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Abstract 

Enterotoxigenic Escherichia coli (ETEC) are an important cause of post-weaning diarrhea (PWD) in piglets. The IL-17 
cytokine family is well known to play important roles in the host defense against bacterial infections at the mucosa. 
Previously, we reported the potential role of IL-17A in clearing an ETEC infection in piglets. IL-17C, another member 
of the IL-17 family, is highly expressed in the intestinal epithelium, however, its role during an ETEC infection is still 
unclear. In this study, we demonstrate that  F4+ ETEC induce IL-17C mRNA and protein expression in intestinal tissues 
as well as in porcine intestinal epithelial cells (IPEC-J2). This IL-17C production is largely dependent on TLR5 signaling 
in IPEC-J2 cells. Both  F4+ ETEC infection and exogenous IL-17C increased the expression of antimicrobial peptides and 
tight junction proteins, such as porcine beta-defensin (pBD)-2, claudin-1, claudin-2 and occludin in IPEC-J2 cells. Taken 
together, our data demonstrate that TLR5-mediated IL-17C expression in intestinal epithelial cells enhances mucosal 
host defense responses in a unique autocrine/paracrine manner in the intestinal epithelium against ETEC infection.
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(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
The importance of the IL-17 cytokine family in inflam-
mation and autoimmunity is well recognized. This fam-
ily consists of six members: IL-17A, IL-17B, IL-17C, 
IL-17D, IL-17E (also called IL-25) and IL-17F [1]. These 
cytokines bind to heterodimeric complexes composed of 
members of the IL-17 family of receptors: IL-17 receptor 
(IL-17R) A, IL-17RB, IL-17RC, IL-17RD, and IL-17RE, to 
elicit their biological effects [2]. IL-17A and IL-17F have 
been well studied and have been shown to be mainly 
expressed by a distinct T cell subset, T helper type 17 
cells. IL-17A/F initiates innate host defenses and repair 
responses that include the induction of proinflammatory 
cytokines and chemokines, antimicrobial peptides and 

proteins, such as β-defensin, calprotectin and cathelici-
dins [3]. In contrast to IL-17A/F, the biological function 
of IL-17C and the molecular mechanisms regulating 
IL-17C expression are less well investigated. Similar to 
IL-17A and IL-17F, IL-17C also seems to mediate inflam-
matory processes and has been detected in lung and skin 
tissues after bacterial infection as well as in the colon of 
inflammatory bowel disease patients [4–6]. Notably, IL-
17C and its receptor IL-17RE are preferentially expressed 
in epithelial cells lining the mucosa and play an essen-
tial role in the host mucosal defense against microbial 
infection by triggering the production of chemokines, 
inflammatory mediators as well as antimicrobial peptides 
[7–9]. Despite its potential role in inflammation and host 
defense, the function of IL-17C in pigs remains poorly 
understood.

F4+ enterotoxigenic E. coli (ETEC) is one of the most 
common causes of diarrhea in neonatal and recently 
weaned piglets [10, 11], resulting in considerable mor-
bidity and mortality. Intestinal epithelial cells (IECs) are 
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the first cells encountering intestinal pathogens and not 
only form a physical barrier preventing passage of mac-
romolecules and pathogens to the underlying tissues, but 
also sense and detect pathogen-associated molecular pat-
terns (PAMPs) through pathogen-recognition receptors 
(PRRs), such as Toll-like receptors (TLRs), to initiate the 
innate immune response [12]. Porcine IECs have been 
shown to express several TLRs and to enhance cytokine 
mRNA expression upon pathogen or PAMP stimula-
tion [13]. Few studies have examined the TLR mediated 
cytokine response at intestinal sites to ETEC infection 
[14–16]. In our previous study, IL-17A, IL-17B, IL-17F 
and other cytokines were detected in the intestinal tis-
sues of  F4+ETEC infected piglets, suggesting a role in 
host defense against infection [17]. However, despite 
its presence at the intestinal epithelium, it is unclear 
whether or how IL-17C is involved during acute ETEC 
infection. Moreover, there is no information on how IL-
17C is induced by these pathogens.

Thus, in the present study, we addressed if an  F4+ 
ETEC infection can induce IL-17C production in intes-
tinal tissues/epithelial cells and determined whether and 
which type of TLR mediates the expression of IL-17C. In 
addition, we further demonstrated the role of IL-17C in 
epithelial host defense by analyzing the expression profile 
of host defense genes/proteins.

Materials and methods
The methodology of the animal experiment was 
approved by the Ethical Committee of Jinhua Polytech-
nic (ECJHC2016-1010). Experiments were performed in 
accordance with the Regulations for the Administration 
of Affairs Concerning Experimental Animals approved 
by the State Council of the People’s Republic of China. 
F4 receptor-positive  (F4R+) piglets (7–8 weeks old, Lan-
drace) were selected and purchased from MEBOLO 
swine breeding Co., Ltd (Jinhua, China) based on the 
MUC4 TaqMan assay as previously described [18].

Bacterial strains, cell line and culture conditions
The ETEC reference strain C83901 (O8:K87:F4ab,  LT+, 
expression of flagellin, China Veterinary Culture Collec-
tion Center) and the non-pathogenic E. coli strain HB101 
(no flagella, China General Microbiological Culture Col-
lection Center) were cultured as previously described 
with minor modifications [19]. Briefly, the frozen bacte-
ria were first recovered on a Brain Heart Infusion (BHI, 
Oxoid, Hampshire, UK) agar plate and then bacterial col-
onies of each strain were transferred into LB media and 
grown overnight with continuous agitation (180 rpm) at 
37  °C. The porcine intestinal epithelial cell line IPEC-J2 
(purchased from GuangZhou Jennio Biotech Co., Ltd, 
Guangzhou, China) was grown in Dulbecco’s Modified 

Eagle’s Medium/F12 (DMEM/F12 1:1; Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented with 
5% fetal calf serum (FCS, Sijiqing Biotech, Hangzhou, 
China), 2  mM l-glutamine (Thermo Fisher Scientific), 
1 × Insulin/Transferrin/Selenium (ITS, Sigma-Aldrich, 
St. Louis, MO, USA), 100  U/mL penicillin and 100  μg/
mL streptomycin (Thermo Fisher Scientific) and 5  ng/
mL human epidermal growth factor (EGF, Thermo Fisher 
Scientific) at 37 °C and 5%  CO2 in T75 cell culture flasks 
in a humidified atmosphere. These cells were seeded in 
a 24-well cell culture plate (5 × 105 cells/well) and main-
tained in IPEC-J2 culture medium for up to 72  h until 
100% confluent. Next, the culture medium was replaced 
with IPEC-J2 culture medium without FSC (differen-
tiation medium) and further cultured for 48 h to induce 
differentiation.

Small intestinal segment perfusion (SISP)
Three piglets were used to analyze the early immune 
response after ETEC infection. SISP experiments were 
performed essentially as previously described [19]. Three 
small intestinal segments from mid-jejunum were ran-
domly perfused with 2.5 × 109 CFU of the bacterial strain 
C83901, HB101 or PBS. In total, each segment was per-
fused with 32  mL of perfusion fluid over 4  h by inject-
ing 2  mL every 15  min. Then, piglets were euthanized 
with an overdose sodium pentobarbital (Aspen, Wuhan, 
China) and a small piece of tissue of each segment was 
sampled, embedded in RNA later (Sigma-Aldrich), and 
stored at room temperature until RNA isolation.

Bacterial inoculum and treatments
Prior to bacterial inoculation, IPEC-J2 monolayers were 
gently washed three times with sterile PBS and cultured 
in differentiation medium without antibiotics for 2  h at 
37 °C, 5%  CO2, 90% humidity. Then, the cells were inocu-
lated with different bacterial strains (5 × 107 CFU/well, 
MOI = 100) in antibiotic-free differentiation medium 
and incubated at 37  °C, 5%  CO2 in a humidified atmos-
phere. After 1 h of incubation, cells were lysed in 1 mL 
TRIzol Reagent (Thermo Fisher Scientific) immediately 
after aspiration of the culture medium or further cul-
tured for 1 h, 3 h and 24 h in differentiation medium sup-
plemented with 50  μg/mL gentamycin (Thermo Fisher 
Scientific) after 3 times washing with PBS to remove non-
adherent bacteria. Subsequently, cells were harvested 
and resuspended in TRIzol Reagent or directly lysed in 
RIPA lysis buffer (P0013, Beyotime, Shanghai, China) for 
Western blotting. The cell supernatants were collected 
and stored at −80 °C. To assess protein expression, cells 
on coverslips were fixed with 4% paraformaldehyde for 
5 min at RT and stained with anti-IL-17C (1:1000, rabbit 
pAb, ab153896, Abcam, Cambridge, UK), anti-claudin-1 
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(1:500, rabbit pAb, 51-9000, Thermo Fisher Scientific) 
and anti-claudin-2 (1:300, mouse mAb, 32-5600, Thermo 
Fisher Scientific). Then, the sections were washed and 
incubated with the secondary antibody in different com-
bination including FITC conjugated goat anti-rabbit 
IgG (H + L) (10 μg/mL, Thermo Fisher Scientific), Texas 
Red-X conjugated goat anti-mouse IgG (H + L) and FITC 
conjugated goat anti-mouse IgG (H + L) (10  μg/mL, 
Thermo Fisher Scientific) at RT for 1.5 h. The nuclei were 
counterstained with Hoechst (10 μg/mL, Sigma-Aldrich) 
and the slides were mounted in glycerol containing 
0.223 M 1,4-diazobicyclo-(2,2,2)-octane (Sigma-Aldrich) 
and imaged on a confocal microscope (Leica TCS SP8 
MP, Germany).

Inhibitor, flagellin and cytokine treatments
Two hours before bacterial inoculation, IPEC-J2 mon-
olayers were incubated with 0.5  μM oligodeoxyribonu-
cleotide (ODN 2088, Miltenyi Biotec, Bergisch Gladbach, 
Germany; blocks TLR7/8/9 signaling as described previ-
ously [20, 21]), TH1020 (SML1741, Sigma-Aldrich, inhib-
its TLR5 signaling as described previously [22]), 20 or 
40  ng/mL IL-17C (MyBioSource, San Diego, CA, USA) 
and then inoculated for 24 h with the different bacterial 
strains as described above. As flagellin has been reported 
to induce IL-17C production in several epithelial cells [7, 
23, 24], IPEC-J2 monolayers were also stimulated with 
flagellin (100  ng/mL, FLA-ST Ultrapure, Invivogen, San 
Diego, CA, USA) in the presence or absence of TH1020. 
Then, the cells and/or culture supernatant were collected 
at 4  h and 24  h post stimulation, respectively. Subse-
quently, cells were harvested and resuspended in TRIzol 
Reagent or directly lysed in RIPA lysis buffer for Western 
blotting. The cell supernatants were collected and stored 
at −80 °C for later use.

As TH1020 and ODN 2088 were dissolved in DMSO 
and TE buffer, respectively, the toxic effects of these 
two solvents on IPEC-J2 monolayers were also investi-
gated during the long incubation times using the pro-
pidium iodide (PI, Beyotime) assay. Briefly, IPEC-J2 
monolayers were cultured at 24-well plates at a den-
sity of 5 × 105 cells per well. The cells were then treated 
with TH1020 and ODN 2088 at 0.5 and 5 μM and incu-
bated in 5% humidified carbon dioxide at 37 °C for 24 h. 
An aliquot of 1 μL of 500 μg/mL PI was added to each 
well and incubated for 60  min at room temperature. 
The fluorescence was measured using a multi-detection 
microplate reader (FLUOstar Omega, BMG LABTECH, 
Germany) with an excitation wavelength of 544 nm and 
an emission wavelength of 612 nm. In the first 60-min 
incubation period, measurements were taken at 15-min 
intervals to obtain a background level for the PI solu-
tion in the untreated cells. Then, measurements were 

taken at 30-min intervals for 23  h. At the end of the 
24 h, EtOH (100%) was added to each well in order to 
induce maximal death, and the maximal PI fluores-
cence were taken afterwards. Cell viability determined 
using PI was calculated as a percentage of viable cells 
as follows:

PIem = propidium iodide fluorescence emission, the 
experiment was carried out in 4 replicates on three inde-
pendent batches of cells.

Transepithelial electrical resistance assays
To further investigate the role of IL-17C on the barrier 
function of IPEC-J2 cells, collagen-coated 6-well tran-
swell inserts were used to induce polarization of the mon-
olayers (pore size 0.4 μm; surface area 4.67 cm2; Corning, 
New York, NY, USA) as described before [16]. Briefly, 
IPEC-J2 cells were seeded at a density of 5.0 × 105 cells/
well/mL on the transwell inserts and incubated in culture 
medium for 24 h. Then, the apical medium in the upper 
compartment was refreshed. The culture medium was 
refreshed every 2  days until the cells were roughly 80% 
confluent. Then, the medium was replaced by differentia-
tion medium. To monitor differentiation, transepithelial 
electrical resistance (TEER) values were measured daily 
using the Millicell Electrical resistance system (Millipore, 
Billerica, MA, USA) until they reached 4000 Ω cm2.

Differentiated IPEC-J2 cells were subsequently incu-
bated in triplicate either with the different bacterial 
strains (HB101 and C83901, 1.3 × 108 CFU/transwell, 
MOI ≈ 100) or IL-17C (20  ng/mL) for 1  h at 37  °C in a 
humidified atmosphere. Then, the bacteria were removed 
by washing three times with sterile PBS. The IPEC-J2 
monolayers were further incubated for another 1 h, 3 h 
and 23  h in differentiation medium supplemented with 
50 μg/mL gentamycin. During this period, the epithelial 
integrity was determined by measuring the TEER every 
2 h until 12 h post-incubation and at 24 h post-incuba-
tion. Cells for the different bacterial or IL-17C stimuli 
were taken after 2 h and 4 h post incubation and resus-
pended in TRIzol Reagent and stored at −80 °C for later 
use. Meanwhile, cells on the membranes were fixed and 
stained with anti-occludin (1:100, rabbit pAb, 71-1500, 
Thermo Fisher Scientific) for cellular visualization of this 
TJ in the differentiated IPEC-J2 cells as described above. 
The cell medium from the apical and basolateral com-
partment were collected at the end of the experiment and 
stored at −80 °C until further processing.

% cell viability

= 100% −

[PIem of test − PIem of background]× 100%

PIem of maximum death level induced by EtOH
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RNA extraction and cDNA synthesis
RNA was isolated from intestinal tissues and IPEC-J2 
cells using TRIzol Reagent as described [17]. The RNA 
concentration and purity was measured and calibrated 
using a NanoDrop Spectrophotometer (Wilmington, 
DE, USA) to an  OD260/OD280 ratio of 1.8–2.0 and  OD260/
OD230 ratio of 1.9–2.1, and the RNA integrity was evalu-
ated by agarose gel electrophoresis. Only high quality 
RNA was used for further processing. Total RNA (1 μg) 
was reverse transcribed using Superscript™ III Reverse 
Transcriptase (200 U; Invitrogen, Carlsbad, CA, USA) 
and random primers (7.5  ng/μL; Invitrogen). To check 
the synthesis of amplifiable cDNA in the reverse tran-
scription, a conventional PCR step was performed using 
GAPDH, β-actin and RPL-19 specific primers (Table 1).

Real‑time qPCR
Primers (Table  1) were synthesized by Sangon Biotech 
(Shanghai, China). The amplification efficiency of all the 
reactions ranged from 94 to 103%. The PCR products 
were sequenced and subjected to agarose gel electropho-
resis to verify their specificity. cDNA was diluted 8× in 
DEPC-treated  ddH2O and combined with primer pairs 
and SYBR Green PCR Master Mix (Applied Biosystems, 
Warrington, UK) according to the manufacturer’s rec-
ommendations. Quantitative PCR (qPCR) assays were 
run on the StepOnePlus real-time PCR system (Applied 
Biosystems) with the following cycling conditions: 95 °C 
for 3 min, followed by 40 cycles of denaturation at 95 °C 
for 15  s, annealing for 30  s and elongation at 72  °C for 
30 s. Fluorescence acquisition was measured at 72 °C and 
melting curve analysis was done at 65–95  °C with con-
tinuous fluorescence acquisition. GAPDH, β-actin and 
RPL-19 were selected as reference genes because of their 
stability [17]. All reactions were performed in triplicate 
and relative gene transcription values were calculated 
using the  2−ΔΔCt method and normalized against these 
three selected reference genes [25].

Western blot assays
The concentration of total protein in the cell lysates 
was determined with a bicinchoninic acid (BCA) pro-
tein assay kit (Thermo Fisher Scientific) according to 
the manufacturer’s instructions. Equal amounts of heat-
denatured total protein (50  µg) in sample buffer were 
separated by SDS-PAGE (12%) and transferred onto 
PVDF membrane (Bio-Rad, Hercules, CA, USA) at 90 V 
for 45 to 60  min. After blocking with 5% non-fat milk 
powder in blocking buffer at room temperature for 1 h, 
membranes were incubated with primary antibody over-
night at 4 °C. The primary antibodies used were: anti-β-
actin (1:3000, rabbit pAb, ab8227, Abcam), anti-IL-17C 
(1:1000, rabbit pAb, ab153896, Abcam), anti-TLR5 (1:50, 

clone H127, Santa-Cruz Biotechnology, Santa Cruz, CA, 
USA), anti-porcine beta-defensin 2 (anti-pBD-2, rabbit 
pAb, CLOUD-CLONE CORP, Wuhan, China), anti-clau-
din-1 (1:250, rabbit pAb, 51-9000, Thermo Fisher Scien-
tific), anti-claudin-2 (1:250, rabbit pAb, 51-6100, Thermo 
Fisher Scientific), anti-occludin (1:100, rabbit pAb, 
71-1500, Thermo Fisher Scientific). After being washed 
extensively to eliminate aspecific binding, the membranes 
were incubated with a horseradish peroxidase-conju-
gated secondary antibody (anti-rabbit IgG, Santa-Cruz 
Biotechnology) at room temperature for 30  min. The 
antibody-reactive bands were visualized using chemilu-
minescence (Tanon 5200, Shanghai, China).

Cytokine ELISA
The secretion of IL-17C in cell-free supernatants was 
measured using commercial ELISA kits (MyBioSource) 
according to the manufacturer’s guidelines. The IL-8 and 
TNF-α concentrations were assessed in both the apical 
and basolateral medium with porcine-specific ELISA kits 
(TNF-α: #PTA00; IL-8: # P8000; R&D Systems, Minne-
apolis, MN, USA) according to the manufacturer’s guide-
lines. All assays were performed in triplicate and the data 
are shown as mean ± SD.

Statistical analysis
Statistical analysis was performed with the Mann–Whit-
ney U test or Kruskal–Wallis test for the independ-
ent samples and Friedman’s Two-Way Analysis for the 
related samples in the SPSS 22 software package. The sig-
nificance level was set at p < 0.05.

Results
F4+ ETEC induces IL‑17C and TLR2, 5, 8 and ‑10 mRNA 
expression in small intestinal tissues
Previously, we showed that the  F4+ETEC strain GIS26 
(O149:K91:F4ac+,  LT+STa+STb+) elicited IL-17A 
mRNA expression in small intestinal tissues [19], so we 
first determined if another  F4+ETEC strain, C83901 
(O8:K87:F4ab,  LT+,  STb+), can also induce a similar 
response. Here, we found that C83901 induced IL-17A 
mRNA expression in the jejunal segments (Figure  1A). 
Similarly, IL-17C transcripts were also increased post 
challenge (Figure  1A), while no difference was found in 
the tissues perfused with the nonpathogenic E. coli strain 
HB101. The mRNA expression of the IL-17C receptor 
IL-17RE was not significantly altered by either HB101 or 
C83901 perfusion. However, jejunal segments displayed 
high constitutive IL-17RA and IL-17RE mRNA lev-
els as compared to the other receptor subunits of IL-17 
cytokines (IL-17RD not detected) (Figure 1B).

Given that IL-17C expression has been associated 
with TLR signaling [7, 23, 26], we determined the mRNA 
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Table 1 List of the primers used in the qPCR assay 

Gene Sequence (5′ → 3′) Size (bp) Ta (°C) References

IL-17A F: ACT CCA AAC GCT TCA CCT CAC 234 58 [17]

R: AGC CCA CTG TCA CCA TCA CTT 

IL-17C F: CGT GTG GAC ACG GAT GAG AG 217 60 Present study

R: GGA TGA ACT CGG CGT GGA AG

IL-17RE F: CCC AGA TTC CTC GCC ATA CC 106 60 Present study

R: CCT GGC AAC AGA TAC AGG CA

TLR1 F: AGA TTT CGT GCC ACC CTA TG 277 55 [50]

R: CCT GGG GGA TAA ACA ATG TG

TLR2 F: TGC TAT GAC GCT TTC GTG TC 163 55

R: CGA TGG AGT CGA TGA TGT TG

TLR3 F: GAG CAG GAG TTT GCC TTG TC 149 55

R: GGA GGT CAT CGG GTA TTT GA

TLR4 F: TCA TCC AGG AAG GTT TCC AC 234 55

R: TGT CCT CCC ACT CCA GGT AG

TLR5 F: GGT CCC TGC CTC AGT ATC AA 114 55

R: TGT TGA GAA ACC AGC TGA CG

TLR6 F: TCA AGC ATT TGG ACC TCT CA 170 58

R: TTC CAA ATC CAG AAG GAT GC

TLR7 F: TCT GCC CTG TGA TGT CAG TC 317 55

R: GCT GGT TTC CAT CCA GGT AA

TLR8 F: CTG GGA TGC TTG GTT CAT CT 241 55

R: CAT GAG GTT GTC GAT GAT GG

TLR9 F: AGG GAG ACC TCT ATC TCC GC 205 55

R: AAG TCC AGG GTT TCC AGC TT

TLR10 F: GCC CAA GGA TAG GCG TAA AT 128 55

R: CTC GAG ACC CTT CAT TCA GC

pBD-2 F: CTG TCT GCC TCC TCT CTT CC 168 60 [51]

R: CAG GTC CCT TCA ATC CTG TT

Claudin-1 F: ACC CGC ACT ACG TCA CCT TC 146 60 Present study

R: GGC AGG ACA CCT GGT CAT TG

Claudin-2 F: AGA AGT TTC AAA GCC TGG GAG 119 60 [52]

R: TCA ACC TCA TAC AGG GGC AAA 

Occludin F: GTG GTA ACT TGG AGG CGT CTTC 102 58 [53]

R: CCG TCG TGT AGT CTG TCT CGTA 

ZO-1 F: AAG GAT GTT TAC CGT CGC ATT 253 60

R: ATT GGA CAC TGG CTA ACT GCT 

TNF-α F:GCA TGG TGG TGG TTG TTT CTG ACG AT 99 60

R:GCT TCT GTT GGA CAC CTG GAG ACA 

IL-8 F: TCT CGG TGT AGA GCA AGG 146 58

R: TTC CCA AAG TGC TGG TAT T

β-Actin F: TCA TCA CCA TCG GCA ACG 133 60 [54]

R: TTC CTG ATG TCC ACG TCG C

GAPDH F: GGG CAT GAA CCA TGA GAA GT 230 60 [55]

R: AAG CAG GGA TGA TGT TCT GG

RPL19 F: AAC TCC CGT CAG CAG ATC C 147 60 [56]

R: AGT ACC CTT CCG CTT ACC G
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expression of all porcine TLRs from TLR1 to TLR10 upon 
ETEC perfusion. C83901 significantly increased TLR2, 
TLR5, TLR8 and TLR10 mRNA levels in the jejunal tissues 
as compared to control samples (Figure  1C). In contrast, 
HB101 perfusion only upregulated TLR8 and TLR10 tran-
script levels as compared to control samples (Figure 1C).

F4+ ETEC induces IL‑17C production and TLR5 and ‑8 
mRNA expression by IPEC‑J2
As it was previously reported that IL-17C is preferen-
tially expressed in IECs [7], we assessed if this IL-17C 

induction in the jejunum after C83901 infection also 
comes from the IECs. Thus, we used the cell line IPEC-
J2 (originally isolated from the jejunum of a neonatal pig-
let) to study the IL-17C response after ETEC infection. 
Similar to the small intestinal tissues, only C83901 but 
not HB101 induced IL-17C mRNA expression in IPEC-
J2 cells 4 h after infection (Figure 2A). This upregulated 
IL-17C expression was also confirmed at the protein 
level (Figure 2B). In addition, we also assayed the mRNA 
expression of TLRs in IPEC-J2 cells upon ETEC infec-
tion. Compared to the SISP model, significant changes 

Figure 1 F4+ ETEC induces IL‑17C and TLR2, 5, 8 and ‑10 mRNA expression in small intestinal tissues. Jejunal segments of three piglets 
were perfused with  F4+ ETEC (C83901), non-pathogenic E. coli strain HB101 or PBS for 4 h. A The mRNA expression of IL-17A, IL-17C and IL-17RE in 
the intestinal segments was analyzed by qPCR. The mRNA expression level was normalized to the reference genes and then to the control group. 
Data are presented as the mean ± standard deviation (SD) (n = 3 per group). * p < 0.05. B The mRNA expression of different IL-17 receptors in jejunal 
segments in homeostatic conditions. The mRNA expression level was normalized to the reference genes and then to IL-17RC. Data are presented as 
the mean ± SD (n = 6), different letters indicate significant differences between groups (p < 0.01). C TLR mRNA expression profile in jejunal segments 
after  F4+ETEC perfusion. Jejunal segments of three piglets were perfused with  F4+ ETEC (C83901), non-pathogenic E. coli strain HB101 or PBS 
for 4 h. The mRNA expression of TLR-1 to 10 in the intestinal segments was analyzed by qPCR. The mRNA expression level was normalized to the 
reference genes and then to the control group. Data are presented as the mean ± SD (n = 3 per group). *p < 0.05, **p < 0.01.
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were only observed for TLR5 and TLR8 mRNA expres-
sion by IPEC-J2 cells after C83901 infection, while 
upregulated TLR8 transcripts were also found in HB101 
stimulated IPEC-J2 cells (Figure  2C). In line with the 
SISP model, the mRNA expression of TLR1, -3, -4, -6, -7 
(not detected), and -9 was unaffected by either HB101 
or C83901 infection in IPEC-J2 cells (Additional file  1). 
TLR2 and -10, which increased in the intestinal tissues, 
remained unchanged in IPEC-J2 cells following either 
HB101 or C83901 stimulation (Additional file 1).

Blocking TLR5 inhibits  F4+ ETEC induced IL‑17C expression 
by IPEC‑J2 monolayers
As the upregulation of TLR 5 and -8 correlated with the 
increase in IL-17C production in both the porcine intes-
tinal tissues and IPEC-J2 cells upon  F4+ ETEC stimula-
tion, in a next effort we wanted to determine which TLR 
controls IL-17C expression in IECs upon ETEC infec-
tion. Given the fact that TLR5 engagement elicits the 

expression of IL-17C in human IECs [23], we further elu-
cidated IL-17C expression in the presence of the TLR5 
signaling inhibitor TH1020 [22] and oligodeoxyribonu-
cleotides (ODN) 2088, which inhibit TLR7/8/9 signaling 
[20, 21]. As TH1020 and ODN 2088 were dissolved in 
DMSO and TE buffer, respectively, the effect of these two 
solvents on IL-17C production by IPEC-J2 monolayers 
was also investigated. DMSO and TE buffer had no effect 
on the induction of IL-17C mRNA (Additional file  2A) 
or protein in IPEC-J2 cells in the absence and presence 
of C83901 (Figure  3A). Moreover, the cell viability was 
unaltered by either TH1020 or ODN 2088 stimulation 
(Additional file  2B). However, we observed that IL-17C 
secretion was almost completely abolished by TH1020 
in C83901 infected IPEC-J2 cells, showing the important 
role of TLR5 signaling in triggering IL-17C production by 
IPEC-J2 cells upon  F4+ ETEC infection (Figures 3A and 
B). In contrast, no significant change in IL-17C expres-
sion was found with ODN 2088 incubation (Figures  3A 
and B), indicating that the activation of TLR8 signaling 
after ETEC infection is not responsible for the upregu-
lated IL-17C production in IPEC-J2 cells.

As mentioned above, upon flagellin recognition TLR5 
signaling triggers IL-17C production in IECs [7, 23, 24]. 
Considering flagellin is only produced by C83901 but not 
by HB101, we made an attempt to ascertain the involve-
ment of flagellin in the TLR5–IL-17C axis. As shown 
in Figure  3C, a significant upregulation of IL-17C was 
observed in flagellin stimulated IPEC-J2 cells, which was 
completely inhibited by the presence of TH1020. These 
results indicate the direct role of flagellin in regulating 
the TLR5 mediated IL-17C induction in IPEC-J2 cells 
during C83901 infection.

IL‑17C regulates the intestinal epithelial response to ETEC 
infection
It was previously reported that IL-17C could induce 
some epithelial cells to express genes that are involved in 
innate immunity, such as cytokines, chemokines, inflam-
matory mediators, and antimicrobial peptides [7–9]. To 
confirm the function of IL-17C on porcine intestinal epi-
thelial cells, IPEC-J2 monolayers were treated with dif-
ferent bacterial strains and harvested for gene expression 
analysis. As TH1020 was demonstrated to be effective 
in blocking the TLR5-mediated IL-17C production in 
IPEC-J2 cells after ETEC infection, TH1020 and IL-17C 
were also added to the cells as controls. As shown in Fig-
ure  4A, C83091 infection stimulated pBD-2, claudin-1 
and claudin-2 mRNA expression in IPEC-J2 cells. Adding 
exogenous IL-17C to the cells replicated these findings. 
As expected, blocking TLR5 with TH1020 dramatically 
inhibited pBD-2, claudin-1 and -2 mRNA expression in 
C83091 infected IPEC-J2 cells. The protein expression 

Figure 2 Induction of IL‑17C and TLR‑5, ‑8 in the IPEC‑J2 cells 
after F4+ETEC infection. IPEC-J2 monolayers were inoculated with 
 F4+ ETEC (C83901), non-pathogenic E. coli strain HB101 at MOI 100 
or PBS for 1 h and further incubated for another 1 h, 3 h or 23 h, 
respectively. The mRNA expression of IL-17C (A) and TLR5 and TLR8 
(C) in the IPEC-J2 monolayers was assessed by qPCR. The mRNA 
expression level was normalized to the reference genes and then 
to the control group of 2 h treatment. Data are presented as the 
mean ± SD (n = 3 per group), different letters indicate significant 
differences between groups (p < 0.05). B IPEC-J2 monolayers were 
inoculated with the different bacterial strains at MOI 100 for 1 h 
and then further incubated for 23 h. The cells were stained with 
anti-IL-17C (FITC, green). The nuclei were counterstained with 
Hoechst and representative confocal images are shown (n = 3). Scale 
bar = 25 μm.
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of these three genes was also examined by Western blot-
ting and further confirmed the role of IL-17C and TLR5 
signaling in the induction of host defense by IPEC-J2 
cells upon ETEC infection (Figure  4B). The differential 
expression levels of claudin-1 and claudin-2 in ETEC 
infected IPEC-J2 cells were further analyzed by confo-
cal microscopy. Both claudin-1 and -2 were increased in 
ETEC infected IPEC-J2 cells: claudin-1 is ubiquitously 
expressed and localized at tight junctions, while clau-
din-2 seemed only to be expressed by a subset of cells 
and was not evenly distributed over the plasma mem-
brane (Figure 4C). Moreover, claudin-2 mostly localized 
adjacent to tight junctions in uninfected cells (upturned 
arrowheads, Figure  4C, left panel), while in ETEC 
infected IPEC-J2 cells its localisation shifted to the cyto-
plasma (downwards arrowheads, Figure 4C, right panel).

IL‑17C directly regulates inflammatory cytokine response 
and epithelial permeability in IPEC‑J2 cells
Since it has been shown that inflammation can influ-
ence the expression of tight junction proteins (TJs), 
such as claudin-1, occludin and zonula occludens 
(ZO-1) [27, 28], we also assayed the mRNA expres-
sion of IL-8, TNF-α, occludin and ZO-1 by polarized 
IPEC-J2 cells using transwell inserts. As shown in Fig-
ure 5A, both C38901 infection and IL-17C stimulation 

upregulated IL-8 and TNF-α transcripts in IPEC-J2 
cells as compared to control or HB101 treated cells. The 
induced secretion of IL-8 was also confirmed by ELISA 
in both the apical and basolateral medium (Figure 5B). 
However, TNF-α was not detected in culture media 
collected from both apical and basolateral sides of the 
cells under all of these experimental conditions (data 
not shown). In addition, C83901 infection decreased 
occludin mRNA expression in IPEC-J2 cells at 4 h post 
stimulation, while IL-17C exerted the opposite effect 
(Figure 5A). The effects of C83901 infection and IL-17C 
on occludin protein expression were further confirmed 
by an immunofluorescence assay (Figure 6A) and West-
ern blotting (Figure 6B). In contrast to occludin, ZO-1 
mRNA expression was not affected by IL-17C treat-
ment or  F4+ ETEC infection (Figure 5A).

To further confirm the role of IL-17C on the barrier 
integrity of IPEC-J2 cells, the TEER was measured dur-
ing the first 24  h upon bacterial infection or IL-17C 
stimulation. The TEER in IPEC-J2 cells remained sta-
ble in the first 12 h, but increased significantly at 24 h 
in the presence of IL-17C. Infection with C83901 on 
the other hand significantly decreased TEER values 
as compared to control or HB101 treated monolayers 
from 4 h to 24 h (Figure 5C). Notably, TEER values sig-
nificantly increased at 24  h as compared to 12  h after 
C83901 infection (Figure 5C).

Figure 3 F4+ETEC infection elicits an IL‑17C response under the control of TLR5 in IPEC‑J2 cells. IPEC-J2 monolayers were first pre-cultured 
with 0.5 μM TH1020 (0.5 μM), 0.5 μM oligodeoxyribonucleotide (ODN) 2088 or the equivalent amount of their solvent DMSO and TE or PBS for 2 h. 
Then, the monolayers were inoculated with the C83901 at MOI 100 for 1 h, washed and further incubated for 23 h. A IL-17C cytokine production 
was analysed in the cell culture supernatant by ELISA. Data are presented as the mean ± SD (n = 5 per group). Different letters indicate significant 
differences between groups (a:b, p < 0.05; a:c, p < 0.01). B IL-17C protein was detected by Western blotting. C IPEC-J2 monolayers were first 
pre-cultured with TH1020 (0.5 μM, green bars), DMSO (red bars) or PBS (blue bars) for 2 h. Then, the monolayers were stimulated with flagellin (FLA, 
100 ng/mL) and further incubated for 4 h and 24 h for mRNA and protein expression of IL-17C, respectively. Control samples only treated with PBS 
were marked with open bars. Different letters indicate significant differences between groups (a:b, p < 0.05; a:c, p < 0.01). Data are presented as the 
mean ± SD (n = 5 per group).
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Discussion
Accumulating evidence has suggested that the epithelial 
expression of IL-17C can be induced directly by bacteria 
or indirectly through inflammatory cytokines [7, 8, 26]. 
The rapid kinetics of IL-17C expression following these 
stimuli positions IL-17C as an early player in the epithe-
lial response to bacterial challenge [1]. TLR2, TLR4 or 
TLR5 signaling was shown to regulate IL-17C expres-
sion in human and mouse epithelial cells [7, 8, 23, 26, 29]. 
However, there have been no reports defining the IL-17C 
response in pigs. In the present study, we showed that 
 F4+ ETEC infection triggered IL-17C production in small 
intestinal epithelial cells in a TLR5-dependent manner. 
This IL-17C controls the expression of antimicrobial pep-
tides and tight junction proteins by these epithelial cells. 
This corroborates previous findings showing that TLR5 
signaling triggers IL-17C production in human colonic 
epithelial cells [7, 23]. Flagellin is the only known ligand 

of TLR5 to date and has been shown to induce potent 
IL-17C production in several epithelial cells [7, 23, 24]. 
Here, we further demonstrated the involvement of flagel-
lin in the TLR5 mediated IL-17C induction in porcine 
IECs. Although flagellin-dependent TLR5 signaling can 
be selectively inhibited by TH1020 [22], complete inhibi-
tion of IL-17C expression by TH1020 was only observed 
in flagellin, but not in  F4+ ETEC stimulated cells. These 
results indicate that, in addition to TLR5 signaling, other 
pathways also might contribute to the IL-17C production 
during  F4+ETEC infection.

F4+ETEC infection not only upregulated TLR5 mRNA 
expression in IECs, but also TLR8 expression. TLR8 rec-
ognizes single stranded RNA and was recently shown 
to control the potent immunogenicity of live attenuated 
vaccines by sensing microbial viability [30]. This might 
explain why the HB101 strain also triggered TLR8 mRNA 
expression, albeit to a lesser extent than  F4+ ETEC. The 

Figure 4 TLR‑5 mediated IL‑17C induce pBD‑2, claudin‑1 and ‑2 expression in IPEC‑J2 cells. IPEC-J2 monolayers were pre-incubated with 
0.5 μM TH1020 or the equivalent amount of its solvent DMSO for 2 h. Then, the monolayers were inoculated with HB101 or C83901 at MOI 100 for 
1 h, washed and further incubated for 23 h. Non-treated cells were supplemented with PBS or IL-17C (20 or 40 ng/mL). A pBD-2, claudin-1 and -2 
mRNA expression in the IPEC-J2 monolayers was assessed by qPCR. The mRNA expression level was normalized to the reference genes and then 
to the control group. Different letters indicate significant differences (p < 0.05). Data are presented as the mean ± SD (n = 5 per group). B pBD-2, 
claudin-1 and -2 protein were detected by Western blotting. IPEC-J2 monolayers were pre-incubated with TH1020 (0.5 μM) or the equivalent 
amount of its solvent DMSO for 2 h. Then, the monolayers were inoculated with HB101 and C83901 at MOI 100 for 1 h, washed and further 
incubated for 23 h. Non-treated cells were supplemented 20 ng/mL IL-17C. C Cellular localization of claudin-1 and -2 in IPEC-J2 cells 24 h post PBS 
(left panel) and C83901 (right pane, MOI 100) stimulation. The cells were stained with anti-claudin-1 (Texas-Red, Red), anti-claudin-2 (FITC, green). 
The nuclei were counterstained with Hoechst and representative confocal images are shown (n = 3). Scale bar = 10 μm.
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upregulation of TLR2 in intestinal tissues and in IECs 
(slight increase) are in line with previous results, and 
probably serve as a signal to augment intestinal epithelial 
barrier integrity after  F4+ETEC infection [31, 32]. Both 
 F4+ETEC and ETEC-derived flagellin are known to trig-
ger the fast secretion of pro-inflammatory cytokines by 
porcine IECs at the early stage of infection, such as TNF-
α, prostaglandin E2 (PGE2), IL-6, IL-8 and IL-1α [16, 31, 
33, 34], which are intended to disarm or destroy invad-
ing bacteria. Both E. coli strains induced TLR10 mRNA 
expression in intestinal tissues. TLR10 is expressed on 
immune cells [35], and although no ligands have yet been 
identified, this TLR seems to have an anti-inflammatory 
role [36]. Thus, increased TLR10 in the intestinal tissues 
is probably required to limit overwhelming inflamma-
tion to avoid inflammatory injury. However, an opposite 
result was found regarding the expression of these TLRs 
in the jejunum of diarrheal piglets [37], indicating that 
the TLRs expression profile also relates to the course of 
infection and disease severity after ETEC infection.

ETEC infection may increase the epithelial perme-
ability by reducing the expression of tight junction 

proteins (TJs), such as claudin-1, in porcine IECs 
[38, 39], thus allowing the passage of electrolytes and 
water through the paracellular space and triggering 
diarrhea. However, here we found that ETEC strain 
C83901 increased both the mRNA and protein expres-
sion of claudin-1 and -2 in IPEC-J2 cells (at least at 
the 24 h time point after ETEC infection). In addition, 
the expression of these two genes can be also induced 
by exogenous IL-17C. Moreover, interference of IL-
17C production through the TLR5 signaling inhibitor 
TH1020 decreased claudin-1 and -2 expression. These 
results indicate the participation of TLR5 mediated IL-
17C in the induction of these claudins. Recently, a com-
prehensive study also detected the protein expression 
of several claudins (claudin-1, -3, -4, -5, -7, and clau-
din-8) in IPEC-J2 cells and no significant changes were 
observed between ETEC infected and control groups 
[33]. As those claudins were detected at 8 h post ETEC 
(IMT4818) infection, the inconsistent results in claudin 
expression might be attributed to the different sam-
pling time or the different ETEC strains. Nevertheless, 
whether different  F4+ETEC strains can differentially 

Figure 5 Gene expression of tight junctions and proinflammatory cytokines and epithelial permeability changes after bacterial 
infection. IPEC-J2 cells were cultured and differentiated on transwell inserts and then incubated with HB101 and C83901 at MOI 100 or PBS and 
IL-17C (20 ng/mL) for 1 h, washed and further incubated for another 23 h. A Occludin, ZO-1, TNF-α and IL-8 mRNA expression was assessed by 
qPCR in the IPEC-J2 monolayers at 2 and 4 h post-infection/stimulation. The mRNA expression level was normalized to the reference genes and 
then to the control group. B Apical and basolateral IL-8 secretion by differentiated IPEC-J2 cells 24 h post-infection/stimulation. IPEC-J2 monolayers 
were pre-incubated with TH1020 (0.5 μM) for 2 h. Then, the monolayers were inoculated with HB101 and C83901 at MOI 100 or PBS and IL-17C 
(20 ng/mL) for 1 h, washed and further incubated for 23 h. C Transepithelial electrical resistance (TEER) was measured in IPEC-J2 cells after bacterial 
infection or IL-17C stimulation. Different letters indicate significant differences (p < 0.05). Data are presented as the mean ± SD (n = 5 per group).
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affect the expression of claudins needs further investi-
gation. We also determined the subcellular localization 
of claudin-1 and claudin-2 and found that ETEC infec-
tion induces the cytoplasmic distribution of claudin-2, 
but not claudin-1. Claudin-1 are exclusively located in 
the junctional area of IPEC-J2 cells following infection 
with a variety of porcine ETEC strains and porcine epi-
demic diarrhea virus [40, 41], indicating the essential 
role of this TJ protein in preventing intestinal patho-
gens to enter the paracellular space and invade the host 
[42]. Claudin-2 has been shown to form a paracellular 
channel for small ions and water and its upregulation 
is linked to leaky epithelial barriers and diarrhea [43, 
44]. Notably, this claudin-2-mediated epithelial per-
meability and diarrhea is critical to prevent intestinal 
pathology and to accelerate pathogen clearance [44]. 
The immunofluorescence microscopy results showed 
that ETEC infection increased cytoplasmic distribution 
and decreased the junctional localization of claudin-2. 
These findings may explain the upregulated expression 
of claudin-2 and declined TEER in IPEC-J2 cells after 
ETEC infection in the present study, and might indicate 
a role of claudin-2 in host defense rather than disease 
progression. In T84 human colon IECs, the enterotoxin 
STb can induce redistribution and/or fragmentation of 
ZO-1, claudin-1, and occludin due to actin rearrange-
ment [45, 46]. Future studies addressing the effects of 

STb on tight junction structural proteins in porcine 
IECs would be worthwhile.

Additionally, we also determined the expression 
of the other two TJs including occludin and ZO-1 in 
IPEC-J2 cells. In agreement with other findings [31, 
33, 39], ETEC infection significantly downregulated 
occludin expression at the mRNA level and at the pro-
tein level in the cell lysates. In contrast, we did not find 
any evident changes in the gene expression and protein 
expression or staining pattern (data not shown) of ZO-1 
in  F4+ETEC infected IPEC-J2 cells compared to those 
in control or HB101-treated cells. The impaired protein 
expression of ZO-1 has been reported in IPEC-J2 cells 
at 4 to 6 h post ETEC stimulation [31, 47]. Considering 
we investigated the protein expression profile only at 
24 h post infection, we hypothesized that reduction of 
ZO-1 might occur at the early stage of infection. Down-
regulation of occludin following  F4+ETEC infection is 
associated with a loss in TEER despite the upregulation 
of claudins. Interestingly, IL-17C significantly increased 
the expression of occludin and claudins in IPEC-J2 
cells. Considering ETEC infection can induce the pro-
duction of IL-17C, we speculate that IL-17C might 
participate in the regulation of the integrity of the 
intestinal barrier at a later stage of the bacterial infec-
tion. This is consistent with the significant increase in 
TEER at 24  h post ETEC infection or IL-17C stimula-
tion (Figure 5C). Others have previously demonstrated 
the direct and protective role of IL-17C in regulating 
occludin production by colonic epithelial cells in mice 
during acute experimental colitis [48]. These results 
indicated that IL-17C is involved in mucosal barrier 
stability by regulating the production of claudin-1, -2, 
occludin and other TJs during ETEC infection.

In several human IECs, the increased expression of 
such claudins can be regulated by TNF-α and several 
inflammatory cytokines [27, 49]. Consistent with pre-
vious findings [16, 31, 33, 34], TNF-α and IL-8 were 
elicited in IPEC-J2 cells by  F4+ETEC infection. Intrigu-
ingly, addition of exogenous IL-17C in IPEC-J2 cells also 
triggered the mRNA and protein expression of these 
two cytokines. Meanwhile, the TLR5 signaling inhibi-
tor TH1020 exhibited a significant inhibition of C83901 
induced IL-8 secretion. In the present study, TH1020 
selectively inhibits the TLR5 mediated IL-17C produc-
tion during ETEC infection. These results collectively 
suggests that the above mentioned claudins and other 
TJs are predominately regulated by IL-17C during ETEC 
infection. However, we cannot rule out an indirect role 
of TNF-α and other inflammatory cytokines in mediating 
TJs expression by epithelial cells as IL-17C has the capa-
bility of inducing fast inflammatory cytokines response 
in IECs [7].

Figure 6 IL‑17C induce occludin expression in IPEC‑J2 cells. 
IPEC-J2 cells were cultured and differentiated on transwell inserts and 
then incubated with C83901 at MOI 100 or PBS and IL-17C (20 ng/
mL) for 1 h, washed and further incubated for another 23 h. A Cellular 
localization of occludin in IPEC-J2 cells 24 h post C83901 and IL-17C 
stimulation. The cells were stained with anti-occludin (Texas-Red, 
Red) and the nuclei were counterstained with Hoechst and 
representative confocal images are shown (n = 3). Scale bar = 10 μm. 
B Occludin protein was detected by Western blotting in IPEC-J2 cells 
24 h post C83901 and IL-17C stimulation.
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Previous studies demonstrated IL-17C enhances the 
expression of mucosal host defense genes (hBD2, and 
S100 calcium-binding protein A12 (S100A12)) in an 
autocrine/paracrine manner in other epithelial cells [7, 
24]. Interestingly, TLR5-mediated IL-17C production 
also induced the expression of pBD-2 in IPEC-J2 cells 
after  F4+ ETEC infection. To our knowledge, we are the 
first to report that IL-17C induces the expression of anti-
microbial peptides and tight junction proteins in porcine 
intestinal epithelial cells. In addition, exogenous IL-17C 
also increased the expression of pBD-2, claudin-1, clau-
din-2 and occludin expression. Given that the IL-17C 
receptor is constitutively expressed in IPEC-J2 cells, 
these results reveal a role of TLR5 mediated IL-17C in 
controlling barrier function and mucosal homeostasis in 
an autocrine/paracrine manner in the porcine intestine.

In summary, we have found that  F4+ ETEC signifi-
cantly induces the expression of IL-17C in porcine intes-
tinal tissues, particularly in small intestinal epithelial 
cells, mainly mediated by flagellin-TLR5 engagement. 
We have further shown that IL-17C is sufficient to induce 
expression of antimicrobial peptides and tight junctions 
in IPEC-J2 cells, which indicates an essential role of IL-
17C in mediating the innate immune response and bar-
rier function in the intestine during  F4+ ETEC infection.

Additional files

Additional file 1. mRNA expression profile of TLRs in the IPEC‑J2 cells 
after HB101 or C83901 infection. IPEC-J2 monolayers were inoculated 
with  F4+ ETEC (C83901, black bars), non-pathogenic E. coli strain HB101 
(diagonal stripe bars) at MOI 100 or PBS (open bars) for 1 h and further 
incubated for another 1 h and 3 h, respectively. The mRNA expression of 
TLR-1, -2, -3, -4, -6 -7, -9 and -10 in the IPEC-J2 monolayers was assessed by 
qPCR. The mRNA expression level was normalized to the reference genes 
and then to the control group of 2 h treatment. Data are presented as the 
mean ± SD (n = 3 per group), different letters indicate significant differ-
ences between groups (p < 0.05).

Additional file 2. Effects of TH1020 and ODN 2088 or their solvents 
on IL‑17C expression and cell viability in IPEC‑J2 cells. (A) DMSO and 
TE did not affect IL-17C mRNA expression in the IPEC-J2 cells. IPEC-J2 
cells were stimulated with DMSO (1:1000) and TE (1:400) for 4 h. Cells 
incubated with PBS as control. The mRNA expression of IL-17C in the 
IPEC-J2 monolayers was assessed by qPCR. The mRNA expression level 
was normalized to the reference genes and then to the control group of 
4 h treatment. Data are presented as the mean ± SD (n = 3 per group). (B) 
Cell viability was measured using the propidium iodide (PI) assay for the 
cytotoxic effects of TH1020 and ODN 2088. PI signals are expressed as a 
percentage death which is normalized against the resting level (0%) and 
the maximum death level induced by EtOH/Triton × (100%). The data are 
represented as the mean ± SEM of 4 replicates and are representative for 
three different experiments.
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