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Abstract

Sepsis is a major cause of death worldwide. We show that a plasma protein

histidine-rich glycoprotein (HRG) was decreased significantly in septic mice with cecal

ligation and puncture (CLP) and supplementary treatment of septic mice with

exogenous HRG improved survival, with strong inhibition of tight attachment of

neutrophils to pulmonary vasculatures, subsequent immunothrombosis, DIC state, lung

inflammation, hypercytokinemia and activation of vascular endothelial cells (VECs).

In contrast, knockdown of HRG by siRNA exacerbated lethality. Purified human HRG

reversibly induced morphological changes in human neutrophils in vifro; induction of

spherical shape with reduced microvilli and adhesiveness to VECs. HRG maintained

the passage of neutrophils through microcapillaries and abolished production of reactive

oxygen species. These results suggested that the supplementary therapy with HRG

may provide a novel strategy for the treatment of sepsis through suppression of

excessive systemic inflammation and immunothrombosis by keeping circulating

neutrophils quiescent and preventing uncontrolled activation of VECs.
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Introduction

Sepsis is a systemic inflammatory response syndrome (SIRS) associated with
infection. The pathogenesis of sepsis includes the disturbance of blood-vascular
homeostasis, which may cause multiple organ failure, circulatory shock, and
disseminated intravascular coagulation, leading to high mortality'™. The
proinflammatory cytokine response in the acute phase may be triggered by the
constituents of invading pathogens and tissue damage-associated molecular patterns™®,
accompanied by the activation of vascular endothelial cells, a pivotal step for inducing
the migration of leukocytes into inflammatory sites with pathogen invasion®. A
recent study suggested that neutrophil adhesion on vascular endothelial cells may
trigger platelet aggregation and immunothrombus formation in septic acute respiratory
distress syndrome (ARDS)’'*.  Thus, circulating neutrophils may play important roles
in the pathogenesis of septic conditions in addition to infiltrating neutrophils.
However, the uncontrolled activation of neutrophils has not been examined in detail due
to methodological limitations'’>. Neutrophils are easily activated by in vitro handling
or even by withdrawing from blood vessels. Therefore, it might be rather difficult to
know and speculate about the precise features of the circulating neutrophils by an in

vitro analysis. Also, if any are present, a controlling factor of neutrophils in plasma,
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one that might regulate a fundamental state of circulating neutrophils in both healthy
and disease conditions, remains to be determined.

Histidine-rich glycoprotein (HRG) is an 80 kD plasma glycoprotein produced in and
secreted from the liver'®. The plasma levels of HRG in healthy human were reported
to be constant around 1 pM'’. HRG’s primary amino acid sequence has an
extraordinary number of histidine residues and typical GHHPH repeats'®. Since HRG
binds to a diverse range of ligands including heparin, heparan sulfate, fibrin, fibrinogen,
plasminogen, thrombospondin, divalent metal cations, heme, and complement Clq, it

has been suggested to be involved in the regulation of coagulation/fibrinolysis'®??,

23-25

immune response and angiogenesis®®?®. Moreover, HRG has been reported to the

n**!as well as

antibacterial and antifungal activities in acidic pH and high Zn conditio
the neutralizing effect on LPS®. Actually, Shannon et al. demonstrated that HRG
decreases mortality of septic mice model with S. pyogenes-induced abscess by killing
and trapping of bacteria in abscess site”>. However, the effects of HRG on the
circulating leukocytes, especially neutrophils in systemic septic condition is poorly
understood.

In the present study, we identified and characterized HRG as a factor that maintains a

neutrophil’s spherical shape with minimal microvilli on the surface.  These
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