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HMGB1, originally described as a a protein that binds to DNA, functions as a structural co-factor for somatic cell

transcription control. However, it also has numerous functions extracellularly. High mobility group box 1 (HMGB1), when

passively released from cells, is capable of activating host innate immunity.
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1. Introduction

Numerous reports have suggested that HMGB1 is a promising target for therapeutic intervention inanimal models of

corneal infection using P. aeruginosa- , pneumonia in cystic fibrosis patients , in sepsis , arthritis , and other

diseases . HMGB1 is a ligand for receptor for advanced glycation end products (RAGE) and induces nuclear

translocation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) in macrophages (Mϕ), and

neutrophils (PMN). It is found readily in the sputum of cystic fibrosis patients  and in the serum of septic patients, where

elevated levels are consistent with poor prognosis . Monocytes , Mϕ, , natural killer cells  and dendritic cells

 secrete HMGB1 in response to engaging pathogen associated molecular patterns (PAMPS) (e.g., lipopolysaccharide,

LPS), potentiating immunity.

HMGB1 structure dictates how it functions (Figure 1). It is a 215 amino acid protein with a tendency to bind LPS, and

cytokines such as interleukin (IL)-1 (α and β), DNA, histones, and other molecules. Its two major receptors are Toll-like

receptor (TLR) 4 and RAGE. HMGB1 acts alone or in complex with the latter molecules . If HMGB1 acts on its own, its

redox state, which depends on its 3 cysteines is key for a proinflammatory response. In an unstimulated cell, HMGB1 in

the nucleus is fully reduced (the three cysteines express thiol groups). HMGB1 released extracellularly, in the fully

reduced form, complexes with the C-X-C motif chemokine (CXC) ligand (L) 12 to enhance cell chemotaxis by binding to

the CXC receptor (R) 4 . The HMGB1 isoform with a disulfide linkage between C 23 and C 45, at the same time that

C 106 remains in its reduced form as a thiol (Figure 1) allows the molecule to activate proinflammatory cytokine

production. This occurs by interacting with the Toll like receptor (TLR)4 receptor, through binding to myeloid differentiation

factor 2 (MD-2) . Disulfide HMGB1 loses its ability to activate TLR4 in either reduced or further oxidized; reduced and

disulfide isoforms are reversible. Further oxidation of HB1 generates an irreversibly converted molecule with no

proinflammatory capacity .

Figure 1. HMGB1 structure, binding sites and function.

HMGB1 released to the extracellular space is an attractive candidate for therapy, because of its function as a late

mediator of inflammation, with levels highest levels attained at 2–3 days after infection . Here, we review studies

examining inhibition of HMGB1 as a therapeutic target in P. aeruginosa keratitis with some comparisons to other systems.
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2. P. aeruginosa Keratitis: Role of Immune System in Disease

P. aeruginosa is a Gram-negative bacterium, often described as an opportunistic pathogen, and an important human

pathogen as well. In developed countries, it remains the most common organism causing contact lens-related keratitis,

one of the most rapidly developing and potentially blinding diseases of the cornea . About 140 million people wear

lenses worldwide, making P. aeruginosa-induced keratitis a global cause of visual impairment and blindness. In the USA

alone, the cost of P. aeruginosa keratitis is approximately $175 million in direct healthcare expenditures, imposing both a

clinical and an economic burden . P. aeruginosa corneal infection induces inflammatory epithelial edema,

stromal infiltration/destruction, ulceration and ultimately, vision loss .

Innate immunity exerts a major and critical component in the host pathogenic response to P. aeruginosa 

. PMN and Mϕ are recruited to the infection site, engulf bacteria, and kill them by producing reactive oxygen (ROS) and

nitrogen (RNS) species and facilitate their clearance . PMN, the predominant infiltrating cell, are critical

for microbial clearance . Often, however, their persistence results in increased tissue damage and

corneal perforation . Mϕ curtail bacterial growth and regulate immune responses by controlling PMN

infiltration, apoptosis and balancing pro- and anti-inflammatory cytokines and other cell responses . This was shown

by depleting mice of Mϕ by subconjunctival injection of clodronate-containing liposomes. These mice exhibited an

increased influx of PMN into the cornea and more severe keratitis . The adaptive immune system also is involved in

this disease. It has been shown that a T helper 1 (Th1)-dominant response is associated with genetic susceptibility,

severe corneal disease and perforation. In contrast, a T helper 2 (Th2)-dominant response leads to resistance, a milder

course of disease and no perforation . Recent evidence also has shown that Th17 cells infiltrate the cornea in

the late stage of P. aeruginosa infection, sustaining inflammation, PMN influx and development of more severe disease 

.

3. P. aeruginosa Conventional Treatment
Antibiotic Treatment

Treatment of P. aeruginosa keratitis involves intensive topical antimicrobial therapy using fluoroquinolones (e.g.,

moxifloxacin) or fortified Gram-negative antibiotics, including aminoglycosides (e.g., tobramycin), cephalosporins (e.g.,

ceftazidime), and synthetic penicillins (e.g., carbenicillin) and in severe cases, by their subconjunctival injection. Although

antibiotics reduce bacterial burden, tissue damage occurs due to a poorly controlled host immune response .

Additionally, antibiotic resistant bacteria are continuously emerging and pose serious challenges for the effective

management of keratitis . Resistance to antimicrobials has been noted from the time the first antibiotics were

discovered, and many genes that confer drug resistance upon some strains of bacteria pre-date antibiotics by millions of

years . However, resistance has increasingly become problematic globally due to overuse of antimicrobials which has

contributed to increasing the rate of resistance development and spread. The lack of new drugs to challenge these new

“supermicrobes” exacerbates the problem. Besides treatment issues, there also is an economic impact of this growing

problem, as more than 2 million infections a year are caused by bacteria that are resistant to first-line antibiotics, 

costing the US health system 20 billion dollars each year . P. aeruginosa, an opportunistic pathogen, that does not

normally infect healthy individuals, but rather those who are hospitalized or immunocompromised in some way, causes

51,000 infections/year in the USA; 13 percent  of these are multi-drug resistant (MDR) and increasingly difficult to treat.

Other approaches, such as inhibition of HMGB1, provide novel alternatives to prevent and treat infections resulting from

both resistant and non-resistant bacteria; it is both pressing and timely that we develop these alternative treatments.
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