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W) Check for updates
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PE3HOME

Llenb uccnepoBanus. 13y4untb BnusHue opmbl KanbLmid-oc-
(hatHbIX 61UOHOB (KDB) Ha uX 39HAOTENMOTOKCUYHOCTb MyTEM
OLIEHKN Npouns CeKpeTUpyeMbiX 3HAOTENUANbHbIMU KeTKa-
MU NPOaTepoCKNepoTUHECKMX LMTOKMHOB NOJ BO3AEHCTBMEM
K®B uronbyatoit popmbl (MKDE) n KOB chepryeckomn opmbl
(CKDB).

Matepuan u meTofbl. [Ins 9KCNepMMEHTOB 6Gblna UCMNONb30Ba-
Ha KynbTypa WMMOPTANM30BaHHbIX BEHO3HbIX 3HAOTENNANbHbIX
Knetok Yenoseka nuHui EA.hy 926, KoTopble ObIIN PaccaXeHbl
B 6-NyHOYHble nnaHweTbl (3*105 knetok) ¢ nocneayowmm: 1)
nobasneHnem vepe3 1 4 100 mkn CK®B, UKDB unm yuctoro
thocchatHo-conesoro 6ydepa (PCH) n ganbHeAwINM KynbTUBM-
POBaHWEM B TeYeHWe 24 4 (paspexxeHHas KIeToyHas MoLenb); 2)
KyNbTUBMPOBAHWEM B Te4eHNe 44 4 1 ganbHeiflunm 106aBneHem
100 mkn CK®B, UKDE nnu ®CB ¢ npoaomxeHnem KynbTUBMPO-
BaHMSA B TeyeHue 4 4 (KOH(NIOIHTHAA KNeTo4YHas moaens). [a-
nee B Ha0CaAKe C KNEeTOYHbIX KynbTyp (n=11 NyHOK Ha rpynny)
METOJIOM MMMYHO(EPMEHTHOrO aHanu3a W3Mepsncs YpOBeHb
CEKPETMPYEMBIX KNETKamMn NpoaTepoCcKNepoTMYeCKNX LIUTOKNHOB
(nHTepnenkunHa (IL)-1B, IL-6, IL-8, IL-10, IL-12, IL-23, chakTopa

CseneHus 06 aBTopax:

Hekpo3a onyxonu (TNF)-a, untepdepoHa (IFN)-y n pacteopumoit
MOJeKy/bl agre3un cocyauctbix knetok (SVCAM)-1).

PesynbTathbl. Ha paspe>keHHON KNETOYHO MOZENN IKCNO3nLMS
VK®b cyLiecTBEHHO NOBbILIANA KOHLEHTPALMIO psaga npoarepo-
CKrepoTuyeckux uutokuuos (IL-1B, IL-10, IL-12, IL-23, IFN-y) B
CpaBHEHUM Kak ¢ akcnosuumeir CK®OB, Tak U ¢ KOHTPOMbHbIMY
Knetkamu. Ha KOH(PMOSHTHON KNETOYHOW MOJENN 3KCno3uums
o6oum Tunam KOb 3Ha4YMTENbHO CHUXXANa YpoBEHb CeKpeTupy-
embix IL-1p, IL-10 1 IFN-y, 04HaKO UX KOHLIEHTpALUS NpU JKCNo-
3numum NK®B 6bina Bhile, 4em npu akcnosunuuin CKOB. MeTtoabl
MHOFOMEPHOro CTaTUCTUHECKOr0 aHann3a Ha 06enx KNeToYHbIX
MOJEnaxX NOATBEPANAN, YTO NPOUNb CEKPELMn LUTOKUHOB Noja
Bo3geiicteuem VK®b 3Ha4nMo OTNNYEH OT TaKOBOro noj BO3-
nenctnem CKDOB n ganek ot npodmns KOHTPOMbHbIX KNETOK.

3aknoyenune. VIKOE BbI3bIBAIOT YBENNYEHME BbIAENEHNS psaa
npoaTepoCKNepOTUHECKMX LMTOKMHOB 3HA0TENNANbHBIMU KIETKa-
MM B cpaBHeHun ¢ CKDB, 4T0 CBMAETENLCTBYET 0 60MbLLEN SHAO-
TennotokcuyHoctu KDB.

KnroueBble CNoBa: arepockiepos, Tpurrepbl, 6MOHbI, IHZOTENN-
anbHble KNETKN, 3HAOTENN, BOCIANIEHNE, LUNTOKUHBI, LINTOKUHO-
BbIVI IPOGHUIIL, NHTEPJIENKNH-6, UHTEPIENKNH-8.
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®OPMA KATTbLINN-®OCDPATHBLIX BIOHOB W1 CEKPELIMIA

NMPOATEPOCKJIEPOTVHYECKVIX LUTOKVHOB SHOOTESTNOLNTAMU

BBEJJEHUE

ByoHbI NpeacTaBnsaT Co60I CEMEIICTBO MIUHEPANIO-0praHuye-
CKMX HaHOYaCTuL, CMHTE3UPYIOLLNXCA B YCIOBMAX NepeHachblLle-
HUS 6MONOMNYECKNX XNLKOCTEN (CbIBOPOTKM KPOBM, MOYM, CIlO-
Hbl, XeN4n, aMHUOTUYECKOM XMAKOCTW U APYrux) pasfinyHbIMm
NOHaMK B pesynbTaTe XMMUYECKOro B3aumMoaencTeus: 1) katno-
HOB WM COAEPXALLMX KaTMOHbI conen; 2) choccaT-aHNoHa Unm
cofiepxalLux ero conei; 3) onpeneneHHbIX 6e1KoB (anbOyMuH,
(beTynH-A, oCcTeOHeKTUH U psaa apyrux) [1]. B 3asucumoctn ot
bopmupytoLLero KaTuoHa 6UOHBI NOAPA3AENAOT Ha KanbLnii-
hocdatHble, MarHuii-pocatHble, MapraHueBo-goocdaTHble,
CTPOHUMA-hocpaTHble, 6apuit-dhocpatHble u apyrue [1], u3
KOTOPbIX B OpraHu3me 4enoBeka [O0CTOBEPHO 06Pa3yTCA NULLb
KanbUMn-pocatHble 6UoHbI (KOB) [2-4]. bbino npeanonoxe-
HO [1] 1 9KcnepuMeHTaNbHO foKa3aHo [5], 4To KOBb npencras-
nAT CO60M OfMH M3 MEXaHW3MOB NoAfepXKaHus MUHepanbHo-
ro romMeocrasa, npensaTcTBYs NPAMON KanbUuUKauuu TKaHen
NPy NepPeHacbILLeHN CbIBOPOTOYHON Cpefibl MOHAMK KanbLus n
thocdopa. B 10 e Bpems 6b1n0 BbisBIEHO, 4T0 KOB obnagaiot
TOKCUYECKIM JeNCTBUEM KaK Ha KYNbTypbl UMMOPTANN30BaHHbIX
BEHO3HbIX 11 MUMAAaTUYECKUX SHAOTENMANbHBIX KNETOK, 3anyckas
MX anonTo3 1 CTUMYNUPYA BblfeNeHWe UMK NPoaTepoCKNepoTU-
4eCKWUX LIMTOKUHOB WHTepnedkuHa (interleukin, IL)-6 u IL-8, Tak
W HA UHTUMY OPIOLLHOI a0PThl KPbIC, BbI3bIBAS €€ KOHLEHTpUYe-
CKYI0 MW SKCLIEHTPUYECKY0 runepTpodmto [5]. B ¢BA3mM ¢ aTum
Obla BbIABMHYTA rMNOTE3a, YTO 3aliMLLas OpraHu3m OT «60fb-
LUero 3na» — MacCUBHOW 3KTONWYECKON Kanbundukaumn, KOb
TEM He MeHee NMOBPEXAAT 340POBbIA 3HAOTENNIA, NOTEHUMASb-
HO ABNAACH TaKMM 06pa3oM OAHWUM W3 TPUITEPOB PasBUTUA aTe-
pockneposa [5-8]. PaHee B aKcnepuMeHTe 6bIN0 NOKa3aHoO, 4TO
npu YMePeHHOM NepeHachILLeHUM CbIBOPOTOYHOI Cpefbl MOHaMK
Kanbuus u dpocdopa obpasytotcs KOb cdepunyeckoin ghopmel, a
NPy CUNLHOM NePeHacbILeHN — uronbyaToi qoopmebl [9]. Bme-
CTe C TeM OCTaeTCs HEeACHbIM, ONpefeNfeT in 3T0 NpoaTepocke-
poTuyeckoe aenctene KOB.

OAHMM 13 NYCKOBbIX MEXaHU3MOB Pa3BUTUS aTepoCKNepo3a sAB-
NSeTCA ayTo- W NapakpuHHas CeKpeuus Tak Ha3blBaeMblX npoare-
pocknepoTuyeckux uutokuHos (IL-1B, IL-6, IL-8, IL-12 n apyrux)
SHOTENNATbHBIMU KIETKaMK, KOTOPbIe HenoCpeiCTBEHHO 3KCMOo-
HUPYLOTCA chopmmpytoLmMMcs B Kposu K®B, npu aTom paHee Ha-
LLeit rpynnoit 6bina NpoAEMOHCTPUPOBAHA NOBbILLIEHHAS CeKpeLns
anpotenuountamu IL-6 n IL-8 B pesynbTarte akcnosuumm KOb [5].
Mof OTHOCWTENBHO HOBbIM TEPMUHOM «MPOATEPOCKNEPOTUHECKME
LMTOKNHBI» NOHUMAIOT LIMTOKUHbI, KOTOPblE CBOMMM, KaK Npasuso,
NNeNoTPONHLIMK 3(DCHeKTamMmM TaK WK 1UHAYe CNOCOOCTBYIOT pas-
BUTUIO atepocknepos3a [10-14]. Llenbto faHHOro uccnenoBaHus
ObINO CPaBHUTb MPOUNIL CEKPETUPYEMbIX SHAOTENMANTbHBIMU
KNeTKamm npoaTepocknepoTUYeCKNX LMTOKUHOB NOJ, BO3AEACTBU-
eM paBHbIX KOHUeHTpauuin CKOBb n NKDB.

MATEPWATbI N METO[1bI

WUckyccTeeHHbli cuHTe3 CKDb n UKDb

CK®OB 6binn CUHTE3MPOBAHLI NyTeM MOCNeA0BaTeNbHOro A0-
6asnequsa 9,9 mkn 0,5M CaCl2 (Sigma-Aldrich) u 21,5 mkn 0,2
M Na,HPO, (Sigma-Aldrich) B 1319 mkn cpefbl Wrna, moandu-
umposaHHoi no Jynb6ekko (DMEM, Dulbecco’s Modified Eagle’s
Medium, Gibco), conepxawiein 150 mxn (10% ot 061ero o6bema)
(beTanbHoi Tens4bein cbiBopoTku (Gibco). UKDB 6binu cuHTe3u-
POBaHbI MPU NOMOLLW NOCNe0BaTeNbHOr0 A06aBneHns 16,5 Mkn

0,5 M CaCl, n 37,5 mkn 0,2 M Na,HPO, B 936 mkn cpeabl DMEM,
cogepxautein 10 mkn (1% ot o6Liero o6bema) eTansHom Tens-
Ybeil CbIBOPOTKM. locne KpaTKOBPEMEHHOrO nepeMeLunBaHnsa Ha
BopTekce npobupkn ob6bemom 1,5 mn (Eppendorf) ¢ peareHta-
MU ans cuHtesa KOb uHkybuposanuce npu +37°C (MCO-18AIC,
Sanyo) B TeveHue 24 4 ¢ fanbHeRLLNM LeHTPUYrnpoBaHuem npu
200,000 x g n +4°C B Teyenne 1 4 (Optima MAX-XP, Beckman
Coulter). C uenbto nonyyeHns paboyero pacteopa Ans 406asneHus
K kneTkam ocafiok CK®b pactsopsncs 8 300 mkn, a ocagok NKDb
— B 1500 mMKn ofiHoKpaTHOro dhocarHo-conesoro 6ydepa (PGB,
1X phosphate buffered saline, Gibco), 4T0 N03B0NANO AOCTUYB ON-
Tuyeckoit nnotHocTy (OM) B 0,5 cranpapta Mak®apnanga (Mk®),
ABNAOLLENCH MUHUMANIBHO M3MEPUMON 1 NaToU3N0NornyecKu
PerneBaHTHOM BEIMYNHOI KOHLEHTpauun KOb B pacTeope. Bce Bbl-
LLIeyKa3aHHble NpoLiefypbl NPOBOAUINCE B CTEPUILHBIX YCITOBUAX.
3mepenue O npoBoAMNOCE HA MUKPOMAHLLETHOM CMEKTpodho-
TOMeTpe «YHunnaH» (AUOP-01, NMKoH) Ha AnvHe BomHbI 650 HM.

JKcno3uyus aHaoTenuanbHbix knetok CKPb u UK®b

[ina 3kcnepuMeHTOB 6bina MCMOMb30BaHA KyNbTypa UMMOP-
TalIM30BaHHbIX BEHO3HbIX SHAOTENMANbHBIX KNETOK YenoBeka
nuuum EA.hy 926, nto6esHo npegoctasneqHas Dr. Cora-Jean S.
Edgell (University of North Carolina at Chapel Hill, CLLA). OaH-
Has KNeTo4YHas NUHUS ABNAETCA rMOPMAOMON, KoTopas Obina
nosiydeHa MyTeM CNUAHUA 3HAOTENMANbHBIX KNETOK Myno4HOM
BeHbl Yenoseka (human umbilical vein endothelial cells, HUVEC)
C KNeTKaMmn afileHOKapLMHOMbI NIErkoro 4Yenoseka nuuun A549 un
COXPAHAET OCHOBHble MOPAONOrnYeckne U (yHKLMOHANbHbIE
OCOOEHHOCTW BEHO3HbIX 3HAOTENWaNbHbLIX KNETOK YeNnoBeka
[15]. Knetkn kynbTusuposanucs B cpepe DMEM/F12 (Gibco) ¢
10% cpetanbHoi Tensuben cbiBopoTkoi (Gibco), 2% pactso-
POM TUMOKCaHTUHA-aMmuHonTepuHa-TumMuamHa (Gibco), 1% pac-
TBOpoM HEPES-6ycbepa (Gibco), 1% pactsopom L-rnytamuHa-
neHuumnnuHa-ctpentomuumia  (Gibco) n  0,4% pactsopom
amdpoTtepuunna B (Gibco). Bce akcnepumeHTbl ¢ KeTkamu npo-
BOAMNNCH B CTEPUNbHbIX yenosusx npn 37°C, 5% CO, n BbICOKOW
snaxHocTtn (MCO-18AIC, Sanyo).

Bcneacteme TOro, YTO YCTOMYMBOCTb M OTBET 3HAOTENMANbHBIX
KNeTOK Ha BHeLUHWE BO3LeNCTBUA CYLLECTBEHHO 3aBUCUT OT LIeNIOCT-
HOCTM UX MOHOCN09 [6-8], CEKPETUPYEMbIil KITETKaMU LIUTOKUHOBbIA
NPonb OLEHMBANCA HA ABYX KNETOYHbIX MOJENAX: PA3PeXEHHO
(<50% KOHGOITHOSHTHOCTH KIETOK B KYNbTYpasbHOI NOCY/e) U KOH-
(PNO3HTHON (>90% KOHNIOIHTHOCTM KNETOK B KY/bTYpansHOM no-
cyne). B pa3pexxeHHoi MOAeNN KIeTKM BbICAXXMBANINCH B B-NYHOY-
Hble nnaHwetsl (3*105 knetok Ha nyHKy, 1900 MK cpefbl B yHKe)
c no6asneHuem K Hum 4yepes 14 100 mkn CK®G (0,5 Mk®), NKDB
(0,5 Mk®) unu ®CB ¢ panbHeiLweid nHKy6aunen B TeueHne 24 v.
B KOH(NIO3HTHOIN MOJENN KNETKN TOYHO TaK XKe BbICAXMBANNUCH B
6-nyHo4Hble nyaHweTsl (3105 knetok Ha nyHKy, 1900 mMkn cpegbl
B JIYHKE) 1 KYNbTUBMPOBANUCHL B TeueHue 44 4, nocne 4Yero K HuM
po6asnanuce 100 mkn CK®B (0,5 Mk®), NKDE (0,5 Mk®) unu
®CB ¢ panbHeilern nHkybaumein B TeqeHune 4 4. Mo 3aBepLueHnn
MHKYBaLmMn 13 NYHOK (N=11 NYHOK Ha KXXAYI0 rpynny) npu nomoLy
ABTOMATM4ECKOro OAAHOKaHaNLHOro Jo3aropa (/leHnunet) 3abupan-
CA Hafocafok, KOTOPbIA pa3aenancs Ha anukeoTbl 06bemom 400-
500 MK no YeTbipem Npo6upkam 06bLeMoM 1,5 M U XpaHumcs npu
-40°C (Sanyo) 4o u3MepeHus Npodouns CeKpeTUpyeMbIx KieTkamu
npoarepocknepoTuyeckux umtokuuos (IL-1B, IL-6, IL-8, IL-10, IL-
12, 1L-23, hakTop Hekpo3za onyxonu (tumor necrosis factor, TNF)-a,
uHTepdoepoH (interferon, IFN)-y, pacTBopumas Mosnekyna aaresum
cocyamcTbix knetok-1 (soluble vascular cell adhesion molecule,
SVCAM-1)) MeToa0M MMMYHO(EPMEHTHOIO aHaI3a NocpeCcTBOM

| 5|



COOTBETCTBYHOLLMX HaBopoB komnaHum Abcam (ab46052, ab46027,
ab46032, ab46034, ab46143, abh64708, ab46087, ab46025,
ab46118) B COOTBETCTBUM C MHCTPYKLMAMU Npon3BoauTens. Boibop
BbILLEYKa3aHHbIX LMTOKMHOB Bbl1 0BYCNOBNEH UX CEKPeLMel 3HA0-
TeNuanbHbIMU KNeTKaMi 1 LLEEHTPanbHOM PONblO B PA3BUTUN aTepo-
ckrnepo3sa [10-14]. Kaxaas anvmkeoTa Hafocagka pasmopaxmsanach
1 Ucnonb30Banack Ans aHanuaa He 6oee 0HOro pasa. MiamepeHue
pesynbTara NpoBOANNOCL HA MUKPOMMAHLLIETHOM CMNEKTPOGOTOMe-
Tpe «YHunnaH» Ha anuHe BomHbI 450 HM.

CTATMCTMYECKMNI AHANIU3

CTaTMCTUYECKMA aHanu3 pe3ynbTaToB Obin BbIMNOSHEH Npw
nomowwm nporpamm GraphPad Prism 6 (GraphPad Software),
Microsoft Excel 2013 (Microsoft) n Statistica 13 (Dell). Mex-
TPYNMOBOE CPaBHEHWE W3MEPEHHbIX YPOBHEN KaXA0ro u3 fe-
BATU LWUTOKWHOB MPOBOAMNIOCH MOCPEACTBOM OAHOGAKTOPHOro
OMCMEePCMOHHOr0 aHann3a. B cnydae BbIIBNEHUS CTATUCTUYECKN
3HAYMMbIX pa3Nuynii (BEPOSTHOCTb OTBEPTHYTh BEPHYHO HYNEBYIO
runoTesy P<0,05) mexay rpynnamu 0CyLleCcTBASA0CL Nocneay-
toLLIee NONapHOe CPaBHEHWE Tpynn ¢ UCMNONb30BaHUEM KPUTEPUS
Totokn. CTaTUCTUYECKM 3HAYMMBIMM NPU3HABANMCH MOJTY4EHHbIE
no Kputepuio Tblokn P-3HadveHns <0,05. [Ing OUEHKW TOro, Ha-
CKOJTbKO NPOUNb CEKPETUPYEMBIX LIMTOKMHOB B LIEIOM Pa3NiyeH
Mo Tpem rpynnam, 6bInn NOCTPOEHbI TENMOBbIE KAPTbI BbIENEHNS
LIUTOKNHOB, a TaKXXe UCMOMNb30BaHb! ANCKPUMMHAHTHbINA aHANN3 U
METO[] rMaBHbIX KOMMOHEHT. Kak 1 B CNyyae ¢ 0AHO(AKTOPHbBIM
OMCMEePCUOHHbIM aHANM30M, NPU ANCKPUMWUHAHTHOM aHanuse u
METOJle FMaBHbIX KOMMOHEHT CTAaTUCTUYECKNE PA3Nuyus mMexay
rpynnamu npu3Hasanuch 3Ha4umbiMu npu P<0,05.

PE3YJIbTATbI NICCNEQOBAHUA

IKCMNEPUMEHTBI, NPOBEJEHHbIE HA PA3PEXKEHHON KNETOYHOM MO-
[enu, nokasanu, 4to, B oTinyne ot CKOb, Kb nuayumposanu

cekpeumio uenoro paga uutokudos (IL-1B, IL-10, IL-12, IL-23,
IFN-y) B CpaBHEHUM C KOHTPOSIbHLIMU KneTkamu (puc. 1). Kpome
Toro, IK®B nosbiwanu yposeHb cekpetupyemoit SVCAM-1 1 CHm-
Xanu KoHueHTpauuto cekpetupyemoro TNF-o. B cpaBHeHun ¢ CKOb
(puc. 1). Kak CK®B, Tak n KDB B CX0Xeit CTeneHn noBbILLanm
cekpeuuto IL-8 no cpaBHEHUIO C KOHTPOSbHBIMI KNeTkamm (puc. 1).

B 70 e BpeMs Ha KOHODTHOIHTHOI KNETOYHOI MOJENN 3KCNo-
3nunsa kak CK®B, Tak n UK®B Bbi3blBana 3Ha4NTENbHOE CHMKE-
Hue cekpeuun IL-1B, IL-10 n IFN-y, ofHaKo X YPOBEHb NpK 3KC-
noauuumn VK®B 6bin BbiLwe, 4em npu akcnodnuum CKOB (puc. 2).
HanpoTuB, KOHLIEHTpaumsa cekpeTupyemoro IL-6 npu akcnosnumu
kak CK®B, Tak u IKDB B CpaBHEHUN C KOHTPOSbHbIMU KNETON-
HbIMU KynbTypamu yBenu4uBanacb, HO He OTIMYanach Mexmay
camumu Tunamu KOb (puc. 2). YposeHb TNF-a 1 IL-8 npu akcno-
3uuumn VIKOB 6bIn CX0X ¢ TaKOBbIMU Y KOHTPOJIbHbIX KNETOK, HO
HXe, Yem npu akcnosuumn CKOB (puc. 2). KoHueHTpaums IL-12,
IL-23 n sVCAM-1 npu akcno3uuuu o6oum Tunam KOBb 6bina cy-
LLIECTBEHHO HWXKE, Y4eM B OTCYTCTBME 3KCMO3NLMM, 63 3HAYUMbIX
pasnuyuin mexay CK®b n K®b (puc. 2).

C uenbto coyeTaHHoOI BKU3yanmaaumn 3heKTOB BO3AEICTBUS
CK®B 1 KDB 6b1nn cocTaBneHbl TENI0BbIE KAPThbl BblAENEHUA
UMTOKMHOB SHAOTENMUANIbHBIMU KNETKAMM Ha 06EMX KNETOYHbIX
mogensx (puc. 3), KOTopble NO3BONMAN NPEANOAOXKUTb, Y4TO NPO-
(bunb CeKpeTUpyeMbIX LNTOKUHOB B LIESIOM 3HAYUTENBHO M3Me-
HseTcst nog Bo3genctenem CKOBb n ocobeHHo VIKDE.

[Ins npoBepkn 3TOW FUNOTE3bl ObINKM NPUMEHEHbI METOAbI
MHOTOMEPHOr0 CTaTUCTUYECKOr0 aHanm3a: AUCKPUMWUHAHTHbINA
aHanu3 W MeTod rnaBHbIX KOMMOHEHT. 06a [JaHHbIX MeToAa
NOATBEPAUAN, YTO NPOMUIL CEKPETUPYEMbIX KNEeTKamMn LMTO-
KWHOB CYLLECTBEHHO OTNNYanNca BO BCEX TPeX rpynnax v nog
Bo3gencTanem MK®b 6bin 3Ha4MTENbHO Aaiblle OT TaKOBOrO
KOHTPONbHbIX KNeTOK B cpaBHeHUn ¢ CKDOE (puc. 4a, 6), npuyem
OCHOBHOW BKnaj B 3710 pasnuyue sHocunu IL-8, IL-10 u TNF-a
(puc. 48).
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PucyHok 1. Boigenenue UMTOKMHOB 3HAOTENMANbHbIMKU KneTKamu nuHuu EA.hy 926 Ha pa3pexeHHOW KNETOYHOW MOfENM NOJ BO3JEN-

ctBuem CK®b n UKdb

lMpumeqanne: @Ch — hocgpatHo-conesoi Oyghep, CKOb — kanbunii-ghochatHbie 6uoHbI chepnyeckoii hopmsl, KO — kanbymii-ghoc-
¢hatHble 6uOHbI UronbyaTon opmbl, IL — untepnevikuH, TNF — chaktop Hekposa onyxomm, IFN — uHtepgbepoH, SVCAM-1 — pactsopumas

MOJIeKY/1a aAre3uu COCYANCTbIX KIETOK-1.
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PucyHok 2. Boigenesue LMTOKUHOB 3HAOTENUANbHbIMU KneTkamn nuHuu EA.hy 926 Ha KOH()NHOIHTHON KNETOYHOI MOAenu nop Bo3Aen-

ctBuem CK®b n UK®b

lMpumeqanne: @Ch — ghocgpatHo-conesoi 6yghep, CKOb — kanbuuii-ghocghatHbie 6moHbI chepnyeckoii hopmbl, KO — kanbymi-ghoc-
¢hatHbie 6MOHbI Urosib4aTon (hopmsl, IL — nHTepneiknd, TNF — ghaktop Hekposa onyxomm, IFN — nHtepghepor, sSVCAM-1 — pactBopumas

MOseKyna aareany cocyamncTbiX KneTok-1.

Ha KOHMIO3HTHON KNETOYHOW Mofenu NpouNb CeKpeTmpye-
MbIX KNeTKaMu LMTOKMHOB Nof Bo3aeicTeuem VIKDB 6bin cyLe-
CTBEHHO 6nKe K TakoBomy nop Bo3genctauem CK®B, oaHako
OHM, TEM He MeHee, ObIK aaneku oT NPouUNs KOHTPOMbHbIX Kne-
TOK (puc. 5a, 6). OCHOBHOW BKNag B aTW pa3nnyus sHocunu IL-10,
IL-12 n [FN-y (puc. 58).

O0BCYXIIEHUE

PaHee 6bI10 BbIIBNEHO, YTO NPU YMEPEHHOM MEPEHACHILLEHINN
CbIBOPOTOYHOI Cpefibl NOHaM KanbLus u dhocgopa 06pasyoTes
K®b cthepuyeckonn hopmbl, a NPU CUALHOM NEPEHACHILLEHUN —
uronbyaTon opmbl [9], 4TO MOXKET CBUETENbCTBOBATL O BO3-
MOXXHOCTM 06pa30oBaHNs B KpoBW 4YenoBeka KOBb cepuyeckon
(hopmbl NpU YMEPEHHON runepkanbLmemun/runepgocdaremmn
u KO®b wnronbyaton opmbl NPy CUNLHOW runepkanbuuemmn/
runepdgocdaremumn. OAHaKO, HECMOTPS Ha PSL OMy6IMKOBAHHbIX
paboT, NPOJEMOHCTPUPOBABLLNX LUTOTOKCMYECKOE W, B YACTHO-
CTW, 3HAOTENNOTOKCMYecKoe faeitcteue Kb [5, 16-18], He 6bIn0
NPOBEAEHO UCCneaoBaHnin BAnaHUA hopmbl KOB Ha nx ToKcKy-
HOCTb Ans knetok. Mockonbky KOB paccmatpuBatoTcs B Kaye-
CTBE NOTEHLWaNbLHOro TpUrrepa pasBuTus arepockneposa [5-8], a
COBUT NPOCHUNSA BbIAENAEMbIX 3HAOTENUANIbHBIMU KNETKaMu Liu-
TOKWHOB Ha MpoaTepoCKNepoTUYecKunii noa Bosaenctanem KOb
ABNAETCA OAHUM M3 3(PCEKTOB, ONPEAENSIOLMM UX 3HAOTENNO-
TOKCMYHOCTb, B aHHOI paboTe Oblna 13y4yeHa 3aBUCUMOCTb Ce-
KpeL1 NpoaTepocKepoTUYeCKMX LMTOKMHOB 3HAOTENNOLUTAMU
0T POPMbI UCKYCCTBEHHO CUHTE3NPOBAHHbIX KDB.

BbiNonHeHHbIE 3KCMEPUMEHTbI MPOAEMOHCTPUPOBANM, YTO Ha
Pa3peXeHHOI KNeTo4YHO Moaenu akenoduums K®b 3Ha4unTenb-
HO YBENMYMBaNa ypPOBEHb BbIJENEHUS psfa NpoaTepocKiepoTi-
Yeckux uuTokmnHoB (IL-1B, IL-10, IL-12, IL-23, IFN-y) B cpaBHeHMN
Kak ¢ akcnoauumen CKOB, Tak U ¢ KOHTPOMbHbIMK KneTkamu. Ha
KOHCD/TIO3HTHOIA KNETOYHO MOJENN 3KCNO3uums 060MM Tunam
K®Bb Bbi3blBana BbIpaXXeHHOE YMeHbLUeHWe BblaeneHus [L-1P,
IL-10 n IFN-y, 0HaKO WX KOHLEHTpauus npu akcnosuuumn NK®b
Oblna TEM He MeHee Bbllle, 4em npu akcnosuum CKOB. Mpume-
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PucyHok 3. TennoBble KapTbl BbIAENEHNUA LMTOKUHOB 3HAOTESH-
anbHbiMu KneTkamu nuuun EA.hy 926 nop so3paeiicteuem CKdb
u UKDb

lMpumeyanne: ®CH — gpocgpatHo-coneon 6yghep, CKOb — karb-
umi-cbocchbatHble 6MOHbI cgpepnydeckoin ghopmbl, KO — Karib-
Umi-cbocehatHble 6UOHBI UrofbH4aTON QPOPMbI, IL — MHTEPNIEIIKNH,
TNF — ¢baktop Hekpo3sa onyxomm, IFN — uutepgbepoH, sVCAM-1
— pacTBOpuMas MOJIEKYNIA afire3nu COCYANCTbIX KITETOK-1.
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PucyHok 4. MHoromepHblit CTaTUCTHYECKUA aHANWU3 BbIAENEHWA LMTOKMHOB 3HAOTENWanbHbiMK Knetkamu nunun EAhy 926 Ha paspe-

XEHHOW kKneToyHoi moaenu nog Bo3aeicteuem CKOb n UKDb

lMpumeyanne: ®CE — hocgpatHo-conepoii 6yghep, CK®b — kanbumii-cbocehatHbie 6MOHbI cgpepuydeckoi hopmbl, KO — kanbuni-ghoc-
chatHble 6MOHbI Uronb4atont chopmel, IL — nHtepneiiknd, TNF — ¢paktop Hekposa onyxonn, IFN — nHtepgpepor, SVCAM-1 — pactsopumas

MOosekyna agreamu cocyaucTbiX KneTok-1.

A OMCKPUMMHAHTHBLIW aHanu3

E MeTop rnaBHbIX KOMNOHEHT
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PucyHok 5. MHOromepHbIi CTaTUCTUYECKUIA aHANIU3 BbIJENIEHNA UMTOKMHOB 3HA0TENWanbHbIMKU KneTkamu nuiuu EA.hy 926 Ha KoHdnto-

3HTHOM KneTo4Hoi moaenu nopa Bosaeicteuem CK®b n UKDb

lMpoumeyanne: ®Ch — hocgpatHo-conepoii 6yghep, CKOb — kanbuymii-gbocghatHbie 6MoHbI cchepndeckoii gpopmbi, KO — kanbuymi-ghoc-
chatHble 6MOHbI UronbYatost hopmel, IL — nutepneiiknd, TNF — gpaktop Hekposa onyxonu, IFN — uutepcbepoH, SVCAM-1 - pactBopumas

MOJIeKy1a afre3nmn cocyancTbix KeTok-1.

HEHHble METOAbl MHOFOMEPHOr0 CTaTUCTUYECKOr0 aHann3a (amc-
KPUMMWHAHTHbIA aHanu3 U METOA FMaBHbIX KOMMOHEHT) Ha 06enx
KNeTOYHbIX MOAENsxX NOATBEPAUAN, Y4TO NPOCUAbL CEKPeLun Ln-
TOKWHOB 3HAOTENNANbHbIMK KneTkamu nop Bo3geictenem MKOb
3HA4YXMO OTNKYEH OT TaKoBOro noj Bo3aenctanem CKOB n panek
0T NPOOUNSA KOHTPONbHbIX KNETOK. Takum 06pa3oM, NofyHeHHble
QlaHHble CBUAETENbCTBYIOT O 60fee BbIPAXKEHHOM CABUre Mpo-
thunsa BbIAENEHNS NPOATEPOCKNEPOTUYECKUX LIUTOKUHOB 3HAO-
TenuanbHbIMK Knetkamu nop sosgeictenem VIKOb B cpaBHeHMN
¢ CK®b u, cnefoBatenibHO, 0 60/bLUER 3HA0TENIMOTOKCUYHOCTM
NKODB.

CpaBHeHuMe pe3ynbTaToB, NOMYYEHHbIX HA PA3PEXKEHHON U KOH-
(OIO3HTHON KNETOYHbIX MOAENsX, MoKasano WX CYLIeCTBEHHOe

pasnuyne, 0COBEHHO 3aMETHOE NMpU NPUMEHEHUN MHOTOMEPHbIX
METOZ0B CTaTUCTUYECKOro aHanu3a. Ha paspexxeHHoil mogenu
Bbigenenme IL-1B, IL-10, IL-12, [L-23, IFN-y n sVCAM-1 knetkamu
nog so3peiictenem NK®b B cpaBHEHUM C KOHTPOSIbHbIMU KNeT-
Kamn YBenM4MBanoCh, a Ha KOH(IIO3HTHON MOLENU — YMEeHb-
Wwanocb. Ha paspexxeHHOI MOLeNn KIeTKn, 3KCMOHUPOBAHHbIE
VNK®E, B cpaBHEHWUM C KOHTPOSbHBIMU KITETKAMU, XapakTepu3osa-
NNCb NOBbILLEHHO cekpeLmen IL-8, a Ha KOH(NOIHTHO| MOZeNK
— IL-6. HakoHel, Ha paspeKeHHO MOJEeNN CeKpeuus KneTkamu
TNF-0. nog Bo3geiicTenem MK®E B cpaBHEHMN C KOHTPOJIbHbIMU
KNeTKamm yMeHbLIanach, a Ha KOHMIOIHTHON MOAeNN — HeT. 06-
WM Npochunb CeKpeuun npoatepoCcKepoTU4ecKUX LIMTOKUHOB
3HAOTeNMaNbHbIMKU KneTkamu nof sosgeiictemem KO Ha pas-
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peXXeHHOW MoJenu 6bin Aanblie 0T TAKOBOrO KOHTPOMbHBIX Ke-
TOK B CPaBHEHMW C NPOChuNIeM KneTok, aKCNOHUpoBaHHbIX CKDB,
B TO BPEMS Kak Ha KOH(IIOIHTHON Mofenu Habnoaanochk npsmo
NPOTMBOMONOXHOE. Takue pasnuyus Mexgy MOAensiMum Moryt
ObiTb 06YCMOBMEHbI PA3NUYHON ANUTENbHOCTBID 3KCMO3ULMN
knetok K®b (24 4 npu pa3pexxeHHON 1 4 4 Npu KOH(IIIOIHTHON
KNEeTOYHOW MOJenu), 0HaKO B Cyvae ¢ UMMOPTANIM30BAHHO N0
rMOPUAOMHONA TEXHONOrMK JHAOTENNANIbHON KNETOYHOW JINHUER
6eccMbICNeHHo 3kcrnonmpoBatb ee KOB npu >90% KoHnto-
3HTHOCTW B TeyeHue 24 4, MOCKONbKY nNpu 3aToM 7-8% KNEeToK
NOABEpralTCs anonTosy AaXKe B KOHTPOMbHOM KynbType (COO6-
CTBEHHbIE HEeONy6/IMKOBaHHbIE HabMeHNs aBTOPOB), YTO HE NO-
3BOJINIET KAYECTBEHHO MPOBECTU SKCMEepUMEHT. [Ans npeooneHuns
9TOr0 HefocTaTka MOAENMPOBaHUS KOH(MOIHTHONO MOHOCHOS
9HJO0TeNManbHbIX KNETOK in Vvitro B nepcnekTuBe npeanonaraeT-
€S UCNONb30BaTb MEPBUYHbIE apTepuanbHble 3HAOTENNAmNbHbIE
KNeTKW, KOTOPbIE BCMEACTBME MEAJSIEHHOr0 pOCTa TEOPETNYECKN
MOTYT 6bITb 3KCNOHMPOBaHbI KOb B TeyeHne 40CTaTO4HO JONTO-
ro BPeMeHU Aaxe Npu BbICOKOIA KOHMOIHTHOCTU. OHAKO Takue
KNETOYHbIE NIMHWW XapaKTepuU3ylTcs CMOXHOCTbIO B KyNbTUBM-
POBaHWUK NOCNE BbIAENEHUS W BbICOKOI CTOMMOCTbIO NPY 3aKase
KOMMEPYECKM AOCTYMHbIX CTaHAAPTU3MPOBAHHBIX KYNbTYp, YTO
CYLLECTBEHHO 3aTPyAHAET NPOBeAeHNe TakuX 3KCMEepUMEHTOB W
TpebyeT NpeaBapuTeNbHbIX 3KCNEPUMEHTOB Ha KNacCUYecKMX U
LUMPOKO PACMPOCTPAHEHHbIX WMMOPTANM30BAHHbIX 3HAOTENN-
aNbHbIX KNETOYHBIX JIMHUAX, TAKUX KaK UCMONb30BaHHAsA B AaH-
HoW pabote nuHus EA.hy 926.

Ha 0CHOBaHMW NOMYYEHHbIX Pe3yNbTaToOB MOXHO CLeNnaThb Bbl-
BOA, 4T0 VIKDOE nHayumMpyoT NoBbILLEHHYIO CEKPEeLno psaaa npo-
aTepocKNepoTM4ecKnX LUTOKUHOB (B oco6eHHocTm IL-16, IL-10 1
IFN-y) aHpoTenuanbHbIMK Ketkamu B cpasHeHun ¢ CK®B, yto
CBUAETENbCTBYET 0 60MblUeA 3HA0TENUOTOKCUYHOCTM UKDB.
[ns noATBepXAeHUs AAHHOM rmMnoTesbl TpebyeTcs NpoBeaeHue
AHANOMNYHbIX AKCNEPUMEHTOB Ha NEPBUYHBIX KYNbTypax apTepu-
aNbHbIX 3HAOTENNANbHbIX KIETOK.
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Kemerovo, Russian Federation

ABSTRACT

Study aim. To investigate whether the shape of calcium phosphate
bions (CPB) affects their endothelial toxicity via evaluating the
cytokine secretion profile of endothelial cells upon the exposure to
either spherical or spindle-shaped CPB.

Material and methods. For the experiments, we used an
immortalized human vein endothelial cell line EA.hy 926. Cells
were seeded into 6-well plates (3*105 cells) with the further: 1)
addition of 100 pL either spherical CPB, spindle-shaped CPB, or 1x
phosphate buffered saline (PBS) upon 1 h following culture for 24
h (non-confluent cell culture); 2) culture for 44 h and subsequent
addition of 100 pL either spherical CPB, spindle-shaped CPB, or
PBS following culture for 4 h (confluent cell culture). Upon the
collection of cell culture supernatant (n=11 wells per group), the
levels of proatherosclerotic cytokines (interleukin (IL)-1pB, IL-6,
IL-8, IL-10, IL-12, IL-23, tumor necrosis factor (TNF)-a, interferon
(IFN)-y, and soluble vascular cell adhesion molecule (SVCAM)-1)
were measured utilizing an enzyme-linked immunosorbent assay.

Information about authors:

Results. In a non-confluent cell culture, exposure to spindle-
shaped CPB increased the secretion of several proatherosclerotic
cytokines (IL-1p, IL-10, IL-12, IL-23, IFN-y) compared to either
spherical CPB-treated or control cells. In a confluent cell culture,
exposure to either of CPB types decreased the release of IL-1B, IL-
10, and IFN-y; however, their concentration was still higher upon
the exposure to spindle-shaped CPB in comparison with exposure
to spherical CPB. Discriminant analysis and principal component
analysis demonstrated that the cytokine secretion profile of
spindle-shaped CPB-treated endothelial cells significantly differed
from those of either spherical CPB-treated or control cells.

Conclusion. Spindle-shaped CPB induce the secretion of
proatherosclerotic cytokines by endothelial cells compared to
spherical CPB; this suggests higher endothelial toxicity of spindle-
shaped CPB.

Keywords: atherosclerosis, triggers, bions, endothelial cells,
endothelium, inflammation, cytokines, cytokine secretion profile,
interleukin-6, interleukin-8.
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SHAPE OF CALCIUM PHOSPHATE BIONS AND SECRETION

OF PROATHEROSCLEROTIC CYTOKINES BY ENDOTHELIAL CELLS

INTRODUCTION

Bions are a family of mineral-organic nanoparticles, synthesized
under conditions of supersaturation of biological fluids (blood
serum, urine, saliva, bile, amniotic fluid and others) by various ions
as a result of chemical interactions: 1) cations, or salts, containing
cations; 2) phosphate anion or salts, containing it; 3) certain proteins
(albumin, fetuin-A, osteonectin and several others) [1]. Depending
on forming cation, bionsare divided into calcium phosphate,
magnesium phosphate, manganese phosphate, strontium
phosphate, barium phosphate and the others [1], of which only a
calcium phosphate bion (CPB) is accurately formed in the human
body [2-4]. It was suggested [1] and experimentally proved [5],
that the CPB are one of the mechanisms for maintaining mineral
homeostasis, preventing direct tissue calcification, when serum
environment is saturated with ions of calcium and phosphorus.
At the same time it was revealed that CPB have a toxic effect on
the culture of immortalized venous and lymphatic endothelial
cells, triggering their apoptosis and stimulating the secretion by
them of proatherosclerotic cytokines of interleukin (interleukin,
IL-6) and IL-8 and on the intima of the abdominal aorta of rats,
causing its concentric or eccentric hypertrophy [5]. In this regard,
the hypothesis was proposed, that protecting the body from the
"greater evil' — massive ectopic calcification, CPB nevertheless
damage healthy endothelium, potentially becoming one of the
triggers for the development of atherosclerosis [5-8]. Earlier in
the experiment it was shown, that with moderate oversaturation
of serum medium with ions of calcium and phosphorus, spherical
CPB are formed, and with a strong oversaturation — needle-shaped
CPB [9]. However, it remains unclear whether this determine
proatherosclerotic action of CPB.

One of the triggers for the development of atherosclerosis is
auto- and paracrine secretion of the so-called proatherosclerotic
cytokines (IL-1B, IL-6, IL-8, IL-12 and others) by endothelial
cells, which are directly exhibited by CPB, emerging in the blood,
while previously our group demonstrated increased secretion
by endothelial cells, IL-6 and IL-8 due to exposure of CPB [5]. A
relatively new term «proatherosclerotic cytokines» means cytokines
where it’s generally pleiotropic effects somehow contribute to the
development of atherosclerosis [10-14]. The aim of this study was
to compare the profile of proatherosclerotic cytokines secreted by
endothelial cells under the influence of equal concentrations of
spherical GPB and needle-shaped CPB.

MATERIAL AND METHODS

Artificial synthesis of spherical CPB and needle-shaped CPB

Spherical CPB were synthesized by sequential addition of 9.9 ul 0.5
M CaCl, (Sigma-Aldrich) and 21.5 pl 0.2 M Na,HPO, (Sigma-Aldrich)
in 1319 pl of the medium Needle, modified by Dulbecco (DMEM,
Dulbecco's Modified Eagle's Medium, Gibco) containing 150 pl (10%
of the total volume) of fetal calf serum (Gibco). Needle-shaped CPB
were synthesized with successive addition of 16.5 pl 0.5 M CaCl, and
37.5u10.2 M Na,HPO, 936 pl of DMEM medium, containing 10 pl (1%
of the total volume) of fetal calf serum. After a short mixing by vortex,
the tubes 1.5 ml (Eppendorf) with reagents for the synthesis of CPB
were incubated at +37°C (MCO-18AIC, Sanyo) for 24 h with further
centrifugation at 200,000 x g and +4°C for 1 h (Optima MAX-XP,
Beckman Coulter). In order to obtain a working solution for addition
to cells, spherical CPB precipitate was dissolved in 300 pl and needle-
shaped CPB precipitate — in 1500 pl of a single phosphate-saline
buffer (FSB, 1X phosphate buffered saline, Gibco). That allowed to
reach an optical density (OD) of 0.5 Mcfarland standard (MF), which

is a minimally measurable and pathophysiologicallyrelevant value of
concentration of CPB in the solution. All the above procedures were
performed under sterile conditions. Measurement of OP was carried
out on a microplate spectrophotometer "Uniplan” (AIFR-01, Picon) at
the wavelength of 650 nm.

Exposure of endothelial cells of needle-shaped CPB and
spherical CPB

For experimentsit was used to culture of immortalized venous
endothelial cell of the human line EA.hy 926, kindly provided by
Dr. Cora-Jean S. Edgell (University of North Carolina at Chapel
Hill.). This cell line is hybridoma, which was obtained by merging
the endothelial cells of the human umbilical vein (human umbilical
vein endothelial cells, HUVEC) with cells of adenocarcinoma of
human lungs of line A549 and retains the basic morphological and
functional features of the venous endothelial human cells [15]. Cells
were cultured in the DMEM/F12 (Gibco) medium with 10% of fetal
calf serum (Gibco), 2% solution of hypoxanthine- aminopterin-
thymidine (Gibco), 1% solution of HEPES-buffer (Gibco), 1%
solution of L-glutamine-penicillin-streptomycin (Gibco) and 0.4%
solution of amphotericin B (Gibco). All experiments with cells
were performed under sterile conditions at 37°C, 5% GO, and high
humidity (MCO-18AIC, Sanyo).

Due to the fact, that the stability and response of endothelial
cells to external influences greatly depends on the integrity of
their monolayer [6-8], cytokine profile secreted by the cells
was assessed in two cell models: sparse model (<50% of cell
confluency in the culture dishes) and confluent model (> 90% of
cell confluency in the culture dishes). In sparse models the cells
were planted in 6-hole tablets (3*105 cells per hole, 1900 pl of
the medium in the hole) with the addition to them after 1 hour of
100 pl of spherical CPB (0.5 UF), needle-shaped GPB (0.5 UF) or
PBS (phosphate buffered saline) with further incubation for 24 h.
In a confluent model, cells similarly were planted in 6-hole tablets
(3105 cells per hole, 1900 pl of medium in the hole) and cultivated
for 44 h, after which 100 pl of spherical CPB (0,5 McF), needle-
shaped CPB (0,5 McF) or PBSwere added with further incubation
for 4 h. At the end of the incubation, the supernatant was taken
from holes (n=11 holes for each group) using an automatic single-
channel dispenser (Lenpipet), which was divided into aliquots with
a volume of 400-500 pl in four test tubes with a volume of 1.5 ml
and stored at -40°C (Sanyo) until it was time to measure the profile
of proatherosclerotic cytokines, secreted by cells (IL-1p, IL-6, IL-8,
IL-10, IL-12, IL-23, tumor necrosis factor (tumor necrosis factor,
TNF)-a, interferon (interferon, IFN)-v, soluble vascular cell adhesion
molecule-1 (soluble vascular cell adhesion molecule, sSVCAM-1))
by method of enzyme immunoassay by means of appropriate
kits of Abcamcompany (ab46052, ab46027, ab46032, ab46034,
ab46143, ah64708, ab46087, ab46025, ab46118) in accordance
with the manufacturer's instructions. The selection of the above
cytokines was due to their secretion by endothelial cells and central
role in the development of atherosclerosis [10-14]. Each aliquot of
supernatant was thawed and used for analysis no more than once.
The measurement of outcomes was conducted on a microplate
spectrophotometer "Uniplan" at a wavelength of 450 nm.

Statistical analysis

Statistical analysis of the results was performed using the
programs GraphPad Prism 6 (GraphPad Software), Excel 2013
(Microsoft) and Statistica 13 (Dell). Intergroup comparison of the
measured levels of each of the nine cytokines were performed
by one-way variance analysis. In case of detection of statistically
significant differences (the probability of rejecting the true null
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hypothesis P<0,05) between the groups, a subsequent pairwise
comparison of the groups was carried out, using the Tukey criterion.
P-values <0,05, obtained by the criterion of Tjuki, were considered
to be statistically significant. To assess whether the profile of
secreted cytokines as a whole is different in three groups, heat
maps of cytokines secretion were constructed, and discriminant
analysis and the main component method were used. As in the
case of single-factor variance analysis, for discriminant analysis
and the method of principal components, statistical differences
between groups were recognized as significant at P<0,05.

THE RESULTS OF THE STUDY

Experiments performed on sparse cell model, showed that, in
contrast to spherical CPB, needle-shaped GPB induced secretion of
a number of cytokines (IL-1p, IL-10, IL-12, IL-23, IFN-y) compared
to control cells (Fig. 1). In addition, needle-shaped CPB increased
the level of secreted sVCAM-1 and reduced concentrations
of secreted TNF-a in comparison with spherical CPB (Fig. 1).
Spherical CPB as well as needle-shaped CPB in a similar extent
increased the secretion of IL-8 compared to control cells (Fig. 1)

At the same time, on the confluent cell model, the exposure of
both spherical CPB and needle-shaped CPB caused a significant
decrease in the secretion of IL-1B, IL-10 and IFN-y, but their
level was higher when exposed to needle-shaped CPB than when
exposed to spherical CPB (Fig. 2). Conversely, the concentration
of secreted IL-6 in the exposure of both spherical CPB and needle-
shaped GPB in comparison with control cell cultures increased,
but did not differ between the types of CPB itself (Fig. 2). The level
of TNF-a and IL-8 was similar to that of control cells in exposure
to needle-shaped CPB, but lower than that of spherical CPB
exposure (Fig. 2). The concentration of IL-12, IL-23 and sVCAM-1
in exposure to both types of CPB was significantly lower than in
the absence of exposure, without significant differences between
needle-shaped CPB and spherical CPB (Fig. 2).

To collectively visualize the result of the impact effects of
spherical CPB and needle-shaped CPB, heat maps of cytokine
release by endothelial cells on both cellular models (Fig. 3) have
been compiled, which suggested that the profile of secreted
cytokines as a whole varies significantly under the influence of
spherical CPB and especially needle-shaped CPB.

To test this hypothesis, multidimensional statistical analysis
methods were used: discriminant analysis and the method of
principal components. Both of these methods confirmed that the
profile of the cytokine secreted by the cells was significantly different
in all three groups and under the influence of the needle-shaped CPB
was significantly further from that of the control cells compared to
the spherical CPB (Fig. 4a, b), with the main contribution to this
difference being made by IL-8, IL-10 and TNF-a. (Fig. 4c).

DISCUSSION

Previously, it was found that with a moderate supersaturation
of the serum environment with calcium and phosphorus ions,
a spherical CPB forms, and with a strong supersaturation — a
needle-shaped CPB form [9], which may indicate the possibility
of the formation of a spherical form in the blood of a person with
moderate hypercalcemia / hyperphosphataemia and needle-shaped
CPB with severe hypercalcemia / hyperphosphataemia. However,
despite a number of published studies, demonstrating the cytotoxic
and, in particular, endotheliotoxic effect of the CPB [5, 16-18], no
studies have been conducted of the effect of the form of CPB on
their toxicity for cells. Since the CPB is considered as a potential
trigger for the development of atherosclerosis [5-8], and the shift
in the profile of cytokines released by endothelial cells released
to the proaterosclerotic under the imfluence of CPB is one of the
effects that determines their endotheliotoxicity, in this study, the
dependence of the secretion of proterosclerotic cytokines of
endotheliocytic forms of artificially synthesized CPB.

The performed experiments demonstrated, that on the sparse
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Figure 1. Isolation of cytokines by endothelial cells of the line EA.hy 926 on a sparse cell model under the influence of spherical CPB and

needle-shaped CPB

Note: PBS is a phosphate-buffered saline, SCPB — spherical-shaped calcium phosphate bions, NshCPB — needle-shaped calcium phosphate
bions, IL — interleukin, TNF — tumor necrosis factor, IFN — interferon, sVCAM-1 — soluble molecule of adhesion of vascular cells-1.
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Figure 2. Isolation of cytokines by endothelial cells of the line EA.hy 926 on a confluent cell model under the influence of spherical CPB

and needle-shaped CPB

Note: PBS is a phosphate-buffered saline, SCPB — spherical-shaped calcium phosphate bions, NshCPB — needle-shaped calcium phosphate
bions, IL — interleukin, TNF — tumor necrosis factor, IFN — interferon, SVCAM-1 — soluble molecule of adhesion of vascular cells-1.

cell model, the exposure of the needle-shaped CPB significantly
increased the level of release of a number of pro-atherosclerotic
cytokines (IL-1p, IL-10, IL-12, IL-23, IFN-y) compared to spherical
CPB exposure, as well as control cells. On the confluent cell model,
the exposure of both types of CPB caused a marked decrease in the
release of IL-1B, IL-10 and IFN-y, but their concentration was still
higher when exposed to needle-shaped CPB, than when exposed to
spherical CPB. The applied methods of multidimensional statistical
analysis (discriminant analysis and main components method) on
both cellular models have confirmed that the profile of cytokine
secretion by endothelial cells under the influence of needle-shaped
CPB is significantly different from that under the influence of
spherical CPB and is far from the profile of control cells. Thus, the
obtained data indicate a more pronounced shift in the profile of the
release of proterosclerotic cytokines by endothelial cells under the
influence of needle-shaped CPB in comparison with spherical CPB
and, consequently, the greater endotheliotoxicity of the needle-
shaped CPB.

Comparison of the results obtained on the sparse and confluent
cellular models showed their significant difference, especially
noticeable in the application of multidimensional methods of
statistical analysis. In a sparse model, the isolation of IL-1B, IL-10,
IL-12, IL-23, IFN-y and sVCAM-1 by cells under the influence of
needle-shaped CPB increased in comparison with control cells, and
decreased on the confluent model. On a sparse model, the cells
exposed to needle-shaped CPB, in comparison with the control
cells, were characterized by increased secretion of IL-8, and on the
confluent model - IL-6. Finally, on a sparse model, the secretion of
TNF-a cells under the influence of needle-shaped CPB decreased
in comparison with control cells, and on the confluent model - no.
The overall profile of secretion of pro-atherosclerotic cytokines by
endothelial cells under the influence of needle-shaped CPB on a
sparse model was further from that of control cells in comparison
with the profile of cells exposed to spherical CPB, while the opposite
was observed in the confluent model. Such differences between the
models may be due to different exposure times of the cells of the
CPB (24 hours at sparse cell model and 4 hours in the confluent

Heat maps of cytokine release
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Figure 3. Heat maps of cytokine release by endothelial cells
of the line EA.hy 926 under the influence of spherical CPB and
needle-shaped CPB
Note: PBS is a phosphate-buffered saline, SCPB — spherical-
shaped calcium phosphate bions, NshCPB - needle-shaped
calcium phosphate bions, IL — interleukin, TNF — tumor necrosis
factor, IFN - interferon, sSVCAM-1 — soluble molecule of adhesion
of vascular cells-1.
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Figure 4. Multi-dimensional statistical analysis of cytokine release by endothelial cells of the line EA.hy 926 on a sparse cell model under
the influence of spherical CPB and needle-shaped CPB

Note: PBS is a phosphate-buffered saline, SCPB — spherical-shaped calcium phosphate bions, NshCPB — needle-shaped calcium phosphate
bions, IL — interleukin, TNF — tumor necrosis factor, IFN — interferon, sSVCAM-1 — soluble molecule of adhesion of vascular cells-1.
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Figure 5. Multivariate statistical analysis of cytokine release by endothelial cells of the line EA.hy 926 on the confluent cell model under
the influence of spherical CPB and needle-shaped CPB

Note: PBS is a phosphate-buffered saline, SCPB — spherical-shaped calcium phosphate bions, NshCPB — needle-shaped calcium phosphate
bions, IL — interleukin, TNF — tumor necrosis factor, IFN — interferon, SVCAM-1 — soluble molecule of adhesion of vascular cells-1.
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cell model), however, with the endothelial cell line immortalized by
hybridoma technology, it is pointless to expose its CPB at >90%
confluence within 24 hours, because in this case 7-8% of the cells
undergo apoptosis even in the control culture (own unpublished
observations of the authors), which does not allow to conduct a
qualitative experiment. To overcome this lack of modeling of a
confluent monolayer of endothelial cells in vitro, it is proposed to
use primary arterial endothelial cells, which, due to slow growth, can
theoretically be exposed to the CFB for a sufficiently long time, even
with high confluence. However, such cell lines are characterized
by the complexity of cultivation after isolation and high cost when
ordering commercially available standardized cultures, which makes
it difficult to conduct such experiments and requires preliminary
experiments on classic and widespread immortalized endothelial
cell lines such as the EA.hy 926 line used in this study.

Based on the results obtained, it can be concluded that needle-
shaped CPB induces an increased secretion of a number of pro-
atherosclerotic cytokines (in particular, IL-1p, IL-10 and IFN-y) by
endothelial cells in comparison with spherical CPB, which indicates
greater endotheliotoxicity of needle-shaped CPB. To confirm this
hypothesis, similar experiments are required to conduct on primary
cultures of arterial endothelial cells.
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