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ABSTRACT. The role of high mobility group box 1 (HMGB1) has been
demonstrated in stroke and coronary artery disease but not in peripheral
arterial occlusive disease (PAOD). The pathogenesis of HMGBI1
in acute and chronic vascular injury is also not well understood. We
hypothesized that HMGB1 induces inflammatory markers in diabetic
PAOD patients. We studied 36 diabetic patients, including 29 patients
with PAOD, who had undergone amputation for diabetic foot and 7
nondiabetic patients who had undergone amputation after traumatic
injury. Expression of HMGB1 and inflammatory markers were
quantified using immunohistochemical staining. Mitochondrial DNA
copy number was quantified using real-time polymerase chain reaction.
Compared with that in the traumatic amputation group, HMGBI1
expression in vessels was significantly higher in the diabetes and diabetic
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PAOD groups. In all subjects, arterial stenosis grade was positively
correlated with the expression levels of HMGBI1, 8-hydroxyguanosine,
malondialdehyde, vascular cell adhesion molecule 1, and inflammatory
markers CD3, and CD68 in both the intima and the media of vessels.
Furthermore, HMGBI1 expression level was positively correlated with
8-hydroxyguanosine, vascular cell adhesion molecule 1, nuclear factor-
kB, CD3, and CD68 expression. Within the PAOD subgroup, subjects
with HMGBI1 expression had higher expression of the autophagy
marker LC3A/B and higher mitochondrial DNA copy number. HMGB1
may be an inflammatory mediator with roles in oxidative damage and
proinflammatory and inflammatory processes in diabetic atherogenesis.
Moreover, it may have dual effects by compensating for increased
mitochondrial DNA copy number and increased autophagy marker
expression.

Key words: Atherosclerosis; Diabetes mellitus; Diabetic foot;
High mobility group box 1; Peripheral arterial occlusive disease

INTRODUCTION

Diabetic foot is among the many complication of diabetes. More than 2% of commu-
nity-based diabetic patients develop new foot ulcers each year (Abbott et al., 2002). The inci-
dence of amputation in patients with diabetic foot ulcer is high; in hospitals in Taiwan, more
than 94% of patients treated for diabetic foot had an associated foot infection. The prevalence
of in-hospital diabetic foot decreased from 1.68 to 1.02% from 2000-2009 (P < 0.001), but
the treatment outcome of lower-extremity amputation did not improve (mean amputation rate:
28.35%) (Huang et al., 2012). Thus, a greater understanding of the pathogenesis of diabetic
foot and new treatment strategies for this condition are critical.

Peripheral artery disease is one of the most important mechanisms of diabetic foot.
The risk of peripheral artery disease is increased in patients with diabetes according to the
NHANES study (Selvin and Erlinger, 2004). Moreover, atherosclerosis is a pathologic pro-
cess that causes coronary, cerebral, and peripheral artery disease (Faxon et al., 2004; Libby
et al., 2011). Atherosclerosis involves several highly interrelated processes, including lipid
disturbances, platelet activation, thrombosis, endothelial dysfunction, inflammation, oxidative
stress, vascular smooth cell activation, altered matrix metabolism, remodeling, and genetic
factors (Libby, 2002). Decreased nitric oxide production, increased oxidative stress, and im-
paired endothelial progenitor cell function are the main mechanisms involved in the acceler-
ated atherosclerotic process observed in type 2 diabetes mellitus (DM) patients (Tousoulis
et al., 2012). The main inflammatory markers that provide prognostic information regarding
the outcome and progression of type 2 DM include C-reactive protein, tumor necrosis factor-
o, interleukin-6, intercellular adhesion molecule-1, and vascular cell adhesion molecule 1
(VCAM-1) (Tousoulis et al., 2013).

High mobility group box 1 (HMGB1) is a nonhistone DNA-binding protein composed
of 215 amino acid residues organized into 3 domains that include 2 tandem HMG box domains
(A box and B box) configured in an L shape and a C-terminal tail of 30 amino acids (Tsuda et
al., 1988; Read et al., 1993). Recent studies have suggested that HMGBI1 induces an inflam-
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matory response during vascular injury. HMGBI is an endogenous mediator of inflammation
and lesion formation via the toll-like receptor 9 pathway in response to vascular injury (Hi-
rataa et al., 2013). HMGBI also promotes an inflammatory response by inducing the expres-
sion of intercellular adhesion molecule-1 and P-selectin via the receptor for advanced glyca-
tion end products-mediated stimulation of the endoplasmic reticulum stress pathway (Luo et
al., 2013). However, the role of HMGBI in diabetic patients with peripheral arterial occlusive
disease (PAOD) remains unclear. In this study, we examined HMGBI1 and its potentially re-
lated pathway in the atherosclerotic vessels of patients with diabetic foot to clarify the role of
HMGBI in diabetic atherogenesis.

MATERIAL AND METHODS
Study subjects

We recruited 36 patients with type 2 DM and 7 nondiabetic controls. All patients with
type 2 DM had undergone leg amputation to treat unhealed leg ulcers. The control patients had
undergone leg amputation related to traumatic injuries.

Using pathologic examination, we classified atherosclerosis into 4 groups depend-
ing on the level of arterial occlusion: grade 0 was 0%; grade 1 was 0-25%; grade 2 was
25-50%, and grade 3 was more than 50%. The prevalence rates of arterial stenosis from
grades 0-3 in the diabetic group were 19.4 (7/36), 13.9 (5/36), 27.8 (10/36), and 38.9%
(14/36), respectively. In contrast, the nondiabetic group showed no arterial stenosis. There
were 29 patients with and 14 patients without stenosis. The studies were conducted ac-
cording to the guidelines of the Declaration of Helsinki, and the protocol for this study
was approved by the Ethics Committee of the Chang Gung Memorial Hospital. All sub-
jects provided written informed consent.

Quantification of mitochondrial DNA (mtDNA) copy number with real-time polymerase
chain reaction (PCR)

Relative mtDNA copy numbers were measured using real-time PCR and nor-
malized by simultaneous quantification of nuclear DNA. PCR was performed in an ABI
PRISM 7700 sequence detection system (PE Biosystems, Foster City, CA, USA) using a
SYBR green PCR master mix kit (Applied Biosystems, Foster City, CA, USA). The for-
ward and reverse primers for B-actin, the nuclear gene, were 5'-TCACCCACACTGTGC
CCATCTAGGA-3" and 5'-CAGCGGAACCGCTCATTGCCAATGG-3', respectively. The
forward and reverse primers for ND1, an mtDNA gene sequence, were 5'-TGGGTACA
ATGAGGAGTAGG-3' and 5'-GGAGTAATCCAGGTCGGT-3', respectively. PCR was
performed for 40 cycles with 10 ng DNA in a 12.5-pL reaction mixture using a SYBR
green PCR master mix kit and 50 nmol forward and reverse primers. PCR cycling condi-
tions included 15 s denaturation at 95°C, 20 s annealing at 60°C, and 15 s extension at
72°C. Melting curve analysis was performed for 20 min after real-time PCR, and analy-
sis was carried out using the Dissociation Curve Software (Precision Melt Analysis™
Software-Bio-Rad, USA). Amplified products were denatured and reannealed at different
temperatures to detect their specific melting temperatures. The threshold cycle number
(Ct) values were determined in the same quantitative PCR run. The results were con-
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firmed by conducting a second run. Ct values were used as a measure of the copy number,
and Ct value differences were used to quantify mtDNA copy number relative to B-actin,
calculated as follows: relative copy number (Rc¢) = 22, where ACt is Ctﬁactin - Ct,,,- There
was good reproducibility within and between runs.

Immunohistochemical examination

Immunohistochemical staining was performed using 2-pm paraffin-embedded
tissue sections on Fisherbrand Superfrost Plus slides (Fisher Scientific, Waltham, MA,
USA). Antibodies directed against 8-hydroxyguanosine (8-OHdG, 1:2000; Abcam,
Cambridge, UK), malondialdehyde (MDA, 1:1000; Abcam), HMGB1 (1:100; Abcam),
LC3A/B (1:50; Abcam), CD68 (1:50; Abcam), CD3 (1:100; Abcam), VCAM-1 (1:200;
Abcam), and nuclear factor [(NF-xB p65 (1:2000; Abcam)] were used with the EnVi-
sion+ HRP detection system (Dako, Glostrup, Denmark) with an InmPRESSTM DAB
Peroxidase Substrate kit (Burlingame, CA, USA). The percentage of positive staining was
determined semiquantitatively using a scale ranging from 0 (-) to 4 (++++). Grading with
approximate percentages indicating the number of relevant cells showing a positive reac-
tion was as follows: 0) no specific immunohistologic reaction visible; 1) minimal (1-10%
of relevant cells showing a weakly positive reaction; 2) mild (up to 25% showing a strong
positive reaction); 3) moderate (up to 50% showing a strong positive reaction); 4) marked
(more than 50% showing a strong positive reaction). Grades 2-4 were defined as positive,
and 0 and 1 as negative. All photomicrographs were acquired using an Olympus Insight
color camera (Tokyo, Japan).

Statistical analysis

Logarithmic transformation of data was used because the original values of the rela-
tive mtDNA copy number did not show a normal distribution. We used the #-test and chi-
square analysis of variance for further comparison and analysis. Data are reported as means +
standard deviation. Relationships between different variables were analyzed using Spearman’s
correlation. P < 0.05 was considered to be statistically significant.

RESULTS

The differences in immunohistochemistry results for oxidative stress and inflam-
matory markers in the PAOD and DM groups are shown in Tables 1 and 2, respectively.
Subjects with DM and diabetic PAOD showed significantly higher expression of HMGB1
in both the arterial intima and arterial media. Oxidative stress markers in both the intima
and media, including 8-OHdg and MDA, were expressed at significantly higher levels
in subjects with PAOD. Increased expression of macrophage (CD3) and T-lymphocyte
(CD68) markers was also observed in both the DM and PAOD groups. Regarding proin-
flammatory markers, VCAM-1 expression was significantly higher in the intima in both
the DM and PAOD groups, and NF-kB p65 was slightly significantly higher in the DM
group. An autophagy marker, LC3A/B, was expressed at similar levels in the PAOD and
nonstenosis groups.
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Table 1. Differences in oxidative stress and inflammatory markers between the PAOD and nonstenosis groups.

Intima Media

Arterial stenosis (N = 29) vs nonstenosis (N =14)  Pvalue  Arterial stenosis (N = 29) vs nonstenosis (N =14) P value
8-OHdg 69% (20/29) vs 35.7% (5/14) 0.038 82.8% (24/29) vs 50.0% (7/14) 0.025
MDA 58.6% (17/29) vs 28.6% (4/14) 0.065 62.1% (18/29) vs 21/4% (3/14) 0.012
CD3 55.2% (16/29) vs 0% (0/14) <0.001 48.3% (14/29) vs 7.1% (1/14) 0.008
CD68 79.3% (23/29) vs 7.1% (1/14) <0.001 86/2% (25/29) vs 21.4% (3/14) <0.001
VCAM-1 89.7% (26/29) vs 50% (7/14) 0.004 93.1% (27/29) vs 85.7% (12/14) 0.434
NF-kB p65 17.2% (5/29) vs 14.3% (2/14) 0.806 31% (9/29) vs 21.4% (3/14) 0.511
LC3A/B 3.4% (1/29) vs 0% (0/14) 0.482 20.7% (6/29) vs 28.6% (4/14) 0.566
HMGBI1 48.3% (14/29) vs 14.3% (2/14) 0.031 51.7% (15/29) vs 14.3% (2/14) 0.019

The immunopositivity of the sections was graded by two pathologists using a scale of 0 (-) to 4 (++++). Grading
with approximate percentages indicating the numbers of relevant cells showing a positive reaction: (0) no specific
immunohistologic reaction visible; (1) minimal: 1-10% showing a weakly positive reaction; (2) mild: up to 25%
showing a strong positive reaction; (3) moderate: up to 50% showing a strong positive reaction; (4) marked: more
than 50% showing a strong positive reaction. Grades 2-4 were defined as positive, and grades 0 and 1 were defined
as negative. HMGBI, high mobility group box 1; MDA, malondialdehyde; NF-«xB, nuclear factor-«B; 8-OHdg,
8-hydroxyguanosine; VCAM-1, vascular cell adhesion molecule 1.

Table 2. Differences in oxidative stress and inflammatory markers between the diabetes mellitus (DM) and
nondiabetic groups.

Intima Media

DM (N =36) vs control (N =7) P value DM (N = 36) vs control (N =7) P value
8-OHdg 61.1%% (22/36) vs 42.9% (3/7) 0.314 75.0% (27/36) vs 57.1% (4/7) 0.335
MDA 52.8% (19/36) vs 28.6% (2/7) 0.412 52.8% (19/36) vs 28.6% (2/7) 0.412
CD3 44.4% (16/36) vs 0% (0/7) 0.035 41.7% (15/36) vs 0% (0/7) 0.077
CD68 66.7% (24/36) vs 0% (0/7) 0.002 77.8% (28/36) vs 0% (0/7) <0.001
VCAM-1 86.1% (31/36) vs 28.6% (2/7) 0.001 94.4% (34/36) vs 71.4% (5/7) 0.118
NF-xB p65 19.4% (7/36) vs 0% (0/7) 0.202 33.3% (12/36) vs 0% (0/7) 0.072
LC3A/B 2.8% (1/36) vs 0% (0/7) 0.655 19.4% (7/36) vs 42.9% (3/7) 0.18
HMGBI 44.4% (16/36) vs 0% (0/7) 0.026 47.2% (17/36) vs 0% (0/7) 0.019

The immunopositivity of the sections was graded by two pathologists using a scale of 0 (-) to 4 (++++). Grading
with approximate percentages indicating the numbers of relevant cells showing a positive reaction: (0) no specific
immunohistologic reaction visible; (1) minimal: 1-10% showing a weakly positive reaction; (2) mild: up to 25%
showing a strong positive reaction; (3) moderate: up to 50% showing a strong positive reaction; (4) marked: more
than 50% showing a strong positive reaction. Grades 2-4 were defined as positive, and grades 0 and 1 were defined
as negative. HMGBI, high mobility group box 1; MDA, malondialdehyde; NF-«xB, nuclear factor-«B; 8-OHdg,
8-hydroxyguanosine; VCAM-1, vascular cell adhesion molecule 1.

Table 3 and Figure 1 summarize the correlations between experimental variables in
the immunohistochemistry grading of proinflammatory markers, LC3A/B, HMGBI, oxida-
tive stress markers, and the level of arterial stenosis. We found that the severity of arterial
stenosis was positively correlated with the expression of oxidative stress markers (8-OHdG
and MDA), the proinflammatory marker (VCAM-1), inflammatory markers (CD3 and CD68),
and HMGB/1 in both the intima and media of vessels. HMGB1 expression level was positively
correlated with that of proinflammatory markers (VCAM-1 and NF-kB) and inflammatory
markers (CD3 and CD68) in both the intima and the media as well. HMGB1 was also positive-
ly correlated with 8-OHdG expression and marginally significantly correlated with LC3A/B
expression in the media of vessels. Within the DM subgroup, HMGBI1 expression in the media
was significantly correlated with high LC3A/B expression in the media (r=0.417; P=0.011).
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The correlation between HMGB1 and LC3A/B expression in the media was borderline signifi-
cant within the PAOD subgroup (r = 0.346; P = 0.060).

Location Intima Media
All subjects (N = 43) Arterial stenosis HMGBI1 Arterial stenosis HMGBI1

T P value r P value r P value r P value
mtDNA copy number -0.387 0.01 0.457 0.002 -0.387 0.01 0.296 0.054
8-OHdg 0.372 0.014 0.273 0.077 0.339 0.026 0.322 0.035
MDA 0.616 <0.001 0.218 0.161 0.628 <0.001 0.207 0.183
CD3 0.689 <0.001 0.341 0.025 0.555 <0.001 0.352 0.021
CD68 0.682 <0.001 0.336 0.028 0.551 <0.001 0.455 0.002
VCAM-1 0.51 <0.001 0.475 0.001 0.316 0.039 0.481 0.001
NF-kB p65 0.294 0.056 0.554 <0.001 0.069 0.66 0.559 <0.001
LC3A/B 0.105 0.503 0.232 0.134 -0.092 0.558 0.282 0.067
HMGBI1 0.457 0.002 - - 0.296 0.054 - -

HMGBI, high mobility group box 1; MDA, malondialdehyde; mtDNA, mitochondrial DNA; NF-kB, nuclear
factor-kB; 8-OHdg, 8-hydroxyguanosine; VCAM-1, vascular cell adhesion molecule 1.

cos8

Figure 1. Immunohistochemical studies for HMGBI1 showed positive staining in arteries with atherosclerotic
change (A) compared with negative staining in normal arteries (B). Notably, a positive correlation was observed
between HMGBI, atherosclerosis, and 8-OHDG (C), CD3 (E), CD68 (G), LC3A/B (I), malondialdehyde (MDA
K), NF-kB p65 (M), and VCAM-1 (O). On the contrary, all markers revealed negative staining in arteries (D, F,
H,J,K, L, N, P).

Comparisons between subjects with positive and negative expression of HMGBI1 are
shown in Table 4 and Figure 1. These results are similar to those of grading correlation analysis
between HMGB1 and other vascular injury markers as shown in Table 3. Subjects with HMGB1
expression showed higher expression of CD68 and NF-kB p65 in both the intima and the media
and higher expression of VCAM-1 in the intima only was statistically significant. Within the
PAOD subgroup, subjects with HMGBI1 expression showed significantly higher expression of
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NF-kB p65 and higher expression of LC3A/B in the media; the difference was slightly statisti-
cally significant. In the intima, higher expression of VCAM-1 was also marginally significant.

Table 4. Associations between HMGB1 and inflammatory markers.

HMGBI1 IHC expression Negative Positive
Location All subjects (N = 43) P value
Intima CD68 44.4% (12/27) 75% (12/16) 0.051
Media CD68 50% (13/26) 88.2% (15/17) 0.01
Intima VCAM-1 63% (17/27) 100% (16/16) 0.005
Intima NF-kB p65 7.4% (2/27) 31.3% (5/16) 0.041
Media NF-kB p65 7.7% (2/26) 58.8% (10/17) <0.001
HMGBI1 IHC expression Negative Positive P value
Location Stenosis subgroup (N = 29)
Intima VCAM-1 80% (12/15) 100% (14/14) 0.077
Intima MnSOD 6.7% (1/15) 35.7% (5/14) 0.054
Media NF-kB p65 7.1% (1/14) 53.3% (8/15) 0.007
Media LC3A/B 7.1% (1/14) 33.3% (5/15) 0.082

HMGBI, high mobility group box 1; IHC, immunohistochemical; MDA, malondialdehyde; MnSOD, manganese
superoxide dismutase; mtDNA, mitochondrial DNA; NF-«xB, nuclear factor-kB; 8-OHdg, 8-hydroxyguanosine;
VCAM-1, vascular cell adhesion molecule 1.

We previously found that compared with nondiabetic patients, diabetic patients had
significantly fewer copies of mtDNA (2.55 £ 0.15 vs 2.73 £ 0.16, P = 0.008). Compared to
patients without arterial stenosis, patients with PAOD also had significantly fewer copies of
mtDNA (2.54 + 0.13 vs 2.66 = 0.20, P = 0.035). We found that HMGBI also plays a role in
compensating for the lower mtDNA copy number in the PAOD group. Within the PAOD sub-
group, subjects expressing HMGBI in either the intima or the media had significantly higher
mtDNA copy numbers (2.604 + 0.136 vs 2.485 + 0.104 and 2.608 £ 0.131 vs 2.472 + 0.096;
P=0.013 and 0.004, respectively). Within the DM subgroup, a similar trend was observed in
subjects expressing HMGB1 in the media (2.601 £ 0.128 vs 2.505 £ 0.163; P=0.061).

DISCUSSION

Peripheral artery disease is a risk factor for diabetic foot in patients with diabetes.
Understanding the pathophysiology of peripheral artery disease may offer insight into new
methods for preventing diabetic foot. Previous studies revealed that macrophages are a major
source of HMGBI1 in human atherosclerotic lesions. Upregulation and secretion of HMGBI1
can amplify inflammatory responses and may also contribute to macrophage accumulation,
thereby promoting atherogenesis (Kalinina et al., 2004). Fiuza et al. (2002) found that recom-
binant human HMGBI increases expression of intercellular adhesion molecule-1, VCAM-
1, and the receptor for advanced glycation end products. HMGBI elicits proinflammatory
responses in endothelial cells and may contribute to alterations in endothelial cell function.
However, the role of HMGBI in diabetic foot patients with PAOD remains unclear. The re-
sults of our study showed that HMGB1 expression was higher in patients with both diabetic
foot and arterial stenosis. In addition, the correlations between HMGBI1 and proinflammatory
markers VCAM-1 and NF-kB in either the intima or the media of vessels were significantly
positive, indicating that the HMGB 1-induced proinflammation response may play a role in the
pathogenesis of diabetic foot atherogenesis.
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Studies in animal models have suggested that HMGBI plays a pathophysiological
role in atherosclerosis by exerting proatherogenic effects by stimulating macrophage migra-
tion, modulating proinflammatory mediators, and accumulating immune and smooth muscle
cells. Furthermore, HMGBI1 neutralization reduces diet-induced atherosclerosis in apolipo-
protein E-deficient mice (Kanellakis et al., 2011). Concordant with previous findings in ani-
mal models, the results of the present study in humans showed positive correlations between
CD68 (a macrophage marker), CD3 (a T-cell marker), VCAM-1, and NF-«B (proinflammato-
ry markers), and HMGBI in both the intima and the media of vessels, indicating that HMGB1
neutralization may be useful for treating PAOD in patients with diabetic foot disease.

Acute coronary syndrome and ischemic stroke are associated with atherosclerosis,
particularly in patients with diabetes. Serum HMGBI1 levels are significantly elevated in both
myocardial ischemia patients and cerebral ischemia patients (Goldstein et al., 2006). In the
present study, we demonstrated that HMGBI1 expression was greater in the atherosclerotic
vessels of the target organs of PAOD patients. HMGBI is a proinflammatory cytokine de-
rived from both injured endothelium and activated macrophages/monocytes. Increased serum
HMGBI level is associated with coronary artery disease in both nondiabetic and type 2 DM
patients (Yan et al., 2009), and the degree of serum HMGBI increase is correlated with the
severity of coronary artery stenosis (Hu et al., 2009). Serum HMGBI is also elevated and in-
duces inflammatory reactions in cerebral ischemia (Vogelgesang et al., 2010).

However, HMGB1 may have dual effects after ischemic damage, and HMGB1 levels
peak twice during hypoxemia, during the acute and the late phases. In 2005, Limana et al.
(2005) observed significant recovery of cardiac performance in HMGB1-treated mice. Re-
cently, postischemic treatment with HMGB1 was shown to significantly improve myocardial
functional recovery after global ischemia/reperfusion in association with decreased infarct
size (Abarbanell et al., 2011). In experimental studies of ischemic stroke, HMGB1 mediated
beneficial plasticity and recovery in many cells of the neurovascular unit during the delayed
post-stroke phase (Hayakawa et al., 2010b). Hayakawa et al. (2010a) demonstrated that a
significant decrease in HMGB1-positive reactive astrocytes worsened behavioral recovery. In
summary, among patients with coronary artery disease or cerebral ischemic disease, HMGB1
may have dual effects by acting as a proinflammatory mediator in the acute phase and being
involved in recovery and remodeling during the late phase. However, the mechanisms of these
dual effects of HMGBI in atherosclerotic disease remain unclear.

In our previous study, we found that diabetic atherogenesis is associated with decreased
levels of mtDNA (Chien et al., 2012). The results of the present study showed that although
HMGBI may act as an inflammatory mediator based on its positive correlation with the expres-
sion of oxidative stress markers (8-OHdG and MDA), a proinflammatory marker (VCAM-1),
and inflammatory markers (CD3 and CD68) both in the intima and the media of vessels, an
HMGB 1-related compensation mechanism may also function in diabetic patients with PAOD.
Patients with higher HMGBI1 expression in the PAOD and DM subgroups showed higher
mtDNA copy numbers and higher expression of the autophagy marker LC3A/B. However, the
compensated mtDNA copy number was still lower than the number in the nonstenosis and non-
diabetic subgroups. Furthermore, many studies have confirmed HMGB1-regulated autophagy,
especially after oxidative damage (Tang et al., 2010; Induces, 2011; Livesey et al., 2012). Se-
vere autophagy deficiency in insulin target tissues can induce the mitochondrial stress response,
and dysregulation of autophagy may contribute to the development of metabolic disorders, in-
cluding insulin resistance, DM, obesity, and atherosclerosis (Kim and Lee, 2014). Deficiencies
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in autophagy maturation may result in an imbalance of arterial smooth muscle cell homeostasis
and thus may be an important atherogenic mechanism in coronary arteries (Kim et al., 2013). In
the present study, HMGBI1-related LC3A/B expression in the media of atherosclerotic vessels
appeared to play a compensatory role in diabetic foot patients with PAOD. However, the roles
of HMGBI in the causal and responsive mechanisms of diabetic foot atherogenesis remain
unclear.

Several studies have examined the role of HMGBI intervention in atherosclerotic
diseases. A 2007 study showed that anti-HMGB1 monoclonal antibody inhibited the increased
permeability of the blood-brain barrier, activation of microglia, and expression of tumor ne-
crosis factor-o and inducible nitric oxide synthase and suppressed the activity of matrix metal-
lopeptidase 9. Intravenous injection of neutralizing anti-HMGB1 monoclonal antibody is a
novel therapeutic strategy for treating ischemic stroke (Liu et al., 2007). Zhang et al. (2011)
also found that anti-HMGB1 monoclonal antibody effectively treats brain ischemia by inhib-
iting the development of brain edema via protection of the blood-brain barrier and efficient
clearance of circulating HMGB1. Furthermore, Abarbanell et al. (2011) observed a dose-de-
pendent effect of HMGB1 on myocardial recovery after acute global ischemia/reperfusion
injury in rat hearts. In addition, HMGB1 induces a proangiogenic phenotype in endothelial
cells in vivo and triggers a potent angiogenic response (Mitola et al., 2006; van Beijnum et
al., 2006; Kitahara et al., 2008), suggesting that HMGB1 may play an important role in the
repair of ischemic damage. Recent studies have also found that endogenous HMGBI is cru-
cial for ischemia-induced angiogenesis in diabetic mice and that HMGBI1 protein administra-
tion enhances collateral blood flow in the ischemic hind limbs of diabetic mice in a vascular
endothelial growth factor-dependent manner (Biscetti et al., 2010). Although the mechanism
of HMBGT1 during the early and late phases of coronary artery disease and cerebral ischemic
disease remains unexamined, manipulation of HMGB1 may provide a new treatment strategy
for diabetic foot in patients with PAOD.

In conclusion, our data revealed that HMGB1 may be an inflammatory mediator relat-
ed to oxidative damage and proinflammatory and inflammatory processes in diabetic athero-
genesis. HMGB1 may have dual effects by compensating for increased mtDNA copy number
and increased expression of autophagy markers.
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