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Abstract

Milk fat globule EGF factor 8 (MFG-ES) is a peripheral glycoprotein which acts as a bridging
molecule between the macrophage and apoptotic cells thus executing a pivotal role in the
scavenging of apoptotic cells from affected tissue. We have previously reported that apoptotic cell
clearance activity or efferocytosis is compromised in diabetic wound macrophages. In this work
we test the hypothesis that MFG-ES8 helps resolve inflammation, supports angiogenesis and
accelerates wound closure. MFG-E8~/~ mice, displayed impaired efferocytosis associated with
exaggerated inflammatory response, poor angiogenesis and wound closure. Wound macrophage-
derived MFG-E8 was recognized as a critical driver of wound angiogenesis. Transplantation of
MFG-E8~/~ bone marrow to MFG-E8*/* mice resulted in impaired wound closure and
compromised wound vascularization. On the other hand, MFG-E8~/~ mice that received wild-type
bone marrow showed improved wound closure and improved wound vascularization.
Hyperglycemia and exposure to advanced glycated end products inactivated MFG-E8 recognizing
a key mechanism that complicates diabetic wound healing. Diabetic db/db mice suffered from
impaired efferocytosis accompanied with persistent inflammation and slow wound closure. Topical
rMFG-E8 induced resolution of wound inflammation, improvements in angiogenesis and
acceleration of closure upholding the potential of MFG-E8 directed therapeutics in diabetic wound
care.

Introduction

Diabetic ulcer is a serious complication associated with type 2 diabetes mellitus (T2DM)
(1-2). A chronic inflammatory state is a characteristic feature of these ulcers (3-4).
Inflammation, an integral component of wound repair, defends against invading microbes
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and supports tissue repair through delivery of healing factors by blood-borne cells (5).
Resolution of inflammation is a dynamically regulated process the timeliness of which has
major bearing on healing outcomes. Such critical process is subject to refined control by a
multitude of factors including cytokines, chemokines, and lipid mediators (6). Previous work
by our laboratory demonstrated that under conditions of diabetes, resolution of wound
inflammation is challenged by several barriers (7). For example, diabetic wounds suffer from
impaired engulfment of apoptotic cells by mé resulting in increased apoptotic cell burden at
the wound site. As a result, resolution of wound inflammation is derailed complicating
healing outcomes (7).

Macrophages (m¢) are major contributors to cutaneous wound healing (8-9). At the wound-
site, successful efferocytosis by m¢ achieves cleansing and resolution of inflammation
(10-13). Milk fat globule-epidermal growth factor (EGF)-factor VIII (MFG-EB8) is a secreted
glycoprotein protein that promotes efferocytosis by bridging apoptotic cells on phagocytes
with m¢ (14-15). MFG-ES8 contains two EGF domains, a proline/threonine-rich domain, and
two factor-VIlI-homologous domains (15). M¢ derived MFG-E8 specifically binds apoptotic
cells by recognizing aminophospholipids such as phosphatidylserine. While engaged by
phosphatidylserine on apoptotic cells, MFG-ES8 binds to dying cells particularly to integrin
avp3 and avp5 viaits RGD (arginine-glycine-aspartate) motif (15-16). In addition to its
critical role in efferocytosis, MGF-E8 possesses known pro-angiogenic effect supporting
VEGF function in adult neovascularization (16). Consistently, recombinant MFG-E8
treatment improve wound angiogenesis (17). However, questions addressing the primary
source of MFG-E8 /n vivo and the mechanistic underpinnings that determine the
significance of MFG-ES8 at the wound site remain open. In this work, we sought to
characterize the mechanisms by which mé¢-derived MFG-E8 regulates wound inflammation.

Materials & Methods

Human subjects and fluid collection from chronic wounds

Subjects participating in the study were chronic wound patients seen at The Ohio State
University Comprehensive Wound Center clinics and have been undergoing negative
pressure wound therapy (NPWT) as part of standard clinical care. Demographic
characteristics of patients and wound-related information are presented in Table 1. The
NPWT dressing (sponges) were collected from each patient for cell isolation and wound
fluid collection. Wound fluids were derived from NPWT dressing by lavaging the wound
dressing with saline solution (18). All human studies were approved by The Ohio State
University Institutional Review Board. Declaration of Helsinki protocols was followed, and
patients gave their written informed consent.

Secondary Intention Excisional Murine Dermal Wound Model

Male C57BL/6 mice (age, 8-10 weeks old) were obtained from Harlan Laboratory. Mice
homozygous for spontaneous mutation of the leptin receptor (Leprd?) (BKS.Cg-m*/*
Leprdo™. or db/db; stock no 000642) and their respective non-diabetic lean control
littermates (db/+) were procured from Jackson laboratories. B6.129(Cg)-
Gt(ROSA)26Sortm4ACTB-tdTomato,-EGFP)LUO/J mice obtained from Jackson laboratories were
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bred with LysMcre to produce B6.129(Cg)-Gt(ROSA)26Sortm4(ACTB-tdTomato,-EGFP)Luoyj
LysMcre (ROSA-LysM) mice. The ROSA™T/MG gjlele is a Cre reporter that expresses cell
membrane targeted two-color fluorescence. In these mice prior to Cre recombinase
exposure, most cells/tissues express red fluorescence. After the exposure to Cre recombinase
the target cells and future cell lineages derived from these cells express membrane-localized
green fluorescence protein. Therefore, when bred with LysMcre animals all cells of myeloid
origin express GFP. The MFG-E8-wildtype (MFG-E8*/*) and MFG-E8-knockout (MFG-
E8~/7) mice were kindly provided by Dr. S. Nagata (Osaka University Medical School). In
brief, the ES clones harboring the MFG-E8—deficient allele were injected to the host
embryos to produce chimeric mice. The resultant chimeric mice were bred with C57BL/6
mice to produce MFG-E8*/~ mice. The MFG-E8*/~ mice were backcrossed with C57bl/6 for
12 generations which were in turn were bred to generate the MFG-E8*/* and MFG-E8™/~
littermates (19). A splinted full thickness excisional wound model was employed as
described previously (7, 20-21). Briefly, the dorsal side of the mice was naired and cleaned
using betadine under anaesthesia. Two 6-mm diameter full thickness (skin and panniculus
carnosus) excisional wounds were made on the dorsal skin with a 6-mm disposable biopsy
punch (22-23). A donut-shaped splint with an 8-mm inner diameter was made from an 0.5-
mm thick silicone sheet (Grace Bio-Laboratories, Bend, OR) and placed on the wound using
an immediate-bonding adhesive, followed by interrupted 5-0 nylon sutures (Ethicon,
Somerville, NJ), such that the wound was centered within the splint (7, 22). The wound was
covered with semi-occlusive dressing (Tegaderm™; 3M, St. Paul, MN). For effective topical
recombinant mouse MFG-E8 (R&D Systems, Minneapolis, MN) application, the protein
solution was injected under the Tegaderm™. This approach has effectively delivered
recombinant protein delivery to mice excisional wounds (23). Wound imaging was
performed at specified times using a digital camera and the wound area was determined
using Image J software (20). The animals were euthanized at specific times and wound
tissues were harvested for molecular and histological analysis. All the animal studies were
performed in accordance with protocols approved by the Laboratory Animal Care and Use
Committee of the Ohio State University.

Isolation of murine wound m¢ and BMDM

For wound m¢ (cwom¢), circular (8 mm) sterile PVVA sponges were implanted subcutaneously
on the backs of 8 to 12 week-old mice (7). Sponge-infiltrated wound m¢ were isolated as
previously described (7, 23). Bone marrow-derived monocytes (BMDM) were isolated as
previously described (23). Briefly, the femurs of mice (8-12 weeks old) were flushed using
RPMI 1640 followed by positive selection of the flushed cells using magnetic beads
conjugated CD11b Ab. The isolated d0 CD11b positive BMDMSs were used for experiments.

“Hunt=Schilling” wire mesh cylinder for wound fluid collection

Wire mesh cylinders (stainless steel; 2.5cm length and 0.8cm diameter) were implanted and
wound fluid was harvested as described previously (24). Briefly, following anesthesia,
midline incision (1 cm or smaller) was made on shaved skin with a scalpel. Two small
subcutaneous pockets were created by blunt dissection on either sides of the midline in
which wire mesh stainless steel cylinders were implanted. The incisions were closed using
sutures. Wound fluid was collected at d3 post-implantation.
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Bone Marrow chimera

Bone marrow (BM) chimera was performed as previously described (25). For establishing
chimerism, BM recipient male mice (6-8 weeks old) were injected intraperitoneally with
busulfan in a 1:1 solution of DMSO and deionized water (30 mg/kg/100ul) once daily for 2
consecutive days resulting in partial ablation of the bone marrow. Whole body irradiation,
resulting in myeloablation for bone marrow transplantation, is known to result in systemic
toxicities (26). Moreover, irradiation is also expected to result in late side effects such as
inflammation in skin (27). To circumvent these issues, we chose to use a myelosupressive
approach for partial bone marrow ablation using busulfan which is an emergent solution that
is being widely embraced depending on the specific questions addressed in a given study
(25, 28-29). In our case, it was important to avoid the above-mentioned confounding factors
that come with whole body irradiation. Donor BM-derived cells isolated from the femur
were injected to recipient mice by tail vein injection (100pl) 48 h after the second dose of
busulfan. Donor BM-derived cells were obtained from C57BL/6-Tg (CAG-EGFP), MFG-
E8*/* or MFG-E8~/~ mice. Following bone marrow transfer, mice were left undisturbed for
4 weeks to allow engraftment which was ascertained by determining the presence of GFP
cells in the BM and the blood.

Apoptotic Cell Clearance Assay

Apoptotic cell clearance assay (efferocytosis) was performed as previously described (7).
Briefly, wound m¢ were co-cultured in 8-well chambered slides with apoptotic (5 uM
dexamethasone treated for 12 h; yield >90% PS positive thymocytes) thymocytes (labeled
with pHrodo™ succinimidyl ester; Invitrogen) in 1:10 mé:thymocyte ratio. Efferocytosis
studies were performed using cultured m¢ ex vivofor 1 h at 37°C followed by extensive
washes to remove non-engulfed cells. Cells were then fixed with 4% paraformaldehyde and
stained using F4/80-FITC followed by imaging using a fluorescence microscope.
Efferocytosis index was calculated as the total number of engulfed apoptotic cells per m¢
present in the field of view (7, 30-31).

GeneChip® Probe Array Analyses

RNA extraction, target labeling, GeneChip® and data analysis were performed as described
previously (21, 32). Briefly, /n vitrotranscription (I\VT) reaction was performed using
GeneChip® IVT Labeling Kit (Affymetrix, Santa Clara, CA) to generate biotinylated cRNA
from RNA samples. The samples were hybridized to Affymetrix Mouse Genome U133 Plus
2.0 Array. The arrays were washed, stained with streptavidin-phycoerythrin and scanned
with the GeneArray scanner (Affymetrix) in our own facilities as described earlier (21, 32)
GCOS (Gene Chip Operating Software, Affymetrix) was employed for data acquisition and
image processing. The expression data have been submitted to the Gene Expression
Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo) with the series accession number
GSE73229. Raw data were analyzed using Genespring GX (Agilent, Santa Clara CA).
Additional processing of data was performed using dChip software (Harvard University)
(21, 32).
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Immunohistochemistry (IHC)

ELISA

Immunostaining of CD31 and MFG-E8 was performed on cryosections of wound tissue
samples using specific antibodies as described previously (33) (22). Briefly, 10 um thick
cryosectioned tissues were fixed with cold acetone, blocked with 10% normal goat serum
and incubated with specific antibodies against CD31 (BD Pharmingen; 5550546, 1:400) and
MFG-E8 (MBL International; 1:100) overnight at 4°C. Signal was visualized by subsequent
incubation with fluorescence-tagged secondary antibodies (Alexa 568-tagged a-rat, 1:200;
Alexa 405-tagged a.-hamster, 1:200) followed by counterstaining with DAPI. Images were
captured by microscope and quantification of fluorescent intensity of image was performed
using AxioVision Rel 4.6 (Carl Zeiss Microimaging) software. Co-localization of
immunostains was performed using FV10-ASW software from Olympus.

Levels of MFG-E8, TNF-a and IL-10 (R & D Systems, Minneapolis, MN) were measured
using commercially available ELISA kits (23, 31). The serum levels of MFG-E8 in murine
wound fluid was measured using ELISA as described (34). In brief, phosphatidylserine
solution in methanol was coated onto 96-well plates followed by blocking the wells with
bovine serum albumin (BSA; 10 mg/ml). The serum was added to the wells and incubated at
room temperature for 2h followed by washing with PBS containing 0.05% Tween 20. The
MFG-ES8 bound to the wells was detected using anti-MFG-E8 (mouse) mAb (MBL Int.
Corp.; Clone 18A2-G10) and HRP linked anti-hamster secondary antibody. The levels of
MFG-ES8 in wound fluid were normalized against albumin concentration in the fluid (23).
Albumin levels were determined by ELISA (AssayPro, St. Charles, MO) (23).

RNA extraction, reverse transcription and quantitative RT-PCR (qQRT-PCR)

mirVana RNA isolation kit (Ambion, Austin, TX) was used according to the manufacturer’s
instructions to extract total RNA as previously described (18). Quantification of mMRNA was
done by real-time or quantitative (Q)PCR assay using double-stranded DNA binding dye
SYBR Green-I, as described previously(21, 32, 35).

Matrigel® Assay

In vitro angiogenesis assay were assessed by tube formation ability on Matrigel® culture as
described previously (33) (22, 36). Murine dermal endothelial cells (Cell Biologics, Inc. IL)
were seeded on Matrigel® (Cultrex® Basement membrane extract reduced growth factor;
R&D Systems, Minneapolis, MN) pre-coated four-well plates at a density of 8 x 104 cells/
well. The angiogenic ability of 24h cell supernatants (conditioned media) from day 7 wound
m¢ (treated with/without Recombinant MFG-E8 and recombinant VEGF; R&D Systems,
Minneapolis, MN) of MFG-E8*"* WT and MFG-E8~/~ mice was assessed 8 h after plating
on Matrigel®, followed by staining with 3 uM calcein-AM (Invitrogen) for 20-30 min at
37 °C and 5% CO,, as previously described (37). The tube length was measured using the
software AxioVision Rel 4.6 (Zeiss) (20, 22).
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Western blot

Western blot was performed using primary Ab against MFG-E8 (MBL International),
phospho-MerTK (FabGennix, 1:750) and active Caspase 3 (Cell Signaling) as described
previously(24, 31, 38). Signal was visualized using corresponding HRP-conjugated
secondary antibody (Amersham, 1:3,000) and ECL Plus™ Western Blotting Detection
Reagents (Amersham). B-actin (Sigma-Aldrich, 1:5000) served as loading control.

Wound vascularity and blood flow

Wound vascularity—Prior to sacrifice of mice, space-filling carboxylate-modified
fluorescent microspheres (FluoSpheres, 0.2 um, 1012 particles/ml) were injected into the left
ventricle of the beating heart as previously described (24, 39).

Laser Speckle—Dermal blood flow was analyzed by laser speckle imager as described
previously (40). The mean blood flow was measured in excisional wounds using PeriCam
PSI System within a 100 mm? surface area (resolution 0.54 x 0.54 mm, working distance
10-20 cm).

Immunoprecipitation

Immunoprecipitation (IP) of MFG-E8 was done as previously described (41-42). Wound-
edge tissue lysates (100ug) of diabetic animals were incubated with 5 pg of MFG-E8 mADb
(clone 2422) overnight in a rotisserie shaker at 4°C. Protein A-agarose beads (Invitrogen)
were prewashed with lysis buffer (150 mm KCI, 25 mm Tris-HCI, 5 mm EDTA, 0.5% IgePal,
1 mm PMSF, protease inhibitor) and incubated with the lysate-antibody mix for 3h at 4°C to
immunoprecipitate MFG-ES8. The beads were then washed three times with ice-cold lysis
buffer and the immunoprecipitated complexes were washed four times with lysis buffer. For
Western blot, the IP samples were subjected to SDS/PAGE after reduction with 1M DTT as
previously described (37, 41) and probed with anti-AGE antibody (1: 1000 dilution,
Abcam). The membrane was stripped and reprobed with anti-MFG-E8 antibody (Clone
18A2-G10).

MFG-E8 glycation and Surface-plasmon resonance analysis (Biacore)

For glycation of MFG-ES8, 50ug of recombinant mouse MFG-E8 (R&D Systems) was
treated with 10mM methylglyoxal (MGO, Sigma) at 37°C. To obtain dose dependent
glycation, the reaction with MGO was performed for specific durations (0, 3h and 48h). The
glycation of MFG-E8 was determined using Pierce™ Glycoprotein Carbohydrate Estimation
kit (Pierce). The binding affinity of MFG-E8 and glyacted MFG-ES8 to phosphatidylserine
was analysed on Sensor chip L1 (GE Heathcare life Sciences) using Biacore T100 (43-44).

Data collection and statistical analyses

For in vitro experiments, data are reported as mean = SD of 3-6 experiments as indicated in
respective figure legends. For animal studies, data are reported as mean + SD of at least 3-8
animals as indicated. For human wound fluid studies, data from human subjects (n = 10)

have been presented (Table 1). Student's t test (two-tailed) was used to determine significant
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differences. Comparisons among multiple groups were tested using analysis of variance
(ANQOVA). p<0.05 was considered statistically significant.

Results

MFG-E8 deficiency impairs wound closure and wound re-epithelialization

MFG-E8~/~ and age-matched MFG-E8*/* mice were used to test the significance of MFG-
E8 in wound healing. MFG-E8~/~ mice exhibited significantly delayed wound closure
kinetics as compared to the wild type age matched littermates. By d10, when ~90% of the
wounds of the wild type animals were fully closed, the wounds of null mice were still 60%
open (Fig 1 A-B). Wound re-epithelialization was significantly impaired on d5-10 post-
wounding in null mice as compared to the wild type animals (Fig 1 C-D). Loss of MFG-E8
protein in the skin of null mice was confirmed by Western blot (Fig 1E).

Expressed by wound-site macrophages, MFG-E8 supports efferocytosis and resolves
wound inflammation

Wound-edge tissues were collected on d3, 5, 7, and 10 post-wounding to study the
abundance of MFG-ES8. A significant increase in wound-edge MFG-ES8 protein was noted on
d3 & 5 post-wounding (Fig 2A). To determine whether MFG-ES is induced in wound mé¢,
MFG-EB8 expression in wound m¢ was compared with monocytes derived from bone marrow
(BMDM). Although MFG-E8 was almost undetectable in BMDM, MFG-ES8 in d3 wound
m¢ was abundant (Fig 2B). MFG-E8-L form and not the -S form has been shown to serve as
a linker between phagocytic cells and apoptotic cells (15). The -L form, is produced by
macrophages (15) and was found to be predominantly expressed in the skin using a MFG-E8
antibody raised in hamster (MBL Inc., Clone 18A2-G10) (Fig 2A).

The cells/tissue of B6.129(Cg)-Gt(ROSA)26SorM4ACTB-tdTomato,-EGFP)LU0/j/| ysMcre
(ROSA-LysM) mice widely express cell membrane-localized red fluorescence. However,
because of LysM-driven cre-recombinase, only the cells of myeloid origin express
membrane-localized green fluorescence. Expectedly, the wound m¢ (GFP*, green)
abundance at the wound-site peaked on d3 and 5 post-wounding (Fig 2C). Using these
ROSA-LysM mice, we investigated the significance of m¢ as a source of MFG-ES8 in
wounds. The increase of wound-site MFG-ES8 levels was co-incident with the kinetics of m¢
recruitment to the site (Fig 2C, S1). Immunohistochemical staining of MFG-ES8 in d3
wound-edge tissue of ROSA-LysM mice showed that 65% of wound-site MFG-E8 signal
was co-localized with wound (Fig 2D). Taken together, these data reveal that during the
inflammatory phase (d3-5 post wounding), wound m¢ are a major source of MFG-ES at the
wound-site (Fig 2B-D).

MFG-E8 serves as a bridging molecule between apoptotic cells and phagocytes enabling
efferocytosis (15). Wound m¢ from MFG-E8~/~ mice exhibited significantly compromised
efferocytosis activity compared to those from the wild-type animals (Fig 3A-B). Successful
efferocytosis is known to suppress pro-inflammatory and upregulate anti-inflammatory
genes (30, 45). INOS and Arginase are classical markers for M1 and M2 macrophages,
respectively (46). Consistently, non-efferocytosing mg from MFG-E8~/~ mice showed a pro-
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inflammatory M1 phenotype featuring high pro-inflammatory iNOS and low anti-
inflammatory Arginase (Fig S2).

Mer tyrosine kinase (MerTK), a member of the AxI/Mer/Tyro3 receptor tyrosine kinase
(RTK) family, is required for efferocytosis by m¢ (47). The phosphorylation of MerTK was
determined as an additional evidence of impaired efferocytosis in MFG-E8~/~. Post-
efferocytotic wound m¢ from MFG-E8~/~ mice exhibited lower MerTK phosphorylation
(Fig 3C). Efferocytosis is known to cause MerTK phosphorylation (48-50). This is
consistent with our observation that impaired efferocytosis (Fig 3A-B) in MFG-E8~/~ mice
blunted MerTK phosphorylation post-efferocytosis. Apoptotic cell burden at the wound-
edge tissue was measured by immunablotting active caspase 3. The d7 wound-edge tissue
from MFG-E8~/~ exhibited significantly higher active caspase-3 levels as compared to wild-
type wound tissues indicating higher apoptotic cell burden (Fig 3D).

Our laboratory has reported that increasing apoptotic cell burden at wound site results in
prolonged inflammatory response (7). Consistently, wound-edge of MFG-E8~/~ that were
burdened with apoptotic cells, displayed a pro-inflammatory phenotype as exemplified by
augmented levels of pro-inflammatory TNF-a (Fig 3E) and decreased levels of anti-
inflammatory IL-10 (Fig 3F).

Impaired wound angiogenesis in MFG-E8~/~ mice

Timely resolution of wound inflammation is a prerequisite for the onset of wound
angiogenesis (51-52). To elucidate the molecular mechanisms by which MFG-E8 supports
wound healing, unbiased transcriptome profiling of wound-edge tissue (d5 post wounding)
from MFG-E8~/~ and control MFG-E8*/* mice was performed. Pathway analysis identified
a distinct cluster of pro-angiogenic genes that were potently down regulated in the wound-
edge of MFG-E8~/~ animals (Fig 4A-B). This data was further validated using gqRT-PCR
(Fig 4C). Findings of transcriptome analysis were extended to examine whether indeed the
wounds of MFG-E8~/~ mice display impaired angiogenesis. Decreased abundance of
wound-edge CD31+ endothelial cells was noted in the MFG-E8~/~ mice (Fig 4D, S3).
Wound vascularization was further monitored using fluorescent microspheres (0.2um;
fluoSpheres carboxylate-modified microspheres, green fluorescent; Molecular Probes) that
were injected into the left ventricle (53) (Fig 4E, S3). A marked decrease in the number of
green microspheres at the wound-site of MFG-E8~/~ mice demonstrated compromised
wound angiogenesis. Finally, the functional analysis of blood flow at the wound site
performed using laser speckle perfusion imaging demonstrated a marked decrease in blood
flow in MFG-E8~/~ mice (Fig 4F). These data collectively establish that at the wound-site
MFG-E8 plays a critical role in supporting wound angiogenesis.

Wound macrophage derived MFG-EB8 is angiogenic

To test the angiogenic potential of m¢-derived MFG-E8, Matrigel® tube formation was
performed using conditioned media (CM) from d7 wound m¢ of MFG-E8~/~ and MFG-
E8*/* mice. Tube formation of murine dermal endothelial cells was significantly better when
incubated with CM from MFG-E8*/* m¢ compared to that in response to CM from MFG-
E8~/~ m¢. Impairment of such tube formation in response to CM from MFG-E8~/~ m¢ was
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partially rescued by replenishing the CM with rMFG-E8. Adding both rMFG-ES8 and rVEGF
to the CM fully restored Matrigel® angiogenic response (Fig 5A-B). Furthermore, the
expression of major angiogenic genes was significantly downregulated in the wound m¢ of
MFG-E8~/~ mice (Fig 5C-E). Thus, in wound m¢$, MFG-ES is angiogenic.

To further test the significance of m¢-derived MFG-E8 on wound angiogenesis and healing,
bone marrow transplantation (BMT) was performed involving ablation of the bone marrow
by busulphan injection followed by reconstitution using the donor bone marrow (Fig S4).
Transplantation of MFG-E8~/~ bone marrow to MFG-E8*/* mice resulted in impaired
wound closure (Fig 6A-B) and compromised wound vascularization (Fig 6C-D) compared
to the MFG-E8*/* mice receiving wild-type bone marrow. On the other hand, MFG-E8~/~
mice that received wild-type bone marrow showed improved wound closure (Fig 6E-F) and
improved wound vascularization (Fig 6G-H). This line of evidence firmly establishes a
significant angiogenic role wound m¢-derived MFG-ES8.

Lower MFG-E8 levels in the diabetic wound environment

MFG-E8 protein levels were determined in wound fluids obtained from patients with
chronic wounds. The MFG-ES8 level was significantly lower in the wound fluid from chronic
wound patients with clinically diagnosed diabetes as compared to the fluids obtained from
chronic wound patients without diabetes (Fig 7A). Patient demographic is listed in Table 1.
Consistent data were obtained in the wound fluids from diabetic mice (Leprd?, db/db) as
compared to age-matched non-diabetic controls (heterozygous, Leprd*. m+/db) (Fig 7B). It
is known that under diabetic conditions, hyperglycemia may cause non-enzymatic glycation
of free amino groups of proteins that then leads to the structural and functional changes in
these proteins. Such changes may mask immunodetection of MFG-ES8, rich in RGD and P/T
rich domains.

To determine if MFG-ES8 is glycated in diabetic wounds, immunoprecipitation (IP) of MFG-
E8 from diabetic wounds followed by cross blotting (1B) with anti-AGE antibody was
performed. The data indicates that MFG-ES in diabetic ulcers gets glycated (Fig 7C). We
tested if the binding affinity of MFG-E8 to phosphatidylserine (PS) is compromised
following glycation of MFG-E8. Such binding affinity was tested using surface plasmon
resonance (Biacore) with phosphotidylserine (PS) or phosphatidylcholine (as a reference)
liposomes immobilized on the sensor chip and glycated MFG-ES8 or native MFG-E8 as
soluble analytes. MFG-E8 exhibited preferential binding with PC:PS (50:50 mol/mol) as
compared to PC:PS (100:0 mol/mol). Glycated MFG-ES8 displayed weak binding affinity to
PS as compared to the binding of sham with PS (Fig 7D-F). To obtain dose dependent
glycation, the reaction with MGO was performed for specific durations (0, 3 and 48h). Such
incubation resulted in significant differences in glycation of MFG-ES8 at 3h and 48h (Fig
7H). The dose dependent glycation of MFG-ES8 resulted in dose dependent inactivation of
MFG-E8 towards binding to PS as measured using Biacore (Fig 7G). Thus, MFG-ES8 is
subject to glycemic modification resulting in loss of PS binding activity which in turn blunts
efferocytosis.
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MFG-E8 treatment improves efferocytosis, angiogenesis and healing in diabetic wounds

The treatment of isolated diabetic wound m¢ with MFG-E8 improved efferocytosis activity
(Fig. 8A). Topical treatment of diabetic wounds with rMFG-E8 (1ug each wound daily once)
favored resolution of inflammation by lowering TNF-a levels and increasing anti-
inflammatory IL-10 levels at the wound-edge tissue (Fig 8B). Resolution of inflammation is
known to favor the wound angiogenesis cascade. Consistently, topical treatment of diabetic
wounds with rIMFG-E8 markedly improved wound angiogenesis (Fig. 8C). These favorable
effects of topical rIMFG-E8 were eventually recorded as faster wound closure (Fig 8D-E).

Discussion

MFG-EB8 is a peripheral glycoprotein which acts as a bridging molecule between the m¢ and
apoptotic cells thus executing a pivotal role in the scavenging of apoptotic cells from
affected tissues (15). Expressed and secreted by activated m¢ and dendritic cells, MFG-ES8 is
versatile, and displays a wide array of functions in cell physiology (15, 54). The therapeutic
potential of this multi-domain protein has been recognized in a multitude of diseased
conditions such as cancers, sepsis and ischemia-reperfusion injury of the heart and DSS-
induced colitis (54-56) MFG-E8 has anti-inflammatory properties primarily executed by its
effects on m¢ cell biology (57-58). Non-resolving inflammation is a key factor that underlies
chronic wounds such as diabetic ulcers (2). The significance of MFG-E8 in managing
wound inflammation is thus of extraordinary interest. The current study recognizes wound
m¢ MFG-E8 function as being critical in resolving wound inflammation. Importantly, it
upholds an extraordinary significance of MFG-ES8 in effectively managing diabetic wound
complications.

Wound-site m¢ are key drivers of the healing process (5, 8-9, 59). The site of injury is laden
with dead cells. Timely debridement of apoptotic cells by wound-site m¢ paves the way to
the resolution of inflammation (10-13). Under conditions of diabetic complications, such
efferocytosis is compromised resulting in increased apoptotic cell burden at the wound-site.
Inability of wound-site m¢ to execute efferocytosis results in a persisting pro-inflammatory
milieuwhich complicates healing outcomes (7). Functionally, MFG-E8 enables efferocytosis
by binding to phosphatidylserine (PS) on apoptotic cell surface and tethering them to m¢ via
integrin receptors. However the origin of MFG-ES8 is contentious and dependent on the
context. In tumors, pericytes represent a major source of the secreted MFG-E8 (60).
Although direct evidence was limited, inspired by the tumor findings it was speculated that
pericytes are the primary source of MFG-ES8 at the wound-site (17). The present study is the
first to establish m¢ as the primary contributor of MFG-ES8 in the inflammatory phase of
cutaneous wound healing.

Cutaneous wounds of loose-skinned animals such as mice, unlike humans, primarily close
by contraction. To study wound closure by granulation and re-epithelialization, as is relevant
to humans, it is therefore required that cutaneous wounds be stented (61). Marginal
compromise in wound closure as reported in non-stented MFG-E8~~ mice may be attributed
to the heavy influence of wound contraction, as opposed to healing, under such experimental
conditions (17). Results reported from stented wounds in MFG-E8~/~ mice in the current
study demonstrate remarkable impairment in wound closure recognizing MFG-E8 as a
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significant player in the overall healing process. Significance of such observation was further
heightened by rescue experiments involving MFG-E8~/~ mice that were subjected to wild-
type bone marrow transplantation. Also, transplantation of MFG-E8~/~ bone marrow to
MFG-E8*/* mice compromised wound healing. Thus, this work provides definitive evidence
establishing MFG-ES8 as a critical contributor to the wound healing process.

M¢ are highly plastic and respond to environmental cues by adapting to classically activated
(M1) proinflammatory or alternatively activated (M2) anti-inflammatory, pro-angiogenic
phenotype (62-63). Efferocytosis serves as a cue for m¢ switching to an anti-inflammatory
and pro-angiogenic (M2) phenotype (7, 10-11, 31, 64-65). MFG-ES8 has profound influence
in promoting VEGF-induced angiogenesis (16-17). Given that tissue m¢ have been directly
implicated in angiogenesis (66-67), the question whether m¢-dependent mechanisms are
involved in executing the angiogenic functions of MFG-E8 remains open. The current work
demonstrates that in cutaneous wounds of MFG-E8~/~ mice, featuring persistent
inflammation, wound angiogenesis is markedly compromised. Rescue experiments involving
bone marrow transplantation add clarity to this important observation. In light of a central
role of MFG-ES8 in driving efferocytosis and thereby switching wound-site m¢ toward an
anti-inflammatory and pro-angiogenic form (M2), it is conceivable that the pro-
vascularization effects of MFG-ES8 in the wound mil/ieu may be dependent on its effects
supporting efferocytosis and downstream m¢ polarization. This contention was further
substantiated by the observation that conditioned media from wound m¢ from MFG-E8*/*
mice displayed significantly improved angiogenic properties. Limited wound perfusion in a
setting of persistent inflammation is commonly noted in diabetic ulcers. Whether limited
MFG-E8 function is a causative factor complicating diabetic wound healing is therefore a
reasonable question.

Previous work by our laboratory has recognized that an elevated apoptotic cell burden at
wound-site exaggerates sustained inflammation at the wound-site (7). Furthermore, impaired
efferocytosis by wound mé¢, increased apoptotic cell burden and persistent inflammatory
response is a hallmark of diabetic wounds (7, 10-11). Results of the present work uphold
deficiencies in MFG-E8 functioning as a key factor explaining impaired efferocytosis and
resulting in persistent inflammation in diabetic wounds. In diabetes, hyperglycemia is known
to cause non-enzymatic glycation of free amino groups of proteins which then leads to the
structural and functional changes in these proteins resulting in changes in functionality (68).
The irreversible formation of advanced glycation end products (AGES) is one example that is
known to drive numerous pathophysiological mechanisms relevant to diabetic complications
(69). In MFG-ES8, unique structural characteristics such as the presence of RGD and P/T rich
domains make it susceptible to glycation. Indeed, methylglyoxal (MGO) a precursor
molecule for AGE, is present at high levels in diabetic plasma (70). MGO is a potent
arginine-directed glycating agent that forms hydroimidazolone derivative N&-(5-hydro-5-
methyl-4-imidazolon-2-yl)-ornithine (MG-H1) residue with arginine (71). MG-H1, an AGE,
is a product of glycation abundant in diabetes (71). This work study provides maiden
evidence demonstrating that MFG-ES8 is not only sensitive to glycation in diabetic wounds
also as predicted by its structure, but that glycation has a major impact on MFG-E8 function.
That glycated MFG-ES8 suffers from loss of binding activity towards PS resulting in
impaired efferocytosis by diabetic wound mé is of substantial significance addressing
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chronic inflammation and poor perfusion commonly noted in diabetic ulcers. From a
therapeutic standpoint, this work presents topical application of rMFG-ES8 as a productive
approach to circumvent blockade in the functioning of glycated endogenous MFG-ES8. From
a mechanistic standpoint, this finding highlights the importance of rescuing efferocytosis in
diabetic wounds.

Wound healing biology has always been viewed as a continuum of multiple processes that
act in a synergistic and coordinated manner to achieve closure of the defect. Although
processes such as inflammation, angiogenesis and re-epithelialization are often studied as
separated pieces for the sake of gaining traction in a somewhat simplified scenario there is
little doubt that these processes engage in sophisticated cross-talk and that such interplay is
critical to achieving successful healing. This work recognizes m¢-derived MFG-ES8 as an
influential commander of such cross-talk positioned at the seams of inflammation,
angiogenesis and re-epithelialization. Effective dead cell clearance at the wound-site,
enabled by MFG-ES8, advances m¢ towards resolution of inflammation. Such resolution of
inflammation in turn advances wound angiogenesis. As it relates to angiogenesis, MFG-E8
is capable of bolstering signaling of VEGF helping perfuse the wound tissue. Resolution of
inflammation together with effective wound vascularization supports re-epithelialization and
wound closure. Above and beyond positioning MFG-E8 as master of a key hub in wound
healing, this work recognizes that MFG-E8 may become defunct under conditions of
hyperglycemia and exposure to AGE. Indeed, loss of MFG-E8 function impairs diabetic
wound healing. From a therapeutic standpoint, it is of extraordinary interest that topical
application of rMFG-ES8 is effective in restoring MFG-E8 function in diabetic wounds.
Topical rIMFG-ES8 induced resolution of wound inflammation, improvements in angiogenesis
and acceleration of closure upholding the potential of MFG-E8 directed therapeutics in
diabetic wound care.
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Figure 1. MFG-ES8 deficiency impairs wound closure and wound re-epithelialization
A-D, Full-thickness (skin and panniculus carnosum) dorsal wounds were created on the

male MFG-E8~/~ and MFG-E8** mice by using a 6-mm biopsy punch. The wounds were
stented and left to heal by secondary intention. Wounds were imaged on d0-10 post
wounding. Wound areas were calculated using digital planimetry. A, Representative digital
images of wounds from age matched MFG-E8~/~ and MFG-E8*/* mice d0-10 post
wounding. B, Wound closure kinetics. Data are expressed as mean + SD (/=5); *p<0.05
compared to MFG-E8*/* wounds. C, Representative images of hematoxylin-eosin (H&E)
stained d7 wound tissues. The wound edge is shown using solid black arrow heads and the
wound epithelial margins shown by green arrows. D, Wound re-epithelialization calculated
on d5, 7 and 10 post-wounding. Data are expressed as mean + SD (n=3); *p<0.05 compared
to MFG-E8*/* wounds. E, Western blot analysis of MFG-E8-L protein expression in skin
from MFG-E8*/* and MFG-E8~/~ mice. B-Actin was used as a loading control.
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Figure 2. Macrophages are the primary source of MFG-E8 at wound-site in inflammatory phase
A, Western blot analysis of MFG-ES8 protein expression in wound-edge tissues from C57bl/6

mice on d0-10 post wounding. B-Actin was used as loading control. Representative blot
from four independent experiments has been provided. Densitometry quantification of the
Western blot data was performed. Data is presented as % change compared to dO (skin).
Data are expressed as mean £ SD (7=4); *p<0.05 compared to dO (skin). B, Western blot
analysis of MFG-ES8 protein expression in bone marrow derived monocytes (BMDM) and d3
wound m¢ («wmé). B-Actin was used as a loading control. Representative blot from three
independent experiments have been provided. Densitometry quantification of Western blot
data has been presented. Data are expressed as mean = SD (7=3); *p<0.05 as compared to
BMDM. C, Representative images of wound-edge tissue sections d3-10 post wounding from
ROSA-LysM mice displaying abundance of wound m¢ (GFP*, green) at the wound-site
peaked on d3 and 5 post-wounding. Most cells/tissue in these mice widely express cell
membrane-localized red fluorescence, however, because of LysM driven cre recombinase
only the cells of myeloid origin express membrane-localized green fluorescence. DAPI
(blue, nuclear) staining was performed on wound tissue sections followed by fluorescence
microscopy and imaging. Scale bar = 200um. D, Representative images of d3 wound-edge
tissue sections from ROSA-LysM mice stained with MFG-E8 (purple) to observe co-
localization of MFG-E8 with green wound mé¢. The bar-graph represents the ratio of MFG-
E8 that is contributed by macrophages (MFG-E8 co-localized with GFP positive
macrophages) to the total MFG-E8 (purple) in field of view. The ratio of purple:green co-
localization in confocal images was determined using automated unbiased co-localization
module in FVV10-ASW software (Olympus). Scale bar = 50um. Bar-graph represents the
fraction of MFG-ES that is contributed by macrophages.
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Figure 3. MFG-E8 supports efferocytosis and resolves inflammation at the wound-site
A-B, Efferocytosis activity in wound m¢ harvested from MFG-E8~/~ and MFG-E8*/* mice.

A, Representative images of wound m¢ (F4/80, green) co-cultured with apoptotic cells
(pHrodo, red). White arrows points to m¢ that have engulfed two or more apoptotic cells.
Scale bar = 20um /nset Zoom of yellow box in the image showing a single m¢ engulfed
apoptotic cells. Scale bar=5um B, Efferocytosis index in d3 wound m¢. Efferocytosis index
is defined as the total number of engulfed apoptotic cells per m¢ present in a field of view.
Data are expressed as mean + SD (/= 3); *p<0.05 compared to MFG-E8*/* group. C-D,
Western blot of C, MerTK phosphorylation in d3 wound m¢ following efferocytosis. D,
active caspase 3 expression in d7 wound-edge tissues. p-Actin was used as a loading control.
Representative blot from four independent experiments has been provided. Densitometry
quantification of band intensity has been presented. Data are expressed as mean + SD (/7=4);
*p<0.05 compared to MFG-E8*/* wound m¢ and wound-edge tissues respectively. E-F,
Quantification of E, TNF-a and F, IL-10 measured by ELISA in the d7 wound-edge tissues.
Data are expressed as mean + SD (/7=4); *p<0.05 compared to MFG-E8*/* wounds.
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Figure 4. Impaired wound angiogenesis in MFG-E8™/~ mice
A, All MFG-ES sensitive transcripts in d5 wound-edge tissues were subjected to hierarchical

clustering. A, Two major clusters of transcripts that were differentially (p<0.05; 2 fold or
higher) regulated in MFG-E8~/~ as compared to corresponding wild-type (MFG-E8*/*) were
identified. Red to green gradation in color represents higher to lower expression signal. A
scale representing fold change is indicated at the bottom. B, Fold change of representative
pro-angiogenic genes from microarray analysis has been presented. Data are expressed as
mean + SD (n=3); *<0.05 compared to MFG-E8*/* wound-edge tissues. C, Expression
levels of selected genes identified using GeneChip® analyses were independently
determined using real-time quantitative (Q) PCR. Data are expressed as mean + SD (n=3);
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*<0.05 compared to MFG-E8*/* wound-edge tissues. D, Representative images from CD31
(red) immunostained d5 wound-edge sections. The sections were counter stained with DAPI
(blue, nuclear). Bar graph presents the quantification of CD31 positive areas of the d5
wound-edge tissues. Results are mean + SD (n=3). *p < 0.05 compared to MFG-E8*/*
wounds. Scale bar = 100um. E, Representative images from space-filling carboxylate-
modified green fluorescent microspheres injected mice to visualize wound vascularity.
Sections were counterstained with DAPI (blue, nuclear). The appearance of the green
microspheres in the wound-edge represents functional wound vascularity. Results are mean
+SD (n = 4). *p< 0.05 compared with MFG-E8*/* wound-edge tissues. Scale bar = 100pum.
F, Laser Speckle images of d5 wounds. Bar graph represents the quantitative data from Laser
Speckle analysis. Data presented as mean + SD (n = 4); *p<0.05 compared to MFG-E8*/*
wounds.
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Figure 5. Wound macrophage derived MFG-ES8 is angiogenic
A, Representative images of murine dermal endothelial cells (MDEC) subjected to

Matrigel® assay. Following the assay, Calcein-AM (green) was used to stain and visualize
the tube formation. The Matrigel® assay was performed in presence of conditioned media
(CM) from d7 wound m¢ obtained from MFG-E8~/~ and MFG-E8** mice. The CM was
obtained by culturing freshly isolated wound m¢ 24h in a standard media. /, CM from MFG-
E8~/~; ii, CM from MFG-E8*/* ; iii, CM from MFG-E8~/~ + rMFG-E8 (2.5pg); iv, CM from
MFG-E8~/~ + VEGF (50ng); or v, CM from MFG-E8~/~ + rMFG-E8 (2.5ug) + VEGF
(50ng). Scale bar = 100um.B, Data presented in A was quantified and presented as bar
graphs. Results are mean £ SD (n = 4). *p < 0.05 compared with cells treated with CM from
MFG-E8~'~ mice. C, Expression of specific pro-angiogenic genes in wound m¢. The
expressions were measured using real-time PCR. Results are mean £ SD (n = 3). *p < 0.05
compared with MFG-E8*/* wound m¢.
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Figure 6. Rescuing MFG-ES8 levels in the MFG-E8~/~ mice wound macrophages using bone
marrow transplantation improves wound angiogenesis and closure

Bone marrow chimera generation involved ablation of the bone marrow followed by
reconstitution using the donor bone marrow either from MFG-E8*/* or MFG-E8~/~ mice. A-
B, full-thickness dorsal wounds were created using a 6-mm biopsy punch. The wounds were
stented and left to heal by secondary intention. Wounds were imaged on d0-7 post
wounding. A, Representative digital images of wounds of MFG-E8*/* mice that received
MFG-E8~~ m¢ (7~ m$¢ — MFG-E8*/*) or MFG-E8*/* mice that received MFG-E8*/*m¢
(**m¢ — MFG-E8*/*). B, Wound area measurements using digital planimetry. Data are
expressed as mean = SD (17=4). *p<0.05 as compared to ¥*m¢ — MFG-E8*/* mice. C,
Laser speckle images of d5 wounds presented in A-B. Bar graph represents the quantitative
data from Laser Speckle analysis. Data presented as mean + SD (n = 4); *p<0.05 compared
to **m¢ — MFG-E8*/* mice. D, CD31 (red) immunostaining was performed in d5 wound-
edge tissues. Bar graph represents the quantification of CD31 positive area. Results are mean
+SD (n = 4). *p< 0.05 compared with **m¢ — MFG-E8** group. Scale bar = 50um. E,
Representative digital images of wounds of MFG-E8~/~ mice that received MFG-E8*/* m¢
(*"* m¢ — MFG-E8") or MFG-E8~/~ mice that received MFG-E8 7/~ m¢ ("m¢ —
MFG-E8~/"). F, Wound area measurements using digital planimetry Data are expressed as
mean + SD (/7=4). *p<0.05 as compared to ”"m¢ — MFG-E8~/~ mice. G, Laser speckle
images of d5 wounds presented in E-F. Bar graph represents the quantitative data from Laser
Speckle analysis. Data presented as mean + SD (n = 4); *p<0.05 compared to ”"m¢ —
MFG-E8~/~ mice. D, CD31 (red) immunostaining was performed in d5 wound-edge tissues.
Bar graph represents the quantification of CD31 positive area. Results are mean + SD (n =
4). *p < 0.05 compared with ”~m¢ — MFG-E8~/~ group. Scale bar = 50um.
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Figure 7. Lower MFG-ES8 levels in the diabetic wound environment
A, MFG-E8 protein levels in the wound fluids (WF) obtained from diabetic and non-diabetic

chronic wounds (see Table 1 for subject demographics). MFG-ES8 levels were determined
using ELISA. Results are mean + SD (n = 5). *, p< 0.05 compared with non-diabetic WF.
B, Hunt=Schilling wire mesh cylinders were implanted subcutaneously in the back of
diabetic (Leprd®, db/db) or corresponding non-diabetic controls (heterozygous, Leprd?/*
db/+) mice. WF were harvested d3 post-implantation, and MFG-ES8 level in WF was
determined using ELISA. Results are mean = SD (n = 4). *, p< 0.05 compared to db/+ WF.
C, Immunoprecipitation (IP) of MFG-E8 from day 3 wound edge tissue lysates of diabetic
(db/db) or corresponding non-diabetic controls (db/+) mice. The IP was subjected to SDS-
PAGE followed by immunoblotting (IB) with anti-AGE antibody. Input represents cell
lysates after immunoprecipitation reaction. Results are mean £ SD (n = 4). *, p< 0.05
compared to db/+. D-F, Surface plasmon resonance (Biacore, SPR) assay. Binding affinity
was tested using SPR with phosphotidylserine (PS) or phosphatidylcholine (control)
liposomes immobilized on the sensor L1 chip and glycated MFG-E8 or sham MFG-ES8 as
soluble analytes. Glycation of MFG-E8 (G-MFG-E8) was achieved by incubating
recombinant mouse MFG-E8 (10pg) with 10mM methylglyoxal (MGO) at 37°C for 48h
while, sham MFG-E8 involved incubation with buffer at 37°C for 48h. The response curve
of D, sham MFG-E8 or E, G-MFG-E8 binding with PS:PC (50:50) or PS:PC (0:100)
liposomes has been presented. F, The quantification of the binding has been presented as bar
graph. Results are mean £ SD (n = 3). *, p< 0.05 compared to sham MFG-E8. G, Dose
dependent inhibition in binding affinity of G-MFG-E8 to PS as detected by Biacore SPR.
The dose dependent glycation of MFG-E8 was achieved by incubating MFG-E8 at 37°C for
0, 3 and 48h. Results are mean + SD (n = 3). *, p< 0.05 compared to Oh, ¥ p< 0.05
compared to 3h. H, Quantification of the level of glycation of MFG-E8 following 0, 3 or 48h
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of exposure to MGO. The glycation of MFG-E8 was measured using glycoprotein
carbohydrate estimation kit. Results are mean + SD (n = 4). *, p< 0.05 compared to Oh; #, p
< 0.05 compared to 3h.
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Figure 8. MFG-ES8 treatment improves efferocytosis, angiogenesis and healing in diabetic

wounds

A, Efferocytosis activity in d3 wound mé¢ harvested from db/db animals. Freshly isolated
wound m¢ were incubated with rMFG-ES8 (1ug/ml) 2h prior to the subjecting them to
efferocytosis in the presence of rMFG-ES8 (1pg/ml) or vehicle. Representative images of m¢
(F4/80, green) co-cultured with apoptotic cells (pHrodo, red). Efferocytosis index was
calculated and data presented as mean £ SD (n = 4); *p<0.05 compared to vehicle treated
group. Scale bar = 10um. B-E, Full-thickness dorsal wounds were created using a 6-mm
biopsy punch on dorsal side of diabetic (Leprd®, db/db) or corresponding non-diabetic
controls (heterozygous, Leprd®* db/+) mice. The wounds were stented and left to heal by
secondary intention. Each wound was either treated with either recombinant mouse MFG-E8
(1ug per wound in 50% glycerol/saline once daily) or equivalent amount of vehicle (mouse
serum in 50% glycerine/saline once daily) for 10 days. B, Quantification of TNF-a and
IL-10 measured by ELISA in the d10 wound-edge tissues. Data are expressed as mean + SD
(m=3); *p<0.05 compared to vehicle treated wounds. C, Laser Speckle images from d5
wounds. Bar graph presents quantification of the Laser Speckle analysis. Data presented as
mean + SD (n = 4); *p<0.05 compared to control mice. D, Representative wound images on
d0-10 post wounding; E, Wound area measurements were done using digital planimetry.
Data are expressed as mean + SD (/=3). *p<0.05 as compared to vehicle treated db/db mice.
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Table 1

Demographics characteristics of subjects used for wound fluid study
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Parameter | Non-diabetic | Diabetic
Subjects (n) 5 5
Age 496+7.2 488+ 1.2
Males 4 3
Females 1 2
Race
Caucasian 4 3
American L 2
Wound etiology
pressure 2 3
surgical 3 1
unknown 0 1
Wound location
abdominal 1 1
extrmity 4 4
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