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 Abstract 
  Background/Aims:  High mobility group box 1 (HMGB1) is a protein belonging to the class of 
damage-associated molecular pattern molecules, which activates innate immunity and pow-
erful inflammatory factors. The aim of this review is to show the importance of HMGB1 in the 
pathogenesis of nasal inflammatory diseases and to suggest that inhibition of HMGB1 may 
be an innovative therapeutic target.  Methods:  We used immunohistochemistry to study 
whether HMGB1 increases in chronic rhinosinusitis with nasal polyps and whether its expres-
sion is associated with eosinophils and inflammatory cytokines. Using primary cultures of hu-
man nasal epithelial cells, we localised lipopolysaccharide-induced active translocation and 
release of HMGB1 by immunofluorescence assay and Western blot.  Results:  Patients with 
severe symptoms have the highest HMGB1 serum levels. Glycyrrhetic acid inhibits the chemo-
tactic and mitogenic function of HMGB1, binding to the hydrophobic residues that delimit the 
pockets in box A and B.  Conclusions:  Chronic inflammatory diseases of the nose and parana-
sal sinuses are increasingly prevalent and are a financial burden for society. HMGB1 has been 
shown to play a role in several inflammatory diseases of otolaryngological interest. The inhi-
bition of HMGB1 may be an innovative therapeutic target for patients with chronic upper air-
way inflammatory diseases having nasal obstruction as a major symptom. 
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 Introduction 

 Concerning the mechanisms underlying chronic inflammatory pathologies of the upper and 
lower airways [such as allergic rhinitis (AR), chronic rhinosinusitis (CRS) with/without nasal 
polyps, asthma, chronic obstructive pulmonary disease, and cystic fibrosis], the role of the respi-
ratory epithelium as a barrier against infection and injury has been stressed in recent decades  [1] .

  There are different barrier levels: the mechanical barrier represented by the integrity of 
epithelial cells and their junctions  [2] , the physical/chemical barrier (mucociliary transport 
made up of cilia and mucus, with proteins and enzymes dissolved in it) and the innate 
immunity barrier. The cells (monocytes/macrophages, APCs, and NK-cells) of innate immunity 
are activated on recognition of a wide range of antigens and express various pattern recog-
nition receptors for specific molecules on pathogens, known as pathogen-associated molecular 
patterns (PAMPs)  [3] . Toll-like receptors (TLRs) are specific pattern recognition receptors 
recognizing PAMPs in various cell compartments, and their interaction triggers release of 
inflammatory cytokines for host defence.

  The innate immune system is activated by endogenous danger signals, i.e. endogenous 
peptides constitutively present in leukocyte granules or epithelial cells   and released by 
damaged and necrotic cells. Together with PAMPs, these peptides constitute the large family 
of damage-associated molecular patterns and are the first host response to exogenous (infec-
tions) and endogenous (injury) danger signals. Responses of the innate immune system are 
important not only to eliminate pathogens but also to develop pathogen-specific adaptive 
immunity, which is mediated by B and T cells. 

  Our recent studies have focused on the interplay between TLRs, PAMPs and the high 
mobility group box 1 protein (HMGB1), an ancient evolutionary protein belonging to the 
damage-associated molecular patterns family. Under homeostatic conditions, HMGB1 is a non-
histonic DNA-binding protein  [4] , but when released extracellularly, it plays the role of a potent 
pro-inflammatory cytokine  [5] . Extracellular HMGB1 binds to different membrane receptors 
(TLR4, TLR9, and RAGE), and through activation of the transcription factor nuclear factor-
kappa B, it causes release of pro-inflammatory mediators, cytokines and chemokines, induces 
endothelial activation, and increases survival of inflammatory cells, mainly eosinophils.

  Low levels of HMGB1 usually mediate beneficial responses to environmental or endog-
enous threats, enhancing the innate and adaptive immune systems and promoting inflam-
mation and tissue repair. High levels cause acute damage: indeed, when HMGB1 binds to 
receptors expressed by endothelial cells, it promotes inflammatory loops through continuous 
recruitment of inflammatory cells, mainly eosinophils, prolonging their survival, and release 
of inflammatory mediators, such as eosinophil cationic protein and major basic protein, with 
subsequent epithelial barrier damage. 

  The HMGB1 protein has been shown to play a role in the pathogenesis of inflammatory 
diseases, such as hepatitis, arthritis, stroke, liver and kidney ischemia, sepsis  [6] , rheumatoid 
arthritis  [7]  and systemic lupus erythematosus  [8] . Concerning the airways, increased induced 
sputum and circulating HMGB1 levels have been found in patients with asthma and chronic 
obstructive pulmonary disease and have been associated with disease severity, thus sustaining 
the hypothesis that HMGB1 may play an important role in the development of pulmonary 
inflammation and lung matrix degradation  [9] . The same results have been found in cystic 
fibrosis patients, where HMGB1 levels are elevated in bronchoalveolar lavage fluid  [10]  and 
bacterial clearance of  Pseudomonas aeruginosa  is low  [11] .

  Thanks to its role in the innate and adaptive immune systems, HMGB1 has been considered 
a potent antibacterial protein produced and harboured in the adenoid tissue; by delaying or 
inhibiting bacterial penetration, it may contribute to the barrier defence system of the mucosa 
of the upper respiratory tract  [12] .
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  HMGB1 and Rhinosinusitis 

 Our recent research was addressed to the role of HMGB1 in the pathogenesis of chronic 
inflammatory diseases of the nasal mucosa, such as AR, CRS  [13]  and nasal polyposis  [14] . The 
aims of our first study  [14]  were: (1) to determine whether HMGB1 increases in CRS with 
nasal polyps (CRSwNP); (2) to determine whether its expression is associated with eosino-
phils or with the cytokines TNF-α, IL-5 and IL-8, typically present in chronic inflammation of 
the nose and paranasal sinuses, and (3) to investigate the hypothesis that this protein plays 
a role in the pathogenesis of nasal polyposis. For this purpose, nasal polyp tissue from 21 
patients with CRSwNP, including 1 patient with asthma and 2 patients with AR and 8 healthy 
control subjects, was collected. CRSwNP was confirmed by medical history, nasal endoscopy 
and computed tomography. Control subjects were patients with rhinorrhoea of cerebrospinal 
fluid, fracture of the optic canal or a benign skull base tumour without a history of sinus 
disease or asthma. Biopsy specimens of nasal mucosa and nasal polyps were obtained before 
surgery. Samples were stained with haematoxylin and eosin (HE), and part of the fresh tissue 
was snap-frozen at –180° for immunohistochemical staining. HMGB1 protein expression and 
its correlation with eosinophils and IL-5, IL-8 and TNF-α cytokines was investigated. 

  Based on the HE staining, subjects were divided into three groups: 8 control subjects, 10 
eosinophilic CRSwNP patients and 11 non-eosinophilic CRSwNP patients. Expression of 
HMGB1 in inflammatory cells of patients with eosinophilic or non-eosinophilic CRSwNP was 
significantly greater than in controls. The HMGB1 protein was evident in the nucleus of 
epithelial cells or as focal subepithelial infiltration and in inflammatory cells of patients, 
whereas HMGB1 staining was significantly less in epithelial cytoplasm ( fig. 1 ). We did not find 
any significant difference in HMGB1 expression between eosinophilic CRSwNP and non-
eosinophilic CRSwNP, suggesting that HMGB1 may play a crucial role in the pathogenesis of 
CRSwNP, irrespective of aetiological stimuli. These results suggested that eosinophils and 
IL-5-, IL-8- and TNF-α-positive cells may be involved in the regulation of HMGB1.

  These findings are confirmed by those of other authors. Hong et al.  [15]  analysed sinus 
tissue samples from 10 patients with CRS and 10 controls, i.e. patients undergoing surgery 
for endoscopic endonasal reconstruction of the orbital wall due to blowout fracture. Samples 
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  Fig. 1.  Box plots of the semi-quan-
titative analysis of cells staining 
positive for the HMGB1 protein. 
The boxes represent the 25th–
75th percentiles, the line within 
the boxes, the median, and the 
lines outside the boxes, the mini-
mum and maximum values. p val-
ues were compared between the 
groups.  *  p < 0.05;  *  *  p < 0.01; 
 *  *  *  p < 0.001. From Bellussi et al. 
 [14] . 
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were immunostained for localisation of HMGB1 and image analysis was performed: HMGB1 
was more highly expressed in epithelial cells and in inflammatory cells of patients with CRS. 
Semi-quantitative reverse transcriptase-polymerase chain reaction, real-time polymerase 
chain reaction and Western blot analysis showed that the expression of the HMGB1 protein 
was significantly greater in CRS patients than in controls.

  The aim of our second study  [16]  was to confirm the role of HMGB1 in nasal polyposis and 
CRS and to determine whether its expression and localisation (nuclear, cytoplasmic, extracel-
lular) were related to the severity and complexity of the histological and clinical manifesta-
tions. Ten biopsies of nasal mucosa from CRS patients without nasal polyps and 31 CRS patients 
with nasal polyposis were randomly selected; three biopsies of normal nasal mucosa harvested 
from healthy patients with no symptoms of CRS or nasal allergies were included as controls. 
No inflammatory infiltrate, fibrosis, newly formed vessels or eosinophils were found by the 
pathologist in these specimens. Patient assessment was based on clinical history, symptoms, 
severity evaluation, presence or absence of allergy, asthma, acetylsalicylic acid intolerance, 
other allergic manifestations (drug allergy), previous surgery and recurrences.

  The tissue samples were tested by immunohistochemistry using HMGB1 polyclonal 
antibody followed by counterstaining with Mayer’s haematoxylin. The biopsy samples were 
analysed with two different aims. The first aim was to evaluate HMGB1 expression and its 
cellular distribution. For this purpose, nuclear, cytoplasmic and extracellular staining was 
estimated as a percentage of total staining in the area in question and the intensity of HMGB1 
positivity was expressed as a percentage. The second aim was to compare this distribution 
with inflammatory infiltrate and clinical severity. As expected, all patients with elevat-
ed inflammatory infiltrate and eosinophils had an allergic hyperreactive condition or 
co-morbidity, which may induce and sustain nasal mucosal inflammation. We investigated 
the correlation between eosinophils and nuclear HMGB1 values and found low nuclear levels 
in patients without eosinophils and higher levels in those with higher eosinophil scores.

  Since according to our hypothesis, HMGB1 may be a marker of disease activity, we evaluated 
allergic and non-allergic patients for the protein. We found a statistically significant increase in 
extracellular (p = 0.0380) and nuclear HMGB1 (p = 0.0499) in allergic patients. Other allergic 
hyperactive conditions, such as asthma, intolerance to NSAIDs (non-steroidal anti-inflammatory 
drugs) and antibiotic allergy, were also assessed in relation to HMGB1 levels. A significant corre-
lation was found between extracellular HMGB1 and NSAID intolerance (p = 0.0022), which 
confirmed our hypothesis that HMGB1 could be a useful marker of disease activity. The higher 
expression of extracellular HMGB1 in patients with severe clinical and inflammatory manifesta-
tions and associated co-morbidities confirms the role of HMGB1 in induction of the inflammatory 
reaction and demonstrates its importance for chronic inflammation. 

  In a cross-sectional study, other authors found that the HMGB1 level in nasal lavage fluid 
from patients affected by CRS correlated positively with the Lund-Mackay score, thus 
confirming that the HMGB1 protein secreted into the intercellular spaces of the upper airways 
should be considered an inflammatory mediator associated with disease severity  [17] .

  Another study  [18]  by our research group has recently confirmed the hypothesis that 
up-regulation of HMGB1 could be a significant marker of eosinophilic CRSwNP and contribute 
to the pathogenesis of CRSwNP along with IL-5, IL-8 and TNF-α ( fig. 2 ).

  These results provide interesting insights into inflammatory/anti-inflammatory mecha-
nisms. Pharmacological research could be directed to seek new compounds that decrease 
extra-cellular levels of the protein by a scavenger mechanism in order to control the inflam-
matory process without interfering with nuclear transcriptional messengers, at the same 
time blocking the feedback loop characteristic of the mechanism of action of HMGB1.

  To better understand the pathophysiological role of epithelial cells in inflammation, we 
performed an in vitro experimental study  [19]  using primary cultures of human nasal 
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epithelial (HNE) cells, following lipopolysaccharide (LPS)-induced active translocation and 
release of HMGB1 by immunofluorescence assay and Western blot. We obtained epithelial 
cells of nasal polyps and paranasal sinus mucosa from 10 patients requiring surgery for 
sinusitis, excluding cases with non-invasive fungal sinusitis, chronic obstructive pulmonary 
disease, cystic fibrosis, primary ciliary dyskinesia and severe asthma.  Escherichia coli  LPS was 
added during mucociliary differentiation at working concentrations of 10, 50 and 100 μg/ml. 
HMGB1 protein levels in epithelial cells and supernatants were assessed by Western blot 
after 0, 12, 24, 48 and 72 h.

  For the first time, the results documented HMGB1 immunostaining in the nuclei of HNE 
cells from nasal polyps, confirming our hypothesis that HNE cells are active participants in 
innate immunity mechanisms. After LPS stimulation, HMGB1 translocated from nuclei to 
cytoplasm, suggesting that HNE cells are a potential source of the form of HMGB1 secreted in 
the airways.

  This finding was in line with the results of the Western blot analysis; indeed, the level of 
intracellular HMGB1 did not change in the early stages (0–24 h) of stimulation, but increased 
significantly at 48 h and maintained a high level for up to 72 h ( fig. 3 ). At the same time, 
secreted HMGB1 was detected in the culture supernatant of LPS-treated HNE cells after 12 h, 
and the concentration of HMGB1 significantly increased 24 h after treatment onset and 
steadily continued to increase.

  As a whole, our findings suggest that HMGB1 plays an important role in the induction and 
prolongation of inflammatory processes of the nose and paranasal sinuses. Understanding 
the mechanisms of infection- and injury-elicited inflammatory response could be useful for 
identifying new targets for therapy.

  HMGB1 – A New Target for Therapy 

 All our studies suggested that HMGB1 inhibition might be an effective and innovative 
therapeutic target for patients with chronic upper airway and inflammatory diseases of the 
nasal mucosa  [20] .

a b

c d

  Fig. 2.  Immunohistochemical lo-
cation of HMGB1 in healthy nasal 
mucosa and nasal polyps (HE. 
×400). HMGB1 in the epithelium 
of a control subject ( a ), a non-Eos 
CRSwNP patient ( b ), an Eos 
CRSwNP patient ( c ), and in sub-
mucosal tissue of a non-Eos 
CRSwNP patient ( d ). HMGB1 ex-
pression (brown) in epithelial 
cells, in infiltrating inflammatory 
cells, and among infiltrating in-
flammatory cells. Eos = Eosino-
philic. From Chen et al.  [17] . 
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  HMGB1 inhibition may be obtained in three ways: 
  1 blocking HMGB1 release by necrotic cells and activated immune cells; which, however, 

suppresses the protein’s physiological homeostatic function in all cells, with serious 
consequences;

  2 blocking RAGE, TLR2 and TLR9 receptors with antagonist drugs; which, however, is risky 
because HMGB1 receptors also mediate other immune effects, such as antibacterial 
activity, and

  3 inactivating HMGB1 after its release: this is currently the most effective and safest 
strategy.
  Among molecules that bind HMGB1, glycyrrhizin is a glycoside alkaloid found in large 

quantities in  Glycyrrhiza glabra  roots, the plant from which liquorice is extracted  [21] . Glycyr-
rhizin is composed of a molecule of glycyrrhetic acid (GA), the active component of the molecule, 
and two molecules of glucuronic acid. GA inhibits the chemotactic and mitogenic function of 
HMGB1, binding to the hydrophobic residues that delimit the pockets in box A and B, without 
significantly distorting their secondary structure and hence without impeding the ability of 
DNA binding  [22] . GA appears to be well tolerated, and i.v. administration of 240 mg three times 
a week for 4 weeks has no side effects in humans. Several studies have shown an absence of 
cytotoxicity even at high concentrations and good pharmacological tolerance of glycyrrhizin by 
rats and humans  [23] . With this background, recent studies have evaluated the potential thera-
peutic effects of GA in diseases of the nose and paranasal sinuses, particularly CRS with/without 
nasal polyposis and AR characterised by mucosal inflammation and nasal obstruction.

  Conclusions 

 Allergic rhinitis (AR), allergen-mediated inflammation of the nasal mucosa that may 
extend into the paranasal sinuses, is a global health problem, causing major illness and 
disability worldwide  [24] . Its prevalence has significantly increased in the last two decades; 
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in many countries, it exceeds 50% of the population in some age groups. AR is accompanied 
by a parallel increase in co-morbidities such as asthma, rhinosinusitis and otitis media. Its 
major symptoms typically include nasal obstruction and rhinorrhoea followed by sneezing 
with itchy nose, eyes and throat. Nasal congestion is a hallmark of AR and is often the symptom 
patients find most troublesome and would most like to prevent  [25–27] . Typical sleep-related 
problems seen in AR, such as sleep-disordered breathing, sleep apnoea and snoring, are also 
associated with nasal obstruction  [28] . Children with AR have higher HMGB1 concentrations 
in sputum, plasma and nasal lavage fluid than non-allergic subjects. Patients with severe 
symptoms have the highest HMGB1 serum levels. Total IgE serum levels and peripheral 
eosinophil count are related to visual analogue scale (VAS) values. These outcomes indirectly 
confirm the relationship between symptom severity assessed by VAS and surrogate markers 
of allergy severity, such as IgE and eosinophils  [29] .

  Despite the shortage of epidemiological studies exploring the prevalence and incidence 
of CRS with or without nasal polyps, this condition ranks second among all chronic conditions 
 [30] . In adults, CRS with or without nasal polyps is defined as inflammation of the nose and 
paranasal sinuses, characterised by two or more symptoms, one of which is either nasal 
blockage/obstruction/congestion or nasal discharge  [31] . Thus, nasal congestion, i.e. a feeling 
of blockage, fullness or obstruction of the nasal cavity, is a cardinal symptom of common 
upper respiratory tract inflammatory disorders, including AR and acute and CRS with or 
without nasal polyposis. It has a complex pathophysiology, involving several inflammatory 
cytokines that act on neural and vascular structures, leading to dilation of nasal blood vessels, 
increased secretion, tissue swelling/oedema and ultimately nasal obstruction.

  Although various pharmacotherapeutic options to treat nasal obstruction exist, no agent 
is universally effective, and there is paucity of data supporting commonly used symptomatic 
therapies, especially in children  [32] . Nasal decongestants effectively reduce nasal obstruction 
 [33] . Despite their widespread use, local and systemic side effects are frequent, and it is 
advisable to limit their period of use by adults and otherwise healthy patients. Topical nasal 
corticosteroids are commonly prescribed by paediatricians, rhinologists and allergists. They 
act directly on the nasal mucosa, but systemic dose-related side effects, such as suppression 
of adrenocortical function, growth, and bone metabolism  [34] , associated with long-term 
treatments, can be a problem in children.

  The short- and long-term efficacy of a new medical device for treating nasal congestion 
has recently been demonstrated  [35, 36] . The device acts osmotically and relies on the anti-
edematous and anti-inflammatory characteristics of components such as eucalyptol, glycyr-
rhizin and mannitol. Patients’ perception of nasal symptoms and objective testing of nasal 
obstruction were both assessed. Together with subjective self-assessment of the sensation of 
nasal obstruction by VAS, physical examination of treated patients also showed a significant 
improvement in turbinate hypertrophy and secretory activity. No adverse effects were 
reported by the patients over the treatment period and compliance was generally high. In 
another study  [37] , the efficacy and safety of GA versus intranasal corticosteroids in the 
management of symptoms of AR were tested in a paediatric population over a 30-day period. 
A significant improvement in all major symptoms, including rhinorrhoea, sneezing and nasal 
obstruction, was found in both groups after treatment, without any significant difference in 
terms of percentage reaction, but with a better safety profile in the group treated with the 
medical device. The use of osmotic devices proves to be an efficient solution in the treatment 
of nasal congestion and helps to clear the nose. Thus, association of GA with osmotic formula-
tions increases the beneficial effects and rapidly reduces oedema, while glycyrrhizin exerts 
its anti-inflammatory properties.

  Clinical and experimental research on these topics should continue, as the results promise 
to reduce issues which are not only pertinent to the ENT field. 
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