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Eph/ephrin signalling serves a bidirectional
role in lipopolysaccharide-induced intestinal injury
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Abstract. A growing body of evidence has demonstrated
that Eph/ephrin signalling may serve a central role in intes-
tinal diseases. However, whether erythropoietin-producing
hepatocellular (Eph)/ephrin signalling is associated with the
development of post-infectious irritable bowel syndrome
(PI-IBS) is still unknown. In the present study, the role of
Eph/Ephrin signalling in lipopolysaccharide (LPS)-induced
intestinal injury was evaluated in vivo and in vitro. LPS treatment
significantly increased the levels of proinflammatory media-
tors [monocyte chemoattractant protein-1, tumour necrosis
factor a, interleukin (IL)-1p, IL-6, intercellular adhesion
molecule 1 and vascular cell adhesion molecule-1], activated
the EphA2-Ephrin Al, protein kinase B (Akt)-nuclear factor
(NF)-xB, Src-NF-xB and Wnt/B-catenin signalling pathways,
and inhibited EphB1-Ephrin B3 signalling in colon tissues,
and primary cultured enteric neuronal and glial cells. Notably,
EphA2 monoclonal antibody (mAb) treatment or Ephrin B3
overexpression could partially alleviate the LPS-induced
upregulation of proinflammatory mediators, and Akt-NF-«B,
Src-NF-xB and Wnt/B-catenin signalling pathways. In addition,
EphA2 mAb treatment could partially inhibit LPS-induced
inactivation of EphB-Ephrin B3 signalling, while Ephrin B3
overexpression could abrogate LPS-induced activation of
EphA2-Ephrin Al signalling. EphB1/Ephrin B3 signalling
may antagonise the EphA2/Ephrin Al-dependent pathway
following LPS treatment. The results associated with the
EphA2 signaling pathway, indicated that Eph/ephrin signal-
ling may serve a bidirectional role in LPS-induced intestinal
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injury. Eph/ephrin signalling may be a novel therapeutic target
for LPS-induced intestinal injury and potentially PI-IBS.

Introduction

Irritable bowel syndrome (IBS) is one of the most prevalent
functional gastrointestinal disorders (1). It is characterised
by the presence of recurrent or chronic abdominal pain or
discomfort and bloating (2); 3 and 35% patients with IBS
develop post-infectious IBS (PI-IBS) after acute gastrointes-
tinal infection (3). Although it is not a lethal disorder, PI-IBS
jeopardises the quality of life and remains a substantial
burden on the health care system. The pathological mecha-
nism of PI-IBS remains obscure, although growing evidence
has supported that abnormal motility, low-grade inflam-
mation, dysfunction of enteric nervous system (ENS), and
visceral hypersensitivity are associated with the development
of PI-IBS (4-6). Of these, dysfunction of the ENS is consid-
ered an important factor causing inflammation and increased
intestinal permeability (7). ENS is regarded as a separate and
the largest component of the peripheral nervous system (8).
The ENS plays a central role in gastrointestinal motility,
the maintenance of the epithelial barrier and local immune
response (9). Recent findings considered the presence of
structural and functional changes in the ENS as the under-
lying pathophysiology in acute gastrointestinal-stress-related
PI-IBS symptoms (10,11). However, the mechanisms by which
the ENS contributes to the development of PI-IBS are still
incompletely understood.

The erythropoietin-producing hepatocellular (Eph)
receptor family is evolutionarily conserved and the largest
of the receptor tyrosine kinase families (12). Eph receptor
family can be divided into A or B subgroups, based on their
specific affinities for different subsets of ephrin ligands (13).
Eph/ephrin signalling plays a central role in contact-dependent
communication between cells, differentiation of the ENS,
inflammatory response, epithelial barrier function and the
restoration of the injured intestinal epithelium (14-16).

In the present study, we aimed to characterise the role of
Eph/ephrin signalling in lipopolysaccharide (LPS)-induced
intestinal injury in vivo and in vitro. Our results showed that
Eph/ephrin signalling play a bidirectional role in LPS-induced
intestinal injury in vivo and in vitro. Eph/ephrin signalling
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might be a novel therapeutic target for LPS-induced intestinal
injury and even PI-IBS.

Materials and methods

Reagents. Escherichia coli LPS (E. coli 0127: B8), collagenase
X1, dispasel, sorbitol, insulin and EGF were purchased from
Sigma-Aldrich (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany); EphA2 monoclonal antibody (mAb) and mouse
IgG was purchased from Abcam (Cambridge, MA, USA);
Foetal bovine serum (FBS), Dulbecco's modified Eagle's
medium (DMEM), L-glutamine, penicillin and streptomycin
were purchased from Gibco (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). ELISA kits were purchased from
Thermo Fisher Scientific, Inc.

LPS-induced intestinal injury in vivo. Male BALB/c
mice (20-24 g) were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China).
All animal procedures were performed in accordance with
the National Institutes of Health Guidelines on the Use
and Care of Animals, with approval from the Institutional
Animal Experiment Committee of the Second People's
Hospital of Shenzhen. All efforts have been made to mini-
mize animal suffering and the number of animals used. They
were housed in animal care facilities under controlled condi-
tions of temperature (23+1°C), humidity (50+10%), with an
alternating 12 h light/dark cycle and free access to food and
water. After 7 days of environmental adaption, 30 mice were
randomly divided into three groups: i) PBS+IgG treatment
group; ii) LPS+IgG treatment group; and iii) LPS+EphA2
mAb treatment group. LPS (100 pg/kg) was administered
intravenously. 4 ug of either mouse IgG or EphA2 mAb were
administered intravenously 6 and 12 h after LPS treatment.
The control group was given 4 ug of mouse IgG 6 and 12 h
after PBS treatment. At the end of treatment, the mice were
anesthetized with a mixture of ketamine (100 mg/kg body
weight) and xylazine (10 mg/kg body weight). Mice (n=10
per group) were perfused transcardially with 0.9% saline
(pH 7.4), and the colon tissues were removed rapidly and
carefully for ELISA and western blotting.

Cell culture and drug treatment. Small intestines were asepti-
cally removed from l-day-old BALB/c mice. The intestines
were incubated in collagenase XI (750 pg/ml) and dispasel
(250 pg/ml) at 37°C for 30 min. Then the tissues were purified
through an osmotic gradient with 2% sorbitol. The cell pellet
was cultured in DMEM supplemented with 10% FBS, insulin
(0.25 U/ml), EGF (20 ng/ml) and 1% penicillin (100 U/ml)
/streptomycin (100 mg/ml) at 37°C in 5% CO, and 95% atmo-
sphere. The purification of primary cultured enteric neuronal
and glial cells was confirmed by immunofluorescence using
mouse monoclonal to PGP9.5 (ab8189; Abcam) and rabbit
polyclonal to GFAP (ab7260; Abcam). The primary cultured
enteric neuronal and glial cells on culture day 7 were used.
The primary cultured enteric neuronal and glial cells were
incubated with LPS (50 ng/ml) for 24 h. Cell viability was
evaluated with the Cell Counting Kit-8 (CCK-8). The release
of lactate dehydrogenase (LDH) was detected using the
assay kit (Nanjing Jiancheng Bioengineering Institute, China).
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ELISA. The levels of monocyte chemoattractant protein-1
(MCP-1), tumour necrosis factor oo (TNF-a), interleukin-1f3
(IL-1B), IL-6, intercellular adhesion molecule 1 (ICAM-1)
and vascular cell adhesion molecule-1 (VCAM-1) in the colon
tissues and primary cultured enteric neuronal and glial cells
were measured by ELISA kits following the manufacturer's
instructions.

Western blot analysis. Immunoblotting was performed by
technicians who were blinded to the experimental groups.
The protein extracts were loaded into 8-12% Bis-Tris gels
in a Bio-Rad slab gel apparatus (MiniPROTEAN Tetra cell;
Bio-Rad Laboratories, Inc., Hercules, CA, USA) and electro-
phoretically transferred to a nitrocellulose membrane. Blots
were probed with the following antibodies: EphA2 (ab5386),
Ephrin Al (ab199697), Ephrin B3 (ab101699), EphBl1
(ab129103), Cadherin (ab6528), f-catenin (ab16051), AKT
(ab8805), AKT1 (phospho S473) (ab18206), nuclear factor
(NF)-kB p65 (ab16502), Srcl (ab5407), Src (phospho Y418)
(ab4816), p-actin (ab8227) and Lamin B (ab194109) were
obtained from Abcam and were used at a 1:1,000 dilution,
followed by the appropriate secondary antibodies. Bands were
visualised using the enhanced chemiluminescence method
(Super Signal CL-HRP Substrate System; Pierce; Thermo
Fisher Scientific, Inc.), scanned with a densitometer (Bio-Rad
Laboratories, Inc.) and analysed quantitatively with commer-
cial equipment (Multi-Analyst Macintosh Software for Image
Analysis Systems; Bio-Rad Laboratories, Inc.). At least three
independent experiments were carried out.

Stable transfection. To establish ENS cells overexpressing
Ephrin B3, ENS cells were transfected with Ephrin B3
lentiviral activation particles (Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) in complete medium with Polybrene
(5 ug/ml) after reaching 60% confluency and incubated over-
night. Stable Ephrin B3 activated clones were selected using
puromycin dihydrochloride (5 pg/ml). The protein expression
of Ephrin B3 was examined by Western blotting.

Statistical analysis. All experiments were performed a
minimum of three times. Statistical analysis was performed
using SPSS 19.0 software (IBM Corp., Armonk, IL, USA).
Data are presented as the mean + standard deviation.
Independent experiments were pooled when the coefficient
of variance could be assumed identical. One-way analysis of
variance was used to assess significant differences for multiple
groups, followed by the post hoc Bonferroni's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

LPS treatment increased the expression of EphA2 and Ephrin
Al but decreased the expression of EphBIl and Ephrin B3
in colon. Western blot analysis showed that LPS treatment
increased EphA2 and Ephrin Al protein expression but
decreased EphB1 and Ephrin B3 protein expression compared
with PBS treatment in colon (P<0.05; Fig. 1A and B). These
results implied that EphA2-Ephrin Al signalling and
EphB1-Ephrin B3 signalling might play a central role in
LPS-induced intestinal injury.
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Figure 1. Effects of LPS on the expression of EphA2-Ephrin Al and EphB1-Ephrin B3 signaling in vivo. (A) Western blot analysis of EphA2, Ephrin Al,
Ephrin B3 and EphB1 expression in colon tissues. (B) Densitometry was performed to quantify the levels of the proteins. The results are expressed as the
mean = standard deviation (n=6/group). “P<0.01 vs. vehicle (PBS) group. Eph, erythropoietin-producing hepatocellular; LPS, lipopolysaccharide.

EphA2 antagonism enhanced EphBl/Ephrin B3 signalling.
After finding that LPS increased expression of EphA2 and
Ephrin Al in colon, we further investigated the effects of EphA2
mADb on EphA2-ephrin Al signalling and EphB1-Ephrin B3
signalling. We confirmed that the increased expression of
EphA2 and Ephrin A1l and the decreased expression of EphB1
and Ephrin B3 induced by LPS were partially inhibited by
EphA2 mAb treatment (P<0.05; Fig. 2A and B). Therefore, the
data implied that the interaction between EphA2-Ephrin Al
and EphBl1-Ephrin B3 might be positively correlated with
LPS-induced intestinal injury.

EphA2 antagonism attenuated LPS-enhanced expression of
inflammatory cytokines. Since inflammatory cytokines are
major mediators of LPS-induced intestinal injury, we detected
the levels of inflammatory cytokines (MCP-1, TNF-a, IL-1f,

IL-6,ICAM-1 and VACM-1) in colon. Compared with mice in
PBS+IgG group, the levels of inflammatory cytokines (MCP-1,
TNF-a, IL-1f, IL-6, ICAM-1 and VACM-1) were significantly
increased in colon of mice in LPS+IgG group (P<0.05;
Fig. 3). Compared with mice with IgG treatment after LPS
treatment, decreased expression of inflammatory cytokines
including MCP-1 (254.31+32.96 vs. 677.25+71.11), TNF-a
(21.85+4.92 vs. 45.08+6.12), IL-1p (2.43+£0.36 vs. 5.65+0.91),
IL-6 (19.19+3.05 vs. 44.44+8.18), ICAM-1 (34.11+7.25
vs. 111.12+£21.31), VACM-1 (18.41+4.55 vs. 34.19+£5.09) were
observed in the colon of mice with EphA2 mAbD treatment
(P<0.05; Fig. 3).

EphA2 antagonism attenuated LPS-induced activa-
tion of Akt-NF-kB signalling, Src-NF-kB signalling and
Wnt/B-catenin signalling pathway. Since the protective effect
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Figure 2. Effects of EphA2 antagonism on EphBI1-Ephrin B3 expression in vivo. (A) Western blot analysis of EphA2, Ephrin Al, Ephrin B3 and EphB1
expression in the colon. (B) Densitometry was performed to quantify the levels of the proteins. The results are expressed as the mean + standard deviation
(n=6/group). “’P<0.01 vs. PBS+IgG (control); “P<0.01 vs. LPS+IgG treatment. Eph, erythropoietin-producing hepatocellular; LPS, lipopolysaccharide; mAb,

monoclonal antibody; IgG, immunoglobulin G.

of EphA2 antagonism in LPS-induced intestinal injury, we
wondered whether Eph A2 antagonism would affect Akt-NF-xB
signalling and Src-NF-«B signalling pathways. The expres-
sion of Akt-NF-«B signalling and Src-NF-«xB signalling were
measured. As shown in Fig. 4A, compared with the PBS+IgG
group, the LPS+IgG group showed a significant increase in Akt
and Src phosphorylation in colon tissue (P<0.05). After EphA2
mAD treatment, the phosphorylation of Akt and Src induced
by LPS was significantly reduced (P<0.05; Fig. 4A). Moreover,
the phosphorylation of NF-kB p65 was increased significantly
after LPS treatment (P<0.05). However, a significant decrease
was observed in the phosphorylation of NF-xB p65 after
EphA2 mAb treatment, compared with the IgG treatment
after LPS treatment (P<0.05; Fig. 4A). This finding indicates
that EphA2 signalling may be involved in LPS-induced acti-
vation of Akt-NF-«B signalling and Src-NF-«B signalling.

Activation of the Wnt/B-catenin pathway plays a pivotal
role in LPS-induced intestinal injury. To determine whether
EphA2 antagonism could affect the Wnt/f3-catenin pathway,
the expression level of Wnt/B-catenin signalling proteins
were determined by immunoblotting. As shown in Fig. 4B,
compared with the PBS+IgG group, LPS could significantly
increased nuclear translocation of f-catenin (P<0.05; Fig. 4B).
However, EphA2 mAb treatment could significantly decreased
nuclear translocation of 3-catenin, compared with IgG treat-
ment after LPS treatment (P<0.05; Fig. 4B), suggesting that
EphAZ2 signalling is responsible for LPS-mediated activation of
the Wnt/p-catenin pathway. Furthermore, LPS treatment could
significantly reduce the expression of E-cadherin (P<0.05;
Fig. 4B), whereas treatment with EphA2 mAb significantly
increased E-cadherin protein expression in colon (P<0.05;
Fig. 4B). These results demonstrate that EphA?2 signaling may
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Figure 3. Effects of EphA2 antagonism on the levels of inflammatory cytokines in vivo. The levels of the inflammatory cytokines (MCP-1, TNF-a, IL-1f,IL-6,
ICAM-1 and VCAM-1) in colon tissue lysates were measured by ELISA. The results are expressed as the mean + standard deviation (n=6/group). *P<0.01
vs. PBS+IgG (control); “P<0.01 vs. LPS+IgG treatment. Eph, erythropoietin-producing hepatocellular; LPS, lipopolysaccharide; IgG, immunoglobulin G;
mAb, monoclonal antibody; MCP-1, monocyte chemoattractant protein-1; TNF-o, tumour necrosis factor a; IL, interleukin; ICAM-1, intercellular adhesion

molecule 1; VCAM-1, vascular cell adhesion molecule-1.

regulate the expression of E-cadherin and adherens junction
and epithelial hyperpermeability.

EphBl/Ephrin B3 signalling antagonised the
EphA2/Ephrin Al-dependent pathway. The primary cultured
enteric neuronal and glial cells were confirmed by immuno-
fluorescence using mouse monoclonal to PGP9.5 and rabbit
polyclonal to GFAP. The purification of primary cultured
enteric neuronal and glial cells was more than 90% (data not
shown). We further investigated the effects of Ephrin B3 over-
expression on LPS-induced injury in primary cultured enteric
neuronal and glial cells. A significant increase in the expression
of EphA2 and Ephrin Al and a significant decrease in EphB1
and Ephrin B3 were observed in LPS-treated primary cultured
enteric neuronal and glial cells, compared with the control
cells (P<0.05; Fig. 5A). However, Ephrin B3 overexpression

reversed LPS-induced up-regulation of EphA2 and Ephrin Al,
and enhanced expression of EphBl compared with the control
group (P<0.05; Fig. 5A). Importantly, Ephrin B3 overexpres-
sion significantly increased the cell viability and significantly
decreased LDH leakage (P<0.05; Fig. 5B).

Ephrin B3 overexpression reversed LPS-enhanced expres-
sion of inflammatory cytokines in primary cultured enteric
neuronal and glial cells. To examine whether Ephrin B3 over-
expression negatively regulated LPS-induced inflammatory
responses, we detected the levels of inflammatory cytokines
(MCP-1, TNF-a, IL-1p, IL-6, ICAM-1 and VACM-1) in
primary cultured enteric neuronal and glial cells. We found
that the levels of inflammatory cytokines (MCP-1, TNF-q,
IL-1p, IL-6, ICAM-1 and VACM-1) were significantly
increased after LPS treatment, compared with the control
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Figure 4. Effects of EphA2 antagonism on Akt-NF-kB, Src-NF-kB and Wnt/f3-catenin signalling in vivo. (A) Western blotting and densitometry analysis of the
total expression and phosphorylation of Akt, Src and NF-xB p65. (B) Western blotting and densitometry analysis of the expression of E-cadherin and nuclear
translocation of B-catenin. The results are expressed as the mean + standard deviation (n=6/group). P<0.01 vs. PBS+IgG (control); “P<0.01 vs. LPS+IgG
treatment. Eph, erythropoietin-producing hepatocellular; LPS, lipopolysaccharide; IgG, immunoglobulin G; Akt, protein kinase B; NF-xB, nuclear factor-xB;

p-, phosphorylated; mAb, monoclonal antibody.

(P<0.05; Fig. 6). However, Ephrin B3 overexpression signifi-
cantly reversed LPS-induced up-regulation of inflammatory
cytokines (P<0.05; Fig. 6).

Ephrin B3 overexpression attenuated LPS-induced activa-
tion of Akt-NF-kB signalling, Src-NF-kB signalling and
Wnt/3-catenin signalling pathway in primary cultured enteric
neuronal and glial cells. Because EphA2 signalling was

shown to be crucial in LPS-induced activation of Akt-NF-xB
signalling, Src-NF-«B signalling and Wnt/B-catenin pathway,
we examined the influence of Ephrin B3 overexpression in
LPS-induced activation of Akt-NF-«B signalling, Src-NF-«xB
signalling and Wnt/p-catenin pathway, thus exploring the
potential link between bidirectional signalling mediated by
Eph-Ephrins. Ephrin B3 overexpression significantly reversed
the up-regulated phosphorylation of Akt, Src and NF-xB p65
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Figure 5. Effects of Ephrin B3 overexpression on EphA2-Ephrin Al signaling in vitro. (A) Western blotting and densitometry analysis of EphA2, Ephrin Al,
Ephrin B3 and EphB1 expression. (B) Effect of Ephrin B3 overexpression on LPS-induced injury in primary cultured enteric neuronal and glial cells using the
Cell Counting Kit-8 assay. (C) Effect of Ephrin B3 overexpression on LPS-induced injury in primary cultured enteric neuronal and glial cells using the LDH
leakage assay. The results are expressed as the mean + standard deviation (n=3). ”/P<0.01 vs. control; “P<0.01 vs. LPS treatment. Eph, erythropoietin-producing

hepatocellular; LPS, lipopolysaccharide; LDH, lactate dehydrogenase.

in LPS-treated primary cultured enteric neuronal and glial
cells (P<0.05; Fig. 7A). In addition, Ephrin B3 overexpression
significantly inhibited the nuclear translocation of [3-catenin
and increased expression of E-cadherin in LPS-treated primary
cultured enteric neuronal and glial cells (P<0.05; Fig. 7B).

Discussion

In recent years, the role of ENS in PI-IBS has gained increasing
attention; however, there are still only a few studies addressing
how the ENS contributes to PI-IBS. The data from our present
work indicated that ENS responded to LPS-induced injury
by activating proinflammatory mediators, and integrating
the Eph-ephrin signalling-dependent downstream pathways
(including the Akt-NF-«kB, Src-NF-xB and Wnt/B-catenin
pathways), which facilitated the development of PI-IBS.
Importantly, we hypothesised that Eph receptors and ephrins
activated bidirectional signalling networks which played a
crucial role in PI-IBS.

Our studies demonstrated that EphA2-Ephrin Al signalling
was activated and EphB1-Ephrin B3 signalling was inactivated
in LPS-induced injury in vivo and in vitro. Both the expres-
sion of the EphA2 receptor and Ephrin Al were markedly
increased in LPS-treated colon and ENS, while the expression
levels of EphBI receptor and Ephrin B3 were decreased. In
addition, blocking of EphA2 receptor by EphA2 mAb partially

ameliorated LPS-triggered injury and inflammatory responses
in a mouse model. Moreover, Ephrin B3 overexpression
reversed LPS-induced damage in primary cultured enteric
neuronal and glial cells. In our experiments, we demonstrated
that the Eph/ephrins singnaling played an opposing role and
exerted different effects in LPS-induced intestial injury. We
found that EphA2-Ephrin Al mediated ‘forward’ signalling
might contribute to LPS-induced injury, while Ephrin B3
dependent ‘reverse’ signalling may have a role in generating
the negative regulation function after LPS treatment.

Signal transduction activated by ephrin binding to Eph recep-
tors is associated with their interaction with specific intracellular
pathways (17-19). Herein, our results suggested that increased
Ephrin Al might induce ligand-dependent EphA?2 signalling,
which further induced phosphorylation of Akt and Src. The
activation of Akt and Src would trigger nuclear translocation
of NF-kB, which would lead to enhanced proinflammatory
cytokine production. The role of Akt and Src pathways in modu-
lating NF-«xB activation has been demonstrated in numerous
cell populations (20,21). Activation of Akt is required for the
efficient localisation of p65 to the promoter regions of a specific
subset of the NF-kB-targeted genes (22). In addition, it has been
demonstrated that Src tyrosine kinases mediate the activation
of NF-«xB in LPS-induced injury, and that selective Src tyrosine
kinase inhibitors could prevent this damage (23). In the present
study, antagonising the EphA2-Ephrin Al pathway by EphA2
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Figure 6. Effects of Ephrin B3 overexpression on inflammatory cytokines in vitro. The levels of inflammatory cytokines in primary cultured enteric neuronal
and glial cells were determined by ELISA. The results are expressed as the mean + standard deviation (n=3). #”P<0.01 vs. control; “P<0.01 vs. LPS treatment.
Eph, erythropoietin-producing hepatocellular; LPS, lipopolysaccharide; MCP-1, monocyte chemoattractant protein-1; TNF-a, tumour necrosis factor a; IL,
interleukin; ICAM-1, intercellular adhesion molecule 1; VCAM-1, vascular cell adhesion molecule-1.

mADb treatment partially attenuated the phosphorylation of
Akt-Src and NF-kB, which suggested that LPS-induced activa-
tion of the Akt-NF-kB and Src-NF-kB pathways were mediated
by EphA2-Ephrin Al signalling.

Furthermore, our findings also indicated the involvement
of EphA2 signalling in LPS-induced NF-«xB activation via
Whnt/B-catenin as an upstream pathway. Enhanced EphA2
would facilitate the nuclear translocation of 3-catenin protein,
which is known to be a marker for hyperactivation of Wnt signal-
ling (24). Many studies have demonstrated that constitutive
activation of Wnt/B-catenin signalling promoted the activation
of NF-Kb (25,26). Conversely, downregulation of the nuclear
translocation of [3-catenin and abrogation of Wnt signalling
was exactly associated with inactivation of NF-xB (27). Our
study demonstrated that EphA2 mAb partially inhibited Wnt
signalling by inhibiting the nuclear translocation of §-catenin

in LPS-induced injury. This suggests that EphA2 might
promote NF-kB activation via the Wnt/f3-catenin pathway.
Interestingly, our studies also demonstrated that
EphBl1-Ephrin B3 signalling might act to antagonise the
EphA2-dependent pathway after LPS treatment. We found
Ephrin B3 overexpression could reverse LPS-triggered injury,
increased concentrations of cytokines, and activation of Akt-Src
and NF-«B, which implied that enhanced Ephrin B3-dependent
‘reverse’ signalling served as a potentially negative regulator to
counteract the EphA2-Ephrin Al pathway. Previous studies have
provided evidence that binding of EphB1 to Ephrin B3 led to
a reduction and inactivation of Src in striatal neurons (28). In
contrast, in cortical interneurons binding of EphB1 to Ephrin B3
would enhance the phosphorylation of Src (29). Consistent
with our data, it has been demonstrated that the activation of
EphrinB-dependent ‘reverse’ signalling could downregulate
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Figure 7. Effects of Ephrin B3 overexpression on Akt-NF-kB, Src-NF-kB and Wnt/B-catenin signalling in vitro. (A) Western blotting and densitometry analysis
of the total expression and phosphorylation of Akt, Src and NF-xB p65. (B) Western blotting and densitometry analysis of the expression of E-cadherin and
nuclear translocation of B-catenin. The results are expressed as the mean + standard deviation (n=3). “/P<0.01 vs. control; “P<0.01 vs. LPS treatment. Eph,
erythropoietin-producing hepatocellular; LPS, lipopolysaccharide; Akt, protein kinase B; NF-kB, nuclear factor-«B; p-, phosphorylated.

[-catenin level in the cytoplasm by recruiting Axin protein,
but in the meantime Wnt signalling could also suppress the
EphB-ephrinB pathway by inhibiting the transcription of
ephrinB ligands (30). Therefore, we hypothesised that the malad-
justment of negative feedback loops between EphrinB-dependent
‘reverse’ signalling and the Wnt/B-catenin pathway might act as
a crucial factor which influenced the excessive activation of the
EphA2-Ephrin Al pathway and led to LPS-induced persistent
inflammation and injury. Furthermore, we speculated that

there might be more interacting links between the Eph-ephrin
‘forward’ and ‘reverse’ pathways, and these bidirectional signal-
ling networks often meditated opposing events. This may explain
why LPS stimulation in a cellular context can trigger dramati-
cally different outcomes of Eph/ephrin response.

Previous studies have proved that Eph/ephrin signaling
directly activated Akt, NF-xB and Wnt/B-catenin signalling
pathways (18). Crosstalk between Wnt/B-Catenin and NF-xB
Signaling has been reported (25). In this study, we found
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that inhibition of EphA2 or Ephrin B3 overexpression could
partially alleviate LPS-triggered activation of Akt-NF-«B,
Src-NF-xB and Wnt/B-catenin signalling pathways. However,
the precise mechanism underlying Eph/ephrin signaling regu-
lates Akt, NF-xB and Wnt/B-catenin signalling pathways and
the crosstalk needed to be intensively investigated in future
studies.

In conclusion, we demonstrated that EphA?2 signalling
contributes to inflammation in LPS-induced injury and
that it may regulate several signalling pathways, including
the Akt-NF-«xB, src-NF-xB and Wnt/p-catenin pathways.
Nevertheless, EphA2 mAb treatment partially attenuated
LPS-induced activation of EphA2-Ephrin Al signalling.
In addition, with regard to bidirectional signalling of the
Eph-ephrins complex, we suspect that binding of EphBI to
Ephrin B3 mediated the counter-directed effect, which reduced
activation of the EphA2-Ephrin Al pathway. In the case of
Ephrin B3 overexpression, two mechanisms may counteract
EphA2-dependent signalling. First, Ephrin B3 overexpression
decreased the expression of EphA2 and Ephrin Al. Second,
the enhanced Ephrin B3-dependent’reverse’ signalling led
to an inactivation of the Wnt/B-catenin pathway. Our results
suggest that EphA2 antagonism or reinforcing Ephrin B3
binding to EphB1 might be a potentially therapeutic avenue for
LPS-induced intestinal injury, and even PI-IBS. Further work
regarding Eph/ephrin signalling in the PI-IBS is required to
establish a therapeutic strategy with clinical potential.
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