ORIGINAL ARTICLE | IMMU

OoGY

https://doi.org/10.47183/mes.2024-26-4-21-26 ch BY 4.0

SUBSTANCE P AND STRESS ARE ASSOCIATED WITH THE DEVELOPMENT OF CHRONIC URTICARIA
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Introduction. Allergic diseases are a pressing challenge in practical healthcare, attracting increased attention of various medical specialists. The pathogen-
esis of stress-induced urticaria is driven by neurogenic immune inflammation, accompanied by an increase in the level of neuropeptide substance P (SP).
Objective. Assessment of the relationship between stress factors and substance P levels with the purpose of justifying the use of SP as a biomarker for as-
sessing the clinical course and prognosis of the disease in patients with chronic urticaria.

Materials and methods. The study was involved 165 adults aged 18-68 years. The main group included 97 patients with the confirmed diagnosis of
chronic urticaria (CU) who were treated in a hospital setting in the period from 2018 to 2023. The comparison group included 68 practically healthy indi-
viduals, comparable in gender and age with the study group of patients. The level of substance P in the blood serum was estimated by immunoenzymatic
techniques (Infinite F50 Tecan, Austria), using a CEA393Hu test system. Statistical processing of the results was performed using the STATA 18 software
package (StataCorp LLC).

Results. An increase in the production of substance P to 220.62 pg/mL in CU patients, compared to 96.57 pg/mL in the reference group (p < 0.001), was
observed. The logistic regression revealed an association between stress and substance P levels in CU patients. Thus, an increase in the concentration of
substance P by 1 pg/mL led to a 1.02-fold increase in the CU risk. The CU risk increased by 3 times in the presence of a stress situation as a trigger.
Conclusions. The constructed multivariant logistic regression model produced positive values of the model parameters (p < 0.01). This indicates the correla-
tion between the increased blood levels of substance P under the impact of stress factors and the risk of chronic urticaria development. The data obtained
suggests that the concentration of substance P in the blood of CU patients can be considered as a potential diagnostic biomarker. This biomarker can be
recommended for extending panel screening tests to clarify the pathogenesis of the disease, thus improving the differential diagnosis of the disease and
facilitating early detection of patients with stress-induced urticaria.
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CYBCTAHLSA P U CTPECC ACCOLIMMPOBAHbI C PASBUTUEM XPOHUYECKOWN KPAMBHULLbI

H.B. Mukptokosa'™, H.M. KanuHnHa'?

"Bcepoccunckmin LIEHTP aKCTPEHHOW 1 paavaLmoHHON MeauLmHbl M. A.M. Hukndoposa MYC Poccun, CankT-lMeTepbypr, Poccus
?[Mepebln CaHKT-MNeTepbyprekunii rocyaapCTBEHHbIN MeAnUMHCKIWIA yHBepcuTeT uM. .11, Masnosa, CaHkT-MNeTepbypr, Poccus

BBepeHue. Annepriuyeckie 3a60neBaHNs SBNSOTCS akTyasbHOM NPo61eMoin NPakTUYeCKOro 34paBoOOXPaHeHVs U B MocneaHee AeCaTuneTne npusnexatoT
BCe Hoee npucTanbHoe BHUMaHWe Bpader pasnnyHbix crneumansHocTe. BedyLm 3BeHOM B NaToreHese CTpecc-nHAYLMPOBaHHOW KPanvBHMLbI SBASeTCA
HEeNporeHHoOEe MMMYHHOE BOCMaeHre, CONPoBOXAAIOLLIEECS NOBbILIEHNEM YPOBHS HerponenTuaa cybctanuum P (SP).

Llenb. AHann3 B3aMMOCBSA3W MeXy CTPECCOPHbIM (hakTOPOM 1 YpOBHEM cybCTaHLmmn P ¢ nocnepytowM 060CHOBaHEM NMokasaTensi B ka4ecTse 61o-
Mapkepa AN OLEHKM KIIMHNYECKOrO TeYEHNS 1 MPorHo3a 3aboeBaHns y NaLMeHTOB C XPOHUYECKOM KpanvBHULEN.

MaTepuanbi u meTogbl. /IccnegosaHne NpoBeaeHO ¢ y4acTnem 165 B3pocsbix B BO3pacTe OT 18 0o 68 neT. B 0CHOBHYtO rpynny 6blan BKAOYeHb 97 na-
LIMEHTOB C NMOATBEPXKAEHHBIM AMArHO30M XPOHMYECKOM KpanmBHULb! (XK), NpoxoamBLIKX NleHeHne B KNnHvke B nepuog ¢ 2018 no 2023 r. Mpynny cpaBHeHUs
CcoCcTaBWM 68 MPakTUYeCKM 300POBbIX /L, CONMOCTaBMMbIX MO MOJTY U BO3PACTy C UCCNeayeMoi rpynnor NaumMeHToB. YpoBeHb Cy6cTaHLmmn P B CbIBOPOTKe
KPOBW ONpeaensanm MeTogoM MMMyHobepmeHTHoro aHanuaa (Infinite F50 Tecan, ABcTpus) ¢ ncnonb3dosaHnem TecT-cuctemsl CEA393HuU. Ctatnctundeckyto
06paboTKy pesynsTaTtoB OCYLLECTBAANM C UCMONb30BaHeM nporpammHoro komrnekca STATA 18 (StataCorp LLC).

Pe3ynbratbl. OTMEYanock NosbileHne Npoaykumn cybcTaHumm Py naumeHToB ¢ XK 220,62 nr/Mn no OTHOLWEHWIO K rpynne cpaBHeHus — 96,57 nr/mn,
p < 0,001. Mpu aHann3e NOrMCTU4ECKON PErPeccum BoisiBIIEHa accoLmaLms Mexay CTPeccoM, ypoBHeM cyocTaHumm Py naumeHTos ¢ XK 1 yCTaHOBNEHO,
YTO MPW YBENMYEHNI KOHLEHTpaLuun cybcTaHumm P Ha 1 nr/mn waHc Bo3HnkHoBeHuA XK yBenudmBancs B 1,02 pasa, npu Hanm4um CTPecCoBOW CUTyaLm
B Ka4ecTBe Tpurrepa pmck pa3sutuns XK nosbiwancs 8 3 pasa.

BbiBopbl. C MOMOLLLIO MOCTPOEHUS MYSIETUBAPUMAHTHOW MOLENM IOMMCTUHECKON PErPeCcCUn NoNyHeHbl MOOXKNUTENbHbIE 3HAYEHVS NapaMeTpoB MOAEN
(c ypoBHem 3Ha4mumocTn p < 0,01), ykasbiBaloLme Ha TO, YTO MMEHHO BO3LENCTBME CTPecc-hakTopa 1 NoBbILLEHWE KOHLEHTpaLmn cybcTaHumm P B Kpo-
BW aCCOLIMMPOBAHO C YBENMYEHVEM LUAHCA BO3HUKHOBEHMS XPOHNYECKOW KpammBHULLbl. Ha OCHOBaHWM MOMyHeHHbIX AaHHbBIX KOHLEHTPpaLmMs cybcTaHLmm
P B kpoBM nauneHToB ¢ XK MOXET paccMaTpmBaTbCs B Ka4eCTBE MOTEHLMAIBHOIO AMarHOCTUHECKOro 6roMapkepa, KOTOPbIA MOXHO PEKOMEH0BaTb
0N pacLUMPEHVs NaHeNM CKPUHUHIOBbLIX TECTOB, YTOYHSIOLLYMX MNaToreHe3 BO3HMKHOBEHUST 3a00N1eBaHNs, HYTO NMO3BOMUT yyyLnTb AnddepeHLmanbHyo
[MarHoCTUKY HO30/10rMn 1 06eCneynTb PaHHee BbiSBNEHME NaLMEHTOB CO CTPECC-UHAYLIMPOBAHHOW KPanvBHULEN.

KniouyeBble cnosa: Cy6CTaHLI,I/IFI P; CTPECC; XpOHUYeCKasa KpanmBHMua; Ty4Has Knetka
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INTRODUCTION

Allergic diseases as an urgent problem of practical health-
care have been attracting increased attention of physicians
of various specialties. At present, the interrelation of immu-
nologic and neurogenic links is considered as the leading
mechanism in the formation of inflammatory response in
allergic diseases.

Urticaria is a serious problem in modern allergology,
ranking third after allergic rhinitis and bronchial asthma
in terms of incidence [1]. Stress is a umbrella term denot-
ing a number of physiological reactions of the organism in
response to adverse environmental factors [2]. Such a re-
sponse encompasses three interrelated concepts: stimuli
(both internal and external) that cause stress; physiologi-
cal and behavioral reactions activated in response to these
stimuli; and pathological consequences of excessive stim-
ulation. Psychogenic factors act as a link in the sequence
of immunologic events and lead to disease exacerbation,
being in close connection with the main factors of patho-
genesis [3].

At present, immunologists adhere to the concept of
neurogenic inflammation as the main link in the formation
and exacerbation of chronic urticaria (CU), which is caused
by excessive release of hypothalamic neuropeptides con-
jugated to skin neuropeptides produced in keratinocytes,
endothelial cells, etc. Most researchers agree that men-
tal factors may potentiate the course of allergic diseases.
Some authors also emphasize the possibility of urticaria
aggravation by psychoemotional stress under the influence
of negative emotions [4]. In this case, activation of cortical
areas due to stress leads to changes in the production of
substance P (SP) by the adrenal glands and descending
autonomic fibers [5].

Recent studies confirm the importance of stress in the
development of CU [6, 7]. A high incidence of post-trau-
matic stress disorders under the action of anxiety among
patients with this nosology was established [8, 9]. A signifi-
cant proportion of CU patients have a history of stressful
situations long before the onset of symptoms and signs of
this disease [10]. Psychogenic factors stimulate the hypo-
thalamus-pituitary axis, associated with activation of auto-
nomic nervous system centers and release of neurotrans-
mitters (neuropeptides and hormones) affecting the effector
systems of the body (immune, cardiovascular, and skin) [5,
11]. Chronic stressors lead to an increase in the density of
cutaneous nerve fibers, increased production of mast cells,
nerve growth factor (NGF), and certain neuropeptides [12].

Wang et al. [13] demonstrated the activation of mast cells
(MCs) of both brain and skin under exposure to stress fac-
tors in animal experiments.

Mast cells express a variety of receptors that allow them
to recognize and respond to a wide range of infectious
pathogens and endogenous molecules produced by dam-
aged tissues. For example, the high-affinity immunoglobu-
lin E receptor (FceRI) and the tyrosine kinase receptor (KIT)
are expressed on MCs, which play an important role in the
development of allergic reactions and in the immune re-
sponse during worm invasion [14]. At the same time, mast
cells express microbial pattern recognition receptors, i.e.,
the Toll-like receptor (TLR) and the NOD-like receptor [14].
MCs participate in Th2-type immune inflammation through
alarmin receptors of the interleukin family, such as for IL.-33
and receptor for thymic stromal lymphopoietin (TSLP) [15].
Mas-related G-protein coupled receptor X2 (MRGPRX2)
recognizes neuropeptides, antimicrobial peptides, and in-
sect venom peptides. In addition, these receptors are also
present on other effector cells of the immune system, such
as basophils and eosinophils [16].

Membrane protein of the adhesion G protein-coupled
receptor E2 (ADGRE2) group is a mechanical sensor in
mast cells. It induces degranulation in response to vibration
exposure in people suffering from vibration urticaria, being
a signal of helminth penetration and migration through the
skin [17]. Thus, mast cells play an important role in human
defense against helminths, bacteria, as well as animal and
insect venoms. The release of corticotropin-releasing fac-
tor from eosinophils and sensory neurons (under stress)
leads to MC degranulation via corticotropin-releasing hor-
mone receptors [12].

The development or relapse of urticaria is frequently
caused by stress factors. The leading link in its pathogen-
esis is neurogenic immune inflammation, accompanied by
an increase in the level of neuropeptide substance P (SP)
[12]. SP is a neuropeptide of the peripheral endings of sen-
sitive C fibers of the skin, having a wide range of direct and
indirect biological effects leading to pathophysiologic re-
sponses such as edema, vasodilation, and pruritus [17]. SP
is expressed in the central and peripheral nervous system
and immune cells. It is a neuropeptide whose biological ac-
tivity is manifested through two receptors on the cell mem-
brane — neurokinin G-protein coupled receptor (NKR) and
MRGPRX2. It is known that MCs in patients with chronic
urticaria express MRGPRX2 in greater amounts [18], and
the neurotransmitter SP is the most informative diagnostic
marker in patients with chronic urticaria [19]. NKR activation
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mediates neural signaling pathways associated with the oc-
currence of sensations and various emotional responses.

SP plays an important role in the feeling of pain due to
its function of transmitting information about tissue dam-
age from peripheral receptors to the central nervous sys-
tem, where it is converted into pain sensations. While pain
signals are transmitted along the axons of the somatosen-
sory region of the brain, sensory neurons also release SP in
the area of damaged tissue [20]. This subsequently leads to
mast cell degranulation, vascular dilation due to relaxation
of vascular smooth muscle, and chemotaxis of immune
system cells. This interaction between the immune and
nervous systems is referred to as neurogenic inflammation
[21]. In addition, SP was shown to increase the expression
of endothelial and leukocyte adhesion molecules on micro-
vascular endothelial cells, leading to leukocyte diapedesis
[22]. There are examples of synergistic action of various
mast cell triggers. Thus, Tarakanova et al. showed that SP
increases the expression of IL-33 ST2 receptor, and I-33
increases the expression of NKR on human mast cells [23].
This leads to an increase in the secretion of IL-1p, which is
a key proinflammatory cytokine.

Despite the achieved progress, the mechanism of neu-
rogenic inflammation in CU remains to be elucidated. This
link of pathogenesis continues to be underestimated in the
modern clinical protocols for the management of CU pa-
tients.

In this research, we set out to analyze the relationship
between stress factors and substance P levels in order to
justify the possibility of using SP as a biomarker for assess-
ing the clinical course and prognosis of the disease in CU
patients.

MATERIALS AND METHODS

The study was carried out using the facilities of the Nikiforov
Russian Center of Emergency and Radiation Medicine.
The study involved 165 adults aged 18-68 years, with
89 men and 76 women. The main group included 97 pa-
tients (45 men and 52 women) with a confirmed diagno-
sis of chronic urticaria, treated in a hospital setting in the
2018-2023 period. The comparison group consisted of 68
practically healthy individuals, comparable in gender and
age with the main group, without urticaria symptoms and
other allergic/somatic pathology [24].

The criterion for inclusion of patients in the main group
was the presence of recurrent urticarial rashes and/or angi-
oedema for more than six weeks. The diagnosis of chronic
urticaria was established in accordance with the Federal
Clinical Guidelines for the Diagnosis and Treatment of
Urticaria [25].

In the course of the study, the patients’ medical and life
history was collected. The questions that formed the basis
for the formation of a group of risk factors for the devel-
opment or exacerbation of chronic urticaria were clarified
during the interview. Special attention was paid to stress
factors as potential triggers for the onset or exacerbation
of CU.

The serum level of SP was determined in patients
with chronic urticaria and in the comparison group by
enzyme immunoassay (Infinite F50 Tecan, Austria) using
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a CEA393Hu test system (Cloud-Clone Corp., China).
Blood samples for serum preparation were collected
into a vacutainer with a clotting activator and centrifuged
at 3000 rpm for 10 min. Serum samples were stored in
Eppendorf type tubes at —80 °C. All kit components and
serum samples were kept at room temperature +22 °C
prior to testing.

Statistical processing of data was performed using the
STATA 18 software package (StataCorp LLC). Data sam-
ples were compared using the Mann-Whitney U-criterion.
The critical level of significance was taken as p < 0.05.

RESULTS AND DISCUSSION

An examination of the CU patients revealed all of them to
be in the stage of disease exacerbation at the time of the
study. Both study groups were comparable in terms of de-
scriptive characteristics (gender and age).

In the course of the study, statistically significant dif-
ferences in SP serum levels of patients with CU were ob-
tained. Thus, the SP level in CU patients was more than
56% higher than in the comparison group. The descriptive
characteristics of the patients and SP neuropeptide con-
centrations are presented in Table 1.

In order to independently assess biomarkers and the
probability of developing chronic urticaria, a multivariate
regression model with direct sequential inclusion of statisti-
cally significant variables of prognostic factors (SP serum
concentrations, presence of a stressful situation, age, and
gender) was constructed. The characterization of multi-
ple logistic regression is presented in Table 2. The posi-
tive values of model parameters (with a significance level
of p < 0.01) indicate that exposure to a stressor and an
increased concentration of SP in the blood are associated
with an increased risk of chronic urticaria. The influence of
other factors was not significant.

According to the regression analysis data presented in
Table 2, a 1 pg/mL increase in the concentration of SP in-
creased the chance of CU by 1.02 times. In the presence
of a stressful situation as a trigger, the risk of CU increased
by 2.873 times. The data on the increase of SP levels in
patients with urticaria relapse as a result of a stressful situ-
ation indicated the possibility of using the quantitative level
of neurotransmitter SP as a biomarker to identify a trigger
of CU.

In order to determine the effectiveness and quality of the
model for calculating the risk of CU, a ROC curve (Receiver
Operator Characteristic) was constructed and the AUC
(area under the curve) was calculated. The corresponding
data are presented in Fig. 1.

The multivariate logistic regression model can be used
to predict the probability of a relationship between the de-
velopment of chronic urticaria and exposure to risk factors
(stress, gender, age, increased concentration of SP). In the
logistic regression model, the cut-off point allows us to
suggest the association or absence of the disease. Thus,
if the predicted probability exceeds the cut-off threshold,
the disease is present; otherwise we conclude that it is ab-
sent. The quality of correct diagnosis of the presence or
absence of the disease is assessed by the sensitivity of the
model Se (the proportion of correctly predicted cases of
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Table 1. Descriptive characteristics and SP levels in patients with chronic urticaria and in the comparison group

Indicator/characteristic

Comparison group, n= 68

Patients with chronic urticaria, n =97

Age, years

41.10+12.52

38.59+8.96

Gender m/f 44/24

45/52

Substance P, pg/mL

96.57 [78.04-138.16]

220.62 [127.30-302.65] *

Table prepared by the authors using their own data

Note: data are presented as Me [Q1-Q3].

* — statistical significance of the differences between the main and comparison groups, p < 0.05.

Table 2. Multivariate logistic regression model including age, gender, trigger stress, substance P level

Chronic urticaria Odds ratio p-value [95% confidence interval]
Stress 2.873 0.014 0.15-0.81
Substance P 1.015 0.000 1.01-1.02
Gender 0.611 0.210 1.01-1.02
Age 1.0309 0.100 0.99-1.07

Table prepared by the authors using their own data

the disease) and specificity Sp (the proportion of correctly
predicted cases of the disease absence).

The overall sensitivity of the model was evaluated using
the ROC curve showing the dependence of sensitivity on
the value of 1 — specificity. The overall sensitivity of the
model was defined as the area of the AUC figure under
the ROC curve (its value was 0.8326). This value exceeds
0.8, which allows us to conclude that the model has a high
prognostic power. The optimal cutoff threshold was deter-
mined as a balance point between sensitivity and specific-
ity of the model. The most optimal was the cutoff criterion
of 0.7, since it showed the most optimal ratio of specificity
and sensitivity of the risk model of CU development de-
pending on prognostic risk factors.

1.00 4

0.75 1

Sensitivity
o
()
o
1

0.25 -
Area under the ROC curve = 0.8326
0.00 T T T 1
0.00 0.25 0.50 0.75 1.00

1 — specificity
Figure prepared by the authors using their own data

Fig. 1. ROC curve constructed to evaluate the association model of stress,
substance P, gender, and age with chronic urticaria

The greatest value for the diagnosis of urticaria was
found for stress factors and SP concentrations. The data
on the increase of SP concentration in patients with urticar-
ia exacerbation as a result of a stressful situation indicate
the possibility of using the neurotransmitter SP as a bio-
marker to identify the trigger of CU. The presence of clinical
symptoms and elevation of SP in the bloodstream indicate
the disease, which makes it possible to adjust therapy to
achieve a more sustainable effect.

SPis a proinflammatory stress-related neuropeptide re-
leased from sensory nerve endings, being a key mediator
in CNS-skin communication. It causes mast cell degranula-
tion and the appearance of blisters and/or angioedema in
CU. SP is one of the key neurotransmitters that is the first
to respond to a stressor, thus contributing to the ongoing
inflammation in the skin with a neurogenic component [19].

The increase in the level of SP in patients suffering
from CU in relation to the comparison group was statisti-
cally significant, which is consistent with the data of other
studies [26, 19, 27, 28]. Some studies [29, 30] investigated
the relationship between the level of SP and the severity
of depression in patients with CU. This data confirmed the
causal relationship between the development of CU and
depression. However, the identified relationships require
further in-depth research.

In our study, according to the developed statistical
model, elevated blood levels of SP and stress exposure
were predictive risk factors for the development of chronic
urticaria. Stress-induced CU may accompany various so-
matic diseases, aggravating their course. An analysis of
SP dynamics in other pathologies may improve the current
understanding of the relationship between stress and the
disease in terms of immune interactions, thus forming the
basis for targeted interventions and improved approaches
to disease diagnosis and treatment.

It is important to assess the impact of stress in patients
with CU for their timely referral to a psychotherapist for psy-
chological or psychopharmacological support to reduce
the severity of urticaria manifestations.
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CONCLUSION

Thus, the study revealed a statistically significant increase
in the serum neuropeptide substance P in patients with
CU. By constructing a multivariate logistic regression mod-
el, positive values of the model parameters (with a signifi-
cance level of p < 0.01) were obtained, indicating that it is
the effect of the stress factor and an increase in the sub-
stance P blood level that is associated with an increase in
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