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Abstract
The Esophageal cancer related gene-4 (Ecrg4) is a candidate tumor suppressor gene whose
secreted protein product has been implicated in the development and progression of epithelial
cancers, neuroprogenitor cell activation after central nervous system injury, cell senescence in
neurodegeneration, and the survival of hematopoietic stem cells. Here, we investigated the
temporal and spatial localization of Ecrg4 expression in healthy and injured mouse skin, and
evaluated the biological activity of Ecrg4 using viral-mediated gene delivery in cutaneous wound
healing models. Using in situ hybridization and immunohistochemistry, we found both Ecrg4
mRNA and its protein product localized to the epidermis, dermis, and hair follicles of healthy
mouse skin. Upon cutaneous injury, Ecrg4 redistributed to the wound margins where gene
microarray and quantitative RT-PCR showed an increased gene expression 5–10 days post injury
as a late phase injury response gene. Ecrg4 over-expression inhibited the directional migration of
fibroblasts in modified Boyden chambers in vitro, but had no effect on rates of fibroblast
proliferation. Ecrg4 over-expression in vivo at the wound margins delayed the rate of wound
closure at one and two days after full-thickness punch injury. These findings point to the candidate
tumor suppressor gene Ecrg4 as a novel, biologically active, constituent of skin and skin injury.
The possibility that Ecrg4 serves as a wound termination factor during wound resolution is
discussed.
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INTRODUCTION
Cutaneous wound healing is a well-coordinated process that transitions across distinct
inflammatory, secretory, and remodeling phases in a temporal sequence designed to restore
homeostasis to the wounded area after injury. The response to cutaneous injury involves a
complex interplay of soluble and insoluble factors that are induced, suppressed, and up-
regulated at the site of injury [4]. Numerous trophic signaling factors, including growth
factors, chemokines, low-molecular weight compounds and their respective receptors, have
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been implicated in the initiation and up-regulation of the cutaneous injury response [39].
Similarly, there exists numerous extracellular ligands in skin that represent candidate wound
resolution factors that participate late after injury [14,15,21,22,5] that have yet to be
identified.

Since many growth factors are analogous to the proto-oncogene ligands that participate in
early repair and regeneration following injury, many believe the opposing biology of wound
resolution and cancer progression [30,9,32] implicates a physiological role for tumor
suppressor genes (TSG) in the later stages of wound repair. Due to the importance of TSGs
in cancer [9,30,32], we became interested in the possibility that there might exist novel, and
currently unrecognized, TSGs in skin that influence cutaneous injury. Presumably down-
regulated by the initial injury response, these growth inhibitory genes would be predicted to
be up-regulated during the last stages of wound resolution when cell growth is least active.
The proposal that down-regulated, intra-cellular TSGs may play an important physiological
role in wound healing [17,2] lead us in search of previously uncharacterized TSGs present in
skin.

In the course of mining public bioinformatic databases like GENSAT and GEOprofiles, we
recognized the potential of one particular gene, Ecrg4 (also called human C2orf40 or mouse
1500015O10Rik). Originally detected in the cDNA libraries of expressed genes [36], Ecrg4
was found to be differentially down-regulated in a host of human malignancies with an
expression profile that was related to the increased migration, proliferation and metastatic
capabilities of tumor cells [13,19,20,25,40]. We specifically focused on Ecrg4 because of
the unique features of this candidate TSG: its product is secreted, ligand-like, tethered to the
cell surface, and has been implicated in organ specific injury responses [24,29,12,1]. As
opposed to intracellular TSGs like p53 and Rb94 [2,17], we hypothesized Ecrg4 may act on
nearby proliferating target cells to help resolve the cutaneous injury response.

In this study, we identified Ecrg4 mRNA and its encoded peptide product in the epidermis,
dermis, and hair follicles of healthy mouse skin. Following cutaneous injury, we found
Ecrg4 gene expression increased as a late phase injury response gene and localized to the
adjacent wound margins. Next, we identified a biological role for Ecrg4 in wound healing as
viral-mediated Ecrg4 over-expression inhibited fibroblast migration in vitro and delayed the
kinetics of wound closure at one and two days post-injury. Together, these findings identify
the candidate TSG, Ecrg4, as a novel constituent of skin that we propose may, by virtue of
its late phase expression kinetics and inhibitory biological activity, function as a wound
termination factor during wound resolution.

MATERIALS AND METHODS
Ethics Statement

All animal experiments were performed with oversight of the UCSD IACUC to ensure
animal welfare and the humane treatment of research animals.

Tissues
Tissue studies were performed using skin, spleen, whole blood, heart, and lung tissues
harvested from 8–12 wk-old Balb/c mice (Jackson Labs, Bar Harbor, ME, USA) after
anesthesia and cervical dislocation.

Adenovirus (AD)
AD vectors containing Ecrg4 (AD-Ecrg4) were prepared according to manufacturer's
instructions using the AdEasy XL Adenoviral Vector System (Agilent Technologies, Santa
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Clara, CA, USA). Authenticity of the final products was demonstrated by DNA sequencing
and immunoblotting after transduction of HEK, PC3, MEF, BHK and Caco cell lysates ([29]
and unpublished data). Adenovirus vector containing green fluorescent protein (AD-GFP)
was purchased from Vector BioLabs (Philadelphia, PA, USA).

Cell Culture and in vitro experiments
Primary mouse embryonic fibroblasts (MEFs) (Millipore, Billerica, MA) and normal human
dermal fibroblasts (NHDF) (Lonza, Hopkinton, MA) were propagated as recommended by
the manufacturer. MEFs were plated onto cover slips and grown for 24–48 hours until they
reached 70–85% confluence. For the purposes of over-expressing Ecrg4 via gene delivery in
MEFs [29], Ad-Ecrg4 (MOI 50–100) or control virus Ad-GFP was added to cells and
incubated for 72 hours. To conduct modified Boyden chamber haptotaxis assays [16,10],
50,000 MEFs were plated onto the top well of trans-well culture inserts containing 8 μm
pores (Corning Incorporated) that were previously coated on the bottom surface with 10 μg/
ml rat tail collagen type I (Upstate Biotech). After a 6-hour incubation, MEFs migrating to
the bottom surface were stained with 1% crystal violet, imaged with an inverted microscope
(N=3) and quantified by a double-blinded observer. The experiment was repeated 3 times.
For the cell proliferation assays, 20,000 NHDF cells/ml were plated in 24 well plates,
incubated with AD-Ecrg4 or GFP (MOI 100) for 48 hours, and evaluated for cell count.
Cells were numerated from triplicate samples on the third day and the counts confirmed
using the Countess Automated Cell Counter (Life Technologies, Grand Island, NY).

Antibody Generation and Immunohistochemistry
Polyclonal antibodies were raised in chickens by immunization with a recombinant fusion
protein expressing the amino acid sequence 71–148 of the full length predicted product of
the Ecrg4 open reading frame (Genway, San Diego, CA). Antibodies were immunoaffinity
purified with the antigen, where pre-immune IgY was used for controls. Specificity was
validated by immunoblotting recombinant Ecrg4 and Ecrg4-transduced cells. For
immunohistochemistry, tissue samples were fixed in 4% paraformaldehyde overnight at 4°
C and rinsed in 30% sucrose in PBS at 4° C. Skin was embedded in OCT and 10mm
cryosections were mounted on super-frost plus slides. Tissue sections were blocked for 20
minutes at room temperature with 15% normal donkey serum diluted in Tris-buffered saline
(TBS) containing 0.5% Tween and 2% bovine serum albumin (BSA). Sections were then
incubated with primary antibody (1:2000) overnight at 4°C, washed, and then stained with
biotin-conjugated donkey anti-chicken antibody for 30 minutes at room temperature
(Jackson ImmunoResearch). Sections were quenched in 0.3% H2O2 in methanol. After three
further washings in TBS, sections were processed with an Avidin Biotin Complex (ABC) kit
(Vectastatin, Burlingame, Ca) and detected with diaminobenzine (Vector) substrate.
Sections were finally counterstained with hematoxylin, dehydrated and mounted.

Immunoblotting
To determine the molecular weight of the Ecrg4 peptide product in mouse tissues, samples
were harvested and immediately frozen on dry ice and kept at −80°C until analyzed. Total
protein was extracted from mouse tissue by homogenization and sonication in 4× reducing
lithium dodecyl sulfate (LDS) buffer (Invitrogen). Protein was size-fractionated by
polyacrylamide gel electrophoresis (PAGE) on a 4–12% bis-tris gradient gel run in 2-(N-
morpholino) ethanesulfonic acid (MES) buffer and transferred to a polyvinylidene fluoride
membrane. Affinity purified chicken anti-Ecrg4 antibody (1:20,000) or pre-immune IgY
was used to detect Ecrg4. Horseradish peroxidase (HRP) conjugated goat anti-chicken
antibody (BioRad) was used as the secondary antibody in Western blots. An IVIS® Lumina
imaging system (Caliper Life Sciences, Hopkinton, MA, USA) was used to detect the
chemi-luminescent signal.
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In situ Hybridization
Restriction enzyme linearized (Sal I) plasmid pCMV-Sport 6 expressing the mouse Ecrg4
cDNA (RIKEN cDNA 1500015O10Rik) was originally obtained from Origene (MC200116)
and used as template for the generation of digoxigenin-labeled RNA probe using T7
polymerase as indicated by manufacturer's recommendations (Roche, Indianapolis, IN).
Control RNA probes were generated from pSPT18-Neo plasmid while labeling efficiency
was verified by dot blot comparison of RNA probes with pre-labeled standards provided in
the kit. Tissue samples were fixed in 4% paraformaldehyde overnight at 4° C and rinsed in
30% sucrose in PBS at 4° C. Skin was embedded in OCT and 10mm cryosections were
mounted on super-frost plus slides. Sections were fixed on slides in 4% paraformaldehyde,
washed in PBS, followed by 2×SSC, and incubated in pre-hybridization buffer using
hybridization granules reconstituted according to manufacturer's directions (Roche).
Digoxigenin-labeled complementary RNA probe was added to sections following a 2 minute
denaturation at 95° C and incubated at 45° C overnight. Non-specific binding was removed
by washes in 2× SSC followed by 60% formamide in 0.2× SSC. Detection of the
digoxigenin probe was performed with a horseradish peroxidase conjugated sheep anti-
digoxigenin primary antibody (Roche) and detected with a DAB substrate. Images were
acquired with an Olympus FSX100 microscope.

Punch Biopsy Injury Model
8–12 week-old Balb/c mice (n=3) were anesthetized with isoflurane, the surgical site
shaved, and prepared in a routine aseptic fashion. After verifying adequate anesthesia, a full-
thickness 2 mm diameter wound was performed on the right dorsum using a biopsy punch.
Animals were housed in separate cages with a 12 hour light/dark cycle and given access to
feed and water. Tissues were harvested 5 days after injury. For the purposes of examining
the biological effects of Ecrg4 over-expression in mouse skin, mice (N=4) were given two
daily 5 μl intra-dermal injections of 1011 MOI/ml of either AD-GFP or AD-Ecrg4 starting
48 hours prior to punch injury. Another 15 μL of AD-GFP or AD-Ecrg4 was administered
directly onto the wound bed immediately after injury. Wound size was measured daily with
calipers. To assess the efficiency of skin transduction with adenovirus, Balb/c mice were
injected intradermally with 1011 MOI/ml AD-GFP and 48 hours later, imaged in a non-
invasive fluorescence imager [33,28] to observe and quantify GFP gene expression in skin.

Integra™ grafting model
8–12 week old Balb/c mice (n=3) were subjected to full-thickness injury and grafted with
Integra™, as previously described in Shaterian et al. [33]. Briefly, one full-thickness (1.5 cm
diameter, marked by template) circular wound was excised from the right side of the
dorsum. The excisions were deep to the panniculus carnosus, removing epidermal, dermal,
subcutaneous, and fascia layers. Integra grafts (Integra LifeSciences Corporation,
Plainsboro, NJ, USA) 1.5 cm in diameter were secured with seven 6–0 silk interrupted
sutures (Sherwood Davis & Geck, St. Louis, MO, USA), equidistant from each other.
Tissues were harvested 5 days after injury.

Gene Array and qPCR
To analyze Ecrg4 mRNA in a 1 mm skin punch injury model, skin immediately adjacent to
the wound site was collected over a time course of 6 hours to 10 days and analyzed (n=3) as
we have previously described in Chen et al [4]. To determine gene expression levels of
Ecrg4, total RNA was extracted using TriZol (Invitrogen, Carlsbad, CA, USA) and treated
with DNase I (Invitrogen). Reverse transcription was performed using the RETROscript kit
(Ambion Inc., Austin, TX, USA). All qPCR runs were performed in duplicate using
StepOnePlus Real Time PCR system (Applied Biosystems, Carlsbad, California, USA), and
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the amplification cycle threshold (Ct) for Ecrg4 was normalized to glyceraldehyde-3-
phosphate (GAPDH) using SYBR green detection (Applied Biosystems). The delta-delta Ct
(2e-ΔΔCt) method was used to calculate fold-change relative to normal skin. Efficiencies
for both primer sets were 95–100%. Primer sequences for Ecrg4 and GAPDH were:

Ecrg4-forward 5'-AAGCGTGCCAAACGACAGCTGTGGGAC-3';

Ecrg4-reverse 5'-TTAATAGTCATCATAGTTGACACTGGC-3';

GAPDH-forward 5'- TCACCACCATGGAGAAGGC-3';

GAPDH-reverse 5'- GCTAAGCAGTTGGTGGTGCA-3'.

RESULTS
Ecrg4 mRNA and encoded peptide product are expressed in skin

To assess for the presence of Ecrg4 and confirm the expression of this putative TSG in skin,
we analyzed mouse skin sections for Ecrg4 mRNA and its encoded peptide product. We
subjected mouse skin tissue sections to in situ hybridization to detect Ecrg4 mRNA (Figure
1A). Additional skin sections were incubated with a non-Ecrg4 coding digoxigenin mRNA
probe as a control for specificity (Figure 1A, inset). We observed a localization of Ecrg4
mRNA in the epithelium (arrow), hair follicles (arrowhead), and occasional dermal
fibroblast-like cells (double-lined arrow). These dermal cells potentially represent a
fibroblast population based on morphological features. Previous reports have suggested that
multiple isoforms of Ecrg4 can be detected in transfected cultured cell models [27], thus we
used an anti-Ecrg4 antibody to detect endogenous Ecrg4 protein in mouse skin. A single 14
kDa immunoreactive band was detected (Figure 1B3), that corresponds to the molecular
weight of the predicted product, amino acids 31–148, of Ecrg4. Although the Ecrg4 protein
sequence is highly conserved across species [12], the tissue distribution of endogenous
Ecrg4 protein has not been determined. Therefore, we subjected whole cell lysates of mouse
blood, skin, spleen, lung and heart to immunoblotting with an anti-Ecrg4 antibody (Figure
1B). Here, we observed that all of the tissues expressed Ecrg4 with a molecular weight that
co-migrated with the recombinant Ecrg4 (31–148) standard (Figure 1B, lane 1). We noted
that blood, spleen and heart expressed additional 17 and 28 kDa Ecrg4 products of unknown
function that could represent secondary Ecrg4 isoform multimers or post-translational
modifications. Taken together, these data demonstrate that although other tissues expressed
significant levels of Ecrg4 (i.e. blood and heart), Ecrg4 mRNA was present in healthy mouse
skin and the molecular weight of the encoded protein was consistent with the predicted
molecular weight of a 14 kDa Ecrg4 (31–148).

Ecrg4 protein localization in mouse skin
To determine the localization of Ecrg4 protein in skin, we subjected tissue sections to
immunostaining with an anti-Ecrg4 antibody as described previously [29]. While Ecrg4
immunoreactivity localized to various cell types in skin (Figure 2A), we found punctuate
staining in the epidermis (Figure 2B) and dermis (Figure 2C), with lower levels in hair
follicles (data not shown). We also noted that the immunoreactive dermal cells have a
characteristic fibroblast-like morphology. Immunostaining with isotype-matched control
antibodies was performed to demonstrate specificity (Figure 2, insets). While in situ
hybridization revealed a specific Ecrg4 mRNA expression profile in the skin, Ecrg4 protein
was more widely expressed in tissues, consistent with previous studies suggesting that Ecrg4
protein can be secreted from the cell surface.
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Ecrg4 is a late injury response gene
To examine the role of Ecrg4 in cutaneous injury, we mined an Affymetrix™ gene chip
microarray of gene expression [4] and analyzed the kinetics of global gene expression
following 1 mm cutaneous punch injury. We compared Ecrg4 mRNA expression levels to a
known early response gene, macrophage inflammatory protein-1α (MIP-1α), as well as to a
constitutively expressed gene involved in intracellular vesicle transport, AP1 complex
subunit-2 (AP1) (Figure 3A). As expected [26], a 64× fold increase in MIP-1α was observed
as early as the first 6 hour time point with gene expression levels returning to baseline by
120 hours. In contrast, Ecrg4 mRNA expression began increasing 24 hours after injury until
achieving a maximal 8× fold expression 170 hours post injury. Gene expression levels of
AP1, a constitutively expressed gene, remained relatively unchanged throughout the time
course of the analyses (Figure 3A). To confirm the results of the Affymetrix microarray, we
performed qRT-PCR and normalized Ecrg4 expression to levels of the reference gene
GAPDH (Figure 3B). As with the microarray data, a late peak in Ecrg4 expression was
observed 170 hours post-injury. Therefore, in addition to being expressed at constitutive
baseline levels in healthy skin (Figure 1), Ecrg4 was induced upon injury and remained up-
regulated for 5–10 days after injury. From these findings, we concluded that Ecrg4 is a late
phase injury-response gene and hypothesized that Ecrg4 may have a potential role in
cutaneous wound resolution.

Ecrg4 expression in the skin post-injury
To determine the effects of tissue injury on Ecrg4 protein localization, we evaluated several
models of cutaneous injury in mouse by immunohistochemistry. First, we examined the
distribution of Ecrg4 protein in mouse skin following a 2 mm full-thickness punch wound,
and observed Ecrg4 immunostaining within the epidermal and dermal cell margins adjacent
to the site of injury (Figure 4, panels A–C). The presenting neoepithelium revealed Ecrg4
immunoreactivity across multiple epithelial cells layers (Figure 4A, arrows) and extended
for approximately 20–60 cells lateral to the wound margin when evaluated at high
magnification (data not shown). In contrast, the granulation tissue of the injury site lacked
significant Ecrg4 immunoreactivity (Figure 4D). Next, we examined Ecrg4 protein
localization in mouse skin that was subjected to a full-thickness excisional wound grafted
with Integra™, a biosynthetic dermal regeneration matrix commonly used in burn patients.
We have previously described the utility of this model in examining wound resolution
kinetics following cutaneous excisional injury [33]. Similar to the punch model, Ecrg4
immunoreactivity was observed in the epidermal and dermal wound margins (Figure 4,
Panels E–G), but absent from the granulation tissue underlying the Integra™ graft (Figure
4H). In combination with the Ecrg4 expression kinetics, the contrast between robust Ecrg4
expression at the wound margins with the lack of Ecrg4 expression at the wound site
suggests that Ecrg4 is a late injury response gene that localizes to the adjacent wound
margins after injury.

Ecrg4 over-expression inhibits fibroblast migration and wound closure
The later stages of tissue repair involve fibroblast proliferation/migration, granulation tissue
invasion, and wound contraction [23,35,37]. As such, we investigated the effects of Ecrg4 as
a late phase injury response gene on representative wound healing processes in vitro. As
shown in figure 5, cultured fibroblasts were transduced with adenovirus expressing Ecrg4 or
a control GFP gene, and then evaluated for changes in the rate of migration and proliferation
in vitro. When Ecrg4- transduced fibroblasts were evaluated in collagen-coated modified
Boyden chambers [16,10], a significant decrease in the rate of directional migration in vitro
was observed (Figure 5A, P<0.05). In contrast, when we evaluated the effects of Ecrg4 over-
expression on fibroblast proliferation in culture [6], we found similar rates of proliferation
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compared to controls (Figure 5B). Together, these data suggest that Ecrg4 gene expression
preferentially inhibits fibroblasts migration vs. proliferation in vitro.

Since fibroblasts are key mediators of wound contraction and wound closure [37,3], we used
viral-mediated intra-dermal gene delivery to examine the effects of Ecrg4 over-expression
on cutaneous wound closure following a 2 mm full-thickness punch biopsy injury.
Adenovirus-expressing either Ecrg4 or control GFP was administered intra-dermally at 48
and 24 hours prior to injury, and once again onto the wound bed immediately after injury, to
maximize local gene expression. Daily measurements of the punch site diameter revealed a
significant delay in the rate of wound closure in AD-Ecrg4 vs. control AD-GFP-injected
animals at one and two days post-injury (Figure 5C, P< 0.05). This Ecrg4-mediated
reduction in wound closure was transient however, possibly due to short-term adenovirus
expression kinetics. Taken together, these data ascribe a novel biological activity to Ecrg4 in
skin and suggest a role for Ecrg4 in fibroblast migration and wound closure.

Discussion
In this study, we investigated the temporal and spatial expression of Ecrg4 in normal vs.
injured skin, and examined several models of viral-mediated Ecrg4 over-expression to gain
insight into its biological activity in skin. In healthy skin, Ecrg4 mRNA and protein product
localized to the epidermis, dermis, and hair follicles. Following cutaneous injury, Ecrg4
gene expression increased as a late phase injury response gene suggesting that Ecrg4 may
function in the resolution phases of wound healing. Immunohistochemical analyses of Ecrg4
protein expression after cutaneous injury demonstrated that Ecrg4 protein localized to the
cell margins adjacent to the site of injury, and were in sharp contrast to its absence in the
injury site itself. Next, we found Ecrg4 over-expression inhibited the directional migration
of fibroblasts in vitro, and decreased the rate of wound closure at one and two days after
cutaneous injury in vivo. Taken together, these data suggest Ecrg4 as a novel, biologically
active constituent of skin that may be induced in the later stages of injury as a wound
termination factor.

Our studies have focused on the characterization of Ecrg4, a candidate TSG, as a mediator
of the wound healing response in skin. TSGs with biological activity have been previously
reported in skin. Examples include TAK1, a TSG up-regulated in wound healing found to
coordinate cell migration and keratinocyte proliferation [38]. The TSG thrombospondin-1,
also described in cutaneous wound repair, is involved in granulation tissue formation and
angiogenesis [37]. Mdm2, also a TSG, has been shown to regulate epidermal stem cell
senescence and premature aging [11], while the TSG p63 has been found to mediate
morphogenesis of skin epidermis [18]. The insights taken from TSG studies in wound
healing have established novel mechanisms regulating cell growth, migration, and
differentiation, suggesting that in combination with the underlying cell biology of Ecrg4 and
its relevance to skin injury, TSGs function in normal skin tissues mediating homeostasis and
injury responses.

The response to cutaneous injury is a dynamic process that transitions across biologically
distinct phases that are each regulated in part by transcriptional gene regulation at the wound
site [31,7]. In work by Chen, DiPietro and colleagues [4], the temporal regulation of injury
response genes were examined and clusters of “early” or “late” wound response genes were
identified [7,4]. Microarray analyses of injured skin identified early response genes as those
originating in the wound and inflammatory responses and included various cytokines,
growth and chemotactic factors, and their respective receptors. In contrast, late response
genes related to extracellular matrix remodeling, and hence represented collagens, structural
proteins, ECM-receptor proteins and enzymes [4]. The characterization of Ecrg4 in this
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study extends these observations to include a previously unrecognized trophic factor that is
induced with injury and may, by inference of its localization, expression kinetics, and
biological activity, contribute to normal cutaneous homeostasis and the resolution stages of
wound healing.

Wound resolution plays an important role in wound repair and is necessary for the return of
functionality to the skin [34]. Accordingly, the ability to down-regulate the early and active
cellular responses during injury is needed to achieve optimal healing [34,8]. To this end, we
suggest Ecrg4 may play a role in this “stop phase” of wound healing as a wound termination
factor. Up-regulated in the later phases of injury, this candidate TSG product demonstrates
inhibitory biological activity on processes such as fibroblast migration and wound closure
that must cease to prevent over-exuberant wound healing. In this model, the expression of
Ecrg4 at the wound margin may serve to down regulate the early cellular processes prior to
final wound resolution. Similarly, the absence of Ecrg4 at the injury site itself may foster
robust and active cellular responses characteristic of granulation tissue. To this end, the up-
regulation of Ecrg4 five to nine days after injury may help signal the beginning of wound
resolution and help terminate specific cellular responses active in early wound healing. As
such, Ecrg4 could join other epigenetically regulated genes in wound margin cells that have
been associated with down-regulating the active wound healing response during resolution
[34].

Our findings have also shown that Ecrg4 is expressed at baseline in healthy skin. This
suggests that Ecrg4 may also play a constitutive role in maintaining the normal homeostatic
environment of healthy skin. In this model, a TSG such as Ecrg4, participates in maintaining
the homeostatic environment of skin, that upon cutaneous injury, becomes regionally
dysinhibited until returning to quiescence after the final phases of wound healing when
Ecrg4 expression levels return to baseline. The widespread expression of Ecrg4 in various
other healthy quiescent tissues has lead us to speculate that Ecrg4 may serve a similar role in
maintaining homeostasis, and regulating injury responses, in other mammalian tissues.
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Figure 1. Ecrg4 mRNA and protein detected in healthy mouse skin
A: In situ hybridization of Ecrg4 in healthy mouse skin. The constitutive nature of Ecrg4
expression was confirmed by in situ hybridization with antisense RNA to Ecrg4 mRNA.
Ecrg4 was expressed in epidermis (arrow), hair follicles (arrowhead), and dermal cells
(double-lined arrow). No staining was detected in control sections treated with sense strand
of RNA (inset). Magnification bar=100mm
B: Immunoblotting of Ecrg4 protein in different mouse tissues. Lanes: (1) Recombinant
fusion protein of amino acid sequences 31–148 of the full-length predicted product of Ecrg4;
(2) Whole blood; (3) Skin; (4) Spleen; (5) Lung; (6) Heart. Dotted line indicates different
parts of the same gel. Molecular weight standards (kDaltons) are indicated.
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Figure 2. Ecrg4 protein localization in healthy mouse skin
A) Low-power photomicrographs of healthy mouse skin stained with an anti-Ecrg4
antibody. Size bar = 100 μm. High-power photomicrographs show Ecrg4
immunolocalization within the B) epidermis, and C) dermal fibroblast-like cells. Control
isotype antibody immunostaining is shown in the insets. Size bar=10μm.
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Figure 3. Ecrg4 expression kinetics following cutaneous injury
A: An Affymetrix GeneChip Mouse Genome chip was used for analysis of a 1 mm full-
thickness punch wound in mice (n=3) and examined for changes in gene expression of
Ecrg4 (sold circles), AP1 complex subunit-2 (solid squares) and macrophage inflammatory
protein-1 (solid triangles).
B: qRT-PCR of Ecrg4 gene expression in skin after injury. Ecrg4 mRNA was processed
from margins of 1 mm punch-injured tissue (n=3) and cDNAs evaluated by qPCR for Ecrg4
gene expression and data normalized to GAPDH expression.
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Figure 4. Expression of Ecrg4 protein post-injury
Low-power photomicrograph of the wound bed/ wound margin interface showing Ecrg4
protein localization in mouse skin five days after A) 2 mm full-thickness punch biopsy and
E) 1.5cm full-thickness excisional wound grafted with Integra. Dotted line delineates the
wound bed and arrows depict the neoepithelium. Size Bar = 100 μm. High-power
photomicrographs show absence of immunoreactivity at the injury sites (Panels D, H,) while
maintaining localization within the epidermis and dermis of wound margins (Panels B, C, F,
G). Size Bar=10μm.
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Figure 5. Ecrg4 over-expression interferes with fibroblast migration and wound closure
A: Delivery of Ecrg4 inhibits fibroblast migration in vitro. Fibroblasts were transduced with
ADEcrg4 or control ADgfp, and directional migration evaluated in modified Boyden
chambers (N=4). Significance (p <0.01) was established by Student's T-test and ANOVA.
B: Delivery of Ecrg4 did not have a significant affect on fibroblast proliferation in vitro.
Fibroblasts were transduced with ADEcrg4 or control ADgfp, incubated for 48hrs, and
evaluated for cell count on day 3.
C: Delivery of exogenous Ecrg4 in skin delays the rate of wound closure at 1 and 2 days
after 2 mm full thickness punch biopsy wound (p<0.05). ADEcrg4 (solid squares) or control
ADgfp (solid circles) was administered intra-dermally 48hrs and 24hrs prior to injury, and
again directly onto the wound bed immediately after injury, to maximize Ecrg4 gene
expression. Results are presented as percentages of the initial wound area.
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