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Abstract
Objectives: The aim of this study was to investi-
gate whether in vitro stimulation of dental pulp
stem cells (DPSCs) by tumour necrosis factor alpha
(TNF-a) would induce secretion of EphB2/ephrin-
B1 signalling.
Materials and methods: Dental pulp stem cells iso-
lated from human dental pulp were treated with
TNF-a (5–100 ng/ml) over 2–48 h. EphB2/ephrin-
B1 mRNA and protein levels were measured by
real-time polymerase chain reaction (RT-PCR) and
western blot analysis respectively. Additionally,
DPSCs were pre-incubated with TNF-a receptor
neutralizing antibodies or infected with nuclear fac-
tor-kappa B (NF-KB) inhibitor, p38 MAPK inhibi-
tor, Jun N-terminal kinase (JNK) inhibitor and
MEK inhibitor before TNF-a treatment. Results
were analysed by one-way ANOVA.
Results: Tumour necrosis factor alpha increased
EphB2 mRNA expression in DPSCs at concentra-
tions up to 20 ng/ml and ephrin-B1 at concentra-
tions up to 40 ng/ml (P < 0.05). Its mRNA
expression reached maximum at 24 h when treated
with TNF-a at 20 ng/ml (P < 0.05). EphB2/ephrin-
B1 protein expression levels were high at 16 and
24 h as shown by western blotting. Neutralizing
antibodies for TNFR1/2 receptors down-regulated
EphB2/ephrin-B1 mRNA expression (P < 0.05)
and ephrin-B1 protein expression, but not EphB2
protein expression. JNK-inhibitor inhibited EphB2
mRNA expression only (P < 0.05).
Conclusions: EphB2/ephrin-B1 were invoked in
DPSCs with TNF-a treatment via the JNK-depen-

dent pathway, but not NF-KB, p38 MAPK or MEK
signalling.

Introduction

Dental pulp is a loose connective tissue rich in blood
vessels, nerve fibres, undifferentiated mesenchymal cells
and fibroblasts, organized within an intricate extracellu-
lar matrix framework (1). When teeth suffer traumatic
injury or undergo bacterial infiltration along dentinal
tubules, enclosed pulp can become perpetually inflamed
and infected with pathogens. Subsequent immunity reac-
tions emit strong signals for expression of pro-inflamma-
tory cytokines such as tumour necrosis factor alpha
(TNF-a) (2), which promotes secretion of various essen-
tial adhesion molecules for leukocyte adhesion and dia-
pedesis (3). During pathological events of pulpitis, there
are gradients of TNF-a concentration in dental pulp tis-
sue. Lower concentration of TNF-a in the inner pulp
may promote migration of mesenchymal stem cells
(MSCs) into the affected odontoblast site (4). TNF-a, in
a relatively higher concentration, facilitates homing of
migrating stem cells and promotes local odontogenesis
(5). However, under steady-state conditions, dental pulp
stem cells (DPSCs) are retained within their perivascular
niche by bi-directional signalling of EphB/ephrin-B mol-
ecules that restrict their attachment and migration. Fol-
lowing caries infection or dentin injury, EphB/ephrin-B
signalling is activated, which drives DPSCs in pulp tis-
sue to move from the perivascular region to site of
injury and deeper into it (6). Other studies also have
suggested that forward EphB2 signalling enhances stem
cell migration, and reverses ephrin-B signalling sup-
pressed stem cell attachment, and spreading (7–9).

Effects of TNF-a are mediated by activation of casp-
ases, nuclear factor-kappa B (NF-KB) pathway and mito-
gen-activated protein kinase (MAPK). Binding TNF-a
to TNF receptor-1 (TNFR1) and/or -2 (TNFR2) initiates
apoptosis and anti-inflammatory responses through
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caspase activation, while anti-apoptosis and inflamma-
tory responses occur via activation of MAPK and NF-
jB pathways (10). In endothelial cells, it has been
shown that ephrin-A1 expression is up-regulated by
TNF-a stimulation (11), thus inducing angiogenesis
(12). Neutralizing antibodies against ephrin-A1 suppress
TNF-a-induced angiogenesis, indicating the role of eph-
rin-A1 in TNF-a-induced angiogenesis (11). Further
study confirmed that ephrinA1 up-regulation by TNF-a
in endothelial cells was mediated through both p38
MAPK and stress-activated protein kinases (SAPK)/c-
Jun N-terminal kinases (JNK), but not p42/44 MAPK or
NF-jB pathways (12). In the light of this information,
we speculated that inflammation within the tooth, caused
by dental caries or traumatic injury, could invoke secre-
tion of TNF-a from inflammatory cells and, in turn, pro-
mote genesis of EphB2/ephrin-B1, which eventually
awakens endogenous pulp regeneration. However, inter-
play of TNF-a and EphB/ephrin-B signalling in DPSCs
in dentin bio-mineralization and repair had not up to
now been investigated. Thus, the aim of the present
study was to investigate whether TNFa regulates
EphB2/ephrin-B1 signalling in DPSCs, and how this
process operates at a molecular level.

Materials and methods

Isolation of DPSCs

Extracted third molars were collected from 10 healthy
donors (18–40 years of age) after obtaining their
informed consent (IRB UW09-340). Tooth surfaces were
cleaned and cracked open, using a vice, to reveal the
pulp chamber. Pulp tissue was gently separated from
crowns and roots, then digested in a solution of 3 mg/
ml collagenase type I (GIBCO-Invitrogen, Carlsbad,
CA, USA) and 4 mg/ml dispase (GIBCO-Invitrogen),
for 1 h at 37 °C, to generate a pulp cell mass, free of
extracellular matrix. Single-cell suspensions were
obtained by passing the cell mass through a 70 lm strai-
ner (BD Biosciences, Franklin Lakes, NJ, USA) to yield
a homogenous population of individual cells. Cultures
were established by seeding single-cell suspensions
(102–105) into T-25 flasks in growth medium, a-modifi-
cation of Eagle’s medium supplemented with 20% foetal
calf serum (SAFC), 100 lM L-ascorbic acid 2-phos-
phate, 2 mM L-glutamine, 100 U/ml penicillin and
100 lg/ml streptomycin (SAFC), then incubated at
37 °C in 5% CO2. Before using DPSCs for experiments,
the freshly isolated cells were assessed for their stem
cell properties, by using flow cytometry, to show expres-
sion of CD73, CD90, CD105, STRO-1 and CD45. Cells
between passages 3–6 were used in all experiments as,

at higher passages, extracted stem cells are highly likely
to differentiate and lose their stem cell phenotype.

Reverse-transcription real-time PCR

Dental pulp stem cells were seeded into six-well culture
plates at 1 9 105 cells/cm2. Cells were cultured to 80%
confluence, starved for 16 h in medium deficient of
growth factors, pre-incubated with cycloheximide
(CHX) (Sigma, St. Louis, Missouri, USA) at 10 lg/ml
for 30 min, then stimulated with recombinant human
TNF-a (R&D Systems, Minneapolis, Minnesota, USA)
ranging from 5 to 100 ng/ml, for 2 h or without TNF-a,
or stimulated with TNF-a at 20 ng/ml over periods rang-
ing from 15 min to 48 h.

Total RNA was extracted from DPSCs using RNeasy
Plus Mini Kit (Qiagen, Hilden, Germany) and mRNA
was converted to complementary DNA (cDNA) by
SuperScriptVILOTMMastermix (Invitrogen, Carlsbad,
CA, USA). RT-PCR reactions were performed with Syb-
erGreen (Applied Bio-Systems, Carlsbad, CA, USA)
and ABI Prism 7000 Sequence Detection System
(Applied Bio-Systems). Primers used were as follows:
human EphB2 (Forward 50–30ATGAACACGATCCGCA
CGTA; Reverse 30–50 TTGGTCCGTAGCCAGTTGT
TCT; AF_025304), human ephrin-B1 (Forward 50–30AGC
TCCCTCAACCCCAAGTT; Reverse 30–50GGCAGATG
ATGTCCAGCTTGT; NM_004429). All samples were
run in triplicate in 96-well plates, with each well contain-
ing 0.8 ll cDNA for a total reaction volume of 20 ll.
RT-PCR was performed as follows: initial denaturation
95 °C for 10 min, cycles with denaturation at 95 °C for
15 s and annealing at 64 °C for 1 min. Amplifications
were checked by melting point analysis with subsequent
heating at 95 °C for 15 s, then 60 °C for 1 min, and
extension period from 95 °C to 60 °C for 1 min. Reac-
tions for each sample were performed in triplicate. All
samples were normalized to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) “housekeeping” gene.

Western blot analysis

Dental pulp stem cells were cultured to 80% confluence,
starved for 16 h in medium deficient in growth factors,
then 20 ng/ml TNF-a was added to each well. Cells were
collected using MPER Reagent (Thermo Scientific, Rock-
ford, IL, USA) after 2, 4, 8, 16, 24 and 48 h. Total pro-
tein content was measured using a Pierce BCA protein
assay kit (Thermo Scientific). Further, equal amounts of
protein were fractionated by SDS-polyacrylamide gel
electrophoresis (EphB2: 10 lg protein and 7.5% gel;
ephrin-B1: 20 lg protein and 12% gel) and transferred to
nitrocellulose membranes, which were blocked for 1 h at
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room temperature with Tris-buffered saline containing
0.1% Tween and 5% powdered non-fat milk. Then they
were incubated with anti-EphB2 polyclonal antibody
(1:200; Cell Signaling Technology, Danvers, MA, USA),
anti-ephrin-B1 polyclonal antibodies (1:200; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and b-actin poly-
clonal antibodies (1:200; Santa Cruz Biotechnology).
Secondary antibodies were anti-rabbit IgG and anti-
mouse IgG (1:3000; Cell Signaling Technology).

RT-PCR for TNF-a receptor, NF-KB, JNK, p38 MAP
and MEK activation

Dental pulp stem cells were pre-incubated with 5 lg/ml
neutralizing antibodies (R&D Systems) to human
TNFR1 or TNFR2 for 1 h, then stimulated with 20 ng/
ml TNF-a for 48 h. For chemical inhibitors prior to
CHX and TNF-a stimulation, DPSCs were treated with
NF-KB inhibitor (oxaprozin; Abcam Ltd., Hong Kong,
China) at 30 lM, JNK inhibitors (SP600125; Abcam
Ltd., Hong Kong, China) at 30 lM, p38 MAPK inhibitor
(SB 203580; Abcam Ltd., Hong Kong, China) at 2.5 lM
and mitogen-activated protein kinase kinase (MEK)
inhibitor (PD98059; Cell Signaling Technology) at
50 lM for 1 h. Total RNA was used for RT-PCR. Reac-
tions for each sample were performed in triplicate. GAP-
DH was used as a loading control.

Western blotting for TNF-a receptors and JNK
inhibition

Dental pulp stem cells were cultured to 80% confluence
and starved for 16 h in medium deficient of growth fac-
tors. One hour prior to TNF-a stimulation, human
TNFR1 or TNFR2 antibody (R&D Systems) and JNK
inhibitors (SP600125; Abcam Ltd.) were added respec-
tively. Total proteins were extracted from cell cultures

using MPER reagent. Western blot analysis was carried
out as described above.

Statistical analysis

Data expressed in bar graphs are mean � SD of tripli-
cate experiments. Statistical significance was assessed
using one-way ANOVA. P < 0.05 was considered to be
statistically significant.

Results

Human DPSCs expressed mesenchymal stem cell
markers

The freshly isolated DPSCs, as analysed by flow cytom-
etry, expressed mesenchymal stem cell markers CD90
(99.91%), CD73 (99.80%), CD105 (99.87%) and
STRO-1 (21.31%). They were negative for haematopoi-
etic marker, CD45 (0.97%). Multilineage differentiation
capacity of the cells was confirmed by using osteo/odon-
togenic, adipogenic and neurogenic induction media
(results not shown).

EphB2/ephrin-B1 expression stimulated by TNF-a

Dental pulp stem cells were cultured in the presence of
five concentrations of TNF-a (0, 5, 10, 20, 40 or
100 ng/ml) and EphB2/ephrin-B1 induction was
assessed using RT-PCR. We found that 5, 10 and 20 ng/
ml TNF-a induced EphB2 mRNA expression, whereas
40 and 100 ng/ml TNF-a did not affect its levels
(Fig. 1a,b). However, all TNF-a concentrations, except
100 ng/ml, affected ephrin-B1 mRNA expression.

Cumulative effects of EphB2/ephrin-B1 secretion over
time, following treatment with TNF-a (20 ng/ml), caused
significant induction, seen as early as 4 h (EphB2) and

(a) (b)

Figure 1. Dose-dependent tumour necrosis factor alpha (TNF-a)-induced expression of EphB2/ephrin-B1 mRNA in dental pulp stem cells.
TNF-a increased EphB2 mRNA expression at concentrations of 5, 10 and 20 ng/ml, and ephrin-B1 at 5, 10, 20 and 40 ng/ml. (a) Relative expres-
sion of EphB2. (b) Relative expression of ephrin-B1 (*P ˂ 0.05 versus control).
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16 h (ephrin-B1) after treatment (Fig. 2a,b). Maximum
levels of EphB2 and ephrin-B1 were observed at 24 h,
followed with significant reduction by 48 h.

In the western blot analyses, the EphB2 band was
detected at 105 kDa (Fig. 3), and ephrin-B1 at 45 kDa
(Fig. 4). Following a time-course experiment, comparable
levels of EphB2 protein expression were observed until
24 h, which then decreased by 48 h (Fig. 3). In contrast,
ephrin-B1 protein levels were expressed increasing for
24 h, compared to protein level at 0 h (Fig. 4).

EphB2/ephrin-B1 mRNA expression blocked by TNF-a
receptors and JNK inhibitor, but not NF-KB, p38 MAPK
and MEK inhibitors

To determine which receptor was involved in regulation
of EphB2/ephrin-B1 expression, DPSCs were treated

with neutralizing monoclonal antibodies specifically
against either TNFR1 or TNFR2; as shown in Fig. 5,
these inhibited EphB2/ephrin-B1 mRNA expression.
These results indicate that both TNF-a receptors are
involved in regulating EphB2/ephrin-B1 mRNA expres-
sion.

To investigate whether MAP kinases mediated TNF-
a-induced EphB2/ephrin-B1 expression, a chemical
inhibitor (SP600125) was used to inhibit the JNK path-
way. As shown in Fig. 6, EphB2 mRNA expression was
inhibited, but not ephrin-B1 mRNA expression. Further-
more, NF-KB inhibitor (oxaprozin) had no impact on
secretion of TNF-a-induced EphB2/ephrin-B1. Also,
p38 MAP inhibitor (SB 203580) and MEK inhibitor
(PD98059) did not down-regulate EphB2/ephrin-B1
mRNA expression.

After addition of human TNFR1 or TNFR2 antibodies
to block the respective receptors, protein levels of ephrin-
B1 decreased accordingly without any significant change
in EphB2 protein expression. When JNK inhibitor
SP600125 was used, no change in protein expression of
either ephrin-B1 and EphB2 was observed (Figs 7, 8).

Discussion

Tumour necrosis factor alpha is a multifunctional cyto-
kine that induces a broad spectrum of cellular activities,
including mesenchymal stem cell proliferation, survival,
apoptosis (13), secretion of other cytokines (14) and
angiogenesis (15). In mineralized tissues, TNF-a signal-
ling protein has been shown to promote bone fracture
repair via osteogenic signalling of muscle-derived stro-
mal cells (MDSCs). TNF-a was shown first to advance
MDSC migration then osteogenic differentiation, at low
concentrations. However, excess TNF-a reduced MDSC
migration and pro-osteogenic effects. Furthermore,
administration of high doses of TNF-a fracture sites
accelerated wound healing in vivo (16). Considering the

(a) (b)

Figure 2. Time course of tumour necrosis factor alpha (TNF-a)-induced expression of EphB2/ephrin-B1 mRNA in dental pulp stem cells.
mRNA expression of EphB2/ephrin-B1 reached its maximum at 24 h when treated with TNF-a at 20 ng/ml. (a) Relative expression of EphB2. (b)
Relative expression of ephrin-B1 (*P ˂ 0.05 versus control; #P ˂ 0.05, as indicated bracketed).

Figure 3. Time course of tumour necrosis factor alpha (TNF-a)-
induced expression of EphB2 protein in dental pulp stem cells.
Western blot analysis of EphB2 protein expression in dental pulp stem
cells after treating with 20 ng/ml of TNF-a for 4, 8, 16, 24 and 48 h.

Figure 4. Time course of tumour necrosis factor alpha (TNF-a)-
induced expression of ephrin-B1 protein in dental pulp stem cells.
Western blot analysis of ephrin-B1 protein expression in dental pulp
stem cells after treating with 20 ng/ml of TNF-a for 4, 8, 16, 24 and
48 h.
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role of TNF-a on reparative dentin formation, it has
been reported that long-term TNF-a treatment sup-
pressed expression of osteonectin and bone sialoprotein
in dental pulp cells (17), while at early time points,

TNF-a stimulated DPSC over-expression of odontogenic
genes towards odontoblastic differentiation via p38 regu-
lation (18). TNF-a treatment also activated the NF-jB
pathway, suggesting that DPSCs may be involved in

(a) (b)

Figure 5. Induction of EphB2/ephrin-B1 mRNA expression by tumour necrosis factor alpha (TNF-a) was mediated through both TNFR1
and TNFR2. Neutralizing antibodies for TNFR1 or TNFR2 receptors down-regulated EphB2/ephrin-B1 mRNA expression (*P ˂ 0.05, compared
to TNF-a-positive control group).

(a) (b)

Figure 6. Inhibition of NF-KB, p38 MAP, JNK and MEK activation on EphB2/ephrin-B1 mRNA expression. JNK inhibitor (SP600125)
shown to inhibit EphB2 mRNA expression but not ephrin-B1 expression (P < 0.05). However, NF-KB inhibitor (oxaprozin), p38 MAPK inhibitor
(SB 203580) and MEK inhibitor (PD98059) did not affect EphB2/ephrin-B1 mRNA expression. (*P ˂ 0.05, compared to TNF-a positive control
group).

Figure 7. Effects of TNFR1/2 and JNK inhibitors on tumour
necrosis factor alpha (TNF-a)-mediated EphB2 protein expression
in dental pulp stem cells. Western blot analysis of EphB2 protein
expression in dental pulp stem cells after stimulation with the human
TNF1/2 antibody, JNK inhibitor and TNF-a.

Figure 8. Effects of TNFR1/2 and JNK inhibitors on tumour
necrosis factor alpha (TNF-a)-mediated ephrin-B1 protein expres-
sion in dental pulp stem cells. Western blot analysis of ephrin-B1
protein expression in dental pulp stem cells after stimulation with the
human TNF1/2 antibody, JNK inhibitor and TNF-a.
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host immune responses when bacterial infection occurs
(19). TNF-a is implicated in directly operating with
the Eph/ephrin pathways that signal to cells of calcified
tissues (20). However, effects of TNF-a on EphB2/eph-
rin-B1 protein secretion in DPSCs, and underlying
mechanism are not known.

In the current study, dose-dependent and time-
dependent investigations were performed to discover
expression patterns of EphB2/ephrin-B1 after stimula-
tion with TNF-a. We observed that low concentrations
of TNF-a induced both EphB2 and ephrin-B1 mRNA
expression, whereas 40 and 100 ng/ml TNF-a did not
affect EphB2 levels, and 100 ng/ml did not affect eph-
rin-B1 mRNA expression. We further treated DPSCs
with TNF-a (20 ng/ml), and found that significant
secretion of EphB2 was observed as early as by 4 h,
while ephrin-B1 expression started at 16 h. Western
blot analyses also confirmed concomitant protein
expression levels arising from translation of mRNA
transcripts. Balance of EphB2 and ephrin-B1 is one of
the critical factors for retention of DPSCs in the peri-
vascular niche (7,21). Once the balance is disrupted, a
EphB2/ephrin-B1 signalling pathway could be acti-
vated. Subsequently, forward EphB2 signalling pro-
moted MSC migration (8,9,22). As shown in the
present study, TNF-a treatment broke down the
EphB2/ephrin-B1 balance, with significant enhancement
of EphB2 gene and protein expression at earlier time
points. It is assumed that over-expression of forward
EphB2 signalling promoted DPSCs migration away
from the perivascular niche, although as yet we have
no direct evidence of this.

Ephrin-B1 is strongly expressed by STRO-1-positive
cells within pulp tissue, while EphB2 is weakly marked
but shows a similar pattern in STRO-1-positive cells
(21). However, in injured pulp tissue, ephrin-B1 gene
expression is suppressed, indicating disruption of EphB/
ephrin-B balance with enhanced DPSC migration to
injured sites (23). Calcium hydroxide, as a pulp-capping
agent, promotes dentin bridge formation and stimulates
EphB2 gene expression, but inhibits ephrinB1 gene
expression in primary pulp cells in proliferation stages
(23,24). It seems that EphB/ephrin-B controls the bal-
ance between active and quiescent stem cells in dental
pulp tissue. Tuning EphB/ephrin-B expression in
DPSCs could be a potential way to induce reparative
dentin formation.

Inflammatory cytokines released by injured tissue
also results in up-regulation of matrix metalloproteinases
(MMPs), enhancing migratory capacity of perivascular
cells (25,26). It has been reported that MMP-1, -2, -9
and -14 are expressed in healthy dental pulp. MMP-3
and MMP-9 mRNA levels were increased in

odontoblasts, fibroblasts, inflammatory infiltrate and
endothelial cells, in the inflamed pulp (27). Combined
with our present results, TNF-a may stimulate both
EphB2/ephrin-B1 and MMP secretion in DPSCs during
the course of inflammation. MMPs may contribute to
perivascular cell recruitment at several levels, including
extracellular matrix degradation and cleavage of EphB
receptors (28). Thus, Eph/ephrin interactions can be
abolished by proteolytic cleavage with MMPs (29).
However, investigations must still be conducted to deter-
mine whether metalloproteinase cleavage of EphB recep-
tors influences signalling events in DPSCs.

Functions of TNF-a are mediated by two cell surface
receptors, TNFR1 or TNFR2. TNF-a binding to its
receptors stimulates receptor aggregation, and succeeds
in recruitment of various types of intracellular signal
transducer to TNFR complexes. TNF-a has different
affinities to these receptors and has been shown to acti-
vate distinct, as well as overlapping, pathways (30).
Recent studies have shown that both TNFR1 and
TNFR2 are involved in regulating ephrin-A1 expression
in endothelial cells (12). To elucidate the role of TNFR1
or TNFR2 in DPSCs in regulation of EphB/ephrin-B
expression, the cells were treated with neutralizing
monoclonal antibodies specifically against either TNFR1
or TNFR2. Neutralizing antibodies against either
TNFR1 or TNFR2 inhibited EphB2/ephrin-B1 mRNA
expression.

NF-jB pathway is one of the main mediators of
intracellular functions of TNF-a in DPSCs, in the host
immune response, and up-regulation of MMP-1 and
MMP-13 expression (18,19). As EphB2/ephrinB1 was
also up-regulated by TNF-a treatment, we interrogated
whether the NF-jB pathway was involved in mediating
this cellular function. NF-jB inhibitor (oxaprozin) was
used to block NF-jB signalling; however, mRNA
expression of EphB2/ephrin-B1 was not affected, indi-
cating that NF-jB was not the prime mediator in TNF-
a-induced EphB2/ephrin-B1 in DPSCs, here.

Tumour necrosis factor alpha is also known to be
activated by at least three different subtypes of MAP
kinase: p42/p44 MAPK, p38 MAPK and SAPK/JNK in
endothelial cells (11). To further study whether MAP
kinases mediate TNF-a function on EphB2/ephrin-B1
mRNA expression in DPSCs, selective chemical inhibi-
tors, p38 MAPK inhibitor (SB 203580), JNK inhibitor
(SP600125) and MEK inhibitor (PD98059) were used to
inhibit p38MAPK, JNK and MEK respectively. TNF-a
is a strong and very rapid inducer of EphB2/ephrin-B1
functional activity in DPSCs. As shown in Fig. 6, JNK
inhibitor (SP600125) inhibited EphB2 mRNA expres-
sion, but not ephrin-B1 mRNA expression. In contrast,
EphB2/ephrin-B1 mRNA expression was not affected in
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the presence of p38 MAPK, MEK kinase and NF-KB
inhibitors.

Further, western blot analysis confirmed that block-
ing TNFR1/2 receptors down-regulated ephrin-B1
expression partly in DPSCs, suggesting that the two
receptors are involved in TNF-a stimulation. However,
it cannot be completely ruled out of the receptors’ role
on EphB2 expression, as blocking TNFR1/2 only down-
regulated EphB2 mRNA level but not its protein level.
Similarly, SP600125 did not inhibit EphB2/ephrin-B1
protein expression with stimulation of TNF-a, despite
down-regulation of EphB2 gene expression.

In conclusion, expression of EphB2/ephrin-B1 in
human DPSCs was up-regulated by stimulation with
TNF-a, as shown by real-time PCR and western blot
analyses. Both TNFR1 and TNFR2 were involved in
regulating cellular mRNA activities, but partly with pro-
tein levels. TNF-a-induced EphB2/ephrin-B1 mRNA
expression was JNK-dependent, but was independent of
p38 MAPK, MEK and NF-KB signalling.
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