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Higher Adiponectin Expression Suppresses Neointimal Hyperplasia 
by Attenuating the Inflammatory Response Following Acceleration of 
Endothelialization in Damaged Areas in Adiponectin Transgenic Mice
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Abstract : Adiponectin prevents in�ammation and atherosclerosis, but it is unclear 
whether overexpression of adiponectin protects the vasculature.  The aim of the 
present study was to determine whether adiponectin overexpression promotes vascu-
lar repair after mechanical injury using adiponectin transgenic （Tg） mice.  Studies 
were performed in 7–8-week-old C57/BL6 （wild-type ; WT ; n＝50） and adiponectin 
Tg （n＝46） mice.  A damaged endothelium model was created by inserting a large 
wire into the femoral artery.  Von Willebrand factor-positive cells were observed on 
the surface of the damaged area from 1 week after wire injury in Tg mice, and 
from 2 weeks in WT mice.  At 1 week, both α-smooth muscle embryonic myosin 
heavy chain-positive cells and intercellular adhesion molecule-positive cells were 
observed in the neointima in WT but not Tg mice.  The intima/media ratio was 
signi�cantly smaller in Tg than WT mice.  Adiponectin and tumor necrosis factor 
（TNF）-α mRNA expression was observed in non-injured Tg and WT mice, but 
serum and mesenteric adipose tissue adiponectin concentrations were signi�cantly 
higher in Tg than WT mice.  Higher adiponectin and lower TNF-α levels, brought 
about by adiponectin transgene expression, suppressed neointimal hyperplasia by 
attenuating the in�ammatory response following the acceleration of endothelializa-
tion in damaged areas in adiponectin Tg mice.
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Introduction

　Adipose tissue is considered to be an endocrine organ, and previous studies have con�rmed 
that this tissue expresses various secretary proteins 1）.  Of the proteins expressed, the most 
abundant gene product of adipocytes is adiponectin 2-5）.  Previous studies have shown that 
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adiponectin prevents inflammation and the development of atherosclerosis by decreasing the 
expression of adhesion molecules in endothelial cells and inhibiting the proliferation of vascular 
smooth muscle cells （VSMCs）6，7）.  Adiponectin also plays a crucial role in the development 
of atherosclerosis in patients with type 2 diabetes mellitus and metabolic syndrome 8）, and low 
plasma adiponectin concentrations have been reported to be associated with both coronary artery 
disease and vascular endothelial dysfunction 9，10）.  For example, adiponectin protein is detected 
in the vasculature when vascular walls are injured 11，12）.  In addition, a strong relationship has 
been reported between adiponectin and the development of neointimal hyperplasia after vascular 
injury.  Specifically, adiponectin-deficient mice exhibit enhanced proliferation of VSMCs and 
increased neointimal thickening after vascular mechanical injury 13，14）.  In addition, the adenovirus 
mediated-expression of Adipoq in adiponectin-knockout mice attenuates the extent of neointimal 
hyperplasia 14）.  However, these studies were performed under conditions of hypoadiponectinemia, 
and it remains unclear whether higher adiponectin expression is protective for the process of 
vascular repair after vascular injury.  Therefore, the aims of the present study were to investigate 
whether higher adiponectin expression promotes vascular repair after mechanical injury using 
adiponectin transgenic （Tg） mice and to explore the potential mechanisms involved.

Materials and methods

Animals 
　Tg mice （n＝46） expressing mouse adiponectin in all tissues as a result of mouse adiponectin-
coding region knock-in （C57B/L6 background）15） were maintained in the animal facility of 
Showa University.  Adult Tg male mice, 7-8 weeks of age and weighing 25-30 g, were used in 
the experiments.  Adult wild-type （WT） male mice （C57B/L6J; n＝50; 7-8 weeks old, 25-30 g） 
were used as controls.  For all surgical procedures, mice were anesthetized by intraperitoneal 
injection of 50 mg/kg pentobarbital diluted in 0.9％ sodium chloride solution.  The present study 
conformed to the “Guidelines for the Care and Use of Laboratory Animals published by the 
US National Institutes of Health” （NIH publication No.86-23, revised 1985）.  The experimental 
protocol was approved by the Animal Care and Use Committee of Showa University.  

Mouse femoral injury model

　The surgery was performed under a dissecting microscope （SMZ-800; Nikon, Tokyo, Japan）.  
Transluminal mechanical injury of the femoral artery was induced by inserting a large wire 
（0.38 mm diameter; COOK, Bloomington, IN, USA） into the artery, as described previously16，17）.  
This method induces endothelial denudation, massive apoptosis of the media, and severe neointi-
mal hyperplasia.  The mice were then killed by pentobarbital overdose, injected intraperitoneally, 
at different time points: 3 days （Tg: n＝10; WT: n＝8）, 1 week （Tg: n＝9; WT: n＝14）, 2 weeks 
（Tg: n＝15; WT: n＝14）, and 4 weeks （Tg: n＝12; WT: n＝14）.  Mice in which wire injury was 

not induced （Tg: n＝6; WT: n＝6） were used as uninjured controls.  After blood samples had 
been obtained from the right ventricle, mice were perfused with 0.9％ NaCl solution.  The femoral 
artery was carefully excised, �xed in 4％ paraformaldehyde overnight at 4℃ , and embedded in 
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paraffin.  The paraffin-embedded fixed arteries were divided into several 100-µm long blocks, 
and thin cross-sections （5 µm） were then cut from each block.  The thin cross-sections were 
subsequently stained with hematoxylin and eosin, elastic Van Gieson, or Azan–Mallory stains for 
histopathological evaluation.  Furthermore, �ve additional different thin cross-sections from each 
elastic Van Gieson-stained block were used for morphometric analyses.

Immunohistochemistry

　Immunohistochemical analyses were performed to determine the localization of various proteins 
in the femoral arteries.  At the time of death, each mouse was perfused with 0.9％ NaCl solution, 
followed by per- fusion �xation with 4％ paraformaldehyde in phosphate-buffered saline （PBS） 
（pH 7.4）.  The femoral artery was carefully excised, �xed in 4％ paraformaldehyde overnight at 

4℃ and embedded in paraf�n.  Mouse femoral artery was embedded in paraf�n, cut into the 
thin cross-sections for immunohistochemistry, deparaf�nized in xylene, dehydrated in phosphate-
buffered saline （PBS; pH 7.4）, and incubated with 0.3％ H2O2 in methanol for 10 min to quench 
endogenous peroxidase activity.  After a further 15 min of rinsing with PBS and 10 min incu-
bation with diluted normal serum, sections were incubated with primary antibodies at room 
temperature for 60 min.  The sources and speci�city of all primary antibodies used in the present 
study are summarized in Table 1.  Bound antibodies were visualized using the avidin-biotin com-
plex technique, after which the sections were counterstained with hematoxylin.

Morphometric analysis

　Lesions were analyzed morphometrically as described previously 16，18）.  Brie�y, the lumen and 
internal and external elastic laminae in each thin cross-section were traced using an image analy-
sis software program （Image-Pro Plus version 4.5; Media Cybernetics, Sarasota, FL, USA）.  The 
intimal area was determined by subtracting the area of the lumen from the area enclosed by the 
internal elastic lamina.  The medial area was determined by subtracting the area enclosed by the 
internal elastic lamina from the area enclosed by the external elastic lamina.  The intima/media 
ratio was averaged for each artery.

Table 1.  Sources and speci�cities of all primary antibodies used in the present study

Antibody Source Cell identified Manufacturer Working dilution

Adiponectin Goat Adiponectin-presenting cell R&D Systems （Minneapolis, MN, USA） 1 : 500

vWF Goat Endothelial cell Santa Cruz Biotechnology （Santa Cruz, CA, USA） 1 : 200

ICAM-1 Goat ICAM-1-presenting cell Santa Cruz Biotechnology 1 : 100

α-SMemb Mouse De-differentiated VSMC Yamasa （Tokyo, Japan） 1 : 300

α-SMA Mouse VSMC Sigma （St. Louis, MO, USA） 1 : 200

vWF, von Willebrand factor; ICAM-1, intercellular adhesion molecule-1; α-SMemb, embryonic smooth muscle myosin 
heavy chain; α-SMA, α-smooth muscle actin; VSMC, vascular smooth muscle cell.
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Serum and adipose tissue concentrations of adiponectin and tumor necrosis factor-α
　Concentrations of adiponectin and tumor necrosis factor （TNF）-α were determined by ELI-
SA.  Serum and mesenteric adipose tissue samples were frozen at below -80℃ immediately after 
sampling and thawed just before homogenization.  Samples were homogenized with 0.9％ NaCl 
solution and sonication buffer （pH 7.2; composition: 20 mM HEPES buffer ［Sigma, St. Louis, MO, 
USA］, 2 mM EDTA ［DOJINDO, Kumamoto, Japan］, and 2％ Triton X-100 ［Sigma］）, after which 
adiponectin and TNF-α concentrations were determined using commercially available ELISA kits 
（Mouse Adiponectin ELISA Kit ［R&D Systems, Minneapolis, MN, USA］ and Mouse TNF-α 

ELISA kit ［Biosource, Carlsbad, CA, USA］, respectively）.

Reverse transcription-polymerase chain reaction

　At the time of death, mice were perfused with 0.9％ NaCl solution, and the femoral artery, 
aorta, and mesenteric adipose tissue were quickly excised.  Samples were preserved in RNAzol 
reagent （Tri-Reagent ; Molecular Research Center, Cincinnati, OH, USA） and used to prepare 
total RNA and first-strand cDNA.  mRNA expression was quantified using real-time reverse 
transcription–polymerase chain reaction （RT-PCR） with the Taq Man First Universal PCR 
Master Mix （Applied Biosystems, Foster City, CA, USA） using a high-capacity cDNA Reverse 
Transcription kit （Step One Plus Real Time PCR system; Applied Biosystems）.  All the oligo-
nucleotide primers and �uorogenic probes for Taqman real-time PCR were prepared by Applied 
Biosystems （Table 2）.  The PCR conditions consisted of 40 cycles of �rst denaturation cycle for 
2 min at 95℃ , second denaturation for 95℃ , and annealing and extension for 20 sec at 60℃ .

Statistical analyses

　Unpaired Student’s t-test was used for comparisons of mean intima/media ratios between 
groups.  Adiponectin and TNF-α concentrations were compared using repeated-measures analysis 
of variance followed by Scheffé’s multiple comparison test.  Data are presented as the mean ± 
SEM.  For the two-tailed test, P＜ 0.05 was considered signi�cant.

Results

Histological and morphometric analyses 

　The insertion of the large wire into the femoral artery completely denuded the endothelium 

Table 2.  Probes used in real-time polymerase chain reaction

Gene symbol Gene name Assay ID NCBI gene reference

Actb β-Actin 4352933E NM_007393.3

（Thermo Fisher Scientific, Waltham, MA, USA）
Adipoq Adiponectin Mm00456425_m1 NM_009605.4

（Thermo Fisher Scientific, Waltham, MA, USA）
Tnf Tumor necrosis factor-α Mm00443258_m1 NM_013693.2

（Thermo Fisher Scientific, Waltham, MA, USA）
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and markedly enlarged the lumen.  This procedure induced neointimal hyperplasia in the WT 
group, whereas this response was suppressed in the Tg group （Fig. 1）.  As shown in Fig. 1A, only 
a small number of cells had migrated into the injured areas in the Tg group, and the luminal 
areas in the Tg group were larger than those observed in the WT group 1 week after wire injury.  
In the WT group, large cells with a large nucleus had migrated into the injured areas by 1 week 
after wire injury, narrowing the luminal area （Fig. 1B）.  Two weeks after wire injury, abnormal 
neointimal hyperplasia was detected in the injured vessels of the WT group （Fig. 1D）.  In 
contrast, at the same time point the neointimal areas in the injured vessels of the Tg were small 
（Fig. 1C）.  Four weeks after wire injury, the neointimal areas in the Tg group （Fig. 1E） were 

thinner than those in the WT group （Fig. 1F）.  In the WT group, the neointima was markedly 
thickened, the luminal areas were narrowed, and the media was almost intact （Fig. 1F）.  Figure 
1G shows the differences in the intima/media ratios between the Tg and WT groups at 1 week 
（Tg: n＝9; WT: n＝15）, 2 weeks （Tg: n＝12 ; WT: n＝12）, and 4 weeks （Tg: n＝6; WT: n＝

6） after wire injury.  The neointimal areas were signi�cantly smaller in the Tg group than in the 
WT group at each time point （0.75 ± 0.06 vs 1.18 ± 0.09, respectively, at 1 week; 0.37 ± 0.02 vs 
1.66 ± 0.21, respectively, at 2 weeks; and 1.35 ± 0.27 vs 1.94 ± 0.50, respectively, at 4 weeks; P

＜ 0.05 for all）.

Immunohistochemical analysis

　Among the endothelial cells obtained from the uninjured control mice, adiponectin-positive 
cells were detected in both the Tg and WT groups （Fig. 2A）.  In the wire injury groups, 1 week 
after injury adiponectin-positive cells had covered the damaged areas in the Tg group （Fig. 2Ba） 
and these cells were also positive for von Willebrand Factor （vWF; Fig. 2Bc）.  In contrast, no 
adiponectin- or vWF-positive cells were detected in the WT group （Fig. 2Bb, d）.  Endothelial cells 
from mice in the WT group were positive for intercellular adhesion molecule-1 （ICAM-1; Fig. 
2Bf）, but few ICAM-1-positive reactions were observed in the Tg group （Fig. 2Be）.  This suggests 
that the in�ammatory reactions were persistent in the WT group, but not in the Tg group.  In 
addition, the large cells with a large nucleus in the WT group were positive for embryonic α- 
smooth muscle myosin heavy chain （α-SMemb）, indicating that these cells were immature 
VSMCs （Fig. 2Bh）.  In contrast, cells in the damaged areas in the Tg group did not react with 
the anti-α-SMemb antibody （Fig. 2Bg）.  Two weeks after wire injury, the endothelial cells in 
both the Tg （Fig. 2Ca, c） and WT （Fig. 2Cb, d） groups were positive for adiponectin and vWF.

Tissue and serum concentrations of adiponectin and TNF-α 

　Fig. 3 shows adiponectin and TNF-α concentrations in mesenteric adipose tissues （Fig. 3A, C） 
and serum （Fig. 3B, D） from the Tg and WT groups.  Before wire injury, adiponectin concentra-
tions in the mesenteric adipose tissue were signi�cantly higher in the Tg than WT group （30.0 ± 
7.4 vs 17.7 ± 0.8 µg/g, respectively; P＜ 0.05; Fig. 3A）; similarly, serum adiponectin concentrations 
were higher in the Tg than WT group （4.7 ± 0.1 vs 4.3 ± 0.1 µg/ml; P＜ 0.05; Fig. 3B）.  After 
wire injury, adiponectin levels in mesenteric adipose tissue in both groups were signi�cantly lower 
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Fig. 1.  Elastic Van Gieson staining for adiponectin in （A, C, E） transgenic （Tg） and （B, D, F） wild-type （WT） mice 
1 week （A, B）, 2 weeks （C, D） and 4 weeks （E, F） after wire injury. The luminal areas in the Tg mice were 
larger than those observed in WT mice 1 week after wire injury （A）. In the WT mice 1 week after wire injury, 
the luminal areas were narrowed （B）. Two weeks after wire injury, abnormal neointimal hyperplasia was detected 
in the injured vessels of WT mice （D）. In contrast, the neointimal areas were small in the injured vessels of 
Tg mice at the same time point （D）. Four weeks after wire injury, the neointimal areas in Tg mice （E） were 
thinner than those in WT mice （F）. In the WT mice, the neointima was markedly thickened, the luminal areas 
were narrowed, and the media was almost intact （F）. Bars, 50 µm. （G） The intima/media ratios of the injured 
femoral arteries calculated 1, 2 and 4 weeks after vascular injury were significantly higher in WT than Tg mice. 
Data are the mean ± SEM （1 week, n＝ 9 and 15 in Tg and WT mice, respectively; 2 weeks, n＝ 12 in both 
groups; 4 weeks, n＝ 6 in both groups）. ＊P＜ 0.05.

Fig. 2.  Immunohistochemical analyses were performed on blood vessels from transgenic （Tg） and wild-type （WT） mice. 
（A） Adiponectin-positive cells were identified in aortas from Tg （a） and WT （b） mice that were not subjected 

to wire injury. （B） One week after wire injury, cells positive for adiponectin, von Willebrand Factor （vWF）, 
intercellular adhesion molecule-1 （ICAM-1）, and embryonic α-smooth muscle myosin heavy chain （α-SMemb） 
were seen in the damaged areas in Tg （a, c, e, g） and WT （b, d, f, h） mice. （C） Two weeks after wire injury, 
both adiponectin- and vWF-positive cells were evident in the damaged areas in Tg （a, c） and WT （b, d） mice. 
Bars, 50 µm. #, lumen.
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at each time point compared with the uninjured control groups （P＜ 0.05）.  However, adiponec-
tin concentrations in mesenteric adipose tissue remained signi�cantly higher in the Tg than WT 
group at all time points （P＜ 0.05; Fig. 3A）.  Serum adiponectin concentrations were signi�cantly 
higher in the Tg group 1 week after wire injury compared with uninjured mice, whereas there 
was no change in serum adiponectin concentrations in the WT group until 2 weeks after wire 
injury.  The difference in the serum adiponectin levels between the two groups remained signi�-
cant until 4 weeks （Fig. 3B）.
　Meanwhile, in uninjured mice, TNF-α concentrations were signi�cantly higher in the WT than 
Tg group in both mesenteric adipose tissue （11.4 ± 0.1 vs 7.3 ± 1.5 ng/g, respectively; P＜ 0.05; 
Fig. 3C） and serum （530.7 ± 38.3 vs 443.7 ± 10.5 pg/ml, respectively; P＜ 0.05; Fig. 3D）.  TNF-
α concentrations in the mesenteric adipose tissue were significantly higher in the WT than 
Tg group at each time point （Fig. 3C）.  In mesenteric adipose tissue, TNF-α concentrations 
in the WT group increased on Day 3, but decreased thereafter.  In contrast, in the Tg group, 
no differences in TNF-α concentrations were noted between the uninjured control mice and 
values obtained on Day 3.  One week after injury, TNF-α concentrations in mesenteric adipose 
tissue were signi�cantly lower in both the Tg and WT groups compared with concentrations in 
uninjured control mice （P＜ 0.05）.  The time course of changes in serum TNF-α concentrations 
was similar between the Tg and WT groups.  Furthermore, serum TNF-α concentrations were 
signi�cantly higher in the WT than Tg group at each time point.

Expression of adiponectin and TNF-α mRNA

　Expression of adiponectin mRNA in the heart was signi�cantly higher in Tg than WT mice 
（P＜ 0.05; Fig. 4A）.  In contrast, TNF-α mRNA expression in the heart and liver was signi�-
cantly higher in WT than in Tg mice （P＜ 0.05; Fig. 4B）.

Discussion

　The role of adiponectin in vascular injury has been investigated using experimental models 19，20）.  
Adiponectin-knockout mice develop marked neointimal hyperplasia after vascular injury 14，19）, and 
adiponectin de�ciency has been reported to induce the progression of neointimal hyperplasia in 
a mouse cuff-injury model 6）.  Furthermore, adenovirus-mediated overexpression of full-length Adi-

poq results in a marked alleviation of atherosclerotic lesions in apolipoprotein E-de�cient mice 20）.  
These �ndings suggest that suf�cient expression of adiponectin is required to repair the vascular 
wall following mechanical injury.
　In the present study, using an adiponectin-coding region knock-in strain of Tg mice that theo-
retically express adiponectin essentially in all tissues, we clearly demonstrated that slightly higher 
adiponectin expression, not overexpression, promotes vascular repair after mechanical injury, with 
the prevention of neointimal hyperplasia after wire injury in the Tg mice （Fig. 1）.  Further-
more, adiponectin- and vWF-positive cells were observed in the injured areas in the Tg group 
1 week after injury （Fig. 2Ba, c）, with these cells rarely seen in the WT group （Fig. 2Bb, d）.  
Conversely, cells positive for ICAM-1 and α-SMemb were more frequently detected in the WT 
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Fig. 3.  （A, B） Adiponectin and （C, D） tumor necrosis factor （TNF）-
α concentrations in mesenteric adipose tissue （A, C） and serum 
（B, D） from transgenic （Tg） and wild-type （WT） mice with and 

without （control） wire injury. Data are the mean ± SEM. †P＜ 0.05 
compared with control; ＊P＜ 0.05 compared with the Tg group at 
the same time point.

Fig. 4.  Expression of （A） adiponectin and （B） tumor necrosis factor 
（TNF）-α in the aorta, heart, mesenteric adipose tissue, and liver of 

transgenic （Tg） and wild-type （WT） mice. Adiponectin and TNF-α 
mRNA expression was normalized against that of β-actin, used as 
an internal control. Data are the mean ± SEM （aorta, n＝ 2 and 5 
for Tg and WT mice, respectively; heart, mesenteric adipose tissue, 
and liver, n＝ 4 and 5 for Tg and WT mice, respectively）. ＊P＜ 
0.05.
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group （Fig. 2Bf, h） than in the Tg group （Fig. 2Be, g）.  We think that these α-SMemb-positive 
cells that had migrated into the damaged area in the WT group were immature smooth muscle 
cells that were also positive for ICAM-121）.  However, 2 weeks after wire injury, adiponectin- 
and vWF-positive cells could be detected in both groups （Fig. 2C）.  These observations indicate 
prolonged in�ammation in the WT group, whereas in the Tg group the in�ammatory reaction in 
the damaged area was decreased at 1 week after wire injury.
　Adiponectin concentrations in mesenteric adipose tissues from both groups were signi�cantly 
decreased after injury, although concentrations were signi�cantly higher in the Tg than WT group 
at each time point （Fig. 3A）.  Meanwhile, serum adiponectin concentrations were increased in 
the Tg group from the early phase after injury, with higher values than in the WT group （Fig. 
3B）.  Both serum and mesenteric adipose tissue concentrations of adiponectin were signi�cantly 
higher in the Tg than WT group （Fig. 3A, B）, whereas concentrations of TNF-α in the serum 
and mesenteric adipose tissues were lower in the Tg than WT group （Fig. 3C, D）.  As shown 
in Fig. 3, after wire injury, TNF-α concentrations in adipose tissue increased transiently on Day 
3, and then decreased.  Conversely, adiponectin protein was decreased in adipose tissue, but was 
increased in the serum.  The transient decrease in serum adiponectin was induced by tissue dam-
age, whereby adiponectin binds to the damaged area 22） and, after wound repair, serum adiponec-
tin concentrations rebound 23）.
　Acute adiponectin expression could be induced by in�ammation in only 3 h, as reported previ-
ously 24，25）, and chronic in�ammation induces constant high adiponectin expression and high serum 
concentrations 26，27）.  Because adiponectin expression could be detected in endothelial cells of 
the WT group （Fig. 2A） and adiponectin protein has been reported in endothelial cells of the 
aortic intima in the steady state 28）, we analyzed adiponectin and TNF-α mRNA expression in 
the present study using RT-PCR.  Adiponectin mRNA expression was detected in the aorta, 
mesenteric adipose tissue, and the liver.  Expression of adiponectin mRNA in the heart was 
signi�cantly higher in the Tg than WT group （P＜ 0.05; Fig. 4A）.  In contrast, TNF-α mRNA 
expression in the heart and liver was signi�cantly higher in the WT than Tg group （P＜ 0.05; 
Fig. 4B）.  Furthermore, in mesenteric adipose tissue, adiponectin concentrations were signi�cantly 
higher in the Tg than WT group.  Conversely, TNF-α concentrations were signi�cantly lower in 
the Tg than WT group at steady state.  Because adiponectin accumulates in in�amed tissues in 
order to promote healing of damaged areas through its anti-in�ammatory actions, we suggest that 
the constantly higher expression of adiponectin in some tissues in the Tg group, and the result-
ing higher serum adiponectin concentrations, resulted in low TNF-α mRNA and protein levels.  
TNF-α induces the migration and proliferation of immature smooth muscle cells through extra-
cellular signal-regulated kinase （ERK） 1/2 signaling.  Adiponectin inhibits TNF-α production and 
in�ammation and enhances the migration and differentiation of endothelial progenitor cells via 
phosphatidylinositol 3-kinase （PI3K）-Akt signaling29，30）.  The Tg mice used in the present study 
express adiponectin essentially in all tissues, which is the biggest difference between the Tg and 
WT groups in the present study.  The higher level of adiponectin expression in Tg than in WT 
mice made the in�ammatory reaction end earlier in the former.  In addition, the termination of 
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in�ammation may result in earlier endothelial repair, thus suppressing neointimal hyperplasia.

Conclusion

　A high level of adiponectin and low TNF-α concentrations, brought about as a result of the 
higher adiponectin expression, suppress neointimal hyperplasia by attenuating the in�ammatory 
response following the acceleration of endothelialization in damaged areas in adiponectin Tg mice.
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