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TYYHbIE KJIETKU TUMYCA KAK KOMIMOHEHT HEWUPO-
9HOOKPUHHO-MMMYHHbIX BSAUMOAEVUCTBUN NPU

CTPECCE
Apranran O.C,, Xpamioa FO.C.

DPIbYH « Uncmumym ummyHnosoeuu u guzuonoeunw» Yparvckoeo omoenenus Poccuiickoii akademuu Hayk,
2. Examepunbype, Poccus

Pe3stome. TyuHble KJIETKHU SIBJISIOTCS 00s13aTEIbHBIM KOMIIOHEHTOM MUKPOOKPYKEHUSI TUMYCa, 3a CYET BbI-
pabOTKM psiia IUTOKMHOB OHU BIIMSIIOT HA MEXKJICTOYHBIC B3aUMOICHCTBUS 1 IIPOHUIIAEMOCTh TeMaTO-TH -
Mu4deckoro 6apnepa. [IpeamonaraioT, 9YTO TUMYC SIBJISISTCSI MECTOM OOpa30BaHUS U JICTIOHUPOBAHUS TYIHBIX
KJIeTOK. Ty9HBIC KJICTKM, HAXOMSCh IO CIOXHBIM KOMIUICKCHBIM HEUPOIHIOKPUHHBIM KOHTPOJIEM, IIpH
(hOPMHUPOBAHUN CTPECC-PEaKIIM MOTYT UTPATh BaXKHYIO POJIb B TIpOIlecce BpeMEeHHOI TpaHC(hOpMaiy TH-
Myca, BIUSS B TOM YHCJIE HA SKCTPATUMUYECKYIO MUTPAIINIO KJIEeTOK. LlesTh JaHHOTO MCCIeaqoBaHUs — OIle-
HUTH QYHKIIMOHAJIBHYIO BOBJICUYCHHOCTD TYYHBIX KJIETOK B ITPOIIeCC BpeMeHHOM TpaHCchOopMaui TUMYca ITpu
Pa3IMYHBIX TUTIEP- Y TUTIONMHAMWYECKIX BO3IEHCTBUSIX Ha (poHE (DOPMHUPOBAHMS CTPECC PEaKIIN 1 Oe3 Hee.

DKCIIEpUMEHT MPOBEIEH Ha caMliax Kpbic TMHUM Wistar. B KauecTBe cTpecc-(pakTopoB MpUMEHSITN (Y-
3UYECKYI0 Harpy3Ky (IjlaBaHue) pa3HOM MHTEHCUBHOCTHA U UMMOOMIN3AIUIO (Y )KUBOTHBIX C COXpaHEHHBIMU
M yIaJeHHBbIMU HaAOYEeHUKAMM), KaK JIBa IOJISIPHBIX COCTOSIHUSI IMHAMUYECKOTo cTpecca. Ha rucrosoru-
YeCKUX Ipernaparax TydHble KJIeTKU TUIIMPOBAIM U PACCUYUTBIBAIN KOIMDOUIIMEHT NeTpaHy/ ISy U CPEAHMI
TUCTOXUMUYECCKUIN KOADDUIIMEHT (CMHTETUYECKYIO0 aKTUBHOCTD).

B rpynmnax ¢ coxpaHeHHBIMU HaAMOYeYHUKAMU MOCJIe BO3IEHCTBUI OTMEUaeTCSI JOCTOBEPHOE CHUKCHIE
Koa(dduIMeHTa MacChl TUMYCA, YTO CBUACTEILCTBYET 00 OCIabIeHUM ero (PyHKIIMOHAIbHON aKTUBHOCTHU B
OTBET Ha pa3BUTHE cTpecca. [1pu 3ToM TydHBIe KJIETKM TUMYca JOBOJIBHO OBICTPO pearupyroT Ha HEMPOSHIO-
KpUHHBIE (DaKTOPBI, BRIICIASIEMBIC TIPUA CTPECCE, M BOBJIICKAIOTCS B OOIIYIO PEaKIINIO: NX aKTUBHOCTD ITPOSIB-
JISIETCS B CMHXPOHHOM CHUIKEHWH CMHTE3a TPpaHyJI B LIMTOIIa3Me M YCUJICHHOM BBIOPOCE aKTUBHBIX BEIIIECTB,
HaKOIUICHHBIX paHee. B rpymnmax ¢ ymajeHHBIMI HadITOYeTHUKAMM, HAIIPOTUB, TTOCTIC UMMOOMIIN3aIIN Mac-
ca M CTPYKTypa TUMYyca OCTAlOTCS HEM3MEHHBIMU, HE BBISIBISIOTCS M U3MEHEHUST MOP(DO(DYHKIMOHATHBHBIX
MoKa3aTejieil TYdHBIX KJIETOK. DKCIIEPUMEHTHI C TUITO- U TUIIEPIMHAMUYCCKOM HArpy3KOW JKUBOTHBIX C CO-
XpaHEHHBIMU U yIAJCHHBIMU HaAMIOYeYHUKAMU CBUACTEIbCTBYIOT, YTO PEaKIIMS TyYHBIX KJIETOK BO MHOTOM
OIpEeNe/IsIeTCSl TUITOTAIaMO-TUITO(U3apHO-HAAIIOYEYHNKOBOM OChI0 SHIOKPUHHOW CHCTEMbI. YoajleHUe
HaAAIOYEYHUKOB (HEBO3MOXKHOCTb BHIOPOCA TJIIOKOKOPTUKOUIOB) IIPUBOAUT K OTCYTCTBUIO (PYHKIIMOHAb-
HOTO OTBETa CO CTOPOHBI TYUYHBIX KJICTOK TuMyca. CTUMYIUpPYIOIee BIUSHUE ITIOKOKOPTUKOUIOB HAIIMO-
YEYHMKOB Ha Ty4YHbI€ KJIETKU IIPU CTPECCE OCYILECTBIISIETCS B KOMIUIEKCE C APYTMMU HERPOIHAOKPUHHBIMU
dakTopamu (KaTexojJaMUHAMU, KOPTUKOTPOIIMH-PEIM3UHI-TOPMOHOM, aApPEeHOKOPTUKOTPOIIHBIM FOPMO-
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HOM) U IIpU (pOPMUPOBAHMU ITOJTHOLEHHOM CTpeCC-peakKiiy OpraHM3MOM, OHM aKTMBHO BOBJIEKAIOTCS B
Mporiecc BpeMEeHHOM TpaHchopMallui TUMYca Yepe3 BblIeJeHUE psiia IMTOKUHOB, YTO SIBJISIETCS] BaXKHBIM
YCJIOBUEM [JIsl BIPAOOTKHM amanTalMOHHBIX MEXaHM3MOB CO CTOPOHBI UMMYHHOM CUCTEMBI.

Karouesuie crosa: mumyc, my4Hsle KaAemkKku, cmpecc, UMMYHHble KN1emMKU, a()anmaumz, HaoOnoveuHuKuU

THYMUS MAST CELLS AS ACOMPONENT OF NEURO-
ENDOCRINE-IMMUNE INTERACTIONS UNDER STRESS
Artashyan O.S,, Khramtsova Yu.S.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian Federation

Abstract. Mast cells (MCs) are a required component of the thymus microenvironment. They affect
intercellular interactions and permeability of the hematothymic barrier through cytokine production. There
is speculation that the thymus is the site of MCs formation and deposition. MCs are under complex neuro-
endocrine control and they can play an important role in the process of acute transformation of the thymus in
the formation of a stress reaction, affecting the extrathymic migration of cells. The purpose of this study is to
assess the functional involvement of MCs in the process of the thymus acute transformation at various hyper-
and hypodynamic effects during the formation of stress response and without it.

The study was conducted on male Wistar rats. The stress factors were physical activity (swimming) of different
intensities and immobilization, which represent two opposite states of dynamic stress. MCs were classified on
histological preparations; a degranulation coefficient and a mean histochemical coefficient (synthetic activity)
were calculated.

In groups with preserved adrenal glands after exposure a significant decrease in the thymus mass coefficient
is noted, which indicates a weakening of its functional activity in response to the development of stress. At
the same time, MCs of the thymus quickly respond to neuro-endocrine factors under stress. These cells are
involved in a general reaction: their activity consists in a synchronous decrease of the synthesis of granules in
the cytoplasm and an increased release of active substances accumulated earlier. The mass and structure of
the thymus remain unchanged in groups with removed adrenal glands after immobilization. No changes in
morphofunctional indicators of mast cells were detected either. Experiments with hypo- and hyperdinamic
loading of animals with preserved and removed adrenal glands indicate that the MCs response is largely
determined by the hypothalamic-pituitary-adrenal axis of the endocrine system. Removal of the adrenal
glands (inability to release glucocorticoids) leads to a lack of functional response from the thymus MCs. The
stimulating effect of adrenal glucocorticoids on MCs under stress is carried out in combination with other
neuro-endocrine factors (catecholamines, corticotropin-releasing hormone, adrenocorticotropic hormone).
When this axis is activated and a full-fledged stress reaction is formed by the body, MCs are actively involved in
the process of acute transformation of the thymus through cytokine secretion. These is an important condition
for the development of adaptation mechanisms by the immune system.

Keywords: thymus, mast cells, stress, immune cells, adaptation, adrenal glands

The work was carried out partly within the frame-
work of the IIF UB RAS themes No. 122020900136-4.

Introduction

Today, cells of the thymic microenvironment are
being actively studied as they play an important role
in the differentiation, selection, and migration of
T-lymphocytes, macrophages, epithelial, dendritic,
and mast cells (MCs). The question of MCs’ functions
in the thymus continues to be open. There is evidence
that MCs are normally involved in the processes of
updating the extracellular matrix of the thymus in
organogenesis, thymopoiesis, T-lymphocyte selection
and angiogenesis [2, 5, 8, 9, 11]. Despite the intensive

study of MCs, studies on the features of thymus mast
cell population under the action of stress factors on
the body and in the development of induced organ
involution are rare. Acute thymus involution is known
to be a manifestation of adaptation syndrome in
response to stress. Under stress, the level of thymus
polypeptides increases, which limits the stress-
damaging effect of hypothalamic-pituitary-adrenal
axis excessive activity [12]. In this case, the content
of lymphoid cells in the thymus is reduced, and the
number of epithelioreticulocytes and degenerating
cellsisincreased. The researchers noted such a reaction
of this organ under completely different extreme
influences. It is known that MCs affect intercellular
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interactions, permeability of the hematothymic
barrier, and migration of thymus lymphocytes through
the production of IL-1, IL-2, IL-3, IL-4, IL-6,
TNFa, GM-CSE, NGF [4, 6, 10]. Additionally, it
is assumed that thymus is the place of formation and
deposit of MCs [8, 12]. In this regard, MCs can play an
important role in the process of acute transformation
of the thymus, affecting the extratimic migration of
cells during the development of the stress reaction.

The purpose of this study is to assess the functional
involvement of MCs in the process of acute
transformation of the thymus at various hyper- and
hypodynamic effects during the formation of stress
response and without it.

Materials and methods

The study was conducted on male Wistar rats
weighing 150-200 g. The conditions of animal housing
and treatment of animals used in the experiment were
in accordance with the directive of the European
Community of 80/609/EEC and were approved by the
local ethics committee of the IIF UrO RAS (protocol
No. 10 0f 03.06.2016).

The stress factors were physical activity (swimming)
of different intensities and immobilization, which
represent two opposite states of dynamic stress. The
animals were divided into seven experimental groups,
and each group consisting of five animals (n = 5).

Physical activity (PA) consisted of rats being forced
to swim in a special pool under different regimens for
4 weeks: 1) moderate physical activity (MPA) — daily
swimming for 2 hours, and 2) maximum physical
activity (MaxPA) — 6-day swimming with a load of
20% of their body weight, according to the following
scheme: 5 sets of 60 seconds with 3 minutes of rest in
between. The rats’ weight was measured weekly, and
the weight of the load was adjusted accordingly. After
the completion of all swimming batches, the animals
were removed from the experiment, and their thymi
were extracted.

Immobilization stress (IS) was simulated by in-
ducing neuromuscular tension, achieved by immo-
bilizing the animals on their back for 6 hours once
on an operating table. Two series of experiments were
performed. In the first series, intact animals were
subjected to neuromuscular stress, while in the second
series, both adrenal glands were removed (AE) in
animals 48 hours prior to immobilization stress. The
animals were then removed from the experiment and
their thymi were extracted. The thymi were extracted
in two groups — one with preserved adrenal glands
and one with removed adrenal glands — within two
periods: immediately after the end of immobilization
(groups IS 6 h and IS + AE 6 h), and 48 hours after
immobilization (groups IS 48 h and IS + AE 48 h).

Histological preparations of the thymus were
stained with hematoxylin-eosin to assess structural
changes in the gland. Preparations were also stained
with toluidine blue (pH = 2.0) to detect MCs by
highlighting acidic sulfated glycosaminoglycans
in a blue-violet color, a characteristic feature of
metachromasia. MCs were then stained with alcian
blue — safranin to assess maturity. Safranin binds to
highly sulfated glycosaminoglycans, such as heparin,
staining them red or pink. The presence of such
granules is an indication of mature MCs. Alcian
blue, on the other hand, binds to slightly sulfated
glycosaminoglycans, mainly heparin precursors,
staining them blue. The presence of such granules
is an indication of immature MCs or MCs at an
intermediate stage of maturation.

MCswere classified based on the content of granules
in the cytoplasm to assess their functional activity.
“0” — MCs with diffuse arrangement of granules in the
cytoplasm and a clearly visible nucleus, “+1” — cells
with a denser arrangement of granules in the cytoplasm
and a contoured nucleus, “+2” — cells with a high
degree of granularity in the cytoplasm, the nucleus is
not clearly visible, the granules are tightly adjacent to
each other, “+3” — cells with a very dense content of
granules in the cytoplasm, the nucleus and individual
granulesare not detected. Based onthese data, the mean
histochemical coefficient was calculated: MHCC =
(Ox“0”+1x“+1”+2x“+2” +3x“+3”) /T all cell
types. Cells were divided into three groups based on
signs of degranulation: “DG” — actively degranulating
MCs with a violation of membrane integrity and
observation of granules outside the cell; “PDG” —
partially degranulating MCs with a large number of
granules outside; “NDG” — non-degranulating MCs
with integral membrane and no granules outside the
cell. Based on these data, the degranulation coefficient
was calculated: DC = ((DG + PDG) / X all cell types)
x 100%.

Statistical analysis was performed using the
Statistica 6.1 program. Group comparisons were
made using non-parametric methods, specifically
the Mann-Whitney test. Differences were considered
significant at p < 0.05.

Results and discussion

MCs are obligatory cells of the thymus gland and
are more often located in the peripheral part of the
lobes around blood vessels, among the premedullary
row of cells and accompany nerve fibers. The
production of biogenic aminesis a constant function of
MCs of the thymus both normally and in pathological
processes. MCs facilitate contact and transfer of stem
cells and lymphocytes into tissues during circulation
and promote migration of the formed lymphocytes
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by secreting mediators for vascular permeability
(histamine, serotonin, catecholamines, etc.).

Normally, the MCs of the thymus is quite large, of
different shapes, more often rounded or oval, located
in the capsule and connective branch walls (septa) of
the gland, the content in 1 mm?is 117.943.62. Typing
thymus MCs according to the degree of maturity,
based on sulfation of glycosaminoglycans in granules,
showed that 62% were mature cells and 38% were
immature. Thus, more cells that have completed the
synthesis, accumulation, and maturation of granules
with biologically active substances are ready to show
their activity by degranulating in response to endo-
or exogenous stimuli. TC degranulation is regulatory
because granule isolation is generally directed towards
target cells (Figure 1, see 3 page of cover).

In experimental groups with preserved adrenal
glands under different PA regimens and 48 hours
after IS, a significant decrease in the thymus mass
coefficient is observed, on average by 1.5 times. This
indicates a weakening of its functional activity (acute
transformation) in response to the development of
a stress reaction (from 1.394+0.088 mg/g in intact
animals to 0.952+0.097 x mg/g in the MaxPA group,
and to 1.006%+0.156 x mg/g in the IS group 48 hours).

The thymus capsule is part of the fascial skeleton of
the mediastinum, directly involved in the blood supply
of the organ. There were no significant changes after
different types of PA and IS in the capsule thickness
and in the ratio of the cortex and the medula of the
thymus of rats.

The results of the morphometric analysis of thy-
mus mast cells showed that there were no significant
differences in the amount of mast cells present
in the gland stroma after exposure to all types of
hyperdynamic and hypodynamic stress. It is expected
that M Cs functional activity will change in groups with
preserved adrenal glands. In this case, MCs probably
play a role in the temporal involution of the thymus,
as they are involved in the formation of the adaptation
syndrome during the development of stress.

The assessment of synthetic activity and degra-
nulation activity revealed a decrease in the mean
histochemical coefficient and, on the contrary, an
increase in the coefficient of MC degranulation in
the thymus in all experimental groups with preserved
adrenal glands (Figure 2).

In accordance with the data presented in the
figures, it can be stated that thymus MCs quickly
respond to neuro-endocrine factors and are involved in
a stress response, where their activity is manifested in a
synchronous decrease in the synthesis of granules in the
cytoplasm and an increased release of active substances
accumulated earlier. The short-term early response of
MC:s is confirmed by experiments with immobilization
of rats. Furthermore, experiments on continuous PA

of different intensities demonstrate the preservation of
this trend until the end of the stressor action.

In experimental groups with removed adrenal
glands after IE, the thymus mass coefficient and
gland structure remain unchanged. No changes in
morphofunctional MC parameters were detected
in the thymus of adrenalectomized animals after
IS. Their amount in the organ, synthetic and degra-
nulatory activity, remained at the level of the intact
group (Figure 2).

A generalizing scheme can be presented to illustra-
te the neuro-endocrine-immune interactions involved
in the development of a stress reaction, as well as the
role of MCs in this process (Figure 3).

In response to extreme effects in the formation of
stress reactions, MCs are influenced by various factors.
The main pathway of MC activation under stress
remains unclear. First, catecholamines produced by
activation of the sympathoadrenal system directly
affect MCs through adrenergic receptors [12], and
thymus MCs are known to establish connections
with catecholaminergic nerve terminals. Second,
corticotropin-releasing hormone produced by the
hypothalamus affects MC by binding to the KRG-RI1
receptor, resulting in the release of histamine, which
leads to increased permeability and vasodilation [1].
Third, adrenocorticotropic hormone activates MC
secretion via melanocortin receptors [7]. Thus, degra-
nulation of the thymus MCs during the development
of stress under the influence of these factors can lead
to gland atrophy. Conflicting questions remain about
the effects of glucocorticoids, which are known to
be cell membrane stabilizers and anti-inflammatory
hormones that suppress the activity of MCs in
allergies. However, the mechanism of their action
on MCs during stress is not fully understood. Our
experiments with hypo- and hyperdynamic stress on
animals with preserved and removed adrenal glands
indicate that the MC response is largely determined
by the hypothalamic-pituitary-adrenal axis of the
endocrine system. Thus, the removal of adrenal glands,
and therefore the inability to release glucocorticoids,
leads to the absence of a functional response from
the thymus MCs. The stimulating effect of adrenal
glucocorticoids on MCs under stress is likely mediated
by their interaction with the factors listed above.

Conclusion

Thus, the response of MCs thymus to extreme
factors is unidirectional, expressed by the activation
of degranulation and the suppression of their synthetic
activity. This indicates that the MC response in
impaired homeostasis caused by various factors is
nonspecific and serves as an integral component in
the development of a stress response during the body’s
adaptation to changing conditions. The peculiarities of
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Figure 2. Change in the synthetic and degranulatory activity of thymus mast cells under stress
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the MCs thymus response at hypo-and hyperdinamic
load confirm that their reaction is largely determined
by the hypothalamic-pituitary-adrenal axis of the
endocrine system. When this axis is activated and a full-
fledged stress reaction is formed by the body, MCs are
actively involved in the process of acute transformation
of the thymus through cytokine secretion. This is an
important condition for the development of adaptation
mechanisms by the immune system, including the
thymic-lymphatic apparatus. Under the influence of
stress factors, the immune system triggers a variety
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