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ABSTRACT We have previously reported that neuron and glia could collaboratively
govern the immunomodulation in traumatic rats. Herein, we characterized the sequen-
tial involvement of cortical neuron, microglia, and astrocytes in the traumatic stress-
mediated neuroimmune modulation. At day 1 of trauma, transient extracellular signal
related kinase 1/2 (ERK1/2) activation was initiated in neuron and microglia, which was
accompanied by RSK-1 expression in the cytosol. At day 3 of trauma, persistent ERK1/2
activation occurred in astrocytes, which were destined for the nucleus leading to Elk-1
expression. Furthermore, the functional overlap of ERK1/2 and neuroligin 1 in astro-
cytes was strengthened at day 3 of trauma and responsible for the recovery from the
immnosuppression. These effects could be disrupted by b-neurexin blockade. Altogether,
we proposed the mechanism underlying the traumatic stress-induced immunosuppres-
sion, in which local activity ensured the initial establishment of neural circuitry in the
frontal cortex. ERK1/2-signaling events are required for the temporal and spatial coordi-
nation between neuron and glial cells. Synapse 65:433–440, 2011. VVC 2010 Wiley-Liss, Inc.

INTRODUCTION

Within the central nervous system (CNS), microglia
and astrocytes are the most important nonprofes-
sional antigen-presenting cells, and they express low
levels of major histocompatability complex (MHC)
and costimulatory molecules and provide a key mech-
anism that endows the CNS to be immune privileged
under healthy conditions (Freria et al., 2010; Kaneko
et al., 2010; Liu et al., 2010; Streit et al., 1999). How-
ever, the roles that neurons have cannot be over-
looked. Neurons could express MHC class I molecules
after stimulation by interferon-g; this expression can
drive them to become targets of cytotoxic T cells in
CNS infections and autoimmune diseases (Escande-
Beillard et al., 2010). In our work, we found that both
neuron and microglia could release IL-1b when sub-
jected to traumatic stress by which immunosuppres-
sion was mediated (Zhao et al., 2002). Recently, it has
shown that MHC class I molecules in neuron are also
crucial for normal brain development and synaptic
plasticity (Feng et al., 2010; Ribic et al., 2010; Walter
et al., 2010). These findings underlie the potential
capacity of neural circuitry to control cellular immune
responses in pathological conditions.

Neurons communicate with glial cells in various
ways (de Oliveira et al., 2009; Shono et al., 2009); the
cross-talk between them is mediated by neuronal
immune-regulatory molecules, cell-adhesion mole-
cules, and other receptors. Neuroligins are synaptic
cell-adhesion molecules, which might be involved in
strengthening cell–cell contacts (Blundell et al., 2010;
Jung et al., 2010). When neuroligin 1 is expressed in
a non-neuronal cell, the forming of synapses between
neuron and non-neuronal cell will be initiated, and
neurexin 1 is consequently enriched in presynaptic
nerve terminals contacting a neuroligin-expressing
non-neuronal cell (Berninghausen et al., 2007; Chuby-
kin et al., 2005). It was also reported that overexpres-
sion of neuroligins in transfected neurons would
increase the number of synapses onto these neurons
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(Boucard et al., 2005; Chih et al., 2004), and synapse
size was also increased. Therefore, postsynaptic neu-
roligins are proposed to generally activate presynaptic
neurexins by dimerizing them and seem to induce
local formation of presynaptic specializations (Dean
et al., 2003; Varoqueaux et al., 2006). When concern-
ing the traumatic stress-induced immunomodulation,
it is unclear if neurexin/neuroligin has been linked
and is capable to enhance local neural cells circuitry
under this condition.

ERK1/2 activation is a well-established response in
many cells to stimulation by mitogens and results in
neuronal proliferation and differentiation in vitro
(Pearson et al., 2001). Increased ERK activation is
participated in age-dependent immunomodulation in
traumatic rats (Xiao et al., 2009). ERK1/2 is also asso-
ciated with cell survival in some in vivo systems and
could be activated with spatial–temporal pattern. For
example, ischemia-induced multiphasic ERK1/2 acti-
vation, which is including both an early onset, rapid
increase during the first 30–60 min of reperfusion,
and a later onset, protracted increase between 12 and
24 h after reperfusion (Hicks et al., 2000). It was
assumed that the earliest phase of activation (1 h)
occurred on neuron and microglia, whereas activation
beyond day 1 was primarily restricted to astrocytes
(Cha et al., 2001; Choi et al., 2006). Besides that,
ERK1/2 activation is mediated by two distinct and in-
dependent-signaling events, namely, a Src/Yes/Fyn-de-
pendent and heterotrimeric G-protein/PKCf-depend-
ent mechanism. In response to angiotensin II, the
ability of ERK1/2 to remain within the cytoplasm or
translocate into the nucleus is controlled by the above
two mechanisms, respectively (Godeny and Sayeski,
2006; Shah et al., 2004). Consequently, we sought to
define the signaling mechanisms underlying ERK
activation in neural cells when challenged with trau-
matic stress. It is conceivable that neuron-glial cells
communication involved by cell-surface molecules are
likely operationally implicated in traumatic stress,
which required for ERK1/2 activation, and finally
build a complex network and achieve a distinct cellu-
lar outcome to sense and respond to brain insults.

MATERIALS AND METHODS
Animals

SD adult male rats (Animal Center of Chinese
Academy of Sciences, 200–250 g) were used in this
study. The animals were housed in groups (five per
cage) in a controlled environment on a 12-h light–
dark cycle and allowed to acclimate for a minimum of
5 days before conducting experiments. Water and food
were available at all times. All protocols were
approved by the Committee on Research Animal Care
of Fudan University, and the principles and proce-

dures are outlined in the NIH Guide for the Care and
Use of Laboratory Animals.

The surgical trauma stress was performed as previ-
ously described (Zhao et al., 2002). Briefly, rats were
anesthetized with pentobarbital sodium (35 mg/kg,
i.p.) and then were incised longitudinally to a length of
6 cm along the dorsal median line and 5 cm along the
abdominal median line. Five minutes after surgery, the
wounds were sutured, and the animals were kept
warm under standard housing conditions. No postoper-
ative infection occurred. The operation was performed
48 h after implanting a cannula, and tissue samples
were taken 1, 3, and 7 days after operation.

Intracellular injection of drugs

Implantation of the cannula was performed stereo-
taxically under anesthesia, and the stainless steel
guide cannula (0.5 mm in diameter) with an inserted
cannula (0.25 mm in diameter) was implanted into the
right lateral ventricle (posterior 0.5, lateral 1.5, and
horizontal 4.5) and fixed on the skull with dental
cement. Minocycline (50 lg, Santa Cruz Biotechnology,
Santa Cruz, CA), glial toxin fluorocitrate (5 nM, Sigma,
St. Louis, MO), and neurexin-1b antibody (10 lg, Santa
Cruz Biotechnology, Santa Cruz, CA) were dissolved
and injected over 10 s via the cannula at a volume of 10
ll. Rats from the control group were injected with steri-
lized PBS. At the end of each experiment, the position
of the cannula was assessed by histological examina-
tion. Data were collected only from experiments in
which correct insertion of the cannula was verified.
Animals were killed 24 h after injection.

Lymphocyte proliferation and NK cell activity

For lymphocyte proliferation, spleens were pressed
through stainless steel mesh, and red blood cells were
lysed by treatment with NH4Cl solution. Then, cell
suspension of 1 3 107 cells/ml in a final volume of
200 ll of complete tissue-culture medium (RPMI 1640
supplemented with 10% heat activated fetal calf se-
rum, 2 mM L-glutamine) was seeded in triplicate in a
U-bottomed 96-well plate in the presence and absence
of concanavalin A (Con A, 1 mg/L, Sigma, St. Louis,
MO). Plates were incubated at 378C in 5% CO2. After
48 h, cultures were labeled with 0.5 lCi of [3H] thy-
midine (Amersham Biosciences, Piscataway, NY), and
cells were harvested using a cell harvester 24 h later.
Samples were counted in a liquid scintillation coun-
ter. Proliferation results are presented as the mean
cpm 6 SD of triplicate cultures.

For natural killer (NK) cell cytotoxicity, first, suspen-
sions of YAC-1 lymphoma cells with a concentration of
2 3 105/ml at a final volume of 100 ll were targeted
with 0.5 lCi of [3H] thymidine and incubated at 378C,
5% CO2 for 6 h. Then, spleens were homogenized, and
the resultant cell suspensions were pooled in the pres-
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ence/absence of Con A and seeded in triplicate with the
effector: target ratios of 50:1 for 16 h. Cytotoxic activity
results were determined as follows:

Percent response 5 [(counts in tested well-counts
in spontaneous response well)/(counts in maximum
response well-counts in spontaneous response well)]
3 100.

Cell cultures and treatments

For primary neuron culture, rat fetuses were
removed from pregnant rats on embryonic day 18.
Frontal cortex was dissected and collected in Hanks’
balanced salt solution on ice. Cells were dissociated
and plated at a density of 105 cells per well into 24-
well tissue-culture plates pretreated with 0.1% polye-
thylenemine. Cells were maintained in serum-free
Neurobasal medium containing B27 supplement
(Gibco, Rockville, MD) (Buzas et al., 1998). After 3–4
days in culture, cells of neuronal morphology sent out
long processes. By 10 days, MAP2 immunopositive
cells were sorted by flow cytometry and treated with
IL-1b (R&D systems, Minneapolis, MN; 20 ng/ml, 24
h) and IL-1ra (R&D systems, Minneapolis, MN; 10
ng/ml, 24 h) for the indicative times.

For primary astrocyte cultures, the dissociated cells
were plated in untreated 24-well tissue-culture plates.
The culture medium was Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum, 2
mM glutamine, and 50 U penicillin/50 lg/ml strepto-
mycin, and the adherent cells were purified after 24-h
plating. By 2 weeks, GFAP immunopositive cells were
sorted by flow cytometry and treated with IL-1b and/
or IL-1ra for the indicative times.

For microglia culture, mixed brain-cell cultures
were prepared in tissue-culture flasks. After 10–20
days of culture, microglia were harvested by shaking
the culture flasks for 1.5 h at 80 rpm. Harvested cells
were seeded in 100-mm petri dishes and incubated
for 10 min at 378C. After removing nonadherent cells
using a single wash with PBS, the attached microglia
were maintained in the growth medium. The next
day, the microglial cells were removed using PBS con-
taining 1 mM EDTA. CD11b/c immunopositive cells
were sorted by flow cytometry and treated with IL-1b
and/or IL-1ra for the indicative times.

Immunofluorescent double-labeling

Rats were anesthetized with sodium pentobarbital
and perfused transcardially with fixative (4% parafor-
maldehyde). Coronal brain sections (20 lm) were
obtained using a cryostat. Sections were subjected to
anti-pERK1/2 (1:1000, Cell Signaling Technology,
Danvers, MA) at 378C for 18 h and then transferred
into Alexa Fluor1 488-conjugated anti-rabbit antise-
rum (1:1000, Invitrogen, Carlsbad, CA) for 1 h. There-
after, sections were subsequently incubated with anti-

neuroligin-1 (1:1000, Santa Cruz Biotechnology, Santa
Cruz, CA) and Alexa Fluor 594-conjugated anti-mouse
antibodies. Data derived from each group were ana-
lyzed by Leika Q500IW image analysis system.

Immunoprecipitation and Western blotting

Frontal cortex was sonicated with about seven vol-
umes of protein extraction buffer-containing 20 mM
HEPES (pH 7.5), 10 mM potassium chloride, 1.5 mM
magnesium chloride, 1 mM ethylenediaminetetraace-
tic acid, 1 mM EGTA, and 13 complete protease in-
hibitor (Roche Applied Science). The sonicated sample
was centrifuged at 10,000g for 15 min at 48C, and the
supernatant was incubated with anti-MAP2, GFAP,
and CD11b/c (1:200) on a rotating platform overnight,
followed by incubation with 20-ll protein G agarose
beads (Pierce Biotechnology) for 2 h at 48C. Beads
were washed three times in lysis buffer, and proteins
were extracted and resolved in SDS–polyacrylamide
gel and transferred to a polyvinylidene difluoride
membrane (PVDF, Amersham). The membrane was
probed with antipERK1/2 (1:1000), antineuroligin-1
(1:1000), and subsequent alkaline phosphatase-conju-
gated secondary antibody (1:5000).

Cells (1.0 3 106 cells) were collected and centrifuged
followed by resuspension in lysis buffer-1 (10 mM
HEPES, 10 mM KCl, 0.1 mM EDTA, 1 mM DTT, and
pH 7.9. protease inhibitor cocktail). NP40 was added
followed by centrifugation, and the supernatant was
collected as the cytoplasmic fraction. The pellet was
then resuspended in lysis buffer-2 (10 mM HEPES, 400
mM NaCl, 1 mM EDTA, and 1 mM DTT, and pH 7.9.
protease inhibitor cocktail). Suspension was vortexed
and centrifuged, and supernatant was collected as the
nuclear fraction. Lowry assays were used to determine
the protein concentration, and 5 lg of protein was
resolved in SDS–polyacrylamide gel and transferred to
a PVDF membrane (Amersham Biosciences, Piscat-
away, NJ). The membrane was probed with primary
antibodies including ERK1/2 (Novus Biological, Little-
ton, CO, 1:1000), ribosomal S6 kinase-1 (RSK-1), and
ETS like transcription factor-1 (Elk-1; Santa Cruz,
Santa Cruz, CA, 1:2000). Alkaline phosphatase-conju-
gated secondary antibody (1:5000) was subsequently
used. The bands were detected by ECF substrate
(Amersham Biosciences, Piscataway, NJ) and quanti-
fied using ImageQquant software.

Statistics

Data were represented as mean 6 SEM and ana-
lyzed with Prism 5 software. For all data sets, nor-
mality and homocedasticity assumptions were
reached, validating the application of the one-way
ANOVA, followed by t-test with Bonfferroni correction
for multiple comparisons. Differences were considered
significant for P < 0.05.
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RESULTS
Sequential involvement of microglia and

astrocytes in the neuroimmune modulation
induced by traumatic stress

Our previous results addressed that neuron and
microglia in frontal cortex were implicated in the trau-
matic stress-mediated neuroimmune modulation (Xiao
et al., 2009; Zhao et al., 2002). In this study, we consis-
tently demonstrated that lymphocyte proliferation and
NK cell activity were attenuated when challenged with
traumatic stress. As illustrated in Figure 1, lymphocyte
proliferation (A) and NK cell activity (B) were 40.5% 6
7.45% and 39.8% 6 14.0% control at day 1 of trauma.
They gradually increased to 61.3% 6 21.4% and 62.2%
6 25.1% control at day 3, 91.3% 6 21.4% and 95.2% 6
25.1% control at day 7 of trauma, respectively.

Minocycline [50 lg, (Zhang et al., 2006)], a micro-
glial activity inhibitor, and glial toxin fluorocitrate [5
nM, Watkins et al., 1997)], an astrocytes activity in-
hibitor, were used to examine the involvement of glial
cells in the traumatic stress-induced neuroimmune
modulation. Figure 1 demonstrated that minocycline
could increase lymphocyte proliferation and NK cell
activity at 1 day, but had no effect at 3 and 7 days of
trauma. In contrast, glial toxin fluorocitrate could not
alleviate immunosuppression occurred on day 1 of
trauma, but could inhibit immune response recovery
at 3 and 7 days of trauma.

Temporal and spatial ERK1/2 activation in
neural cells induced by traumatic stress

Src-ERK1/2 signaling in the frontal cortex played
an important role in the traumatic stress-induced

immunomodulation (Xiao et al., 2009). By immuno-
precipitation, we demonstrated that ERK1/2 activa-
tion in neuron and microglia was transiently
increased at day 1 of trauma. However, the activation
in astrocytes was persistent, which could be detected
at 1, 3, and 7 days of trauma (Fig. 2A).

IL-1b was envisioned as the crucial mediator in the
traumatic stress-induced immunosuppression (Zhao
et al., 2002). Therefore, we determined to clarify the
discordant induction of ERK1/2 activation by IL-1b in
neural cells. As illustrated in Figures 2B–2D, upon
IL-1b exposure, pERK1/2 expression in neuron and
microglia was increased about threefold within 1 h
and returned to normal level at the following time
points. In astrocytes, pERK1/2 expression was persis-
tent, which sustained threefold increase from 30 min
to 5 h.

Then, we focused on the effect exerted by IL-1b
treatment for 1 h. Using Western blot analysis, we
found that the alteration of ERK1/2 signaling was
mainly concentrated in the cytosol in neuron and
microglia. In neuron, the relative density of pERK1/2
expression was increased to 421.3% 6 43.8% control
by IL-1b and restored by IL-1ra (98.3% 6 19.5% con-
trol). RSK-1 expression in the cytosol was in parallel
altered by IL-1b and IL-1ra, and the relative den-
sities were 397.5% 6 41.9%, and 101.2% 6 23.7% con-
trol, respectively. In microglia, IL-1b could also
increase pERK1/2 and RSK-1 expression in the cyto-
sol, the relative densities were 365.2% 6 41.6% and
347.2% 6 55.1% control, respectively, and the effect
could be reversed by IL-1ra (101.1% 6 21.1% and
94.6% 6 21.0% control).

In astrocytes, however, IL-1b-induced ERK1/2 sig-
naling was translocated into nucleus, and pERK1/2
expression in nucleus was increased to 326.2% 6
31.0% control by IL-1b and returned to control level
by IL-1ra exposure (97.4% 6 11.7% control). In the
meantime, Elk-1 expression in the nucleus was also
potentiated by IL-1b (357.8% 6 57.2% control) and
restored by IL-1ra (99.5% 6 19.8% control).

Functional correlation of ERK1/2 activation and
neuroligin-1 in the traumatic rats

By immunoprecipitation, we demonstrated that
pERK1/2 expression in the neuroligin-1 complex was
gradually increased by traumatic stress. Time-course
examination displayed that they began to colocalize
with each other in frontal cortex at day 3 and
sustained to 7 days of trauma (Fig. 3A). Overlap of
neuroligin-1 and GFAP immunoreactive cells was an-
alyzed by the immunofluorescent double-labeling
technique. Under laser confocal scanning photogra-
phy, neuroligin-1 immunoreactive cells were shown
by green immunofluorescence, and GFAP immunore-
active cells were shown by red immunofluuorescence

Fig. 1. Sequential involvement of microglia and astrocytes in the
neuroimmune-modulation induced by traumatic stress. Rats were di-
vided into 10 subgroups: Control, Trauma 1 day (T1), Trauma 1 day 1
icv injection of minocyline (50 lg, 24 h), Trauma 1 day 1 icv injection
of glial toxin fluocitrate (5 nM, 24 h), Trauma 3 day (T3), Trauma
3 day 1 icv injection of minocyline, Trauma 3 day 1 icv injection of
glial toxin fluocitrate, Trauma 7 day (T7), Trauma 7 day 1 icv injec-
tion of minocyline, and Trauma 7 day 1 icv injection of glial toxin
fluocitrate (n 5 6). Spleen cells were isolated, lymphocyte prolifera-
tion (A) and NK cell activity (B) were determined by [3H] thymidine
incorporation. Results are presented as mean 6 SD. *P < 0.05 vs.
Control, #P < 0.05 vs. Respective trauma group.
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and colocalized cells by yellow immunofluorescence.
At 3 and 7 days of trauma, double-staining cells were
significantly increased in frontal cortex (Fig. 3B).
This time-dependent alteration was matched with
that of pERK1/2 expression.

Effect of neurexin-1b and neuroligin-1 on the
traumatic stress induced immunodepression

Neuroimmune modulation of neurexin-1b was
finally addressed in this study. It was found that lym-
phocyte proliferation and NK cell activity were not
affected at day 1 of trauma when intracerebraventric-
ular (icv) injection of neurexin-1b antibody. But this
treatment could interrupt the immune response
improvement at days 3 and 7 of trauma. In parallel,
ERK1/2 activation in the neuroligin-1 complex was
decreased around threefold at days 3 and 7 of trauma
by icv injection of neurexin-1b antibody.

DISCUSSION

We have demonstrated in the previous report that
severe stress induced by surgical trauma resulted in
the disturbance of central responses followed by
decreased splenocyte proliferation and NK cell activ-
ity (Zhao et al., 2001) and reduced production of a
number of cytokines (Zhao et al., 2002). The intrigu-

ing hypothesis is that IL-1b from neuron and acti-
vated microglia could closely examine the endangered
challenge, and neuron–microglia signaling network
might be required for the neuroimmune modulation.

In this study, we found that brain-driven immunor-
egulatory mechanisms seem to be largely dependent
on neural-cell activity. When microglia activity was
blocked by minocycline, traumatic stress-mediated
immunodepression could not be initiated. In contrast,
the immune-response improvement that could not be
achieved upon astrocytes activity was inhibited by
glial toxin fluorocitrate. The data suggested that, at
the early stage of traumatic stress, microglia were
activated and triggered the immunosuppression,
whereas astrocytes were activated at the later stage,
which was mainly responsible for the recovery from
the brain insults.

ERKs are known as mitogen-activated protein ki-
nases, mediating intracellular signaling in all eukary-
otic cells. ERK1 and ERK2 are the two most-studied
members of a family of serine/threonine protein ki-
nases, which are most abundant in brain and are
activated when brain faces pathology (Jones and Ber-
geron, 2004; Rothman et al., 2005). In the traumatic
rats, we observed that Fyn-ERK1/2 signaling was
involved in the age-dependent immunomodulation
(Xiao et al., 2009). IL-1b, the major mediator in the

Fig. 2. Temporal and spatial ERK1/2 activation induced by trau-
matic stress. Rats were divided into four subgroups: Control, Trauma
1 day, Trauma 3 day, and Trauma 7 day (n 5 6). A: Frontal cortex was
separated and immunoprecipitation with anti-MAP2, GFAP, CD11b/c,
and ERK1/2 activation was analyzed by Western Blot (A). After IL-1b
and/or IL-1ra treatment, neuron (B), microglia (C), and astrocytes (D)

were collected, and cytoplasmic and nuclear fractions were extracted
and resolved in SDS–PAGE gel. The membrane was probed with anti-
bodies including pERK1/2, RSK-1, and Elk-1, and bands were
detected by ECF substrate and quantified using ImageQquant soft-
ware. Data were calculated as percentage of control, and each value
represents mean 6 SD of three independent experiments.
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traumatic stress-induced immnuodepression (Zhao
et al., 2002), was associated with Fyn signaling in
neural cells (data not shown). Herein, we demon-
strated that ERK1/2 could be temporal-spatially acti-
vated in neuron and glial cells. In neuron and micro-
glia, IL-1b-induced ERK1/2 activation was less than 1
h and accompanied by cytosol RSK-1 phosphorylation.
Although, in astrocytes, IL-1b-induced ERK1/2 activa-
tion was persisted more than 5 h, which subsequently
translocates into the nucleus and leads to Elk-1 acti-
vation. Based on reports, ERK1/2 activation could be
modulated by Src- and PKCd-signaling mechanisms,
which resulted in ERK1/2 sustaining in cytosol or nu-
clear translocation, respectively (Godeny et al., 2006;
Shah et al., 2004). As such, we assumed that distinct

ERK1/2-signal pathways were triggered by traumatic
stress and transient ERK1/2 activation in neuron,
and microglia were contributed to early events of
immunosuppression, and sustained activation in
astrocyte reflected the recovery of the immune
responses.

Thereafter, we identified the functional correlation of
ERK1/2 and neuroligin-1 at day 3 of trauma. In the
meantime, the enhanced neuroligin-1 expression was
concentrated in astrocytes. As well known, neuroligins
and neurexins bind to each other in a tight complex
with nanomolar affinity (Araç et al., 2007; Chen et al.,
2008; Fabrichny et al., 2007). Neurexin-1b existed and
functioned predominantly at the presynaptic terminal
(Barrow et al., 2009), acting by binding to neuroligin-1,

Fig. 3. Functional correlation of ERK1/2 activation and neuro-
ligin-1 in the traumatic rats. A: Rats were divided into four sub-
groups: Control, Trauma 1 day, Trauma 3 day, and Trauma 7 day
(n 5 6). Frontal cortex was separated and immunoprecipitation
with antineuroligin-1 and ERK1/2 activation was analyzed by

Western Blot. B: Rats were divided into four subgroups: Control,
Trauma 1 day, Trauma 3 day, and Trauma 7 day (n 5 6). Immu-
nofluorescent double-labeling shows the colocalization of neuroli-
gin-1 (green) and that of GFAP (red) in frontal cortex. Scale bars,
50 lm.
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which is exclusively present in excitatory synapses
(Boucard et al., 2005; Chih et al., 2006; Comoletti et al.,
2006) and is required for synaptic transmission. It is
also reported that neuroligin-1 performed central func-
tion in the initial induction of synapse formation and
functional organization, namely, synapse validation
(Chubykin et al., 2007). Then, the present observation
pointed that neurons may form synapse onto non-neu-
ronal cells and exchange information with glial cells,
by which neural cells develop a conceptual framework
for the neuroimmune modulation phenotype.

Finally, we directly demonstrated that neurexin-1b
was implicated in the recovery from the traumatic
stress-induced immunosuppression, but not in the ini-
tiation. In the meantime, the functional overlap of
ERK1/2 activation and neuroligin-1 was disrupted by
central modulation of neurexin-1b. As reported, glial
cells are typically described as the resident macrophage
occupying the parenchyma of the CNS (Gehrmann and
Banati, 1995; Giulian and Tapscott, 1988), which has
long been considered brain intrinsic antigen-presenting
cells. Neurons usually have been regarded as victims of
activated glial cells. Damaged neurons initiate an early
activation of glial cells and direct the neuron-glia
communication. By this way, neurons inform glial
cells about their status and control glial cells function
(Aldskogins et al., 1998; Basu et al., 2002; Hung et al.,

2009; Ladeby et al., 2005). Our present observation sup-
ported the idea that potential interaction could be estab-
lished between neuron and glial cells. Their communica-
tion temporally and spatially concentrates or recruits
related signal proteins and evolutionarily facilitates
neuroimmune modulation.

Indeed, the function of neurexin-1b binding in neu-
roligin-1 regarding the traumatic stress-induced neu-
roimmune modulation has not yet been examined
directly. This issue is important for understanding
how synaptic cell adhesion shapes synaptic transmis-
sion in brain. We now addressed this issue by func-
tional modulation of neurexin-1b, as a consequence,
the association of neuroligin 1 and ERK1/2 activation
in astrocytes was interrupted. Therefore, we pre-
sumed that neuron-glial signaling is optimally acti-
vated and clustered within its respective cargos and
facilitating ERK1/2 activation, which might resolve
the dichotomy of neural cell activities as well as the
traumatic stress-induced immune consequences.
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