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Abstract
Hemorrhagic shock due to trauma (HS/T) induces an inflammatory response that can contribute to
end-organ injury. The pathways involved in the initiation and propagation of HS/T-induced
inflammation are incompletely understood. Here, we hypothesized that the DNA sensor TLR9
would have a role in inflammatory signaling after HS/T. Using mice expressing a nonfunctional,
mutant form of TLR9, we identified a role of TLR9 in driving the initial cytokine response and
liver damage in a model of hemorrhagic shock and bilateral femur fracture. Circulating DNA
levels were found to correlate with the degree of tissue damage. Experiments using chimeric mice
show that TLR9 on both bone marrow-derived cells and parenchymal cells are important for the
TLR9-mediated liver and tissue damage, as well as systemic inflammation following HS/T. These
data suggest that release of DNA may be a driver of the inflammatory response to severe injury as
well as a marker of the extent of tissue damage. One of the sensors of DNA in the setting of HS/T
appears to be TLR9.
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INTRODUCTION
Trauma is the leading cause of death and morbidity in the United States in people under the
age of 45. Morbidity and mortality following trauma results, in part, from the excessive
activation of inflammatory signaling pathways and the subsequent development of the
systemic inflammatory response syndrome (SIRS). SIRS can lead to multiple organ
dysfunction syndrome (MODS) and death (1–3). The most severely injured patients
typically experience a combination of global hypoperfusion, in combination with extensive
tissue injury and this combination is typically required for the development of early MODS
(4,5). Significant improvements in trauma patient management have decreased the severity
and mortality of MODS, but the syndrome still remains a significant contributor to not only
early MODS but also late morbidity resulting from nosocomial infections (1–3). SIRS
induced by polytrauma is characterized by elevated levels of inflammatory mediators such
as IL6 and IL10. However, the exact mechanisms by which trauma activates inflammation
have not been fully clarified. Recently, much interest has developed in the prognostic and
diagnostic utility of circulating cell-free DNA in trauma and critically ill patients (6–9).
More recently, Zhang, et al. (10) demonstrated circulating mitochondrial DNA released
from cellular disruption by trauma is a key link between trauma, inflammation and SIRS.

It is known that tissue injury in the absence of infection, hemorrhage, or ischemia/
reperfusion (I/R) can trigger the release of endogenous damage-associated molecular
patterns (DAMPs). These DAMPs can be recognized by pattern recognition receptors and
serve as an early trigger to initiate inflammation after injury (11). The best characterized
pattern-recognition receptors are the Toll-like receptors (TLRs). Studies in murine trauma
and I/R models have strongly implicated TLR4 (12–14) and to a lesser extent TLR2 (15,16)
in the injury response. Other TLRs capable of recognizing endogenous molecules, such as
TLR9 have not been as well studied. TLR9 is a sensor for bacterial DNA rich in
unmethylated CpG motifs and can also be activated by DNA from mammalian cells (17–
20). TLR9 has been found in immune cells, such as macrophages and dendritic cells (21), as
well as non-immune cells including endothelial cells (22) and hepatocytes (23).

Although TLR9 has been intensely studied in the innate immune response to infection, its
role in sterile challenges including drug-induced liver injury (24,25), and I/R liver injury
(26,27), has only recently emerged. The importance of TLR9 in initiating the systemic
inflammatory response and driving end-organ injury after systemic insults is unknown.
Using mice expressing a nonfunctional, mutant form of TLR9 (28), we identified a role for
TLR9 in driving the initial cytokine response and liver damage in a model of hemorrhagic
shock and bilateral femur fracture (HS/T). Circulating DNA levels were found to correlate
with the degree of tissue damage. Experiments using chimeric mice show that TLR9 on both
bone marrow and non-bone marrow derived cells are important for the TLR9-mediated liver
and tissue damage, as well as inflammatory responses following HS/T.

MATERIALS AND METHODS
Mice

Mice used in the experimental protocols were housed in accordance with University of
Pittsburgh (Pittsburgh, PA, USA) and National Institutes of Health (NIH; Bethesda, MD,
USA) animal care guidelines in specific pathogen-free conditions. Male C57BL/6 (WT)
mice obtained from Charles Rivers, and TLR9 mutant mice (CpG1) provided by Dr. B.
Beutler (The Scripps Research Institute, La Jolla, CA, USA), 8 to 12 weeks old and
weighing 20–30 g, were used in chimera generation. The animals were maintained in the
University of Pittsburgh Animal Research Center with a 12-h light-dark cycle and free
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access to standard laboratory feed and water. All animals were fasted for ~12 h prior to
experimental manipulation and were acclimatized for 7 days prior to being used.

Chimeric animals
Chimeric mice were generated by adoptive transfer of donor BM cells into irradiated
recipient animals as described previously using combinations of WT (C57BL/6) and TLR9
Mu (TLR9 mutant) mice (28,29). The following recipient/donor combinations were
produced: WT/WT, WT/Mu, Mu/Mu, Mu/WT. Recipient mice were exposed to an
otherwise lethal 1000 cGy from a 137Cesium source (Nordion International Inc., Ontario,
Canada) 6 h before receiving 5 million bone marrow cells by tail vein injection. The bone
marrow cells were prepared in a sterile manner from the tibia and femur bones of the donor
mice. Control mice had C57BL/6 donor and recipient as the positive control, and TLR9
mutant donor and recipient as the negative control. Crossed groups had C57BL/6 donors
with TLR9 mutant recipients, or TLR9 mutant donors with C57BL/6 recipients. All animals
were monitored two to three times weekly for the first 2 wk to ensure successful bone
marrow engraftment. Chimeric animals were maintained under the same conditions as
described above and underwent the experimental injury protocol or sham procedure more
than 8 weeks after the adoptive transfer to ensure stable engraftment.

Chloroquine treatments
For chloroquine treatment experiment, chloroquine (Sigma, St. Louis, MO, USA) 60 mg/kg
in 200 μl or an equal volume of PBS was administrated intraperitoneally at 14 h and 1 h
prior to induction of femur fracture/hemorrhagic shock.

Femur fracture/hemorrhagic shock model
As described previously (30,31), animals were anesthetized with i.p. sodium pentobarbital
(70 mg/kg) and inhaled isofluorane (Abbott Labs, Chicago, IL, USA). A closed, mid-shaft,
fracture of the femoral diaphysis was then induced via a three-bending technique with
controlled local soft tissue damage related to the fracture. Then, utilizing the sterile
technique, unilateral groin dissections were performed, and femoral arteries were cannulated
with tapered PE-10 tubing, flushed with heparin sulfate (Pharmacia, Uppsala, Sweden, and
Upjohn, Kalamazoo, MI, USA), for a total of ~2 U heparin per animal. The groin catheter
was connected to a blood pressure transducer (Micro-Med) for continuous MAP readings.
Mice were allowed to recover from the inhalational anesthesia for 10 min before initiation of
hemorrhage. After baseline blood-pressure readings, repeated three times, mice were
hemorrhaged to a MAP of 25 mmHg over 5 min. Total withdrawn blood was recorded every
10 min, and mice were maintained at a MAP of 25 mmHg for 150 min. The mice were then
resuscitated over 10 min with two times the maximal shed blood amount in Lactated
Ringer's solution through the arterial catheter. After post-resuscitation blood pressure
readings, catheters were removed, vessels were ligated, and groin incisions were closed with
4-0 nylon sutures, and buprenorphine was injected for analgesia. At corresponding times
after the end of hemorrhage, the animals were killed under inhalational anesthesia. Plasma
from postmortem blood samples was obtained for biomarkers and blood chemistry analysis.
Organs were snap-frozen in liquid nitrogen for biochemical analysis.

Plasma cytokines assay
Plasma IL-6 and IL-10 levels were used as a means of evaluating systemic inflammation
[31, 32], and were quantified with commercial ELISA kits (R&D Systems Inc.,
Minneapolis, MN, USA).
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Circulating DNA measurement
In some experiments, plasma double-stranded (ds) DNA and single stranded (ss) DNA were
analyzed for analysis of cell-free DNA levels by fluorimetric assay. For this purpose, plasma
dsDNA and ssDNA quantification was performed using PicoGreen dsDNA kit and OliGreen
ssDNA kit (Invitrogen/Molecular Probes, Eugene, Oregon, USA) respectively, according to
the manufacturer's instructions. Briefly, PicoGreen or OliGreen reagent was diluted 1:200
with TE (pH=7). Each reaction contained 50 μl of a dye solution plus a sample DNA made
up to 50 μl in TE. Each sample DNA was analyzed in two duplicated dilution series.
Standard curves were constructed by serial dilution of lambda DNA stock provided by the
manufacturer. Black microtiter plates (Nunc, Denmark) were read in FLx800 fluorometer
(Bio Tek Instruments, Winooski, Vermont, USA) at an excitation wavelength of ~480 nm
and emission of ~520 nm. Blank values were subtracted and replicates averaged for each
sample.

Liver damage assessment
To assess hepatic function and cellular injury following femur fracture/hemorrhagic shock,
Plasma levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were measured using the Dri-Chem 7000 Chemistry Analyzer (Heska Co., Loveland, Colo,
USA).

Apoptosis assay
Apoptosis with terminal deoxynucleotidyl-transferase dUTP nick end-labeling (TUNEL)
assay was performed to confirm cell death using a kit from Promega (Madison, WI, USA).
Following cryopreservation as described above in the HS/T methods, sections of 5 μm were
prepared and processed for the TUNEL assay according to the manufacturer's protocol and
counterstained with Hoeschst (bisbenzimidie) nuclear stain. TUNEL positive cells were
quantitated using a Metamorph image acquisition and analysis system (Chester, PA, USA)
using a Nikon microscope. TUNEL-positive cells were then counted blindly and expressed
as a percentage of the total cell number.

Histopathology
Ethanol fixed samples were processed in an automated Excelsior processor in which tissue
was taken through a series of alcohols from 70% to 100%, cleared using Xylenes and
infiltrated with paraffin on a vacuum system. 4 μm thick sections were cut after embedding
in a paraffin block, and baked on slides for 1 hour at 58°C. After cooling, the slides were
stained with standard hematoxylin-eosin staining, and then assessed for necrosis and
inflammatory infiltrate.

Statistical analysis
The data are expressed as mean ± standard error of the mean. Comparisons between groups
were performed using one-way analysis of variances (ANOVA) and a post-hoc Tukey test.
Probability values less than 0.05 were considered statistically significant. When individual
studies are demonstrated, these are representative of at least three independent studies.

RESULTS
A comparison of circulating DNA levels, ALT, and AST levels and IL-6 and IL-10 levels
following hemorrhagic shock

Levels of circulating DNA are known to increase after tissue trauma (6–8). Recent evidence
suggests that hypomethylated DNA, such as that found in mitochondria can act as a trigger
of inflammation following injury (10). Therefore, release of cell-free DNA can serve as both
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a marker of tissue damage and possibly an immune activator. Here, we compared the timing
and extent of DNA accumulation in the circulation following resuscitated HS with the
appearance of other typical markers of tissue damage, the transaminases ALT and AST. We
also assessed the onset and magnitude of the systemic inflammatory response by measuring
circulating IL-6 and IL-10 levels. As shown in Fig. 1, levels of both dsDNA and ssDNA
were increased over baseline by 1 hour following resuscitation from HS. The greatest
increases were measured at 3 hrs with persistent elevations evident at 24 hrs, the latest time
point assessed. Levels of ssDNA were nearly 4-fold higher that measured for dsDNA and
reached nearly 4ug/ml. Interestingly, increases in levels of ALT and AST over baseline were
not seen until 3 hrs following resuscitation with the highest elevation detected at 6hrs for
ALT and 24 hrs for AST.

Of the cytokine markers of inflammation following trauma, IL-6 and IL-10 are upregulated
the earliest and correlate best with the extent of tissue damage (32,33). We found that IL-10
levels were already significantly increased at the 1 hr time point followed by a gradual
decline. Increases in IL-6 levels followed and were highest at the 6 hr time point. Taken
together, this data shows that the increases in circulating cell-free DNA occurs early
following injury and precede even more classical markers of tissue damage. The increases
also parallel the upregulation of inflammatory markers.

TLR9 is involved in the systemic inflammatory response following injury
To determine if one of the key innate immune sensors of DNA is involved in the systemic
inflammatory response following injury, we subjected TLR9 mutant mice and their wild
type counterparts to a combination of HS and bilateral femur fracture (HS/T) as described in
methods. Measurements of IL-6 and IL-10 at 6hrs demonstrated the expected significant
increase in both cytokines (Fig. 2). In contrast, TLR9 mutant mice exhibited minimal
elevation in either IL-6 or IL-10. Both strains had low to undetectable levels at baseline.
These data demonstrate that TLR9 signaling is required for the typical systemic cytokine
response observed following severe injury.

TLR9 signaling mediates liver damage and increases in circulating DNA levels following
injury

The delayed end-organ and tissue damage that follows resuscitation from HS is, in part, due
to the activation of inflammatory pathways (34). To determine if TLR9 also contributed to
end-organ damage in our model, we assessed liver injury at 6hrs following HS/T.
Circulating ALT and AST, as well as histology were used to establish the extent of liver
damage. As shown in Fig. 3, no liver damage was seen at baseline in either strain. Marked
liver damage was seen in the wild type mice subjected to HS/T. However, TLR9 mutant
mice displayed minimal liver damage. This included a near absence of liver necrosis, as well
as TUNEL positive cells. To seek additional evidence for the importance of TLR9 signaling
in HS/T-induced liver damage, we pre-treated wild type mice with chloroquine. Chloroquine
inhibits signaling through endosomal receptors like TLR9 (35). As shown in Fig. 4,
chloroquine pretreatment suppressed liver damage following HS/T as measured by
circulating ALT levels.

As described above, circulating DNA could serve as both a mediator and a marker of tissue
damage. To determine if the increases in circulating DNA observed following HS required
TLR9, we assessed circulating dsDNA and ssDNA levels in wild type and TLR9 mutant
mice at 6 hrs following HS/T. Sham treated animals exhibited a minor increase over baseline
in both strains for dsDNA and ssDNA (Fig. 5). However, only the wild type mice exhibited
the expected increase in circulating DNA levels following HS/T. These data indicate that
signaling through TLR9 is involved in liver damage and is also required for increases in
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circulating DNA levels following injury. This does not rule out a role for the DNA in
driving the inflammatory response but instead indicates that TLR9 signaling leads to tissue
damage manifested by DNA release.

TLR9 on both bone marrow and non-bone marrow derived cells is involved in HS/T-
induced tissue damage

TLR9 is expressed on a number of cell types including leukocytes (21), endothelial cells
(22), and hepatocytes (23). To assess the importance of TLR9 on cells of bone marrow
origin, such as leukocytes and non-bone marrow derived cells, we generated bone marrow
chimeric mice. Following lethal irradiation either wild type or TLR9 mutant mice were
reconstituted with bone marrow from wild type or mutant donors. We (31) and others (36)
have previously shown that this approach leads to a near complete conversion of liver
macrophages to donor phenotype by 10 weeks. Mice from the four groups were subjected to
either sham manipulation or HS/T and liver damage assessed at 6hrs. As shown in Fig. 6, the
control group combinations exhibited the expected results with WT/WT (recipient/donor)
subjected to HS/T exhibiting significant increases in circulating ALT, AST, IL-6 and DNA
levels and the MU/MU mice protected from liver injury and exhibited lower IL-6 and DNA
levels. The test group combinations where either only the bone marrow derived cells or only
the non-bone marrow derived cells expressed the mutant form of the TLR9 were also
protected from liver and tissue damage and had lower circulating IL-6 levels than the WT/
WT combination. These findings suggest that TLR9 on multiple cell types participates in the
injury response in this model.

DISCUSSION
There is increasing evidence that the systemic inflammatory response following trauma is
initiated and driven by the stimulation of pattern recognition receptors of the innate immune
system (10,33,37). Furthermore, there is some evidence that this receptor activation is driven
by danger associated molecular pattern (DAMP) molecules released by damaged or stressed
tissues (24,38). Recent findings implicate mitochondrial DNA as a DAMP which triggers
PMN activation via TLR9 following trauma (10) Here, we show that signaling through
TLR9 is also involved in the initial systemic inflammatory response in a model of HS and
trauma (HS/T). Signaling through TLR9 also contributes to liver injury in this model.
Studies using chimeric mice indicate that TLR9 on both bone marrow-derived cells and
parenchymal cells is part of this response. HS/T induces the release of DNA into the
circulation; however much of this is dependent on TLR9 signaling confirming that increases
in circulating DNA levels results from tissue damage. Thus, TLR9 is another pattern
recognition receptor important not only to the host response to infection, but also the
response to injury.

It is now well established that molecules of both microbial and host origin can activate
signaling through a common set of innate immune receptors (39,40). We have suggested that
this could be one explanation for the similarity of the systemic inflammatory response seen
in severely injured and septic patients (33). Best studied in this regard are the TLRs, where
TLR2, TLR3, TLR4, and TLR9 have been shown to participate in the aspects of the
inflammatory in a range of tissue injury models (41). Of these, TLR4 has been most
extensively studied in systemic injury models. Mice deficient in TLR4 signaling have been
shown to exhibit less end-organ damage and a diminished inflammatory response following
HS (42) or bilateral femur fracture (31,34). As seen here with TLR9, it appears that TLR4
on both bone-marrow and non-bone marrow derived cells are critical to these responses
(44). Although the triggers of TLR4 signaling following trauma are uncertain, one potential
candidate is high mobility group box 1 (HMGB1) (43). Neutralizing anti-HMGB1
antibodies mimic the TLR4 deficient state (13). Studies using TLR2 knockout mice indicate
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that TLR2 also contributes to trauma-induced responses in pulmonary contusion (44) and
burns (45). Our current study adds TLR9 to the growing list of pattern recognition receptors
involved in the HS and tissue trauma- induced systemic inflammatory response. How the
various TLRs interact or coordinate to the response to injury is uncertain. However, it is
possible that there is both some redundancy in the response, as well as cell and tissue-
specific aspects to TLR function.

The only known ligand for TLR9 is hypomethylated DNA also known as DNA rich in CpG
motifs. CpG DNA is especially abundant in bacteria and mitochondrial DNA. Zhang, et al.
(10) recently reported the detection of mitochondrial DNA in the circulation of trauma
patients and demonstrated a TLR9-mediated activation of PMN. Lo, et al (46) have reported
increased levels of circulating DNA in humans even after minor trauma while other work
has shown that DNA release correlates with tissue damage in trauma and sepsis (9,47,48).
Tissue damage leads to release of cellular components such as DNA, HMGB1, and heat
shock proteins, all of which can serve as DAMPs (27,49,50). HMGB1 has been shown to be
an early mediator of trauma and injury, and partly mediates mitochondrial DNA-mediated
inflammatory response in a variety of innate immune cells (10,21,51). The observation that
HMGB1 can interact with DNA to facilitate TLR9 signaling (21) suggests that certain
DAMPs may act in concert to trigger TLR signaling. Although mechanisms by which DNA
is released into the circulation are unclear, most authors believe this is secondary to cell
death (52,53). In our experimental model, we found significant increases in circulating cell-
free DNA by 1 hr following resuscitation. Levels of ssDNA were the highest and peaked at
3 hrs following resuscitation in a model of HS alone. The elevation of DNA levels occurred
in parallel with the peak in IL-10 and prior to the peak in IL-6 suggests that circulating DNA
may participate in the stimulation of the early cytokines response to trauma. However, the
increase in circulating DNA measured at the 6 hrs time point in our HS/T was dependent, in
part, on intact TLR9 signaling. Thus, much of the rise in circulating DNA is likely to reflect
the extent of tissue damage. Whether the increases in circulating DNA resulting from TLR9
signaling then continue to propagate the immno-inflammatory response to trauma is
unknown. What does appear to be clear from our study and the work of others is that DNA
is an important mediator of the immunologic response of mammals to injury.

In addition to driving the inflammatory response after HS/T, TLR9 signaling also
contributed to liver injury. It is likely that the liver damage was at least partially the result of
the activation of inflammatory pathways. Recent reports have shown that liver damage, as
well as inflammatory responses in the liver in models of I/R (26,27), acetaminophen-
induced toxicity (25), and steatohepatitis (54) are driven by TLR9. Therefore, TLR9
dependent responses may be especially prominent in the liver. This is supported by our
observation that the gut is not protected in HS/T in TLR9 mutant mice [Chhindler, et al.
Manuscript Submitted]. Gribar, et al (29) have shown that TLR9 signaling counteracts the
pro-inflammatory TLR4 signaling in enterocytes. Thus, the functions of TLR9 may be organ
specific. Our results using chimeric mice support the idea that TLR9 on bone marrow-
derived cells and parenchymal cells contribute to the response. Imeada, et al (25) showed
that TLR9 expression is prominent on liver sinusoidal endothelial cells and that DNA from
hepatocytes can trigger endothelial cell activation. The specific TLR9 positive cell types
involved in either the systemic cytokine response of the liver damage were not identified as
part of our study.

In summary, our results provide clear evidence that signaling through TLR9 on multiple cell
types participates in the immuno-inflammatory response to severe injury. Liver damage is
one consequence of TLR9-mediated signaling in this setting. Taken in the context of
previous studies demonstrating a role for other TLRs in similar models, a paradigm emerges
where several TLRs driven by diverse DAMPs initiate the host immune response to injury.
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TLRs Toll-like receptors

HS hemorrhagic shock

HS/T hemorrhagic shock + bilateral femur fracture

ALT alanine aminotransferase

AST aspartate aminotransferase

ssDNA single stranded DNA

dsDNA double stranded DNA
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Fig. 1.
Measurements of systemic cell-free DNA, inflammation, and liver damage following HS.
C57BL/6 mice underwent hemorrhagic shock (HS), or sham procedure. Plasma double-
stranded (ds) DNA (A) and single-stranded (ss) DNA (B) levels were measured for analysis
of cell-free plasma DNA release. Plasma IL-6 (C) and IL-10 (D) levels were measured for
analysis of systemic inflammation. Plasma alanine aminotransferase (ALT, E) and aspartate
aminotransferase (AST, F) levels were analyzed for analysis of liver damage. (*, P<0.05 vs.
baseline) Data represent means ± SEM; n = 3 mice for each time point.
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Fig. 2.
Circulating IL-6 and IL-10 levels are lower in TLR9 mutant mice after HS/T. WT and TLR9
mice were subjected to bilateral femur fracture and hemorrhagic shock (HS/T), or sham
procedure. Plasma IL-6 (A) and IL-10 (B) levels were measured to assess the systemic
inflammatory response. TLR9 mutant mice subjected to HS/T exhibited lower IL-6 and
IL-10 levels as compared with WT mice subjected to HS/T (*, P<0.05; **, P<0.01). Data
represent means ± SEM; n = 6–8 mice group.
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Fig. 3.
TLR9 mutant mice exhibit less liver damage and apoptosis after HS/T. WT and TLR9 mice
were subjected to bilateral femur fracture and hemorrhagic shock (HS/T), or sham
procedure. Plasma ALT (A) and AST (B) levels were analyzed for analysis of liver damage.
TLR9 mutant mice demonstrated significantly lower ALT and AST levels as compared with
WT mice after HS/T. The number of In situ TdT-mediated dUTP nick-end labelling
(TUNEL) positive nuclei in liver (C) of TLR9 mutant mice, expressed as a percent of the
total number of nuclei, was reduced compared with WT mice after HS/T (*, P<0.05; **,
P<0.01). Data represent means ± SEM; n = 6–8 mice group. H&E (D, magnification × 400)
liver tissue histology of TLR9 mutant mice showed significantly less necrosis (→)
compared with WT following fracture. Data shown represent 1 of 3 independent
experiments yielding similar results.
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Fig. 4.
Chloroquine reduces liver damage following HS/T. Serum ALT levels were analyzed for
liver damage after HS/T. Chloroquine (30mg/kg i.p.) 14 h and 1 h before trauma
significantly prevented HS/T induced increases in plasma ALT, which was shown in the
phosphate buffered saline (PBS) controlled mice (*, P<0.05; **, P<0.01). Data represent
means ± SEM; n = 4–6 mice group.
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Fig. 5.
Circulating DNA levels are lower in TLR9 mutant mice following HS/T. WT and TLR9
mutant mice were subjected to bilateral femur fracture and hemorrhagic shock (HS/T), or
sham procedure. Plasma double-stranded (ds) DNA (A) and single-stranded (ss) DNA (B)
levels were measured for analysis of DNA release following injury. TLR9 mutant mice
subjected to HS/T showed significantly lower cell-free plasma dsDNA and ssDNA levels as
compared with WT (*, P<0.05; **, P<0.01). Data represent means ± SEM; n = 6–8 mice
group.
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Fig. 6.
Cell-free DNA release and liver injury following HS/T require functional TLR9 on bone
marrow (BM)-derived cells and non-BM-derived cells. Chimeric mice underwent bilateral
femur fracture and hemorrhagic shock (HS/T), or sham procedure. Plasma dsDNA (A) and
ssDNA (B) levels were analyzed to assess cell-free DNA release after trauma. Plasma IL-6
(C) levels were analyzed for inflammatory response and ALT (D) for liver injury. WT/WT
mice (recipient/donor) demonstrated significant increases in plasma ssDNA and dsDNA,
Il-6, and ALT after HS/T, which was not seen in WT/Mu, Mu/WT, or Mu/Mu mice (A and
B, **, P<0.01). (C and D, *, P<0.05). Data represent means ± SEM; n = 4–6 mice group.
ssDNA, single stranded DNA; dsDNA, double stranded DNA; WT, wild type; Mu, TLR9
mutant.
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