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High-mobility group box 1 (HMGB1) protein is an important
chromatin protein. In the nucleus, HMGBI interacts with nu-
cleosomes, transcription factors, and histones. The nuclear
protein organizes the DNA and regulates transcription [1].
After binding to DNA, HMGBI1 bends DNA, thereby facili-
tating the binding of other proteins. HMGBI1 supports tran-
scription of many genes in interactions with numerous tran-
scription factors. HMGBI also interacts with nucleosomes to
loosen packed DNA and remodel the chromatin. Contact with
core histones changes the structure of nucleosomes. The pres-
ence of HMGBI in the nucleus depends on posttranslational
modifications. When the protein is not acetylated, it remains
within the nucleus; however, hyper acetylation on lysine res-
idues causes HMGBI1 to translocate into the cytosol [2]. Here,
HMGBI assumes quite different roles. Immune cells can se-
crete the protein. For instance, dendritic cells, macrophages,
and monocytes secrete HMGBI1 in response to cytokines to
mediate inflammation. The mechanism of inflammation and
damage is HMGBI1 binding to receptor for advanced
glycation end products (RAGE), Toll-like receptor 2
(TLR2), and TLR4 to mediate nuclear factor kappaB
(NF-kB) activation [3]. This state-of-affairs positions
HMGBI at the intersection of sterile and infectious inflamma-
tory responses [4, 5]. The multifaceted activities of HMGB1
(Fig. 1) have been reviewed (5).
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Evidence has been presented that angiotensin-
converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARB) can reduce secretion of
HMGBI1 [6, 7]. This observation would be consistent
with possible interactions between HMGBI1 and the
renin-angiotensin system. The angiotensin-converting
enzyme (ACE) is a matrix metalloproteinase cleaving
decapeptide angiotensin (Ang) I to the octapeptide
Ang II. ACE, and its orthologs possess 2 peptidase
M2 domains. ACE2, discovered more recently but
probably a teleological older enzyme, and its orthologs
possess a single peptidase M2 domain. Ang I and II
can be cleaved by ACE2 into nonapeptides (Angl-9)
and septapeptides (Angl-7), respectively. The ACE2
protein also serves as a receptor for corona viruses.
The ACE metalloproteinases have been around on the
planet for a long time. Similar sequences are found in
flies and even in bacteria, while renin first enters the
scene at the bony-fish level [8].

The generation of Angl—7 by ACE2 is said to have a
vascular protective function. Nevertheless, ACE2
targeting in mice resulted in mixed messages. There
have been at least three lines of ACE2 knockout mice
reported by various investigators [9]. Interestingly, there
are significant differences in the phenotypes of these
distinct lines, especially with regard to their cardiovas-
cular physiology. ACE2 appears to have only modest
effects on baseline cardiovascular functions and blood
pressure control. These effects can be substantially mod-
ulated by genetic and, perhaps through environmental
factors. In contrast, the activity of ACE2 may have
more profound effects on susceptibility to pathological
states, such as hypertension and cardiac hypertrophy.

In this issue of J Mol Med, Qi et al. [10] studied
mice harboring a FLAG-tagged mouse ACE2 gene

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00109-015-1372-1&domain=pdf

J Mol Med (2016) 94:1-3

A

HMGBH1 in the
nucleus:
Involved in transcription,
chromatin remodeling,
replication, DNA repair,
genome stability

Fig. 1 The diverse activities of High-mobility group box 1 (HMGBI1)
protein. a HMGBI in the nucleus is found associated with nucleosomes
[5]. Here, HMGBI is important for spatial segregation and controlling
transcription of DNA, and for interacting with the nuclear matrix. b In the
extracellular fluid (following secretion from macrophages/monocytes
after activation by endotoxin, tumor necrosis factor (TNF), interleukin-1

(knock-in) under the control of an endogenous pro-
moter. These mice exhibited a 50-fold increase in
ACE2 expression in the heart. The mice then
underwent occlusion of the left anterior descending
coronary artery producing myocardial infarction.
Nontransgenic control mice were subjected to the
same procedure. Echocardiography and direct measure-
ments of cardiac performance were performed. While
ejection fraction plummeted by 59 % in normal mice,
ACE2 overexpressing mice exhibited only a 21 % re-
duction in ejection fraction. The infarct size was also
reduced by 50 %. The investigators then measured
protein levels of ACE, ACE2, angiotensin II type-1
receptor (AT1R), angiotensin II type-2 receptor
(AT2R), and the Mas receptor in the free wall of the
left ventricles collected from normal shams, normal
mice with infarction, and the corresponding ACE2
transgenic sham and infarcted mice. The ACE2 trans-
genic mice had the expected marked increase in ACE2
protein. The ACE protein increased in infarcted nor-
mal mice, but not in infarcted transgenic mice. AT1
receptor expression was little changed in the groups,
while AT2 receptor protein was increased in the trans-
genic groups. The Mas receptor expression was in-
creased in infarcted normal mice, but not in the cor-
responding transgenic group.

Circulating HMGBI levels increased in infarcted nor-
mal mice and infarcted ACE2 transgenic mice, albeit to
a lesser degree. Tissue expression of HMGBI1 increased
in the hearts of normal infarcted mice, but not in
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(IL-1), and interferon-gamma (IFN-gamma) or passive release by
necrosis), HMGBI is involved in the regulation of the inflammatory
response. HMGBI signals through receptor for advanced glycation end
products (RAGE), Toll-like receptor 2 (TLR2), and TLR4, nuclear factor
kappaB (NF-kappaB) and the mitogen-activated protein kinase p38

infarcted ACE2 transgenic mice. Tissue staining for
HMGBI positive cells was performed to corroborate
the findings. Similarly, the infiltration of inflammatory
cells was reduced accordingly. Finally, ACE2 activation
ameliorated hypoxia-induced cell death and upregulation
of HMGBI in cardiomyocytes. The protective effect
was correlated with downregulation of HMGB1 and re-
duced downstream proinflammatory cascades.

The authors show convincingly that HMGBI1 partic-
ipates in the innate immune responses surrounding Ang
[I-induced target organ damage in the heart, a process
known to involve NF-kB [11]. How ACE2 overexpres-
sion influences HMGB1 is unclear. Conceivably, the
enzyme cleaves the protein. Another possibility in-
volves the upregulated AT2 receptor in this model.
More likely perhaps is an effect involving Angl-7
and signaling through the Mas receptor. For instance,
transactivation of ErbB family of receptor tyrosine ki-
nases is inhibited by Angl-7 via its Mas Receptor
[12]. Mas, a G protein-coupled receptor, interacts with
common heterotrimeric G proteins. Mas C-terminal tail
interacting proteins have been identified by mass spec-
trometry and proteomics [13]. A Mas “signalosome”
has been proposed. D-Pro7-Ang-(1-7) is a specific
Angl-7 inhibitor. Agonists of the Mas receptor path-
way are also being developed [14]. Further work using
these tools will be necessary to elucidate the issue.

Respectfully,
Friedrich C. Luft
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