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ABSTRACT

BACKGROUND. Innate immunity represents the first way of protection against different pathogenic agents. Recently, it has
been a permanent interest regarding an innate immune molecule, that is known as palate, lung, nasal epithelial clone
(PLUNC). PLUNC is a specific result found in the airways, of approximately 25 kDa, whose encoding is realized by adjacent
genes located within a region of 300 kb in chromosome 20; these proteins must be detected predominantly in the superior
respiratory tract.

MATERIAL AND METHODS. We performed a prospective clinical study on 34 patients with chronic rhinosinusitis and 10
controls, in order to investigate the expression of this protein in nasal tissue of patients affected by chronic rhinosinusitis. We
tested the correlation between the existence of this disease and PLUNC proteins positivity.

RESULTS. 100% of controls have a+++ rated PLUNC proteins positivity, while cases have a lower percentage of positivity. There
were no differences statistically significant between patients with CRSWNP and those with CRSsNP.

CONCLUSION. As a response to different irritating agents (bacteria, viruses, chemical factors), nasal mucosa will react by

producing PLUNC proteins. PLUNC proteins have a defensive role in the upper airways mucosa.
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INTRODUCTION

Rhinosinusitis is an important chronic disease,
being characterized by a persistent inflammation of
the nasal and of the paranasal sinuses mucosa. Chronic
rhinosinusitis (CRS) with or without nasal polyposis is
a multifactorial disease with various agents (mechani-
cal, viral, bacterial, fungal infection, immunological
disorders, hyperreactivity, pollution) acting on the
nasal mucosa, that are able to initiate epithelial dam-
age and maintain chronic inflammation.

Worldwide researchers are permanently trying to
find new molecules involved in the etiopathogeny of
chronic rhinosinusitis, in order to provide and indi-
cate the optimal treatment, with maximum efficacy.

In multicellular organisms, innate immunity is the
firstline method of protection against external agents.
The innate immune system is formed of a group of
polypeptides and proteins that collaborate, in order to

respond to microbes and/or chemical agents. The
upper airways, including oral and nasal cavities, are
the primary way of entrance of pathogens into the
body and this is why precocious recognition of anti-
gens in these areas is essential for a good host defence.
These molecules are often produced in these regions,
as well as in the major and minor salivary glands of the
oral cavity, gastric mucosa and in the skin'.

After the action of external microorganisms, many
cell subtypes, including neutrophils and macrophages,
react by releasing inflammatory molecules or by be-
coming activated, with the purpose of inhibiting bacte-
rial invasion. When bacterial antigens are found in a
relatively high quantity, responses may become strong
enough to determine sepsis, followed by different
complications and high mortality.

In majority of the studies, greatest attention was
paid to bacterial constituents, represented by lipopoly-
saccharides (LPS), which are recognized by specific
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receptor complexes located on the surfaces of acti-
vated cells (neutrophils, macrophages) only if they are
bound to a secreted protein that acts as a presentation
agent for the respective receptor'?.

In human subjects, there are two proteins with an
important role in defence against bacteria, by mediat-
ing the signals from LPS - bactericidal/permeability-
increasing protein (BPI) and LPS-binding protein
(LBP). These two proteins seem to be related from a
structural point of view and they may have antagonis-
tic ways of action'?. LBP binds LPS and determines
cellular host reactions to LPS, while BPI binds LPS,
butit has a role of reducing cellular responses*. By this
mechanism, a balance is maintained in the response
to bacterial action. Apart from neutralizing LPS, BPI
also has a different way of destroying bacterial anti-
gens directly’. Two other related proteins, phospho-
lipid transfer protein (PLTP) and cholesteryl ester
transfer protein (CETP) have also been involved in
performing LPS responses.

Despite the fact that LBP is a circulating agent, it
has been suggested that a greater local source of LPS-
sensing molecules located in the respiratory airways
would facilitate a more immediate response to inhaled
pathogens.

Recent studies have tried to identify new molecules
that play a role in the host defence against pathogens,
acting upon the innate immune system.

A novel protein, whose function in inflammatory
pathologies of the upper respiratory tract has been re-
cently investigated, called PLUNC (palate, lung and
nasal epithelium clone), is secreted by epithelia of
conducting airways, related to the LT/LBP family.
This family plays an important role in detecting and
responding to Gram-negative bacteria. It leads to the
opinion that PLUNC may play a defensive role in the
human respiratory tract. It may also act as a sensor of
bacteria in the superior airways, as well as in the oral
cavity, because it has been proven that PLUNC genes
are expressed mostly in these sites.

PLUNC mRNA has been identified in upper airways
mucosa, while his expression is absent in the inferior
airways and lung periphery. Genes that encode
PLUNC proteins are located in a region of 300 kb be-
longing to chromosome 207, suggesting the fact that
the transcription of these proteins could be under
control of common genomic elements.

Data available in literature prove that PLUNC pro-
teins are found in overlapping sites of the pulmonary,
nasopharyngeal and oral epithelium, including saliva
and nasal lavage fluid, areas where bactericidal or per-
meability-increasing proteins (also components of the
innate immune system protein), are not present. PLUNC
has a molecular weight of approximately 25 kDa.

When a subject is exposed to airway irritants for a
long period of time, a decrease of PLUNC levels in the

upper airways is produced, probably because it has a
toxic effect upon secretory cells. From all the proteins
that are present only in human nasal lavage, PLUNC
proteins are the only ones who were adsorbed on a li-
popolysaccharide-coated surface, which is essential for
providing an optimal protection against Gram-
negative bacteria®*.

Members belonging to PLUNC family have been cat-
egorized (and named) according to their sizes — short
(SPLUNC) and long (LPLUNC) proteins. Short proteins
are represented by SPLUNC-1 (Short PLUNC-1; 256
amino acids), SPLUNG-2 (Short PLUNGC- 2; 249 amino
acids), and SPLUNC-3 (Short PLUNGC-3; 253 amino
acids). Long proteins are represented by LPLUNC-1
(Long PLUNC-1; 484 amino acids), LPLUNC-2 (Long
PLUNG-2; 458 amino acids), LPLUNC-3 (Long PLUNC-
3; 463 amino acids), and LPLUNC4 (Long PLUNC-4;
>469 amino acids). Human PLUNC family evolve very
quickly, which sustains the idea that these proteins play
an important role in host defence.

The short proteins present homology only to the
N-terminal domain of bactericidal/permeability-in-
creasing protein, whilst long proteins are similar to
both the N- and C-terminal domains of bactericidal/
permeability-increasing protein, as well as LBP®.

Primary protein sequence is pretty similar to an
equine protein, called latherin. Latherin, who was
originally isolated from horse sweat, actually is proven
to be present in saliva, where it has surfactant effects
on air or on liquid interfaces. Equine latherin belongs
to PLUNC family, which gives it a certain degree of
hydrophobicity. Hydrophobic residues have a similar
proportion of the total amino acid content in latherin
and PLUNC (44.2% in latherin, 44.7% in PLUNC)®.

PLUNC proteins are also known as SPLUNC-1
(Short PLUNC-1), LUNX (lung-specific X protein),
NASG (nasopharyngeal carcinoma-related protein) or
SPURT (secretory protein in upper respiratory tracts).

During the past years, people have had a great in-
terest in finding the role of PLUNC protein in airway
inflammation. The main idea began with its important
hydrophobicity and its expression pattern, so it has
been thought that PLUNC is an airway surfactant that
also accomplishes an antibiofilm activity, by blocking
biofilm formation, as a response to the most frequent
aeropathogens; furthermore, it can be upregulated
after bulbectomy, in order to prevent appearance of
an infection after trauma’®.

The antimicrobial effect of PLUNC and its sur-
factant activity of reducing the surface tension of the
airways mucosa may represent a novel form of innate
immunity that limits bacterial colonization of the air-
ways; a malfunctioning of the innate immune mole-
cules could act as a stimulating factor in chronic rhi-
nosinusitis pathogenesis, creating an optimal condi-
tion for further microbial afflux’.
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PLUNC positivity was markedly reduced in the mu-
cosal epithelia and in the submucosal glands, among
the patients with multibacterial infections, especially
those who were Staphylococcus aureus- and Pseudomonas
aeruginosa-mediated. These data suggest that patients
with chronic rhinosinusitis and with reduced PLUNC
expression might have an immune defect in fighting
against bacterial infection; subsequently, low PLUNC
expression can lead to recurrent Staphylococcus aureus
and Pseudomonas aeruginosa infections. So, low levels of
PLUNC expression in airways tissues could be consid-
ered as a mucosal inflammatory measurement, to eval-
uate the inflammation of sinusal mucosa, which might
appear because of a Staphylococcus aureus and
Pseudomonas aeruginosa colonization.

There are various mechanisms that link PLUNC lev-
els and expression with the inflammation in patients
with microbial infections. There are studies that show
that PLUNC protein is secreted by neutrophils, after
bacterial colonization'. PLUNC protein participates
to antimicrobial host defence, via both bactericidal
and non-bactericidal ways of action, also by reducing
the production of IL-8, IL-6, IL-1b'"!2,

The discovery and study of PLUNC protein might
represent a new predictive outcome factor for patients
with chronic rhinosinusitis, after bacterial coloniza-
tion. In patients with chronic rhinosinusitis, in which
we found low levels of PLUNC positivity, we must apply
an antibiotic treatment, based on the results of anti-
biograms and we must use efficient topic treatment
(nasal and sinusal irrigation) to minimize the possibil-
ity of chronicization of this pathology.

Although the regulation of PLUNC protein is not
completely discovered, it has been noticed that levels
of PLUNC gene and protein expression are not sig-
nificantly modified after applying IL-1b and TNF-a to
normal human nasal epithelial cells. Moreover,
PLUNC proteins expression is not modified by differ-
ent inflammatory degrees of the nasal and paranasal
sinuses mucosa. These results suggest that different
inflammatory molecules may not influence PLUNC
expression, but raise an idea that there is a permanent
secretion of PLUNC protein'.

We can suggest that decrease in the expression of
PLUNC proteins is able to contribute to chronic rhi-
nosinusitis pathogenesis, not only as an effect of re-
ducing antimicrobial effects, but also by altering its
physical and chemical effects.

Recent theories regarding the etiopathogeny of
chronic rhinosinusitis not only involve malfunctioning
of the innate immune system factors, barrier defects
and the role for superantigens, but also different mu-
cociliary dysfunctions. PLUNC proteins have a role in
inhibiting the epithelial sodium channels (ENaC) ac-
tivation, with effects upon the mucociliary clearance
system't. The malfunctioning of ENaC may cause a

dysregulation of the mucociliary clearance and this
can be considered another mechanism by which path-
ogens determine and sustain chronic inflammation.

MATERIAL AND METHODS

We performed a prospective clinical study, in order
to determine the level of PLUNC protein in nasal sam-
ples prelevated from patients diagnosed with chronic
rhinosinusitis.

For the diagnosis of chronic rhinosinusitis, we used
criteria proposed by EPOS guide: the presence of two
or more symptoms, a major one represented by nasal
blockage/ obstruction/congestion or by nasal dis-
charge (anterior/posterior nasal drip)'. Minor symp-
toms could be facial pain or pressure, with or without
reduction or loss of smell.

Nasal endoscopy assessed the evidence of polyps;
mucopurulent secretions mostly coming from the
middle meatus; oedema/mucosal obstruction, espe-
cially in the middle meatus; transformation of the mu-
cosa of the ostiomeatal complex and/or sinuses no-
ticed by CT scan. Nasal polyps degree was classified
according to Lund-MacKay grading system.

We included in our study 34 patients with chronic
rhinosinusitis without (14 patients) and with nasal pol-
yps (20 patients), who underwent surgery in “Sfanta
Maria” Hospital, Bucharest. For comparative pur-
poses, we prelevated nasal biopsies from 10 healthy
patients, who had no symptoms of chronic rhinosinus-
itis and who were not diagnosed with any other hyper-
sensitivities.

Patients included in our study group were diag-
nosed with CRS based on clinical and paraclinical in-
vestigation (computer tomography, nasal endoscopy,
histopathological disease confirmation). Study exclu-
sion criteria were: hematologic diseases, pregnancy.

We evaluated patients, considering the age group,
clinical history, severity of the symptoms and smoking
habits. Patients were also questioned about presence
or absence of allergy, in terms of NSAIDs intolerance,
allergic rhinitis, asthma or other allergic manifesta-
tions (mostly, antibiotic allergy). Skin prick tests in-
cluding aeroallergens were performed, to evaluate the
presence of allergy, while asthma was diagnosed by a
pneumologist based on the evaluation of airway re-
sponsiveness. All smoker patients had moderate smok-
ing habits (from 10 to 20 cigarettes per day).

Tissues were taken from the ethmoid sinus of cases,
while normal mucosal tissues were obtained from the
turbinate mucosa for the 10 controls. We focused on
the most highly expressed PLUNC family member,
SPLUNC-1, to elucidate its expression in chronic rhi-
nosinusitis. All the samples were paraffin-embedded.
To ascertain the intensity of PLUNC protein expres-
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sion'®, we deparaffinized, dehydrated with graded al-
cohol series, and rehydrated them. All samples were
then coloured with streptavidin-peroxidase method.
After that, they were blocked for 30 minutes with 0.3%
H202 in methanol and incubated with serum for 1
hour. The sections were then incubated for 30 minutes
with 0.1mL of goat polyclonal antibody against PLUNC
protein (1 : 200 dilution; R&D Systems, Minneapolis),
followed by a Rabbit Anti-Goat IgG HRP Affinity
Purified PAb (R&D Systems, Minneapolis) for another
30 minutes.

The sections were then colorized with diaminoben-
zidine/ hydrogen peroxide and counterstained with
hematoxylin. Finally, the sections were examined
under a microscope (40-100x).

We classified the intensity of PLUNC positivity, ac-
cording to the distribution percentage, as following:
+++ (>50% positive cells), ++ (26 to 50% positive cells),
+ (£25% positive cells) or — (no positive cells).

Statistical analysis was performed by using the statis-
tical package SPSS version 15.0. A Student t-test or a
Mann-Whitney test was used for comparison of two dif-
ferent groups and an ANOVA test or Kruskall-Wallis
test for more than two groups. Kendall’s tau-b correla-
tion was used to assess correlation. We considered a
p-value less than 0.05 statistically significant. Data ob-
tained are presented as mean + SD and median.

We evaluated the correlation between patients and
control subjects for frequencies of PLUNC proteins
positivity, using the y2 test with statistical significance
level of 95% (p-value <0.05).

RESULTS

Among the patients included in our study group, 24
were male (70.58%) and 10 were female (29.41%).
The ages ranged between 23 and 68 years, with an av-

Figure 1 PLUNC protein positivity in patients with CRS

erage age of 47.6 years. Control subjects were 6 male
and 4 female, aged between 19 and 56 years.

Regarding the potential risk factors involved in the
etiopathogeny, as well as in the evolution and severity
of chronic rhinosinusitis, only 4 patients (11.76%)
were smokers.

In order to identify the importance of allergic con-
ditions, patients were evaluated for the presence of
different atopies. Twelve patients (10 male, 2 female)
- 35.29% were overall allergy sufferers. 9 patients (5
male, 4 female) had asthma, and 6 patients (3 male, 3
female) were known with NSAIDs intolerance.

In our study, we investigated predominantly the
most frequent expressed molecules belonging to
PLUNC family in paranasal sinuses and nasal tissues,
SPLUNC-1. We found low levels in the nasal mucosa
samples in case of the patients diagnosed with chronic
rhinosinusitis, probably because of a decreased num-
ber of secretory glands.

In our study, we did not obtained any statistically
significant correlation between PLUNC proteins ex-
pression and the presence of risk factors, in terms of
different allergy manifestations, asthma, neither in
case of smoking habits. Other studies found in the lit-
erature suggest there may be a correlation between
PLUNC positivity, allergy and smoking habits in pa-
tients with various inflammatory diseases.

The results of the present study show that we have a
high positivity (+++) in the control group (100% of
the cases), while the patients with chronic rhinosinus-
itis have a significant lower PLUNC proteins positivity
(Figure 1).

Only 47.06% of the case patients have a +++ rated
positivity (Figure 2), whilst the rest of the patients have
a++ (29.41%) or + (23.52%) rated positivity (Figure 3,
Figure 4). We did not observe a negative value of
PLUNC proteins, neither in the study group, nor in
control patients.

Figure 2 Nasal mucosa PLUNC protein positivity +++ in respiratory
epithelium, glandular, lymphoid elements from stroma, IHC, 10x
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Figure 3 Nasal mucosa - PLUNC focal positivity (+) in epithelial cells,
stroma, oedema, IHC 4x

We examined the correlation between the presence
of this disease and the PLUNC proteins positivity using
X2 statistical test to analyze the results of the study. We
observed that the differences in PLUNC proteins pos-
itivity between patients with CRS and people from the
control group are statistically significant (¥2 test, p-
value = 0.002) (Table 1).

When comparing the patients with CRSWNP and
CRSsNP, we did not obtain any statistically significant
difference between the two entities (P value=0.280).

DISCUSSIONS

The PLUNC family, a newly discovered gene, ex-
pressed in the upper airways, plays an important role
in the mechanisms of host defence against bacteria,
being a part of the innate immune mechanisms in the
oro-nasal mucosa, as well as in the pulmonary epithe-
lium, sites exposed to a high amount of bacterial anti-
gens, as it was postulated in the latest scientific studies.

Table 1
PLUNC proteins positivity in patients and controls

Lot

(RS control  Total

PLUNC 1 Count 8 0 8
positivity % 235% 0% 18.2%
++ Count 10 0 10
% 294% 0% 22.7%
+++ Count 16 10 26
% 47.1%  100.0%  59.1%
Total Count 34 10 44
% 100.0%  100.0%  100.0%

Figure 4 Nasal mucosa - PLUNC positivity in respiratory epithelium, in
mucosal glands, in inflammatory elements, IHC 10x

In the literature, there are some studies that indi-
cate that low levels of PLUNC protein were found in
human nasal lavage fluid from smoking persons and
people who work with reactive epoxy substances, prov-
ing that exposure on a long term to airway irritant fac-
tors may impair the expression of PLUNC in the supe-
rior respiratory tract. In human nasal lavage fluid,
there have been identified two forms of the PLUNC
protein using two-dimensional gel electrophoresis.

It has been also studied the existence of lipopolysac-
charide-binding proteins in human nasal lavage fluid.
There were found five proteins that were able to ad-
sorb to a LPS-coated surface; two of the proteins found
correlate to the two PLUNC forms (short and long).
Human saliva was also investigated for the presence of
LBP and it has been proven that it contains a certain
subset of LPS-binding proteins with similar localiza-
tions. Actual results sustain that PLUNC could be a
new marker of upper airways inflammation and could
be a part of the innate immune molecules.

In other studies, researchers have found that
PLUNC proteins are able to present high surfactant
activity in different degrees. Also, experiments using
epithelial cells of upper airway tract and primary cul-
tures show that native PLUNC exhibit a powerful activ-
ity of reducing the surface tension in aqueous solu-
tions of the airway epithelial secretions. Surface ten-
sions obtained after adding PLUNC to aqueous solu-
tions are quite alike to surface tension values in tra-
cheo-bronchial secretions from humans and animals.

Beside all these properties, PLUNC proteins also
have an ability to inhibit biofilm formation in an in
vitro-model, in a physiologically relevant concentra-
tion, after infection with Pseudomonas aeruginosa,
without really having a bactericide function. In order
to survive, an early recognition of bacterial antigens is
essential. Lipopolysaccharide (LPS), parts of bacterial
cell walls, like those present on the surface of Gram-
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negative bacteria, lipoteichoic acids in Gram-positive
bacteria and lipoarabinomannans in mycobacteria
have important clinical effects in antigen recognition.
Because surfactants from the surface of microbes are
able to disperse matrix-encased bacterial clusters (bio-
films) "7, it was suggested that PLUNC may also pos-
sess anti-biofilm properties. The capacity of inhibiting
biofilm formation by airway pathogens may be ex-
plained by the dispersant properties of PLUNC pro-
tein family.

Correlated data from the literature show that
PLUNC is a multifunctional protein, with a great new
role in airway defences at the interfaces between air
and liquids.

CONCLUSIONS

In our study of 44 patients, the results of our statisti-
cal analysis show that the degree of PLUNC protein
positivity is, statistically significantly, correlated to the
presence of chronic rhinosinusitis with or without
nasal polyps, with no difference between the two enti-
ties. That suggests that, after injury (infectious patho-
gens, chemical factors), the nasal mucosal epithelium
will react and will generate antiinflammatory agents,
including PLUNC proteins, as a response to the irri-
tant agents'®!®. Afterwards, the secretion of these anti-
inflammatory agents is upregulated, to function as a
defensive mechanism.

In the cases when defects appear in the immune
defence or it happens a malfunctioning of the respira-
tory mucosa, it may appear a vicious circle of the tissue
inflammation, and pathologies characterized by infec-
tion and/or inflammation may appear. After the mu-
cosa is injured, it appears a decrease in the number of
glands in affected tissues, with a subsequent decrease
of the secretion of host defence molecules that deter-
mines a decreased capability of clearing the patho-
genic factors involved. These defects of defence in the
immune system may lead to a persistent inflammatory
response that underlies the pathogenic mechanism
encountered in chronic rhinosinusitis.

The results we obtained in our study stand as a
basis for further studies of this new family of proteins
and represent one step ahead in finding new mole-
cules involved in the pathogeny of chronic inflamma-
tion of the upper airway tract, in order to better un-
derstand the disease and to initiate the optimal treat-
ment. The main idea of the recent studies still remains
the possibility that PLUNC may have a great role in
the innate immune response of the superior airway
tract. It is possible in the future that PLUNC could be
seen as a marker of airway affection and that de-
creased levels of PLUNC could promote inflamma-
tion of the nasal mucosa.
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