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T.V. Mironova'*, A.D. Tahanovich', A.G. Kadushkin', V.V. Makarevich', I.P. Shilovskiy’, M.R. Khaitov’

'Belarusian State Medical University,
83 Dzerzhinski ave., Minsk, 220083 Republic of Belarus; *e-mail: tomanis@mail.ru
’NRC Institute of Immunology FMBA of Russia, 24 Kashirskoe shosse, Moscow, 115522 Russia

Allergic rhinitis (AR) is a chronic inflammatory disease of the nasal mucosa; it develops when
the immune system reacts to an allergen. Side effects of topical glucocorticosteroids (GCS) used for AR treatment,
the development of steroid resistance in patients and the continuing increase in morbidity explain the clear need to search
for new approaches for AR treatment. The tricyclic antidepressant nortriptyline has demonstrated anti-inflammatory
properties in a number of experimental studies, as well as its ability to complement the action of corticosteroids.
The aim of this study was to compare the effects of nortriptyline and the synthetic GCS mometasone on the culture
of mononuclear cells (MNC) of AR patients. Blood MNCs from six AR patients were cultured in the presence
of nortriptyline or mometasone, and then type 1, type 2, or type 17 immune response (IR) were stimulated
by adding recombinant activator proteins (IL-2, IL-25, IL-33, TSLP, IL-12, IL-1p, IL-23). After 3 days, concentrations
of proinflammatory cytokines TNF-o, IFN-y, IL-6, IL-8, and IL-4 were determined in cell supernatants by enzyme
immunoassay. Mometasone final concentration 10® M effectively suppressed the secretion of proinflammatory
cytokines TNF-o, IFN-y, IL-6, and IL-8 under conditions of stimulation of IR of all types. A similar decrease
in secretion, although less pronounced, occurred when stimulated cells were cultured in the presence of nortriptyline.
The concentration of TNF-o in the culture medium decreased under these conditions both with stimulation
of type 1, type 2, and type 17 IR. The level of IFN-y secretion decreased only in the case of type 1 and type 17 IR
as compared to MNCs with the stimulated IR, which were cultured without this inhibitor. The level of IL-6 secretion
decreased only in the culture medium of cells with stimulated type 1 and type 2 IR and IL-8 secretion decreased only
under conditions of stimulated type 1 IR. This study has shown that mometasone and nortriptyline are able to suppress
the secretion of proinflammatory cytokines by blood cells; their effect is selective and depends on the IR type.
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INTRODUCTION

Allergic rhinitis (AR) is a chronic inflammatory
disease of the nasal mucosa; AR develops when
the immune system reacts to an allergen. The disease
is mediated by immunoglobulin E (IgE) and
is manifested by nasal congestion, rhinorrhea,
sneezing, and other symptoms that significantly
reduce the quality of life of patients. Common allergens
associated with AR include house dust mites,
plant pollen, animal dander and hair, mold, etc. [1].

According to the classical viewpoint, the leading
role in the mechanism, responsible for the development
of allergic inflammation, belongs to Th2 cells and their
cytokines. Interleukin-4 (IL-4) is a key Th2 cytokine,
involved in the regulation of antibody production
during an expanded B-cell response. IL-6 is produced
by monocytes, macrophages, fibroblasts, and
endothelial cells and belongs to the Th2 profile [1, 2].

This concept is currently reconsidered,
since in some cases, the action on the components

of the type 2 immune response (IR) does not
eliminate allergic symptoms. At the same time,

there is experimental evidence suggesting
the involvement of Thl and Thl7 lymphocyte
populations, producing cytokines participating

in type 1 and type 17 IR, in the development of allergic
diseases of the respiratory tract, such as bronchial
asthma (BA) and AR [2].

Type 1 IR is characterized by the dominance
of Thl cells and their mediators: interferon y (IFN-y),
tumor necrosis factor o (TNF-a), IL-2, etc.
IFN-y is involved in almost all IR stages and
inflammation, in particular in the differentiation
of Th1 and B cells, activation of cytotoxic CD8+ T cells,
NK cells, macrophages, and neutrophils [2].
TNF-o is able to regulate many immune processes,
mediate apoptosis, increase the production of other
cytokines and chemokines [3].

Type 17 IR involving Th17 is aimed at maintaining
inflammation due to production of cytokines
of the IL-17 family. Chemokines of the CXC family
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are involved in the development of type 17 IR.
CXCLS8 (IL-8) is the main cytokine involved in attracting
neutrophils to the lesion site or infection. IL-8 also
stimulates phagocytosis and angiogenesis [3, 4].

Effective treatment of AR includes the use
of pathogenetically targeted drug therapy. In particular,
many years of clinical experience demonstrated high
efficacy and safety of nasal glucocorticosteroids (GCS),
such as mometasone, in the treatment of seasonal
and perennial AR. Acting at the glucocorticosteroid
receptor (GR), mometasone promotes the expression
of a number of anti-inflammatory genes, suppressing
the synthesis of inflammatory mediators. This leads
to a decrease in the content of mast cells, basophils,
and eosinophils in the area of allergic inflammation,
as well as to the suppression of increased vascular
permeability and mucus secretion [4]. However,
topical administration of GCS can cause side effects
such as irritation of the nasal mucosa, burning
in the nose, nosebleeds, and mucosal candidiasis [5].
Some AR patients are poorly susceptible to this
type of therapy due to the development of steroid
resistance [6, 7].

The continuing increase in the incidence of AR
stimulates the search for new approaches
to the treatment of this disease and a more in-depth
study of the mechanisms of the inflammatory
process in AR. There is a clear need for agents that
increase sensitivity to GCS, as well as those with
antioxidant properties, since the formation of free
radicals is one of the factors in the AR development [8].

Nortriptyline is a tricyclic antidepressant and
the main active metabolite of another tricyclic
antidepressant, amitriptyline, which belongs to the group
of norepinephrine and serotonin reuptake inhibitors.
This drug is used to treat depression, anxiety, and
nicotine addiction [9, 10]. It has demonstrated
anti-inflammatory properties, as well as the ability
to complement the action of corticosteroids [11-13].
Nortriptyline suppressed production of IL-4, IL-8,
TNF-a, and IFN-y in blood cells belonging
to natural killers (NK) in patients with chronic
obstructive pulmonary disease (COPD) [14].
The effect of nortriptyline is associated with
the increase in histone deacetylase 2 (HDA2)
expression, which in turn leads to inhibition
of transcription of genes encoding proinflammatory
proteins [12]. The combined use of corticosteroids
and nortriptyline decreases intracellular signaling
via p38 MAPK and, as a result, suppresses
the production of proinflammatory proteins [12].
However, p38 MAPK also impairs GR functioning
due to Ser226 phosphorylation, which slows down
GR binding to the hormone and subsequent
translocation to the nucleus [14, 15]. As a result,
GR loses its ability to inhibit transcription of genes
encoding proinflammatory proteins.

We have not found studies involving the use
of nortriptyline in AR patients. The aim of our study

was to compare the effects nortriptyline and
mometasone on the culture of mononuclear cells (MNC)
of AR patients.

MATERIALS AND METHODS

Six AR patients (2 men and 4 women,
19-22 years old) were included in the study.
Cell cultures were prepared using venous blood (30 ml),
which was collected from the patients from
the cubital vein in the morning on an empty stomach.
Blood samples were collected into test tubes containing
10 U/ml sodium heparin (Belmedpreparaty, Belarus)
as an anticoagulant. MNC were isolated from the blood
samples by centrifugation (30 min, 400 g) in a density
gradient of 1.077 using Lymposep solution (Biowest,
France). Cells were resuspended at a concentration
of 10° cells/ml in RPMI 1640 culture medium
(Capricorn Scientific, Germany) with 10% (v/v) fetal
bovine serum (Capricorn Scientific), 2 mM glutamine,
100 U/ml penicillin and 100 pg/ml streptomycin
(Capricorn Scientific).

Cells (2x10°) were placed in the wells
of a 96-well plate and cultured in the presence
of mometasone (10®* M) or nortriptyline (5 puM).
Type 1, type 2, and type 17 IR were stimulated 1 h after
administration of inhibitors by adding recombinant
proteins to the culture medium (thymic stromal
lymphopoietin (TSLP), IL-12, IL-23 produced
by Prospec Bio (Israel); IL-1B3, IL-2, IL-25, IL-33
produced by Biolegend (USA): IL-12 (5 ng/ml) and
IL-2 (20 U/ml) (for stimulation of type 1 IR),
IL-25 (50 ng/ml), IL-33 (50 ng/ml), TSLP (50 ng/ml),
and IL-2 (20 U/ml) (for stimulation of type 2 IR),
IL-1B (50 ng/ml) and IL-23 (50 ng/ml) (for stimulation
of type 17 IR)). After 3 days of cell culturing,
the supernatants were collected using an automatic
dispenser, centrifuged (5 min, 400 g) and stored at -70°C
until use. The concentrations of IL-4, IL-6, IL-8,
TNF-a, and IFN-y were determined by the enzyme

immunoassay method using the Vector Best
reagent kits (Russia).
Statistical data processing was performed

in the MedCalc program (MedCalc Software Ltd,
Belgium) using nonparametric statistical methods
(Kruskal-Wallis test). Differences were considered
statistically significant at p<0.05.

RESULTS

In the experiment with MNCs, cultivated
in the presence of mometasone, stimulation of type 1 IR
was accompanied by a statistically significant decrease
in the concentration of TNF-a, IFN-y, IL-6, IL-8,
in the culture medium. In the case of MNCs, cultivated
in the presence of nortriptyline, stimulation of type 1 IR
was also accompanied by a decrease in the concentration
of TNF-a, IFN-y, IL-6, and IL-8 in the culture medium.
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The most pronounced decrease was in the level
of TNF-a (by 65.5%, median 10.2 pg/ml), and the least
pronounced decrease was detected in the level
of IFN-y (by 43.0%, median 95.4 pg/ml) (Fig. 1).
The concentration of IL-4 in the cell culture medium
in both cases only tended to decrease.

Under conditions of type 2 IR stimulation
mometasone caused statistically significant reduction
in the levels of TNF-a, IFN-y, IL-6, IL-8, and IL-4
in the MNC culture medium. The decrease
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in the IL-4 level was less pronounced compared
to other cytokines. Under the same conditions,
nortriptyline significantly reduced the concentration
of only TNF-a (by 35.0%, median 29.9 pg/ml) and
IL-6 (by 45.0%, median 125.7 pg/ml) (Fig. 2).

Type 17 IR stimulation in MNCs treated with
mometasone was accompanied by a significant decrease
of TNF-a, IFN-y, IL-6, and IL-8 concentrations
in the cell culture medium. The decrease in the IL-6 level
was most pronounced (by 93.9%, median 535.0 pg/ml),

100 H

80 —

60

IFNy, %

|_

40

20

*

T T
IR IR+M IR+N

100 H

80

60 -
< T
g 1
40
20
0 -
IR IR+ M IR+ N

Figure 1. The effect of mometasone and nortriptyline on the secretion of TNF-a, IFN-y, IL-6, IL-8, and IL-4
by peripheral blood MNCs under conditions of type 1 IR stimulation. Here, as well as in Figures 2 and 3, the results
are expressed as % of the cytokine concentration in samples with stimulated IR without the addition of mometasone or
nortriptyline and are presented as the median + interquartile range; IR — blood MNCs were stimulated with a complex
(IL-25+, IL-33+, TSLP+), IR+M — stimulated MNCs were cultured in the presence of mometasone (10* M),
IR+N — stimulated MNCs were cultured in the presence of nortriptyline (5 uM); * — the difference is significant

versus IR (p<0.05).
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while the IL-4 level showed only a slight tendency
to decrease. The presence of nortriptyline in the culture
medium was accompanied by a statistically significant
decrease of TNF-a (by 27.2%, median 53.8 pg/ml) and
IFN-y (by 34.0%, median 65.7 pg/ml) concentrations
in the culture medium (Fig. 3).

DISCUSSION

Mometasone is a GCS for inhalation and
intranasal use. The mechanism of its antiallergic and
anti-inflammatory action is associated with its ability

120

100

80

60 —

TNF-o, %

T
[

0 T T T
IR IR+M IR+N

40

20

*

100

80 —

60 —

H-

IL6, %

40

20 +

*

0 T T T

IR IR+M IR+N

-
1

100 H

80

I

60

L4, %

40

20

0 T T T
IR IR+ M IR+N

to inhibit the release of inflammatory mediators [16].
The results of our study showed that mometasone
in the culture of blood mononuclear cells from
AR patients actually reduced the concentration
of secreted proinflammatory cytokines. Similar data
were previously obtained by other authors on cultures
of nasal epithelial cells [17].

In experiments on cells with type 2 IR stimulation
the effect of mometasone was more pronounced than
in experiments with type 1 and type 17 IR stimulation.
The weakest effect of mometasone on cytokine
secretion was observed under conditions of type 17 IR
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Figure 2. The effect of mometasone and nortriptyline on the secretion of TNF-a, IFN-y, IL-6, IL-8, and IL-4
by peripheral blood MNCs under conditions of type 2 IR stimulation. IR — blood MNCs were stimulated with a complex
(IL-2+, IL-12+), IR+M — stimulated MNCs were cultured in the presence of mometasone, IR+N — stimulated MNCs
were cultured in the presence of nortriptyline; * — the difference is statistically significant versus IR (p<0.05).
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stimulation. Cytokines involved in type 17 IR
are associated with the development of steroid
resistance in BA [18]. It has been shown that
the use of corticosteroids is not effective enough
in cases where inflammation is maintained
by activating type 17 IR components, which activate
neutrophils [19].

Neutrophils  produce biologically active
compounds that mediate airway inflammation.
These include matrix metalloproteinase-9 (MMP-9),
neutrophil elastase, a-defensin, transforming growth
factor 1 (TGF-B1), and reactive oxygen species (ROS).
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They support eosinophil migration and participate
in the first contact of antigen-specific T cell precursors
with an antigen (T cell priming) [20]. Long-term
release of neutrophil elastase and free radicals
damages the epithelium and is most likely responsible
for the vasomotor symptoms characteristic of AR.
In addition, changes in ROS generation by blood
neutrophils can induce an imbalance of oxidants and
antioxidants, which also leads to tissue damage [21].

The presence of nortriptyline in the culture
medium of stimulated MNCs was also accompanied
by a decrease in the secretion of TNF-a, IFN-y, IL-6,
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Figure 3. The effect of mometasone and nortriptyline on the secretion of TNF-a, IFN-y, IL-6, IL-8, and IL-4
by peripheral blood MNCs under conditions of type 17 IR stimulation. IR — blood MNCs were stimulated with
a complex (IL-1p+, IL-23+), IR+M — stimulated MNCs were cultured in the presence of mometasone,
IR+N — stimulated MNCs were cultured in the presence of nortriptyline; * — the difference is statistically significant

versus IR (p<0.05).
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and IL-8 cytokines as compared to cells cultured
without nortriptyline. This phenomenon was observed
under conditions of type 1, type 2, and type 17 IR.
The decrease in the level of secreted TNF-o, IFN-y,
IL-6, and IL-8 was the most pronounced in the case
of type 1 IR stimulation.

Proinflammatory cytokines IFN-y and TNF-a
are known to contribute to the exacerbation of allergic
diseases due to stimulation of the production
of CXC family chemokines and other proinflammatory
cytokines. They, in turn, activate neutrophils and
eosinophils [22]. Similar results were obtained during
examination of COPD. The addition of nortriptyline
to the culture medium of MNCs isolated from
the peripheral blood of such patients led to a decrease
in the components of the type 1 IR [15].

Like mometasone, nortriptyline was less effective
in suppressing the secretion of cytokines under
conditions of type 17 IR stimulation, although
the concentrations of TNF-o. and IFN-y were
significantly lower than in experiments where
the cells were cultured without nortriptyline.
IL-17 family of cytokines, secreted by Thl7, activate
a wide range of effector cells involved in maintaining
inflammation. For example, IL-17A and IL-17F
stimulate synthesis of proinflammatory cytokines
(TNF-a., IL-1p, IL-6) and chemokines (CXCL1, IL-8)
in airway epithelial cells, which recruit and activate
neutrophils [22]. Similar mechanisms are likely
to determine the involvement of type 17 IR components
in the development of allergic airway inflammation.

CONCLUSIONS

Thus, mometasone and nortriptyline exhibit
a pronounced ability to reduce the Ilevel
of allergic inflammation participants secreted
by stimulated MNCs. Mometasone has a much more
pronounced ability for such inhibition compared
to nortriptyline. The achieved effect of the mometasone
in suppressing all types of IR does not raise
doubts about the selected concentration. However,
the difference obtained with nortriptyline suggests
that the addition of mometasone to the culture
medium may not adequately reflect its concentration
in the body.

In order to bring the conditions of the in vitro
experimental study in cell culture closer to the in vivo
state, the dose-dependent effects of mometasone in vitro
have been studied in a wide range of concentrations
from 10" M to 10° M [17, 23]. In this work,
we used the final mometasone concentration of 10 M.
Since mometasone is a topical GCS and is used for local
application in the nasal cavity, its concentration in blood
plasma is 20-50 pg/ml (corresponding to 10° M) [16].
This is two orders of magnitude less than
the concentration of the glucocorticoid used
in our study. In the future, we plan to compare
the effect of mometasone on a culture with a lower

concentration, thus expecting a less pronounced
effect on the concentration of secreted cytokines
in order to bring it closer to the real values in the body
of AR patients.

Based on the obtained results, the following
conclusions can be drawn:

1. Mometasone at a final concentration of 10®* M
effectively suppresses the secretion of proinflammatory
cytokines TNF-a, IFN-y, IL-6, and IL-8 caused
by stimulation of type 1, type 2, and type 17 IR.

2. The presence of nortriptyline in the MNC culture
medium under conditions of type 1, type 2, and
type 17 IR activation reduced TNF-a secretion,
in the case of type 1 and type 2 IR nortriptyline
reduced IL-6 secretion. Type 1 and type 17

IR stimulation in MNCs treated nortriptyline
was accompanied by a decrease in IFN-y,
and in the nortriptyline-treated cells with

type 1 IR stimulation the IL-8 secretion decreased.

3. The inhibitory effect 10® M mometasone
on secretion of proinflammatory cytokines
was significantly higher than the inhibitory effect
of nortriptyline.
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Anneprudeckuit puHUT (AP) — 3TO XpOoHHYECKOE BOCTIAIMTENBHOE 3a00JIEBaHNE CIIM3UCTOW 000JIOUKH HOCA,
BO3HHUKAIOIIEE KaK HMMMYHHBIH OTBET IIpM KOHTakTe cC amiepreHoM. IloOouHble 3(QQEKTH TOMUYECKUX
rmokokopTurocTeponnoB (I'KC), mpuMeHseMbIx ipu JedeHun AP, pa3BuTHe CTEpONIOPE3UCTEHTHOCTH y MAIMEHTOB U
MPOIODKAOIIMIACS POCT 3a00JICBAEMOCTH 00OCHOBBIBAIOT HEOOXOIUMOCTh IIOMCKA HOBBIX MOIXOOB K jcucHU0 AP.
TpULIUKIINYECKUI aHTUIENPECCAHT HOPTPUNTIWINH MPOJEMOHCTPUPOBAI B Psijie SKCIIEPUMEHTAIBHBIX HCCIIEI0BaHUM
MIPOTHUBOBOCHAIIUTEIbHBIC CBOHCTBA, a TAKXKE CIIOCOOHOCTH JOIMOJHATh JEHCTBHE KOPTUKOCTEpOHUIOB. Llenpio nanHOM
paboTs! ObUT0 M3y4ynTh BiMsHHUE cuHTeTHdeckoro I'KC mMomeTa3oHa Ha KynbTypy MOHOHYKJIeapHbBIX Kietok (MHK)
nareaToB ¢ AP, comocraBuB s¢dexr c¢ puusHHeMm HoprpuntmimHa. MHK kpoBm mectnm mammeHToB ¢ AP
KyJIbTHBUPOBAIN B NPUCYTCTBUH HOPTPUNTHIIMHA WIM MOMETA30HA, IIOCIE Yero B HUX CTUMYJIMPOBAIM MMMYHHbIH
orset (MO) mmo mepBoMy, BTOPOMY HJIM CEMHAJIIATOMY THITY ITyTEM BHECECHUS] PEKOMOMHAHTHBIX OEJIKOB-aKTUBATOPOB
(IL-2,1L-25,1L-33, TSLP, IL-12, IL-1f, IL-23). ITo ucreuenuu 3 qHeii B cynepHaTaHTaX METOIOM UMMYHO(DEPMEHTHOTO
aHalu3a ONpeAeNalN KOHIEHTpAalUK HOpoBocHanuTenbHbIX LUTOKMHOB TNF-o, IFN-y, IL-6, IL-8 u IL-4.
Mowmerta3oH B kKOHeUHOHW KOHIEHTparun 10® M 3 QeKTHBHO MOMaBIsIT CEKPELMIO MPOBOCHATUTENBHBIX TUTOKMHOB
TNF-a, IFN-y, IL-6 u IL-8 B ycmoBmsax crumymsimud MO Bcex THMOB. AHAIOTHYHOE CHIDKCHHE CEKPELH,
XOTSl U MEHEE BBIPAKCHHOE, MMEIO MECTO, KOTZla CTHMY/IHMPOBAHHbBIE KJIETKH KyJIbTUBHPOBAINCH B NPHUCYTCTBUHU
HopTpuntuinHa. Konnentparus TNF-a B cpene KynbTHBHPOBAHUS CHUXKAJIACh B ATHX YCIOBHUSIX KaK MPH CTUMYIISAIIUH
MO nepBoro, Tak ¥ BTOPOro, CEMHAAIATOro TUNOB YpoBeHb cekpenuu IFN-y ymensmancs tonsko npu MO nepsoro u
cemHaauaroro tunoB mno cpasHeHuto ¢ MHK co crumynupoBanaeiM MO, KoTopble KyJabTHBHpOBaJIM 0O€3 3TOrO
uHrHOuTOpa. YpoBeHs cekperun IL-6 yMeHbIIaacs TOIbKO B Cpeie KyABTHBHPOBAHUS KIETOK CO CTHMYJIMPOBAHHBIM
MO nepBoro u Broporo Tumos, a IL-8 — tomeko B ycnoBusax crumynupoBanHoro MO mepsoro tuma. [IpoBenéanoe
UCCJIEZIOBAHUE JEMOHCTPHPYET BBIPAKEHHYIO CIIOCOOHOCTh MOMETA30HA M HOPTPUNTHINHA INOIABIATH CEKPELHIO
MMPOBOCTAJIMTCIIBHBIX IMUTOKUHOB KJICTKAMH KPOBH, KOTOpas HOCUT PI36PIpaTeJ'H:HLII>1 XapakTep W 3aBUCUT OT THIIA
MMMYHHOT'O OTBETa.

Tonuwiii mexcm cmamuvu Ha PyccKoM s3blKe docmynel Ha cavime sxcypuana (hitp://pbmce.ibme.msk.ru).
Ki1roueBble c10Ba: IUTOKUHBL; CEKpELUs; KJISTKH KPOBH; ajuleprudeckuil puaut (AP)

®unancupoBanue. lccienoBaHue BBIMONHEHO NpU (GHUHAHCOBOW mopanepxke Poccuiickoro Hay4Horo ¢oHaa
(mpoext Ne 23-45-10031).
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