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DIFFERENTIAL SPHINGOSINE KINASE EXPRESSION IN

MID- VERSUS LATE-GESTATIONAL FETALMOUSE

EXCISIONAL WOUNDS

Stephanie R. Goldberg, Gerald L. Quirk, VirginiaW. Sykes, Tomasz Kordula,1

and David A. Lanning
Division of Pediatric Surgery/Department of Surgery and, 1Department of
Biochemistry, Virginia Commonwealth University Health System,
Richmond, VA

Introduction: Sphinogosine-1-Phosphate (S1P) is a sphingolipid that modulates
angiogenesis, regulates apoptosis, and is a mitogen for fibroblasts; however, the
vulnerary role of S1P has not been elucidated. Previously, we developed a fetal
model of wound healing in which mid-gestational excisional wounds closed
rapidly compared to late-gestational wounds and without scar formation. We
hypothesized that mid-gestational wound closure would be associated with
altered expression of sphingosine kinase (SphK) 1 and/or 2, the enzymes that
catalyze the phosphorylation of sphingosine to S1P.
Methods: Time-dated, pregnant FVB mice underwent laparotomy and hyster-
otomy at mid-(E15) and late-gestational (E18) ages (term=20–21 days).
Full-thickness, excisional wounds (2.5mm) were made on up to 4 fetuses/doe.
Wounds were harvested with 1mm of surrounding skin at 32 and 48 hours.
SphK1 and SphK2 gene expression were measured by real-time PCR and
normalized to GAPDH. Control tissue consisted of normal fetal skin. Student’s
paired t-test was performed for statistical analysis.
Results: SphK1 expression was increased in E18 wounds compared to E18
normal skin and E15 wounds at 32 hours (table). However, at 48 hours SphK1
expression was increased in E15 wounds compared with E18 wounds. Tran-
script levels for SphK2 were increased in the wounds compared with the normal
skin in the E15 and E18 groups at 32 hours, yet no differences were seen at 48
hours.

32 hours 48 hours

n SphK1 SphK2 n SphK1 SphK2

E15 normal skin 8 1.8� 0.2 3.8� 0.4m 11 2.3� 0.4 1.0� 0.1
E15 wound 6 2.9� 0.7� 7.3� 1.7m 10 1.8� 0.2 1.1� 0.1
E18 normal skin 7 2.2� 0.3�,# 3.3� 0.5w 15 1.3� 0.4 1.1� 0.4
E18 wound 4 5.6� 0.9�,# 5.6� 0.9w 8 0.8� 0.2�� 0.8� 0.1

�p = 0.023
#pwp = 0.007
mp = 0.05
��p = 0.01

Conclusions: SphK1 and SphK2 are differentially expressed in mid- and late-
gestational mouse wounds. SphK1 expression is increased in late-gestational
wounds at 32 hours but mid-gestational wounds at 48 hours, whereas SphK2
expression is increased in mid- and late-gestational wounds at 32 hours only.
Whether increased SphK1 and/or SphK2 transcript levels results in sustained
S1P at the wound site has yet to be determined. However, since SphK1 can
directly prevent apoptosis through the activation of nuclear factor kB, it may
also contribute directly to the rapid mid-gestational wound closure. This work
was supported by a grant from the Jeffress Memorial Trust J751 (DAL) and the
NIH F32 GM078977-01 (SRG).
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SPECTRAL RESOLUTION OFWATER CONCENTRATION

(EDEMA) IN BURNED TISSUE

K.M. Cross1, MD, M.A. Levasseur2, EET M.G. Sowa2, PhD, L. Leonardi2,
J.S. Fish1, MD, MSC
1University of Toronto
2National Research Council-Institute of Biodiagnostics

Introduction: An increase in vascular permeability causes edema formation
post thermal injury. Near Infrared Spectroscopy (NIRS) measures water
concentration in tissue and was utilized in this study to assess edema formation
in acute partial thickness burn wounds.
Methods: Adult burn patientso 72 hours post injury, thermal ando 20%
BSA were eligible. Burns were stratified based on histology/clinical outcomes
into partial thickness superficial (PTS) and partial thickness deep (PTD)
wounds. Burn and control site measures were obtained using a handheld NIRS
probe that can measure water concentration. Paired t-tests compared burn and
control sites. Independent t-tests compared the water concentration in PTS
versus PTD for burn and control sites. Results are mean�SD with statistical
significance achieved at po 0.05.
Results: The sample population, SPT (n=15) and DPT (n=8) burns, did not
differ with respect to age (40� 15 yr), BSA (5� 4%), APACHE II (3� 5), and
mean time for NIRS assessment (2 days). Water concentration was increased in
burned tissue compared to control regions (7.9E� 001� 1.3E� 001 vs.
5.5E� 001� 1.8E� 001mM, p=0.0001). PTD burns showed an increase in water
concentration compared to PTS burns (8.7E� 001� 1.3E� 001 vs.
7.5E� 001� 1.1E� 001mM, p=0.005). The water concentration for the control
sites was similar for PTS and PTD (5.3E� 001� 1.8E� 001 vs.
5.9E� 001� 1.8E� 001mM, p=0.417).
Conclusion: NIRS detected local differences in edema formation with DPT
burns showing an increase in edema formation compared to viable partial
thickness burns. The capacity to objectively measure edema formation in tissue
could serve as a guide to fluid resuscitation and provides insight into the fluid
shift that occurs in the acute burn period.
Grant Info: The Physicians’ Services Incorporated Foundation.
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FREEZING ALTERS THE VISCOELASTIC RESPONSE OF

UNINJURED SKIN AND HEALINGWOUNDS

D.T. Corr1,2, C.L. Gallant-Behm2, N.G. Shrive2, D.A. Hart2
1Biomedical Engineering, Rensselaer Polytechnic Institute, Troy, NY,
2The McCaig Centre, University of Calgary, Calgary, AB, Canada

Aim: To determine if the practice of freezing skin, for storage and later testing,
alters its viscoelastic behavior, and the influences of wounding and direction-
ality on that behavior. We hypothesized that freezing would change the
absolute material property values significantly, but would not change the
relative effect of specimen orientation or scarring.
Methods: Tissue was harvested 70 days following full thickness wounding in
juvenile female domestic pigs (N=12). Skin sections were halved, one half
tested fresh, and the others frozen and stored at � 80 1C for subsequent testing.
Samples were obtained in the cranial-caudal and dorsal-ventral directions, for
both scar tissue and uninjured skin, and were evaluated using in vitro stress
relaxation in an INSTRON universal test machine. Frozen tissue was thawed
slowly, and equilibrated to room temperature prior to testing. Specimens were
kept moist throughout testing.
Results: Frozen skin produced similar values to those of fresh skin in many
instances. However, significant differences were observed in peak load, relaxa-
tion rate, and total relaxation (po 0.05). Freezing appears to increase the
viscous response (faster, larger relaxation) of uninjured skin, without similarly
affecting scars, indicating that tissue morphology may affect the retention of
moisture with freezing/thawing. Moreover, the significant trends in these
properties observed in fresh specimens - with respect to specimen direction
and scarring, were altered with freezing, yielding notably different directional
and scarring trends. Thus, freezing produced changes in both the absolute
values and relative response to specimen direction and scarring.
Conclusions: Freezing skin samples does alter tissue viscoelastic properties,
indicating that conclusions drawn from frozen skin and scar samples are not
indicative of what may be observed with fresh skin.
Acknowledgements: AIF, Ernst & Young, NSERC and CIHR.
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A COMPARISON OF FUNCTIONAL CHARACTERISTICS OF

CULTURED KERATINOCYTES FOLLOWING SEVERE BURN

COMPARED TO NON-BURNED CONTROLS

G.G. Gauglitz, M.G. Jeschke, G.Hv. Donnersmarck, E. Faist, D.N. Hernond,
S. Zedler

Introduction: Keratinocytes are not only important for structural support of
the epidermis but also secrete biologically relevant growth factors that are an
integral part of inflammatory response and immune function. The aim of the
present study was to determine whether cultured keratinocytes obtained from
the proximity of a full thickness burn wound exert a different cytokine and
growth factor expression profile compared to keratinocytes obtained from
normal skin.
Method: Seventeen non-burned patients and 17 severely burned patients
(TBSA 4 25%) were included in the study. Immunohistochemistry was used
to detect cytokeratin, vimentin and other proteins in order to allow comparison
of cellular composition in allografts prepared from discarded tissue following
breast reduction versus autologous cultured keratinocytes. Skin cells were
cultured under standard conditions and in-vitro expression of mediators in the
culture media was quantified at 3, 10 and 15 days, using the Bioplex
immunoassay (10 cytokines and 5 growth factors). Statistical analysis was
performed by t-test with significance accepted at po 0.05.
Results: Leukocytes, macrophages, dendritic, endothelial cells and fibroblasts
could not be detected in either autologous or in allogeneic transplants.
Histological analysis revealed an increased proportion of terminal differen-
tiated suprabasal cells in the allograft group compared to a higher proportion
of proliferative basal cells in the autologous group. Both culture groups
expressed large amounts of IL-1RA and IL-8 with no significant difference
between the groups. IL-6 and GM-CSF were significantly increased in the burn
group during the first 15 days of culture compared to controls (po 0.05).
Conclusion: Epidermal basal cells from burns show increased proliferative
activity with increased mediator release. By skin grafting is a life-saving
procedure.

5

WOUND COVERAGEWITHMICROBIAL NANOCELLULOSE

IN TREATMENT OF DONOR SITE WOUNDS AND SKIN

AUTOGRAFTS AFTER SEVERE BURNS

Ludwik K. Branski1, Wojciech Czaja2, Marc G. Jeschke1,
William B. Norbury1, Oscar E. Masters1, Yoshimitsu Nakano1,
Daniel L. Taber1, R. Malcolm Brown2 and David N. Herndon1
1Shriners Hospital for Children and University of Texas Medical Branch,
Galveston, Texas,
2University of Texas at Austin

Introduction: In severely burned patients, early wound closure is essential and
the choice of the correct dressing paramount. Microbial Nanocellulose (NC),
an inert material produced by Acetobacter xylinum, has emerged as a new
coverage material that is very conformable, can hold a large amount of liquid,
and retains a high mechanical strength, therefore making it an ideal wound
dressing. Our aim was to compare NC and standard dressing material in a
porcine burn wound model.
Materials and Methods: Third degree burn wounds (Treatment: n=10, con-
trol: n=8) were created using hot aluminum, excised 24 h post injury and
grafted with autologous skin transplant (4:1 meshgraft, wound size: 50 cm2).
Donor sites (Treatment: n=10, Control: n=8) were created using an electric
dermatome. Oil emulsion dressing (Adaptics, Ethicon, Inc.) was used as
control. Dressing changes were performed and standardized digital photo-
graphs taken at 2, 5, 9 and 14 days post injury. Re-epitheliazation, graft
adherence, rate of infections, hematoma, fibrin deposition and rate of hyper-
granulation were assessed at each time point using a macroscopic grading scale.
Results: In grafted wounds covered with NC, infections and hematoma occurred
significantly less than in the controls at day 5 and 9 (po 0.05). Graft adherence
was significantly improved at day 9 (po 0.003). Donor site wounds treated with
NC showed significantly less fibrin deposition, hematoma, hypergranulation, and
increased re-epitheliazation at day 9 (po 0.04). 60% of the wounds in the NC-
group vs. 20% in the control group were completely healed at this timepoint.
Conclusion: In a large animal trial, Microbial Nanocellulose accelerates wound
healing and proves to be a safe and efficacious wound coverage material for
donor sites and grafted wounds.
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BISMUTH SUBGALLATE/BORNEAL (SUILE) VS.

NANOCRYSTALLINE SILVER IN THE HUMAN FOREARM

BIOPSYMODEL FOR ACUTEWOUNDHEALING

Thomas E. Serena, MD, FACS1,2, Laura K.S. Parnell3, Michelle Kauffman1
1Gannon University,
2Penn North Centers for AdvancedWound Care, NewBridge Medical Research,
3Precision Consulting

Background: The human forearm biopsy model has been employed to evaluate
established and novel agents in acute wounds. Bismuth Subgallate/Borneol
(Suile) is a new product with FDA permission for the treatment of partial
thickness wounds. It was shown to be more effective than Bacitracin in an
earlier forearm biopsy study. It has been suggested that its efficacy is due to its
anti-inflammatory properties; although, it also has significant antimicrobial
activity. This study focuses on its comparison to a commonly used antimicro-
bial dressing, Acticoat 3TM (Smith and Nephew). Actcoat is a silver-coated
high-density polyethylene mesh.
Methods: In a randomized, investigator-blinded study, 40 normal healthy
volunteers underwent two 6mm full-thickness skin punch biopsies on the flexor
surface of each forearm (two wounds/subject). Biopsies were randomly as-
signed to receive Suile or Acticoat 3. Wounds were examined, measured and
photographed daily until healed. Adverse events were monitored. Time-to-
complete closure was determined.
Results: Direct quantitative and qualitative comparisons of wound healing
were observed. There was a trend toward more rapid healing in the Suile group
particularly when the time to closure was examined on an individual basis:
comparing the healing times between a subject’s two biopsies. The subjects
reported more that the Suile dressing was more comfortable and demonstrated
less skin discoloration.
Conclusion: Suile has been shown to be an effective wound healing agent in the
forearm biopsy model. Based on the results of this and earlier studies its effect in
this model appears to be due largely to its anti-inflammatory properties as
opposed to its antimicrobial activity. Finally, the human forearm biopsy model
has several advantages: direct comparison within subjects, rapid study comple-
tion, good patient compliance, and experience with products prior to embark-
ing on larger clinical trials in wounds.
Acknowledgement: Unrestricted Grant from Hedonist Biochemical Technolo-
gies. Co.

Wound Rep Reg (2007) 15 A14–A54 c� 2007 by the Wound Healing Society A15

Abstracts



7

CLONE 13 GENE IS DIFFERENTIALLY REGULATED IN

SCARLESSMAMMALIAN FETALWOUNDHEALING

Latha Satish, Sandra Johnson, Christopher J. Post, Garth D Ehrlich and
Sandeep Kathju
Center for Genomic Sciences, Allegheny Singer Research Institute, Pittsburgh,
PA 15212

Scarless wound healing is an intrinsic property of mammalian fetus which is not
seen in postnatal (adult) wound healing. Although useful in sealing an injured
area, scar can itself be source of significant morbidity. An understanding of
genes that are differentially expressed in fetal wound tissues will give insight
into the asymmetry seen in the biological mechanisms responsible for scarless
wound healing. PCR suppression subtraction hybridization between wounded
and unwounded fetal tissues has identified 35 unique differentially expressed
gene products, of which 15 genes were upregulated in fetal wounds. These
include a potentially novel gene product thus far identified only as Clone 13.
The differential expression of Clone 13 was verified by qRT-PCR assay which
confirmed that Clone 13 was upregulated in fetal wound tissue in comparison to
unwounded fetal tissue. qRT-PCR also demonstrated that Clone 13 mRNA
levels were elevated in fetal fibroblasts compared to adult fibroblasts.
The PCR-SSH technique typically yields only fragments of gene products for
technical reasons. A 30 rapid amplification of cloned ends (RACE) reaction yielded
additional sequence for the putative Clone 13 gene product. Transcription of this
extended sequence was confirmed by conventional RT-PCR.HumanMulti-Tissue
Northern Blot I analyses on fetal and adult tissues confirmed that Clone 13 is an
expressed gene product in human fetal tissue but interestingly its expression was
minimal in adult brain, lung and kidney tissues. The highestmolecular weight band
hybridizing to Clone 13 probe appears to have a molecular weight of�5.8 kb, but
smaller species also appear, raising the possibility of variable splicing, gene families,
etc. Clone 13 sequence displays some similarity to RING finger proteins, suggest-
ing a potential involvement in ubiquitin mediated protein turnover.

8

KI67 ANDMSX-1 EXPRESSION IN HUMAN DIGIT

DEVELOPMENT AND IN FETAL DIGIT TIP REGENERATION

B. Inouye1, A. Navratil2, M. Usui2, R. Underwood2, R. Kulikauskas2, P.
Fleckman2, C. Allan2
1Illinois Institute of Technology, Chicago, IL USA
2University of Washington, Seattle, WA USA

Current Surgical Management of sever limb injuries often results in compro-
mised limb function. With successful regeneration or partial regeneration, post-
injury quality of life for patients could dramatically increase.
Human children have been observed to regenerate amputated digit tips. Models
of this phenomenon have shown upregulated expression of Msx-1 (a homeobox
gene coding for a transcriptional repressor) in cells of regenerating tissues of
amputated digits in mice, and in response to tip amputation in cultured human
fetal digits. It has been hypothesized that Msx1 maintains a population of cells
in an undifferentiated state, able to respond to injury by rebuilding at least some
of the lost tissues. Alternatively, increased Msx-1 expression at tip amputation
sites may be due either to upregulation in local cells or to proliferation of local
Msx-1-expressing cells. Our study explores the possible colocalization of Msx-1
and Ki67 (a proliferation marker) in human digits during development and in
an in vitro organ culture model of tip-amputated fetal digits to determine
whether Msx-1-expressing cells are proliferating.
Standard immunohistochemistry techniques were used to stain for Msx-1 and
Ki67 in frozen and embedded fetal digits. Staining was done for a develop-
mental series ranging from estimated gestational ages (EGA) of 53 to 110 days,
as well as in cultured, tip-amputated digits of EGA 53 and 87 days. Our results
show mutually exclusive expression, indicating that Msx-1 stained cells present
at the amputation site are not proliferating. Instead this suggests migration
from another site or a localized upregulation of Msx-1 expression in these cells.
University ofWashington UWEBREUprogramNational Science Foundation
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FIBRIN BIOMATRIX DELIVERED PDGF.AB ENHANCES

GRAFT RE-EPITHELIZATION AFTER 3
rd
DEGREE BURN

Rainer Mittermayr1, Ludwik K. Branski2, Oscar E. Masters2, Marc G.
Jeschke2, Daniel L. Traber2, David N. Herndon2, Heinz Redl1
1Research Center of the AUVA – Ludwig Boltzmann Institute for
Experimental and Clinical Traumatology, Vienna, Austria
2Shriners Hospital for Children and University of Texas Medical

Introduction: Fibrin Tg-PDGF.AB is a bioactive therapy intended for use in
burn wounds for meshed skin grafting. It comprises Tg-PDGF.AB covalently
bound to fibrin sealant. Tg-PDGF.AB is a recombinant protein consisting of
human PDGF (A and B chain) and a short peptide located on the N-terminal
end of each chain. PDGF.AB is an important natural stimulus of the wound
healing process. Although fibrin sealant alone has been shown to support
wound healing and skin transplantation, incorporation of the growth factor
into the matrix offers the opportunity to provide more prolonged release and
therefore stimulus to wound healing. When applied topically, fibrin Tg-
PDGF.AB forms a thin covering over the wound surface on which the graft is
placed. The active factor Tg-PDGF.AB is then slowly released from the gel as
the fibrin matrix is gradually degraded by proteases in the wound, thus
stimulating the healing
process.
Materials and Methods: Following the early excision strategy, 3rd degree
contact burns (&5 cm, n=8/group) on 4 Yorkshire pigs were excised in
healthy tissue 24 hours post burn. Excised burn sites were grafted with
autologous meshed split skin grafts and randomly assigned to be fixed either
with standard fibrin sealant (FS) or fibrin Tg-PDGF.AB in different concentra-
tions (100 ng, 1 mg, and 11 mg/mL final clot). In each group the material was
sprayed in a thin layer (0.05mL/cm2). As a control we used staples without
applying any other material. Evaluated parameters included planimetry,
macroscopic scoring, and histology over a 14 days follow-up period.
Results: 14 days post-burn open mesh interstices showed significantly en-
hanced re-epithelization in the fibrin Tg-PDGF.AB groups containing 100 ng/
mL and 1 mg/mL Tg-PDGF.AB, in comparison to fixation with staples. Graft
dislocation occurred substantially less in groups containing fibrin than with the
staples fixation. However, there was no significance in the wound contraction
parameter between the groups. The histological examination revealed thicker
epidermal layers in the fibrin Tg-PDGF.AB groups with significance for 1 mg/
mL and 11 mg/mL TGPDGF.AB in comparison to staple fixation. In all groups
no case of adverse events (hypergranulation, hemangioma) were found.
Discussion: The study showed that using sprayed fibrin matrix to fix meshed
autografts can be performed easily, is effective against dislocation and is an
appropriate alternative in grafting procedures. Fibrin Tg-PDGF.AB signifi-
cantly enhanced re-epithelization, and thus has potential in improving wound
healing. The study was supported by KUROS Biosurgery AG, Zürich and
BAXTER AG, Vienna.
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EASY ANDOBJECTIVE SKINCOLORANALYSIS IN PLASTIC

SURGERY

Aya Yakabe1,2, Sadanori Akita1, Masaki Fujioka2, Akiyoshi Hirano1
1Dept. of Plastic Surgery, Nagasaki University,
2Dept. of Plastic Surgery, Nagasaki Medical Center

Color changes after burn, surgeries such as skin grafting, flap or sclerotherapy
for vascular malformations are sometimes concerned. Especially when it is
happened in patients’ exposed areas such as faces and extremities, the
consequences affect major satisfactions both for patients and physicians.
Easy and reproducible methods are not established yet for objective analysis in
these clinical purposes. Therefore, we tested a hand-held color analyzer (NF-
333, Nippon Denshoku, Co. Ltd, Osaka, Japan), which weighs only 420 grams
for the main body and 110 grams for the probe, with data transport in Excel
software, for post-treatment skin color change. The parameters contain L, a,
and b, which measures clarity, red color and yellow color. The percent delta of
five-time repeated each parameter to the pre-treatment was compared with the
adjacent area skin color.
Twenty-one patients (14 women and 7 men), average age of 36.6� 29.1 years
(1 year to 78 years), with at least 1 year post-treatment (average 2.4� 2.2 years)
follow-ups of various procedures such as fibroblast growth factor-2 (FGF-2)
treatment (n=3), skin grafting alone (n=7), flap alone (n=1), flap and
grafting (n=4), sclerotherapy (n=2), and simple suturing for hypertrophic
scar, embolization and flap, skin grafting with artificial dermis, skin grafting
with artificial dermis and bFGF (n=1, each).
In comparison with the thickness of skin grafting, the full thickness grafting is
superior to partial thickness skin grafting in clarity, red and yellow in color in
each pre-operative and surrounding skin (po 0.01). Similarly, with use of
FGF-2, the scars are far softer than those without in second degree burn and
lower calf reconstruction with artificial dermis (po 0.01) and simultaneously
the color changes are more minimal with FGF2 treatment in all parameters
(po 0.01). For flap surgery and sclerotherapy, this analysis would be a
predictive method for post-operative pigmentations or color changes.
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COLLAGEN GEL MATRIX REORGANIZATION BY HUMAN

ADULT AND FETAL DERMAL FIBROBLASTS IS

DIFFERENTIALLY REGULATED BY PROSTAGLANDIN E2

A. Parekh1,2,3, V.C. Sandulache1,2,3,4, Michael S. Sacks1,3, J.E. Dohar1,2,3,4,
P.A. Hebda1,2,3,4
1University of Pittsburgh, Pittsburgh, PA,
2Children’s Hospital of Pittsburgh, Pittsburgh, PA,
3McGowan Institute for Regenerative Medicine, Pittsburgh, PA,
4University of Pittsburgh School of Medicine, Pittsburgh, PA

Mechanical loading in newly deposited, collagenous wound tissue causes the
differentiation of fibroblasts into the highly contractile myofibroblast pheno-
type in adult wounds; however, this phenotype is not observed in fetal wounds.
The resulting physical remodeling of collagen within the wound bed leads to
scarring in the adult dermis but regeneration in the fetal dermis. Prostaglandin
E2 (PGE2) is an important regulator of tissue repair that inhibits the
myofibroblast phenotype. This study was designed to investigate the effects of
PGE2 on the reorganization of anchored collagen gels, an in vitro model of
granulation tissue remodeling, by fetal and adult human dermal fibroblasts.
Small angle light scattering (SALS) is an optical tool used to map the gross fiber
orientation of connective tissues with a spatial resolution of approximately 200
microns. SALS was utilized to assess the organization of fibroblast-populated
anchored collagen gels after 24 hours of contraction in three distinct areas of
mechanical loading. Differential remodeling was observed in the presence of
PGE2. This result was replicated by a PGE2 receptor agonist acting through a
cAMP-dependent mechanism; however, direct upregulation of cAMP caused
decreased matrix remodeling by both fetal and adult fibroblasts. These results
suggest that fetal fibroblasts maintain a remodeling phenotype that can
sufficiently organize a collagen matrix despite the lack of myofibroblasts and
adult-like contractile forces, which may have relevance for regenerative wound
healing.
Acknowledgements: Children’s Hospital of Pittsburgh and the Pittsburgh
Tissue Engineering Initiative.

12

CORRELATIONOF FREQUENCYDOMAINNEAR INFRARED

(FNIR) ABSORPTION AND SCATTERING COEFFICIENTS

WITH TISSUE NEOVASCULARIZATION AND COLLAGEN

CONCENTRATION IN A DIABETIC RATWOUND HEALING

MODEL

Michael S. Weingarten, Elisabeth S. Papazoglou, Leonid Zubkov, Linda Zhu,
Michael Neidrauer, Guy Savir, Kim Peace, Kambiz Pourrezaei
Drexel University College of Medicine and School of Bioengineering

Background: This new study evolved from our previous research on fNIR and
wound healing. The purpose of this study was to correlate fNIR with
neovasularization and collagen concentration to quantify the wound healing
process.
Methods: Thirty rats were divided into an induced diabetic group (N=20) and
a control group (N=10). Full-thickness wounds were made on the dorsal
surface and measured twice a week using a frequency domain near infrared
device with four wavelengths of incident light (680, 785, 830 and 950 nm).
Amplitude and phase of scattered light were obtained and tissue absorption and
reduced scattering coefficients were calculated from these data assuming the
semi-infinite diffusion approximation. These data were then converted to water,
oxygenated and deoxygenated hemoglobin concentrations using error mini-
mization algorithms. Wound dimensions were calculated by image analysis of
cross and parallel polarization pictures. Neovascularization was assessed by
lectin staining and collagen concentration quantified by trichrome staining and
image analysis. Chromophore concentrations were normalized to tissue hydra-
tion by simultaneous measurement of water content.
Results: Oxygenated hemoglobin corrected for tissue hydration increased
monotonically during wound healing in healthy animals and then decreased
with complete wound healing. In diabetic animals the increase was not
monotonic and lagged behind the controls. Lectin staining revealed increased
neovascularization in the healthy animals compared to the diabetic ones.
Scattering coefficients correlated with collagen concentration, with lower
scattering corresponding to lower collagen concentration.
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THE ELR-NEGATIVE CXC CHEMOKINE CXCL11

(IP-9 OR I-TAC) FACILITATES DERMAL AND EPIDERMAL

MATURATION DURINGWOUND REPAIR

Cecelia C. Yates, Diana Whaley, Priya Kulasekaran, Joseph Newsome,
Patricia Hebda, Alan Wells
Department of Pathology and Otolaryngology, University of Pittsburgh and
Pittsburgh VAMC

In skin wounds, the regeneration of the ontogenically distinct mesenchymal and
epithelial compartments must proceed coordinately to restore functionality.
Orchestration of repair is conducted by signals including growth factors,
chemokines, and matrix components. We recently postulated a novel model in
which ELR- negative CXC chemokines (PF4/CXCL4, IP-10/CXCL10, MIG/
CXCL9, and IP9/CXCL11) that bind the common CXCR3 receptor limits or
modulates fibroblast and keratinocyte responses to other signals. The results
obtained in the absence of the CXCR3 signaling network in vivo during wound
repair revealed a significant delay in dermal healing and the re-epithelialization
process. However the key communicating protein involved has yet to be
determined as several ELR-negatives CXC chemokines bind to the CXCR3
receptor.
We hypothesized that IP-9 produced by the redifferentiating keratinocytes
mediates matrix maturation. We generated an antisense to IP-9(IP-9AS) mouse
model. Full and partial thickness excisional wounds were created on both IP-
9AS andWTmice and were histologically analyzed at days 7, 14, 21, 30, and 60.
The wounds in the IP-9AS transgenes failed to present detectable IP-9 protein
during the wound healing process, in distinction to robust IP-9 production
during the regenerative phases of wound healing in wild type mice. Wound
healing was impaired in the IP-9AS mice, with hypercellular and immature
dermis being noted even as late as 60 days after wounding; there was delayed
remodeling of the collagen in the dermis. Re-epithelialization was delayed by
about 7 days in comparison to the wild type mice. Even after epithelial coverage
of the wound, the delineating basement membrane was ill-constructed. Provi-
sional matrix components persisted in the dermis, and the mature basement
membrane components laminin V and collagen IV were severely diminished.
We conclude that IP-9 is the key ligand in the CXCR3 signaling system that
promotes re-epithelialization, modulate dermal maturation and production of
a mature matrix. These studies were supported by grants from the National
Institute of General Medical Science of the National Institutes of Health
(USA).
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THE EFFECT OF AGE ON FIBROBLAST RESPONSE TO

THAPSIGARGIN INDUCED ENDOPLASMIC RETICULUM

STRESS

W.T. Myers, Z. Gugala, Q. Zhang, L.J. Gould
University of Texas Medical Branch, Galveston, TX, USA

Significant differences occur in the process of wound healing when young
fibroblasts are compared to advanced age fibroblasts. Fibroblast proliferation
and the synthesis of extracellular matrix proteins are decreased in with age.
During periods of cellular stress proteins may accumulate within the endoplas-
mic reticulum, inducing a condition known as endoplasmic reticular stress (ER
stress), characterized by reduced protein secretion, induction of Caspase 12 and
ultimately apoptosis. Experimentally, ER stress can be induced by the pharma-
cological calcium pump inhibitor, thapsigargin. We hypothesized that ER
stress could account for the reduced fibroblast proliferation and protein
synthesis noted with advanced age. In this study we evaluated the effect of
donor age on human fibroblast response to the ER stressor thapsigargin.
Human fibroblasts from 49 year-old and 75 year-old donors were exposed for
24 hours to thapsigargin. Caspase-12 was measured via Western Blot to
determine the effect of age on the ER stress response. When exposed to
thapsigargin, the 49 year-old fibroblasts revealed an increase in Caspase-12
when compared to controls. In contrast, the 75 year-old fibroblasts showed no
increase in Caspase-12 when compared to controls. Our findings suggest that
fibroblasts from older adults may be more tolerant of agents known to induce
ER stress. Protein secretion, fibroblast proliferation and comparison to
fibroblasts from younger donors will be presented.

15

IMPROVEDWOUNDHEALING IN TYPE III COLLAGEN

DEFICIENTMICE

S.W. Volk1, S.L. Adams2, and K.W. Liechty3
1School of Veterinary Medicine,
2School of Dental Medicine, University of Pennsylvania, and
3The Children’s Hospital of Philadelphia, Philadelphia, PA

Background: Type III Collagen (Col3) is believed to play a prominent role in
cutaneous wound repair. The expression pattern of Col3 in wounds has been
well characterized, but little is known about the specific role Col3 plays in the
healing of cutaneous tissues. The purpose of this study was to examine the in
vivo effect of diminished Col3 production on wound healing.
Methods: To assess the role of diminished Col3 production, wound repair was
examined in sex-matched littermate pairs of heterozygous (1/� ) Col3 knock-
out and wild-type (1/1) mice (4 females and 4males, 11.7� 0.9 months of age).
Two 6mm full thickness wounds were created on the dorsum of each mouse
and analyzed at 7 days. In addition to assessing the gross wound area, wound
histology was assessed to determine the effect of decreased Col3 production on
reepithelialization, granulation tissue (GT) formation and wound contraction
using computer-assisted morphometric analysis.
Results: Gross wound area in Col31/� mice was significantly reduced
compared to wild-type control (7.9� 6.2 vs. 17.7� 2.4mm2, po 0.05). The
contribution of wound contraction to this decreased wound area was increased
in Col31/� mice (68� 6.7% versus 23.4� 13.5% in wild-type, po 0.005).
However, histologic wound analysis demonstrated a significant reduction in
new GT area in Col31/� mice (0.47� 0.39mm2) versus 1.37� 0.50mm2 in
wild-type; po 0.05). Wound closure due to reepithelialization was not different
between groups.
Conclusion: Col3 heterozygote mice exhibited increased wound closure due to
improve wound contraction, despite a decrease in GT production, suggesting
that Col3 may modulate wound closure due to a previously undetermined
mechanism. Elucidation of the specific role Col3 plays in the production of GT
and wound contraction may reveal novel targets for therapeutic intervention of
impaired wound healing.

16

TGF-b1 INHIBITS AND HYPOXIA ENHANCES STROMAL

PROGENITOR-MEDIATED CONTRACTION OF COLLAGEN

GELS

R.A. Redden, A.T. Badillo, L. Zhang, E.J. Doolin, K.W. Liechty
The Children’s Hospital of Philadelphia, Philadelphia, PA

Introduction: Previously, we reported enhanced wound healing in diabetic mice
following the application of fetal stromal progenitor cells (SPC). Further, SPCs
contract collagen gels more efficiently than dermal fibroblasts, indicating a
potential direct involvement in wound repair. To elucidate relevant factors, we
investigated contraction of SPC-populated collagen gels in response to either
hypoxia or the addition of wound environment-specific cytokines.
Materials and Methods: SPCs were isolated from livers fetal mice. Collagen
solutions were seeded with SPCs at either 1� 105 (low density, LD) or 3� 105

(high density, HD) cells/ml. Solutions were polymerized and the gels released
into Mesencult growth media with or without IL-10, PDGF, or TGF-b1. Gels
were incubated in either normoxia or hypoxia (5% O2). Digital images were
taken and gel areas were calculated using image analysis software.
Results: At both LD and HD, SPCs contracted collagen gels faster in hypoxia
than in normoxia (Table, values represent percent of original area�SD). TGF-
b1 slightly increased early contraction (18 hours), but inhibited later contrac-
tion. PDGF and IL-10 showed little effect compared to control.

HD LD

18 hr 2 day 18 hr 4 day

Control 29.2 (0.9) 11.3 (1.2) 80.3 (1.9) 15.5 (2.7)
Hypoxia 23.8 (2.2) 10.6 (0.9) 69.8 (2.6) 12.1 (1.7)
TGF-b1 (15 ng/ml) 25.4 (0.8) 15.8 (3.8) 72.5 (1.9) 37.8 (4.6)

Discussion: Most chronic wounds have relative levels of local wound ischemia.
The improved ability of SPC to contract the extracellular matrix under hypoxic
conditions makes this cell population attractive as a potential cellular therapy
for chronic wounds.
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STROMAL PROGENITOR CELLSMIGRATE IN RESPONSE

TO FIBROBLAST-CONDITIONEDMEDIA AND SDF-1a
R.A. Redden, A.T. Badillo, L. Zhang, E.J. Doolin, K.W. Liechty
The Children’s Hospital of Philadelphia, Philadelphia, PA

Introduction: Previously, we reported reduced levels of SDF-1a, a regulator of
progenitor cell chemotaxis, in the wound environment of diabetic mice.
Further, the application of fetal stromal progenitor cells (SPC) enhanced
wound healing in these mice, at least partially through correction of this deficit.
Considering the importance of migration in the wound healing milieu, we
investigated the ability of SPC, compared to dermal fibroblasts (DF), to
migrate in response to growth media, DF-conditioned media, and/or SDF-1a.
Materials and Methods: SPC were isolated from the liver of GFP-transgenic
E15 fetal mice. DF were isolated by explant culture from fetal mouse skin. SPC
and DF migration was measured using a modified Boyden chamber system
(QCMTM Colorimetric Cell Migration Assay, Chemicon). Briefly, cells were
suspended in serum-free media, and added to 24-well inserts (8 mm pore size).
Inserts were placed in wells containing one of the following: 1) serum-contain-
ing growth medium (cell-free), 2) confluent DF, or 3) confluent DF which had
been transduced via lentivirus to overexpress SDF-1a. Migration was assessed
at 4 and 24 hours.
Results: SPC demonstrated migration in response to all of the stimuli tested.
SPCmigration was similar to that of DF at both time points. Both SPC and DF
demonstrated significantly increased migration at 24 hours compared to 4
hours.
Discussion: This is the first report of fetal SPC migrating in response to factors
found in the wound healing environment. This demonstrates that SPC have the
capacity to migrate into wounds and directly and/or indirectly participate in
repair. Further study is needed to better define the role of SPC in wound
healing.
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ISOLATION AND CHARACTERIZATION OF FETAL

STROMAL PROGENITOR CELLS (SPC) FOR USE IN

CELLULAR THERAPY FOR CHRONIC NON-HEALING

WOUNDS

A.T. Badillo, R.A. Redden, L. Zhang, E.J. Doolin, K.W. Liechty
Children’s Hospital of Philadelphia, Philadelphia, PA

Impaired wound healing constitutes a significant healthcare problem for which
effective therapies are lacking. The etiology of impairment in chronic wounds is
multifactorial, including both deficiencies in growth factor production and
cellular recruitment and function. Cellular therapy is an attractive approach for
correction of many of these deficiencies. We hypothesize that SPC possess
unique properties which make them an ideal cell population for tissue repair.
To test our hypothesis, we first developed a unique SPC isolation protocol and
then characterized our cell population in terms of its potential to promote tissue
repair.
Methods: Fetal livers from E16 gestation fetal mice were isolated and processed
into single cell suspensions, plated in culture, and then immunodepleted of
CD11b1 adherent cells. SPC characterization included determination of their
cell surface antigens, capacity for multipotential differentiation, cytokine
production, and ability to interact with the extracellular matrix (ECM) using a
collagen lattice contraction assay (CPCA).
Results: FACS analysis of our cell population demonstrated it to be free of
myeloid and hematopoietic contamination and to uniformly express the SPC
markers CD44, CD90, Sca1, and CD49a (n=15). Our cell population was also
capable of spontaneous production of PDGF, TGFB1, EGF, and VEGF and
exhibited continued expansion and differentiation capacity along mesenchymal
lineages out to passage 15. In the CPCA assay, SPC were able to interact with
the ECM and contracted gels faster and to a greater extent than fibroblasts.
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PROSTAGLANDIN E2 DIFFERENTIALLY REGULATES

ANCHORED COLLAGEN GEL CONTRACTION BY HUMAN

ADULT AND FETAL DERMAL FIBROBLASTS

A. Parekh1,2,3, V.C. Sandulache1,2,3,4, J.E. Dohar1,2,3,4, P.A. Hebda1,2,3,4
1University of Pittsburgh, Pittsburgh, PA,
2Children’s Hospital of Pittsburgh, Pittsburgh, PA,
3McGowan Institute for Regenerative Medicine, Pittsburgh, PA,
4University of Pittsburgh School of Medicine, Pittsburgh, PA

A crucial component of dermal wound healing is the contraction and remodel-
ing of granulation tissue by fibroblasts. Postnatal wounds heal with imperfect
repair resulting in scar formation, whereas tissue healing in fetal wounds is
regenerative. Prostaglandin E2 (PGE2) is an important modulator of fibroblast
behavior in the wound bed. This study was designed to investigate the
mechanism by which PGE2 regulates the contraction of anchored collagen
gels, an in vitro model of granulation tissue remodeling, by fetal and adult
human dermal fibroblasts. We hypothesized that PGE2 differentially regulates
the ability of these fibroblast phenotypes to contract anchored collagen gels.
After tension was generated within the collagen matrix, fetal fibroblasts exerted
less contractile forces than their adult counterparts as exemplified by less
overall collagen contraction. This process was differentially modulated by
PGE2 and was mimicked with a PGE2 receptor agonist for the EP2 receptor,
indicating a cAMP-dependent mechanism. However, contraction by both
fibroblast phenotypes was inhibited upon direct upregulation of cAMP, which
suggests an alteration in the fetal PGE2/cAMP pathway. Therefore, targeting
cAMP via the EP2 receptor could potentially decrease dermal scarring by
reducing adult fibroblast contractile forces to fetal levels leading to a more
regenerative wound healing outcome.
Acknowledgements: Children’s Hospital of Pittsburgh and the Pittsburgh
Tissue Engineering Initiative.
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GENE PROFILING OF KELOID FIBROBLASTS SHOWS

ALTERED GENE EXPRESSION IN SEVERAL PATHWAYS

ASSOCIATEDWITH FIBROSIS

S.B. Russell1,2, J.C. Smith3, B.E. Boone2, L.B. Nanney2, S.R. Opalenik2,
S.M. Williams2
1VA Tennessee Health Care Center, Nashville, TN USA,
2Vanderbilt University School of Medicine, Nashville, TN USA,
3Meharry Medical College, Nashville, TN, USA

Keloids are benign collagenous tumors of the dermis that form during a
protracted wound healing process. The predisposition to form keloids is found
predominantly in people of African and Asian descent. The key alteration(s)
responsible for keloid formation has not been identified and there is no
satisfactory treatment for this disorder. The altered regulatory mechanism
appears to be limited to dermal wound healing. However, keloid formation may
be representative of a variety of diseases characterized by an exaggerated
response to injury that occur with disproportionately high frequency in
individuals of African ancestry. We have observed a complex pattern of
phenotypic differences in keloid fibroblasts grown in standard culture medium
or induced by glucocorticoids and several growth factors, including TGFb and
IGF-1. To provide further insight into the altered phenotype, gene expression
profiling was performed on fibroblasts cultured from normal scars and keloids
in the absence and presence of hydrocortisone. These studies revealed differ-
ential regulation of approximately 600 genes on an Affymetrix chip containing
transcripts and variants of 38,500 genes. Of particular interest was the altered
expression of genes in several pathways associated with fibrosis. We observed,
and validated by qRT-PCR, increased expression in keloid fibroblasts of a
subset of IGF-binding proteins, and decreased expression of several inhibitors
of Wnt signaling, matrix metalloproteinases 1 and 3, a subset of IL-1 inducible
genes and the IL-13Ra2 receptor. These differences may play a role in the
abnormal pattern of growth and matrix synthesis of keloid fibroblasts in vitro,
and may help to identify candidate genes involved in the susceptibility to
fibrosis. Supported by NIH grants F33AR052241, P50DE10595 and
P30AR041943.
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EXPRESSION OF COLLAGEN GENES IN THE DUROC/

YORKSHIRE PORCINEMODEL OF FIBROPROLIFERATIVE

SCARRING

K.Q. Zhu, G.J. Carrougher, R.E. Bumgarner, N.S. Gibran, L.H. Engrav
University of Washington Burn Center, Seattle, WA

Introduction: Our understanding of the etiology of hypertrophic scarring is
poor and prevention/treatment of this common sequelae following burns is
minimal. However, with the Duroc/Yorkshire porcine model of fibroprolifera-
tive scarring, laser microdissection of histoanatomy, and the recently developed
porcine gene array, it may finally be possible to improve this situation. We
hypothesized that after wounding, collagen gene expression in Durocs is
different than in Yorkshires.
Methods: To test this hypothesis, we used laser capture microdissection to
harvest cells in and around epidermal appendages from shallow and deep
wounds in three Durocs and three Yorkshires at 1, 2, 3, 12 and 20 weeks post-
wounding. Gene expression data was obtained using the Affymetrix Porcine
Array (23,256 transcripts). Expression data from deep and shallow wounds in
Durocs was compared to Yorkshires using two-way ANOVA.
Results: We studied 22 collagen gene probe sets. Fibrillar collagens (types I, III,
V, and XI), basement membrane type IV, microfibrillar type VI, fibril-
associated type XIV, multiplexin type XV, and transmembrane type XVII were
differentially expressed at many time points in deep Duroc wounds compared to
Yorkshires. The only collagen probe set that was differentially expressed in
deep Yorkshire wounds was anchoring fibrils type VII.
Conclusions: These data support our hypothesis that 1) the Duroc/Yorkshire
animal wound model can be used to differentiate fibroproliferative and
nonfibroproliferative scarring, 2) laser microdissection can be used to dissect
the histoanatomy of wounds, and 3) the porcine gene array can be used for high
throughput gene expression of scarring.
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POST-TRAUMATIC ELBOW CONTRACTURES ARE

ASSOCIATEDWITH ELEVATIONS IN MAST CELLS AND

NEUROPEPTIDES IN THE JOINT CAPSULE

Kevin A. Hildebrand, Mei Zhang, Paul T. Salo, David A. Hart

The hypothesis tested is that mast cell numbers and neuropeptide containing
nerve fibers are increased in the elbow joint anterior capsule of patients with
post-traumatic contractures. Capsules were obtained from patients with
chronic contractures and organ donor elbows free of contractures. Four
sections from each capsule were double-labelled with specific antibodies to the
mast cell marker chymase and the neuropeptide calcitonin gene-related peptide
(CGRP). Cells were identified with a fluorescent nuclear marker (DAPI).
Images were captured using a microscope and 5 randomly selected areas were
sampled for each section. The number of chymase positive mast cells was 6x
greater in the contracture capsules when compared to normal capsules. In the
contracture capsule, chymase positive mast cells represented 39% of total cells
while in control capsules they represented 7% of total cells. Total cell numbers
were similar in the capsules of both groups. The number of CGRP positive
nerve fibers (minimum length 50 micrometers) was increased 3x in the
contracture capsule when compared to normal capsule. Mast cell and neuro-
peptide positive fiber numbers are increased in the elbow joint anterior capsule
of patients with post-traumatic contractures. Neuropeptides can induce mast
cell degranulation, leading to the release of profibrotic molecules including
transforming growth factor beta1 (TGF-beta1), a regulator of myofibroblast
levels and activity. It has been described that TGF-beta1 and myofibroblast
numbers are elevated in human elbow joint capsules in post-traumatic contrac-
tures. If the findings of elevated the mast cells and neuropeptide nerve fibers can
be generalized to a large cohort of patients, this may lead to new interventions.
With confirmation of an active myofibroblast - mast cell - neuropeptide -
fibrosis axis in posttraumatic joint contractures, then methods to modulate this
axis, such as mast cell stabilizers, may be evaluated in animal models. Funding
Sources: The Alberta Heritage Foundation for Medical Research, Health
Research Foundation and Canadian Institutes for Health Research.
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TRANSCRIPTIONAL CHANGES OF CYTOKINES AND

EXTRACELLULARMATRIX GENES DURING REMODELING

ANDMATURATION PHASES OF RABBIT HYPERTROPHIC

SCAR: A LASER CAPTUREMICRO-DISSECTION STUDY

Nakshatra K. Roy, Sheng-Xian Jia, and Thomas A. Mustoe
Wound Healing Research Laboratory, Department of Surgery, Northwestern
University, Chicago, IL 60611, USA

Hypertrophic scarring is a manifestation of a dysfunctional response of the skin
to injury, in which excessive collagen deposition results in a stiff, elevated scar.
The molecular signals involved in the formation of a hypertrophic scar are
poorly understood, in substantial part because of the relative absence of animal
models, obvious limitations on human studies and the lack of applicability of in
vitro systems. During the past few years, the availability of our rabbit
hypertrophic scar model has made it possible to study the changes in gene
expression patterns during the evolution of an immature scar into a hyper-
trophic scar. While it has been known that continuous changes in cytokine and
ECM gene expression occurs throughout the development and resolution
phases of scarring, a precise examination of changes of transcriptional activity
of important cytokines and ECM genes during maturation and remodeling
phases of scarring has not been done. We have employed a LASER Capture
Micro-dissection (LCM) study to address this knowledge gap. Frozen sections
were made from snap-frozen rabbit hypertrophic scar tissues post-operative
days 28 and 40. A Zeiss LASER Capture microscope was used to dissect and
catapult the epidermal and dermal cells from small areas of epidermis and
dermis directly from frozen tissue sections. Total RNAwere isolated from these
catapulted cells and these unamplified RNA samples were directly used in a
real-time Taqman RT-PCR system to detect transcriptional levels of several
cytokines and matrix proteins. This method enabled us to detect gene expres-
sion patterns without distortion at different levels of skin tissue. We found that
far from being static, the epidermis and dermis remains active throughout the
development and resolution process. Thus, this method allows examining
changes in gene expression in much finer detail at various depths of scar tissues
than any other known technique. We acknowledge Drs Robert Lavker and
Ming Yang for their help.
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ANTISENSE OLIGONUCLEOTIDES TO TGF-BETA AND

CTGF DECREASE HYPERTROPHIC SCARRING IN A RABBIT

EAR MODEL

K.D. O’Shaughnessy, P. Kim, N.K. Roy, T.A. Mustoe
Wound Healing Research Laboratory, Division of Plastic Surgery, Department
of Surgery, Northwestern University Feinberg School ofMedicine, Chicago, IL

Introduction: TGF-beta1 and CTGF are pivotal profibrotic mediators involved
in hypertrophic scarring. Many studies have shown that CTGF acts as a
downstream mediator of TGF-beta. However, the exact pathway of how these
cytokines mediate their proliferative effects remains unknown.
Methods: In an established rabbit model of hypertrophic scarring, 7mm ear
punch wounds were created in 9 rabbits. The rabbits were divided into three
groups receiving ISIS antisense oligonucleotides to CTGF, TGF-beta or both
CTGF and TGF-beta on days 14, 19, and 24. Each rabbit served as its own
internal control, receiving scramble oligonucleotides in one ear. All wounds
were harvested on day 28 and examined histologically to measure the scar
elevation index (SEI). Real time RT-PCRwas also performed to compare RNA
expression of CTGF, TGF-beta and collagen.
Results: SEI in wounds treated with either anti-CTGF or anti-TGF-beta alone
were significantly reduced when compared to controls (po 0.05) and even
further in wounds treated with both anti-CTGF and TGF-beta together
(po 0.01). CTGF, TGF-beta and collagen gene expression were most signifi-
cantly reduced in the anti-CTGF/anti-TGF-beta group (p=0.02, p=0.004,
p=0.013 respectively). TGF-beta expression in the anti-CTGF group was
significantly reduced when compared to controls (po 0.02).
Conclusions: Anti-sense to TGF-beta and CTGF significantly decreases the
amount of hypertrophic scarring reflected by both a reduction in SEI and
collagen gene expression. Interestingly, when both TGFb and CTGF are
blocked together, the relative decrease in collagen production is more than
when TGF-beta is blocked alone. Our data shows that although CTGF
mediates some of the pro-fibrotic and proliferative effects of TGF-beta, CTGF
does not mediate all of TGF-beta’s effects. Furthermore, CTGF and TGF-beta
may work both directly and indirectly with each other via a negative feedback
loop. Antisense to CTGF/TGFbeta may be an important therapeutic agent in
treating hypertrophic scarring. This study was supported by an NIH grant
awarded to T.A. Mustoe and oligonucleotides supplied by ISIS l.
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DIFFERENTIAL EXPRESSION ANALYSIS OF SCARLESS

WOUND HEALING BY MICROARRAY

Sandeep Kathju, Duane Oswald, Latha Satish, Sandra Johnson, Geza Erdos,
Mandal Singh, Christopher J. Post, and Garth D. Ehrlich
Center for Genomic Sciences, Allegheny Singer Research Institute, Pittsburgh,
PA 15212

Introduction: Adult mammalian tissues heal injury with scar formation.
Although useful in sealing an injured area, scar can itself be a source of
significant morbidity, interfering with respiration, hearing, speech, restricting
movement, etc. In contrast, mammalian fetal tissue can heal without scar. We
have constructed, characterized, and probed a microarray from a complemen-
tary DNA (cDNA) library specifically encompassing the expressome of a
healing fetal wound.
Methods: Incisional wounds were made on New Zealand white fetal rabbits at
gestational age 20 days. Twelve hours post-injury the wounds were excised and
total RNA was isolated. An amplified cDNA library of some 7200 clones was
constructed; this library was then normalized to remove over-represented
sequences, yielding some 62001 clones. These cloned cDNA inserts were then
gridded as amicroarray on glass slides and screened against multiple tissue types.
Results: Random sequencing of 148 gridded subclones in the original amplified
library revealed that over 60% of the cloned inserts correspond to unique
messages; some 25% identify as expressed sequence tags of unknown function
or have no clear match in the GenBank database. Interrogation of our
(normalized) microarrays with fetal control (unwounded) and fetal liver tissues
demonstrated substantially different patterns of gene expression among these
disparate tissue types compared to the fetal wound tissue used to construct the
microarray. Multiple differentially expressed gene products have been identi-
fied; qRT-PCR confirms the differential expression of several such genes (eg.
type I collagen and beta-catenin).
Conclusion: We have built and successfully utilized a microarray specific to
healing fetal wounds to evaluate differential gene expression during scarless
fetal wound healing. Use of this technological approach allows simultaneous
assay of a large number of physiologically relevant genes without need for a
priori sequence knowledge, and can be applied to experimental systems where
no commercial microarrays are available.
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TRANILAST INHIBITS THE CELL GROWTHOF NORMAL

HUMAN KERATINOCYTES IN VITRO

Miyoko Kubo, Ying Zhao, Takahiko Moriguchi
Department of Plastic & Reconstructive Surgery, Kawasaki Medical School,
577 Matsushima, Kurashiki-City, Okayama 701-0192, Japan

Tranilast is used clinically as a drug for hypertrophic scars or keloids. Besides
its anti-allergic action, direct actions of tranilast including an inhibitory effect
of cell growth on various parenchymal cells have been reported in vitro.
Because recent studies have reported on roles of keratinocytes in the pathogen-
esis of hypertrophic scars or keloids, we first examined the effect of tranilast on
the cell growth of normal human keratinocytes. To each well of 96-well plates
3� 10& viable cells were added and cultured for 24 h in a medium of EpiLife
supplemented with growth factors. Then, medium containing various concen-
trations (0, 1, 5, 10, 25, 50, 100, 200, 400 mM) of tranilast was added, and the
cells were cultured for a further 48 h. The cells were fixed, washed, stained with
0.1% crystal violet, solubilized, and the OD was measured to determine the
number of grown cells. The cell number decreased significantly when a
concentration of tranilast of over 5 mM was added in a dose dependent manner
compared with no addition of tranilast (control). The inhibitory effect of
tranilast on the cell growth was not due to cytotoxicity or apoptosis. A change
in the morphology of cells at higher concentrations (200, 400 mM) of tranilast
was observed. Namely, the spreading of cells was decreased and the cell body
was elongated. Moreover, the cell area measured by IPLab decreased signifi-
cantly. Immunohistochemical staining revealed that F-actin and vinculin
expression with those cells decreased significantly. From these data we
concluded that tranilast inhibits the cell growth of normal human keratino-
cytes, and one of its mechanisms may involve decreasing cell spreading by
inhibition of F-actin and focal contact formation with the cells. We speculate
that this inhibition of keratinocyte growth by tranilast is beneficial for the
treatment of hypertrophic scars or keloids.
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MAST CELL STABILIZATION REDUCES SCAR FIBROSIS

AND CONTRACTION IN THE RED DUROC PIG MODEL

C.L. Gallant-Behm, D.A. Hart
Department of Surgery, University of Calgary, AB, Canada

The red Duroc (RD) pig is an established model of abnormal scarring, with features
of pathologic contractures and hypertrophic scars, such as excessive wound
contraction, excessive dermal collagen deposition and collagen nodule formation.
Mast cells have previously been found in high numbers in RD scars (Harunari et al.
2005 WHS abstract) and have been implicated in numerous fibrotic conditions,
including hypertrophic scars and keloids. To determine the role of mast cells in the
development of the RD scarring phenotype, the mast cell stabilizer ketotifen was
used to treat RD and Yorkshire (Y) pigs immediately after full thickness cutaneous
injury. In RD pigs, oral administration of clinically relevant doses of ketotifen
significantly reduced the initial, pre-epithelialization, phase of excessive wound
contraction to a level not significantly different than Y pigs. Ketotifen had no effect
on post-epithelializationwound contraction inRDanimals, and did not significantly
affect Y wound contraction. Cessation of ketotifen treatment after wound contrac-
tion was complete (week 10) did not lead to reactivation of excessive contraction in
RD animals, indicating the drug blocked rather than delayed such contraction
during a critical phase of healing. Histological evaluation determined that ketotifen
also significantly reduced the development of fibrosis in the RD wounds (collagen
nodules, and fibril density and thickness), without significantly affecting collagen
deposition in Y wounds. These findings suggest that mast cells may be involved in
the regulation of pathologic wound contraction and extracellular matrix deposition,
and further supports the concept that ketotifen or other mast cell stabilizers may be
clinically useful in reducing wound contraction and fibrosis in human burn/trauma
patients. Funding: Calgary Foundation-GraceGlaumProfessorship&CIHR IGH.
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INTRALESIONAL FLUOROURACIL TREATMENT OF

PROBLEMATIC SCARS

Mounir J. Haurani, Kenneth Foreman, Aamir Siddiqui
Henry Ford Hospital

Introduction: Keloids and hypertrophic scars can be uncomfortable, disfiguring
and aesthetically undesirable. Various treatments have been attempted to
control, relieve and eliminate these lesions. Many of the more definitive
treatments, including radiation therapy and surgery, are associated with in-
creased morbidity. Anecdotal reports suggest that low dose intralesional fluor-
ouracil may be useful in the treatment of keloids. We utilized volume analysis to
track the keloids and hypertrophic scars. We applied this technique to intrale-
sional fluorouracil treatments to confirm its utility in our patient populations.
Methods: Group one patients underwent removal of the lesion for aesthetic
improvement. Group two patients were treated for symptom control. All patients
had failed previous standard treatments. Patients received serial treatment with
fluorouracil with or without excision. The scars were followed volumetrically via
vinyl polysiloxane molds made of the lesions at regular intervals. Patients were
tracked for for an additional one year after completing treatment.
Results: In the excision group, the recurrence rate was 6% at one year off treat-
ment. Post-excision median volume increase was 18% over that interval. In the
symptom group, 86% had at either complete or moderate improvement maintained
for one year off treatment. In this group, median volume decrease was 50%.
Conclusion: Intralesional fluorouracil is a safe and effective means of control-
ling problem scars both is terms of scar size and symptom control. Benefits
appear to be maintained even off therapy. Intralesional fluorouracil should be
considered another option for patients suffering from problematic scars. We
believe that the use of volumetric analysis in conjunction with patient symp-
toms rating is a straightforward method for evaluating scar treatment proto-
cols. Volumetric tracking of scars is a safe, reliable and reproducible technique
for evaluating and comparing scar therapies.

29

ADENOVIRAL-MEDIATED GENE TRANSFER OF

VEGF-TRAP AND IL-10 PREVENTS POST-OPERATIVE

ADHESION FORMATION

Jignesh Parvadia, Suzi Demirbag, Sachin Vaikunth, Arturo Maldonado Maria
Ripberger, Datis Alaee, Barbara Kalinowska, Eva Uzvolgyi
Timothy Crombleholme Center for Molecular Fetal Therapy, Department of
Pediatric, General and Thoracic Surgery, Cincinnati Children’s Hospital
Medical Center

Postoperative intra-abdominal adhesion formation is a cause of significant
morbidity. Higher levels of Vascular Endothelial Growth Factor (VEGF) and
inflammation have been correlated with increased intra-abdominal adhesion
formation. We hypothesize that blockade of VEGF and over expression of anti-
inflammatory IL-10 can decrease both neovascularization and inflammation
which in term will prevent adhesions. To test this hypothesis, we examined the
effect of Ad-VEGF-Trap and Ad-IL-10 on intra-abdominal adhesion forma-
tion. FVBN mice were intraperitoneally injected with 1� 109 PFU of Ad-LacZ
(n=6), Ad-VEGF (n=5), Ad-VEGF-Trap (n=5), Ad-IL-10 (n=5), Ad-
VEGF-Trap1IL-10 (n=5) or PBS (n=5). Forty eight hours post-injection,
intra-abdominal adhesions were induced by using a standardized template for
electrocautery (10Watts/spot) on each uterine horn and the opposite abdom-
inal wall. At post-operative day 7, adhesions were assessed by a blinded
observer using the Leach scoring system. Neovascularization and inflammatory
cell infiltration were assessed by immunocytochemistry using CD31 and CD45
staining. Statistical analysis was performed using ANOVA. Mean Leach
adhesion score is significantly lower then PBS group for Ad-VEGF-Trap
(5.8� 0.58 vs. 8.3� 0.5, p=0.05), Ad-IL-10 (4.5� 0.22 vs. 8.3� 0.5,
p=0.001) and Ad-VEGF-Trap1IL-10 (2.6� 1 vs. 8.3� 0.5, p=0.001). Ad-
VEGF-Trap treated animals have a significantly lower vessel density compared
to VEGF treated animals (3.54� 0.6 vs. 8.53� 1.32, p=0.05) and approached
significance compared to the PBS group (3.54� 06 vs. 7.6� 1.4, p=0.076).
Ad-VEGF treated animal have a significantly higher vessel density compared to
Ad-VEGF-Trap1IL-10 (8.98� 1.42 vs. 4.8� 1.7, p=0.005). Ad-IL-10
(1.62� 0.43 vs. 13.56� 3.42, p=0.04) and Ad-VEGF-Trap1IL-10 (1.25� 0.4
vs. 13.56� 3.42, p=0.04) treated animals had a significantly lower CD45/HPF
compared to the Ad-LacZ. Combined blockade of two central mechanisms of
adhesion formation, neovascularization and inflammation, prevent adhesion
formation in murine model. Blockade of VEGF or over-expression of IL-10
each reduces Leach score but was not as effective as the combination of the two.
Funding for this research is provided from grant number 501-DKO72046
(TMC) and 501-DKO74055 (TMC).
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CULTURED SKIN SUBSTITUTES (CSS): AN IDEALMODEL

FOR THE STUDY OF ANGIOGENESIS AND

VASCULOGENESIS

S.S. Vaikunth1, J. Parvadia1, A.R. Maldonado1, B. Kalinowska1, M.
Ripberger1, A. Supp2, S.T. Boyce2, T.M. Crombleholme1, D. Supp2
1Cincinnati Childrens’ Hospital Medical Center, Cincinnati, OH, USA,
2Shriners Hospital for Children, Cincinnati, OH, USA

Bone marrow derived Endothelial Progenitor Cells (EPCs) are involved in
neovascularization. Engraftment of Cultured skin substitutes (CSS) relies
exclusively on neovascularization, as native microvasculature is not present in
the CSS. We hypothesized that vasculogenesis in addition to angiogenesis plays
a role in CSS neovascularization. Lethally irradiated Balb-C athymic mice were
transplanted with bone marrow from FVBN Tie-2 LacZ mice. Four weeks after
bone marrow engraftment, human CSS were transplanted onto full thickness
excisional wounds on these mice. Mice were harvested at day 7 (n=4) and day
14 (n=4) and were analyzed for total vessel density using CD31 immunostain-
ing and beta-galactosidase1 (B-gal1) bone-marrow derived vessels at assigned
depths in CSS. We also quantified EPCs utilizing CD133 in situ hybridization
and analyzed their distribution in the assigned depths of CSS. Analysis of vessel
density revealed that the CD311 capillaries were preferentially distributed in the
deeper layers of CSS compared to CD1331 EPCs which were more superficially
located. Specifically, 39.1� 2.8% of CD1331 cells versus 7.7� 1.4% CD311

vessels were localized in the superficial layer at day 7. B-gal1 vessel density is
2.8� 0.9 caps/HPF at day 7 and 2.3� 0.4 caps/HPF at day 14. Distributed in a
similar pattern to CD311 lumens, bone marrow derived B-gal1 lumens
constitute 23% at day 7 and 26% at day 14 of the microvasculature. These
results suggest that vasculogenesis makes a sizeable contribution to early
neovascularization in CSS. Significant numbers of bone marrow derived vessels
are present at days 7 and 14. CD1331 cells are found more superficially in CSS
before a significant microvasculature had developed to that layer. We conclude
that CSS is an ideal model to study the relative contributions of angiogenesis
and vasculogenesis and the mechanisms of neovascularization.
Acknowledgments: Funded by (TMC) 5RO1-DK072446, (TMC) 5RO1-
DK074055.
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HEALINGWOUND AS A TUMORMICROENVIRONMENT

NICHE

Praveen R. Arany1,2, Misako Sato1, Shawheen Shomolo1, Anita B. Roberts1
1LCRC, NCI, NIH, Bethesda, MD 20892,
2Present: BSDM, Harvard Dental School, Boston, MA

Tumors have been proposed to be wounds that do not heal (Dvorak HF et al.
1986). There is also now exciting molecular data extending these gross
histological observations to the prognostic value of an ‘activated wound’
molecular signature in metastatic disease and survival (Chang YC et al. 2005).
These data highlight the increasingly predominant role of tumor stroma in the
progression of malignant disease. Using a mouse model in which a key
downstream signaling mediator of TGF-b, Smad3, is deleted, we have pre-
viously shown dramatically opposite wound responses in different anatomical
sites, with accelerated healing of wounds in the dorsal skin and tail contrasting
with progressively enlarging wounds in the ear (Arany PR et al. 2006). We had
observed that despite many compositional similarities in the healing sites, it is
the distinct ability of individual components to interact and integrate in
response to wounding that is key in determining the ultimate physiological
outcomes. We present data here exploring the role of the mesenchymal
components in the two healing sites. We also use an innovative new approach
to analyze mechanical contributions of tissue forces using elasto-ultrasonogra-
phy in vivo. Finally, we present data exploring the differences in skin versus ear
wounds and their ability to provide distinctly different tumor niches modulat-
ing tumor cells behavior. Using melanoma tumor cell line, B16-F10, in syngenic
Smad3WTs or KOs mice, we observe a striking correlation of the better healing
sites with a poor tumor burden and the poorer healing sites with increased
tumor growth. In conclusion, we present an in vivo model that could potentially
help us uncover the molecular intricacies of the supporting mesenchymal niches
in wound healing and tumor microenvironments.
Acknowledgments: We thank Kathy Flanders, Joseph Chen, Brenda Klaunberg,
Daryl Despres, Danielle Strauss,Mario Anzano and AnthonyVieira for help with
mice and imaging experiments. This work was supported by a NCI Director’s
Innovation award to P.R.A and the National Institutes of Health Intramural
Research Program, National Cancer Institute, Center for Cancer Research.
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VEGF PROMOTES MACROPHAGE APOPTOSIS THROUGH

STIMULATION OF TUMOR NECROSIS FACTOR

SUPERFAMILYMEMBER 14 (TNFSF14/LIGHT)

Petreaca M.L., Yao M., and Martins-Green M.
University of California, Riverside

Wound healing consists of multiple stages, including inflammation, granulation
tissue formation, and remodeling. Appropriate resolution of inflammation is
essential for normal healing; alterations in the extent and/or duration of
inflammation are responsible for many pathological healing conditions. Here,
we present evidence that an angiogenic factor, Vascular Endothelial Growth
Factor (VEGF), may play an important role in the resolution of inflammation
during wound healing. Inhibition of VEGF or its receptors during rabbit
wound healing increased the number and duration of macrophages in the
healing wound, suggesting a possible role for VEGF in stimulating macrophage
apoptosis. Indeed, VEGF induces apoptosis in cultured macrophages, as shown
by a decreased number of cells remaining in culture and an increase in
macrophage annexin V staining after treatment, which is accompanied by the
activation of caspases 9 and 3. The annexin V staining and caspase activation
are specific; they were prevented in the presence of a VEGF receptor inhibitor.
However, the increased apoptosis was not observed immediately after treat-
ment, suggesting that VEGF-mediated macrophage apoptosis occurs in an
indirect manner through the stimulation of pro-apoptotic molecules. Micro-
array analysis of VEGF-treated macrophages revealed that VEGF strongly
induces the expression of a pro-apoptotic gene, Tumor Necrosis Factor Super-
family Member 14 (TNFSF14/LIGHT); this result was then confirmed by RT-
PCR. We are currently investigating the importance of TNFSF14 in VEGF-
mediated macrophage apoptosis. We show that inhibition of TNFSF14 using a
neutralizing antibody blocked VEGF-induced apoptosis; we see a significant
decrease in both annexin V staining and caspase activation. Taken together, our
results identify a novel role for VEGF-through TNSF14 in the stimulation of
macrophage apoptosis during wound healing, and thus in the resolution of
inflammation.
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SILICONE GEL OCCLUSION SUPPRESSES EPIDERMAL

ACTIVATION IN AMURINE CUTANEOUS WOUNDMODEL

Clark F. Schierle, MD PhD, Kristina O’Shaughnessy, Xian Z. Ding, Robert D.
Galiano, Thomas A. Mustoe, MD
Department of Surgery, Division of Plastic & Reconstructive Surgery Feinberg
School of Medicine, Northwestern University Chicago, Illinois, USA

The efficacy of silicone gel occlusion in the treatment of hypertrophic scarring
has been well documented. In vitro evidence has been reported suggesting that
this effect is mediated through normalization of epidermal hydration and a
concomitant attenuation of epidermal activation. Activated keratinocytes are
characterized by altered patterns of keratin expression, cytokine and growth
factor signaling. In an attempt to study this phenomenon in vivo, we have
established a novel murine cutaneous wound model which accurately recapitu-
lates the proliferation of epidermal keratinocytes and altered spectrum of
cytokeratin expression consistent with the activated keratinocyte phenotype.
Introduction of silicone gel occlusion in our model results in attenuation of
keratinocyte activation as well as modulation of cytokine and growth factor
signaling pathways suggesting accelerated restoration of the basal keratinocyte
phenotype. We observe that occlusion results in a marked downregulation of
keratin-6 expression (a marker of keratinocyte activation) and a decrease in
JAK/STAT dependant cytokine signaling activity. Conversely, occlusion ap-
pears to accelerate the TGF-beta mediated restoration of the basal keratinocyte
phenotype. Further we have developed a novel technique which allows for the
rapid, reproducible isolation of murine epidermal cells from full thickness skin
specimens resulting in epidermal specificity (as measured by differential expres-
sion of keratin-14 and desmin) comparable to digestion with dispase while
better preserving RNA quality and gene expression profiles. This technique
makes possible the accurate profiling of gene expression profiles arising
specifically in the epidermal layer of mouse skin. Analyzing differences in these
expression patterns between occluded and non-occluded skin allows detailed
investigation into the modulation of presumed signals between epidermal
keratinocytes and dermal fibroblasts by silicone gel occlusion or other inter-
ventions.

34

STROMAL PROGENITOR CELLS (SPC) UPREGULATE

SDF-1alpha (SDF-1a) PRODUCTION IN RESPONSE TO

INFLAMMATION: A POTENTIAL MECHANISM FOR SPC

MEDIATED ENHANCEMENT OF IMPAIREDWOUND

HEALING

A.T. Badillo, S. Chung, R.A. Redden, L. Zhang, E.J. Doolin, and K.W.
Liechty
Children’s Hospital of Philadelphia, Philadelphia, PA

We have previously shown that SPC can improve wound healing in a murine
model of diabetic wound healing. In addition, we observed decreased levels of
SDF-1a in our untreated diabetic wounds and that treatment with SPC corrects
this deficit. Chemotaxis of progenitor cells to tissues is regulated by interactions
between SDF-1a and its receptor CXCR-4. Based on these observations we
hypothesized that the correction of the diabetic wound healing defect by SPC
treatment may, in part, be due to increased SDF-1a production and CXCR-4
receptor expression by SPC in response to signals in the early wound healing
environment. To test this hypothesis we examined SDF-1a production and
CXCR-4 expression by SPC in response to treatment with cytokines present in
the early phases of cutaneous wound healing.
Methods: Fetal liver derived SPC were treated with increasing concentrations
of PDGF, TGF-b1, TNF-a, or IL-10 over 48 hours. SPC production of SDF-1a
was determined by ELISA and CXCR-4 receptor expression was determined by
FACS analysis at both 24 and 48 hours.
Results: Stimulation with PDGF produced a 3 fold increase in SDF1a produc-
tion over 48 hours. Stimulation with TGF- b-1caused a dose dependent increase
in SDF-1a in the first 24 hours of treatment followed by down regulation to
baseline expression levels after 48 hours of treatment. In contrast, treatment
with the anti-inflammatory cytokine IL10 resulted in SDF-1a down-regulation.
Stimulation with either PDGF, TGF b-1, or TNF-a increased CXCR-4
expression 2–4 fold.

35

A NOVELMURINEMODEL FOR CREATING PARTIAL

THICKNESS DERMAL INJURY TO STUDY PROGENITOR

CELL ACTIVITY IN WOUNDHEALING

J.A. Greco III1, D.L. Ellis2, J.M. Davidson3, L.B. Nanney1
1Departments of Plastic Surgery,
2Dermatology, and
3Pathology Vanderbilt University Medical Center—Nashville, TN

Contributions of follicular bulge and circulating progenitor cells to wound
healing have not been fully elucidated. Examination of these cells in mice
requires creation of a superficial injury model that spares the bulge region. We
hypothesized that the Free Electron Laser (FEL) would impart such a lesion
with minimal collateral damage. Preliminary experiments on pelt and C57BL6
mice explored FEL parameters (e.g. wavelength, beam-path/attenuation, and
power) needed to produce a consistent partial thickness lesion in mouse skin.
Accordingly, at 12–14mJ of energy the FEL created a reproducible partial
thickness injury at a depth consistently superficial to the follicular bulge region
in both murine strains tested. Depth of injury was quantified on days 0, 1, 2, and
6 days after wounding in C57BL6 (control mice) and MRL mice—a strain with
a regenerative phenotype. Specimens were subjected to staining with H&E,
Trichrome, and immunohistochemical stains (Ki67, TUNEL, keratin 1, F4/80,
CD 3, and CD34) to evaluate various cellular populations throughout the
repair process. Ki67 immunostaining showed robust cellular proliferation
emanating upward from the bulge region in both murine strains with differ-
ential effects on the rate of epidermal healing. MRL wounds showed an
unexpectedly large infiltrate of mononuclear cells initially in the subcutaneous
area. Proliferating cells in this population (12.6%) reached a peak at 48 hours
after wounding. A 4-fold increase in these was noted in the subcutaneous region
over the healing dermal region at days 2 and 6 after wounding. Our data suggest
that the FEL model is a reliable tool for creating wounds in mice that preserve
and activate resident bulge stem cells and also incite an influx of circulating
proliferating cells to the wound bed. Ongoing study is directed toward the use
of additional markers to identify these mitotically active cells and their
reparative roles. Work is supported with funds from the Departmentof Plastic
Surgery.
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HYPERBARIC OXYGEN PROTECTS AGAINST OXIDATIVE

DAMAGE THROUGH DOWN-REGULATION OFMAPK

SIGNAL TRANSDUCTION

Q. Zhang, Q. Chang, W. Myers, L.J. Gould
University of Texas Medical Branch, Galveston, TX

Introduction: Hyperbaric oxygen (HBO) improves ischemic wound healing; the
mechanism remains unknown. We have previously shown that HBO reduces
apoptosis. In this study we examined the effect of HBO on the reactive oxygen
species (ROS) mediated MAPK pathway in a rat ischemic wound model.
Methods: Male Sprague-Dawley rats underwent creation of a validated is-
chemic wound. HBO treatment was compared to normoxia and to the free-
radical scavenger, Nacetylcysteine. Four groups underwent daily treatment:
HBO (90 minutes, 2.4 atm); HBO/NAC (HBO plus 150mg/kg NAC intraper-
itoneal); NAC (150mg/kg); Control (neither HBO nor NAC). Wounds were
harvested at 3, 7, 10 and 14 days for Western Blotting and immunohistochem-
istry. N=6 for each group at each time point.
Results: 1. Suppression of ROS by HBO: The anti-oxidant enzymes Cu/Zn
SOD, Catalase, and Glutathione peroxidase were increased significantly by
HBO, while iNOS and gp91-phox were significantly decreased. 3-nitrotyrosine
was 2-fold lower at 7 and 10 days in HBO group. 2. Down-regulation ofMAPK
by HBO: The expression and translocation of phosphorylated ERK1/2 and
pSAPK/JNK was reduced markedly by HBO at 7 and 10 days as were the
downstream signals, phosphorylated p90RSK and p-c-Jun. The expression of
ERK1/2, SAPK/JNK, c-Jun, and phosphorylated-p38 was not significantly
different between the four groups. Cleaved caspase-3 was significantly de-
creased by HBO. Histologically, fibroblasts, macrophages and endothelial cells
were involved in this signal transduction pathway. 3. Reduction of MMPs by
HBO: MMP1, MMP2, MMP8, and MMP9 expression was decreased signifi-
cantly by HBO at 7 and 10 days (3 fold lower in HBO group than others) as was
TIMP2 expression. TIMP1 was not detectable.
Conclusions: Oxidative stress impairs wound healing through excessively de-
grading ECM proteins and inducing cell apoptotic death. HBO improves
ischemic wound healing through down-regulation of the ROS-mediated
MAPK pathway. The links between MAPK signaling, MMPs and apoptosis
will be discussed. Funding provided by a Dennis W Jahnigen Career Develop-
ment Scholars Award to Dr. Gould.
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EARLYCELLULARANDMOLECULAR EVENTSPRECEDING

WOUND REVASCULARIZATION

Eunice S. Lee1,2, Ana E. Arias1, M. Rocio Sierra-Honigmann
1Department of Surgery, Cedars Sinai Medical Center,
2Mount Saint Mary’s College. Los Angeles, CA

The healing of a wound is perhaps the most common, normal regenerative
process occurring in living organisms. In warm-blooded animals, the healing
process is complex and highly orchestrated. A fundamental requirement for the
healing regenerative process is the rapid and effective re-establishment of
microcirculation through angiogenesis and possibly also vasculogenesis. Eluci-
dating the sources of endothelial cells (EC) that participate in wound revascu-
larization was the primary objective of our study. We have conducted
experiments to determine the role of EC of injured vessels. We used an
established murine excision wound model. Using immunohistochemical analy-
sis, we found that blood vessels in the wound border dissolved rapidly.
Supporting for this observation, our qRT-PCR gene expression experiments
also indicated that vessel-destabilizing factors such as angiopoietin-2 are
markedly increased early in wounds. We also observed that within four to eight
hours after wounding, surviving endothelial cells migrate out of the dissolving
vessel and establish isolated EC clusters that actively proliferate and progress to
form new vessels through a vasculogenic mechanism. These cells have angio-
blastic potential but appear to derive from the vessel walls. Furthermore, we
have also found that treatment of wounds with the pro-angiogenic cytokine
leptin may prevent apoptosis of EC in the wound borders. Therefore we have
concluded that leptin may enhance wound healing at least partially by
preventing the apoptotic loss of resident cells crucial for the initiation of
revascuarization of the healing tissue. Our results also show that leptin
accelerates revascularization in wounds but does not cause hypervasculariza-
tion as it would be the case of other angiogenic factors such as VEGFs. The
cytoprotective effects of leptin may be important in potential treatment of acute
injuries or to protect viable healing tissue in chronic wounds. Funded by NIH
R01 GM066292 to MRSH.
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BIOMECHANICAL AND HISTOLOGICAL EVALUATION OF

EFFECTIVENESS OF BFGF GENE THERAPY AT MULTIPLE

TIME-POINTS DURING EARLY HEALING PERIOD OF

INJURED FLEXOR TENDON

Paul Y. Liu, MD, Yi Cao, Bei Zhu, Ke-Qin Xin, XiaoTian Wang, Jin Bo Tang
Department of Surgery, Roger Williams Hospital, Providence, RI, USA,
Department of Hand Surgery, Affiliated Hospital of Nantong University,
Nantong, China

Purpose: Early gain in healing strength of the injured digital flexion tendons is
crucial to both prevention of rupture of primary repairs and digital motion to
preclude adhesions. Injured tendons usually becomes oftened and the strength
is lost during the first 2 to 4 weeks after surgery. This study was designed to
investigate whether delivery of the bFGF gene to injured flexor tendon
increases the healing strength and improves histological tendon healing status
at multiple time-points during early healing period.
Methods: 90 long toes from 45 leghorn chickens were used. The flexor
digitorum profundus tendons were transected completely in zone 2 and were
repaired with modified Kessler method. For each of 3 evaluation time-points–2,
3, and 4 weeks after surgery, three groups were created. Group 1: AAV2-bFGF
group, a total of 2� 109 particles of AAV2 carrying the bFGF gene were
injected to both stumps of the cut tendon ends. Group 2: AAV2-luciferase
group, the same amount of AAV2 carrying luciferase gene was injected to the
tendon. Group 3: non-treatment control, tendons received no injection. The
operated toes were immobilized over 3 weeks and were released to move in the
4th week. At the end of 2, 3, and 4 weeks, the ultimate strength of the repaired
tendons were measured by a tensile testing machine. Tendons of the other toes
from each group underwent histological sections, stained, and observed.
Results: The ultimate strength of the AAV2-bFGF treated tendons was
significantly greater than that of AAV2-luciferase treated tendons and without
treatment (po 0.01 or po 0.001) at all 3 time-points. The strength of bFGF
gene delivered tendons was 140–170% that without bFGF gene therapy.Histo-
logically, the tendons receiving the bFGF gene showed remarkably greater
density of collagens and better repair by collagen fibers. Repair site of the non-
treated tendons appeared weak and gapping.

Conclusions: bFGF gene therapy significantly enhances healing strength dur-
ing early tendon healing period. Past efforts on this aspect have failed to
identify reliable methods to overcome weakness in the early healing period, and
current gene therapy presents a promising approach to enhance the strength
over entire early haling period that is critical to tendon motion and prevention
of post-surgical re-rupture of the repair.
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INTERLEUKIN-10 OVEREXPRESSION IN AN ADULTMODEL

OF DERMAL WOUNDHEALING INHIBITS SCAR

FORMATION AND DECREASES INFLAMMATORY

CYTOKINE PRODUCTION

Peranteau W.H., Badillo A.T., Zhang L., Chung S., Radu A., Zoltick P.W.,
Liechty K.W.
The Children’s Hospital of Philadelphia, Philadelphia, PA

Adult wound healing is characterized by an exuberant inflammatory response and
results in scar formation. In contrast, fetal wounds heal with minimal inflammation
and have a scarless phenotype. Previous work has demonstrated that fetal wounds
produce less of the proinflammatory cytokines IL-6 and IL-8. In addition, the
absence of IL-10, an anti-inflammatory cytokine, in fetal mice results in wound scar
formation. We hypothesized that increased production of IL-10 in an adult murine
model of dermal scar formation would result in decreased production of the
proinflammatory cytokines IL-6 andMIP-2 and restore normal dermal architecture.
Methods: 4mm dermal punch wounds were created on the flank of 12–16 week
old C57Bl/6 mice and marked with India ink. 48 hours prior to wounding
1� 109 particle forming units of a lentiviral vector expressing either IL-10
(Lenti-IL10) or GFP (Lenti-GFP) was injected at the site. Wounds were
harvested at 3 or 21 days after wounding. IL-6 and MIP-2 expression was
assessed by RT-PCR with standardization to GAPDH. Wound histology was
analyzed for scar formation using Trichrome staining.
Results: At 3 weeks, Lenti-GFP injected wounds demonstrated reliable scar
formation. In contrast, wounds injected with Lenti-IL10 demonstrated de-
creased cellularity, a lack of abnormal collagen deposition, and restoration of
normal dermal architecture. At 3 days, wounds injected with Lenti-IL10
produced decreased quantities of IL-6 and MIP-2 compared to those injected
with Lenti-GFP (29� 2.4% vs 52.2� 7.1%, p=0.04 and 20.9� 2.1% vs
28.3� 2.6%, p=0.06 respectively).
Conclusion: Lentiviral mediated overexpression of IL-10 in adult wounds
decreases the inflammatory response to injury creating an environment con-
ducive for scarless dermal wound healing.

40

TOPICAL SIRNAMODULATES GENES IN AMURINE

WOUNDMODEL

Vishal D. Thanik, Matthew R. Greives, Oren Z. Lerman, Stephen M. Warren,
Jamie P. Levine, Pierre B. Saadeh
Institute ofReconstructivePlastic Surgery,NewYorkUniversity School ofMedicine

Introduction: Altered gene expression has been implicated in dysfunctional
wound healing. The ability to modulate gene expression via topical application
has significant therapeutic potential. We developed a matrix-based method to
precisely and effectively deliver siRNA and tested it in a murine wound model.
MAPK-1 and Lamin A/C were used as genes of interest due to their ubiquitous
expression in the wound bed.
Methods: We developed an agarose matrix system to deliver a siRNA-liposo-
mal transfection complex. Using an established murine excisional wound
model, candidate siRNA matrix was applied to the wound bed. On post-injury
day 5, the siRNA-agarose matrix was removed with repeat treatment at day 7
and 14. Wounds were harvested on post-injury days 14 and 21. Tissue was
analyzed for target mRNA and protein suppression.
Results: Topical gel-based siRNA locally silenced the ubiquitously expressed
genes of interest. In situ hybridization demonstrated marked reduction in mapk-
1 expression in the wound bed. Real-timeRT-PCR of whole wound homogenate
(included 2mm of untreated perimeter tissue) demonstrated 4962% reduction
(p=0.003) in mapk-1 expression. There was no change in expression of mapk-1
in the spleen, liver, or lung. Immunohistochemistry demonstrated marked
reduction of mapk-1 and lamin A/C at 14 and 21 days. Gene expression was
not affected in the epithelial penumbra surrounding the treated wound. Western
blot of whole wound homogenate at 14 and 21 days post-injury demonstrated
marked reduction of mapk-1 and lamin A/C expression compared to controls.
Conclusion: These results demonstrate effective silencing of ubiquitously ex-
pressed genes in an open wound bed with a topically applied siRNA delivery
system. The agarose matrix system precisely delivered siRNA to nondelimited
areas, with a low dose of candidate siRNA. With the use of alternate candidate
siRNAs, this technology holds significant promise for topical gene therapy.
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BFGF GENE TRANSFER BY ADENO-ASSOCIATED VIRAL 2

VECTORS DECREASESWORK OF ACTIVE DIGITAL

FLEXION AND ADHESION FORMATION: AN IN VIVO
STUDY UP TO END TENDON HEALING STAGE

Yi Cao, MD, Bei Zhu, MD, Ke-Qin Xin, MD, PhD, Xiao Tian Wang, MD,
Paul Y. Liu, MD, Jin Bo Tang MD
Department of Hand Surgery, Nantong University, China, Roger Williams
Hospital, Providence, RI

Purpose: Previously, we demonstrated that adeno-associated virus-2 (AAV2)
mediated gene transfer promotes expression of collagen genes associated with
tendon healing process in tenocytes and enhanced healing strength at 4 weeks
post-surgery. In this study, we propose to investigate effects of delivery of the
bFGF gene to injured flexor tendon in a clinically relevant injury model on
several ultimate outcome measures at end tendon healing stage—ultimate
gliding function, work of active digital flexion and extent of matured adhesions.
Methods: We used 20 long toes from 10 white leghorn chickens. These toes
were randomly divided into 2 groups of 10 each. The flexor digitorum
profundus (FDP) tendons were cut completely in zone 2 and were repaired
with modified Kessler method. In AAV2-bFGF group, a total of 2� 109

particles of AAV2 harboring the bFGF gene were injected to both stumps of
the cut tendon ends before repair. In non-treatment group, the tendons were
repaired by the same method, but no injection was given. The operated toes
were immobilized in semiflexion position over initial 3 weeks and were released
to allow free motion thereafter. At the end of 12 weeks, the toes were harvested
and the energyrequired to actively flex the toe (work of flexion) was tested in a
tensile testing machine (Instron). Gliding excursion of the repaired FDP tendon
was measured under a load of 10 N. The extent of peritendinous adhesions was
recorded according to scoring criteria.
Results: The work of flexion of the toes in the AAV2-bFGF treatment group
(0.021� 0.006 J) was significantly less than that of non-treatment controls
(0.033� 0.015 J) (po 0.05). The gliding excursion of the AAV2-bFGF treated
FDP tendons was not significantly changed compared with that of the tendons in
non-treatment group. Adhesion scores of the AAV2-bFGF group (2.8� 0.7 points)
were significantly less than those of the control tendons (3.8� 0.9 points) (po 0.05).
Conclusions: bFGF gene transfer via AAV2 vectors to digital flexor tendon
significantly decreases energy required to flex the digits and adhesion forma-
tions. We evaluated the outcomes at the end stage when adhesions and healing
had matured and function was steady. These findings suggest that delivery of
bFGF gene through AAV2 has advantage of decreasing adhesion formation
during tendon healing process and benefits ultimate digital motion.
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FIBROBLAST GROWTH FACTOR-2 IMPROVES THE

QUALITY OF LOWER EXTREMITYWOUNDHEALING

Sadanori Akita1, Kozo Akino2, Akiyoshi Hirano1
1Dept. of Plastic Surgery, Nagasaki University,
2Dept. of Neuroanatomy, Nagasaki University

The reconstruction of lower extremity is difficult when the patients are elderly
and with severe basic diseases such as cardiac, metabolic and vascular diseases.
Fibroblast growth factor-2 (FGF-2) is a stimulator of the quality of wound
healing in 3rd and 2nd degree burn wounds as well as a potent angiogenic factor.
On the other hand, there are more clinical merits of using an artificial dermis for
promoting wound bed preparation in difficult wound healing of the lower
extremities. We previously demonstrated the successful serial artificial dermis
and secondary thin split-thickness skin grafting. Here the combination of FGF-2
and artificial dermis with secondary split-thickness skin grafting was subjected to
historical comparative analysis with similar age, follow-up period and duration
to and thickness of the secondary skin. The average age of 66.5 years of 12
patients with at least half a year of post-complete healing (2.0� 0.8 years) was
used daily FGF-2 at 1 m g/cm2 until secondary skin grafting. The skin hardness
demonstrated by a durometer (TECLOCK, Co., Ltd, Nagano, Japan) was
significantly less hard in FGF-treated scars than in non-FGF-2 treatment
(16.2� 3.8 vs. 29.2� 4.9, Po 0.01). The corneal layer (stratum corneum)
parameters indicated by effective contact coefficient, transepidermal water loss
(TEWL), water content and thickness were all significantly greater in non-FGF-
s treatment than in FGF-2 treatment detected by a transportable moisture meter
(ASA-M2, Asahi Biomed, Co., Ltd, Yokohama, Japan) (contact coefficient;
10.9� 1.05%, 17.9� 1.95%, po 0.01, TEWL; 13.2� 2.16 g/m2/h, 21.2� 2.93 g/
m2/h, po 0.01, water content; 24.7� 5.06mS, 46.0� 5.67 mS, po 0.01, thick-
ness; 12.1� 3.14mm, 17.2� 1.87mm, po 0.01, FGF-2 treated, non-FGF-2
treated, respectively). These results suggest that daily FGF-2 treatment until
immediately before secondary split-thickness skin grafting demonstrates better
quality of wound healing in term of hardness and corneal barrier function.
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CELL BIOLOGY ANDMOLECULARMECHANISMS OF

INSULIN-INDUCED ACCELERATION OF HEALING

Yan Liu, Min Yao
Manuela Martins-Green Department of Cell Biology and Neuroscience,
University of California, Riverside, CA 92521

As a dynamic, interactive and complex process, wound healing involves
inflammation, granulation tissue formation, re-epithelialization and tissue
remodeling. Governed by the local production of cytokines and growth factors,
keratinocytes and endothelial cells proliferate, migrate and differentiate to
achieve re-epithelialization and angiogenesis respectively. We have investigated
the topical application of insulin and find that it significantly enhances the
wound healing process in vivo. To determine the cell and molecular basis of
insulin acceleration of healing, we studied the effects of this protein on
keratinocytes and endothelial cells (EC). Insulin stimulates keratinocyte pro-
liferation and migration in a dose- and time-dependent manner and it does so
independently of EGF/EGFR. This stimulation is dependent on activation of
Akt, PI-3 K and sterol regulatory element binding proteins (SREBPs). The
effect of insulin on EC results in stimulation of ECmigration but does not affect
proliferation and the effect on migration is independent of VEGF. In EC,
insulin stimulates phosphorylation of Akt and ERK1/2 in a dose- and time-
dependent manner, but only Akt is involved in the effect of insulin on EC
migration. Furthermore, phosphorylation of Akt induced by insulin decreases
when cells are pre-treated with VEGFR inhibitor SU1498. Our results show
that PI3K- Akt- SREBP are critical molecules in insulin stimulation of
keratinocyte migration/proliferation and in EC migration. Taken together,
these results show that insulin is another factor that accelerates wound healing
and hence it should be given high consideration as potential treatment for
impaired wounds.
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THE USE OF RECOMBINANT HUMAN EPIDERMAL

GROWTH FACTOR (RH-EGF) TO PROMOTE HEALING FOR

CHRONIC RADIATION ULCER

Sang Wook Lee1, MD PhD, Sue Young Moon1, MS, Yeun Hwa Kim, MS,
Joon Pio Hong, MD PhD, MS
Asan Medical Center Univcersity of Ulsan Department of Radiation Oncology
and Plastic Surgery

Purpose: Along with in vitro studies, this case report describes the first
successful use of recombinant human epidermal growth factor (rh-EGF) in
radiation induced chronic wound of bone and skin.
Method: Human fibroblasts were primarily cultured and were divided into two
major groups. The non-radiated group was then divided into 5 subgroups;
control and treated with various doses of rhEGF (1 nM, 10 nM, 100 nM, and
1000 nM). The radiated group underwent radiation with 4MV energy thera-
peutic linear accelerator (CLINAC 600C, Varian, Palo Alto, CA, USA) at dose
rate of 2Gy/minute totaling 4Gy then divided into 5 subgroups; control and
treated with various doses of rhEGF (1.6 nM, 16 nM, 160 nM, 1600 nM). The
cells were then evaluated: 1) MTT assay from day 2 to 7; 2) FACscan was used
to evaluate the change in cell cycle. As a case study, a 59-year-old female is
presented with a radiation induced ulceration of the chest lasting 3 years
underwent treatment with rh-EGF (Epidermin, Daewoong pharmaceuticals,
Seoul, Korea) with consent.
Result: The results revealed increased numbers of fibroblasts in all subgroups
of radiated group treated with rhEGF compared to the control. Cell count at
day 7 showed increasing tendency relative to the dosage and the highest increase
of 50% was seen in subgroup treated with 160 nm rhEGF (po 0.05). The
subgroups treated with 1600 nM demonstrated decrease in cell count. Similar
tendency was seen in the nonradiated group where 100 nM rhEGF treated
subgroups showed the highest increase (po 0.05). The results of the FACscan
showed increase in the S-phase of the cell cycle. In the patient, treatment with
rh-EGF and advanced wound care achieved healing within 16 weeks.
Conclusion: Rh-EGF in treatment against radiation induced ulcer may have
some promising potentials but further study is warranted. Fianacial support:
This study was performed with partial grant from Daewoong Pharmaceutical,
Seoul, Korea.
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PROTEIN AND DNA FUNCTIONAL DOMAINS OF CD109, A

TGF-BETA CO-RECEPTOR IN KERATINOCYTES

Joshua Vorstenbosh, Hahn Soe-Lin and Anie Philip
Department of Surgery, McGill University, Montreal, Quebec, Canada

TGF-beta plays an active role in all aspects of wound healing including
chemoattraction of immune cells, fibroblast proliferation, and matrix remodel-
ing. TGF-beta action is under tight control during these processes, and
dysregulation of its signaling can result in impaired wound healing or hyper-
trophic scarring. We have recently reported the identification of a novel TGF-
beta co-receptor, CD109, that inhibits TGF-beta signaling and responses in
keratinocytes. To understand the mechanisms by which CD109 inhibits TGF-
beta signaling in keratinocytes, we analyzed the functional domains of CD109
protein and of upstream DNA sequences that control CD109 expression. To
map the TGF-beta binding domain of CD109, we generated His-tagged and
GST-tagged peptides encoding portions of full length CD109, and tested their
ability to inhibit TGF-beta1 binding to its receptors using affinity labeling
assays. Our results demonstrate that a 161 amino acid peptide of CD109 binds
TGF-beta and inhibits TGF-beta binding to its receptors. To determine the
regulation of CD109 expression, we performed in silico analysis of the 2000 bp
genomic sequence upstream of CD109 transcription start site. Computational
scan of this region for transcription factor binding sites using TESS (transcrip-
tion element search system) resulted in the identification of binding sites for
glucocorticoid receptor, interleukin-6 response element binding protein, Ets-2,
and C/EBP. The search was restricted to human transcription factors and only
outputs showing high binding probability were considered to avoid false-
positive results. Since these transcription factors are known to play crucial
roles in inflammation, cell proliferation, differentiation and survival, all of
which are important TGF-beta induced responses during normal wound
healing, they link regulation of CD109 expression to cellular events critical for
wound healing. Identification of the TGF-beta binding domain of CD109 and
of factors regulating CD109 expression may provide an avenue for the
development of small molecular weight TGF-beta antagonists to reduce
scarring. This work is supported by a CIHR grant to AP.
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EXPRESSION PROFILES OF GENES OFMULTIPLE

GROWTHFACTORS, TYPE I AND III COLLAGEN, ANDNF-kB
OF EARLY STAGE HEALING FLEXOR TENDONS

Xiao Qing Su, MD, Yi Cao, MD, Xiao Tian Wang, MD, Paul Y. Liu, MD,
Jin Bo Tang, MD
Department of Hand Surgery, Affiliated Hospital ofNantong University,
Nantong, China, Department of Surgery, Roger Williams Hospital,
Providence, RI, USA

Purpose: Molecular mechanism underlying healing of tendon wounds is still
not clear. Activity of growth factors and signal pathways in the healing process
and its association with collagen production may be critical to biological
healing process of the tendon. In this study, we investigated gene expression
profiles of multiple growth factors, type I and III collagen, and nuclear
transcription factor-kappa B (NF-kB) in early stage healing digital flexor
tendons.
Methods: 24 white Leghorn chickens were divided into 6 groups according to
the time of evaluation. The flexor digitorum profundus tendon in the long toes
were cut and repaired surgically with modified Kessler method. The toes were
immobilized for 3 weeks and then were allowed to move freely. At day 3, 7, 14,
21, and 28 after surgery, the tendon segments from the healing tendon were
taken for molecular analysis. Expression levels of VEGF, bFGF, TGF-b1,
IGF-1, PDGF-B, type I collagen, type III collagen, and NF-kB genes were
assessed by quantitative analysis of the products of reverse transcription-
polymerase chain reaction. The tendons taken from the time-zero were
analyzed as the control.
Results: Expression of the IGI-1 and TGF-b1 genes was increased significantly
in at all time-points in the early stage compared with the controls (po 0.001).
In most samples, VEGF and PDGF-B genes were not expressed in the early
stage. Expression of the bFGF gene was at a rather low level initially and
increased over time. Expression of type I and III collagen genes was signifi-
cantly stronger in the healing tendons than in the controls and increased over
time.
Conclusions: We conclude that IGF-1 and TGF-b1 genes are activated in early
stage healing flexor tendons and expression level of the bFGF gene is parallel to
expression of type I and III collagen genes. NF-kB gene is activated in the early
healing tendon and this pathway may be an important signaling route in early
stage tendon healing process.
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CD109 PROMOTES TURNOVER OF TGF-B SIGNALING

RECEPTORS IN KERATINOCYTES

A. Bizet, K. Finnson, K. Liu, J. Vorstenbosch and A. Philip
Department of Surgery, McGill University, Montreal, QC, Canada

The multifunctional growth factor TGF-b modulates wound repair and scar
formation by signaling through the type I and type II receptors. These receptors
have been shown to internalize via two distinct compartments, with internaliza-
tion through endosome leading to signaling, whereas internalization via caveolae
results in receptor degradation. Little is known regarding the factors regulating
TGF-b signaling, receptor compartmentalization and turnover. Previously, we
have reported that a novel TGF-b co-receptor, CD109, binds TGF-b1 and
inhibits TGF-b signaling and responses in keratinocytes. However, the mechan-
ism by which CD109 inhibits TGF-b signaling remains unknown. Our objectives
were to determine whether the inhibition of TGF-b signaling by CD109 involves
(1) sequestration of TGF-b1 ligand away from the signaling receptors, or (2)
enhanced of receptor turnover. We show that CD109 inhibits the transcriptional
activity induced by a constitutively active type I TGF-b receptor in the absence of
ligand, indicating that CD109 can inhibit TGF-b signaling independent of ligand
sequestration. In addition, using gain and loss of function studies, we demonstrate
that CD109 enhances receptor internalization. Furthermore, CD109 associates
with caveolin, and in presence of TGF-b, induces a shift in the localization of the
type I receptor from the non-lipid raft (endosomal) compartment to the lipid raft
(caveolar) compartment. Moreover, CD109 enhances the turnover of the signal-
ing receptors. Taken together, our findings indicate that CD109 can inhibit TGF-
b signaling independently of ligand sequestration and may promote receptor
degradation by increasing receptor localization to the caveolar compartment.
Understanding the mechanism by which CD109 regulates TGF-b action in the
skin may lead to the development of agents that promote healing and reduce
scarring. Supported by CIHR grant (AP) andMcGill Faculty of Medicine (AB).
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DEREGULATION OF KERATINOCYTE DIFFERENTIATION

AND ACTIVATION PATHWAYS IN CHRONIC WOUNDS

Stojadinovic O.1, Brem H.2, Vukelic S.1, Pastar I.1, Carucci J.2, Golinko M.3,
Martinez L.3, Rennert R.3 and Tomic-Canic M.1,2
1Tissue Repair Program, Hospital for Special Surgery, New York, NY,
2Department of Dermatology, Weil Cornell Medical College,
3Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University College of Physicians and Surgeons, New York

Epidermal morphology of chronic wounds differs from that of normal epidermis
and indicates incomplete keratinocyte activation and differentiation. Biopsies of
non-healing edges obtained from patients with chronic wounds show thick and
hyper-proliferative epidermis with mitosis present in the suprabasal layers. We
have shown previously that keratinocytes at a chronic wound edge are
proliferating but are unable to migrate due to overexpression of c-myc. In
addition, we found that epidermis of a chronic wound edge is hyperkeratotic
and parakeratotic as evident by presence of nuclei in a thick cornified layer. To
identify molecular changes that lead to pathogenic alterations in keratinocytes
activation and differentiation pathways we used Affymetrix HU133 chips and
performed hybridizations of mRNA isolated from biopsies obtained from non-
healing edges of venous ulcers and compare the transcriptional profiles to those
obtained from normal, unwounded skin. We identified 1,560 differentially
regulated genes in a statistically significant manner. As indicated by histology
findings, we found deregulation of differentiation and activation markers. Early
differentiation markers, keratins K1 and K10 and a subset of small praline rich
proteins (SPRRs) along with late differentiation markers filaggrin were sup-
pressed, whereas late differentiation markers involucrin, transgultaminase 1 and
another subset of SPRRs were induced. Desomosomes, cellular junctions of the
differentiating keratinocytes were also found to be deregulated. Keratinocyte
activation markers keratin K6 and K16 were induced whereas keratin K17,
another important activation marker, was not. We also found differential
regulation of signaling molecules that regulate these two processes, such as
Notch, KLF, PLD1, PLD2, and PI3K. We further confirmed these findings
using immunohistochemistry and biopsies from patients with venous ulcers.
Therefore, we conclude that keratinocytes are not senescent at the non-healing
edge but rather incapable of executing either of the two pathways: activation
and differentiation, resulting in thick callus formation at the edge of a chronic
wound. AR45974; NR08029 (MT-C), DK59424; LM008443 (HB).
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DEVELOPMENT OF A RAPID DNA APTAMER-BASED TEST

STRIP TO ASSESS MOLECULAR PROFILES OF CHRONIC

WOUNDS

D.J. Gibson, J.B. Hill, C.D. Batich, W. Tan, G.S. Schultz
University of Florida, Gainesville, FL USA

Clinical assessment of chronic wounds is currently based primarily on visual
assessments of the wound and surrounding tissue, which typically rely on the
appearance of devitalized tissue, and signs of inflammation, infection, and
epithelial cell migration from the wound edge. However, multiple reports have
established there are important molecular differences between healing and non-
healing wounds that contribute to the failure of wounds to heal, including
elevated cytokines and proteases that degrade ECM proteins, growth factors and
receptors that are essential for healing. Thus, there is a need for a rapid and
inexpensive wound test that can be used at the point of care to assess the relative
levels of molecules that play key roles in regulating wound healing. To address
this need we are developing a prototype lateral flow test strip that simultaneously
measures relative levels of several key diagnostic components in wound fluids.
Unlike traditional lateral flow strips that use antibodies to selectively detect the
target molecules, we are employing DNA aptamers generated against diagnostic
components in wound fluids. TheDNA aptamers are also conjugated with highly
fluorescent nanoparticles to increase the sensitivity of visual detection of
diagnostic components. To ensure a consistent volume of wound fluid is collected
from each wound, a uniform absorbent pad is placed on the wound surface until
saturation is achieved as indicated by a hydration indicator in the absorbent pad.
The saturated absorbent pad is then placed in the lateral flow strip and lateral
flow is run. Levels of target molecules are indicated by multiple capture zones
that indicate relative concentrations of the target proteins in the wound fluid
samples. The ability to assess the molecular profile of an individual wound with a
rapid diagnostic test at the point of care will provide the first step in optimizing
treatments for each chronic wound. Supported in part by grant T32-EY07132-12.
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DIABETICFOOTRECONSTRUCTION: TEAMAPPROACHAND

THE USE OF ANTEROLATERAL THIGH PERFORATOR FLAP

Joon Pio Hong, MD, PhD, MBA
Asan Medical Center University of Ulsan Plastic Surgery, Seoul, Korea

Purpose: Introduction of team approach leading to selection of high prob-
ability success cases in diabetic foot reconstruction and evaluation of diabetic
foot reconstructed with anterolateral thigh perforator flap.
Method: This study reviews 141 cases of salvaged diabetic foot over a 69-
month period. Patients ranged from 33 to 78 years of age (average of 49-years-
old) with average follow-up of 14 months.
Result: During the same time of study, 274 patients were deemed nonsalvag-
able due to multiple reasons after team screening. Flap survived in all but three
reconstructed cases resulting in equivocal findings compared to microvascular
free tissue transfer of nondiabetic patients. Early complications such as delayed
healing with minor wound dehiscence were seen in 5 cases and partial flap
necrosis was seen in 4 cases. Patients with chronic infections were controlled
without recurrences. During the follow-up, 135 patients achieved full weight
bearing, acceptable contour, and quality of gait prior to diabetic foot complica-
tions. But late complication such as recurrence of ulceration was noted in four
patients despite vigorous education and follow-up.
Conclusion: A team approach is an ideal way to screen for patients which will yield
high success rate. Vascular, endocrinology, rehab, orthopedic, psychological, radi-
ology, nutritional evaluation should be performed as well education of the family.
The anterolateral thigh perforator flap provides; a well vascularized tissue to control
infection, a thin flap to provide one-stage contouring and to minimize shearing, a
skin paddle to resist pressure and improve durability. It can also be combined with
vastus lateralis muscle to increase bulk and blood supply against large dead spaces
and chronic infections. Anterolateral thigh perforator flaps can be used to achieve
acceptable function and aesthetical result for diabetic foot reconstruction.
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MULTIPLEXED ANALYSIS OFMATRIX

METALLOPROTEINASES IN CHRONIC VENOUS

INSUFFICIENCY ULCER TISSUE BEFORE AND AFTER

COMPRESSION THERAPY

S. Beidler, C. Douillet, D. Berndt, P. Riesenman, P. Rich, W. Marston
University of North Carolina at Chapel Hill, Chapel Hill, NC USA

Introduction: Wound exudate studies have shown that matrix metalloprotei-
nases (MMPs) are elevated in chronic venous insufficiency (CVI) ulcers,
resulting in an inflammatory state likely inhibiting wound healing. The
objective of this study was to evaluate MMPs in healthy and CVI ulcer tissue
before and after compression therapy using a multiplexed assay that directly
compared eight different MMPs in a single sample. We hypothesized that CVI
ulcer MMP levels would be elevated compared to healthy tissue, but reduced
following therapy.
Methods: Tissue biopsies from 21 patients were taken from CVI ulcers before
and after four weeks of sustained high-compression therapy and from the
ipsilateral thigh (healthy sample). Tissue was homogenized in a buffer, and a
BCA Protein Assay (Pierce, Rockford) was performed. MMP-1, -2, -3, -7, -8, -
9, -12 and -13 were measured using Luminex xMAP multiplexed technology
(R&D, Minneapolis). Quantified MMPs were normalized to protein levels and
analyzed using ANOVAs.
Results: Mean MMP tissue levels (pg/ug of protein)� standard error of the
mean are presented in Table 1. All MMPs had significantly elevated pre- and
post-therapy ulcer tissue quantities compared to healthy tissue, except for
MMP-7 and MMP-12 (pre-therapy only). MMP-8, -9 and -12 all had signifi-
cantly reduced levels following therapy.

Conculsions: Pre-therapy CVI ulcer MMP levels were elevated compared to
healthy tissue, except for MMP-7. All post-therapy MMPs levels were reduced
following short-term compression therapy; MMP-8, -9 and -12 had statistically
significant reductions. The inflammatory state that characterizes non-healing
CVI ulcers may be related to over-expression of MMPs, particularly the highly
expressed MMP-8 and MMP-9. Therapeutic strategies aimed at reducing the
over-expression of these proteases may yield faster ulcer healing rates. Funding
provided by the American Venous Forum and BSN Jobst.

Table 1. Healthy and CVI Ulcer Tissue MMP Levels.

Healthy
(n=20)

CVI Pre-Therapy
(n=21)

CVI Post-Therapy
(n=21)

MMP-1 0.12� 0.03 50.7� 12.2� 39� 9.0^

MMP-2 27.1� 3.0 77.2� 8.5� 64.5� 7.6^

MMP-3 0.69� 0.17 7.8� 1.7� 4.7� 0.95^

MMP-7 0.88� 0.16 0.64� 0.15 0.47� 0.16
MMP-8 1.9� 0.41 196.6� 30.6� 120.7� 28.9^#

MMP-9 3.9� 0.66 597.8� 96.7� 380� 70.3^#

MMP-12 0.03� 0.01 0.14� 0.04� 0.06� 0.02#

MMP-13 0.02� 0.02 5.4� 1.1� 4.5� 0.81^

po 0.05:
�Healthy vs. Pre,
^Healthy vs. Post,
#Pre vs. Post.
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MMP INHIBITION BY A NOVEL THERAPEUTIC POLYMER:

TARGETING ACTIVE MMPS IN THE CHRONIC WOUND

ENVIRONMENT

A.L. Brown, G.A. Skarja and M.V. Sefton
Rimon Therapeutics Ltd, Toronto, Ontario, Canada

Rimon Therapeutics develops novel therapeutic polymers (TheramersTM) that
combine bioactivity with a broad range of desirable physical properties.
Rimon’s matrix metalloproteinase (MMP) inhibiting TheramerTM (MI Ther-
amerTM) has been designed to promote new tissue formation in chronic wounds
through localized binding and removal of degradative enzymes from the wound
environment. Rimon’s lead wound care product, MI SorbTM Dressing, which is
comprised of MI TheramerTM beads contained within a porous pouch, is
currently undergoing clinical testing with favorable results. In order to elucidate
the mechanism of MMP inhibition by MI TheramerTM, a combination of
activity-based substrate assays and ELISAs were performed with several pro-
(inactive) and catalytic domain (active) MMPs. MI TheramersTM elicited dose
dependent reductions in catalytic domain enzymatic activities. In contrast, pro-
MMP solution concentrations (measured by ELISA) were not reduced. Activa-
tion of pro-MMPs resulted in increased binding to MI TheramerTM, further
suggesting a preferential bead affinity for the activated enzyme forms. Similar
experiments performed with human chronic wound fluid samples demonstrated
that MI TheramerTM treatment elicited large reductions in MMP activity while
the concentrations of the inactive, pro-MMP fractions were unaffected. The
preferential binding of MI TheramerTM beads to active MMPs within the local
wound environment is advantageous because it specifically targets one stage in
the MMP regulatory cascade, namely that directly preceding matrix degrada-
tion. This has been demonstrated with preliminary clinical results that indicate
MI SorbTM treatment significantly reduces chronic wound exudate MMP
activity, which correlates with improvements in wound bed quality.

53

GMCSF STIMULATES MIGRATION OF ACTIVATED

KERATINOCYTES AND FIBROBLASTS FROM PATIENTS

WITH CHRONIC WOUNDS

Olivera Stojadinovic1, Marjana Tomic-Canic1, Michael Golinko2, Harold
Brem2

1Tissue Repair Program, Hospital for Special Surgery, Weill Medical College of
the Cornell University, New York, NY,
2Wound Healing and Vascular Biology Laboratory Department of Surgery,
Columbia

Background: GMCSF is growth factor known to stimulate healing Its specific
mechanism of action of keratinocytes is not fully understood.
Hypothesis: Can GMCSF promote healing in a chronic wound through
stimulation of migration of keratinocytes and fibroblasts.
Methods: Primary human keratinocytes were grown in low calcium to emulate
the wound healing phenotype and in high calcium to emulate the differentiated
phenotype. Patient biopsies of venous ulcers from three wound locations: the
healing edge, the non-healing edge and the wound base were obtained and
primary fibrolblasts were derived from them. The migration capacity of cells
were tested in the presence and absence of GM-CSF. Surface area was
measured at time 0, 24 hours and 48 hours after wounding.
Results: GM-CSF strongly stimulated migration of activated, wound healing,
keratinocytes. In contrast, differentiated keratinocytes did not respond to GM-
CSF. All fibroblasts driving from chronic wound biopsies migrated more slowly
as compared with normal dermal fibroblast control. Cells deriving from
different locations migrated at different speeds. Fibroblasts at the wound base
migrated the slowest whereas the cells at the healing edge migrated the fastest.
Conclusions: Removing differentiated keratinocytes from the wound may
enhance epithelization when treated with GMCSF.GMCSF differentially
stimulates fibroblast migration depending on where in the wound they came
from. Furthermore, these findings would suggest that growth factor therapy
may be the most effective in promoting epithelization when applied to the edges
of a wound and not the wound bed. AR45974; NR08029 (MT-C), DK59424;
LM008443 (HB).
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PRESSURE-INDUCED ISCHEMICWOUNDHEALINGWITH

SHEAR FORCE TOWARD THE CAUDAL SIDE IN THE RAT

J. Sugama1, H. Sanada2, T. Nakatani1, K. Fujii1, M. Okuwa1, K. Shimamura1,
L. Huang2
1Department of Clinical Nursing, Division of Health Sciences, Graduate,
School of Medical Science, Kanazawa University, Japan,
2Department of Gerontological Nursing, Division of Health Science and
Nursing, Graduate School of Medicine, The University of Tokyo, Japan

Introduction: Shear forces are one of the most dangerous problems affecting
semi-recumbent patients. Some reports have described formation of coccyx
pressure ulcers or partial undermining is due to shear towards one side.
However, the role of shear towards one side in the formation of pressure ulcers
is still unclear. This study aimed to clarify the effects of shear towards one side
in pressure-induced ischemic wound healing in a rat model.
Method: Eight kg of pressure and 1 kg shear toward the caudal side were
applied for 6 hours to the flank region (N=7). As a control group, only
pressure was applied (N=7). The wounds were observed for two weeks, and
histological observations were done on days 1, 3, 7, and 14.
Results: In the macroscopic findings, at 30minutes after loading, a dark red
circle matching the compressed area was seen. By day 1 this circle had turned
white, and on day 3 necrosis developed in the local. By day 14, the necrosis
disappeared and healed. In the control group, the necrosis didn’t develop and
healed by Day 9. In the histological findings, up to Day 7, the epidermis was
absent, but Day 14, the wound was covered by thickened epidermis. Papillary
dermis was flat and extravasations of red blood cells and thrombosis were seen
by Day 14. Up to Day 3, collagen fibers in the dermis paralleled skin surface.
Subcutaneous, and muscle layer necrosis were seen up to Day 14. In the control
group, subcutaneous, and muscle layer necrosis were seen, however, structure
and alignment of collagen fiver were normal.
Discussion: Wounds produced by pressure and shear toward the caudal side
were formed necrosis and were delayed the healing. The reason of these results
were developed the necrosis to the muscle layer and thrombosis and deforma-
tion of the dermis.
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DEVELOPMENT OF FIBROBLAST CELL LINES FROM

PATIENTSWITH VENOUS ULCERS FOR THE NIA AGING

CELL REPOSITORY

Tomic-Canic M.2, Stojadinovic, O.4, Ehrlich P.3 and Diegleman, R.4, Golinko,
M.5, Coppock, D.L.1, Brem, H.5
1Coriell Cell Repositories, Coriell Institute for Medial Research, Camden, NJ,
2Tissue Repair Program, Hospital for Special Surgery, Weill Medical College of
the Cornell University, New York, NY,
3Department of Plastic Surgery, Penn State University, Hershey, PA,
4Department ofBiochemistry,VirginiaCommonwealthUniversity,Richmond,VA,
4Wound Healing Program, Department of Surgery,
5Columbia University College of Physicians and Surgeons, New York

Background: The molecular basis of impaired healing is not yet fully under-
stood. It has been shown that the elderly do not have an impairment to healing
they just heal more slowly. Studying the biology of key cells from chronic
wounds, particularly in the elderly, will ultimately help scientists to develop new
therapeutic strategies.
Hypothesis: Cells can be cultured from a chronic wound and stored to create a
cell bank used for future research. The development of a cell culture resource
for wound healing will enable a public resource for the understanding the
molecular and genetic changes in cells derived from wounds.
Methods: A portion of the usually discarded venous ulcer sharp debridement
specimen was sent overnight to the NIA Aging Cell Repository at Coriell
Institute for Medical Research in Camden, NJ. Each sample was associated
with clinical information about the donor, the location and type of the wound
and an unsigned copy of the appropriate consent document. Multiple samples
were collected from each donor. Fibroblast cultures were developed according
to the standard procedure of the NIA Aging Cell Repository. After an initial
expansion in antibiotic free media, cultures were frozen in liquid N2. To assure
viability and sterility, a vial was recovered from the freezer and passaged 5 times
and then tested for mycoplasmal, bacterial and fungal contaminants.
Results: Specimens from 4 patients were collected. Thirteen viable cell lines
were derived and, six are currently available (http://ccr.coriell.org/nia/).
Conclusions: The development of fibroblastic cell strains from chronic wounds
is an important resource for understanding the molecular and genomic defects
in chronic wounds and may lead to the development of novel therapies. The cell
strains in the NIA Aging Cell Repository catalog are available to researchers.
Acknowledgments: N01AG02101 (DC) DK59424 (HB).
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PREVENTING STAGE IV PRESSURE ULCERS UTILIZING A

SIMULTANEOUS TREATMENT PROTOCOL

Kapil-Pair N., Rennert R., Golinko, M., Kaplan, D., Brem, H.
Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University College of Physicians and Surgeons, New York, NY

Background: Stage IV pressure ulcers result in high rates of morbidity and
mortality, and cost billions of dollars in health care expenses annually. Pressure
ulcer progression to stage IV is often viewed as inevitable, especially in elderly
populations with extensive comorbidities.
Hypothesis: Pressure ulcers progression to stage IV can be halted utilizing a
simultaneous, not sequential, treatment protocol.
Methods: 120 consecutive patients with stage II, III or IV IV sacral, trochan-
teric or ischial pressure ulcers were placed on a comprehensive simultaneous
wound healing protocol that included: (1) pressure relief, (2) mechanical
debridement, (3) a moist healing environment, (4) nutritional optimization, (5)
weekly digital measurement of wound, (6) elimination of drainage and cellulitis,
(7) and physical therapy. Ulcer progression was tracked for three to eight
weeks.
Results: Zero out of nine stage II, and two out of sixty stage III pressure ulcers
advanced to stage IV. Of the two that progressed, the first was on a seventy-five
year old patient with an albumin of 1.9 and a history of congestive heart failure.
The other patient was 45 years old with an albumin level of 2.0. Among the
sixty-seven patients that did not progress to stage IV, the mean age and albumin
level was 64� 17.9 and 2.5� 0.6; 24 had Diabetes (35.8%), 17 had congestive
heart failure (25.4%), 4 had sepsis (5.9%), 3 had hypertension (4.5%) and 3 had
a previous myocardial infarction (4.5%).
Conclusions: These results show that a comprehensive simultaneous treatment
protocol will prevent pressure ulcer progression to stage IV, even in elderly,
malnourished patients with co-morbid disease. To optimize patient outcomes,
this protocol should be implemented immediately following diagnosis of
pressure ulcers. 5R01LM008443-02 (HB).
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CLINICAL OUTCOMES IN PATIENTS WITH SEVERE

DIABETIC FOOTWOUNDS TREATEDWITH OR WITHOUT

HYPERBARIC OXYGEN

George A. Perdrizet, MD, PhD, FACS, Patrick Worth, SSF, Justin Moher,
MSc, Brian Solomon, Caesar Anderson and Christine Shapter
The Hartford Hospital Center for Wound Healing and Hyperbaric Medicine,
Hartford Hospital, Hartford, CT

Introduction: Efficacy of Hyperbaric Oxygen Therapy (HBO2 T) for treatement
of diabetic foot ulcers (DFU, Wagner Grade 3 & 4) has been established. We
wish to present our experience in 25 diabetic patients who received HBO2 T in
accordance with UHMS Guidelines.
Methods: Clinical series, sequential patients with a DFU (Wagner Grade 3 or
4) that received Z30 HBO2T treatments over a 6-week period, and for whom
there was 10 week follow-up. Demographics, wound parameters and vascular
assessments were obtained from the patients’ clinical record. Outcomes include
percentage healed/not healed and percentage of amputations (minor and
major) at 10 weeks after completion of HBO2T.
Results: A total of 50 patients met inclusion criteria as having a Wagner Grade
3 or 4 DFU, 25 of whom receivedZ30 HBO2T.

DFU- with
HBO2T

DFU-without
HBO2T

Number of Patients 25 25
Mean age (yrs) 64� 14 75� 12
Mean wound size (cm2)/range 20� 22 (0.2–84) 15.4� 15 (0.5–46)
Mean initial TCpO2(mmHg) RA 31� 18 42� 22
% healed (No. healed/not healed) 56 (14/11) 32 (8/17)
% amputation (No. amp/not amp) 16 (4/21) 32 (8/17)

Conclusion: Diabetic patients treated with HBO2T for Wagner’s Grade 3 or 4
foot ulcers had 56% chance of healing and 16% chance of amputation.
Diabetic patients not receiving HBO2T had a 32% chance of healing and a
32% chance of amputation.

58

VASCULAR ASSESSMENT IN CHRONIC WOUND CARE:

EFFECT OF HBO
2
T ON FORECASTING PATIENT

OUTCOMES

George Perdrizet, MD, PhD, FACS, Patrick Worth, Justin Mohr, Brian
Solomon, Caesar Anderson and Christine Shapter
Center for Wound Healing and Hyperbaric Medicine, Hartford Hospital,
Hartford, CT

Introduction: Vascular evaluation is a critical component to comprehensive
wound care practices. We report our experience using vascular studies (trans-
cutaneous oxygen tension, TCpO2 and ankle/brachial index, ABI) for clinical
decision making and demonstrate how the use of HBO2 may effect standard
algorithms currently in place.
Methods: A clinical series, sequential adult patients with chronic lower extre-
mity wounds during a 3 year period (8/03–8/06). IRB approval was obtained.
Patients were selected if they had had TCpO2 and/or ABI as part of their
evaluation and had at least a 10 week follow-up period. Data was extracted
from patients’ clinical records. Patients were grouped according to conven-
tional definitions using TCpO2 and ABI parameters. A comparison of data sets
was performed using the Fisher Exact test for diachotomous data and Student’s
t test for continuous data. Statistical significance was reached if p � 0.05.
Results: A total of 122 adult patients (115 TCpO2 and 51 ABI measurements).
Patients with ‘‘Inadequate’’ TCpO2 but having a positive response to oxygen
challenge, experienced a increased healing rate (63% vs 20%) compared to non-
responders. Patients with ‘‘Inadequate’’ TCpO2 who had a positive response to
oxygen challenge and received HBO2T experienced a 78% healing rate.
Conclusions: Techniques of vascular assessment provide a fair estimate of
patients who are likely to heal, however poor or ‘‘Inadequate’’ TCpO2 or ABI
do not exclude the ability of the wound to heal, (i.e., �30% negative predictive
value). Furthermore, HBO2T may improve the expected healing rates in
patients with vascular studies deemed ‘‘Inadequate’’ by current standards.

59

CNS OXYGEN TOXICITY: POTENTIAL RISK FACTORS

George Perdrizet, MD, PhD, FACS, Bettina Magliato, and Mike Powers
Center for Wound Healing and Hyperbaric Medicine, Hartford Hospital,
Hartford, CT

Introduction: We wish to share our experience addressing adverse events (AE)
associated with the use of a multiplace hyperbaric oxygen chamber at an urban,
university based, tertiary care hospital. Risk factors for CNS oxygen toxicity
will be reviewed as they relate to this series of patients and the role of sleep
deprivation and pediatric age group will be addressed.
Methods: All AE’s are recorded by the HBO2 Medicine program on a daily
basis. AE’s are divided into two categories, Clinical or Technical. Clinical AE’s
include otic barotraumas (TM perforations), pulmonary barotrauma (pneu-
mothorax), seizure activity, discontinuation of treatment, and mortality within
1 month of completing HBO2 T. Technical AE’s are further subdivided into
personnel or mechanical events and represent any event leading to the inability
to provide a clinical treatment at the time of request. All patients are examined
by a staff physician, certified in HBO2 medicine, prior to HBO2 T.
Results: During the 3 year period (8/03–8/06) a total of 6,682 patient treat-
ments (2,433 chamber compression episodes) were provided. Six seizure
episodes (5 patients, 1 staff member) were observed in 5 adults and one child.
All neurologic evaluations were within normal limits. No patients were found
to have any underlying CNS diseases that pre-dated the HBO2 T. Three
patients chose to complete their HBO2T and did so without subsequent AE.
The incidence of seizure activity for all patient treatments was 5/6,682
exposures=0.075%.
Conclusions: The incidence of HBO2-induced seizures is very low for patients
being treated in a multi-place chamber at a tertiary care hospital. The establish-
ment of a national database which tracks AE’s is needed.
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DECREASE IN a5b1 EXPRESSION IN THE MIGRATING

EPIDERMIS AND FIBRONECTIN DISTRIBUTION UNDER

THEMIGRATING EPIDERMIS AREMECHANISMS OF

DELAYED RE-EPITHELIALIZATION WITH PRESSURE

ULCERS

Miyoko Kubo, Yi-Xuan Liu, Ying Zhao, Takahiko Moriguchi
Department of Plastic & Reconstructive Surgery, Kawasaki Medical School,
577 Matsushima, Kurashiki-City, Okayama 701-0192, Japan

To clarify the mechanisms of delayed re-epithelialization in chronic wounds, we
examined the changes in a5b1 expression in the migrating epidermis, fibronec-
tin (FN) distribution under the migrating epidermis, laminin-1 expression at the
dermal-epidermal junction and histological findings for pressure ulcers com-
pared with those for burns (acute wounds, control). Four mm of paraffin
sections in a serial of 20 samples with 18 pressure ulcers and 23 samples with
23 burns were stained for a5b1, FN and laminin-1 by a peroxidase immunohis-
tochemical method. The sections were also stained with hematoxylin and eosin
(HE). In these immunostained and HE stained specimens, we measured the
distance of positive expression of a5b1, increased distribution of FN, negative
or decreased expression of laminin-1, histological epidermal elongation (por-
tion showing parakeratosis) and epidermal thickening using IPLab. We then
analyzed the correlation of those findings within each group of burns or
pressure ulcers. Next we sorted the differences in the findings between the two
groups. With burn specimens, there was a statistically significant correlation
between positive a5b1 and increased fibronectin, positive a5b1 and negative
laminin-1, and increased fibronectin and negative laminin-1. In addition,
epidermal elongation significantly correlated with positive a5b1, increased
fibronectin, and negative laminin-1. With pressure ulcer specimens, a significant
correlation was shown between positive a5b1 and increased FN, positive a5b1
and negative laminin-1, increased FN and epidermal elongation, and epidermal
elongation and epidermal thickening. The pressure ulcer group showed a
significant decrease in the distance of positive a5b1, increased FN, negative
laminin-1 compared with the burn group. Increase in epidermal thickening was
also significant. These data demonstrated that a5b1 and FNwere the significant
contributing factors in epidermal migration, and the decrease in a5b1 expres-
sion in the migrating epidermis and FN distribution under the migrating
epidermis were considered to be mechanisms of delayed re-epithelialization
with pressure ulcers.
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CALCIUM-MEDIATED KERATINOCYTE DIFFERENTIATION

REVEALSCHANGES INCHRONICWOUNDKERATINOCYTE

PHENOTYPE

Pastar I.1, Stojadinovic O.1, Vukelic S.1, Golinko M.2, Brem H.2,
Tomic-Canic M.1
1Hospital for Special Surgery, Tissue Repair Lab, Tissue Engineering,
Regeneration and Repair Program, 535 E 70th Street, New York, NY 10021,
2Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University College of Physicians and Surgeons, New York

We have previously shown that keratinocytes in chronic wounds cannot
complete the process of differentiation. It is well established that increased
CaCl2 levels in culture medium induce differentiation of keratinocytes in vitro.
Using in vitro wound scratch assay we found that keratinocytes grown in the
presence of 0.4mM CaCl2 have lower migration rate and are not responsive to
wound healing stimuli, such as EGF, similarly to chronic wound keratinocytes.
To determine specific changes in the differentiation process in chronic wounds,
we compared expression profiles of keratinocytes treated with CaCl2 and
biopsies from five patients with venous ulcers. Microarray analyses was
performed with mRNA from human keratinocytes grown in the presence or
absence of 0.4mM CaCl2, hybridized to HU95A Affymetrix chips. We
identified more than 900 differentially regulated genes. As expected, among
the top inducible genes were keratins K1 and K10, involucrin and filaggrin.
Expression of adhesion/junctional genes like desmoglein1 (DSG1), occludin,
tight junction protein 2, and desmoplakin was induced, while the expression of
DSG2 was suppressed. Comparison of the transcriptional profile of the CaCl2
treated keratinocytes with chronic wound transcriptional profile reveals both
common and different patterns, indicating the deregulation of differentiation
process in chronic wounds. DSG2 showed a similar expression pattern in
venous ulcers. Surprisingly, DSG3 was induced, whereas DSG1 was not
regulated. Calcium induces expression of specific tissue remodeling factors, like
MMP9 and MMP10, TGM2, TIMP2. In contrast, chronic wounds reveal an
over-expression ofMMP11, MMP19, MMP24, MMP25, and suppression of

TIMP. Genes that regulate cell cycle were also differentially regulated: cyclins
(CCN) were mainly suppressed during calcium induced differentiation, while
CCNA2, CCNB1, CCND2 and CCNF were induced in venous ulcers. Taken
together, our results have identified specific changes that lead to incomplete
differentiation of keratinocytes in chronic wound environment. AR45974;
NR08029 (MT-C), DK59424; LM008443 (HB).
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A NOVEL, NON-ANGIOGENIC, MECHANISM OF VEGF:

STIMULATION OF KERATINOCYTE AND FIBROBLAST

MIGRATION

Stojadinovic O.1, Kodra A.2, Golinko M.2, Tomic-Canic, M.1, and Brem H.2
1Tissue Repair Program, Hospital for Special Surgery, Weil Medical College of
the Cornell University, New York, NY,
2Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University College of Physicians and Surgeons, New York

Vascular endothelial growth factor (VEGF) is one of the most vital and potent
angiogenesis-stimulating growth factors. In this study, we investigated the
effects of local VEGF on migration of keratinocytes and fibroblasts over
wound sites using in vitro wound starch assays. To accomplish this we
measured and compared migration rates of primary human keratinocytes of
two different phenotypes: activated (wound healing) and differentiating in the
presence of absence of VEGF. VEGF was found to accelerate migration of
activated keratinocyte. The magnitude of this effect was comparable to EGF.
Moreover, this effect was only significant with activated keratinocytes but not
with differentiating keratinocytes. This is significant because the keratinocytes
normally found at wound sites are activated rather than differentiated.
Furthermore, to evaluate the effects on fibroblasts, primary human fibroblasts
were grown from wound biopsies of patients with venous ulcers. Migration
rates of fibroblasts, from two distinct wound locations, non-healing edge and
healing edge (edge after a debridement), were determined in the presence or
absence of VEGF. Interestingly, VEGF had no effect on fibroblasts deriving
from non-healing edge whereas it markedly stimulated migration of fibroblasts
deriving from healing wound edge. These results demonstrate a novel non-
angiogenic effect of VEGF on the wound healing process which emphasizes its
potential use in patient with non-healing wounds. AR45974; NR08029 (MT-C),
DK0859424 (HB).
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HYPERBARIC OXYGENMAY INCREASE NITRIC OXIDE BY

DECREASING HOMOCYSTEINE LEVELS IN DIABETIC

WOUNDS

E. Bernadette Cabigas, MD, Jeffrey A. Niezgoda, MD, FACEP, FACHM,
Debra Peterson, APNP
APNP, Center for Comprehensive Wound Care and Hyperbaric Oxygen
Therapy, St. Luke’s Medical Center, Milwaukee, WI

Elevated homocysteine levels or hyperhomocysteinemia is implicated in cardi-
ovascular, peripheral vascular and metabolic diseases. The pathophysiology
involves endothelial dysfunction, inflammation, apoptosis, et al. In the setting
of diabetic wound healing, we measured homocysteine levels in 10 patients
prior to and immediately after undergoing 10 hyperbaric oxygen (HBO)
treatments (2.4 ATA� 90minutes per treatment). Results revealed a significant
(po 0.05) decrease in homocysteine levels from 14.1 mmol/L to 11.5 mmol/L .
Interestingly, previously collected data from HBO treated (10 treatments)
tissues of diabetic wounds demonstrated a 2-fold increase in the
NO�21NO�3 (nitrite1nitrate) content compared to untreated controls,
47.8� 0.12 nmol/g versus 23.6� 0.21 nmol/g, respectively, po 0.05 (n=2 per
group). These data suggest that there is a correlation between diminished
homocysteine levels and elevated nitric oxide levels and the possible role of
HBO therapy as a mediator of these discrete events. Various theories offered
involve the upregulation of nitric oxide synthase (NOS), asymmetric dimethyl
arginine (ADMA), to name a few. We hypothesize that HBO treatment
decreases homocysteine levels in diabetic wounds presumably via a NOS-
mediated pathway.
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TGF-BETA1-STIMULATED PAI-1 GENE EXPRESSION AND

KERATINOCYTEMIGRATION REQUIRES COOPERATIVE

TGF-BETA1/EGFR SIGNALING

Paul J. Higgins
Albany Medical College

Expression of plasminogen activator inhibitor type-1 (PAI-1), a serine protease
inhibitor important in the control of pericellular proteolysis and cell migration
is spatially-temporally regulated following epithelial wounding in vitro as well
as in vivo. PAI-1 transcription is induced early after scrape injury to epidermal
keratinocyte monolayers and restricted to the motile cohort closely recapitulat-
ing the cell-type specificity of PAI-1 gene expression during cutaneous healing.
Use of a PAI-1 promoter-driven luciferase reporter and direct imaging of a
PAI-1 promoter-GFP construct in wound-juxtaposed cells confirmed the
location-specificity of gene regulation in this model. The role of PAI-1 in
wound repair was assessed using keratinocytes isolated from PAI-1� /� mice
and siRNA approaches. PAI-1� /� epidermal cells had a prominent migratory
deficit. Motile responses equivalent to wild-type keratinocytes could be ‘‘res-
cued’’ by addition of exogenous PAI-1. PAI-1 knockdown with siRNA
inhibited injury site closure following scrape trauma but stimulated keratino-
cyte proliferation suggesting that PAI-1 reciprocally-regulated these two basic
aspects of injury repair. PAI-1 expression and motility were significantly
increased in response to TGF-b1 but TGF-b1 failed to stimulate migration in
PAI-1� /� keratinocytes. Since PAI-1 is a prominent TGF-b1 target gene, and
PAI-1 appears to be a major mediator of TGF-b1-mediated keratinocyte
motility, it was important to assess the mechanism of TGF-b1-induced
migratory activity. ERK activation, PAI-1 expression and wound-induced
motility were all stimulated by addition of TGF-b1. Addition of AG1478, an
inhibitor of EGF receptor signaling, effectively blocked all three responses and
completely suppressed EGFR activation by TGF-b1. EGFR� /� cells did not
express PAI-1 following TGF-b1 addition although cells engineered to re-
express the EGFR synthesized both basal and TGF-b1-induced PAI-1. It
appears that the coordinate programs of TGF-b1-stimulated PAI-1 transcrip-
tion and keratinocyte migration utilizes cooperative TGFbR/EGFR signaling
and activation of both receptor systems is required for efficient wound repair.
Supported by NIH grant GM57242.
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IMPLEMENTATIONOFANELECTRONICMEDICALRECORD

IN AWOUNDCARE ANDHYPERBARICMEDICINE CENTER

Bettina Magliato RN, MS, CIC, CWCN, CHRN
Hartford Hospital Center for Wound Healing and Hyperbaric Medicine

Problem: Tracking outcomes and creating meaningful reports is an elusive,
time-consuming and inaccurate process when done by hand.
Background: A high volume, high acuity wound care and hyperbaric medicine
center handles approximately 10,000 patient visits per year. Hospital adminis-
tration, insurance carriers, and physician offices request various reports and
documentation on a monthly basis. The manpower and time spent collecting,
reviewing and presenting the data in a sporadic fashion consumes the equiva-
lent of almost two full time equivalent positions.
Action: We believe that an electronic medical record is imperative for the
accurate, timely and cost-efficient management of the care being provided in a
large wound care center. A complete needs analysis of the wound and
hyperbaric center was performed to ensure that this EMR could meet our
needs. By the end of the second year, a product was chosen and installed on site-
in the hyperbaric medicine division first, followed shortly thereafter by the
wound center.
Outcomes: The EMR has been in place now for twelve months in HBO and six
months in the wound center. In HBO, the impact was apparent immediately.
Treatment notes were completed and signed by the physician and nursing staff
with 97% accuracy. Documentation requests from Medicare and other insur-
ance carriers are easily addressed. There is no need to retrieve records from an
off-site storage company. JCAHO and UHMS standards are incorporated into
the EMR to ensure compliance. Overall, staff and administrative acceptance of
the electronic medical record has been positive. Managing documentation and
files has been streamlined. The medical director and administration can be
provided with outcome and financial reports in a timely manner.
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EXPRESSION PROFILING REVEALS TARGETS OF CARDIAC

ANKYRIN REPEAT PROTEIN (CARP) IN VASCULAR

ENDOTHELIAL CELLS

S.E. Samaras2,3, R.C. Bruntz3, C. Usoh1, and J.M. Davidson2,3
1University of Tennessee, Knoxville, TN,
2Medical Research Service, Veterans Affairs TVHS, and
3Department of Pathology, Vanderbilt University School of Medicine

Increased expression of cardiac ankyrin repeat protein (CARP) is seen in
multiple cell types in murine skin following excisional wounding. We have
observed that adenovirus-mediated CARP overexpression in the wound results
in increased vascular density, suggestive of a specific activity in vascular
endothelial and smooth muscle cells. In vitro assays using the endothelial cell
lines HMEC-1 andMS-1 indicate that CARP exerts its effects by increasing cell
survival, migration and morphogenesis. To identify direct and indirect targets,
we infected HMEC-1 cells with adenovirus-CARP-IRES-GFP or adenovirus-
Luc-IRES-GFP (control) for 24 h and 48 h. Microarray analysis was done on
30K gene arrays printed from the Compugen Human release 2.0 oligo library.
Each treatment and hybridization was performed in triplicate. Analysis of the
data used a t-test with the Benjamini-Hochberg correction. Significant changes
(p-value of 0.05, fold change Z1.5) occurred in several hundred genes. We
focused our initial analysis on candidates that were closely related to wound
healing and neovascularization processes. Provisional targets include 2 genes
involved in TGF-ß signaling (TGFBR2, decreased; SMAD7, increased) and the
TNF-a receptor (decreased). The pattern of expression was consistent with a
potential negative feedback loop following cytokine stimulation. Interestingly,
ALK-1, an activin A receptor also involved in endothelial TGF-ß signaling was
increased, while ROBO4, a putative endothelial receptor for Slit morphogens
that is negatively impacted by ALK-1, was decreased. Consistent with the in
vitro effects of CARP on endothelial morphogenesis, we found increased
expression of a gene for a protein implicated in endothelial cell morphogenesis,
CMG-1. Validation of these targets and others, as well as ongoing studies in
smooth muscle cells, will provide efficient methods for determining the action
and role of CARP in wound neovascularization. Supported by the Department
of Veterans Affairs and the NIDDK.
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TYPE II DIABETES IS ASSOCIATEDWITH A DECREASED

RESPONSE OF BONEMARROW PROGENITORS TO

HYPOXIA

Jacqueline Carr, Clarence Lin, Wojciech Dec, Christopher Chang, Sanjeev
Gupta, Pierre Saadeh, Jamie Levine, Stephen Warren, Oren Tepper
NYU Medical Center

Introduction: Adult neovascularization occurs via angiogenesis as well as
vasculogenesis (i.e. bone marrow (BM)-derived progenitor cells). Ischemic
complications may result from impairments in these processes, as is seen with
diabetes. Prior work has demonstrated that progenitor cells from diabetics are
impaired in number and function, yet little is known about how diabetes affects
the BM niche and its native progenitor cell population.
Methods: BMprogenitors were isolated from diabetic (Db) and wild-type mice,
and studied for cell proliferation, adhesion to matrix molecules, apoptosis, and
growth factor production. Assays were performed in normoxia (21%O2) and
hypoxia (1% O2). The in vivo response to ischemic-injury was studied using a
skin flap model. BM progenitor cell function and mobilization (lin-, flk1, sca1,
ckit1) were studied.
Results: Adhesion of db progenitors to collagen and vitronectin were signifi-
cantly impaired under hypoxic conditions (8� 2 and 16� 3 vs 19� 6 and
38� 9, po 0.05). Db progenitors lost their proliferative capacity in hypoxia
(0.004� 0.004 relative to 0.060� 0.020 in normoxia; po 0.001). MMP-9
production, however, significantly elevated by db BM cells in all conditions
(po 0.01). The creation of ischemic flaps in db mice led to a significant increase
in BM levels and circulating levels of MMP-9 protein beginning at 48 hrs
(po 0.05), as well as circulating levels of soluble kit. Circulating progenitor
cells were significantly decreased in ischemic db-animals, and doppler analysis
demonstrated significant decreased perfusion within the flaps (151� 42 vs
306� 55 RU at 48 hrs; po 0.05).
Conclusion: We conclude that db progenitor cell dysfunction originates within
the BM compartment, where hypoxic environments impair inherent cellular
functions. Normal mechanisms of progenitor cell mobilization are altered in the
diabetic state, with fewer progenitor cells being mobilized into the circulation
following ischemic injury. This defect occurs despite an apparent elevation in
MMP-9 and skit levels. Future studies to augment vasculogenesis in diabetics
may therefore need to target the impaired-hypoxic response of BM-progeni-
tors.
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REGULATION OF ANGIOGENESIS USING DIETARY

BLUEBERRY EXTRACT

Gayle M. Gordillo, Sashwati Roy, Huiqing Fang, Chandan K. Sen
Department of Surgery, The Ohio State University, Columbus, Ohio

Introduction: A murine model utilizing subcutaneous injection of sponta-
neously transformed endothelial (EOMA) cells results in development of
hemangioendothelioma (HE) tumors with 100% efficiency. Development of
HE represents pure angiogenesis since EOMA cells connect with host vascu-
lature to create blood filled, endothelial cell lined, vascular spaces. We have
previously shown that blueberry extract (BBE) has anti-angiogenic properties
in vitro and that pre-treatment of EOMA cells with BBE prior to injection can
inhibit growth of HE. Studies were performed to determine the mechanisms by
which BBE regulated angiogenesis.
Methods: BBE was added to EOMA cells in culture at 150mg/ml. Lack of
toxicity was confirmed by LDH assay. TNFa inducible JNK phosphorylation,
c-Jun phosphorylation, AP-1 activation, and MCP-1 expression were exam-
ined. Anti-angiogenic activity in vitro was assessed usingMatrigel for sprouting
and BrdU for proliferation. HE were generated by injecting 5� 106 EOMA
cells subcutaneously in to mice. BBE daily gavage feedings at 5, 20, 200, or
1000mg/kg were done starting at day 0 to test in vivo outcomes. HE specimens
were collected day 7 post-injection.
Results: BBE treatment of EOMA cells resulted in a statistically significant
(po 0.05) inhibition of TNF-a inducible MCP-1 expression by inhibiting all
above-mentioned steps in the JNK signaling pathway. BBE inhibited EOMA
cell angiogenic activity in Matrigel and inhibited EOMA cell proliferation.
Inhibition of the JNK also inhibited proliferation demonstrating the relevance
of this signaling pathway to endothelial cell proliferation. Oral feeding of BBE
resulted in a statistically significant (po 0.05) decrease in tumor volume
compared to vehicle treated controls.
Conclusions: Oral intake of BBE can inhibit angiogenesis dependent endothe-
lial cell neoplasm growth in vivo by inhibiting expression of MCP1, which is
required for HE growth. BBE represents a potential therapeutic anti-angio-
genic strategy for treating vascular tumors. GMG Supported by K08
GM066964 NIGMS.
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ADENOVIRAL-MEDIATED ANGIOPOIETIN-2

OVEREXPRESSION ACCELERATES

RE-EPITHELIALIZATION IN IMPAIRED WOUNDHEALING

F. Lim1, Z. Petko1, M. Herlyn2, and T.M. Crombleholme1

Angiogenesis is essential for tissue repair and regeneration during normal
wound healing. Growth factors from the Angiopoietin (Ang) family that are
ligands for endothelial cell-specific tyrosine kinase Tie-2 receptors may play
important role in the regulation of this process. Whereas angiopoietin-1 (Ang-
1) activates these receptors and promotes cell survival, migration, and sprout-
ing, little information is available regarding how Ang-2 influences cells of the
newly forming vasculature and its potential role in wound healing. To evaluate
the effect of Ang-2 overexpression in impaired wound healing we set out
experiments using adenoviral mediated overexpression of Ang-2 in excisional
wounds in genetically diabetic (db/db) mice.
Two 10mm excisional wounds were created in the dorsum of db/db mice and
were treated with either 1� 10e8 pfu (50 microliters) of Ad-Ang-2 (n=23) or
Ad-LacZ (n=15) and similar volume of PBS (n=15) for control. Animals
were sacrificed at 3, 7 and 14 days post-wounding for histological evaluation.
Five-micrometer paraffin sections were scored for vascular response measured
as number of capillaries per high power field (hpf), and epidermal reaction.
Increased capillary density was observed by day 7 in wounds treated with Ad-
Ang-2 (7.4� 1.6/hpf) compared to PBS (2.7� 0.8/hpf; p=0.001) and Ad-LacZ
(3.4� 1.2/hpf; p=0.004) controls. In contrast to the control animals, by day 14
all but one db/db mice treated with adenoviral-mediated overexpression of
Ang-2 had almost complete re-epithelialization of the excisional wound. The
size of the epithelial gap of Ad-Ang-2 (18.5� 45.3 mm) treated wounds at day 14
was significantly different from both the PBS (4296.6� 1725.3mm; po 0.001)
and the Ad-LacZ (3429.1� 1958.6 mm; p=0.002) control groups.
We concluded that adenoviral mediated overexpression of Ang-2 accelerates
reepithelialization and overall healing of impaired wounds in db/db mice.
Alteration in wound healing by Ang-2 overexpression warrants further inves-
tigation.
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EFFECT OF THROMBIN PEPTIDE TP508 ON CULTURED

ENDOTHELIAL CELLS SUGGEST AWOUNDHEALING

MODE OF ACTION THAT INVOLVES REVERSAL OF

ENDOTHELIAL DYSFUNCTION

Barbara Olszewska-Pazdrak, Travis W. Hein1 and Darrell H. Carney
Department of Biochemistry and Molecular Biology, The University of Texas
Medical Branch, Galveston, TX,
1Department of Surgery, Texas A&M Health Science Center, College Station,
TX

TP508 (Chrysalins) is a non-proteolytic peptide representing a portion of
human thrombin involved in receptor binding with cellular effects distinct from
those of proteolytically active thrombin. In preclinical studies, TP508 acceler-
ated repair and revascularization of dermal and musculoskeletal tissue, and
increased the number of blood vessels in ischemic myocardium. More recent
pilot human clinical trials showed that twice-weekly application of TP508
resulted in a significant increase in number of foot ulcers closing by 20 weeks
and a near doubling of the rate of healing relative to placebo controls. Studies
from a number of laboratories suggest that endothelial dysfunction (decreased
eNOS activity or increased arginase activity) induced by hypoxia or pro-
inflammatory cytokines, reduces the responsiveness of endothelial cells to
angiogenic factors and plays a role in failure of chronic wounds to heal. We
therefore hypothesized that TP508 may accelerate wound healing by a process
that involves stimulation of NO production or inhibition of the effects of
inflammatory cytokines on endothelial dysfunction. Our studies showed that
TP508 increased NO production in cultured human endothelial cells �2-fold
over controls. This stimulation was associated with up-regulation of eNOS
mRNA expression (30–45%) and enhancement of eNOS phosphorylation at
S1177 (1.8-fold). To address possible TP508 effects on inflammation induced
endothelial dysfunction, we analyzed TP508 effects on TNFa-treated endothe-
lial cell cultures. TNFa stimulation caused a 1.7-fold increase in the expression
of arginase 1 protein (Western Blots) and arginase 1 mRNA levels (determined
by real-time PCR) that was completely blocked by pretreatment of cells with
TP508. This TP508 inhibition was dose dependent and specific since TP508 did
not block TNFa-stimulated phosphorylation of Erk1/2 and p70S6 kinase.
These studies suggest that TP508 may accelerate healing of chronic wounds by
restoring NO signaling and reversing inflammatory cytokine effects on en-
dothelial dysfunction.
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RADIATION IS A KEY REGULATOR OF ANGIOGENIC AND

ANGIOSTATIC CXC CHEMOKINE EXPRESSION IN HUMAN

ENDOTHELIAL CELLS

Chang C.C., Lerman O.Z., Thanik V.D., Scharf C.L., Warren S.M., Levine
J.P.
Institute of Reconstructive Plastic Surgery, NYU School of Medicine

Introduction: Neovascularization in wound healing requires complex signaling
involving angiogenic and angiostatic chemokines in the CXC family. Increasing
evidence suggests that low-dose ionizing radiation (XRT) may be aprovasculo-
genic stimulus. However, because radiation is also known to cause tissue
damage, hypovascularity, and impaired wound healing, the mechanism of
angiogenic stimulation must be clarified. Compared to pathologic doses of
radiation, we hypothesize that low dose radiation induces proangiogenicpat-
terns of CXC chemokine signaling in human vascular endothelial cells.
Methods: HUVECs were exposed to 0Gy, 5Gy, or 20Gy ionizing radiation.
Cells were grown in basal media for 24–48 hrs. Total cell protein lysate
washarvested and cytokine expression was analyzed by antibody array.
Candidatecytokine upregulation was then confirmed by quantitative real time
RT-PCR and ELISA. Annexin V and CXC chemokine receptor profiles were
analyzed using flow cytometry.
Results: All proangiogenic chemokines CXCL1-CXCL8 demonstrated dose-
response induction up to 3- and 13-fold when exposed to 5Gy and 20Gy
irradiation, respectively. IFNg and TNF-b were upregulated at 20Gy by 1.5
fold and 3-fold, respectively. 20Gy XRT also led to increased angiostatic CXC
chemokine production. Annexin-V assay demonstrated decreased apoptosis-
from 0Gy–5Gy XRT (16% vs. 4.5%), however 20Gy XRT showed increased
annexin-V (24%). CXCR4 expression showed a dose-response relationship
tohypoxia, which was independently augmented by 8- and 16-fold 24 and 48 hrs
after radiation.
Conclusion: XRT induces a dose dependent upregulation of angiogenic mem-
bers of the CXC family of chemokines in HUVECs. Furthermore, we observed
induction of inflammatory signals and their respective angiostatic CXC
chemokines at 20Gy. This suggests that XRT induces an angiogenic response
at low doses while proinflammatory and apoptotic effects at highdoses result in
tissue damage. Elucidation of the mechanism by which CXC chemokine
expression is balanced in response to XRT may reveal novel targetsfor
therapeutic intervention.
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APPLICATION OF AAV2-MEDIATED BFGF GENE THERAPY

ON SURVIVAL OF ISCHEMIC FLAP: EFFECTS OF TIMING

OF GENE TRANSFER

Xiao Tian Wang, MD, Paul Y. Liu, MD, Jin Bo Tang MD
Department of Surgery, Roger Williams Hospital, Providence, RI, USA

Purpose: Necrosis of surgically transferred flaps is a major problem in
reconstructive surgery. Enhancement of survival of ischemic flap has been a
focus of investigations for a long period of time and remains a challenge to both
researchers and surgeons. The objective of this study was to investigate efficacy
of a new vector system—adeno-associated viral 2 (AAV2) vector mediated gene
transfer to enhance survival of the ischemic skin in a rat model.
Materials and Methods: Thirty-eight Sprague-Dawley rats were divided into 3
gene therapy groups and one non-treated control of 9 or 10 each.
7.5� 1010AAV2 particles harboring rat bFGF genes were injected to the
dorsum of each of the 29 rats; these rats were then divided into 3 groups
according to the timing of flap elevation. At the time of surgery, one week, and
two weeks after surgery, random skin flaps of 3� 7 cm were raised on the dorsal
aspect of rats. One week after flap elevation, flap viability was determined by
measurement of percentage area of survival. The efficacy of gene therapy was
evaluated by flap survival and vascularization of histologic sections.
Results: The viability of the flap was significantly improved after injection of
the AAV2-bFGF at the time of surgery (57.6� 3.3) compared with non-treated
controls (50.9� 5.2%)(p=0.0033). However, the surviving area of the flap was
significantly smaller after delivery of the AAV2-bFGF one week before surgery
(42.7� 8.4%) compared with non-treated controls (p=0.025). When the flap
was raised two weeks after injection of the AAV2-bFGF, the average flap
survival area was increased by about 10% over the controls, but greater
deviations were seen. Statistically, the changes did not reach significance.
Histologically, vascular counts were significantly increased in the groups with
AAV2-bFGF injection.
Discussion: The novel approach of using AAV2-bFGF gene therapy at appro-
priate time shows encouraging manifestations in improving survival of ischemic
flaps. However, further optimization of doses and timing of delivery is needed to
determine the doses and timing consistently yielding improvement of flap survival.
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STROMAL PROGENITOR CELLS (SPC) CORRECT THE

WOUND DEFECT IN MMP-9 KNOCKOUT MICE BY

ENHANCED REEPITHELIALIZATION NOT GRANULATION

TISSUE PRODUCTION

A.T. Badillo, S. Chung, R.A. Redden, L. Zhang, E.J. Doolin, and
K.W. Liechty
Children’s Hospital of Philadelphia, Philadelphia, PA

MMP-9 knockout (MMP-9KO) mice exhibit local impairments in wound
healing as well as impaired progenitor cell release from bone marrow. We have
previously shown that application of SPC to murine diabetic wounds can
improve diabetic wound healing through a combination of direct and indirect
mechanisms. Based on these observations we hypothesize that direct applica-
tion of SPC to MMP-9KO wounds can both restore local wound deficiencies
and replace the need for mobilization of endogenous progenitor cells to achieve
wound healing.
Methods: 8mm excisional wounds were created in16-week-old MMP-9KO
mice and immediately treated with either 1� 106 passage 4 fetal liver derived
SPC expressing green fluorescent protein (GFP) or PBS vehicle control. At 7
days post wounding, wounds were harvested for molecular and histological
analysis of epithelial gap (EG) and granulation tissue (GT) area.
Results: The EG of SPC-treated wounds was significantly smaller than vehicle-
treated controls (SPC 2.4� 0.4mm vs PBS 4.7� 0.6mm, po 0.008). However,
there was no significant difference in GT area between the two treatment
groups. GFP1 cells were present in all SPC-treated wounds at the time of
analysis. No GFP signal was seen in vehicle-treated wounds. Analysis of total
wound cellular mRNA revealed a 2-fold increase in the production of EGF and
VEGF in SPC-treated wounds (po 0.05).
Conclusions: Direct application of SPC to MMP-9KO wounds significantly
improves reepithelialization and occurs without significant newGT production.
SPC have the potential to enhance epithelialization through production of
trophic factors and restoration of MMP-9 activity. Furthermore, direct
application of SPC may re-establish physiologic tissue repair processes nor-
mally orchestrated by absent endogeneous progenitor cells. This data has
significant implications for the development of SPC based therapeutic strategies
for a broad range of wound healing deficits and also provides a rationale for
further study of the role of progenitor cells in tissue repair.
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STEM CELL THERAPY FOR DIABETICWOUNDS

C.D. Lin1, O.Z. Lerman1, D. Brown1, O.T. Tepper1, P.B. Saadeh1,
S.M. Warren1, J.P. Levine1
1New York University School of Medicine, NY USA

Purpose: In recent years the critical role that bone marrow (BM)-derived stem
cells play in ischemic tissue repair and wound healing has become evident.
Adult stem cell technology poses therapeutic potential in diseases such as
diabetes, where progenitor cell function is known to be impaired. The following
study set out to determine if BM-derived stem cells delivered locally to a wound
bed can accelerate diabetic wound healing via incorporation into the wound
bed, improved neovascularization, matrix deposition and restoration of cellular
architecture.
Methods: Uncommitted lineage negative progenitor cells from the BM of wild
type mice were magnetically separated. These cells were tagged with DiI, and
were applied topically within a collagen gel to excisional wounds on diabetic
mice. The established wound model uses full-thickness dorsal wounds that are
splinted open in order to more closely mimic human wound healing. Wounds
treated with lineage positive cells served as a control. Wounds were analyzed for
time to closure, epithelial gap, granulation tissue formation, cell proliferation,
and vascularity.
Results: Lineage negative stem cell treated wounds showed a statistically
significant decrease in time to closure as well as a decrease in epithelial gap
relative to controls (80% vs 60% closure at day 18; po 0.05; 100% vs 73% at
day 21; p,0.05). Viable DiI-positive cells were noted in the tissue as far as 21
days, and co-staining for CD31 demonstrated the formation of new blood
vessels by transplanted cells. Stem-cell treated wounds exhibited increased
vascularity with concomitent cell proliferation relative to controls.
Conclusions: We conclude that topical delivery of cells represents a suitable
approach to adult stem cell therapy for wound healing. Transplanted cell have
the potential to survive and incorporate into the underlying wound bed.
Delivery of BM-lineage negative cells in this manner may provide a therapeutic
modality to improving wound healing in diabetes.
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GLUCOCORTICOIDS: DE NOVO STEROIDOGENESIS IN

SKIN CONTRIBUTES TO PATHOGENSIS OF CHRONIC

WOUNDS

Vukelic S.1, Stojadinovic O.1, Rabach M.2, Brem H.3, Pastar I.1, LaBruna A.4,
Golinko M.3, Martinez L.3, Vouthounis G.1, and Tomic-Canic M.1,4
1Tissue Repair Program, Hospital for Special Surgery, NY,
2NYU School of Medicine, NY,
3Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University CP&S, NY,
4Weill Medical College of the Cornell University, NY

Glucocorticoids (GC) are known inhibitors of wound healing. We examined
the activation of GC-specific pathway in epidermis and its role in pathogenesis
of chronic wounds. Using immunohistochemistry we detected significant level
of hormone-activated receptor (GR) in epidermis of normal skin in the absence
of exogenous hormone, suggesting endogenous activation, which was con-
firmed by cell fractionation. Activation of GR was hormone dependent as it
was blocked by antagonist, RU486. These data indicate possible endogenous
synthesis. To investigate possible GC synthesis we used immunohistochemistry,
RT-PCR andWestern blots and identify presence of high levels of steroidogenic
enzymes (llß-Hydroxylase (CYP11B), 17 and 21) in epidermis. CYP11B showed
specific tissue distribution: it was predominant in basal and first suprabasal
layers of epidermis identifying the cell compartment responsible for GC
synthesis. To further confirm that keratinocytes indeed produce GC, we
measured cortisol secretion by keratinocytes. Remarkably, measured cortisol
level sectreted by keratinocytes (6.5 ng/ml) was comparable to free cortisol
plasma levels. To the best of our knowledge synthesis of GC in keratinocytes
has never been documented before. Cortisol production by keratinocytes could
be further stimulated by blocking its breakdown using the inhibitor of 11-beta
Hydroxysteroid Dehydrogenase (HSD11b2). To examine if cortisol synthesis
participates in chronic wound pathogenesis we measured CYP11B and activa-
tion of GR in biopsies of chronic wounds using microarrays and immunohis-
tochemistry. We found strong induction of expression of CYP11B and
prominent GR activation in epidermis of non-healing edges. In addition to
induction of CYP11B we found suppression of HSD11b2, which is consistent
with our immunohistology data and hypothesis that cortisol overproduction
may contribute to pathogenesis of chronic wounds. We conclude that kerati-
nocytes produce cortisol. Modulation of cortisol production may be important
regulatory mechanism in wound healing and its deregulation participates in
pathogenesis of chronic wounds. AR45974; NR08029 (MT-C), DK59424;
LM008443 (HB).
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ASSOCIATIONOFMHC 8.1 ANCESTRALHAPLOTYPEWITH

SUSCEPTIBILITY TO VENOUS LEG ULCERATION

H.J. Wallace1, R.J.N. Allcock2, M.C. Stacey1
1University of Western Australia, School of Surgery and Pathology, Fremantle
Hospital, Western Australia, 6160,
2University of Western Australia, School of Surgery and Pathology, QE II
Medical Centre, Nedlands, Western Australia, 6009

We hypothesize that genetic differences contribute to susceptibility to venous
leg ulceration. Previously we showed that the risk of venous leg ulceration was
elevated in carriers of a promoter polymorphism in the tumor necrosis factor-a
gene (TNFA-308A), located in the central major histocompatibility complex.
This is a region of strong linkage disequilibrium where conserved blocks of
genes are maintained, known as ancestral haplotypes (AHs). 70% of Caucasian
individuals carrying TNFA-308A also carry part or all of the 8.1 AH
(HLA–A1, B8, DR3, DQ2), a haplotype associated with numerous immuno-
pathological disorders.
In this study we performed genotyping at the HLA-B and -DR loci on samples
from our earlier study to confirm if HLA antigens of the 8.1 AH are associated
with venous ulceration. The case series (n=171) comprised patients with
ulceration due to venous insufficiency. Controls (n=172) were healthy age-
and gender- matched individuals with normal venous function. HLA alleles were
genotyped using PCR and sequence-specific oligonucleotide probe methods.
The risk of developing ulcers was elevated in carriers of HLA-B8 (OR 2.4, 95%
CI 1.39–3.96) or HLA-DR3 (OR 1.67, 95% CI 1.02–2.73). From the earlier
work, risk of ulceration was elevated in carriers of TNFA-308A (OR 2.25, 95%
CI 1.42–3.57), or another marker of the 8.1 AH, BAT1 intron 10�2 (OR 2.11,
95% CI 1.25–3.56). The highest risk was seen in HLA-B8/BAT-1 intron 10�2/
TNFA-308A individuals (OR 2.68, 95% CI 1.55–4.64).
A region of the 8.1 AH from HLA-B8 to the TNF-a gene increased the risk of
venous ulceration. Several polymorphic genes in this region have the potential
to modulate inflammatory responses. Larger studies incorporating fine map-
ping and functional studies are necessary to determine which gene or combina-
tion of genes is responsible for the increased risk of ulceration. This research
was funded by the National Health & Medical Research Council, Australia.
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ACCELERATEDWOUNDHEALING IN LEUKOCYTE

SPECIFIC PROTEIN 1 DEFICIENTMOUSE IS ASSOCIATED

WITH INCREASED INFILTRATION OF LEUKOCYTES AND

FIBROCYTES

JianFei Wang, Haiyan Jiao, Taralinn Stewart, Megan Hayduk, Paul G. Scott,
Edward E. Tredget
University of Alberta

Skin wound healing is a complex process that involves the integrated activities
of numerous cell types and soluble mediators. Recently, a newly identified cell
population, the fibrocyte, has been reported to contribute to wound healing and
fibrotic conditions including hypertrophic scarring. We have recently shown
that fibrocytes from burn patients are characterized by a co-expression of type I
collagen and leukocyte-specific protein 1 (LSP1). LSP1, which is an F-actin
binding protein and a major downstream substrate of p38 mitogen-activated
protein kinase and protein kinase C, is important in leukocyte chemotaxis. We
examined the role of LSP1 in skin wound healing using LSP1 deficient mice.
Full thickness wounds (5 cm diameter) were made on the backs of wild type and
Lsp1–/– mice and healing was monitored. The results show that Lsp1–/– mice
had significantly accelerated wound healing with increased re-epithelialization
(95.4% vs 85.3%, po 0.02), collagen synthesis (182.4 vs 108.2 mg/sample,
po 0.04) and angiogenesis (5.7% vs 2.1%, po 0.03) by day 6, compared with
WTmice. At 6 hours the wounds of Lsp1–/– mice showed a 3-fold increase in the
number of neutrophils, and at 6 days, an increased number of macrophages
(25.0 vs 12.0/high-power field, po 0.003) and fibrocytes (30.0 vs 12.0/unit area,
po 0.0006). The mRNA levels for macrophage inflammatory protein 1a,
macrophage inflammatory protein 2, macrophage chemotactic protein and
vascular endothelial growth factor, were all increased at days 3 and 6 after
wounding. TGF-b1 was also increased (144.4 vs 75.1 pg/mg wet weight,
po 0.005). These results suggest that LSP1 regulates skin wound healing by
mediating leukocyte infiltration, which in turn affects the production of
chemokines and growth factors. Further analysis of these Lsp1–/– mice may
aid the development of improved therapies for abnormal wound healing and
other diseases.
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INCREASED SUSCEPTIBILITY TOWOUND INFECTION IN

DIABETIC PIGS

Spielmann M.1,3, Hirsch T.1,3, Zuhaili B.1, Fossum M.1, Steinau H.U.3, Yao
F.1, Onderdonk, A.B.2, Steinstraesser L.3, Eriksson E.1
1Div of Plastic Surgery and,
2Channing Laboratory, Department of Pathology and Medicine, Brigham &
Women’s Hospital of Harvard Medical School, Boston, MA,
3Dept. for Plastic Surgery, Burn Center, BG University Hospital
Bergmannsheil, Ruhr University Bochum, Germany

Introduction: Wound infection is a common complication in diabetic patients
and the progressive increase of multi-drug resistant bacterial strains has
amplified this problem. In diabetic pigs a study was designed in order to 1.
Monitor endogenous bacterial flora in surgical full-thickness skin wounds. 2.
Attempt to create a stably infected surgical wound with the inoculation of
virulent strains of Staphylococcus aureus.
Methods: Full-thickness wounds were created in paraspinal dorsal rows in
diabetic and non-diabetic Yorkshire pigs. The wounds were enclosed in flexible
transparent polyurethane chambers. Wounds were inoculated with [2� 108]
colony-forming units of S. aureus. Wound fluid was collected daily and tissue
biopsies were taken for bacteriological and histological evaluation at regular
intervals. Reepithelialization was measured on the final day of the experiment.
Results: S. aureus inoculated diabetic wounds showed a significant invasive
infection with up to 8� 107 cfu/g per gram of tissue over the whole course of the
experiment. No cross contamination between study wounds and controlled
wounds could be detected. Epithelial healing was significantly delayed com-
pared to controlled wounds (59% versus 84%; po 0.05). Diabetic wounds also
contained significantly higher numbers of skin bacteria such as E. Coli,
Steptococcus dysgalactiae and Enterococcus Faecium (4 105 cfu/g tissue),
compared with non-diabetic wounds, which had (3.2� 103 cfu/g tissue;
p=0.042). No S.aureus or was detected in the non-inoculated wounds.
Conclusion: In this pig model diabetic wounds are more prone to infection than
non-diabetic wounds. Inoculation with S. aureus creates a sustained infection in
diabetic wounds.
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THE POTENTIAL ROLE OF

DI-CHLORODIMETHYLTAURINE AS AWOUND TOPICAL

ANTIMICROBIAL THAT DOES NOT INHIBIT HEALING

M.C. Robson1, MD, W.G. Payne1, MD, F. Ko1, BS, G. Donate1, DPM, M.
Mentis1, DO, S. Shafii1, MD, M. Bassiri2, PhD, D.M. Cooper2, PhD, L.
Wang2, PhD, B. Khosrovi2, R. Najafi2, PhD
1Institute for Tissue Regeneration, Repair, and Rehabilitation, Bay Pines
VAMC, Bay Pines, Florida University of South Florida, Division of Plastic
Surgery and,
2NovaCal Pharmaceuticals, Inc

Di-chlorodimethyltaurine is a stable derivative of the naturally produced
molecule, chlorotaurine, which is released during the oxidative burst within
innate immune cells when the host responds to invading bacteria. Because of
greater stability and lesser toxicity than hypochlorous acid, it is thought to have
potential as a safe, topical, non- antibiotic antimicrobial for decreasing the
bacterial bioburden in wounds. To test this hypothesis, an established rodent
model of a chronically infected granulating wound was used. Twenty-five
Sprague-Dawley rats underwent 30% TBSA dorsal scald burns and were
inoculated with 5� 109 E.coli. On the 5th post-burn day, escharectomies were
performed leaving a granulating wound with 4 108 bacteria/gm. of tissue.
Four regimens of topical di-chlorodimethyltaurine were tested versus 0.9%
NaCl as a control. Every 72 hours, wounds were traced for planimetry and
biopsied for quantitative bacteriology. Wound areas were plotted against time
for each group. By day 7 three of the four drug treatment regimens statistically
decreased the bacterial bioburden compared with the control (Po 0.05). The
regimen of pH 4.0, 12mM dichlorodimethyltaurine applied for 30 minutes,
gently removed, and reapplied for 23 1/2 hrs. was most effective, totally
eradicating the tissue bacterial load by 10 days (Po 0.001). Three of the four
regimens accelerated wound closure compared with the control. Only the
40mM solution caused the wounds to heal worse than the control due to local
wound toxicity at the increased concentration. In conclusion, dichlorodi-
methyltaurine appeared to be an effective antimicrobial which did not damage
cells, and allowed the wound to progress to healing. Research sponsored by a
grant from NovaCal Pharmaceuticals, Inc.
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DETECTION OF PSEUDOMONAS AERUGINOSAQUORUM

SENSING SIGNALS IN AN INFECTED ISCHEMICWOUND:

AN EXPERIMENTAL STUDY IN RATS

G. Nakagami1, H. Sanada1, J. Sugama2, T. Morohoshi3, T. Ikeda3, Y. Ohta4
1The University of Tokyo,
2Kanazawa University,
3Utsunomiya University,
4Toranomon Hospital

Diagnosis of critical colonization or local infection of chronic wounds provides
several difficulties because of lack of typical clinical symptoms and inaccuracy of
bacteriological culture. Quorumsensing, a cell-to-cell communication that oc-
curs via autoinducers, regulating a number of virulent factors of bacteria would
play a key role in establishment of the critical colonization or local infection;
however, little is known about its role in chronic wound infection in vivo.
Signaling molecules mediate the communication, and when its concentration
reaches a specific level, bacteria alter their behavior. Pseudomonas aeruginosa, a
common causative pathogen for wound infection, uses N-(3-oxododecanoyl)-
homoserine lactone (3OC12-HSL) as an autoinducer for lasR-lasI quorum
sensing system, a major quorumsensing system of P. aeruginosa. This study
was designed to quantify an autoinducer from P. aeruginosa-infected wounds
with the aim of examining the possible use of autoinducers as an indicator of
chronic wound infection. Pressure-induced ischemic wounds were infected with
P. aeruginosa PAO1, which has a complete quorum sensing mechanism (N=6)
or uninfected as a control (N=6). 3OC12-HSL was quantified by bioassay
method employing Escherichia coli DH5a (pJN105L, pSC11), which expresses
b-galactosidase when exposed to P. aeruginosa quorum sensing signals. We
confirmed successful infection by bacteriological counts (over 105 colony
forming units per gram of tissue) and histopathological changes. The concentra-
tion of autoinducer was 0.89 pmol/g at day three and 0.19 pmol/g at day seven in
the infected wounds, as detected from tissue samples. We also detected the
autoinducer in exudate samples of the infected wounds. No autoinducer was
detected in the control group from tissue or exudate samples. Our findings
indicate that autoinducers could play a role in in vivo wound infection models,
and also suggest possible clinical implications of autoinducer signal quantifica-
tion in diagnosis of critical colonization or chronic wound infection.
Acknowledgments: This study was supported by grant-in-aid for scientific
research from the Japanese Society of Pressure Ulcers.
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THE EFFECT OF DAKIN’S SOLUTION ON COLLAGEN AND

CELL MIGRATION

Roshada Bozeman1, Ryan Claire Propst2, and Annette B. Wysocki2

Tougaloo College, Tougaloo, MS 39174 and University of Mississippi Medical
Center, Jackson, MS 39216

Open chronic skin wounds are colonized with bacteria that can lead to
subsequent infection. Topical antiseptics are commonly used to control this
bacterial colonization. The use of Dakin’s solution, a topical antiseptic, on
chronic open skin wounds remains controversial in clinical care because of its
reported damaging effects. Here we tested four different formulations of
Dakin’s solution, 0.5% (full strength), 0.25% (half-strength), 0.125% (quarter
strength) and 0.0125% (diluted strength), to determine if it degrades collagen or
impairs cell migration that may lead to delayed wound healing. To do this we
added varying amounts of Dakin’s solution to acid solubilized type I collagen,
with and without serum, at two different time points that were then mixed.
Subsequently we used 8% SDS PAGE to determine the extent of degradation
using colorimetric detection with Coomassie stain to visualize the collagen. To
determine the effect on cell migration we used a dermal equivalent model where
fibroblasts are incorporated into a three dimensional collagen gel (3D gel) and
then substituted varying amounts of each of the Dakin’s solutions into the
media, with and without serum, and then counted the number of cells that
migrated at two different time points. Our results indicate that the 0.0125%
Dakin’s solution resulted in little or no collagen degradation compared to
higher concentrations, where collagen was either completely or partially
degraded. Likewise, cell migration was completely inhibited using the 0.5%
Dakin’s solution compared to the 0.0125% solution where cells were still able
to migrate. Furthermore, we noted that serum had a protective effect for both
collagen degradation and cell migration and that time exposure was a factor in
our collagen degradation experiments. Thus, we conclude that there is a
dilution, serum, and time effect that can be used to attenuate the effect of
Dakin’s solution on collagen degradation and cell migration. Supported by a
fellowship from the Mississippi Functional Genomics Network to Ms. Rosha-
da Bozeman. Century Pharmaceuticals donated the Dakin’s solution.
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CATIONIC STEROIDAL ANTIMICROBIALS PREVENT BURN

WOUND COLONIZATION

S. Bhat1, N. Gul1, P. Savage2, and S.M. Milner1
1Johns Hopkins Burn Center/ Michael D. Hendrix Burn Research Center,
Baltimore, Maryland USA,
2Department of Chemistry and Biochemistry, Brigham Young University,
Provo, UT, USA

Cationic steroidal antimicrobials (CSA) are synthetic functional analogues of
naturally occurring antimicrobial peptides. The objective of this study was to
determine the efficacy of topical applications of CSAs in prevention of burn
wound bacterial colonization. Burn injury is associated with systemic inflam-
matory response syndrome (SIRS), immunosuppression, sepsis (SIRS with
infection), and multiple organ failure. Lipopolysaccharides (LPS), a major
constituent of gram-negative bacterial cell membranes, promote release of a
cascade of proinflammatory cytokines, culminating in endotoxin shock/sepsis.
Our hypothesis is that drugs possessing both broad-spectrum antimicrobial and
LPS detoxifying activity would be ideal for the prevention and treatment of
burn sepsis. Supporting this hypothesis are reports that human cathelicidin LL-
37, which possesses potent antibacterial activity plus the ability to bind to LPS,
has been found to reduce septic shock. We tested this hypothesis by determining
the efficacy of topical applications of CSAs in bacterial clearance of artificially
inoculated mouse burn wound model. CSA-13 exhibits antimicrobial activity
against the majority of burn wound pathogens and also possesses LPS binding
activity. 20% total body surface area scald burn wounds were created on the
dorsum of mice and inoculated with 1000 CFU of P aeruginosa, a common
burn pathogen. These wounds were topically treated twice daily with 1% CSA-
13 cream. On day three animals were sacrificed and quantitative burn wound
cultures were obtained. The results demonstrated that 1% CSA-13 cream
significantly prevented colonization of experimentally inoculated P aeruginosa
as compared to untreated controls (po 0.05). We conclude that topical
application of CSAs could be useful in prevention of burn wound colonization.
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INDUCTION OF HEME OXYGENASE BY A CARBON

MONOXIDE-RELEASINGMOLECULE

R.A. Kulina1, L.A. Gilman1, and D.R. Yager1,2
1Department of Physiology and the,
2Division of Plastic & Reconstructive Surgery of the Department of Surgery,
Virginia Commonwealth University, Richmond, Virginia

We have recently demonstrated that heme oxygenase is expressed in both
healing wounds and in pressure ulcers. Heme oxygenase has been shown to
have important cytoprotective functions in myocardial ischemia-reperfusion
injury and organ allograft survival. The cytoprotective effects of heme oxyge-
nase are multifactorial. Besides reducing the levels of pro-oxidant heme, heme
oxygenase products (bilirubin, carbon monoxide, and iron) have been demon-
strated to possess anti-oxidant, anti-inflammatory, antiapoptotic, and anti-
proliferative properties. These properties make heme oxygenase an attractive
therapeutic target for the prevention and treatment of chronic wounds. The
purpose of this study was to evaluate the effects of carbon monoxide (CO) on
the expression of heme oxygenase (HO-1) in dermal fibroblasts as well as to
determine and to begin investigating the mechanisms responsible for CO-
induction of HO-1. The ability of a second-generation carbon monoxide
donating molecule-tricarbonyldichlororuthenium (II) dimer (CORM-2) to
induce HO-1 protein expression in dermal fibroblasts was examined. Western
blotting was utilized to determine HO-1 expression. 100–300 mM CORM-2
induced maximum expression of HO-1. The maximum response to CORM-2
occurred between 12 and 20 hours. Inhibition of the MAPK, p38, partially
blocked the CO-induction of HO-1 in fibroblasts. Similarly, inhibition of
phosphoinositide-3 kinase (PI3K) pathway blocked CO-induced HO-1 protein
expression, suggesting that CO-induced HO-1 expression involves these two
pathways. In conclusion, the ability of CO, a product of heme degradation, to
induce HO-1 in dermal fibroblasts may serve as a mechanism to amplify HO-1
expression in stressed tissues and may serve as the basis for a novel therapeutic
approach for treating chronic wounds.
Acknowledgments: This research was funded by the A.D. Williams Fund.
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POOR RELIABILITY OF CLINICAL ASSESSMENT OF

CHRONIC DIABETIC FOOT INFECTIONS: THE INCIDENCE

OF BIOPSY-PROVEN INFECTION

R.J. Snyder
University Hospital, Tamarac, FL. USA

Introduction: Quantitative biopsy results from a clinical trial were examined to
determine the accuracy of clinical examination in the diagnosis of infection in
diabetic foot ulcers.
Methods: 44 patients with diabetic foot ulcers were screened and recruited for a
pilot, randomized controlled, multi-center trial comparing two topical wound
treatments. Investigators were instructed to enroll patients with no overt signs
of local infection. As part of the baseline visit and prior to randomization to
treatment, each patient had a 4mm tissue biopsy taken from their ulcer. All
biopsies were quantitatively assessed for number and type of bacteria in the
tissues at a single laboratory. Results from the tissue biopsy were not available
to the investigators until the end of the study.
Results: The data revealed that 57% of subjects (25/44) had no detectable levels
of bacteria and 9% (4/44) had bacteria levels less than 105 cfu/g. However, 34%
of patients had bacterial levels higher than 105 cfu/g (15/44; patients with any
level of beta hemolytic streptococcus were included in this group). This level of
bacteria in tissue is typically considered to be indicative of infection.
Conclusions: Results suggest that the incidence of infection in diabetic foot
wounds is grossly underestimated by clinical examination.
Acknowledgments: Johnson & Johnson, New Jersey USA.
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BOTULINUM TOXIN, A TREATMENT FOR DIGIT ISCHEMIA

IN RAYNAUDS PHENOMENON

Alero Fregene, Donald M. Ditmars
Aamir Siddiqui, Henry Ford Hospital

Backgroud: Raynauds phenomenon is an exagerated vasospastic response
causing pallor and cyanosis. In the hand it can lead to disability and amputa-
tion. Medical and surgical treatments are not uniformly successful and have
their own inherent morbidities. Reports in the literature describe the use
Botulinum toxin A (BTA) [Botoxs, Allergan] in this setting. We describe our
experience as well as the development of our treatment protocol for using BTA
in the treatment of recalcitrant digit ischemia.
Methods: A retrospective chart review was performed of patients between 2003 and
2006. All patients were informed of this off-label use of the medication. Relevant
criteria included pain rating (VAS), digital temperature and oxygen saturation.
Results: Twenty-six patients were treated with a total of 55 sessions. Indica-
tions for treatment included pain (77%) and chronic ulceration (50%). Injec-
tion treatment patterns included along the length of the involved digit (40%);
the volar webspace (80%) and the proximal hand (14%). Successful treatment
included improved pain (75%) and healing (43%). Complications included
localized pain and transient intrinsic muscle weakness. Pain improvement was
statistically significant (po 0.05). Improvement among patients getting injec-
tions in the webspace rather than either the more distal or proximal patterns
was also statistically significant (po 0.05). Patients were followed for an
average of 15 months.
Conclusion: Successful treatment was defined as improvement in pain or
expedient healing of a chronic wound or amputation site. Based on this, we
achieved success in 58% of the patients. Our results suggest that those with
pathology limited to a single digit, based on infrared thermometry or pulse
oximetry, did best. We have also adopted the webspace injection pattern rather
than along the digit or into the proximal hand for successful reversal of the digit
ischemia. We believe that BTA is a safe and effective treatment option for
vasospastic digital ischemia.
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EXPRESSION OF THE A-SMA GENE AND CONTRACTILE

ABILITY OF SKIN FIBROBLASTS FROMDIABETIC MICE:

CORRELATIONWITHWOUND CLOSURE RATES IN VIVO
AND IMPLICATIONS IN WOUNDHEALING

Xiao Tian Wang, MD, Jin Bo Tang, Paul Y. Liu
Department of Surgery, Roger Williams Medical Center, Providence, RI

Purpose: Healing potential of the wounds in diabetic patients is very limited and
delay or non-healing of diabetic wounds are serious problems that lack efficient
treatments clinically. In this study we investigated how aSMA gene expression is
changed in diabetic skin fibroblasts and contractile ability of collagen gel matrix
decreased by the fibroblasts and correlations with in vivo wound closure rate,
and propose novel gene therapy approaches to reverse these detrimental efforts.
Methods: We used 10 db1/db- diabetic mice (BKS. Cg-m1/1Leprdb) and 10
littermates. Two skin excision wounds, 0.8� 0.8 cm each, were created on the
back of each mouse, and sizes of the wounds were recorded over a post-surgical
4-week period. Excised skin was cultured as explants to obtain skin fibroblasts.
The fibroblasts were seeded into three-dimension collagen gels and changes in
the gel dimensions were recorded for a 3-week period. Simultaneously RNA of
cultured skin fibroblasts was extracted to assess the levels of expression of the a-
SMA gene. a-SMA gene expression in the cells from their littermates (non-
diabetic mice) served as controls. Thereafter we transferred to diabetic skin
fibroblasts exogenous VEGF or PDGF genes and determined the changes of
the a-SMA gene expression after gene therapy.
Results: The closure rate of the skin excision wounds was significantly greater
in the db1/db1 mice (20.4� 2.1 days) than in their littermates (15.5� 1.9 days)
(po 0.001). The fibroblasts from the db1/db1 mice showed very poor
contractile behavior in the three-dimensional collagen gels; in contract, the gel
seeded with the non-diabetic fibroblasts shrinked very remarkably. The
differences in dimensions of gels seeded with different cells are statistically
significant at 1, 2, and 3 weeks (po 0.001). Levels of a-SMA gene expression
were significantly lower in the db1/db1 diabetic skin fibroblasts than in the
cells of their littermates (po 0.05) and a-SMA gene expression was significantly
elevated by transfer of the VEGF and PDGF genes.
Conclusions: Down-regulation of a-SMA gene expression may be responsible
for the lower contractile ability of diabetic skin fibroblasts and delay in closure of
the skin wounds. This study demonstrated that transfer of growth factor genes
through appropriate gene therapy approaches increases a-SMA gene expression
and can be a potential method to enhance the healing rate of diabetic wound.
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IN VITRO EFFECTS OF CALRETICULIN CORROBORATES

ITS ROLE IN HEALING OF DIABETICWOUNDS

M.R. Greives, C.L. Cadacio, K.M. Blechman, M. Rahman, J.P. Levine
L.I. Gold New York University School of Medicine, New York, NY USA

Defective wound healing with consequential morbidities has become an
increasingly serious clinical problem in urgent need of novel therapies. We have
discovered that the ER chaperone protein, calreticulin (CRT), enhances wound
healing. To determine whether CRT can specifically improve the healing of
diabetic wounds and the mechanisms involved, we analyzed the effect of CRT
in repair of excisional wounds in diabetic mice (lep-/lep-) and compared normal
and diabetic wound cells in in-vitro migration and proliferation assays. CRT
(50 mg/day for 4 days) was applied to dorsal wounds (6mm) that were splinted
open to prevent wound contraction, the mice injected with BrDU, and the
wounds harvested 3,7,10,14, and 28 days post-wounding. CRT induced a
decrease in time to closure of the diabetic wounds (day 17 vs. 21; po 0.05)
with a remarkable appearance of dermal appendages at day 28 that were
lacking in the untreated controls. Accordingly, epithelial gap was reduced at
days 7 and 10 (p � 0.05) and granulation tissue was markedly increased at day
7 (p � 0.0006). Histologically, the CRT-treated wounds appeared highly
cellular with increased BrDU positive proliferating basal keratinocytes and
fibroblasts (p � 0.05). By picrosirius red staining, increased collagen organiza-
tion was observed. In-vitro, CRT induced chemotaxis of human fibroblasts,
keratinocytes and macrophages with maximal induction at 100 ng/ml, 10 pg/ml
and 1 ng/ml, respectively, and greater than positive controls (po 0.05). Im-
portantly, whereas the diabetic cellular counterparts exhibited decreased
migration of positive controls, CRT partially restored their migratory capacity.
Furthermore, CRT (100 pg/ml) maximally induced proliferation of keratino-
cytes and fibroblasts by 2.2-fold and 8.3-fold, respectively over the untreated
controls. The responses obtained in-vitro support the physiological mechan-
isms involved in CRT-induced enhanced closure and cellularity of the diabetic
wounds. We conclude that CRT has the potential to be a powerful topical
therapeutic for the treatment of diabetic wounds through multiple biological
effects. This work was supported by Calretex, LLC.
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EFFICACY ANDMECHANISMS OF NEGATIVE PRESSURE

(VAC) THERAPY IN PROMOTINGWOUNDHEALING: A

RODENTMODEL

S.M. Jacobs1, D. Matissen1, F. Liu1, G. Niedt2, MD, J. K. Wu1
1Division of Plastic & Reconstructive Surgery,
2Department of Dermatology, Columbia University College of Physicians &
Surgeons, New York, NY

Introduction: The Vacuum-Assisted Closure device (VAC) has revolutionized
wound care, although the exact mechanism is not well understood. We
hypothesize that mechanical stress imposed by the VAC device on wounds
induces production of pro-angiogenic factors, stimulates formation of granula-
tion tissue, and promotes secondary healing.
Methods: Full-thickness 2� 2 cm excisional wounds were created on the dorsa
of rats and divided into three groups: 1) Control (Tegaderm dressing); 2) Special
Control (VAC foam and Tegaderm dressing); and 3) VAC (VAC dressing with
125mm Hg continuous negative pressure). Wound tissues were harvested and
areas were measured on POD 0, 3, 5, 7. Wound closure rates (WCR) were
calculated. Tissues were stained for Factor VIII and Masson’s Trichrome for
vessel and collagen content, respectively. Protein was extracted from the
remaining tissue for western blot analysis of CD31, vascular endothelial growth
factor (VEGF), and basic fibroblast growth factor (bFGF) content.
Results: VAC-treated wounds had statistically significant WCR over all time
points compared to the control and special control wounds: POD 3: 31% versus
9% and 9%, respectively, (po 0.0001); POD 5: 45% versus 24% and 23%,
respectively, (p=0.0003); POD7: 54.4% versus 43.0%and 31.5%, respectively,
(po 0.0001). VAC wounds had greater vascularity and collagen deposition
compared to the controls at all time points. Expression of CD31, VEGF, and
FGF-2 were higher in VAC wounds by POD 5; however, there was no
difference in POD 3 & 7.
Conclusion: A novel rodent animal model was used successfully to study VAC
wound healing. There is increased wound contraction and collagen deposition
by POD 3, as well as increased production of VEGF and bFGF by POD 5.
Further application of this rat model and analysis of wound tissue will further
elucidate the mechanism of the VAC device in promoting improved wound
healing.
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THE ANTI-INFLAMMATORY BEE HIVE PROTECTANT

PROPOLIS, IMPROVES WOUNDHEALING IN

EXPERIMENTAL DIABETES

Susan V.McLennan1,2, Junhong Jia1, Min Zhi Xing1, Lisa Lo1, James Bonner2,
Dennis K. Yue1,2, and Stephen M. Twigg1,2
1Discipline of Medicine, University of Sydney,
2Endocrinology Research Laboratories, Department of Endocrinology, Royal
Prince Alfred Hospital, Sydney, Australia

Foot ulcers and poor wound healing (WH) are common problems for patients
with diabetes. Consequently, treatments aimed at improving diabetic WH are
of great importance. The naturally derived agent, Propolis has been shown to
improve WH but its effectiveness in diabetic WH has not been investigated. In
this study the effect of a single topical application of Propolis on epithelial
closure rate (ECR) in a rodent model of diabetic WHwas examined. Additional
end-points included, inflammatory cell infiltration and blood vessel (BV)
number.
Diabetes was induced using streptozocin (i.p. 60mg/kg). After 6 wks, full
thickness wounds (6mm diameter) were created on diabetic and control rats
(n=16/grp). Wounds were treated at the time of wounding with Propolis (20 m
l), or sterile saline. ECR was monitored by calliper measurement. At d6 and d12
post-wounding, animals were sacrificed and wounds excised, fixed and em-
bedded. Tissue was sectioned for analysis of neutrophil, macrophage and BV
number (avg/20fields).
Compared with controls, diabetes caused 27% decrease in ECR. The delay in
WH at d6 and d12 was reversed by topical Propolis. The impaired tissue
macrophage infiltration present in diabetic wounds was not altered by Propolis.
In contrast, persistent neutrophil infiltration and increased BV number ob-
served at d12 in diabetic rats, was abolished by Propolis.

ECR
(mm/day) BV Macrophage Neutrophil

Control 0.37� 0.05 3.97� 0.41 1.49� 0.09 0.22� 0.19
Diabetic 0.27� 0.05� 6.51� 0.62� 0.25� 0.14� 1.33� 0.81�

Control1Propolis 0.43� 0.06 4.28� 1.07 0.89� 0.39 0.17� 0.17
Diabetic1Propolis 0.34� 0.06 4.29� 0.86 0.33� 0.25� 0.23� 0.19

�po 0.05 dierent from untreated control values at day 12.

This data indicates for the first time that a single application of Propolis has
utility in accelerating ulcer healing rate in diabetes. As neutrophil infiltration is
normalised, its mechanism may be through anti-inflammatory actions. This
result and the established safety profile of Propolis provide a rationale for
studying topical application of this agent in a clinical setting. Supported by an
Innovative Grant from JDRFI.
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EVALUATION OF AN AUTOLOGOUS PLATELET RICH

FIBRIN MATRIX TECHNOLOGY FOR DIABETIC FOOT

ULCER TREATMENT

Christine Gosch1, DPH, Alan Zeichner1, DPH, Richard Carroll2, PhD, and
Jack Bois1, DPH
1Department of Veterans Affairs, VA Palo Alto Health Care System, Palo Alto,
CA 94304,
2Cascade Medical Enterprises, LLC, Wayne, NJ 07470

Diabetic foot ulcers that heal slowly can be an increased risk for limb
amputation. Improvements in the diabetic patient’s foot care gives health care
providers more options in wound management. Use of an autologous platelet
rich fibrin matrix (PRFM) can provide a convenient and safe addition to
current practiced methods. We evaluated a PRFM technology (Cascades

FIBRINETs) which uses a convenient blood collection and platelet separation
technology based on evacuated blood collection tubes. The technology also
allows flexibility in the volume of blood collected and the form of the PRFM.
Depending on the situation, the technology can provide a PRFM gel or a
PRFM membrane. No exogenous thrombin is required for platelet activation
or clot formation. The purpose of this evaluation was to determine the clinical
benefit of the technology for the treatment of non-healing diabetic foot ulcers.
Diabetic foot ulcer patients attending a Podiatry clinic were screened and four
were selected who met the evaluation criteria. Patients were clinically evaluated
weekly and were treated with a PRFM membrane or gel every two weeks for a
maximum of eight weeks, with a four week follow up. Patients in the evaluation
had the target wound for 12 weeks to 3 years. Primary evaluation endpoint was
75% healing, with a secondary endpoint of 100% healing of the studied wound
by 12 weeks. 4 of 4 patients met the primary endpoint and 3 of 4 met the
secondary endpoint by 12 weeks, with a mean time to complete healing of 9
weeks. Wound size before PRFM treatment ranged from 5.22 to 11.55 square
centimeters. No treatment related serious adverse events were reported.
Use of this PRFM technology provided a convenient, flexible, and easily
adaptable means to accelerate wound healing in diabetic foot ulcers. Kits used
in this evaluation were kindly donated by Cascade Medical Enterprises, LLC,
Wayne, NJ 07470.
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THE POTENTIAL OF A NOVEL GRAPEFRUIT EXTRACT IN

WOUND HEALING

Yeap Foo1, Paul Davis2, Keryn Johnson1
1Industrial Research Limited,
2University of Otago

Preparation of phytochemical extracts from a range of fruit species and analysis
of their angiogenic potential was undertaken at Industrial Research Ltd in
collaboration with The Bioactivity Investigation Group, Otago University,
New Zealand. Analysis revealed an extract from grapefruit that strongly
stimulated angiogenesis in an organ culture system (rat aortic ring assay). This
extract was subsequently tested in an in vivo wound healing model in rats,
dorsal excisional model, at two separate concentrations. In both instances the
rate of wound closure, measured as a percentage of original wound size at
various time points, was considerably faster compared to the placebo control
over the initial days of the trial. Complete closure was observed at day 13 for the
grapefruit extract but remained open at day 17 in the control wounds.
Preliminary analysis of the extract has suggested that ascorbic acid is not
responsible for the activity observed. The extract was also tested in an ischaemic
model of wound healing (rabbit ear ulcer model). Analysis of wound closure
rate compared to the control group demonstrated considerable activity around
day 12 compared to the control animals. Analysis of the angiogenic response at
day 14 revealed a lower number of patent vessels compared to the control,
possibly indicating a regression of the number of vessels due to a later stage of
healing. The granulation area was considerably larger as was the epithelization
length in the grapefruit extract test wounds compared to that of the control
wounds at day 14. Analysis of inflammatory cell populations suggested a
greater number of inflammatory cells were present in the wound bed of the
grapefruit extract treated wounds compared to that of the control wounds.
These studies provide the first evidence of the potential use of a novel grapefruit
extract for treating wounds.
Bioactivity Investigation Group, Wellington School of Medicine, Otago Uni-
versity and Industrial Research Limited.
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TREATMENT OF SEVERE HIDRADENITIS SUPPURATIVA

WITH EXCISION AND ENGRAFTMENTWITH A DERMAL

SUBSTITUTE (INTEGRA)

Roselle E. Crombie, MD/MPH, Philip E. Fidler, MD, John T. Schulz,
MD/PhD
Bridgeport Hospital/Yale New Haven System, Andrew J. Pannetieri Burn
Unit, 267 Grant Street, Bridgeport, CT 06611

Introduction: Hidradenitis supparativa is a chronic condition with significant
morbidity. Despite much research, medical and surgical interventions often
yield only modest improvement. Patients continue with the chronic suffering
with debilitating infections and disfiguring and debilitating scarring. We
present a case where complete excision nuchal Hidradenitis supparativa was
engrafted with layered dermal regeneration template (Integra).
Methods: JM is a 37-year-old male with a long standing history of hidradenitis
to his back, bilateral axilla, bilateral antecubital fossa, nape of neck and his
perineum. The full thickness skin to the subcutaneous fat was excised over the
nape of his neck and replaced the area with a dermal substitute (Integra)
meshed 1:1 and treated with Vacuum assisted closure (VAC KCI) as a stent for
24 hours and a subsequent second layer at one week, meshed 1:1 with VAC
applied for 10 days. An abutting abscess was incised and drained and treated as
MSSA. The graft sites were covered with anti-microbial Acticoat dressing and
wound vac therapy applied to improve graft take.
Results: The patient has had good take of the dermal substitute. He is now
disease free of hidradenitis in this region of his back. Given that the patient
tolerated these procedures well, we plan to apply the same treatment to other
areas on his body with hidradenitis.
Conclusions: Excision of severely affected hidradenitis and engraftment with a
dermal substitute serves as a reasonable surgical option for these patients.
Given that the underlying problem lies at the level of the eccrine gland in
hidradenitis, the area of excision is now free of the disease. Dermal substitute
(Integra) with split thickness skin graft to this area served as an excellent means
of coverage in our patient. Further studies with this technique in hidradenitis
needs to be done to further delineate the benefits of this procedure.
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MECHANISMS OF ACTION OF THE V.A.C. DEVICE IN THE

DB/DBMOUSEMODEL

Sandra Saja SchererMD1, Giorgio Pietramaggiori MD1,2, Jasmine C.Mathews
BA1, Dennis P. Orgill MD PhD1

1Division of Plastic Surgery, Brigham and Women’s Hospital, Harvard
Medical School,
2Division of Plastic Surgery, University of Padua, Italy

The vacuum assisted closure device (V.A.C) has been used as a wound healing
tool for several years. However, its mechanism of action is still poorly under-
stood. We fragmented the V.A.C. device into its single elements and studied the
impact of each on healing in the diabetic mice. Full thickness skin wounds on
the dorsum of db/db mice were treated for 7 days with the V.A.C. device or its
single components (polyurethane sponge, sub-atmospheric pressure, or occlu-
sive dressing alone). In addition, we studied the effects of V.A.C. application for
12 hours and followed up for a total of 7 days. Dressings were changed every 48
hours and standardized digital pictures were taken on days 0, 2, 4 and 7. Then,
wounds were harvested. Histological cross sections were stained for H&E,
PECAM-1 and Ki67 to quantify granulation tissue area, vascularization, and
cell proliferation, respectively. Wounds treated with the sponge showed less
contraction compared to all other groups. The 12-hour V.A.C. treatment
showed faster wound closure starting from day 4 compared to wounds treated
with the V.A.C. device for 7 days continuously. 12-hour V.A.C. treatment
increased granulation tissue formation compared to the other groups except the
V.A.C. applied for 7 days. The V.A.C. treatment, both for 7 days and 12 hours,
induced dramatic increases in cell proliferation compared to all other groups.
No differences were seen in microvessel density among the groups. The V.A.C.
device enhances healing mainly through increased cell proliferation. The effects
of the composite device are superior to the effects of its single elements. These
effects might be a cause of an early trigger rather than by continuous
stimulation. Mechanical forces and the reduction of the wound fluid may be
important in the mechanism of action of the V.A.C. device.
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INTRACELLULAR ATP DELIVERY CAUSES EXTREMELY

FAST GRANULAR TISSUE GROWTH IN RABBITS

Sufan Chien, MD, Michael Tseng, PhD, Ming Li, BS, Gordon Tobin, MD,
Joseph Banis, MD
Department of Surgery and Department of Anatomic Science and
neurobiology, University of Louisville, Louisville, KY

Wound tissue hypoxia has been known for decades, no one has studied wound
high-energy phosphate metabolism. We hypothesized that intracellular ATP
delivery could enhance wound healing, and have used small unilamellar lipid
vesicles (diameter 100–200 nm) to encapsulate Mg-ATP (ATP-vesicles) for
intracellular delivery. The composition was: 100mg/ml of soy PC/DOTAP
(50:1), Trehalose/Soy PC (2:1), 10mM KH2PO4, and 10mM Mg-ATP.
A rabbit ischemic ear model was created using minimally invasive surgery.
Three small incisions were made on the vascular bundles about 1 cm distal to
the base of one ear, and a circumferential subcutaneous tunnel was made
through the incisions. The central and cranial arteries and all subcutaneous
tissues, muscles and nerves were divided to the bare cartilage, leaving three
veins, one artery, and the skin intact. Four wounds (6mm diameter) were
created on the ventral side of both ears. Normal saline or ATP-vesicles were
used and dressings were changed daily. Ten adult rabbits were used. In the
wounds treated by ATP-vesicles, granular tissue started to appear only one day
after surgery on the non-ischemic (control) ear. By day 4, this tissue had almost
covered the whole wound area; while in the control wounds (saline only), very
little granular tissue was found. A similar phenomenon occurred on the
ischemic ear, but with 3–4 days of delay. However, granular tissue also covered
wound area almost completely on day 7 in the ATP-vesicles-treated wounds.
Wounds healed faster in ATP-vesicles treated group. Histologically, this
granular tissue was filled with microvasculature, and sometimes the epithelium
had to grow through the ‘‘tunnel’’ of the granular tissue. This extremely fast
granular tissue growth has never been reported before, and the mechanisms for
such a fast growth by ATP-vesicles are still unknown but might be related to
increased tissue energy supply.
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ADENOSINE A2A RECEPTOR OCCUPANCY REGULATES

EXPRESSION OFMULTIPLE GENES INVOLVED INWOUND

HEALING

Hailing Liu, Maria Dolores Guerrero, Patricia Fernandez, Edwin Chan and
Bruce Cronstein
Department of Medicine, NYU School of Medicine, New York, NY 10016

Background: Four adenosine receptors have been identified: A1, A2A, A2B,
and A3. Previous studies in our lab have demonstrated that CGS21680, a
selective adenosine A2A receptor agonist, significantly accelerates wound heal-
ing in animals with both normal and impaired wound healing. In order to dissect
the mechanisms by which the adenosine A2A receptor promotes wound healing,
we analyzed mRNA from human dermal fibroblasts using array technologies.
Methods: Human dermal fibroblast cells were harvested after being treated with
1 mM CGS-21680 for 2, 4, 6, 8, 10 and 12 hours and total RNA was purified.
After the quality of RNA was checked, Affymetrix microarray chips were used
to screen mRNA levels for changes in message levels. We further screened
changes in mRNA expression using RT profilerTM PCR array of human growth
factor and extracellular matrix and adhesion molecules. mRNA level changes
were confirmed by real-time PCR compared to GAPDH as control.
Results: The adenosine A2A receptor agonist CGS-21680 increased expression
of the cell-cell adhesion molecule catenin D1 5 fold and cell-matrix adhesion
molecule osteopontin 2.2 fold. A2A receptor occupancy also decreased ECM
proteinase MMP3 and another adhesion molecule catenin A1 expression by 4
fold. On microarray and superarray analyses, mRNA of other molecules was
also affected although we have not confirmed these changes via an independent
assay.
Conclusion: Adenosine A2A receptors regulate the expression of molecules
that are critical to wound healing like osteopontin. These receptor-induced
changes in fibroblast function accelerate wound healing.
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IN SITU PROTEOMICS OFWOUNDS USING FORMALIN

FIXED PARAFFIN EMBEDDED TISSUE

Patrick J. Parks M.D., Ph.D., and Bathsheba Chong, Ph.D.
3M Medical Division (PJP) and Corporate Analytical Research Laboratory
(BC)

The expanding literature of molecular analyses for clinical and experimental
tissue samples has focused on the use of fresh or freshly frozen tissue for
analysis. The same literature describes an inability to perform molecular
analysis using mass spectrometry on formalin fixed paraffin embedded tissue
as a result of the fixation process. We have developed a method that reverses the
fixation process and allows for the in situ analysis of formalin-fixed paraffin
embedded tissue using matrix assisted laser desorption and ionization (MAL-
DI). We have applied the method to an experimental model of delayed wound
healing induced by focal irradiation. The method allows for the analysis using a
single standard (4–5 micron) tissue section and is conservative, requiring no
additional tissue for analysis and preserving tissue for morphologic compar-
ison. Using the experimental model of irradiated wounds we describe the
presence of up to 30 proteins, including those expected in wound healing, e.g.,
fibroblast growth factor, and additional proteins that are part of a discovery
process related to proteins in wound healing. Different histological zones yield
different proteins, reflecting the ability to analyze proteins in small areas of
interest. The method allows for the detection of proteins such as transcription
factors, not usually associated with wound healing or identifiable by standard
methods such as immunohistochemistry. The authors wish to acknowledge the
excellent technical assistance of Jason Theis. The work was supported entirely
by 3M.
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CHARACTERIZATION AND SAFETY OF A NOVEL DIVINYL

SULFONE CROSSLINKED HYALURONAN GEL

S.M. Dethlefsen, L.P. Yu, M. Hawes, P.A. Konowicz, M.J. Colt, R.L.
Corazzini, and E.M. Skrabut
1Genzyme Corporation, Cambridge, MA 02139

Hyaluronan (HA) and its derivatives are utilized in various medical products
including dermal fillers, films and gels for post-surgical adhesion prevention,
and injectable solutions and gels for the treatment of pain associated with
osteoarthritis. HA can be chemically modified to increase its residence time at
the site of application. A unique HA formulation, modified with divinyl sulfone
(DVS) and processed to produce a soft and elastic gel (hylastan), has been
characterized by its rheological properties, safety profile, and in vivo reactivity.
The biocompatibility and safety tests conducted with hylastan were selected in
accordance with the ISO 10993, ‘‘Biological Evaluation of Medical Devices
Part 1: Evaluation and Testing.’’ The gel was found to be non-cytotoxic, non-
mutagenic, non-sensitizing, non-reactive, and non-toxic. Additional in vivo
biocompatibility and local clearance of hylastan were evaluated following
repeated intra-articular administration into the femoropatellar joint (stifle) of
male Duncan Hartley guinea pigs. Animals were randomized into two treat-
ment groups and received a total of three intraarticular injections of either
hylastan gel or 0.9% saline (control) on days 0, 7, and 14. Joint widths were
measured during the course of the study. On days 7, 28 and 98 following the
third injection, animals were euthanized and the fat pad and stifle from each
animal collected for histopathological evaluation. The results of this study
showed no apparent differences in average joint width measurements between
the hylastan gel or the saline treated controls. Hematoxylin & eosin stained
tissue sections from the hylastan gel group showed hylastan to be present in
decreasing amounts over the 98 day period. The absence of joint swelling or any
other grossly observable adverse events, in combination with hylastan’s safety
profile, indicate that hylastan gel is safe and biocompatible in non-clinical
studies.
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OXIDATIVE STRESS IN THERMAL INJURY

T. Bhat1, A. Parihar2, M. Parihar2, and S.M. Milner1
1Johns Hopkins Burn Center/Michael D. Hendrix Burn Research Center,
Baltimore, Maryland USA,
2Davis Heart & Lung Research Institute, Ohio State University, Columbus,
OH. USA

Objective: A severe burn is associated with release of several inflammatory
mediators which ultimately cause local and distant pathophysiological effects.
Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) are
implicated in pathophysiological events observed in burn patients. The purpose
of this review is to understand the role of oxidative stress in burn injury, in
order to develop counteractive therapeutic strategies. All peer-reviewed, origi-
nal and review articles published in the English language literature relevant to
the topic of oxidative stress in burns in animals and human subjects were
selected for this review.
Results: Both increased xanthine oxidase and neutrophil activation appear to
be the oxidant sources in burn injury. Free radicals have been found to have
beneficial effects on antimicrobial action and wound healing. However follow-
ing a burn, there is an enormous production of ROS which is harmful and
implicated in inflammation, systemic inflammatory response syndrome (SIRS),
immunosuppression, infection and sepsis, tissue damage and multiple organ
failure. Thus clinical response to post burn is dependent on the balance between
production of free radicals and its detoxification. Supplementations of antiox-
idants in human and animal models have a proven benefit in declining distant
organ failure suggesting a cause and effect relationship. Additional anti
inflammatory agents might have a synergistic effect.
Conclusions: The oxidative damage is one of the mechanisms for local and
distant pathophysiological events observed in burn injury, and therefore
combination of anti-oxidants and antiinflammatory drug therapy might be
beneficial in minimizing pathophysiological damage in burn patients.
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PERSISTENT SKIN SANITIZERWITH SUSTAINED

MICROBICIDAL PROPERTIES

W. Toreki1, R. Carr1, B. Liesenfeld1, G. Schultz1,2, C. Batich1,2, J. Olderman1,
D. Moore1, J. Vella1
1QuickMed Technologies, Gainesville, FL,
2University of Florida, Gainesville, FL

Quick-Med Technologies, Inc. (QMT) has developed a persistent skin sanitizer
formulation, NIMBUDERMTM, that provides long-lasting broad-spectrum
antimicrobial protection. Performance at time of application matches that of
common alcohol-based products such as Purels Hand Sanitizer. NIMBU-
DERM’s advanced polymer formulation provides continuous efficacy against
microbial contamination for at least 6 hours in laboratory testing (cup scrub
method). NIMBUDERMTM provides a quick and effective initial sanitizing
effect due to its alcohol-based formulation. Long-lasting protection against a
wide range of pathogenic bacteria, including Staph. aureus, Pseudomonas
aeruginosa and antibiotic-resistant organisms such as MRSA and VRE.
Microbicidal testing was performed on various carriers including glass slides
and animal skin, using methods outlined in the ‘‘AOAC Use-Dilution Method
for Testing Disinfectants’’ and ASTM E 1874–97, ‘‘Standard Test Method for
Evaluation of Antibacterial Washes by Cup Scrub Technique.’’ This technique
demonstrated antimicrobial efficacy within 5 minutes.
Current commercially available alcohol based skin sanitizers and other for-
mulations have demonstrated the effective reduction of pathogenic organisms
but do not show prolonged microbicidal activity, mainly due to the natural
evaporation or physical removal of the biocide. NIMBUDERM provides quick
and prolonged protection, minimizing opportunities for many of the pathogen
transfer modes commonly associated with nosocomial infections.
NIMBUDERM can be formulated with emollients to help keep skin soft and
hydrated while providing an invisible antimicrobial polymer shield that persists
long after the alcohol has evaporated. 099.
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COMPARISON OF CELL VITALITY AND CHEMOKINE

PRODUCTION BETWEEN CELLS EXPERIENCING

NEGATIVE PRESSUREMANIFOLDEDWITH DIFFERENT

DRESSINGS

Amy K. McNulty, Marisa Schmidt, Teri Feeley, Kris Kieswetter
Kinetic Concepts, Inc.

Introduction: Vacuum Assisted Closure (V.A.C.s) Therapy creates an envir-
onment that promotes granulation tissue formation (1–3). The current study
was conducted to determine potential ways in which V.A.C.s Therapy may
affect tissues at a cellular level with respect to cell vitality and chemokine
expression.
Methods: A 3D tissue culture system was developed whereby adult human
dermal fibroblasts were encapsulated in a provisional fibrin matrix, simulating
an acute wound. Subatmospheric pressure (� 125mmHg, continuous) was
manifolded to this matrix for 48 h via either V.A.C.s GranuFoams Dressing
or USP Type VII gauze. Following treatment, cell vitality was assessed as well
as the ability of media from the treated cell cultures to stimulate fibroblast
migration.
Discussion: The production of granulation tissue requires an influx of fibro-
blasts to the wound. The fibroblasts must then synthesize an extracellular
matrix. Results show that cells exposed to negative pressure and V.A.C.s

GranuFoams Dressing were less dendritic than cells exposed to negative
pressure and gauze. Changes in cell shape may be reflective of associated
changes in cell physiology. Cell death was a statistically significant 2.4 fold
higher in cell cultures treated with negative pressure using gauze than with
negative pressure using V.A.C.s GranuFoams Dressing. Media from cell
cultures exposed to negative pressure using V.A.C.s GranuFoams Dressing
stimulated a statistically significant 3 fold higher cell migration than did media
from cell cultures exposed to negative pressure and gauze. There was no
significant difference in ability to stimulate migration between cells treated with
negative pressure using gauze and unconditioned media. This indicates that
exposure to negative pressure using gauze does not provide any additional
benefit with respect to migration. Results from this study indicate that the
dressing choice interfacing the wound and negative pressure source dramati-
cally influences the biological outcome. Armstrong, D. G., Lavery, L. A., and
Diabetic Foot Study Consortium. Lancet 366[9498], 1704–1710. 2005. Joseph
E, et al., Wounds 12(3), 60–67. 2000. Mooney JF, III, et al., Clin Orthop. 376,
26–31. 2000.
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COMPARISON OF CELL ENERGETICS BETWEEN CELLS

EXPERIENCING NEGATIVE PRESSUREMANIFOLDED

WITH V.A.C.s GRANUFOAMs DRESSING VS. GAUZE

Amy K. McNulty, Marisa Schmidt, Teri Feeley, Kris Kieswetter
Kinetic Concepts, Inc.

Introduction: Vacuum Assisted Closures (V.A.C.s) Therapy creates an envir-
onment that promotes granulation tissue formation (1–3) and prepares wounds
for closure. Wound healing and the production of granulation tissue are highly
energetic processes. The following study was conducted to assess whether or
not V.A.C.s Therapy using GranuFoams Dressing positively affects cellular
energetics.
Methods: A 3D tissue culture system was developed whereby human adult
dermal fibroblasts were encapsulated in a synthetic provisional fibrin matrix.
Negative pressure (� 125mmHg, continuous) was manifolded to this matrix
for 48 hours via either V.A.C.s GranuFoams Dressing or USP Type VII
Gauze. Following negative pressure treatment, mitochondria exhibiting an
active membrane potential were visualized using MitoCaptureTM stain (BioVi-
sion, Inc., Mountain View, CA). The cell areas occupied by active mitochondria
were then measured.
Discussion: Fibroblasts from cultures exposed to negative pressure and
V.A.C.s GranuFoams Dressing exhibited large rings of perinuclear, punctate
fluorescence. The staining of mitochondria in cultures exposed to negative
pressure using gauze was much less, and similar to that exhibited by cells in a
static environment. Cell areas containing active mitochondria for cultures
exposed to negative pressure and gauze were significantly less (po 0.05) than
for cultures exposed to negative pressure and V.A.C.sGranuFoamsDressing.
There was no significant difference (p4 0.05) between cell areas for cells
exposed to negative pressure and gauze and cells in a static environment.
Increases in numbers of active mitochondria per cell typically occur when cells
are undergoing highly energetic processes. Energetic processes include cell
division and protein synthesis, two processes occurring during granulation
tissue formation. Results from this study indicate that the dressing choice
interfacing the wound and negative pressure source dramatically influences
cellular energetics. Armstrong, D. G., Lavery, L. A., and Diabetic Foot Study
Consortium. Lancet 366[9498], 1704–1710. 2005. Joseph E, et al., Wounds
12(3), 60–67. 2000. Mooney JF, III, et al., Clin Orthop. 376, 26–31. 2000.
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WOUND HEALING AFTER PHOTOCHEMICAL TISSUE

BONDING

Min Yao, Kenneth Bujold, Robert Redmond, Irene Kochevar
Wellman Center for Photomedicine, Massachusetts General Hospital, Harvard
Medical School, Boston, MA 02114

Successful wound healing is the result of a complex cellular and tissue structure
restoration, which is influenced by many systemic and local factors. As a local
regulator, wound closure plays an important role in this process by reattaching
injured tissue and initiating healing. Photochemical tissue bonding (PTB) is a
new sutureless technology for the closing wounds and reattaching tissues that
utilizes visible light to activate a photochemical dye (Rose Bengal). The dye is
applied to the tissue, then the tissues are brought into intimate contact and
exposed to light that activates the dye, leading to covalent crosslinks between
proteins on the wound surfaces. The immediate formation of a continuous,
fluid-tight seal with PTB suggests that wound healing may be enhanced over
that obtained using sutures. Our previous studies showing that PTB repairs
incision and excisions in skin and cornea, and reattaches peripheral nerves and
small arteries with excellent healing support this notion. For example, equiva-
lent healing of skin excisions was produced by PTB and standard suture repair
at 6 weeks after treatment. In order to better understand the wound healing
process after PTB and to more efficiently manipulate it, we are studying the
tissue responses. Phototoxicity is a potential adverse tissue response to PTB
because our studies have shown that Rose Bengal is phototoxic to cultured
cells. We evaluated this possibility by treating full-thickness skin incisions with
PTB ex vivo, culturing the skin for 24 h and quantifying the cytotoxicity on
H&E-stained sections relative to untreated control skin. Tight bonding with a
barely visible incision line was obtained. PTB did not produce greater
cytotoxicity to keratinocytes or fibroblasts than found in the control samples.
To further explore the healing process in PTB, we are investigating inflamma-
tion, activation of fibroblast and scar formation after PTB treatment of in skin
excisions.
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EFFECT OF SMOKING, ABSTENTION AND NICOTINE

PATCH ON WOUNDHEALING IN A HUMAN

FULL-THICKNESS BIOPSYWOUNDMODEL

Lars Tue S�rensen1,2, Birgitte Toft3, J�rgen Rygaard4, B�rge Teisner5,
Finn Gottrup1
1Copenhagen Wound Healing Center, Department of Surgical
Gastroenterology,
2Bispebjerg Hospital, Department of Pathology, Herlev Hospital,
3Bartholin Institute,
4University of Copenhagen andDepartment of Biochemistry and Immunology,
5University of Odense, Denmark

(Poster will not be displayed)

Background: Complicated wound healing occurs more frequently in smokers
than non-smokers. Tissue hypoxia induced by smoking has been suggested, but
the cellular mechanisms remain unknown.
Objective: The aim was to assess the effect of smoking, abstention and
transdermal nicotine patch (TNP) on wound healing in a full-thickness skin
biopsy wound model.
Methods: Full-thickness 5mm punch biopsy wounds were made on the gluteal
skin in 48 smokers and 30 never smokers. Following one week of standardized
smoking or non-smoking, the wounds were excised and the tissue was fixed.
Hereafter the smokers were randomized to continuous smoking or abstinence
with TNP or placebo. The sequence of wounding and excision was repeated
after 4, 8, and 12 weeks. All wounds were stained with HE and immunohisto-
chemically for macrophages and procollagen-1 in fibroblasts. Subsequently the
wounds were measured and assessed histologically and scored semi-quanta-
tively by two independent pathologists. Random-effects models were applied
for repeated measurements. Level of significance was p � 0.05.
Results: A total of 227 wounds were evaluated. In smokers the wounds were 3.1
� 0.7mm wide and 1.1 � 0.4mm deep [mean, st.dev.] compared to 3.6
� 0.6mm and 1.4 � 0.4mm in never smokers (po 0.01). In abstinent smokers
the wounds were 3.3 � 0.8mm wide (NS) and 1.3 � 0.5mm deep
(po 0.05)(compared to smokers). The density of macrophages and fibroblasts
in never smoker’s wounds was 3.6 (1.8–7.4) [OR, 95%CI] and 2.3 (1.4–3.8),
respectively, when compared to smokers. In abstinent, placebo TNP treated
smokers the macrophage density was 2.9 (1.2–6.9) whereas the fibroblasts
remained attenuated independent of TNP or placebo.
Conclusion: After seven days of healing, smokers have smaller and more super-
ficial wounds than never smokers but fewer woundmacrophages and fibroblasts.
These findings suggest premature wound closure and inadequate early healing in
smoker. Abstinence from smoking appears to improve wound healing.
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EPISTEMOLOGY, WOUND CARE &MEDICAL

INFORMATICS: BRIDGING THE KNOWLEDGE GAP

Patrick L. Colletti
President, Net Health Systems, Inc.

Clinical decision making involves theoretical knowledge, research evidence,
and practical case management experience. It encompasses quantitative meth-
odologies institutionalized through formal instruction and teaching of univer-
sal principles and algorithms, as well as qualitative assessments involving
intuitive judgment principally acquired through experience. This session is an
epistemological exploration of clinical decision making and medical infor-
matics supporting the chronic wound care discipline.
Epistemology or ‘‘theory of knowledge’’ is the philosophical study of the nature
and scope of knowledge. Medical informatics integrates the application of
information science and technology infrastructure to the cognitive, information
processing, and communication tasks of medical practice, education, and
research. Considered together, these disciplines provide a vibrant and dynamic
debate focused on analyzing the nature of knowledge and how it relates to
societal notions of ethics, beliefs, and justification.
The focus is a comprehensive assessment of evidence-based medicine (EBM)
information technologies supporting efficacious, cost effective clinical decision
making spanning outcomes tracking, point of care and regulatory compliant
electronic medical record systems. In general, contemporary EBM’s focus on
clinical experience discounts critical thinking on the philosophical foundation
of knowledge. The writings of classical philosophers and epistemologists afford
insight into our interpretation of information, influencing the standard of
patient care. Acknowledgements Avis, M. (2006) ‘‘Evidence for practice,
epistemology, and critical reflection.’’ Nursing Philosophy, pp. 216–224. Vree-
man, D.J et al. (2006) ‘‘Evidence for Electronic Health. Record Systems in
Physical Therapy.’’ Physical Therapy, pp. 434–446. Rashotte, J. and Carnevale,
F.A. (2004) ‘‘Medical and nursing clinical decision making: a comparative
epistemological analysis.’’ Nursing Philosophy, pp. 160.
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CASE REPORTS OF MANAGEMENT OF SKIN NECROSIS IN

TWO ASPLENIC PATIENTSWHO DEVELOPED PURPURA

FULMINANS

Roselle E. Crombie, MD/MPH, Philip E. Fidler, MD, John T. Schulz, MD/
PhD
Bridgeport Hospital/Yale New Haven System, Andrew J. Pannetieri Burn
Unit, 267 Grant Street, Bridgeport, CT 06610

Introduction: Thrombotic occlusion of dermal arterioles produces widespread
full-thickness skin necrosis in patients with purpura fulminans and, conse-
quently, these patients are often cared for in burn units, where both there
critical care and surgical needs can be addressed. We recently encountered two
patients with purpura fulminans. Curiously, both of these adult patients were
asplenic. While asplenia is known to predispose a patient to overwhelming
sepsis, there is little literature on the association of asplenia and purpura
fulminans. Here we present our two patients and discuss the possible role of
asplenia as a risk factor for purpura fulminans.
Case Reports: Patient #1 had disseminated streptococcal sepsis. PMH included
non-Hodgkins lymphoma and underwent bone marrow transplant then sple-
nectomy. She subsequently developed necrosis of her bilateral hands, feet, toes
and tip of her nose. Patient #2 was a 57yo female with pneumococcal sepsis
history of asplenia, MGUS, thyroid disease, TIA and depression. This patient
also developed ischemic extremities and skin necrosis.
Results: Both patients had significant digital necrosis progressing with their
disease eventually requiring amputations. Both patients required excision and
engraftment of other areas of necrosis.
Conclusions: Asplenia increases the susceptibility to overwhelming sepsis. Our
patients developed not only overwhelming sepsis, but Purpura fulminans.
Admittedly, purpura fulminans accompanies some episodes of severe sepsis,
most commonly those associated with Neisseria meningitidis. Our patients
shared premorbid asplenia, rather than the same infecting microbe, suggesting
that asplenia may increase vulnerability to development of purpura fulminans
in the septic patient. Further studies with purpura fulminans must be done to
see if asplenia is indeed a risk factor for this disease.
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IMPAIRED NOTCH SIGNALING SIGNIFICANTLY DELAYS

WOUNDHEALING

Srinivasulu Chigurupati1, Tiruma V. Arumugam2, Shafaq Jameel2, Mohamed
R. Mughal2, Mark P. Mattson2, Suresh Poosala1
1Comparative Medicine Section, National Institute on Aging Intramural
Research Program, 5600 Nathan Shock Drive, Baltimore, Maryland 21224,
USA,
2Laboratory of Neurosciences, National Institute on Aging Intramural
Research Program, 5600 Nathan Shock Drive, Baltimore, Maryland 21224,
USA

The evolutionarily conserved Notch-mediated intercellular signaling pathway
is critically involved in cell fate decisions during development of many tissues
and organs. Angiogenesis, the formation of new blood vessels, plays a central
role in number of physiological and pathological conditions including wound
healing which involves a switch in endothelial cell phenotype from quiescence
to proliferation, migration and network formation, and back to quiescence. In
the present study we employed in vivo and cell culture models to elucidate the
role of Notch signaling in wound healing. Inhibition of Notch signaling in
Notch antisense transgenic mice, and in normal mice treated with the g
secretase inhibitor N-[N-(3,5Difluorophenylacetyl)-(S)-alanyl]-(S)-phenylgly-
cine tert-butyl ester (DAPT), resulted in a significant delay in the healing of
full-thickness dermal wounds. To further examine the role of Notch signaling in
cells involved in wound healing, we evaluated the effects of Notch inhibition on
the behaviors of human umbilical vascular endothelial cells (HUVEC) in a
scratch wound healing test, a cell proliferation assay, cell migration assay and a
tube formation assay in Matrigel. Treatment of HUVEC with DAPT inhibited
scratch wound healing, cell proliferation and cell migration. Tube morphogen-
esis was also significantly disrupted by DAPT treatment. These results suggest
that Notch signaling is involved in wound healing and tissue repair, therefore
we conclude that targeting the Notch pathway might provide a novel strategy
for wound repair and treatment.
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IN VIVO EXPRESSION OF VEGF-R2 DURING EARLY

SKELETAL ISCHEMIA-REPERFUSION INJURY

M.Hofmann, R.Mittermayr, T.Morton, S. Pfeifer, M. van Griensven, H. Redl
Ludwig Boltzmann Institute for Experimental and Clinical Traumatology –
Research Center of the AUVA, Vienna, Austria

Introduction: Different strategies were developed to reduce ischemia/reperfu-
sion injury. One of the concepts includes therapeutic angiogenesis with VEGF
and its receptor as pivotal players. This study investigates the in vivo expression
of VEGF-R2 during early murine hindlimb ischemia/reperfusion and its
alteration via VEGF165 released from a fibrin biomatrix (FS).
Material and Methods: Male/female transgenic FVB/N-Tg(Vegfr2luc)Xen
mice (n=12/group) were used for non-invasive, real-time assessment of the
VEGF-R2 (Flk-1/KDR) induction. Ischemia was induced by tension con-
trolled (250 g) tourniquet to the hindlimb and verified by laser Doppler imaging
(LDI, Moor Instruments Inc.) technique. Ischemia was maintained for 2 hours
with subsequent reperfusion for 4 or 24 hours. Control animals received no
treatment whereas the animals of the FS/VEGF groups received 0 or 20 ng
VEGF/ final FS clot (0.2ml in total) in their hindlimb subcutaneously, to
distribute evenly around the muscle compartment, 15min prior to reperfusion.
The contralateral leg was used as an internal control. At different time points
LDI was done to show hindlimb perfusion and bioluminescence detection was
done to observe VEGF-R2 expression (VivoVisions IVISs, Xenogen).
Results: Applying the tourniquet resulted in ischemia as verified by a reduction
of leg perfusion to approximately 10% in all groups. Ischemia was maintained
for the entire 2 hours. Furthermore, restoration of blood flow was seen to 83%
of baseline in the control group after 24 hours reperfusion. Similar reperfusion
was observed in the vehicle and 20 ng FS/VEGF groups (112% and 95% of
baseline). Edema was found in all groups in the injured hindlimb. The VEGF-
R2 was slightly up-regulated in the control group after 24 hours of reperfusion
in the ischemic, but not in the contralateral hindlimb. With VEGF in the fibrin
biomatrix a significant increase in receptor expression was observed at 24 h,
compared to baseline as well as to the control group while after 4 hours no
receptor alterations were seen.
Conclusion: This ischemia/reperfusion model in transgenic mice enables in vivo
observation of the VEGF-R2 expression, a key receptor in angiogenesis.
VEGF-R2 is only marginally up-regulated in the reperfusion period after severe
ischemic conditions. However following the concept of therapeutic angiogen-
esis, VEGF application from a fibrin biomatrix causes an increase in VEGF
receptor expression at 24 h.
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IN SITU TISSUE ENGINEERING USING SELF-ASSEMBLING

PEPTIDE IMPROVES WOUND HEALING AND

NEOVASCULARIZATION IN A DIABETICMOUSEMODEL

S.S. Vaikunth1, S. Balaji2, A.R. Maldonado1, J. Parvadia1, F.Y. Lim1, T.M.
Crombleholme1, D.A. Narmoneva2
1Cincinnnati Childrens’ Hospital Medical Center,
2University of Cincinnati

Self-assembling RADAII-16 peptide is a novel biomaterial which has been
shown to create an angiogenic microenvironment and promote neovasculariza-
tion in murine cardiac muscle. We asked whether this peptide would have a
similar effect in an impaired diabetic wound healing model. We hypothesized
that peptide would increase neovascularization and improve wound healing in
db/db mice. Db/db mice were confirmed to be diabetic with blood sugars
greater than 300 gm/dL. Eight millimeter excisional wounds were made in the
flanks of mice. The wounds were then treated with 50ml PBS (n=5) or peptide
(n=4). Mice were harvested at day 7 and wounds were analyzed by computer-
based morphometric measurements of epithelial gap, epithelial height, and
granulation tissue area. Vessel density was analyzed using lectin staining.
Results are presented as mean� standard error, and statistical analysis was
performed using ANOVA. Peptide treatment resulted in larger granulation
tissue area (2.77� 0.6 mm2 vs. 1.45� 0.4 mm2, po 0.05, peptide vs. PBS), larger
epithelial height (0.195� 0.010 mm vs. 0.148� 0.012 mm, po 0.05, peptide vs.
control), and enhanced vessel density (5.2� 0.8 caps/HPF vs. 2.5� 0.1 caps/
HPF, po 0.05, peptide vs. control). No significant difference in epithelial gap
was observed between the two treatment groups (4.8� 0.4 mm vs. 4.4 � 0.4 mm,
peptide vs. PBS). These results suggest that self-assembling peptide scaffold
improves wound microenvironment and healing in diabetic animals and may
offer a novel approach for in situ tissue engineering to augment wound healing.
Acknowledgments: Funded by (TMC) 5RO1-DK072446, (TMC) 5RO1-
DK074055.
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LASER CAPTUREMICRODISSECTION AND TISSUE

ANALYSIS: EMERGENT TECHNOLOGIES IN WOUND

RESEARCH

Chandan K. Sen and Sashwati Roy
The Ohio State University Comprehensive Wound Center, Columbus, OH
43210

Spatially-resolved cell-specific molecular analysis of tissue affected by focal
injury is now possible because of current laser capture microdissection (LCM)
technology. A variant of LCM is laser microdissection and pressure catapulting
(LMPC). In LMPC, thebiological material is placed directly on top of a
thermoplastic polyethylene napthalate membrane. The membrane acts as a
scaffold to allow for catapulting relatively large amounts of intact material. A
focused laser beam cuts out an area of the membrane and corresponding
biological material. Next, the beam is defocused and the energy used to catapult
the membrane and material from the slide. Amotorized robotic stage moves the
sample through the laser beam path to allow the user to control the size and
shape of the area to be cut. The catapulted sample is generally captured in an
aqueous media (e.g. RNA or protein stabilizing solution). Under direct
microscopic visualization, LMPC permits rapid procurement of histologically
defined tissue samples from spatially-resolved (e.g. infarct vs peri-infarct;
wound core vs leading edge) regions of the tissue. Recently, our laboratory has
developed novel methods that enable the molecular study of specific regions of
the infarcted heart with single cell resolution (Roy et al. Physiol. Genom 2006;
Kuhn et al. AJP-Heart & Circ 2006 & 2007). Even in frozen tissues, RNA
degradation occurs rapidly. Thus, most standard immunohistochemical stain-
ing techniques are not suitable if the measurement of gene expression is desired.
Rapid techniques for accurate histological identification are needed. We have
developed an approach to identify and capture blood vessels from wound-edge
tissue biopsies collected from patients with chronic wounds. Subsequent
techniques to perform real-time PCR aswell as transcriptome analysis have
been optimized. These developments and the potential of LCM/LMPC tech-
nology to illuminate new aspects ofwound biology from a novel vantage point
will be presented. Supported by NIH GM069589 and HL073087.
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DEVELOPMENT OF A NATIONAL INSTITUTE ON AGING

CELL REPOSITORY FOR FIBROBLAST CELL LINES FROM

PATIENTSWITH VENOUS ULCERS

Coppock D.1, Stojadinovic, O.2, Tomic-Canic, M.2, Ehrlich, P.3 and
Diegleman, R.4, Golinko, M.5, Brem H.5
1Coriell Cell Respositores, Coriell Institute for Medial Research, Camden, NJ,
2Tissue Repair Program, Hospital for Special Surgery, Weill Medical College of
the Cornell University, New York, NY,
3Department of Plastic Surgery, Penn State University, Hershey, PA,
4Department of Biochemistry, Virginia Commonwealth University, Richmond,
VA,
5Wound Healing Program, Department of Surgery, Columbia University
College of Physicians and Surgeons, New York

Background: The molecular basis of impaired healing is not yet fully under-
stood. It has been shown that the elderly do not have an impairment to healing
they just heal more slowly. Studying the biology of key cells from chronic
wounds, particularly in the elderly, will ultimately help scientists to develop new
therapeutic strategies.
Hypothesis: Cells can be cultured from a chronic wound and stored to create a
cell bank used for future research. The development of a cell culture resource
for wound healing will enable a public resource for the understanding the
molecular and genetic changes in cells derived from wounds.
Methods: A portion of the usually discarded venous ulcer sharp debridement
specimen was sent overnight to the National Institute on Aging (NIA) Cell
Repository at Coriell Institute for Medical Research in Camden, NJ. Each
sample was associated with clinical information about the donor, the location
and type of the wound and an unsigned copy of the appropriate consent
document. Multiple samples were collected from each donor. Fibroblast
cultures were developed according to the standard procedure of the NIA Aging
Cell Repository. After an initial expansion in antibiotic free media, cultures
were frozen in liquid N2. To assure viability and sterility, a vial was recovered
from the freezer and passaged 5 times and then tested for mycoplasmal,
bacterial and fungal contaminants.
Results: Specimens from 4 patients were collected. Thirteen viable cell lines
were derived and, six are currently available (http://ccr.coriell.org/nia/).
Conclusions: The development of fibroblastic cell strains from chronic wounds
is an important resource for understanding the molecular and genomic defects
in chronic wounds and may lead to the development of novel therapies. The cell
strains in the NIA Cell Repository catalog are available to researchers.
DK08059424.
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EFFECTS OF ACELLULAR HUMAN DERMAL MATRIX

THICKNESS ON CELLULAR REPOPULATION

CAPABILITIES IN A SUBMUSCULAR RATMODEL

Amanda L Turner, MS, Barbara E. Blum, PhD, Ann V. Burgess, MS
Wright Medical Technology, Inc

The clinical success of acellular human dermal (AHD) grafts has spurred
investigation into utilizing AHD grafts in many indications; however, the
physical demands of certain applications merit increased graft thickness for
improved graft strength and suture retention. As the thickness of the AHD
graft may increase, it is important that the inherent histological qualities of the
matrix are not impaired. The purpose of this study was to determine the cellular
repopulation, inflammatory response, and revascularization capabilities of
AHD matrices of various thicknesses and states of hydration in submuscular
sites of athymic nude rats over time.
AHD materials (GRAFTJACKETs Matrix, Wright Medical Technology,
Inc.) with average thicknesses of 1.0mm and 2.0mm were cut into 1 cm square
grafts. Grafts were bilaterally implanted into submuscular pouches created
below the latissimus dorsi of 32 male athymic nude rats. After sacrifice,
histological analysis was conducted at 1, 2, 3, 4, and 8 week timepoints using
Hematoxylin and Eosin (H&E) and Verhoeff-Van Gieson (VVG) stains. Slides
were examined for host cell repopulation, revascularization, and inflammatory
response.
By weeks 3 and 4, all specimens were incorporated with the surrounding tissue.
Matrices were re-populated by cells, primarily fibroblasts, and multiple blood
vessels were present throughout the graft. There was a minimal inflammatory
response in the specimens consistent with normal wound healing. This study
demonstrated that within 4 weeks of implantation in an athymic nude rat model
various thicknesses of AHDmatrices, either completely or partially rehydrated,
had moderate to extensive cellular repopulation and revascularization.
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PROGRESS ON A NOVELMOISTWOUNDHEALING

DRESSING THAT PROVIDES SUSTAINED ANTIMICROBIAL

ACTIVITY AND PROTEASE INHIBITION TO SPEEDWOUND

HEALING

B. Liesenfeld1,2, G. Schultz1,2, W. Toreki2, R. Carr2, D. Moore2, C. Batich1,2, J.
Olderman2
1University of Florida, Gainesville, FL,
2QuickMed Technologies, Gainesville, FL

Quick-Med Technologies (QMT) previously reported on the development of a
dressing for the treatment of vesicant injuries following debridement under
contract [W81XWH-06-C-0024] from the US Army. This project was selected
for phase 2 funding on the basis of proof of concept research that demonstrated
antimicrobial efficacy as well as protease inhibition properties. Additionally,
wound healing is promoted through the release of growth factor (EGF).
The current design combines an intrinsically antimicrobial superabsorbent
polymer base material with sustained release of doxycycline (an antibiotic that
provides broad protease inhibition). Complementary antimicrobial activity
modes virtually preclude threats from resistant species such as MRSA or
VRE, the complete suppression of which was demonstrated for 4 7 days.
Multi-day protease inhibition was also demonstrated using AzoColl assays on
clostridial collagenase. Sustained release of EGF has been demonstrated and is
being validated by cell proliferation assay with human dermal fibroblast cells.
The complete wound dressing system is designed not only to protect injured
tissue but facilitate the rate of healing.
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HYPOTHESIS FOR THE DEVELOPMENT AND

MAINTENANCE OF CHRONIC WOUNDS

Jonathan Mansbridge, PhD
Tecellact, LLC, La Jolla, CA 92037-7107

In the first day following injury, neutrophil leukocytes rapidly invade the
wound and activate to an antimicrobial phenotype. The initial signal for this
influx is NAP-2, derived from cleavage of platelet basic protein precursor. The
influx is sustained, however, by chemokines, CXC-1, CXC-5, CXC-6 and CXC-
8 derived from fibroblasts, which are secrete in large quantities. In chronic
wounds, fibroblasts show a senescence-like phenotype. As fibroblasts reach an
analogous phenotype induced by repeated subculture in vitro, we have found
that the secretion of all 4 neutrophil chemoattractant chemokines declines. If
this occurs in vivo, the fibroblasts resident in a location liable to develop
chronic wounds are unable to sustain neutrophil infiltration sufficient to
provide adequate antimicrobial activity to prevent bacterial colonization and
growth. When tested in vitro, skin organisms such as Pseudomonas aeruginosa
are capable of forming biofilms in 10 h. Biofilms are resistant to neutrophil
attack, although neutrophils may continue to enter the wound where they
secrete proteases that degrade the extracellular matrix and prevent reepithelia-
lization. A wound that does not reepithelialize becomes chronic. Further
recruitment and activation of neutrophils causes inflammation and damages
fibroblasts, promoting senescence, without destroying the bacterial biofilms.
Under these conditions, fibroblast senescence increases and the wound becomes
more recalcitrant to intervention. The development of a senescence-like
phenotype in fibroblasts may be caused by oxidative stress in skin liable to
develop chronic wounds. The oxidative stress can be related to the underlying
disease. Thus, venous hypertension causes extravasated red cells and the release
of iron, diabetes shows increased mitochondrial free radical release and
ischemia-reperfusion and inflammation cause oxidative damage. The hypoth-
esis supports early prevention of infection, use of quorum sensor inhibitors,
neutrophil chemoattractants and debridement.
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ROLE OF NEUROINFLAMMATORYMARKERS IN

ISCHEMIC DIABETICWOUNDHEALING

Leena Pradhan, Xuemei Cai, Nicholas Andersen, Monica Jain, Junaid Malek,
Mauricio Contreras, Frank W. LoGerfo, and Aristidis Veves
Dept. of Surgery, Beth Israel Deaconess Medical Center, Harvard Medical
School, Boston, MA

Introduction: Abnormal wound healing is the key cause of Diabetic Foot
Ulceration (DFU). Dysregulation in the expression and activity of inflamma-
tory cytokines involved in the healing process, followed by reduced infiltration
and angiogenesis, can disrupt normal wound healing, contributing both to the
development of DFU and its failure to heal. Neuropeptides such as Substance P
(SP) and Neuropeptide Y (NPY) secreted from peripheral nerves are also
implicated in abnormal wound healing. The present study is designed to
investigate the role of cytokines and neuropeptides in wound healing.
Model: Diabetic and non-diabetic rabbit ears are made ischemic by interrupt-
ing dermal circulation to the left ear by ligating the rostral and central arteries.
The right ear serves as a sham. Four full thickness circular wounds are created
in both ears using a 6-mm punch biopsy. Ten days post-surgery, rabbits are
euthanized and wounds are harvested.
Analysis: Wound healing is monitored using Medical Hyperspectral Imaging
(MHSI) collected with a HyperMed Visible MHSI System (Watertown, MA).
Wounds are monitored for infiltration using histology and Q-RT-PCR and
Immunohistochemistry is used to asses the gene and protein expression of
cytokines IL-6 and IL-8, their receptors gp130 and CXCR1 respectively, and SP
and NPY.
Results: Compared to the non-diabetic controls, the ischemic wounds heal
slower, have reduced infiltration and increased pre-wounding skin gene expres-
sion of IL-6, IL-8, gp130 and CXCR1 in the diabetic rabbits. Post-wounding,
the increase in gene expression of IL-6, IL-8, gp130, and CXCR1 over the pre-
wounding baseline is reduced in diabetic rabbits compared to the non-diabetic
controls. Wounding decreased the expression of SP and NPY in both diabetic
and non-diabetic rabbits.
Conclusion: Preliminary results suggest that there is a dysregulation of immune
response to wounding in the diabetic ischemic wounds and neuropeptides are
altered in wound healing.
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DOES HBO2T CAUSE HYPOGLYCEMIA IN DIABETIC

PATIENTS? A REVIEW OF 119 DIABETIC PATIENTS

TREATED IN AMULTIPLACE CHAMBER

Irfan Qureshi MD, Katherine Gasho SSF, Liqi FanBS, and George A.
Perdrizet MD, PhD
FACS Hartford Hospital Center for Wound Healing and Hyperbaric Medicine

Introduction: There is a perception that diabetic patients are at risk for
hypoglycemic reactions while receiving HBO2 T. We therefore established a
policy of aggressive blood glucose monitoring of all diabetic patients referred to
our wound center for hyperbaric oxygen treatments to determine the incidence
and severity of this HBO2T related hypoglycemia.
Methods: Blood glucose (BG) was tested for all diabetic patients before, after
and while receiving HBO2T, by standard point of care testing methods. IRB
approval was obtained. Comparisons were made using the Student’s t-test.
Hypoglycemia is defined as a blood sugar � 60mg/dL.
Results: One-hundred and nineteen diabetic patients had BG sampled 3, 450
times over a 3-year time period (8/2003–8/2006). The mean blood sugar values
decreased from the pre-HBO2T (174� 43mg%), to the during HBO2T
(137� 36mg%) and the post-HBO2 T (157� 42mg% measurements. The
differences between the pre HBO2 T measurement and subsequent two time
points were statistically significant with po 0.04. The overall incidence of a
hypoglycemic episode was found to be 68 out of 2,068 (3.3%) blood sugar
values which occurred in 24 out of 119 (20%) patients. All hypoglycemic
episodes were asymptomatic.
Conclusion: Mean BG values are significantly elevated above normal in
patients presenting to our center for daily HBO2T. Mean BG values do
decrease during treatment, however the majority of patients remain in the
hyperglycemic range. The incidence of hypoglycemia is low and likely reflects
our policy of aggressive blood sugar monitoring and liberal administration of
glucose BG less than 70mg/dL.
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HEME OXYGENASE EXPRESSION IN HUMANWOUNDS

L.A. Gilman1, R.A. Kulina1, T. Dechert2, C.R. Pruitt1, R.G. Lewis2, and
D.R. Yager1,2
1Department of Physiology and the
2Division of Plastic & Reconstructive Surgery of the Department of Surgery,
Virginia Commonwealth University, Richmond, Virginia

Heme oxygenase is a major acute-phase protein that catalyzes the conversion of
free heme into biliverdin/bilirubin, carbon monoxide, and iron. Heme oxyge-
nase has been shown to provide important cytoprotective functions in tissues
subject to oxidative stress. Free heme possesses pro-oxidant and pro-inflamma-
tory properties whereas biliverdin/bilirubin is an extremely potent anti-oxidant
system. In addition, carbon monoxide is a vasodilator, an inhibitor of
inflammatory adhesion molecule expression, and an inhibitor of inflammatory
cell recruitment. Because of its potential importance in modulating oxidative
stress and inflammation, we examined the expression of heme oxygenase
protein in human acute healing wounds and in pressure ulcers. Histochemistry
revealed the presence of the inducible isoform of heme oxygenase (HO-1) in the
granulation tissue of human open (4mm) dermal wounds. HO-1 protein co-
localized with cells expressing CD68 suggesting expression by macrophages.
Immunoblot analysis (n=5) indicated that peak expression of HO-1 occurred
7–14 days post-wounding. This correlated with markers of neutrophil infiltra-
tion and oxidative stress. Immunoblot analysis revealed constitutive expression
of HO-2 that did not correlate with specific cells, tissues, or time. HO-1 protein
staining also co-localized with CD68 positive cells in pressure ulcers. Immuno-
blot analysis indicated that the mean level of HO-1 protein in pressure ulcers
(n=10) was significantly higher than at any time point of healing wounds. This
is the first report examining heme oxygenase expression in normal and
pathologic human wounds. The potential of this enzyme and its products to
reduce oxidative stress and inflammation makes it an appealing target.
Acknowledgments: This research was funded by the A.D. Williams Fund.
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MALIGNANCY IN CHRONIC WOUNDS

F.J. Agullo, A.A. Santillan, H. Palladino, W.T. Miller
Texas Tech University Health Sciences Center School of Medicine, Department
of Surgery, El Paso, TX USA

The prevalence of malignancy within chronic skin ulcers is low, resulting in
frequent inappropriate diagnosis and treatment. These malignancies may arise
from chronic wounds or the ulceration itself may be caused by the cancer.
Commonly, these lesions are treated as chronic wounds, leading to delayed
diagnosis and resulting in the need for more extensive surgery and increased
risk of metastasis and mortality. Three cases are presented depicting varied
pathophysiology, diagnosis, and treatment of malignancies encountered within
chronic ulcers. All cases resulted in delayed treatment, ranging between 18
months to a year, due to inadequate diagnosis and treatment as chronic
wounds. On referral, due to clinical suspicion, biopsies demonstrated malig-
nancies including melanoma, basosquamous carcinoma, and squamous cell
carcinoma. Excision and wound coverage was the mainstay of therapy.
Suspicion of malignant change should be raised with wounds that are
malodorous, crusted, ulcerated, bleeding, or have had an increase in pain or
size. Wounds that have an irregular base or margins, a change in drainage, or
exophytic growth should also be suspect and merit a biopsy. Some clinicians
advocate performing biopsies on wounds that have been present for longer than
3 or 4 months. Marjolin ulcers, giant basosquamous carcinomas, and melano-
mas are malignant entities with high metastatic potential that can present as
chronic skin ulcerations. The cases described represent extremes in the pre-
sentation of malignant transformation in chronic wounds and serve as
important reminders of the need for clinicians to aggressively evaluate and
manage chronic wounds of any etiology that follow a stagnant progressive
course. These reports highlight the possibility of malignancy in chronic wounds
and ulcers, and the importance of early identification and treatment.
Acknowledgments: No financial interests.
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RAPID HEALING OF CHRONIC LEG ULCERS BY A NOVEL

CEA

J.J. Wille1, J. Burdge2, F.O. Cope3
1Histogen LLC, Eastampton, NJ USA,
2Grant Hospital, Columbus, OH USA,
3Hy-Gene Biomedical Corporation, Columbus, OH USA

The feasibility, safety, clinical efficacy and long-term healing of chronic leg
ulcers were established using a proprietary serum-free medium to produce a
viable cultured epidermal autograft (CEA, BioplastTM) in a randomly con-
trolled and prospectively designed clinical trial. The treatment arm significantly
accelerated wound closure, rates of wound area and wound volume closure
relative to the standard of care embodied in aggressive debridement and
sustained high compression therapy. Over the 12 week clinical trial period, the
average time to wound closure was 4.2 weeks in 80% (8/10) of the CEA treated
patients with an average of 1.2 graft application per patient compared to 20%
(1/5) in the standard of care group. The one-year follow-up results extended the
percent closed wounds in the treatment group to 90% with no evident break-
down in all patients with previously closed wounds. Use of this CEA product
for recalcitrant venous ulcer wounds requires no suturing, stapling or gluing,
and wound closure is faster without risk of disease transmission, immune
rejection, and exposure to xenobiotic materials. Clinical adoption of this
cultured autograft system for recalcitrant venous stasis ulcers is recommended.
This study was initially supported by a grant from Hy-Gene Biomedical
Corporation. The patent rights to the CEA technology have been assigned to
Histogen, LLC.
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SUCCESSFUL TREATMENT OF COMPLEX DIABETIC

WOUNDS IN PATIENTS PREVIOUSLY DESIGNATED AS

AMPUTATION CANDIDATES

Brock A. Liden, DPM1, Jodi F. Hartman, MS2, and Michelle L. Wright BS2
1Circleville Foot & Ankle and Berger Health System, Circleville, OH,
2Orthopaedic Research & Reporting, Ltd., Gahanna, OH

Diabetic foot complications are the principal cause of nontraumatic lower
extremity amputations. Previous evidence suggests that up to 85% of diabetic
foot and leg amputations may be prevented with the appropriate knowledge of
risk factors and multidisciplinary treatment. The purpose of this study is to
present a multi-modal evidence-based treatment approach for the treatment of
complex diabetic wounds. Six patients (11 wounds) for whom limb amputation
was recommended by at least one other clinician sought a second opinion by the
senior author. A stepwise multi-modal treatment approach addressing ische-
mia, treating infection, and utilizing an acellular regenerative tissue matrix for
wound closure was implemented in an attempt to salvage the lower extremity.
Gender distribution consisted of 5 (83.3%) females and 1 (16.7%) male, with a
mean age of 65.5 years. The mean wound age was 21.9 weeks (8.1111.0).
Wound locations included the foot (63.6%), ankle (18.2%), and calf (18.2%).
University of Texas Diabetic Wound Classifications were 1 (9.1%) ID, 1 (9.1%)
IIC, 1 (9.1%) IID, 1 (9.1%) IIIC, and 7 (63.6%) IIID. All wounds were diabetic
and ischemic. Other co-morbidity incidences included cardiac disease (90.9%),
neuropathy (90.9%), infection (81.8%), and osteomyelitis (72.7%). Mean times
to graft incorporation, 100% granulation, and wound healing were 1.1 weeks
(0.43–2.7), 6.6 weeks (0.71–16.7), and 18.3 weeks (5.0–38.0 weeks), respectively.
The graft success rate was 90.9%. One failure resulted from repeated incidences
of patient noncompliance and infection. A graft was re-applied and the wound
subsequently healed approximately 7 weeks after reapplication. Therefore, the
healing rate was 100.0%, as all wounds healed. There were no below knee
amputations. Aggressive treatment including the use of an acellular regenera-
tive tissue matrix successfully healed complex wounds in patients for whom
limb amputation was previously recommended. This multi-modal approach
facilitates wound healing and may prevent unnecessary amputation of the lower
extremity. A grant was received by Wright Medical Technology, Inc.
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ARE NURSING HOME RESIDENTS AT-RISK FOR PRESSURE

ULCERS SUB-CLINICALLY HYPOVOLEMIC?

N.A. Stotts1, H.W. Hopf2, H.S. Wu1
1Univesrsity of California San Francisco, San Francisco, CA,
2University of Utah, Salt Lake City, UT

Perfusion is vital to the maintenance of tissue integrity and the prevention of
pressure ulcers. Yet pressure ulcer prevention has been viewed as a local issue,
where the focus has been on removal of external pressure to enhance perfusion.
Purpose: This descriptive study addressed whether nursing home residents who
are at-risk for pressure ulcers experience subclinical hypovolemia that impairs
perfusion globally.
Sample: Conducted as part of a larger study, inclusion criteria were nursing
home residents with a Braden scale score � 18, ageZ60 years, WBCZ2,000,
not receiving immunosuppressive drugs, not diagnosed with renal or heart
failure, and no acute illness in the last week.
Methods: The proxy measure for hypovolemia was subcutaneous oxygen
(PsqO2), measured with a Licox polarographic probe in the upper arm.
Hypovolemia was defined as a PsqO2 � 45mm Hg oro 20% increase in
response to an oxygen challenge with 40–60% oxygen by mask. PsqO2 was
measured on room air and then after a 20 minute oxygen challenge.
Findings: The sample was composed of 39 subjects who were primarily female
(58%), mean age 78.5 years, mean Braden scale score 13.8, and mean
hemoglobin 12.9 gm/dl, mean albumin 3.2 gm/dl, and mean BMI of 25.4 kg/
m2. PsqO2 levels on room air ranged from 11.7 to 65mmHg. When based on
room air PsqO2, 75% of the subjects demonstrated subclinical hypovolemia.
When based on the oxygen challenge PsqO2, 50% of subjects were found to
have subclinical hypovolemia. No subjects had clinical signs of hypovolemia,
including decreased blood pressure, increased heart rate, or perspiration.
Conclusion: Although the sample is small, a considerable proportion of
residents demonstrated subclinical hypovolemia. Further work needs to be
done to establish the role of correction of subclinical hypovolemia in preventing
and healing pressure ulcers in at-risk nursing home residents. This study was
funded by RO1 NR008241.
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HYPERGLYCEMIA DOESN’T SIGNIFICANTLY IMPAIR

TENSILE STRENGTH INWOUNDS OF DIABETICMICE

Entero Hyacinth Entero1, Marjana Tomic-Canic2, Andrew M. Hanflik1,
Michael Golinko, M.1, Vincent M. Wang3, H. John Fallon4, H. Paul Ehrlich5,
and Harold Brem1

1Wound Healing Program, Department of Surgery, Columbia University
College of Physicians and Surgeons, New York,
2Tissue Repair Program, Hospital for Special Surgery, Weill Medical College of
the Cornell University, New York, NY,
3Rush University Medical Center, Chicago, IL,
4Department of Pathology, Mt. Sinai School of Medicine, New York, NY,
5Department of Plastic Surgery, Penn State University, Hershey, PA

BKS.Cg-m1/1 Leprdb diabetic mice are commonly utilized for animal models
in wound healing. We hypothesized that based on multiple experiments we are
doing that these mice may not have a significant impairment in many wound
healing parameters. Young (8 week) mice n=11 and older mice (16 months)
db/db mice n=29 and 8 week wild type C57BL/6 non-diabetic (n=11)
controls. Suture-closed incisional wounds were made on the dorsum of each
animal. After 7 days the sutures were removed, and biomechanical properties
(breaking load and stiffness) were tested. When compared to young wild type
mice, neither diabetes nor age alone impaired biomechanical properties, with 16
month db/db mice showing a 42% reduction in breaking load as well as a 36%
reduction in stiffness. Despite the pronounced hyperglycemia (fasting glucose
397.0� 53.7mg/dl) in young diabetic mice, no significant differences existed
when compared to wild-type controls (fasting glucose 118.1� 4.58mg/dl).
Though there were no differences in the density of inflammatory cells, the
distance between the dermal edges of the aged db/db mice was 8.1 times greater
than that of the young wild type mice and 3.7 times greater than young db/db
mice, suggesting an enlargement of the healing site and granulation tissue
volume. Therefore, in this mouse model, hyperglycemia alone does not impair
healing, and hyperglycemia and age leads to an enlargement in the volume of
granulation tissue deposited within the wound site. Hyperglycemia alone in
BKS.Cg-m1/1 Leprdb diabetic 8 week old mice does not significantly impair
tensile strength. Furthermore, the combination of aging and diabetes resulted
in significant impairment in healing. AR45974; NR08029 (MT-C), DK0859424
(HB).
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SEQUENTIAL APPROACH OF ANTI-BACTERIAL, ANTI-

INFLAMMATORY, AND GROWTH FACTOR DRESSINGS IN

THE HEALING OF STALLED CHRONIC WOUNDS

A. Alavi1,2, P. Coutts2, M. Fierheller2, Sibbald R.G.1,2
1University of Toronto, Toronto, ON, Canada,
2Dermatology and wound healing clinic, Mississauga, ON, Canada

Background: The treatment of chronic wounds represents a major cost to
society, and has profound effects on the subjects’ quality of life.
Objectives: We evaluated the use of a sequential advanced dressing protocol
and growth factor approach to stimulate stalled chronic wounds into a healing
trajectory. This study examined the signs and symptoms of critical colonization
as a determinant of choice of dressing.
Methods: A total of 29 patients with chronic wounds (10 patients with diabetes,
10 patients with venous disease and 9 patients with miscellaneous wounds) were
treated for eight weeks with either a silver releasing hydro-alginate dressing
(Silvercel�) or an oxidized regenerated cellulose/collagen plus 1% ionized silver
(Prisma�). The first dressing choice was made based on the presence of bacterial
balance (colonization) or increased bacterial burden in the superficial compart-
ment (critical colonization). After four weeks, those with a healing trajectory
received either a Platelets derived growth factor (Regranex�) or an oxidized
regenerated cellulose/collagen (Promogran�) until complete healing or week 8.
Results: All patients completed the study. Five out of 29 patients (17%) healed.
There is not statistically significant difference between sequential and non
sequential use of dressing in this study. The healing rate was the same in three
different groups (DNFU, VSU, and Misc). Silvercel outperformed in bacterial
colonization reduction in compare with Prisma (p-value o 0.05).
Conclusion: This study suggests the use of advanced dressings with anti-
inflammatory and ionized silver components are effective in establishing a
healing trajectory in the management of critically colonized wounds. However;
sequential use needs further study. These agents are beneficial for chronic
wounds with a stalled healing trajectory.
Key words: wound, silvercel, prima, regranex, promogran, prospective.
Acknowledgments: The funding of the study is provided by Johnson and
Johnson.
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DIABETIC FOOT ULCERS IN KERMAN, IRAN:

PROSPECTIVE, DESCRIPTIVE REVIEW

A. Alavi1,2, M. Sanjari1, A. Haghdoost1, R.G. Sibbald2
1University of Kerman, Kerman, Iran,
2University of Toronto, Toronto, ON Canada

Background: Diabetes is a common chronic disease with many complications
including foot ulcers and potential non traumatic loss of a limb that causes a
considerable human suffering and pain. In Iran, over 2 million of people are
affected with diabetes mellitus and there is a high risk of amputation in this
population. We evaluated to study the feet of PWD attending an outpatient
Diabetic clinic to identify important characteristics of the foot as a guide to the
development of foot clinics and the prevention of amputations in PWD.
Methods: A prospective, descriptive, clinic-based study was conducted on 247
patients with diabetes mellitus. The objectives of the study were to define the
clinical features of the foot examination in persons with diabetes (PWD) and
the correlation of callus formation and other foot abnormalities have been
reviewed.
Results: The mean age of patients with diabetes (PWD) has been reported
52� 12. Iranian patients with diabetes are young population with more recent
onset of diabetes. The prevalence of callus in the enrolled patients was 12% and
heel cracks were noted in 50%. There was a significant relationship between
callus and presence of hammer toe, ulceration and the absence of tibialis
posterior pulse (with odd’s ratio of 4, 3, and 5 respectively). The prevalence of
foot ulcer in PWD was 4%.
Conclusion: A diabetic screening program will help to identify PWD at high
risk of ulcer formation. This program will facilitate early management to
decrease the morbidity, loss of limbs and mortality.
Key words: diabetic foot ulcer, wound, Iran, case studies, prospective, descrip-
tive, callus.
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A MULTI-CENTER RETROSPECTIVE REVIEWOF THE USE

OF A HUMAN ACELLULAR DERMAL REGENERATIVE

TISSUEMATRIX FOR THE MANAGEMENT OF DIABETIC

LOWER EXTREMITYWOUNDS

Brock A. Liden, DPM1, Christopher L. Winters, DPM2, Stephen A. Brigido,
DPM3, Melitta Simmons, DPM1, Jodi F. Hartman, MS4, and Michelle L.
Wright, BS5

This multi-center study presents the use of a human acellular dermal regen-
erative tissue matrix as an alternative treatment for 100 chronic, full-thickness
wounds of the lower extremity in 75 diabetic patients. Co-morbidities included
neuropathy (86.0%), cardiac disease (86.0%), peripheral vascular disease
(82.0%), infection (54.0%), obesity (51.0%), and osteomyelitis (37.0%).
Wound locations included the foot (86.0%), ankle (8.0%), and lower extremity
(6.0%). Mean wound age was 20.4 weeks (1.3–191.4). University of Texas
Wound classifications included 15 (15.0%) 1A, 1 (1.0%) 1B, 1 (1.0%) 1C, 2
(2.0%), 1D, 18 (18.0%) 2A, 8 (8.0%) 2B, 5 (5.0%) 2C, 3 (3.0%) 2D, 3 (3.0%)
3A, 7 (7.0%) 3B, 3 (3.0%) 3C, and 34 (34.0%) 3D. Mean time to graft
incorporation, 100% granulation, and complete healing was 1.5 weeks
(0.43–4.4), 5.1 weeks (0.43–16.7), and 13.8 weeks (1.7–57.8), respectively.
Overall graft success rate was 90.0%. One failed wound subsequently healed
approximately 7 weeks after graft reapplication. The healing rate was 91.0%, as
91 of the 100 wounds healed. No statistically significant differences were
observed between UT classifications and times to graft incorporation, 100%
granulation, and complete healing. Absence of graft-related complications and
high rates of closure in a wide array of diabetic wounds suggest that this graft is
a viable treatment for complex lower extremity wounds. Lack of any statisti-
cally significant differences between UT grades and wound outcome endpoints
lends further support to the universal applicability of this graft, with successful
results in both superficial diabetic wounds and in wounds penetrating to the
bone or joint. A grant was received by Wright Medical Technology, Inc.
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WOUND COMPLICATIONS FOLLOWING SURGICAL

REVASCULARIZATIONOF THE LOWEREXTREMITY: ROLE

FOR HBO2T

Irfan Qureshi MD, and George A. Perdrizet MD, PhD
FACS Hartford Hospital Center for Wound Healing and Hyperbaric
Medicine, University of Connecticut, Hartford, CT

Introduction: Vascular surgery for patients with critical limb ischemia is a
common practice. Successful surgery is often accompanied by improved blood
flow to the foot at the expense of creating a surgical wound in a compromised
lower leg. Hyperbaric oxygen therapy (HBO2T) may offer an option to assist
the healing of these surgical wounds.
Methods: Case report
Results: A 71 y white male with Type II diabetes mellitus and a surgical wound
dehiscence of a right tibial bypass site presents to the hospital two months
following successful in situ saphenous vein bypass graft from the popliteal
artery to the distal anterior tibial artery for an ischemic right foot and
gangrenous toes. Post-operative day 30, the distal surgical wound dehisced
with exposure of the arterialized venous graft. Local wound care, bed rest and
systemic antibiotics and surgical options for closure had failed. The distal ray
amputation sites were healing, reflecting the success of the revascularization
procedure. HBO2T was initiated on post-operative day 46 (2.4 ATA,
90min.qd). Comprehensive wound care techniques were implemented includ-
ing local moist wound care, topical antimicrobial ointment, nutritional therapy
and tight blood sugar control. By the 20th treatment granulation tissue began to
appear within the wound bed and the patient was successfully closed with a
split-thickness skin graft one week following completion of HBO2T. At 11
months follow up the patient is alive and well with a patent bypass graft and
intact skin graft.
Conclusions: HBO2T was used to successfully treat wound healing complica-
tions associated with high risk peripheral vascular surgical procedures.
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ELECTROSPUN FIBRINOGEN AND FIBRIN NANOFIBERS

FOR ANGIOGENESIS IN VITRO

Tatjana Morton1, Lila Nikkola2, Nurredin Ashammakhi2, Susanne Wolbank3,
Anja Peterbauer1, Martijn van Griensven1, Heinz Redl1
1Ludwig Boltzmann Institute for Experimental and Clinical Traumatology,
Vienna, Austria,
2Tampere University of Technology, Institut of Biomaterials, Tampere,
Finland,
3Red Cross Blood Transfusion Service of Upper, Linz, Austria

Introduction: Electrospinning has been recognized as an efficient technique for
the fabrication of polymer nanofibers. It uses an electric field to control the
deposition of polymer fibers onto a target substrate. This electrostatic proces-
sing strategy can be used to fabricate fibrous polymer mats composed of fiber
diameter mostly between 100 nm and 3 mm. In this study, we describe electro-
spinning of fibrinogen and fibrin nanofibers in an attempt to create biomimick-
ing tissue-like material in vitro for use as a tissue scaffold for angiogenesis.
Materials and Methods: We have used lyophilized human fibrinogen of the
product Tisseels VH (Baxter AG, Austria) to demonstrate fibrinogen and
fibrin electrospinning. Fibrinogen dissolved in 1,1,1,3,3,3-hexafluoro-2-propa-
nol and sodium chloride solution was electrospun under various conditions. To
create fibrin nanofibers a mixture of solved fibrinogen and thrombin was spun.
The quality of electrospun fibers were analyzed by scanning electron micro-
scopy (SEM) and gelelectrophoresis. For in vitro tests sterile matrices were
seeded with human adipose derived stem cells cultured in DMEM/Ham’s F-12
medium for 14 days.
Results and Discussion: Electrospun fibers of fibrionogen and fibrin were
processed for scanning electron microscopy (SEM) evaluation and analyzed
by native gelelectrophoresis. Because of their small diameters, fibers are more
attractive for cell attachment. Their similarity in size to native extracellular
matrix components and the 3-dimensional structure allows cells to attach to
several fibers in a more natural geometry. In addition seeded cells showed
different proliferation patterns on matrices containing growth factors in
comparison on nanofibers without additives. From the results of this study we
think that it may be possible to construct fibrous scaffoldings composed of
nanofibers for tissue engineering and wound repair using the process of
electrospinning with fibrinogen or fibrin. With the electrospinning process,
structures of various shapes and sizes can be constructed to get 3-dimensional
appropriate scaffolds for specific use.
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AN EVALUATION OF HYPEROXYGENATED FATTY ACID

(HOFA) AND ITS EFFECTS ON THEMICROCIRCULATORY

AND BARRIER PROPERTIES OF THE SKIN

F. Muniz, D. Brett
Smith & Nephew Wound Management Division, Largo, FL, USA

Introduction: HOFA is a technology based on the introduction or saturation of
peroxides into fatty acid esters via the presence of ultraviolet light and
controlled temperatures. During the manufacturing process, oxygen is intro-
duced by bubbling oxygen through natural oils at a specific temperature over
time until the oil viscosity increases and the peroxide value is achieved. The use
of this product has been adopted as a method of preventing pressure ulcers and
treating circulatory insufficiencies. It is felt that this therapy is effective due to
the release of free oxygen thus promoting microcirculation at the site of
application. Improvements in local microcirculation, barrier properties, elasti-
city, moisturization levels, etc., of the skin have provided clinical evidence to the
efficacy of HOFA.
Methods: Microcirculation evaluated via Laser Doppler, Transepidermal
Water Loss (TEWL) evaluated via Servo Med EP2 Evaporimeter and Moistur-
ization Value evaluated via Nova DPM 9003.
Results: Microcirculation –an increase of 28% microcirculation was achieved
after application of HOFA to skin. Transepidermal Water Loss (TEWL) - a
reduction of the TEWL was achieved after application of HOFA to skin.
Moisturization Value- an increase in the level of moisturization was achieved
after application HOFA to skin. Note: all data were generated against a control
of no HOFA treatment.
Discussion: Based upon a preliminary evaluation of the HOFA technology/
therapy, data shows evidence of a physical response to the application of
HOFA to the skin. As a result, an increase in microcirculation, moisturization
and a reduction of TEWL were noticed after application. This investigation
opens opportunities to further study the benefit of this technology/therapy as a
potential pressure ulcer prevention therapy as well as a therapy to improve the
barrier properties of the skin.
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ULTRASTRUCTURAL LOCALIZATION OF INTEGRIN

SUBUNIT BETA 4 AND ALPHA 3 WITHIN THEMIGRATING

EPITHELIAL TONGUE OF IN VIVOHUMANWOUNDS

Robert A. Underwood1, Marcia L. Usui1, William G. Carter2,3, John E.
Olerud1
1Department of Medicine (Dermatology), University of Washington, Seattle
WA, USA,
2Department of Pathology, University of Washington, Seattle WA, USA,
3Fred Hutchinson Cancer Research Center, Seattle WA, USA

Subsequent to wounding, keratinocytes must quickly restore barrier function.
In vitro wound models have served to elucidate many cellular mechanisms of
wound closure. To evaluate the roles of associated integrins alpha 6 beta 4 and
alpha 3 beta 1 in vivo, we used ultrathin cryomicrotomy to concomitantly
observe tissue ultrastructure and immunogold localization in unwounded skin
in 1 to 2 day human cutaneous wounds. Localization of the beta 4 integrin
subunit in unwounded skin shows expected dominant hemidesmosomal asso-
ciation and minor lateral basal cell-cell expression. Beta 4 in the migrating
epithelial tongue localized to both lamellipodia and filopodia in juxtaposition
to wound matrix. Increased concentrations of beta 4 were found in cytoplasmic
vesicles within a subset of leading edge keratinocytes. The alpha 3 integrin
subunit showed strong association with filopodia but not lamellipodia, and was
dominantly localized to basal lateral cell-cell junctions in unwounded skin and
both cell-cell and cell-matrix interactions in wounded skin. In vivo ultrastruc-
tural localization of integrin subunits beta 4 and alpha 3 supports the
hypothesis, based on in vitro studies, that beta 4 has a multifunctional
involvement in stable adhesion and transient adhesion within actin rich
lamellipodia and filopodia and may follow a different endosomal trafficking
pathway than the alpha 3 integrin subunit. George F. Odland Endowed
Research Fund, NIH DK 59221, NIH EB 004422, NSF EEC 9529161
[University of Washington Egineered Biomaterials (UWEB)].
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CXCR3� /� MICE DISPLAY A DYSFUNCTION IN

BASEMENTMEMBRANE REMODELING AND DELAY IN

RE-EPITHELIALIZATION DURINGWOUNDHEALING.

Diana Whaley, Cecelia C. Yates, Wayne W. Hancock, Bao Lu, Joseph
Newsome, Patricia A. Hebda, Alan Wells
Department of Pathology and Otolaryngology, University of Pittsburgh and
Pittsburgh VAMC

Wound healing results from a complex and dynamic series of biological events
that require several growth factors, chemokines and matrix components to
signal in a synchronize manner. We have found that this process is at least in
part mediated by ELR-negative chemokines acting through the common
receptor CXCR3. We have previously shown that in the absence of CXCR3
signaling, full thickness excisional wounds exhibited a significant delay in
dermal healing, poor remodeling, and diminished reorganization of collagen
that impacted the dermal strength. However, the status of dermal maturation
communicates with epidermal healing.
To examine CXCR3 role in re-epithelialization and the re-establishment of the
dividing basement membrane in wound repair, full thickness excisional wounds
were created on CXCR3 wild type (1/1) and knockout (� /� ) mice. Wounds
were histologically analyzed for re-epithelialization at various days postwound-
ing. Production of extracellular matrix components such as laminin, Type IV
collagen, fibronectin, and tenascin, involved in formation of basement mem-
brane, was analyzed immunohistochemically at days 7, 14, 21, 30, 60, and 90
postwounding. We have demonstrated that the loss of CXCR3 signal not only
results in a delay in the re-epithelialization process but an altered expression of
many key basement membrane components implicated in wound repair. These
results suggest that CXCR3 and its ligands may play an important role in
directing the reconstruction of the basement membrane and modulates re-
epithelialization. These studies further establish the emerging signaling network
that involves the CXCR3 chemokine receptor and it ligands as a major
regulator of wound repair.
These studies were supported by grants from the National Institute of General
Medical Science of the National Institutes of Health (USA).
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OXYGEN APPLICATION TO RATWOUNDMODEL

P. Sloan1, M. Evancho-Chapman2, N.A. Haller1, J.A. Fulton1
1Akron General Medical Center, Akron, OH USA,
2Summa Health System, Akron, OH USA

Wound oxygenation is known to be critical for proper wound healing, but the
precise mechanisms of action of oxygen have not been entirely elucidated. The
expense of hyperbaric oxygen and the awkwardness of topical oxygen treat-
ment have prevented widespread use of animal models to test oxygen applica-
tion to wounds over an extended period of time. However, a new technology
developed by the Ogenix Corporation (Beachwood, OH) can deliver oxygen
continuously via a small catheter at a rate of 3ml/hr. The aim of this study was
to develop a method to test the innovative Ogenix EpiFLOSD device on a full
thickness dorsal rat wound model for seven consecutive days. In order to
provide continuous oxygen delivery to the wound while allowing the animal
freedom of movement, the EpiFLOSD device was connected with a catheter to a
swivel/tether unit. This unit in combination with suture, Super Glue (Super
Glue Corp.), TegadermTM (3M), New-Skins (Medtech), DuoDERMs (Con-
vaTec), and a cloth tape jacket prevented the rat from disturbing the airtight
delivery of oxygen. Successful completion of initial studies have indicated that
wounds treated with EpiFLOSD oxygen delivery were more contracted and
showed more epithelialization than control wounds. The use of this model for
further testing will allow better characterization of the role of oxygen in the
wound healing process.
Acknowledgments: Funding was provided by the Ogenix Corporation, Beach-
wood, OH.
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NUTRITIVE AND THERMOREGULATORY SKIN BLOOD

FLOW IN HEALTHY YOUNG ANDMIDDLE-AGED ADULTS

D.D. Wipke-Tevis, Molly C. Kea, Donna A. Williams
MU Sinclair School of Nursing, University of Missouri, Columbia, MO

Non-invasive measurement of the skin microcirculation is a useful tool for
wound healing clinicians and researchers. Although skin microvascular func-
tion has been examined in older adults, the influence of normal aging on skin
microcirculation in the absence of disease has not been explored adequately in
middle-aged adults. This study investigated the effect of age on baseline resting,
skin temperature (Ts), transcutaneous skin O2 (PtcO2) and CO2 (PtcCO2), and
skin blood flow (SBF, laser Doppler flux (LDF)=concentration of moving
blood cells (CMBC)� velocity (u)) in the lower extremities of healthy adults.
We hypothesized the following: Ts, PtcO2, and LDF would be lower while
PtcCO2 would be higher in middle-aged compared to young adults. 110 healthy
adults participated: 56 young (23.6� 4.1 yrs) and 54 middle-aged
(57.4� 6.4 yrs). Subjects were evaluated to verify they had no history of anemia,
autoimmune, cardiovascular, diabetes mellitus, peripheral vascular, pulmon-
ary, or renal disease. All subjects drank 500cc of bottled H2O to bring them to a
baseline hydration status. Subjects reclined supine for 30minutes in a climate
controlled laboratory. Ts and heated (43 1C) PtcO2/PtcCO2 and heated (43 1C)
LDF sensors were placed on each lower leg and dorsum of both feet. Baseline,
resting supine values were obtained 30minutes after sensor application. Data
were analyzed using Wilcoxon Rank Sum test and are presented as mean -
standard deviation. Lower extremity PtcO2 was higher in younger
(74.2� 11.6mmHg) compared to middle-aged subjects (67.3� 10.8mmHg,
P=0.001). Ts (32.2� 1.0 vs 32.1� 1.1 1C), PtcCO2 (39.0� 7.2 vs 36.4
� 4.3mmHg), and heated LDF (110.7� 36.2 vs 106.6� 31.4 a.u.) were not
different for young and middle-aged adults, respectively (P4 0.05). These data
suggest that nutritive skin blood flow (as measured by PtcO2) is lower during
middle-age, while thermoregulatory skin blood flow (as measured by LDF)
remains unchanged. This study establishes normative, baseline skin microcir-
culation data for healthy middle-aged adults. Supported by AHA Heartland
Affiliate Beginning Grant-in-Aid 0160286Z, the National Institute of Nursing
Research R01 NR05280 and the MU Sinclair School of Nursing Under-
graduate Summer Research Program.
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GLYCEMIC CONTROL DOES NOT AFFECT HEALING IN

OLDERMICEWITH DIABETES

Andrew M. Hanflik1, Marjana Tomic-Canic, PhD2, Vincent M. Wang, PhD3,
Hyacinth Entero, BA1,2, John Fallon, MD, PhD4, H. Paul EPPaul Ehrlich,
PhD5, Michael Golinko, MD1 and Harold Brem, MD1

1Wound Healing and Vascular Biology Laboratory, Department of Surgery,
Columbia University College of Physicians and Surgeons, New York, NY
2Tissue Repair Program, Hospital for Special Surgery, Weill Medical College of
the Cornell University, New York, NY
3Rush University Medical Center, Chicago, IL
4Department of Pathology, Mt. Sinai School of Medicine, New York, NY
5Department of Plastic Surgery, Penn State University, Hershey, PA

Little work has correlated the effects of hyperglycemia on wound healing in the
older population. We sought to examine the relationship between glycemia and
healing in older female (16 month) db/db mice, and aged matched C57BL/6
controls. As predicted, db/db mice achieved and initially maintained gross
hyperglycemia, but after 12 months in our facility, distinct glycemic groups
emerged (Based on HbA1C and fasting glucose) (po 0.001 between all groups).
Groups were examined separately, and termed aged normoglycemic (HbA1c-
3.2%� 0.4 fasting glucose-76.7mg/dL� 16) (n=11), aged border-line glyce-
mic (4.7%� 0.7 and 180.7mg/dL� 41) (n=11), and aged hyperglycemic (7.8
�%11.0 and 459.2mg/dL� 88) (n=7). Suture-closed incisional wounds
were made on the dorsum of each animal, the sutures were removed at 7 days.
Breaking load, stiffness, epithelialization, and granulation tissue deposition
were quantified. When compared to wild type mice, wound samples from each
of the diabetic groups demonstrated significant increases in granulation tissue
deposition (Relative Distance Units) (wild type � 2.80� .24 vs. normoglyce-
mic � 10.35� .88, borderline � 11.36� .54, hyperglycemic 9.59� .72), but
deceases in both stiffness (wild type � 1.23� .27 N/mm vs. normoglycemic-
0.72� .32 N/mm, borderline � 0.76� .25 N/mm, hyperglycemic 0.65� .27 N/
mm) and tensile strength (Control- 4.32� .98 N vs. normoglycemic- 1.68� .61
N, borderline-2.20� .81 N, hyperglycemic 1.83� .51 N). Older mice with
diabetes produced a greater amount of granulation tissue, but functionally
deficient. Glycemia was not associated with any significant differences in the
quantity or quality of healing. This suggests that the combination of age and
db/db genotype act synergistically to impair healing, independent of the
glycemic state. This data affirms the hypothesis that the deleterious effects of
diabetes cannot soley attributed to hyperglycemia but can only be explained as
accumulation of secondary effects (e.g. persistent hyperglycemic and/or adip-
osity). AR45974;NR08029 (MT-C), DK59424 (HB).
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EFFECT OF SMOKING, ABSTENTION AND NICOTINE

PATCH ON EPIDERMAL REGENERATION ANDMMP-1 AND

MMP-8 IN SUCTION BLISTER FLUID

Lars Tue S�rensen1,2, Rikke Zillmer1, Finn Gottrup1
1Copenhagen Wound Healing Center and,
2Department of Surgical Gastroenterology, Bispebjerg Hospital, University of
Copenhagen

(Poster will not be displayed)

Background: Clinical studies suggest that wound healing in smokers is delayed
compared to non-smokers, but the cellular mechanisms remain unknown.
Objective: The aim was to assess the effect of smoking, abstention and
transdermal nicotine patch (TNP) on suction blister (SB) formation, epidermal
regeneration and MMP-1 and MMP-8 levels in suction blister fluid (SBF).
Methods: SB were raised on the skin of the medial upper arm in 48 smokers,
who smoked a standardized pack of cigarettes per day, and in 30 never smokers.
SBF was retrieved and transepidermal water loss (TEWL) was measured
following wounding and after 2, 4, and 7 days. Hereafter the smokers were
randomized to continuous smoking or abstinence with nicotine patch or
placebo. SB, SBF retrieval and TEWL were repeated after 4, 8, and 12 weeks.
MMP-1 and MMP-8 in SBF were assessed by ELISA. Random-effects models
were applied for repeated measurements. Level of significance was p � 0.05.
Results: A total of 175 SB were raised, 80% in smokers, 96% in never smokers,
78% in abstainers using TNP, and 100% in abstainers using placebo (po 0.05).
Smokers used 75.4� 3.9min to raise SB and never smokers 91.6� 6.2
(p=0.01). TEWL was attenuated by 62% compared to never smokers
(po 0.01). No effect of abstention was found. MMP-8 in smoker’s SBF was
22.6 (1.2–135.8) ng/ml [median, range] compared to 7.0 (0.7–68.4) ng/ml in
never smokers (po 0.01). Abstinent smoker’s MMP-8 level was 11.4 (1.3–90.0)
(p=0.02). No effect of TNP was found. MMP-1 was unaffected by smoking or
abstention.
Conclusion: Smoking and TNP impair the ability to raise SB and smoking, but
not TNP, accelerate the process. The reason for this finding is unclear.
Epidermal regeneration is delayed by smoking and not improved by abstention.
MMP-8 in SBF is enhanced by smoking and restored by abstention indepen-
dent of TNP, whereas MMP-1 is unaffected by smoking.

134

FLAP OXYGEN AND PERFUSION IN VENOUS

COMPROMISE

M.L. Gimbel1, M.D. Rollins2, E. Fukaya2, H.W. Hopf3
1University of Pittsburgh, PA, USA,
2University of California, San Francisco, CA, USA,
3University of Utah, Salt Lake City, UT, USA

Free flap failure often results from venous thrombosis. We developed a flap
model of graded venous obstruction and evaluated 3 noninvasive devices.
Myocutaneous flaps (4� 8 cm; n=9) were elevated in rabbits. Arterial inflow
was measured with a quantitative volumetric Doppler probe. A pedicle vein
branch was cannulated to measure venous pressure. Flaps were assessed with
transcutaneous O2 and CO2 (PtcO2/PtcCO2), near-infrared spectroscopy
(NIRS), and scanning laser Doppler imaging (LDI). A ligature created partial
or full venous obstruction. Partial venous obstruction was applied for 25min
(mean 13.5� 2.2mmHg; range 10–20mmHg), then full obstruction for 25min
(mean 39.1� 7.4mmHg), and then release from obstruction for 25min.
Measurements were recorded every 5min.Data were analyzed using Friedman’s
repeated measures test for nonparametric data with Dunnet’s Test post hoc
analysis. Arterial flow decreased significantly with both partial (po .01) and
full venous obstruction (po .01), and remained below baseline even after
release (po .05). PtcO2, PtcCO2, NIRS, and LDI all changed significantly
with full obstruction. Only LDI decreased significantly (po .01) with partial
obstruction. After release from venous obstruction, NIRS (po .01) and LDI
(po .05) remained below baseline, mirroring the decrease in arterial inflow,
while PtcO2 increased above baseline (po .01). We successfully established a
partial venous outflow obstruction flap model. All devices tested were capable
of detecting full occlusion. Only LDI detected partial occlusion. NIRS demon-
strated the least inter-flap variability.
Acknowledgements: Funded in part by NIH NIGMS P50 GM27345; NIRS
device provided by Vioptix, Inc.
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TOPICALLY APPLIED SILICONE GEL OINTMENT

(KELO-COTE) CAN SIGNIFICANTLY REDUCE SCARRING IN

A RABBIT EAR MODEL

Shengxian Jia, Xianzhong Ding, Thomas A. Mustoe
Wound Healing Research Laboratory, Northwestern University, Chicago,
Illinois, USA

Purpose: The purpose is to determine effects of topically applied silicone gel
ointment (Kelo-cotes) on the inhibition of scar formation in surgically
wounded rabbit ears.
Methods: Seven-mm full-thickness dermal punches were created on the inner
surface of New Zealand White rabbit ear down to bare cartilage. Kelo-cote
silicone gel was applied on the surface of epithelialized wounds from post-
wounding day (POD) 14 for 14 days. The scars harvested at POD 35 for
histological analysis.
Results: There are significant differences between Kelo-cote-treated and con-
trol groups in all 8 dermal and epidermal parameters including (1) area; (2) scar
elevation index; (3) area of hypertrophic part of scar; (4) peak thickness of scar;
(5) relative peak thickness of scar; (6) peak thickness of scar epidermis; (7)
relative peak thickness of scar epidermis; (8) area of scar epidermis.
Conclusion: Topical application of Kelo-cotes can significantly reduce scar-
ring on both dermis and epidermis. This study was supported by a grant of the
senior author, T.A. Mustoe, funded by Advanced Bio-Technologies Incorpora-
tion.
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THE ABILITY OF ONION EXTRACT GEL TO IMPROVE

HEALING AND COSMETIC APPEARANCE IN

POSTSURGICALWOUNDS

Zoe Diana Draelos MD
Wake Forest University School of Medicine, Wake Forest University,
Winston-Salem, North Carolina

Superior wound healing with excellent cosmesis is critical in superficial dermal
wounds created when cosmetically unacceptable lesions are removed from the
body. Dermatologists frequently remove seborrheic keratoses, nevi, and angio-
mas from the body with a superficial shave excision. The excision is designed to
minimize dermal scarring while removing the unsightly skin growth. This study
was undertaken to evaluate the ability of an onion extract gel to improve wound
healing and cosmetic appearance in these superficial dermal wounds. 42
subjects with symmetrical seborrheic keratoses at least 8mm in diameter on
the right and left upper chest were enrolled. The lesions were removed by a
scalpel shave following local anesthesia with 2% lidocaine plus epinephrine.
The surgical sites were allowed to heal for three weeks at which time the subjects
returned to the research center for randomization to either the onion gel
treatment group or the no treatment group. 27 subjects in the active treatment
group were further randomized as to the site of study product application. 13
subjects applied the onion extract gel 3 times daily to the right upper chest
wound and nothing to the left upper chest wound. 14 subjects applied nothing
to the right upper chest wound and the onion extract gel 3 times daily to the left
upper chest wound. The remaining 15 control subjects applied nothing to either
wound. Subjects returned to the study center at weeks 3, 4, 6, and 10 for
photography, subject and investigator wound assessment, dermospectrophoto-
metry, transepidermal water loss, and skin elasticity assessments. This study
utilized visual and noninvasive engineering assessments to follow the progres-
sion of wound healing with and without the onion gel treatment. This work was
funded by an unrestricted educational grant from Merz.
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OCCLUSION DECREASES HYPERTROPHIC SCARRING IN A

RABBIT EARMODEL

K.D. O’Shaughnessy, N.K. Roy, T.A. Mustoe
Wound Healing Research Laboratory, Division of Plastic Surgery, Department
of Surgery, Northwestern University Feinberg School of Medicine, Chicago, IL

Introduction: Previous studies in our laboratory have shown a reduction in
hypertrophic scarring by silicone gel sheet occlusion. We hypothesize that the
decrease in scar formation is due to hydration sensed by the epidermis and
therefore occlusion of a wound after epithelization is complete will decrease
scar formation, regardless of which occlusion material is used.
Methods: In an established rabbit model of hypertrophic scarring, 7mm ear
punch wounds were created in 8 rabbits. The rabbits were divided into four
groups and wounds were occluded with Kelocote, Cavilon, Indermil or tape
stripping on days 14–28. Each rabbit served as its own internal control. All
wounds were harvested on day 28 and examined histologically to measure the
scar elevation index (SEI), epithelial thickness and cellularity. Ultrastructural
analysis was performed by electron microscopy.
Results: Kelocote, Cavilon and Indermil all significantly decreased SEI when
compared to hypertrophic scar controls. Tape stripping significantly increased
the SEI, epithelial thickness and cellularity. Under EM, the tape stripped
wounds displayed extensive intercellular edema, intracellular vacuoles, migra-
tory inflammatory cells and dense collagen. Both unwounded skin and occlu-
sion treated scars did not display these characteristics.
Conclusions: Hypertrophic scarring was reduced regardless of occlusive meth-
od used. Furthermore, repeated disruption of the permeability barrier by tape
stripping lead to epidermal hyperplasia. This may be due to increased DNA
synthesis within the basal cell layer in an attempt to restore homeostasis within
the keratinocytes. Intercellular edema of the basal cell layer and intracellular
vacuoles seen in unoccluded and tape stripped wounds indicate inflammation
and keratinocyte damage. Occluded wounds may be in an advanced state of
wound repair returning to almost normal states of ultrastructure compared
with untreated or tape stripped skin. Occlusion may mimic the intact stratum
corneum and mediate its effects by hydration which is sensed by the epidermis.
This study was supported by an NIH grant awarded to T.A. Mustoe

138

DERMAL FIBROBLASTS FROM RED DUROC AND

YORKSHIRE PIGS EXHIBIT INTRINSIC DIFFERENCES IN

THE CONTRACTION OF COLLAGEN GELS

I. de Hemptinne, C.L. Gallant-Behm, C.L. Noack, D.A. Hart
University of Calgary

Previous studies have shown that the Yorkshire (Y) pig is an ideal model for
skin wound healing, while red Duroc (RD) pigs form hyperpigmented,
hypercontracted scars similar to human hypertrophic scars (1–4). In order to
assess potential intrinsic differences in fibroblast phenotypes, the contraction
ability of ventral and dorsal dermal fibroblasts from Y and RD pigs was
determined in vitro. Cells were isolated from juvenile female pigs using
standard methods, propagated, and incorporated into collagen gels. Briefly, a
solution containing bovine collagen was combined with the isolated fibroblasts
over a dose range of 5� 104–5� 105 cells/ml. The collagen was neutralized,
distributed into 24 well plates and allowed to solidify at 37 1C. Base media
(containing 2% FBS), or media with 10% FBS, 1 or 10 ng/ml TGFb1 was
added to each well and the matrix left for 24 hours before being released. The
gels were photographed at 0, 6, 24, 30 and 48 hours post-release time, and the
degree of contraction was quantified. The final contraction levels were depen-
dent on cell density and serum concentration for all cell types. The rates of
contraction of RD dorsal fibroblasts were significantly greater than those for Y
dorsal fibroblasts. The initial contraction rates for ventral fibroblasts were
higher than dorsal fibroblasts for both breeds. Supplementation media with
1–10 ng TGFb1 led to modest alterations in contraction rates, except for Y
ventral cells where contraction was significantly increased. These fibroblast-
populated collagen matrix contraction studies revealed intrinsically different in
vitro responses with fibroblasts from the two breeds of pig. The findings also
indicate that at least some of the abnormal skin healing phenotype of RD pigs
may be attributable to these intrinsic differences in cellular behavior between
the breeds, and possibly yet to be identified mediators released during healing.
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CRYOPRESERVED AMNIOTIC MEMBRANE RELEASES

ANGIOGENIC FACTORS

S. Hennerbichler1,2,3, B. Reichl1,2,3, S. Wolbank2, J. Eibl3, C. Gabriel2, H. Redl1
1Ludwig Boltzmann Institute for Experimental and Clinical Traumatology,
Linz-Vienna, Austria,
2Red Cross Blood Transfusion Service of Upper Austria, Linz, Austria,
3Bio-Products & Bio-Engineering AG, Vienna, Austria

Preserved amniotic membrane is used in the field of ophthalmology and wound
care due to its supporting properties. Typically, amnion is used in a glycerol
preserved or freeze dried state. As we have shown previously, under such
conditions the majority of cells are dead, while preserving amnion in fresh or
frozen state under optimised conditions more than 20% of cells can be
preserved. Therefore we investigated which growth factors (GF) and cytokines
are released from cells in viable amnion to the culture medium. Fresh and
cryopreserved amnion was incubated for 48 h in protein free medium and the
medium afterwards screened for GF using a protein array system. Amnion was
also tested for viability and microbiological contamination. The amniotic
membrane was viable and sterile over the 48 hour period and the medium
contained GF and cytokines. Of the 20 protein spots on the array, the following
gave positive signals – Angiogenin, GRO, IL6/8, MCP-1, TIMP1/2, IGF-1.
Several growth factors and cytokines are released from cryopreserved amniotic
membrane which may be responsible for its supportive properties in tissue
regeneration. This work was partially supported by the Lorenz Böhler Fonds.
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ENZYMATIC DEBRIDING AGENTS ARE SAFE IN WOUNDS

WITH HIGH BACTERIAL BIOBURDENS AND STIMULATE

HEALING

R.E. Salas, MD, D. Naidu, MD, F. Ko, BS, M.C. Robson, MD, G. Donate,
DPM, T.E. Wright, MD, W.G. Payne, MD
Institute for Tissue Regeneration, Repair, and Rehabilitation Bay Pines VA
Medical Center Bay Pines, Florida

Historically, proteolytic enzymes were reported to be unsafe in wounds with
significant bacterial bioburden unless used in conjunction with topical anti-
microbials. This study evaluated the two most frequently used enzymatic
debriding agents, collagenase and papain-urea in a rodent model of a chroni-
cally infected granulating wound. Fifteen rats underwent a 30% TBSA dorsal
scald burn and were inoculated with 5� 109 E. coli. On the 5th post-burn day,
escharectomies were performed leaving a granulating wound with 4 108 bac-
teria/gm. of tissue. The wounds were treated with collagenase, papain-urea, or
saline dressings as a control. Every 72 hrs., wounds were traced for planimetry
and biopsied for quantitative bacteriology. Collagenase and papain-urea
statistically decreased the bacterial counts in the infected wounds compared
with the control (Po 0.05). They also accelerated wound closure in this model
compared with the control (Po 0.01). In conclusion, the common enzymatic
debriding agents appear safe and beneficial even in wounds with high tissue
levels of bacteria.
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NITRIC OXIDE SYNTHASE INHIBITION REVERSES

SUBSTANCE PMEDIATED ACCELERATION OFWOUND

CLOSURE

Cheng yu Xie MD, Qiang Wang MD, Lara Muffley BS, Carina Morningstar
BA, Nicole S. Gibran MD
University of Washington Department of Surgery

Introduction: Substance P (SP), a proinflammatory neuropeptide released from
sensory nerves modulates response to cutaneous injury. We have shown that
topical SP shortens time to wound closure in congenitally diabetic (db/db) mice
compared to NaCl. Since SP regulates cellular nitric oxide (NO) levels wanted
to determine the role of NO in SP mediated responses to injury wound healing
in db/db and db/� mice.
Methods: Two full-thickness 6-mm punch biopsy wounds were created on the
dorsal surface of 36 db/db mice and 36 heterozygous db/– mice following
anesthesia. mice. Nitrate levels were measured in the uninjured skin using
Greiss reagents. Wounds were randomized to receive daily (days 0–6) topical
application of either normal saline (NS), SP (10� 6M), L-NAME (non-specific
NOS inhibitor; 10� 4M) or SP (106M) with L-NAME (10� 4M). Wounds were
photographed on PODs 0, 3, 7 and 10 and were measured using computer
assisted image analysis by two blinded observers. Results were analyzed using
ANOVA. Significance was accepted at po 0.05.
Results: NO levels were lower in uninjured skin from the db/db mice (1.9 mM/
L/mg compared to the db/- mice (2.6 mM/L/mg; po .001). At POD 10, SP
treated db/- mice wounds (0.04 cm2) were smaller than NaCl treated wounds
(0.06; po .05). Whereas L-NAME alone (0.08 cm2) did not change wound
closure compared to NaCl, L-NAME negated any benefit of SP on wound
closure (0.07 cm2; p=0.01). At POD 10, db/db wound size was not altered with
any treatment compared to NaCl.
Conclusions: These data suggest that SP acceleration of wound closure in non-
diabetic mice wounds at POD 10 may be mediated by nitric oxide. This work
was supported by NIDDK R01DK58007 and NIGMS R01GM56483
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RAPID AND EASYMETHODS FOR DETECTION OF WOUND

INFECTIONS

U. Bhat1, N. Gul1, J.S. Graham2, and S.M. Milner1
1Johns Hopkins Burn Center/Michael D. Hendrix Burn Research Center,
Baltimore, Maryland USA,
2U.S. Army Medical Research Institute of Chemical Defense, Aberdeen
Proving Ground, USA

Infection remains one of the major causes of delay in wound healing and
development of sepsis. The rapid detection of pathogens in burns and other
type of wounds are critical for ensuring the early treatment strategy to prevent
such complications. Traditional methods to detect wound bacteria often rely on
time-consuming growth in culture media, followed by isolation, biochemical
identification, and sometimes serology. Therefore, we have surveyed current
technology for available rapid and easy methods for detecting infections
including miniaturized biochemical kits, antibody- and DNA-based tests, and
assays that are modifications of conventional tests. With the exception of a few
kits where results can be read in 15 minutes, most require 4–24 hrs. While DNA-
based assay formats mainly use PCR techniques for detecting pathogens, the
highly specific binding of antibody to antigen, especially monoclonal antibody
has facilitated the design of a variety of antibody based assays. Almost all rapid
methods are designed to detect a single target, which makes them ideal for quick
screening for the presence of a particular pathogen or their products. But, in
real sense, rapid methods still lack sufficient sensitivity and specificity for direct
testing; hence, a positive result quite often needs to be confirmed by standard
methods. Recent developments in lateral flow technology have been utilized by
Binax, Inc. to detect Streptococcus pyogenes and Staphylococcus aureas, and
Pocket Dignostics, UK to dectect sevreal plant pathogens. Analysis takes only
15 minutes, is easy to perform and is highly specific for these pathogens. We
conclude that it is possible to develop similar devices for other pathogens and
can be adapted for identification of wound pathogens. Such kits will have great
advantage in the physician’s office where identification of infection can be made
during a patient’s visit so that a suitable treatment strategy can be recom-
mended.
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DO HAIR FOLLICLE FIBROBLASTS HAVE A ROLE IN

WOUND HEALING?

S. Stevenson, D.T. Sharpe, M.J. Thornton
Burns & Plastic Surgery Unit & Cutaneous Research, Medical Biosciences,
School of Life Sciences, University of Bradford, UK

Improved wound healing is seen in hairy skin, and it is thought that while hair
follicle epithelial cells are important for re-epithelialisation, hair follicle
fibroblasts may act as a mesenchymal reservoir for wound healing. Therefore
we have compared the migration, proliferation, collagen and VEGF secretion
by cultured dermal fibroblasts (DF) and hair follicle dermal papilla (DP) and
dermal sheath (DS) cells using an in vitro wound healing assay. Primary
cultures were established from the same biopsies of female scalp skin; DF
(n=7), DP (n=5), DS (n=4). Monolayers were scratched to create a
mechanical wound and incubated� serum. Migration was evaluated using a
scratch-wound assay, DNA synthesis by 3H-thymidine uptake, collagen secre-
tion by the Sircol assay, and VEGF secretion by ELISA. Post-wounding, serum
significantly increased migration at differential rates; the greatest effect was seen
in DS (98%), then DF (85%), then DP (22%). Wounding produced a
significant increase in DNA synthesis in all cells, but the greatest increase was
seen in DS, then DF, then DP cells. Basal total collagen secretion was
significantly higher in DP compared to DF and DS. Wounding significantly
increased collagen secretion by DF and DS, but had no effect on DP cells. All
cells secreted similar basal levels of VEGF. Whilst wounding significantly
increased VEGF secretion by DF and DS, it had no effect on DP cells. These
results demonstrate that hair follicle DS cells have similar characteristics to DF
in vitro, which are distinct to the hair follicle DP cells. This provides further
evidence that the hair follicle fibroblasts can play a role in wound healing.
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TREATMENTOF ISCHEMICWOUNDSWITHNONCONTACT

LOW-FREQUENCY ULTRASOUND: THEMAYO CLINIC

EXPERIENCE (2004–2006)

S.J. Kavros, J.L. Miller, S.W. Hanna
Mayo Clinic, Rochester, MN USA

Background: Low frequency non-contact ultrasound (LFU) has been shown to
be an effective method in the treatment of chronic foot ulcerations. The purpose
of this study was to evaluate the clinical role of LFU in the treatment of non-
healing leg and foot ulcers associated with chronic critical limb ischemia.
Methods: The study was performed in a multidisciplinary vascular wound
healing clinic. The study comprises 2 groups: Group 1 consisted of 35 patients,
median age 74 years, who received LFU as part of their standard of wound
care. Group 2 consisted of 35 patients, median age 76 years, who did not receive
LFU as part of their standard of wound care. Both treatment arms continued
for 12 weeks or until fully healed. Outcomes were considered favorable if the
wound healed or reduced in size by 50% from the index measurement. An
unfavorable outcome was noted if the wound healing was less than 50% of the
index measurement. Patients in the LFU group were treated 3 times per week,
5minutes per ultrasound treatment.
Results: In the Control Group, 25 patients (72%) failed to achieve minimum
baseline positive outcomes. Ten patients (28%) achieved the required minimum
wound healing parameters. In the LFU group, 22 patients (63%) had complete
healing or 4 50% reduction in size from the index measurement. Thirteen
patients (37%) failed to meet minimum baseline healing requirements. Both
wound healing and closure rates were significantly better in the LFU group
(po 0.001). The predictive value of the transcutaneous oxygen (TcPO2) values
with respect to wound healing with the use of LFU is noted to be of benefit.
Conclusion: Our study data reveals that patients with chronic critical limb
ischemia with associated cutaneous foot/leg ulcerations improve significantly
when LFU is part of their standard of wound care.
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FAT-DERIVED STROMAL CELL-PROMOTEDWOUND

HEALING

S.P. Schmidt1,2, M. Evancho-Chapman1,2, W.I. Horne1, E.D. Boland3
1BioMedical Research Associates, Inc., Akron, OH USA,
2Summa Health System, Akron, OH USA,
3Tissue Genesis, Inc., Honolulu, HI USA

Transplantation of an inoculum of autologous cells involved in the orchestra-
tion of wound healing into a nonhealing chronic wound bed may jump-start the
healing process. The objective of this study was to evaluate the use of adipose-
derived stromal cells for this purpose. Using a swine full thickness dermal
wound healing model, standard parameters of wound healing were compared
between (1) wounds treated with an inoculum of autologous adipose tissue-
derived stromal cells dispersed into the collagen portion of a collagen/cellulose
primary dressing (Promogran) that was placed cell/collagen side down into the
wound bed and then covered with Allevyn, (2) wounds treated with Promogran
with no cells added covered with Allevyn and (3) wounds treated with Allevyn
dressings alone. Wound healing progressed in an orderly manner in all wounds.
There was no evidence of infection, erythema or edema in any of the wound
beds at any time of evaluation either based upon gross or histological
observations. Exudate volumes were normal in wounds from all study groups.
Re-epithelialization was first observed at Day 11 in the cell treated group but by
Day 16 re-epithelialization was evident in biopsies obtained from all treatment
groups. Statistical analyses of ranks of collagen organization and neovascular-
ity revealed no significant differences in organization between the three
treatment groups at any time point of analysis. There was no evidence that the
presence of the stromal-derived cells unduly influenced inflammatory processes.
In conclusion, wounds dressed with Promogran containing an inoculum of
adipose-derived stromal cells healed as well as wounds dressed with Promogran
alone or Allevyn but in this model of wound healing in young, healthy swine,
did not confer any clinically significant benefit. Supported by Tissue Genesis,
Inc.
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WOUND HEALING POTENTIAL OF EMBLICA OFFICINALIS
BYMODULATING COLLAGEN AND DECREASING

REACTIVE OXYGEN SPECIES

M. Sumitra1, P. Manikandan1, V.S. Gayathri2, and L. Suguna3
1Department of Carolina Cardiovascular Biology Centre, University of North
Carolina, Chapel Hill, North Carolina-27599, USA,
2Department of Chemistry, SSN College of Engineering, Kalavakkam,
Chennai,
3Department of Biochemistry, Central Leather Research Institute, Chennai-
600 020, E-mail: slouchiu@yahoo.co.uk

During wound healing, the wound site is rich in oxidants, such as hydrogen
peroxide, mostly contributed by neutrophils and macrophages. Ascorbic acid
and tannins of low molecular weight, namely emblicanin A (2,3-di-O-galloyl-
4,6-(S)-hexahydroxydiphenoyl2-keto-glucono-d-lactone) and emblicanin B
(2,3,4,6-bis-(S)hexahydroxydiphenoyl-2-ketoglucono-d-lactone) present in
Emblica officinalis (Emblica), shown to exhibit a very strong antioxidant
action. We proposed that antioxidants in the wound microenvironment
support the repair process. The present investigation was undertaken to
determine the efficacy of Emblica on dermal wound healing in vivo. Full-
thickness excision wounds were made on the back of the rat and topical
application of Emblica accelerated wound contraction and closure. Emblica
increased cellular proliferation and cross linking of collagen at the wound site,
as evidenced by increase in DNA, type III collagen, acid-soluble collagen,
aldehyde content, shrinkage temperature and tensile strength. Tissue levels of
ascorbic acid, a-tocopherol, reduced glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx), results supported that
Emblica application enhanced the anti-oxidizing environment at the wound site
by scavenging DPPH (1,1-diphenyl-2-picrylhydrazyl) radical. In summary, this
study provides firm evidence to support that topical application of Emblica
represents a feasible and productive approach to support dermal wound
healing. We thank the Council for Scientific and Industrial Research for its
financial assistance.
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KERATINOCYTE AND FIBROBLAST CROSS TALKING

MODULATES THE EXPRESSION OFMMPS IN

FIBROBLASTS

Ghahary A., Li Y., Kilani RT., Y. Lam and A. Ghaffari
Department of Surgery, BC. Professional Firefighter Burn and Wound Healing
Research Group, University of British Columbia, Vancouver, Canada,

We have recently established a keratinocyte/ fibroblast co-culture system and
demonstrated a potent keratinocyte derived anti-fibrogenic factor (KDAF) for
dermal fibroblasts relative to that of control cells. Later experiments identified
KDAF as being the keratinocytes releasable 14-3-3 sigma. It is also known as
stratifin. In this study, we hypothesize that stratifin would modulate the
expression of other MMPs and that differentiated, but not proliferating,
keratinocytes are the primary source of releasable 14-3-3 proteins in condi-
tionedmedium.We also suggested that fibroblasts are not the primary source of
these proteins. To examine this hypothesis, a microarray system was used to
evaluate the expression of MMP-1, 3, 8 and 24. The results showed a significant
increase in expression of these MMPs in response to either stratifin or
keratinocyte conditioned medium treated fibroblasts. Further, in a longitudinal
study, keratinocyte differentiation was induced by growing these cells in our test
medium consist of 49% keratinocyte serum free medium (KSFM), 49%
DMEM and 2% fetal bovine serum up to 24 days. When KCM was collected
every other days and added to fibroblasts, the expression of collagenase mRNA
was undetectable in cells receiving either fresh or 48 hr conditioned KSFM.
However, the level of collagenase mRNA expression was markedly increased in
fibroblasts receiving KCM collected at either early (day 2 and 4) or later (day
12–22) time points of replacing the KSFM with test medium. To examine
whether fibroblasts also release different 14–3–3 isoforms, cultured conditioned
media from both fibroblasts and keratinocytes were collected and evaluated for
the presence of different isoforms of 14-3-3 proteins by western blot analysis.
The results revealed that fibroblasts which are highly responsive to some of the
14-3-3 isoforms such as a/b and s forms, are barely able to express and release
these factors into conditioned medium. This was in sharp contrast to a very
high level of 14-3-3 proteins found in KCM. In conclusion, keratinocytes, but
not fibroblasts, release different forms of 14-3-3 proteins which may function as
MMP-1 stimulating factors for fibroblasts.
Acknowledgment: This work was supported by the Canadian Institute of
Health Research (CIHR).
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CXC RECEPTOR 3 LIGANDSMEDIATE VASCULAR

REGRESSION DURINGWOUNDHEALING

Richard J. Bodnar and Alan Wells
Veterans Affairs Medical Center of Pittsburgh, and Department of Pathology,
University of Pittsburgh, Pittsburgh, PA

Angiogenesis plays a critical role wound healing. Recently, we have shown that
CXCR3 inhibits endothelial migration and vessel formation through a PKA-
mediated pathway. Here we show that CXCR3 ligands can also induce the
regression of newly formed vessels. To understand the physiologic role CXCR3
plays in vessel regression, we analyzed the ability of IP-10, a CXCR3 ligand, to
induce vessel regression in vivo and in vitro. IP-10 treatment of newly formed
endothelial tubes on Matrigel caused tube dissociation. A similar dissociation
of vessels induced by IP-10 was observed in an in vivo subcutaneous Matrigel
plug. This was due to the receptor CXCR3, as IP-10 did not cause vascular
regression in CXCR3� /� mice. To identify the signaling pathways mediating
this dissociation, we looked at beta 3 integrin, the main adhesion molecule
maintaining endothelial function. Activation of CXCR3 by IP-10 triggers mu-
calpainmediated proteolysis, which then is able to cleave beta 3 integrin. To
verify the role mu-calpain plays in vessel dissociation, newly formed tubes were
treated with A23187, calcium ionophore an activator of mu-calpain; this caused
tube dissociation. The A23187 mediated tube dissociation was inhibited by CI-
1, a non-specific calpain inhibitor, but not calpain inhibitor IV, a m-calpain
specific inhibitor. Furthermore, we show that treatment of endothelial caused a
cleavage of beta 3 integrin. We also found that mucalpain activation caused
endothelial cell apoptosis, concurrent with beta 3 cleavage. These data support
a model in which CXCR3 induces mu-calpain cleavage of beta 3 integrin to
accomplish vascular regression secondary to endothelial apoptosis. Thus, we
have found a novel, endogenous signal for mediating vessel regression.
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THE BIOLOGICAL ROLE OF BONEMARROW-DERIVED

KERATINOCYTE PRECURSOR CELLS

Medina A., Kilani R.T., and Ghahary A.
Professional Firefighter Burn and Wound Healing, Research Group,
Department of Surgery, University of British Columbia, Vancouver, Canada

Chronic and acute wounds of this organ constitute major unsolved health
problems. For instance, in the United States, approximately 50,000 people
require admission to hospitals for burn injuries every year. Unfortunately, 40%
of them exhibit extensive tissue damages (25% of total burned surface area or
more) and 20% die as a result of burn-related infections. In fact, the lack of
early and save replacement of burned tissues is the major cause that leads to
infection-associated deaths. Thus, engineering-developed skin substitutes are
an urgent challenge to treat patients without enough donor sites for grafting.
However, relatively little is known about how to establish a large-scale
production of skin substitutes and how to control their resulting healing
process. In this regard, bone marrow-derived stem cells may be a potential
source for the preparation of skin substitutes due to their capacity of being
reprogrammed into unexpected peripheral cells. We hypothesize that bone
marrow-derived stem cells might contribute to the production of skin sub-
stitutes due to their transformation into keratinocyte-like cells. We also
hypothesize that those cells might interact with dermal fibroblasts and thereby
modulate the extracellular matrix (ECM) production and improve the wound
healing outcome. We have characterized, from peripheral blood mononuclear
cells (PBMC), a cell subset that develops a keratinocyte-like profile (14-3-3
sigma 1ve and keratin 5 1ve staining) as they are maintained in culture to
induce cell differentiation. In addition, both PBMC-derived keratinocyte-like
cells and releasable factors present in their conditioned media promoted the cell
proliferation and MMP-1 expression in dermal fibroblasts in a time-dependent
manner. The latter finding is due, at least in part, to a releasable fraction of 14-
3-3 sigma. Findings from this research project will provide us new insights into
the wound healing that would facilitate not only the production of skin
substitutes to replace dead tissues in extensively burned patients, but also the
better understanding of the healing process and subsequently the treatment of
chronic non-healing wounds (seen in elderly people, diabetic and immuno-
compromised patients) as well as those associated with over-healing wounds
such as post-burn hypertrophic scarring. Thus, the identification of a releasable
fraction of 14-3-3 sigma in PBMC-derived keratinocyte-like cells discloses new
alternatives to control the fibrogenic process associated to tissue injury.
Acknowledgment: This work was supported by the Canadian Institute of
Health Research (CIHR).
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