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Alternate erythropoietin (EPO)–mediated signaling via the hetero-
meric receptor composed of the EPO receptor and the β-common
receptor (CD131) exerts the tissue-protective actions of EPO in var-
ious types of injuries. Herein we investigated the effects of the EPO
derivative helix beta surface peptide (synonym: ARA290), which
specifically triggers alternate EPO-mediated signaling, but does
not bind the erythropoietic EPO receptor homodimer, on the pro-
gressionof secondary tissuedamage following cutaneous burns. For
this purpose, a deep partial thickness cutaneous burn injury was
applied on the back of mice, followed by systemic administration
of vehicle or ARA290 at 1, 12, and 24 h postburn. With vehicle-only
treatment, wounds exhibited secondary microvascular thrombosis
within 24 h postburn, and subsequent necrosis of the surrounding
tissue, thus converting to a full-thickness injury within 48 h. On the
other hand, when ARA290 was systemically administered, patency
of themicrovasculaturewasmaintained. Furthermore, ARA290miti-
gated the innate inflammatory response, most notably tumor ne-
crosis factor-alpha–mediated signaling. These findings correlated
with long-term recovery of initially injured yet viable tissue compo-
nents. In conclusion, ARA290 may be a promising therapeutic ap-
proach to prevent the conversion of partial- to full-thickness burn
injuries. In a clinical setting, the decrease in burn depth and area
would likely reduce the necessity for extensive surgical debridement
as well as secondary wound closure by means of skin grafting. This
use of ARA290 is consistentwith its tissue-protective properties pre-
viously reported in other models of injury, such as myocardial in-
farction and hemorrhagic shock.
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Although the incidence of death from burns has decreased,
survivors must often deal with the lifelong consequences of

disfigurement and extensive scarring due to the original loss of
tissue and subsequent defective healing (1–4). Burn wounds are
characterized by three distinct “zones” of coagulation, stasis, and
hyperemia. The zone of coagulation represents tissue that was
instantly destroyed at the time of injury, which is surrounded by
a zone of stasis where there is exuberant inflammation and poor
perfusion (5, 6). Surrounding the zone of stasis is a zone of hy-
peremia where microvascular perfusion is not impaired. The zone
of stasis frequently makes up a significant part of the initial wound
and gradually becomes necrotic within 48 h. As a result, the initial
burn expands in area and depth during this early postburn phase,
thus requiring repeated surgical debridement to remove additional
necrotic tissue (7, 8).
The delay in necrotic transformation of the zone of stasis pro-

vides a therapeutic window for interventions that could minimize
progressive tissue damage in the burn wound. Recent studies in
other types of injury have reported the existence of a local tissue-
protective mechanism mediated via a ubiquitous alternative eryth-
ropoietin (EPO) signaling pathway, which is triggered by a receptor
distinct from that used by erythropoesis (9). The receptor involved

has relatively low affinity (nanomolar) for EPO. Therefore,
physiologically relevant circulating EPO levels (picomolar) exclu-
sively trigger the classical erythropoietic signaling pathway (10).
Higher EPO levels are necessary to exert tissue protective actions
and could result in an undesirable rise in hematocrit and platelets
(11). In addition, the thrombocytes stimulated are highly reactive
(12) and can interact with activated endothelial cells, resulting in
thrombosis. Therefore, several nonerythropoietic EPO derivatives
have been developed, most recently an 11 amino acid peptide
known as ARA290 that mimics a portion of helix B of the EPO
molecule (13, 14). ARA290 selectively binds the heteromeric re-
ceptor composed of the EPO receptor (EPO-R) and the β-common
receptor (CD131), which is responsible for the tissue-protective
effects of EPOand does not interact with the erythropoietic EPO-R
homodimer. Because the EPO-R homodimer mediates hemato-
poiesis as well as platelet and endothelial cell activation, ARA290
does not affect these parameters. Herein, we investigated the im-
pact of alternative EPO-mediated signaling on progressive tissue
damage after injury in a model of deep dermal burns.

Results
First we evaluated the therapeutic effect of i.v. ARA290 adminis-
tration onmicrovascular perfusion in burn wounds caused by a 10-s
application of 90 °C water to the dorsum. For this purpose, we
surgically exposed the hypodermal plane underneath the site of the
scald burn and imaged the underlying deep dermal vascular net-
work (DDVN) (Fig. 1A). The area occupied by the vasculature was
quantified and normalized to the surrounding wound bed area at
each time point. In vehicle-treated controls, relative vascular area
(RVA) was assessed both at the wound center and edge, which was
observed to decrease sharply very early postburn and reached
a nadir by 24–48 h. In contrast, ARA290-treated groups increased
RVAvalues by∼10-fold in the center and∼threefold at the edge of
the wounds at the 48 h time point (Fig. 1B). Thus, ARA290 pre-
vented the progressive loss of the wound bed vasculature.
To supplement morphological evidence of the microvascular

preserving effect of ARA290, we investigated the gene expression of
the following markers related to reperfusion stress: glutathione
peroxidase 1 (GPX1), superoxide dismutase 1 (SOD1), NAD(P)H
quinonic dehydrogenase 1 (Nqo1), and nuclear factor (erythroid-
derived 2)-like 2 (Nfe2l2, syn.: Nrf2). Enzymes involved in pro-
tection against oxidative stress such as GPX1, SOD1, and Nqo1
were dramatically up-regulated in burn wounds at 24 h, suggesting
an antioxidant response (15, 16), possibly to counterbalance reactive
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oxidants typically released in inflammation and/or reperfusion injury
(17, 18). At the gene regulatory level, Nfe2l2, a well-known inducible
regulator of the antioxidant mammalian response, was also in-
creased in control burnwounds at 24 h (Fig. 1C). ARA290 treatment
completely suppressed these changes, thus providing biochemical
evidence that ARA290 prevented tissue hypoxia.
We then evaluated the early inflammatory response in burn

wounds, which is characterized by rapid infiltration by blood-
borne innate immune cells, such as neutrophils and monocytes.
First, we measured the total amount of cellular infiltration
present based on histological nuclear staining within and around
the wounds in representative tissue samples at 48 h postburn.
Nuclear counts from both treated and untreated groups, as well
as from the center and edge of the wounds, were plotted against
the RVA measured in the same area of tissue. The wound
centers of the untreated controls had low RVA that was corre-
lated with low cellularity, and both of these parameters increased
when approaching the wound edge (Fig. 2A). In the ARA290-
treated groups, RVA was higher and similar, although cellularity
increased when going from the wound center to the wound edge.
Considering the entire dataset, however, there was a significant
correlation of RVA vs. cellularity (Fig. 2A). Thus, cellular in-
filtration was dependent upon vascular preservation (quantified
as RVA) of the wound bed, in other words accessibility through
an intact/nonthrombosed microvasculature in the same tissue
region. Quantification of myeloperoxidase (MPO) activity in
punch biopsies retrieved from the center and edge of wounds was
carried out to further assess leukocyte (mostly neutrophils and
monocytes) infiltration (19). In the wound center of control
animals, MPO activity peaked early, followed by a decrease to
very low levels within 24 h (Fig. 2B), consistent with progressive
thrombosis of the DDVN that prevented further access of leu-
kocytes to the wound. After an early peak, MPO activity at the
wound edge also decreased to baseline at 48 h, suggesting less
thrombosis within this region. In contrast, ARA290 prevented
the rapid drop in MPO activity that was seen in untreated con-
trols, with MPO levels remaining higher during the entire course
of observation, suggesting the continued presence of leukocytes
in these areas. Thus, the vascular sparing effects of ARA290
allowed access of circulating leukocytes into the wound site.
Sequestered leukocytes in injured tissues are thought to be

a major source of proinflammatory mediators that cause micro-
vascular damage. Therefore, we investigated whether or not
ARA290 modulates the function of leukocytes in the wounds,
and more specifically the secretion of tumor necrosis factor
(TNF)-α, used as a marker of leukocyte activation. The TNF-α
content of tissue homogenates was measured at both the center
and edge areas of the wounds and as a function of time following
injury (Fig. 2 C and D). In vehicle controls, the wound center
exhibited an early rise in TNF-α followed by a sharp drop at 24 h,
consistent with the relatively rapid and extensive tissue necrosis
in this area, whereas at the wound edge, which maintained
perfusion longer, TNF-α levels peaked at 24 h and then de-
creased at 48 h. Conversely, wounds in the ARA290 treatment
group exhibited completely different dynamics, with absence of
early TNF-α spike, despite abundant cellular infiltrates, but
rather a slow and progressive rise in TNF-α levels over time.
The effect of ARA290 on the inflammatory response in

wounds was also assessed by measuring the transcriptional ex-
pression of several genes associated with up-regulated TNF-α
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Fig. 1. ARA290 treatment salvages microvascular perfusion throughout
wound beds. (A) The DDVN is viewed from the underside of burn wounds in
controls and ARA290 (150 pmol/g bw)–treated groups, respectively. Forty-
eight hours postburn, controls show a white zone of coagulation along the
midline, whereas an extensive vascular network is visible in the treated
group. Representative areas of the wound center and edge were analyzed

for relative vessel area (RVA) (animals/time point >6). (Scale bar, 1 cm.) (B)
RVA as a function of time (n = 4). ARA290 or vehicle was administered at 1,
12, and 24 h postburn as denoted by arrows along the horizontal axis (mean
± SD, *P/×P < 0.05 ARA290 Center/Edge vs. Control). (C) ARA290 inhibits
burn-induced hypoxia-related mRNA levels in samples harvested 24 h post-
burn (qPCR/ΔΔCt-method, mean ± SD, *P < 0.05 vs. healthy skin).
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(Fig. 2E). At 24 h postburn, untreated controls had significantly
elevated TNF-αmRNA levels, and ARA290 treatment attenuated
TNF-α induction, consistent with a decreased inflammatory re-
sponse. Interestingly, expression of the pan-inflammatory marker
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-κB) decreased in the wound, while its inhibitory counterpart,
inhibitor of NF-κB alpha (IκBα), increased by over an order of
magnitude. Because NF-κB activation induces IκBα expression, it
is possible that constitutively expressed NF-κB was activated in the
burn wound (20), and ARA290 treatment strongly suppressed
this response. It is also of interest that ARA290 mitigated the
TNF-α–driven inflammatory response, as expression of the Fas
receptor (FasR; synonym: CD95, TNFRS6), part of the ex-
tracellular apoptotic pathway, was also strongly suppressed.
We also investigated the effect of ARA290 on leukocyte adhe-

sion behavior, which is an important factor of tissue infiltration
and/or microvascular injury due to interactions with the vascular
endothelium (21). TNF-α and interleukin (IL)-1β are known to
induce cell adhesion molecules (CAMs) on the surface of the
endothelium and circulating leukocytes along with other actions
that cause hypercoagulability (22–24). Therefore, it is plausible
that suppression of the TNF-α–driven response by ARA290 could
impact on leukocyte–endothelial adhesion in the wounds. We
measured gene expression of two cell CAMs, platelet endothelial
CAM–1 (PECAM-1; CD31), and vascular CAM–1 (VCAM-1;
CD106). Increased levels of both were found in control untreated
wounds at 24h post burn compared with normal healthy skin (Fig.
2F). PECAM-1, although also found on endothelial cells, is

predominately expressed by neutrophils and monocytes. PECAM-
1 was significantly suppressed by ARA290 in the wounds to levels
below that observed in normal skin.
Histologically, within 1 h postburn (Fig. 3A), control untreated

wounds showed obvious heat-induced tissue necrosis of the epi-
dermis and dermal hair follicles, whereas the DDVN remained
largely intact with only few thrombosed vessels. At 4 h postburn,

Fig. 2. ARA290 mitigates the inflammatory response in burn wounds. (A) Leukocyte infiltration of burn wounds with leukocytes generally correlates with
RVA (n ≥ 3, mean ± SD, *P < 0.05 vs. control untreated burn wounds). (B) ARA290 alters the spatiotemporal dynamics of MPO activity within the wound. In
central areas, MPO activity remains elevated in ARA290-treated wounds but drops ∼10 fold within 16 h in controls. At the wound edge, MPO activity is slightly
above initial and decreases at 48 h in controls, whereas it increases steadily over time in ARA290-treated wounds (animals/time point = 3–8). ARA290 or
vehicle was given at times denoted by arrows along the horizontal axis. (C and D) In contrast, ARA290-dependent suppression of TNF-α secretion is evident in
nonnecrotic wound areas that are infiltrated by leukocytes. (E) Results of inflammatory response profiling based on the qPCR/ΔΔCt-method show that TNF-α,
FAS, and IκBα, but not NF-κB, are up-regulated in control wounds harvested 24 h postburn. This response is largely suppressed by ARA290 treatment. (F)
Expression of adhesion molecules PECAM-1 and VCAM-1 was increased in control wounds harvested 24 h postburn vs. normal healthy skin. ARA290 sup-
pressed PECAM-1 and to a lesser extent VCAM-1 induction. (D and E) Samples (n = 3, mean± SD) were normalized against normal, healthy skin; *P < 0.05 vs.
control untreated burn wounds.

Fig. 3. ARA290 prevents progressive thrombosis of the DDVN. Areas shown
are H&E stained centers of wounds. (A) The 1 h postburn vehicle controls
exhibit patent microvessels (red arrowheads) within the deep dermis but
progressive thrombosis, as evidenced by the increased number of throm-
bosed vessels (blue arrowheads) filled with nuclei of occluding cells, is seen
at 4 h postburn. At 48 h, there is complete loss of the DDVN, as all vessels
appear thrombosed. (B) In contrast, ARA290-treated wounds at 4 h exhibit
dilated and engorged blood vessels and only few thrombosed vessels.
ARA290-treated wounds maintain perfusion of the DDVN even at 48 h
postburn. (Scale bar, 50 μm.) Insets show enlarged areas of interest.
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however, there was extensive thrombosis of the DDVN, consistent
with a delayed and progressive process. Of note, there was a near
absence of cellular infiltrate (e.g., neutrophils) in the thrombosed
areas, consistent with a lack of tissue perfusion, whereas in con-
trast, leukocytes accumulated in large numbers at the boundary
between thrombosed and still perfused tissue. In addition to
thrombosis, wound histology revealed a progressive necrosis of the
hypodermal muscle layer at the later time points, ultimately
leading to a full thickness skin injury. Conversely, ARA290-treated
(150 pmol/g body weight i.v. at 1 h, 6 h, 12 h, 24 h, and 36 h) animals
showed patent, engorged blood vessels filled with erythrocytes
above the hypodermalmuscle layer, and varying degrees of cellular
infiltration extending all of the way into the center of the wounds
(Fig. 3B).
To further investigate the possible effects of ARA290 treatment

on immune cells in vivo, we selected a well-defined, immortalized
mouse macrophage cell line (J774.A1) for use in several functional
assays. First, flow cytometry performed on J774.A1 cells demon-
strated >98% positive CD131 expression under standard culture
conditions. We then investigated gene expression levels of the
receptor alpha subunits IL-3Rα, IL-5Rα, and GM-CSF-Rα and
EPO-R because they are known to dimerize with CD131, the latter
acting as the intracellular beta signaling unit. TNF-α treatment of
J774.A1 cells only up-regulated EPO-R and CD131 expression,
whereas ARA290 suppressed this response (Fig. 4A). We also
examined whether ARA290 modulates TNF-α expression of J774.
A1 cells induced by TNF-α. ARA290 treatment alone significantly
suppressed basal as well as TNF-α–mediated up-regulation of
TNF-α expression (Fig. 4B). ARA290 also decreased PECAM-1

expression to levels below baseline in J774.A1 macrophages, and
ARA290 mitigated TNF-α–driven PECAM-1 induction in these
cells (Fig. 4C). On the other hand, ARA290 did not affect the
chemotactic response of J774.A1 cells to a gradient of bacterial
lipopolysaccharide (LPS) (Fig. 4D). Taken together, these data are
consistent with alternative EPO signaling suppressing the expres-
sion of both TNF-α and PECAM-1 on macrophages.

Discussion
The major findings in this study are that (i) ARA290 prevents
delayed microvascular thrombosis and preserves viability of deep
dermal blood vessels in areas that suffered partial thickness burns,
(ii) ARA290 mitigates TNF-α–driven responses and adhesion
molecule expression in vivo and in vitro, and (iii) the behavior of
innate immune cells that infiltrate wounds is significantly modu-
lated by ARA290 into a less inflammatory phenotype.
The implications of these findings can be better understood by

the knowledge that secondary burn wound expansion and necrosis,
both in depth and width, is due to protracted tissue ischemia and
inflammation. The data herein are consistent with the notion that
secondary tissue damage follows the progressive thrombosis of
initially patent microvasculature within burn wounds. ARA290
treatment prevented secondary thrombosis and subsequent tissue
damage, but did not abolish the recruitment of leukocytes into the
wounds via an intact microvascular network. Leukocyte seques-
tration in general is considered to promote further microvascular
damage (25), and anti-inflammatory mediators that inhibit leu-
kocyte chemotaxis, such as resolvins, have been shown to be
antithrombotic in the same burn injury model (26). In vitro studies

A B

C D

Fig. 4. ARA290 reduces TNF-α–mediated stimulation and TNF-α secretion but not chemotactic behavior of J774.A1 mouse macrophages. J774.A1 macro-
phages were incubated with TNF-α or vehicle for 2 h and then incubated with ARA290 or ARA297 for 6 h. The control line represents J774.A1 macrophages
incubated with vehicle followed by ARA297. (A) Both EPO-R and CD131 are up-regulated by TNF-α, whereas other receptor subunits known to associate with
CD131 remain unchanged. This induction is suppressed by ARA290 (n ≥ 3, mean ± SD, *P < 0.05 vs. control). (B) TNF-α mRNA is up-regulated by TNF-α, and
suppressed by ARA290 (n ≥ 3, mean ± SD, *P < 0.05 vs. control, #P < 0.05 vs. TNF-α stimulated). (C) PECAM-1 mRNA is up-regulated by TNF-α. ARA290
mitigated both inducible and baseline expression of PECAM-1 (n = 3, mean ± SD; *P < 0.05 vs. control, #P < 0.05 vs. TNF-α stimulated). (D) J774.A1 macro-
phages were added to 6 μm transwells, and migration to 1 μg/mL LPS, 150 pmol/mL ARA290, or 1 μg/mL LPS+150 pmol/mL was assessed after 3 h. Controls are
J774.A1 macrophages in 150 pmol/mL ARA297. Migration in response to LPS in a transwell assay is unaffected by ARA290 (n = 6, box shows mean ± SEM, error
bars show ± SD, *P < 0.05 vs. controls).
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on CD131-expressing J774.A1 mouse macrophages show that
ARA290 alters the secretion profile of these cells, although not
their chemotactic behavior. In vivo, this was most apparent by the
mitigation of TNF-α secretion within burn wounds by ARA290
treatment. Thus, the preservation of microvasculature patency
within burn wounds could be the result of an inhibitory effect of
ARA290 on proinflammatory actions exerted by infiltrating leu-
kocytes—for example, protection of the endothelium. It is note-
worthy, although, that TNF-α levels did eventually rise above
controls in the ARA290-treated group, which may reflect the fact
that in these particular studies, ARA290 was not administered
beyond 24 h postburn.
The data also clearly support an inhibitory effect of ARA290

on TNF-α–mediated signaling in vivo. Consistent with this no-
tion, recent findings with ARA290 showed that it suppressed
TNF-α in a urinary tract infection cell culture model (27). Other
evidence of an effect on TNF-α signaling comes from studies
with recombinant EPO. For example, EPO inhibited TNF-
α–induced apoptosis of SH-SY5Y cells in vitro (28) as well as
counteracted and reversed TNF-α–mediated effects in different
in vivo models of neuronal injury (29, 30). On the other hand,
EPO has also been shown to induce TNF-α and apoptosis in
a liver regeneration model (31). Because the effects of EPO are
not uniquely mediated via the alternative CD131/EPO-R sig-
naling pathway, this is clear evidence for a TNF-α suppressing
effect of the alternate CD131/EPO-R signaling pathway in vivo,
which is selectively activated by ARA290. In a recent study,
recombinant EPO was also shown to induce nitric oxide synthase
at 24 h in burn wounds, which may have vasodilatory effects and
contribute to improved perfusion (32); therefore, it is possible
that ARA290 may exert similar effects in these experiments
as well.
It is notable that previous experimental treatments of burn

wounds using EPO itself have also shown tissue protection (32–35)
and invoked mechanisms other than anti-inflammatory. There-
fore, apart from a predominant focus on innate immunity, our
findings could also be considered as only one aspect of a net effect
of ARA290 on different cell types within tissues/wounds. For ex-
ample, ARA290 strongly suppresses the expression of PECAM-1
and VCAM-1 in these experiments, as well as intercellular adhe-
sion molecule 1 (ICAM-1) following shock (36), and therefore
reduces the probability of thrombus formation and thereby
maintains vessel patency. Also, ARA290 is known to inhibit apo-
ptosis, including the vascular endothelial cell, within damaged
tissue. Specifically it was found to increase the oxidative damage
threshold for induction of the mitochondrial permeability transi-
tion in a mouse model of myocardial infarction (36). Translated to
our model of burn injury, it is therefore plausible that ARA290
could increase the damage threshold needed to cause tissue death.
In conclusion, we show that systemic administration of ARA290

is highly effective in reducing burn wound expansion by preventing
microvascular thrombosis and progressive necrosis, which corre-
lated with a decrease in TNF-α secretion levels of innate immune
cells, including several markers of related proinflammatory path-
ways in the wounds (37, 38). The decrease in burn depth and area
would likely reduce the necessity for extensive surgical de-
bridement as well as secondary wound closure by means of skin
grafting. This is yet another beneficial effect of ARA290 that is
consistent with prior reports of the therapeutic potential of
ARA290 in other models of injury, such as myocardial infarction
and hemorrhagic shock (36, 39).

Methods
Mouse Models of Burn Injury. Experiments were performed using 6-wk-old
(>20 g) male C57BL/6 mice purchased from The Jackson Laboratory. To in-
duce the burn, animals were anesthetized using i.p. ketamine+xylazine (80/
6 mg/kg). The animal was positioned in a mold and the shaved back of the
animal contacted with 90 °C water for 10 s, thus yielding a scald burn over

20% of the total body surface area. Untreated, this wound becomes full
thickness histologically and turns into a scab, which is expelled via contrac-
tion of the wound, thus yielding a very small residual scar after several
weeks. After burn, the animals received i.p. saline resuscitation (40 mL/kg/
24 h) and s.c. analgesia (0.05–0.1 mg/kg buprenorphine).

Treatment. ARA290 (pyroglutamic acid-Glu-Gln-Leu-Glu-Arg-Ala-Leu-Asn-
Ser-Ser-OH) was manufactured by standard F-moc solid phase peptide syn-
thesis, purified by HPLC and ion-exchange chromatography. Unless stated
otherwise, ARA290 was given via tail vein injection with 100 μL 0.9% saline as
vehicle at <2 h, 12 h, and 24 h postburn. Doses used were 15 and 150 pmol/g
body weight. Pilot studies were carried out using an inactive analog,
ARA297, and no effects were observed compared with saline vehicle.
Therefore, all studies presented herein were carried out with saline vehicle
as controls.

Morphological Analysis of Wounds. Macroscopic images were taken from
a standard distance using a portable digital camera (Coolpix, Nikon). Wound
surface area was quantified using ImageJ 1.43u image software (http://
rsbweb.nih.gov/ij/). To assess vascularity, the underside of the burn wound
was surgically exposed, taking special care to avoid damaging the deep
dermal vascular plane. The prepared skin was rinsed with saline, pinned to
a custom-made stage, and pictures taken at 7.5× magnification using a po-
larizing macroscope (Olympus SZX12) mounted with a digital camera
(Olympus DP10, JPN). Raw images were thresholded to highlight micro-
vessels and analyzed using ImageJ 1.43u. RVA of the basal dermal layer was
calculated as the area covered by the microvessels normalized to the total
viewing area. Data shown in Fig. 1Bwere generated from six defined circular
areas at the center and edge of the wounds, in at least six killed animals per
time point.

Histology was performed by taking 6 mm biopsy punches from the center
of the wounds. Samples were formalin fixed and paraffin embedded, cut into
5μm sections, and stained with hematoxylin and eosin (H&E).

MPO Activity Assay. Biopsy punches of 6 mm diameter were taken from the
following areas: three from the wound center (>5 mm from edge of wound),
three from wound edges (although entirely within the burn wound), and
three from healthy skin outside of the wound (>5 mm from wound) at se-
lected time points. At minor time points (4, 6, 8, 12, and 36 h postburn) at
least three animals, and at major time points (24, 48, and 72 h postburn), at
least eight animals were killed to harvest the tissues. Tissues were ground in
liquid nitrogen and further processed to obtain supernatants of tissue
homogenates. A modified colorimetric MPO assay was performed. In short,
samples were exposed to three freeze-thaw cycles in nondenaturizing lysis
buffer (20 mM Tris-HCl, 200g/L glycerol, 0.5% Tween-20) followed by three
more freeze-thaw cycles and centrifugation. The MPO reaction was carried
out in triplicate by first mixing 20 μL skin lysate with 20 μL assay buffer (0.167
mg/mL o-dianisidine-HCl, 50 mM Na2HPO4, pH 5.4) in a 96-well plate and,
after adding 200 μL development solution (0.1% H2O2, 50 mM Na2HPO4, pH
5.4), measuring absorbance at 450 nm every 15 s. MPO activity is expressed
as the change in absorbance per min per mg of skin lysate protein (ΔmOD/
min/mg protein). Values for individual wounds were obtained by averaging
data from the biopsies from that wound, and then data from all of the
animals in each experimental group were averaged at each time point.

TNF-α ELISA. TNF-α content of tissue homogenates from defined wound
areas (see above) were processed according to the manufacturer’s protocol
(mouse TNF-α ELISA, BD Biosciences).

Cell Culture Studies. J774.A1 mouse macrophage (catalog number TIB-67™,
ATCC) cultures were maintained in standard DMEM (Dulbecco) supple-
mented with 200 nM L-glutamine (Sigma), 2% penicillin/streptomycin, and
10% heat-inactivated FCS. For gene expression studies, J774 macrophages
were incubated with vehicle or 20 ng/mL TNF-α for 2 h. The medium was
then replaced with vehicle or 150 pmol/mL ARA290, and incubated for an
additional 6 h. Controls consisted of J774.A1 macrophages incubated with
vehicle or 20 ng/mL TNF-α and then 150 pmol/mL ARA297. For chemotaxis
assays, 2 × 105 J774.A1 macrophages were added on top of 6 μm pore-sized
transwells (Millipore), and 1 μg/mL LPS, 150 pmol/mL ARA290, or 1 μg/mL LPS
+150 pmol/mL ARA290 was added to the bottom well. The multiwell plate
was incubated at 37 °C on an inverted microscope (Axiovert, Zeiss), and the
number of cells that migrated to the bottom surface counted after 3 h of
incubation. The values were then normalized to controls, which consisted of
J774.A1 macrophages incubated in 150 pmol/mL ARA297.
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Gene Expression Analysis. RNAwas extracted from cell culture or tissue samples
usingeitherTRIzolReagentextraction (Invitrogen)orAllPrepDNA/RNA/Protein
Mini Kit (Qiagen). Total RNA quality was assessed by spectroscopy (Nano-
DropND-1000, ThermoScientific) and microfluidic gel analysis (Agilent RNA
6000 Nano Chip/Agilent2100 Bioanalyzer) followed by cDNA conversion using
the SuperScriptIIIPlatinumTwo-StepqRT-PCR Kit (Invitrogen) or a RT2FirstStand
KitC-03 (SABiosciences) together with a Perkin Etus Thermal Cycler 480 (Per-
kinElmer). The gene expression patterns were then assessed by quantitative
PCR (qPCR) with a RT2 SYBR Green/RoxqPCR Master Mix (SABiosciences) using
a Stratagene mx3005P instrument (Stratagene). A melting curve was used to
confirm the specificity of each primer pair. Each sample was run in triplicate to
exclude outliers. Gene expression was analyzed using the commonly used
ΔΔCT method (RT2qPCR Primer Assay User Manual, Version2.17, SABio-
sciences) with GAPDH as the normalizing gene. The average gene expression
was computed for each experimental condition (n ≥ 3) relative to the control
condition (n ≥ 3). Primers for the following genes were commercially acquired
(SABiosciences): GAPDH, Gpx1, SOD1, Nqo1, Nfe2l2, and TNF-α. The following
primerswere designed using Primer3 v. 0.4.0 (http://frodo.wi.mit.edu/primer3/)
software based on coding DNA sequences (www.ncbi.nlm.nih.gov/nuccore):
CD131, forward 5′-ATGGAGGTAAAGGTCTCT-3′, reverse 5′-CTCTATAGTGA-
GAGGTGACA-3′; EPO-R, forward 5′-TCTGGTCCTCATCTCGCTGT-3′, reverse 5′-
GCTCCACCACAGACAACCAT-3′; Fas, forward 5′-GTCAAGATTGATGAAGAAT-
3′, reverse 5′-GCTGCAGACATGCTGTGGATC-3′; NFkappaB1, forward 5′-

CTGACCTGAGCCTTCTGGAC-3′, reverse 5′-GCAGGCTATTGCTCATCACA-3′;
mIL3-Rα, forward 5′-CCACACTACCACAGCCTTGA-3′, reverse 5′-GTCCACAGT-
GTTGTCCATGC-3′; mIL5-Rα, forward 5′-CAAGAGCAAAGGCATGTTGA-3′, re-
verse 5′-GGTGGAGCTTTGAGTTCAGC-3′; GM-CSFα, forward 5′-CACCGCGT-
CCTGTAACTCTT-3′, reverse 5′-GCACCTTGACCTTGTGACCT-3′; PECAM-1, for-
ward 5′-GGAGTTTACAGAAATTATCA-3′, reverse 5′-GAAACAGCTCTGTTATGTT-
3′; and VCAM-1, forward 5′-CCAGACAGACAGTCCCCTCA-3′, reverse 5′-GACC-
TCCACCTGGGTTCTCT-3′.

Statistics. The results are presented as mean ± SD and/or SEM. Pair wise
comparisons were performed using a two-tailed Student t test, whereas
multiple comparisons were performed by two-way analysis of variance
(ANOVA) and the Bonferroni method. These analyses were performed using
Prism4.0 (GraphPad) software. A two-tailed P < 0.05 was considered statis-
tically significant. The number of replicates reported on the figures repre-
sents the number of wounds (equal to the number of animals) analyzed.
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