Prognostic value of the high-mobility group box-1 in young patients with chest pain
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Abstract

BACKGROUND: Atherosclerosis is accepted as an inflammatory disease. Evidence suggests that
inflammation evoked by injury plays a pathogenic role in all stages of atherosclerosis. This study
aimed to investigate whether the high-mobility group box-1 (HMGB1) a proinflammatory
cytokine/nuclear protein, which is derived from both injured endothelium and activated
macrophages/monocytes, could contribute to the progression of atherosclerosis and other
cardiovascular diseases.

METHODS: This study was designed as case—control. A total of 135 patients who referred to the
hospital due to angina pectoris had the diagnosis of unstable angina and were candidates of
angiography were recruited in this study. Forty patients who had coronary artery disease
confirmed by angiography were considered as case group and control group consists of 40
persons who had no plaque, and 55 persons were excluded according to the exclusion criteria. At
first, a questionnaire was filled for each patient including demographic factors and their medical
history. Then a blood sample was taken to assess the level of HMGB1. Data were analyzed using
SPSS, Student’s independent t-test, and chi-square tests.

RESULTS: The mean plasma level of HMGB1 in the case group was 27.1 + 2.9 ng/ml, while it was
19.6 + 1.9 ng/ml in control groups (P = 0.03). The odds ratio for coronary artery plaque
associated with high (> 15.03 ng/ml) levels of HMGB1 was 2.50 (95% confidence interval,
1.02-6.17, P = 0.03).

CONCLUSION: Increased plasma HMGB1 concentration may be associated with an increased
risk of coronary atherosclerosis.

Keywor ds: High-Mobility Group Box-1, Coronary Artery Diseases, Inflammation, Biomarkers

Date of submission: 07 Jan 2013, Date of acceptance: 19 Jul 2013

Introduction targeting inflammatory and immune mediators.?
The cardiovascular disease has long been an issue The high-mobility group box-1 (HMGBI)

that causes severe loss in population, especially
those  conditions  associated  with  arterial
malfunction, being attributable to atherosclerosis,
and subsequent thrombotic formation.!

Atherosclerosis is an inflammatory condition
that affects the arterial wall and is characterized by
progressive thickening due to the accumulation of
lipids.?

Our understanding of the role of inflammation
in the initiation and progtression of atherosclerosis
has evolved considerably in recent years. This has
led to advances in both diagnostic and prognostic
approaches, as well as a novel treatment modalities

protein, also known as amphoterin, expressed in
almost all eukaryotic cells and recently identified as
a potent proinflammatory mediator when present
extracellularly.+>

HMGB1 has been suggested to be involved in
the pathogenesis of several vascular diseases such as
systemic vasculitis and atherosclerosis.

HMGB1 is expressed in endothelial cells,
smooth muscle cells and microvessels of the
adventitia.” Previous studies have shown that in
human atherosclerotic lesions from the aorta,
carotid and coronary arteries the expression of
HMGBI is noticeably increased in the nuclei and in
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the cytoplasm of macrophages and smooth muscle
cells localized near the intima.”8 Intense HMGBI1
expression has also been observed in areas adjacent
to the necrotic core of atherosclerotic lesions and
release of HMGB1 from necrotic cells, inducing
local inflammation.”?

HMGB1 may be released from several cell types
in the atherosclerotic plaque including smooth
muscle cells, endothelial cells, foam cells,
macrophages, and activated platelets.!0!1

HMGB1 promotes smooth muscle cells
proliferation, migration to the intimal layer, their
release of C-reactive protein as well as matrix
metalloproteinases (MMPs) (MMP2, MMP3, and
MMPY) in atherosclerotic plaques.810.11

In this study, by using HMGB1 measurements
and angiographic investigation of coronary plaques
in patients with unstable angina, we can consider
the correlation of inflammation and plaque and then
we can relate HMGB1 as an inflammatory marker
with high-risk unstable patients that need more
intensive medical or interventional follow-up.

Materials and Methods

This study was approved by Ethics Committee in
Isfahan University of Medical Science (288294). In
this case—control study, we recruit 135 consecutive
patients fewer than 55 years old that referred to
Chamran Hospital (Tehran, Iran) due to unstable
angina and underwent coronary artery angiography
in 2010. Unstable angina is defined as angina at rest
with an accelerating pattern (with more frequency,
higher intensity or longer duration), rest angina or
an angina, which has newly developed.'?

Patients with a history of myocardial infarction,
surgery and/or percutaneous transluminal coronary
angioplasty, valvular disease, anemia, fever, thyroid
abnormalities, and renal failure, inflammatory and
rheumatologic diseases or patients taking related
medications including corticosteroid were excluded
from the study. Letters of consent were taken from
patients regarding all steps of study.

A questionnaire including information about
demographic factors, history of above-mentioned
diseases, drug consumption, and smoking was filled
for those patients who met the inclusion criteria.

Finally, 40 patients who had coronary artery
disease (CAD) confirmed by angiography were
considered as case group and 40 patients with chest
pain without any coronary complications in their
angiography were selected as a control group.

History of diabetes was defined as history of
twice fasting blood sugar of higher than 126 mg/dl

or once plus a clinical sign hyperlipidemia was
determined as low-density lipoprotein higher than
160 mg/dl or triglyceride higher than 150 (mg/dl)
and hypertension was blood pressure higher than
140/90 mm Hg.

On the day of angiography, blood samples were
collected after 10-12 h fasting. The serums were
separated and were stored in —80° C in the freezer
and angiography was done with Judkins standard.

HMGB1 level was measured simultaneously in
all samples in Applied Physiology Research Center.
The HMGB1 enzyme-linked immunosorbent assay
(ELISA) kit was from immuno biological laboratory
(IBL) International (Hamburg, Germany-Cat.
Number: ST51011).13

HMGB1 ELISA is a Sandwich-enzyme
immunoassay for the quantitative determination of
HMGB! in serum and plasma. The microtiter strips
were coated with purified anti-HMGB1 antibody.
HMGB!1 in the sample binds specifically to the
immobilized antibody and is recognized by a second
enzyme marked antibody. After substrate reaction,
the HMGB1 concentration was determined by the
color intensity in 450 nm wavelength. HMGB1
concentration is obtained by optical density and
standard curve.

In the last step, all patients underwent coronary
artery angiography according to Judkins standard
protocol. The degree of stenosis in each epicardial
coronary arteries was evaluated by the cardiologist who
was blind about laboratory test results of the patients.
Atherothrombotic plaques were classified into simple
and complex according to Ambrose et al. criteria.!

In order to determine the appropriate cut-off point
of HMGBI levels for identifying the risk of coronary
plaque, the sensitivity, specificity, and likelihood ratio
were calculated at different levels of HMGB1 using
receiver operating characteristics (ROC) curve.

Data were analyzed using SPSS for Windows (version
18, SPSS Inc., Chicago, 1L, USA) using Student’s
independent t-test, and chi-square. The odds ratio (OR)
was calculated from multivariate logistic regression.

Results

The demographic characteristics of patients have
been illustrated in table 1. There was no significant
difference in age, sex, body mass index and history
of hypertension, hyperlipidemia diabetes, and
smoking between groups (P < 0.05).

The HMGBI1 levels was 19.6 £ 1.9 ng/ml in
controls and 27.1 £ 2.9 ng/ml in cases, there is a
significant difference between groups (P = 0.002)
(Figure 1).
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Table 1. Basic characteristics of the study population
Characteristics Case  Control

Age (year) 49.6 £6.648.4+6.5
Body mass index (kg/fn 27.0 +6.725.6 +5.1
Male (%) 62.5 46.2
Hypertension (%) 30.3 29.5
Hyperlipidemia (%) 50.7 44.1
Diabetes (%) 22.8 16.6
Smoking (%) 15.9 13.6

Values are expressed as mean * SD or number (%0); There
was no significant difference between case and control
groups (P < 0.05); SD: Standard deviation

The sensitivity, specificity, positive and negative
predictive value of different levels of HMGB1 using
ROC curve wete 83.3%, 72.2%, 75.0%, and 71.3%,
respectively.

The ROC curve analysis, applied to HMGB1
level, showed the best diagnostic profile with an
area under the curve of 0.81 and 0.89, respectively.
The best cut-off points were 15.03 ng/ml. The
sensitivity, specificity, and accuracy were 88.9%,
83.3%, and 86.1%, respectively.

Crude odd ratio (ORs) for significant coronary
artery plaque was calculated for HMGB1 above the
50% percentile. Estimated risk of association between
significant coronary artery plaque associated with
high (> 15.03 ng/ml) levels of HMGB1 was 2.50
(95% confidence interval, 1.02-6.17, P = 0.03).

Discussion

HMGB! has been implicated in the pathogenesis of
inflammatory vascular diseases including systemic
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vasculitis and atherosclerotic disease. Furthermore,
HMGBI is expressed in atherosclerotic lesions by
several cell types contributing to the development
of the atherosclerotic plaque. HMGB1 levels are
significantly increased in patients with subclinical
CAD and in those who develop acute ischemic
events in cardiac and cerebral vascular beds.
Experimental studies showed that HMGB1 has a
significant effect, potentiating the inflaimmatory
response as well as damage in the acute phase and
participating in tissue remodeling during the late
phase after ischemic injury. Targeting HMGB1 may
be an attractive therapeutic modality for
inflammatory vascular diseases.!

In our study, patients with CAD had upper
plasma HMGB1 levels than control groups, and
there were significant difference in HMGB1 levels
between two groups.

Previous studies have been shown that HMGB1
stimulate vascular endothelial cells to express and
secret cell adhesion molecules, monocyte
chemotatic protein 1, and other inflammatory
cytokines.!6:17

In the other hand, study on apolipoprotein E-
deficient mice that fed with a high-fat diet has been
shown that HMGB1 has an importance role in the
development of atherosclerosis.

Using antibodies against HMGB1 result in
reduced inflaimmation and plaque progression in
apolipoprotein E-deficient mice.!8
Yang et al.!” and Haraba et al.?® showed that
hyperlipidemia stimulates the extracellular release of

® HMGB1

case

Figure 1. Serum levels of high-mobility group box-1 protein in case and control group
* Significantly different from control group (P = 0.002)
HMGB1: High-mobility group box-1
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the HMGB1 protein in hyperlipidemic hamsters.
Furthermore, it has been shown that statins
attenuate HMGB1-induced vascular endothelial
activation.

In contrast, a beneficial effect of HMGB1 has
been demonstrated after ischemic limb injury in
diabetic and non-diabetic mice. HMGB1 expression
was lower in ischemic limbs of diabetic mice, and
this lower expression was associated with a
diminished perfusion recovery after injury.
Administration of HMGB1 significantly improved
blood flow and capillary density in ischemic muscles
of diabetic mice, and this beneficial effect was
associated with an increased expression of vascular
endothelial growth factor.?!

Conclusion

The results of the present study show significantly
higher levels of plasma HMGB1 in angiographically
documented  coronary plaque than healthy
individuals. Increased plasma HMGB1
concentration may be associated with an increased
risk of coronary atherosclerosis.

HMGB1 can reflect the coronary artery
atherosclerosis in patients with unstable angina.
Hence, it can be used as diagnostic factors, and as
an independent factor for risk stratification in young
patients with chest pain. However, future studies
with larger sample size are needed in order to
determine accurate cut-point value in CAD patients
and healthy population.
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