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YYACTUE VIHTEPﬂEﬁKVlHA-lB N y-UHTEP®EPOHA B MEXAHU3MAX PEryaauuun
NMPOLECCOB PEMOAENTNPOBAHUA KOCTHOWM TKAHU noa BO3D,EI71CTBMEM
MIOKOKOPTUKONA0B

XapbKoBCKaa megULUMHCKaA akagemus nocneauniomHoro o6pasosaHus (r. XapbKos)

CBA3b Ny6/1MKaLMm c NN1aHOBbIMU HayYHO-UCCAEA0-
BaTe/IbCKUMU paboTtamu. MNybankauma asnaetca dpar-
MEHTOM Hay4YHO-UCCNefoBaTeNbCKOM paboTbl Xapb-
KOBCKOW MeAMLMHCKOW aKafeMuu MnocaeguniomHoro
obpa3oBaHMA «KneTo4yHO-MOoNeKyNApHble MeXaHU3MbI
BOCMasIeHNA, acCOLMMPOBAHHOIO C XPOHMUYECKMMM 3a-
6onesaHnAMM», N rocynapcTBEHHOM perucTpauum
0115U001186.

BcrynneHue. PemogenvpoBaHue KOCTU — 3TO CBA-
3aHHbIA LMKA OMNoCpesoBaHHOM OCTeOoKNacTaMu pe-
30p6LMM KOCTH, 32 KOTOPOWN criegyeT akKTUBMPOBAHHOE
octeobnactamm 0bpasoBaHMe KOCTHOW TKaHW. Hapyuwe-
HWE PpeMoAeIMPOBaHMNA KOCTHOM TKAaHW NEXUT B OCHOBE
0CTEONnopo3a, KOTOPbIA MOXeT 6biTb BbI3BaH MHOMMMM
baKkTopamu, B TOM 4YMCAEe OCNOKHEHUAMMU [OKOKOP-
TUKOUAHON Tepanuu. NHAYLMPOBAHHbIA TNHOKOKOPTU-
KOMZAMM OCTEONOPO3 XapaKTepM3yeTcA MOBbILLEHHbIM
anonTo3om ocTeob1acToB M OCTEOLMTOB, MPUBOAALLUM
K YMeHblleHN0 06pa3oBaHMA KOCTEW M HapyLUeHWUIo
pemoaenMpoBaHmnA KOCTHOM TKaHu [1]. BaxkHbiM mone-
KYNAPHbIM MEXaHU3MOM AENCTBUA [IOKOKOPTUKOMAO0B
ABNAETCA WHrMbupoBaHMe ¢aKTOPOB TPaHCKPUMLUK
NF-kB n 6enka-aktmsatopa (activator protein) — AP-1.
Habntogaetca MHrMbupoBaHWe CMHTE3a MpOBOCMNaAU-
TeNbHbIX LUWTOKMHOB, NpPEXAe BCEro MHTepnenkuHa-1
(UN-1), y-uHTepdepoHa (MHD-y) n apyrux [2].

PemogennpoBaHMe KOCTHOW TKaHM perynmpyercs
pasIMYHbIMM MeaNaTOPaMN UMMYHHOM CUCTEMbI, TaKK-
MW KaK paKkTop HeKposa onyxonu-anbda (PHO-a), N/-
1B, UN-6 nan NH®-y [3]. OcTeoKknacToreHHble LUTOKMU-
Hbl, BKAtouan MJ/1-1, cnocobcTeytoT guddepeHumposke
OCTEOK/IACTOB, TOr4A KakK aHTUMOCTEOKNACTOreHHbIe Lu-
TOKWHbI, Takme Kak MH®-y, nogasnatoT anddepeHum-
POBKy ocTeoKnacTos [4].

Lilenb uccnepoBaHuUA: M3yYeHUE POIN MEKKIETOY-
HbIX MeAMaTopoB (Ha nNpumepe WHTepaenKuHa-1B u
Y-UHTepdepoHa) B MeXaHU3MaX Peryiaumm npoueccos
pemoLeNIMpoBaHNA KOCTHOM TKaHW Nog, BO3AENCTBUEM
TNHOKOKOPTUKOUAOB.

O6bEeKT U MeToAbl UCCNeAOoBaHUA. DKCNepuMmeH-
TaNbHOE MCCneaoBaHMe NPOBOAMAOCH B 2 rpynnax (no
10 *MBOTHbIX) 6enbix KpbiC B BOo3pacTe 9 mec maccoun
210£30 r. Co3gaHne mogenm sKCNepumMeHTaNbHOro Ha-
pyLWweHUsA PEMOLENMPOBAHNA KOCTHOM TKAHW ITIIOKOKOP-
TUKOMZAMM NPOBOAUAN NYTEM BBEAEHUA AEKCAMETA30-
Ha ¢ocdaTta 1 mr/Kr BHYTPMMbIWEYHO KaXKAabli AeHb B
TeueHue 14 aHeli [5]. KOHTpoibHaA rpynna — MHTaKTHblEe
YKMBOTHbIE. DKCNEPUMEHTbI MPOBEAEHbI B COOTBETCTBUM
C NpUHUMNamm «EBponencKoi KOHBEHL MM 3aLLUTbI MO-
3BOHOYHbIX XMBOTHbIX, UCMONb3YEMbIX B SKCMEPUMEH-
Ta/bHbIX U APYrMX HaydHbIX Lenax» (Ctpacbypr, 1986)
N «OBWMMM NPUHLMNAMU IKCMEPUMEHTOB HA KMUBOT-
HbIX», 0406peHHbIMU | HaLMOHaNbHBIM KOHIPECcom Mo
6uoaTtuke (Kues, 2001).
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HapyweHune pemoaenmpoBaHnA KOCTHOM TKAaHWN KOH-
TPOMPOBANM C MOMOLLbLIO NMPAMOrO U3MEpPEHUA MIoT-
HOCTM KOCTM, KOTOPYIO PacCYMTbIBA/IM KaK OTHOLUEHMEe
MacCbl KOCTU (rpaMmbl) K ee 06bemy (CaHTUMETPbI Ky-
buyeckue) [6].

NccnegoBaHue NHTepneiknHa-1p u y-nHtepdepoHa
NPOBOAMIOCb METOAOM MMMYHODEPMEHTHOTO aHaN3a
B CbIBOPOTKE KPOBW C MCMonb3oBaHMeM Habopos pea-
reHToB Bektop-becT (Poccus).

CraTuctMyeckan ob6paboTka pesynbtaToB bblia Npo-
BeJeHa C NpumeHeHMem nakeTta aHanmsa Statistica 6.0.
Jna onncaHnA nonyyYeHHbIX pe3ybTaToB AaHHble npea-
cTaBnanu B suge Mtm, rae M — cpegHee apupmeTtmye-
CKOe, m — cTaHAapTHas owmrbKka cpegHero apudmeTmye-
ckoro. CTaTUCTMYECKM 3HAYMMbIMM CYMTANN PA3INUUA
npu 3HaveHuax p<0,05.

Pe3ynbTaTbl UccnepsoBaHuii U ux obeyxaeHue. M3-
MepeHHas MWHepPaNbHaA MJOTHOCTb KOCTHOM TKaHM
YKMBOTHbIX TPYMNMbl C HApYLIEHWEM PeMOAEeNUPOBaHUA
KOCTHOW TKaHW INTIOKOKOPTUKOMZAMM Bblia LOCTOBEPHO
HUXE NO CPaBHEHMUIO C MJIOTHOCTbIO KOCTU KMBOTHbIX
KOHTPO/IbHOM rpynnbl (1,477+0,021 r/cm® 1 1,584+0,034
r/cm® cooTBeTcTBEHHO, p<0,05).

YpoBeHb WUJI-1B y KpbIC rpynnbl C HapyLweHWeM pe-
MOZE/NIMPOBAHNA KOCTHOW TKaHW NHOKOKOPTUKOUAA-
MW 6bl1 4OCTOBEPHO BbILLE B CPABHEHUW C KOHTPONEM
(5,227+0,324 nr/mn wn 1,846+0,208 nr/mn cootseT-
cTBEHHO, p<0,05).

YposeHb UH®-y »KMBOTHbIX rpynnbl C HapyLleHU-
eM pPemMoAennpoBaHMA KOCTHOM TKaHU [IIOKOKOPTU-
Kongamu Obln HEe3HAYUTEeNbHO MOBbIWEH B CpaBHe-
HUWN C UHTAKTHbIMWU XUBOTHbIMM (29,5942,217 nr/mn u
28,569+2,595 nr/mn cootBeTcTBeHHO, p>0,05).

MN3BecTHO, uyTo W/-1B sABnsaetca mMHoOrodyHKUMO-
HaNbHbIM M O4HMM M3 Hanbonee MOLUHbLIX NPOBOCMA-
NINTENbHBIX UMTOKUHOB [7]. Bbl10 NOKA3aHO, YTO OH CTU-
My/IMpyeT pe3opbuuto KocTen nocpeacTBOM perynaumm
NVraHZa peuenTopa akTMBaTopa AgepHoro gpaktopa kB
(RANKL) [8], cTumynupyeT aKTMBHOCTb OCTEOK/ACTOB
3a CYEeT yBe/MYEeHUs NPoAyUMPOBaHUA MaKkpodaranb-
HOro KonoHuecTumynupytowero daktopa (M-CSF) u
MHIMbMpyeT anonTo3 octeoknactoB [9]. Takke AaH-
HbI LMTOKMH YBENNYMBAET CUHTE3 MPOCTAraHANHOB,
cTumynupytowmx pesopbunto koctu [10]. Kpome Toro,
NN-1B nHrMbupyet octeobnactoreHes, ymeHblasa 06-
pa3oBaHMe HOBOW KOCTU. [NMIOKOKOPTUKOMABI HYAaCTUUYHO
MHIMbUpyoT npoayKkumio U-1, Tem cambiMm nogasnan
pe3opbumto Koctel [11].

MmetoTca fOaHHble, YTO [IIOKOKOPTUKOUAbLI MOTYT
AKTMBMPOBATb BOCMAANTE/IbHbIE CUTHAJIbHbIE NYTU. TaK,
dbapmakonormyeckne [03bl AeKCaMeTasoHa YBenuuu-
BatoT akcnpeccmto TNF peuentopa-accoumMmpoBaHHOIO
¢dakTopa 6 (TRAF6), KOTOpbIV COeAUHAET BOCNANUTENb-
Hble CUTHabl OT MeMBpPaHHbIX PELLENTOPOB LIUTOKUHOB,
B TOM 4ncne ot peuentopa UJ/1-1, c ceTamm TpaHCKpun-
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LMOHHbIX GaKTOPOB, MHAYLMPYIOLLMX BOCNAUTENbHbIN
OTBET, TakMmM, Kak NF-kB [12].

YBennyeHve CcoAepaHuA MNpPOBOCMANUTENIbHOIO
UMTOKMHA W/1-1B B Hawem wuccnenoBaHWKM, MOXKHO,
no-BUAMMOMY, 0OBbACHUTL aKTUBMPOBAHMEM BOCMANU-
TeNbHbIX MyTEW [HOKOKOPTUKOMAAMMW, BCTYMAKOWMM B
NpoTMBOPEYMNE C MPOTUBOBOCMANINTE/IbHON PObIO Nt0-
KOKOPTMKOMAO0B.

MHD-y — UMMyHOMOAYAMPYHOLIMNA UUTOKUH C
NJAeNoTPOMNHON PO/bl0 B KOCTHOM MeTabosnnsme, no-
BUAMMOMY, SIBAAETCA KPUTUYECKUM PEerynsTopom pe-
30p6UMK KocTU. IFN-y nHrMbupyet anddepeHUUpPOBKY
OCTeoKNacToB Yepes gerpagauuto TRAF6 [13]. B gpyrux
nccnepoBaHMAX MnokasaHo, 4to INF-y onocpesoBaHHO
CTUMynnpyeT obpasoBaHME OCTEOK/AcTOB M Cnocob-
CTBYeT pe3opbumm KOCTU NyTem MHAYKUUN aHTUTEH3a-
BMCUMOM aKTMBaAUMKM T-KNEeTOK U ceKpeumm T-KneTok
ocTeoKnactoreHHbIMK dakTopamu [14].

BeponaTHo, BAnsHMe MH®-y Ha obpasoBaHuMe ocTe-
OK/1aCTOB 3aBUCUT OT KOHKPETHbIX YCI0BUWA B MMUKPO-
OKPY)KEHUM U KOHUEHTPaLMI APYrux LUTOKUHOB, pe-
rynvpyrowmx auobdepeHUMpoBKy npeawecTBeHHUKOB
ocTeoknacTtos. B Hawem nccnegosaHum yposeHbo MHO-y
B OCHOBHOM HE U3MEHU/ICA, HO 3TO KOCBEHHO MPUBENO
K M3meHeHuto 6anaHca NPOTUBOBOCMNAINTENbHbBIX LUTO-
KMHOB.

BbiBoAbl. TakMM 06pa3om, B rpynne »KMBOTHbIX C
MOZeNblo  HapyweHUA pPemoAe/IMPOBaHUA  KOCTHOWM
TKAHM NoJA, BO3AENCTBMEM [IIOKOKOPTUKOMAOB Ha-
6nl0paeTcs yBeanYeHne ypoBHeN MHTepnenkuHa-13 u
y-uHTEepdEepoHa, YTo NPUBOAUT K AncbanaHcy B cucteme
perynauumn pemoaenmpoBaHma KOCTHOM TKaHM.

MepcnekTnBbl AanbHeUWMX uccneaoBaHnin. Cnox-
HOEe B3aMMOZLENCTBME MEXKAY [HOKOKOPTUKOUZAMU U
M3MEHEHHbIM FOMEOCTa30M KOCTU ABAAETCA npeame-
TOM WHTEHCMBHOIO K/AMHUYECKOTO UHTEpeca u Tpebyet
OaNbHeMWnx nccneaoBaHum.
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YYACTb IHTEPNENKIHY-1B | y-IHTEPGEPOHY B MEXAHI3MAX PEFY/IOBAHHA MPOLLECIB PEMOZAE/NIOBAHHA
KICTKOBOI TKAHMHW NiA BNIMBOM [NIIOKOKOPTUKOIAIB

Nasnos C. b., babeHKo H. M., KymeuKko M. B., Cemko H. I, KoukiHa C. B., Xni6oconosa T. O.

Pe3tome. MeToto poboTn OyNn0 BMBYEHHA POAI MINKKNITUHHUX MegiaTopiB (Ha nNpuKnagi iHTepnenkiny-18 i
V-iHTepbEPOHyY) Yy MexaHiamax peryasuii npoLuecis pemoaestoBaHHA KiCTKOBOI TKAHWUHU Mig, BNIMBOM [IIOKOKOPTH-
KoifiB. byn0 BUABMEHO MiABULLEHHA BMICTY iHTepaelnKiHy-1B (5,227 + 0,324 nr/mn) i y-inTepdepoHy (29,59 + 2,217
nr/mn) B CMPOBATL KPOBi TBAPUH 3 MOPYLUEHHAM PEMOAENOBAHHA KiCTKOBOI TKAHUHW TNHOKOKOPTUKOIAaMK B MO-
PIBHSAHHI 3 BMICTOM A0C/IAMKYBaHUX LUMTOKIHIB Y TBAPUH KOHTPOIbHOT rpynu (1,846 + 0,208 nr/mn i 28,569 + 2,595
nr/mn BignosigHo). MigBULWEHHA PIBHA AOCAIAKYBAHUX LUTOKIHIB NPU3BOAUTL A0 AMcbanaHcy B cuctemi peryasauii
pemoaentoBaHHA KiCTKOBOI TKaHUHW, WO CBIAYMUTL MPO BAXKAMBY POb LIUMX MIKKNITUHHUX MeaiaTopiB y naTtoreHesi
iHAYKOBAHOTO IIIOKOKOPTMKOIAAaMKN OCTEONOpPO3Y.

Kntouosi cnoBa: pemogentoBaHHA KiCTKOBOI TKAHWHW, iHTepAelKiH-1B, y-iHTepdepoH, IMIOKOKOPTMKOIAN, LUTO-
KiHK, ocTeonopos.
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YYACTUE UHTEPIEMKUHA-1B U y-UHTEPDEPOHA B MEXAHU3MAX PEMVIALUU MPOLIECCOB PEMO/LE/N-
POBAHMA KOCTHOW TKAHW NOA BO3AENCTBUEM [TTIOKOKOPTUKOUA0B

Nasnos C. b., BabeHko H. M., Kymeuko M. B., Cemko H. I, KoukuHa C. B., Xneboconosa T. A.

Pestome. Llenbio paboTbl 6bI1I0 U3ydEHME POAN MEXKKAETOUYHbIX MEAMAToOPOB (Ha Npumepe MHTepaerknHa-1p3
N y-MHTepdepoHa) B MexaHU3Max pPerynsaummn npoLeccoB pemoaesMpoBaHUsA KOCTHOM TKaHM Mo BO3AENCTBUEM
T/IIOKOKOPTUKOMA0B. Bblio 06Hapy)KeHO MoBbllleHME cofepXaHua uHTepneikuHa-1B (5,227 = 0,324 nr/mn) u
y-uHTepdepoHa (29,59 + 2,217 nr/mn) B CbIBOPOTKE KPOBU HMUBOTHbIX C HapyLLUEHUEM PEMOAENNPOBAHMA KOCTHOM
TKQHW TIIOKOKOPTUKOMAAMM MO CPABHEHUIO C COAEPKAHMEM UCCAELYEMbIX LLUTOKMHOB Y }KMBOTHbIX KOHTPOJ/IbHOM
rpynnbl (1,846 + 0,208 nr/mn n 28,569 * 2,595 nr/mn cOOTBETCTBEHHO). MOBbILLIEHWE YPOBHA UCCAEAYEMbIX LUTOKM-
HOB NPUBOAMT K AncbHanaHcy B cMCTEME PErynsaLMM PEMOLENNPOBAHMA KOCTHOW TKaHU, YTO CBUAETENbCTBYET O BaXK-
HOWM PO/IN 3TUX MEXKKIETOUHbIX MeAMaTOPOB B NaToreHese MHAYLMPOBAHHOTO IFOKOKOPTUKOMAAMM OCTEONOPO3a.

KnioueBble cnoBa: pemoaeMpoBaHne KOCTHOM TKaHU, MHTePNenKUH-1B, y-uHTepdepoH, FItoKOKOPTUKOMAbI,
LMTOKUHbI, OCTEOMOPOS3.

PARTICIPATION OF INTERLEJKIN-13 AND y-INTERFERON IN MECHANISMS OF REGULATION OF BONE TISSUE
REMODELATION PROCESSES UNDER IMPACT OF GLUCOCORTICOIDS

Pavlov S. B., Babenko N. M., Kumetchko M. V., Semko N. G., Kochkina S. V., Khlebosolova T. A.

Abstract. Disturbance of bone remodeling underlies osteoporosis, which can be caused by many factors,
including complications of glucocorticoid therapy. Glucocorticoid-induced osteoporosis is characterized by increased
apoptosis of osteoblasts and osteocytes, leading to a decrease in bone formation and alteration of bone tissue
remodeling. Osteoclastogenic cytokines, including IL-1, contribute to the differentiation of osteoclasts, whereas
anti-osteoclastogenic cytokines, such as INF-y, inhibit the differentiation of osteoclasts.

Aim. To study the role of intercellular mediators (on the example of interleukin-1B and y-interferon) in the
mechanisms of regulation of bone tissue remodeling processes under the influence of glucocorticoids.

Object and methods. Two groups of white rats were studied. Disorders of bone remodeling were verified by
measurement of bone density. Levels of IL-13 and INF-y were determined by ELISA in the serum of animals.

Results. The mineral density of the bone tissue of the animals of the group with a violation of bone tissue remodeling
by glucocorticoids was significantly lower in comparison with the bone density of the animals in the control group. The
level of IL-1B in the rats of the group with impaired bone remodeling of glucocorticoids was significantly higher in
comparison with the control (5,227 + 0,324 pg/ml and 1,846 + 0,208 pg/ml, respectively, p<0,05). The level of the INF-y
group of animals with a violation of bone tissue remodeling by glucocorticoids was slightly increased in comparison
with intact animals (29,59 + 2,217 pg/ml and 28,569 + 2,595 pg/ml, respectively, p>0,05).

IL-1B is one of the most potent pro-inflammatory cytokines. It stimulates bone resorption by regulating the
kB (RANKL) nuclear factor activator receptor ligand and inhibits osteoclasts apoptosis. In addition, IL-1B inhibits
osteoblastogenesis, reducing the formation of a new bone. Glucocorticoids partially inhibit the production of IL-1,
thereby inhibiting the resorption of bones. At the same time, glucocorticoids can activate inflammatory signaling
pathways by increasing the expression of TNF receptor-associated factor 6 (TRAF6), which connects inflammatory
signals from the membrane receptors of cytokines, including the IL-1 receptor, to the networks of transcription
factors inducing an inflammatory response. The increase in the content of the pro-inflammatory cytokine IL-1B
in our study can apparently be explained by the activation of inflammatory pathways by glucocorticoids, which
contradict the anti-inflammatory role of glucocorticoids.

INF-y is an immunomodulating cytokine with a pleiotropic role in bone metabolism, and its effect on the
formation of osteoclasts depends on the specific conditions in the microenvironment and the concentrations of
other cytokines that regulate the differentiation of osteoclast precursors. In our study, the level of INF-y did not
generally change, but this indirectly led to a change in the balance of anti-inflammatory cytokines.

Conclusions. In the group of animals with a model of disturbed bone tissue remodeling under the influence of
glucocorticoids, an increase in the levels of interleukin-1B and y-interferon is observed, which leads to an imbalance
in the system of regulation of bone remodeling. The complex interaction between glucocorticoids and altered bone
homeostasis is the subject of intense clinical interest and requires further research.

Key words: bone remodeling, interleukin1f, y-interferon, glucocorticoids, cytokines, osteoporosis.
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