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CLUSTERINg Circulating Histones in Sepsis

Several critical care syndromes, such as sepsis, are characterized by
hyperinflammation, which is instigated not only by any underlying
infectious agent but also by the release of danger-associated molecular
patterns (DAMPs) from injured tissue and dying cells (1). In addition
to proinflammatory activity, DAMPS can be prothrombotic and
directly cytotoxic. Indeed, circulating levels of many DAMPs are
associated with severity and progression of critical illness, including
sepsis and trauma-induced organ injury in patients (2). The ability of
some DAMPs to generate sepsis-like organ injury when injected
in vivo suggests a central role in the disease process (3).

Histones are basic proteins that form the building blocks of the
nucleosome complex in which negatively charged DNA is spooled
around two copies of the four histones: H2A, H2B, H3, and H4. As
such, they play crucial roles in the packaging and arranging of DNA
into functional units (4, 5). Throughmodification of histone–DNA
physical interactions, they play indispensable roles within the nucleus
in regulating DNA transcription and replication (6). However,
histones are readily released from the nucleus of activated or injured
cells into the extracellular environment, where they can have
significant roles in host protection through activation of innate
immune cells and direct cytotoxicity toward pathogens (7).

Extracellular histones are derived via two main processes:
inducible programmed cell death triggered by microbial or
endogenous mediators (e.g., cytokine, death factors) andmore abrupt

necrotic cell death through physical trauma and ischemia-associated
loss of cell integrity (8). Several distinct forms of programmed
necrosis have been associated with infection and injury, contributing
to and amplifying the inflammatory response (9). A specific type of
programmed necrosis in neutrophils, termed NETosis, generates a
citrullinated isoform histone structure that enables their release
embedded within web-like stands of DNA that constitute neutrophil
extracellular traps (NETs). Thus, histones released via multiple
processes may be a central component of so-called necroinflammation,
a major driver of exaggerated inflammatory and coagulation cascades
associated with end-organ dysfunction (10). Despite their potentially
harmful effects, relatively little is known about the molecular and
physical determinants of extracellular histone activity or their potential
regulation by endogenous homoeostatic pathways.

In this issue of the Journal, Augusto and colleagues
(pp. 176–187) highlight the functional and translational role for CLU
(clusterin), an extracellular chaperone protein and scavenger of
extracellular histones (11). First, they show CLU has privileged
binding to histones and, importantly, that it can neutralize the in vitro
proinflammatory, cytotoxic, and platelet-aggregating effects of
histones. Moreover, the histone-neutralizing activity of normal
human plasma was reduced markedly by predepletion of CLU.
Crucially, CLU was active against various histone compositions,
including citrullinated histones (CitHis) released through neutrophil
NETosis. This is a key aspect of the study, as the concept of
enhancing histone clearance being beneficial irrespective of origin
(from cell death mediated by tissue injury or immune cell activation)
enables future translational application into all sterile and nonsterile
causes of acute tissue injury and inflammation.

Levels of circulating nucleosomes and CLU–histone complexes
increased in mice injected with endotoxin. Furthermore, mice
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showed reduced free CLU levels, and CLU supplementation led to
lower inflammation and increased survival. Murine in vivo studies
using CLU2/2 whole-body knockouts showed higher IL-6 and
tumor necrosis factor-a release, but not IL1-b, with histone injection,
suggesting a specific role for CLU inmodulating histone-mediated
inflammation. Indeed, CLU supplementation within this
histone-induced inflammationmodel improved survival. Finally,

investigations into more clinically translational in vivomouse model
of cecal ligation and puncture showed that CLU deficiency has
a significant mortality impact, whereas CLU supplementation
improves survival.

A major strength of this study is its extensive evaluation of CLU
activity and dynamics in patients with sepsis. Nucleosomes and
CLU–histone complexes are significantly increased in patients with

Figure 1. Histones are basic proteins whose positive charges associate with DNA, enabling the negatively charged DNA to spool around them.
They form memberships of chromatin beads called nucleosomes, with each nucleosome bead consisting of a histone octamer composed of two
copies of each histone protein: H2A, H2B, H3, and H4. They are coiled within the cell, forming condensed chromatin material. Extracellular
histones are released by cell death in response to infection and inflammation as chromatin material, nucleosome, or individual histones.
CLU (Clusterin), an extracellular chaperone protein, forms bonds to misfolded or excess proteins, including histones, forming complexes.
CLU–histone complexes neutralize histone activity. In addition, these complexes aid the clearance of extracellular histones by binding to cell
surface receptor(s); they are internalized by receptor-mediated endocytosis and trafficked to autophagosomes for degradation. NET=neutrophil
extracellular trap.
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sepsis, together with citrullinated H3. The authors demonstrate that
nucleosomes are lower in sepsis survivors over the first week of sepsis.
Indeed, consistent with in vivomouse data, circulating levels of CLU
are reduced in patients with sepsis, with nonsurvivors having far
lower levels than survivors. Moreover, there is a greater increase in
CLU over time in survivors compared with nonsurvivors of sepsis.
Interestingly, monocytes from patients with sepsis have increased
expression of CLUmRNA, suggesting that reduced levels of
circulating CLU are a function of increased consumption rather
than reduced production. Furthermore, CLU supplementation of
patient plasma neutralized its cytotoxic and inflammatory effects
onmonocytes.

The authors nicely highlight the functional and translational
relevance of CLU not only as a histone scavenger promoting systemic
clearance but also as a direct regulator of histone activity (Figure 1).
CitHis, released during NETosis, have emerged as major DAMPs in
sepsis (12). Elevated concentrations of circulating CitHis have been
reported in critically ill patients and patients with sepsis and are
associated with the severity of the sepsis (13). Alternatively, histones
released by accidental necrosis have been implicated in the
development of acute respiratory distress syndrome associated
with extrapulmonary traumatic injury (14). The potential for the
neutralization of neutrophil-dependent injury processes or, more
specifically, whether CLU affects the activity of NETs with
histone–DNA complexes, requires further investigation.

The identification of CLU as an endogenous regulator of histone
DAMP activity provides yet another example of the host’s intrinsic
ability to counter or quench ongoing proinflammatory and
antimicrobial defense mechanisms to maintain homoeostatic control.
Sepsis is a key example of a dysregulated response with a variety of
immune defects, such as hyporesponsiveness and a profound loss of
innate and adaptive immune cells (15). This study highlights a novel
mechanism by which the body’s innate buffer system can become
dysregulated, leading to uncontrolled inflammatory responses. Indeed,
this paper is timely, given the increasingly available extracorporeal
biosorption systems now available on the market with varying degrees
of clinical efficacy. Indeed, therapies that augment naturally occurring
processes may be implemented earlier andmore safely to avoid the
vicious cascade of necrolysis-induced inflammation that is associated
with high morbidity andmortality.�
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