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SUMMARY 

Background: Recently, the role of various cytokines and other proinflammatory 
mediators such as lactoferrin in the pathogenesis of chronic rhinosinusitis has 
come under investigation. 

Objective: To investigate the effect of lactoferrin and proinflammatory cytokines, 
including IL-1 beta, and IL-8 in the pathogenesis and treatment of chronic 
sinusitis. 

Patients and methods: Chronic rhinosinusitis subjects (n = 40) and control 
subjects (n = 10) underwent nasal lavage. Chronic rhinosinusitis subjects were 
subsequently treated with a 10-day tapering dose of prednisone followed by a 
second nasal lavage. IL-1beta, IL-8 and Lactoferrin were evaluated before and 
after treatment of chronic rhinosinusitis by immunoassay. 
Results: There was a high significant increase in IL-1 beta, IL-8 and lactoferrin in 
sinusitis group (p< 0.001). After corticosteroid therapy of sinusitis patients, there 
was a significant reduction in mean IL-1 beta, IL-8 and lactoferrin titre. In sinusitis 
group, there was a positive significant correlation between IL-1 beta and IL-8 
before and after treatment (r=88,p=0.003 before, and r=82, p=0.01 after 
treatment). 

Conclusion: This study indicates that proinflammatory cytokines may play an 
important role in the pathogenesis of chronic sinusitis. The investigation of 
different cytokine patterns may help to understand the different pathogenesis in 
chronic sinusitis subgroups. Removal of the nasal secretions containing high 
concentrations of these mediators with administration of corticosteroids may exert 
a beneficial effect by reducing the chronic inflammation. 
Keywords: Chronic sinusitis - nasal lavage - interleukins - lactoferrin. 

INTRODUCTION 

In recent years, investigations on upper airway mucosa inflammation, e.g. in 
response to inoculation with bacterial or viral pathogens [1], allergen challenge [2], 
or exposure to environmental pollutants [3], have focused on the detection of minute 

amounts of cytokines and inflammatory mediators. Cytokines are potent biologic 
factors involved in the regulation of inflammation, immune defense, and wound 
healing. Recently, growing interest has developed in the role of cytokines in 
chronic sinusitis and nasal polyposis[4]. These variable biomarkers include 
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interleukin-1 beta (IL-1 beta), interleukin-5 (IL-5), interleukin-6 (IL-6) interleukin-
8 (IL-8), and tumor necrosis factor-alpha (TNF-alpha) [5, 6]. Interleukins 1-alpha 
and 1-beta (IL-1) are very potent signaling molecules that are expressed normally 
at low levels, but are induced rapidly in response to local or peripheral insults. IL-1 
coordinates systemic host defense responses to pathogens and to injury [7]. High 
levels of circulating IL-1 have been identified in experimental models of endotoxic 
shock and acute bacterial infection and increased gene expression of IL-1 has been 
identified in tissues at sites of experimentally induced inflammation. IL-1β is a 
pleotropic cytokine, secreted primarily by monocytes and macrophages that 
mediate the pathophysiology of various acute and chronic inflammatory conditions 
[8, 9]. Interleukin (IL)-8, a prototypic human chemokine, was detected more than a 
decade ago [10]. Interleukin-8 was originally discovered as one of the first 
chemokines activating neutrophil granulocytes (neutrophils) after secretion by 
lipopolysaccharide-stimulated monocytes [11].     One of the most remarkable 
properties of IL-8 is the variation of its expression levels. In healthy tissues, IL-8 is 
barely detectable, but it is rapidly induced by ten- to 100-fold in response to 
proinflammatory cytokines such as tumor necrosis factor or IL-1, bacterial or viral 
products, and cellular stress [10]. 

High lactoferrin (LF) titers (≥1: 400) were detected in 4% of persons with 
uncomplicated colds and normal individuals but in 79% of persons with sinusitis or 
purulent sputa [12]. LF is a monomeric glycoprotein, with a single polypeptide chain 
of about 690 amino acid residues. Amino acid sequence relationships place it in the 
wider transferrin family [13]. Originally viewed as an iron-binding protein in milk, 
with bacteriostatic properties, it is becoming increasingly evident that LF is a 
multifunctional protein to which several physiological roles have been attributed. 
These include regulation of iron homeostasis, host defense against a broad range of 
microbial infections, anti-inflammatory activity, regulation of cellular growth and 
differentiation and protection against cancer development and metastasis [14]. 
Although the cellular and molecular mechanisms that account for the modulation of 
the inflammatory and immune responses by lactoferrin are not yet totally 
elucidated, many are now established. At the cellular level, lactoferrin modulates 
the migration, maturation and function of immune cells. At the molecular level and 
in addition to iron binding, interactions of lactoferrin with a plethora of 
compounds, either soluble or membrane molecules, account for its modulatory 
properties [15]. The capability of LF to exert antiviral activity, through its binding to 
host cells and/or viral particles, strengthens the idea that it is an important brick in 
the mucosal wall, effective against both microbial and viral attacks [16]. 

The aim of the present study was to investigate the effect of lactoferrin and 
proinflammatory cytokines, including IL-1 beta, and IL-8 in the pathogenesis of 
chronic sinusitis. 
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PATIENTS AND METHODS 

The present study included 40 patients with chronic rhinosinusitis subjects 
admitted at ENT departement of El-Azhar University Hospital in Assiut, for treatment and 
diagnostic evaluation. All of them had symptoms of nasal obstruction, headache and nasal 
discharge for more than 3 months and had undergone more than 2 failed courses of 
antibiotic therapy (more than 14 days). All patients were diagnosed as chronic sinusitis that 
was confirmed by plain X-ray and computed tomography (CT) scan of paranasal sinuses. 
Chronic rhinosinusitis subjects were subsequently treated with a 10-day tapering dose of 
prednisone followed by a second nasal lavage. IL-1beta, IL-8 and Lactoferrin were 
evaluated before and after treatment of chronic rhinosinusitis by immunoassay. The control 
group included 10 healthy subjects. 

Sampling technique: 
The patients were acclimatized to the indoor conditions and their noses were 

cleaned of any excess mucus. No nasal decongestants, anesthetics or pre-washes were 
applied. Each nostril was washed with 5 mL isotonic sodium chloride solution. Patients 
tilted their head back at a 45° angle and closed the nasopharynx with the soft palate. After 

10 seconds, the patient blew their nose forcefully onto a glass dish. 
Determination of biomarkers: 

The ELISA determined the levels of IL-8 and IL-1b according to manufactured 
instructions. The level of LF was measured with a biotin-avidin amplified enzyme-linked 

immunoassay (Oxis Int. Inc., Portland, OR, USA).  
Statistical analysis: 

All data were tabulated and expressed as mean and standard deviation (SD). 
Unpaired t-test was used to compare independent groups of data. Paired t-test was used to 
compare data before and after treatment in sinusitis group. Pearson r-test was used to 
linearly correlate IL-1 beta and IL-8. P-value was considered to be significant if p < 0.05 
and high significant if p < 0.001. 

RESULTS 

Mean IL-1 beta was 2.5±2.4 pg/mL in control versus 60.8±40.5 pg/mL in patients 
with chronic sinusitis. Mean IL-8 was 17.2±13.2 pg/mL in control versus 342.5±197.5 
pg/mL in patients with chronic sinusitis. Mean lactoferrin titre was 68±44 ng/mL in control 
versus 395±198 ng/mL in patients with chronic sinusitis. There was a high significant 
increase in IL-1 beta, IL-8 and lactoferrin in sinusitis group (p< 0.001), as shown in table 
1. 

Table (1): Mean levels of IL-1 beta, IL-8 and LF in patients and control. 

Laboratory markers Sinusitis group 
(N=40) 

Control group 
(N=10) 

P-value 

IL-1 beta (pg/mL) 60.8±40.5 2.5±2.4 < 0.001** 
IL-8 (pg/mL) 342.5±197.5 17.2±13.2 < 0.001** 
Lactoferrin (ng/mL) 395±198 68±44 < 0.001** 

(P**: high significant). 
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After corticosteroid therapy (10-day tapering dose of prednisone) of 
sinusitis patients, there was a significant reduction in mean IL-1 beta, IL-8 and 
lactoferrin titre to be 34.1±22.8 pg/mL, 182±180 pg/mL, and 277±250 ng/mL, 
respectively (p< 0.001), as shown in table 2. 

 

Table (2): Mean levels of IL-1 beta, IL-8 and LF before and after treatment of 
chronic rhinosinusitis.  

Laboratory markers Before 
treatment 

After treatment P-value 

IL-1 beta (pg/mL) 60.8±40.5 34.1±22.8 < 0.001** 
IL-8 (pg/mL) 342.5±197.5 182±180 < 0.001** 
Lactoferrin (ng/mL) 395±198 277±250 < 0.001** 

(P**: high significant). 
In sinusitis group, there was a positive significant correlation between IL-1 

beta and IL-8 before and after treatment (r=88,p=0.003 before, and r=82, p=0.01 
after treatment), as shown in fig. 1 and fig. 2. 
 
 
 

 
Fig. (1): Correlation between IL-1 beta (pg/mL) and IL-8 (pg/mL) before 

corticosteroid therapy. 
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Fig. (2): Correlation between IL-1 beta (pg/mL) and IL-8 (pg/mL) after 

corticosteroid therapy. 

 

DISCUSSION 

Nasal secretions contain minute amounts of cytokines and other 
inflammatory mediators expressed by various epithelial and nonepithelial cells[1, 17]. 
Because cytokines play a dominant role in the pathophysiology of airway disease, 

interest has focused on cytokine determinations in nasal secretions [18]. Also, 
lactoferrin is found throughout the human body and occurs in all secretions that 
bathe mucous membranes such as saliva, tears, hepatic bile, pancreatic fluids, 
bronchial and nasal secretions and it is an essential factor in the immune response 
[14]. Numerous functions have been reported and continue to be reported for the 
protein, some of which are related to its iron-binding properties [19, 20]. Exactly how 
lactoferrin exerts all of its immune modulating or immune enhancing functions is 
not entirely clear, but it is known to enhance the immune response both directly 
and indirectly (passively) in response to a wide range of immune challenges. 
Specific receptors for lactoferrin are found on many key immune cells such as 
lymphocytes, monocytes and macrophages, and are directly involved in the 
upregulation of natural killer (NK) cell activity. Most research points to lactoferrin 
as being more of an immune modulator rather than a simple immune stimulant [21, 

22]. The possibility that lactoferrin limits the autodestructive inflammatory response 
is a new alternative for the future management of systemic inflammation [23]. 

The present study showed significant high concentrations of IL-1 beta, IL-8 
and LF in chronic sinusitis, which were significantly reduced after treatment, with 
a strong positive correlation between IL-1 beta and IL-8 before and after treatment 
of sinusitis. These findings represent the strong relationship of IL-1 beta and IL-8 
in pathogenesis of chronic sinusitis and suggest that treatment and evacuation of 
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the pathological effusions in sinuses may exert a beneficial effect by reducing the 
levels of IL-1beta and IL-8. 

Similar findings were obtained by Furukido et al [6] who conduct a study to 
compare the outcome of the delivery of either a normal saline (NS) or  
a betamethasone solution (0.4 mg/ml) into the paranasal sinuses of 25 patients with 
chronic sinusitis on the cytokine levels (IL-1beta, IL-8 and TNF-alpha) which were 
measured by enzyme-linked immunosorbent assay. The levels of IL-1beta and IL-8 
had significantly decreased by the 3rd and 2nd weeks after therapy, respectively. 
Lennard et al [5] found that in chronic rhinosinusitis subjects, mucosal levels of IL-
1 beta, IL-6, IL-8, and TNF-alpha were significantly elevated when compared with 
control subjects, and levels of IL-5 demonstrated a strong trend toward elevation, 
and suggest that oral corticosteroids may exert a beneficial effect by significantly 
reducing the interleukin levels. Moreover, Itoh et al [24] suggested that IL-1 beta in 
the paranasal secretion of chronic sinusitis induces the adherence of neutrophils to 
vascular endothelium and subsequent infiltration of neutrophils in the paranasal 
sinuses, thus contributing to the persistence of chronic sinusitis. 

We focused on evaluation of cytokines and LF in chronic sinusitis; others 
evaluated these biomarkers in different respiratory diseases. To distinguish sinusitis 
from uncomplicated "colds," Niehaus et al [12] examined lactoferrin in nasal 
secretions. Lactoferrin titers were >/=1:400 in 4% of persons with uncomplicated 
colds and controls but in 79% of persons with sinusitis or purulent sputa. Thus, 
nasal lactoferrin helps distinguish sinusitis from colds. Immunohistochemistry was 
used to study the localization of LF in the human sinus mucosa during recurrent 
and chronic sinusitis. Fukami et al [25] suggested that the increase in LF secreting 
activity of goblet cells, epithelial cells and newly formed atypical glands may play 
a part in the defense mechanism of the sinus mucosa during the course of chronic 
sinusitis. Jeney et al [26] concluded that since glandular secretions are rich in 
antimicrobial factors, such as LF, it appears possible that the inability to secrete 
glandular proteins normally may predispose to recurrent infections. Thus, it is 
evident that there is a relationship between LF secretion by paranasal sinuses 
mucosa and other mediators of inflammatory and immune responses in chronic 
sinusitis particularly interleukins.  

 
CONCLUSION 

This study indicates that proinflammatory cytokines may play an important 
role in the pathogenesis of chronic sinusitis. The investigation of different cytokine 
patterns may help to understand the different pathogenesis in chronic sinusitis 
subgroups. Removal of the nasal secretions containing high concentrations of these 
mediators with administration of corticosteroids may exert a beneficial effect by 
reducing the chronic inflammation. 
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