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Pe3iome. MuesnonenTtuabl MpeacTaBIsSIIOT cOO0Ul 3HIOTEeHHbIE HU3KOMOJEKYJISIpHbIE MENTUAbI, 00ya-
JAIOIINE MMMYHOPETYJISITOPHON aKTUBHOCTHIO. KaXknblii U3 MUENIONenTUa0B o0JagaeT WHAWBULYTbHOMN
MENTUAHON MOCIeN0BAaTeIbHOCTBIO U UTPAET OIPEIeJeHHYIO POJIb B KOPPEKIMU HapylIIeHUA MMMYHHOMI
cucteMbl. B TIpoBeieHHBIX HAMU paHee UCCIeI0BaHUSIX ObLIO TTOKa3aHO UMMYHOMOIYJIUPYIOIee AeCTBUE
muenonenTuaoB MIT-3, MII-5, MII-6 Ha GyHKUIMM TTIEpUTOHEATTBHBIX MaKpodaroB B YCIOBUSIX NMMOOU-
JIM3alIMOHHOTO 1 XOJIOJOBOTO cTpeccoB. Llesb HacTosiIel paboThl — UCCIIeIOBATh BIMSHUE MUEIONENTUAA
MITI-4 Ha aHTUTEIOTeHE3, TIPOAYKIINIO aKTUBHBIX (POPM KUCIIOPOJA, U MOTJIOTUTEIbHYIO aKTUBHOCTD MEpU-
TOHEAJIbHBIX MaKpO(daroB Mblliieii Ha (DOHE ABYX U IIECTUYACOBOTO MMMOOMIM3ALIMOHHOTO CTpecca in vivo.

DKCHepruMEeHTHI B CUCTEME i1 Vivo BBITIOJHEHBI Ha 24 MbIlIax-camMiax mopoabl Swiss, maccoit 17-22 1.
B kauecTBe CTpeCCOPHOro BO3AEHCTBUSI UCIIOJb30BAJICS ABYX- U ILIECTUYACTOBOM MMMOOMIM3ALMOHHBIMI
ctpecc. MII-4 BBommian BHYTpUOpIOIIMHHO 3a 30 MMHYT OO0 Hadaja crpecca B mo3e 40 MKT/KT. 2KMBOTHBIC
ObUTH pasnesieHbl Ha 4 Tpynmbl: 1| — KOHTpoJibHA; 2 — cTpecc; 3 — cTtpecc + MI1-4; 4 — BBenenue MI1-4. Ha
5-€ CYyTKM OLIEHUBAIU KJIETOYHOCTh U KOJUYECTBO aHTUTEe1000pa3ytomux kinetok (AOK) B ceneszeHke MeTo-
JIOM JIOKaJIbHOTO TeMOJIn3a B rejie arapo3bl o Jerne. O1ieHKY MPOAYKIIMKA aKTUBHBIX (DOPM KUCIOpoaa Mepu-
TOHEAJBHBIMU KJIETKAaMU MPOU3BOIMIIM C TIOMOIIBIO PeaKIIMU JIIOMUHOI3aBUCUMOM XeMUJTIOMUHECIICHITN
(JI3XJT). OueHKy MOrJOTUTEIbHOM aKTUBHOCTU MEePUTOHEATbHbIX MakKpodaroB MPOBOIUIN CTaHAAPTHBIM
METOAOM C UCIOJb30BaHUEM MPOTOYHO-J1a3epHoro uuroMerpa BDFACSCalibur. B kauecTBe 00beKTOB (ha-
rolMTO3a UCIOIb30BaId MeUeHble St. aureus B KOHeUHOU KoHIeHTpauuu 103 ki/mia. CtaTucTuyeckuit aHa-
JIN3 TPOBOAMJIU C TOMOIIIBIO HEMapHoro t-kpurepust CTbIOJAEHTA.
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YcTaHOBIICHO, UTO IBYXYaCOBOM MMMOOMIIM3ALIMOHHBIN CTpecC He BIUSII Ha ITOTJIOTUTEIbHYIO aKTUBHOCTh
TMEepUTOHEATbHBIX JIEMKOIIMTOB, B TO BpeMs KaK IIeCTUYAcCOBOM cTpecc yrHeTan daronmro3. BBeneHue Ha
done ctpecca MII-4 He mpuBOAMIIO K MUBMEHEHUSIM (haroliuTapHOit aKTUBHOCTH MTepUTOHEATbHBIX Makpoda-
roB. MI1-4 He KOppUTHUPOBAJT CTPECCUHAYITUPOBAHHOE YTHETEHIE KOJIMUECTBa aHTUTEI000Pa3yIOIINX KJIETOK
B CeJIe3eHKe MTPH IIeCTUIACOBOM MMMOOWIM3AIUM U CTPECCUHAYLIMPOBAHHOE YCUJICHNE aOCOIFOTHOTO KOJIH -
yectBa AOK B ycI0BUSIX IBYX4aCOBOIO UMMOOUWIN3AIIMOHHOTIO cTpecca. B rpymre xKMBOTHBIX, MTOTyYaBIIUX
MII-4, Ha ¢oHe AByxUacoBOI UMMOOWIN3aLMKU 3apuKCcCUpoBaHO yBeanueHue KoanuectBa ACK nmo cpaBHe-
HUIO ¢ KOHTPOJILHO TpyTmnoii. Takum o0pa3om, B OTIIMUHE OT paHee UCCAeaAyeMbIX MueaomentuaoB MI1-4 ve
MPOSIBJISUT BBIPAXKEHHBIX UMMYHOMOIYIUPYIOIINX 3((HOEKTOB B OTHOIIIEHUU M3yYyaeMbIX MTOKa3aTee.

Knroueguie crosa: muenonenmuosvl, anmumenoobpazosanue, UUMoKUHbl, cmpecc, Makpogasu, (hazoyumos

ROLE OF MP-4 MYELOPEPTIDE IN REGULATION OF
ANTIBODY PRODUCTION AND FUNCTIONAL ACTIVITY OF
MACROPHAGES UNDER STRESS CONDITIONS

Gavrilova T.V.2¢, Oralova D.A.*, Gein O.N.¢, Chereshneva M.V ¢
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Abstract. Myelopeptides are endogenous low-molecular weight peptides with immunoregulatory activity.
Each ofthese myelopeptides hasanindividual sequence and playsarole in correction ofimmune system disorders.
In our earlier studies, we have shown immunomodulatory effect of MP-3, MP-5, MP-6 myelopeptides upon
functioning of peritoneal macrophages under the conditions of immobilization and cold stresses. The aim of
this work was to investigate the effect of M P-4 myelopeptide upon antibody formation, production of reactive
oxygen species, and absorptive activity of peritoneal macrophages in mice under the immobilization stress.
Materials and methods. The in vivo experiments were carried out in 24 male Swiss mice weighing 17-22 g. Two-
or six-hour immobilization stress was produced in the animals. MP-4 was injected intraperitoneally 30 min
before the onset of stress, at a dose of 40 ug/kg. The animals were divided into 4 groups: 1, control; 2, stress;
3, stress + MP-4; 4, MP-4 injection. On day +5, cellularity and the number of antibody-forming cells (AOC)
in spleen were assessed by the method of local hemolysis in an agarose gel according to Jerne. Production
of reactive oxygen species by peritoneal cells was assessed using the luminol-dependent chemiluminescence
(LZHL) reaction. The absorption capacity of peritoneal macrophages was assessed using a standard method
using a BDFACSCalibur laser flow cytometer. Labeled St. aureus at a final concentration of 108 cells/ml were
used as phagocytosis targets. Statistical analysis was performed using the unpaired Student’s t-test. Results. It
was found that two-hour immobilization stress did not affect the absorption activity of peritoneal leukocytes,
whereas six-hour stress suppressed phagocytosis. Injection of MP-4 in stress-exposed animals did not lead to
changes in phagocytic activity of peritoneal macrophages. MP-4 did not correct the stress-induced decrease in
the number of antibody-forming cells from the spleen during six hours of immobilization, nor stress-induced
increase in absolute amounts of AOC under the two-hour immobilization stress. In the group of animals
receiving MP-4 and immobilized for two-hours, an increase in the number of nucleated cells was increased,
as compared with the control group. Thus, in contrast to the previously studied myelopeptides, MP-4 did not
show pronounced immunomodulatory effects upon these parameters.

Keywords: myelopeptides, antibody formation, cytokines, stress, macrophages, phagocytosis
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WccnemoBanns IIpoBeleHbI B paMKaxX Tocymap-
CTBEHHOTO 3a/IaHUsI, HOMEP roCyIapCTBEHHOM peru-
crpauu TeMbl Ne AAAA-A18-118020590108-7.

BeeneHue

MuenonenTuabl TPEICTaBISIOT COO0M SHIOTCH-
HBIe HU3KOMOJIEKYJISIPHBIC TEHTUIbI, OOJIamaloiine
MUMMYHOPETYJISITOPHOM aKTUBHOCTBHIO. M 3BEeCTHBI
6 OCHOBHBIX OMOJIOTMYECKM AKTHUBHBIX MUEIOMEM-
TUOOB, KOTOPBIC ITEPBOHAYAIIBHO OBUIA BBIACICHBI
METO/IOM TBepAO(da3HOI IKCTPAKIIUU C TTOCTIEIYI0-
UM pasae/ieHUeEM XUIAKOCTHOM XpomaTorpaduei,
a BIIOCJICACTBUM OBLIM MOJYYeHBI U CHHTETUYCCKUM
nyteM. Kaskaplili 13 MUeJIONIeNTUIOB 00IagaeT CBOeit
WHIVBUIYAJIbHOU TIENTUIHOM T10CIEI0BaTEIbHO-
CTbIO 1 UTpaeT OIPENeJeHHYIO POJb B KOPPEKILIUU
HapyleH1it UMMYHHOI cuctemsl [1, 4, 5, 7].

B mpoBeaeHHBIX HaMM paHEe WCCIIeTOBAHUSIX
OBIJIO TTOKa3aHO MMMYHOMOIYJIMpPYIOIlee OeiCTBUE
oTaesIbHbIX MuenonenTuaos (MI1-3, MII-5, MII-6)
Ha (pyHKIIUU MEPUTOHEATTbHBIX MaKpodaroB B yCJIO-
BUSIX UMMOOWIN3aIIMOHHOTO 1 XOJIOJOBOTO CTpeC-
coB. Tak, ObLIO YyCTAaHOBJIEHO, YTO MHUEIONETTUbI
MII-3, MII-5 u MII-6 HuUBeaIMpOBaId BbI3BAaHHOE
JIBYXYaCOBBIM MMMOOMIN3AIIMOHHBIM CTPECCOM YT-
HETeHHEe IIPOAYKIIMM aKTUBHBIX (OpM KHUCIOpoda
u IL-1B meputoHeasbHbIMU Makpodaramu [2, 3].
MII-5 n MII-6 Takke HUBEIUPOBAIM YrHETAIOIIEe
BIMsIHME 6 4 MMMOOMJIM3ALIMOHHOIO CTpecca Ha
WHIYIUPOBAHHYIO 3WMMO3aHOM IipomyKuuio ADPK
NEepUTOHEAIbHBIMI MakpodaraMu 1M o0Opa3oBaHUE
AOK B ceneseHke, TakKe yKa3zaHHbIE MUEJIONEITU -
nbl (MII-5 u MII-6) oTMEHSIJIN YCUIIEHHUE TTPOIYK-
nuu 1L-10, BbIzBaHHOE 10-MHUHYTHBIM XOJIOJOBBIM
ctpeccoM [3]. BelpaxkeHHBIM MOAYJIVPYIOIIUM -
CTBHEM Ha CTPECCUHIYIIMPOBAHHOES M3MEHEHUE IT0-
KazaTesjieit UMMYHHOU cucteMbl obanan u MIT-3 [2].

OnHako BAussHUE muenonentuaa MIT-4 Ha aH-
TUTEJIOTeHE3, TIPOAYKIINIO IIUTOKMHOB M aKTUBHBIX
GdopM KucIopoia IIepuToOHeaIbHBIMU MaKpodaraMu
Ha (hoHe MMMOOMIM3AIIMOHHOTO CTpecca paHee He
MU3Yy4yaJioCh.

e HacToOsimeir padoThl — MCCICIOBAThH BIIMSI-
Hue Mueonientuaa MII-4 Ha aHTHUTEIIOTeHE3, TTPO-
IYKIOWIO aKTUBHBIX (DOPM KHCJIOPOIa, W ITOTJIOTH-
TEeJbHYIO0 aKTUBHOCTD ITIepUTOHEaTbHBIX MaKpoharon
MbIlIel Ha (OHE ABYX — U IIIECTUYACOBOTO UMMOOU -
JIN3ALIMOHHOTO CTpecca in vivo.

Marepuans! v MeToapb!

DKCHEePUMEHTHI B CUCTEME i/ ViVo BBITTOJIHEHBI Ha
24 MpbIlIax-camiax mopoabl Swiss, maccoii 17-22 1. B
Ka4ecTBE CTPECCOPHOTO BO3IEHCTBUS MCIIOJIB30BAJI-
CsT IBYX- U IISCTUYACTOBOM MMMOOMIN3ALIMOHHBII
ctpecc. MI1-4 BBoguiau BHYTpuOpIonHHO 3a 30 MU-
HYT 10 HavaJia ctpecca B mo3¢ 40 MKr/KT. 2ZKMBOTHBIE
OBLTM pa3lelicHbl Ha 4 Tpymnmbl: | — KOHTPOJIbHAT,

2 — crpecc; 3 — ctpecc + MI1-4; 4 — BBenenue MII-
4. OmHy TIOJIOBHMHY >KWBOTHBIX IOCJIE€ OKOHYaHUS
CTPECCOPHOTO BO3NAEUCTBUSI MMMYHU3UpOBAIU Db
BHYTpUOpPIOIIMHHO ogHOKpaTHO (108 kiieTok B 0,2 Mo
0,9% NaCl). Ha 5-e cyTKu olileHMBaIl KJIETOYHOCTh
¥ KOJIMYECTBO aHTUTEI000pa3yromux KieTok (AOK)
B CeJIe3eHKE METOIOM JIOKaJIbLHOIO reMoju3a B rejie
araposnl 1o Jerne [6]. BTopyio MOJIOBUHY KHUBOT-
HBIX I1OCJI€ OKOHYAaHUSI CTPECCOPHOIO BO3IEHCTBUS
KMBOTHBIX BBIBOOWJIM W3 3KCIIEPUMEHTa METOIOM
JeKanuTaluy noj 3(pupHbIM HapkKo3oM. st mojty-
YeHUsT TIepUTOHEaTbHBIX MakKpoharoB >XWBOTHBIM
BHYTPUOPIOIIMHHO BBOAWIN 2 MJI pacTBopa X3HKca
¢ nobasnenuem remapuna 20 ex/mu u OTC (amOpu-
OHaJIbHASI TEJISTYbSI CBIBOPOTKA) 50 MKiI/Mi1. OLIEHKY
MPONYKIIMA aKTUBHBIX (hOPM KHCJIOpOIa IIePUTO-
HEaTbHBIMU KJICTKAMH IIPOMU3BOAWIN C ITOMOIIBIO
peakuuy JIIOMUHOJ3aBUCUMOU XeMUIIOMUHECIEH-
muu (JI3XJT). Peakiiyio npoBoawin B 96-1yHOYHbBIX
njaockoaoHHbIX TaHmerax (Greiner, TepmaHus),
Kaxkaasl JIyHKa colepxkKajla KJIETKA B KOHIIEHTPaLIUN
2 x 10° knetok/0,2 M1 pacTBopa XeHKca. B kauecTBe
unaykropa JI3XJI ucnonb3oBaiu OMNCOHU3UPOBAH-
HBII 3UMO3aH B KoHIeHTpauuu 150 Mxr/mia. B ka-
yecTBe Mapkepa BbIpaxkeHHOCTH peakuuu JIX3JI
ucnoab3oBajics aroMuHoI 10°M. Perucrpanus pe-
3yJIbTAaTOB Bejach B TEUEHUE Yyaca C UHTEPBaJOM B 5
MUHYT C TTOMOIIIBbI0 MHOTO(GYHKIIMOHAJILHOTO CIEK-
TpodoTomerpa (Tecan Trading AG, LIBeitapust).

JJIsT OLIEHKU TIOTJIOTUTEIbHOM aKTUBHOCTH B Ka-
YeCcTBe 00BEKTa UCCIeNOBaHUS MCIOIb30BaIM (hpak-
LMIO TIEpUTOHeabHbIX JelikouuToB. K 80 Mk Kiie-
ToK no6asistin 10 mxn MII-4 u 10 MKa cycieH3uun
FITC-MmeueHoro St. aureus B KOHEUHOW KOHILIEHTpa-
muu 10® xi1/mi1, ipo6bl MHKYOMpoBaau 30 MUH IIpU
37 °C. 3areM K KJeTKaM A00aBJIsIM JU3UPYIOLIUIA
pactBop (0,15M NH,CI; 0,01M NaHCO;; 0,0001M
DATA, pH = 7,2) u nocie 5 MUH MHKYOALIUU LIEH-
Tpudyrupoanu 5 muH nipu 250 g ¢ oxJaxkiaeHUEeM
4 °C. Ilocne cHUMaNu cyriepHaTaHT, 1o6asssiiu PBS-
0,02% BDJATA u cHOBa LEHTpUDYrUpoBaIU 5 MUH
npu 250 g ¢ oxnaxnaeHuem 4 °C. Jlanee BHOBb CHU-
Mau cyrnepHartaHTt, nooasisuim 400 mxn PBS-0,02%
DMTA. ITocie 3Toro mpoObl aHAJTU3UPOBAIM Ha TIPO-
TouHO-1a3epHoM nuTomerpe BD FACS Calibur.

CTaTUCTUYECCKUI aHaJIN3 TIPOBOMWIM C TIOMO-
1IbIO HermapHoro t-kpurepust CTbIOJAEHTA.

Pe3synbTaThl 1 0BCyxaeH!e

YcTaHOBIIEHO, YTO MHTEHCUBHOCTh CIIOHTAHHOW
MPOLYKLMHU aKTUBHBIX (POPM KMCI0POIa IIPU IIECTHU -
YacOBOM MMMOOMJIM3ALUN CTAaTUCTUYECKN 3HAYMMO
He u3MeHsu1ach. DddektoB MII1-4 Ha crToHTaHHYIO
nponykuunio ADK 1o cpaBHeHUIO C KOHTPOJIEM He
3aperucTpupoBaHo (HaHHble He npuBoasTcs). Ctu-
MyJIMpOBaHHas 3uMMo3aHoM Tpoaykuus ADK mpu
IIECTUYACOBOM CTpEcCce YTrHEeTallach IO CPaBHEHUIO
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PucyHok 1. BnusiHne MM-4 Ha cnoHTaHHyto (A) u cTuMynupoBaHHyto (B) npoaykumnio AOK nepmtoHeanbHbIMKU
Makpodparamy npu AByX4acoOBOM MMMOBMIM3aLMOHHOM CTpecce in vivo
Mpumeyanue. e — KOHTpONb; m — cTpecc; ¢ — cTpecc + MN-4; A — MIN-4. * n 0 — 0603Ha4eHbI 3HaYeHMsA KpuBbIX, rae p < 0,05 no
CPaBHEHUIO C KOHTponeM (n = 9).
Figure 1. Influence of MP-4 on spontaneous (A) and stimulated (B) ROS production by peritoneal macrophages at 2 h in vivo
immobilization stress
Note. e, control; m, stress; ¢, stress + MP-4; A , MP-4. * and 0, the values of the curves are indicated, where p < 0.05 in comparison with the
control (n =9).
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PucyHok 2. Bananue MM-4 Ha cnoHTaHHyto (A) u ctumynupoBaHHyto (B) npoaykumio A®K neputoHeanbHbIMM
Makpodaramm npu WeCTU4acoBOM MMMOBUNIM3aLMOHHOM CTpecce in vivo
I'Ipwmeqauue. Cwm. npumMeyaHue K PUCYHKY 1.
Figure 2. Influence of MP-4 on spontaneous (A) and stimulated (B) ROS production by peritoneal macrophages at 6 h
immobilization stress in vivo
Note. As for Figure 1.
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Crpecc 2 4 + MI-4 / Stress 2 h + MP-4

Crpecc 6 4 + MI-4 / Stress 6 h + MP-4
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%

PucyHok 3. Bnnanue MM-4 Ha npoueHT charouuTo3a KneTok NepuTOHeanLHoOI NOIOCTU MbILel NPy ABYX- U LIECTMHACOBOM
MMMOBMNU3aLMOHHOM CTpecce in vivo
Mpumeyanue. * - p < 0,05 no cpaBHEHMIO C KOHTpONeM (n = 9).
Figure 3. Influence of MP-4 on the percentage of phagocytosis of cells of the peritoneal cavity of mice at 2 and 6 hours of
immobilization stress in vivo
Note. *, p < 0.05 compared to control (n = 9).
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C SKMBOTHBIMM KOHTPOJBHOW TPYIIIbI IpPaKTH4e-
CKU B TeUCHME BCETO Meproaa HaOIIOIeHWI, BBeIe-
Hue MbiraM MII-4 Ha TUHAMHWKY pecIrpaTOpHOTO
B3pbIBa BIMSIHUS He OKa3bIBajlo. B ycnoBusx nByx4a-
COBOTO CcTpecca HabIoaaIoCh YTHETEHUE CITIOHTaH-
Hoi nponykiu ADK B rpyrine KMBOTHBIX, MOJIY-
yapiux MI1-4 Ha ¢poHe cTpeccopHOro BO3aeiiCTBUSI.
CrumynmpoBaHHyto nipoaykiio ADK nByxyacoBoii
MMMOOMIN3aIIMOHHBIN cTpecc cHKal. Kak u B ciny-
Yae ¢ IIeCTUIACOBBIM CTPECCOM, BBEICHUE MBIIIaM
MII-4 He TpoBOAMIO K M3MEHEHUIO TUHAMUKH Pe-
CIIMPATOPHOTO B3phIBa (puc. 1, 2).

YcTaHOBIEHO, YTO ABYXYacOBOW MMMOOMIM3A-
LIMOHHBIN CTpeCC He BJIMSI Ha TOTJOTUTEIbHYIO aK-
TUBHOCTb I€PUTOHEATbHBIX JIEMKOILIMTOB, B TO Bpe-
MsI KakK IIeCTUYacOBOM CTpecc yrHeTan (parommros.
Brenenue Ha doHe ctpecca MII-4 He mpuBOaUIO K
M3MEHEHUSIM (DarolmMTapHOll aKTUBHOCTH IIEPUTO-
HeaTbHBIX Makpodaros (puc. 3).

IIpu nsyyennn BausHusg MII-4 Ha KonmudecTBO
AOK B cejle3eHKe BBISIBIEHO OTCYTCTBHE KOPpU-
TUPYIOIIETO BAMSHUS JaHHOTO MEeNTHUIa Ha CTpec-
CUHAYLIMPOBAHHOE YrHEeTeHHE aOCOJIOTHOIO U OT-
HOCHUTEJILHOTO KOJIMYECTBA aHTUTEI000pa3yonnx
KJIETOK B CeJIe3eHKE TPU IIECTUYACOBO MMMOOM-
JIM3alliU, a TakKKe Ha CTPECCUHAYIIUPOBAHHOE YCH-
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