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High mobility group box-1 (HMGB1) is a highly
conserved, ubiquitous protein in the nuclei and
cytoplasm of almost all cells. After binding to its
receptor, HMGB1, which is derived from necrotic
cells and activated macrophages/monocytes, functions
as a critical mediator of inflammation and promotes
tissue repair and regeneration. Many recent studies
demonstrated that HMGB1 played a pivotal role
in cardiovascular diseases, such as atherosclerosis,
myocardial ischemia/reperfusion injury, heart failure,
and myocardial infarction. In this review, we focus on
HMGBI1 and summarize the association of HMGB1
with cardiovascular diseases.

Saudi Med ] 2010; Vol. 31 (5): 486-489

From the Department of Cardiology, The First College of Clinical
Medical Sciences, China Three Gorges University & Yichang Central
People’s Hospital, Yichang, The Peoples Republic of China.

Address correspondence and reprint request to: Prof Jun Yang,
Department of Cardiology, The First College of Clinical Medical
Science of China Three Gorges University & Yichang Central People’s
Hospital, Yichang, Hubei 443003, The Peoples Republic of China. Tel.
+86 (717) 6482952. E-mail: wy6057 @sina.com

486

whning to the increasing age of the population and

improved living standards, cardiovascular disease
is the major human disease with a rising incidence and
prevalence over recent decades. Accumulating studies
have shown that various factors are essential components
of the complex pathophysiological process in heart
diseases and/or play a crucial role in cardiac repair.
To explore the complex disease process and potential
therapeutic methods, we describe one such factor, high
mobility group box-1 (HMGB1), and its role in the
pathogenesis of cardiovascular diseases states.

HMGBI structure and function. The HMGBI1
protein was first termed approximately 30 years ago
as a nonhistone chromosomal protein with high
electrophoretic mobility."! The HMGB1 protein, which
is among the most evolutionarily conserved proteins,
has 215 amino acids and shares 99% identity in amino
acid sequence between rodent and human.! The human
HMGBI gene is located on chromosome 13q12 and
encodes a protein of 216 amino acids.? The structure of
HMGB1 comprises 2 domains composed of 80 amino
acids referred to as HMG boxes A and B as well as a
negatively charged C terminus.> More recent findings
suggest that the B-box possesses the pro-inflammatory
properties of HMGB1 including cytokine release, and
the A-box instead competes with HMGB1 for binding
sites leading to attenuation of the inflammatory
cascade.*® The highly conserved N and C terminal
regions of the protein are enriched with basic and
acidic amino acid residues. The HMGBI is located in
the nucleus and cytoplasm of most cells and is widely
distributed in many organs cells (such as lymphoid
tissue, brain, liver, lung, heart, spleen, kidney, and so
forth).” Asa DNA-binding protein, HMGBI is involved
in maintenance of nucleosome structure, regulating
gene transcription, and modulating the activity of
steroid hormone receptors by interacting with many
transcription factors, replication proteins, and steroid
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Figure 1 - The HMGBI induces inflammatory responses. The HMGB1 can be actively secreted via innate immune cells in response to infection or
passively released from injured or necrotic cells. Exogenous HMGBI can enhance the release of pro-inflammatory cytokines and induce harmful
inflammatory responses by binding to its receptors (RAGE, TLR2, and TLR4). HMGBI - high mobility group box-1, RAGE - receptors for
advanced glycation end products, TLR2 - Toll-like receptor 2, TRL4 - Toll-like receptor 4. Figure reprinted from Yang H, Tracey KJ. Targeting
HMGBI in inflammation. Biochim Biophys Acta 2010; 1799: 149-156, with permission from Elsevier.

receptors.® Extracellularly, HMGBI is released passively
by necrotic or damaged cells and secreted actively by
immune cells such as monocytes, macrophages, and
dendritic cells.” Once released into the gap, HMGBI
can transmit the injury signal to neighboring immune
cells and thus trigger a rigorous inflammatory response
(Figure 1).” Many studies demonstrated that HMGB1 as
a pro-inflammatory cytokine is involved in pathological
states, including severe sepsis, tumor metastasis and
invasion, pneumonia synovitis, atherosclerosis,'
vascular restenosis, and arthritis.'' In addition, HMGBI,
also as an injury signal factor, promotes tissue repair
and regeneration by activating stem cell migration,
proliferation, chemotaxis, as well as participating in an
adaptive immune response.'®!>1?

HMGBI receptors. The HMGBI receptors include
the receptors for advanced glycation end products
(RAGE) and members of the Toll-like family of receptors
(TLRs). The RAGE as a multiligand-binding member
of the immunoglobulin superfamily are expressed on a
variety of cells, and can bind several members of the
§100/calgranulin family, the advanced glycation end
products (AGEs), HMGBI, B-amyloid peptides, and

Table 1 - The main role of HMGBI in cardiovascular diseases.

Cardiovascular disease Main role of HMGB1

Actherosclerosis Promote inflammation and atherogenesis

Myocardial I/R
Early stage

Promote inflammatory response
Later stage

Induce repair and regeneration of
myocardium

Post-MI chronically Reduce the accumulation of inflammatory

failing hearts cells
After MI
Early stage Modulate inflammatory response

Later stage Lead to myocardial repair

HMGBI - high mobility group box-1, I/R - ischemia/reperfusion,
MI - myocardial infarction

B-sheet fibers.'* Following release, HMGBI binds on
the cell-surface RAGE receptors resulting in activation
of mitogen-activated protein kinases and transcription
factor Nuclear Factor-Kappa B (NF-k B), which induces
production of various pro-inflammatory cytokines.''¢
In addition to RAGE, TLRs have been demonstrated to
be of importance in HMGBI1 signaling. The TLRs can
recognize both damage-associated molecular patterns
and pathogen-associated molecular patterns and are
involved in immune response to both infection and
injury. The HMGB1 binding of TLR2 and TLR4 results
in NF-k B upregulation and mediates various cellular
responses including the movement of chemotactic
cells as well as cytokine release.””'® Consistently,
TLR4-defective (C3H/He]) mice are more resistant to
HMGBI1-mediated ischemic injury,” suggesting that
TLR4 plays an important role in HMGB1-mediated
inflammatory responses.

HMGBI and cardiovascular diseases. The increasing
prevalence of cardiovascular diseases poses enormous
challenges for health care systems worldwide. The
inflammatory response is closely correlated with
the occurrence and development of cardiovascular
diseases. In light of its pro-inflammatory functions as
well as restorative effects leading to tissue repair and
myocardium regeneration,”'®'>" the role of HMGBI
in cardiovascular diseases has become an attention focus
(Table 1).

HMGBI and atherosclerosis. 'The pathogenesis
of atherosclerosis has been researched for more than
one century, and it is now considered a chronic
inflammatory disease of the arterial system. Vascular
inflammation plays a predominant role in the initiation,
progression, and the final steps of atherosclerosis.
Vascular injury induces accumulation of monocytes,
macrophages, and platelets, which can activate and
release pro-inflammatory cytokines and chemokines on
the vessel wall.***! The HMGB1 abundantly expressed
in vascular endothelial cells can be passively released
from injured endothelial cells and thus stimulate
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neighboring endothelial cells to express various
pro-inflammatory cytokines, chemokines, adhesion
molecules, and RAGE, which could in turn further
increase the release of HMGB1 and other cytokines.'**
At the late stage of atherosclerosis, the activated
platelets can also release HMGB1,% and thus HMGB1
might contribute to the formation of thrombus and
progression of atherosclerosis. For instance, HMGBI
levels dramatically increased in atherosclerotic lesions
and in patients with coronary artery diseases.?>?*?
Recently, Inoue et al** demonstrated that activated
vascular smooth muscle cells were the source of
HMGBI1 in human advanced atherosclerotic lesions,
and HMGBI1 could directly stimulate the production
of C-reactive protein, which was an important predictor
of coronary artery disease,”” further suggesting that the
release of HMGB1 within atherosclerotic plaques may
play a predominant role in promoting inflammation
and atherogenesis. Considering the important role in
atherosclerosis, HMGBI is likely to be the target in
prevention and treatment of atherosclerosis.

HMGBI and wmyocardial ischemialreperfusion
injury. Myocardial reperfusion therapy can preserve
myocardial viability and function by reversing
myocardial ischemia and limiting the infarct size.
However, myocardial ischemia/reperfusion (I/R) injury,
which is characterized by a significant inflammatory
response may result in the reduction of therapeutic
benefit and cardiac function recovery time delay.”** In
I/R, endogenous HMGB is largely released by necrotic
tissue and inflammatory cells and the expression
levels of RAGE, TLR2, and TLR4 are increased after
myocardium injury enables HMGB1 to effectively
mediate an inflammatory response and consequently
facilitate the progression of ischemic injury.'®'” Instead
of treatment with recombinant HMGB1, treatment of
mice with HMGB1 box A and RAGE knockout mice
significantly diminished I/R injury, suggesting that
HMGBI plays a major role in the early stage of I/R
injury by binding to RAGE, and accelerated myocardial
injury.”® Furthermore, preconditioning with HMGBI
could induce HMGBI1 tolerance and reduce myocardial
I/R injury as evidenced by significantly diminished
infarct size and decreased inflammatory marker levels
compared with those in the I/R group.’' Additionally,
myocardial I/R injury leads to a large number of
apoptosis and necrosis of cells. As low levels can be
beneficial, HMGBI1 released from stressed myocardium
could also restore cardiac function by the induction
of vessel formation and differentiation of myogenic
cells in the late stage of I/R injury. Treatment with
HMGBI1 can increase the new cells in the ischemic
region and participate in the regeneration and repair of
ischemic myocardium by activating proliferation, and
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differentiation of hematopoietic stem cells.** Certainly,
the mechanisms of these restorative functions are
mediated by its receptors (RAGE) that mediate the pro-
inflammatory properties of the molecule.’

HMGBI and heart failure. The HMGBI is closely
related to heart failure. Patients with heart failure with
HMGBI1 levels higher than 0.5 ng/ml were inclined
to induce their cardiac disorders.”> Recent research
by Takahashi and colleagues™ revealed that HMGBI
administration reduced cardiomyocyte fibrosis and
hypertrophy and enhanced global function of post-
myocardial infarction (MI) chronically failing hearts,
particularly by reducing accumulation of dendritic
cells, which can modulate the expression profile of
inflammatory cytokines. These findings suggest that
HMGBI1 plays dual roles in the pathogenesis of heart
failure. The contribution of HMGBI to these potential
mechanisms needs to be further explored.

HMGBI and myocardial infarction. Myocardial
infarction is a potentially fatal event and a common
cause of death in adults. Many pro-inflammatory
factors increased after an acute MI can regulate myocyte
survival and induce additional cellular inflammatory
responses.”’ Recently, Kohno et al*® found that increased
serum HMGBI1 levels were correlated with pump
failure, cardiac rupture, and in-hospital cardiac death
in patients with MI. Evidence also demonstrated that
HMGBI1 can modulate an inflammatory response in
the early stages after MI, and later lead to myocardial
repair.”’ Furthermore, recent studies™* found that
HMGBI can enhance the myocardial regeneration
of infarcted areas after acute MI and result in the
improvement of cardiac function via activating growth
factors, cytokines, and chemokines released by cardiac
fibroblasts as well as cardiac C-kit+ cell proliferation
and differentiation.

In conclusion, the robust associations between
HMGB!1 and cardiovascular disease have been
demonstrated in this article. As the mechanisms
promoting the release of HMGBI, and the signaling
pathways it activates, remain to be completely
elucidated, evidence that suggests its potential as a
therapeutic target/agent in various heart diseases needs
to be accumulated. Considering the notable role in
inflammation and tissue repair, a therapeutic approach
involving the HMGBI-mediated signaling pathway
may constitute a new strategy for cardiovascular diseases.
Future studies will help to understand the feasibility of
such an approach.

References

1. Goodwin GH, Sanders C, Johns EW. A new group of
chromatin-associated proteins with a high content of acidic and
basic amino acids. Eur J Biochem 1973; 38: 14-19.



8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

HMGBI and cardiovascular diseases ... Ding & Yang

. Ferrari S, Finelli P, Rocchi M, Bianchi ME. The active gene

that encodes human high mobility group 1 protein (HMG1)
contains introns and maps to chromosome 13. Genomics 1996;

35: 367-371.

. Weir HM, Kraulis PJ, Hill CS, Raine AR, Laue ED, Thomas

JO. Structure of the HMG box motif in the B-domain of
HMGI1. EMBO J 1993; 12: 1311-1319.

. Li], Kokkola R, Tabibzadeh S, Yang R, Ochani M, Qiang X, et

al. Structural basis for the proinflammatory cytokine activity of

high mobility group box 1. Mol Med 2003; 9: 37-45.

. Messmer D, Yang H, Telusma G, Knoll F, Li J, Messmer B, et

al. High mobility group box protein 1: an endogenous signal
for dendritic cell maturation and Thl polarization. J Immunol

2004; 173: 307-313.

. Yang H, Ochani M, Li J, Qiang X, Tanovic M, Harris HE, et

al. Reversing established sepsis with antagonists of endogenous
high-mobility group box 1. Proc Natl Acad Sci U § A 2004;
101: 296-301.

. Mosevitsky MI, Novitskaya VA, Iogannsen MG, Zabezhinsky

MA. Tissue specificity of nucleo-cytoplasmic distribution of
HMG1 and HMG2 proteins and their probable functions. Eur
J Biochem 1989; 185: 303-310.

Bustin M. Regulation of DNA-dependent activities by the
functional motifs of the high-mobility-group chromosomal

proteins. Mol Cell Biol 1999; 19: 5237-5346.

. Scaffidi B, Misteli T, Bianchi ME. Release of chromatin protein

HMGBI1 by necrotic cells triggers inflammation. Nature 2002;
418:191-195.

Degryse B, Bonaldi T, Scafidi P Miiller S, Resnati M,
Sanvito E et al. The high mobility group (HMG) boxes of the
nuclear protein HMGI induce chemotaxis and cytoskeleton
reorganization in rat smooth muscle cells. J Cell Bio/2001; 152:
1197-1206.

Taniguchi N, Kawahara K, Yone K, Hashiguchi T, Yamakuchi
M, Goto M, et al. High mobility group box chromosomal
protein 1 plays a role in the pathogenesis of rheumatoid arthritis
as a novel cytokine. Arthritis Rheum 2003; 48: 971-981.
Degryse B, de Virgilio M. The nuclear protein HMGB1, a new
kind of chemokine? FEBS Lett 2003; 553: 11-17.

Palumbo R, Sampaolesi M, De Marchis F, Tonlorenzi R,
Colombetti S, Mondino A, et al. Extracellular HMGBI, a
signal of tissue damage, induces mesoangioblast migration and
proliferation. J Cell Biol 2004; 164: 441-449.

Yan SE Ramasamy R, Schmidt AM. The receptor for advanced
glycation endproducts (RAGE) and cardiovascular disease.
Expert Rev Mol Med 2009; 11: 9.

Stern D, Yan SD, Yan SE Schmidt AM. Receptor for advanced
glycation endproducts: a multiligand receptor magnifying cell
stress in diverse pathologic settings. Adv Drug Deliv Rev 2002;
54: 1615-1625.

Kokkola R, Andersson A, Mullins G, Ostberg T, Treutiger
CJ, Arnold B, et al. RAGE is the major receptor for the
proinflammatory activity of HMGBI in rodent macrophages.
Scand J Immunol 2005; 61: 1-9.

Park JS, Svetkauskaite D, He Q, Kim JY, Strassheim D, Ishizaka
A, et al. Involvement of toll-like receptors 2 and 4 in cellular
activation by high mobility group box 1 protein. J Biol Chem
2004; 279: 7370-7377.

Park JS, Gamboni-Robertson F, He Q, Svetkauskaite D, Kim
JY, Strassheim D, et al. High mobility group box 1 protein
interacts with multiple Toll-like receptors. Am J Physiol Cell
Physiol 2006; 290: C917-C924.

Tsung A, Sahai R, Tanaka H, Nakao A, Fink MP, Lotze MT,
et al. The nuclear factor HMGB1 mediates hepatic injury after
murine liver ischemia-reperfusion. J Exp Med 2005; 201: 1135-
1143.

Mehra VC, Ramgolam VS, Bender JR. Cytokines and
cardiovascular disease. J Leukoc Biol 2005; 78: 805-818.
Paoletti R, Gotto AM Jr, Hajjar DP. Inflammation in
atherosclerosis and implications for therapy. Circulation 2004;
109 (23 Suppl 1): 11120-11126.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

Kalinina N, Agrotis A, Antropova Y, DiVitto G, Kanellakis P,
Kostolias G, et al. Increased expression of the DNA-binding
cytokine HMGBI1 in human atherosclerotic lesions: role of
activated macrophages and cytokines. Arterioscler Thromb Vasc
Biol 2004; 24: 2320-2325.

Rouhiainen A, Imai S, Rauvala H, Parkkinen J. Occurrence
of amphoterin (HMG1) as an endogenous protein of human
platelets that is exported to the cell surface upon platelet
activation. Thromb Haemost 2000; 84: 1087-1094.

Yan XX, Lu L, Peng WH, Wang L], Zhang Q, Zhang RY, et
al. Increased serum HMGBI level is associated with coronary
artery disease in nondiabetic and type 2 diabetic patients.
Atbherosclerosis 2009; 205: 544-548.

Hu X, Jiang H, Bai Q, Zhou X, Xu C, Lu Z, et al. Increased
serum HMGBI is related to the severity of coronary artery
stenosis. Clin Chim Acta 2009; 406: 139-142.

Inoue K, Kawahara K, Biswas KK, Ando K, Mitsudo K,
Nobuyoshi M, et al. HMGB1 expression by activated vascular
smooth muscle cells in advanced human atherosclerosis plaques.
Cardiovasc Pathol 2007; 16: 136-143.

Niccoli G, Biasucci LM, Biscione C, Fusco B, Porto I, Leone
AM, et al. Independent prognostic value of C-reactive protein
and coronary artery disease extent in patients affected by
unstable angina. Atherosclerosis 2008; 196: 779-785.

Ribichini E Wijns W. Acute myocardial infarction: reperfusion
treatment. Heart 2002; 88: 298-305.

Frangogiannis NG, Smith CW, Entman ML. The inflammatory
response in myocardial infarction. Cardiovasc Res 2002; 53: 31-

Andrassy M, Volz HC, Igwe JC, Funke B, Eichberger SN, Kaya
Z, et al. High-mobility group box-1 in ischemia-reperfusion
injury of the heart. Circulation 2008; 117: 3216-3226.
HuX, Jiang H, Cui B, Xu C, Lu Z, He B. Preconditioning with
high mobility group box 1 protein protects against myocardial
ischemia-reperfusion injury. Int J Cardiol 2009. [Epub ahead of
rint].
Eimana E Germani A, Zacheo A, Kajstura J, Di Carlo A,
Borsellino G, et al. Exogenous high-mobility group box 1
protein induces myocardial regeneration after infarction via
enhanced cardiac C-kit+ cell proliferation and differentiation.
Circ Res 2005; 97: e73-¢83.
Chavakis E, Hain A, Vinci M, Carmona G, Bianchi ME,
Vajkoczy P, et al. High-mobility group box 1 activates integrin-
dependent homing of endothelial progenitor cells. Circ Res
2007; 100: 204-212.
Degryse B, Bonaldi T, Scafidi B Miiller S, Resnati M,
Sanvito E et al. The high mobility group (HMG) boxes of the
nuclear protein HMGI1 induce chemotaxis and cytoskeleton
reorganization in rat smooth muscle cells. J Cell Biol/2001; 152:
1197-1206.
Yamada S, Maruyama I. HMGBI1, a novel inflammatory
cytokine. Clin Chim Acta 2007; 375: 36-42.
Takahashi K, Fukushima S, Yamahara K, Yashiro K, Shintani
Y, Coppen SR, et al. Modulated inflammation by injection of
high-mobility group box 1 recovers post-infarction chronically
failing heart. Circulation 2008; 118 (14 Suppl): S106-S114.
Deten A, Volz HC, Briest W, Zimmer HG. Cardiac cytokine
expression is upregulated in the acute phase after myocardial
infarction. Experimental studies in rats. Cardiovasc Res 2002;
55: 329-340.
Kohno T, Anzai T, Naito K, Miyasho T, Okamoto M, Yokota
H, et al. Role of high-mobility group box 1 protein in post-
infarction healing process and left ventricular remodelling.
Cardiovasc Res 2009; 81: 565-573.
Wang XW, Zhang WD, Wang XL, Li J, Yuan BB. [Time course
change in the high mobility group box-1 after myocardial
infarction in rats]. Nan Fang Yi Ke Da Xue Xue Bao 2008; 28:
1688-1690. Chinese
Rossini A, Zacheo A, Mocini D, Totta B, Facchiano A, Castoldi
R, etal. HMGB1-stimulated human primary cardiac fibroblasts
exert a paracrine action on human and murine cardiac stem

cells. J Mol Cell Cardiol 2008; 44: 683-693.

Saudi Med J 2010; Vol. 31 (5) 489

WWW.Smj.org.sa



