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a  b  s  t  r  a  c  t

Viral  infection  converts  the  normal  constitution  of a  cell to optimise  viral  entry,  replication,  and  virion
production.  These  conversions  contain  alterations  or disruptions  of  the  tight  and  adherens  junctions
between  cells  as  part  of  their  pathogenesis,  and  reorganise  cellular  microfilaments  that  initiate,  sustain
and spread  the  viral  infections  and  so  on.  Using  porcine  epidemic  diarrhoea  virus  (PEDV),  transmissible
gastroenteritis  virus  (TGEV)  and  a  model  of normal  intestinal  epithelial  cells  (IPEC-J2),  we  researched  the
interaction  between  tight  and  adherens  junctions  and  microfilaments  of  IPEC-J2  cells  with  these  viruses.
In our  work,  the  results  showed  that  IPEC-J2  cells were  susceptible  to TGEV  and  PEDV  infection.  And  TGEV
could  impair  the  barrier  integrity  of IPEC-J2  cells at early  stages  of  infection  through  down-regulating
some  proteins  of  tight  and  adherens  junctions,  while  PEDV  cloud  cause  a  slight  of damage  in  the  integrity
of epithelial  barrier.  In  addition,  they  also  could  affect  the  microfilaments  remodelling  of  IPEC-J2  cells,  and
the drug-interfered  microfilaments  could  inhibit  viral  replication  and  release.  Furthermore,  PEDV  + TGEV
APK co-infection  was  more  aggravating  to damage  of tight  junctions  and  remodelling  of  microfilaments  than
their single  infection.  Finally,  the  PEDV  and  TGEV  infection  affected  the  MAPK  pathway,  and  inhibition  of
MAPK  pathway  regulated  the changes  of  tight  junctions  and  microfilaments  of  cells.  These  studies  provide
a  new  insight  from  the perspective  of  the  epithelial  barrier  and  microfilaments  into  the pathogenesis  of
PEDV  and  TGEV.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Porcine epidemic diarrhoea virus (PEDV) and transmissible gas-
roenteritis virus (TGEV) are members of the Coronaviridae family
Sestak and Saif, 2002). They both replicate in the differentiated
nterocytes covering the villi of the porcine small intestine (Kim
nd Chae, 2003) and cause acute enteritis in swine of all ages,
hich is characterised by vomiting, diarrhoea, and dehydration;

he mortality rate in seronegative suckling piglets may  reach 100%
Chae et al., 2000). Despite the similar clinical diseases and lesions
nduced, PEDV and TGEV are distinct viral entities. PEDV is unable to
row in porcine cell cultures permissive to the growth of TGEV, such

s PK15 cells, and is more closely related to the human respiratory
oronavirus HCoV 229E than to TGEV according to the amino acid
equence of the membrane protein (Kim et al., 1999).Enterocytes

∗ Corresponding author. Tel.: +86 02584395817; fax: +86 02584398669.
E-mail address: zxbyq@njau.edu.cn (Q. Yang).

ttp://dx.doi.org/10.1016/j.virusres.2014.08.014
168-1702/© 2014 Elsevier B.V. All rights reserved.
are connected to each other to form a barrier that separates the
inside of the organism from its environment. Essential components
of this epithelial fence are the tight and adherens junctions (TJs
and AJs) (Cereijido et al., 2008). Some pathogens use tight junction
proteins as receptors for their attachment and subsequent internal-
isation, such as Hepatitis C virus (HCV) and reoviruses (Evans et al.,
2007; Guglielmi et al., 2007). Infectious enteric agents that alter
tight junctions often elicit inflammatory cascades and cause diar-
rhoea. Rotaviruses are a major cause of viral gastroenteritis leading
to diarrhoea and morbidity in mammals. Its VP8 protein alters the
localisation of claudin-3, ZO-1 and occludin, which consequently
leads to disruption of the barrier integrity of tight junctions dur-
ing their infection (Nava et al., 2004). TGEV and PEDV also cause
severe diarrhoea in piglets, but it is not known whether this is
related to damage to the TJs and AJs of epithelial cells.In addi-
tion, TJs and AJs use a variety of transmembrane proteins linked

to the microfilaments and to intracellular signalling molecules
(Etournay et al., 2007; Gonzalez-Mariscal et al., 2008). Following
the changes to TJs and AJs, the microfilaments of the host cell
are often co-opted by viruses at many stages of their life cycle,

dx.doi.org/10.1016/j.virusres.2014.08.014
http://www.sciencedirect.com/science/journal/01681702
http://www.elsevier.com/locate/virusres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.virusres.2014.08.014&domain=pdf
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uch as attachment, internalisation, endocytosis, nuclear target-
ng, replication, assembly, or cell-to-cell spread. Viruses induce
earrangements of microfilaments so that they can utilise them
s tracks or move them aside when they represent barriers. Viral
articles recruit molecular motors in order to hitchhike rides to
ifferent subcellular sites which provide the proper molecular envi-
onment for uncoating, replicating and packaging viral genomes
Burckhardt and Greber, 2009; Vaughan et al., 2009). However,
here are few reports about the interactions of PEDV and TGEV
ith microfilaments of host cells.Mitogen-activated protein (MAP)

inases are Ser/Thr protein kinases that respond to extracellular
timuli such as growth factors and stress, among others. Previous
tudies have shown that the MAPK signalling pathway cannot only
p- or down-regulate the expression of several TJ proteins to alter
he molecular composition within TJ complexes, but also plays an
mportant role in microfilament remodelling (Gerits et al., 2007;

elamed et al., 1995).To clearly answer the questions of whether
EDV and TGEV infection could impair the tight and adherens junc-
ions of epithelial cells, how interactions with PEDV, TGEV and

icrofilaments of epithelial cells occur, and how to change the pro-
eins in the MAPK signalling pathway, we used PEDV and TGEV to
nfect the porcine intestinal epithelial cell line (IPEC-J2). Results
howed that both PEDV and TGEV could infect IPEC-J2 cells, and
hat they could also down-regulate certain proteins of tight and
dherens junctions to alter the epithelial barrier integrity. In addi-
ion, they affected the polymerisation and depolymerisation of

icrofilaments in IPEC-J2 cells, and the disordered microfilaments
ould also suppress the replication and release of these viruses. Fur-
hermore, PEDV + TGEV co-infection enhanced the damage to tight
unctions and the remodelling of microfilaments. Finally, PEDV and
GEV infection impacted on activation of the MAPK signalling path-
ay in IPEC-J2 cells, and MAPK inhibitor could affect the tight

unctions and microfilaments of cells.

. Materials and methods

.1. Cell lines and culture

The IPEC-J2 cells (Liu et al., 2010) were donated by Zhany-
ng Wei  from Henan Agricultural University (Henan Province,
hengzhou, China). ST (pig testis cell line) and Vero (African green
onkey kidney cell line) cells were provided by Jiangsu Academy of
gricultural Sciences (JAAS, Jiangsu Province, Nanjing, China). IPEC-

2 cells were cultured and maintained in RPMI 1640 medium (Gibco,
SA), supplemented with 7% foetal calf serum (FBS; Gibco, USA),
enicillin (100 IU/ml), and streptomycin (100 mg/ml) (Invitrogen,
SA). Vero and ST cells were cultured in Dulbecco modified Eagle’s
edium (Gibco, USA), supplemented with 5% foetal bovine serum,

enicillin (100 IU/ml), and streptomycin (100 mg/ml) solutions.
TGEV (STC3 strain) (He et al., 2001), PEDV (CV777 strain) (Brian

nd Baric, 2005) were also provided by JAAS. TGEV was  propa-
ated in ST cells and PEDV was propagated in Vero cells; these were
urified as described by Hofmann and Wyler (1988).

Confluent monolayers of IPEC-J2 cells were inoculated with
GEV at a multiplicity of infection (MOI) of 0.1, PEDV at an MOI  of
.1, and PEDV + TGEV both at an MOI  of 0.1 for 1 h at 37 ◦C. Then, the

noculums and unattached viruses were removed and fresh growth
edium was added. Infected cells were analysed after the required

ncubation period.

.2. Immunofluorescence staining
To examine whether the PEDV/TGEV infected the IPEC-J2 cells,
he TGEV-, PEDV-, TGEV + PEDV-infected and mock-infected cells
t 0, 6, 12, 24, 48, 72 h post-infection (pi) were determined
h 192 (2014) 34–45 35

by indirect immunofluorescence. All group cells grown on glass
cover slips in 24-well tissue culture plates were fixed with 3.7%
polyoxymethylene, washed 3 times with 0.1 M PBS and perme-
abilised for 5 min  with 0.1% Triton X-100. The cells were incubated
with a 1% solution of BSA (30 min, room temperature, RT), then
stained with FITC-conjugated TGEV polyclonal antibody (VMRD,
USA) and monoclonal mouse anti-PEDV M protein (a gift of Zhang
Zhi ban, Harbin Veterinary Research Institute, China) respectively
(overnight, 4 ◦C in dark conditions). Following washing 5 times with
0.1 M PBS, a Cy3-conjugated sheep anti-mouse IgG (A0521, Bey-
otime, China) was added to the cells (1:400,1 h, RT). The negative
control slices were treated in an identical manner except the pri-
mary antibodies were omitted. Cells were washed 3 times with
0.01 M PBS and images were acquired using a fluorescence micro-
scope (Zeiss, Germany).

To examine the effects of PEDV/TGEV on the cytoskeletal orga-
nisation of IPEC-J2 cells, all groups at 0, 20, 40 minpi, and 1, 2, 12,
24, 48, 96 hpi, were stained with FITC-Phalloidin and determined
by immunofluorescence. In short, washed infected cells were fixed
with polyoxymethylene, and permeabilised for 5 min  with 0.1%
Triton X-100. The cells were incubated with a 1% solution of BSA
(30 min, RT), and stained with FITC-Phalloidin (30 min, RT, in dark
conditions). Images were acquired using a fluorescence microscope
(Zeiss, Germany).

2.3. Virus titration assay

TGEV-, PEDV-infected and mock-infected cells were seeded onto
6-well plates (5 × 105) and cultured for 2, 6, 12, 24, 48, 72 h. TGEV
and PEDV were collected by freezing and thawing the plates three
times, and determined by the tissue culture infectious dose 50
(TCID50) in ST and Vero cells, respectively.

2.4. Transepithelial electrical resistance (TEER) assay

TEER, a measure of tight junctions (TJ) integrity, is measured
by epithelial tissue volt-ohmmeter (Millicell ERS-2, Millipore Cor-
poration, USA) as described previously (Shatos et al., 1992). In
short, IPEC-J2 cells were seeded on 24 collagen-coated Millicell
filter inserts with a 0.4 mm pore size (Millipore, USA). When the
IPEC-J2 cells reached confluence and were infected TGEV/PEDV at
an m.o.i. of 0.1. TEER was  calculated from the measured potential
difference between the apical and basolateral sides of the cell layer
by epithelial tissue volt-ohmmeter. All cells were measured in real-
time. Resistance is expressed as both � cm2 and percent original
TEER value relative to a control:

Normal resistance(  ̋ cm2) = (TEER1 − blank) × 0.33 cm2

(for 24 well Millicell Filter)

2.5. Permeability measurements

Permeability was  determined by measuring the paracellular
passage of 4 kDa fluorescein isothiocyanate dextran (FITC-dextran)
(Sigma–Aldrich, USA) dissolved in HBSS (1 mg/ml, Gibco, USA).
IPEC-J2 cells were seeded on 24 well collagen-coated Millicell filter
inserts with a 0.4 mm pore size (Millipore, USA). After the IPEC-J2
cells reached confluence and infected TGEV/PEDV at an MOI  of 0.1.
To measure flux in the apical to the basolateral direction, 200 �l
of the FITC-dextran tracer solution was loaded onto the apical side
of the monolayer and cells were incubated for 20, 40 or 60 min at

37 ◦C. After this period, 100 �l of the solution was measured for
the tracer concentration in the basolateral compartment using a
BioTek fluorescence/absorbance microplate reader at an excitation
wavelength of 492 nm and emission of 520 nm.
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.6. Western blotting

At 20, 40, 60 minpi and 24 hpi, the PEDV-, TGEV-, PEDV + TGEV-
nfected and mock-IPEC-J2 cells were harvested and prepared for

estern blot, as described by McBride and Machamer (2010).
olyclonal anti-occludin, polyclonal anti-claudin-1, monoclonal
nti-ZO-1, and monoclonal anti-E-cadherin (Invitrogen, USA) were
sed at a dilution of 1:1000 in 5% BSA in TBST and HRP-conjugated
nti-rabbit IgG or anti mouse IgG diluted 1:10,000 in 5% non-fat dry
ilk in TBST. The SDS gel was transferred to 0.4 �m PVDF mem-

rane (Millipore, USA) and detection with SuperSignal WestPico
Pierce, Thermo, USA). Western blotting was quantified by Quantity
ne (Quantity One® 1-D Analysis Software 170-9600, Bio-Rad).

.7. Transmission electron microscope

TGEV-, PEDV-, TGEV + PEDV-infected and mock-infected cells
ere harvested by 0.25% trypsinisation (Sigma, USA) and then fixed

n a 2.5% glutaraldehyde solution in PBS for 24 h. After fixation,
he monolayer was gently removed from the flask with a rubber
oliceman and the cell suspension was pelleted by low speed cen-
rifugation (2500 × g for 5 min). The cells were then washed twice
y centrifugation in 0.1 M PBS. The pellet of cells was then fixed
vernight at 4 ◦C for further standard treatment for transmission
lectron microscope (TEM), as described by Pontefract et al. (1989).

.8. Effects of the microfilament inhibitor on PEDV and TGEV
nfection

Microfilament inhibitors, Jas (jasplakinolide, Enzo Life Sci-
nces, Switzerland) and Cyto D (cytochalasin D, Gibco, USA), could
nterfere with the polymerisation and depolymerisation of the

icrofilaments in cells. Firstly, in order to study the effects of micro-
lament disorder on PEDV and TGEV entry, monolayer IPEC-J2
ells were pre-treated with RPMI medium containing Jas (0.2 �M)
r Cyto D (2 �M)  for 1 h at 37 ◦C. IPEC-J2 cells were inoculated
ith TGEV, PEDV, and PEDV + TGEV at an MOI  of 0.1 for 1 h at

7 ◦C, respectively. The unattached viruses were removed and
he infected IPEC-J2 cells were collected for analysing TCID50 or
etecting the level of viral RNA by quantitative RT-PCR (qRT-PCR).
econdly, in order to study the effects of microfilament disorder
n PEDV/TGEV release, monolayer IPEC-J2 cells were inoculated
ith TGEV, PEDV, and PEDV + TGEV at an MOI  of 0.1 for 1 h at 37 ◦C,

espectively. The unattached viruses were removed and incubated
ith RPMI medium. Then the Jas (0.2 �M)  or Cyto D (2 �M)  was

dded to the infected cells from 6 to 9 hpi, the supernatants and
he infected IPEC-J2 cells were collected for analysing TCID50 or
etecting the level of viral RNA by qRT-PCR. Finally, in order to
tudy the effects of microfilament disorder on virus replication and
elease, monolayer IPEC-J2 cells were inoculated with TGEV, PEDV,
nd PEDV + TGEV at an MOI  of 0.1 for 1 h at 37 ◦C, respectively.
he unattached viruses were removed and incubated with RPMI
edium containing Jas (0.2 �M)  or Cyto D (2 �M)  was  added to the

nfected cells from 1 to 9 hpi, only the infected IPEC-J2 cells were
ollected for analysing TCID50 or detecting the level of viral RNA by
RT-PCR.

.9. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using a commercial kit (TaKaRa, Japan).
hen, RT-PCR was performed using an RT-PCR kit (TaKaRa, Japan)
ccording to the manufacturer’s instructions. To determine the

ene expression profiles, individual samples were diluted 1:10 and

 �l was amplified in a 20 �l reaction containing 10 �l of SYBR
remixTM Ex Taq (TaKaRa), 0.4 �l of ROX dye II and 0.4 �M of each
f the forward and reverse gene-specific primers using an ABI 7500
h 192 (2014) 34–45

instrument (Applied Biosystems, USA). PEDV M gene was  one tar-
get gene (GenBank accession no. AF353511.1), and the primers
were: FP: 5′-aggtctgcattccagtgctt-3′, RP: 5′-ggacatagaaagcccaacca-
3′. TGEV M gene was  another target gene (GenBank accession no.
AF302262.1), and the primers were: FP: 5′-gtgcttcctctcgaaggtgt-3′,
RP: 5′-cccatccagtcgcactactt-3′. Porcine GAPDH gene was used as
the internal parameter (GenBank accession no. NM 001206359.1).
The primers were: FP: tcatcatctctgccccttct, RP: gtcatgagtccctccac-
gat. The data were analysed using the ABI PRISM 7500 software
tool (Applied Biosystems, USA). 7500 Real-Time PCR System (ABI)
and Fast-Start Universal SYBR Green Master (Takara) were used for
qRT-PCR. Amplification conditions were 95 ◦C for 10 min, followed
by 40 cycles of 95 ◦C for 30 s and 60 ◦C for 60 s. Each sample and
negative controls (no template) were run in at least three techni-
cal replicates. GAPDH was amplified under the same conditions as
internal control to normalise reactions. After completion of the PCR
amplification, the relative fold change was calculated based on the
−��ct calculation.

2.10. FACS analysis

PEDV-, TGEV- and PEDV + TGEV-infected and mock-infected
IPEC-J2 cells at 1 and 24 hpi were harvested by 0.25% trypsin-
isation, then fixed and permeabilised in FACS permeabilisation
buffer II (BD Pharmingen, USA), washed 3 times with 0.01 M
PBS and incubated with a 1% solution of BSA (30 min, RT). Then,
cells stained with the primary antibodies anti-ERK1/2 antibody,
anti-ERK1/2 (phospho T202 + Y204) antibody, anti-p38 anti-
body, anti-p38 (phospho T180 + Y182) antibody, anti-JNK1 + JNK2
antibody and anti-JNK1 + JNK2 (phospho T183 + Y185) antibody
(Abcam, Hong Kong) were incubated overnight at 4 ◦C. Sub-
sequently, cells were washed 3 times with 0.01 M PBS and
the PE-conjugated goat anti-rabbit IgG2b (Invitrogen, USA) was
added (1 h, RT). The negative control cells were treated in an
identical manner, except the primary antibodies were omit-
ted. Cells were then washed, and 1 × 104 cells were analysed
by flow cytometry for the mean fluorescence intensity (MFI).
The results are expressed as the mean fluorescence inten-
sity ratio. The mean fluorescence intensity ratio was calculated
using the formula: (MFIinfection phospho protein/MFIinfection total protein)/
(MFIcontrol phospho protein/MFIcontrol total protein).

2.11. Effects of MAPK pathway inhibitor on PEDV and TGEV
infection, the tight junctions and microfilaments of IPEC-J2 cells

In order to study the effects of MAPK pathway of IPEC-J2 cells on
PEDV and TGEV infection, the tight junctions and microfilaments
of IPEC-J2 cells, the monolayer IPEC-J2 cells were pre-treated with
RPMI medium containing 50 �m/l  of ERK-MAPK-specific inhibitor
(PD98059), 10 �m/l  of p38-MAPK-specific inhibitor (SB203580) or
10 �m/l  of JNK-MAPK-specific inhibitor (SP600125) for 2 h at 37 ◦C.
IPEC-J2 cells were inoculated with TGEV, PEDV and PEDV + TGEV at
an MOI  of 0.1 for 1 h at 37 ◦C, respectively. The unattached viruses
were removed and the infected IPEC-J2 cells were cultured with
RPMI medium containing those three inhibitors for the required
time. The analysis of mock and treated IPEC-J2 cells is as follows:
(1) Mock and treated IPEC-J2 cells at 12 and 24 hpi were added
Trizol to detect the level of viral RNA by qRT-PCR. (2) Mock and
treated IPEC-J2 cells at 60 minpi and 24 hpi were harvested and

prepared for Western blot, as described in Section 2.6. (3) Mock
and treated IPEC-J2 cells at 40, 60 minpi and 12, 24 hpi were fixed
with 3.7% polyoxymethylene and stained with FITC-Phalloidin for
immunofluorescence, as described in Section 2.2.
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Fig. 1. PEDV and TGEV infected IPEC-J2 cells. (A) Immunofluorescence images of TGEV (green) and PEDV (red) infected IPEC-J2 cells at 0, 6, 12, 24, 48, 72 h post-infection
(  IPEC-
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pi).  Scale bars represent 40 �m.  (B) Fluorescent images of PEDV + TGEV co-infected
EDV  infected IPEC-J2 cells at 2, 6, 12, 24, 48 and 72 hpi. Data express the mean ± S
he  web version of this article.)

.12. Statistical analysis

The statistical analysis was performed using the Statistical Prod-
ct and Services Solutions (SPSS) package, version 16.0. Duncan’s
est was conducted to determine the differences among treated
roups. The means of paired groups were analysed by ANOVA. Sig-
ificance was indicated by a probability of p < 0.05.

. Results

.1. IPEC-J2 cells are susceptible to PEDV and TGEV

Firstly, to determine whether PEDV and TGEV could infect and
eplicate in IPEC-J2 cells, IPEC-J2 infected at an MOI  of 0.1 PEDV
nd TGEV at 0, 6, 12, 24, 48, 72 h post infection (pi) were observed
y immunofluorescence staining. From the results, both PEDV and
GEV could infect the IPEC-J2 cells. After PEDV infection 6 h and
GEV infection 12 h, the immunofluorescences were read visually
rom images. Initially, the immunofluorescences were distributed
n the plasma membrane, then in the cytoplasm. The above phe-

omenon might because the two viruses were first distributed in
he plasma membrane, then they increased in the cytoplasm from
2 to 24 hpi. Finally, these viruses decreased in the cytoplasm over
ime due to lack of nutrients for the IPEC-J2 cells (Fig. 1A). Similarly,
J2 cells at 24 and 48 hpi. Scale bars represent 40 �m.  (C) The viral titres of TGEV and
 = 3). (For interpretation of the references to color in text, the reader is referred to

the phenomenon of PEDV or TGEV single infection was consis-
tent with their co-infection (Fig. 1B). To study the percentage of
PEDV and TGEV infected IPEC-J2, TCID50 was used to draw the viral
proliferation curve. In the early infection (6 hpi), the titre of TGEV
replication was lower than PEDV. At 24 hpi, although both TGEV
and PEDV reached the replication peak, the titre of TGEV replication
was still lower than the PEDV. The data showed that the same con-
centration of TGEV and PEDV infected the IPEC-J2 cells, the PEDV
replication was faster that TGEV. Moreover, the higher the concen-
tration of virus was, the faster the virus replication was to reach
the peak. These data showed that MOI  1 of PEDV and TGEV infec-
tion reached a peak at 24 hpi, while the MOI  0.1 of their infection
reached a peak at 48 hpi and then gradually decreased (Fig. 1C).

3.2. PEDV and TGEV infection instantly destroyed the epithelial
barrier integrity

To assess whether PEDV or TGEV single infection or co-infection
could damage the epithelial barrier of IPEC-J2 cells, we  first mea-
sured the changes in the transepithelial electrical resistance (TEER)

of IPEC-J2 cells infected with them. From the results, we observed
that the TEER of the control group (mock group) maintained in
the 3500 � cm2 from 0 to 84 hpi, while the TEER of IPEC-J2 cells
infected with PEDV declined at 20 minpi, restored after 40 min,
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Fig. 2. The integrity of the epithelial barrier is impaired by PEDV and TGEV infection. (A) Transepithelial electrical resistance (TEER) of PEDV-, TGEV- and PEDV + TGEV-
infected IPEC-J2 cells from 0 to 84 hpi. Data express the mean ± SEM (n = 3). (B) Paracellular permeability of PEDV-, TGEV- and PEDV + TGEV-infected IPEC-J2 cells at 20,
40  and 60 minpi. Data express the mean ± SEM (n = 3). The symbol * indicates statistically significant differences (P < 0.05) when compared with the control group, and the
symbol  ** indicates statistically very significant differences (P < 0.01) when compared with the control group. (C) The expression of Claudin-1, E-cadherin, Occludin and ZO-1
in  PEDV-, TGEV- and PEDV + TGEV-infected IPEC-J2 cells at 20, 40, 60 minpi and 24 hpi was analysed via western blotting. The intensity of the bands in terms of political
density  was measured and normalised against GAPDH expression. Data express the mean ± SEM (n = 3). The symbol * indicates statistically significant differences (P < 0.05)
when  compared with the control group, and the symbol ** indicates statistically very significant differences (P < 0.01) when compared with the control group.
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eclined again after 60 min, and restored again at 2 hpi. TEER
hen remains more or less unchanged. Compared with the control
roup, TGEV single infection or co-infection decreased gradu-
lly from 20 to 60 min  and reached the lowest value at 60 min,
specially in the case of their co-infection. Then, levels all grad-
ally restored and remained unchanged from 2 to 84 h (Fig. 2A).
inally, the TEER in TGEV and/or PEDV infected IPEC-J2 cells were
nchanged compared with control group from 84 to 120 hpi,
radually decreased from 132 to 204 hpi that might be due to the
PEC-J2 cells death (Additional Fig. 1). To further study whether
he permeability of epithelial cells infected with PEDV, TGEV and
EDV + TGEV were changed from 20 to 60 minpi, we measured
he passage of a macromolecule, FITC-dextran, across these virus-
nfected IPEC-J2 monolayer cells grown on Transwell membranes.
he permeability of IPEC-J2 infected with TGEV at 40 minpi was

igher than other groups (p < 0.05) and the above permeability at
0 minpi was also significantly increased compared to the control
roup (p < 0.05) (Fig. 2B). To further investigate whether tight
nd adhesion junctions proteins played an important role in the
instantaneous destruction of the epithelial barrier integrity at 20,
40, 60 minpi and 24 hpi, we  measured the three important tight
junction proteins claudin-1, occluding and ZO-1 and an adhesion
junction protein E-cadherin in the PEDV-, TGEV-infected and
their co-infected IPEC-J2 cells. The results demonstrated that the
expression of E-cadherin in the PEDV + TGEV-infected IPEC-J2
cells at 20 minpi was higher than the control group and PEDV
infected group (p < 0.05). Moreover, the expression of E-cadherin
in the TGEV-infected and PEDV + TGEV-infected IPEC-J2 cells at
40 minpi were notably lower than other groups (p < 0.05). The
expression of E-cadherin, Occludin and ZO-1 in the TGEV infected-
and PEDV + TGEV-infected IPEC-J2 cells was  lowest at 60 minpi
(p < 0.01). Finally, claudin-1, occluding, ZO-1 and E-cadherin were
unchanged in TGEV, PEDV-infected and PEDV +TGEV-infected
IPEC-J2 cells compared with the control group at 24 hpi (p > 0.05).

All of the results demonstrated that TGEV and TGEV + PEDV co-
infection could instantaneously impair the integrity of epithelial
barrier at early stages of infection, and then gradually return back
to normal levels. In addition, ZO-1, Occludin and E-cadherin played
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Fig. 3. Alteration of microfilaments of PEDV- and TGEV-infected IPEC-J2 cells. Transmission electron micrographs of microfilaments of IPEC-J2 cells infected with PEDV (A–C)
and  TGEV particles (D–F) at 24 hpi. (E) Many microfilaments gathered around the PEDV, and appeared to be auxiliary to form membrane vesicles for wrapping the virus when
t icrofi
o , TGEV
w

i
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he  PEDV absorbed the plasma membrane. (F) In the cytoplasm, a large number of m
n  the microfilaments. (G) Immunofluorescence images of microfilaments in PEDV-
ith  FTTC-phalloidin. Scale bars represent 10 �m.

mportant roles in the barrier function changes of TGEV and their
o-infected IPEC-J2. However, PEDV single infection only could
ause a slight of damage in integrity of epithelial barrier.

.3. The attachment, entry and release of PEDV and TGEV were
ependent on the microfilaments

There is a clear evidence that numerous tight and adhesion junc-

ion proteins can directly interact with the microfilaments, and
he reestablishment of the microfilaments plays a crucial role dur-
ng viral attachment, entry, replication and release (Avota et al.,
011). We  hypothesised that the life cycle of PEDV and TGEV were
laments gathered around the PEDV, suggesting that the movement of viruses relies
- and PEDV + TGEV-infected IPEC-J2 cells at 40 minpi and 1, 12, 24 hpi were stained

also dependent on the microfilaments. From the results of TEM,
PEDV and TGEV moved along the filopodia which are formed by
microfilaments and moved towards the cells (Fig. 3A). Many micro-
filaments gathered around the PEDV, and appeared to be auxiliary
to form membrane vesicles for wrapping the virus when the PEDV
absorbed the plasma membrane (Fig. 3A and B). In the cytoplasm,
a large number of microfilaments gathered around the PEDV, sug-
gesting that the movement of viruses relies on the microfilaments

(Fig. 3C). The same phenomena were also seen in the TGEV infected
(Fig. 3D–F) and PEDV + TGEV co-infected IPEC-J2 cells (pictures not
shown), and we also observed the virus binding the microfilaments
in the nuclear membrane (Fig. 3D).
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Fig. 4. Microfilaments are required for PEDV and TGEV replication and release. (A–C) Immunofluorescence images of microfilaments in PEDV and TGEV infected and
mock  IPEC-J2 cells which treated with or without treated with or without microfilaments inhibitors, Cytochalasin D and Jasplakinolide at 6 hpi were stained with FTTC-
phalloidin. Scale bars represent 10 �m.  (A) Immunofluorescence images of microfilaments of the mock IPEC-J2 cells were a complex three-dimensional network composed
of  microfilaments extending throughout the cell body. (B) Microfilaments of IPEC-J2 cells treated by Cytochalasin D were irregular and non-uniformly distributed throughout
the  cell. Some areas appeared to be completely devoid of filaments, whereas had formed the dense network aggregates, clumps, or even compact foci of filamentous materials
at  6 hpi. (C) The microfilaments of IPEC-J2 cells treated by Jasplakinolide showed an increased density of microfilaments adjacent to the plasma membrane and cytoplasm
at  6 hpi. The viral titres of PEDV and TGEV that entry (D), release (E), replication and release (F) from the IPEC-J2 cells treated with microfilaments inhibitor, Jasplakinolide
and  cytochalasin D were analysed by TCID50. Data express the mean ± SEM (n = 3). The symbol * indicates statistically significant differences (P < 0.05) when compared with
the  control group, and the symbol ** indicates statistically very significant differences (P < 0.01) when compared with the control group. The viral M gene RNA relative level
of  PEDV and TGEV that entry (G), release (H), replication and release (I) from the IPEC-J2 cells treated with microfilaments inhibitor, Jasplakinolide and cytochalasin D were
a statist
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nalysed by qRT-PCR. Data express the mean ± SEM (n = 3). The symbol * indicates 

he  symbol ** indicates statistically very significant differences (P < 0.01) when com

.4. PEDV and TGEV infection reorganised the microfilaments of
PEC-J2 cells

In order to assess how the PEDV, TGEV and PEDV + TGEV
nfection induced dramatic cytoskeletal reorganisation of the

icrofilaments, we used the FITC-Phalloidin to show filamentous
ctin in these infected IPEC-J2 cells. The control cells showed a

omplex three-dimensional network composed of microfilaments
xtending throughout the cell body (Fig. 3G, left). After 40 min  of
nfection, the microfilaments were irregularly distributed through-
ut the cell. They dissolved in the PEDV-infected IPEC-J2 cells, and
ically significant differences (P < 0.05) when compared with the control group, and
 with the control group.

retracted and formed pronounced foci around certain membrane
structures and the plasma membrane in the TGEV-infected and
PEDV + TGEV-infected IPEC-J2 cells (Fig. 3G, the first line). After
1 h of infection, the bundles of microfilaments were found to line
the plasma membrane in all virus-infected IPEC-J2 cells (Fig. 3G,
the second line). The plasma membrane appeared to be com-
pletely devoid of filaments, whereas dense network aggregates,

clumps, or even compact foci of filamentous material had formed
in the nuclear membrane of all virus-infected IPEC-J2 cells at 12 hpi
(Fig. 3G, the third line). After 24 h of infection, the microfilaments
in the cytoplasm were more diffusely fluorescent, and retraction of
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he microfilaments in a perinuclear location formed juxtanuclear
aps or rings in their infected cells (Fig. 3G, the last line).

.5. The effect of Jas and Cyto D on viral attachment, replication
nd release

In order to determine whether the microfilaments are required
or PEDV and TGEV infection, we treated IPEC-J2 cells with Cyto D
Fig. 4B), which can induce destabilisation of the microfilaments,
nd Jas (Fig. 4C), which is able to promote microfilament stabilisa-
ion. First, the data showed that neither Jas nor Cyto D affected the
bility of PEDV, TGEV and PEDV + TGEV to enter the IPEC-J2 cells
p < 0.05) (Fig. 4D, left). However, Cyto D notably inhibited all viral
elease from IPEC-J2 (p < 0.05), and the Jas group only inhibited viral
elease in the PEDV + TGEV co-infection group (Fig. 4D, middle).
inally, Cyto D and Jas treated IPEC-J2 cells significantly decreased
he replication and release of all viruses, especially when using
he Cyto D treatment (p < 0.01) (Fig. 4D, right). To further validate
he effects of microfilament disorder on the attachment, repli-
ation and release of PEDV and TGEV, the qRT-PCR was used to
etect the viral level. Form the results, only Cyto D could affect the
bility of TGEV to enter the IPEC-J2 cells (p < 0.05) (Fig. 4G). More-
ver, Jas and Cyto D notably inhibited all viral release from IPEC-J2
p < 0.05) (Fig. 4H), and Cyto D and Jas treated IPEC-J2 cells signifi-
antly decreased the replication and release of all viruses, especially
hen using the Cyto D treatment (p < 0.01) (Fig. I). These results

mplied that microfilament disorder of IPEC-J2 cells did not affect
he attachment of PEDV and TGEV, but inhibited the replication
nd release of them. Furthermore, microfilament depolymerisation
n IPEC-J2 cells significantly affected the replication and release of
EDV and TGEV.

.6. TGEV and PEDV infection affected the activation of MAPK
ignalling pathway in IPEC-J2 cells

The MAPK signalling pathway is not only able to modulate the
xpression of several TJ proteins, but also changes the microfila-
ent remodelling in viral infection. From our results, the PEDV,

GEV and PEDV + TGEV infection resulted in a marked increase in
he ratio of phospho-ERK1/2 and phospho-JNK in the IPEC-J2 cells
t 60 minpi (p < 0.05), especially with regard to an increase in the
ntensity of phospho-JNK in TGEV infected IPEC-J2 cells (p < 0.01).
owever, the ratio of phosphor-p38 in the IPEC-J2 cells in all groups
aused almost no alterations (Fig. 5A, left and 5B, up). In contrast,
he PEDV, TGEV and PEDV + TGEV infection resulted in a notable
ecrease in the ratio of phospho-ERK1/2 and phospho-p38 in the

PEC-J2 cells (p < 0.05), but the phospho-JNK in all groups did not
hange at 24 hpi (Fig. 5A, right and 5B, down). Thus, these data
emonstrate that PEDV, TGEV and their co-infection changed the

evels of phospho-ERK1/2, phospho-p38 and phospho-JNK in IPEC-
2, and that the changes in tight junction and microfilaments of
PEC-J2 cells induced by TGEV and PEDV might be linked to activa-
ion of the MAPK signalling pathway.

.7. The effects of MAPK pathway inhibitor on the infection of
EDV and TGEV, the tight junctions and microfilaments of IPEC-J2
ells

Since the changes of phospho-MAPKs were observed in PEDV
nd TGEV infection, the inhibitors of MAPKs (PD98059, SB203580
nd SP600125) were employed to further investigate the role of
he MAPKs in the infection of PEDV and TGEV, the tight junc-

ions and microfilaments of IPEC-J2 cells. As we showed in Fig. 6A,
nhibition of MAPKs failed to increase the viral replication. The
RK-MAPK-specific inhibitor (PD98059) and JNK-MAPK-specific
nhibitor (SP600125) notably decreased the level of PEDV and
h 192 (2014) 34–45 41

TGEV infection at 12 hpi (p < 0.05) and 24 hpi (p < 0.05), and
PD98059 extremely significantly inhibited the TGEV replication
24 hpi (p < 0.01), while p38-MAPK-specific inhibitor (SB203580)
could not significantly inhibited the TGEV and PEDV replication
(p > 0.05). These results indicated that MAPKs inhibitors, especially
for ERK and JNK, were involved in PEDV and TGEV infection. From
Fig. 6B, we  could observed the PD98059 and SB203580 could signif-
icantly decreased the expression of E-cadherin and Occludin in the
TGEV and PEDV infected IPEC-J2 cells at 12 hpi, and PD98059 also
notably decreased the expression of E-cadherin, Occludin and Zo-1
in the TGEV and PEDV infected IPEC-J2 cells at 24 hpi. Moreover,
SB203580 could suppress the expression of Claudin-1 in the TGEV
and PEDV infected IPEC-J2 cells at 24 hpi. Thus, the results demon-
strated that MAPKs inhibitors, especially for ERK and p38, could
affect the expression of tight junctions of IPEC-J2 cells. Finally, the
results from Fig. 6C and Additional Fig. 2 showed that inhibition
of MAPKs significantly affected the microfilaments of IPEC-J2 cells.
We observed that the microfilaments of IPEC-J2 cells treated with
MAPKs inhibitors (PD98059, SB203580 and SP600125) disappeared
in the cytoplasm or became more diffuse in the cytoplasm, then
gathered in the plasma membrane after 40, 60 min and 12, 24 h
of PEDV and TGEV infection. These results suggested that MAPKs
inhibitors, ERK, p38 and JNK, were involved in the microfilaments
of IPEC-J2 cells.

4. Discussion

PEDV and TGEV severely replicated in the intestinal epithelial
cells of the newborn piglets, resulting in fatal diarrhoea. Because of
the limited availability of epithelial cell lines of small intestinal ori-
gin, the knowledge concerning the interaction between intestinal
epithelial cells and TGEV or PEDV is limited in vitro. IPEC-J2 cells
was derived from jejunum epithelium isolated from the jejunum
of un-suckled 12-hour-old piglets which formed an undifferenti-
ated porcine intestinal epithelial cell line and was immortalised;
therefore, it represented a better model of normal porcine intesti-
nal epithelium than transformed cell lines (Liu et al., 2010). In the
present study, we have indicated that both TGEV and PEDV can
also infect IPEC-J2 cells. That might be that their common receptor
(Aminopeptidase N) resides in IPEC-J2 cells.

The epithelial barrier is a critical border that segregates luminal
material from entering tissues. Some viruses have developed spe-
cific strategies to alter or disrupt these structures as part of their
pathogenesis, resulting in either viruses penetration, or other con-
sequences such as diarrhoea (Coyne et al., 2007; Nava et al., 2004).
Rotavirus decreases transepithelial electrical resistance (TEER) and
increases paracellular permeability through decreased levels of
claudin-1, occludin and ZO-1 proteins in the perijunctional region
of Caco-2 monolayers; this was  closely related to the fact that it
caused viral astroenteritis leading to diarrhoea and morbidity in
mammals (Nava et al., 2004). TGEV and PEDV also cause severe
diarrhoea in piglets, whether this phenomenon is correlated to
the damaged AJC in epithelial cells? Similarly, in our work, the
expression of E-cadherin and ZO-1 were significantly reduced in
the TGEV and PEDV + TGEV infected IPEC-J2 cells in early infection,
while these four tight and adhesion junctions proteins unchanged
in the TGEV and PEDV infected IPEC-J2 cells compared the control
group in 24 hpi; therefore, the TEER of IPEC-J2 decreased and the
permeability of IPEC-J2 increased, leading to the barrier integrity of
IPEC-J2 cells undergoing temporary destruction. Subsequently, the
barrier integrity returned to normal levels through self-repair over

time. The rapid reduction of E-cadherin, occludin and ZO-1 in infec-
tion may  be related to the virus internalisation. Previous reports
have shown that adenoviruses-2 and -5 and Coxsackievirus use
CAR as a receptor (Bergelson et al., 1997) for their internalisation
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Fig. 5. PEDV and TGEV infection affected the activation of the MAPK signalling pathway in the IPEC-J2 cells. (A) Dot plots show the counts of ERK1/2, p38 and JNK in the
PEDV-, TGEV-, and PEDV + TGEV-infected IPEC-J2 cells at 60 minpi (left) and 24 hpi (right). White histograms represent the negative control, black histograms represent
phospho-proteins and grey histograms represent Total-proteins of ERK1/2, p38 and JNK in the infected cells. (B) Bar graphs show the relative rate of phospho-ERK1/2,
p EC-J2 
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hospho-p38 and phosphor-JNK in the PEDV-, TGEV-, and PEDV + TGEV-infected IP
ymbol  * indicates statistically significant differences (P < 0.05) when compared wi
P  < 0.01) when compared with the control group.

nd to break the epithelial barrier during viral escape. Whether
he PEDV and TGEV use the AJC proteins as their receptor for their
exible invasion is not clear, but at least we observed that the
pithelial barrier was destroyed in early viral infection. The expres-

ion of E-cadherin and ZO-1 were more reduced in the IPEC-J2
ells infected with TGEV and PEDV + TGEV than PEDV infection at
0 minpi probably because the virulence of TGEV is stronger than
hat of PEDV.
cells at 60 minpi (up) and 24 hpi (down). Data express the mean ± SEM (n = 3). The
 control group, and the symbol ** indicates statistically very significant differences

Multiple TJ components interact with the microfilaments (i.e.,
ZO-1/2/3, cingulin, and occludin) (Fanning et al., 2002). Regulation
of the microfilaments and their interactions with TJ components
play a major role in the infection of viruses. Furthermore, viruses

use the host microfilament transport systems and their motors for
several steps during their life cycle (Taylor et al., 2011). From our
TEM results, during the infection of PEDV and TGEV, their attach-
ment, internalisation, nuclear targeting, transport of progeny viral
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Fig. 6. The effects of MAPK pathway inhibitor on PEDV and TGEV infection, the tight junctions and microfilaments of IPEC-J2 cells. (A) The viral M gene RNA relative level of
PEDV  and TGEV in the IPEC-J2 cells treated with or without MAPKs inhibitors, PD98059, SB203580 and SP600125 were analysed by qRT-PCR. Data express the mean ± SEM
(n  = 3). The symbol * indicates statistically significant differences (P < 0.05) when compared with the control group, and the symbol ** indicates statistically very significant
differences (P < 0.01) when compared with the control group. (B) The expression of Claudin-1, E-cadherin, Occludin and ZO-1 in PEDV and TGEV infected and mock IPEC-J2
cells  which treated with or without MAPKs inhibitors, PD98059, SB203580 and SP600125 at 60 minpi and 24 hpi was  analysed via western blotting. (C) Immunofluorescence
images  of microfilaments in PEDV and TGEV infected and mock IPEC-J2 cells which treated with or without treated with or without MAPKs inhibitors, PD98059, SB203580
and  SP600125 at 60 minpi were stained with FTTC-phalloidin. Scale bars represent 10 �m.  Immunofluorescence images of microfilaments of the mock IPEC-J2 cells were a
complex three-dimensional network composed of microfilaments extending throughout the cell body. Microfilaments of IPEC-J2 cells treated by PD98059, SB203580 and
SP600125 disappeared in the cytoplasm or became more diffuse in the cytoplasm, and gathered in the plasma membrane after 60 min of infecting PEDV and TGEV.
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articles and release was shown to be assisted by the microfila-
ents during the viral campaign, suggesting that actin filaments

lay important roles in virus life cycles. However, the question of
hat changes in the distribution of microfilaments occurred during

he process of viral infection remained? First, the microfilaments
f PEDV- and TGEV-infected IPEC-J2 retracted and concentrated
round certain membrane structures and the plasma membrane,
hich might indicate preparation for the adsorption and inter-
alisation of the virus. Then, the bundles of microfilaments were
een to line the plasma membrane in infected IPEC-J2, which might
ndicate the attachment and internalisation of these viruses. Sim-
larly, HIV, measles virus or herpes simplex virus also cause the

icrofilaments to concentrate around the plasma membrane for
heir attachment and internalisation (Döhner and Sodeik, 2005;
mith and Helenius, 2004). After internalisation, these viruses are
ransported inside vesicles to the cytosol for replication of their
enome and protein synthesis. Subsequently, the subviral compo-
ents are found to bud from the plasma membrane via disruption
f this membrane, which frees all of the progeny. Thus, after 12 h
f infection, the microfilaments appeared as numerous of spotting-
ike structures around the nuclear membrane in all virus-infected
PEC-J2 cells. These spotting-like structures might be the ER or
he Golgi apparatus which were the site of viral genome repli-
ation and protein synthesis. The microfilaments then gradually
ocated in the perinuclear area and the plasma membrane, and this

ay  be an indication that these viruses were budding from the
lasma membrane. These results implied that viruses can interfere
ith cytoskeleton and induce actin rearrangements, supporting

nfection. However, determination of whether those spotting-like
tructures were ER or Golgi apparatus requires further research.

To further validate the role of microfilaments in the viral
ife cycle, we treated IPEC-J2 cells with Jas, which promotes
tabilisation of the microfilaments, and Cyto D, which induces
estabilisation of the microfilaments. We  found that neither sta-
ilised nor depolymerised microfilaments affected the adsorption
rocess of these viruses. That might be because the changes in
he distribution of microfilaments did not decrease the number of
iral receptors, but simply affected the speed of viral adsorption.
owever, microfilament disorder, either stabilisation or depoly-
erisation, could inhibit the replication and release of viruses, and

n particular the depolymerisation of microfilaments. These results
ere consistent with a requirement of dynamic microfilaments for

ther viruses, such as Echovirus 11 and herpesvirus, among others
Forest et al., 2005; Sobo et al., 2012). However, it was  not clear how
hese stabilised or depolymerised microfilaments affected the viral
roduction and budding. The RNA genome of human parainfluenza
irus type 3 is replicated and transcribed in association with ribonu-
leoproteins bound to microfilaments, and depolymerisation of
icrofilaments inhibits viral RNA synthesis (Gupta et al., 1998).

impson-Holley reported that budding of the influenza virus is also
ffected by microfilament-depolymerising drugs, probably because
he microfilament cortex maintains the correct structure of lipid
afts that are incorporated into the viral envelope (Simpson-Holley
t al., 2002). The exact mechanisms why the microfilament depoly-
erisation or stabilisation inhibited the replication and release of

EDV and TGEV are still unclear and require further investigation.
In our work, the lowest TEER and the highest permeability of

PEC-J2 cells infected with PEDV, TGEV and PEDV + TGEV appeared
t 60 minpi. Moreover, the ratio of phospho-ERK1 and phospho-JNK
f IPEC-J2 cells significantly increased at the same time post-
nfection. However, we observed the opposite results at 24 hpi. A
imilar report showed that the HIV-1 Tat protein could trigger the

isappearance of ZO-1 from cell–cell contact sites in brain endothe-

ia due to ERK1/2 activation (András et al., 2005). Patrick indicated
hat TNF-� and IFN-� could damage the epithelial barrier by down-
egulating the expression of occludin and ZO-1 through activating
h 192 (2014) 34–45

ERK1/2and p38 in MDCK cells (Patrick et al., 2006). We  specu-
lated that TGEV- and PEDV-damaged barrier function of IPEC-J2
cells may  be related to the phospho-ERK1/2 and phospho-38 of
the MAPK pathway activation. The ERK and p38 inhibitors signif-
icantly decreased the expression of the E-cadherin, Occludin and
Zo-1 in the TGEV and PEDV infected IPEC-J2 cells, which indicated
that activation of ERK and p38 probably involved in the damage of
barrier function of IPEC-J2 cells when IPEC-J2 cells were infected
with PEDV and TGEV. Moreover, the MAPK pathway also plays an
important role in microfilaments remodelling. After 1 h of infection,
the microfilaments were found to line in the plasma membrane
among all virus-infected IPEC-J2 cells. Simultaneously, the ratio of
phospho-ERK1/2 and phospho-JNK in these viruses infected IPEC-J2
cells significantly increased. After 24 h of infection, the microfila-
ments in a perinuclear location formed juxtanuclear caps or rings,
while the phospho-ERK1/2 and phospho-38 in the infected IPEC-
J2 cells significantly decreased. In endothelial cells, p38 MAPK is
reported to activate MAPK-activated protein (MAPKAP) kinase 2,
which phosphorylates the 27 kDa heat shock protein (HSP27), an
F-actin cap binding protein, which causes actin depolymerisation
(Kutsuna et al., 2004). SARS-CoV N protein also activates the p38
MAPK pathway to induce the reorganisation of microfilaments in
cells devoid of growth factors (Surjit et al., 2004). TGEV- and PEDV-
induced microfilament modelling might be due to the activation or
inactivation of phospho-ERK1/2 and phospho-38 in the MAPK path-
way. Using the MAPKs inhibitors to treat with the IPEC-J2 cells, the
microfilaments of cells disappeared in the cytoplasm or became
more diffuse in the cytoplasm, then gathered in the plasma mem-
brane after 40, 60 min  and 12, 24 h of PEDV and TGEV infection.
These results suggested that MAPKs inhibitors, ERK, p38 and JNK,
were involved in the microfilaments of IPEC-J2 cells. In addition,
inhibition of MAPKs also decreased the PEDV and TGEV infection,
which was consistent with the report that the effect of MAPK path-
way inhibitors on HIV infection (Gong et al., 2011). However, the
relationship between the PEDV and TGEV infection and MAPK path-
way remains to be further investigated.
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