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Abstract

Objective—Extracellular traps-(ETs) consist of DNA-protein-complexes formed following tissue
injury contributes to the inflammatory and thrombosis cascades thereby exacerbating injury.
Exogenous DNase-1 has been suggested as a therapeutic strategy to limit injury in the brain and
myocardium.. These studies were designed to evaluate the effects of exogenous DNase-1 treatment
on skeletal muscle injury following acute hind limb ischemia-reperfusion (IR) injury in mice, and
to determine whether neutrophils were a major source of ETs in postischemic muscle tissue.

Methods—C57BL6 mice were subjected to 1.5 hrs tourniquet ischemia and 24 hrs reperfusion
with and without human recombinant DNase-I treatment. A separate set of mice was subjected to
neutrophil depletion, followed by the same intervals of IR. Laser Doppler imaging and tissue
harvesting was done at 24 hrs for assessment of limb perfusion, muscle fiber injury, ATP, markers
of inflammation, thrombosis, and ETs formation.

Results—DNase-I treatment significantly reduced ETs detection in post-ischemic muscle but did
not alter skeletal muscle fiber injury, levels of pro-inflammatory molecules or ATP. DNase-I
treatment did enhance postischemic hind limb perfusion, decreased infiltrating inflammatory cells
and reduced the expression of Thrombin-Anti-Thrombin-111. Neutrophil depletion resulted in a
significant yet small reduction in ETs in the post ischemic muscle. Neutrophil depletion did not
alter skeletal muscle fiber injury, hind limb perfusion, or ATP levels.
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Conclusions—These data suggest that neither DNase-1 treatment nor Neutrophil depletion were
protective against IR injury, even though both decreased ETs detection in skeletal muscle
following IR. Neutrophils are not the only source of ETs following IR.

Introduction

Acute lower-limb ischemia-reperfusion injury (IR) is a common occurrence following
revascularization.. Pathologically, acute IR is comprised of tissue edema, muscle necrosis,
inflammation, and thrombosis. Inflammation resulting from IR injury incites tissue
granulocyte infiltration. Recent studies have shown that activated neutrophils following
ischemic injury can lead to release of neutrophil extracellular traps (ETs)14. ETs are
naturally degraded by nucleases such as DNase-1. Pulmozyme, which is a commercially
available recombinant human DNase-I approved for the treatment of cystic fibrosis®, has
been used in multiple animal studies investigating ETs. These studies have involved
thrombosis animal models as well as human venous thrombosis and vascular diseases®12. In
addition, there have been reports associating ET fragments i.e., circulating genomic DNA,
and coronary artery disease, prothrombotic state, and occurrence of adverse cardiac eventsl3,
Studies in venous thrombosis have suggested that ETs create scaffold structures providing
stability to the acute fibrin-rich thrombus inside the vascular bed and enhancing its
transformation to collagen rich chronic thrombus. Furthermore, experimental models of
ischemic injury in cardiac and brain tissues have also established a role for ETs in promoting
thrombosis or exacerbating tissue injury while Pulmozyme treatment aimed at degrading
extracellular DNA was reported to have rescue effects? 14, ET formation in skeletal muscle
tissue following acute hind limb IR has also been recently described?. Studies suggested that
ETs participate in the acute inflammatory and thrombosis response inside the
microenvironment of the injured tissue thereby exacerbating tissue injury. While ET
detection following IR was presumed to be derived from neutrophils, it is unknown whether
ETs are associated with muscle fiber injury and whether strategies targeting or depleting ETs
will lead to alleviation of muscle fiber injury. It is also known that the presence of -y-Actin, a
naturally occurring inhibitor of DNase-11% 16 is enhanced after IR.

The purpose of these experiments was to determine whether the administration of
Pulmozyme confers protection against skeletal muscle fiber injury, and enhances perfusion
and reduces tissue inflammation and thrombosis in a mouse model of acute hind limb IR. In
addition we investigated whether granulocyte depletion, which is considered a major source
of ET release, will reduce ET formation and ameliorate skeletal muscle injury following IR.

Material and Methods

Acute hind limb ischemia reperfusion and treatment protocols

Two sets of C57BL6 male mice were subjected to 1.5 hrs of unilateral hind limb tourniquet
ischemia followed by 24 hrs reperfusion (IR) as previously described 17. In brief, ischemia
was induced by applying a calibrated orthodontic rubber band for 1.5 hrs, which was
confirmed by laser Doppler imaging scanner (LDI) and reperfusion was initiated by cutting
the rubber band,. In the first set of experiments was designated for DNase-I treatment were
mice were divided into two groups (Figure-1A). The first group of mice (DNase-I, n=8)
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received 50ug of human recombinant DNase-1 (Pulmozyme, Genentech, San Francisco, CA)
in 250yl carrier buffer intraperitoneally at 5 min before reperfusion and a second dose of
10ug intravenously at 10 min after reperfusion and a third dose of 50g intraperitoneally at
12 hrs after reperfusion (DNase-1 n=8)14. A second group of mice were subjected to the
same period of IR, received similar volumes of carrier buffer alone at the same time points
representing the treatment control (Control, n=8). A separate group of mice subjected to
anesthesia alone was used as sham. The second set of experiments was designated for
neutrophil depletion (Figure-1B). In this part of the study, two separate groups of mice
received daily injections of either a rabbit anti-mouse neutrophil serum (Accurate Chemical
& Scientific Co, Westbury, NY) intraperitoneally to achieve neutrophil depletion (ND; n=8),
or normal rabbit serum (NS; n=7) for 48 hrs. Mice were then subjected to the same IR injury
as the previous set. Both groups received additional rabbit anti-mouse serum or normal
serum immediately (1 min) after the start of reperfusion. In all groups, hind limb perfusion
was documented with a laser Doppler imaging, then mice were euthanized and hind limb
muscle tissues were subsequently harvested for further analysis.

Quantitative assessment of skeletal muscle fiber Injury

To determine the effect of DNase-I treatment on muscle fiber injury at 24 hrs reperfusion,
the tibialis anterior (TA) muscles were harvested and fixed then dehydrated and imbedded in
JB-4 acrylic (Polysciences Inc, Warrington, PA). 2um thick cross sections were obtained and
stained with Mason’s trichrome. Randomized digital images were generated at 200x
magnification.. Analysis of skeletal muscle fiber injury was performed by a blinded observer
using the full-frame counting method as previously established!®. Myofibers were scores
and segregated into two groups; injured or uninjured based on the morphology of each
individual fiber. The injury score was expressed as a percentage of the total scored myofiber
per muscle as previously described!8: 19,

Muscle Adenosine Triphosphate (ATP) Quantification

ATP levels were measured using the ATPlite luminescence assay (PerkinElmer Life, Boston,
MA\) following the manufacturer’s instructions as previously described!®. ATP levels were
expressed as nanomole per mg of protein.

Immunohistochemistry detection of inflammatory cells, Extracellular Traps and
colocalization of y-Actin with DNase-|

5um TA muscle paraffin imbedded cross sections taken from the mid part of TA muscles
were deparaffinized and rehydrated then subjected to immunohistochemistry to count the
average number of infiltrating inflammatory cells by incubating the slides with rat anti-
mouse Ly6B.2 as previously described®. To detect locally formed extracellular traps, tissue
sections were incubated with a mouse monoclonal 0.5ug/ml of anti-histone H2A/H2B/DNA
complex antibody (a gift from Dr. Marc Monestier, Temple University, PA) followed by
incubation with biotinylated anti-mouse 1gG (Vector Labs, Burlingame, CA) and horse
radish peroxidase-conjugated Streptavidin. Specific signal was developed using cyanine-3
tyramide signal amplification reagent (Perkin Elmer, Boston, MA) according to the
manufacturer’s instructions. For colocalization of -y-Actin and DNase-1, tissue sections were
incubated with mouse monoclonal anti -y-Actin (1:2000, Sigma) overnight at 4°C inside a
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humidified chamber followed by incubation with goat anti-mouse-HRP conjugated
secondary antibody (1:200, Cell Signaling) in blocking buffer for 60 minutes at room
temperature. Slides were reacted for 8 minutes with TSA amplifying solution containing
Cy3 fluorochrome. Slides were subsequently incubated with polyclonal rabbit anti-DNase-I
IgG (Santa Cruz Biotechnology) over night followed by incubation with goat anti rabbit-
Alexa-488 conjugated 1gG (1:500, Invitrogen) for 1 hr at room temperature. For the negative
control, the antibody was omitted and substituted with non-specific 19gG. The slides were
covered with mounting medium (Vectashield; Vector Labs, Burlingame, CA) and then
digital images were acquired using a slide scanner (NanoZoomer2.0-RS, Hamamatsu
Corporation, Middlesex, NJ) as previously described!: 12, To quantify the signal derived
from extracellular traps, the mean fluorescent intensity (MFI) per field was measured with
Image-J software after background subtraction.

Measuring Tissue Endonuclease Activity

To verify whether DNase-I treatment enhanced local endonuclease activity; a plasmid
incision assay was performed on hind limb muscle tissue extracts. Hind limb muscle tissues
were extracted in a buffer containing 50 mM Tris-HCI, 0.5% Triton-X-100, 0.25 M Sucrose
and 10pl/ml protease inhibitor cocktail (Sigma P-8340). Total protein levels were measured
using a BCA protein assay (BioRad, Hercules, IL). Equal protein aliquots from each sample
was added to a reaction buffer containing 1ug pBR322 plasmid DNA (New England
Biolabs, Beverly, MA) and 2 mM CaCl2, 5 mM MgCI2, 10 mM Tris-HCI (pH 7.4), and 0.5
mM dithiothreitol and incubated at 37°C for 30 minutes. The reaction was stopped with a
buffer containing 0.05% Bromophenol blue, 40% Sucrose, 0.1 M EDTA pH 8.0 and 1%
SDS. Samples were loaded into 1% agarose gel containing 1ug/ml Ethidium bromide and
run at 7V/cm. Digital images of the gel were acquired using FluorChem HD2 system
(ProteinSimple, Santa Clara, CA) with UV light. The relative amount of endonuclease
activity was calculated based on the density of the three bands for plasmid DNA present in
covalently closed circular DNA (Type I), open circular DNA (Type 1), or linear DNA (Type
111) as was previously described?%: 21,

Tissue Levels of Myeloperoxidase(MPO), Keratinocyte Chemoattractant Protein(KC), and
Thrombin Anti-Thrombin 1l Complexes (TAT lIlI)

For quantitative assessment of local markers of inflammation we analyzed solubilized
protein from the hind muscle using ELISA kit for MPO (Hycult Biotech Inc, Plymouth
Meeting, PA) and KC (R&D Systems, Minneapolis, MN). To evaluate a local marker of
thrombosis the levels of Thrombin-anti-thrombin Complex (TAT-111) were measured in the
skeletal muscle tissue using ELISA Kit (Abcam, Cambridge, MA) as previously
described 19,

y-Actin protein expression in postischemic skeletal muscle: solubilized protein extracts
were subjected to western blotting analysis using monoclonal anti-y-Actin IgG (1:2000,
Sigma, St. Louis, MO). Specific band densities were normalized to Panceau staining of the
membrane band densities and the data was expressed as arbitrary units (AU) as was
previously performed!? 22,
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Circulating granulocytes count

At the end of 24 hours reperfusion in the mice that received anti-Neutrophil (ND) serum or
normal serum (NS), the number of circulating granulocytes was counted in whole blood
using Hematology system (Heska, Loveland, CO).

Statistical Analysis

Data were expressed as mean + standard error of the mean and statistical analysis was
performed with GraphPad Prizm version 5.2 (GraphPad Software, Inc, La Jolla, CA) using
parametric or nonparametric unpaired student t test or ANOVA comparisons with a p value
<.05 considered significant.

Results

Effect of DNase-| treatment on skeletal muscle fiber injury

Hindlimb ischemia followed by 24 hours of reperfusion in the DNase-1 treated group and in
the control group resulted in marked edema and disruption of tissue architecture with
sporadic fiber necrosis, hemorrhage, and infiltration of inflammatory cells (Figure-2A&B).
Quantitative assessment of skeletal muscle fiber injury indicated a trend for increased fiber
injury in the TA muscle of the DNase-I treated group compared to the control group,
however, this observation did not reach statistical significance (Control: 20.2+4.3 vs. DNase-
I: 27.2+2.8, percent injured fiber per field, P=.16, Figure-2C).

Hind limb muscle ATP levels

To evaluate the effect of DNase-1 treatment on muscle metabolic activity following IR, we
measured the steady state level of ATP in the injured and the non-injured(Contralateral)
muscle following IR in the DNase-I treated and control groups. In both groups, ATP levels
dropped significantly in the injured limbs compared to the contralateral muscle (CM) in both
groups (Control CM: 72.7£11.4 vs. IR muscle: 3.54+1.5, nmol/ug total protein, p<.001) and
(DNase-l1 CM: 75.1£7.5 vs. IR muscle: 3.51+0.94, nmol/ug total protein, P<.001). However,
there was no difference in the ATP levels between the contralateral or in the injured muscle
from the two groups (Figure-2D).

Effect of DNase-| treatment on hind limb perfusion

Laser Doppler imaging demonstarted that DNase-I treatment helped restore hind limb
perfusion (Figure-3A) compared to control (Figure-3B). Quantitative assessment of hind
limb perfusion ratio(Flux ratio) between the hind limbs in each animal revealed,
significantly higher hind limb perfusion ratio at 24 hrs reperfusion in the DNase-I treated
mice compared to the control group(LDI Ratio: Control: 0.83+0.03 vs. DNase-1: 1.03+0.08
flux ratio, P=.02, Figure-3C). This data indicates that after treatment with DNase-I, hind
limb perfusion effectively recovered to baseline levels, while untreated mice were
significantly under perfused.
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Local level of TAT Il

The reaction of thrombin with its major inhibitor anti-thrombin I11 complexes (TAT-I11)
leads to the formation of a stable complex called(TAT-I11-Complexes), which is considered a
sensitive marker for the activation of the intravascular coagulation cascade. Quantitative
analysis of TAT 11l complexes revealed that IR injury significantly increased TAT Il over
sham levels (Sham: 0.03+0.01 vs. Control: 0.41+ 0.05 ng/mg total protein, p<.001).
However DNase-I treated mice had significantly lower TAT 111 compared to control
(Control: 0.41+ 0.05 vs. 0.28+0.02 ng/mg total protein, p<.05, Figure-3D).

Immunohistochemical analysis of ETs levels in the hind limb muscle

Sham muscle tissue was predominantly negative for ETs staining (Figure-4A). However,
mice that were subjected to ischemia and treated with carrier buffer had extensive ETs
detected in the hind limb muscle at 24 hours reperfusion compared to sham muscle
(Figure-4B). ETs were predominantly localized to interstitial space separating the necrotic
myofibers and showing extensive leukocyte infiltration. ETs detection appears to be
markedly reduced in the DNase-I treated mice (Figure 4C). Quantitative analysis of mean
fluorescent intensity (MFI) originating from ETs in the tissues, was significantly decreased
in the DNase-I treated mice compared to the control group (Control: 8.23+0.37 vs. DNase-I:
6.73+0.50 MFI, P=.036, Figure-4D).

Local Markers of inflammation

Immunohistochemical analysis revealed more extensive leukocyte infiltration in the injured
muscle of the control group following IR compared to DNase-I treated muscle-
(Figure-5A&B). The average number of infiltrating leukocytes counted per high power field
was significantly lower in the DNase-I treated group compared to control-(Control: 58.6+6.8
vs. 33.2+4.9 cell/hpf, P=0.0054, Figure-5C). In addition, the protein levels of the CXCL1-
chemokine KC was marginally higher in the DNase-1 treatment group but it was not
statistically significant (Control: 16.6+2.1 vs. DNase-I: 22.5+2.35 pg/mg Total Protein P=.
083, Figure-5D). Similarly, the levels of the pro-inflammatory mediator MPO, revealed no
difference between the two groups-(Control: 244.9+16 vs. DNase-1: 238.5£17.5 ng/mg Total
Protein, P=.79, Figure-5E).

Endonuclease activity in the skeletal muscle tissue

In order to verify whether Pulmozyme treatment resulted in increased nuclease activity, we
performed a plasmid incision assay on tissue extract from hind limb muscle taken from
uninjured sham mice and from DNase-| treated and untreated control mice following
IR(Figure-6A&B). Quantitative assessment of the relative nuclease activity shows it was
markedly elevated in the control group compared to sham-(Sham: 0.75+0.04 vs. Control:
1.42+0.08 AU, p<.0001, Figure-6B). In addition, endonuclease activity was further
enhanced in the DNase-I treated group compared to control (Control: 1.42+0.08 vs. DNase-
I: 2.26+0.13, AU, P<.0001, Figure-6B).
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Effect of DNase-I treatment on y-Actin protein levels in hind limb following IR

Western blot analysis shows enhanced y-Actin detection following IR(Figure-6C).
Quantitative analysis of the band densities revealed that injured skeletal muscle had
markedly increased levels of y-Actin in both the DNase-I treated and carrier buffer treated
controls compared to sham-(Sham: 0.48+0.18 vs. Control: 7.5£2.4 vs. DNase-l: 9.2+1.7 AU,
p< .01, Figure-6D). There was no difference in the -y-Actin levels between the DNase-I
treated and control group. This data suggest that IR injury enhances -y-Actin protein levels
that can potentially have an inhibitory effect on DNase-1 activity.

Immunofluorescent colocalization of DNase-I and y-Actin

There was a very low level of DNase-I protein and -y-Actin proteins in the sham muscle
(Figure-7 upper panels). However, in the injured muscle tissues from the mice that were
treated with exogenous DNase-I (Figure-7, middle panels) or control group (Figure-7, lower
panels), there was extensive DNase-1 and -y-Actin detection at 24 hours following IR.
Merged images demonstrated that DNase-I and -y-Actin molecules colocalized within and in
the vicinity of the injured fibers in both the DNase-I treated and control groups (Figure-7,
right middle and lower panels).

Effect of Neutrophil depletion on hind limb IR

To verify whether infiltrating granulocytes are responsible for the ETs formation in the
injured tissue we repeated the ETs detection assay in neutrophil depleted (ND) and normal
serum (NS) treated control mouse tissue. ND and NS mice had increased ETs in tissue
following IR. However ND mice had significantly less ETs levels in the injured tissue
suggesting that neutrophils contribute to ETs detection (p=0.041, Table-1). Neutrophil
depleted mice had a significantly reduced number of circulating granulocytes compared to
normal serum group at 24 hours following IR (p=.00004, Table-I). This was accompanied by
marked reduction in MPO levels in the ND mice compared to NS (p=.0001, Table 1). Hind
limb perfusion was slightly higher in the neutrophil depleted mice compared to normal
serum treated mice but this did not reach statistical significance (p=.46, Table-I). In addition,
neutrophils depletion had no effect on muscle fiber injury (p=.8. Table-I) or the steady state
levels of ATP (p=.48, Table-I). This data suggest that neutrophil depletion does not
ameliorate muscle fiber morphology or indices of injury following IR.

Discussion

Administration of DNase-I in the setting of limb IR led to restoration of hind limb perfusion,
decreased ETs detection, decreased leukocyte infiltration, and local markers of thrombosis
(TAT 1) in the injured muscle. However, DNase-I treatment neither protected against
muscle fiber injury, accumulation of markers of inflammation nor improved metabolic
energy sources (ATP) following acute IR. This is in contrast to studies in postischemic brain
and cardiac muscle injury which found that DNase-1 administration provided protection
using indices of tissue viability and substantial functional recovery?: 14, DNase-I treated
mice had lower TAT-111 levels (Figure-3D) which suggest lower incidence of thrombosis
events in the tissue which also paralleled a recovery of hind limb hypoperfusion (Figure-3C)
compared to control. The hypoperfusion following reperfusion injury was described as the
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no-reflow-phenomenon paradox which is due to the collapsing of microvascular flow 23,
While in this study, DNase-I therapy did decrease the accumulation of local markers of
thrombosis and decrease postischemic hypoperfusion at 24hrs, neither of these factors could
compensate for the structural (fiber injury), inflammation, or metabolic consequences of IR.
To explain why these differences in skeletal muscle IR might exist, it is important to
recognize that the pathophysiology of IR injury in the limb might be dramatically different
from the other tissues. One important difference between these models is that both the stroke
and cardiac ischemia models primarily involve arterial occlusion, whereas the limb ischemia
model involves transient occlusion of both the arterial and the venous circulation which may
result in compartment syndrome and more robust reperfusion injury. Immunohistochemical
evaluation of postischemic skeletal muscle demonstrated extensive enhancement of ETs
detected primarily in the areas of extensive muscle fiber necrosis (Figure-4). Biochemical
assay of endonuclease activity in muscle tissues revealed significant increase in activity in
the IR limb compared to the non-injured sham muscle (Figure-6B). Endonuclease activity
was found to be exacerbated by exogenous administration of DNase-I (Figure-6B). These
findings suggest that IR in skeletal muscle is associated with an increase in DNase-I
expression and activity independent of exogenous sources. The addition of exogenous
DNase-I treatment did not appear to provide protection against skeletal muscle IR based on
the histologic or metabolic assessment. Since extensive ETs detection was observed in the
location of muscle fiber necrosis despite the presence of exogenous and endogenous DNase-
I, we speculate that the microenvironment of postischemic skeletal muscle might not be the
optimal condition for endonuclease activity. In the tissue recycling process, the removal of
cellular debris originating from dying cell is an important biological process mediated by
endonucleases. DNase-1 is the predominant endonuclease present in all biological fluids. In
order to achieve full enzymatic activity, DNase-I requires micro-molar levels of Ca**, Mg**
or Mn** and neutral-pH. Changes in pH and ion distribution gradient in postischemic
skeletal muscle may not be optimal for DNase-1 activity?4. In fact, intracellular pH drops
significantly during muscle ischemia which parallels a decrease in membrane potential and
buffering capacity 25. Another possible explanation is that endogenous or exogenous DNase-
| treatment might reduce extracellular genomic DNA but does not eliminate extracellular
histones which are also known to have detrimental effects in a variety of tissue injuries26-30
including thrombosis3L.

Another potential reason why DNase-1 was not effective, can be due to the fact that its
activity may be inhibited by intracellular or extracellular interaction with monomeric -
Actin which has been described decades ago32-34,

This actin-DNase-1 interaction, was suggested as a protective mechanism against further
chromatin degradation by DNase-I influx in the injured tissue3®. This is also supported by
findings in post-traumatic brain injury suggesting an inhibitory role of cytoskeletal actin in
apoptotic cell death mediated by DNase inhibition6. Our data show that postischemic
skeletal muscle has high y-Actin content at 24hrs IR which was not altered by DNase-|
treatment (Figure-6D). Analysis of the DNase activity at 24hrs following IR appears to
parallel the increase in -y-Actin expression (Figure-6B&D). To provide evidence of possible
DNase-I/y-Actin interaction, we demonstrated that -y-Actin was colocalized with DNase-I at
24 hours reperfusion using immunoflourescent microscopy (Figure-7).
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To verify the potential source of ETs and y-Actin, we analyzed hind limb skeletal muscle
samples from neutrophils depleted mice and their respective normal serum treated controls
following 24hrs IR for ETs and -y-Actin content. There was a slight decrease in the ETs level
in the neutrophils depleted mice suggesting that neutrophil appear to be partially responsible
for tissue ETs release in skeletal muscle following IR. However, successful systemic
neutrophil depletion with an associated decrease in ETs neither altered hind limb perfusion
nor protected against muscle necrosis following IR (Table-1). The data also revealed no
difference in -y-Actin levels between the two groups suggesting that -y-Actin either leaked
from the necrotic muscle fibers or released from inflammatory cells other than neutrophils
(Table. I). The source of ETs is probably derived primarily from neutrophils given their cell
numbers in injured tissue; however, we speculate that ETs can also originate from injured
cells or as previously reported, from other inflammatory cell including, mast cells36,
eosinophils3?, and macrophages/monocytes3e.

Conclusions

These data suggest that while DNase-1 treatment and neutrophil depletion resulted in
decreased ETs levels in the injured tissue; it was not able to salvage hind limb muscle
against IR injury. We speculate that the local microenvironment in injured skeletal muscle
tissue contained enhanced levels of y-Actin protein and free histones that might diminish
DNase-I activity and thereby decrease its ability to provide tissue protection.
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Clinical Relevance

Acute muscle ischemia-reperfusion injury following traumatic event or thrombotic
occlusion of a major artery due to vascular disease in the lower extremities can lead to
extensive tissue inflammation and necrosis. Recently, DNase-1 was proposed as a
treatment strategy to degrade neutrophil extracellular traps which consist of protein-DNA
complexes accumulating after tissue injury or thrombosis. Investigators believe that these
complexes can enhance the prothrombogenic and proinflammatory milieu in the tissue,
thereby exacerbating injury. In this study, we investigate the benefit of DNase-1 treatment
as a tool to degrade these complexes aiming to ameliorate muscle ischemia-reperfusion
injury.
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Figure 1. Schematic diagram of acute hind limb ischemia reperfusion and treatment protocols
C57BL6 male mice were subjected to 1.5 hours of unilateral hind limb tourniquet ischemia

followed by 24 hours reperfusion. In the first set of experiments (diagram A), mice were
subjected to IR and split into two groups. The first group received 50 ug of human
recombinant DNase-I (Pulmozyme, n=8) intraperitoneally at 5 minutes before reperfusion
and a second dose of 10ug intravenously at 10 minutes after reperfusion and a third dose of
50ug intraperitoneally at 12 hours after reperfusion. The second control group received
similar volumes of carrier buffer alone at the same time points (n=8). In the second part of
this study (diagram B), two separate groups of mice received daily injections of either rabbit
anti-mouse neutrophil serum intraperitoneally for neutrophil depletion (n=8), or normal
rabbit serum (n=7) for 48hrs two days prior to IR. Mice were then subjected to 1.5hrs
unilateral ischemia IR injury and received additional rabbit anti-mouse serum or normal
serum 1 minuute after the start of reperfusion. AT the end of 24 hours IR period, hind limb
perfusion was documented with a laser Doppler imaging, then mice were euthanized and
hind limb muscle tissues were harvested for analysis.
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Figure 2.
Effect of DNase-I treatment on muscle fiber injury and ATP levels following acute IR.

Image A and B, are representative micrographs of Mason’s trichrome stained acrylic
imbedded TA muscle shows the muscle tissue morphology in cross sections following IR
from control (A) and DNase-I treated (B) mice. Injured muscle fibers are evident in the field
such as the one indicated by black arrow with observed edema, hemorrhage, and leukocytes
infiltration. Quantitative analysis of the percent muscle fiber injury per randomized per high
power field is summarized in the graph (C), and muscle ATP summarixed in the graph (D)
revealed that, DNase-1 treatment did not alter skeletal muscle fiber injury or the steady state
levels of ATP.
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Figure 3.
Effect of DNase-I treatment on hind limb perfusion and TAT Il levels in the hind limb

muscle following IR. The Laser Doppler scanner generated images (A&B) demonstrates the
degree of perfusion in each hind limb (red to be the highest perfusion in contrast to dark blue
which represent no perfusion). The IR limb in the Pulmozyme treated mouse (Figure-2A)
appeare to have similar perfusion compared to the uninjured contralateral limb while the IR
limb in the untreated control mice (Figure-2B) have diminished perfusion compared to the
contralateral limb. Calculating the hind limbs the scanner generated Flux ratio the hind limbs
in each mouse as an index of limb perfusion revealed, significantly higher perfusion at 24
hours reperfusion in the DNase-1 treated mice compared to the control group (*p=.02, C).
Hind limb tissue TAT 111 levels significantly increased following IR in both control and the
DNase-1 treated group compared to sham (* p<.001). However the TAT Il levels were
significantly lower in the DNase-1 treated mice compared to control (**p<.05). This data
suggest that DNase-I treatment ameliorated tissue thrombosis which parelled higher hind
limb perfusion.
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Figure 4.
Effect of DNase-I treatment on ETs detection following IR. Representative images from Cy3

labeled ETs immunostaining. ETs wer not detectable in the non injured sham muscle (A).
However, there was extensive ETs detection observed in the interstitium of the injured
muscle fibers as indicated by white arrows (B). DNase-1 treatment significantly reduced ETs
detection in the tissue following IR (C). Mean fluorescent intensity values for DNase-I
treated and untreated control mice are summarized in the graph (*p=.036, D).
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Figure 5.
Effect of DNase-I treatment on muscle inflammation following IR. Left Images A and B, are

representative micrographs of TA muscle demonstrate immunostaining for the leukocytes
marker-Ly6B (brown color) in the tissue sections following IR obtained from control (A) or
DNase-I treated (B) mice. Quatitative analysis of Ly6B positive cells count, KC and MPO
levels are summarized in the graphs, revealed that DNase-1 treatment markedly reduced the
average number of leukocytes (*P=.0054, C) but did not alter skeletal muscle KC (D) or
MPO (E) levels at 24 hours following IR.
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Figure 6.
Effect of DNase-1 treatment of endonuclease activity and -y-Actin protein levels following

IR. Endonuclease activity was evaluated with plasmid incision assay in skeletal muscle
tissue protein extracts from sham, DNase-I treated and untreated control mice (A&B). The
representative image (A) show the bands for the open circular and linear forms of the
plasmid DNA which increased over the supercoiled DNA in the DNase-| treated and control
groups compared to sham indicating increased endonuclease activity while the right lane of
the gel image represent the pBR322 plasmid alone which only present a supercoiled plasmid
DNA form. Quantitative analysis (B) shows that endonuclease activity was markedly
elevated in both the control and DNase-I treated groups over sham levels (*P<0.01, B) with
significantly higher levels detected in the DNase-I group compared to control (**P< .05, B).
This data suggest that DNase-I treatment further enhanced endonuclease activity following
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IR. Analysis of y-Actin protein expression by western blotting, shows an enhanced y-Actin
protein expression following IRas compared to sham (C). Qquantitative analysis of the
42kDa -y-Actin band densities normalized to the Poncaue-S bands are displayed in the
summary graph (D). Data shows a significant increase y-Actin protein in the post ischemic
hind limb muscle in the DNase-I treated and control groups compared to sham (* p<.01, D).
There was no difference in the y-Actin levels between the DNase-I treated and control
groups (D). This data suggest that DNase-1 treatment did not alter the -y-Actin protein levels.
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Figure 7.
Immunofluorescence localization of DNase-I with -y-Actin proteins in skeletal muscle tissue

following IR with and without exogenous DNase-1 treatment. Images in the panel are
representative of dual immunofluorescence detection of DNase-1 and -y-Actin using
Alexa-488 and Cy3 fluorochrome conjugated secondary IgG respectively in skeletal muscle
tissue from uninjured sham hind limb and following IR. In the sham mice (top images),
there was very low level of DNase-I (top left, green) or -y-Actin (top left middle, red) and
merged (tope right), detected in the tissue. However, we observed in the mice that were
treated with DNase-I (Pulmozyme,(middle images) or in the control group (lower images)
extensive DNase-1 (Green color) and y-Actin (Red color) staining detected at 24 hours
following IR. Merged fluorescent images demonstrated that DNase-1 and -y-Actin molecules
colocalized within and around the injured fibers in the DNase-I treated and control groups
(merged colors in yellow/Orange). The colocaliation of DNase-I suggest that DNase-I might
be inhibited in the presence of -y-Actin in the injured tissue.
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Table |

Data summary of the effect of neutrophil depletion on hind limb skeletal muscle after IR. Tissues from mice
treated with anti-Neutrophil serum (ND) or normal serum (NS) were harvested 24 hours following IR.
Neutrophil depletion significantly decreased plasma levels of circulating granulocytes (*) together with
reduced MPO (1) and ETs (1) in the injured tissue. However, Neutrophil depletion did not significantly alter
hind limb perfusion, muscle fiber injury, the steady state level of ATP or y-Actin protein levels. *,1, ¥
indicates significant difference from the normal serum group.
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Neutrophil Depleted (ND) | Normal Serum (NS) | P value
Granulocytes 10%/ul 0.14+0.02 1.11+0.15 *0.00004
MPO ng/mg 63.5+15.8 261.6+14.7 0.0001
ETs (MFI) 11.6+0.5 15+1.7 0.041
Perfusion Ratio 1.128+0.232 0.848+0.097 0.46
% Injured Fibers 30.76x1.97 29.68x1 0.8
ATP nmole/ug protein 0.42+0.22 0.74+0.3 0.48
y-Actin protein levels (AU) 2.5+0.54 3.56+0.78 0.25
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