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The present study examined the effects of cartilage oli-
gometric matrix protein angiopoietin-1 (COMP-Ang1)
on the revascularization of mice skin grafts. Full-thick-
ness skin grafts were autotransferred into BALB/c mice.
The donor grafts were soaked in COMP-Ang1 protein
(50 �g/ml, n � 10) or in bovine serum albumin (BSA)
(50 �g/ml, n � 10) dissolved in 1 ml of sterile, phos-
phate-buffered saline for 5 minutes before transfer. Re-
vascularization of the grafts was monitored using an
intravital microscope on postoperative days 3, 4, and 5.
Morphological and immunohistochemical analyses
were performed to evaluate platelet-endothelial cell ad-
hesion molecule-1 and survivin expression and apopto-
tic signal in the transplanted grafts. Grafts soaked in
COMP-Ang1 (COMP-Ang1 group) showed significantly
increased revascularization compared with grafts soaked
in BSA (BSA group) on intravital microscopy and platelet-
endothelial cell adhesion molecule-1 staining. The COMP-
Ang1 group showed a significant increase of survivin ex-
pression in the endothelial cells and a reduction of
apoptotic signal in comparison to the BSA group. There-
fore, we believe that COMP-Ang1 provides the therapeutic
benefit of enhancing the survival of vascular endothelial

cells during transplantation of skin graft. (Am J Pathol
2007, 171:1682–1690; DOI: 10.2353/ajpath.2007.070142)

Skin grafting is a common surgical procedure that
achieves recuperative wound coverage, and its success
rate depends on the level of eventual revascularization.
The vascular endothelium of grafted skin has the function
such as coagulation, vascular permeability, vascular to-
nus and remodeling, and is one of the most critical sites
for the control of apoptosis in vascular injury and vascular
remodeling.1,2 During revascularization the vascular en-
dothelial cells may undergo oxidative stress, after which
apoptotic processes may occur because of the inade-
quate blood supply.3,4 If the apoptosis of graft dermal
vascular endothelial cells caused by oxidative stress
from the transplantation can be prevented, we believe
that vascularization of the graft dermal vascular layer
after the inosculation may be facilitated.

Angiopoietin-1 (Ang1) is a specific growth factor that
helps to generate a stable and functional vasculature, and it
has potential therapeutic applications for inducing angio-
genesis, enhancing endothelial cell survival, and preventing
vascular leakage.5,6 In several studies7,8 it has been de-
scribed that Ang1 inhibits the apoptosis of nonproliferating
endothelial cells and induces the expression of survivin, an
inhibitor of apoptosis protein in endothelial cells. Theoreti-
cally, Ang1 could provide the therapeutic benefit to endo-
thelial cells of the dermal layer in grafted skin.

Recently, a soluble, stable Ang1 variant, cartilage oligo-
metric matrix protein (COMP)-Ang1, was developed with a
more potent effect than native Ang1.9 Cho and col-
leagues10–12 reported that COMP-Ang1 could protect from
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radiation-induced apoptosis in microcapillary endothelial cells
of intestinal villi and could produce an angiogenic effect with
subsequent nonleaky neovessel formation. Kim and col-
leagues13 recently described how COMP-Ang1 treatment
could preserve renal endothelial cells and how it decreased
the progression of renal fibrosis in a unilateral ureteral ob-
struction model. Although there has been a report about the
anti-apoptotic effect of COMP-Ang-1 on an in vivo radiation-
induced model,12 there have been no reports of how
COMP-Ang1 affects vascular endothelial cell survival in an
animal transplantation model. In this study, we examined
whether COMP-Ang1 affects the survival of vascular endo-
thelial cells in an animal model to evaluate the apoptosis
induced by oxidative stress during transplantation.

Materials and Methods

Animals

Twenty-six BALB/c mice were purchased from Central
Laboratory Animal Inc., Seoul, Korea, and were bred in
our pathogen-free animal facility. Mice 7 to 8 weeks of
age were used for this study. All mice lived in a system
equipped with day-night light cycling and were provided
with standard mouse chow. Experimental procedures
were performed under approval from the Animal Care
Committee of the Wonkwang University.

Surgery and Treatment

Mice were anesthetized using an intramuscular injection
of a combination of anesthetics (80 mg/kg ketamine and
12 mg/kg xylazine) before the surgery. The mice were
placed in a prone position on a standard surgical plat-
form. The dorsum of the mice was outlined as a 1.5-cm2

area with a marker after shaving. This area was prepared
and draped using the standard sterile surgical technique.
Preoperative antibiotics (30 mg/kg cefazolin sodium;
Chong-kun-dang Pharm., Seoul, Korea) were adminis-
tered by intramuscular injection. The skin incision was
made along the previously outlined mark and was then
trimmed down to a 1.0-cm2 area. The loose connective
tissue under the panniculus carnosus was excised. The
dermal appearance of the incised skin was photo-
graphed using a digital camera (D200; Nikon, Tokyo,
Japan). The recipient site was carefully dissected.

All grafts were soaked in 50 �g of COMP-Ang1 recom-
binant protein (n � 10) or bovine serum albumin (BSA)
(n � 10) dissolved in 1 ml of sterile phosphate-buffered
saline (PBS) for 5 minutes before transfer. The procured
skin grafts were sutured onto the dorsal recipient beds
using a nonabsorbable material (6-0 Ethicon; Ethicon,
Inc., Somerville, NJ). Multiple, traction-interrupted su-
tures were placed to secure the grafts to the underlying
fascia and to prevent seroma or hematoma formation.
The mice were kept warm postoperatively.

Morphometric Analysis of the Skin Grafts

For morphometric analysis of the skin grafts, the dermal
and epidermal appearance of the grafted skin was pho-

tographed using a digital camera on postoperative day
(POD) 5. The areas of epidermal necrosis and epidermal
pinkness in the skin grafts were calculated as a percent-
age of the total graft area using photographic analysis on
IMAGEJ software (National Institutes of Health, Bethesda,
MD; http://rsb.info.nih.gov/ij). We defined grafted skin as
healthy when the areas were soft, pink-white, and normal
in texture and as necrotic when the areas were black,
rigid, and did not bleed when cut.

Intravital Microscopic Observation

For in vivo microscopic observation of the papillary dermal
vasculature of the grafted skin, the mice were immobilized
in a microscopic stage after intramuscular anesthesia using
a combination of anesthetics (80 mg/kg ketamine and 12
mg/kg xylazine). As a control, we observed the vasculature
of the papillary dermis of the back skin in three BALB/c mice
using intravital microscopy. For evaluation of the revascu-
larization process, we obtained serial images of papillary
dermal vessels in three skin-grafted mice on PODs 2, 3, 4,
and 5. When the papillary dermal vessels were seen, we
obtained serial images at 10-minute intervals on the same
grafted site. In all of the skin grafts soaked in COMP-Ang1
or BSA, we obtained serial images of papillary dermal ves-
sels on PODs 3, 4, and 5.

In brief, high-molecular mass (2000 kDa) dextran la-
beled with fluorescein isothiocyanate (Sigma-Aldrich, St.
Louis, MO) was administered into the tail vein (0.1 ml,
25 mg/ml). After injection of fluorescein isothiocyanate-
labeled dextran (contrast enhancement by staining of
blood plasma), the grafted skin was observed on a fluo-
rescence intravital microscope (BX51WI; Olympus, To-
kyo, Japan). The microscopic images were recorded by
a charge-coupled device video camera (Roper Scientific,
Tucson, AZ). The microvessel density of the graft was
calculated as a percentage of the microvasculature area
in the nine-image area of the graft. The analysis of mi-
crovessel density was performed using MATLAB 7.1 soft-
ware (The MathWorks, Inc., Natick, MA).

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNA was isolated from grafted skin using TRIzol
reagent (Invitrogen, Carlsbad, CA). Concentration of
the RNA was detected by the absorbance at 260 nm,
and the integrity was verified by electrophoresis on
formaldehyde gels. Total RNA was reverse-transcribed
into cDNA, which was subjected to PCR for measure-
ment of mRNA. The product of PCR was checked by
2% agarose gel electrophoresis for a single band of the
expected size. The abundance of each mRNA was
detected and normalized to that of GAPDH mRNA. The
sequences of all primers used in this project are SURVIVIN:
sense, 5�-GTACCTCAAGAACTACCGCATC-3�; and reverse,
5�-GTCATCGGGTTCCCAGCCTTCC-3�; and for GAPDH:
sense, 5�-CATGACCACAGTCCATGCCATCAC-3�; and an-
tisense 5�-TGAGGTCCACCACCCTGTTGCTGT-3�.
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Western Blot Analysis

Grafted skin was disrupted by grading and sonication in 1
ml of RIPA buffer at 4°C, and the clarified lysate was ob-
tained by centrifugation. Protein concentrations were mea-
sured with a Micro BCA protein assay reagent kit (Sigma-
Aldrich). After being boiled in electrophoresis sodium
dodecyl sulfate sample buffer, 50 �g of protein were sep-
arated on 15% polyacrylamide gel and transferred onto
nitrocellulose membranes. Nonspecific binding sites were
blocked with blocking buffer (5% fat-free skimmer milk with
0.1% Tween 20) for 30 minutes. The membranes were
subsequently washed with TBST buffer and were incubated
overnight with the particular primary antibodies diluted in
the blocking buffer at 4°C. The membranes were then
washed with TBST buffer and were incubated with second-
ary antibodies. The proteins were detected by enhanced
chemiluminescence reagent according to the manufactur-
er’s instructions. The abundance of each protein was de-
tected and normalized to that of �-actin.

Histological and Immunostaining Examination

On POD 5, the grafted skin was removed and embedded in
paraffin [for hematoxylin and eosin (H&E) stain or for immu-
nostain]. Paraffin sections (30-�m thickness) were prepared
and incubated for 1 hour at room temperature with blocking
solution containing 5% normal goat serum (Jackson Immu-
noResearch, West Grove, PA) in PBS with 0.3% Triton X-100
(PBST). The graft sections were incubated for 2 hours at
room temperature with 1:300 primary antibodies, anti-plate-
let-endothelial cell adhesion molecule-1 (PECAM-1) anti-
body (hamster clone 2H8; Chemicon International, Te-
mecula, CA) for blood vessels and survivin antibody (FL-
142, rabbit polyclonal antibody; Santa Cruz Biotechnology,
Santa Cruz, CA) for survivin expression. After several
washes in PBS, the sections were incubated for 1 hour at
room temperature with secondary antibodies, Cy3-conju-
gated anti-hamster IgG antibody, 1:500, and with fluores-
cein isothiocyanate-conjugated anti-rabbit IgG antibody,
1:500 (Jackson ImmunoResearch).

To identify the apoptotic endothelial cells, the sections
were stained using the terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick-end labeling (TUNEL) method
according to the manufacturer’s protocol (Chemicon Inter-
national). The microcapillary endothelial cells and the apo-
ptotic cells in the dermal layer were viewed and photo-
graphed using a Zeiss LSM 510 confocal microscope (Carl
Zeiss, Goettingen, Germany) equipped with argon and he-
lium-neon lasers.

For histological comparison of both treated groups, the
histological status of the grafts was scored according to the
degree of inflammatory cell infiltrate, hair follicle number,
and epidermal spongiosis. This scoring system was a mod-
ified system of that presented in the previous publication.14

All tissue slides were examined blindly by two pathologists.
For each specimen, the pathologists were requested to
evaluate the tissues for a number of morphological features
grouped in the following three categories: inflammatory cell
infiltrates, epidermal spongiosis, and dermal hair follicle

changes. The inflammatory cells were counted at high-
power magnification using a �400 microscope view. The
intensity of the infiltrates was scored qualitatively as 1 when
they were not present or when the number of inflammatory
cells was less than 5, 2 when the number of inflammatory
cells was from 6 to 10, and 3 when the number of inflam-
matory cells was greater than 11. The predominant type of
the inflammatory cells (small lymphocytes, reactive en-
larged lymphocytes, eosinophils, or neutrophils) was noted.
Changes in the epidermis were studied. Spongiosis was
graded as 1 (mild) when it was only seen at high-power
magnification, 2 (moderate) at mid-power magnification,
and 3 (severe) when it was obvious at low-power magnifi-
cation. The dermal hair follicles were counted at high-power
magnification using a �400 microscope view. The intensity
of the dermal hair follicles was scored qualitatively as 1
when the number of the hair follicles was more than six, 2
when the number of the hair follicles was from two to five,
and 3 when the number of the hair follicles was less than
one (Table 1).

To avoid area variation, histological examinations were
performed in nine sections per graft. The histological
samples were photographed with an Axioskop2 Plus mi-
croscope (Carl Zeiss) equipped with a ProgResC14 color
charge-coupled device camera (Jenoptik, Jena, Ger-
many) and monitor. Dermal area densities of the blood
vessels, survivin expression, and TUNEL signals were
measured by PECAM-1-, surviving-, and TUNEL-immu-
nopositive areas, respectively, at a magnification of �200
in three regions per section in nine sections per graft.

Statistical Analysis

Data were expressed as mean � SD. Two independent
investigators, who were unaware of the experimental con-
ditions, calculated the data. Statistical significance was
tested using an independent t-test using the software
program SPSS version 11.5 (SPSS, Chicago, IL). The
statistical significance was set at P � 0.05.

Results

COMP-Ang1 Effect on Morphometric Analysis
of the Skin Graft

When the epidermal necrosis was compared, the COMP-
Ang1 group had a lower percentage of graft epidermal
necrosis than the BSA group (Figure 1). There was no

Table 1. The Values of Histological Scoring

Score

Inflammatory cell
number/HPF

(�400)
Epidermal

spongiosis*

Hair follicle
number/HPF

(�400)

1 �5 Mild �5
2 5 to 10 Moderate 2 to 5
3 �10 Severe �2

*Epidermal spongiosis was graded as mild when seen only at high-
power magnification (�400), moderate at mid-power magnification (�100),
and severe when it was obvious at low-power magnification (�40).

1684 Byun et al
AJP November 2007, Vol. 171, No. 5



significant difference between the two groups (11.08 �
5.01% versus 13.31 � 4.44%, P � 0.087).

Skin Graft Findings and COMP-Ang1 Effect on
Intravital Microscopy

In the control mice, the vascular diameter of the papillary
dermis of the back skin was 2 to 4 �m on the immediate
preoperative day. After transplantation, the diameter in-
creased and was measured as 10 to 12 �m at POD 5.
When we obtained serial images of the papillary dermal
vessels to evaluate the revascularization process, the
papillary dermal vessels were not seen until 2 days after
transplantation. On POD 3, we observed numerous, dot-
like vessels that were suggestive of connecting vessels
between the papillary dermal vessels and the vessels of

the reticular dermis. On the serial images at 10-minute
intervals, we found that the recanalization process was
occurring through the pre-existing papillary dermal ves-
sels from the connecting vessels (Figure 2). When com-
paring both treated groups, the COMP-Ang1 group
showed more increased microvascular densities in the
papillary dermal layer than those of the BSA group on
PODs 3, 4, and 5 (Table 2 and Figure 3). The calculated
microvascular densities of both treated groups were sta-
tistically significantly different (P � 0.05).

Effect of COMP-Ang1 on Survivin Expression in
the Grafted Skin on RT-PCR and Western Blot

The expression of survivin in the grafted skin was de-
tected by RT-PCR and Western blot. When comparing

Figure 1. Morphometric analysis of skin grafts. Grafts were soaked with 50 �g/ml of BSA (A, C,
and E) or with COMP-Ang1 (B, D, and F). A and B: Preoperative dermal appearances. C and D:
On the dermis of grafted skins, the recanalization of the reticular dermal vessels (arrow) is
shown on POD 5. E and F: Epidermal appearance of grafted skin on POD 5. D and F: By
comparing the dermal and epidermal black circle areas of the graft soaked with COMP-Ang1,
we observed that a vacant pinkish area of dermis corresponded to a vacant pinkish area of
epidermis. G: Bar graph demonstrating the insignificant difference determined by the t-test in
mean percentages of epidermal necrosis between both treated groups (P � 0.087). Scale bar �
5 mm.
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both treated groups, the mRNA levels of survivin of the
COMP-Ang1 group were higher than those of the BSA
group at POD 1 and the COMP-Ang1 group showed
increased mRNA levels of survivin at POD 1, and the
protein levels of survivin of the COMP-Ang1 group were

higher than those of the BSA group on PODs 3 and 5
(Figure 4, A and B).

COMP-Ang1 Effect on Histological and
Immunostaining Examinations

On histological scoring the COMP-Ang1 group had a
better status than the BSA group in H&E stain (4.27 �
0.21 versus 5.84 � 0.32, P � 0.001) (Table 3 and Figure
5, A, B, and K). The overall blood vessel densities
(PECAM-1-immunopositive areas/total dermal areas) in
the COMP-Ang1 group were 1.91-fold greater than that in
the BSA group (18.16 � 10.84% versus 9.53 � 3.68%,
P � 0.047) (Figure 5, C, D, and L). The overall survivin
expression densities on the endothelial cells (survivin and

Figure 2. Observation of skin grafts on intravital microscopy. A: Preoperative skin appearance. Papillary dermal vessels size: 3 to 5 �m. B: At 48 hours
postoperatively, the graft area did not show vessels. C: At 72 hours postoperatively, the graft area had a dot-like appearance. D–G: The same skin-graft
site was observed serially. Revascularization of the grafted skin increased through recanalization of pre-existing papillary dermal vessels. At 81.5 hours
postoperatively, the points entering into the papillary dermal vessel showed up as visible dots with enhanced contrast (arrowheads). The recanalization
of small vessels could also be seen to extend through the pre-existing dermal vessels (arrows). H: The graft appearance at 120 hours postoperatively. The
papillary dermal vascular network was seen as the well-vascularized area. Papillary dermal vessels size: 10 to 30 �m. Scale bar � 100 �m.

Table 2. Mean Microvascular Densities of Papillary Dermal
Layer on Grafts

Number of
treatment

days

Soaked with
BSA

(n � 10, %)

Soaked with
COMP-Ang1
(n � 10, %) Statistics

3 0.39 � 0.20 1.36 � 0.73 P � 0.002
4 4.82 � 0.67 7.38 � 0.39 P � 0.000
5 8.50 � 1.36 11.09 � 1.11 P � 0.000

BSA, bovine serum albumin; COMP-Ang1, cartilage oligometric
matrix protein angiopoietin-1.
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PECAM-1 co-immunopositive areas/total dermal areas) in
the COMP-Ang1 group were 3.96-fold greater than that in
the BSA group (5.04 � 1.55% versus 1.27 � 0.22%, P �
0.05) (Figure 5, G, H, and M). In addition, the overall
apoptosis densities (TUNEL-immunopositive areas/total
dermal areas) in the COMP-Ang1 group were 4.46-fold
less than that in the BSA group (0.74 � 0.49% versus
3.30 � 1.54%, P � 0.05) (Figure 5, I, J, and N).

Discussion

In this study, we investigated the biological role of COMP-
Ang1 in promoting revascularization by improved survivin
expression in the dermal endothelial cells of grafts. The
endothelial cells of the graft are influenced by oxidative
stress caused by ischemic damage until the skin graft
becomes fully revascularized. Oxidative stress activates
various signal transduction pathways that include Jun
N-terminal kinase (JNK) and transcription factors such as
nuclear factor-�B (NF-�B) that induce apoptosis.15,16 In
particular, this apoptosis of endothelial cells often in-
duces degeneration of the superficial graft vessels. The
degeneration of a dermal vascular plexus that results in a

Table 3. Histological Score of Both Treated Groups

Soaked with
BSA

(n � 10, %)

Soaked with
COMP-Ang1
(n � 10, %) Statistics

Histological
scores

5.84 � 0.29 4.27 � 0.21 P � 0.001

Figure 3. Time course observation of skin grafts using intravital microscopy. A: The graft papillary
dermal microvasculatures were obtained 3, 4, and 5 days after surgery on one image consisting of nine
selected regions. The skin graft was divided into nine subareas, after which the intravital microscopic
images of these subareas were combined, three by three images. COMP-Ang1-soaked skin grafts showed
faster inosculation after surgery than BSA-soaked skin grafts in POD 3 and greater revascularization in
POD 4 and POD 5. B: The microvessel density of the graft was calculated as a percentage of the
microvasculature area in the nine-image area of the graft. The dot graph demonstrating the significant
difference, as demonstrated by the t-test in the mean percentages of the calculated microvascular densities
in the papillary dermal layer in both groups, show a significant statistical difference (P � 0.05), �100 on
intravital microscopy. Scale bars � 300 �m.

Figure 4. Survivin expression in the grafted skins detected by RT-PCR (A)
and Western blot (B). When comparing both treatment groups, mRNA levels
of survivin of the COMP-Ang1 group were higher than that of the BSA group
at POD 1 (A), and the protein levels of survivin of the COMP-Ang1 group
were higher than that of the BSA group at POD 3 and POD 5 (B).
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delay of vascularization can contribute to secondary
wound infection, thereby also increasing the risk of graft
failure.

Several molecules have been used to increase the
graft survival through the inhibition of ischemic damage.
Recent reports have indicated that vascular endothelial
growth factor administration increases the percentage of
surviving tissue,17 induces the expression of survivin pro-
tein in endothelial cells,18 and protects the apoptosis of
sinusoidal endothelial cells in liver tissue.19 Although
these positive effects of vascular endothelial growth fac-
tor have been described, the exogenous administration
of vascular endothelial growth factor for protection
against the endothelial damage may often produce leaky,
inflamed, and malformed vessels.20,21 To the contrary,
Ang1 is a specific growth factor with potential therapeutic
applications in inducing angiogenesis, preventing vascu-
lar leakage, and inhibiting the apoptosis of endothelial
cells to oxidative stress through several pathways that
include phosphatidylinositol-3 kinase/AKT activation and
the up-regulation of survivin protein.5–8

The recently developed variant Ang1, COMP-Ang1, is
more powerful than the native Ang1 in phosphorylating
the Tie2 receptor and for signaling through Akt in primary
cultured endothelial cells.9 In several studies with COMP-
Ang1, the protein revealed a protective effect of apopto-
sis, enhancement of angiogenesis, and amelioration of
fibrosis in animal models.9–13 Until now, there have been
no reports regarding the effect of COMP-Ang1 on endo-
thelial cell survival in a transplantation model.

In a previous publication,22 a concentration of 100 to
200 ng/ml COMP-Ang1 was used to stimulate human
umbilical vein endothelial cells in vitro, and maximal re-
ceptor phosphorylation was seen at �600 ng/ml. To the
contrary, in a recent study,10 concentrations of 100 �g/
50 �l COMP-Ang1 were used in an in vivo tail wound
model. The result indicated that topical COMP-Ang1 pro-
motes wound healing by enhancing angiogenesis and
blood flow in a tail-skin wound. We believe that the re-
quired concentrations in vivo will usually be higher than in
an in vitro assay. Therefore, we tried an experimental
study with various concentrations (1, 25, 50, and 100

Figure 5. H&E, PECAM-1, survivin, and TUNEL stains at POD 5. A and B: Representative photographs of H&E staining of grafts. The epidermis (arrowheads)
of the BSA group showed more spongiosis than that of the COMP-Ang1 group. The inflammatory cells (arrows) were shown at the dermal layer on BSA group.
The COMP-Ang1 group showed better results than the BSA group on histological status of PECAM-1 (red) immunostain (C and D) and survivin (green)
immunostain (E and F). In PECAM-1 and survivin co-stains (G and H), the BSA group mainly showed co-staining points (arrows) of PECAM-1 and survivin in
the reticular dermal vasculature, but the COMP-Ang1 group showed co-staining points (arrows) of PECAM-1 and survivin in the entire dermal vasculature. TUNEL
stain (I and J) and the bar graph (N) show that the overall apoptosis densities (arrows) in the COMP-Ang1 group were 4.46-fold less than those observed in the
BSA group. K: The bar graph showed the histological scoring of both treatment groups. The COMP-Ang1 group showed better results than the BSA group on
histological status. L: The bar graph shows that the overall blood vessel densities in the COMP-Ang1 group were 1.91-fold greater than those observed in the BSA
group. M: The bar graph shows that overall survivin expression densities on endothelial cells in the COMP-Ang1 group were 3.96-fold greater than those observed
in the BSA group. Scale bars � 2 mm. Original magnifications, �200 (C–F); �400 (A and B).
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�g/ml) of COMP-Ang1. When we used COMP-Ang1 with
concentrations of 50 and 100 �g/ml, we obtained good
study results (statistical data not shown). Therefore, we
used a concentration of 50 �g/ml in this study.

To observe COMP-Ang1 effects, revascularization of
the grafts was monitored with an intravital microscope
during PODs 3, 4, and 5. To date, many researchers have
used various ex vivo methods, eg, SEM and immunostain,
to study vascularization.23,24 Although the penetration
depth of intravital microscope is limited within a few mil-
limeters, we were able to obtain serial time images of the
papillary dermal layer of a skin graft in an in vivo state
using IVM. We found that the recanalization process was
occurring through the pre-existing papillary dermal ves-
sels from the connecting vessels. In our study, the
COMP-Ang1 group showed more increased microvascu-
lar densities in the papillary dermal layer than the BSA
group on IVM observation. We used PECAM-1 immuno-
staining to support data of IVM. In addition, apoptosis-
related factors also provided the supporting data to un-
derstand the reasons of dermal vessel increment.

In a previous publication, Cho and colleagues13 de-
scribed that COMP-Ang1 treatment decreased mono-
cyte/macrophage infiltration. In H&E staining of our study,
the COMP-Ang1 group also showed reduction of inflam-
matory cell infiltration and better results than the BSA
group on histological grading. A previous study also
demonstrated the increment of survivin expression by
Ang1.7 In our study, the COMP-Ang1 group showed the
increment of survivin expression in the papillary and re-
ticular dermal vasculature layers. To the contrary, the
BSA group showed a survivin expression limited to the
reticular dermal vasculature layer. A similar result was
obtained by TUNEL staining for apoptosis in the COMP-
Ang1 group. In RT-PCR and Western blot assay to detect
the expression level of survivin mRNA and protein, the
COMP-Ang1 group showed increased mRNA levels of
survivin at POD 1 and increased protein levels of survivin
on PODs 3 and 5. These results have supported the
increased expression of survivin in the COMP-Ang1-
treated grafted skin. Based on these results, we believe
that COMP-Ang1 can facilitate inosculation-mediated re-
canalization by an inhibition effect to the apoptosis of
dermal endothelial cells.

In general, despite the clear difference in vessel den-
sity and the speed of revascularization between the
COMP-Ang1-treated group and the BSA group in immu-
nohistochemical staining, the differences in terms of
transplant necrosis are missed. We believe this occurs
because the success rate of skin grafting is very high
because of the small size and thin depth of skin grafts in
general. Accordingly, our results provide supporting ev-
idence that COMP-Ang1 would be helpful in enhancing
revascularization of dermal vessels in the grafted skin
model and have a potential for the therapeutic applica-
tions in other ischemic models.

In summary, we demonstrated that soaking grafts in
COMP-Ang1 solutions before surgery could promote re-
vascularization by increment of the survivin expression in
the endothelial cells of dermal vessels in the grafted skin
model. Therefore, we believe that COMP-Ang1 provides

the therapeutic benefit of enhancing the survival of vas-
cular endothelial cells during transplantation of skin graft.
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