S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Veterinary Microbiology 231 (2019) 154-159

Contents lists available at ScienceDirect

Veterinary Microbiology

journal homepage: www.elsevier.com/locate/vetmic

Protecting intestinal epithelial cells against deoxynivalenol and E. coli
damage by recombinant porcine IL-22

Check for
updates

z

Yunyun Li%, Jinquan Wang®, Yuchen Li®, Haiqin Wu®, Shiyi Zhao”, Qinghua Yu™*

& MOE Joint International Research Laboratory of Animal Health and Food Safety, College of Veterinary Medicine, Nanjing Agricultural University, Weigang 1, Nanjing,
Jiangsu, 210095, PR China
Y College of Veterinary Medicine, Xinjiang Agricultural University, Urumgi, Xinjiang, 830052, PR China

ARTICLE INFO ABSTRACT

Keywords: Pigs suffer enteritis induced by pathogenic bacteria infection and toxins in the moldy feed, which cause intestinal
Porcine interleukin 22 epithelial damage and diarrhea through the whole breeding cycle. Interleukin-22 (IL-22) plays a critical role in
Deoxynivalenol maintaining intestinal mucosal barrier function through repairing intestinal epithelial damage. However, little
ETEC K88

was known about the effects of IL-22 against apoptosis caused by toxins and infection of intestinal pathogens in
the intestinal epithelium, especially in pigs. In this study, we had successfully used prokaryotic expression
system to produce recombinant porcine interleukin-22. Meanwhile, purified rIL-22 could activate STAT3 signal
pathway and have been demonstrated to be safe to IPEC-J2 cells by increasing E-cadherin expression, without
proinflammatory cytokines changes. Furthermore, rIL-22 reversed apoptosis induced by deoxynivalenol (DON)
and played a vital part in repairing the intestinal injury. We also found that rIL-22 stimulated epithelial cells to
secrete pBD-1 against enterotoxigenic E. coli (ETEC) K88 infection, as well as alleviating apoptosis ratio. This
study provided a theoretical basis for curing intestinal inflammation caused by ETEC infection and epithelial

Intestinal epithelial cells

apoptosis induced by DON with rIL-22 in pigs.

1. Introduction

Interleukin-22 (IL-22), a member of the IL-10 cytokine family,
mainly produced by the lymphatic system cells of innate and adaptive
immunity, including afy T cells, y§ T cells, NKT cells, and innate lym-
phoid cells (ILCs) (Dudakov et al., 2015). IL-22 acts biology function via
the signal transduction in immune response by heterodimeric receptor
complex consisting of IL-22R1 and IL-10R2 (Witte et al., 2010). In
combined with receptor complex, IL-22 activates the receptor-asso-
ciated Janus kinases, Jakl and Tyk2, and then leads to the phosphor-
ylation of STAT3 and activation of p38 mitogen activated protein ki-
nase pathway (Lejeune et al., 2002). IL-22 has been described as the
cytokine of epithelium protection, which has been widely studied for its
different effects on cell proliferation, tissue regeneration, cellular de-
fense and inflammation (Lindemans et al., 2015). Especially, IL-22 in
the gut is able to stimulate intestinal epithelial cells to produce anti-
microbial peptides, enhance the intestinal epithelial barrier of mucus
and promote intestinal repair (Hou et al., 2018; Parks et al., 2015).
Pathogens such as enterotoxigenic Escherichia coli (ETEC) and myco-
toxin in contaminated feed are destructive to intestinal epithelial cells,
which cause enteritis and seriously threatens gut health of pigs
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(Alizadeh et al., 2015; Lee et al., 2016; Zhang et al., 2018).
Deoxynivalenol (DON) is a mycotoxin of the trichothecenes family
that is one of the most common mycotoxin in animal feed (Bouhet and
Oswald, 2005). Pigs are the most sensitive species to DON, which can
cause abdominal distress, diarrhea, vomiting and even shock or death
(Pinton and Oswald, 2014). Besides, DON can induce apoptosis and
breakdown intestinal barrier integrity in epithelial cells (Akbari et al.,
2014; Ma et al., 2012), which increases the susceptibility of animals to
intestinal pathogen infection (Antonissen et al., 2014). Besides feeds,
enteropathogens, such as enterotoxigenic Escherichia coli (ETEC) K88,
commonly induce diarrhea in piglets, which cause mortality and reduce
growth rate, resulting in heavy economic losses (Jin and Zhao, 2000).
Recent studies demonstrated that IL-22 could effectively suppress in-
fection of several intestinal viruses through activation of STAT3 sig-
naling (Xue et al., 2017).Moreover, IL-22 also activated STAT3 to in-
duce the expressions of transcription factors, such as Pou5f1, Sox2, and
Nanog, and promoted tumor progression in human colorectal cancer
cells (Koltsova and Grivennikov, 2014; Kryczek et al., 2014). However,
IL-22-STAT3 pathway plays a protective role in intestinal epithelium
during colitis by promoting expression of genes involved in apoptosis,
proliferation, migration, and survival (Akira, 2000; Chung et al., 2006).
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Studies have shown that STAT3 activation in intestinal epithelial is
protective of mucosal wound healing and (Pickert et al., 2009;
Sugimoto et al., 2008). Previous researches reported that IL-22 could
modulate antimicrobial peptides production to guarantee barrier
functions (Mulcahy et al.,, 2016; Sovran et al., 2015; Treerat et al.,
2017). However, it is still unclear whether porcine IL-22 has a protec-
tive role against intestinal epithelial damage.

Therefore, we hypothesized that recombinant porcine IL-22 would
have the positive effect on intestinal injury, which can effectively
rescue the apoptosis induced by DON via STAT3 signal pathway and
stimulate epithelial cells to secrete antimicrobial peptides against in-
fection of ETEC K88.

2. Material and methods
2.1. Cells culture and reagents

The porcine intestinal epithelial cells IPEC-J2 (GuangZhou Jennio
Biotech Co, China) were cultured in 5% CO, at 37°C in high-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM, GIBCO) containing 10%
fetal bovine serum (FBS, GIBCO). Medium was changed every 3 days
and cells were passed once a week. For CCK8 assays, cells were seeded
in 96-well plates (Costar, USA). For total protein extraction, cells were
seeded in 6-well plates (Costar, USA). ETEC K88 strain comes from pig
and stocked in our lab, which contains toxins (heat-labile enterotoxin 1,
LT1; heat-stable enterotoxin, ST; enteroaggregative heat-stable toxinl,
EAST1), adhesins (F4) and hemolysins (a-hly) (Yu et al., 2012; Zhou
et al., 2014).

DON (Sigma, USA) was dissolved in DMSO (Sigma, USA) to a 5mM
stock solution at —20 °C and working dilutions were prepared in cell
culture medium. Control samples were treated with DMSO in equiva-
lent concentrations.

2.2. ETEC K88 and culture conditions

ETEC K88 was grown in Luria-Bertani (LB) broth. Bacterial titers
(colony forming units, CFU) were determined by serial dilution and
plating onto solid medium. Bacteria were harvested during mid log
phase by centrifugation at 3000 X g for 10 min and then resuspended in
DMEM medium free of antibiotics.

2.3. Clone and prokaryotic expression of rIL-22

The gene encoding porcine IL-22 (GenBank: KX588234.1) was
gained from artificial synthesis (Genscript Biotech Corporation, China),
contained Hind III and Kpn I restriction enzyme sites (TaKaRa, Japan)
and homologous arm of pET-32a, which was cloned into a pET-32a
vector containing a 6-histidine tag at the N-terminus by Hind III and
Kpn 1 through One Step Cloning Kit (Vazyme, China). The recombinant
plasmid pET-32a-IL-22 was transformed into BL21 (DE3). A colony of
positive cells was selected on LB agar plates containing ampicillin
(100 ug/ml) and screened by direct colony PCR with IL-22 primer
(Table 1). The extracted plasmid designated pET-32a-IL-22 was sub-
jected to DNA sequencing by Genscript, Nanjing, China.

PET-32a-1L-22 transformed cells were cultured in LB medium con-
taining ampicillin (100 pg/ml) (GIBICO, USA) at 37°C with shaking
until the optical density of the culture at 600 nm reached 0.5. Isopropyl
B-p-Thiogalactoside (IPTG) (Sigma, USA) was then added to a final
concentration of 1 mM to induce expression at 37°C for 4 h or 15°C for
16 h. The empty pET—32a vector transformed culture was used as
control. The bacteria were pelleted at 8000 x g, at 4°C for 5 min, then
pellets were resuspended in buffer I (50 mM Tris-HCl, 2mM EDTA,
300 mM NacCl, 0.5% Triton X-100, 1 mM PMSF, 1 mg/ml lysozyme, pH
8.0) and was sonicated on ice five times, each for 30 s with 30 s inter-
vals. After sonication, the lysate was centrifuged at 5,000 rpm for
10min, and supernatant was collected and pellet was softly
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Table 1
Primers used for RT-PCR.
Gene Primer Sequence (5’-3’ Product Size Reference
B-actin  F: AGATCAAGATCATCGCGCCT 170 bp  Xia et al. (2017)
R: ATGCAACTAACAGTCCGCCT
IL-6 F:CCTCGGCAAAATCTCTGCAA 189 bp Xia et al. (2017)
R: TGAAACTCCACAAGACCGGT
IL-8 F: CCTCATTCCTGTGCTGGTCA 273 bp Xia et al. (2017)
R: TGCAAGTTGAGGCAAGAAGAC
TNF-a F: GCCCTTCCACCAACGTTTTC 158 bp  Xia et al. (2017)
R: TCCCAGGTAGATGGGTTCGT
pBD-1 F: CTCCTCCTTGTATTCCTCCT 141 bp Wan et al. (2013)
R: GGTGCCGATCTGTTTCAT
pBD-2 F: GACTGTCTGCCTCCTCTC 148 bp  Wan et al. (2013)
R: GGTCCCTTCAATCTGTTG
IL-22 F: CCCAGATCTGGGTACCATGGTCCCG 477bp primer premier 5.0
R: GCCTTTAATACGACATTGGGACAGTT

Supplementary Fig. 1 verification of rIL-22. (A) Identification of pET32a-IL-22
and double-enzyme digestion. lane 1 shows the recombinant plasmid of
PET32a-IL-22; lane 2 shows the products after pET32a-IL-22 was digested by
Kpn 1 and Hind I1I, Lane 3 shows the DNA marker; (B) Verification of colony
PCR. Lanel shows the DNA marker; lane 2 shows negative control; lane 3-10
show positive colony. (C) Western blot analysis of expressed recombinant rIL-
22. Lane M2: Western blot marker; Lane 3: Supernatant of cell lysate with in-
duction for 16 h at 15 °C; Lane 4: Pellet of cell lysate with induction for 16 h at
15 °C; Lane 5: Supernatant of cell lysate with induction for 4 h at 37 °C; Lane 6:
Pellet of cell lysate with induction for 4 h at 37 °C.

resuspended in buffer II (50 mM Tris-HCl, 2 mM EDTA, 300 mM NaCl,
0.5% Triton X-100, 2 M urea, pH 8.0). The cell lysate, supernatant and
pellet of cell lysate were subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and Western blot analysis.

Due to rIL-22 was mainly in the form of inclusion body verified by
SDS-PAGE and western blot analysis, the inclusion body was denatured
in the buffer III (50 mM Tris-HCI, 300 mM NaCl, 100 mM GSH, 8 M
urea, pH 8.0) and put into a dialysis bag. The purified protein-con-
taining dialysis bag was put into renaturation solution (50 mM Tris-HCl,
300 mM Nacl, 0.5% Triton X-100, 0.5M arginine, 3 mM GSH, 0.6 mM
GSSG, 8 M urea, pH 8.0) at 4 °C for 12 h, then treated with renaturation
solution by decreasing urea gradient ranged from 8 M, 6 M, 4 M, 2 M to
1M for 12 h respectively. The protein was pelleted at 8000 x g, at 4°C
for 10 min.

2.4. Cell viability assay

The activity of IPEC-J2 cells was assayed using the Cell Counting Kit
(CCK-8) (Dojindo, Japan) method. IPEC-J2 cells were plated at a den-
sity of 4 x 10° cells/ml in 96-well plates at 37°C and treated with
25uM and 50 uM DON for 48 h, followed by treatment with 10 pl/well
CCK8 solution (5mg/ml). The cells were incubated for an additional
2h. The OD value was read at 570 nm on a microplate reader. The cell
viability (%) was calculated as the percent ratio of absorbance of the
samples against the non-treated control medium.

2.5. RNA extraction and RT-PCR

IPEC-J2 cells were harvested and the total RNA was extracted using
TRIzol (Invitrogen) according to manufacturer’s instructions. The con-
centration of total RNA was measured by a NanoDrop-ND1000 spec-
trophotometer (Thermo Fisher Scientific, USA). Then cDNA was syn-
thesized using HiScript II Q RT SuperMix for qPCR (Vazyme, China).
Quantitative RT-PCR was performed using ChamQ SYBR qPCR Master
Mix (Vazyme, China) and primers (Genscript, China) used for this study
were listed in Table 1. Levels of mRNA were calculated using 2~ 44¢
method and normalized to those of GAPDH mRNA.
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Fig. 1. Clone and prokaryotic expression of rIL-22. (A) The recombinant plasmid map of pET32a-IL-22. (B) Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). Lane M1: Protein marker; Lane PC1: BSA (1 pg); Lane PC2: BSA (2 ug) ; Lane NC: Cell lysate without induction; Lane 1: Cell lysate with
induction for 16 h at 15 °C; Lane 2: Cell lysate with induction for 4 h at 37 °C; Lane NC1: Supernatant of cell lysate non-induced; Lane NC2: Pellet of cell lysate non-
induced; Lane 3: Supernatant of cell lysate with induction for 16 h at 15 °C; Lane 4: Pellet of cell lysate with induction for 16 h at 15 °C; Lane 5: Supernatant of cell
lysate with induction for 4 h at 37 °C; Lane 6: Pellet of cell lysate with induction for 4 h at 37 °C. (C) SDS-PAGE analysis of purified rIL-22. Lane 1 shows the total
protein extract of rIL-22-His inclusion body pellet following 1 mM IPTG induction at 15 °C for 16 h (protein purity: 72.73%); Lane 2 shows the total protein extract of
rIL-22-his through gradient dialysis (protein purity: 77.65%) ; Lane 3 purified rIL-22-His by a Ni-NTA column (protein purity: 95.7%); Lane 4 shows the protein

marker. The analysis of protein purity used Quantity One software.

2.6. Western blot analysis

Protein lysates were obtained from IPEC-J2 cells using ice-cold lysis
RIPA buffer (Solarbio, China) containing 10 mM PMSF (Solarbio,
China), followed by a quantitation of protein using a BCA protein assay
kit (Thermo Scientific, USA). Cell lysates that contained equal amounts
of protein were separated by SDS-PAGE and transferred to a PVDF
membrane (Millipore, USA). Membranes were blocked with 5% bovine
serum albumin (BSA) for 2h at room temperature. The blotted mem-
branes were probed with primary antibodies at 4 °C overnight: p-STAT3
(Tyr705) (Cell Signaling Technology, 1:2000); STAT3 (Cell Signaling
Technology, 1:1000); ZO-1 (Thermo Scientific, 1:2000); E-cadherin
(Abcam, 1:1000) GAPDH (Abcam, 1:10,000) and -Tubulin (Vazyme,
1:1000); Subsequently, the membranes were washed and incubated
with goat anti-rabbit or goat anti-mouse IgG-HRP (Vazyme, 1:5000) for
2h at room temperature. Membranes were then washed four times in
TBST buffer (5 min per wash) (Solarbio, China). The target protein was
visualized with enhanced chemiluminescence (ECL) system (Bio-Rad,
USA), followed by analysis using Quantity One software analysis (Bio-
Rad, USA).

2.7. Assessment of apoptosis by flow cytometry

In order to evaluate the protective effect of rIL-22 against DON,
IPEC-J2 cells were first treated with DON (25uM) for 24 h and then
cocultured with 100 ng/ml rIL-22 for another 24 h, while cells were
treated with rIL-22 for 24h or DON for 48h respectively in other
groups. For ETEC K88 study, IPEC-J2 cells were first treated with rIL-22
(10 or 100 ng/ml) for 24h and followed with ETEC K88 (MOI = 100)
for another 2.5 h, while cells were treated with rIL-22 for 12h or ETEC
K88 for 2.5 h respectively in other groups.

Treated cells were harvested and labeled with an anti-Annexin V-
FITC Apoptosis Detection Kit (Vazyme, China). Floating cells were
collected, then attached cells were washed with 0.01 M PBS and tryp-
sinized for 5 min. Finally, trypsinized cells and floating cells were added
together to centrifugate at 300xg for 10 min, then stained with
AnnexinV-FITC and propidium iodide (PI). The intensity of the markers
was examined by flow cytometry (FACSCantoll, BD Biosciences, USA).
All flow cytometric data were analyzed by using FlowJo software (BD
Biosciences, USA).

2.8. Adhesion of ETEC K88

IPEC-J2 cells were grown to confluency in 12-well tissue-culture
plates, washed three times with antibiotic free medium, added to 1 ml/
well DMEM/F12 medium (without serum and antibiotics), pretreated
with 100 ng/ml rIL-22 for 12h and PBS as a control for 12 h. After 12h,
incubated with 10ul DMEM/F12 medium (without serum and anti-
biotics) containing ETEC K88 (MOI = 100) for 2.5h at 37°C. The
monolayers were washed three times with DMEM/F12 medium and
lysed in 0.5% Triton X-100 in PBS at room temperature for 5min in
order to release the bacteria. The suspensions were serially diluted with
sterile distilled water and 100 pl of each dilution was plated on solid LB
broth medium. The plates were incubated for 12 h at 37°C. The number
of adhering bacteria was determined by plating colony-counting
methods.

2.9. Statistical analysis

Results are expressed as the means *+ standard deviation from
three independent experiments. Statistical analyses were performed
using GraphPad Prism with Student’s t-test. Differences were con-
sidered significant at *P < 0.05, **P < 0.01, *** P < 0.001.

3. Results
3.1. Expression and purification of recombinant IL-22

Firstly, we successfully constructed recombinant plasmid pET32a-
pIL-22 (Fig. 1a), confirmed by restriction enzyme reaction (Supple-
mentary Fig. 1a). The recombinant plasmid was transformed into BL21
(DE3) and verified by colony PCR (Supplementary Fig. 1b). After in-
duction by IPTG, pIL-22 is mainly detected in the form of inclusion
body in cell lysis through SDS-PAGE (Fig. 1b) and Western blot (Sup-
plementary Fig. 1c). The protein was approximate 35.6 kDa as expected
and the expression of the protein peaked at 15°C 16 h or 37°C 4 h post
induction. After denaturing in urea, gradient dialysis and purified by a
Ni-NTA column, refolded porcine IL-22 is obtained and the protein
purity reached 95.7% through Quantity One software analysis (Bio-
Rad, USA) (Fig. 1c).

3.2. Biological activity of recombinant IL-22

STAT3 signaling in the intestinal epithelium plays an important role
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Fig. 2. Biological activity of recombinant rIL-22. (A) Western blot analysis for phosphorylation levels of STAT3 (Tyr705). IPEC-J2 cells were treated by 100 ng/ml
rIL-22 for 12 h and 24 h respectively. (B) Effect of rIL-22 on proinflammatory cytokines. Relative mRNA levels were measured for IL-6, IL-8 and TNF-a in untreated
(control) and rIL-22 (100 ng/ml, 24 h) treated cells using RT-PCR. (C) Western blot analysis for ZO-1, E-cadherin. Data are expressed as means + standard errors
from three independent experiments. Differences were considered significant at (*) 0.01 < P < 0.05, (***) P < 0.001.

in mucosal wound healing and is activated by IL-22 during acute ex-
perimental colitis (Nagalakshmi et al., 2004; Pickert et al., 2009). To
study the biological activity of recombinant rIL-22, we detected the
phosphorylation level of STAT3 induced by rIL-22 on IPEC-J2 cells.
Compared with basal levels of phosphorylation of STAT3 in un-
stimulated controls, phosphorylation STAT3 was clearly increased by
rIL-22 after 12 h and 24 h (Fig. 2a). Moreover, we found that 100 ng/ml
rIL-22 that we used is a safe concentration on IPEC-J2 cells, which did
not affect the expressions of inflammatory factors, IL-6, IL-8 and TNF-a
(Fig. 2b). Apart from that, rIL-22 at 100 ng/ml increased the expression
of E-cadherin (Fig. 2c).

3.3. Effect of recombinant rIL-22 on apoptosis induced by DON

To develop an injury model induced by DON, the influence of DON
on viability of IPEC-J2 cells at 25 and 50 uM concentrations for 48 h
was evaluated by CCK-8 assay. Cell viability was significantly decreased
by approximately 60% after 48h by DON compared to the control
(P < 0.001) (Fig. 3a). The flow cytometric analysis showed that sig-
nificant differences (P < 0.05) in apoptosis were observed after
treated with 25 uM DON for 48 h with highest percentage of apoptotic
IPEC-J2 cells being 66.9%. Compared with exposure to DON, the
apoptosis of IPEC-J2 cells were significantly reduced to 39.5% in the
presence of DON plus rIL-22 (P < 0.001) (Fig. 3b).

A

ctrl

3.4. Effect of recombinant rIL-22 on ETEC K88 infection

As shown in Fig. 4a, rIL-22 effectively reduced the adhesion of ETEC
K88 at 10 ng/ml and 100 ng/ml (P < 0.01) (Fig. 4a). Moreover, rIL-22
also obviously augmented the express level of pBD-1 (P < 0.01), but
not pBD-2 (P > 0.05) (Fig. 4b). Meanwhile, 100 ng/ml rIL-22 alle-
viated the reduced level of pBD-1 caused by ETEC K88 infection (P <
0.05) (Fig. 4b). These results demonstrated that rIL-22 can induce
epithelial cells to produce pBD-1 and reduce the adhesion of ETECK88.
Meanwhile, we also found that the viability of cells infected ETEC K88
for 2.5h decreased significantly, and 10 ng/ml and 100 ng/ml rIL-22
pretreatment decreased apoptosis ratio of intestinal epithelial cells in-
duced by ETEC K88 significantly (P < 0.001) (Fig. 4c).

4. Discussion

Intestinal barrier is the basis for nutrients absorption and an im-
portant protective barrier against pathogens invasion (Choi et al., 2017;
Odenwald and Turner, 2017). However, pig suffers intestinal in-
flammation since its born, such as PEDV and E. coli infection, weaning
stress, feed mildew and so on, which cause huge economic loss in
porcine industry (Curry et al., 2017; Yu et al., 2017). Antibiotics are
always used to treat porcine diarrhea, which could induce antibiotic
resistance, drug residue and antibiotic-associated diarrhea (AAD)
(Huang et al., 2018; Kim et al., 2017). IL-22 regulates early host defense
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Fig. 3. Effect of recombinant rIL-22 on apoptosis induced by DON. (A) CCK8 assay for viability of IPEC-J2 cells at 25 uM and 50 uM DON for 48 h. (B) Effects of rIL-22
on DON-induced cell apoptosis in IPEC-J2 cells. Cell distribution analysis of apoptosis of IPEC-J2 cells treated with rIL-22, DON, and DON plus rIL-22. In each
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standard errors from three independent experiments. Differences were considered significant at (***) P <
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Fig. 4. Effect of recombinant rIL-22 on infection of ETEC K88. (A) rIL-22 decreased ETEC K88 adhesion. Mock cells, rIL-22-pretreated cells were incubated with equal
numbers of ETEC K88 for 2.5h, and the number of adherent bacteria (CFU) was determined. (B) Relative mRNA levels were measured for pBD-1 and pBD-2 in
untreated (control) and treated cells using RT-PCR. (C) Effect of recombinant rIL-22 on apoptosis after infection with ETEC K88. Cell distribution analysis of apoptosis
of IPEC-J2 cells. Data are expressed as means * standard errors from three independent experiments. Differences were considered significant at (*)

0.01 < P < 0.05, (**) 0.001 < P < 0.01, (***) P < 0.001.

against attaching and effacing of Citrobacter rodentium and ameliorates
intestinal mucosal wound healing via a receptor complex, which are
expressed in epithelial cells of small and large bowel (Parks et al.,
2015). However, little is uncovered to the function of porcine IL-22,
which may be a good alternative to prevent and cure porcine diarrhea.

Previous research have found that IL-22 play an important role
against the infection of enteric coronaviruses (Xue et al., 2017). In this
study, prokaryotic expression system was successfully used to produce
recombinant protein rIL-22, which was able to lead to phosphorylation
of STAT3 and rescue the apoptosis induced by DON. Combined with its
safety on cell viability and balance proinflammatory cytokines expres-
sions, rIL-22 is a novel idea to cure the vomit and apoptosis of intestinal
epithelial cells induced by toxin.

Enteropathogens always damaged intestinal epithelial and induced
intestinal inflammation and diarrhea. ETEC K88, is a vital pathogens,
which caused serious intestinal disorder in piglets. IL-22 mainly actives
STATS3 signal pathway that related to suppress apoptosis to maintain
intestinal epithelial barrier function, ameliorate intestinal inflammation
and prevent infection of gastrointestinal bacteria via regulation of an-
timicrobial peptides expression (Wittkopf et al., 2015). Porcine in-
testinal epithelial cells could produce [B-defensin to maintain the in-
tegrity of intestinal mucosal barrier (Mariani et al., 2009). B-defensin

attenuated intestinal inflammation and mucosal lesions in dextran so-
dium sulfate (DSS) induced colitis and displayed broad antimicrobial
activity against pathogenic intestinal bacteria (Veldhuizen et al., 2008;
Wittkopf et al., 2015). In our experiment, we found that rIL-22 sig-
nificantly improved the expression of pBD-1 against the infection of
ETEC K88, although the increase of pBD-2 was not obvious at statistical
level. Researches showed that pBD-1 had a strong inhibitory activity
against E. coli, S. typhimurium, L. monocytogenes, C. albicans and B.
pertussis (Elahi et al., 2006; Shi et al., 1999). It’s possible that rIL-22
decreased the adhesion of ETEC K88 via antibacterial effect of pBD-1.

In conclusion, our study firstly suggested porcine IL-22 can con-
tribute to anti-apoptosis induced by DON and decrease the intestinal
epithelial damage of ETEC K88. Together, these results project a new
protective role for rIL-22 in repairing epithelial cell injury caused by
DON or E. coli. However, the detailed mechanism of the anti-apoptosis
and resist infection activity of IL-22 remains elusive and need further
study.
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