTGCAGCCACTGGTTC

IL-8 Forward: CACTGTGTGTAAACATGACTTCCAA
Reverse: TGTGGTCCACTCTCAATCACTCTC

IL-18 Forward: TCTTCATTGACCAAGGAAATCGG
Reverse: TCCGGGGTGCATTATCTCTAC
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against pancreatic duct injury in vitro. Emodin may alleviate
STC-induced pancreatic ductal epithelial cell damage by inhibiting ap-
optosis and inflammation by targeting the S100A9/VNN1 pathway.

MATERIALS AND METHODS

Reagents and Materials
High-glucose Dulbecco's modified Eagle's medium was

obtained from HyClone Co (Logan, Utah). Fetal bovine serum,
trypsin-Ethylene Diamine Tetraacetic Acid (0.05%), and phenol
red were provided by Gibco Co, Ltd (Thermo Fisher Scientific,
Cleveland, Ohio). Emodin and STC were purchased from Solarbio
Science and Technology Co (Beijing, China). PrimeScript RT re-
agent and SYBR PremixEx Taq II (TliRNaseH Plus) were pur-
chased from TaKaRa Biotechnology Co, Ltd (Dalian, China).
RNAex Pro RNA reagent was obtained from Accurate Biology
Co, Ltd (Changsha, China). A ROS Detection Assay Kit was pur-
chased from AmyJet Scientific Inc Co, Ltd (Wuhan, China). An
α-Amylase (α-AMS) Assay Kit and Gamma-Glutamylcysteine
Synthetase (γ-GCS) Assay Kit were provided by the Nanjing
Jiancheng Institute of Biotechnology (Nanjing, China). A Micro
Reduced Glutathione (GSH) Assay Kit was provided by Solarbio
Science and Technology Co (Beijing, China). Rabbit anti-S100A9
was purchased from Cell Signaling Technology, Inc (Beverly,
Mass). Rabbit anti-VNN1 was purchased from the Proteintech
Group (Chicago, Ill). Goat antirabbit IgGH&L (Horseradish Perox-
idase) was obtained from Abcam (Cambridge, UK). An Annexin
V-FITC/PI Apoptosis Detection Kit was provided by Dalian
Meilun Biotechnology Co, Ltd (Dalian, China).

Cell Culture
The HPDE6-C7 human pancreatic duct cell line was obtained

from American Type Culture Collection (Manassas, Va). The cells
were cultured in high-glucose Dulbecco's modified Eagle medium
supplemented with 10% fetal bovine serum in a humid environment
containing 5% CO2 at 37°C.

Cell Viability Assay
A cell viability assay was used to determine the cytotoxicity

of emodin and the optimum concentration and duration of emodin
treatment. Emodin was dissolved in dimethyl sulfoxide before be-
ing added to cells; the final concentration of dimethyl sulfoxide
was less than 0.1%. Briefly, HPDE6-C7 cells were plated in
96-well plates at a density of 1 � 105 cells/mL and incubated for
24 hours. Then, the cells were incubated with the different concen-
trations of emodin (180, 90, 45, 22.5, 11.25, and 5.625 μM) for
24 hours in 5% CO2 at 37°C. After that, the cells in each well were
incubated with 10 μL of 5 mg/mL 3-(4,5)-dimethylthiahiazo (-z-
y1)-3,5-di-phenytetrazoliumromide for 3 to 4 hours. Finally, to dis-
solve the formazan crystals, the cells were incubatedwith 100 μL of
dimethyl sulfoxidewith shaking, and the absorbance at 490 nmwas
measured with a microplate reader (BioTek, Burlington, Vt).

HPDE6-C7 cells in the control group were cultured in regu-
lar medium, and those in the STC group were stimulated with
STC at a dose of 1016 μMfor 1 hour.16 The cells in the STC + em-
odin group were pretreated with 5.625, 11.25, 22.5, or 45 μM em-
odin for 24 hours before being incubated with STC (1016 μM) for
1 hour to analyze the effects of different concentrations of emodin
or were pretreated with 45 μMemodin for 3, 6, 12, 24, or 48 hours
before being incubated with STC (1016 μM) for 1 hour to analyze
the effects of emodin treatment for different durations. Cell viabil-
ity was determined as described above. Morphological changes in
the stimulated cells were visualized with a contrast microscope
(Olympus Corp, Tokyo, Japan).
740 www.pancreasjournal.com
Quantitative Real-Time Polymerase Chain Reaction
HPDE6-C7 cells were seeded in 6-well plates. The cells in

the STC group were treated with STC (1016 μM) for 1 hour, those
in the emodin groupwere treated with 45 μMemodin for 24 hours,
and those in the STC + emodin group were pretreated with emo-
din for 24 hours before being incubated with STC (1016 μM)
for 1 hour. Total RNA was extracted from HPDE6-C7 cells sub-
jected to different treatment using the TRIzol Universal Total
RNA Extraction Kit following the manufacturer's instructions.
To assess RNA integrity, a small amount of total RNAwas diluted
in RNase-free water, and the absorbance at 260, 280, and 320 nm
was measured with a SimpliNano Ultra Micro Spectrophotometer
(Biochrom, Cambridge, UK). One microgram of RNA was
reverse-transcribed into cDNAwith a PrimeScript RT reagent kit
on a G-1000 polymerase chain reaction (PCR) system (Bioer Tech-
nology, Hangzhou, China). Relative mRNA expression was deter-
mined using real-time PCR with SYBR Premix ExTaqTMII
(TliRNaseH Plus) on an ABI 7500 Real-Time PCR system (Ap-
plied Biosystems, Foster City, Calif ). The following conditions
were used: amplification at 95°C for 30 seconds, denaturation at
95°C for 5 seconds, and annealing at 60°C for 34 seconds for
40 cycles. The primer sequences are listed in Table 1. The expres-
sion levels of all genes were normalized to the expression of β-
actin as an endogenous control, and the fold changes among the
different groups were calculated by the 2−ΔΔCT method for quan-
titative analysis.

Flow Cytometry
The percentage of apoptotic cells was determined using an

annexin V-FITC/PI apoptosis detection kit. HPDE6-C7 cells were
incubated in 6-well plates in different culture media simultaneously.
First, HPDE6-C7 cells were digested with 0.25% trypsin, collected
in phosphate buffered saline (PBS) and pelleted by centrifugation at
1000 rpm for 5 minutes. Then, the cells collected in binding buffer
were stained with 5 μL annexin V-FITC and 5 μL propidium iodide
(PI). Finally, the cells were cultured at room temperature away from
light for 15minutes and analyzed by flow cytometry (BDLSRFortessa
Cell Analyzer, BD Biosciences, Franklin Lakes, NJ).

Reactive oxygen species generation was assessed using a
ROS Detection Assay Kit following the manufacturer's instruc-
tions. HPDE6-C7 cells from different groups were collected, and
the cell pellets were resuspended in culture medium containing
1 � ROS label. A single-cell suspension was prepared by gently
pipetting the cells up and down and incubating them for
30 minutes in the dark. The treated cells were analyzed by flow cy-
tometry (BD LSRFortessa Cell Analyzer, BD Biosciences).
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Quantification of Total GSH Levels
Total GSH levels were measured with aMicro Reduced GSH

Assay Kit according to the manufacturer's instructions. No less
than 106 cells from each group were harvested in 1� PBS and col-
lected by centrifugation. Then the cells were suspended by 3 times
the volume of protein precipitant to the cell pellet, and the cells un-
derwent freezing-thawing 2 to 3 times. After centrifugation, the
supernatant was obtained and placed in a 96-well plate. According
to a standard calibration curve, total GSH concentrations were de-
termined using the kinetic method. The absorbance was measured
at 412 nm with a microplate reader.

Measurement of γ-GCS Levels
Levels of γ-GCS were measured according to the instructions

of the γ-GCS assay kit. Total protein was extracted from cells in
each group with a protein extraction kit. Glutathione promoter
was added to the protein samples, and the samples were incubated
at 37°C for 6 minutes. Then, the optical density was measured at a
wavelength of 636 nm using a microplate reader.

Animal Experiment
Wild-type male C57BL/6 (20–22 g) mice were provided by

the Experimental Animal Center of Dalian Medical University.
All animal care and experimental procedures were conducted in ac-
cordancewith the institutional guidelines for the care and use of lab-
oratory animals and were approved by the Animal Care and Use
Committee of Dalian Medical University (no. AEE21019). The
mice were anesthetized by isoflurane inhalation. The common he-
patic duct was temporarily clamped at the liver hilum to prevent he-
patic reflux after a midline incision was made following anesthesia,
and 10 μL of 5% STC or 0.9% sodium chloride was then infused
into the pancreatic duct for 10 minutes. The catheter and the com-
mon hepatic duct clamp were removed after injection. The mice
in the emodin and STC + emodin groups were orally administered
emodin (75 mg/kg) immediately after animal model establishment
and after 6 and 12 hours. The mice in both the control and STC
groups were administered an equivalent volume of 1% carboxy-
methylcellulose sodium at the same time point. The mice were
killed 24 hours after AP model establishment, serum was obtained
FIGURE 1. Emodin alleviated STC-induced HPDE6-C7 cell injury. A, The
comparedwith 0 μM, **P < 0.01. B, Emodin had no effect on normal HPD
treatment in vitrowas 24 hours. N = 6. **P < 0.01, STC vs control; ##P < 0
HPDE6-C7 cell morphology damage. Data are expressed as mean ± SEM

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
from apical blood samples, 1 part of the pancreas was stored in 4%
paraformaldehyde solution, and the remaining part was stored
at −80°C.

Amylase Assay
To evaluate the effects of emodin on APmice, α-AMS levels

in the serum were measured with α-AMS assay kits. Serum sam-
ples were diluted 1:100 in PBS, and 100 μL of the final diluted se-
rum was added to substrate buffer in a centrifuge tube. After incu-
bation for 7.5 minutes at 37°C, iodine working solution was
added, and the samples were mixed thoroughly. Then, the absor-
bance at 660 nm was read using a microplate reader.

Hematoxylin-Eosin Staining
Pancreatic injury was assayed through hematoxylin-eosin

(HE) staining. Paraformaldehyde-treated tissue samples were em-
bedded in paraffin wax, and 4-μm tissue sections were cut, dewaxed,
rehydrated, and stained with HE. Images of the tissue sections were
obtained under a light microscope (Olympus Corp, Tokyo, Japan)
at �200 magnification.

Western Blotting
Total protein was isolated from HPDE6-C7 cells using a pro-

tein extraction kit, and the protein concentration was quantified
with a Bicinchoninic Acid protein assay kit. Then, the proteins
were separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (10%–12%) and transferred onto Polyvinylidene
Fluoride membranes (EMD Millipore, Merck KGaA, Darmstadt,
Germany). The membranes were incubated overnight at 4°C with
primary antibodies against S100A9 (diluted 1:1000 in Tris-buffered
salinewith Tween) and VNN1 (diluted 1:500 in Tris-buffered saline
with Tween). Subsequently, the membranes were incubated with
secondary antibodies for 2 hours at room temperature. Finally,
protein expression was normalized to that of β-actin, and the pro-
tein bandswere visualized by enhanced Enhanced Chemilumines-
cence using a Tanon-5200 Digital Gel Image Analysis System
(Tanon Science and Technology Co, Ltd, Shanghai, China).
Gel-Pro Analyzer 4.0 software (Media Cybernetics, Rockville,
Md) was used for quantitative analysis.
maximum dose of emodin administered in vitro was 45 μM. N = 6;
E6-C7 cell morphology. C, The optimal duration of 45 μMemodin
.01, emodin + STC vs STC. D, Emodin (45 μM) reversed STC-induced
. Cells were collected 24 hours after STC/emodin treatment.
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FIGURE2. Emodin regulated S100A9/VNN1 signal–related protein expression in STC-induced HPDE6-C7 cells. A, Both the protein bands and
gray value analysis suggested that emodin had no impact on the protein levels of S100A9 and VNN1 in normal HPDE6-C7 cells. B, Emodin
reversed the increase in the protein expression of S100A9 and VNN1 induced by STC. Data are expressed as themean ± SEM. N = 3. *P < 0.05
and **P < 0.01, STC vs control; #P < 0.05 and ##P < 0.01, emodin + STC vs STC. Cells were collected 24 hours after STC/emodin treatment.

Guo et al Pancreas • Volume 51, Number 7, August 2022
Data and Statistical Analysis

The data are presented as the mean ± standard error of the
mean (SEM) of at least 3 separate experiments. GraphPad Prism
7.0 software (GraphPad Software, Inc, San Diego, Calif ) was
FIGURE 3. Emodin inhibited oxidative stress in STC-treated HPDE6-C7 c
had no effect on GSH and γ-GCS levels in normal cells. C, The administra
increased GSH and γ-GCS levels, which were decreased by STC. Data are
control; #P < 0.05, emodin + STC vs STC. Cells were collected 24 hours

742 www.pancreasjournal.com
used for statistical analysis. One-way analysis of variance
followed by Tukey post hoc test (according to homogeneity
of variances: yes/no) was used to analyze differences be-
tween multiple independent groups. P < 0.05 or < 0.01 was
considered statistically significant.
ells. A, Emodin has no effect on ROS levels in normal cells. B, Emodin
tion of emodin decreased ROS release induced by STC. D, Emodin
expressed as mean ± SEM. N = 5. *P < 0.05 and **P < 0.01, STC vs

after STC/emodin treatment.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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RESULTS

Emodin Alleviated STC-Induced HPDE6-C7
Cell Injury

To identify the dose of emodin that did injure HPDE6-C7
cells, the cytotoxicity of emodin was determined by a cell prolifer-
ation assay. Considering the obvious cytotoxicity of 90 μM emodin
to HPDE6-C7 cells (P < 0.01), the maximum concentration of em-
odin used in vitro in this study was 45 μM (Fig. 1A). HPDE6-C7
cells were visualized by light microscopy, and no apparent damage
to cell morphology was observed in the control or 45 μM emodin
treatment group (Fig. 1B). Compared with that of control HPDE6-C7
cells, the viability ofHPDE6-C7 cells treatedwith STCwas significantly
reduced, but 5.625, 11.25, 22.5, and 45 μM emodin increased cell
viability in a dose-dependent manner. Furthermore, use of a time
gradient verified that the optimal pretreatment duration for 45 μM
emodin was 24 hours (Fig. 1C). Analysis of cell morphology
showed that STC-stimulated HPDE6-C7 cells were mainly round
and bright and that STC increased the number of dead HPDE6-C7
cells and decreased the total HPDE6-C7 cell number, whereas
emodin (45 μM) reversed STC-induced HPDE6-C7 cell damage
(Fig. 1D).
Emodin Regulated the Expression of S100A9/
VNN1 Signaling–Related Proteins in
STC-Stimulated HPDE6-C7 Cells

As shown in Figure 2A, emodin had no impact on the protein
levels of S100A9 andVNN1 in normalHPDE6-C7 cells. The protein
expression levels of S100A9 and VNN1were notably increased after
the addition of STC,whereas emodin reversed the increase in the pro-
tein expression of S100A9 and VNN1 induced by STC, as shown in
Figure 5B, suggesting that emodin alleviates STC-induced HPDE6-
C7 cell injury by inhibiting the S100A9/VNN1 signaling pathway.
FIGURE 4. Emodin reversed STC-induced apoptosis of HPDE6-C7 cells.
B, Apoptosis of HPDE6-C7 cells following STC stimulation could be repre
STC/emodin treatment.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
Emodin Inhibited Oxidative Stress in
STC-Treated HPDE6-C7 Cells

The levels of ROS, GSH, and γ-GCS were not significantly
changed in the emodin treatment group compared with the control
group (Figs. 3A, B). The ROS levels in the STC group were signif-
icantly increased compared with those in the control group, and
after the administration of emodin, ROS levels were obviously de-
creased (Fig. 3C). In contrast, GSH and γ-GCS levels were de-
creased by STC, but increased by emodin (Fig. 3D). These results
indicated that inhibition of S100A9/VNN1 signaling by emodin
can restore redox homeostasis in STC-stimulated HPDE6-C7 cells.

Emodin Reversed STC-Induced Apoptosis
of HPDE6-C7 Cells

Apoptosis of HPDE6-C7 cells was analyzed by FITC Annexin
V-PI double labeling and flow cytometry. Cell apoptosis was not af-
fected by treatment with 45 μM emodin, as shown in Figure 4A. As
shown in Figure 4B, apoptosis of HPDE6-C7 cells was promoted in
the STC stimulation group compared with the control group, and
emodin treatment inhibited the induction of apoptosis by STC. The
relative apoptosis rate after emodin treatment was higher than that
in the control group but lower than that in the STC stimulation group.
These results indicated that inhibition of S100A9/VNN1 signaling
by emodin may alleviate STC-induced HPDE6-C7 cell apoptosis.

Emodin Reduced Inflammatory Factor Release
From STC-Stimulated HPDE6-C7 Cells

We explored the effects of emodin on the expression of in-
flammatory factors in STC-stimulated HPDE6-C7 cells. Com-
pared with those in the control group, the mRNA levels of inter-
leukin (IL)-1β, IL-6, and IL-8 in the emodin treatment group were
significantly decreased, whereas therewere no significant changes
in IL-18 mRNA levels after emodin treatment (Fig. 5A). The
mRNA levels of IL-1β, IL-6, IL-8, and IL-18 in the STC group
were significantly higher than those in the control group; however,
A, Emodin did not promote or inhibit normal cell apoptosis.
ssed by emodin treatment. Cells were collected 24 hours after
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FIGURE 5. Emodin reduced the release of inflammatory factors from STC-damaged HPDE6-C7 cells. A, Emodin significantly reduced IL-1β,
IL-6, and IL-8 levels without affecting IL-18 levels. B, Emodin reduced the massive release of the inflammatory factors IL-1β, IL-6, IL-8, and
IL-18 by HPDE6-C7 cells induced by STC. Data are expressed as mean ± SEM. N = 3. **P < 0.01, STC vs control; ##P < 0.01, emodin + STC vs
STC. Cells were collected 24 hours after STC/emodin treatment.
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the expression levels of these factors in the STC + emodin (45 μM)
group were lower than those in the STC group (Fig. 5B). These re-
sults indicated that blockade of the S100A9/VNN1 pathway by em-
odin can reduce the massive release of inflammatory factors caused
by STC.
FIGURE 6. Emodin relieved STC-induced AP in mice. A, Emodin reduced
expressed as mean ± SEM. N = 6. **P < 0.01, STC vs control, and emodin
the protein expression of S100A9 and VNN1 in the pancreas in mice wit
mice with STC-induced AP.

744 www.pancreasjournal.com
Emodin Relieved STC-Induced AP in Mice

As shown in Figure 6A, compared with those in mice ex-
posed to STC, serum α-AMS levels in mice treated with emodin
were significantly decreased. The protein levels of S100A9 and
serum amylase levels in mice with STC-induced AP. Data are
vs control; ##P < 0.01, emodin + STC vs STC. B, Emodin inhibited
h STC-induced AP. N = 3. C, Emodin relieved pancreatic damage in

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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VNN1 in the STC group were obviously higher than those in the
control group; however, the expression levels of these proteins in
the emodin (45 μM) group were lower than those in the STC
group (Fig. 6B). In addition, HE staining showed obvious pancre-
atic damage, including vacuolization, increased neutrophils, and a
small amount of bleeding, in mice treated with STC; however,
these deleterious changes were significantly ameliorated by emo-
din. Moreover, emodin had no effect on the pancreatic tissue of
normal mice (Fig. 6C). These results indicated that emodin can al-
leviate the STC-induced AP in mice by repressing the S100A9/
VNN1 pathway.
DISCUSSION
At present, because most studies on AP have focused on phys-

iological changes in pancreatic acinar cells, efforts to identify the
drugs for AP are focused mainly on acinar cell injury.24,26 Interest-
ingly, pancreatic ductal cells, as one of the main components of the
exocrine pancreas, also play an important role in maintaining the
physiological function of the pancreas.27 Our previous study re-
vealed that pancreatic ductal cells are the first to be exposed to
the toxic stimuli related to pancreatitis, which indirectly lead to
structural and functional impairment of pancreatic acinar cells.16

Although many previous studies have confirmed that TCM com-
pounds, Chinese herbs, and natural products have effects against
AP, the mechanisms of action of TCM compounds against AP is
still unclear.17,20,24 The compositions of TCM compounds are com-
plex and diverse; each Chinese herb has its own characteristics and
different processing and compatibility methods lead to different cu-
rative effects.28Much effort is needed to determine the drug compo-
sitions and pharmacological characteristics of TCM compounds,
and such investigations are tedious. Based on previous clinical
and experimental research, the efficacy of TCM formulas, such as
Dachengqi decoction and Qingyi decoction, in the treatment of
AP has been confirmed.18,29 As the key ingredients of these 2 de-
coctions, the active components of rhubarb have been successfully
isolated and identified.30 Emodin is one of the main active compo-
nents of rhubarb. Our previous studies confirmed that emodin alle-
viates STC-induced pancreatic acinar cell injury and inflammation,
as well as adenosine triphosphate-stimulated pancreatic duct cell in-
jury.24,25 In this study, we established a model of STC-stimulated
HPDE6-C7 cell injury to explore whether emodin has a protective
effect against pancreatic duct injury in vitro and its potential mech-
anisms. The results showed that the viability and morphology of
STC-stimulated HPDE6-C7 cells treated with 45 μM emodin for
24 hours were significantly improved.

The calcium-binding protein S100A9 is abundantly expressed
in monocytes-macrophages and neutrophils, and it is also located in
the cytoplasm and plasma membrane of pancreatic cells under nor-
mal conditions in the human gastrointestinal system.31 S100A9 is
rapidly released upon necrosis or actively secreted by damaged cells
and acts as a damage-associatedmolecular pattern in response to in-
flammatory stimuli.32 S100A9 selectively binds to Ca2+, Zn2+, ara-
chidonic acid, as well as receptor for advanced glycation end prod-
ucts and toll-like receptor 4, with strong affinity and has intracel-
lular and extracellular regulatory effects associated with the
inflammatory response and tumorigenesis.33 Shen et al34 found that
plasma S100A9 levels in patients with acute ischemic stroke can be
used as biomarkers for the therapeutic evaluation of 4 TCM formu-
lations (Buyang Huanwu decoction, Xuefu Zhuyu decoction,
Tianma Gouteng decoction, and Shengyu decoction) before func-
tional recovery can be observed. However, to date, there is no re-
lated research on the efficacy of rhubarb and its active component
emodin in the treatment of AP via regulation of S100A9 expres-
sion. In our previous study based on isobaric tags for relative and
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
absolute quantitation proteomics, we found that the expression of
S100A9 in the pancreatic tissues of rats with AP was significantly
increased.35 Mechanistically, S100A9, as a key regulator of
STC-induced pancreatic duct cell injury, may activate the PYD
domain–containing protein 3 inflammasome and aggravate AP
through VNN-mediated ROS release.16 VNN1 is a glycosylated
phosphatidylinositol-anchored extracellular enzyme that can hydro-
lyze pantothenate into pantothenic acid and cysteamine, thereby
inhibiting γ-GCS enzyme activity and GSH activity. Previous stud-
ies have evaluated the function of VNN1 in oxidative stress, show-
ing that upregulation of VNN1 expression can lead to activation of
the proinflammatory response in themicroenvironment by reducing
antioxidant activity.36,37 In this work, we explored the function of
S100A9 as a potential target of emodin in the treatment of AP for
the first time. By measuring the protein expression of S100A9 and
VNN1, we found that emodin can effectively inhibit the S100A9/
VNN1 signaling pathway in STC-treated HPDE6-C7 cells and re-
duce the mass release of ROS. We also measured GSH and γ-GCS
activity in HPDE6-C7 cells and found that GSH levels and γ-GCS
enzyme activity were significantly increased by emodin-mediated
inhibition of the S100A9/VNN1 pathway.

Generally, emodin can significantly inhibit the expression of
S100A9 in HPDE6-C7 cells stimulated with STC, thus inhibiting
the release of ROS mediated by VNN1, increasing antioxidant ac-
tivity in injured duct cells, inhibiting the inflammatory cascade
and ameliorating pancreatic duct injury in AP. Therefore, S100A9
may be an important target of emodin in the treatment of AP.
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