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BACKGROUND: Data on the potential for mast cell activation and degranulation under these IgG-containing im-
mune complexes indicate the presence of another innovative pathway for mast cell activation and help explain the severe
infection following vaccination.

AIM: The aim of the study was to evaluate the possibility of activation and degranulation of mast cells of peritoneal
exudate in mice by binding Fcy receptors.

MATERIALS AND METHODS: Influenza viruses A/Vietnam/1194/2004(H5N1) NIBRG-14 and A/New York/61/
2015(HIN1)pdm09 were used in the work. Cells of the peritoneal exudate of CBA mice, containing an average
of 7—10% mast cells, were used as a source of mast cells. The degranulation of mast cells 40 min after the introduction
of IgG-containing immune complexes into cultures was assessed by the release of histamine into culture attachments.
The histamine level was determined fluorimetrically after the formation of its complexes with orthophthalic aldehyde,
and the histamine concentration was expressed in ng/ml.

RESULTS: In response to the binding of Fcy receptors, a dose-dependent release of histamine from the mast cells
occurs. Histamine production was noted both during the introduction of model immune complexes formed by thermally
aggregated IgG, and during the formation of complexes including IgG and influenza viruses of different strains. A higher
level of histamine secretion was noted during the formation of IgG complexes with the HSN1 influenza virus. The level
of histamine mast cells production during Fcy receptor binding was comparable to the response to Fce receptor binding.

CONCLUSIONS: Binding of immune complexes containing IgG class immunoglobulins to receptors on the surface
of peritoneal exudate mast cells leads to their activation and degranulation, which is accompanied by dose-dependent
histamine secretion, the level of which also depends on the strain of influenza virus in the complex.

Keywords: mast cells; histamine; IgG antibodies; influenza viruses of HSN1 and HINI strains.
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Obocnosanue. [lanHbie 0 BO3MOXHOCTH aKTUBALMU U IETPAHYIISIINYU TyYHBIX KJIETOK oA aeiictBueM IgG-comepxkarmx
MMMYHHBIX KOMITJIEKCOB YKa3bIBAIOT HA HAJTUYUE €1Ie OJHOT0 3HAYMMOTO MYTH aKTUBALIMU TYYHBIX KJIETOK U MO3BOJISIIOT
OOBSICHUTD TSDKeJIoe TeUeHHe MHMEeKIMKU Tocjie BaKIIMHAIIMHN.

Ileav — olleHKa BO3MOXHOCTM aKTWBAIIUU W NETPAHYJISAIINU TYYHBIX KJIETOK MEPUTOHEATbHOTO 2KCCyAaTa MbIIIeit
npu cBsi3biBaHUU Fcy-penenTopos.

Mamepuaavt u memodoi. B pabote ucnonab3oBasid BuUpychl rpunmna A/BserHam/1194/2004(HS5SN1) NIBRG-14
1 A/Hsio Mopk/61/2015(HIN1)pdm09. B KauecTBe MCTOYHIKA TYIHBIX KIETOK HCITONB30BAIN KIETKU TIEPUTOHEATBHOTO
akccynara Mbiieit uaun CBA, comepxasiiero B cpenHeM 7—10 % TydHbIX KJIeTOK. JlerpaHyssIIMIO TYYHBIX KJIETOK
yepe3 40 MUH TTOCJIe BHECEHUSI B KYJIBTYphI comepxanmx [gG MMMYHHBIX KOMIUIEKCOB OLIEHUBAJIU MO BHICBOOOXKIEHUIO
rMCTaMUHA B KYJbTypaJbHble HAIOCAAKU. YPOBEHb I'MCTAMUHA OMPEAEISIN GIIOOPUMETPUYECKH Mocie (popMUpOBaHUS
€ro KOMILUIEKCOB C OPTO(MTAIMEBBIM ATbICTUIOM, KOHIIEHTPAIMIO THCTAMUHA BBIpaXKaJd B HT/MIL.

Pesyavmamut. B oTBeT Ha cBsA3bIBaHUE Fcy-perienTopoB MpOMCXOMUT 10303aBUCUMBINA BHIOPOC TUCTAMWHA U3 TYUYHBIX
kierok. [Ipomykius rucraMrHa oTMeueHa KakK MPY BHECEHWM MOIETbHBIX MMMYHHBIX KOMILIEKCOB, C(hOPMUPOBAHHBIX
TepMoarrperupoBaHHbiM IgG, Tak ¥ npu (GOPMUPOBAHUU KOMILIEKCOB, BKJIouaBnux IgG M BUpPYCHI TpUIIa pa3HbIX
mTaMMOB. bojiee BBICOKMIT YpOBEeHb CEKpelMy I'MCTaMUHa OTMedeH IpH (hopMUpoBaHUM KoMILieKcoB IgG ¢ Bupycom
rpunma mramma A/HS5N1. YpoBeHb pOAyKIIMY TUCTAMUHA TYYHBIMU KJIETKaMU MpH CBs3bIBaHUM Fcy-pelienTopoB GbLT
COTIOCTAaBMM C OTBETOM Ha CBsi3bIBaHUE Fce-pelentopos.

List of abbreviations
HAU, hemagglutinating unit; PBS, physiologic buffered saline; MC, mast cell; ADE, antibody-dependent enhancement.
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Ha TMOBEPXHOCTU TYYHBIX KJIETOK MEPUTOHEATBHOIrO 3KccylaTa MPUBOAUT K MX aKTUBALMM U AETPaHyJsILIMM, KOTopas

‘ 3akarouenue. CBA3bIBaHME MMMYHHBIX KOMIUIEKCOB, COIEPXAIMX MMMYHOIJIOOYIUHB Kiacca IgG, ¢ penentopamMu

COTIPOBOXIAETCS JT0303aBUCUMOI CeKpellMeil TMCTaMWHA, YPOBEeHb KOTOPO#l TakKe 3aBUCUT OT IITaMMa BUpyca TPUIIa

B COCTaBE€ KOMILJICKCA.

KmoueBbie clioBa: TyuyHble KJIeTKW; ructaMuH; IgG-anturena; Bupychl rpumnmna mramMmMoB H5N1 u HINI.

Background

Mast cells (MCs) synthesize and accumulate
multiple biologically active chronic inflammatory
mediators and tissue remodeling factors (prote-
ases, cytokines, growth factors, lipid mediators
of inflammation) [1]. Histamine is the most widely
studied and mentioned of mediators, which is se-
creted in large quantities by MCs upon activation
by the Fce-receptors, leading to enhanced local
inflammation with vascular permeability, migration
of circulating leukocytes to the site of inflammation,
blood stasis, and tissue swelling that may complicate
the course of the disease [2].

MCs have been reported to be involved
in the pathogenesis of influenza and other viral in-
fections [3—6]. However, the role of IgG antibod-
ies in the antibody-dependent enhancement (ADE)
of viral infections is currently being investigated [7].
The cause of ADE development is thought to be
the mechanism of facilitated viral entry into cells
in combination with IgG antibodies and cascade acti-
vation of the complement system [8]. Therefore, MC
activation upon binding to Fcy receptors in the con-
text of viral infection remains the subject of many
studies to date, both in influenza [9] and other viral
infections [10]. As for influenza, MC degranulation
levels during infection with different influenza virus
strains remain poorly compared.

The aim of this study was to evaluate the possi-
bility of activation and degranulation of mouse peri-
toneal exudate mast cells upon binding to Fcy re-
ceptors.

Materials and Methods

The study used peritoneal exudate from male
CBA mice weighing 16—18 g obtained from
the Rappolovo husbandry (Leningrad oblast,
Russia). The animals were housed in the Federal
State Budgetary Scientific Institution “Institute
of Experimental Medicine” (IEM) under artifi-
cial light (12/12 h) with ad libitum access to food
and water. All the conditions for housing, testing,
and sacrificing the animals were in accordance
with the European Convention for the Protection
of Vertebrate Animals used for Experimental and
other Scientific Purposes (1986) and Russian legis-
lation (GOST 33215-2014 “Guidelines for the Care
and Maintenance of Laboratory Animals” dated
01 July 2016), as well as “Rules of Laboratory
Practice” of the Ministry of Health of Russia

No. 7081 (708n) dated 23 August 2010. Permission
to work with laboratory animals in the study was
obtained from the IEM local ethics committee
(Conclusion # 4/19 dated 20 June 2019).

The following influenza virus strains were used,
kindly provided by Professor Larsia G. Rudenko,
Doctor of Medical Sciences, Professor, Honorary
Scientist, Head of the Department of Virology
of the IEM:

— A/Vietnam/1194/2004(H5N1) NIBRG-14 (here-
inafter referred to as A/HS5NI1), an inactivated
influenza vaccine reassortant strain obtained
by reverse genetics using certified Vero cell lines,

— A/New York/61/2015(HIN1)pdm09 (hereinafter
referred to as A/HINI1), an epidemic virus that
has been isolated from humans without modifi-
cation.

Viral particles were purified by ultracentrifugation
in a step gradient of 30% to 60% sucrose. Subsequent
viral manipulations were performed as previously de-
scribed [11], including accumulation of viral par-
ticles, assessment of hemolytic activity, and selection
of concentrations used.

Official 1% specimens of human serum y-globulin
(human anti-influenza vy-globulin, Russia) heated
at 56°C for 30 minutes were used as a model of im-
mune complexes formed by IgG antibodies. A/H5N1
virus particles complexed with mouse antibodies
to this strain were also used as immune complex-
es. Antiviral IgG antibodies were previously shown
to form and persist in serum samples [11]. Influenza
A/HS5NI1 virus particles were incubated with antise-
rum to this strain of influenza virus overnight at 4°C.
Serum samples containing complexes of virus par-
ticles and IgG antibodies were added to the cultures
in a volume of 50 uL and incubated with cells and
antibodies at 37°C for 40 minutes. Isolated A/H5N1
influenza virus particles without antibodies were in-
troduced into the MC cultures as a control.

Mouse peritoneal exudate was used to source MCs.
Exudates obtained from 7 animals after peritoneal
lavage with 5 mL of physiological buffered saline
(PBS) were pooled and cells were precipitated
by centrifugation at 400g with cooling. After two
washes with excess chilled PBS, the concentration
of nuclear cells was adjusted to 2.22 mln/mL with
an average MC content of 7%—10% and 200 uL
were introduced to the wells of a 96-well flat-bot-
tomed plate (Sarshtedt, Germany). Degranulation
of MCs was induced by the introduction of im-
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mune complexes containing virus-specific IgG and
viruses of different strains at 37°C for 40 minutes.
Their degranulation was evaluated by the Shore’s
method [12], which is based on the formation
of a luminescent histamine condensation product
upon interaction with 500 ng/mL orthophthal-
aldehyde at 355/460 nm. The fluorescence level
of the specimens was measured in light-protect-
ed plates (Corning-Costar, USA) on a Thermo
Scientific Fluoroskan Ascent FL Fluoroscan (USA)
at 355 nm and 450 nm after mixing 200 uL of su-
pernatant and 25 uL of ortho-phthalaldehyd solu-
tion. Results were compared based on absorbance
evaluation and expressed in arbitrary units, or a par-
allel calibration curve was plotted using commercial
histamine dilutions (MP Biomedicals, USA) instead
of supernatants, with the result expressed in ng/mL.

The licensed Microsoft Excel program was used
for statistical processing of the results. Statistica 6.0
software (StatSoft Inc., USA) was used to process
the data obtained. Origin2019b (Origin Lab., USA)
and Prism 8 (GraphPad, USA) were used to plot
graphs and determine differences between indepen-
dent groups.

Results

The results of histamine secretion by MCs after
incubation with immune complexes containing
I[gG and A/H5NI1 influenza virus particles and
anti-IgE antibodies adsorbed on MC membrane via
Fce-receptors were evaluated (see Table 1).

Fig. 1 shows that IgE binds to membrane
Fce-receptors, resulting in the highest histamine
release after binding to anti-IgE antibodies (Fig. 1,
group 4). The literature reports that IgE does

not bind to cellular Fce-receptors until it binds
to the antigen, and that it only acquires the ability
to interact with the antigen after complexing with
Fce-receptors [13]. Histamine release also occurred
in control cultures (Fig. 1, groups 0 and 1) and may
be related to MC activation as a result of sample
preparation. It should be noted that introduction
of mouse antiserum containing anti-A/H5N1 IgG
antibodies (group 1) alone did not cause any addi-
tional activation of MCs compared to the negative
control (group 0). This further confirms the fact,
known from the literature, that IgG molecules not
bound to antigen cannot bind to Fcy receptors on
the surface of any cell. The introduction of viral par-
ticles at a dose of 50 hemagglutinating units (HAU)
also did not result in high histamine release (Fig. 1,
group 2). However, the introduction of viral particles
complexed with IgG (group 3) resulted in a signifi-
cant (compared to groups 0—2) increase in histamine
release of 15%—27% compared to various controls.
This result confirms both the binding of IgG mole-
cules to membrane Fcy-receptors only after immune
complex formation and the potential for stimula-
tion of MCs by Fcy-receptors. However, the level
of histamine secretion when signaling through Fcy
receptors was 3 times lower than when binding
to Fce-receptors (Fig. 1, group 4).

Fig. 2 shows the release of histamine by MCs
after binding to IgG-containing antigen-antibody
complexes using aggregated IgG as an exam-
ple. Fig. 2 shows that when the concentration
of aggregated immune complexes formed by heat-
ing IgG at 56°C for 30 min was changed from
0.05 ug/mL to 50 ug/mL, histamine production
gradually increased, and at a complex concentra-
tion of 50 ug/mL, differences from the control be-

Table 1/ Tabanya 1

Assessment of the level of histamine secretion by MCs of peritoneal exudate in vifro under the influence of influenza viruses
of different strains and immune complexes containing them, ng/ml, M + m, n = 4 for each point

OLIeHKd YPOBHS ceKpeLun rMCTAMUHA Ty4YHbIMU KAETKAOMMW NePUTOHETABHOTO 3KCCYAQTA in Vitro noA BAUSHUEM BUPYCOB
FPUMNA PA3HBIX LUITAMMOB U COAEPXALUMX UX MMMYHHbBIX KOMMAEKCOB, HI/MA, M £ m, n = 4 N0 KAXKAOW TOYKe

Influenza virus strain and dosage
Parameter A/H5N1 A/H1IN1
5 HAU 50 HAU 5 HAU 50 HAU
Control (PBS) 3.26 £ 0.89 2.10 £ 0.51
Virus 2.56 £ 0.66 2.37 +£0.37 1.55 +£0.27 1.47 £ 0.14
AC 1:300 3.76 £ 0.78 3.76 £ 0.78 3.70 £ 1.77 3.70 £ 1.77
AC 1:900 2.08 £0.33 2.08 £0.33 2.08 £0.47 2.08+ 0.47
Virus + AC 1 : 300 4.12 £0.39 9.47 £ 0.32** 2.88 £0.98 1.63 £ 0.15
Virus + AC 1 : 900 3.54 £ 0.68 3.71+£0.25 1.54 £0.10 3.66 £ 1.77
Anti-IgE antibodies 10.60 + 0.52 10.30 £ 0.35

Note. AS, mouse antiserum to the corresponding influenza virus strain; PBS, physiological buffered saline; HAU, hem-

agglutinating Unit.
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Fig. 1. Histamine secretion levels after incubation of mast
cells (MC) with virus-specific IgE-containing immune com-
plexes compared with stimulation with anti-IgE antibodies.
Groups: 0, control, buffered saline solution (RFR); 1, in-
cubation of TC with A/H5N1 virus particles; 2, incubation
of MC with mouse antiserum to influenza A/HS5N1 virus;
3, incubation of MC with mouse antiserum to influenza
A/H5NI1 virus strain and A/HS5N1 virus particles; 4, incuba-
tion of MC with mouse antiserum to the influenza A/H5N1
virus, followed by the addition of antiserum to mouse IgE.
The number of observations is 10 for each point. The sig-
nificance of the differences was assessed for groups 0, 1, 2
compared with group 3 according to the Student’s r-test.
Here and further, the differences are significant: *at p < 0.05;
*at p<0.01; ***at p <0.001

Puc.41. YpoBHM cekpenmy THCTAMHWHA TOCITE WHKYOAIMH
TyuHbiX kietok (TK) ¢ Bupyc-cnemmpuyeckumu IgG-co-
NepKalluMU UMMYHHBIMM KOMITJIEKCaMU MO CPAaBHEHUIO CO
crumynsuueit antu-IgE-anturenamu. I'pynmbel: 0 — KOH-
TpOJb, 3a0ydepeHHbIN (u3nonornuyeckuii pactsop (3®P);
1 — wnkybanus TK ¢ gactumamu Bupyca A/HSNI1; 2 —
nHKyOaiuss TK ¢ MBIIIMHON aHTUCBIBOPOTKON K BUPYCY
rpurnma A/H5N1; 3 — unkybauns TK ¢ MpImHO# aHTUCHI-
BOPOTKOI K BUpycy rpumnmna imramma A/HSN1 u yactuiiamu
Bupyca A/HS5N1; 4 — unky6anus TK ¢ MbIIIMHON aHTUCHI-
BOpOTKOUW K Bupycy rpunma A/HS5N1 ¢ mocnenyonmm no-
0aBJeHUEM aHTUCBIBOPOTKM K MbliMHOMY IgE. Yucno Ha-
omonenunit 10 mo Kaxmoit Touke. JIOCTOBEPHOCTh pasInumii
oueHuBanu 1 rpymnm 0, 1, 2 mo cpaBHeHUIO ¢ Tpymnmoi 3
no t-xputepuio CrTbiofeHTa. 31eCh M Jajiee pas3Iuuusl O0-
croBepHbl: *mipu p < 0,05; **npu p < 0,01; ***npu p < 0,001

came significant (p < 0.05). It should be noted that
the obtained result agrees with literature data where
similar results were obtained for aggregated IgG, but
associated with a range of immune complex concen-
trations of 100—250 ug/mL [14]. It is possible that
the lower threshold for reliable histamine production
by the MCs resulted from the sensitivity of the Shore
method used.

Significant results were obtained when com-
paring the level of histamine production induced
by the introduction of IgG-containing immune
complexes and different influenza strains such as

A/H5N1 and A/HIN1 (see Table 1). Both strains
were used at concentrations of 5 HAU and 50 HAU.
For both strains, immune complexes were formed
prior to introduction into cells. The data presented
showed that at a virus dose of 5 HAE, no reliable
histamine release was observed in any case compared
to the negative control of PBS addition. When switch-
ing to a viral dose of 50 HAE for A/Vietnam/1194,/2004
(A/H5N1) NIBRG-14 strain, a high release of his-
tamine from MCs was reported with the formation
of a circulating immune complex with a 1 : 300
dilution of the antiserum (p <0.01). This release
was comparable to the release of histamine induced
by the introduction of anti-IgE serum.

It should be noted that for both influenza virus
strains, neither the virus particles themselves nor
the 1 : 300 or 1 : 900 dilutions of mouse antiviral
antisera induced a release of histamine that was sig-
nificantly different from the control, which is fully
consistent with the results shown in Fig. 1. In ad-
dition, if immune complexes were formed by virus
particles and a 1 : 300 dilution of the antiserum
caused reliable histamine release, then further dilu-
tion of the antiserum to 1 : 900 eliminated the effect
and the parameter did not differ from the negative
control (3.71 £ 0.25 vs. 3.26 * 0.89 in the nega-
tive control, p > 0.05). When a pair of influenza
A/HINI1 viruses and their specific antisera were
used, no reliable differences were observed com-
pared to the negative control or to the introduction
of single dilutions of antiviral antisera or immune
complexes (see Table 1).

Discussion

The data show that mouse peritoneal exudate
cells carry IgE antibodies on their membranes,
which are associated with Fce-receptors. Therefore,
the introduction of anti-mouse IgE antibodies causes
cross-linking of membrane-located IgE-FceR com-
plexes, resulting in histamine release by MCs with-
out pretreatment of these cells with normal or hy-
perimmune antisera samples. In contrast, fixation
of IgG to membrane FcyRIIIA receptors requires
introduction of formed circulating immune com-
plexes, indicating the composition of the molecular
complex (virus + IgG, no any other class of im-
munoglobulins) that causes MC degranulation and
histamine release. This is proven by data presented
in the table. However, these results also suggest that
not only the presence of the antigen-IgG complex
is important in triggering MC degranulation, but
also the properties of this antigen, e.g. the serotype
of the influenza virus in our case. For example, his-
tamine release was much lower with the A/HIN1
virus than with the A/H5N1 virus. Since there are
no antigen-specific receptors on the MC mem-
brane, only direct effects of the virus in the MC
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cytoplasm can be considered, which may be medi-
ated by cytoplasmic Toll-like receptors. Moreover,
one of the mechanisms of ADE is reinterpreted;
virus-1gG complex formation becomes a mechanism
of virus delivery into the cell cytoplasm, bypassing
any interferon-induced antiviral cell protection,
and an individual set of Toll-like receptors explains
the probabilistic nature of ADE syndrome [15, 16].
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AonoAHUTEAbHAS UHDOPMALUS

Ncrounuk ¢unancupoBanus. PaboTa BBITTOIHS-
Jach B paMKax HKCCJIEIOBaHWM MO IJIAHOBOII TeMe
HUP ®OTBHY «HCTUTYT 3KCITepUMEHTATLHOM Me-
mouiuHbe» FGWG-2022-0005 (Ne 122020300186-5)
u FGWG-2022-0001 «Pa3paboTka npernaparoB IIu-
POKOIo CIIeKTpa IEHCTBUS MPOTUB MOHO- M CMe-
IIaHHBIX peCMpPaTOPHbIX MHGeKLui» (2022—2024).

KondaukT nHTEepecoB. ABTOPHI JeKJIapUPYIOT OT-
CYTCTBUE SIBHBIX M NOTEHIUAIbHBIX KOH(MJINKTOB
MHTEPECOB, CBSI3aHHBIX C ITyOJMKaLMeid HacTOSIIEeH
CTaThu.

Bxaan aBTopoB. Bce aBTOpBI BHECIM CYIIECTBEH-
HBII BKJIaA B pa3pabOTKy KOHLEIIIUM, TIPOBEIeHNE
KCCJIENOBAaHMSI Y MIOJTOTOBKY CTAThU, IIPOYJIA U OJI0-
Opwin (pUHAIBHYIO BEpCUIO ITIepen ITyOJuKaliuei.

HauOonpimii BKJag pacrpenesieH CIeAyIoIuM
obpazoM: H.A. Kymykoéa — olieHKa pe3yabTaTOB
cekpeuuu ructamuHa TK mocie wmx WMHKyOanuu
C UMMYHHBIMU KoMIiekcamu; FO.A. Jlewesa — 1iof-
TOTOBKA U XapaKTEePUCTHUKA BUPYCOB I'PUIIIA, IIOATO-

2.1 1

2.0

Histamine production, c. u, M+m
MpomyKuMs TMCTaMuHa, yen. e, M+ m
s

17 r . . . . r
0 0.05 0.5 5 25 50
Concentrations of immune complexes formed during
mouse IgG aggregation, ug/mL
KoHLIEHTPaLMM UMMYHHBIX KOMIEKCOB,
chopMMpOBaHHbIX Mpu arrperaumm 1gG MbiLLn, MKT/mn

Fig. 2. Evaluation of histamine production by peritoneal
exudate cells under the influence of various concentrations
of aggregated IgG. The number of observations for each
point is 5

Puc. 2. Ouenka mpomyKuuu I'MCTAMUHA KIETKAMU IIEPUTO-
HeaJIbHOTo 3KCcCymaTta Ion AeHCTBUEM pa3IMYHbIX KOHILIEH-
Tpauuii arrperupoBaHHoro IgG. KonuyecTBo HabIomeHUA
o KaXmoil Touke 5

toBKa nyonukauuu; A.C. Mamonmoe — Tipobomno-
TOTOBKAa, CTaTUCTWYecKasi o0paboTKa pe3yiIbTaToB,
HanuvcaHue ctatbl; A.B. Ilonesujuxoé — HanmcaHue
W PeJAKTUPOBAHKE ITyOIMKALIVH.
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