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ABSTRACT

PURPOSE: Chronic sinusitis can result from variable types of immune-mediated process, whose
pathogenesis is not fully understood. Triggering receptors expressed on myeloid cells 1 and 2 (TREM-1,
TREM-2) are involved in myeloid cell activation enabling these cells to fine-tune the inflammatory response,
which may have an impact on subsequent adaptive immunity and may be the key factor in pathogenesis. The
aim of the study was to analyse soluble TREM-1 and TREM-2 molecules in maxillary sinus lavage fluid and
compare the defined subgroups selected from patients with chronic sinusitis with/without nasal polyps and

allergy (asthma and allergic rhinitis).

METHODS: The levels of soluble TREM-1 and TREM-2 were measured by Elisa test in a cohort of patients
with chronic maxillary sinusitis (n=45). We compared subgroups of patients with nasal polyps (n=33) and
allergy (n=25: inclusive of asthma (n=11) and allergic rhinitis (n=14)) with the control group of patients without

nasal polyps (n=13), and without allergy (n=21).

RESULTS: The study did not prove the difference between subgroups with and without nasal polyps. The
levels of soluble TREM-1 did not differ significantly between patients with allergy (asthma and allergic rhinitis)
and the control group without allergy (p=0.4804). The levels of soluble TREM-2 were significantly higher in
patients with allergy (p=0.0028), asthma (p=0.0103) and allergic rhinitis (p=0.0137) as compared with the

control group.

CONCLUSION: Our results suggest the role of TREM-2-mediated activation of myeloid cells in chronic
sinusitis accompanied by allergy, asthma, and allergic rhinitis (Tab. 6, Ref. 25). Text in PDF www.elis.sk
KEY WORDS: TREM-1 and TREM- 2 receptors, allergy, hypersensitive reaction, maxillary sinus lavage,

bronchial asthma.

Introduction

Chronic maxillary sinusitis is a persisting inflammatory process
of heterogeneous origin. Depending on aetiology, inflammation
may be accompanied by various types of innate and adaptive im-
mune responses leading to similar clinical presentations. Although
two main forms, one with and one without polyps, were described
(1, 2), this classification does not consider the underlying patho-
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genesis. Cellular and molecular mechanisms may vary between
patients, and this may contribute to the difficulty of establishing
a repeating and verifiable classification. The heterogeneity of
pathogenesis can influence the clinical phenotype and response
to treatment.

The sinonasal epithelium, mucociliary clearance, antimicrobial
compound secretion per innate immune cells must react to large
amounts of inhaled pathogens, allergens, and other airborne irri-
tants. The appropriate reaction of the immune system is required
for elimination of pathogens and restoration of homeostasis to
be effective. On the other hand, inadequate reaction to commen-
sals or allergens can lead to a failure in mechanisms of tolerance,
hypersensitivity or hyperinflammation. The abnormal immune
response can lead to recurrent and/or persistent inflammation of
the paranasal sinuses.

Numerous studies have described microbes as an etiological
factor (3—8) without a single causative agent associated with the
disease. Some studies show an increased abundance and decreased
diversity of the nasal microbiome (9, 10). In a large group of pa-
tients, sinusitis is associated with allergy. The presence of polyps
does not reflect the type of inflammation; the frequency of polyps
in allergic patients was not higher than in nonallergic ones (11,
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Tab. 1. Study groups.

Diagnosis n Diagnosis (subgroup) n Diagnosis (subgroup) n Diagnosis (subgroup) n
Allf:rgic rhinitis in non-AB 14 with polyps 10
Chrc?nic all;rgig - 25 patients without polyps 4
C.hr01.‘1i.c maxillary 46 maxillary sinusitis Allf:rgic rhinitis in AB 1 with polyps 9
sinusitis patients without polyps 2
Chronic maxillary sinusitis 21 with polyps 14
without allergy without polyps 7

AB — bronchial asthma

12); eosinophilia can be found in patients with or without polyps,
respectively (13).

The allergic form of sinusitis is driven by the Th2 cells and
type 2 innate lymphoid cells. Type 2 cytokines activate mast cells,
basophils, and eosinophils, which leads to type I hypersensitivity
reaction. To date, it is not fully explained how immunopathogenic
mechanisms lead to the breakdown of tolerogenic pathways and
shift the physiological response. The key factor could be found in
the innate immunity response, which precedes the development
of adaptive immunity and determines its intensity and direction.

Triggering receptors expressed on myeloid cells 1 and 2
(TREM-1, TREM-2) are recently discovered receptors, and their
function is to fine-tune the activation of cells. TREM-1 intensi-
fies the proinflammatory response by activating the intracellular
pathways that lead to the increase in the production of proinflam-
matory cytokines and expression of costimulatory molecules.
TREM-1 receptor’s expression rapidly increases in the presence
of inflammation caused by extracellular pathogenic bacteria or
fungi (14, 15), and/or inflammation accompanied by necrosis,
and the signals released from necrotic cells might serve as a po-
tential ligand for TREM-1 (16). TREM-2 regulates the activation
of dendritic cells (DC), macrophages, osteoclasts, and microglial
cells. TREM-2/DAP12-mediated signalling promotes partial DC
maturation and upregulation of cell surface expression of T-cell
stimulatory molecules such as major histocompatibility complex
(MHC) class II, CD40, and CD86 and CC chemokine receptor
7, which is crucial for DC migration to the lymph nodes (17).
Contrary to TREM-1, it is TREM-2 that plays a role in inhibiting
TNF and IL-6 production by macrophages and is responsible for
DAP12-mediated inhibition of inflammatory responses induced
by TLR ligands in macrophages. Strikingly, the TREM-2/DAP12
pathway may provide both inhibitory and activating signals de-
pending on their microenvironment. Moreover, the relationship
between TREM-2, DAP12, and biological functions may depend
on the influence of additional DAP12-associated receptors and
on the presence of TREM-2 ligands with a variable avidity/af-
finity, which may induce either activating or inhibitory signals
through TREM-2/DAP12 (18). Helming et al demonstrated a
DAPI12-facilitated macrophage fusion leading to the formation
of multinucleated giant cells (19).

Given the role of these receptors in orchestrating the immune
response, a better understanding of their role in various types of
inflammation appears to be essential in advancing our knowledge
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of underlying mechanisms of airway inflammation. Little is known
about TREM expression in the airways, and it is still unclear if
the receptor may play a role in the pathogenesis of allergy. In this
study, we examined the levels of soluble forms of TREM-1 and
TREM-2 molecules in the maxillary lavage fluid of patients with
various forms of chronic maxillary sinusitis.

Patients and methods

Study population

Forty-six patients with chronic maxillary sinusitis were pro-
spectively enrolled in the study. The study group contained 25
patients with allergy, out of whom 14 patients were with allergic
rhinitis and 11 patients with bronchial asthma (AB), 33 patients
with nasal polyps, and 13 patients without polyps. The control
group consisted of 21 patients without any form of allergy (Tab. 1).
The allergy status was confirmed by clinical and laboratory diag-
nostic methods provided by the managing Consultant Immuno-
allergologist.

The study was approved by the local Ethics Committee of the
Faculty of Medicine, Comenius University in Bratislava, and writ-
ten informed consent was obtained from all patients.

Maxillary sinus lavage fluid processing

The lavage procedure was carried out at the Department of
Otorhinolaryngology and Head and Neck Surgery, Faculty of Me-
dicine, Comenius University Bratislava, Slovakia during elective
functional endoscopic sinus surgery. Maxillary antrum washout
was performed as the first step after careful opening of the maxil-
lary sinus to avoid bleeding. A volume of 5 ml of sterile normal
saline was instilled into the maxillary sinus and aspirated thereafter
by gentle suction using a sterile syringe. The harvested maxillary
sinus lavage fluid was immediately transported to the laboratory
of the Institute of Immunology, Faculty of Medicine Comenius
University Bratislava for analysis. The maxillary lavage fluid was
first filtered through a double layer of sterile gauze, then centri-
fuged at 1,000 g for 20 min at 4 °C, and the supernatants were col-
lected and stored at —80 °C until analysis. The levels of sSTREM-1
and sSTREM-2 were measured with a sandwich enzyme-linked
immunosorbent assay (human s TREM-1 and human sSTREM-2
ELISA; Wuhan Fine Biotech Co., Ltd) according to the instruc-
tions of the manufacturer.
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Tab. 2. The levels of STREM-1 in chronic maxillary sinusitis in patients
with and without allergy.

Tab. 4. The levels of maxillary lavage fluid STREM-2 in chronic maxil-
lary sinusitis in patients with and without bronchial asthma.

STREM-1 pg/ml

STREM-2 pg/ml

£ *
(in maxillary lavage fluid) P (maxillary lavage fluid) p
Chronic maxillary Mean+SD: 174.9+220.8 Chronic maxillary Mean+SD: 5973.5+2343.8
sinusitis with allergy Median: 112.9 sinusitis in AB patients Median: 6549.0
=25 R :0.97-956.7 =11 R 1 1315.0-8849.0
(n=23) £ 04s04 1D —E° 0.0103

Mean+SD: 158.0+202.6
Median: 79.3
Range: 12.2-891.8

Chronic maxillary
sinusitis without allergy
(n=21)

Chronic maxillary Mean+SD: 3519.5+2438.8
sinusitis without allergy Median: 3196.8

(control group) (n=21) Range: 0-7044.3

*Unpaired Student’s t-test

Tab. 3. The levels of STREM-2 in chronic maxillary sinusitis with and
without allergy.

*Unpaired Student’s t -test, AB — bronchial asthma

Tab. 5. The levels of STREM-2 in maxillary lavage fluid in patients
with chronic maxillary sinusitis with and without allergic rhinitis.

sTREM-2 pg/ml

(in maxillary lavage fluid) p*
Chronic maxillary Mean+SD: 5757.3+2340.0
sinusitis with allergy Median: 5817.6
(n=25) Range: 774.07-9566.1
0.0028

Mean+SD: 3519.5+2438.8
Median: 3196.8
Range: 0-7044.3

Chronic maxillary
sinusitis without allergy
(n=21)

*Unpaired Student’s T-test

Statistical analysis

The one-sample Kolmogorov—Smirnov test was used to deter-
mine whether the investigated populations followed normal distri-
bution. Either non-parametric Mann-Whitney U- test or parametric
non-paired t-test with Welch correction was used to determine the
difference and the statistical significance.

Results

The levels of maxillary lavage fluid’s STREM-1 did not differ
significantly between the patients with allergy and the control
group

We compared sSTREM-1 concentrations in maxillary lavage
fluid in patients with chronic maxillary sinusitis accompanied by
allergy with the control group of patients with chronic maxillary
sinusitis without confirmed allergy. The patients with allergy had
slightly higher concentrations of STREM-1 as compared to the
control group, however, the difference was not statistically sig-
nificant (p=0.4804) (Tab. 2).

The levels of maxillary lavage fluid’s STREM-2 were increased
in patients with allergy compared with the control group of non-
allergic patients

The concentrations of STREM-2 in
maxillary lavage fluid in allergic patients
with chronic maxillary sinusitis were signi-

STREM-2 pg/ml p*
Chronic maxillary Mean+SD: 5548.8+1949.4
sinusitis with allergic Median: 5711.0
rhinitis (n=14) Range: 774.0-7859.5 0.0137

Mean+SD: 3519.5+2438.8
Median: 3196.8
Range: 0-7044.3

Chronic maxillary
sinusitis without allergy
(control group) (n=21)
*Unpaired Student’s t-test

allergies. Both subgroups were then compared with the control
group separately.

Thelevelsofmaxillarylavagefluid’ssTREM-2wereincreasedinAB
patients compared with the control group of non-allergic patients

The levels of sSTREM-2 in maxillary lavage in bronchial asth-
ma patients suffering from chronic maxillary sinusitis were signifi-
cantly higher than in the control group of patients without allergy
(p=0.0103) (Tab. 4).

The levels of maxillary lavage fluid’s STREM-2 were increased
in allergic rhinitis compared with the control group of patients
without allergy

The tested levels of sSTREM-2 in maxillary lavage fluid in
patients with chronic maxillary sinusitis accompanied by allergic
rhinitis were also significantly higher than STREM-2 levels in
the control group of patients without allergy (p=0.0137) (Tab. 5).

The concentrations of STREM-1 and STREM-2 are not influenced
by the presence of nasal polyps

Finally, we subdivided all patients of the group with chronic
maxillary sinusitis into two subgroups, namely those with and

Tab. 6. The levels of STREM-1 and sTREM-2 in maxillary lavage fluid in chronic maxillary
sinusitis with and without nasal polyps.

ficantly higher than the levels of STREM-2 : : STREM-1 pg/ml p*  STREM-2 pg/ml p*
in the control group of patients with chronic Chrop{c mgxlllary MeapiSD: 144.4+182.8 MeapiSD: 4720.1£2584.9

X . o sinusitis with polyps Median: 83.8 Median: 5116.7
maxillary sinusitis without confirmed aller- (n=33) Range: 1.0-891.8 a5 Range: 301.7-9566.1 20100

gy (p=0.0028) (Tab. 3).
Furthermore, we selected two sub-
groups of patients with AB and allergic

Chronic maxillary
sinusitis without polyps
(n=13)

Mean+SD: 249.2+286.4
Median: 168.8
Range: 12.2-956.7

Mean+SD: 4791.7+2860.3
Median: 6126.2
Range: 0-7630.9

rhinitis from the group of patients with

*Unpaired Student’s t-test
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without nasal polyps. Interestingly, we did not find any differenc-
es between these two subgroups of patients in the levels of either
STREM-1 or sSTREM-2 in their maxillary lavage fluid (Tab. 6).

Discussion

Molecular mechanisms of innate immunity which are critical
for correct tuning of the adaptive immune response are not clearly
explained and may be the key factor participating in the patho-
genesis of chronic sinusitis. Dendritic cells (DC), macrophages, or
epithelial cells may express numerous types of molecules on their
surfaces depending on various microenvironments. Membranes of
these cells are equipped with pattern recognition receptors (PRR),
cytokine receptors, immunoglobulin receptors, and other types
of receptors. Activation through these receptors may initiate DC
maturation, which results in migration to the regional lymph nodes,
where they encounter and activate naive T cells. Depending on the
microenvironment, DC mature and the cell surface expression of a
series of molecules is up-regulated. These molecules might be cru-
cial for subsequent activation and direction of the ensuing immune
response. The expression of TREM receptors can modulate inflam-
matory responses by up-regulating the cell surface expression of
T-cell stimulatory molecules (17) by influencing the PRRs activa-
tion. These could be the crucial mechanisms of antibacterial airway
innate immunity and/or allergic airway inflammation that would re-
sult in priming and engaging the adaptive immune system (20-22).

The involvement of TREM receptors in the tuning of innate
cell activation and subsequent abnormal adaptive immune response
in allergy is not known.

To date, only a few studies suggested the role of TREM recep-
tors in allergies. Hall et al (2017) found TREM-2 expression in the
airways and on DC subsets isolated from the lungs and mediasti-
nal lymph nodes in a murine model of allergic airway inflamma-
tion, and speculated that the induction of TREM-2 on DC subsets
could indicate an impaired defence mechanism originally aimed
at decreasing rather than enhancing the inflammation (8). Wang
et al (2016) found that overexpression of TREM-2 in mice with
allergic asthma significantly alleviated airway inflammation and
airway remodelling (9). The study by Habibzay et al found fatal
pneumococcal pneumonia due to impaired neutrophil recruitment
as a result of airway exposure to house-dust mite in a sensitized
mouse model of allergic airway disease. This was caused by de-
sensitization of TLRs, up-regulation of endogenous negative regu-
lators of TLRs (A20, IRAK) as well as preference of TREM-2
expression to inhibit TLR signalling (21). Based on these results,
it could be speculated that the attenuation of the immune response
due to TREM-2 may lead to colonization and survival of patho-
genic microorganisms, microbiome disruption, and persistence of
chronic inflammation. We have not found any studies focused on
the role of TREM-1 in allergy. Only a few studies suggested its
role in bronchial asthma (23, 24).

Synopsis of new findings

In this study, we analyzed the levels of STREM molecules in
maxillary lavage fluid in patients with chronic sinusitis and com-
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pared defined subgroups of patients with/without nasal polyps and
allergy (AB and allergic rhinitis). No statistically significant differ-
ences were found for the levels of sSTREM-1. However, this mol-
ecule may also play a role in the immunopathogenesis of chronic
sinusitis, while its role is probably not specific to allergic inflam-
mation or nasal polyps. More importantly, we found significantly
increased levels of sSTREM-2 in patients with allergy, bronchial
asthma, and allergic rhinitis as compared with the control group
of non-allergic patients. Our results suggest that TREM-2 may
play an important role in the pathogenesis of allergic inflamma-
tion as one of the pathogenetic mechanisms of chronic sinusitis
in humans. This is in agreement with a recent study of Hall et al
(2017) who point to this role in an animal models in mice (25).
However, based on our study, the source of these soluble TREM
molecules remains unclear. Similarly, we cannot explain if their
role is causative or protective. Further studies are needed to clarify
their role in allergic inflammation.

Conclusion

The obtained results suggest that allergies are associated with
an increase in TREM-2 expression in patients with chronic aller-
gic sinusitis. This is the first study describing the role of TREM-2
molecules in patients with allergies in humans. The question as to
whether the TREM-2 expression in allergies is a causative factor
or just a protective one requires further studies.
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