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HUccnenoransl cBoiictBa BHekietounoi JTHK mnasmer kposu (BkJIHK) OonbHBIX 3CCEeHIIMAIBHOM
aprepuanpHoii runepreHsueld. Konmentpaunms BkJIHK y OonbHBIX He oTnHMyamach OT TakoBOM
y 3II0POBBIX JIOHOPOB, OJHAKO conepxkanue mapkepa CpG — 6orareix ¢parmentoB JJHK (CpG-AHK) —
TpaHCcKpuOupyemoii obmactu pudbocomuoro nosropa (TOp/IHK) B cocraBe BkJIHK y HEX oOKka3zamoch
noBeImeHHBIM. J{st BeracHenus pomu CpG-JAHK B pasBuTHm TUmepreH3nu, 2-THEBHBIM KpBICATAM
crioHTaHHO-THNepTeH3uBHOW JMHUM SHR u HOpMmMoTeH3uBHON nuHuM WKY OZHOKpAaTHO MOAKOXKHO
Bomwin 700 Hr ¢hparmenta TOp/IHK uernoseka ¢ nesbio BeipadoTku antuten kK CpG-JAHK u usmenenus
conepxanust CpG — JIHK B cocrase Bk/IHK. Uepes 9 nenens aprepuansaoe nasinenue (AJl) y kpeic SHR,
“ummynusnpoBanuelx” CpG-/IHK, Obu10 3HAaYMTENPHO HUKE, Y€M Y KOHTPOJBHBIX XXMBOTHBIX M HE
omyanoch or TakoBoro y kpeic WKY. C Bospactom Al y “mMmyHH3EpoBaHHBIX Kpbeic SHR
MOBBIIIATIOCH, HO IOCTUTAJIO CTA0MIBHO BEICOKHX MTOKA3aTeNneH, XapaKTepPHBIX [UIsl TI0JIOBO3PEIBIX 0CO0CH
SHR, ¢ 3anepxkoit Ha 8 Henenb. Ananu3 BkJIHK Ha 17-i1 Hemene mocTHATAIBHOTO Pa3BUTHS TOKa3al,
910 y “UMMyHM3HpoBaHHBIX~ Kpblc SHR cHikena xonuentparnus Bk/IHK u comepixanue B €€ cocrase
HHU3KOMOJICKYJIIPHBIX (parMeHTOB M yyBennueHo conepxkanne CpG-JAHK. Drtomy comyrcrBoBaio
yBenuyeHue B 3,5 pasza 3HAOHYKJICA3HOH aKTUBHOCTH KPOBHM M CHIDKCHHE KOJHYECTBA HE CBA3AHHBIX
¢ BkJIHK anmturen x CpG-HAHK. IIpu »>10oM o00mee kommdgectBo antuten k CpG-IAHK
y “UMMYHH3HPOBAHHBIX KPBIC HE OTIMYAIOCh OT TAKOBOTO y KOHTPOJBHBIX ocobeil. Takum oOpazom,
Oonee mozaHee QopmupoBaHHe cTaOWIBHO TOBbIIEHHOTO A/l y “nMmyHHM3uMpoBaHHBIX” Kpbic SHR
0Ka3aJI0Ch HECBS3aHHBIM ¢ yBeiuueHHeM Boipaborku antutel kK CpG-JIHK. O6cyxnaroTcss BO3MOKHBIC
MIPUYUHBI BBISIBICHHOTO 3 (eKTa.

KiroueBrble ciaoBa: pubocomubie TeHbl, BHekiIeTouHas [IHK, aprepuanpras rumeprensus, SHR,
WKY, anturena k JJTHK.

BBEJAEHUE. AptepuansuHass runeprensus (Al), oaHO U3 LIHUPOKO
pacnpocTpaHEeHHbIX 3a00JIEBaHU B Pa3BUTHIX CTpaHaX, MPEACTABISIET CAMYIO YacTyIO
XPOHUYECKYIO MYJIBTH()AKTOPHYIO MATOJIOTHIO, KOTOpast 00yCIIOBJIEHA KaK TeHETHUECKON

* - ampecar I IEPETHCKU
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MPEIPACIIONIOKEHHOCThIO, TaK M BO3JCHCTBHEM (DAKTOPOB OKpykaromend cperst [1].
B npeapiaymiem rccnenoBaHUM Mbl TOKa3ajiH, YTO y OOJIBHBIX HIIEMHUYECKOM 00JIe3HbIO
cepaua, nporekaromieit Ha ¢pore Al 2-i u 3-if CTeNIeHH, 3HAYUTEIPHO H3MEHEH COCTaB
BK/IHK KkpoBHM: B HECKOJIIBKO pa3 MO CpPaBHEHUIO €O 310poBbIMU goHOopamu (3]1)
yBenuueHo conepxkanue GC-0oratoil MmociaenoBaTelbHOCTH — TPAHCKpUOUpPyeMoit
obnactu pudbocomuoro nosropa (TOpAHK) [2]. Hakomienne CpG — JIHK B cocTaBe
Bk/IHK He 6e3paznmuno misa oprannzma. CpG-JAHK B3anumMoaelcTByIOT ¢ perentopamu
cemeiictBa TLR (TLRY), uto mpuBonuT k aktuBanuu ¢akropa NF — kanma B, cuaresy
MPOBOCTIAJMTENBHBIX IUTOKMHOB W TOBBIIICHUIO YPOBHS aKTUBHBIX (POPM KHCIOpOIA
[3, 4]. B mocnexnue roapl ObII0 TIOKazaHo, uTo Oenku cemeiictBa TLR akcnipeccupyrorest
MHOTMMHU KJ€TKaMU MIJIEKONUTAIOUIUX, B TOM YHCIE€ M HHAOTENHalIbHbIMHU [5].
Psyx aBTOpOB monaraert, uyto pazButue Al y denmoBeka CBSI3aHO C TUCQYHKIIUEH KIETOK
suporenus [1]. Moxuo mpeamnonoxuts, yto aktuBanus TLRY B sHaoTenuambHBIX
kierkax CpG—Oorareivu ¢parmentamu BkJIHK — omHa w3 mpuymH 3HIOTENHAIBHON
mucyHKIH. Eciam 370 AeCTBUTENBHO TaK, TO IPAaBOMEPHO OXKHUIATh, YTO YMEHBIICHNE
conepxkanus CpG-JIHK Bo Bx/IHK Moxer mpuBecTH K HOpMajau3allMy IPOLECCOB
B SHJOTEIHMAIBHBIX KIETKaX U K CHIKeHHIo AJl.

C npyroii croponsl, yBenuuenue koHieHtpanuu CpG-JIHK wmoxer OBITH
KOMIIEHCAaTOPHOM peaKLMeil, HaIPaBIEHHOM, B TOM YHUCIIE U Ha YITy4ILIEHUE PEOJIOTUYECKUX
CBOMCTB (TeKyuecTH) KpoBu [6, 7]. Panee Oblo mokaszano, yto TOp/IHK mennennee
(dparMeHTHpyeTCs TOJ JACHCTBHEM JHJOHYKJIEAa3 KPOBH M HAKaIIMBAETCS B IUIA3MeE,
mupkynmupyst B coctaBe BK/IHK B Buge BBICOKOMONIEGKYISPHBIX (parMeHToB [8].
B skcnepumeHTtax in vitro yCTaHOBJEHO, YTO, B OTIMYHME OT HHU3KOMOJEKYJSPHBIX,
BbICOKOMOJIEKYIIsIpHbIe (pparMeHTsl JIHK 3HAaYMTENhbHO CHMIKAIOT TMAPOJMHAMHYECKOE
conporuBienue kpoBu (dddexr Tomca) [9]. YV 3m0poBBIX JOHOPOB BHISBICHA
oOparHasi KoppeJaLns MEeKIy FreMOAMHAMUUYECKUM COITPOTUBICHUEM U KOHIIEHTpaluei
BkJIHK, mpencraBneHHON NPEMMYIIECTBEHHO BBICOKOMOJEKYISIPHBIMHU (PparMeHTaMu
(6omee 20 Ttam.H.) [10]. Y OGONBHBIX C OCTPHIMH HapyUICHUSMH MO3TOBOTO
KPOBOOOpAIIeHHS, BBI3BAHHBIMH aTePOCKIEpo30M B couetanuu ¢ Al umm OGe3 Heg,
BbIsIBIIECHA OOpaTHas 3aBUCHUMOCTb MEXAY TSKECTbIO 3a00J€BaHUS M JJIMHOUN
UpKyaupyonmx B 1uiazmMe (parmentoB BkJIHK, uTo comocraBumMO ¢ mporHo3om
MOCJeICTBUI UHCYNbTa [7]. B mocneanue roasl ycTaHOBIEHO, yTo Juranbl st TLR9
BIUSIOT Ha (PU3MOJIOTHI0O ME3€HXMMAaJbHBIX CTBOJOBBIX KIETOK, B YacCTHOCTH
Ha npoueccel ux auddepenunponku [11].

C 1menpro wuccienoBaHHs BO3MOXHOW ponu  BHekieTouHot CpG—JIHK
B naroreHese Al, Mbl, BO—IEPBBIX, IpoaHanu3upoBanu cBoiicTsa BK/IHK y 6onbHbIx Al
HE OCJIOKHEHHOM aTepoCKJIepOo30M (HapylIEHHEM MO3TOBOTO KpOBOOOpalleHMUH,
UIIEMUYECKOM OO0Je3HBI0 cepaua, CUHApoMoM Jlepuina) m IpyrumMu XpOHUYECKUMH
3a00/1€BaHUSIMH, BO—BTOPBIX, IPOBEIM UMMYHM3ALUIO KPbIC CIIOHTAHHO—TUIIEPTEH3UBHON
muann SHR ¢parmenramn TOp/IHK uenoBeka st Toro, 9ro0bl MHIYIUPOBATh y HUX
BbIpaboTky antuten k CpG-IHK u, tem cambim, causuth conmepxkanue CpG-IHK
B KpoBU. B pesynbrare mpoBEAEHHOIO HMCCIIEAOBAaHUS Mbl OOHAPYKUJIU WHTEPECHBII
apdext: nmmyHuzanus kpbic SHR B paHHeM nocTHaraiabHOM nepuoze ¢pparmMeHTaMu
CpG-JIHK 3amemmna ¢popmupoBanue y HuX Al 3HAYUTENTLHO OTOJBUHYB BO BPEMEHU
CpPOK Hayayia MoBbleHUss AJl M JOCTHMKEHMS] CTaJuU CTA0WIBHOM TMIIEPTEH3UU.
IIpu stom conepxanue cobctBeHHoro Mapkepa CpG-IHK (¢pparmenTta KpbpicHHON
TOpZAHK) Bo Bk/IHK kpbsic SHR He Tonbko HE ymnano, HO yBEIUUUIIOCH B 2,4 pasa.

METOAUKA.

Bonvnvie apmepuanvuoii eunepmenzueti (bI). ViccnemoBanbl 00pa3ibl IIa3Mbl
KpoBH 15 601bHBIX B BozpacTe oT 51 10 67 net ¢ Al (cuctonuueckoe aasineHue ot 140
no 179, nuacromumueckoe nasienue ot 90 pgo 109 MM pr. cT.), HE NPUHUMABLIMX
aHTUTUIIEpTEeH3UBHOU Tepanuu. Bee 60nbHbIE Tpoxonnan odcnenosanue B I'Y Hayunom
ueHTpe HeBposiornu PAMH, rie y HuUX OBl HCKITIOYEH aTepOCKIIEPO3 COCY/I0B IOJIOBBI,
cepaua u Hor. KpoBp Opanu M3 JOKTEBON BEHBI NPHU NOCTYIJIEHUH OOJIBHBIX
B KJIMHUKY [0 Hadaya jieueHus. KOHTpoibHYyIO Ipynmy COCTaBWIM 25 MpakTHYECKH
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310poBbIX JTIOHOPOB (3/]) B Bo3pacTe OT 26 10 65 NeT, Y KOTOPHIX ObUIA HCKIIIOYEHBI
AT u arepockiepos.

Oxcnepumenm  nma  ocusomuulx.  Pabora  mpoBeneHa  Ha  KpbIcax
crioHTaHHO-THnepreH3uBHON ymHUM (SHR) u HOopMmoTensuBHO# nuHMK Wistar—Kyoto
(WKY). Kpeic conmepanu B BUBApUU TPU €CTECTBEHHOM OCBEIIEHHHM W CBOOOIHOM
JIOCTYIIE K CTAaHAAPTHOM MHUILE U BOJE. DKCIIEPUMEHT IPOBOIUIN BECHOM, JITUTEIILHOCTh
CBETOBOI'O JIHSI COCTaBisIa HE MeHee 12 yac. JIByXCYyTOUHBIM KpbICATaM OAHOKPATHO
nojkoxkHO BBOonmH Juoo npernapar JJTHK (p(TOpAHK) umu p(Cat3)) B no3e 700 Hr,
pa3BeaeHHoit B 0,2 mMia (QU3MOIOTHYECKOTO pacTBOpa, JUOO — paBHBIM 00BEM
¢usmonorunueckoro pactBopa (koHTpodb (K)). B 3aBHCUMOCTH OT JIMHHHM KpPBIC
U BBOAMMOIO pacTBOpa, *XUBOTHBIX paz0mnM Ha 5 rpynn mo 3 ocodu B Kaxaoi
rpynne: (1) SHRY, (2) SHRrT#O" (3) SHRP™, (4) WKY* n (5) WKYrTorHo,
Y 0oApCTBYIOMIMX >XUBOTHBIX, HauwHasg Cc 9-i, mol6-10 Hemeno BKIIOYUTEIHHO
IPOBOJIMIIM PETYJSPHBIE €KeHenleabHble 3aMepbl AJl Ha XBOCTE C HCIHOJIB30BAaHUEM
wietTuaMorpadudeckoro meroma. CpenHee w3 7 TMOCIEAOBATENBHBIX HM3MEpPEHUIH
IPUHUMAJIU 3a ypoBeHb HenenbHoro cucronmdeckoro AJl. Ilo okoHuaHum nepuona
u3mepenus A/l KMBOTHBIX 3a0WBaliM JeKanmuTalued, KPOBb OBICTPO coOMpaiu
B OXJIKJIEHHBIE MPOOMPKU C TeMapHHOM U OTACISUIN TUIa3My LEHTPUYTHPOBaHUEM
(450 g, 10 mun), cpazy 3amopakuBajid U XpaHwin npu -58°C.

Ilpuecomosnenue npenapamos [[HK ons esedenus oscusomuwvim. VicnmonabzoBanu
mwiazmuny p(TOpAHK), Bektop pBR322, BcTaBka: yyacTok pruOOCOMHOTO IMOBTOpa
yenoBeka ot -515 1o 5321 nykneoruna (HSU 13369, GeneBank) u masmuny p(Cat3),
BekTOop pBR322, BcTaBka: CyOKIIOHMPOBAHHBIN (PparMEeHT caTejutuTa 3, JIOKATH30BaHHBII
B IIPULIEHTPOMEPHOM retepoxpomarune 1-ii xpomocomsl (1q12). ITnasmuasl BeLaEnsan
u3 6uomaccel E. coli crangaptHeiM MeToqoM [12]. Jlanee mpoBogmiiM T1OMOIHUTEIBHYIO
ourictky ot PHK (ruaponmns PHKazoit A, 75 mkr/mim, 37 °C, 3 yaca), 3KCTparapoBaiu
JIHK ¢eHONMOM M Oca)kaany 3TaHOJIOM B MpHCyTcTBUU 2M amerara amMonus. [locne
pacTBOpeHus B BOJIE, IPOBOAWIH 00paboTKy TpuToHOM X-114 [13] 1 renbdunsrpanuio
Ha HocuTene HW-85. Konnentpanuio IHK omnpenensiim criekTpodoTOMETPUIECKH.

Ceoticmea 6éx/[HK nnasmwvl kposu uenogexa u XUBOTHBIX (KoHIEeHTpanus BKIHK
u TOpAHK, conepxanue TOpJHK Bo Bk/IHK) ompenensim c¢ ucnonb3oBaHHEM
METOAMK, ONUCAaHHBIX paHee [2, 14]. Ilpu npoBeaeHun I0T-ruOpUaANM3alMM B KauyecTBE
30HAa Ha KoHcepBaTuBHBIM ywyactok TOp/IHK wenoBeka u kpoicel (28S p/IHK)
UCTIOJIb30BAIM  OMOTHMHUPOBAHHYIO TUIa3MHUIY, COJIEPIKAIIyl0 BCTaBKY PHOOCOMHOTO
noBTopa uenoBeka B Bekrope pUCI18 (ot 9346 no 10783 HykieoTuaa, B COOTBETCTBUU
¢ HSU 13369, GeneBank). Pacuer comepxxanus TOp/IHK npuBonunu Ha Bcro
TPAHCKPHOUPYEMYIO 00JIACTH PHOOCOMHOTO TIOBTOPA YEIIOBEKA WIJIH KPBICHI.

Hyxkneasnyro akxmusnocms naasmvl Kposeu ONPENENsIA C HMCIOJb30BaHUEM
MOJIEITFHOTO CyOcTpara — komruiekca onHounTeBoi JIHK ¢ 30-3BeHHBIM OJTUTOHYKIICOTHIIOM,
colepkamuM Ha 5’-koHIeE ¢uyopecieHTHY0 rpymnmny (5(6)-kapOoKcupoaaMuH),
a Ha 3’-xoHIe tymmrens ¢uyopecuennun (BHQI, “Cunton”, Mocksa, P®). Merox
nopobHo omucaH panee [2, 15]. Jng xaauOpOBKHM MCHOIB30BAIM CTaHIAPTHBIN
pactBop JIHKa3pi-1. KanuOpoBouHass kpuBas CBSI3bIBAET BEIWYUHY pa3ropaHus
duyopectienninu  kpacutenss ¢ konmentparueit JIHKaser 1 B pactBope. Pesymnbrar
BhIpakanu B enuauiax JJHKa3noi aktuBHOCTH. 1 eMHMIIA COOTBETCTBYET aKTUBHOCTHU
JIHKas3b1-1, B3sroii B korneHTparwu 1 Hr/mi (1 gac, 37°C). OTHOCHTEnbHAS CTaHIapTHAS
omnbOka metoaa — 5%.

Cooeporcanue anmumen xk [JHK (AT,,,) 6 niazme KpOBU KpBIC OIpPENENIIN,
Kak omnucaHo pasee, [2, 16] ¢ HeOombmuMU u3MeHEHHUSIMU. [lOMHUCTHUPOIBHBIE
96—nynounslie manmeTs Gupmbl Costar odpadaTsiBanu nmpoTamMuHCcynbdaTom (50 Mk,
1 mr/ma, 90 mun, 25°C), manocunu pactBop JAHK (50 mxm, 5 vr/mi, 4°C, 24 gaca)
B cranaapTHoM coseBoM Oydepe (CCB, 0,15 M NaCl, 0,015 M uutpatsstii 6ydep, pH 7).
Mnumensto g AT, cayxunu (1) renomuas JJHK xpsicsl, (2) nuMHeapu3oBaHHBIE
p(TOpAHK) u (3) p(Car3). [ns kaxmod npoObl Ia3mbl JJIsi OAHOW M TOM XKe
MUIIEHU OTBOJAWIM TPH JYHKH JUIsl ompezaeseHus: cBoOOAHbIX ATIHK M TpU JYHKH —

688



TUMIOTEH3UBHOE JENCTBHUE CpG-JTHK Y KPbIC SHR

s onpenenenus obmmx AT .. brnokuposanne nposomumu 3% pacteopom bBCA
B Oydepe A (docdarusiii coneroii Oydep, 0,05% TBuH-20). Onpenensiu cBOOOTHBIE

T e VI8 YETO TUIa3My KPOBH MPEIBAPMTENLHO MporpeBand 15 mun npu 55°C
u paspogmwiu Oydpepom A B 200 pa3. Ilocme ucuépmsiBatomero ruaponusa BkJIHK
B iasMe JIHKa3oii 1 u nocnenyromiero 15 mun nporpesanus npu 55°C Uit ”THAKTUBALUU
JIHKa3b1 1 ompenensinu obmee konnyectBo ATHHK B miazme, METOAMKAa OINKCaHA
panee [16]. OTMBIBKY OT HeCHenM()UYECKOTO CBS3BIBAHHS MPOBONMIMA OydepoMm A
u 10-kparubiMm CCB. AT ., cBsa3aBmmecs ¢ JIHK, BBIABISAIM ¢ TIOMOINIBIO BTOPUYHBIX
antuten K Fc-pparmentam ummyHornoOynmuHa G KpbICH, KOHBIOTHPOBAHHBIX
¢ nepokcuaazoit xpena (OOO “Bekrop-bect”, HoBocubupck, P®). [lepokcuaaznyio
AKTUBHOCTh BBISBIISUIM B peaklMM ¢ TeTpameTunoeH3uauHoM. Ilormomenue (450 HM)
u3Mepsin Ha npubdope “Dddoc 93057, PO. B kauecTBe KOHTPOJIS HCIIOIH30BAIU
CTaHJAPTU3UPOBAHHYIO CBIBOPOTKY Kpbichl SHR B mocnenoBaTenbHBIX pa3BeICHHSX.
3a enuHUIy CONIEp)KaHWsS AHTHUTEN MPUHUMAIN AKTUBHOCTH CTaHIAPTHU3UPOBAHHOM
CBIBOPOTKM B COOTBETCTBYIOIIEM pa3BEACHHUM, OLEHEHHYIO IO CBETONONIOIIEHUIO
B OTHOCUTENBHBIX enuHUIaX. OTHOCUTENbHAS CTaHAapTHAs omuoKa MeTona 8+6%.

Cmamucmuyeckyro 0bpabomky pe3ylbTaToB TPOBOJMIA C HCIOIH30BAHHEM
CTaHJAPTHOTO TakeTa mporpamm Statgraphics. Beibopku aHanmu3upoBajy, WCHONB3YS
kputepuii KomMoropoBa — CMHpHOBa, CpeJHHE 3HAUCHHUs BEIUYMH CpPAaBHUBAIU
C MCIIOJIb30BAaHUEM t—KpHUTEpPHS.

PE3VYJIBTATBI U OBCYKJIEHUE.

Cesoticmsa eéx/[HK naazmet kposu b6onvHuix apmepuanvrou eunepmensuetl (bI).
[TonmyuenHsle pesynbrarhl MOKa3anu, 4ro KoHueHTpauus BK/HK B mmazme kposu
obcnenoBanubix Bl Bapeupyer ot 6 mo 890 ur/mn (cpemnee £SD, 252+229, n=15),
a B masme kpoBu 3J[ — or 51 mo 380 mr/mm (190+£89, n=25). Pacmpenenenue
xonnentpanmii BkK/IHK y 3/1 u BI' npuBeneno Ha pucynke | A. AHanu3 IBYX BBEIOOPOK
no meroxy Konmoroposa-Cmupnosa (D=0,31, p=0,29) u cpaBHeHHE CpeHUX 3HAYEHUI
(p>0,1) mokasamu, uyto koHueHTpauuu Bk/HK y BI' noctoBepHo He oTinmuarorcs
oT TakoBbIX y 3/I.
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Hrimn nri vr BkOHK HI/ MN NNasMel e/].aKT.
Pucynok 1.

YacrotHoe pacnpenenenue konnentpanun BkJIHK (A), conepxxanus TOp/IHK Bo BxJIHK (B),
koHueHTpauuu TOp/IHK (B) u nykieasnoit akrusaoctu (I') B iazme nepudepudeckoi KpoBu
310poBbIX JoHOPOB (3/], n = 25) u GonpHBIX apTepuaibHol runeprensuei (bI, n = 15).
Bce nanHbIe IpUBEICHBI B JOrapu(pMUUYECKON IIKae.
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Wsmenenne cocraBa Bk/IHK oneHmBasm 1mo u3meHeHUIo0 conuepkaHUs B HEU
mapkepa CpG-JIHK — TtpanckpuOupyemoii o0nacti prOOCOMHOTO MOBTOpa YeIOBEKa
(TOpAHK) [2]. D10 Hambonee wusBectHas MHorokonuiiHas CpG—oboramieHHas
MOCJIEZIOBATEIbHOCTh T€HOMA MIIEKOMUTAIOUINX, KOTOpas OTHOCUTENIBHO YCTOWYMBA
K JIBYHHUTEBBIM pa3pblBaM W HakaruuBaercs B coctaBe BKJIHK kpoBu B HOopme u mpu
natosjoruu [8]. B renome uenoseka conepxkanue TOpJIHK Bapwupyer ot 0,9 o 2,9
nr/ar saepaoit JIHK (cpemnee 1,78+0,04 [14]). B cocrase Bk/IHK y BI' conmepxanue
¢parmentoB TOp/IHK Owino Beime, wem y 3/ (D=0,49, p=0,02) u BapsupoBaio
ot 1,5 no 81,3 nr/ur BkAHK, B T0 Bpems kak y 3/] — ot 0,7 1o 6,7 nr/ar Bk IHK (puc. 15).
Konnentpamuss TOp/IHK B mnazme y BI' Obuta moctoBepHo Bhie, (puc. 1B, D=0,7,
p<0,001) u BapsupoBasa ot 0,2 10 6,4 Hr/ M mIa3mel, B To Bpems kak y 3/ — ot 0,16
1o 1,5 ar/mn. Y 47% 6onbabix AT MbI HaOmOnaM CHUKEHUE HYKJICa3HOW aKTUBHOCTH
(HA) nna3msel kpoBu 110 cpaBHeHuto co 3/ (puc. 1I).

Mo comepxkanuto TOp/IHK B cocraBe BkJIHK OGonbHBIE OBUTH pa3jielieHbI
Ha niBe moArpymisl: BI'(1) — 7 uenosek, y kotopsix conepxkanne TOpIHK 0110 HU3KUM
(mo 5 nr/ur BkJIHK) u BI'(2) — 8 yenosek, y kotopeix BkJIHK okazanace oboraméHHoit
¢dparmenramu TOpIHK (puc. 2B). OTu aBe MOATPYIIBI 3HAYUTEIHHO Pa3THYAIHChH
u 1o apyrum cBoiictBam BKIHK (puc. 2). V 6onpubIX B rpynne BI'(1) mo cpaBHeHHIO
co 3/ u GompubiMu Tpynnsl bI'(2) xonnenrpammu BkIHK (puc. 2A) u TOpJIHK
(puc. 2b) Obutn yBenuuensl, a HA 3HaunTenbHo cHUkeHa (puc. 2I).
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Pucynok 2.

Cpennue 3Hauenus konnentpaunu BkAHK (A) u TOp/IHK (b), conepxxanus TOp/IHK B Bx/IHK (B) u
HA (T') B rpynme 6onbabix AI' ¢ Huskum (BI'(1)) u Beicokum (BI'(2)) conepxannem TOp/IHK.
[TpuBoanTCS cTaHgapTHAs OIIMOKA.

Takum ob6pasom, npu Al y uyactu OonbHBIX IO cpaBHeHHIO co 3/ Ha ¢doHe
HECYIIECTBEHHBIX N3MEHEHMH 0011el KoHTieHTpanuu Bk IHK Habmonaercs 3HaunTe IbHOE
yBenuueHue coxaepxkanus mapkepa CpG — JIHK. Bosnukaer Bompoc: MOBBIINICHHE
conepxkanusa CpG-JIHK ectb cneactBue Al (HeiTpanbHas WM KOMIIEHCATOpHAas
peakuys opraHu3Ma) Wil OJIuH U3 GaKkTOpOB, NHAYLHPYIOLIUX U MOAIEP)KUBAIOIINX €€7
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[IpenBapuTenbHbIN aHAM3 KIMHUYECKUX JTaHHBIX (CTaThsl TOTOBUTCS K I€YaTH) MOKa3al,
yT0 y OonbHbIX rpynnsl bI'(1) ¢ Hu3kum conepkanneMm gpparmentoB TOp/IHK B Bk/IHK,
BenmurHa AJ] BhIIe, yeM y OonbHBIX rpymmbl BI'(2) ¢ MOBBIIIEHHBIM coepKaHueM
TOpZAHK. D10 MOXET CBHIETENbCTBOBATh 00 aHTUTMIIEPTEH3UBHON HANPaBIEHHOCTH
NOBBILIEHUS copepxkanusi BeicokoMonekyasipabix CpG — JIHK B cocrase Bk/IHK.

Brisinennsie n3menenus csoictB BKJIHK u Hykinea3sHol akTMBHOCTH y OOJIBHBIX
AI' (pe3ynbraThl HACTOSIIETO HMCCIIEAOBAaHHUSA), a TAKKE Pa3IMYHBIMU HapylIEHUSMU
MO3roBoro KpoBooOpamenuss [10], umemuueckoil OO0J€3HBIO CcepJla, OCTPHIM
uHpapKTOM MHOKapaa [2] u peBMarowgHBIM apTpuToM [17] MOCIYXWIH TOBOAOM
JUIl Hadaja OIBITOB Ha >KMBOTHBIX. YTOOBI BBISICHHTH poib HakoruieHus CpG-JIHK
B coctaBe BK/IHK B paszButum AI, mMbl oOparuinuch K €€ MOJENN y >KUBOTHBIX —
CIIOHTAHHO-TUNepTeH3UBHON JuHUM Kpblc (SHR), y cam1i0B KOTOpO# npu TOCTHKEHUU
BO3pacTa MoJIOBOTO CO3PEBaHUS pa3BUBAETCs cToMKoe nosbimenue AJl [1].

3ameonenue pazsumus AlI' y kpvic aunuu SHR nocne “ummynuzayuu”
¢ppaemenmamnu CpG-/[HK 6 pannem onmozeneze. Mbl IPEINIONOKIIIN, YTO CTUMYJISIITHS
BBIPA0OTKH y KPBIC JOIOJHUTENbHOTO KonmuuecTBa anturen npotus CpG-IHK moxer
U3MEHUTh COJep’KaHue ITHX MocienoBarenbHocTed B cocrtaBe BkJHK. Panee Obuio
nokasaso, uro antutena nporus CpG-AHK mupkynupyioT B KpoBU uenoBeKa B HOpME
Y TIPU MaTOJIOTHH, KaK B CBOOOTHOM BUJIE, TaK U B koMmIuiekcax ¢ BKJIHK [2, 16]. UToOb!
MHAYLIUpOBaTh NOBbINIEHHbIN cuHTe3 aHTuTen K CpG-JHK, 2-1HEeBHBIM KpbIcsSiTam
SHR u WKY nonkoxno BBoaunu 700 vr mnasmuasl p(TOpAHK), conepkamieit
BcTaBKy — CpG—06orarsiiit pparment TOp/IHK genoseka B Bekrope pBR322. B kauecTse
JIHK cpaBHenus npyrum kpsicatam SHR BBogwim mnasmuay p(Car3), xortopas
coliep)kajia BCTaBKY C HEBBICOKMM conepxkanneM CpG — moBtopa — cyOdpaximro
carequnrta 3 yenoseka (paiioH 1q12) B Bekrope pBR322.

Jlannbie o BiusHUM paHHel “nmmynuzanun’” ¢pparmentamu IHK Ha pazsutne Al
y KpBIC MIPEJICTABIECHbl HA pUCYHKE 3. YV “UMMYHH3UPOBaHHBIX~ Kpbic SHRPIOPHO A JT
70 9-1 Helenu ocTaBaJIoCh B IMpezesiaX HOPMAJIbHBIX IMMOKa3aTesiel, B TO BPEMs KakK y
KOHTpoJIbHBIX Kpblc SHR® m SHRP“™® AJl mnoBblmanocs yxke ¢ 6-i1 Hexenu
nocTtHaraiabHoro passutus. Ha 11-it nenene y kpbic SHRPTOPMO A JT qaunnano pactu, HO
JIOCTUrajio CTa0WJIbHO BBICOKMX 3HaueHHWM, XapakrtepHblx it SHRY, tompko x 14-i
Hezene. [Ipu aTom Ha 12-i1 Hezlene oTMedaloch KpaTKOBpeMeHHOoe cHIbKeHne Al y KpbIc
SHRP ™ takoe ke, Kak ObUIO paHee OOHApy>KEHO NPU BBEICHUU I'eHa OpaJUKMHHHA
yenoBeka B ajieHoBUpycHOM Bektope [18]. Bmemenune p(7TOp/AHK) nHe BbI3BIBAIO
m3menenust AJl y kpeic WKY. Takum oOpa3om, omHopasosasi uabekius p(TOpIHK)
2-nueBHbIM KpeicsiTam SHR 3amennsana passutue y Hux Al, oroasBuras cpok
JOCTMYKEHUSI CTa0MIBHO BBICOKOTO ypoBHS AJl, Kak MUHMMYyM, Ha 8 Hemenb. YToObI
HNOHATH TNPHUPONY OOHapykeHHOro 3¢ ¢deKTa, MbI, BO-TIEPBHIX, MPOAHATHIUPOBAIH
HekoTopsle cBoiicTBa BK/IHK u, Bo-BTOpBIX, ONpenenii KOIU4eCcTBO U CIEU(PUIHOCTh
AQHTHUTEJ, BBIPAOATHIBAEMBIX MPOTUB pa3nuyHbIX (parmentoB JIHK y XKUBOTHBIX,
y KOTOpbIX uzMepsuin A/l

Ocobennocmu ceovicme 6k {HK y nonosospenvix kpvlc, 0OHOKPAMHO UHbEYUPOBAHHBIX
CpG-/[HK 6 pamnem onmoeceHneze. bbb TpOaHATM3UPOBAHBI CIIEIYIONIUE CBOMCTBA
Bk/IHK: o6mras konmenrparus BkJIHK, ypoBeHb e€ ¢parmenTanuum (COOTHOIIECHHE
JUTMHHBIX U KOPOTKUX (pparmentos), cogepxkanue TOp/IHK Bo BkIHK u koHIIeHTpaIus
TOpZIHK B mnna3zme kpoBu. Takxe oueHuBanmu HA 1uia3mbl KpOBH, Kak OJIHWH W3
MoKazareyie akTUBHOCTH cucteM siumuHanmu BkJIHK, koropeie Biustor Ha €€
CBOWCTBA. YPOBEHb ()parMeHTAIINN ONPEAETISUIN, KAK OTHOILICHHE 3HAYSHUH KOHIIEHTPAITUH
Bk/IHK, Tectupyemoii AByMsi pa3HBIMH KpacHTEIsIMH B OJHOW W TOW ke mpolde:
HU3KOUYBCTBHUTEIBHBIM K JyiHE (pparmenToB B uHTEpBasie ot 0,1 10 21 T.m.H. (RiboGreen®,
ompenenseT KoHIeHTpanuio Bcex (parmentoB JIHK), ¥ BBICOKOUYBCTBUTEIBHBIM
(Hoechst 33258, onpenensier KOHIEHTPAILMIO TPEUMYIIIECTBEHHO BBICOKOMOJIEKYISIPHBIX
¢parmeHTOB). B 10OMOTHUTENBPHOM S3KCHEPUMEHTE, MBI IOKa3alH, YTO pPa3IUUMsL
B 3HaueHMsX KoHueHTpauuu JIHK, ompenensiemoil BblI€yKa3aHHBIMH KpPAaCHTEISIMU
B OIHOH W TOHW ke mpobe, TeM Oosbmie, 4eM OOJbIIEe KOJIUYECTBO KOPOTKUX
(menee 300 n.H.) pparmenroB JAHK (puc. 4).
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200

[TokasaTens JaBlICHITA, MM PT.CT.

100

é T ll 1 T 11 3 T ll s T
BO'B[)?ICT AHBOTHBIX., HEOCITI
Pucynox 3.

M3MeHeHne CHCTOMMYECKOTO JaBICHUS y KPhIC ¢ Bo3pacToM. O003HAaUYEHUS: YEPHBIHA, OBl KBaapar u
9EPHBIA KPYKOK - KpbICBl SHR, KOTOPBIM ITOIKO’KHO BBOIMIIM B IBYXTHEBHOM BO3pPAcTe COOTBETCTBEHHO
¢usnonormueckuii pacteop, p(Car3) u p(TOpAHK). UépHslit 1 Oenblif TpeyroabHUKH - KpbIcHl WKY,
kotopbiM BBOAMIU coorBeTcTBeHHO P(TOPAHK) 1 dhusnonoruyeckuii pactBop.

Kaxnast Touka rpaduka - cpeiHue 3HaUCHMS JaBICHUS U1l TPEX KPBIC, MPUBOIMTCS CTAaHJapTHAs OIIHOKA.

5 YpoeeHb thparmMeHTaLuu B

OHKaza 1

M 0 2 5 10 20 40 60 90 20 40 60 80
Bpena ruaponuza AHK (HKa200 1, Mur Bpewma ruaponnsa AHK AHKasoil 1, mun
Pucynox 4.

Anamms ypoBHs ¢parmenTarmu JJHK ¢ rcronp3oBaHueM IBYX KPaCUTEIICH.

A. Dnekrpodoperpamma MoAenbHBIX 00pa3oB JJTHK KpbICH ¢ pa3amdHON CTETIEHBIO THAPOIII3a
JHKas3oii-1, 1% araposnsrii rens. M - Mapkep AiauH (pparMeHToB. YkazaHo Bpems ruaponusza JJHK
npu kouueHtparmu JITHKa3pi-1 1 mxr/mit, 37°C. b. OtHotenue koHieHTpanuii oopasmnos JJHK,
OIpe/ieIeHHbIX ¢ Hcnonb3oBaHueM Kpacurens RiboGreen” u Hoechst 33258.
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CpaBuenue cBoictB BkJIHK konTponsHbix kppic SHR* m WKY® BbIsiBHIIO
HEKOTOpBIE pa3iIndus Mexay 3TumMu JuHusIMH (puc. 5). Konnentpauus Bk/IHK y xpbic
SHR* (1342+315 ur/mut ia3mel, npuBoautcst SE) 6ombie (p<0,05), gem y kppic WKY*
(970165 ur/ma, puc. 5b). Kak cnemyer u3 maHHbBIX 31ekTpodopesa (puc. SA),
B coctaBe BK/IHK KOHTpONBHBIX KpBIC 00EMX JIMHUHM COAEPKAIHCh KaK JJIMHHBIE
(21 T.m.H.), Tak u KopoTkue pparmentsl. Conepxanue GpparmenToB Kpbicuaoit TOpIHK
B cocraBe BK/IHK y kpsic SHR* (0,62+0,05 nr/ar Bk/IHK) 6puto mHmxke (p<0,001),
yem y kpeic WKY* (0,97+0,06 nr/ar BxIHK, puc. SE) npu orcyrcTBUM pa3nuauii
B KoHIIeHTpauuu pparmentoB TOp/IHK B mutazme (p>0,05, puc. 5/1). HA nna3msl KpoBA
kpeic SHR® (22+4 en.akt./Mi1) oka3amach HW)KE, YeM TakoBas IU1a3Mbl Kpeic WKYX
(32+4 en.axt./mi, p<0,01).
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PucyHoxk 5.

Caoiicta Bk/IHK kpbic SHR nu WKY. A. TIpumep anekrpodoperpamm, xapakrepHbix st BkJJHK kpbic
kaxou rpynmsl (1,2% araposnsiit rens). Liudpamu ykazanst jummnsl pparmentos. b. Konnenrpanus
Bk/IHK B mumasme kpsic. B. Yposens pparmenrtanuu Bk/IHK (nmosicuenus B texcre). I. Hykneasnas
aktuBHOCTH TuasMel. JI. Konnerrparmms TOpIHK B mnasme. E. Cogepskanne TOp/IHK B Bk/IHK.
O06o3HaueHns: KpbIcaM BBOIWIHN (3. pacTBop (cBewno ceprle crondukn, K), p(TOpAHK) (TémHubIe
cron6uku, TO) u p(Car3) (6ensie cronduku, Car3).

CsoiictBa BkJIHK KOHTpOJIBHBIX KpBIC U KpBIC, “UMMYHU3UPOBAHHBIX
¢parmenramu JIHK, B 00ewx JMHUSAX pa3IUYaduCh IO HECKOJIBKUM ITOKa3aTessiM
(puc. 5). Konuenrpanus Bk/IHK y kpsic SHRPTPH9 110 cpaBuenuto ¢ SHR* okazanach
CHIDKEHHOH B 2,6 paza (p<0,001), a y kpbic SHRY™ — B 1,5 paza (p<0,01; puc. 5b).
[Mokazarens ¢parmentannu BkJIHK xpsic SHRPTP™MO G cHmken B 1,3 pasa
(p<0,001), y SHR*“™  posimien Ha 10% (p<0,03, puc. 5B). Ymenwienue nonu
KOpoTKuX PparMeHToB B cocTaBe BKJIHK kpbic SHRPTPMY orgeinBo mpociiexkuBaeTcst
Ha anekrpodoperpammax BkJIHK (puc. 5A). HA mnmazmbl KpoBu Kpbic SHRPTOPAHR
B 3,5 pa3a mpeBOCXOAMJIa KOHTPOJIbHbIE 3HAYEHUs, B TO BpeMs Kak y Kpbic SHRPC
He m3MmeHwrack (puc. 5I). Conepxkanue ¢parmentoB TOp/IHK B cocraBe BkJIHK
y Kkpblc SHRPTPMO ppepocxommio B 2,4 pasza (p<0,001) TakoBo€ y KOHTPOJBHBIX
#UBOTHBIX (puc. SE), a y kppic SHR?“® — B 1,4 paza (p<0,01). Konuentpauus TOp/IHK
B mmazme SHRPTOPMY Grina camxena B 1,3 pasza (p<0,01, puc. 5/1), a B utazme SHRP ™
HE U3MEHSIACh.
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N3smenenus cpoiictB BkJIHK “umMMyHn3upoBaHHbIX” Kpbic WKYPTOPHED
[0 CPaBHEHHWIO C KOHTpPOJIEM OBLIM IMPOTHBOIOJIOXKHBI TOMY, YTO MBI HaOMIOMaIN
y kpeic SHRPTPMO - Konnentpanust BkJIHK y Hux Bo3pactana B 1,4 paza (p<0,001,
cM. puc. 5b), npu sToM crenens e€ ¢parmentanun U HA mmasmbl IPAKTUYECKH
He mensimuck. Conmepxanue TOp/IHK B cocraBe Bk/IHK ymenbmiamoce B cpennem
B 1,7 pa3a (p<0,001) npu npaktuuecku Hen3sMeHHOM ypoBHe koHUeHTpauun TOpIHK
B 11a3me kpoBu (puc. 5/).

Cooeporcanue AT, 6 nnazme Kposu noOI0803pENbIX KPbIC, “UMMYHUIUPOBAHHBIX
CpG-/[HK 6 panmnem oHmoeceHneze. AHTHTENa, KOTOpPbIE OOpa3ylOTCS B OpraHu3Me
MIIEKOTTUTaroNuX K (pparmenTam Bk/IHK, MOKHO oOXapakTepu30BaTh TpeMs TapaMeTpamHu:
oOmee komuyectBo AT, (Cymma CBs3aHHbIX ¢ coOcTBeHHON BKJIHK 1 cBOOOMHBIX
AHTHUTEN), KOJIMYECTBO CBOOOAHBIX AT, . W OTHOCHTENbHOE KONMUuecTBO AT .\,
o0pa3yronux crnenupuyHble KOMIUIEKCHI ¢ OTAenbHbIMU (parmenTamu BKJHK.
Mpbl omnpenesnsiii KOJIUYECTBO CBOOOAHBIX U OOIIMX AT & kpeicunoit JTHK
U K MOJENbHBIM (parMeHTaM, COOTBETCTBEHHO, JI0 M IIOCJIE HCUEPIIBIBAIOIIETO
ruaponuza coocrBenHoi Bk/IHK kpricel B 00Opasmax mia3mel pepmentom J[HKasza-1.

Hns  amamm3a cnenudpuuHoctd ATnHK B kadectBe wMwumieHH B HMDA
MbI ucnionb3oBau ABe mnocnenosarenbHoctd — p(TOpAHK) (onpenenenue AT
cnenuduunbix k CpG-I{HK, AT, ““) n xouTponsHyto - p(Car3), coxepxantyro Maio
CpG-mioBropoB. AT, ., KOTOpbIE “y3HAIOT” NPEMMYLIECTBEHHO caxapopocdarHyro
nens JIHK, He o00nagaroT BbIpakeHHON CHEIU(UUYHOCTHIO K TOCIEI0BATEIIbHOCTH
OCHOBAaHUN W JAalOT NPUMEPHO OJMHAKOBBIM curHain B MDA Ha paBHOM KOJIWYECTBE
JHK-mummenun no6oi nocienosarensHocTu. K, komrekcoB AT, ¢ ¢ CpG-JIHK
Ha TOPSIIOK BhIIIe, YeM Hecnenupuuabix komruiekcoB ¢ JJHK [16]. OTHouienue nByx
CUTHAJIOB, MOJIYYEHHBIX JUIsI OTHOM M TOH ke MpoOsbl mia3mel kpoBu Ha CpG-0oratom
u CpG-uedorarom ¢parmenrax JHK, Mbr o00o3Haumim, kak ‘“‘mokasaTeib
cnenupuynoctn” (IIC). 3nauenns IIC, menbiie 1, TOBOPST O TOM, YTO B TUIa3Me
cogepxxkutcss manmo AT, %, ¥ B Cwly IOKa HEACHBIX NPHUYUH, PPEKTUBHOCTH
cesizbiBanust AT, © p&?aT3) Boimie, ueMm ¢ p(TOpJAHK). D10 MoxeT ObITH CBsI3aHO,
Kak ¢ Jyumei copormeit p(Car3) Ha HOcHTelle, TaK U C HaJUYUEM B KPOBU KPBIC
AT o cienuuunbix K nocnenosarensHoctam JIHK, Bxomsmmx B cocras p(Car3).
Henp3s Taroke HCKITIOUUTH BEPOSITHOCTD TOT0, 4TO Hecnennduunbie ATIHK CBA3BIBAIOTCS
menee sdp¢extuBHo ¢ CpG-JIHK B cuny, kakux — nmubo KoH(OpPMAIMOHHBIX
ocoOeHHOCTel caxapodochaTHOTO OCTOBA B COCTaBE JTHX IMOCIEIOBATEIHHOCTEH.
Yem Oompmie [IC, tem Boime nons AT, “°¢ B cocraBe ATHHK. AHanu3 JaHHBIX
KOJIMYECTBEHHOI'O OIpEAEICHUs] COJAEpKaHUS B IUIa3ME€ KPOBHM KpPBIC CBOOOAHBIX M
obmmx AT, x renomuoit JIHK xpeichl u 3nauennii J1C, npuBeIeHHBIX B TaOIMUE,
noKa3aj ClIeAyIolIee.

JTHK?

Taonuya. Komuuectso AT, x JIHK kpeicel u [IC antuten y KpbIC, KOTOPBIM BBOIMIIN
¢usnonormueckuii pacteop unu Gpparmentsl JJHK.

IHC anwren x JTHE,
Anmavema x JIHK xpmacaa® {corman pTOR/THK / carman
Jieaera xpHIC H pCard)
(Ne|  EOGACHCTERE Crobopmae, O, Ceobopmie ATpy| OGmpe ATy
OTH £ OTH e
1 2 3 4
1 SHR. denpacteop | 071 :006°* | 13101 1802 084 003
7 SHR, pTOp[HK | 079+ 007 14102 12+01 077 X007
3 SHR, pCar3 0,78 009 L5355 008 18+01 D4 003
4 WEY gmpacteop | 04005 1802 10502 073 £003
5 WEY, pTOp/lHK | 0,63+ 008 10+01 1002 0901

[Ipumevanue: * - Onpenensimu 10 (cBoOomHBIC) U ocie (obmue) rumponnsa BkIHK mmasmer [IHKazoiil
(cM. ycmoBus sKcTiepuMenTa); ** - mpuBogutes SE.
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KomnuuectBo o0mux AT, x kpeicunoi IHK y kpeic SHR® B 1,4 pasa meHblue,
ueM y kpeic WKY*® (p<0,01, crpoku 1 u 4, cronben 2). KonuuectBo cBoboaubIX AT 1
HanpoTus, B 1,8 pasza 6omnbie (p<0,001, ctpoku 1 u 4, ctonben 1). B minazme kpoBu Kpbic
SHR® 38% ot obuero xonuuectsa AT, cBasanbl ¢ BKJIHK, y kpeic WKY® sror
nokaszarelns B 2 pasza oombire (78%). Y kpeic SHR¥ B cocraBe HecBsizanubix ¢ BKJJHK
AT . comepxkurcs 3HauuTenbHo Gombme AT, ¢ JTC coGomubix AT U1 5THX
kpelc B 1,8 pasa Boie, ueM IIC nyis WKY* (ctpoku 1 u 4, cronben 3). 66HII/IC AT
0 3TOMY IOKA3aTelo Pa3InyaloTcs He CTONb 3HAYUTENbHO — B 1,15 pa3za (cTtpoku 1 u 4,
cronoer] 4). MoxHo mpeanonoxuts, uto B coctaBe BkJIHK xpsic SHR* comepxurcs
menbre CpG — GpparMeHTOB, KOTOPBIE CBA3BIBAIOT crieuuuunble AT, ¢, 4eM y KpbIC
WKY¥. Ot nannsle moarBepknmatoTcss Tem (akrom, uro conepxkanue TOp/IHK
B BK/IHK xpric SHR* menbiie, yem y WKY* (puc. 5).

“Ummynnsanus’ kpbic SHR He mpUBOAUT K 3aMETHBIM U3MEHEHUSIM COAEPKAHUS
B IUIA3ME TI0JI0OBO3PEIBIX KpPbIC CBOOOAHBIX W o0mux AT . k kpbicunoi JHK
(ctpoxu 1, 2 u cronbusr 1,2), mpu 3trom konmudectBo AT, .., cBs3aHHbIX ¢ BK/IHK,
He3HauuTeIbHO noBbiaeTcs (10 44%). TIC cBoOoaHBIX A”IRIIHK JUTst Kppic SHRPTOPHO
HIwKe B 1,5 pasa, yem y kpeic SHRP ™ y SHR* (p <0,001, cTpoxu 1, 2 u 3, cTonber 3)
U TNpUOMKAaeTcsd K 3HaueHusM, noiydeHHbIM uid kpelc WKYX. Takum o6pasom,
npu “ummynmu3auun”’  ¢parmentamu CpG-JJHK B kpoBu SHR yBenunumBaercs
kosmuectBO AT, P ceazannbix ¢ BKJIHK. DTo roBoput 0 TOM, YTO y HHX B COCTABE
Bk/IHK HakammmBarorcs mocienoBareabHOCTH, d()()EKTUBHO CBS3BIBAOIINE AT]_.[HKCPG,
YTO KOPPEIUPYET C ONMCAHHBIM BBIIIE 3HAUUTENBHBIM IIOBBIIIEHUEM COJEP/KaHUS
TOpAHK Bo Bx/IHK 31HX KpBIC.

V' “nMmyHusupoBaHHbBIX” Kpeic WKYPTOAHO obmee kommuectBo AT, ObLIO
CHIXEHO B cpenHeM B 1,8 paza mo cpaBHenuto ¢ WKY* (p<0,001, ctpoku 4 u 5,
cronber; 2), xonuuecTBo cBoboxnbix AT, .. Obuto yBemmueno B 1,6 pasza (p<0,01).
B kpoBu nonosozpenbix kppic WKYPTOPMO konpuectBo ATnHK, cBa3anHbIX ¢ BK/IHK,
BIBO€E HIKE (37%), ueM y kpeic WKY™. ITC st cBoOoaubIX ATy v KppIc WKYPIOPAHD
He ommyanca or IIC y WKY® (crpoku 4 u 5, cronben 3), s obumx AT . IIC
Ob11 yBenuueH B 1,2 pasa (p<0,01). Ilo-Bunumomy, npu nMmyHu3anuu kpeic WKY
¢parmenramu  p(TOpAHK) mnpoucxogut cHUXKEHUE BBHIPAOOTKH B OpTaHU3ME
*uBoTHOr0o ATnuk k renomHou JIHK, mpu stom BkJIHK mnpuoOperaer cBoiicTBa,
NPUBOJAIINE K CHU)KEHUIO KOJIMYECTBA CBA3BIBaEMbIX ¢ Hewo AT ¢, DOTu naHHBIE
KOPPEIUPYIOT ¢ yMeHbIeHueM coaepxkanus coocTBeHHBIX TOpIHK B coctaBe Bk/IHK
y Kpbic WKYPTOPHIO,

Taxum oOpazoMm, B pe3yabpTare NpOBEIEHHOIO UCCIIEI0BaHMS TOJIy4€H HHTEPECHBII
pe3ynbTar: OofHOKpaTHOe BBeAeHHe 2-mHeBHBIM KpbicaM CpG—-JIHK yBennuumio
Bo3pacT crabminpHoro moBeimeHns AJl y kppic SHR u He m3menmno AJl y Kpbic
HOPMOTEH3UBHOM JTMHUU. J{J151 TOrO 4TOOBI OHATH NPUYHHY OOHapykeHHOTO 3¢ dekra,
HEOOXOTUMBI HCCIIEIOBAHUS N3MEHEHHS TIPO(HIIS SKCIIPECCUH TEHOB, 331iCTBOBAHHBIX
B pa3zutuu runeprensun y SHR. [Tockonpky Mbl HaOmogaeM OT/Aal€HHBIA BO BpEMEHU
3G (dEKT y B3pOCIBIX KPBIC, “UMMYHU3UPOBAHHBIX B PaHHEM BO3pacTe, TO U3MEHEHUS
JIOJDKHBI OBUTH KOCHYTBCS CTBOJIOBBIX KIIETOK. B pamMkax HacTosiel paboThl MbI OLIEHUIIN
n3MeHeHus cBoiictB BK/IHK u n3aMeHnenue aByx (pakTopoB, BIMSIONIMX HA 3TH CBONCTBA
(o6pasoBanue KomiekcoB ¢ AT, . u HA) npu “nmmynusanun’ gparmentamu JIHK.
Ha pucynke 6 npaHa runoreTudeckas CXeMa, WUIIOCTPUPYIONIAs B3aUMOJECHCTBUE
ucclieyeMbIX HaMu (aKTOpOB, MPUBOIANIMX K H3MeHeHUIO cBoiicTB Bk/IHK.
Ucrounuk BxkJIHK - kieTtkm opranusma, moruOaroiide B pe3ysibTaTe HEKpo3a WIH
aronro3a. JJHK, mocrynaromas B KpoBb, IOABEPTAETCS SHIOHYKICA3HOMY THUIAPOJIU3Y.
VY denoBeka M Jpyrux MIEKONUTAOIMIMX OOHapyxkeHo Heckonbko Tunos J[HKasz,
KOTOpbIE 3KCKPETHPYIOTCS MHOTMMH KIETKAMH B KPOBb, a TaKXKe JIOKAJIU3YHOTCS
Ha [MOBEPXHOCTH KJIETOK, B TOM YHCJIE, HAa OBEpXHOCTU KieTok Mbi [19]. Koporkue
dparmenTsl BkJIHK, oOpasyromiuecs: B pe3ynbrare SHIOHYKICa3HOTO THAPOIIN3a, MOTYT
SITUMHHUPOBATHCS TOYKaMHU, OHHM oOHapyxuBaioTcsi B moue. JIHK muitexornmrarommx
COJZIEPKUT MOCJIEOBATEILHOCTH, KOTOPhIE OTHOCUTEIBHO YCTOWYMBBHI K JIBYHUTEBBIM
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pa3pbiBaM, BO3HHMKAlOIIMM 0pu HakomieHuu B cocraBe JIHK ogHOHUTEBBIX
pa3phIBOB, BHOCHMBIX SH/IOHYKJIea3aMH [8]. DTH BBICOKOMOJIEKYJISIpHBIE (hparMeHTHI,
npencraButenem kortopbix sBiasiercs TOpAHK, nakammBatorcs B coctaBe BK/IHK.
[To-BuguMOMY, OCHOBHOW TYTh JIIMMHHAIIMM 3TUX (PArMEeHTOB — CBA3bIBAaHUE
cnerupuuasiMu kK CpG—/IHK anturenamu. CsoiictBa Bk/IHK, Takum o6pasowm,
OTpPENEIAIOTCS MUHTEHCHBHOCTBIO TPOLIECCOB T'MOENM KJIETOK, ypoBHeM HA Kposw,
AKTUBHOCTBIO palOThl BBIACIUTEIBHBIX CUCTEM U YPOBHEM CHHTE3a CHELM(PHUUHBIX U
HecrenmupuaHbIX anTuTen K pparmentam BkJIHK (cxema Ha puc. 6).

SnumuHaLus
HUSKOMONEKYNAPHBIX
thparmeHTOB

dparmeHTbl XpomaTiHa
norubLwuvy KneTok

OboraweHue CpG - AHK

SnuMrHayna
VMMYHHBIX
KOMNNeKcoB
Pucynox 6.
Cxema, oTpaxaromas u3menenue conepxkanus Bo BKIHK CpG - 6orateix pparmeHToB.
IlosicHenus B TEKCTE.

VYV nonoso3zpenbix kpbic SHR yBenmuena konunentparnus BkJIHK u cuHmxeno
conepxxkanne CpG—/IHK mo cpaBuenuto ¢ kpeicamu WKY. Dt1o cormacyercsi ¢ Oosee
HU3KUMU 3Ha9eHuaMH HA, chmkenuem obmero xonudectsa AT . 1 ¢ TUTepaTypHBIMU
JaHHBIMH 00 WHTeHcudukauuu amnontoza y Kpsic SHR [20, 21] u o cHmkeHHOU
kiy6oukoBor unerpanmu [1]. AT, ¢ y KpbIC IOByX JHMHHH CHHTE3HPYIOTCH
B, IPUMEPHO, OAMHAKOBBIX KonmdecTBax, HO BK/IHK xpsic SHR* 3HauntenbHO MeHblIe
CBSI3BIBAET 3TH AaHTUTENA, B pe3ylbTaTe YEro OHM HAKAIUIMBAIOTCS B IJa3Me
B HecsizaHHoM c¢ Bk/JIHK Bupe. CsoiictBa Bk/IHK kppic SHR* B coBokynHocTH
¢ noHmwxeHHoil HA ouenb noxoxu Ha coictBa BKIHK moarpynmner 6onbHbIX BI(1)
JUIsL KOTOPBIX Mbl OOHApyKWUJIM MOBBIIEHHBbIE KOHUeHTpauun BK/IHK u cHmxennoe
conepxanue TOpIHK B Bx/IHK (puc. 2).

[Toaxoxxnoe BBenenne CpG—dparmentoB 2-mHeBHBIM Kpbicam SHR mpuseno
K TOMY, 4YTO, JJake uepe3 16 Henenb mociie BBeIeHUs, aKTUBHOCTh CUCTEM AJIMMUHALIUU
n cBorctBa BKJIHK ObulM 3HAYMTENBHO M3MEHEHBI MO CPAaBHEHUIO C KOHTPOJIEM.
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B xpoBu SHRPTOPMN) spauprensHO yBenmuumiack HA, mpu 5TOM MBI HE HaOIIOMAIIN
CYLIECTBEHHBIX HM3MEHEHHH B KonuuecTBe o0mmx AT . “¢, Te. okuraeMon HaMu
TpHU MJIAHUPOBAaHUM PabOTel MHAYKIMK cuHTe3a AT\ P¢ B pesynbrare “UMMyHHU3AINK”
HEe Tpou3ouio. MoXXHO NpeanoiaokuTh, YTO UMEHHO BcienctBue ysennueHus HA
3HaYUTENbHO M3MeHwInch cBoiicTBa BK/IHK kpbic SHRPTOPMO _ B geckonbko pa3
cHU3MIach obmas kouneHTpamus BkJIHK, mpowmsomnuio 3HauuTensHOE obOorameHue
ycTouuBBIMU K (parmentamun nocienosarensHoctsiMu (TOp/JHK), uro mpuseno
K CHWKEHHIO KojudecTBa cBOOOAHBIX AT, “¢ (puc. 6). BBeneHue KOHTPOIBHOM
nocnenosarensHocTd p(Cat3) Be3pBano moxoxkue 3hdextsr y kpoic SHR (puc. 5),
HO TOpa3[l0 MEHEE BBIPAXKEHHBIC: JOCTOBEPHO CHHM3WIACh KOHIEeHTpamusa BkIHK
u HemHoro ymenumuuioch conepxkanne TOp/IHK B Bk/IHK, HO HA, crenens
¢parmenramun BkJIHK u kommyectBo cBoOOAHBIX AT\, “P° NPAKTHYECKU HE U3MEHUIIUCH.

V¥ kpeic WKY Beenenune CpG — JIHK ctumynupoBaio npsiMo NpOTHBOIOIO0KHbBIE
u3MeHeHus — yBennueHnue koHueHrpauuu BkJIHK u camxenune conepxxkanus TOpIHK,
YTO CONPOBOXAAJIOCh CHH)XXKEHHEM KojunudecTBa cBsdaHHbIXx ¢ BK/JIHK ATgHk
u ymenbliennemM HA. CsoiictBa BkJHK kpsic WKYPTOPMO vano ornmgarorces
ot cBoiictB BK/IHK kpric SHR¥, TeM He menee, y kpbic WKYPTPMY popprimenns AJl
He npou3onuio. TakumM 00pazom, MOXKHO MPEATIOTI0KUTh, UTO n3MeHeHre cBorcTB BKJHK
y SHR* (1 y 60npHBIX Al') HE SBIISIETCS CAaMOCTOSTENBHOM MPUYUHOMN noBbIIeHus Al

s toro, 4TOOBI MOHSTH, MOYEMY JIBE JUHUM KpPBIC IHO-Pa3HOMY pearupyroT
Ha ““MMyHu3anuioo”’ ogHuM u TeMm xe ¢parmeHToM CpG-IHK nHeoOxogmmbl
JanbHEWIINEe HcciaenoBaHuss. MOXXHO JIMIIb BbICKa3aThb HEKOTOPBIE MPEATONI0KEHHUS.
CpG—I1HK akTtuBUpYeT B KJIETKE CUTHAJIBHBIA MYyTh, CBSI3aHHBINA C H0COMAIbHBIMU
peuenropamu TLR9. Kpome toro B nmocnennue roasl nokazano, yto CpG—JIHK moxet
B3aMMO/IEWCTBOBATh C JIPYTUMHU pELENTOPAMM, PACIIOIOKEHHBIMU Ha IOBEPXHOCTH
KJIETOK, YTO MPUBOAMT K aKTUBAIMU APYTMX CUTHAIBHBIX KAcKaJoOB B KJeTke [22].
[ocnenosarensHocts p(TOpAHK) conepxut Hapsay c caiitamu cBsizbiBanust ¢ TLR9
Y4acTKM, KOTOpBIE SIBIAIOTCS OJIOKATOpAaMM 3TUX pELEnTOpOB (KOPOTKHE IOBTOPHI
c obmeit dopmynoit G, [23]). Ecniu monexyna p(TOpAHK) dparmentupyercs
memeHHo (kpbickl SHR, cHmkena HA), TO OTHOCHTENbHAs KOHIIEHTPAIUS CBOOOIHBIX
dparmenToB — naTHONTOPOB TLRY HeBenmka v OHM Majio BIHSIOT Ha akTuBarmio TLRY.
Ecnmu p(TOpAHK) ruaponusyercss JOCTAaTOYHO OBICTPO J10 HHU3KOMOJIEKYISIPHBIX
¢parmenToB (kpeicbi WKY), To kouueHTpanus wunrubutopoB TLRY mnosimaercs
¥ OHH CIIOCOOHBI OJIOKMpOBaTh JeiicTre muranoB TLRY. B aTom citydae akTuBupyroTcst
JpyTU€ CUTHAJIbHBIE MYTH.

SAKIIIOYEHUE U BbIBOJBbI. Pestomupys pesynbTaTbl HPOBEIEHHBIX
UCCJIEJIOBAHNN, MOYKHO CJIEaTh CJIEIYIOIINE BHIBOJIBI.

1) BeisiiieHs! onHOTHITHBIE M3MeHeHUs cBoicTB BKJIHK u dakropa, oTBeuaromiero
3a €€ NIMMUHALUIO U3 KpoBH, y noAarpynmnsl O0onbHbIX Al (BI'(1)) u momoBo3pensix
camuoB (17-nenens) kpeic SHR. Jlns Tex W Apyrux XapakTepHbl IOBBIIICHHAS
xoHueHnTpauust BkJ{HK, cumxennoe conepxanne TOpIHK B €€ cocraBe u Hu3Kue
3HaueHus HA.

2) Ilpu ognokparHoMm noxakokHoM BeeneHu p(TOpAHK) B panHem oHTOreHese
00HapyKeHO 3HAUUTEIBbHOE 3aMeIeHne pa3BUTHUs Al y KpbIC TMIIEPTEH3UBHOM JINHUH,
“UMMyHM3alMS HE BINSAET HA ypoBeHb AJl Yy HOPMOTEH3UBHBIX KPBIC.

3) 3amennenue pasButus Al' y “ummynusupoBanHbix” CpG-IHK kpeic SHR
HE CBA3aHO c nosbllieHHeM cuHTe3a aHtuten K CpG-/IHK, HO koppenupyet
co 3HaunTenbHBIM poctoM HA 1 o6oramennem Bk/IHK ¢pparmenramu CpG — JIHK.

BrisiBieHHass BO3MOKHOCTH OTCPOUYEHHOTO (GopMupoBaHHs cTabuinbHOM Al
y kpbic SHR, “ummynnsupoBannsix” B AByxiHeBHOM Bo3pacte p(TOpAlHK), no3sosnser
MIOCTaBUTh PsJ HOBBIX 3KCIIEPUMEHTAJIBHBIX 3aj[ad, KOTOPbIE MbI IJIAHUPYEM DPELIUTh
B JaJIbHEHIIMX HCCIIEOBaHUAX. Bo-nepBbIX, HEOOXOJUMO BBISICHUTb, BO3MOYKHO JIU
MPOJIOHTUPOBATH BBISBJICHHBIN d(MEKT IMyTeM JOMOJHUTEIBHBIX WHBEKINUN TIa3MUIbI
p(TOpAHK) “ummyHm3upoBanHeiM” KpsicaM SHR B Gosiee mo3qHue CpoOKH, BIUSET TN
BBegeHne CpG-JIHK na A/l y B3pocnbix kpbic SHR*? IIpu 3TOM BakHO IpOCIEIUTH
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JuHaMHUKy n3MeHeHus cBoicTB BKIHK y “nMmynusnposannbix” kpsic SHR B niepuon
¢ Havana moBbimeHus AJ] 1o ¢opmMHpoBaHUS CTOWKOW THUIEPTEH3MH. Bo-BTOPBHIX,
KpaiiHe BayKHO OIIPEJENINTD, IKCIPECCHs KaKMX T€HOB U3MeHseTcs B KieTkax kppic SHR
nocJie “UMMYyHHM3alUN’ ¥ KaKU€ CUTHAJIbHBIE YT 3aJIeHICTBOBAHbI B 3TOM Iporecce?
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DELAYED APPEARANCE OF HYPERTENSION IN SPONTANEOUSLY HYPERTENSIVE
RAT (SHR) INJECTED WITH CpG-RICH DNA EARLY IN ONTOGENESIS

N.N. Veiko', I.L. Konorova’, M.E. Neverova', O.V. Fidelina', N.A. Mkrtumova’', E.S. Ershova’,
M.S. Kon’kova', A.Iu. Postnov’

'Research Centre for Medical Genetics, Russian Academy of Medical Sciences, Moskvorechie str., 1,
Moscow, 115478 Russia; tel.: 111-85-76; fax: 324-07-02; e-mail: ribgene@rambler.ru
’Research Center of Neurology, Russian Academy of Medical Sciences, Moscow
*Russian Research Cardiology Complex, Moscow

In this study we have investigated properties of blood serum extracellular DNA (cell-free DNA)
from patients with essential arterial hypertension (AH). Cell-free DNA concentration was not changed
in the control AH group compared to norma (healthy donors) but fragments of CpG-rich cell-free
DNA marker content were increased at transcribed area of ribosomal repeat (TArDNA, CpG-DNA).
To evaluate effect of CpG-DNA on AH development in 2-day SHR line and in control normotensive
line (WKY), 700 ng of human TArDNA single subcutaneous injection were inoculated to obtain
anti-CpG-DNA polyclonal antibodies. These antibodies could change CpG-DNA contents in total cell-free
DNA. Blood pressure (BP) in 9-week SHR line rats immunized with CpG-DNA was equal to BP of WKY
rats. Then BP of immunized SHR steadily increased with age and reached high value 8 weeks later
compared to control SHR rats. Cell-free DNA analysis in 17-week SHR line rats showed significantly
reduced concentrations of cell-free DNA and also showed decrease in small DNA fragments content,
but increased content of CpG-DNA (rat TArDNA). These changes were accompanied with 3.5-fold
blood endonuclease activity increase and decrease of free (unbound to cell-free DNA) anti-CpG-DNA
antibodies quantity. Total anti-CpG-DNA antibodies quantity in immunized rats wasn’t changed compared
to control animals. Thus, observed effect of increase in stable BP elevation age in immunized SHR
line rats doesn’t relate to increase of anti-CpG-DNA antibody production. Possible reason of this effect
is further discussed.

Key words: ribosomal genes, cell-free DNA, arterial hypertension, SHR, WKY, DNA antibodies.

699



