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Abstract
Background—Insufficient clearance of apoptotic cells leads to increased inflammation and
exaggerated organ injury. The opsonizing protein, milk fat globule EGF-factor 8 (MFG-E8),
upregulates apoptotic cell clearance. The purpose of this study was to determine the degree of
apoptotic cell clearance, and if inflammation, organ injury and survival are improved following
treatment with recombinant human MFG-E8 (rhMFG-E8) after hemorrhagic shock.

Methods—Male mice underwent a pressure-controlled (25±5 mmHg) model of hemorrhagic
shock for 90 min. They were resuscitated with normal saline with or without rhMFG-E8 over 30
min. At 3.5 h post-resuscitation, blood and tissue were collected. MFG-E8 levels in the plasma,
lungs and spleen were measured. Apoptotic cell clearance was measured by cleaved caspase-3
levels and TUNEL staining. Neutrophil infiltration was assessed using myeloperoxidase activity in
the lungs and spleen. Plasma and tissue levels of pro-inflammatory cytokines (IL-1β, IL-6 and
TNF-α) were measured by ELISA. Finally, a 7-day survival study was also conducted.

Results—MFG-E8 levels in the plasma, lungs and spleen significantly decreased by 33%, 44%,
and 55%, respectively, at 3.5 h following hemorrhage and resuscitation. Treatment with rhMFG-
E8 significantly improved apoptosis, by reducing TUNEL+ cells after treatment and restoring
cleaved caspase-3 expression back to baseline. Neutrophil infiltration was blunted by 29% and
41% in the lungs and spleen, respectively. Cytokine expression was also reduced significantly, by
64–73% in plasma, 24–58% in the lungs and 49–76% in the spleen. Finally, animals demonstrated
a superior survival rate over 7 days after treatment with rhMFG-E8.
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Conclusion—The administration of rhMFG-E8 is a potent treatment in animals following
hemorrhagic shock.

INTRODUCTION
Hemorrhage following trauma is a major cause of civilian and military deaths worldwide1.
Due to the nature of the injury and the lack of therapeutic options, these patients are at a
higher risk for multiple organ failure and death2. This relationship between hemorrhage and
outcomes has been recognized for over 30 years3. Current standard of care utilizes a multi-
disciplinary team-based approach focusing on source control, volume replacement, whole
blood/component therapy, and prompt surgical intervention4. Despite our best efforts,
mortality rates approach 50% for severe hemorrhage5.

One of the difficulties in improving outcomes after hemorrhagic shock is that the
overwhelming number of protocols, guidelines, and preferences encountered from surgeon
to surgeon prevent the usage of a universal approach. In addition to the variance, there is no
therapeutic agent proven to reduce injury and increase survival4. Hemorrhagic shock
induces a surge of inflammatory markers, including cytokines interleukin-6 (IL-6) and
tumor necrosis factor-α (TNF-α), which have been shown to increase mortality6.
Furthermore, a prolonged and severe hemorrhagic state lends itself to regions of organ
hypoxia and cell-death, thereby creating a pool of apoptotic cells7. If these apoptotic cells
are not cleared, they will likely undergo a secondary necrosis and spill harmful toxins,
worsening hemorrhagic shock8.

Milk fat globule-EGF factor 8 (MFG-E8) was originally identified as a component of milk,
and is secreted from the mammary epithelia during lactation9. MFG-E8 is released by
activated macrophages and immature dendritic cells in response to systemic injury or
stress10. It has been shown to be a “bridging” molecule between professional phagocytes
and apoptotic cells, by binding to specific regions on both cell populations11. We have
previously demonstrated that the administration of recombinant murine MFG-E8 (rmMFG-
E8) successfully attenuated multiple markers of organ injury during severe sepsis, as well as
increasing apoptotic cell clearance and lessening acute lung injury after intestinal ischemia
and reperfusion12–16. Recently, we used our recombinant human analogue of MFG-E8
(rhMFG-E8), and confirmed that it also provides multiple beneficial effects in severe
sepsis17,18. Our goal in this study was to evaluate rhMFG-E8 as a therapeutic option during
hemorrhagic shock, by demonstrating an attenuation of organ specific markers, cytokines,
and increasing apoptotic cell clearance and survival.

MATERIALS AND METHODS
Experimental animals

Male C57/BL6 mice (20–25g), purchased from Taconic (Germantown, NY), were used for
this study. The Institutional Animal Care and Use Committee (IACUC) of The Feinstein
Institute approved all procedures and protocols for medical research. Animal
experimentation was carried out in accordance with the Guide for the Care and Use of
Laboratory Animals (Institute of Laboratory Animal Resources).

Animal Model of Hemorrhagic Shock and Administration of rhMFG-E8
A model of hemorrhagic shock was conducted as previously described19. Animals were kept
on a 12-hour light-dark cycle with free access to food and water in a temperature-controlled
room. The mice were fasted overnight but allowed water ad libitum before surgery. Animals
were randomly assigned to either a Sham, Vehicle or rhMFG-E8 treatment group (n=9–11
animals/group). Vascular access was obtained via the femoral vessels. A length of PE-10
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polyethylene tubing (Becton Dickinson and Company, Sparks, MD) was heparinized and
introduced into the femoral arteries, after dissection from the femoral nerves. A digital blood
pressure analyzer (Micro-Med, Louisville, KY) was used to monitor pressure continuously
through a left femoral artery cannula. Hemorrhagic shock was induced by withdrawing
0.5ml of blood volume from each mouse through the right femoral arterial cannula over a 5
minute period, until the mean arterial pressure (MAP) stabilized at 25±5 mmHg. The MAP
was maintained for 90 minutes by the withdrawal and administration of blood as needed.
MAP was recorded at 5 minute intervals. Resuscitation was done immediately following
hemorrhage, by infusing 1ml (2X of their shed blood volume) of normal saline over 30
minutes via the right femoral artery. The treatment group was given rhMFG-E8 (0.02 ug/g
mouse body weight [BW]) mixed in 1ml of normal saline 95 minutes after the initiation of
hemorrhage. Animals that received rhMFG-E8 did not receive additional fluid during
treatment. Blood, plasma, and tissue were collected after 3.5 hours after resuscitation and
stored at −80°C for later analysis. Sham animals were anesthitized, but not cannulated.

Source of rhMFG-E8
Human MGF-E8 is a 387-amino acid (aa) precursor that contains a 23-aa signal sequence
and a 364-aa mature region (SwissProt # Q08431). The mature region of 1095 basepair
fragment of human MFG-E8 cDNA generated by polymerase chain reaction was cloned into
a bacterial expression vector. The Ex-M0438-B01 expression clone containing the 6×His-
human MFG-E8 (R24-R387, i.e., the mature region) was purchased from GeneCopoeia,
Rockville, MD, expressed and purified in our lab. The recombinant protein used in the study
is greater than 99% pure, identified as human MFG-E8 with 95% confidence, and was
rendered endotoxin free using Triton-X-114 treatment18.

MFG-E8 Levels
2μl of murine plasma (1:10 dilution) and 25μg of protein from the lungs and spleen were
fractionated on a Bis-Tris gel and transferred to a 0.45-μm nitrocellulose membrane. Blots
were blocked with 5% BSA in Tris-buffered saline containing 0.1% Tween 20 and
incubated with hamster anti-mouse MFG-E8 antibody (1:4000) (clone 2422, MBL, Nagoya,
Japan). After incubation with HRP-labeled goat-anti hamster IgG (Santa Cruz, CA) in 5%
BSA-TBST, blots were washed with TBST and bands were detected using a
chemiluminescent peroxidase substrate (ECLplus, Amersham, Little Chalfont,
Buckinghamshire, UK) and exposed on a radiographic film. The serum level of MFG-E8
(Optical Density/mm2) were determined using a Bio-Rad Laboratories Imaging System
(Hercules, CA). For the lungs and spleen, a MFG-E8/β-actin ratio was used.

Measurement of Neutrophil Activity
Neutrophil accumulation in the lungs and spleen was estimated using the myeloperoxidase
(MPO) activity assay as described previously20. Briefly, 100 mg of tissue were suspended in
1 mL of 0.5% hexadecyltrimethylammonium bromide in 50 mmol/L phosphate buffer (pH
6.0), and sonicated for 90 seconds on ice. Homogenates were cleared by centrifuging at
13,400g for 10 min at 4°C, and the protein concentration of supernatants was determined by
using Bio-Rad DC Protein Assay Kit (Bio-Rad, Hercules, CA, USA). The reaction was
carried out in a 96-well plate by adding 290μL of 50 mmol/L phosphate buffer with 3μL
substrate solution (containing 20 mg/mL o-dianisidine hydro chloride), and 3μL H2O2 (20
mmol/L). Sample (10μL) was added to each well to start the reaction. Plates were read
spectrophotometrically at 460nm for 3 minutes on a CERES UV 900C microplate reader
(Bio-Tek Inc., Winooski, VT, USA). MPO activity (1 unit defined as change in absorbance
of 1 per min) was expressed as units per gram of tissue.
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Measurement of Cytokines IL-1β, IL-6 and TNF-α
The pulmonary and splenic tissues were crushed and lysed in an ice-cold lysis buffer (1%
Triton X-100 in TBS with protease inhibitors, pH 7.5) and sonicated for 30 seconds on ice.
The tissue lysis solution was centrifuged at 12,000 rpm for 10 minutes. Serum was taken
directly for measurement. The protein concentrations was measured using a Bio-Rad DC
Protein Assay Kit (Bio-Rad, Hercules, CA). Interleukin-1β (IL-1β), interleukin-6 (IL-6), and
tumor necrosis factor-α (TNF-α) in the plasma, lungs and spleen were quantified with the
use of specific mouse enzyme linked immunosorbent assay (ELISA) kits according to the
manufacturer’s instructions (BD Biosciences Pharmingen, San Diego, CA).

Measurement of Cleaved Caspase-3
Cleaved caspase-3 in the lungs and spleen were measured using a Western blot analysis as
described above. Antibodies against cleaved caspase-3 were obtained from Cell Signaling
Technology. The band densities were normalized by using a cleaved caspase-3/β-actin ratio.

Determination of Pulmonary and Splenic Cell Apoptosis
The terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling
(TUNEL) assay was carried out using an in situ cell death detection kit (Roche Diagnostics,
Indianapolis, IN) in paraffin sections. The lungs and spleen were collected and fixed in 10%
neutral buffered formalin and then processed for paraffin embedding and section; 6μm
paraffin sections were dewaxed and rehydrated. Tissue sections were incubated with
proteinase K (20μg/mL in 10 mM Tris-HCl, pH 7.4–8.0) for 20 minutes at room
temperature and rinsed with 50mM Tris-buffered saline (TBS). The slides were then reacted
with a mixture of label and enzyme solutions, supplied in the kit, for 60 minutes at 37°C in
the dark. After washing with TBS for 3 times, the slides were mounted with Vectashield
medium (Vector Labs, Burlingame, CA). A Nikon Eclipse Ti-S microscope with a
fluorescent attachment was used to evaluate the slides. TUNEL+ cells showed green
fluorescence, and propidium iodide (PI) staining showed red fluorescence on the nuclei. The
section that reacted with the label solution alone served as the negative control.

Survival Study
The survival rate was assessed in a separate group of animals, which were assigned
randomly into 2 groups: Vehicle (n=14) or rhMFG-E8 treatment (n=12). Sham animals were
not included as they are expected to have a 100% survival rate. Normal saline (Vehicle) or
rhMFG-E8 (0.02ug/g mouse BW) was administered via the right femoral artery over 30
minutes as described above. Following resuscitation, the femoral arteries were ligated and
the incision was closed in layers. The rats were returned to their cages for recovery, and
allowed food and water ad libitum throughout the 7 days. The survival rate was recorded
over 7 days, and any surviving animals were sacrificed on Day 7.

Statistical Analysis
Data was expressed as means ± SEM and compared by Student’s t-test for two group
analysis, or one-way analysis of variance (ANOVA) and Student-Newman-Keuls (SNK) test
for multiple group analyses. The survival rate was estimated by the Kaplan-Meier method
and compared by the log-rank test. Differences in values were considered significant if P <
0.05.
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RESULTS
Suppression of MFG-E8 Following Hemorrhagic Shock

Previous work done in our lab has demonstrated that MFG-E8 levels in the plasma, lungs
and spleen are significantly decreased after intestinal ischemia-reperfusion injury21. To
confirm our findings in a model of hemorrhagic shock, we measured MFG-E8 levels at 4
hours post hemorrhagic shock. The two bands that are present in the Western blots from the
lungs are most likely due to high glycosylation at the post translational modification, which
in turn is expressed as two isoforms of MFG-E822. This modification may not be present in
either the serum or spleen, or the level of glycosylation may be undetectable. Ultimately,
MFG-E8 levels decreased significantly, by an average of 33% in plasma (Fig 1A), 55% (Fig
1B) in the lungs and 44% in the spleen (Fig 1C) after hemorrhagic shock. This reduction
provides justification for the use of rhMFG-E8 as a treatment.

Administration of rhMFG-E8 Suppresses Neutrophil Infiltration
MPO is used as a surrogate marker of neutrophil infiltration and activity. As shown in Table
1, MPO activity in the lungs were dramatically increased by 778% after hemorrhage.
Treatment with rhMFG-E8 significantly reduced MPO levels by 29% (P<0.05). Mirroring
the effects in the lungs, MPO levels in the spleen were similarly significantly decreased by
41% after infusion of rhMFG-E8, following an increase of 171% in Vehicle treated animals.

rhMFG-E8 Suppresses the Inflammatory Response After Hemorrhagic Shock
In order to corroborate that rhMFG-E8 treatment can reduce pro-inflammatory cytokines
after hemorrhagic shock, we measured three major cytokines: IL-1β, IL-6 and TNF-α. We
found that plasma levels increased dramatically by 57, 173, and 21-fold in IL-1β, IL-6 and
TNF-α, respectively, after hemorrhagic shock. Administration of rhMFG-E8 blunted the
cytokine surge significantly by 73%, 64% and 72%, respectively (Table 1; P<0.05). We also
explored cytokine levels in the pulmonary and splenic tissues. As expected, pro-
inflammatory cytokine levels were elevated in pulmonary tissues by 425%, 43% and 34%
for IL-1β, IL-6, and TNF-α, respectively. Splenic tissues also demonstrated an increase in
cytokines, with an immense rise in IL-1β and IL-6 by 298% and 1838%, respectively. TNF-
α was also significantly increased in Vehicle treated animals, by 64%, as compared to Sham
(Table 1). In the pulmonary tissues, levels of IL-1β, IL-6, and TNF-α were significantly
decreased by 58%, 32% and 24%, respectively (Table 1). One important observation to note
is that treatment with rhMFG-E8 restored IL-6 and TNF-α levels in the lungs to their
baseline levels. When we examined splenic tissues, we similarly noted a significant
reduction in the cytokine levels, by 49%, 76% and 60% in IL-1β, IL-6, and TNF-α,
respectively (Table 1). As with the pulmonary tissue, TNF-α was restored to their baseline
level in the spleen. The administration of rhMFG-E8 had a profound effect in significantly
reducing, and at times returning to baseline, both serum and tissue levels of the three
cytokines we measured.

Administration of rhMFG-E8 Attenuates Apoptosis
To evaluate the degree of apoptosis during hemorrhagic shock, we used cleaved caspase-3
as a marker. As shown in Figures 2A and 2B, cleaved caspase-3 levels in both pulmonary
and splenic tissues were markedly increased by 48% and 24%, respectively, in Vehicle
treated animals. By treating the animals with rhMFG-E8, we were able to significantly
downregulate the expression of cleaved caspase-3 by 18% and 42% in the lungs and spleen,
respectively (P<0.05). Treatment with rhMFG-E8 was extremely effective so that the levels
of cleaved caspase-3 in both tissues actually returned to their baseline. We also chose to use
TUNEL staining as another indicator for tissue apoptosis (Figs. 4A-B). Following
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hemorrhage, the number of TUNEL+ cells in Vehicle treated animals were markedly
increased in both the pulmonary and splenic tissues, indicating an increase in apoptosis.
However, following treatment with rhMFG-E8, there was a significant decrease in the
number of TUNEL+ cells, as measured by the number of TUNEL+ cells per high powered
field, in both the lungs and spleen (Figures 4C-D; P<0.05). What’s impressive is that the
number of TUNEL+ cells in the spleen returned to their pre-hemorrhage levels. Therefore,
rhMFG-E8 was instrumental in amplifying the clearance of apoptotic cells after hemorrhagic
shock.

Treatment with rhMFG-E8 Improves Survival
In a separate group of animals, we examined the effects of rhMFG-E8 treatment on animal
survival following hemorrhagic shock. At the conclusion of day 7, there was an impressive
improvement in the survival rate in rhMFG-E8 treated animals as compared to the Vehicle
group (83% vs. 43%, respectively; P<0.05) (Fig 4). What is an important observation is that
animals infused with rhMFG-E8 were protected considerably from mortality until day 3
(92% vs. 43%), whereas those animals treated with normal saline alone (Vehicle) had a
greater than 50% mortality rate by day 2.

DISCUSSION
Shock, in its most basic form, is a state of inadequate perfusion. Excessive and prolonged
hemorrhage is a common cause of shock, and subsequent organ failure23. Mortality and
morbidity following hemorrhagic shock still remains high, approaching 50% without
appropriate treatment5. Studies have looked at various methods, including vasoactive
compounds, damage control surgery, blockade of biologic markers, and blood component
therapies to improve outcomes24–26. Despite the vast amount of work done in elucidating
the pathophysiology of hemorrhagic shock, no single therapeutic intervention that has been
shown to be effective against hemorrhagic shock.

MFG-E8 is a secretory molecule, mainly produced by the spleen14, that was first described
more than 20 years ago9,27. In a mouse model of sepsis, MFG-E8 is downregulated, and that
downregulation results in harmful effects12,14. MFG-E8 acts as a “bridging” molecule
between a phagocyte and apoptotic cell. Once both cells have detected and adhered to MFG-
E8, the phagocyte engulfs both the apoptotic cell as well as the bound opsonin MFG-E822.
Therefore, during times of stress and inflammation as seen during severe hemorrhage,
circulating levels of MFG-E8 are rapidly consumed secondary to the increasing numbers of
apoptotic cells. The serum levels of MFG-E8 can be thought of as the “rate-limiting” step in
the clearance of apoptotic cells, and the exogenous administration of rhMFG-E8 is needed
for swift and continuous removal of these cells. To our knowledge, there are no other
opsonins that are similar to MFG-E8 than can be given in addition. Our lab has has done
extensive work with MFG-E8 as a treatment option during sepsis (cecal ligation and
puncture and acute alcohol ingestion model), intestinal inflammation, and intestinal
ischemia and reperfusion injury12,21,28,29. In these studies, we used a recombinant murine
form of MFG-E8 (rmMFG-E8). Recently, we have successfully demonstrated multiple
beneficial effects in a cecal ligation and puncture model of sepsis using a recombinant
human form of MFG-E8 (rhMFG-E8) 17. Although other investigators have attempted to
pinpoint MFG-E8’s mechanism of action, by looking at Akt, osteopontin, CD14, TLR4,
MAPK and NF-κB pathways12,29–31, it is important to note that the exact mechanism by
which MFG-E8 functions is unclear.

In order to bring MFG-E8 one step closer to clinical applications, it was important to test the
human form as a treatment so as to avoid a potential immunogenic response in humans. We
did not anticipate any problems with rhMFG-E8 in our hemorrhagic shock model for two
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reasons: 1) The human variant is structurally similar to the murine variant, except for a
single EGF-like domain and a lack of a proline/threonine rich domain, and 2) we have
successfully used rhMFG-E8 in a rodent model of sepsis32,33. Recently, we tested the safety
of rhMFG-E8 by infusing Sham animals with increasing doses of rhMFG-E8; we did not
observe any negative effects17. Our chosen dose of 0.02 ug/g mouse body weight per animal
was based on our previous studies. Animals were sacrificed at 3.5 hours after resuscitation.
Although this time point may be too early to accurately determine end organ injury, we
chose it in order to measure the acute markers of inflammation, such as cytokines, at their
peak. If we were to sacrifice animals at a later time point, we may have missed this crest. To
address later organ dysfunction and injury, we conducted a survival study so as to gauge the
overall extent and severity of organ damage. Looking at our results, we have shown multiple
favorable effects in our model of hemorrhagic shock. First, we confirmed that MFG-E8
levels in the serum, lungs and spleen were suppressed following hemorrhagic shock. Next,
we measured MPO levels in pulmonary and splenic tissues and observed an increase in
MPO levels following hemorrhage. The one-time infusion of rhMFG-E8 was sufficient to
significantly depress MPO activity in these tissues. Clinically, MPO levels are used as a
measurement of treatment efficacy, as well as a biomarker34. Therefore, the modest
reduction we saw supports the premise that rhMFG-E8 increases apoptotic cell clearance,
and therefore reduces total neutrophil migration and activation.

Important markers of morbidity and mortality in shock are systemic and tissue cytokine
levels35. Our rhMFG-E8 proved to not only significantly depress serum, pulmonary and
splenic levels of IL-1β, IL-6 and TNF-α, but impressively restored pulmonary levels of
IL-6, TNF-α, and splenic TNF-α to their baselines. We chose our markers of injury and
inflammation so as to reflect the systemwide damage, and subsequent attenuation by
rhMFG-E8, in our model of severe hemorrhage. Specifically, we chose to use IL-6 as it has
been shown to be a reliable early indicator of morbidity and mortality in a variety of clinical
conditions36,37. If rhMFG-E8 is to be developed as a candidate for future clinical use, it is
important to demonstrate that it is effective in lessening organ specific and systemic markers
of injury. Since MFG-E8 works by increasing the uptake and clearance of apoptotic cells,
we used cleaved caspase-3 and a TUNEL assay to quantify apoptosis. Cleaved caspase-3
was brought back to pre-hemorrhage levels following rhMFG-E8 treatment in the lungs and
spleen, and our TUNEL data shows that rhMFG-E8 was able to clear apoptotic cells
significantly in both the lungs and spleen. Other groups have demonstrated that the
reduction in apoptotic cells is beneficial in models of sepsis and inflammation38. Our results
are in agreement with the other groups, especially as seen with the improvement in overall
survival and reduction in circulating cytokine levels. MFG-E8’s role and function in the
clearance of apoptotic cells has been well described and detailed14,22,39. We have confirmed
that treatment with rhMFG-E8 significantly enhances apoptotic cell clearance following our
model of severe hemorrhage. With the increased phagocytosis and subsequent removal of
apoptotic cells, secondary systemic inflammation and organ specific damage is reduced due
to the diminished levels of toxins from necrotic cells. This is the link between how enhanced
clearance of apoptotic cells can reduce overall injury and inflammation seen in a severe
hemorrhage model. Finally, we used a separate group of animals to test rhMFG-E8’s ability
to increase overall survival. If successful, this would provide a strong argument for
developing rhMFG-E8 into a clinical therapeutic. Animals that were given a one-time dose
of rhMFG-E8 demonstrated a statistically superior 7-day survival rate as compared to non-
treated animals (83% vs. 43%) after hemorrhagic shock. What is important to note is that
rhMFG-E8 animals did not experience a pronounced drop in survival until day 4, as
compared to non-treated animals which experienced a greater than 50% mortality rate on
day 2. This difference would allow for other interventions, potentially life-saving ones, to be
performed in the interim.
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We have clearly shown that rhMFG-E8 can reduce inflammation and increase survival in a
model of hemorrhagic shock. However, there are some limitations. First, we have not
examined other doses. The most effective dose may in fact be higher than the one chosen.
Second, we infused rhMFG-E8 immediately following hemorrhage. We have not looked at
various time-points for infusion. Third, we chose a one-time application, when in fact the
best method to achieve a maximal benefit may be through multiple doses or a continuous
infusion.

Our current study reinforces previous data on MFG-E8 which demonstrates a multitude of
advantageous effects, from reducing multiple marker of organ specific injury and
dampening systemic cytokine release to improving survival13,14,29,40. In summary, we have
successfully established that rhMFG-E8 is an effective treatment against hemorrhagic shock.
We have shown a decrease in neutrophil activity, as well as a down-regulation of the
cytokine profile. Furthermore, rhMFG-E8 convincingly amplifies apoptotic cell clearance in
various organs. Finally, there was a dramatic improvement in survival. Our study shows that
rhMFG-E8 is a strong candidate for further clinical development.
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Figure 1. Changes in MFG-E8 levels in mice following hemorrhagic shock
MFG-E8 expression in the plasma (A), lungs (B) and spleen(C) were measured following 90
minutes of hemorrhagic shock in either Sham or Vehicle (Normal Saline) animals (n=9–11/
group). Representative blots are also presented. Data are presented as means ± SEM and
compared using Student’s t-test: *P < 0.05 vs. Sham group.
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Figure 2. Alterations in cleaved caspase-3 levels following treatment with rhMFG-E8 after
hemorrhagic shock
Pulmonary (A) and splenic (B) tissues were evaluated for apoptosis using cleaved caspase-3
levels following treatment with rhMFG-E8. Representative blots are also shown. Data are
presented as means ± SEM (n =9–11/group) and compared by one-way analysis of variance
(ANOVA) and Student-Newman-Keuls method: *P < 0.05 vs. Sham group; # P < 0.05 vs.
Vehicle group.
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Figure 3. TUNEL staining in pulmonary and splenic tissues after treatment with rhMFG-E8
following hemorrhagic
shock: Pulmonary (A) and splenic (B) tissues from Sham, Vehicle, and rhMFG-E8 treated
mice were evaluated for apoptosis by TUNEL staining. Representative photographs are
shown. Pulmonary and splenic tissues depicting the number of TUNEL+ cells per high-
powered field (40X) are also shown (C–D). Data are presented as means ± SEM (n =9–11/
group) and compared by one-way analysis of variance (ANOVA) and Student-Newman-
Keuls method: *P < 0.05 vs. Sham group; #P < 0.05 vs. Vehicle group.
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Figure 4. Alterations in the survival rate during 7 days after hemorrhagic shock and treatment
with rhMFG-E8 or Vehicle (Normal Saline)
There were 12 animals in rhMFG-E8 group and 14 animals in the Vehicle group. The
survival rate was estimated by the Kaplan-Meier method and compared by using the log-
rank test. *P < 0.05 vs. Vehicle group.
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Table 1

Alterations in MPO and cytokine levels following hemorrhagic shock

Sham Vehicle rhMFG-E8

Serum

IL-1β (pg/ml) 1.6 ± 0.64 92.0 ± 18.87* 25.3 ± 11.09*#

IL-6 (pg/ml) 16.0 ± 2.26 2761.9 ± 585.11* 995.1 ± 318.58*#

TNF-α (pg/ml) 2.2 ± 0.08 45.9 ± 9.58* 13.0 ± 5.42*#

Lungs

MPO (U/g) 7.1 ± 0.92 62.7 ± 8.56* 44.4 ± 3.36*#

IL-1β (ng/mg prot) 2.0 ± 0.20 8.1 ± 1.94* 4.2 ± 0.52*#

IL-6 (pg/mg prot) 344.5 ± 41.50 495.4 ± 60.70* 337.7 ± 27.36#

TNF-α (pg/mg prot) 39.2 ± 3.25 52.4 ± 5.04* 337.7 ± 1.56#

Spleen

MPO (U/g) 9.6 ± 0.49 26.1 ± 2.26* 15.3 ± 3.15*#

IL-1β (ng/mg prot) 0.3 ± 0.03 1.4 ± 0.24* 0.6 ± 0.10*#

IL-6 (ng/mg prot) 0.1 ± 0.02 2.2 ± 0.90* 0.5 ± 0.20*#

TNF-α (pg/mg protein) 69.2 ± 3.90 113.5 ± 16.24* 45.4 ± 7.64#

Serum, pulmonary, and splenic tissues from Sham, Vehicle (normal saline) and Treatment (rhMFG-E8) mice were measured for myeloperoxidase
(MPO), interleukins 1β (IL-1β) and 6 (IL-6), and tumor necrosis factor-α (TNF-α) using commercially available assay kits. Pulmonary and
splenic levels of MPO were measured using a Bio-Tek plate reader, and expressed in units per gram tissue (units/g). Data are presented as means ±
SEM (n=9–11/group) and compared by Student’s t-test for two group analysis, and by one-way analysis of variance (ANOVA) and Student-
Newman-Keuls methods for multiple group analysis.

*
P<0.05 vs. Sham group,

#
P<0.05 vs. Vehicle group.
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