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ABSTRACT 

High-mobility group box 1 restores cardiac dysfunction after myocardial 

infarction in transgenic mice.  Kitahara T, Takeishi Y, Harada M, Niizeki T, 

Suzuki S, Sasaki T, Bilim O, Nakajima O, Kubota I. 

Aim: High-mobility group box 1 (HMGB1) is a nuclear DNA-binding protein and is 

released from necrotic cells, inducing inflammatory responses and promoting tissue 

repair and angiogenesis.  To test the hypothesis that HMGB1 enhances angiogenesis 

and restores cardiac function after myocardial infarction, we generated transgenic mice 

with cardiac specific overexpression of HMGB1 (HMGB1-Tg) using α-myosin heavy 

chain (MHC) promoter.  Methods and Results: The left anterior  descending 

coronary artery was ligated in HMGB1-Tg and wild-type littermate (Wt) mice.  After 

coronary artery ligation, HMGB1 was released into circulation from the necrotic 

cardiomyocytes of HMGB1 overexpressing hearts.  The size of myocardial infarction 

was smaller in HMGB1-Tg than in Wt mice.  Echocardiography and cardiac 

catheterization demonstrated that cardiac remodeling and dysfunction after myocardial 

infarction were prevented in HMGB1-Tg mice compared to Wt mice.  Furthermore, 

survival rate after myocardial infarction of HMGB1-Tg mice was higher than that of Wt 

mice.  Immunohistochemical staining revealed that capillary and arteriole formations 

after myocardial infarction were enhanced in HMGB1-Tg mice.  Conclusions: We 

demonstrated the first in vivo evidence that HMGB1 enhances angiogenesis, restores 

cardiac function, and improves survival after myocardial infarction.  These results may 

provide a novel therapeutic approach for left ventricular dysfunction after myocardial 

infarction. 

 

Key words: HMGB1, cardiac remodeling, myocardial infarction, angiogenesis
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INTRODUCTION 

 

 High-mobility group box 1 (HMGB1) is a highly conserved, ubiquitous protein 

present in the nuclei of various types of cells1.   HMGB1 has been identified as a 

nuclear DNA-binding protein, which participates in maintaining nucleosome structure, 

regulating gene transcription, and modulating the activity of steroid hormone receptors2, 

3.  This protein is essential for survival, since HMGB1-deficient mice die due to 

hypoglycemia within 24 hrs after birth4.  On the other hand, recent studies have 

demonstrated that HMGB1 is secreted into the extracellular milieu from necrotic and 

inflammatory cells, but not apoptotic cells, and acts as a cytokine with multiple 

functions5.  HMGB1 has been reported to transduce cellular signals by interacting with 

at least three receptors: receptor for advanced glycation end products (RAGE), Toll-like 

receptor (TLR)-2 and TLR-44.  Signaling through these receptors leads to activation of 

the nuclear factor-κB (NF-κB), extra-cellular signal regulated kinase and p38 mitogen 

activated protein kinase6-7.  Thus once released, HMGB1 mediates various cellular 

responses including cell migration, release of pro-inflammatory cytokines, tissue repair, 

and angiogenesis4, 6, 7.   

 Myocardial infarction is an irreversible injury, caused by the occlusion of a 

coronary artery, leading to cardiomyocyte death, tissue loss, and scar formation.  

Angiogenesis, the growth of new blood vessels from pre-existing ones, plays an 

important role in various pathological settings, including tumor growth, wound repair, 

and myocardial infarction8.  Various cytokines and chemokines exert a proangiogenic 

activity by acting directly on endothelial cells or indirectly by inducing the production 

of angiogenic growth factors9.  Recent studies have demonstrated that HMGB1 exerts 
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proangiogenic effects by cell proliferation, chemotaxis, migration, and sprouting of 

endothelial cells in vitro6, 10. 

 Based on these findings, we hypothesized that HMGB1 enhanced angiogenesis 

and restored cardiac function after myocardial infarction.  To test this hypothesis, we 

generated transgenic mice with cardiac specific overexpression of HMGB1 using 

α-myosin heavy chain (MHC) promoter.  We examined cardiac function, survival, and 

capillary formation after coronary artery ligation in mice.  Our present results show 

that HMGB1 enhances capillary and arteriole formation, prevents cardiac remodeling, 

restores cardiac function, and improves survival after myocardial infarction in vivo.
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METHODS 

 

Generation of HMGB1 transgenic mice 

All experimental procedures were performed according to the animal welfare 

regulations of Yamagata University School of Medicine, and the study protocol was 

approved by the Animal Subjects Committee of Yamagata University School of 

Medicine.  The investigation conformed to the Guide for the Care and Use of 

Laboratory Animals published by the US National Institutes of Health.  Transgenic 

mice with cardiac-specific overexpression of HMGB1 (HMGB1-Tg) were created in 

our laboratory by standard techniques as reported previously11-14.  Briefly, a 5.5-kb 

fragment of murine α-MHC gene promoter (a kind gift from Dr. J. Robbins, Children’s 

Hospital Research Foundation, Cincinnati, Ohio) and 0.7-kb human HMGB1 cDNA15 

(a kind gift from Drs. I. Maruyama and K. Abeyama, Kagoshima University Faculty of 

Medicine, Kagoshima, Japan) were subcloned into pGEX-5X-1 plasmids.  The 

plasmid was digested with SpeI to generate a DNA fragment composed of the α-MHC 

gene promoter, HMGB1 cDNA, and a poly A tail of the human growth hormone.  We 

microinjected the construct into the pronuclei of single-cell fertilized mouse embryos to 

generate transgenic mice as previously described11-14.  To detect the exogenous 

HMGB1 gene, genomic DNA was extracted from the tail tissues of 3- to 4-week-old 

pups, and polymerase chain reaction (PCR) was performed with one primer specific for 

the α-MHC gene promoter and another primer specific for the HMGB114.  Wild type 

littermate mice (Wt) were used as control. 

 

Surgery of left anterior descending coronary artery ligation  
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Surgeon was kept unaware of the results of the genotype, and the animal 

surgeries were performed by the same surgeon.  Induction of myocardial infarction 

(MI) was performed in 8- to 10-weeks-old mice as described previously16, 17.  Briefly, 

mice (20 to 25 g body weight) were anesthetized by intraperitoneal injection with a 

mixture of ketamine (80 mg/kg) and xylazine (8 mg/kg).  Animals were intubated with 

a 20-gauge polyethylene catheter and were ventilated with a rodent ventilator (Harvard 

Apparatus, Holliston, MA, USA).  An incision was performed along the left sternal 

border, and  the fourth rib was cut proximal to the sternum.  The left anterior 

descending coronary artery was identified, and an 8-0 proline suture was passed around 

the artery and subsequently tied off.  Successful ligation of the coronary artery was 

verified visually by the  discoloration of the left ventricular myocardium.  In 

sham-operated animals, the same procedure was performed except the coronary artery 

ligation.  Finally, the heart was repositioned in the chest, and the chest wall was closed.  

The animals remained in a supervised setting until fully conscious.   

 

Echocardiography and cardiac catheterization 

Transthoracic echocardiography was recorded under anesthesia with an 

intraperitoneal injection of pentobarbital sodium (35 mg/kg) as described previously 

with an FFsonic 8900 (Fukuda Denshi Co., Tokyo, Japan) equipped with a 13-MHz 

phased-array transducer14, 16-18.  Left ventricular internal dimensions at end-systole and 

end-diastole (LVESD and LVEDD), wall thickness of inter-ventricular septum (IVS), 

and left ventricular posterior wall (PW) were measured digitally on the M-mode 

tracings and averaged from at least 3 cardiac cycles.  Left ventricular fractional 

shortening (LVFS) was calculated as [(LVEDD-LVESD)/LVEDD] x 100 (%). 



 

 7 

A closed-chest approach by cardiac catheter was performed to evaluate 

hemodynamic parameters as described previously19, 20.  The right carotid artery was 

cannulated under anesthesia with an intraperitoneal injection of pentobarbital sodium 

(35 mg/kg) by the micro-pressure transducers with an outer diameter of 0.42 mm 

(Samba 3200, Samba Sensors AB, Göteborg, Sweden), which was then advanced into 

the left ventricle.  Heart rate, left ventricular  peak systolic pressure (LVSP), 

end-diastolic pressure (LVEDP), developed pressure (LVDP), maximal and minimum 

rates of left ventricular pressure development (max and min dP/dt, respectively), and 

time constant of left ventricular isovolumic relaxation (Tau) were measured using an 

Acknowledge version 3.8.1 system with a sampling rate of 500 Hz (19, 20). 

  

Western blotting 

Total proteins were extracted from the left ventricle with ice-cold lysis buffer 

as described previously21-23.  Protein concentration of myocardial samples was 

carefully determined by the protein assay (Bio-Rad Laboratories, Inc., Hercules, CA, 

USA).  Equal amounts of protein were subjected to 10% SDS-PAGE electrophoresis 

and transferred to polyvinylidene difluoride (PVDF) membranes.  To ensure 

equivalent protein loading and quantitative transfer efficiency of proteins, membranes 

were stained with Ponceau S before incubating with primary antibodies.  Antibodies 

used in this study were a rabbit polyclonal anti-HMGB1 antibody (Shino-Test 

Corporation, Sagamihara, Japan), a mouse monoclonal anti-glyceraldehyde- 

3-phosphate dehydrogenase (GAPDH) antidoby (Chemicon International, Inc., 

Temecula, CA, USA) and anti-β-actin antibody (SIGMA, Saint Louis, MO, USA).  

Immunoreactive bands were detected by an ECL kit (Amersham Biosciences, 
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Piscataway, NJ, USA), and cardiac HMGB1 expression was normalized to GAPDH or 

β-actin. 

 

Histopathological examinations 

At 4 weeks after surgery, mice were sacrificed, coronary arteries were 

retrogradely flushed with saline, and the heart was excised and weighed.  The heart 

was fixed with a 2% solution of paraformaldehyde in PBS at 4 °C for 30 min, and then 

sequentially in 10%, 20%, 30% sucrose in PBS, respectively, for 4 hours.  Then three 

transverse slices from the base, mid-region, and apex of the left ventricle were 

embedded and frozen in optimal cutting temperature compound.  These three sections 

were stained with Masson-trichrom stain.  In each left ventricular transverse section, 

the infarct length was calculated by measuring the endocardial and epicardial surface 

length delimiting the infarcted region16, 17.  Percent infarct size was calculated as 

infarct length divided by the total left ventricular circumference.  Some mice were 

analyzed for initial area at risk (AAR) by injection of Evans blue dye.  Briefly, after 

ligation of the left anterior descending coronary artery, 0.5 ml of 1.0 % Evans blue dye 

was injected through the inferior vena cava to delineate the nonischemic tissue.  We 

then excited the heart, washed with PBS and cut into three transverse slices.  We 

determined left ventricular area and area at risk by computerized planimetry using 

Image J software (version 1.38x, National Institutes of Health).  We expressed initial 

area at risk as a percentage of the left ventricular area. 

In immunohistochemical analysis, anti-platelet endothelial cell adhesion 

molecule (PECAM) antibody (rat monoclonal anti-PECAM antibody, Cedarlane 

Laboratories Limited, Ontario, Canada) was used to identify endothelial cells with 
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avidinbiotinylated peroxidase complex (Vector Laboratories, Burlingame, CA, USA).  

The staining was visualized by treatment for 15-20 seconds in the solution of 3, 

3'-diaminobenzidine (Dako Japan, Tokyo, Japan).  Sections were counterstained with 

hematoxylin to identify nucleus.  We also used alkaline phosphatased anti-α smooth 

muscle actin (αSMA) antibody (SIGMA, Saint Louis, MO, USA) to identify α smooth 

muscle actin positive vessels.  The staining was visualized by the solution of 

5-bromo-4-chloro-3-indolylphosphate/nitro blue tetrazolium (SIGMA, Saint Louis, MO, 

USA).  Sections were counterstained with nuclear fast red solution to identify nucleus.  

Control reactions included the omission of the primary antibody, which was substituted 

by nonimmune rabbit serum.  We examined the numbers of PECAM-positive cells and 

αSMA-positive cells in light-microscopic sections taken from the border zone (1 to 2 

mm from the edge of infarction zone) at 4 weeks after MI.  Ten random microscopic 

fields in the border zone were examined, the numbers of PECAM-positive cells/high 

power field (HPF, magnification × 400) and αSMA-positive cells/HPF were counted, 

and the data from 10 fields were averaged (24).  For double immune staining, the 

sections were stained with phycoerythrin conjugated anti-mouse PECAM-1 antibody 

(eBioscience, Inc., San Diego, CA, USA) and FITC conjugated anti-mouse αSMA 

antibody (SIGMA, Saint Louis, MO, USA).  Fluorescence image stacks were acquired 

at emission wavelengths of 515 and 480 nm, respectively. 

 

ELISA 

 Plasma levels of HMGB1 were measured by a commercially available ELISA 

kit (Shino-Test Corporation, Sagamihara, Japan) in Wt and HMGB1-Tg mice. 
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Statistical Analysis 

All values are expressed as mean ± SE.  Comparisons between Wt and 

HMGB1-TG mice were performed by the Mann-Whitney’s U test.  Effects of MI on 

heart weight, histological, echocardiographic, and hemodynamic findings in each 

animal group were analyzed by two-way ANOVA followed by multiple comparisons 

with a Bonferroni test.  Survival curves after MI were created by the Kaplan-Meier 

method and compared by a log rank test.  A value of P < 0.05 was considered 

statistically significant. 
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RESULTS 

 

Generation of HMGB1-Tg mice 

After microinjection and embryo implantation, HMGB1-Tg mice were 

successfully established, and cardiac-specific expression of transgene was confirmed by 

reverse transcriptase-PCR (Figure 1A).  We could generate only one line of 

HMGB1-TG mouse.  Protein level of HMGB1 was augmented approximately 4-fold in 

HMGB1-Tg mouse hearts compared to Wt as shown in Figure 1B.  

Immunohistochamical staining with HMGB1 demonstrated that HMGB1 localized in 

the nucleus, and strong staining in the nucleus was observed in cardiomyocytes of 

HMGB1-Tg mice compared to Wt mice as shown in Figure 1C.  However, there was 

no significant difference in plasma level of HMGB1 between Wt and HMGB1-Tg mice 

at basal condition (under the assay sensitivity respectively, < 0.2 ng/ml).  No neonatal 

and adult deaths were observed in HMGB1-Tg mice.  There were no significant 

differences in gravimetric data and cardiac function at basal condition between Wt and 

HMGB1-Tg mice as reported in Table 1. 

 

Changes in cardiac and plasma concentrations of HMGB1 after myocardial 

infarction 

Cardiac HMGB1 levels were examined by Western blotting at 24 hrs after MI.  

In the infarct zone, HMGB1 level decreased markedly (P < 0.01) in HMGB1-Tg mice 

compared to sham-operated mice (Figure 2A).  In the non-infarct zone, there was no 

significant change in cardiac HMGB1 level after MI. 

We also measured plasma concentrations of HMGB1 before MI and at 12, 24, 
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48 hrs after MI by ELISA.  Plasma HMGB1 levels after MI were significantly 

increased in both Wt and HMGB1-Tg mice.  In particular, plasma HMGB1 level in 

HMGB1-Tg mice at 24 hrs after MI was significantly increased than that in Wt mice as 

shown in Figure 2B (P < 0.01).  These data suggest that HMGB1 was pronouncedly 

released into circulation from necrotic cardiomyocytes in HMGB1-Tg mice compared 

to Wt mice. 

 

Left ventricular remodeling and cardiac function after myocardial infarction 

There was no significant difference in the ratio of heart weight to body weight 

in the sham-operated Wt and HMGB1-Tg mice (Figure 3).  At 4 weeks after MI, the 

ratio of heart weight to body weight was significantly increased in Wt mice (P < 0.01).  

However, increase in the ratio of heart weight to body weight after MI was significantly 

attenuated in HMGB1-Tg mice compared to Wt mice (P < 0.05) as demonstrated in 

Figure 3A.  

The percent infarct size was compared between Wt and HMGB1-Tg mice. As 

shown in Figure 3B, the percent infarct size at 4 weeks after MI was significantly 

smaller in HMGB1-Tg mice than in Wt mice (P < 0.05).  Initial AAR was evaluated 

by injection of Evans blue dye after ligation of coronary artery.  However, there was 

no difference in size of initial AAR between Wt and HMGB1-Tg mice (58.4 + 1.4% vs. 

59.3 + 1.6%). 

We examined cardiac function of Wt and HMGB1-Tg mice by 

echocardiography and cardiac catheterization at 4 weeks after MI.  Echocardiography 

demonstrated that LVEDD and LVESD were significantly smaller (P < 0.01) and LVFS 

was significantly higher (P < 0.01) in HMGB1-Tg mice than in Wt mice at 4 weeks 
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after MI (Figure 4A and Table 2).  IVS thinning was also attenuated in HMGB1-Tg 

mice compared to Wt mice (P < 0.01).  As shown in Figure 4B and Table 2, 

hemodynamic assessment by cardiac catheterization revealed that LVDP, max dP/dt, 

and min dP/dt were significantly higher in HMGB1-Tg mice than in Wt mice (P < 0.05) 

at 4 weeks after MI.   Furthermore, LVEDP was significantly lower (P < 0.01) and 

Tau was significantly shorter (P < 0.05) in HMGB1-Tg mice compared to Wt mice at 4 

weeks after MI.  These data suggest that cardiac systolic and diastolic function at 4 

weeks after MI was preserved in HMGB1-Tg mice compared to Wt mice. 

 

HMGB1 improved survival rates after myocardial infarction 

The survival rates from recovery of MI surgery were compared up to 4 weeks 

among Wt sham, HMGB1-Tg sham, Wt MI and HMGB1-TG MI groups (Figure 5).  

The survival rate up to 4 weeks after MI was significantly higher in HMGB1-Tg mice 

than in Wt mice (69% vs. 38%, P < 0.01). 

 

Capillary and arteriole densities in the border zone 

 We examined the numbers of PECAM-positive cells and αSMA-positive cells 

in light-microscopic sections taken from the border zone (1 to 2 mm from the edge of 

infarction zone) at 4 weeks after MI (Figure 6).  Numbers of PECAM-positive cells 

and αSMA-positive cells were greater in HMGB1-Tg than in Wt mice (P < 0.01 and P< 

0.05, respectively).  Although αSMA protein was reported expressing in 

myofibroblasts in the infarcted heart (25), double immune staining for PECAM and 

αSMA revealed that numbers of αSMA-positive cells with PECAM-positive cells were 

greater in HMGB1-Tg than in Wt mice (Figure 6C).  These data suggest that capillary 
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and arteriole densities were increased after MI in HMGB1-Tg mice. 



 

 15 

DISCUSSION 

 

 After coronary artery ligation, HMGB1 was released into circulation from the 

necrotic cardiomyocytes of HMGB1 overexpressing hearts.  The size of myocardial 

infarction was smaller in HMGB1-Tg than in Wt mice.  Echocardiography and cardiac 

catheterization demonstrated that cardiac remodeling and dysfunction after myocardial 

infarction were prevented in HMGB1-Tg mice compared to Wt mice.  Furthermore, 

survival rate after myocardial infarction of HMGB1-TG mice was higher than that of 

Wt mice.  Immunohistochemical staining revealed that capillary and arteriole 

formations were enhanced in HMGB1-Tg mice. 

 HMGB1, a 215 amino acid protein, was identified as chromosomal protein 

with important structural functions in chromatin organization1-3.  HMGB1 is 

ubiquitously present in all vertebrate nuclei with a uniquely conserved sequence among 

species.  HMGB1 binds double-stranded DNA and interacts with other DNA binding 

proteins, which facilitate chromatin bending3.  This architectural function facilitates 

the binding of several transcriptional factors including some steroid hormone receptors.  

HMGB1-deficient mice die within a few hours from birth, possibly as a result of a 

defect in activation of glucocorticoid receptor-responsive genes26. 

 The novel function of HMGB1 as a cytokine originates from studies of 

endotoxemia and sepsis27.  HMGB1 acts as a late mediator of lipopolysaccharide 

(LPS) lethality.  HMGB1 is released from a variety of cells including macrophages, 

pituicytes, peripheral blood mononuclear cells, and necrotic cells4-7.  Serum 

concentrations of HMGB1 increase significantly after administration of LPS or tumor 

necrosis factor-α in mice27.  Effects of the extracellular HMGB1 are mediated by its 
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binding to the RAGE, TLR-2 and TLR-4.  Interaction of HMGB1 with RAGE or TLR 

induces pro-proliferative effects for vessel-associated stem cells28.  Recently, Limana 

et al. have demonstrated that exogenously administered HMGB1 protein in the 

peri-infarcted left ventricle elicits myocardial regeneration from resident cardiac c-Kit+ 

progenitor cells29.  Chavakis et al. have recently reported that HMGB1 activates 

integrin-dependent homing of endothelial progenitor cells to ischemic tissues30.  

Mitola et al. have demonstrated that RAGE blockade inhibits HMGB1-induced 

neovascularization and endothelial cell proliferation in vitro6.  These data support our 

present findings that capillary and arteriole formations after myocardial infarction were 

enhanced in transgenic mouse hearts overexpressing HMGB1 (Figure 6).  As 

demonstrated in Figure 2, HMGB1 was released from the necrotic cardiomyocytes and 

might enhance angiogenesis by paracrine and autocrine mechanisms.  Consequently, 

the size of myocardial infarction, IVS thinning and the ratio of heart weight to body 

weight after myocardial infarction were reduced in HMGB1-Tg mice (Figure 3).  

Cardiac function after myocardial infarction was restored (Figures 4), and survival rate 

was improved (Figure 5) in HMGB1-Tg mice.  Recently, the importance of cardiac 

angiogenesis has been reported in pressure overload-induced cardiac dysfunction31. 

 In the present study, we could analyze only one line of HMGB1-Tg mice 

because of breeding problem.  Ideally, effects of HMGB1 on angiogenesis and cardiac 

function should be examined in multiple transgenic mouse lines with different 

expression levels in the heart. 

 

Conclusions 

 We demonstrated the first in vivo evidence that HMGB1 enhances 
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angiogenesis, restores cardiac function, and improves survival after myocardial 

infarction.  These results may provide a novel potential strategy to prevent cardiac 

remodeling and improve cardiac function and survival for patients with ischemic 

disorders. 
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FIGURE LEGENDS 

 

Figure 1. Generation of HMGB1-Tg mice 

(A) RNA was extracted from brain, heart, lung, liver, spleen, kidney, skeletal muscle 

and intestine tissues of HMGB1-Tg mice, and cardiac-specific expression of 

transgene was confirmed by RT-PCR. 

(B) HMGB1 protein expression in the left ventricle of Wt and HMGB1-Tg mice was 

examined by Western blotting.  Protein level of HMGB1 was augmented about 

4-fold in HMGB1-Tg hearts compared to Wt littermates.  **P < 0.01 vs. Wt mice 

(n = 5). 

(C) Localization of HMGB1 in cardiomyocytes of Wt and HMGB1-Tg mice.  HMGB1 

was localized in the nuclei of cardiomyocytes.  Scale bars, 100 μm on low-power 

field and 10 μm on high-power field.  

 

Figure 2. Concentrations of HMGB1 in the heart and peripheral blood after 

myocardial infarction. 

(A) HMGB1 protein expressions in the left ventricle at 24 hrs after MI were examined 

by Western blotting.  In the infarct zone, HMGB1 protein level reduced markedly 

at 24 hrs after coronary artery ligation compared with sham-operated HMGB1-Tg 

mice. MI, myocardial infarction; IZ, infarct zone; NIZ, non-infarct zone.  **P < 

0.01 vs. Wt mice and ##P < 0.01 vs. Tg sham (n = 6). 

(B) Plasma levels of HMGB1 at several time intervals after MI.  Plasma HMGB1 

levels increased significantly in HMGB1-Tg mice after MI.  #P < 0.05, ##P < 0.01 

vs. preoperative mice and **P < 0.01 vs. Wt mice at 24 hrs after MI (n = 6 for each). 
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Figure 3. Heart weight and infract size in HMGB1-Tg and Wt mice. 

(A) Ratio of heart to body weight at 4 weeks after MI.  Increase of heart to body weight 

ratio after MI was attenuated in HMGB1-Tg mice compared to Wt mice.  **P < 

0.01 vs. WT sham and #P < 0.05 vs. Wt MI mice (n = 8-10). 

(B) Masson trichrome staining of the heart at 4 weeks after MI.  The infarct size after 

MI was significantly smaller in HMGB1-Tg mice than in Wt mice.  *P < 0.05 vs. 

Wt mice (n = 10).  Scale bar, 1 mm. 

 

Figure 4. Echocardiography and hemodynamic data at 4 weeks after myocardial 

infarction. 

(A) Representative M-mode recordings at 4 weeks after MI.  HMGB1-Tg mice 

showed smaller LVEDD and higher LVFS than Wt mice after MI.   

(B) Representative left ventricular (LV) pressure recordings at 4 weeks after MI.  

HMGB1-Tg mice showed higher LVDP and lower LVEDP than Wt mice after MI. 

 

Figure 5. Survival rates after myocardial infarction. 

Survival curves up to 4 weeks after MI were created by a Kaplan-Meier method and 

compared by a log-lank test.  Survival rates were significantly higher in HMGB1-Tg 

mice than in Wt mice after MI.  **P < 0.01 vs. Wt mice. 

 

Figure 6. Capillary and arteriole densities after myocardial infarction. 

(A) Immunohistochemical staining with anti-PECAM antibody in the border zone of the 

heart at 4 weeks after MI.  The numbers of PECAM-positive cells were counted 

and shown in the bar graph.  The numbers of PECAM-positive cells were greater 
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in HMGB1-Tg mice than in Wt mice.  **P < 0.01 vs. Wt mice (n = 10).  Scale bar, 

50 μm. 

(B) Immunohistochemical staining with anti-αSMA antibody in the border zone of the 

heart at 4 weeks after MI.  The number of αSMA-positive cells were counted and 

shown in the bar graph. αSMA-positive cells after MI were more frequently 

observed in HMGB1-Tg mice than in Wt mice.  *P < 0.05 vs. Wt mice (n = 10).  

Scale bar, 100 μm. 

(C) Double immunohistochemical staining with anti-PECAM antibody and anti-αSMA 

antibody in the border zone of the heart at 4 weeks after MI. Red fluorescence, 

PECAM; green fluorescence, αSMA; Scale bars, 100 μm on low-power field and 50 

μm on high-power field. 

 

 



Brain Liver IntestineKidney MuscleSpleenLungHeart Positive control

0

1

2

3

4

5

6

Wt Tg

Fo
ld

 in
cr

ea
se

HMGB1

Figure 1

(A)

(B)

GAPDH

Wt Tg

TgWt(C)

**



Sham IZ NIZ

MI 24 hr

Figure 2

(A) (B)

HMGB1

** **

##

0

1

2

3

4

M
yo

ca
rd

ia
l H

M
G

B
1 

le
ve

ls
(fo

ld
-in

cr
ea

se
)

β-actin

P
la

sm
a 

H
M

G
B

1 
le

ve
ls

(n
g/

m
l)

0

1

2

3

Pre ope 12 hr 24 hr 48 hr

Tg
Wt

##

##

##

##

# #

**

Tg
Wt



0

2

4

6

8

Wt Tg Wt Tg

Sham MI 4 wk

H
W

/B
W

 ra
tio

 (m
g/

g)

Figure 3

(A)

(B)

** #

Wt

Tg

0

10

20

30

40

50

60

70

Wt Tg

MI 4 wk

In
fa

rc
t s

iz
e 

(%
)

*



Wt

Tg

MI 4 wkSham

Figure 4

Wt

Tg

0 mmHg

100 mmHg

0 mmHg

100 mmHg

0 mmHg

100 mmHg

0 mmHg

100 mmHg

100 msec

MI 4 wkSham(B)

(A)



Figure 5

Tg MI (n = 35)

Wt MI (n = 37)

S
ur

vi
va

l r
at

e 
(%

)

Follow-up period (days)

0

20

40

60

80

100

0 5 10 15 20 25 30

Tg Sham (n = 10)

Wt Sham (n = 10)

**



Figure 6

Tg

Wt

α
S

M
A

-p
os

iti
ve

 c
el

ls
 / 

H
P

F

Tg

Wt

0
2
4
6
8

10
12
14
16

*

Wt Tg
MI 4 wkP

E
C

A
M

-p
os

iti
ve

 c
el

ls
 / 

H
P

F

0
10
20
30
40
50
60
70
80

**

(A) Capillary density

Wt Tg

(B) Arteriole density

(C)

MI 4 wk

PECAM
αSMATgWt


	High-mobility group box 1 restores cardiac function after myocardial infarction in transgenic mice
	ABSTRACT
	INTRODUCTION
	METHODS
	Generation of HMGB1 transgenic mice
	Surgery of left anterior descending coronary artery ligation
	Echocardiography and cardiac catheterization
	Western blotting
	Histopathological examinations
	ELISA
	Statistical Analysis

	RESULTS
	Generation of HMGB1-Tg mice
	Changes in cardiac and plasma concentrations of HMGB1 after myocardial infarction
	Left ventricular remodeling and cardiac function after myocardial infarction
	HMGB1 improved survival rates after myocardial infarction
	Capillary and arteriole densities in the border zone

	DISCUSSION
	Conclusions
	Funding
	REFERENCES
	FIGURE LEGENDS
	Figure 1. Generation of HMGB1-Tg mice
	Figure 2. Concentrations of HMGB1 in the heart and peripheral blood after myocardial infarction
	Figure 3. Heart weight and infract size in HMGB1-Tg and Wt mice
	Figure 4. Echocardiography and hemodynamic data at 4 weeks after myocardial infarction
	Figure 5. Survival rates after myocardial infarction
	Figure 6. Capillary and arteriole densities after myocardial infarction

	Figure 1. Generation of HMGB1-Tg mice
	Figure 2. Concentrations of HMGB1 in the heart and peripheral blood after myocardial infarction
	Figure 3. Heart weight and infract size in HMGB1-Tg and Wt mice
	Figure 4. Echocardiography and hemodynamic data at 4 weeks after myocardial infarction
	Figure 5. Survival rates after myocardial infarction
	Figure 6. Capillary and arteriole densities after myocardial infarction




