:\' frontiers

In Immunology

ORIGINAL RESEARCH
published: 25 March 2022
doi: 10.3389/fimmu.2022.844657

OPEN ACCESS

Edited by:

Chaofeng Han,

Second Military Medical University,
China

Reviewed by:

Xiangdong Li,

Yangzhou University, China
Chunfu Zheng,

University of Calgary, Canada

*Correspondence:
Chang Li
lichang78@163.com
Linzhu Ren
renlz@jlu.edu.cn
Ningyi Jin
ningyik@126.com

Specialty section:

This article was submitted to
Molecular Innate Immunity,
a section of the journal
Frontiers in Immunology

Received: 28 December 2021
Accepted: 28 February 2022
Published: 25 March 2022

Citation:

Song L, Chen J, Hao P, Jiang Y, Xu W,
LiL, Chen S, Gao Z, Jin N, Ren L and
Li C (2022) Differential Transcriptomics
Analysis of IPEC-J2 Cells Single or
Coinfected With Porcine Epidemic
Diarrhea Virus and Transmissible
Gastroenteritis Virus.

Front. Immunol. 13:844657.

doi: 10.3389/fimmu.2022.844657

Check for
updates

Differential Transcriptomics

Analysis of IPEC-J2 Cells Single

or Coinfected With Porcine Epidemic
Diarrhea Virus and Transmissible
Gastroenteritis Virus

Lina Song ™2, Jing Chen?, Pengfei Hao?, Yuhang Jiang? Wang Xu?, Letian Li? Si Chen?®,
Zihan Gao?, Ningyi Jin®", Linzhu Ren®* and Chang Li**

" College of Veterinary Medicine, Key Lab for Zoonoses Research, Ministry of Education, Jilin University, Changchun, China,
2 Research Unit of Key Technologies for Prevention and Control of Virus Zoonoses, Chinese Academy of Medical Sciences,
Changchun Institute of Veterinary Medicine, Chinese Academy of Agricultural Sciences, Changchun, China, ° College of
Animal Sciences, Jilin University, Changchun, China

Porcine epidemic diarrhea (PED) and transmissible gastroenteritis (TGE) caused by
porcine epidemic diarrhea virus (PEDV) and transmissible gastroenteritis virus (TGEV)
are two highly contagious intestinal diseases in the swine industry worldwide. Notably,
coinfection of TGEV and PEDV is common in piglets with diarrhea-related diseases. In this
study, intestinal porcine epithelial cells (IPEC-J2) were single or coinfected with PEDV and/
or TGEV, followed by the comparison of differentially expressed genes (DEGs), especially
interferon-stimulated genes (ISGs), between different groups via transcriptomics analysis
and real-time gPCR. The antiviral activity of swine interferon-induced transmembrane
protein 3 (sIFITM3) on PEDV and TGEV infection was also evaluated. The results showed
that DEGs can be detected in the cells infected with PEDV, TGEV, and PEDV+TGEV at 12,
24, and 48 hpi, and the number of DEGs was the highest at 24 hpi. The DEGs are mainly
annotated to the GO terms of protein binding, immune system process, organelle part,
and intracellular organelle part. Furthermore, 90 ISGs were upregulated during PEDV or
TGEV infection, 27 of which were associated with antiviral activity, including ISG15, OASL,
IFITM1, and IFITM3. Furthermore, sIFITM3 can significantly inhibit PEDV and TGEV
infection in porcine IPEC-J2 cells and/or monkey Vero cells. Besides, sIFITM3 can also
inhibit vesicular stomatitis virus (VSV) replication in Vero cells. These results indicate that
SIFITM3 has broad-spectrum antiviral activity.

Keywords: porcine epidemic diarrhea virus (PEDV), transmissible gastroenteritis virus (TGEV), differential

transcriptomics, coinfection, interferon-stimulated genes (ISGs), interferon-induced transmembrane
protein (IFITM)
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INTRODUCTION

Porcine epidemic diarrhea (PED) and transmissible
gastroenteritis (TGE) caused by porcine epidemic diarrhea
virus (PEDV) and transmissible gastroenteritis virus (TGEV),
respectively, are two highly contagious intestinal diseases in the
swine industry worldwide, which are characterized by acute
gastroenteritis, watery diarrhea, and vomiting in pigs of almost
all ages. Both viruses belong to the family Coronaviridae and
genus Alphacoronavirus (1), with a positive-sense single-
stranded RNA genome of about 28 kb encoding at least six
open reading frames (ORFs): ORF1a, ORF1b, spike (S), envelope
(E), membrane (M), and nucleocapsid (N) (2, 3).

TGEV has been spread in pigs for decades, whereas PEDV is
considered as a new coronavirus detected in pigs (2, 3), especially
the highly virulent PEDV that has recently emerged and caused
great losses worldwide. Furthermore, coinfection of TGEV and
PEDV is common in piglets with diarrhea (4-7). During
infection, TGEV mainly infects the small intestine by
interacting with host receptor amino peptidase N (APN, also
named as CD13), sialic acid, and/or other cofactors (1, 8, 9).
PEDV can directly infect the villous intestinal epithelial cells of
the small intestine or nasal epithelial cells followed by
dissemination from the nasal cavity to the intestinal mucosa by
binding with sialic acid and other receptors (1, 10, 11). However,
whether porcine APN is a functional receptor for PEDV
infection is still controversial (1). Moreover, TGEV can
damage the barrier integrity of intestinal porcine epithelial cells
(IPEC-J2) in the early stage of infection by downregulating
proteins related to tight and adhesion junction, while PEDV
impairs the integrity of the cellular epithelial barrier (12). Both
viruses can also affect the remodeling of microfilaments in IPEC-
J2 cells, and the coinfection of PEDV and TGEV can increase the
damage of tight junction and the remodeling of microfilaments
(12). Besides, TGEV or PEDV infection reduced NHE3 activity
and Na" uptake of IPEC-J2 cells, which may be associated with
the imbalance of Na” in intestinal tissues, thus resulting in
diarrhea in the infected animals (13). The differentially
expressed genes (DEGs) in IPEC-J2 cells infected with virulent
PEDV virus are mainly related to autophagy and apoptosis, while
the DEGs were strongly enriched in immune responses/
inflammation in the avirulent PEDV group (14). TLR3
inhibited the replication of avirulent PEDV by increasing the
IFIT2 expression (14). Notably, a recent investigation showed
that coinfection of TEGV and PEDV leads to recombinant
chimeric swine enteric coronavirus (SeCoV) in Italy, Germany,
and Slovakia (15-18), which implies the urgency of prevention
and control of virus-related diseases. It was reported that viral
nucleocapsid from different porcine enteric coronaviruses can
differentially modulate PEDV replication by competitively
interacting with PEDV nucleocapsid (19). Nucleocapsid from
porcine deltacoronavirus (PDCoV) can significantly decrease
PEDV replication, while overexpression of the TGEV
nucleocapsid enhanced the virus replication (19). These results
indicate that coinfection of different enteric coronaviruses may
have different results on virus infection and host responses.
However, little is known about the cell responses, especially

host immune responses, after single or coinfection of PEDV
and TGEV.

The ability of the host to inhibit virus infection largely
depends on the effectiveness of the antiviral innate immune
response, which leads to the upregulation of interferon (IFN),
followed by activation of signal transduction cascades, and thus
leading to the induction of hundreds of interferon-stimulated
genes (ISGs) (20, 21). ISGs work alone or cooperatively to
achieve one or more cellular outcomes, including antiviral
defense, antiproliferative activity, and stimulation of adaptive
immunity (20, 21). However, although the specific antiviral
functions of some ISGs have been characterized, the functions
of other ISGs have yet to be determined. Moreover, Zhao et al.
found that IFN-A1 has a stronger ability to induce ISGs against
PEDV infection than IFN-0, (22). TGEV infection stimulates the
JAK-STAT1 signaling pathway and ISG expressions (23).
However, the expression of ISGs after the infection of PEDV
and TGEV alone or together remains to be studied.

In the present study, porcine IPEC-]J2 cells were single or
coinfected with PEDV and/or TGEV, followed by the
comparison of differentially expressed genes, especially ISGs,
between different groups via transcriptomics analysis and real-
time qPCR. The antiviral activity of interferon-induced
transmembrane protein 3 (IFITM3) on PEDV and TGEV
infection was also evaluated.

MATERIALS AND METHODS

Cells and Viruses

IPEC-J2 cells (kindly provided by Dr. Shugi Xiao), Vero E6 cells,
and ST cells were maintained in Dulbecco’s modified Eagle
medium (DMEM) (HyClone, Logan, UT, USA), supplemented
with 10% fetal bovine serum (FBS, Gibco, Grand Island, NY,
USA) and penicillin-streptomycin mixtures at 37°C and 5% CO,
atmosphere. Human lung epithelial (A549) cells, Baby hamster
kidney cells (BHK-21), and chicken fibroblast cells (DF-1) were
grown in complete DMEM with 10% fetal bovine serum (Gibco,
USA) at 37°C in a 5% CO, incubator (24, 25).

The PEDV strain (GenBank No.: OM814174) and the TGEV
strain (GenBank No.: OM802899) were isolated in our
laboratory previously. The PEDV was cultured in Vero cells
supplemented with 5 pg/ml trypsin. Moreover, the TGEV was
cultured in ST cells with DEME (2% FBS without penicillin-
streptomycin). Vesicular Stomatitis Virus carrying green
fluorescent protein gene (rVSV-GFP) was kindly provided by
Professor Zhigao Bu as described previously (24, 25).

Antibodies and Reagents

Mouse anti-PEDV N mAb (FITC) was purchased from Medgene
Labs (Brookings, SD, USA). Mouse anti-PEDV S and Mouse
anti-TGEV S polyclonal antibodies were prepared in our
laboratory. Rabbit anti-IFITM3 polyclonal antibody was
purchased from Proteintech (Wuhan, China). Rabbit anti-f-
actin mAb was purchased from Cell Signaling Technology
(Danvers, MA, USA). Lipofectamine 3000 Transfection
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Reagent and Lipofectamine' " RNAIMAX Transfection Reagent
were purchased from Invitrogen (Carlsbad, CA, USA).

pLV-sIFITM3-Flag was constructed by our laboratory.
Briefly, swine interferon-induced transmembrane protein 3
(sIFITM3) was amplified using primers sIFITM3-F and
SIFITM3-R (Supplemental Table 1) and subcloned into pLV-
EGFP (Inovogen Tech, Beijing, China) with EcoR I and Xho I,
resulting in pLV-sIFITM3-Flag. Furthermore, SIFITM3 was also
amplified using primers sIFITM3-F2 and sIFITM3-R2
(Supplemental Table 1), and subcloned into pCAGGS-Flag
(Inovogen Tech, Beijing, China) with EcoR I and Xho I,
resulting in pCAGGS-sIFITM3-Flag. The recombinant
plasmids were verified by PCR and sequencing.

TRIzol reagent was purchased from Sangon Biotech
(Shanghai, China). M-MLV Reverse Transcriptase RNase and
GoTaq® were purchased from Promega (Madison, WI, USA).
HRP-labeled Goat Anti-Rabbit IgG (H+L) purchased from
Beyotime (Shanghai, China) Pierce ECL Western Blotting
Substrate was purchased from Thermo Scientific (Waltham,
MA, USA).

One-Step Growth Curve
IPEC-]2 cells were infected with 1 MOI (multiplicity of infection)
of PEDV or TGEV at 12, 24, 36, 48, and 60 hpi. The supernatant
was collected, followed by the 50% tissue culture infectious dose
(TCIDsg) evaluation with the Reed Muench method as follows.
Briefly, Vero (for PEDV) or ST (for TGEV) cells were
cultured in 96-well plates at a density of 1 x 10° cells/well for
12 h, followed by washing with PBS three times. The collected
supernatant was 10-fold diluted (10" to 107'°) with cell
maintenance solution containing trypsin (final concentration
of 10 pg/ml). Thereafter, cells were inoculated with the diluted
virus at 37°C, 5% CO, for 12, 24, 36, 48, and 60 hpi, and the
cytopathic effect (CPE) was observed daily using an inverted
microscope. TCIDs, of each virus was calculated as described by
Reed and Muench (26).

Virus Infection

IPEC-J2 cells (2 x 10°/ml) were plated in 6-well plates, incubated
overnight to reach 70%-80% confluency. Then, cells were
inoculated with PEDV (MOI = 1), TGEV (MOI = 1), or PEDV
+TGEV (MOI = 1 for each virus) supplemented with 10 pg/ml
trypsin and cultured at 37, 5% CO, for 12, 24, and 48 h. Cells
were collected for lysis and extraction of RNA.

A549, BHK21, and DF-1 cells were transfected with
pCAGGS-sIFITM3-Flag using Lipofectamine 3000 reagent
(Thermo Fisher Scientific, USA) according to the
manufacturer’s instruction. 24 h post-transfection, the
expression of IFITM3 was examined by Western blot with
anti-FLAG antibody. Then the cells were infected with rVSV-
GFP at 0.1 MOI and the replication of rVSV-GFP was analyzed
by examining via fluorescence microscope and flow cytometry at
24 hpi.

RNA Extraction

Total RNA was extracted from virus-infected cells or mock cells
using TRIzol Reagent according to the manufacturer’s instruction.

The total RNA was dissolved in 50 pl of RNase-free ddH,O and
stored at -20°C.

Real-Time Quantitative PCR

Reverse transcription was performed using M-MLV Reverse
Transcriptase RNase according to the manufacturer’s
instruction. Thereafter, SYBR Green quantitative real-time
PCR was performed using the ABI7500 Real-Time PCR
Detection System and the GoTaq® kit. The real-time PCR
primers are listed in Supplemental Table 1. For each sample,
the GAPDH gene was amplified and used as an internal control.
The relative transcript levels of target genes were equal to the
20A%CY threshold method and were shown as fold changes
relative to the respective untreated control samples.

RNA-Seq Analysis

To prepare the cDNA library, total RNA was treated with RNase-
free DNase I. Then, mRNA was purified using magnetic oligo
(dT) beads and evaluated using the Agilent 2100 bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA) for RNA integrity.
mRNAs with RNA integrity numbers (RINs) > 8 were subjected
to subsequent analysis. The purified mRNA was used to
construct libraries using TruSeq PE Cluster Kit v3-cBot-HS
(Illumina, San Diego, CA, USA) according to the
manufacturer’s instructions. Then, these libraries were
sequenced on an Illumina Novaseq platform (Illumina, USA).

GO and KEGG Enrichment Analysis
Gene Ontology (GO) enrichment and Kyoto The Encyclopedia
of Genes and Genomes (KEGG) pathway analysis of DEGs were
conducted according to the protocols described by Cao et al. and
Xie et al. previously (27, 28). Briefly, GO functional enrichment
was performed using the Blast2GO software; the enriched genes
were further classified by the GO analysis, with a p-value < 0.05.
The KEGG pathway database was accessed using the KOBAS
software via a hypergeometric distribution test with the Phyper
function in the R software package. Significantly enriched
unigenes were selected based on a corrected p-value < 0.05.
The distribution of DEGs within each GO/pathway category was
determined by mapping all DEGs to terms in the GO and
KEGG databases.

STRING Pathway Analysis

GO and KEGG pathway enrichment analyses were analyzed by
STRING (https://string-db.org/). The protein list was submitted for
multiple protein searches. GO terms and KEGG pathway results
were exported in the STRING analysis module. Terms and
pathways with p <0.05 were significantly enriched. Appropriate
terms and pathways were manually selected for visualization.

Overexpression or Knockdown of IFITM3
IPEC-J2 cells were seeded in 6-well plates at a density of 2 x 10°/
ml overnight to reach 70%-80% confluency. Then, cells were
transfected with 4 pg of pLV-sIFITM3-Flag using Lipofectamine
3000 or 50 uM siRNAs targeting sSIFITM3 (si-ssc-IFITM3_001,
si-ssc-IFITM3_002, si-ssc-IFITM3_003) (Supplemental
Table 1) using Lipofectamine RNAiIMAX Reagent for 48 h.
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For Vero cells, cells were transfected with 4 ug of pLV-
sIFITM3-Flag using Lipofectamine 3000 or 50 uM siRNAs
targeting monkey IFITM3 (si-csa-IFITM3_001, si-csa-
IFITM3_002, si-csa-IFITM3_003) (Supplemental Table 1).

Western Blot

Cells were harvested in IP lysis buffer containing the proteinase
inhibitor cocktail (Sigma), frozen-thawed, and centrifuged to
remove insoluble components. The total protein concentration
was determined using a BCA protein assay kit (Beyotime
Biotechnology, China). Protein samples were separated with
12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto PVDF membranes, followed
by blocking in 5% non-fat milk. Then, the membranes were
incubated with antibodies in TBST containing 5% non-fat milk
overnight at 4°C or 1 h at room temperature. After washing three
times with TBST, the membranes were incubated with HRP-
labeled goat anti-rabbit (or anti-mouse) IgG(H+L) IgG
secondary antibodies (Beyotime Biotechnology) at room
temperature for 30 min. Followed by washing, the membrane
was visualized using Pierce ECL Western Blotting Substrate
(Thermo Scientific).

Flow Cytometry (FCM) Analysis

After trypsin incubation, the transfected cells were collected and
washed with PBS twice. The cells were centrifuged at 3,000 rmp,
at 4°C for 5 min, and subsequently resuspended in 5% PBS buffer
at 4°C for 30 min. After centrifugation, the cells were incubated
with the mouse anti-PEDV N mAb (FITC) in PBS buffer at 4°C
for 30 min. After washing with PBS 3 times, the cells were
resuspended in 200 ml PBS buffer at least 2.0 x 10* cells per
sample. Fluorescent intensity was determined and analyzed on
CytoFLEX (Beckman, Brea, CA, USA).

Crystal Violet Staining Assay

The Vero cells were washed with distilled water 3 times, fixed
with 4% paraformaldehyde at room temperature for 20 min.
After washing with distilled water 3 times, cells were stained with
0.1% crystal violet at room temperature for 15 min. The stained
cells were washed with distilled water and air-dried for taking
macrographic images.

Statistical Analysis

The Student’s t-test was used for all experiment analyses.
Data are presented as the mean + standard deviation (SD)
of 3 times experiments. p-values < 0.05 were considered
statistical significance.

RESULTS

Phylogenetic Analysis and Proliferation
Kinetics of PEDV and TGEV in

IPEC-J2 Cells

Phylogenetic analysis of the PEDV and TGEV strains from our
lab was constructed based on the S gene and is depicted in

Figure 1. The PEDV strain was clustered with the PEDV classic
strains (G1 cluster) (Figure 1A), whereas the TGEV strain was
clustered into group III (Figure 1B).

To determine the infectivity and kinetics of the PEDV and
TGEV propagation in the IPEC-]J2 cells, levels of viral genes and
viral titers were monitored after the virus infection. As shown in
Figures 1C, D, both viruses were gradually increased in IPEC-]2
cells (Figure 1C). The results of Western blot showed that spike
proteins of PEDV and TGEV were detected at 48 and 60 hpi
(Figure 1D). Moreover, the titer of two strains was evaluated in
Vero (for PEDV) or ST (for TGEV) cells, respectively. These
results demonstrated that the titer of two strains at 48 hpi
exceeded 10°/0.1 ml of TCIDs, (Figure 1E). These results
indicate that both viruses can effectively replicate in IPEC-
]2 cells.

Transcriptional Profile in IPEC-J2 Cells
Induced by PEDV, TGEV, and PEDV+TGEV
Cells were infected with PEDV, TGEV, and PEDV+TGEV,
followed by sampling at 12, 24, and 48 hpi for whole
genomic transcriptomics analysis (NCBI Accession No.:
PRJNA796631, Figure 2A).

In total, 24,617 different genes were annotated from the
transcriptome data, including 12,731 upregulated genes and
11,886 downregulated genes (Supplemental Table 2). As
shown in Figure 2B and Supplemental Table 2, the total
differential genes of PEDV, TGEV, and PEDV+TGEV were
1,400, 1,590, and 1,415 in three groups at 12 hpi, respectively,
which was more than previously reported by Hu et al. (29). This
shows that the amount of data in this study is more abundant
than previous reports. At 24 hpi, the total differential genes of
PEDV, TGEV, and PEDV+TGEV were 7,350, 5,878, and 4,005,
respectively, while at 48 hpi, the total differential genes of PEDV,
TGEV, and PEDV+TGEV were 597, 858, and 1,524, respectively.
Notably, no matter the single infection or co-infection, the
numbers of up- and downregulated DEGs in 24 hpi were more
than that in 12 and 48 hpi, demonstrating that the interaction
between virus and cell reached the maximized at 24 hpi.

Furthermore, the DEGs of the different viruses at different
times were different. The shared DEGs were the most at 24 hpi,
which was consistent with the above results (Figure 2C).
Moreover, at the same time point, the shared DEGs of PEDV
+TGEV-coinfected cells, including 78 upregulated DEGs and 12
downregulated DEGs, were more than those of the single
infected groups (Figure 2D), indicating that coinfection of
PEDV+TGEV may stimulate more DEGs.

Moreover, unique and shared DEGs in the coinfected group
were analyzed via a Venn diagram. Both up- (1550) and
downregulated (1,274) shared DEGs at 24 hpi were obviously
increased in the PEDV+TGEV-coinfected group than that of the
coinfected groups at 12 and 48 hpi (Figure 2E and Supplemental
Table 2). Interestingly, the shared DEGs of the same infection
groups at different times are less than the former (Figure 2F and
Supplemental Table 2). These results suggest that the time point
with the most DEGs was 24 hpi. Therefore, we focused on the
DEGs in the coinfected cells at 24 hpi and analyzed the biological
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FIGURE 2 | The differentially expressed genes in all transcriptome groups. (A) Schematic diagram of sampling. (B) The number of DEGs at different times. (C, E)

A
Infection Sampling Sampling Sampling
f t f t hr
0 12 24 48
Group: A: PEDV; B: PEDV; C: PEDV+TGEV
B The Expression Pattern of genes
8000 g
7000 "
‘I IIg
| | I
own All Up
24
Different Times
HPEDV HTGEV uPEDVETGEV
Cc
Different Viruses
3000 2824
E 2500
g 2000 1550
& 1500
2
£ 1000
5
g s 18 g
o
U Down
2 2
Different Times
D
Different Times
g
&
g
2
&
s
s
n Al up Down Up Down
TeEv peDVATGEV
Different Viruses
DEGs of different groups at different times. (D, F) DEGs of the coinfected group at different times.

PEDV:12h TGEV:AZh PEDV:24h TGEV:24h PEDV:4sh TGEV:Ash

TGEV+PGEV:48h

TGEV+PGEV:12h

PEDV:AZh TGEV:A2h PEDV:24h TGEV:26h PEDV:4sh TGEV:48h

Down

TGEV+PGEV:24h

12h 24h

ash
PEDV+TGEC

Down

ash
PEDV+TGEC

processes and molecular functions of upregulated genes and
downregulated genes in the following studies.

GO and KEGG Pathway Enrichment
Analysis of the Shared DEGs

To analyze the function of the shared DEGs in the coinfected
cells at 24 hpi, GO enrichments were performed and possible
biological interactions of DEGs were examined. The results of
GO analysis showed that 2,833 DEGs were identified
(Figure 3A), including 1,637 upregulated DEGs and 1,196
downregulated DEGs. Furthermore, 2,146 of 2,833 DEGs
belonged to the biological process (BP), with 1,264 upregulated
and 882 downregulated. 318 of 2,833 DEGs were cellular
components (CC), containing 164 upregulated and 154
downregulated. 369 of 2,833 DEGs were molecular function
(MF), including 209 upregulated and 160 downregulated. The
most annotated GO terms were protein binding (MF), immune
system process (BP), organelle part (CC), intracellular organelle
part (CC), etc. (Figures 3A, B). These results indicate that the

biological process and molecular function of the upregulated and
downregulated DEGs were different in the coinfected cells at
24 hpi.

Moreover, KEGG classification showed that the upregulated
DEGs included Disease-Associated Pathway and Immune
Response Associated Pathway, while the downregulated DEGs
were annotated to Growth-Associated Pathway, Disease-
Associated Pathway, Reproduction-Associated Pathway, and
Amino acid metabolism-Associated Pathway (Figures 3C, D).
The enriched pathways of upregulated DEGs were inconsistent
with those of the downregulated DEGs.

Evaluation of the Interferon-Stimulated
Genes

Interferon-stimulated genes (ISGs) are molecules regulated by
interferon, which has important influences on the host’s natural
immunity and virus infection. Therefore, we further analyzed the
ISGs of the shared genes. Among the upregulated DEGs, 90 ISGs
were identified in this study, which were associated with PEDV
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FIGURE 3 | Top 20 pathways of the shared DEGs. (A, B) GO annotation of up- (A) and downregulated (B) DEGs. (C, D) KEGG analysis of up- (C) and

or TGEV infection (Supplemental Table 3). Based on the
biological function, the identified ISGs can be classified into
several groups, including antiviral, antigen presentation, AMP
sensing+IFN pathway, miscellaneous, cell signaling and apoptosis,
and Ubiquitin-related groups (Supplemental Table 3).
Furthermore, the subcellular location of the ISGs demonstrated
that most of the ISGs were in the nucleus (68 ISGs) and cytosol (58
ISGs) (Figure 4A). Enrichment analysis showed that the ISGs
were involved in virus infection and immune response-related
pathways, including NOD-like/RIG-1/Toll-like receptor signaling
pathways, JAK-STAT signaling pathway, antigen processing and
presentation, and pathways induced by other viruses’ infection
(Figure 4B). Especially, 27 ISGs play antiviral roles in these ISGs
(Table 1). As shown in Figure 4C, these ISGs inhibit or delay the
process of virus proliferation in different infection stages, such as
entry, replication, transcription and translation, packing, and
budding. Notably, most of the ISGs mainly target the
replication—transcription complex/system. These results indicate
that these ISGs are suitable candidate targets for antiviral research.
Moreover, STRING analysis was used to assess the potential
interaction network of the ISGs related to response to the virus. As
shown in Figure 5A, most ISGs interacted with other proteins to
form a complex protein—protein interaction network. It is worth
noting that interferon-induced transmembrane proteins (IFITMs),

especially IFITM1 and IFITM3, were also included in the identified
ISGs, which have been widely studied for their antiviral mechanism
in the last decade. Among the ISGs, IFITM1 (Figure 5B) and
IFITM3 (Figure 5C) exerted antiviral activities by interacting with
various ISGs, which suggests that IFITM1 and IFITM3 are critical
in resisting virus immune responses. Therefore, we focused on
IFITMs to clarify whether these molecules are involved in the
antiviral activities against PEDV and TGEV infection.

Confirmation of the Identified ISGs by
Real-Time qPCR

To further confirm the above results, levels of ISGs with antiviral
activities, such as IFITM and IRF genes, were evaluated using
real-time PCR. As shown in Figure 6, IFITM1, IFITM3, IRF1,
and IRF7 genes were significantly upregulated at 24 hpi
compared with that of the mock-infected group, which were
consistent with the RNA-seq data.

Knocking Down IFITMs Enhanced Virus
Infection, While Overexpression of IFITMs
Inhibited Virus Infection

To evaluate the effect of IFITM3 on PEDV and TGEV infection,
porcine IPEC-J2 cells were transfected with si-ssc-IFITM3s or
pLV-sIFITM3-Flag for 48 h, followed by infection with PEDV or

Frontiers in Immunology | www.frontiersin.org

7 March 2022 | Volume 13 | Article 844657


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Song et al.

DEGs Response to PEDV/TGEV

1SG12(A0F127
15615

15620
LALSS
MAPKEIP2

Aemuyied paieossy aseassig

KEGG Classfication (Top20)

Rheumatoid arthritis
Toxoplasmosis

Human immunodeficiency virus 1 infection
Kaposi sarcoma-associated herpesvirus infection
Influenza A

Human T-cell leukemia virus 1 infection
Hepatitis C

Human cytomegalovirus infection

Human papillomavirus infection

Aemyied paiedossy
asuodsay aunwuw|

in interaction wi ne receptor
Epstein-Barr virus infection

NOD-like receptor signaling pathway
Toll-like receptor signaling pathway
JAK-STAT signaling pathway

TNF signaling pathway

Cytokine-cytokine receptor interaction
Steroid biosynthesis

Antigen processing and presentation
Protein processing in endoplasmic reticulum

Lysosome

15

46

20 2 30 35 0 s 50
Number of Genes

Entry

IFITM1
IFITM3
TRIM11

APOBEC3G
DDX24
DDX60 4

OASs1

0AS2 Replication
OASL
MoV10
1SG20
PML
PLSCR1
SAMHD1
SAT1 Transcription
TRIM56
ZNFX1

IFIT2
IFIT3

m Budding

-

Packing

Translation

PARP12
SHISA5

ZC3HAV1

FIGURE 4 | Analysis of 90 ISGs. (A) Subcellular localization. (B) KEGG classification. (C) Antiviral activities of ISGs.

1SG12(A) TRIM14
15615

TEGV (MOI = 1). The results showed that the expressions levels
of sSIFITM3 (sIFITM3) were significantly decreased in the si-ssc-
IFITM3s-transfected cells and increased in the pLV-sIFITM3-
Flag-transfected cells compared to that of the control groups
(Figures 7A, B). Expectedly, the expression levels of PEDV and
TEGV genes were significantly increased in the si-ssc-IFITM3s-
transfected cells (Figures 7C, D) and decreased in the pLV-
sIFITM3-Flag-transfected cells compared to that of the control
groups (Figures 7E, F). These results indicate that SIFITM3 has
antiviral activity against PEDV and TGEV infection.

To further confirm the above results, Vero cells, a
heterogeneous cell line, were transfected with pLV-sIFITM3-
Flag or si-csa-IFITM3s for 48 h, followed by infection with
PEDV (MOI = 1) for 48 h. As shown in Figure 8, the
expression levels of IFITM3 were increased in the pLV-
sIFITM3-Flag-transfected cells and significantly decreased in
the si-csa-IFITM3s-transfected cells compared to that of the
control groups (Figures 8A, B). Meanwhile, the expression levels
of PEDV genes were significantly decreased in the pLV-

SIFITM3-Flag-transfected cells and increased in the si-csa-
IFITM3s-transfected cells compared to that of the control
groups (Figures 8C, D). Furthermore, the proliferation of
PEDV in IFITM3-overexpressed and knocked-down Vero cells
was evaluated using flow cytometry assay and crystal violet
staining assay. The results showed consistency with real-time
PCR results (Figures 8E, F). The cell viability was significantly
increased in the sIFITM3-overexpressed and decreased in the
knocked-down Vero cells compared with the control groups,
respectively (Figures 8G, H). These results further confirmed
that knocking down IFITM3 enhanced virus infection, while
overexpression of SIFITM3 inhibited virus infection.

Additionally, A549, BHK21, and DF-1 cells were transfected
with pCAGGS-sIFITM3-Flag, followed by infection with rVSV-
GFP. As shown in Figure 9A, the sIFITM3 can be efficiently
expressed in these cells. The replication of rVSV-GFP was
significantly inhibited in the sIFITM3-expressed cells
(Figures 9B, C). These results further suggest that the antiviral
activity of sSIFITM3 is broad-spectrum in vitro.
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TABLE 1 | Antiviral interferon-induced genes in this study.

Gene PEDV infection TGEV infection PEDV+TGEV infection Gene description Ref DOI
symbol
log2 fold q value log2 fold q value log2 fold q value
change change change
APOBEC3B 0.853622611 3.47E-09  0.716693607 0.002364504 0.953401477 1.82169E-06 Apolipoprotein B mRNA editing 10.1038/nature00939
enzyme catalytic subunit 3B
DDX24 0.227246637 0.039698472 0.295532008 0.04570764 0.304417963 0.020049853 DEAD-box helicase 24 10.1016/
j.virol.2008.01.025
DDX60 1.110014124 0.048911194 0.998530685 0.032603554 0.955513667 0.013291317 DEXD/H-box helicase 60 10.1038/nature09907
IFI6 1.479421789 0.000611615 1.864487534 5.95363E-07 1.377998512 3.09053E-05 Interferon alpha inducible protein 6 10.1038/541564-
018-0244-1
IFIT2 2.292753267 0.005583963 2.170059221 0.010245215 2.269357635 0.007031308 Interferon-induced protein with 10.1371/
tetratricopeptide repeats 2 journal.pbio.2004086
IFIT3 1.897685589 0.008779897 1.658142819 0.001373656 1.911377054 0.011643211 Interferon-induced protein with 10.1371/
tetratricopeptide repeats 3 journal.pbio.2004086
IFITM1 2.188304133  7.74E-08  2.519998152 1.35833E-10 1.987652389 1.70188E-10 Interferon-induced transmembrane 10.1016/
protein 1 j.cell.2009.12.017
IFITM3 1.132823871 4.43E-10  1.434383357 3.99482E-06 1.113465091 9.84344E-07 Interferon-induced transmembrane 10.3389/
protein 3 fimmu.2018.00228
ISG12(A) 1.822958691 0.00000265 2.186524528 7.21423E-08 1.614782083 3.25923E-07 Putative ISG12(a) protein 10.1128/JV1.00352-
16
ISG15 2.302352998 0.00000341 2.663277381 6.77695E-09 2.05115159 3.77527E-08 ISG15 ubiquitin-like modifier 10.1371/
journal.pbio.2004086
1SG20 1.742182074 0.000108971 1.948342895 1.72743E-06 1.502146139 3.99749E-06 Interferon stimulated exonuclease 10.1371/
gene 20 journal.pbio.2004086
MOV10 1.493423741 2.6E-18 1.639326559 1.46511E-08 1.205502595 1.4368E-07 Mov10 RISC complex RNA helicase 10.1371/
journal.pbio.2004086
OAS1 1.332989798  2.97E-09  1.421244578 1.39396E-05 1.215590342 1.36733E-05 2’-5'-Oligoadenylate synthetase 1 10.1371/
journal.pbio.2004086
OAS2 1206408548  4.93E-08  1.117235101 0.000354723 1.127790413 5.62295E-05 2’-5'-Oligoadenylate synthetase 2 10.3390/v12040418
OASL 2.319409818 0.000176627 2.883551358 1.62918E-09 2.127805209 0.001844082 2’-5'-pligoadenylate synthetase like 10.1016/
j.immuni.2018.12.013
PARP12 1.21350878 0.00365218 1.225430781 0.000345214 1.012772207 0.001336873 Poly(ADP-ribose) polymerase family 10.1371/
member 12 journal.pbio.2004086
PLSCR1 0.843484336  0.000034 0.81086527 0.004374285 0.825097418 0.001428997 Phospholipid scramblase 1 10.1128/
JVI.78.17.8983-
8993.2004.
PML 1.110555091 4.43E-08 1.189068424 7.19109E-05 1.117956227 9.76855E-06 Promyelocytic leukemia 10.1371/
journal.pbio.2004086
RSAD2 1.739470018 0.025127966 1.263835725 0.026307427 1.743586308 0.032480782 Radical S-adenosyl methionine 10.1016/
domain-containing 2 j.virusres.2019.01.014
SAMHD1 1.57993947  0.0000295 1.561018618 1.70923E-05 1.419359396 1.79687E-05 SAM and HD domain-containing 10.1016/
deoxynucleoside triphosphate j.tim.2015.08.002
triphosphohydrolase 1
SAT1 1.234166325 0.000000407 1.816910382 4.24858E-08 1.202642104 0.000799724 Spermidine/spermine N1- 10.1371/
acetyltransferase 1 journal.pbio.2004086
SHISAS 1.013779953  3.45E-10  1.139773973 9.82032E-06 0.854640948 2.51898E-05 Shisa family member 5 10.1038/
ncomms10631
TRIM11 0.79732917  0.000000202 0.859346252 0.000532122 0.642531515 0.000439271 Tripartite motif containing 11 10.1371/
journal.ppat.0040016
TRIM14 0.929915084 0.00000209 0.638263983 0.023485833 1.033985153 5.19874E-05 Tripartite motif containing 14 10.3389/
fmicb.2019.00344
TRIM56 1.109190465  7.78E-08  0.868601165 0.017945664 0.908904097 0.000233247 Tripartite motif containing 56 10.1371/
journal.pntd.0007537
ZC3HAV1 1.260902829  3.74E-09 0.78703522 0.021422393 1.01385866 9.58972E-05 Zinc finger CCCH-type antiviral 10.1371/
protein 1 journal.pbio.2004086
ZNFX1 1.244001392 0.016690307 0.937197617 0.021673342 1.272066064 0.000428093 Zinc finger NFX1-type containing 1 10.1038/s41556-
019-0416-0
DISCUSSION pigs worldwide (1-3, 6, 7). During 2012-2020, PEDV and TGEV

Porcine diarrhea-associated viruses including PEDV, TGEV,
porcine deltacoronavirus (PDCoV), and porcine rotavirus
(PoRV) are four common causative agents for viral diarrhea in

are the top two viruses reported from pig farms in China,
responsible for porcine diarrhea and devastating economic
losses to the swine industry. It was reported that both TGEV
and PEDV infection can activate the JAK-STAT1 signaling
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FIGURE 5 | Protein—protein interaction networks.

pathway and ISGs (23, 30). Moreover, differential protein
expressions were detected in cells infected with PEDV pandemic
and classical strains, including antiviral pathways and proteins,
such as RLRs, autophagy, MAPK pathways, and ISGs (30-33).
Coinfection of TGEV and enterotoxigenic Escherichia coli K88
(ETEC) regulated host proteins, thus enhancing the persistence of
pathogen infection, which was partly due to the inhibition of

TGEV-induced inflammatory cytokines by ETEC (34). However,
differentially expressed genes in cells coinfected with PEDV and
TGEV have not been reported to date. In this study, we evaluated
the comparative transcriptomics between PEDV and TGEV single
and coinfection. The results showed that DEGs can be detected in
the cells infected with PEDV, TGEV, and PEDV+TGEYV at 12, 24,
and 48 hpi, and the number of DEGs was the highest at 24 hpi
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FIGURE 6 | Differentially expressed key genes. IPEC-J2 cells were infected with 1 MOI of PEDV, TGEV, and PEDV+TGEV for 24 hpi. The expression levels of IFITM1
(A), IFITM3 (B), IRF1 (C), and IRF7 (D) were compared at 24 hpi with RT-PCR. GAPDH was used as the internal control. *, p-value <0.05; **, p-value <0.01; ***, p-

(Figure 2). Furthermore, coinfection of PEDV+TGEV leads to
more DEGs than that of the single infection, which mainly
annotated to the GO terms of protein binding (BP), immune
system process (MF), organelle part (CC), intracellular organelle
part (CC), etc. (Figure 3). KEGG classification showed that the
upregulated DEGs included Disease-Associated Pathway and
Immune Response Associated Pathway (Figure 3). Therefore,
we chose the shared DEGs associated with immune responses
for further study.

Type I interferons, including IFN-o and IFN-P, are critical
antiviral cytokines of host immune responses. However, the IFN
responses induced by enteric coronaviruses in the intestinal
epithelial cells are different from that of the other epithelial
cells, which is partly due to the distinct characteristics of the
intestinal epithelial mucosal surface and gut microflora (35).
Meanwhile, type III interferon (IFN-A) plays a vital role against
infections of enteric coronaviruses (35-37). On the contrary,
PEDYV, especially nspl, suppressed IFN-A activities and
interferon regulatory factor 1 (IRF1) signaling via inhibiting
IRF1 nuclear translocation and reducing the number of
peroxisomes, thus blocking the IRF1-mediated type III IFNs
(37), suggesting that PEDV can escape the IFN-A responses in
intestinal epithelial cells. Furthermore, TGEV infection can

stimulate endoplasmic reticulum (ER) stress and IFN-I
production. However, TGEV can also evade the type I IFN
antiviral response via IREla-mediated modulation of the miR-
30a-5p/SOCS1/3 axis (38). Here, 90 ISGs were upregulated
during PEDV or TGEV infection, which were subcellularly
located in the nucleus and cytosol. Among the upregulated
ISGs, 27 ISGs, including IRF1, IRF7, IFITMI1, and IFITM3,
play antiviral roles in different stages of virus proliferation,
thus inhibiting or delaying the process of virus infection by
interacting with other proteins or ISGs to form a complex
protein-protein interaction network.

IFITMs are kinds of small-molecule transmembrane proteins
induced by interferon, which are important restriction factors and
play broad-spectrum antiviral activities (39-41). IFITMs mainly
target viral-to-cellular membrane fusion to block the early stage of
virus infection and/or trigger the production of novel virions with
decreased infectivity (40). IFITMs can inhibit the feline foamy
virus at the late step of viral replication (42). Meanwhile, IFITM1
also exerts antiviral activity by regulating host lipid metabolism
(43). We previously found that IFITM3 inhibited vaccinia virus
and thrombocytopenia syndrome virus (SFTSV) infection (44,
45). Another group reported that both IFITM1 and IFITM3 can be
induced by IFN-o and IFN-A in IPEC-]2 cells in a dose-dependent
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FIGURE 7 | Evaluation of PEDV and TGEV in IFITM3-overexpressed and knocked-down cells. Porcine IPEC-J2 cells were transfected with si-ssc-IFITM3s or
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**, p-value <0.01; ***, p-value <0.0001.

manner (36). However, functional heterogeneity was detected in
mammalian IFITMs, and critical domains of IFITMs with
antiviral activity were conserved among mammalian IFITMs
(40). As reported, human and mouse IFITM1, IFITM2, and
IFITM3 restricted SARS-CoV-2 infections with a distinct
mechanism (46). The amphipathic helix and its amphipathic
properties of IFITM3 were critical for virus restriction, but its
mutation will be converted into an enhancer for SARS-CoV-2
infection and cell-to-cell fusion (46). Moreover, a recent report
indicated that several viruses may escape IFN- and IFITM-
mediated inhibition, especially cell-to-cell spread, leading to
chronic and persistent infections and illness (47). Therefore, we
further evaluated the antiviral activity of sSIFITM3 in cells infected
with PEDV and TGEV. As a result, SIFITM3 can significantly
inhibit PEDV and TGEV infection in both porcine IPEC-J2 cells
and monkey Vero cells. Also, SIFITM3 can significantly inhibit
VSV-EGEFP infection in different species cells, such as human
A549 cells, mouse BHK21 cells, and avian DF-1 cells. These results
further confirm that sIFITM3 has broad-spectrum antiviral
activity. In addition, IFITMs are S-palmitoylated proteins in
vertebrates that restrict a diverse range of viruses (48-50). S-
palmitoylated IFITM3 in particular engages incoming virus

particles, prevents their cytoplasmic entry, and accelerates their
lysosomal clearance by host cells (48, 50). However, how S-
palmitoylation modulates the structure and biophysical
characteristics of IFITM3 to promote its antiviral activity
remains unclear. The research on the mechanism of sIFITM3
inhibiting virus infection as well as the function of S-palmitoylated
sIFITM3 in virus infection is still in progress.

CONCLUSION

In this study, transcriptomes especially shared DEGs and ISGs
are different in cells single or co-infected with PEDV and TGEV,
suggesting that cells have different responses to virus infection.
We firstly identified that SIFITM3 inhibits PEDV, TGEV, and
VSV-EGFP, which suggests that sSIFITM3 has broad-spectrum
antiviral activity. Further studies are needed to elucidate the
antiviral function and molecular mechanism of sIFITM3. Our
research enriched the knowledge of cells against PEDV and
TGEV infection and confirmed that IFITM3 is one of the
important antiviral ISGs.
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A B 0.1MOI rVSV-GFP 24hpi c
Vector IFITM3 IFITM3 404 TVSV-GFP

304

Vector

-  Flag

- ! B-actin

Vector IFITM3

A549

20

FITC'%

Vector IFITM3

60 TVSV-GFP

S | Flag

S — | -actin

BHK21

FITC*%

20

Vector IFITM3

Vector IFITM3

” Flag
S S | 8-actin

504 TVSV-GFP

40

30+

DF1

FITC*%

Vector IFITM3

FIGURE 9 | sIFITM3 antagonizes rVSV-GFP proliferation in different cells. A549, BHK21, and DF-1 cells were transfected with pCAGGS-sIFITM3-Flag using
Lipofectamine 3000 reagent. 24 h post-transfection, the expression of IFITM3 was examined by Western blot (A) with anti-FLAG antibody. Then the cells were
infected with rVSV-GFP at 0.1 MOI and the replication of rVSV-GFP was analyzed by examining via fluorescence microscopy (B) and flow cytometry (C) at 24 hpi.
*, p-value <0.05.

Frontiers in Immunology | www.frontiersin.org 13 March 2022 | Volume 13 | Article 844657


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Song et al.

DEGs Response to PEDV/TGEV

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found as follows: National Center
for Biotechnology Information (NCBI) BioProject database
under accession number PRINA796631.

AUTHOR CONTRIBUTIONS

Conceptualization, NJ, CL, and LR. Methodology, LS and JC.
Software, PH and YJ. Validation, WX and LL. Formal analysis, LS
and SC. Data curation, LS and ZG. Writing—original draft
preparation, LS, CL, and SC. Writing—review and editing, LR, CL,
and NJ. Visualization, CL and SC. Supervision, LR, CL, and NJ. Project
administration, CL. Funding acquisition, LR and NJ. All authors
contributed to the article and approved the submitted version.

REFERENCES

1. Liu Q, Wang HY. Porcine Enteric Coronaviruses: An Updated Overview of
the Pathogenesis, Prevalence, and Diagnosis. Vet Res Commun (2021) 45:75—
86. doi: 10.1007/s11259-021-09808-0

2. Wang Q, Vlasova AN, Kenney SP, Saif L]. Emerging and Re-Emerging
Coronaviruses in Pigs. Curr Opin Virol (2019) 34:39-49. doi: 10.1016/
j.coviro.2018.12.001

3. Turlewicz-Podbielska H, Pomorska-Mol M. Porcine Coronaviruses:
Overview of the State of the Art. Virol Sin (2021) 36:833-51. doi: 10.1007/
512250-021-00364-0

4. Li ZL, Zhu L, Ma JY, Zhou QF, Song YH, Sun BL, et al. Molecular
Characterization and Phylogenetic Analysis of Porcine Epidemic Diarrhea
Virus (PEDV) Field Strains in South China. Virus Genes (2012) 45:181-5. doi:
10.1007/s11262-012-0735-8

5. Zhu Y, Liang L, Luo Y, Wang G, Wang C, Cui Y, et al. A Sensitive Duplex
Nanoparticle-Assisted PCR Assay for Identifying Porcine Epidemic Diarrhea
Virus and Porcine Transmissible Gastroenteritis Virus From Clinical
Specimens. Virus Genes (2017) 53:71-6. doi: 10.1007/s11262-016-1405-z

6. Zhang F, Luo S, Gu J, Li Z, Li K, Yuan W, et al. Prevalence and Phylogenetic
Analysis of Porcine Diarrhea Associated Viruses in Southern China From
2012 to 2018. BMC Vet Res (2019) 15:470. doi: 10.1186/s12917-019-2212-2

7. Shi'Y, Li B, Tao J, Cheng J, Liu H. The Complex Co-Infections of Multiple
Porcine Diarrhea Viruses in Local Area Based on the Luminex xTAG
Multiplex Detection Method. Front Vet Sci (2021) 8:602866. doi: 10.3389/
fvets.2021.602866

8. Schwegmann-Wessels C, Zimmer G, Schroder B, Breves G, Herrler G.
Binding of Transmissible Gastroenteritis Coronavirus to Brush Border
Membrane Sialoglycoproteins. J Virol (2003) 77:11846-8. doi: 10.1128/
JV1.77.21.11846-11848.2003

9. HuW, Zhang S, Shen Y, Yang Q. Epidermal Growth Factor Receptor Is a Co-
Factor for Transmissible Gastroenteritis Virus Entry. Virology (2018) 521:33-
43. doi: 10.1016/j.virol.2018.05.009

10. Li W, Hulswit RJG, Kenney SP, Widjaja I, Jung K, Alhamo MA, et al. Broad
Receptor Engagement of an Emerging Global Coronavirus may Potentiate Its
Diverse Cross-Species Transmissibility. Proc Natl Acad Sci USA (2018) 115:
E5135-43. doi: 10.1073/pnas.1802879115

11. Li Y, Wu Q, Huang L, Yuan C, Wang ], Yang Q. An Alternative Pathway of
Enteric PEDV Dissemination From Nasal Cavity to Intestinal Mucosa in
Swine. Nat Commun (2018) 9:3811. doi: 10.1038/541467-018-06056-w

12. Zhao S, Gao J, Zhu L, Yang Q. Transmissible Gastroenteritis Virus and
Porcine Epidemic Diarrhoea Virus Infection Induces Dramatic Changes in the
Tight Junctions and Microfilaments of Polarized IPEC-J2 Cells. Virus Res
(2014) 192:34-45. doi: 10.1016/j.virusres.2014.08.014

FUNDING

This work was supported by the National Key Research and
Development Program of China [No. 2021YFD1801103]; the
National Natural Science Foundation of China [Nos. 31972719,
31772747]; the Jilin Province Science and Technology
Development Project [No. 20200402043NC]; and the Jilin
University Science and Technology Innovative Research Team
[JLU-STIRT, 2017TD-05]. The funders had no role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.
844657/full#supplementary-material

13. NiuZ, Zhang Y, Kan Z, Ran L, Yan T, Xu S, et al. Decreased NHE3 Activity in
Intestinal Epithelial Cells in TGEV and PEDV-Induced Piglet Diarrhea. Vet
Microbiol (2021) 263:109263. doi: 10.1016/j.vetmic.2021.109263

14. Peng O, Wei X, Ashraf U, Hu F, Xia Y, Xu Q, et al. Genome-Wide
Transcriptome Analysis of Porcine Epidemic Diarrhea Virus Virulent or
Avirulent Strain-Infected Porcine Small Intestinal Epithelial Cells. Virol Sin
(2022) 37(1):70-81. doi: 10.1016/j.virs.2022.01.011

15. Akimkin V, Beer M, Blome S, Hanke D, Hoper D, Jenckel M, et al. New
Chimeric Porcine Coronavirus in Swine Feces, Germany 2012. Emerg Infect
Dis (2016) 22:1314-5. doi: 10.3201/eid2207.160179

16. Boniotti MB, Papetti A, Lavazza A, Alborali G, Sozzi E, Chiapponi C, et al.
Porcine Epidemic Diarrhea Virus and Discovery of a Recombinant Swine
Enteric Coronavirus, Italy. Emerg Infect Dis (2016) 22:83-7. doi: 10.3201/
€id2201.150544

17. Mandelik R, Sarvas M, Jackova A, Salamunova S, Novotny J, Vilcek S. First
Outbreak With Chimeric Swine Enteric Coronavirus (SeCoV) on Pig Farms in
Slovakia - Lessons to Learn. Acta Vet Hung (2018) 66:488-92. doi: 10.1556/
004.2018.043

18. De Nova PJG, Cortey M, Diaz I, Puente H, Rubio P, Martin M, et al. A
Retrospective Study of Porcine Epidemic Diarrhoea Virus (PEDV) Reveals the
Presence of Swine Enteric Coronavirus (SeCoV) Since 1993 and the Recent
Introduction of a Recombinant PEDV-SeCoV in Spain. Transbound Emerg
Dis (2020) 67:2911-22. doi: 10.1111/tbed.13666

19. Sungsuwan S, Jongkaewwattana A, Jaru-Ampornpan P. Nucleocapsid Proteins
From Other Swine Enteric Coronaviruses Differentially Modulate PEDV
Replication. Virology (2020) 540:45-56. doi: 10.1016/j.virol.2019.11.007

20. Crosse KM, Monson EA, Beard MR, Helbig KJ. Interferon-Stimulated Genes
as Enhancers of Antiviral Innate Immune Signaling. J Innate Immun (2018)
10:85-93. doi: 10.1159/000484258

21. Schoggins JW. Interferon-Stimulated Genes: What Do They All do? Annu Rev
Virol (2019) 6:567-84. doi: 10.1146/annurev-virology-092818-015756

22. Zhao M, LiL, Zhai L, Yue Q, Liu H, Ren S, et al. Comparative Transcriptomic
and Proteomic Analyses Prove That IFN-Lambdal is a More Potent Inducer
of ISGs Than IFN-Alpha Against Porcine Epidemic Diarrhea Virus in Porcine
Intestinal Epithelial Cells. J Proteome Res (2020) 19:3697-707. doi: 10.1021/
acs.jproteome.0c00164

23. An K, Fang L, Luo R, Wang D, Xie L, Yang J, et al. Quantitative Proteomic
Analysis Reveals That Transmissible Gastroenteritis Virus Activates the JAK-
STAT1 Signaling Pathway. J Proteome Res (2014) 13:5376-90. doi: 10.1021/
pr500173p

24. Chen W, Wen Z, Zhang J, Li C, Huang K, Bu Z. Establishing a Safe, Rapid,
Convenient and Low-Cost Antiviral Assay of Interferon Bioactivity Based on
Recombinant VSV Expressing GFP. ] Virol Methods (2018) 252:1-7. doi:
10.1016/j.jviromet.2017.08.007

Frontiers in Immunology | www.frontiersin.org

March 2022 | Volume 13 | Article 844657


https://www.frontiersin.org/articles/10.3389/fimmu.2022.844657/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.844657/full#supplementary-material
https://doi.org/10.1007/s11259-021-09808-0
https://doi.org/10.1016/j.coviro.2018.12.001
https://doi.org/10.1016/j.coviro.2018.12.001
https://doi.org/10.1007/s12250-021-00364-0
https://doi.org/10.1007/s12250-021-00364-0
https://doi.org/10.1007/s11262-012-0735-8
https://doi.org/10.1007/s11262-016-1405-z
https://doi.org/10.1186/s12917-019-2212-2
https://doi.org/10.3389/fvets.2021.602866
https://doi.org/10.3389/fvets.2021.602866
https://doi.org/10.1128/JVI.77.21.11846-11848.2003
https://doi.org/10.1128/JVI.77.21.11846-11848.2003
https://doi.org/10.1016/j.virol.2018.05.009
https://doi.org/10.1073/pnas.1802879115
https://doi.org/10.1038/s41467-018-06056-w
https://doi.org/10.1016/j.virusres.2014.08.014
https://doi.org/10.1016/j.vetmic.2021.109263
https://doi.org/10.1016/j.virs.2022.01.011
https://doi.org/10.3201/eid2207.160179
https://doi.org/10.3201/eid2201.150544
https://doi.org/10.3201/eid2201.150544
https://doi.org/10.1556/004.2018.043
https://doi.org/10.1556/004.2018.043
https://doi.org/10.1111/tbed.13666
https://doi.org/10.1016/j.virol.2019.11.007
https://doi.org/10.1159/000484258
https://doi.org/10.1146/annurev-virology-092818-015756
https://doi.org/10.1021/acs.jproteome.0c00164
https://doi.org/10.1021/acs.jproteome.0c00164
https://doi.org/10.1021/pr500173p
https://doi.org/10.1021/pr500173p
https://doi.org/10.1016/j.jviromet.2017.08.007
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Song et al.

DEGs Response to PEDV/TGEV

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Nan FL, Zhang H, Nan WL, Xie CZ, Ha Z, Chen X, et al. Lentogenic NDV V
Protein Inhibits IFN Responses and Represses Cell Apoptosis. Vet Microbiol
(2021) 261:109181. doi: 10.1016/j.vetmic.2021.109181

Reed LJ, Muench H. A Simple Method of Estimating Fifty Per Cent Endpoints.
Am ] Epidemiol (1938) 27:493-7. doi: 10.1093/oxfordjournals.aje.al18408
Xie J, Zeng Q, Wang M, Ou X, Ma Y, Cheng A, et al. Transcriptomic
Characterization of a Chicken Embryo Model Infected With Duck Hepatitis A
Virus Type 1. Front Immunol (2018) 9:1845. doi: 10.3389/fimmu.2018.01845
Cao Y, Zhang K, Liu L, Li W, Zhu B, Zhang S, et al. Global Transcriptome
Analysis of H5N1 Influenza Virus-Infected Human Cells. Hereditas (2019)
156:10. doi: 10.1186/s41065-019-0085-9

Hu Z, Li Y, Du H, Ren ], Zheng X, Wei K, et al. Transcriptome Analysis
Reveals Modulation of the STAT Family in PEDV-Infected IPEC-]2 Cells.
BMC Genomics (2020) 21:891. doi: 10.1186/s12864-020-07306-2

Lin H, Li B, Chen L, Ma Z, He K, Fan H. Differential Protein Analysis of IPEC-
J2 Cells Infected With Porcine Epidemic Diarrhea Virus Pandemic and
Classical Strains Elucidates the Pathogenesis of Infection. J Proteome Res
(2017) 16:2113-20. doi: 10.1021/acs.jproteome.6b00957

Sun D, Shi H, Guo D, Chen J, Shi D, Zhu Q, et al. Analysis of Protein
Expression Changes of the Vero E6 Cells Infected With Classic PEDV Strain
CV777 by Using Quantitative Proteomic Technique. ] Virol Methods (2015)
218:27-39. doi: 10.1016/j.jviromet.2015.03.002

Guo X, Hu H, Chen F, Li Z, Ye S, Cheng S, et al. iTRAQ-Based Comparative
Proteomic Analysis of Vero Cells Infected With Virulent and CV777 Vaccine
Strain-Like Strains of Porcine Epidemic Diarrhea Virus. J Proteomics (2016)
130:65-75. doi: 10.1016/j.jprot.2015.09.002

LiZ, Chen F, Ye S, Guo X, Muhanmmad Memon A, Wu M, et al. Comparative
Proteome Analysis of Porcine Jejunum Tissues in Response to a Virulent
Strain of Porcine Epidemic Diarrhea Virus and Its Attenuated Strain. Viruses
(2016) 8(12):323. doi: 10.3390/v8120323

Xia L, Dai L, Zhu L, Hu W, Yang Q. Proteomic Analysis of IPEC-]J2 Cells in
Response to Coinfection by Porcine Transmissible Gastroenteritis Virus and
Enterotoxigenic Escherichia Coli K88. Proteomics Clin Appl (2017)
11:1600137. doi: 10.1002/prca.201600137

Zhang Q, Yoo D. Immune Evasion of Porcine Enteric Coronaviruses and
Viral Modulation of Antiviral Innate Signaling. Virus Res (2016) 226:128-41.
doi: 10.1016/j.virusres.2016.05.015

Li L, Fu F, Xue M, Chen W, Liu ], Shi H, et al. IFN-Lambda Preferably Inhibits
PEDV Infection of Porcine Intestinal Epithelial Cells Compared With IFN-
Alpha. Antiviral Res (2017) 140:76-82. doi: 10.1016/j.antiviral.2017.01.012
Zhang Q, Ke H, Blikslager A, Fujita T, Yoo D. Type III Interferon Restriction
by Porcine Epidemic Diarrhea Virus and the Role of Viral Protein Nspl in
IRF1 Signaling. J Virol (2018) 92:¢01677-17. doi: 10.1128/JV1.01677-17

Ma Y, Wang C, Xue M, Fu F, Zhang X, Li L, et al. The Coronavirus
Transmissible Gastroenteritis Virus Evades the Type I Interferon Response
Through IRElalpha-Mediated Manipulation of the MicroRNA miR-30a-5p/
SOCS1/3 Axis. ] Virol (2018) 92(22):e00728-18. doi: 10.1128/JV1.00728-18
RenL,DuS,Xu W, Li T, WuS, Jin N, et al. Current Progress on Host Antiviral
Factor IFITMs. Front Immunol (2020) 11:543444. doi: 10.3389/fimmu.
2020.543444

Marziali F, Delpeuch M, Kumar A, Appourchaux R, Dufloo J, Tartour K, et al.
Functional Heterogeneity of Mammalian IFITM Proteins Against HIV-1.
J Virol (2021) 95:€0043921. doi: 10.1128/JV1.00439-21

41. Meischel T, Fritzlar S, Villalon-Letelier F, Tessema MB, Brooks AG, Reading
PC, et al. IFITM Proteins That Restrict the Early Stages of Respiratory Virus
Infection Do Not Influence Late-Stage Replication. J Virol (2021) 95:
€0083721. doi: 10.1128/JV1.00837-21

Kim J, Shin CG. IFITM Proteins Inhibit the Late Step of Feline Foamy Virus
Replication. Anim Cells Syst (Seoul) (2020) 24:282-8. doi: 10.1080/
19768354.2020.1819413

Zhang Y, Wang L, Zheng ], Huang L, Wang S, Huang X, et al. Grouper
Interferon-Induced Transmembrane Protein 1 Inhibits Iridovirus and
Nodavirus Replication by Regulating Virus Entry and Host Lipid
Metabolism. Front Immunol (2021) 12:636806. doi: 10.3389/fimmu.
2021.636806

Li C, Du S, Tian M, Wang Y, Bai J, Tan P, et al. The Host Restriction Factor
Interferon-Inducible Transmembrane Protein 3 Inhibits Vaccinia Virus
Infection. Front Immunol (2018) 9:228. doi: 10.3389/fimmu.2018.00228
Xing H, Ye L, Fan J, Fu T, Li C, Zhang S, et al. IFITMs of African Green
Monkey Can Inhibit Replication of SFTSV But Not MNV In Vitro. Viral
Immunol (2020) 33:634-41. doi: 10.1089/vim.2020.0132

Shi G, Kenney AD, Kudryashova E, Zani A, Zhang L, Lai KK, et al. Opposing
Activities of IFITM Proteins in SARS-CoV-2 Infection. EMBO ] (2021) 40:
€106501. doi: 10.15252/emb;j.2020106501

Chmielewska AM, Gomez-Herranz M, Gach P, Nekulova M, Bagnucka MA,
Lipinska AD, et al. The Role of IFITM Proteins in Tick-Borne Encephalitis
Virus Infection. J Virol (2022) 96:€0113021. doi: 10.1128/JV1.01130-21
Benfield CT, Mackenzie F, Ritzefeld M, Mazzon M, Weston S, Tate EW, et al.
Bat IFITM3 Restriction Depends on S-Palmitoylation and a Polymorphic Site
Within the CD225 Domain. Life Sci Alliance (2020) 3(1):201900542. doi:
10.26508/1s2.202000747

Das T, Yang X, Lee H, Garst E, Valencia E, Chandran K, et al. S-
Palmitoylation and Sterol Interactions Mediate Antiviral Specificity of
IFITM Isoforms. Res Sq (2021) rs.3.rs-1179000. doi: 10.21203/rs.3.rs-
1179000/v1

Garst EH, Lee H, Das T, Bhattacharya S, Percher A, Wiewiora R, et al. Site-
Specific Lipidation Enhances IFITM3 Membrane Interactions and Antiviral
Activity. ACS Chem Biol (2021) 16:844-56. doi: 10.1021/acschembio.1¢00013

42.

43.

44.

45.

46.

47.

48.

49.

50.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Song, Chen, Hao, Jiang, Xu, Li, Chen, Gao, Jin, Ren and Li. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Immunology | www.frontiersin.org

March 2022 | Volume 13 | Article 844657


https://doi.org/10.1016/j.vetmic.2021.109181
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.3389/fimmu.2018.01845
https://doi.org/10.1186/s41065-019-0085-9
https://doi.org/10.1186/s12864-020-07306-2
https://doi.org/10.1021/acs.jproteome.6b00957
https://doi.org/10.1016/j.jviromet.2015.03.002
https://doi.org/10.1016/j.jprot.2015.09.002
https://doi.org/10.3390/v8120323
https://doi.org/10.1002/prca.201600137
https://doi.org/10.1016/j.virusres.2016.05.015
https://doi.org/10.1016/j.antiviral.2017.01.012
https://doi.org/10.1128/JVI.01677-17
https://doi.org/10.1128/JVI.00728-18
https://doi.org/10.3389/fimmu.2020.543444
https://doi.org/10.3389/fimmu.2020.543444
https://doi.org/10.1128/JVI.00439-21
https://doi.org/10.1128/JVI.00837-21
https://doi.org/10.1080/19768354.2020.1819413
https://doi.org/10.1080/19768354.2020.1819413
https://doi.org/10.3389/fimmu.2021.636806
https://doi.org/10.3389/fimmu.2021.636806
https://doi.org/10.3389/fimmu.2018.00228
https://doi.org/10.1089/vim.2020.0132
https://doi.org/10.15252/embj.2020106501
https://doi.org/10.1128/JVI.01130-21
https://doi.org/10.26508/lsa.202000747
https://doi.org/10.21203/rs.3.rs-1179000/v1
https://doi.org/10.21203/rs.3.rs-1179000/v1
https://doi.org/10.1021/acschembio.1c00013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Differential Transcriptomics Analysis of IPEC-J2 Cells Single or Coinfected With Porcine Epidemic Diarrhea Virus and Transmissible Gastroenteritis Virus
	Introduction
	Materials and Methods
	Cells and Viruses
	Antibodies and Reagents
	One-Step Growth Curve
	Virus Infection
	RNA Extraction
	Real-Time Quantitative PCR
	RNA-Seq Analysis
	GO and KEGG Enrichment Analysis
	STRING Pathway Analysis
	Overexpression or Knockdown of IFITM3
	Western Blot
	Flow Cytometry (FCM) Analysis
	Crystal Violet Staining Assay
	Statistical Analysis

	Results
	Phylogenetic Analysis and Proliferation Kinetics of PEDV and TGEV in IPEC-J2 Cells
	Transcriptional Profile in IPEC-J2 Cells Induced by PEDV, TGEV, and PEDV+TGEV
	GO and KEGG Pathway Enrichment Analysis of the Shared DEGs
	Evaluation of the Interferon-Stimulated Genes
	Confirmation of the Identified ISGs by Real-Time qPCR
	Knocking Down IFITMs Enhanced Virus Infection, While Overexpression of IFITMs Inhibited Virus Infection

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


