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Abstract
Interleukin (IL)-6 is a pleiotropic cytokine that is activated after acute injuries, and plays an important
role during aging. We aim to define the role of IL-6 on myocardial dysfunction following a 40% total
body surface area burn followed by late (7 days) S. pneumoniae sepsis (burn plus sepsis) in 2- and
14-month-old wild type and IL-6−/− mice. We measured global hemodynamic and cardiac contractile
function with left ventricular pressure-volume analysis 24 hours after sepsis induction, and measured
phophorylated signal transducer and activator of transcription 3 (p-STAT-3), tumor necrosis factor
(TNF)-α, and IL-1β in the heart with Western blot analysis. We also measured mRNA expression of
IL-6, TNF-α, and IL-1β. Sham injured mice did not manifest any appreciable level of p-STAT-3 or
functional deficiencies regardless of age or presence of the IL-6 gene. Burn plus sepsis injury was
associated with a significant deterioration of global hemodynamic and cardiac contractile function
in WT mice in both age groups. This dysfunction was attenuated by IL-6 deficiency at age 2 months,
but accentuated at age 14 months. Aging was associated with an increase in mRNA expression of
IL-6 (WT mice), TNF-α, and IL-1β (all mice). At age 14 months, IL-6 deficient mice exhibited a
greater TNF-α mRNA expression than the wild type mice. We conclude aging is associated with
altered cytokine gene transcription, and burn plus sepsis injury further intensifies such gene
responses. IL-6 deficiency does not abrogate STAT-3 phosphorylation and it may enhance expression
of other inflammatory cytokines. The differential effects of IL-6 deficiency on the cardiac function
in young and aging mice cannot be explained by cytokine gene expression alone, and require further
studies.
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Introduction
Interleukin (IL)-6 is a key regulatory cytokine in the acute phase reaction following injuries
such as burn and sepsis. Despite controversies regarding its role in the inflammatory response,
there is evidence that IL-6 potentiates the inflammatory process and participates in tissue injury
and cell death [1] [2]. In addition, IL-6 production is increased with aging. Blood levels of IL-6
are undetectable in young individuals but start to rise after age 50 [3]. A longitudinal
community study in people between 55 and 95 years has shown linear increases of blood IL-6
levels with age [4]. High levels of IL-6 and C-reactive protein are powerful predictors for all-
cause mortality [5].

Burn injury is a specific threat to the elderly, as society ages and more older people continue
living independently [6]. Old age has long been recognized as a risk factor for poor outcome
after burn, with patients older than 65 years suffering 5–6 times the mortality and requiring
twice the length of hospital stay compared to the average aged adult [7]. A recent review also
showed a marked mortality increase in burn patients 65 years and older, and the survival in
this population has not improved as much as it has in younger patients despite progresses made
in burn care over time [8]. In fact, an analysis from own institutional data indicate that an age
of 50 years or older is an independent risk factor for severe multi-organ dysfunction after burn
[9].

The link between increased IL-6 and poor outcome after burn with aging remains to be
determined. Cardiac dysfunction has been demonstrated in numerous studies after acute
injuries including burn and sepsis. In a review of 1,674 patients with severe burn, cardiac
complications were the second most common organ-related cause of mortality [8]. In our in
vitro study, IL-6 potentiated the myocardial depressive effects of tumor necrosis factor (TNF)-
α and IL-1β [10]. More recently, we demonstrated in vivo the role of IL-6 in exacerbating
myocardial inflammation and contractile dysfunction after burn complicated by sepsis [11].
Goal-directed treatment of burn [12] and sepsis [13] with fluid resuscitation aimed at restoring
hemodynamic function has shown survival benefits. Based on these findings, we hypothesize
that age-associated IL-6 increases contribute to cardiac contractile dysfunction, which may
lead to the development of multiorgan dysfunction associated with the poorer outcome seen
in older burn patients. In this study, we used wild type (WT) and IL-6 knockout (IL-6−/−, KO)
mice at 2 months (MO) and 14 MO of age to analyze global hemodynamic and cardiac
contractile function in our clinically relevant model of cutaneous burn complicated by
pneumonia with sepsis [14,15]. Although 14 MO mice correspond roughly with the human
age of 45–50 years [16], which is by no means considered “old,” our goal is to study
mechanisms contributing to the poor outcome after burn at age 50 years while avoiding possible
influence of excessive co-morbidities associated with older ages.

Materials and Methods
Animals

Male wild type (WT, C57BL/6J) and IL-6 knockout (IL-6 KO, C57BL/6J-Il6tm1Kopf) mice
were obtained from the Jackson Laboratory (Bar Harbor, ME) at age 2 MO and 6–8 MO. Older
mice were further aged on campus to the target age of 14 MO with similar housing and feeding
conditions to the vendor. A total of 10–14 mice were used in each of the 2- or 14-MO, WT or
KO, sham or burn complicated by sepsis (B+S) groups, with a total of eight groups. For
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functional analysis, we combined our current data with those in the previous study [11] for the
2 MO WT and KO mice (the procedure was performed by the same operator), but all 14 MO
mice were new to the study. All experimental procedures were reviewed and approved by the
Institutional Animal Care and Use Committee and all animals were handled in accordance with
guidelines outlined in the “Guide for the Care and Use of Laboratory Animals” as published
by the American Physiology Society and the National Institutes of Health.

The burn complicated by sepsis (B+S) injury model
We have previously characterized global hemodynamic and cardiac contractile dysfunction in
mice [17]. Burn complicated by sepsis (B+S) causes the maximum myocardial depression, and
this compound injury closely represents the clinically relevant scenario in which a septic
complication is associated with 80% of multi-organ dysfunction syndrome and therefore poses
the greatest threat to burn victims [9]. Accordingly, we have chosen to use the B+S injury
model in our current study.

Burn Injury—We used our murine model of 40% total body surface area (TBSA) contact
burn as previously described [14,18]. After the body weight was obtained, mice were placed
in a plastic chamber insufflated with 2.5% isoflurane in oxygen. After loss of consciousness,
the skin was clipped, shaved, and washed with alcohol. Contact burn was induced by brass
probes heated to 100 °C in boiling water for 30 minutes. The size of the probes and number of
contact areas were selected based on the animal’s size to achieve a 40% TBSA burn area, which
covered the entire dorsal area below the neck. Thorough heating of probes and solid contacts
with skin were ensured to induce a complete third-degree burn without any margins of first-
or second-degree burn. This previously described model of injury was confirmed by histology
[18]. After the burn injury, animals were given 4 mL/kg/%TBSA intraperitoneal lactated
Ringer’s solution for resuscitation, and 0.05 mg/kg buprenorphine was given every 12 hrs after
burn for pain control. Mice were allowed to recover in cages placed on warming blankets with
free access to food and water. Sham burn mice underwent the same anesthesia and skin
preparation, but were only exposed to brass probes heated to 37 °C.

Streptococcus pneumoniae Sepsis—Streptococcus pneumoniae type 3 (ATCC 6303)
was obtained from the American Type Culture Collection (Rockville, MD) and inoculated into
the trachea seven (7) days after the initial burn injury as previously described [14]. Briefly,
mice were anesthetized with isoflurane as described above. They were placed in a supine
position, and the area over the trachea was prepared with povidone-iodine and alcohol. Using
sterile instruments, a midline incision was made over the trachea; the trachea was identified
and isolated via blunt dissection. A 0.1 mL aliquot of bacterial suspension containing 1 ×
105 CFU of S. pneumoniae was injected directly into the trachea using a 31-gauge needle. The
concentration of the bacteria was determined by densitometry and confirmed with bacterial
culture. Sham mice received the 0.1 mL of phosphate buffered solution as vehicle without
bacteria. After the endotracheal instillation, mice were placed in a 30° head-up position for
five minutes to facilitate entry of bacteria into the lungs. The wound was closed with 6-0
polypropylene sutures. After receiving 2 mL of intraperitoneal lactated Ringer’s solution for
fluid resuscitation, mice were allowed to recover from anesthesia. This model of pneumonia-
related sepsis was confirmed 24 hrs after bacterial challenge by positive blood cultures (> 2 ×
103 CFU) and bronchial lavage cultures (> 1 × 106 CFU) of the original bacterial strain.

Hemodynamic and cardiac function assessments
We used our previously established method of hemodynamic and cardiac contractile function
measurements with internal carotid artery cannulation and pressure-volume analysis of the left
ventricle (LV) [11,14,17,19,20]. The left carotid artery was cannulated with fluid-filled tubing
connected to a pressure transducer (BLPR, WPI, Sarasota, FL) and the LV pressure-volume
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data were collected with a 1.4 Fr. conductance catheter (SPR 839, Millar Instruments, Houston,
TX). Steady state hemodynamics was measured, followed by contractility parameters with
preload reduction transient (1–2 seconds) inferior vena cava (IVC) occlusion while suspending
mechanical ventilation. Data were digitally converted and displayed using Chart software (v.
4.12, ADInstruments, Castle Hill, Australia). Hemodynamic and contractility measurements
were made at a constant isoflurane concentration of 1.5% and a standard preload of a left
ventricular end-diastolic volume of 15–18 relative volume units (RVU) [17]. Steady-state
hemodynamic measurements included mean arterial pressure (MAP), heart rate (HR), stroke
volume (SV), along with cardiac output (CO) and systemic vascular resistance (SVR) as
calculated variables. Variables obtained during IVC occlusion included left ventricular end-
systolic pressure-volume relationship (ESPRV), preload-recruitable stroke work (PRSW),
time-varying maximum elastance (Emax) [14,17]. The slopes of ESPVR and PRSW represented
the end-systolic pressure and stroke work of the left ventricle generated in response to a
changing left ventricular end-diastolic volume caused by transient IVC occlusion. Likewise,
Emax was the maximum left ventricular pressure/volume response at varying preload [21]. Data
were analyzed with pressure-volume analysis software (PVAN ver. 3.1, Millar Instruments).

Cardiac tissue Western blot analysis of signal transducer and activator of transcription 3
(STAT-3), phosphorylated STAT-3 (p-STAT-3) and cytokines

To ensure accuracy of the hemodynamic and cardiac function assessment, no blood samples
were drawn for cytokine measurements using ELISA. At the end of the hemodynamic and
cardiac contractility experiment, the heart was rapidly excised, rinsed in 4 °C saline and stored
at −80°C. Frozen heart tissues were homogenized in ice-cold lysis buffer (0.5 g tissue/mL)
containing 10 mM HEPES (pH 7.4), 2 mM EDTA, 0.1% CHAPS, 5 mM DTT, 1 mM PMSF,
and one Mini Complete Protease Cocktail Inhibitor tablet per 10 mL of compete buffer (Roche,
Mannheim, Germany). The homogenized samples were incubated on ice for 30 min and
centrifuged at 10,000 g for 10 min at 4°C. Protein concentration was determined by the
Bradford assay, using bovine serum albumin (BSA) as the standard curve (Protein Assay
Reagents, Bio-Rad, Hercules, CA). Following protein determination, samples were mixed with
Laemmli Sample Buffer (161-0737, Bio-Rad) and 2-mercaptoethanol (Electrophoresis Purity
Reagent, 161-0710, Bio-Rad), denatured for 5 minutes at 95°C, and separated on a 4~12%
SDS-polyacrylamide gel. The proteins were transferred to PVDF membranes (Millipore,
Bedford, MA). The membranes were blocked in PBS with 0.1% Tween-20 (PBS-T) containing
5% non-fat dry milk at room temperature for 1 hour and then washed in PBS-T, incubated with
primary antibodies in 5% BSA in PBS-T overnight at 4 C. Membranes were then washed in
PBS-T and incubated with horseradish preoxidase-conjugated secondary antibody. After
washing in PBS-T, protein detection was performed using SuperSignal West Pico
Chemiluminescent Substrate (Pierce, Rockford, IL) and exposed to X-ray film. Antibodies and
conditions used were as follows (all antibodies were obtained from Santa Cruz Biotechnology,
Santa Cruz, CA): mouse monoclonal to STAT3 (F-2, SC-8019, 1:400), mouse monoclonal to
p-STAT-3 (SC-8059, 1:400), goat polyclonal to IL-6 (SC-1265, 1:400), goat polyclonal to
IL-1β (SC-1251, 1:400), goat polyclonal to TNF-α (SC-1350, 1:200). The molecular weight
of the detected protein was verified with a commercial standard kit (Prestained SDS-PAGE
Standards, 161-0318, Bio-Rad). Three separate immunoblots were used for each sample.
Quantification of band density was performed using Quantity One software (Bio-Rad, version
4.4.0) with GAPDH as internal control.

Cardiac tissue cytokine mRNA expression
Total RNA was isolated from frozen heart tissues with RNeasy Minikit (Qiagen, Valencia,
CA), subjected to DNase I (Qiagen) treatment. Reverse transcription reactions were performed
with 10 μg of total RNA for each 100-μl RT reaction with a high capacity cDNA reverse
transcription kit (Cat. No 4368814, Applied Biosystems, Foster City, CA) per protocol. Gene
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expression of TNF-α and IL-1β were measured using gene-specific TaqMan assay kits
(Applied Biosystems) and a real-time PCR system (IQ 5, Bio-Rad, Hercules, CA) with an
optical detection and analysis system. All gene expression levels were expressed as relative
changes over the 2 MO WT sham mice, using β-actin as a housekeeping gene. TaqMan assays
of β-actin, IL-6, TNF-α, and IL-1β were purchased as pre-optimized kit from Applied
Biosystems with the assay ID Mm00607939_s1, Mm99999068_m1, and Mm01336189_m1,
respectively.

Data were expressed as mean ± standard error of the mean. Comparisons were made between
Sham and B+S injury (with the same age and gene), between 2 MO and 14 MO mice (with the
same gene and injury), and between WT and KO (with the same age and injury) with t test. A
value of p < 0.05 was considered statistically significant.

Results
1. Global hemodynamics and cardiac contractile function 24 hours after sham or B+S injury

As previously demonstrated in 2 MO mice, B+S causes marked changes in global
hemodynamic and cardiac contractile changes, with a decrease in HR, CO, and an elevated
SVR, and relatively maintained MAP; cardiac contractility decreases as shown by load-
insensitive variables (ESPVR, PRSW, and Emax) [11,14]. Data in our current study with new
2 MO mice confirmed these findings. In addition, they showed no significant functional
changes associated with aging or IL-6 deficiency per se in the absence of B+S injury. Consistent
with our previous findings, B+S injury caused a significant deterioration of hemodynamic and
cardiac contractile function in all mice. In 2 MO mice, IL-6 deficiency was partially protective
of cardiac function in terms of higher HR, CO, lower SVR, and higher ESPVR, PRSW, and
Emax (Table 1). At 14 months of age, neither WT nor KO mice showed a significant change
in the hemodynamic and cardiac function with sham injury alone. After the B+S injury,
however, 14 MO mice had worsened hemodynamic and cardiac contractile function compared
to the 2 MO counterparts. In addition to the more pronounced decrease in HR and CO, MAP
started to decrease despite an elevated SVR. Unlike the 2 MO age group, 14 MO KO mice
showed worsened hemodynamic and cardiac contractile function compared to 14 MO WT
mice: there were more significant bradycardia, hypotension, low cardiac output; ESPVR,
PRSW, and Emax showed markedly decreased contractility (Table 1).

2. p-STAT-3 levels 24 hours after sham or B+S injury
Phosphorylation of STAT-3 occurs following ligand-receptor coupling of IL-6 related
cytokines [22], and phosphorylated STAT-3 (p-STAT-3) has been used to indicate IL-6 signal
transduction [23]. The ratio of p-STAT-3 to total STAT-3 (p-STAT-3/STAT-3) was used to
indicate the level of STAT-3 activation. In 2 MO WT mice, STAT-3, p-STAT-3, as well as p-
STAT-3/STAT-3 ratio all increased in response to B+S injury (Figure 1A-C, first pair of bars).
At baseline, 2 MO KO mice had a higher level of STAT-3 levels than the 2 MO WT mice, but
their p-STAT-3 level as well as the p-STAT-3/STAT-3 ratio remained very low. After B+S
injury, there was a significant phosphorylation of STAT-3 which was similar to 2 MO WT
mice (Figure 1B-C, second pair of bars). With aging, 14 MO WT mice had a higher level of
STAT-3 at baseline, but p-STAT-3 level as well as the p-STAT-3/STAT-3 ratio also remained
very low (Figure 1A-C, third pair of bars). After B+S injury, there was a pronounced
phoshorylation with a much higher p-STAT-3 level and p-STAT-3/STAT-3 ratio in 14 MO
mice than 2 MO mice (Figure 1B-C, first and third pairs of bars). At baseline, 14 MO KO mice
had similar p-STAT-3 and p-STAT-3/STAT-3 ratio to 14 MO WT mice; after B+S injury,
phosphorylation of STAT-3 was partially attenuated compared to 14 MO WT mice (Figure
1A-C, third and fourth pairs of bars).
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3. mRNA production and protein levels of IL-6, TNF-α, and IL-1β 24 hours after sham or B+S
injury

Aging itself was associated with an increase in IL-6 mRNA production in the heart, as
evidenced by a greater than 10-fold increase in tissue IL-6 mRNA levels in the 14 MO group
over the 2 MO group after sham injury (Figure 2A). After B+S injury, there was a significant
increase in cardiac IL-6 mRNA production in both 2 MO and 14 MO mice, but the there were
no differences in mRNA response between the age groups (Figure 2A). Protein levels of IL-6
in the myocardial tissue, however, were similar among all groups (Figure 2B). IL-6 deficient
mice produced no IL-6 mRNA (data not shown), so IL-6 protein was not assayed.

Aging was also associated with an increase in TNF-α mRNA production. In the 14 MO KO
group, cardiac TNF-α expression after sham injury was higher than the 14 MO WT group.
After B+S injury, TNF-α expression increased in all groups except 14 MO KO whose baseline
expression levels were already the highest among all groups and the response after B+S did
not significantly increase compared to the sham group at the same age (Figure 3A). Protein
levels of TNF-α, however, were similar among all groups, and showed no significant response
to B+S injury (Figure 3B).

Much like TNF-α, cardiac IL-1β mRNA increased with aging after sham injury. After B+S
injury, there was a significant increase in IL-1β mRNA in all groups except in the 14 MO KO
mice whose baseline expression levels were highest among all groups and the response after
B+S did not significantly increase compared to the sham group at the same age (Figure 4A).
IL-β protein was higher in the 14 MO WT mice than 2 MO WT mice. In 14 MO KO mice,
such a change was attenuated. Changes associated with the B+S injury, however, were not
significant (Figure 4B).

Discussion
While our previous studies indicated a role of IL-6 in exacerbating myocardial dysfunction
[10][11], current findings in different age groups are somewhat surprising, and possibly
contradictory to our hypothesis: 1) Despite increased pro-inflammatory cytokine mRNA
expression, 14 MO mice showed no dysfunction until they are injured; 2) IL-6 deficiency
protects cardiac function in 2 MO mice but worsens it in 14 MO mice following B+S injury;
3) total body IL-6 deficiency is not necessarily associated with a low STAT-3 or p-STAT-3
level, and phosphorylation of STAT-3 takes place after B+S independent of the IL-6 gene; and
4) IL-6 deficiency is associated with increases in TNF-α and IL-1β mRNA but not protein
production.

The fact that non-injured 14 MO mice exhibit normal cardiac function despite abnormal mRNA
production of IL-6, TNF-α, and IL-1β may indicate existence of compensatory mechanisms to
overcome potential detrimental effects of these cytokine transcription abnormalities at this age.
In addition, the lack of differences in protein concentrations of these cytokines may indicate
possible post-transcriptional regulation that equalizes protein levels despite differences in
transcriptional activities. We have previously shown that even in transgenic mice over-
producing myocardial IL-6 and increased basal inflammation, cardiac dysfunction did not exist
as long as these mice were not injured [11]. It appeared that baseline mRNA transcription
abnormalities in 14 MO mice were not associated with cardiac dysfunction. Older mice may
ultimately show age-related functional differences as demonstrated by Yang et al using the
same method of functional analysis as our study [24].

In contrast to the non-injured state, B+S injury evoked worsened cardiac dysfunction, and such
dysfunction was more pronounced in the 14 MO mice than the 2 MO mice. This phenomenon
may reflect an additive effect of injury-elicited cytokine activation and the existing altered
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gene expression in older mice. The functional difference is in accordance with the clinical
finding that outcomes after burns are worse in persons older than 50 years of age [9] despite
overtly normal functionality without the injury in most people at this age.

The previously demonstrated beneficial effect of IL-6 deficiency on myocardial function in 2
MO mice [11] was not observed in the 14 MO mice. In fact, IL-6 deficiency worsens cardiac
dysfunction in older mice after B+S injury. This finding contrasts with the demonstration of
attenuated acute phase reactions and improved survival in 18–20 MO mice after sepsis induced
by endotoxin injection [25]. While such a difference in outcome could be attributed to the
different injury models and ages used, our data with elevated myocardial levels of p-STAT-3
in IL-6 KO mice after B+S injury suggest that certain functions of IL-6 may be shared by other
substances, allowing the gp130-STAT-3 pathway to be activated in the absence of IL-6. The
ability of STAT-3 to be phosphorylated and the increase in TNF-α and IL-1β mRNA production
in IL-6 KO mice may serve as evidence of the functional redundancy both within and outside
the IL-6 family of cytokines. It is possible that a compensatory mechanism exists in the absence
of IL-6, due to the functional redundancy of IL-6 family of cytokines. Such a postulation is in
agreement with the fact that IL-6 KO mice manifest no significant structural or functional
limitations despite the role of IL-6 in a wide range of biological functions including tissue and
organ growth.

Despite IL-6 deficiency, STAT-3 phosphorylation remained intact after B+S injury at either
age. In addition, IL-6 deficiency was associated with different mRNA production patterns of
pro-inflammatory cytokines at different ages: TNF-α and IL-1β mRNA levels were higher in
14 MO mice than 2 MO mice, and TNF-α mRNA level is higher in KO than WT mice at this
age. The increase in TNF-α and IL-1β mRNA may reflect a pro-inflammatory change which
may play a role in the poor cardiac function in 14 MO KO mice.

Currently, we have no satisfactory explanation for the discrepancy between cytokine mRNA
and protein levels. As pointed out in a survey [26], high throughput mRNA assays have
different sensitivities and noise levels from the traditional protein assays, and protein
measurements are subject to post-transcriptional regulation and varying half-lives of proteins.
The Western blot technique may have obscured some potential differences in protein
production. Other investigators have also highlighted the importance of post-transcriptional
cytokine regulation [27] [28]. The present study design prevented us from taking serial blood
samples or applying more sensitive protein assay measurements, such as ELISA of supernatant
of cultured myocardial cells, making it possible for us to have “missed” certain significant
windows of protein production.

In summary, burn plus sepsis injury causes marked cardiac dysfunction. The role of IL-6 after
such an injury appears to be complex and varies with age. IL-6 deficiency is partially protective
of cardiac function in 2 MO mice, but is harmful in 14 MO mice. Aging itself is associated
with baseline changes in cytokine mRNA levels, and IL-6 deficiency further accentuates these
changes. In addition, the STAT-3 activation pathway remains intact after the complex injury
even in the absence of IL-6. Cardiac function after burn and sepsis injuries may represent a
complex interplay of aging-related cytokine interactions both within and outside the IL-6
family.

Acronyms

TNF-α Tumor necrosis factor-α

IL-1β Interleukin-1β

IL-6 Interleukin-6
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WT Wild type

KO IL-6 knockout

MO Month-old

B+S Burn complicated by sepsis

TBSA Total body surface area

STAT-3 signal transducer and activator of transcription 3

p-STAT-3 phosphorylated signal transducer and activator of transcription 3

HR Heart rate

MAP Mean arterial pressure

SV Stroke volume

CO Cardiac output

SVR Systemic vascular resistance

ESPVR Systolic pressure-volume relationship

PRSW Preload-recruitable stroke work

Emax Maximum elastance

IVC Inferior vena cava
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Figure 1.
Figure 1A. Levels of STAT-3 in 2 MO and 14 MO WT and KO mice after sham and B+S
injury. * p < 0.05 vs. sham, # p < 0.05 vs. 2 MO, and † p < 0.05 vs. WT.
Figure 1B. Levels of p-STAT-3 in 2 MO and 14 MO WT and KO mice after sham and B+S
injury. * p < 0.05 vs. sham and † p < 0.05 vs. WT.
Figure 1C. STAT-3/p-STAT-3 ratio in 2 MO and 14 MO WT and KO mice after sham and B
+S injury. * p < 0.05 vs. sham, # p < 0.05 vs. 2 MO, and † p < 0.05 vs. WT.
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Figure 2.
Figure 2A. IL-6 mRNA levels by real-time PCR in 2 MO and 14 MO WT mice after sham and
B+S injury. * p < 0.05 vs. Sham.
Figure 2B. IL-6 protein levels by Western blot in 2 MO and 14 MO WT mice after sham and
B+S injury.
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Figure 3.
Figure 3A. TNF-α mRNA levels by real-time PCR in 2 MO and 14 MO WT and KO mice after
sham and B+S injury. * p < 0.05 vs. sham, # p < 0.05 vs. 2 MO, and † p < 0.05 vs. WT.
Figure 3B. TNF-α protein levels by Western blot in 2 MO and 14 MO WT and KO mice after
sham and B+S injury.
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Figure 4.
Figure 4A. IL-1β mRNA levels by real-time PCR in 2 MO and 14 MO WT and KO mice after
sham and B+S injury. * p < 0.05 vs. sham, # p < 0.05 vs. 2 MO, and † p < 0.05 vs. WT.
Figure 4B. IL-1β protein levels by Western blot in 2 MO, 14 MO, WT and KO mice after sham
and B+S injury. # p < 0.05 vs. 2 MO.
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