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Abstract
Cardiovascular collapse is the major factor contributing to the mortality of trauma-hemorrhage (T-
H) patients. Toll-like receptors (TLRs) play a critical role in T-H-induced cardiac dysfunction.
This study evaluated the role of TLR9 agonist, CpG-ODN 1826, in cardiac functional recovery
after T-H. Trauma-hemorrhage was induced in a murine model by soft tissue injury and blood
withdrawals from the jugular vein to a mean arterial pressure of 35±5 mm Hg. Mice were treated
with CpG-ODN 1826 (10 µg/30g body weight) by intra-peritoneal injection one hour prior to T-H
(N=5–8/group). Hemodynamic parameters were measured before, during hemorrhage, and at 60
min after T-H. Trauma-hemorrhage significantly decreased the mean arterial pressure and left
ventricular pressure compared with sham controls. In contrast, CpG-ODN administration
significantly attenuated the decrease in arterial pressure and left ventricular pressure due to T-H.
Trauma-hemorrhage markedly decreased myocardial levels of phosphorylated Akt by 57.9%.
However, CpG-ODN treatment significantly blunted the decrement in phospho-Akt by activating
the PI3K/Akt signaling pathway. The PI3K inhibitor LY294002 partially abolished CpG-induced
cardioprotection, indicating that additional signaling pathways are involved in the protective effect
of CpG-ODN after T-H. We observed that CpG-ODN treatment also significantly attenuated the
decrease in myocardial phospho-ERK levels after T-H. Inhibition of ERK by U0126 also partially
abolished the cardioprotective effect of CpG-ODN after T-H. Our data suggests that CpG-ODN
significantly attenuates T-H-induced cardiac dysfunction. The mechanisms involve activation of
both PI3K/Akt and ERK signaling pathways. The TLR9 agonist, CpG-ODN 1826, may provide a
novel treatment strategy for preventing or managing cardiac dysfunction and enhancing recovery
in T-H patients.
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Introduction
Traumatic injury, often accompanied by hemorrhage, is the leading cause of death in people
between the age of one to forty-four in the United States (1). Cardiovascular collapse is one
of the major factors contributing to the mortality of these patients (1). However, the cellular
mechanisms by which trauma-hemorrhage (T-H) induces cardiac dysfunction have not been
elucidated completely.

Trauma and hemorrhage cause a systemic inflammatory response syndrome (SIRS) that is
clinically much like sepsis (2, 3, 4). Microbial pathogen-associated molecular patterns
(PAMPs) activate immunocytes through pattern recognition receptors (PRRs). Similarly,
injured/damaged tissues in T-H release endogenous ‘damage’-associated molecular patterns
(DAMPs) that activate innate immunity and inflammatory responses through their PRRs.
Toll-like receptors (TLRs) are a family of pattern recognition receptors that recognize both
microbial products and endogenous molecules released by degraded tissue matrix or necrotic
cells (4). Recent studies have shown that activation of TLR-mediated signaling pathways
contribute to organ injury in sepsis and ischemic models (5).

TLR9 recognizes bacterial DNA and synthesized unmethylated CpG oligodeoxynucleotide
(CpG-ODN) (6). Preclinical studies have shown that CpG-ODN could be a new
immunomodulator which blunts harmful inflammatory responses, such as asthma and other
allergic diseases (7). CpG-ODN has also been reported to accelerate wound healing (8).
However, it is unknown whether CpG-ODN treatment will have beneficial effects on cardiac
function following T-H.

Activation of the phosphoinositide 3-kinase (PI3K)/Akt signaling pathway has been shown
to protect the myocardium from ischemic injury (9, 10), to attenuate cardiac dysfunction in
sepsis/septic shock (11), and to increase survival in polymicrobial sepsis (12). Recent
studies have identified cross talk between TLR signaling and the PI3K/Akt pathway (13,
14). Activation of the PI3K/Akt signaling pathway may serve as a negative feedback
regulator for TLR-mediated innate immune and inflammatory responses (10, 12, 13).
However, whether the CpG-ODN modulates PI3K/Akt signaling pathways in T-H has not
been studied.

Activation of extracellular signal-regulated kinases (ERK) plays an important role in cell
growth, proliferation, and survival (15, 16). Ras, a small G-protein, is an important signaling
mediator which leads to activation of mitogen-activated protein kinase kinases 1,2
(MEK1,2) which activate ERKs(17). Recent evidence indicates that CpG-ODN
administration activates the ERK signaling pathway (18). However, the role of the ERK
signaling pathway in CpG-ODN treated T-H has not been investigated.

This study evaluated whether modulation of TLR9 with CpG-ODN 1826 will attenuate
cardiac depression during T-H shock. We observed that CpG-ODN administration
significantly ameliorated cardiac dysfunction in T-H and the mechanism involves activation
of the PI3K/Akt and MEK/ERK signaling pathways.

Materials and Methods
Reagents

Unmethylated CpG oligodeoxynucleotide (CpG-ODN) 1826 (5’-
TCCATGACGTTCCTGACGTT-3’), was synthesized by Integrated DNA Technologies
(Coralville, IA, USA), and dissolved in sterile, pyrogen-free saline. LY294002 is considered
as a specifically competitive inhibitor for the ATP binding site of phosphatidylinositol 3-
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kinase (PI3K) and was purchased from Alomone labs Ltd, Israel. U0126, a MEK inhibitor,
was purchased from Promega (Madison, WI, USA) and dissolved following the
manufacturers’ instructions.

Experimental Animals
Male C57BL/6J mice were purchased from Jackson Laboratory (Bar Harbor, ME).
Experiments were performed when body weights were about 30 grams. The mice were
maintained in the Division of Laboratory Animal Resources at East Tennessee State
University. The experiments outlined in this article conformed to the Guide for the Care and
use of Laboratory Animals published by the National Institutes of Health (NIH Publication
No. 85–23, Revised 1996). All aspects of the animal care and experimental protocols were
approved by the East Tennessee State University Committee on Animal Care.

Animal Model of Trauma-Hemorrhage
Mice were anesthetized by isoflurane inhalation (induction, 5.0%; maintenance 1.5%) driven
by 100% oxygen flow. After the left carotid artery was exposed, a Millar microtip pressure
catheter (Millar Instruments Inc., Houston, TX) was inserted for blood pressure monitoring
and the right jugular vein was cannulated with polyurethane tubing (BPU-T20, Instech
Solomon, Plymouth Meeting, PA) for blood withdrawal at 0.82 ml/10 min/30 g body weight
using a Harvard syringe pump (Harvard Apparatus, Holliston, MA). A thoracotomy was
performed at the left fifth intercostal space with a 1.5 cm incision. A micro-conductance
pressure catheter was positioned in the left ventricle (LV) via the apex of the heart for
continuous registration of LV pressure-volume loops using the PowerLab system (AD
Instruments, Inc., Colorado Springs, CO). Blood was withdrawn from the jugular vein until
the mean arterial pressure (AP) reached 35±5 mm Hg and was maintained at this level
during the first 10 min before the animal was observed for another 50 min (total time after
hemorrhage = 60 min). Hemodynamic parameters were measured at three time points, i.e.
“Before” (before hemorrhage), “During” (during the first 10 minutes of hemorrhage the
mean AP was maintained at 35±5 mmHg) and “After” (at 60 minutes after the initiation of
hemorrhage). The sham control group was subjected to the same procedure as the T-H
group, but without bleeding. Following the final hemodynamic measurement, the mice were
euthanized and tissue samples were collected and stored at −80°C for further analysis.

Experimental Design
To test the hypothesis that TLR9 ligand CpG-ODN 1826 may have a protective effect
against cardiac dysfunction following T-H, mice were treated with CpG-ODN (10 µg/30g
body weight) by intraperitoneal injection one hour prior to T-H (N=5–8/group). CpG-ODN
1826 at 10 µg/30g body weight was the optimal dose based on our other experimental study.

To evaluate the role of the PI3K/Akt and MEK/ERK signaling pathways in TLR9 ligand-
induced cardioprotection, the PI3K-specific inhibitor, LY 294002 (1 mg/30g body weight)
or the MEK inhibitor (U0126, 300 µg/30g body weight) was administered intraperitoneally
at 15 min prior to CpG-ODN administration (N=5/group). Hemodynamic parameters were
measured at three time points, “Before” (before hemorrhage), “During” (during the first 10
minutes of hemorrhage) and “After” (at 60 minutes after the initiation of hemorrhage). The
sham control group was subjected to the same procedure as T-H group, but without
bleeding. Following the final hemodynamic measurement, the mice were euthanized and
heart samples were collected for examination of phosphorylation of Akt and ERK using the
cytoplasmic protein preparations.
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Western Blot
Western blot was performed as described in our previous publications (10). Briefly, the
cellular proteins from hearts were separated by SDS-polyacrylamide gel electrophoresis and
transferred onto Hybond enhanced chemiluminescence (ECL) membranes (Amersham
Pharmacia, Piscataway, NJ). The ECL membranes were incubated with appropriate primary
antibody [anti-phospho-Akt, anti-Akt, anti-phospho-ERK and anti-ERK (Cell Signaling
Technology, Beverly, Ma)], followed by an incubation with peroxidase-conjugated second
antibodies (Cell Signaling Technology). The membranes were analyzed by the ECL system
(Amersham Pharmacia). The signals were quantified by scanning densitometry and
computer-assisted image analysis.

NF-κB Binding Activity Assay
Nuclear proteins were isolated using a method described previously (19, 10). NF-κB binding
activities were analyzed using the LightShift Chemiluminescent EMSA Kit (Thermo
Scientific, Rockford, IL) according to the suggested protocol. Briefly, binding reaction
mixtures contain 2 µl binding buffer, 15 µg nuclear proteins and 2 µl (100 fmols) 3’-Biotin
labeled double-stranded NF-κB consensus oligonucleotide in a 15 µl mixture. The reaction
mixture was separated on 6% non-denaturing polyacrylamide gels and the density of the
binding bands was detected by G: Box and the picture analyzed by the Gene Tools of
Syngene (Frederick, MD).

Statistics
All data were expressed as mean ± SEM. Comparisons of data between groups were made
using one-way analysis of variance (ANOVA) and Tukey’s procedure for multiple range
tests was performed. When comparing functional changes “Before”, “During” or “After” T-
H of the same group of animals; paired t test was applied. P< 0.05 was considered to be
statistical significance.

Results
Trauma-Hemorrhage Decreased Cardiac Function

Blood was withdrawn from the jugular vein until mean arterial pressure reached 35±5 mm
Hg. Sixty min after T-H, left ventricular pressure-volume loops were examined. As shown
in Figure 1, T-H significantly decreased cardiac function as evidence by a characteristic
right shift and a decrease of width in the pressure-volume loops and a decline in amplitude
of the pressure signal. Cardiac function indices, including stroke volume (SV, ↓ 38.2%),
cardiac output (CO, ↓ 55.7%), stroke work (SW, ↓ 65.8%), and dP/dtmax (↓ 58.2%), were
dramatically decreased after T-H compared with the sham group (Table 1).

CpG-ODN Administration Attenuated Cardiac Dysfunction Following Trauma-Hemorrhage
We examined whether TLR9 ligand, CpG-ODN 1826, attenuated T-H-induced cardiac
dysfunction. Table1 shows that the mean AP and left ventricular developed pressure
(LVDP) were significantly decreased to the same levels in vehicle and CpG-ODN groups
during T-H. However, after T-H the mean AP and LVDP were significantly higher in the
CpG-ODN group when compared with the T-H vehicle group (mean AP 42.9±4.2 vs.
81.9±2.2; LVDP 60.5±4.3 vs. 101.6±1.6, mm Hg). CpG-ODN administration also
significantly improved SV by 19.2%, CO by 81.4%, SW by 87.3%, and dP/dtmax by 68%,
respectively, following T-H compared with the vehicle T-H group (Table1) at the end of
study. There was no significant difference in CpG-ODN treated sham group and vehicle-
treated sham group.
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CpG-ODN Administration Decreased NF-κB Binding Activities Following Trauma-
Hemorrhage

Activation of the NF-κB pathway contributes to cardiac dysfunction in ischemia and sepsis
(20, 21). We examined the effect of CpG-ODN on NF-κB activation following T-H. Since
TLR9 signaling is reported to mediate through PI3K/Akt and MEK/ERK pathways, we
employed specific inhibitors to evaluate their effects on NF-κB activation. As shown in
Figure 2, NF-κB binding activity markedly increased following T-H when compared with
sham control. In contrast, CpG-ODN administration significantly attenuated T-H-increased
NF-κB binding activity by 39.7%. Interestingly, PI3K inhibition effectively eliminated the
beneficial effect of CpG-ODN on NF-κB binding activity. However, MEK/ERK inhibition
by U0126 did not significantly affect the levels of NF-κB binding activity in CpG-ODN-
treated mice.

CpG-ODN Administration Increased the Levels of Phospho-Akt in the Myocardium
To investigate the mechanism by which CpG-ODN improved cardiac function following T-
H, we examined the levels of phospho-Akt (P-Akt) in the myocardium. As shown in Figure
3, CpG-ODN treatment significantly increased the levels of P-Akt by 130.7% in sham
control group compared with sham vehicle control, suggesting that CpG-ODN activated the
PI3K/Akt signaling pathway. T-H significantly decreased the ratio of P-Akt/Akt by 57.9%
when compared to the sham control. In contrast, CpG-ODN treatment prevented T-H
induced decrease of P-Akt/Akt ratio. PI3K inhibition with LY294002 abolished the
beneficial effect of CpG-ODN. MEK/ERK inhibition did not alter Akt phosphorylation in
the presence of T-H.

PI3K Inhibition Partially Abolished CpG-ODN-Induced Cardioprotection Following Trauma-
Hemorrhage

To determine whether activation of the PI3K/Akt signaling pathways contribute to the
cardioprotective effect of CpG-ODN in T-H, we treated mice with a PI3K specific inhibitor,
LY294002, 15 min prior to CpG-ODN administration. As shown in Figure 4, the mean AP
(A) and LVDP (B) values in LY294002 treated mice that received CpG-ODN treatment
were significantly lower following T-H compared with CpG-ODN-treated group (mean AP
57.6±5.1 vs. 81.9±2.2; LVDP 73.6±3.0 vs. 101.6±1.6, mm Hg). However, the levels of
mean AP and LVDP in LY294002 treated mice were still greater than in vehicle control T-H
mice, suggesting that activation of the PI3K signaling pathway partially contributed to CpG-
ODN-induced cardioprotection following T-H.

CpG-ODN Administration Enhanced Myocardial ERK Phosphorylation
We examined the effect of CpG-ODN administration on ERK phosphorylation in the
myocardium following T-H. Figure 5 shows that the levels of phospho-ERK (P-ERK) were
significantly greater (↑ 52.5%) in CpG-ODN treated sham control than in vehicle sham
mice. The levels of P-ERK in the myocardium were significantly decreased by 68.7% in T-
H mice compared with sham control. However, CpG-ODN administration markedly
attenuated deleterious effect of T-H on ERK phosphorylation. The levels of P-ERK/ERK in
CpG-ODN treated mice were significantly greater (↑ 180.3%) than in the T-H control group.
Inhibition of MEK/ERK by U0126 abolished the effect of CpG-ODN on ERK
phosphorylation after T-H.

Inhibition of ERK Partially Abolished CpG-ODN-Attenuation of T-H-Induced Cardiac
Dysfunction following Trauma-Hemorrhage

We examined the role of the MEK/ERK signaling pathway in CpG-ODN-induced
cardioprotection after T-H. A MEK/ERK specific inhibitor, U0126, was administered to
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mice 15 min prior to CpG-ODN administration. After T-H, cardiac function was measured.
We observed that the levels of mean AP (Figure 4A) and LVDP (Figure 4B) were
significantly decreased by 36.4% and 28.3% in U0126 treated mice that received CpG-
ODN, compared with the CpG-ODN group. However, the level of mean AP in U0126
treated mice was significantly greater than the T-H control group (Figure 4A).

Discussion
The important finding in the present study was that administration of the TLR9 ligand, CpG-
ODN 1826, significantly attenuated cardiac dysfunction following T-H. The mechanisms
involve activation of both PI3K/Akt and MEK/ERK signaling pathways. Inhibition of PI3K
or MEK/ERK partially abolished CpG-ODN-attenuation of T-H-decreased cardiac function.
Our data suggest that modulation of TLR9 by its ligand, CpG-ODN might offer potential
benefit for T-H patients.

Trauma causes tissue and cell damage or even necrosis. When accompanying hemorrhage,
trauma reduces cardiac output and induces organ ischemia (5). T-H injured tissues release
endogenous “damage signals” or “alarmins” which are recognized by TLRs to initiate innate
immune and inflammatory responses (4). It is well known that uncontrolled inflammatory
responses intensify the tissue injury and result in multiple organ dysfunction (3, 22).
Previous reports have shown that TLR4 contributes to T-H-induced organ dysfunction (5,
23). Indeed, a TLR4 antagonist has been shown to exert a beneficial effect in ischemic organ
dysfunction (23). Interestingly, administration a low dose of TLR agonists has been reported
to be a potentially new and novel approach for the treatment and management of several
diseases, including sepsis/septic shock (14). In this study, we observed that administration of
CpG-ODN significantly attenuated T-H-induced cardiac dysfunction. CpG-ODN 1826 is a
synthetic type B TLR9 agonist, which mainly induces the innate immune and inflammatory
responses through TLR9-dependent mechanism. Recent evidence suggests that CpG-ODN
may be a new clinical approach for immunotherapy (24, 25) via modification of TLR-
mediated inflammatory responses.

Recent studies have shown that T-H activates NF-κB activity (20, 21), a key transcriptional
factor which regulates inflammatory gene expression. In the present study, we observed that
CpG-ODN administration significantly attenuated T-H induced myocardial NF-κB
activation which was positively correlated with improved cardiac function after T-H. In the
present study, we also observed that CpG-ODN administration significantly attenuated T-H-
decreased Akt phosphorylation in the myocardium following T-H. The data suggests that
CpG-ODN treatment can activate the PI3K/Akt signaling pathway. Activation of the PI3K/
Akt signaling pathway has been reported to be an endogenous negative-feedback mechanism
to prevent over-responses by TLR-mediated signaling pathways to endotoxin challenge (13).
Previous studies have reported that activation of the PI3K/Akt signaling pathway improved
cardiac functional recovery and cardiomyocyte contractility in T-H animals (26). In
addition, numerous studies have reported that CpG-ODN stimulated Akt phosphorylation in
multiple cell types (27). Collectively, activation of the PI3K/Akt signaling pathway may be
one of the mechanism by which CpG-ODN attenuates T-H-induced cardiac dysfunction. To
determine the role of activation of the PI3K/Akt signaling induced by CpG-ODN, we treated
mice with a specific PI3K inhibitor, LY294002, 15 min before CpG-ODN administration.
We observed that LY294002 administration significantly abolished CpG-ODN-attenuation
of T-H-decreased Akt phosphorylation in the myocardium. More significantly, PI3K
inhibition only partially abolished CpG-ODN-improved cardiac function after T-H. Our data
demonstrated that CpG-ODN attenuated T-H-induced cardiac dysfunction is partially
mediated via activation of the PI3K/Atk signaling pathway. The data also indicated that
additional mechanisms could be involved in CpG-ODN-induced cardioprotection in T-H.
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Activation of MEK/ERK has been implicated in cellular survival and confers protection
against T-H induced injury (28). We determined whether CpG-ODN-induced
cardioprotection involves activation of MEK/ERK signaling. We observed that CpG-ODN
treatment significantly increased the levels of ERK phosphorylation in sham mice,
suggesting that CpG-ODN activated MEK/ERK signaling pathway. A recent study reported
that CpG-ODN induced protection against allergic inflammation is via an ERK dependent
mechanism (28). We also observed that CpG-ODN treatment prevented the decrement in
ERK phosphorylation associated with T-H. It is a great significance that administration of
U0126, a specific MEK/ERK inhibitor, to mice 15 mice prior to CpG-ODN administration
partially abolished the cardioprotective effect of CpG-ODN in T-H. Our observation
suggests that CpG-ODN-induced cardioprotection in T-H is partially mediated via an ERK
signaling pathway.

In summary, we observed that TLR9 ligand CpG-ODN 1826 attenuates cardiac dysfunction
in T-H. The mechanisms involve activation of both PI3K/Akt and MEK/ERK signaling
pathways. Inhibition of either PI3K/Akt or MEK/ERK with their specific inhibitors partially
abolished the cardioprotective effect of CpG-ODN in T-H. Thus, our data demonstrate that
CpG-ODN-induced cardioprotection is mediated, in part, through activation of both PI3K/
Akt and MEK/ERK dependent mechanisms. Our results also suggest that TLR9 ligand CpG-
ODN could be a potential treatment of T-H patients.. However, future studies are needed to
evaluate the beneficial effect of post-treatment with CpG-ODN on cardiac functional
recovery during T-H. In addition, when isoflurane is used for inhalation anesthesia of
experimental animals, room air will be employed at the onset of trauma hemorrhage model
because full oxygen flow during anesthesia may affect the experimental results.
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Figure 1. Cardiac performance before, during and after trauma-hemorrhage
Blood was withdrawn from jugular vein till mean arterial pressure reached 35±5 mmHg.
Arterial pressure (AP, mmHg), left ventricle pressure (LVP, mmHg) and left ventricular
pressure-volume loops were measured at the time points “Before” (before hemorrhage),
“During” (during the first 10 minutes of hemorrhage, the mean AP was maintained at 35±5
mmHg) and “After” (at 60 minutes after the initiation of hemorrhage) in the trauma-
hemorrhage model. Representative graphs of untreated mice are shown above.
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Figure 2. CpG-ODN attenuated the increase in myocardial NF-κB binding activity associated
with trauma-hemorrhage
CpG-ODN (10ug/30g body weight) was intraperitoneally administered one hour before
trauma-hemorrhage (T-H). The PI3K inhibitor, LY 294002 (LY; 1mg/30g body weight) and
ERK inhibitor, U0126 (312 ug/30 g body weight) was administered by intraperitoneal
injection, 15 min prior to CpD-ODN administration. Sham surgical operation severed as
sham control. Sixty min after T-H, hearts were harvested and the nuclear proteins were
isolated. NF-κB binding activity was measured by EMSA. V: vehicle; C: CpG-ODN; L+C:
LY+CpG-ODN; U+C: U0126+CpG-ODN. N=3–5 mice/group.
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‡ P < 0.05 compared to Vehicle sham; *P < 0.05 vs. corresponding sham; #P < 0.05 vs.
CpG-ODN treated T-H.
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Figure 3. CpG-ODN prevents the decrease in myocardial Akt phosphorylation that occurs after
trauma-hemorrhage
CpG-ODN (10ug/30g body weight) was intraperitoneally administered one hour before T-H.
The PI3K inhibitor, LY 294002 (LY; 1mg/30g body weight) or the ERK inhibitor, U0126
(312 ug/30 g body weight) was administered by intraperitoneal injection, 15 min prior to
CpD-ODN administration. Sham surgical operation served as sham control. Sixty min after
T-H, hearts were harvested and the cytosolic proteins were isolated. The levels of phospho-
Akt/Akt (P-Akt/Akt) were examined by Western blot with specific antibodies. V: vehicle; C:
CpG-ODN; L+C: LY+CpG-ODN; U+C: U0126+CpG-ODN. N=4–5 mice/group. *P < 0.05
vs. corresponding sham; #P < 0.05 vs. CpG-ODN treated T-H.
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Figure 4. Inhibiting PI3K or MEK/ERK activity abolished the cardioprotective effect of CpG-
ODN in trauma-hemorrhage
CpG-ODN (10ug/30g body weight) was intraperitoneally administered one hour before T-H.
The PI3K inhibitor, LY 294002 (LY; 1mg/30g body weight) or ERK inhibitor, U0126 (312
µg/30 g body weight) were administered by intraperitoneal injection, 15 min prior to CpG-
ODN administration. Hemodynamic parameters were measured before, during and 60
minutes after the initiation of hemorrhage. Mean AP: mean arterial pressure; LVDP: left
ventricular developed pressure. Data were displayed as of percentage of before. Results
were presented as mean ± SEM (N = 5–8/group). *P < 0.05 T-H vs. vehicle T-H; #P < 0.05
vs. CpG-ODN
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Figure 5. CpG-ODN prevented the decrement in myocardial ERK phosphorylation that is
associated with trauma-hemorrhage
CpG-ODN (10ug/30g body weight) was intraperitoneally administered one hour before T-H.
The PI3K inhibitor, LY 294002 (LY; 1mg/30g body weight) or ERK inhibitor, U0126 (312
ug/30 g body weight) was administered by intraperitoneal injection, 15 min prior to CpG-
ODN administration. Sham surgical operation served as sham control. Sixty min after T-H,
hearts were harvested and the cytosolic proteins were isolated. The levels of phospho-ERK/
ERK (P-ERK/ERK) ratios were examined by Western blot with specific antibodies. V:
vehicle; C: CpG-ODN; L+C: LY+CpG-ODN; U+C: U0126+CpG-ODN. N=4–5 mice/
group. *P < 0.05 vs. corresponding sham; #P < 0.05 vs. CpG-ODN treated T-H.
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