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Abstract:  Objective: The present study was designed to use an in vivo rabbit ear scar model to investigate the
efficacy of systemic administration of endostatin in inhibiting scar formation. Methods: Eight male New Zealand white
rabbits were randomly assigned to two groups. Scar model was established by making six full skin defect wounds in
each ear. For the intervention group, intraperitoneal injection of endostatin was performed each day after the wound
healed (about 15 d post wounding). For the control group, equal volume of saline was injected. Thickness of scars in
each group was measured by sliding caliper and the scar microcirculatory perfusion was assessed by laser Doppler
flowmetry on Days 15, 21, 28, and 35 post wounding. Rabbits were euthanatized and their scars were harvested for
histological and proteomic analyses on Day 35 post wounding. Results: Macroscopically, scars of the control group
were thicker than those of the intervention group. Significant differences between the two groups were observed on
Days 21 and 35 (p<0.05). Scar thickness, measured by scar elevation index (SEI) at Day 35 post wounding, was
significantly reduced in the intervention group (1.09+0.19) compared with the controls (1.36+0.28). Microvessel density
(MVD) observed in the intervention group (1.73+0.94) was significantly lower than that of the control group (5.63+1.78)
on Day 35. The distribution of collagen fibers in scars treated with endostatin was relatively regular, while collagen
fibers in untreated controls were thicker and showed disordered alignment. Western blot analysis showed that the
expressions of type | collagen and Bcl-2 were depressed by injection of endostatin. Conclusions: Our results from the
rabbit ear hypertrophic scar model indicate that systemic application of endostatin could inhibit local hypertrophic scar
formation, possibly through reducing scar vascularization and angiogenesis. Our results indicated that endostatin may
promote the apoptosis of endothelial cells and block their release of platelet-derived growth factor (PDGF) and fibro-
blast growth factor (FGF), thereby controlling collagen production by fibroblasts. Blood vessel-targeted treatment may
be a promising strategy for scar therapy.
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1 Introduction problems. The underlying mechanisms of scar

formation are complicated, and the process may be

Hypertrophic scar (HS) formation is a common
complication of wound healing, particularly after
burn injuries. HSs are raised, red, rigid, and
responsible for serious functional and cosmetic
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affected by multiple factors.

Angiogenesis and vascularization are the
important processes during wound healing. These
events ensure abundant microvascular perfusion for
the regeneration of the neo-tissue (Kirsner and
Eaglstein, 1993). However, excessive angiogenesis
and vascularization can lead to pathological HSs
(Kischer, 1992). Microvascular abnormalities have
been observed in pathological scars. Compared with
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normal skin, such scars have vessels of greater
density and diameter and blood flow is increased as
measured by laser Doppler. This implies the presence
of increased vascular density in HSs compared with
normotrophic scars. Amadeu et al. (2003) have
reported increased microvessel numbers in HSs.
Thomas et al. (1994) confirmed that HSs have an
increased vascular component. Ehrlich and Kelley
(1992) also demonstrated increased blood flow in
HSs. Thus, we propose that inhibition of the growth
of excessive new blood vessels in the scar might be a
promising new strategy for the suppression of HS
formation.

Currently, surgical excision, intralesional
injection of steroids, silicone, and laser are the most
frequently used treatments for HSs (Leventhal et al.,
2006). However, no single treatment appears to have
the desired curative effect. As a result, new strategies
for prevention of HSs are needed to avoid completely
their formation. Antiangiogenic therapy may be used
as an effective strategy in HS therapy. There have
been some studies in the area of antiangiogenic
therapy for HSs (Song et al., 2008a; 2008b; 2009);
however, the antiangiogenic agents used in these
reports are topically administered, which can lead to
local pain and poor compliance.

Endostatin, the C-terminal fragment of collagen
XVIII, has been clinically applied to suppress tumor
growth and angiogenesis by inhibiting endothelial
cell proliferation and migration (Song et al., 2009;
Zheng, 2009). We propose that this anti-angiogenesis
of endostatin may also be effective in scar-treatment.

The aim of this study was to investigate our
hypothesis that endostatin may be successful in the
therapeutic modulation of scar formation in vivo.

2 Materials and methods
2.1 HS model

Eight male adult New Zealand white rabbits
weighing between 2.2 and 2.5 kg were used in this
study. All animal handling procedures were approved
by the Zhejiang University Animal Care and Use
Committee. Animals were anaesthetized with 1%
(10 g/L) pentobarbital sodium (1 mg/kg). Afterwards,
the HS model was made following standardized pro-
tocol, as previously described (Morris et al., 1997;

Saulis et al., 2002b). Six wounds were created down
to bare cartilage on the ventral surface of each ear by
means of a 7-mm punch biopsy at standardized loca-
tions (Tandara and Mustoe, 2008). An operating loupe
was used to ensure removal of the epidermis, dermis,
and perichondrium in each wound (Tandara and
Mustoe, 2008). Hemostasis was then obtained by
applying pressure with cotton balls.

2.2 Animal groups and drug administration

Eight rabbits were randomly assigned to either
the intervention group or the control group such that
each group had four members. Human recombinant
endostatin (Endostar™, purchased from SIMCERE
PHARMACEUTICAL Company, 15 mg/3 ml per
dosage) was diluted with 47 ml physiological saline.
Endostar™ solution was given to the intervention
group rabbits by intraperitoneal injection every day
from the Day 15 after operation when the wound had
finished epithelialization. The dosage was calculated
based on body surface area following the users’ in-
structions for Endostar™. The animal body surface
area calculation formula is S=KxW*? (S: surface area,
K: constant, W: weight); for the rabbit K=10. A 2.5 kg
rabbit has a body surface area of 0.2 m’
(5=10x2500**=1842 cm’~0.2 m?), and 5 ml of En-
dostar™ solution containing 1.5 mg endostatin was
injected each day.

2.3 Tissue preparation

On Day 35 post wounding, the rabbits of each
group were sacrificed and the scars harvested. To
prevent scar shrinkage in paraffin sections, the sam-
ples contained the rabbit ear full-thickness scar skin
and the cartilage, the latter acting as a tissue pedestal.
One half of each scar was fixed in 4% neutral-
buffered formaldehyde, dehydrated, embedded in
paraffin, cut in 4-mm sections, and stained with
haematoxylin and eosin (H&E). The other half was
frozen for Western blot analysis.

2.4 Microcirculation perfusion assessment

On Days 15, 21, 28, and 35 post wounding, scar
microcirculatory perfusion was assessed by laser
Doppler flowmetry (PeriFlux5000s, PF 5010 standard
probe; Perimed, Stockholm, Sweden) according to the
manufacturer’s instructions as previously described
(Song et al., 2009). In short, a 1-mW laser source with
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a wavelength of 780 nm was used, and the time
duration was set at 60 s for each measurement spot in
each scar. The output signal was analyzed using PSW
2.0 software, and the average value was obtained for a
total of 96 scars at each time point of investigation.

2.5 Scar elevation index (SEI)

The degree of dermal hypertrophy of each scar
was expressed as the SEI (Morris et al, 1997;
Tandara and Mustoe, 2008). This index is the ratio of
the area of newly formed dermis of the scar to the area
of surrounding normal dermis. An SEI value greater
than 1.0 defines a hypertrophic dermis (Morris et al.,
1997; Marcus et al., 2000; Saulis et al., 2002a;
Tandara and Mustoe, 2008).

2.6 Immunohistochemistry and microvessel den-
sity (MVD)

Specific immunochemical staining of endothe-
lial cells was performed using a monoclonal antibody
to CD34. Mouse-anti-rabbit-CD34 monoclonal anti-
body was purchased from Santa Cruz Biotechnology.
In each scar, the total number of CD34 positive blood
vessels was counted in five randomly chosen high
power fields, which were distributed evenly inside the
scar. The counts from the five fields (200%) were
averaged and used for comparisons.

2.7 Collagen organization and cellularity of the
dermis

The dermis was examined for collagen organi-
zation in a semi-quantitative manner in Masson
trichrome-stained slides as described previously
(Saulis et al., 2002b; Tandara and Mustoe, 2008). The
collagen organization was described by its alignment
and thickness.

2.8 Western blot analysis

Western blot was performed using a previously
described method (Kim et al, 2007; 2011). Scar
samples were lysed in solutions containing
250 mmol/L. sucrose, 1 mmol/L ethylenediamine-
tetraacetic acid (EDTA), 0.1 mmol/L phenylmethyl-
sulfonyl fluoride (PMSF), and 20 mmol/L potassium
phosphate buffer at pH 7.6 with a homogenizer at
3000 r/min. Equal amounts of protein (50 mg/lane)
were subjected to immunoblotting with the indicated
antibodies. The antibodies used were type I collagen,

Bcl-2, and B-actin (200 pg/ml, Santa Cruz Biotech-
nology, CA, USA). The bound horseradish peroxidase
conjugated secondary antibody was detected using an
enhanced chemiluminescence detection system (iN-
tRON Biotechnology, Korea). Protein expression
levels were determined by analyzing the signals
captured on the nitrocellulose membranes using an
image analyzer (Las-3000, Fuji photo, Tokyo, Japan).

2.9 Statistical analysis

Each sample was evaluated twice at each time
points using a calibrated eyepiece reticule. SPSS
Version 18 (SPSS Inc.) was used for statistical
analysis. Continuous variables are expressed as
mean=standard deviation (SD). Enumeration data are
expressed as percentages. A p-value of <0.05 was
chosen to indicate statistical significance. We first
checked the normality and homogeneity of the con-
tinuous variables, and then adopted an independent
sample f-test or nonparametric independent sample
test to analyze the differences between variables of
both groups, depending on the distribution of the
variables.

3 Results
3.1 Appearance of scars

Macroscopic view of scar samples was taken at
each time point by digital camera (Fig. 1).

One week after complete healing (Day 21), the
scars in the control group were severely congested and
appeared purple and swollen (Fig. 1a). Since the per-
fusion of scars in the intervention group was dramati-
cally depressed due to the injection of endostatin, these
scars appeared pink and less swollen (Fig. 1b). Three
weeks after healing, the intra scar microvascular per-
fusion in both groups had decreased, and the scars had
become less red. However, scars in the control group
were still thick, and had even become hardened
(Fig. 1c), while scars in the intervention group were
completely flat and had softened (Fig. 1d).

3.2 Thickness of scars in the rabbit ear

The thickness of scars in both groups was
measured with a slide gauge (Table 1 and Fig. 2).

On Day 15 the scar thickness in both groups had
peaked, and there was no significant difference
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Fig. 1 Macroscopic views of scar samples
(a) Control group (Day 21); (b) Intervention group (Day 21);
(c) Control group (Day 35); (d) Intervention group (Day 35)

Table 1 Thickness of scars measured with a slide gauge

Scar thickness (mm)

Day

Control group Intervention group
15 2.45+0.67 2.66+0.55
21 2.31+0.57 2.02+0.38"
28 2.28+0.38 2.11£0.40
35 2.1240.40 1.71+0.35"

" p<0.05, compared to the control group
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Fig. 2 Comparison of scar thickness
Scar thickness decreased much faster in the intervention
group, and significant statistical differences were observed on
Days 21 and 35 after modeling (* p<0.05)

between the two groups (Table 1 and Fig. 2). After
that, the thickness of scars in both groups decreased
with time. However, the decrease was much faster in
the intervention group than in the control group, and
significant statistical differences were observed on
Days 21 and 35 after modeling (p<0.05).

3.3 Perfusion of microcirculation

The scar microcirculatory perfusion was as-
sessed by laser Doppler flowmetry (Fig. 3).

After healing, the microcirculation perfusion in
the control group went up on Day 21 and decreased
slowly thereafter, but in the intervention group it
continued to drop after endostatin administration. A
significant difference between the two groups was
observed on Day 21 (p<0.05).

70 *
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15 21 28 35
Days after operation

Perfusion value (PU)

Fig. 3 Changes in microcirculation perfusion in scars
p<0.05, significant difference between the intervention and
control groups on Day 21

3.4 SEI

On Day 35 post wounding, the scars were har-

vested for SEI measurement (Fig. 4).
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2.0- | p<0.01 | 3.6 Collagen distribution in scars
1.5 Collagen distribution in scar samples, harvested
B on Day 35 post wounding, was observed by Masson
o 107 trichrome-stained slides (Fig. 6).
The distribution of collagen fibers in the inter-
Sl vention group in Masson trichrome-stained slides
00 showed regular alignment (Fig. 6b), while fibers were

Intervention group Control group enlarged and disordered in the control group (Fig. 6a).

Fig. 4 Comparison of scar elevation index on Day 35

The SEI in the control group was 1.36+0.28,
compared to 1.09+0.19 in the intervention group. The
difference was statistically significant (p<0.01).

3.5 MVD

MVD within scar samples was measured by spe-
cific immunochemical staining of endothelial cells
(CD34"). In each scar, the total number of CD34 posi-
tive blood vessels was counted in five randomly cho-
sen high power fields, which were distributed evenly
inside the scar. The counts from the five fields (200x)
were averaged and used for comparisons (Fig. 5).

The MVD in the control group (5.63+1.78)
(Fig. 5a) was much higher than that of the interven-
tion group (1.734£0.94) (Fig. 5b) on Day 35. The dif-
ference was statistically significant (p<0.05).

Fig. 6 Collagen distribution in scars on Day 35
(a) Control group; (b) Intervention group (Masson)

3.7 Expressions of type I collagen and Bcl-2 in
scars

Expressions of type I collagen and Bcl-2 in scars
were measured by Western blot analysis (Fig. 7).

Bcl-2

B-action

Fig. 5 Microvessel density (MVD) within scar samples Control 1 Control 2 Control 3 Inter 1 Inter2 Inter 3
(a) Control group; (b) Intervention group (immunohisto-

chemistry) Fig. 7 Expressions of type I collagen and Bcl-2 in scars
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Expressions of type I collagen and Bcl-2 were
depressed by endostatin injection. Down-regulation
of Bcl-2 was possibly related to the apoptosis of en-
dothelium cells.

4 Discussion

Hypertrophic scarring is a common problem af-
ter injury and may cause functional and cosmetic
deformities. Several treatment modalities have been
applied for the prevention and treatment of HS, in-
cluding pressure, silicone gel sheets, intralesional
steroids, 5-fluorouracil (5-FU), cryotherapy, surgical
excision, and lasers. Local pharmacological therapies
such as repeat inter scar steroid injections, are painful
and can result in complications including steroid
atrophy. Systemic pharmacologic inhibitors of col-
lagen synthesis such as penicillamine were previously
used clinically for these lesions. However, significant
systemic side effects of this therapy were reported
(Camus and Koeger, 1986). Currently, there is a de-
mand for systemically applied agent collagen syn-
thesis inhibitors, which are considered an attractive
strategy if they can be applied without obvious side
effects.

Endostatin was first identified from murine he-
mangioendothelioma cell culture medium (O'Reilly et
al., 1997). It has been systemically implicated
in tumor therapy by reducing the number of
newly-formed blood vessels (Rosca et al., 2011).
Results from these clinical studies have proven the
safety of this drug. Local injection of the anti-
angiogenesis drug endostatin has been shown to sig-
nificantly alleviate scar formation in rabbit ears
(Wang et al., 2012). However, repeated local injec-
tions in the scar are painful for human patients, and
lead to poor compliance.

This study, to our knowledge, is the first to
confirm the hypothesis that systemic application of
endostatin can also be effective in preventing and/or
treating local HSs. Our results showed that the sys-
tematic injection of endostatin reduced scar conges-
tion, thickness, SEI, and MVD significantly and
produced fewer and regular collagen fibers com-
pared to the control group. The effectiveness of
endostatin in reducing the thickness and SEI of scars
is possibly due to its ability to impede angiogenesis.

The relationships between the endothelial cells
and other cells were described previously (Bao et al.,
2009). The capillary endothelial cells can secrete
fibroblast growth factor (FGF) and platelet-derived
growth factor (PDGF) which will lead to fibroblast
hyperplasia (Bao et al., 2009). Bcl-2 is an anti-
apoptotic molecule (Portt ef al., 2011). A decrease in
Bcl-2 would promote apoptosis in mammalian cells
by directly activating the mitochondrial apoptotic
pathway upstream of caspase-9, and caspase-9 natu-
rally activates caspase-3 (Miller, 1997; Fan et al.,
2005; Mazars et al., 2005). In the present study, Bel-2
decreased following endostatin treatment. Thus, the
decrease in Bcl-2 played an important role in the
induction of endothelial cell apoptosis by endostatin.
Our results indicated that endostatin may promote the
apoptosis of endothelial cells and block their release
of PDGF and FGF, thereby controlling the production
of collagen by fibroblasts. Further research should be
done to elucidate the mechanism of this process.

5 Conclusions

Our study demonstrates that the inhibition of
angiogenesis by endostatin results in an obvious re-
duction of hypertrophic scarring in a rabbit ear model.
To the best of our knowledge, this is the first report of
the systemic application of endostatin for targeting
the growth of new blood vessels to control local HS
formation. By systematic application of endostatin,
the inhibition of angiogenesis provides a potential
approach for the prevention and treatment of HSs in
humans.
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