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1-YO «lpoaHeHCKMI roCyAAPCTBEHHBIN MEAMLMHCKMIA YHUBEPCUTET D

2 - TpoaHeHckas ropoackas 6onbHuua N2 3

Ipusedern 0630p coBPeMeHHOU TUMepPamypsl 0 6ANCHOM KIUHUYECKOM OUOMApKEpe 0CNANeHUs U npedcmagumere
benkos ocmpotl gpaszer C-peaxmuerom benxe. Ponu e2co nenmamepnoit (pCRP) u monomeproii (mCRP) popm. Paccmompe-
Hbl MEXAHUMbL, Iedcaujue 8 0CHO8E BOCNAIUMEbHOU PeaKyuu U Ramo@pu3uoIouieckue 00Ka3amelbCmed UCnolb306d-
HUSL €20 8 Kauecmee MapKépa u npoeHOCMUYecK020 (haKmopa paziuiHelx 3a0601e6aHUl.

Knroueewte cnosa: C-peaxmueHulil 6e10K.

We reviewed the recent literature on an important clinical biomarker of inflammation, the acute-phase reactant — C-
reactive protein (CRP), and the role of its pentameric (pCRP) and monomeric (mCRP) forms. The mechanisms of the
underlying inflammation and pathophysiological evidence of its utilization as a marker and risk predictor of various

diseases were reviewed.
Key words: C-reactive protein.

C-peakruBHblii 6enok (CRP) BriepBbie ObLT HaliNIeH B ChI-
BOPOTKE KPOBU OOJIBHOT0, MHPHUIIUPOBAHHOTO Streptococ-
cus pneumoniae, B 1aboparopuu Oswald Avery (MucTUTYT
Pokgemnnepa, Heto-Hopk) B 20-x rogax nponuioro Beka. Cra-
Ths1 00 3TOM nosiBrvIach B edaty B 1930 . (Tillett WS, Goebel
WE, Avery OT. J Exp Med 1930, 52: 895-900). ccnenosa-
Tenu PpaKkHOHUPOBaAIH OeNIKK OaKTepHu S. pneumoniae u
O0OHaPYXHJIH, 4TO OJJHA U3 (HPAKIIHIA, TOIYUSHHBIX IIPH pa3-
JieNieHnH, 0003HaYeHHast Kak (pakiust «Cy», ocaxmaer Oel-
KU, TIPUCYTCTBYIOLIHE B CHIBOPOTKE KPOBU OOJIBHBIX ITHEB-
Monwuel. Cyocranuuro ¢paxuun «C» oHu HazBau «C-110-
JUcaxapuaoM mHeBMokokkay (PnC), a 6enmok kpou — C-pe-
axmusnovim derxom (CRP), ypoBeHb KOTOPOTO MIPU THEBMO-
KOKKOBOM MH()EKIINH BO3pacTall Ha HECKOIBKO TIOPSITKOB [34].
Kak mo3»e 0Ob110 ycranosneno, orser CRP Ha undeximio
ObLI CBSI3aH C YBEIMYEHHUEM €ro CHHTE3a IelaTolUTaMH 10T
JIECTBUEM MTPOBOCHATIMTENBHBIX ITMTOKUHOB [98, 115].

B Hacrosmee Bpems onpenenenue yposHs CRP B kimHu-
YECKUX HCCIICJOBAHUAX CIIYXKUT MHAUKATOPOM ITPOLIECCOB
BocrasieHusi. Ero Ouonorndeckas (GyHKLUSI CBsi3aHa C yaa-
JICHUEM KJIETOK, HaXOJISIIIIXCS B COCTOSTHHM arionTo3a 1 He-
Kpo3a, U HOCHUT Ha3BaHUE oncornogpazoyumos (opsonopha-
gocytosis). B skcriepumenTax Ha )xuBOTHBIX CRP okaszpBan
3alUTHBIA S EKT, CHIKAsE ypOBEHb OaKTEePHEMHH, U T10-
BBIIIIAJ BBLHKUBAEMOCTb KUBOTHBIX [ 82].

OO0bryH0 CRP mosiBnisieTcst B KPOBM HAMHOTO paHbIIIe
nosiyieHus aHTuten. Hapsimy c emé 40 OenkaMu oH OTHOCHT-
sl K Tak Ha3bIBaeMOM Tpyre 6enkoB «ocTpoi dazp. OHn
BKITIOYAIOT B ce0sl OeJIKM CBEPTHIBAIOIIEH CHCTEMBI KPOBH,
(haKTOpBHI KOMITIEMEHTA, aHTUIIPOTEa3bl, TPAHCIIOPTHBIE OeI-
KU U SIBJISIFOTCS B&YKHBIMU KOMIIOHEHTaMU TIEPBO HeCTIeL-
(buuecKol JIMHKUK 3alUThI Opranu3ma [25, 73, 75].

CRP — onue u3 Hanbolee MIMPOKO U3y4aeMbIX CUCTEM-
HBIX MapKEpOB BocnaneHus. OnMHaKo, HECMOTPSI Ha JUTUTEITh-
HYIO HCTOPHIO U3YYEHHUSI, IO CHX 0P JI0 KOHI[A HE BBIICHEHA
ero (¢usnonornyeckas poib. HeT Takxke qaHHBIX O HapyIle-
HUSIX B OpraHU3Me IPHU HeJO0CTaTKe MO0 moauMopduzMe
atoro 6enka [82]. Bonee Toro, B mocieHee BpeMs oiyde-
HBI 9KCIIEPUMEHTAIILHBIE ¥ KIIMHUYECKUE TIOITBEPIKACHHS
CYIIIECTBOBAHUS in Vivo IO KpaiHel Mepe JBYX KoH(popMa-
LIMOHHO Pa3IM4HBIX N30(opM Oeska — nenrameproit (pCRP)
u MmoHoMepHol (mCRP), Hecymux, kak 0ka3anoch, pasiny-
Hyto (yHKIMOHANBHYO Harpy3Ky [29]. K coxanenuto, Bce
MOJTy4YEeHHbIE paHee JaHHbIE OTHOCHJINCH K OOLIeMY IOHS-
THi0 — «C-peakmuerviii 6enok», U MOAPa3yMeBald, B OC-
HOBHOM, cymiecTBoBanue juib pCRP uzodopmer. Creno-
BaTeJILHO, [0 MepE MOJTYYEeHUs HOBBIX JaHHBIX O CBOMCTBaX
u peiictBur mCRP u pCRP npunércs nepecMoTpeTh MHOTHE

aCIIEeKThI KIIMHUKO-IMarHOCTUYECKOTO 3HAYSHUsI HE COBCEM
KOPPEKTHOTO COOMpaTebHOro NoHsATHs C-peakmugbiii be-
JIOK.

[NepBas snmpemuonoruueckas pabora, u3ydasias B3a-
UMOCBs3b KoHlleHTpanuu CRP y nrozieii u 4acTtoTy BO3HUK-
HOBEHUSI y HUX CEePIIeYHO-COCYTUCTRIX 3a0oeBanuii (CC3)
nosiBUIIack Jiuiilb B 1996 romy [57]. B Hacrosiiiee Bpemst ycra-
HOBJIEHO, 4TO BeposaTHOCcTh CC3 B 2-5 pa3 BbIIIE Y JIIOIEH,
OTHOCALTHMXCA K BepxHel TpeTu 1o yposHio CRP B kpoBH, o
CPaBHEHUIO C MPEJICTaBUTEIISIMU HIDKHEH TPEeTH. DTO BIOITHE
COINIOCTaBUMO TI0 NPEAUKTHBHON 3HAaYUMOCTU C APYTUMHU
W3BECTHBIMHU (haKTOpaMH PHCKA: YPOBHEM XOJIECTEpOIIa, TPHU-
aIINTUIEpOoNoB, uHTepneiikuHa-6 (IL-6), ¢ubpunorena,
CUCTOJINYECKOro 1aBieHus kpoBu [19, 40]. [Toka3ana 3aBu-
cuMocth KoHneHTpauuun CRP B kpoBu u ¢dopmupoBaHus
MHOTHX IaTOJIOTHH, BKIroYas Arabet I Timna, nireMudecKuin
WHCYJIBT, OCTPHIE BOCHIAJIUTENbHbIE 3a00meBanus (OCTpPhIH
amIMeHJUIIT, THEBMOHNH ), XPOHUYECKHE 3a00JIeBaHMS JET-
KHX, HEKOTOphIe BUABI omyxoneit [20, 129, 131]. Beicokwuii
ypoBeHb CRP MOXET CIIy)KHTh MPOTHOCTHYECKUM OHOXH-
MHUYECKHM MapKEPOM Pa3BUTHUSI XPOHUUECKOH OOCTPYKIIH-
oHHoM 6one3nu nérkux (XOBJI), mpesknamrcuu [9, 17, 117].
B 10 e Bpemst amuieMruoIoruueckue paboTsl, MPOBEAEH-
Hble Ha OonbIHX BeIOOpKax (128 000 HaGroeHMit ), TTOKa3a-
JIM OTCYTCTBHE B3anMOCBsI3U Mex 1ty reHoturioM CRP u puc-
koM nosieniernst CC3 [ 11, 132].

Uro ceiiyac m3BecTHO 00 3TOM Oenke? C-peaxmueHbiii
6en0K CUHTE3UPYETCS B OCHOBHOM B TI€UEHH, XOTS yCTAHOB-
JIEHO, YTO OEJIOK MOT'YT CHMHTE3UPOBATh HEHPOHBI, KIIETKH
MOYEK, MOHOIMTHI, JTUMQOIMTH U Makpodaru aiabBeod.
OnnHo Bpems cuutanu, 4uto CRP MoXeT cuHTe3upoBaThCs
aTePOCKIICPOTHICCKIMU OJISIIKaAMH, TakK Kak ypoBeHb CRP B
HUX Ha TIOPSIJIOK BBIIIE, YEM B OKPY)KAIOIIHX TKAHSX, OIHAKO
ObL10 yeraHoBieHO: CRP cHHTE3MPYFOT HAXOAIIECS B OJIAII-
Kax MaxkpoQaru 1 riaKoMbliedHbie kieTku. [TokazaHo, uyto
SHJIOTEJMOLIUTHI 20PTHI YeJIOBEKa He ToNbKo conepxkat MPHK
CRP, Ho cuntesupyrot u cekpetupytor CRP. MPHK CRP Haii-
JieHa TaroKe U B aIMTIOIUTAX YenoBeka [8, 26, 45, 77, 120].

Benok pCRP (118 kDa) (CRP meHTpaKkcHH) COCTOHT U3
MIATH UICHTUYHBIX TOJUNENTUAHBIX 1erel (206 aMHHOKHC-
JIOTHBIX OCTAaTKOB Kaxkzasi, ~ 23 kDa), KoTopble B IPUCYTCTBUM
Ca?* HEeKOBAJICHTHO CBSI3BIBAIOTCSI 1 CHMMETPHYHO PACIIO-
JIAraroTCsl BOKPYT IIEHTPaIbHOM mopsl. CeMeNcTBO 10100~
HBIX OEJIKOB, MOJy4YMBIIEE Ha3BaHUE (IIEHTPAKCHHBI»
(pentraxin), IMeeT BeCbMa KOHCEPBATHBHYIO CTPYKTYpY, KO-
TOpast MPOCIIEKUBAETCS Y MHOI'MX BHIIOB KMBOTHBIX. Kaskast
cyObeMHHIIA UMEET JIBE JABYXCIIOWHBIC aHTUTIApaJIIeITbHbIC
[B-mmacTuHBI, HAOMHHAS COOOH CTPYKTYpHO M (YHKIHO-




JIEKLUMWN N OB30PbI

Kyprar TpTMY 2010 Ne 4

HAJILHO JIpyr'He NEHTPAKCHHBI CHIBOPOTKU KPOBH — CblBOPO-
mounwitl avmunoud P (SAP, serum amyloid P), nemmaxcun-3
(PTX-3) urexmunst (koHkanaBamvH A) [2, 25, 32, 94, 130].

Bpewms nonyxuzan pCRP ynuBuTenbHO CTaOHIBHO 1 1O
CpaBHEHHIO C IPYrUMH OeJIKaMH T1a3Mbl KPOBU O4YEHb MaJIo
— Yy 4enoBeKa cocTaBisieT Bcero 19-24 vaca. YV denoBeka
~ 90% ['*I]-meuyeHoro pCRP BBIBOJMTCS U3 OpraHU3Ma ¢
Mouoi B TeueHue 7 mHel. HTepecHO, YTO KIUPEHC
['*T]-CRP mpencrapisietr coboii MPaKTHIECKH MOHOIKCIIO-
HEHIMaJIbHYI0 (DYHKIMIO U HE OTIIMYAeTCsl HU B OJIHOM U3
rpymi OONBHBIX (Pa3HBIMU HO30JIOTHYECKMMU (popMaMu) OT
KOHTPOJIA U HE 3aBHCUT OT UCXOIHOIO YpOBHS B KpoBH [121].
VY 310pOBOr0 B3pOCIIOro YEIOBEKa €ro YPOBEHb B ILIa3Me
KpOBH cocTaBJjisieT npumepHo 0,8 mr/.

Pocr xonnenTparm pCRP HaGmonaeTcst pu pa3InaHbIX
XPpOHUYECKUX 3a0oneBanusax: Al, MeTaOOIHMIeCcKOM CHHAPO-
Me, caxapHoM quadere II Tuna. Yposenbs CRP ucnons3yror
KaK MPOTHOCTHYECKHH MapKEP OCIIOKHEHHUH ITPY CTEHT-TIPO-
Te3upoBaHuu [22]. YcraHOoBIEHO, 4TO Ha (hOHE BBHICOKOTO
ypoBasi CRP y 6onbHBIX yacTo Habmonaercst puopuIisms
npencepauii [65]. Tlo naHHBIM JIMTEpaTyphl KOJeOaHUS KOH-
uentpaius CRP B kpoBU uesoBeka COCTaBISIOT YETHIPE MO-
psaaka: ot 0.05 go 500 Mr/i, Toraa Kak y )KHBOTHBIX, HAIIPH-
Mep, MBILIEH, PEIKO MPEBBIILIAIOT 2 MKT/MJT JIaXKe TIPU BOCTIa-
nenuu [93, 121]. Cuuraercs, uto ypoBeHs pCRP kpoBu orpa-
)KaeT pa3Hylo CTeNeHb PUCKa PA3BUTHS CEPIEYHO-COCYANC-
TBIX 3200JIEBaHUH, KOTOPYIO KITMHUIIUCTHI YCIIOBHO Pa3/ieNu-
JIM HA TPH YPOBHS: HU3KYIO — npu KoHueHTpauun pCRP
<1 wmr/n, cpenHioro — 1-3 Mr/i1 ¥ BeICOKYIO — > 3 mr/i [80].

CRP monomep (mCRP). Cuuranoch, uro CRP ouens cTa-
OwieH npu pU3NOIOTHYECKUX YCIIOBUSIX U MOXKET IOTEPSITh
MIEHTaMEPHYIO CTPYKTYpPY TOJIBKO IpH NeHatypaiun. OnHa-
KO ceiiyac HaKaruiMBaeTcst Bc€ OOoNbIe JaHHbIX, YTO in VItro
W in vivo Ipy UMM OOWITU3ALINH, HATPEBAHUH, B TIPHCYTCTBHU
KHUCJIOT WJIM MOYEBUHBI IEHTAMep JIETKO JUCCOLUHUPYET Ha
MoHoMepHI. [IpH 3TOM cTpyKTypa Oenka npuodpeTaeT B
IIPEUMYIIECTBEHHO a-criupaineil. bonee Toro, mCRP B Hop-
Me€ HaiiieH MpaKTUYEeCKH BO BCeX TKaHIX opranuszma [29, 47,
86].

Celiuac o0OCyxaaroTcsi JBa MexaHu3Ma oOpa3oBaHUs
mCRP [29]: a) skcripeccus u 6) auccoranus. EcTb paboTsl,
B KOTOPBIX MMOKa3aHo, uto pCRP nucconmmpyer Ha MOHOMe-
PHI TIpH CBSI3BIBAHUH C KJIETOYHBIMH MEMOpaHaMH, B TOM
yucie MeMOpanamu TpoMOouuToB. [Ipuyém, B 3TOM y4a-
crByer nu3odocharuaunxonua® (LPC), npu cBs3pIBaHuH ¢
xoropbiM pCRP npeBpamaercs B mCRP [29,44]. Hekotopsie
KJIETKH CIIOCOOHBI HETIOCPEACTBEHHO NpoayrmpoBarb mCRP
[15].

Penerrropamu mCRP, B oriarie ot pCRP, sBistrorest Fey-
RIII (CD16)** u padrer*** mia3marudeckoil MeMOpaHbI
kierok [28, 42, 47]. Pazpymenue TUNuaHbIX padT ¢ TOMO-
11b10 3¢ Upa — METUII-B-IIUKIIOJEKCTPHHA UIIM HUCTATHHA —

* JInzodocdaruannxonns — o0pa3yercsi Ha MOBEPXHOCTH KJle-
TOK TPH arionTo3¢ W MpU aKTHBALUK TPOMOOIMTOB. B3aumoneii-
ctByeTr ¢ CRP. O6pasyercsa u3 ¢ocharuanikonuHa Ipy akTHBa-
unn Ca**-HesaBucHMON (ocdorunasel A,. YCTaHOBIICHO, UTO aK-
TUBHOCTH (ocdomnumnazel u odpasoBanue LPC saBnstoTcs daxTo-
paMu pUCKa CepAEUHO-COCYAUCTHIX 3a00JIeBaHN M HIIIEMUYECKOTO
uHCynbTa [59, 76].

** OcHoBHBIMH perientopamu pCRP, aktuBupyromumu npo-
necc (aronuTosa JEHKOIMTOB YENIOBEKA, SABIAIOTCS PELEHTOPEI
nmmyHoroOynuHa — Fey-Rlla (CD32) u Fey-RI (CD64). AxtuBu-
pys o1 penentopsl, CRP unaynupyer akrusaruro 1L-8, narnou-
pyet aktuBHOCTh eNOS U cHHTe3 IpocTanuKiInHa [24].

*#% Padrel (rafts) — cnennanu3upoBaHHbIE JUNUAHBIE MEMO-
panHble MuKponoMeHsb!I (< 500 HM), OoraTslie X0JIecTeposIoM (10
70%) u chunronunuaamu. Urparot ponp miardopm I KIeTod-
HBIX PELENTOPOB U KAHAIOB, IPHHUMAIOT y4acTHe B S9HIOLUTO3E.
Baskueiinme 371eMeHThI KIIETOYHOH CUTHAIM3AIliH.
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npenynpexaaeT mCRP uHIyIpyeMblil OTBET, BKIIIOUAS:
HapaOOTKy CBOOOIHBIX pa/InKaJIOB KUCIIOPOAA, SKCIPECCHIO
aJre3UBHBIX MOJIEKYJ U CEKPELINIO INTOKUHOB [42].

Tax ke kak 1 pCRP, mCRP ctumynupyer knaccuueckuii
IyTh aKTUBAIIMH KOMITIEKCa KOMILUIEMEHTa*, B3auMOIeHCTBYs
c Clq [43] omnaxko, mo cpaBHeHuto ¢ pCRP, obnmamaer Gomnee
BBIPKEHHBIM IPOBOCTIAIUTENLHBIM () dekToM. B oTmiune
oT pCRP mCRP akTuBupyeT 3KCIPecCuio MOBEPXHOCTHBIX
aJIre3MBHBIX MOJIEKYJI Ha HelTpoduiax yenoBeka — CD11b/
CD18, 4T0 NOBBIIIAET UX CBA3BIBAHUE C AKTUBUPOBAHHBIMU
sHpoTenuouuTamu [134]. Unaynupyer CUHTE3 SHAOTENNO-
uuramu, Heiirpodunamu u Mmonormramu MCP-1** u anre-
3UBHOro nurokuHa IL-8, skcrpeccuro sHAOTENHONUTAMU
KOPOHAPHBIX ApPTEPHI MENCKIEMOYHBIX A02E3UBHBIX MOJIe-
kya-1 (ICAM-1), E-cenexmuna n adze3usnvix monexyi-1
cocyoos (VCAM-1) [23, 48].

Kpome Toro, HalizieHO, 4TO y MBIIIIEH, TIOTy4aBIINX HHb-
eKINH KJIeTOK ajieHokapimHoMbl (EMT6), BBenenre mCRP
3aMeJUIsIeT U OCTaHABIIMBAET POCT M METACTa3UPOBaHHUE (0CO-
OCHHO B TKaHH JIETKHX), @ Y HEKOTOPBIX YKMBOTHBIX Jaxe
YMEHBIIAEeT pa3Mmepsl omyxoneil. [Ipekpaiienue BBeACHUS
mCRP Bo300HOBIIsIET ITpOlIece KapiHoreHnesa [56]. B To xe
BpeMsi UIMEIOTCS IaHHbIE O MPSMOI 3aBHCUMOCTH YPOBHSI
CRP (o6mero CRP, kak 310 onpenensercs B KIMHUKE) U He-
OJ1aronpHsATHHIM MPOTHO30M TEUEHHsI OOJIE3HH Y OHKOJIOTH-
YeckuXx OonbHBIX [131].

[To Mepe HaKoIIeHHs PE3YIIBTATOB PONb U (PU3HOIOTH-
yeckoe 3HaueHue 0oenx Gpopm CRP (mCRP u pCRP) Oyner
MIPOSICHATBCS U, BOSMOXKHO, 3TO CHUMET Psifl CYILIECTBYIO-
LIMX MPOTUBOPEUUI OTHOCHTEIIFHO OMONOTHYECKUX (DYHK-
it CRP, muddepennmpoas ux uis Kaxaoi u3 u3ohpopm
Oenka. [Toka ke B OOJIBIIMHCTBE CBOEM PacCMaTPUBAIOTCS
JTaHHBIC, OTHOCAIINECS K ICHCTBHIO OCITKOB O] OOIIIUM Tep-
MuHOM — C-peaxmusnbiii benox (CRP).

I'en CRP pacnonoxeHn B nepBoil xpomocome. Ero uH-
JYKIIUIO COBMECTHO C TPOYMMH OeKaMu OCTpoi (a3bl B
TeTaToIMTaX OCYIIECTBIISACT IIMTOKUH unmepetiku-6 (IL-6).
Dddexr noreniupyet unmepnetxun-15 (IL-1p) [58]. Cur-
HaJbHBIA BHYTPUKJIETOUHBIN KacKaJl, aKTUBUPYIOLNH CHH-
te3 CRP, Bimtoyaer B ce0s Takue (hakTopbl TPAaHCKPHUIILINH,
kak STAT3*** C/EBP (CCAAT/enhancer-binding
proteins)**** i NF-kB (nuclear factor-kappa B). [Ipruém
BeyIIIyt0 poiib urparoT Oenku cemerictea C/EBP (C/EBPP u
C/EBPC) [1]. Tpu npyrux dakropa TpaHCKpUIIUHT — (hak-
mop-1 siopa ecenamoyumos (HNF-1), HNF-3 u OCT-1***%*%*

* CyIecTBYeT TPU ITyTH aKTUBAL[MH KOMILUIEMEHTA: KJIacCHYec-
kuit (1), anpTepHaTUBHBIH (2) 1 IeKTUHOBBIH (3). 1 — akTUBHpPYET-
sl IOA AeHCTBHEM KOMILIEKCOB aHTUI€H-aHTUTEJIO U ITaTOr eH-JIeK-
TuH, 6osee n3BecTHHIN Kak SIGN-R1 (ero sxcnpeccus npoucxoauT
B Makpodarax MapruHanbHOH 30HBI Cele3EHKH). 2 — aKTUBHPYET-
Cs1 HEMIOCPEACTBEHHO [IaTOT€HOM. 3 — aKTUBUPYETCSI IIPH CBSI3bIBA-
HHUU B KPOBHU C MauHO30-cesa3vieaowum rekmunom (MBL,
mannose-binding lectin) ¥ ¢ maToreHamu, UMEIOIIMMU Ha TIOBEPX-
HOCTH MaHHO3Y [90].

** MCP-1 (CCL2) (monocyte chemoattractant protein-1)
benok-1 xemoammpaxkmanm MOHOYUMOE YSIOBEKa COCTOUT U3 76
amMuHOKUCIOT (13 kDa). OTHOCHTCS K CeMEICTBY XEMOKHUHOB, UT-
paroIyX BEAYLIYIO POJb B IMIPUBJICYCHUN MOHOLUTOB, HEUTpO(dU-
JIOB U TUMGOLMTOB. SIBIAeTCS KIIOYEBBIM (DAKTOPOM PErYIILUU
MUTPALUU 1 MHQUIBTPAMK MOHOLIUTOB/Makpodaros [23].

*#% STAT3 (signal transducer activator of transcription 3) —
NepeJaTirK CHUTHajla, aKTHUBUPYIOIIET0 TPAHCKPHIIIHUIO — 3.

*#%% C/EBP ygacTByeT B perymsiiui 3KCIPECCHH LUTOKHHOB
U XeMOKHHOB, BKimouas IL-6, IL-8 u MCP-1 [66].

wA%EE Oct-1 OTHOCHTCS K CEMEHCTBY (haKTOPOB TPAaHCKPHII-
uuu — POU, KOoTOpBIE CBA3BIBAIOTCS CO CICHUPUUECKON OKTaMep-
HOI mocnenoBareabHOCThIO HyKIeoTu10B — ATGCAAAT, cay-
Kaled peryasTOpHBIM 3JIEMEHTOM MHOTOYHMCIEHHBIX BCIIOMOTa-
TEJIbHBIX T€HOB. VrpaeT BasKHYIO poJib IIPH KJICTOYHOM OTBETE Ha
OKCHJIaHTHBIH CTpecc, BOCIalneHue u ctapeHue [84, 121].




Kyprar TpTMY 2010 No 4

JIEKLUMWN N OB30PHbI

coBMmecTHO ¢ NF-kB k Tomy ke momnep>kuBaroT 0a3oBblii
ypoBeHb Tpanckpunuu CRP [98, 122].

B 3aBucumoctu ot cutyaruun CRP nposiBisieT kak npo-
TaK W MPOTUBOBOCTIANUTENbHBIC KadecTBa. Hampumep, CRP
croco0eH MHIYIMPOBATh IKCIPECCUIO CHENH(UIECKOro
anmaeonucma peyenmopa unmepnetikuna-1 (IL-1Ra), yse-
JIMYUBATH BHIPAOOTKY aHTHBOCHIAJTUTEIILHOTO UHMEPeUKU-
Ha-10 (IL-10), mogasiste cuntes unmepgepona cavma (INF-
Y), MTHTHONPOBATH XEMOTAKCHC 1 OKUCIIUTEITBHBII B3PHIB HEli-
Tpodunos [72,73, 108, 116]. C apyroii croponsl, CRP in vivo
MHIYIMPYET MHUEIONEPOKCUIa3HYIO aKTHBHOCTh Makpoda-
T'OB, CHHTE3 IMPOBOCTIAUTENBHBIX IMTOKUHOB (IL-1[3, TNFa,
IL-6, IL-8) u memannonpomeasvi-9 mampuxca (MMP-9,
matrix metalloproteinase-9), moBbIIaeT aKTHBHOCTb KOJLIA-
2enazbl MOHOIIUTOB YeJIOBEKa U aKTUBHPYET UHOYYUbeb-
nyto NO cunmaszy (iNOS) [4, 39, 100, 101, 127].

Xpouunueckast undyzus aneuomensuna Il (Ang 1) CRP
TpancrenssM (tgCRP) mbiiam noteniupyer nericrere CRP:
TIOBBIIIAET CUCTOTMYECKOE aBIICHNE KPOBH, CHIDKAET (hpaK-
LU0 BBIOpPOCA JIEBOTO JKENYIOUKa, YBEIMYHBAET YPOBEHb
MapkE€poB (HUOpo3a cepaeuHOM MBITIIILI (koatazena I v 111,
a-enaoxkomviuteyroeo akmuna) v Boctianenus (TGF-f3, TNF-
o, unmepnetikuna 1 ). Iloeimaercs yposernb CRP u penen-
TopoB I Tuna Ang I1 ¢ coorBeTcTBYIOIIEH aKTHUBAIMEH BHYT-
PHKJIETOYHBIX POBOCIAINTENBHBIX CUTHAIBHBIX MyTeH, KaK
Hampumep, ¢ yuactueM NF-xB. Crnenyer 3amMeTuTh, 4yTO B
9KCIEPUMEHTAX in vitro ¢ kapauopuopoodaacramu CRP na-
BaJI TOYHO Takou 3P QekT, oqHako BHeceHue Ang II 3Hauu-
TEJILHO MOTEHIIUPOBAJIO €r0. ABTOPHI cuuTatoT, 4T0 CRP He
TONIbKO OMOMapkép, HO U OCHOBHOM Meauatop ¢ubdposza u
BOCHAJICHUS B CEPICYHON MBIIIIIE B YCIIOBHSX TTOBBIIICHHO-
ro ypoBHs Ang I1[133].

CRP unrudupyer dochopunupoBanue (aKTHBAIHIO) U
MIepeHoC K MeMOpaHe KIIETKH JIBYX BaKHEHIINX OelTKoB, (op-
MUpYOHINX akTUBHBINA Komiuieke NADPH oxcudaszwi (Nox)*
— npomeunxunazvl C-B2 (PKC-B2) u p47°*. Kpome Toro,
CRP unrudupyet akrusaiuo mayoro G-6enka — Rac2 —wr-
paroliero B HeWTpouiiax poib perystopa cOOpKH KOMIIO-
HEHTOB KoMIuIekca Nox 1 1uTockenera. iHTepecHo, 4To, oKa-
3bIBasi MHrUOMpYIoliee AeHCTBUE Ha HEUTPO(UIIBI B 30HE
noBpeskeHus, C-peakTUBHBIN OEJIOK B TO K€ BPEMsI aKTHBH-
pyer MoHoMTH/Makpodaru [73].

B xavectse npoBocnanurensHoro akropa CRP akrusu-
pYeT cucTeMy KOMIUIEMEHTa M (haroluTo3, MOTEHIUpPYeT
SKCIIPECCUIO MOJIEKYJT aJI'€3UH SHIOTENNALHBIMH KIIeTKa-
MU COCYIIOB, HHTHOHPYET IKCIPECCHIO0 sHOomenuanvhot NO
cunmasot (eNOS), crumynupyet Beipadorky IL-1, IL-6, IL-8,
IL-18 u anvpa paxmopa nexposa onyxoneu (TNF-o) [61, 67,
102]. B To »xe Bpems CRP uenoBeka 3amiuiaeT MbIIeH Ju-
nun C57BL/6 nipu sKcneprMeHTaIbHOM aJUIeprHIeCKOM 3H-
nedanomuenute (experimental allergic encephalomyelitis,
EAE). Ilpu 3TOM y XMBOTHBIX, YTO YpE3BBIYAiHO BAXKHO,
OTCYTCTBYET HHOHUIBTPALUS CIIMHHOTO MO3Ta MUEJIOH THBI-
MH KJICTKaMH, COIIEprKaIlIMK MeMOpaHHbIe perientopbl CD3
uCD11b**[108].

C-peaxmuenwiil 6enok, 00pa3oBaB KOMIUIEKCHI C JIUTaH-
Jnamu (pochonunuaaMu) NOBPEKAEHHON TKAHH, B3aUMOJICH-
CTBYET C MHUIMUPYIOIIMM OEIKOM CHCTEMBI KOMILIEMEHTA
-C o ¥ AKTHBHPYET KOMTIOHEHTbI C, u C,Kaccu4eckoro myTu
cucteMbl komruieMmenTa. Kak uzsectno, akrupanus C-C, —
BTOpPOM YacTH KIIACCHYECKOTO ITyTH — IPUBOIUT K (HOPMHU-
POBaHHUIO KOMIUIEKCA, aTaKyloLIero MeMOpaHy, U BeIET K
JU3KUCY OaKTepHid MITH KIIETOK, K KOTOPBIM OH MPUCOEIHHSI-
etcs. Onnako cBszbiBaHre CRP u Clq TIPUBOIUT TOIBKO K 00-
pasoBanuio C, KoH6epmasbl, HO NPAKTUYECKU HE OKA3bIBACT
BJIMSTHMSI HA BTOPYIO YacTh KacKaja KOMILIEMEHTa — OeNKu
C,-C, u o6pa3oBanue aTaKyromero MeMOpaHbl KOMILIEKCA

(MAC, membrane attack complex wm C, ;). Ha5ToM 3aKan-
YUBACTCS WHUIMAIINS CHCTEMBI KOMIUIEMEHTA C y4aCTHEM
CRP, B oT111uH€ OT KJITACCHYECKOM CXEMBI C y4aCTHEM KOMII-
Jiekca anTuren/antureno [ 70, 123, 124]. Hemapro Obu10 yeTa-
HOBJICHO, 4TO 3TOT 3¢ dekT CRP Bo3HUKaeT Oiaromaps ero
CBSI3BIBAHUIO C paxmopom H*** u bnokupoBanreM odpa-
3oBanus C; KoHeepmasoi.

ITomumo Toro, CRP akTUBHpPYET SKCIPECCHIO SHI0TENH-
ANBHBIMU KIIETKaMU (PAKTOPOB, MHTHOUPYIOIINX CHCTEMY
xomimiemenTa: CD55 wnun DAF-dakropa (decay-accelerating
factor, B muTepatype MOXHO BCTPETUTH TAKXKeE APyroe Ha3Ba-
HUE — KOMNJIEMEHM-3A6UCUMBILL CHUMYTSIMOP 2eMONU3Q),
MeMOpaHHbIX KoakropoB CD46/MCP (cBsi3biBaroTCs M pas-
pymator C, u C, ) u CDS9 (unruburop C,, ) [63]. Hamnuue
9THX IAHHBIX, KCTATH, TOBOPHUT B MOJIB3Y PaOOT O 3aIlUTHON
ponu C-peakTUBHOTO OeJika pH aTeporeHese.

KiroueBbiM B Monekynie CRP 1ist cBsI3bIBaHMS C KOM-
TTOHCHTOM Clq CHCTEMBI KOMILTUMEHTA siBjisieTcst Tyr!'” [2].
3amena Tyr'” Ha Ala He nuiaer 610K CIOCOOHOCTH CBSI3bI-
Barh C-rioyircaxapu 1 MHEBMOKOKKA, HO MPH 3TOM He MPOHUC-
XOJIUT aKTUBAIIMH CUCTEMBI KoMIUIeMeHTa [5], [41]. Bo3amox-
HO, 9TO CBA3aHO ¢ (D)YHKIIMEH CIICIUAILHOTO CaiTa, KOTOPBIi
CBA3BIBACT OENOK cHCTEMBI KoMIieMenTa C, unu gpaxmop
H. Baxxubm mi1st B3aumozetictsust CRP u OenkoB Komrue-
MeHTa siBjIseTcs Takoke Asp''? [37, 118].

Nurubuposanne Ca?*-3aBUCUMOro CBsA3bIBaHus (hocho-
XOJTMHA TAK)Ke TPEMATCTBYET aKTHBAIMH OSITKOB KOMILTIEMEH-
Ta. B Hacrosiiiee BpeMs BeETCS NHTEHCHBHBIN TTOUCK METH-
KaMEHTO3HBIX CPEJICTB, 00J1aJAI0IINX TOI00HBIM HHIOUPY-
oM 3¢ dexTom, KOTopbie MOXKHO OBLTO OBI HCIIONB30BATh
B KQ4eCTBE Kap/IMONPOTEKTOPOB TIPH JICUCHHH TTOCITENCTBHIA
nHpapkTa MHOKapna [82].

Ectb cBenenust , uto myrantabiit CRP, y koroporo Phe®u
Glu® 3amenens! Ha Ala, Takke OKa3bIBaET 3AIUTHBIH A heKT
nipu MHGUIUpPOBaHUM S. Prneumoniae N CHUXAeT YPOBEHb
OakTepHUeMHUH, HO 3TOT 3AIUTHBIH MEXaHH3M OelTka MoKa He
pacumdposan [105].

®dochoxoIiH BXOAUT B COCTaB MEMOpaH MHOTHX OaKTe-
pHii U SABJISETCS BAYKHBIM KOMITOHEHTOM C(MHTOMHUENNHA 1
(docharumuxomrHa MeMOpaH 3ykaproT. OJIHAKO B HOpMaJTb-
HBIX YCIIOBHSX B COCTaBe (PYHKIIMOHUPYIOMIEH MeMOpaHbI
KJIETKH TPUMETHJIbHAS TPyNIUpOBKa GochoxonuHa Hemo-
ctynHa a1 CRP. Ces3bIBaHME IPOMCXOAUT JIUIIH TIPH TO-
BpexIeHNH MeMOpaH mbo npu anonrose [ 12, 33]. [Tomumo
¢dochoxonuna, CRP MoxeT cBSI3bIBaThCS TaKkxke ¢ hocdoa-
TAHOIAMHHOM, OKHUCIICHHBIMH JIMIOMPOTCHHAMH HHU3KOH
rtotHocTH (0XLDL), XxpomatunoMm, eucmonamu, puoponex-
munom, manvimu pubonykieonpomeudamu sopa Ul, 6ei-
KOM MeMOpaHHI Spa 1aMUHUHOM U PA3TUYHBIMH TOTHKA-

* AktuBHpoBaHHBIH ((pochopunupoBanHslii 3a cuér PKC) Nox
MPEACTABIISICT U3 ceOsl KOMIUIEKC OSJIKOB, COCTOSILUI 13 MeMOpa-
HOCBSI3aHHBIX CyObenuuul gp9 1Ph* (karanuTudeckas) u p22Pe
(perynsaTopHas), MPUMKHYBIIMX K HUM IHTOILNIA3MATHUYSCKHX —
pA0Px pd7ehox p67Phx i pasoit ['Td-a3el Rac. SIBnsieTcst ocHOB-
HBIM HUCTOYHUKOM CBOOOMHBIX paaukaioB kuciopoaa (ROS) B 9H-
JIOTEITHOLUTAaX, 0COOSHHO TPY MHOTUX TATOJOTMIECKHUX COCTOSTHH-
AX: TUCHYHKIIUU SHAOTENHNA, aTepOCKIIepo3e, THIePTOHNH, Anabe-
T€ U OCTPOM PECHHUPATOPHOM AUCCTPECC-CHHAPOME. AKTHBUPYET-
cs1 pakropamu pocra (VEGE, uHCynuH), rUIOKcHUel, aroHUCTaMU
G-6enxoB (aneuomensunom Il (Ang 1) u mpomounom) [30].

** DT MeMOpaHHBIC PEUENTOPBl — OTIIMYUTENbHAS OCOOCH-
HOCTh MHEJOUIHBIX cymnpeccopHbIX kieTok (MDSC, myeloid-
derived suppressor cells), mogaBiagonMx akTUBHOCTH T suMpo-
uutoB. MDSC upe3BblyaifHO aKTUBHBI IIPU pake, TyOepkynése,
XPOHUYECKHUX HH(EKIIMOHHBIX Iponeccax [111].

*#% Daxkmop H — CHIBOPOTOUHBIM OFHOIETIOYEUHBI TIIMKOII-
poteus (150 kDa), akTuBupyrommuii cucreMy KOMIUIEMEHTA.
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THoHam¥ [5, 12, 107]. D10 kadecTBO, 00IIIEE I BCEX MEHT-
PaKCHHOB, HalIPUMED, JISKUT B OCHOBE ITO/IABJICHHS ITOIJI0-
mieHuss MakpodaraMu U pocta B HUX Mycobacterium
tuberculosis [97].

YCTaHOBIEHO, YTO MMEHHO aMMHOKMCIOTEI Phe®, Glu®!
u Thr’®urparot KIIF0YEBYIO POJib B CBA3bIBAHKIH Oenka ¢ (oc-
¢darumxomuaoM (PCh), hocharuamnsTanonamMmuHoM, TUC-
TOHAMHU, MOAU(QHUIIMPOBAHHBIMH JIUIIONPOTENHAMHU HU3KOU
rtorHocTy (LDL), mumonporernHaMu o4eHb HU3KOM IIIOTHO-
ctu (VLDL) u nonukatnonamu [5, 83, 94]. denunananux
(Phe®) obecmeunBaet ruapodoOHOE B3aUMOACHCTBHE C
METHIILHBIMHU TPYIIITAPOBKAMH XOJKHa, Tora kKak Glu®! obec-
TIEYMBAET CBS3b C IMOJIOKUTEIBHO 3apsHKEHHBIM aTOMOM a30-
Ta [115]. B cBA3BIBaHNH 00SI3aTEIBHO YUACTBYIOT JBa KOOP-
JMHUPOBAHHBIX HOHA KanbIws (Ca®"), KOTopble, BO-MIEPBBIX,
B3aMMOJICHCTBYIOT ¢ (hocaTHOM Tpynnoit pochonunumos,
a BO-BTOPBIX, 3auinaroT caM oestok CRP ot mporeomnmsa [S1].
JHanusie kpucrasviorpaguu komruiekca CRP-Ca?-PCh mpo-
JIEMOHCTPHPOBAJIH, YTO MOJIOXKEHHE BYX atoMoB Ca’* B Gen-
Ke, TOMHUMO TOT0, KOOPJHHUPYETCS aMUHOKHCIIOTHBIMH OC-
tatkamu Asp®, Asp®!, Glu'*, GIn'*°, Asp'¥, Glu!* u GIn'*,
PpacrooKeHHbIMHU B BUJE NeTH [89].

OTH BayKHbIE aMUHOKHUCIIOTHI TIOCTOSIHHO IPUCYTCTBYIOT
B cTpykType CRP pazinidHbIX BUIOB )KUBOTHBIX H YEIIOBEKA.
Myranuu, IpUBOASIINE K UX 3aMeHe, JINIIAIOT OENOK ero
¢ynkuun. Hanpumep, y TpaHCT@HHBIX MBIILEH, B CTPYKTYpe
CRP xortopsix Phe®u Glu® 6buti 3aMeHeHbI, 60K Tepsit
cnocoOHOCTh cBs3bIBaTh PCh 1 akTMBHUpOBATH Kilaccuiec-
KU TTyTh CUCTEMBI KOMITIeMeHTa. OHaKO MPH 3TOM PE3KO
BO3pacTajia COCOOHOCTh MPOYHO CBS3BIBATh TMCTOHBI U
MOJTUMEpHI TU3uHa [5].

Kak u3BectHo, S. pneumoniae OTHOCUTCS K TPaMIIONO-
JKHUTEIFHBIM OaKTEpUsM, HACENISIONIMM BEPXHHE OTIEIbI
JIBIXaTETIBHBIX IyTeH U SBIISETCS HanOoJIee YacTol pUYH-
HOM TSKENBIX ITHEBMOHHM, CENTUIIEMUI U MEHUHTUTOB. [Ipu-
4yéM JIETAJIBHOCTH OT IHEBMOHHUHU, BBI3BAHHOHU
S. pneumoniae, coctaBnset 10 20% naxe B ciry4yae npumMe-
HEHUS aJICKBaTHBIX aHTUOUOTHKOB [27, 64]. OCHOBHYIO POITb
B 3aIl[1TE OpraHU3Ma [P JaHHOH HHQEKINH UTPaeT CUCTE-
Ma BPOXKAEHHOIO UIMMYHHTETA, BKIIOUAIOIIAs aKTHBAIHIO
Oerka C; CHUCTEMbI KOMIUIEMEHTa. B 0CHOBE MHUIIUHPYIO-
IIIET0 HTOTO 3TAIlA 3AIMTHOTO MEXaHU3MA JIEKUT PacIio3Ha-
BaHUE U CBsI3bIBAaHUE OCTATKOB (hocdorTaHomamuua, doc-
(hoxoIrHa, TPUCYTCTBYIOIIETO B IEHTaCaXapHUIHBIX TIOBTO-
pax C-nonucaxapuno (PnC) GakrepruaibHOIN CTEHKH, UMMY-
noenooynunom M (IgM), C-peaxmusnvim 6enxom WIH Col-
60pomouHbLIM amuioudom P ¢ mociemyromeii akTuBanuen
CUCTeMbI KOMIUIeMeHTa [6, 7,41, 46, 130].

CRP Taxxe CBA3BIBAeTCA C JHUIONOINCAXapUAAMU, HE
uMeronmMH B cBoéM cocraBe PCh, HO copepxamymMu ra-
naxrosy win N-aterunmirokozamuH [41]. OH criocoOeH B3au-
MOJIEiCTBOBaTH C UMMyHorToOynmHamu [gA, IgM, IgG, cBs-
3BIBATBCS C PUOPUHOSEHOM, PUOPUHOHEKMUHOM, ACUANO-
P2-enuxonpomeunom I v mpod.[54, 60, 104 ]. Ctour otme-
TUTB, YTO ITpoLecc sBisieTcs pH-3aBUCHMBIM, OITUMYM KO-
TOPOTO JISKHUT B Y3KOM JHana3oHe 5-6, U mpu (GU3HOI0TH-
yecknx 3HaueHmsiX pH npaxridecku e nigt. IHTepecHo, uto
JIOTIOTHUTENHHBIM YCIIOBUEM B3aUMOJIECHCTBUSI SIBJISETCS 0051
3areNbHas IMMOOMITH3aIws Oeika [54].

CRP uMeet BBICOKOE CPOICTBO K (hubpoHekmuny * — oc-
HOBHOMY O€JIKOBOMY KOMITIOHEHTY BHEKJIETOYHOTO MaTPHK-
ca. Onnako B HopMe nipu (usnonoruueckom pH C-peax-
mueHblll Oe10K B KPOBSHOM PYyCIIe IIUPKYIUPYET B CBSI3aH-
HOM ¢ Ca*" COCTOSIHUM U 3TO MPEMATCTBYET €ro B3aUMOJICH-
CTBHIO C Qhubponexmurom. IIpoBeieHHBIC UCCIICIOBAHMS,
IpecTaBeHHbIC B pabote Suresh u coaBTopos [ 104], moka-
3aJIM, YTO OCHOBHBIM DETYJISITOPOM B 3TOM CIIy4ae MOXKET

BeicTynats pH cpenpl. CHrmkenune pH, 4to nmeer mecTo rpu
BOCMaJICHUH WJIM KaHLIEpOTeHe3e, MOTEHIUPYET CBS3bIBAHKE
komrutekca CRP-Ca?" ¢ hubporexmurom. YCTaHOBIIEH JarKe
ontumyM pH — 6,3 — ipu KOTOpPOM B 3TOM ClTydae MpOUCXO-
JIUT KOH(OpMAaILMOHHAs MEepeCTPOiiKa Oelka ¥ aKTHBALHS
cucteMbl kommuemenTta (kommonenTos C, u C,), mpuuém,
JlaXke TIPH OTCYTCTBUH JINTaH/I0B — (pochOX0nrHa U MONHKA-
THOHOB. [IpH 3TOM, IpaBa, JOHKHO MPUCYTCTBOBATH OIHO
YCIIOBUE — IOBEPXHOCTh B CHCTEME iX Vifro JOJKHA OBITh C
OTPHUIATENBHBIM 3apSJIOM, HAalpUMeEp, YaCTHIBI KAOJTHUHA
[69]. Kpome mpoBocHamuTe bHbIX 3G (GEKTOB, CBSI3bIBAHNE
CRP ¢ gpubponexmurnom cka3pIBaeTCs HA APXUTEKTYPE BHE-
KJIETOYHOTO MaTPHKCA, YTO, IO MHEHUIO aBTOPOB, MOXET
MOTEHIIMPOBATh Mpoliecc KaHeporenesa [104].

[Momumo akTuBaImu cucremMsl komiuiemenra, CRP mo-
JKET JeHCTBOBATH OMOCPEIOBAHHO Yepe3 PELENTOPhI UMMY-
HoroOynmuHOB — FeyRI u FeyRII — u aktuBrpoBath daromu-
TbI [24, 73]. TlokazaHo, YTO 3TOT MEXaHW3M PaCIIUPSIET 30HY
nH(papKTa TKAHA MO3Ta WJIM MHOKapAa B SKCIIEPUMEHTE IPpU
HAJIOKEHUH JIUTaTyp Ha COOTBETCTBYIOLIME COCYIBI Y JKH-
BOTHBIX. J[OITOTHUTENEHOE BBEJICHUE YKMBOTHBIM B 3TUX YyC-
noBusix CRP genoBeka, Oaronaps akTUBaIii CUCTEMBI KOM-
TUIEMEHTA, PACHIUPSIET 30HY MOPAKEHUs U 3HAYUTEIBHO T10-
BBIIIIAET CMEPTHOCTH UCTIBITYEMBbIX JKMBOTHBIX [35, 36].

Uzydenne CRP B xadecTBe mpoareporeHHOro gaxkropa
TIO3BOJTMJIO YCTAHOBHTh PsiJl BAYKHBIX MEXaHU3MOB BIIHSTHHS
Oernka Ha sHAOTEIHH cocynoB. [Tokazano, uto CRP unmym-
PYeT SKCIIPECCUI0 OCHOBHBIX MOJIEKYJ aIre3UH — MEeJICKIle-
mounou monekyavl adeesuu 1 (ICAM-1, intercellular
adhesion molecule 1), morexyavt 1 adeesuu knemok cocy-
006 (VCAM-1, vascular cell adhesion molecule 1), 6erxa-
xemoammpakmanma mornoyumos-I (MCP-1, monocyte
chemoattractant protein 1) u E-cerexmuna [ 78, 79]. leiictBys
Ha penienitopsl Fey (CD32 u CD64), CRP BimsieT Ha CHTHAITb-
HBIN Kacka] GocopHIMpoBaHus U CIIOCOOCTBYET pa3o0-
mernto eNOS, cHikaeT HapaboTky NO 1 CTUMYIUpYeT CHH-
Te3 CBOOOIHBIX paJMKalioB Kuciopoaa. Kpome toro, 3Hauu-
TENTHHO NOJABIIsIeT B SHAoTeNnoumTax cuate3 MPHK u Genka
eNOS, cHmxaeT ypoBeHb €ro KITF04eBOro KoepMeHTa — TeT-
paruzapobuonrepuna (BH,) u aktusupyer NADPH oxcuoa-
3y (Nox) [25, 74, 88, 92, 102]. B ¢pusnonoruniueckom miaHe
CRP cnocobcTByeT (hopMHUPOBAHUIO AUCHYHKIMH SHIOTE-
JIWSI COCYIOB 1 HapyIIaeT IPOLIECC BOCCTAHOBIICHUS TOBPEXK-
JNEHHOrO 3HAOTENMs, 4To ObLIO 00HapykeHo y CRP-tpanc-
TeHHBIX JKUBOTHBIX [92, 114].

Kpome toro, CRP uHaynupyeT CHHTE3 JIeKmUuHonoooo-
HO20 peyenmopa-1 OKUCIEHHO20 TUNONPOMEUHA HUZKOU
nromuocmu (LOX-1) sHm0TEIHATBHBIME KIETKAMH COCYIOB
U CIIOCOOCTBYET POCTY aAre3MH MOHOIIUTOB/MaKpPO(haros u
noromenuo umu oxLDL [62]. bnaronaps akTuBauyu vH-
JIYKIMH TIPOBOCHATUTEBHBIX ITUTOKHHOB, CRP crioco0cTBy-
er cuHTe3y uHoyyubdenvrou NO-cunmaszot (iNOS), TIOBBIIICH-
HoH BeIpaboTKe epokcuauTprTa (ONOO") M HUTPO3HIHPO-
BaHUIO OCJIKOB, B YACTHOCTH, CUHMA3bL NPOCMAZIaHouna I
(PGIS, prostaglandin I synthase), mogaBiieHre aKTUBHOCTH
KOTOPOH CHM)KaeT HapabOTKy Ba30aKTUBHOTO COEAWHEHHS
npocramananHa F-1o (PGF-1a) [25, 119].

YCTaHOBIICHO, YTO, KaK U roMorucTenH*, ypoeenb CRP
UMeeT 00paTHYIO KOPPEJUISIIMIO C KOIUYECTBOM IIMPKYITH-

* Qubponexmun — MHOTO(QYHKIIMOHATIBHBIA TJIMKOTIPOTEHH,
MPUCYTCTBYIOIIUHA B pacTBOPEHHONH (popMe B MUKPOMOJIIPHOU
KOHLICHTPALMH B IJIa3Me KPOBU U BXOAAIIHMI B COCTAaB BHEKJICTOY-
HOTO MaTpHKCa ONpPeAeTIEHHBIX y4acTKOB MeMOpaHbl. OcoOeHHO
MHOT0 pubpoHekmuHa B KJIETOUHBIX MEMOpaHaX YMOPHOHAIBHBIX,
pereHepupyoLMX U OBPEKAEHHBIX TKaHEeH. MrpaeT BasKHYIO poiib
B MEXaHHU3MaXx KJICTOUHOW aAre3uu U Murpamuu [68].
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PYIOIINX B KPOBH KJIETOK NPEAIISCTBEHHHKOB H/IO0TEIHOIIH-
10B (EPCs, endothelial progenitor cells), cmocoOHBIX TpoH-
(epupoBaTh u 1uddepeHInpoBaThCS B 3pesble SHI0TEIH-
aspHble KieTku cocynos (EC) [3, 13, 85]. Cuuraercs, uto CRP
MOAABJISIET aHTHOKCHUAAHTHYIO 3aIIUTY KJIETOK, AaKTHBHOCTD
menomepaswvi 1 BeIpadboTky NO (3a cuéT oaBIeHIs aKTHB-
HocT eNOS) — 3T0 CIOCOOCTBYET POCTY YPOBHS AIIONTO30B
EPCs u nonaBnenuto anruorenesa [25, 31]. Huzkuii ypoBeHb
EPCs cinyxut MapkepoM cepedHO-COCYANUCTHIX 3a0oeBa-
Huil [126]. B skcniepumenTe noka3aHo, YTO IpH KOHLIEHTpa-
1 CRP > 15 Mr/n 3HaUHUTETHHO CHIDKAeTCs ypoBeHb EPCs
U TIONABIISIETCS SKCIIPECCHsT OEKOB-MapKEPOB 3HAOTEIHO-
LIUTOB: KUHA3bI-2 6HympeHHe2o ciosi snoomenuoyumos (Tie-
2, tunica internal endothelial cell kinase-2), rekmuna EC u
KaOXepuHa SHIOTEIHS COCY/IOB.

Beicokoounmennsie npenaparsl CRP noBeimanu npo-
nykiro NO SHIOTENMOIMTAMH i1 Vitro B OTIINYHUE OT IKCIIe-
PUMEHTOB ¢ KOMMEPYECKUMH Ipenaparamu. [Ipudém, a¢-
ekt CRP 10303aBHCHMO MTOBTOPSUICS B SKCIICPUMEHTAX in
Vitro ¢ cocyaMu 4eJIoBeKa U KPBICHL, HO HE MPOSIBIISUICS ITPU
yOAJICHUH SHAOTEIHS U B MIPUCYTCTBUU UHTHOUTOPOB NO-
cunmaswl (NOS). Kak okazanoch, 3peKT cBs3aH ¢ aKTUBa-
LUel SKCHPECCHH CKOPOCTh-IMMHUTUPYIOIIEro (epMeHTa
cunresa kopepmenta NOS — terparuapobuonrepuna (BH,)
— I'T® yuxnoeudponaswl-1 (GTPCH-1). Cnexyer OTMETHTB,
YTO MOBBIIICHUE CHHTE3a KoepMeHTa 1 akTuBaimio eNOS
MOTEHLUPYIOT TAKXKE POBOCTIATUTENBHBIE IIMTOKHHBI M 3CT-
poreHsl. THTepecHo, 4YT0 BO MHOTHX SITHIEMHUOIOTHUECKUX
HCCIIEIOBAHUSX OTMEUAETCSl KOPPEISIHS MEXIy YPOBHEM
CRP u aktuBHOCTHIO GTPCH-1 [16].

[pu yuactim HA/[D-oxcudaset (NOX) ¥ KITFOUESBOTO ITH-
TorutazmMarudeckoro (akropa nponudepanuu (NF-kB) C-
peaxmusHblil OelloK CIIOCOOCTBYET JT0303aBHCUMOMY CHH-
Te3y U CEKPEIIM MOHOLIMTAMH, HI0TEIHaIbHBIMU U TI1a]1-
KOMBIIIEYHBIMU KJIETKAMH COCYIOB MKAHE8020 (hakmopa
(TF) (mpotpoM603HbIii 3¢ (deKT),  akTUBaUK rpoiudepa-
LIMH [J1aJIKOMBIIIEYHBIX KJIETOK COCYT0B. D(PPEKT HOCUT pe-
LETITOPHBIH XapaKTep, TAK Kak THTHOMPOBaHIE TIOBEPXHOCT-
HbIX perentopoB Fcy— CD32 u CD64 — npensaTcTByeT BhIpa-
oorke TF [14,25].

Beenenue kpricam CRP noBwImaer 3axBat OKUCICHHBIX
JIUTIONIPOTENHOB HU3KOU Iu1oTHOCTH (0XxLDL) 1 HakoruieHne
3¢pHpoB xoecTepona Makpodaramu, T.e IOTEHIUPYET 00-
pa3oBaHue TyYHBIX KJIeTOK. [IpnuéM GONBIIMHCTBO 3THX 3(-
(heKTOB TaK)Ke MHTHOUPYETCs aHTUTEIAMHU M MHTHOUTOpaMU
Fcy (CD32, CD36, CD64) perienTopoB, a B HEKOTOPBIX CITyda-
SIX — aHTUOKCHJAHTAMH, HAIIPHIMeEp CeJIeHO-L-MeTHOHNHOM
[12,99].

Jlonroe Bpemst 0€5T0K OTHOCHIIA UCKITIOUUTENBHO K IPO-
BOCMAJIMTEIBHBIM areHTaM, 4TO MOATBEPIKAACTCS IpUMepa-
MU aKTHUBAIA IMMYHHOH 3alUThl. OIHAKO SKCTIEPUMEHTBI
Ha KJIETOYHBIX KYIBTYpax in vitro IOKa3aau, 4TO 3a4acTyro
a¢dekT Ooree CBA3aH ¢ HATMYMEM B KOMMEPYECKHUX Mpera-
parax CRP 3HJOTOKCHHOB ¥ COITYTCTBYIOIINX OaKTEpUaIIh-
HBIX (pakTopos (LPS), a Taroke npumMeceii azuna HaTpHs1, 4eM
HenocpencTBeHHo neiictuem camoro CRP [112]. Heompe-
JIeNEHHOCTH I0OABUITN PE3yIBTaThl Pa0oT, B KOTOPBIX BBICO-
koouutieHHbIt CRP, BBeZIeHHBIH 3J0pOBBIM )KHBOTHBIM, HE
OKa3bIBaJI HUKAKOro JercTBus. bonee Toro, TpancrenHbiii CRP
YeJI0BeKa He OKa3bIBAJI HU MPOATEPOreHHOT0, HA MTPOTPOM-
003HOT0, HY IPOBOCHAIIUTENLHOTO ieicTBHS y Apo E-/- HO-
kayr-Mbmireii [ 10, 81, 112, 113, 118]. Hao6opor, npu Mmonenu-
pOBaHMHU aTepockiiepo3a y Mbliei, muméHHbIX LDL peren-
TOpOB, TpaHcreHHbI CRP BBIMONHSII aTepOIPOTEKTOPHYIO

* VPOBEHb TOMOLIMICTENHA B BBICOKOI CTEIEHH KOPPEIUPYET C
ypoBHeM CRP xpoBu uenosexa [91].

poib [55]. HbeKIuy )KUBOTHBIM OY€Hb BBICOKHX 7103 OYH-
treraHoro CRP uenoBeka He BHI3BIBANH Y TTOJIOMBITHBIX MbI-
TIeH U KPBIC HUA BOCTIANIUTENBHBIX PEaKIINil, HU MPOSBICHHI
3aboreBanuii [ 16, 81].

B xnaccuueckom Bapuante CRP oxasbiBaer 3amurHoe
JeHCTBHE TIPH MH(UIIMPOBAHUN JKHUBOTHBIX Pa3THIHBIMU
O0akTepHaNlbHBIMH  HHQPEKIHUIMH, BBHI3BAHHBIMH
Streptococcus pneumoniae, Haemophilus influenza,
Neisseriae lactamica nMeOUMMU B COCTaBe OaKTepUalb-
HBIX MEMOpaH y4acTKU C BBICOKMM coneprkaHueM (ocdo-
xonuHa uian ¢ochorTaHOIAMUHA, HANPUMEDP, KaK Y
Salmonella enterica [110]. Beicokuii ypoerb CRP u TNF-
0L HAXOJIMJTU B KPOBH OEPEMEHHBIX JKEHILMH C MPEIKIIAMIICH-
e ceporno3uTuBHBIX K Helicobacter pylori [117].

Mexy TeM, HMEIOTCS TaHHBIC MHOTOYHCIICHHBIX IKC-
MIEPUMEHTOB, 4TO BhIcOKoouuilieHHbI CRP in vitro ve pea-
TUPOBaJl CO MHOTUMU matoreHamu: Escherichia coli,
Salmonella enterica (Bkmodas S. Enterica cepoTHII TpyII-
sl D u Byphimurium (npexuee HazBanue — Salmonella
typhimurium), Klebsiella pneumoniae, Pseudomonas
aeruginosa, Campylobacter fetus jejuni, Neisseria
meningitidis u Neisseria gonorrhoeae [71,75, 95, 109].

OnHUM U3 3KCIEPUMEHTAIBHBIX HEIOCTATKOB, TTOCIEH-
CTBHSI KOTOPOTO MEMIAIOT BBISICHEHUIO (PHU3MOIOrHuecKoi
ponu CRP, sByIsttoTCSt pe3yibraThl SKCIIEPUMEHTOB, BBITION-
HEHHBIX Ha MbIax. Kak oka3anock: a) y MblIiiei OCHOBHBIM
TUIa3MaTHYECKUM OEITKOM OCTPOH (ha3bl SBIISIETCS BOBCE HE
CRP, a cot6opomounviii amunoud P; u 6) CRP denoBeka He
AKTUBHUPOBAJ KJIACCHYECKU# yTh aKTHBAIIH KOMIUIEMEHTA
y MBIIIIeH, HTHPHUIMPOBaHHBIX S. pneumoniae [75, 106]. Boz-
MOXHO, UMEHHO TIOATOMY Pe3yJIbTaThl, TOTy4YEeHHBIE i71 VIVO
U in vitro, 4acTo MpOTUBOpeYaT Ipyr Apyry. Hampumep, B
OJITHO¥ TabopaTopuu ObLTO MMoKa3aHo, uTo CRP mpu akTuBa-
1 FeyRI perienTopoB MpHBONT K THIEPILIA3HH HEOMHTH-
MBI B MOBPEXKAEHHBIX COCYIAaX, YTO, MO0 MHEHHIO aBTOPOB
paboThl, CBsI3aHO ¢ TpaHC(hOpMaIeil MOHOLUTOB/MaKpO-
(haroB B SHJOTETHONUTHI, MUO(PUOPOOIACTHI U TIIAIKUE MBI-
uieyHsle Ki1eTkH [ 128]. B apyroii — y TpaHCT€HHBIX MBILIEH C
BbIcOkUM ypoBHeM CRP uenoBeka — npomnudeparys UHTH-
MBI TI0CJIE TIOBPEKICHUSI MO/IABIISIIACK, XOTSI COXPAHSLICS BbI-
cokuii mporpom0Oo3HbIi dddekT [18].

Y CRP TtpancrenHbix (tgCRP) Mbliiieli ¢ BBICOKHM ypoB-
HeM uenoBedeckoro CRP (hCRP) noka3aHo CHW)XKEHHE U
BeIpabotku NO, u ypoBHs (hochoprumpoBaHHOH GOpMBI
eNOS 1o cpaBHEHUIO ¢ KOHTPOJNIEM. Y HUX TaK:Ke OTMEUCHBI
POCT IepUBaCKYIIIPHOro (pudpo3a, yBeInIeHUE BHIPAOOTKH
suporenueM ¢aktopoB aaresud VCAM-1 u MCP-1 u un-
¢uerparust Makpodaros. Habmronanacs TuchyHKIMSA dH-
JIOTEJIHsL, YTO, TI0 MHEHHUIO aBTOPOB, CBS3aHO HMEHHO C Ha-
pymenuem 6uonocrymHoctd NO [114].

JInist yTOUHEHHs MONYYeHHBIX PE3yJIbTaTOB MHOTHE HC-
CIIEIOBaHUSL, BUIUMO, CII€IyeT TIOBTOPUTH Ha KPOJTMKaX BBHU-
Iy 3HaYUTEIHLHOTO CXO/ICTBa META00M3Ma JIMTIONPOTEHIOB,
MeXaHH3Ma Pa3BUTHS CEPIEIHO-COCYIICTON MaTOIOTHH, Xa-
pakTepa BOCHAJIHUTENHLHOTO OTBETA, CTPYKTYPHI U (PyHKIIUH
CRP y 5THX )KHBOTHBIX U Y€JIOBEKA [0 CPABHEHHUIO C MBIIIIa-
mu [53].

Pasnuuue 3¢hhexToB in vitro u in vivo IO3BOJIUAIO BBII-
BUHYTh THUIIOTE3Y, YTO, BO3MOXKHO, ONPEACIEHHYIO POIb B
akTHBaIMK 3amuTHOro Mexanmsma CRP urpaer taxke npu-
CYTCTBHUE in Vivo NONOJHUTEIBHBIX (DAKTOPOB, YUACTBYIO-
X B peryisiiuu nevicteust CRP. B pesynsrare Obuti Havize-
HBL: Genok, ceszvisaiowui earakmosy (GBP, galactose-
binding protein), 6enxu, ceaszvisaiowue mannozy (MBP,
mannose-binding proteins), C-KoHIIEBOH JOMeH (HHOPUHO-
rena — kapyuronekmun-5 (CLS, carcinolectin-5) u gpuxonun
L, M- n H-m3o¢opmsl (romonor CLS5 y yenoBeka), oTHOCS-
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LIMECs K CEMEHUCTBY peyenmopos, pacnosHaiouux KoH@pu-
eypayuio (PRRs, pattern recognition receptors), KOTopbie
«aktuBupyro™ CRP myTém co3manus ¢ HUM maToreH-pac-
MTO3HAIONIMX KoMIUTekcoB. Harmpumep, komrieke CRP u ¢hu-
xoauna crabunusupyet cBs3piBanne CRP npaktudecku co
BCEMH OAKTEPHSIMH U aKTUBHPYET JISKTUHOBBIH ITyTh CUCTE-
MBI KomIuieMenTa [75, 125]. B tkanu nérkux 6enok M-ghuxo-
JIUH HAMJIH B CEKPETOPHBIX TpaHyIax HEUTPO(UIOB, MOHO-
LIUTOB U B JIbBEOJLIPHBIX KieTkax snurenws I1 tuna. Beumy
OYeHB BBICOKOH adpUHHOCTH STUX BYX OenkoB (kD =4-103
M) [75], no Bceit BepositHocTH, CRP MOXeT cBsI3pIBaTHCS C
M-@uronrunom B cypdakranre IErKUX Mpu OaKTepUaATEHOM
WH(EKIMHY U TIOTEHIIPOBATH 3aIUTHYIO PEaKIIHUIO.

Pa6ort, usydaronux (apmakoriornyeckue Gpakropsl pe-
rymsiun Beipaborku CRP, mocrarouno mano. Hampumep,
HEJIaBHO OBUIO YCTAHOBJIEHO, YTO CTATHHBI — MpENaparsbl,
MIOAABJISIONINE AKTUBHOCTD 3-2UOPOKCU-3-Memuneaymapu
KoA (HMG-Ko0A) pedyxkmasbl 1 TIOHIKAIONINE YPOBEHB
XoJlecTepona B KpOBU — CHHWKalOT ypoBeHb CRP B mmazme
KpoBH 4esnoBeka. [Ipuuém atot ahdexT in vivo He3aBuCUM
OT BJIMSTHHS JAHHBIX [TPENapaToB Ha CHHTE3 XOJIeCTepoa, a
YKa3bIBaeT Ha X HEMOCPEICTBEHHOE aHTHBOCIIAIUTEIHLHOE
JIEWCTBYE Ha YPOBHE CUTHAIBHOTO (PaKTOpa TPAHCKPUIILIUH
—NF-«B[52].

DKCIEepPUMEHTHI Ha )KMBOTHBIX, HAXOMBIINXCS HA JIETe
C HU3KUM COJIEp)KaHUEM MarHusl, II0Ka3ajal POCT KOHIEHT-
palyy BOCTIAIMTENBHBIX IIMTOKMHOB B CHIBOPOTKE KPOBH. B
SMHIEMHUOIOTHYECKUX HCCIIEA0BaHHSX, B KOTOPBIX IIPHHSIIO
yuaactue Oonee 12 000 uyenoBek, ObUTa MOKa3aHa 0OpPaTHO
MIPOIIOPLIMOHAIbHAS 3aBUCUMOCTh MEX]y KOHIIEHTpaluen
CRP B kpoBH 1 ypoBHeM norpebnenust Mg? [50]. V mroneli,
norpebnsBiux Mg?* Hibke pekoMeHyeMbIx HopM (< 310-
420 Mr/cyTKH) P KOHIIEHTpaliy B KpoBH < 1,8 M1/ — ypo-
BeHb CRP Obu1 paBeH u BbiIlIe 3 MI/11, y 3THX MAIMEHTOB Yalle
BO3HHKAJIM PE3UCTEHTHOCTh K HHCYIIHHY, METa0O0INIeCKHIA
cunzpom, auabert Il Tuna, muchyHKIMs SHIOTENNS, ApTEPU-
aJybHasl TUIEPTEH3Us], OKUPEHNE U CEePIEeYHO-COCYANCTHIC
3aboneBanus [49]. U XoTs neTanbHbIil MEXaHU3M B3aHMOOT-
nomreanii CRP/Mg? moka HeW3BECTEH, CUMTAETCS, UTO Ofl-
PEICNEHHYIO POb B HEM Urpaer BiusHHEe Mg>™ Ha cuHTe3
WHCYJIMHA U BHYTPUKJIETOYHBIN TIIMKONN3, HAPYIIEHUS KOTO-
PBIX TpH HeJlocTaTke Mg, B KOHEYHOM HTOTe, MOTYT IIPO-
BOIMPOBATH MPOBOCHAIUTEIBHYIO PEAKIINIO Opranu3ma [96,
103]. Tem Gosee 4TO B IKCIIEPUMEHTAX C MOACTHPOBAHUCM
aJUTOKCAHOBOTO JinabeTa BBEICHUE KphICaM XJIOpHIa MarHHs
3HAYUTEIILHO CHIDKAJIO Y HUX B KPOBH YPOBHH IITIOKO3bI, Map-
KEPOB OKCH/IAHTHOTO CTPECCa U MOBBIIIANIO0 aKTHBHOCTH (hep-
MEHTOB aHTHOKCHIAHTHOM 3a1uThI [38].

HoBbIM HanpaBiieHHEM UCCIIEIOBAHUN SBIISIETCS TAKKe
M3y4eHHe POJIU aUIOIUTOKIMHOB. HarpruMmep, HenaBHO yc-
TaHOBIICHO, YTO dOUNOHEKMUH 3HAYUTEIEHO CHIXKAET ypo-
BeHb C-peaxruBHoro oenka u ero MPHK, Torna kak ropmMon
YKUPOBOM TKaHU —1enmun — noBbIIaeT cuate3 CRP snn0Te-
JINAJIbHBIMU KIIETKAMH, UTHKYOUPYEMBIMUA COBMECTHO C ITPO-
BOCHIAIUTENBHBIMU ITUTOKMHAMK — [L-1 1 IL-6 [25].
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