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Abstract

Background—~Post-traumatic lung injury following trauma and hemorrhagic shock (T/HS) is
associated with significant morbidity. Leukotriene-induced inflammation has been implicated in
the development of post-traumatic lung injury through a mechanism that is only partially
understood. Post-shock mesenteric lymph returning to the systemic circulation is rich in
arachidonic acid (AA), the substrate of 5-lipoxygenase (ALOX5). ALOXS5 is the rate-limiting
enzyme in leukotriene synthesis and, following T/HS, contributes to the development of lung
dysfunction. ALOX5 co-localizes with its cofactor, 5-lipoxygenase-activating protein
(ALOX5AP), which is thought to potentiate ALOXS5 synthetic activity. We hypothesized that T/HS
results in the molecular association and nuclear co-localization of ALOX5 and ALOX5AP, which
ultimately increases leukotriene production and potentiates lung injury.

Materials and Methods—To examine these molecular interactions, a rat T/HS model was
employed. Post-T/HS tissue was evaluated for lung injury through both histologic analysis of lung
sections and biochemical analysis of bronchoalveolar lavage fluid. Lung tissue was
immunostained for ALOX5 and ALOX5AP with association and co-localization evaluated by
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fluorescence resonance energy transfer (FRET). Additionally, rats undergoing T/HS were treated
with MK-886, a known ALOX5AP inhibitor.

Results—ALOXS5 levels increase and ALOX5/ALOX5AP association occurred after T/HS, as
evidenced by increases in total tissue fluorescence and FRET signal intensity, respectively. These
findings coincided with increased leukotriene production and with the histological changes
characteristic of lung injury. ALOX5/ALOXS5AP complex formation, leukotriene production and
lung injury were decreased after inhibition of ALOX5AP with MK-886.

Conclusions—These results suggest that the association of ALOX5/ALOX5AP contributes to
leukotriene-induced inflammation and predisposes the T/HS animal to lung injury.

INTRODUCTION

Despite advances in the management of trauma, shock, and post-injury critical care, post-
traumatic lung injury leading to acute respiratory distress syndrome (ARDS) continues to
result in compelling morbidity and high cost of care (1). Prior investigation has shown that
lung dysfunction following trauma and hemorrhagic shock (T/HS) is exacerbated by the
presence of pro-inflammatory molecules derived from arachidonic acid (AA). Specifically,
post-shock mesenteric lymph contains free AA, that has been shown to activate the
leukotriene biosynthetic pathway (2—4). The rate-limiting enzyme in this pathway is
arachidonate lipoxygenase-5 (ALOX5), which ultimately results in the production of
bioactive leukotrienes. The inhibition of the ALOX5 pathway has been shown to reduce lung
damage following T/HS in a murine model (5). Arachidonate lipoxygenase-5 activating
protein (ALOXS5AP) is a cofactor of ALOXS5 that is thought to have two primary roles: 1)
potentiating ALOXS5 catalysis and 2) anchoring complexed ALOX5/ALOXS5AP to the
nuclear membrane (6). In addition, selective inhibition of ALOX5AP attenuates leukotriene
synthesis (7).

Though recent evidence has suggested a mechanism for ALOX5/ALOX5AP binding at the
nuclear membrane in the presence of AA (6), the role of the localized ALOX5/ALOX5AP
complex in the development of lung injury after T/HS has not been firmly established.
Furthermore, it is not known whether inhibition of ALOX5AP results in the inhibition of
ALOX5/ALOX5AP association and co-localization. Finally, the inhibition of ALOX5/
ALOX5AP association as a method to curtail the development of post-traumatic lung injury
has not been explored. Therefore, we hypothesize that molecular association of ALOXS5 and
ALOX5AP is a necessary condition for the production of the pro-inflammatory leukotrienes
that contribute to the development of post-traumatic lung injury.

MATERIALS AND METHODS

All animal experiments were performed using the recommendations of the Guide for the
Care and Use of Laboratory Animals (National Research Council, 2011) and approved by
the University of Colorado-Denver Institutional Animal Care and Use Committee. Adult
male Sprague-Dawley rats (Harlan Laboratories, Indianapolis IN) of uniform weight (range
350 to 425 g) were supplied with food and water ad /ibitum, maintained in climate
controlled facilities with 12-hour light/dark cycles and allowed to acclimate for at least one
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week prior to experimentation. No female rats were included in this study due to their
resistance to end organ dysfunction following T/HS (8). Sample size calculation were
performed with 2 tailed tests with a. set to 0.05, power at 80%, and an estimated standard
deviation of 20%. We wanted to be able to detect an effect size of 35-40%, giving us a
sample size of 6-8 animals per group.

Control, Trauma/Sham Shock (T/SS) and Trauma/hemorrhagic Shock (T/HS) Models (Fig. 1)

All treatment groups contain 6—8 animals, unless otherwise stated. Control animals were
overdosed with sodium pentobarbital and immediately sacrificed. Trauma/sham shock
(T/SS) animals were anesthetized with 50 mg/kg intraperitoneal sodium pentobarbital
(Abbot Labs, Chicago IL). Surgical cannulation of the femoral artery and vein was
performed using PE-50 polyethylene tubing (Baxter Healthcare, Deerfield, IL). Heart rate
and blood pressure were continuously monitored via the arterial cannula. Core temperature
was measured via rectal probe and normothermia was maintained using a radiant warmer
throughout the experiments. A tracheostomy was created and the animals were allowed to
spontaneously ventilate on 30% FiO, at 2 L/min. After an observation period of 45 minutes,
a midline laparotomy was performed to simulate mild traumatic injury. These animals were
subsequently maintained under anesthesia with of pentobarbital redosing as needed
(Img/kg) for three hours prior to sacrifice.

T/HS animals were treated as above followed by controlled exsanguination; 40-50% of the
weight-estimated total blood volume was removed over a period of 10 minutes to achieve a
mean arterial blood pressure of 30 mmHg. Hypotension was maintained for 45 minutes and
an arterial blood gas was drawn to ensure a base deficit of 18 to 23. This corresponded to a
bicarbonate level of 8.2 + 0.7 mEg/dL and did not have a contribution from respiratory
acidosis. Intravenous NS resuscitation consisted of twice the shed blood (SB) volume over
30 minutes followed by another twice SB volume over 90 minutes. Animals were observed
for an hour prior to sacrifice via high-dose sodium pentobarbital.

ALOX5AP Inhibition and Vehicle Administration

The ALOX5AP inhibitor MK-886 (Cayman Chemical Company, Ann Arbor MI) dissolved
in DMSO was administered intravenously at 6mg/kg after pentobarbital anesthesia, femoral
artery, vein cannulation, tracheostomy and laparotomy as described above. DMSO vehicle
was administered in the same volume equivalent (0.2mL) as the inhibitor. The T/HS model
was then performed as described above.

BAL Fluid Analysis

BALs were performed using 5ml of cold normal saline injected via the tracheostomy. The
airways were aspirated. Bronchoalveolar lavage fluid (BALF) underwent 400g
centrifugation at 4 °C for 10 minutes. Leukotriene quantification was performed via
commercially available enzyme linked immunosorbent assay for cysteinyl leukotrienes (GE
Life Sciences, Pittsburgh PA). This assay measures aggregate levels of LTC,4, LTDy, LTEy,
all of which are produced from arachidonic acid breakdown from the ALOX/ALOX5AP
pathway. We did not assay LTB4 due to the rapid metabolism in vivo (9).
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Histologic Analysis

The left lung was removed and filled with 1.5 ml of 4% sucrose and 10% optimal cutting
temperature (OCT) compound in saline solution and a cross section of it was cryopreserved
in OCT compound at —80 C. Sections were cut to 5 um, stained with hematoxylin and eosin
and examined at 40x magnification by a blinded observer using conventional light
microscopy (Eclipse 55i; Nikon, Tokyo, Japan). Histological scoring was using 5 random
high-power fields per lung and average alveolar wall thickness and total neutrophil counts
were measured (5, 10).

Fluorescence Resonance Energy Transfer (FRET) Microscopy

Sections were fixed and permeabilized with 70% acetone and 30% methanol for 10 minutes
at —20 °C. After air drying, they were blocked with 10% normal donkey serum in PBS for 1
hour and then incubated overnight at 4°C with primary antibodies for ALOX5 (mouse anti-
ALOXS5 antibody, BD Biosciences, San Jose CA) and ALOX5AP (rabbit anti-ALOX5AP
antibody, Santa Cruz Biotechnologies, Santa Cruz CA) in PBS with 1% BSA. Sections were
incubated with species-specific fluorescent secondary antibodies (donkey anti-mouse Alexa
Fluor-555, red; donkey anti-rabbit Alexa Fluor-488, green; Life Technologies, Carlsbad CA)
and with Alexa Fluor-633 conjugated wheat germ agglutinin (Life Technologies, Carlsbad,
CA) to visualize membrane glycoproteins. Nuclei were stained with DAPI (Prolong Gold
Antifade Mount with DAPI; Life Technologies, Carlsbad CA).

Images were obtained with a Zeiss Axio Observer Z1 microscope using Chroma Multiple
Bandpass filter wheel controlled by Slidebook v5.5 (Intelligent Imaging Innovations, Denver
CO). All images were captured at 63x magnification as Z-stacks in 0.2 um intervals.
Between 6 and 9 Z stacks per section were captured, to cover the parenchymal surface; two
sections per animal, three representative animals per treatment group, for a total of 36-54
3D images/group. They were processed with constrained iterative deconvolution and
Gaussian noise smoothing with system specific point spread functions. ALOX5 and
ALOXS5AP fluorescence intensity and ALOXS5 direct excitation signal were determined for
each image. Cellular structures were partitioned into cytosolic, perinuclear, and nuclear
domains via masking functions (Fig. 2A). FRET signal was corrected for trans-channel
bleed-through and normalized to acceptor/donor fluorescence voxel intensity (11, 12). All
fluorescence data are presented in arbitrary linear units of fluorescence intensity (ALUFI).

Statistical Analysis

All data are expressed as the mean = SEM and analyzed for significance via one-way
analysis of variance with post-hoc analysis using the Tukey method on GraphPad Prism
version 7.0a (GraphPad Software, Inc; La Jolla, CA) and Excel version 12.2.5 (Microsoft
Corporation; Redmond, WA).

RESULTS

T/HS induces and MK-886 ameliorates post-traumatic lung injury

Histological examination (Fig. 3A) showed abundant PMN infiltration, alveolar wall
thickening, arcuate inflammation, and intra-alveolar cellular debris in the T/HS and T/HS
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+Vehicle groups. MK-886 treatment resulted in decreased PMN infiltration, reduced
interstitial edema, and minimal intra-alveolar debris. Alveolar wall thickness (Figure 3B) did
not increase after T/SS compared to control, but T/HS did result in significant increases
compared to both control and T/SS (p<0.0001 for both). T/HS+Vehicle did not result in a
change in wall thickness compared to T/HS alone (p>0.05). MK-886 treatment resulted in a
decrease in wall thickness compared to T/HS+Vehicle (p<0.0001), although MK-886 treated
animals still did demonstrate increased wall thickness compared to control and T/SS
(p<0.0001 for both). PMN infiltration into lung tissues showed a similar trend (Figure 3C),
with T/HS having increased PMN counts compared to control and T/SS (p<0.0001 for both).
DMSO treatment did decrease PMN counts compared to T/HS alone (p<0.0005), although
MK-886 treatment further decreased PMN counts compared both T/HS and T/HS+Vehicle
(p<0.0001 for both). While MK-886 did decrease PMN counts, these animals showed higher
counts than control (p<0.005) but not T/SS (p>0.05). Cysteinyl leukotriene concentration
sequentially increased from control (74 + 11 pg/ml), T/SS (845 + 377 pg/ml) and T/HS
(3590 = 770 pg/ml, p < 0.01) (Fig 4). MK-886 decreased the amount of leukotriene
produced following hemorrhagic shock compared to vehicle alone (1248 + 528 vs 3792

+ 504 pg/ml, p < 0.05).

T/HS increases ALOX5 and MK-886 attenuates the increase of ALOX5

The total fluorescence of tagged ALOX5 and ALOX5AP was quantified in all images (Fig.
5). Total fluorescence is defined as (signal intensity - background) x tissue area, to account
for the increased cellularity of the tissues after T/HS. Total ALOX5 did not increase
significantly after T/SS. However, T/HS with (3.1 x 10° + 3.4 x 10%) and without DMSO
(2.5 x 10° + 2.0 x 10%) resulted in a significant increase in ALOX5 fluorescence over both
control (1.4 x 10° + 1.8 x 104, p < 0.0001 and p <0.01, respectively) and trauma tissues (1.5
x 10° £ 1.6 x 104, p < 0.0001 and p < 0.05, respectively). Total ALOX5 fluorescence
decreased from that seen in the T/HS + DMSO after administration of ALOX5AP inhibitor,
MK-886 (2.1 x 10° + 1.0 x 10%, p < 0.05). ALOX5AP immunoreactivity did not increase
significantly after T/SS. T/HS did result in a statistically significant increase in ALOX5AP
fluorescence (2.8 x 10° + 1.3 x 10%) compared to control (1.8 x 10° + 1.9 x 104, p < 0.0005)
but not T/SS (2.2 x 10° + 9.9 x 103, p = 0.06). T/HS + vehicle (2.7 x 108 + 6.2 x 107) did
not result in a statistically significant increase in ALOXS5AP fluorescence compared to
control or T/SS. MK-886 did not result in a statistically significant difference in ALOX5AP
fluorescence when compared to T/HS + vehicle. T/HS+Vehicle did not result in an increase
in ALOX5 or ALOX5AP fluorescence compared to T/HS alone.

ALOX5 and ALOX5AP closely associate after T/HS and MK-886 reduces this effect

Analysis of FRET signal intensity reveals an increase in co-localization in the T/HS group,
as well as a decrease in signal following ALOX5AP inhibition with MK-886 (Fig. 6). FRET
was defined in the same fashion as total fluorescence above. With respect to the subcellular
location of the ALOX5/ALOXS5AP association (Fig. 2B-D), the FRET signal intensity
increased in the cytoplasmic, perinuclear and nuclear domains after T/HS (2.1 x 10° + 1.5 x
104, 2.8 x 10° +4.7 x 10* and 1.8 x 10° + 3.1 x 104, respectively) compared to control (1.1 x
10°+ 1.6 x 104, 9.2 x 104 £ 1.9 x 10% and 6.8 x 10 + 1.8 x 10%, p < 0.05 for all).
Additionally, the total FRET signal intensity was greatest in the perinuclear compartment.
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The FRET signal intensity after T/HS increased in all locations except nuclear when
compared to T/SS (1.2 x 10° + 1.4 x 104, 1.2 x 10° + 1.9 x 10% and 8.6 x 10* £ 2.0 x 104, p
<0.01, p<0.05 and p > 0.05 for cytoplasmic, perinuclear and nuclear, respectively). There
was no increase in FRET signal intensity in any compartment when T/SS was compared to
control. While there was no difference between T/HS and T/HS+Vehicle in the aggregate,
perinuclear or nuclear compartments, in the cytoplasmic compartments T/HS+Vehicle had
an increased FRET signal compared to T/HS alone (p<0.05). After administration of
MK-886, there was a decrease in FRET intensity in cytoplasmic, perinuclear and nuclear
compartments (1.9 x 10° + 8.8 x 103, 2.0 x 10° + 2.0 x 10*and 1.4 x 10° + 1.5 x 10%)
compared to T/HS + DMSO (2.9 x 10° + 3.1 x 104, 3.7 x 10° + 3.6 x 10% and 2.6 x 10°
+3.1 x 104 p < 0.005, p< 0.005 and p <0.01 respectively.

DISCUSSION

In the present study, we investigated the role of ALOX5 and ALOX5AP association in the
development of lung injury following T/HS. These data show that ALOX5 expression
increases following T/HS, although there is no significant change in ALOX5AP expression.
Additionally, ALOX5 and ALOX5AP closely associate during lung injury following T/HS.
Mild trauma without shock was not sufficient to induce any of these changes. Treatment
with MK-886 reduces but does not eliminate lung injury following T/HS. Finally, MK-886
treatment decreased expression of ALOXS5, but not ALOX5AP. MK-886 additionally
decreased the association of ALOX5 and ALOX5AP as measured by FRET in the
cytoplasmic, perinuclear and nuclear compartments.

Post-traumatic lung injury is the most common type of organ dysfunction following trauma
(1). Despite a decreasing incidence over time, lung injury still carries a high cost to the
trauma system and substantial mortality (1). Recent work has implicated crystalloid as a risk
factor for development of acute respiratory distress syndrome (ARDS) following trauma
(13). As trauma centers continue to work on limiting crystalloid infusion, this may be
responsible for the decreased incidence of ARDS in this population. The role of blood
products in the development of post-traumatic lung injury is less clear, while some studies
have implicated increased blood product transfusion with the development of ALI, others
did not find this association (13-15). This may be confounded by the role of shock, as
patients with higher degrees of shock will need more blood products.

Shock appears to be central to the development of an inflammatory state through production
of the bioactive eicosanoids (16). This contributes to post-traumatic lung injury secondary to
the disruption of blood flow to the splanchnic vascular beds (5, 17-19). Specifically, post-
shock mesenteric lymph (PSML) has been found to play an integral role in the pathogenesis
of lung injury following shock, likely due to its high concentration of AA (2, 16, 20, 21).
AA has been found to prime the PMN for increased superoxide anion and elastase release to
facilitate the respiratory burst (22). In addition, primed PMN can convert free AA to acute-
phase pro-inflammatory eicosanoids that include the synthesis of the leukotrienes via the 5-
lipoxygenase pathway. These include LTBy,, an effective PMN chemoattractant and
potentiator of PMN-mediated cytotoxicity, and LTCy,, the precursor to the downstream
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vasoactive cysteinyl leukotrienes, which have been shown to increase vascular permeability
allowing PMN extravasation (22-25).

ALOXS5 catalyzes the first step in leukotriene biosynthesis. In its inactive state, ALOX5 is a
soluble protein found in both the cytoplasm and nuclear matrix (26, 27). With PMN
activation, ALOX5 is regulated through several distinct mechanisms which serve to augment
LTA, synthesis and localize the enzyme to the nuclear membrane (28-31). Furthermore,
ALOXS5 interacts with its cofactor ALOX5AP and further potentiates its catalytic activity
(26). The ALOX5/ALOX5AP complex has a concomitant interaction with membrane-bound
LTC4-synthase (LTC4-S) resulting in localized cysteinyl leukotriene synthesis (6, 26). These
data show that ALOXS5 increases following T/HS and closely associates with ALOXS5AP.
Because of the use of the fluorescent secondary antibodies in these experiments, a positive
FRET can only be achieved when the maximal distance between ALOX5 and ALOX5AP is
< 30 nm (32). This close association is essential for post-traumatic lung damage as
elimination of ALOX5/ALOX5AP complex formation by MK-886 reduces that damage.
Prior studies have suggested that ALOX5AP has two primary functions: 1) a protein anchor
localizing ALOXS5 to the nuclear membrane (6, 27, 33) and 2) a non-enzymatic carrier for
AA (6, 33, 34). This study showed no change in ALOX5AP activity after treatment with
MK-886. However, we did show a decrease in ALOX5. This is likely a consequence of the
decreased association of ALOX5/ALOX5AP (as seen in the FRET signal) and the now free
ALOX5 being more susceptible to degradation than when complexed and localized to the
nuclear membrane. Prior studies have shown that ALOX5 and ALOX5AP co-localize to the
nuclear and perinuclear domains(6), this study demonstrated association of ALOX5/
ALOXS5AP in all compartments. While perinuclear FRET signal was highest, the increased
levels seen in the cytoplasmic and nuclear compartments may be due to local membrane and
organelle destruction with diffusion of ALOX5/ALOX5AP into adjacent compartments.

This study does have several limitations, mainly related to the DMSO vehicle. While DMSO
is a known anti-inflammatory mediator (5, 12), it has been shown to upregulate ALOX5
(35), which was not seen in this study (as we are likely underpowered to detect this
difference). A manifestation of this anti-inflammatory effect is the decreased PMN
infiltration on histological examination after treatment with DMSO. While this does
somewhat affect our results, we controlled for this by comparing the effects of MK-886 to
T/HS+Vehicle alone to compare equivalent groups. These comparisons revealed significant
differences between groups, showing a distinct effect due to MK-886. Additionally, we only
used male rats, which limits the generalizability of the results. However, this was done in
light of the absence of end organ dysfunction in female rats subjected to T/HS (8). Finally,
the choice of experimental groups and resuscitation fluids carry with them limitations. The
trauma used in this model is mild compared to more severe trauma seen in human
population. However, we elected to use a discrete tissue injury in place of more severe
trauma that would carry with it confounding factors, either in the form of blood loss (eg
femur fracture or liver or splenic injury), pulmonary contusion (chest wall trauma) or head
injury which has been shown to predispose patients to lung dysfunction (36). Expansion of
this model with additional traumatic injuries including pulmonary contusion or head injuries
may provide additional avenues for research, as these are independent risk factors for lung
injury, potentially through a different mechanism (13, 14, 36). We elected not to use a pure
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HS group as this is not seen in the trauma population of interest, but rather in conditions
such as gastrointestinal hemorrhage or post-partum hemorrhage. We additionally used a
high-volume normal saline resuscitation that does not reproduce modern resuscitation
paradigms and may contribute to a worsened lung injury. However, this is intentional in this
model, as we produce a robust lung injury we are more easily able to detect treatment
differences and limit group sizes.

Post-traumatic lung injury remains a relevant clinical problem with a high burden both for
the healthcare system and individual patients. Furthermore, the limited therapeutic options
for the treatment of post-traumatic lung injury provide the essential need for further
investigation of its etiology in the hopes to develop effective treatment options (15). As post-
traumatic lung injury appears to be unique from the more general ARDS patients, targeted
investigations are needed in this group (15). These data not only provide insight into
mechanism but also highlight a possible target to ameliorate post-traumatic lung injury.
Additional research is needed to establish whether MK-886 will still reduce lung damage
when given following injury, as PMN priming occurs rapidly after severe injury (37).
Currently, multiple ALOX5AP inhibitors are being studied to curtail the negative effects of
leukotriene-induced chronic inflammation in asthma and COPD (38). Whether these are
beneficial in the post-injury phase is not known, but may provide future avenues for
research.

In summary, the presented data show that close molecular interaction of ALOXS5 and
ALOX5AP is necessary to potentiate lung injury following trauma and hemorrhagic shock.
As such, further examination of the regulatory mechanisms governing the role of eicosanoid-
mediated acute inflammation in the development of lung damage are important and may
ultimately offer insight into novel therapeutic strategies to improve outcomes in critically
injured patients.
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Figure 1. Experimental design
A standardized rodent model of trauma/sham shock (T/SS) and trauma/hemorrhagic shock

(T/HS) was utilized. Control animals were immediately sacrificed. After anesthesia,
tracheostomy and femoral arterial and venous cannulation was performed. Next, a
laparotomy was created to simulate trauma. Hemorrhagic shock was induced to achieve a
mean arterial pressure of 30—-32 mmHg for 45 minutes. Animals were then resuscitated with
crystalloid followed by a period of observation. Vehicle and the ALOX5AP inhibitor
MK-886 were administered prior to initiation of shock.
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Figure 2. Subcellular localization of FRET signal intensity
A) Pulmonary localization of ALOX5 and ALOX5AP in Trauma and Hemorrhagic Shock-

induced lung injury. Quantification and the intracellular location of ALOX5 and ALOX5AP
are shown. The cellular structures were partitioned into (A) cytosolic (B) perinuclear and (C)
nuclear domains that were mutually exclusive (illustrated in these representative images in
green). Nuclei are blue and the cytosolic domains are gray (B and C).

B) The molecular association between ALOX5 and ALOX5AP in the cytoplasm increases
after T/HS when compared to Control and T/SS (*, p<0.05). FRET intensity significantly
decreased after administration of MK-886 when compared T/HS+Vehicle (**, p<0.01).

C) The molecular association between ALOX5 and ALOX5AP in the perinuclear domain
increases after T/HS when compared to Control and T/SS (*, p<0.01). FRET intensity
significantly decreased after administration of MK-886 when compared T/HS+Vehicle (**,
p<0.01).

D) The molecular association between ALOX5 and ALOX5AP in the nuclear domain
increases after T/HS when compared to Control (*, p<0.01) but not T/SS (p>0.05). FRET
intensity significantly decreased after administration of MK-886 when compared T/HS
+Vehicle (**, p<0.01).

ALUFI, arbitrary linear units of fluorescence intensity.
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Figure 3. Trauma and Hemorrhagic Shock induce lung injury
A) Representative images of lung sections stained with H&E from control, trauma/sham

shock (Trauma), trauma/hemorrhagic shock (T/HS), T/HS + DMSO (T/HS+Vehicle) and
T/HS + MK-886 groups are shown. Control and Trauma animals showed little derangement
in cellular architecture. In contrast, the T/HS and T/HS+Vehicle groups demonstrate
neutrophil infiltration, alveolar thickening, and intra-alveolar cellular debris. The
administration of MK-886 decreases neutrophil infiltration, tissue edema, and alveolar
debris.

B) Alveolar wall thickness is increased by T/HS compared to Control or T/SS alone (*
p<0.0001). MK-886 decreased alveolar wall thickness compared to Vehicle (** p<0.0001)
C) PMN s are increased in lung tissue (PMNs/high power field) by T/HS compared to
Control or T/SS alone (* p<0.0001). MK-886 decreased alveolar wall thickness compared to
Vehicle (** p<0.0001)
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Figure 4. T/HS increases cysteinyl leukotriene production

)
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Cysteinyl leukotrienes increase sequentially after T/HS when compared to Control and T/SS
(*, p < 0.05). MK-886 administration prior to induction of hemorrhage decreases the amount
of leukotriene produced when compared to T/HS+Vehicle (**, p < 0.05).
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Figure 5. Trauma/hemorrhagic shock (T/HS) increases expression of ALOX5; and
administration of MK-886 reduces the increase in ALOX5

Total fluorescence of tagged ALOX5 and ALOX5AP was quantified in all images. Total
ALOXS5 did not increase after T/SS; however, T/HS resulted in a significant increase in
ALOXS5 fluorescence over both Control and T/SS (*, p<0.05). Total ALOXS5 fluorescence
was attenuated after administration of ALOX5AP inhibitor, MK-886 compared to T/HS
+Vehicle (**, p < 0.05). The total amount of ALOX5AP increased after T/HS compared to
control (*, p <0.01), but not when compared to T/SS (p>0.05). With the administration of
MK-886, there was no significant decrease in ALOX5AP fluorescence when compared to
T/HS+Vehicle. ALUFI, arbitrary linear units of fluorescence intensity.
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Control :

Figure 6. Hemorrhagic shock results in ALOX5 and ALOXS5AP association and MK-886
attenuates these interactions

Representative images are shown above for Control, trauma/sham shock (Trauma), and
trauma with hemorrhagic shock (T/HS) tissues. In all images, nuclei are blue and tissue is
gray. In the first column, ALOX5 distribution is labeled red. In the middle column,
ALOXS5AP is labeled green. The third column demonstrates fluorescence resonance energy
transfer (FRET) signal intensity, normalized to the donor channel (FRETn/d), via a pseudo-
color intensity scale with increasing intensity of the FRET signal transitioning from green
(low) to yellow to red (high). In the T/HS groups (with and without DMSO), FRET signal
intensity increases over both control and T/SS. MK-886 administration prior to hemorrhagic
shock attenuates this effect and decreases the FRET signal intensity.
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