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PE3HOME

Lensb: BbisiBNEHNe NeNTUMAOB B COCTaBe npenapara JlaeHHeK®, KOTOPbIE MOFYT TOPMO3WUTb Pa3BUTUE AHAOTENNONATAM (SHAOTENNANbHOIA
ANCAYHKLMK).

Marepunan n metogel. poBeAeHa rnbpuLHas Macc-CrneKTPOMETPUS C NOCNEAYIOLLAM aHANN30M [AHHbIX HA 0CHOBE TOMONOrMYECKON Teopni

pacno3HaBaHus. AHanu3 NenTuaAHOro coctaea JlaeHHeka® BKIOYaAN YeTbipe aTana: 04MCTKa npenapara, Xpomatorpadmyeckoe pas3aeneHue
nenTuoB, ONpPezeseHne MHOrOMEPHOr0 Macc-CneKkTpa NenTUAHON PpakLmun 1 de novo CeKBEeHUPOBAHME BblAeNEHHbIX NenTUAOB.

PesynbTatel. B cocTaBe npenapata uaeHTUULNPOBAHbI MENTUAbI-MHIMGUTOPBI cneundmnyeckux TapretHeix 6enkoB (PRKCZ, PKB, PKD1,
MAPK14, IKKB, PDPK1), BoBNe4eHHbIe B aKTUBALMIO. MPOBOCNANUTENBHOMO TpaHcKpunuuoHHoro daktopa NF-xB. HrméuposaHue kuHas
CDK5 n SHC1 cnoco6CTBYET CHUDKEHWIO anonTo3a aHA0TennouuToB. MenTuabl npenapata Takxe 610KUPYIOT PepMeHTbI, Y4acTByiOLLMeE
B CUHTE3€e 1 BbI3PEBaHUN hakTopa Hekpo3sa onyxonei anba (MAPKAPK2/3, ADAM17).

3akno4enne. B coctase npenaparta JlTaeHHeK® HaiifieHbl NenTuabl, KOTOPble CNOCOGCTBYIOT KOMMIEKCHOMY NaTOreHeTUYECKOMY JIe/ACTBIIO
NpOTMB 3HAOTENMoNaTK. PereHepauus 3HAOTENUS 0CO6EHHO aKTyanbHa B peabunutauum naumeHTos, nepeéoneswmux GOVID-19.
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SUMMARY

Objective: identification of peptides in the composition of Laennec®, which can inhibit the development of endotheliopathy (endothelial
dysfunction).

Material and methods. Hybrid mass spectrometry followed by data analysis based on topological recognition theory was performed. The
analysis of the peptide composition of Laennec® included four stages: purification of the drug, chromatographic separation of peptides,
determination of the multidimensional mass spectrum of the peptide fraction, and de novo sequencing of the isolated peptides.

Results. The preparation contains peptides-inhibitors of specific target proteins (PRKCZ, PKB, PKD1, MAPK14, IKKB, PDPK1) involved in the
activation of the pro-inflammatory transcription factor NF-«B. Inhibition of CDK5 and SHC1 kinases helps to reduce endothelial cell apoptosis.
The peptides of the drug also block enzymes involved in the synthesis and maturation of the tumor necrosis factor alpha (MAPKAPK2/3,
ADAM17).

Conclusion.|nthe composition of Laennec®, peptides have been found that contribute to a complex pathogenetic action against endotheliopathy.
Endothelial regeneration is especially important in the rehabilitation of patients who have recovered from COVID-19.
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OckoBHse MOMEHTS! gnights ____________________________

Y10 yxe n3sectHo 06 3Toi Teme?

> JHpoTenuonatus  (3HAOTENManbHAs AUCHYHKUMS) XapakTepuayetcs
KOMM/EKCHOW narodhu3nonorueil (runepxonecTepuHemMisi, runepromo-
UNCTEMHEMUS, MOBbILLEHHbIE. YPOBHM MPOBOCMANNTENbHbIX LUTOKN-
HOB 1M TPOMOOreHHbIX. (DAKTOPOB) 1 CMOCcO6CTBYET (DOPMUPOBAHMIO
NONNOPraHHbIX NOBPEXAEHN

> BHacTosLee BpeMs He CyLLeCTBYET 1eKapCTB, TAPreTHO BO3AEACTBYOLLNX
Ha 3H[0TENUONaTUIo

Y10 HOBOro/AaeT eratba?

> B cocTaBe npenapata J1aeHHeK® HaiaeHbl MenTiuabl — UHIMOUTOPBI Cre-
undpuyecknx TapretHbix 6enkos (PRKCZ, PKB, PKD1, MAPK14, IKKB,
PDPK1), koTopble BOBMEYEHbI B aKTUBALKO MPOBOCNANMTENBHOIO TPAHC-
KpunumoHHoro daktopa NF-xB

» VHruéuposanne kuHa3 CDK5 n SHC1 cnoco6CTBYeT CHYXKEHUIO ano-
nT03a 3HA0TENNOLMUTOB

» [lenTuapl npenapara 610KUPYIOT PEPMEHTBI, Y4aCTBYIOLLNE B CUHTE3E
1 BbI3peBaHnn haktopa Hekposa omyxonu anbpa (MAPKAPK2/3,
ADAM17)

Kak 310 MOXET NnoBAMATbL Ha KNIMHNYECKYH0 NPaKTUKY B 0603pumom byayiwem?

» [lenTuabl B cocTaBe npenapara JlaeHHek® crnoco6CTBYIOT KOMMNEKCHOMY
NaToreHeTN4eckoMy eiiCTBIK0 NPOTIUB 3HAOTENNONATUM

> PereHepauuns 3HOOTeNUs Npu NOCPEACTBE MUCCNeAyemoro nonunenTua-
HOro npenapara 0C06eHHO akTyanbHa B peabunutawni nayneHTos, nepe-
6onesLunx COVID-19

What is already known about the subject?

» Endotheliopathy (endothelial dysfunction) is characterized by complex
pathophysiology (hypercholesterolemia, hyperhomocysteinemia, in-
creased levels of proinflammatory cytokines and thrombogenic factors)
and contributes to the formation of multiple organ damage

» There are currently no drugs directly targeting endotheliopathy

What are the new findings?

» The Laennec® preparation contains peptides-inhibitors of specific target
proteins (PRKCZ, PKB, PKD1, MAPK14, IKKB, PDPK1), which are involved
in the activation of the pro-inflammatory transcription factor NF-«B

» Inhibitors of CDK5 and SHC1 kinases help to reduce endothelial cell apo-
ptosis

» The peptides of the drug block enzymes involved in the synthesis and
maturation of the tumor necrosis factor alpha (MAPKAPK2/3, ADAM17)

How might it impact the clinical practice in the foreseeable future?

» The peptides in Laennec® contribute to the complex pathogenetic action
against endotheliopathy

» Endothelial regeneration with the help of the studied polypeptide drug is
especially relevant in the rehabilitation of patients who have recovered
from COVID-19
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OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

BBEJJEHUE / INTRODUCTION

B 1998 r. uccnegosatrenn ®. Mypag, P. ®ypwrot v J1. UrHappo
nony4unu Ho6enesckyto npemMuio B 0611acTi MegULIHbI 33 OTKPbITHE
ponu okcmpa asota (NO) Kak CMrHanbHOW MONEKYIbl, BXHOA Ans
perynaunum TOHyca cocynoB. B 4acTHOCTH, 6bINI0 YCTAHOBNEHO, YTO HU-
TpornuuepuH npeobpasyetcs B aHgotenun 8 NO, KOTOpbI OKa3blBaeT
BbIp@XKEHHOE Bazoaunatupyrolee geicteue [1]. Cneayet oTMETUTb,
4TO MpUoOpMUTET B U3y4eHun 6Guonornyecknx cBoilct8 NO npuHag-
NEXNT HAay4YHOW LUKOME BbIJAIOLLEr0Cs POCCUMIACKOro y4eHoro Jlbaa
AnekcaHgposuya bnomMeHenbga n ero yyenuka AHatonus ®efo-
poBuya BaHuHa, B 1950-X Ir. yCTAHOBMBLUMX MEXaHWU3Mbl 3aBUCUMO-
CTW TpaHcnopTa kucnopoga B remorno6ute ot NO [2]. [danbHeiiwumne
nccnefoBaHus nokasanu, 4To monekynsl NO WHrubupyoT agresuto
1 arperauuio TPOMOOLMTOB, are3nI0 1 MUTPALIMIO NEKOLMTOB, KOTO-
pble Y4aCTBYIOT B BOCMANMTENbHbIX PeaKLMsX, Pa3BUTAM aTepockie-
posawn .. [1,2].

B meta6onuame NO, 37O MHOrOMMKONA CUrHANbHOW MOMEKYNbI,
HaMBAXHENMLLYK POfb UrpaeT 3HAOTENMIA cocynoB. Hanpumep, B pe-
cnupatopHoi cucteme MectoM cuHTe3a NO ABNSOTCH anuTeNnanbHble
1 9HOOTENMANbHbIE KITETKM COCYL0B Manoro Kpyra KpoBooo6paLleHus
(NpeuMyLLeCTBEHHO Kanunnspbl). B HacTosLee Bpems COBOKYMHOCTb
BCEX KIETOK 3HAOTENNS PacCMaTprUBaeTCa Kak rMraHTCKui napasHao-
KPWHHBIA OpraH, pacnpegenieHHbin no scemy obbemy Tena [2]. Tep-
MUHOM «(DYHKLMSA 3HL0TENNA>» 0603HA4A0T CNOCOBHOCTb 3HAOTENNO-
UNTOB y4acTBOBATb B BbIPABOTKE LUMPOKOr0 CrekTpa 6Monornyecku
aKTUBHbIX BELLECTB. JHLOTENUIA COCYAO0B BbIMOMHAET 6apbepHYI0, Ce-
KPETOPHY0, reMOCTaTUYEeCKY'0, Ba3OTOHMYECKYK) (DYHKLMM, KOHTPO-
NINPYeT NPOLLECChl BOCMANIEHNS 1 PEMOAENNPOBAHMS CTEHOK COCYZ0B.
OCHOBHbIE (DYHKLMM 3HAOTENUS W MEXAHU3Mbl WX OCYLLECTBIEHNSA
CBS3aHbI CO CMeJyoLLMU CBOCTBAMIN COCYANCTOMN CTEHKN:

— atpom6oreHHocTb (NO, t-PA, Tpomb6omoaynuH n ap.);

— TpPOMOOreHHOCTb ((paktop poH Bunnebpanza
Willebrand factor, VWF), PAI-1, PAI-2 n gp.);

— perynsums agresun neikoumtos (P/E-cenektunbl, ICAM=1, VCAM-
1uap.);

— perynsauus ToHyca cocygnos (3Hgotenut, NO, PGI-2m ap.);

— perynsauus pocta cocynos (VEGF, FGF v gp.).

OHOOTENUNATIO  (SHAOTENMANbHYIO AUCHYHKUMIO, 3[) MOXHO
OnpefenuTb Kak HeafekBaTHOe (YBENUHEHHOE UM CHUKEHHOE) obpa-
30BaH1e B 3HAOTENNM BbILIENEPEYNCIIEHHBIX GUONOTMYECKM aKTUBHbIX
Bewects [1]. Hanpumep, 3] MOXeT APOABAATLCA HAPYLLUEHUSAMN HEMN-
pOrymopanbHON perynauum TOHyca COCyAO0B, UX PeMOLENMPOBAHNEM,
aKTMBaUMel TpOMOOreHe3a n BOCNANeHNs, YCUNEHHOW aaresuneil neii-
KOUWTOB K 3HAOTENMI0 I Ap., NPUBOAALLAM K HAPYLLEHWNO PeruoHap-
HOr0 KpOBOOOGpPALLEHUA M MUKpoLmMpKynauuu. K caktopam pucka 9
OTHOCATCA TUMEPX0NECTePUHEMIS, TUNEProMOLIMCTENHEMUS, MOBbI-
LLIEHHbIE YPOBHU NPOBOCNANMUTENbHBIX LMTOKUHOB (MHTEpnenkuH (MJ1)
1B, dakTop Hekposa onyxonu ansa (O®HOw), UN1-6 u Ap.), Tpombo-
reHHbIx paktopos (VWF, P/E-cenekTunbl, ICAM-1, VCAM-1, PAI-1) n ap.

9HAOTeNNoONaTU — BaXHEMLLasA npuyimMHa OPMIUPOBAHNS KOMOP-
OWULHOCTM JIEr0YHbIX W CepAevHO-cocyaucTbix nartonoruii [3]. Ha-
npumep, OLEHKA ANHAMMUKIA MokKasaTenei OyHKUMM 3HAOTeNNs y na-
LNEHTOB C XPOHUYECKMMU 0OCTPYKTUBHBIMI 3a60M1EBAHNAMM NErKNX
B COYETaHUW C apTepuanbHOi runepTeH3unei, NemMmu4eckoin 60mes-
HbHO CepAua u runepaunuaemMnen nokasana ynyuweHune MyHKLAN 3H-
[0TeNnns B pesysnbrate NpUMeHeHus atopsacTatiHa [4].

JleyeHne 1 npochunakTuka SHAOTENNONATUN OCOBEHHO akTyanbHa
B Tepanun n peabunutauuu nocne COVID-19. Kak n3BecTHO, HOBas
KOPOHaBUPYCHAs MHGIEKLMS accouMMpoBaHa He TOMbKO C Hapylle-
HUAMW [bIXaTeNbHOW CUCTEMbI, HO W C MOJMOPraHHONM NaTonorueil:
MOBbILLEHNEM YPOBHEl MapKepoB AWCCYHKLMW MedYeHu (acnaprar-

(aHrm. - von

amuHoTpaHcdepasbl (ACT), anaHuHamuHoTpaHcdepasbl (ATT), 6u-
nnpy6uHa) [5], HapyLeHamMn npoduns cBepTbIBaEMOCTU KPoBM [6],
peskuM MOBbILLIEHNEM KOHLIEHTPaUMini MapkepoB BocnaneHus UJ1-1p,
N-6, C-peakTuBHoro 6enka, ®HOa, nHTEPepoHa ramma, eppu-
THa n ap. Bupyc SARS-CoV-2 Bbi3biBaeT T.H. LNTOKUHOBbIV LITOPM,
COMPOBOXAIOLLNACH NOBPEXLAEHNEM JHLOTENNS W HAPYLLEHWEM ero
AHTUTPOMOOTrEHHbIX CBONCTB. ATW OCIIOXKHEHWS aCCOLUNPOBAHbI C TH-
XenbiMm TeveHnem COVID-19, BbICOKMM pPUCKOM NETaNbHOMO Mcxofa
[7] w, B nocneaytoLem, ¢ CyLLECTBEHHbIM YCIOXHEHUEM peabunnta-
L1 BbDKMBLUMX NALMEHTOB.

OcHOBHbIE KNeTo4Hble MuweHn Bupyca SARS-CoV-2 — nHeBmOLN-
Tbl, MIMMOLNTBI, 3NUTENUOLUTLI COCY0B U GPOHXOB. TM0BPEXAEHUS
anbBeon U TPOM603 MUKPOCOCYLOB ABMSKOTCS MABHLIMU. MPUYMHA-
MU OCTPOro noBpexaexus nerkux npu COVID-19. 3ngoTenunonarus
BO3HWKAET BCMEACTBME NMPAMOr0 BO3AENCTBNSA BUPYCA HA aKTUBALMIO
NpOLECCOB BOCNANEHWs 1 TpOMO03a, YTO  NPUBOLUT K CUCTEMHOMY
BOCNanUTENbHOMY 3a60/1€BaHMI0 COCYLOB, 0COBEHHO Y NALMEHTOB CO
CHUXEHHOMN 06ecrneYeHHoCTbi0 BuTamuuom D [8, 9].

B 4acTHOCTM, NHDEKUMUA CTUMYAUPYET Pa3BUTUE 3HAOTENMONATUM
B cocyaax neveHn. GurHansl 0T peuentopa /J1-6 nHayumpytoT MHrM6u-
TOp aKTMBaTOPa NNasmuHoreHa-1 8 angotenun cocynos [10]. buomap-
Kepbl koarynonatuu n aHgoteanonatumn (dpaktop VI, dmbpuHoreH,
D-aumep, akTuBHOCTL 1 ypOBHU VWF) BbIny 3HAYNTENBHO NOBbILLEHbI
y naumeHToB ¢ COVID-19 ¢ noBpexaeHUsAMU neYeHn (MOBbILIEHHbIE
yposHu AJIT/ACT). VYposHu WJ1-6 nNONOXUTENbHO KOPPenuMpoBanm
¢ yposHamu VWF (p=0,02), koarynsunonHoro daktopa VIl (p=0,02)
1 D-gumepa (p<0,0001) [11]. Boicokmit ypoeHb haktopa VWF B Kpo-
BN SBMAETCA MapKepoM MOBPEXAEHWS SHAOTENUS M NPeanKTOpOM
cmepTHocTM 0T COVID-19 y naumneHToB cTaumoHapos [12].

Y 60nbHbIX C TSHKenbiM TeveHnem COVID-19 HabnoaaeTcs runepak-
TUBAUMNS 3HAOTENNANbHBIX KNETOK U U36bITOYHbIE YDOBHN MATPUYHOIA
metannonpotenHasel 1 (MMIM-1) [13]. Y nauneHToB, nepeHecLunx
COVID-19, HekoTOpOe BpemMsi COXPAHSITCH MOBbILIEHHbIE YPOBHU
LMPKYNUPYIOLWMX 3HA0TeNNanbHbIX KneTok (LK), KoTopble siBnsoTCA
61OMapKepoM MOBPEXAEHUA 3HAOTENU COCyLoB. [py 3TOM Ha no-
BepxHOCTM LUK 06HapyXeHbl Gefiki, COOTBETCTBYIOLME aKTUBALNN
uuToToKemyeckux CD8+ T-numdpoumtos [14].

/IMMyHOChepMeHTHbIN aHann3 ypoBHeil 65 6uomMapkepoB B 06pas-
Lax nnasmbl KPOBM MOKa3as, YT0 Y NAUWEHTOB C TSKEMbIM TEYEHM-
em COVID-19 onpenenstotcs JOCTOBEPHO 60/ee BbICOKME YPOBHM
20 6nomapkepoB, CBA3AHHbIX C COCTOSHMEM 3HAOTENWS: Makpodar-
MHrméupytowero dakropa, MMI-1, poctoBoro gakropa aHaoTeNus
VEGF-A n pp. N36biTok aktusHocT MMI-1 urpaet ueHTpanbHyo
ponb B ferpajauni CTeHOK COCyaoB, a noBbleHne yposHs VEGF-A
YBeJIM4MBAET NPOHNLLAEMOCTb COCYANCTON CTeHKM [13].

TskecTb TedeHus COVID-19 cBsizaHa C pasfinyHbIMU MEXaHU3MaMu
(hopmnpoBaHng 3HpoTenMonatui. Hanpumep, y rocnutanv3npoBaH-
HbIX NALMEHTOB CO CPeLHETSHKESbIM TeYEHNEM AaHHOr0 3a60MeBaHUs
NnoBbILIEHbI Mapkepbl aHrnoreHesa (VEGF-A, PDGF-AA n PDGF-AB/BB),
B TO BPEMS KaK y 60MbHbIX C TSKenbiM TeqeHnem GOVID-19 nosbiwwe-
Hbl YPOBHW MapKepoB MOBPEXJEHUS 3HOOTENNA U TpPOMO006Pa30Ba-
Hua (aurnonoatuu-2, FLT-3L, PAI-1) [15]. Tem He mMeHee cocynucTble
OCNOXHEHUS PA3BUBAKOTCA W NPU TSHKESIOM, U NPU CPEAHETSKENOM
TeYeHUM, MpUBOAA K TPOMB03aM MENKNX, CPEAHUX M KPYMHbIX COCY-
[0B 1 KOPOHABMPYCHOI Backynonatuu [16]. Moatomy peabunurauyus
nauneHToB, nepeHeclunx COVID-19, npegnonaraet ycTpaHeHue mno-
cneacTeunii AL.

Ons Koppekuun yHKUMN 3HAOTENNs anpobupoBaHbl pasnu4Hble
thapmakonornyeckne Noaxoap!l: L-apruHuH, Mekcunon, nepuHaonpua,
amyI0aNNNH, cTatuHbl 1 gp. [17, 18]. NMepcnekTMBHO TakXe UCMOSb30-
BaHWE TaKWX MUKPOHYTPUEHTOB, KaK TWOKTOBAA KWUCNOTA, BUTAMUHBI
A, D, C, UMHK, NONNHEHACILLIEHHbIE XNUPHbIE KNCNOTblI OMera-3 u Bu-
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TamuHbl Tpynnbl B, HeobxoaumMble Ans yCTPaHeHWs runepromoumcTe-
nHemun [19].

Ha Haw B3rnsf, nepcrneKkTMBHbIM NOAX0A0M K nedeHunto 3 (B T.u.
B npouecce peabunutauun nocne COVID-19) sBnsetcs mcnonb3o-
BaHWe MonunenTuaHoro npenapata JlaeHHek® (Japan Bio Products,
SinoHus) (KO MO aHaTOMO-TepaneBTUHECKO-XUMUYECKO Knaccupu-
Kauum AO5BA). [aHHblit npenapat nposBaseT KOMNIEKC NpoTUBOBOC-
nanuTeNbHbIX, PEreHepaTopHblX, MPOTMBOBMPYCHbIX, renaTtonpoTek-
TOPHbIX CBOMCTB. Er0 npuMeHeHne B COCTaBe KOMMEKCHON Tepanuu
CNoCco6CTBOBANO0 CHVKEHNIO TUNepqeppuUTUHEMIAN 1 CYLLIECTBEHHOMY
YNYYLWEHNIO COCTOSAHMS NALNEHTOB CO CPEAHUM U TXKENbIM TeYEHNEM
COVID-19 [20]. B coctaBe npenapata MAeHTU(ULMPOBAHbI NENTH-
Obl, NOTEHUMANbHO BaXHbIE AN HOPManM3aLum roMeocTasa xenesa,
yCcTpaHeHus runepepputuHeminy [21], a Takxxe NenTubl, MIHTMOUPYL0-
LLiMe BUPYCHYIO WHBA3MIO B KNETKM OpraHn3ma 4enoseka [22].

B paHHoi pa6oTe npeacTaBrieHbl Pe3ynbTarbl CUCTEMATUYECKOrO
1CCNENOBaHUS NENTUAHOrO cocTasa npenaparta J1aeHHek®, npoBefieH-
HOrO C MCMONb30BAHNEM OJHOI N3 NepeoBbIX TEXHONOT A COBPEMEH-
HOIA NPOTEOMUKM (TMOPUAHON MACC-CNEKTPOMETPIN) N COBPEMEHHbIX
METOZ0B aHan13a 60MbLIKUX JaHHbIX'.

Lenb — BbIsiBNEHME NENTUAOB B COCTaBe npenaparta JlaeHHek®, Ko-
TOpble MOryT TOPMO3WUTb PA3BUTUE SHAOTENNONATUN (3HLOTENMANb-
HOV AUCCYHKLMN).

MATEPWAIN U METO/1bl / MATERIAL AND METHODS

MeTogbl nogpo6HO onucaHbl B pa6ote [21]. Kpartko, aHanus
nenTUAHOrO COCTaBa Npenaparta BKYMA YeTbipe aTana:

1) o4mMcTKa npenapara;

2) Xxpomarorpau4eckoe pasaeneHne nenTuaios;

3) onpefeneHne MHOTOMEPHOTO Macc-cnekTpa MenTUAHOI ppak-
Lnu;

4) de novo CeKBEHMPOBAHIE BbIJEIIEHHbIX NeNTUA0B.

OyncTka npenapara COCTOANA B OTAENEHUM NUNUGHONA Ppakuun
1 obecconueaHun. [enTuipl B COCTaBe BbILEEHHON  NENTUAHOI
(bpakumm pasgensnucb ¢ UCNoNb30BaHWEM NapanfesbHOi CUCTEMbI
xpomarorpaduyeckoro pasgenequs nentugos Ultimate 3000 RSLC
nano-system (Dionex, CLUA) n xpomartorpachu4eckoii KONOHKN-0-
Bywkun Acclaim PepMap (Thermo Fisher Scientific, CLUA).

Macc-cnekTpoMeTpUyecKmii aHanua OCYLLECTBASAM C MOMOLLbIO
macc-cnektpometpa Q-Exactive (Thermo Fisher Scientific, lepmaHnus).
[laHHble Macc-CnekTpa BKOYUIN Pe3ynbTaTbl AUCCOLNALMM, BbI3BAH-
HOIA CTONKHOBEHUEM.

De novo cekBeHNPOBaHNE NENTULOB NPOBOAUIA HA OCHOBAHUM [aH-
HbIX AMCCOLMALNN, BbI3BAHHO CTONIKHOBEHMEM, C UCMOMb30BAHNEM
pa3paboTaHHoro Hamn komnnekca nporpamm DNVSEQP, ocHoBaHHO-
ro Ha MaTemMatu4eckoi Teopum TOMosIOrYeckoro [23], MeTpruyeckoro
[24], kombnUHaTOPHOrO [25] NOAXOL0B K aHanU3y 60MbLUMX LaHHbIX
[26] n Ha Teopuu aHann3a xemorpados [27].

PE3YJIbTATbI U ObCYXXAEHWE / RESULTS AND DISCUSSION

B xope uccnefoBaHns 6bin U3y4eH COCTaB NENTUAHON hpakLmm
pa3nuyHbIx 06pa3uoB npenapara JlaeHHek® (7 napannenbHbIX NpoTe-
OMHBbIX 9KCMEepUMeEHTOB). LeHTUdmMLMpPOBaHHbIE NENTUAbI, KOTOpble
MOTYT NONOXUTENBHO BAUATD HA SHAOTENMNANBHYI0 (DYHKLUIO, MOXHO
pas3fenuTb Ha fiBe rpynnbi:

1) nentmabl — MHrMOUTOPbLI CMELUMAUYECKUX TapreTHbIX 6enikos
(Tabn.1);

2) LNHK-CBA3bIBAKOLLME NenTuabl (Tabn. 2).

" www.bigdata-mining.ru.

B Tabnuue 3 npuBeneHbl KpaTkie OnNnucaHns 6uonorndecknx yHk-
LW COOTBETCTBYIOLLMX TAPreTHbIX OEKOB.

MenTuabl - MHrMOUTOPDI CNEUNUYECKNX TapreTHbIX 6enKkos /
Peptides-inhibitors of specific targeted proteins

B cocTase npenapara 6biv MAEHTUULMPOBAHBI NENTUAbI — UHMN-
61UTOPbI CNeuNdNYeCKNX TapreTHbIX 6ENKOB, BaXHble AN NOAAEPX-
K QOyHKUMK 3HpoTenus (cMm. Tabn. 3). B nccnepnoBaHHbIX 06pasuax
npenapara paccMaTpuBaemMble HUXe NenTuibl BCTPEHAUCh C 4acTo-
Tol 17-83% (cm. Tabn. 1). A3 Tabnuubl 3 BUAHO, YTO 6ONbLIMHCTBO
TapreTHbix 6ENKOB CBA3AHO C aKTMBALMeid MPOBOCMANATENLHOMO
TpaHckpununonHoro aktopa NF-xB (PKC/PRKCZ, AKT/PKB, PKD1,
MAPK14, IKBKB/IKKB, PDPK1), akTBHOCTb KOTOPOr0-MPUBOANT K 13-
ObITOYHOMY BOCMANEHUO JHAOTENNS M anonTo3y 3HAOTENMOLNTOB.
Ha anonTo3 KneTok 3HA0TENUs TakXe BANSET aKTUBHOCTb TapreTHbIX
kuHa3z CDK5 n SHC1. Kpome Toro, mentmabl npenapata 610KupyoT
hepmMeHTbI, y4acTBYIOLLME B CUHTE3E 1 MaTypauum ghaktopa Hekposa
onyxonen ®HOo (MAPKAPK2/3, ADAM17), BasokoHcTpukumuu (EDN1)
n Tpom6oobpasoBaHum (VWA2, FGA). HrubupoBaHue nentuaamu
npenapara aTux TapreTHbIX 6eMKoB ByLeT NPUBOANUTL K TOPMOXKEHMIO
COOTBETCTBYIOLLMX NATOPUINONOTNYECKMX NPOLIECCOB B SHAOTENMN.

LiuHk-cBa3biBatowue nentupbl / Zinc-binding peptides

B cocrase npemapara npucyTcTByeT UMHK [28], KOTOpbIA cro-
COOCTBYET pereHepaunn TKaHeid, B T.4. dHAoTenus [29]. Bbicokas
CTabWIbHOCTb COAEPXAHWA UWHKA B npenapate (CTaHAApTHble OT-
KNOHeHus He 6oniee 15% 0T CpefiHUX 3HAYEHNI1) YKa3bIBAET Ha CyLLe-
CTBOBaHWe B €ro CoCTaBe NenTUAOB, CMeundUYecKn CBA3bIBAIOLLNX
MOH UMHKa. K HUm oTHOcsTCS, B yacTHocTw, nentug VYPGET (BcTpe-
yaetcs B 100% nccnefoBaHHbIX 06pasLoB npenapara, COOTBETCTBYET
octatkam 251-256 VHPGET 6enka AGBL5, B koTopom H252 cBfi3biBa-
et unHk), nentug ALLQAH (67% 06pa3LoB, COOTBETCTBYET OCTaTKaMm
39-44 AMLQAH 6enka CSH2, B kKotopom H44 cBs3bIBaeT LMHK) W Ap.
(cm. Ta6n. 2).

Wnrnéuposanue nentupamu JlaeHHeka® curnanbHoro nytn NF-xB /
Inhibition of the NF-xB signaling pathway by Laennec® peptides

AKTMBaUMs TpaHcKpunuuoHHoro haktopa NF-xB ces3aHa ¢ ycune-
HUEM XPOHWYECKOro BOCManeHus HLOTENUs, KOTOPoe CTUMYynmMpyet
anonto3 angotenuountoB [30]. SHAOTENUUT WUrpaeT LEHTPanbHYI0
ponb B naroduanonoruu Tsxenon popmsl COVID-19 u ero ceppeu-
HO-COCYANCTbIX 0CNOXHEHMIA [31].

Yyactne curHansHoro nytu NF-xB B chopmuposaHum 31 BecbMma
MHOrOrpaHHO 1 3aTparnsaeT BCto Tpuany Bupxosa. 06LLen3BECTHO, HTO
NF-xB aBnseTcs LeHTpanbHbIM MOJIEKYNSPHBIM KOMMNOHEHTOM B Nepe-
nadve curHana ot peuentopa ®HOa. Kpome Toro, NF-xB Heo6xoaum
ns aktusauum uHdpnammacomsl NLRP1 B aHgoTennounTax vactuua-
MU TPUINALEPUAOB U NIMMONPOTENHOB 04eHb HU3KOW NIOTHOCTU [32].
NF-xB onocpeayeT BoCnanuTenbHble peakuun B 3HAOTENIUN, BbI3BAH-
Hble 6aKTepuanbHbIMI NaToreHamu: Hanpumep, Chlamydia pneumonia
(Mpuyem, 410 NpUMeYatenbHo, 6e3 akTMBHOI UHAekLmn) [33]. AKTnBa-
umnsa NF-xB B KneTkax aHLOTeNNsA HapyLlaeT AeNCTBME aHTUKOAryNIAHT-
Horo npotemHa G, 4To cnoco6CTBYET Koarynsuum kposu [34].

leHepauns akTWBHBIX (DOPM KMCIOPOAA, KOTOPble MOBPEXJatoT
3HAOTENNOLMTBI, TAKXE NPOUCXOANT NocpeacTBOM akTueauum NF-xB
[35]. BelecTBa-aHTUOKCMAAHTbI (B 4ACTHOCTW, NOAMMEHONbI pacTu-
TE/IbHOr0 NPOMCXOXAEHUS) NPOABAAIOT aHTUOKCUAAHTHBIA 1 3HLOTE-
NNONPOTEKTOPHbIA 3(hdEKTbI UMEHHO Yepe3 uHruéuposaHue NF-xB
(ruH3eHo3ua K, pecsepatpon [36], KypkymuH [37], nyapapuH [38]).
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Ta6nuua 1 (Ha4ano). Mentuabl npenapara JlaeHHek®, acCoLMMPOBaHHbIE C NOAAEPXKKON (PYHKLAN SHAOTENNS (NENTUAbI-MHIMOUTOPbI CNEUMUYECKUX TapreTHbIX 6enKoB)

Table 1 (beginning). Peptides in the composition of Laennec® associated with endothelial function support (peptide-inhibitors of specific target proteins)

®parmeHT 6enka TapreTHblit
BctpeyaemocTb, %* | Mentup nporeoma e benok npoteoma 6enok
Occurrence rate, %* | Peptide Fragment of Gene Proteome protein Target
proteome protein protein
benok, cogepxalyuin AM3MHTErPUH N OMEH
17 VPFTLA VPFVLA ADAM17 | metannonpoTenHasbl 17 / Protein containing disintegrin ADAM17
and metalloproteinase 17 domain
83 FAQPGL FSQPGL TBC1D1 benok ¢ pomeHom TBC1 / Protein with TBC1 domain AKT/PKB
50 SFPQPG SFSQPG TBC1D1 benok ¢ pomeHom TBC1 / Protein with TBC1 domain AKT/PKB
®ocarngunniodnton-3,4,5-Tpucpocdar-3-
17 YLVLTL YLVLTL PTEN thoccparasza / Phosphatidylinositol AKT/PKB
(3,4,5)-trisphosphate-3-phosphatase
benok-10, cBA3aHHbINA C peLenTopom hakTopa pocrta / AKT/PKB,
50 SENALVA SENSLVA GRB10 Protein 10 associated with a receptor of a growth.factor MTOR
33 PGGLYA PGGVYA Vim BumeHnTuH / Vimentin CDK1, CDK5
33 NHLTPLR NFLTPLR SH3GLB1 dupocbunun-B1 / Endofilin B1 CDK5
17 GAGDFL GEGDFL FGA Anbha-cubpuHoreH / Alfa fibrinogen FGA
Cynpeccop onyxonen npu 60ne3Hn oH Mmnnens—
50 PTLPAG PTLPPG VHL Jlnngay / Tumor suppressor in patients with von HIF1A
Hippel<Lindau syndrome
Cynpeccop onyxoner npu 60ne3Hn ooH fnnens—
17 FPTLPP YPTLPP VHL Jlnngay / Tumor suppressor in patients with von HIF1A
Hippel-Lindau syndrome
50 AYLSSPL |  AYLSSPL IKBKG dcoeHUMaNbKbIi MORYNATOP NF-iB / IKKB
Essential NF-xB modulator
50 SNPLAL SSPLAL IKBKG dcceHumanbKein moaynatop NF-kB / IKKB
Essential NF-xB modulator
33 LFSPLAL LSSPLAL IKBKG dcceHumancKein moaynatop NF-kB / IKKB
Essential NF-xB modulator
17 LSGSDV LSASDV INSR Peuentop nucynuHa / Insulin receptor IRS1, SHC1
benok-10, cBA3aHHbIA C peuenTopom hakTopa pocta/ MAPK1,
50 LLGPFS LLSPEY GRB10 Protein 10 associated with a receptor of a growth factor MAPK3
) MAPK1,
33 EALPGPL EILPGPL mMyocD MwokapamH / Myocardin MAPK3
Megawnatop-1 PHK-nonumepass! Il / MAPKT,
17 AYLPQIJi AYTPANL MED1 Mediator-1 of RNA-polymerase I MAPK3
MAPK1,
17 PAGLPQ PAALPQ RPS6KA5 KnKasa pu6ocomoro benka S6-anbha-5 / MAPK3,
Ribosome protein S6-alfa-5 kinase
MAPK14
17 TPALPG TPTLPG MEF2C OHxancepHbIit (hakTop 2G mnounTos / MAPK14
Enhancing factor of 2C myocytes
33 LEQNVQQ | LEQEVQQ ALOX5 Apaxuporar-5-nunokcurerasa / MAPKAPK2
Arachidonate-5-lipoxygenase
33 GLATLVE GLDTLVE BCL10 benok numoma/nenkems-10 // NF-«B
Protein lymphoma/leukemia-10
17 PGAAQS PGAAES ZBTB16 LlnHkoBbIi nanewy BTB-16 / Zinc finger BTB-16 PDPK1
17 AVPAGL AVPPGL SAGE2P SAGE1-nopmo6HbI 6enok / SAGE1-like protein PDPK1
50 GALLLHG GALLLRG STOML2 CtomatnHonomo6HbIii 6enok 2 / Somatin-like 2 PKC/PRKCZ
33 GALLL-GS GALLLRGS STOML2 CtomatnHonomo6HbIii 6enok 2 / Somatin-like 2 PKC/PRKCZ
PKC/PRKCZ,
17 FVGTLEY FVGTLQY IKBKB WNHrnéutop kuHasbl NF-«B / NF-«cB kinase inhibitor PDPK1,
TBK1
67 LNLSSSF LNLSSHF PKD1 Monuuuctu-1/ Polycystin-1 PKD1
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Ta6nuua 1(okon4anue). Mentuasl npenaparta SlaeHHeK®, acCOLMMPOBAHHbIE C NOAAEPXKKON YHKLMN 3HA0TENNS (MenTUabI-MHMMOMTOPbI CNELNgUYECKNX TapreTHbIX 6enKoB)

Table 1 (end). Peptides in the composition of Laennec® associated with endothelial function support (peptide-inhibitors of specific target proteins)

®parmeHT 6enka TapreTHblii
Bctpeyaemoctb, %* | lMentng npoteoma len benok npoteoma 6Genok
Occurrence rate, %* | Peptide Fragment of Gene Proteome protein Target
proteome protein protein
benok 2, copepxatuuit LoMeH hakTopa PoH
33 VVPPPLP VPPSLP VWA2 Bunne6panga / Protein 2 containing von Willebrand VWA2
factor domain
Peuentop
67 YGLGGP YGLGSP EDN1 3ngoTenut-1/ Endothelin-1 snpgrenyia /
Endothelin
receptor

Tpumeyanne. [pnBeSeHbI aMUHOKUCTIOTHBIE 10CIEA0BATENILHOCTY MENTULO0B, 3aK0ANPOBaHHbIe B 20-6yKBEHHOM (hopmare. * BeTpeyaemocTb nentuga B McciefoBaHHbIX 06pasyax

npenapara.

Note. Amino acid peptide sequences are coded in a 20-letter format. * The occurrence rate of a peptide in the studied samples.

Ta6nuua 2. NMentuabl npenapata SlaeHHek®, y4acTBytoLLME B CBA3bIBAHUM NOHOB LiNHKA
Table 2. Peptides in the Laennec® composition involved in the zinc ions binding

®parmeHT 6enka
Bctpeyaemoctb, %* Mentup nporeoma len benok npoteoma
Occurrence rate, %* Peptide Fragment of Gene Proteome protein
proteome protein
100 VYPGET VHPGET AGBLS Kap6okcunenTaa3onofo6Hbii §en0K 5 / Carboxypeptidase-like
protein 5
67 ALLQAH AMLQAH CSH2 XopumoHuyeckmuin comatotponuH 2 / Chorionic somatotropin 2
33 ELHQVH ELHLVH CA5A Kap6oanrungpasa 5A / Carbonic anhydrase 5A
33 GHSLGL GHSLGL MMP26 MatpunyHas metannonpoTenHasa-26 / Matrix metalloproteinase-26
33 GHSLGL GHALGL MMP23A MarpuyHas metannonpotenHasa-23 / Matrix metalloproteinase-23
33 GHSLGL GHSLGM MMP7 Marpunuaut / Matrilysin
33 GHSLGLAGH GHSLGLGH MMP12 Makpodpar meTannoanactasa / Macrophage metalloelastase
33 GLXHTT GLQHTT MMP11 Ctpomenuaun-3 / Stromelysin-3
33 GHSLGLP GHVLGLP MmP21 MartpuyHas metannonpotenHasa-21 / Matrix metalloproteinase-21
benok 1, cogepxatunii fomeH THAP /
3 FPLVRP RUEN THAP1 Protein 1 containing THAP domain
33 LLYLTGDF LLYTGDF CPSF3 dakTop cneumqm.hm(')cm I'IOJ'I.I/I'a).J,eHI/IJ'II/IpOBaHI/Iﬂ /
Polyadenilation specificity factor
HeoxapaktepuaoBaHHblit 6enok MGC39545PE /
33 LGRAN LGKAPH UK Non-characterized protein MGC39545PE

Tpumeyanne. [pyBeSeHbI AMUHOKNCIOTHBIE I0CIEA0BATENLHOCTHU MENTUAO0B, 3aK0ANPOBaHHbIe B 20-6yKkBEHHOM hopmare. * BCTpeyaemocTb nentuga B McciefoBaHHbIX 00pasyax

npenapara.

Note. Amino acid peptide sequences are coded in a 20-letter format. * The occurrence rate of a peptide in the studied samples.

NF-xB yyacTByeT B MOBbILIEHWUN 3KCMPECCUM BA3OKOHCTPUKTOPA
3HOOTeNNHa-1, WHAYLMPOBAHHOW OKCUremornobuHom. VI Haobopor,
TapretHoln nHrnéutop NF-xB (BAY11-7082) nogasnseT npoaykuuio
aHpoTenuHa-1 B aHgoTenuountax [39]. AHTAroHUCT PeLenTopoB aH-
rnoTeHsuHa Il nosaptaH uHrnéupyet aktusaumo NF-xB B aHgoTenuu
[40]. MtokaroHonoA06HbINA NenTug-1y KpbIC CO CTPENTO30TOLMHOBON
MOJesbio fnabeTa He TONbKo UHakTusupyet NF-kB, HO 1 akTusupyert
3HAOTENNANbHYI CUHTA3Y OKcKAaa asoTa [41].

Axtueaums NF-xB Takxe cBizaHa ¢ (DOPMUPOBAHNEM TUMOKCUN 3H-
potenus. MNMokasaHa ponb NF-«xB npu BocnanuTenibHOM MOBPEXAEHUN
9HAO0TENMANbHBIX KNETOK B MOLENM AM(IU3EMbI: MO CPABHEHMIO C KOH-
TponbHoit rpynnon akcnpeccuss MPHK NF-xB, mPHK ICAM-1, mPHK
MMP-9 6bia 3Ha4MTENIbHO MOBLILLIEHA, B TO BPEMS Kak ypoBHU MPHK
3HJ0TENMaNbHON CUHTA3bl OKCWAA a30Ta ObININ CYLLECTBEHHO HIDKE [42].

113BecTHO, 4TO B akTuBauum NF-kB npuHUMaioT y4actue psa npote-
NHKMHa3, B T.4. AKT/PKB, PKC/PRKCZ, PKD1, MAPK14, IKBKB/IKKB
1 PDPK1. Kak noka3aHo Huxe, nentuabl npenaparta JlaeHHek® moryTt
ABNATHCA CNeUNUYIECKUMI MHTMBUTOPAMM 3TUX KINHA3.

MpoTtenHknHasa AKT1/PKB perynupyeT BbDKMBAEMOCTb KNETOK,
aHrumorexes, tpaHckpunuuio NF-xB-3aBucumbix resos. docdopu-
nupys 6enok BAD, knHasa AKT1 cTumynupyeT npoanonToTUYeCKY
aKTMBHOCTb 3TOro 6enka. Mentua npenapata JlaeHHek® FAQPGL, Ko-
TOPbIA BCTpeyanca B 83% umccnenoBaHHbIX 06pasLoB, COOTBETCTBY-
eT octatkam 236-241 FSQPGL 6enka TBC1D1, B KoTOpOM 0CTaToK
cepuH-235 cpocopunupyertcs KuHasoin AKT1 [43]. Tockonbky ce-
puH oTcyTcTByeT B nentuae FAQPGL, To nocnenHuit 6yaeT cneuu-
(bmyeckm cBA3bIBATLCA U MHIMOUPOBATL KMHA3y AKT1. AHanoruyHble
MeXaHu3Mbl WHrM6MpoBaHus AKT1 cyllecTBYOT U 1S NenTuios
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Tabnuua 3. TapreTHble 6eNKKM NpOTEOMA YeN0BeKa, MHrM6KUpyemble nenTuaamu npenapara JlaeHHek®

Table 3. Target protein of human proteome inhibited by Lagnnec®

len / Gene TapreTHblii 6enok / Target protein ®yHkuusa / Function
- Curnan W/1-1 yepes NF-«xB/IKBKB, anonto3 / Signal IL-1 via
PKC/PRKCZ MpoteuHknHasa C aseta / Protein kinase C zeta NF-xB/IKBKB, apoptosis
AKT/PKB MpoTenHKkukaga B / Protein kinase B TpaHckpunumusa NF-kB-3aBUCMMbIX reHOB, anonT03_/ Transcription
of NF-xB-dependent genes, apoptosis
PKD1 MpoTenHkuasa D1 / Protein kinase D1 AkTueaums NF-«xB npu nepe,uaqelcv_eranoa I/!J'I-1 / Activation of
NF-kB when transmitting IL-1 signals
MAPKAPK? MAPKA2-KkiHaza / MAPKA2-kinase Perynsums npogykunn ®HOa 1 I/IJ'I-Q / Regulation of TNFa.and
IL-6 production
VAPK14 MAP-kHasa 14 / MAP-kinase 14 CeasbiBaHue NF-xB ¢ npomoTopamu reHos / Binding of NF-xB with
gene promoters
CDK5 LnknuH kuHaza 5 / Cyclin kinase 5 AnonTo3 anpoTennanbHbix Knetok / Apoptosis of endothelial cells
IKBKB/IKKB ViKruGurop K””afnbr:i'gﬁf /NF-«8 kinase AkTusauus NF-«B / Activation.of NF-«B
PDPK1 S'q)ocmOMHQSMTM' NPOTENHKNHA3A 1/ AkTusauns NF-B 4epes IKKB /‘Activation of NF-kB via IKKB
3-phosphoinositide protein kinase 1
SHC1 SHC-TpaHcdopmupytownii 6enok 1/ Cnoco6CTBYeT OKUCNNTENBHOMY CTpeccy aHaoTenms / Contributes
SHC-transforming protein 1 to the oxidativesstress of the endothelium
EDN1 3ngotenu-1/ Endothelin-1 Ba30KOHCTPUKTOPHBIV NenTna I3H,[l,0TeJ'IVI.ﬂ / Endothelial derived
vasoconstrictor peptide
VA2 [Jomen-2 choH Bunnebpanga / Von Willebrand CnocobeTByeT aare3un Tpomboumtos / Gontributes to platelet
domain-2 adhesion
FGA Ou6pUHoreH anbaa / Fibrinogen alfa Monumepusyetcs B DUOPUHOBBINA ManII/IKC Tpom6a / Contributes
to platelet adhesion
ADAM17 benok ADAM-17 / Protein ADAM-17 AktuBauus ®HOa. / Activation of TNFa
HIF1A anomma-mmygmpyemum (bakTop / Hypoxias AHTUrMNOKCaHTHbIA acppekT / Antihypoxant effect
induced factor

Tpumeyanne. V1 — nHtepneiikuy; @®HO — hakTop Hekpo3a onyxonu.
Note. IL — interleukin; TNF — tumor necrosis factor.

SFPQPG (BcTpeyaetcs B 50% o6pa3suos npenapara), YLVLTL (17%)
n SENALVA (50%).

MpotenHknHaza PKC/PRKCZ y4acTByeT B CUrHanbHOM nyTu hoc-
hatuannuHo3uton-3-kuHasel PI3K 1 nepefaye curHanoB 0T peLen-
TopoB WJ1-1 yepes curHanbHblit nyTb NF-kB [44]. B aHg0TENNaNbHbIX
KneTkax, 06pab0TaHHbIX B Ky/bTYPe OKMCAUTENIEM NePOKCUHUTPUTOM,
npoTenHknHasa C docopunupyet kuHady STK11, yto npusogut
K MHrM6uposanunio nepefaqn cursanos AKT1 u ycunenuio anontosa
angotenunountos [45]. Mentug GALLLHG (50% o06pa3uoB) cOOTBET-
ctByet octatkam.10-16 GALLLRG 6enka STOML2, B KOTOPOM 0OCTaTOK
cepuH-17 cpocopunmpyetcs kuHasoin PKC [46]. OTcyTcTBUE CepuHa
B COOTBETCTBYtOLLEN no3uunn nentuaa GALLLHG nossonser npea-
noJararb. cneyndgm4eckoe UHrMbupytoLlee LeicTerne 3Toro nentuga
Ha KiHasy PKC. Hruéutopamm PKC Takxe MOryT SBnaTbCs nentuapl
GALLLGS n FVGTLEY (cm. Tabn. 1).

TapreThbiil  6en0K IKBKB/IKKB uHrmn6upyet 6eTa-cy6befuHuLy
KunHasbl haktopa NF-xB, koTopas cTumynupyet akTuBauuio u nepe-
melleHne NF-xB BHYTpb KNeTo4HOro ffpa ¢ nocrefytollen akTmea-
umein TpaHckpunuun coted NF-kB-3aBucumbix reHoB [47]. MenTtuabl
AYLSSPL, SNPLAL, LFSPLAL, BcTpevatolimecss B WCCNEA0BAHHbIX
o6pasuax ¢ yactotoit 33-50% (cm. Tabn. 1), ABNAKOTCA NOTEHUMamb-
HbIMM cneuuduryeckummn nHrnéuTopamn kuHassl IKBKB (puc. 1).

PAn Apyrux TapreTHbiX 6€/KOB-KNHA3, MHTMONPYEMbIX NenTUAAMN
npenapara, yCWnnBaloT akTUBHOCTb OMUCAHHBIX Bbille KuHa3 AKTT,
PKC, IKKB. Hanpumep, kuHaza PDPK1 (3-chocthonHosutupazasmen-

mas npoTenHkuHasa-1) aktusumpyet nyts NF-xB nocpeactsom ¢hoc-
hopunuposanus kinHasbl IKKB. Knnaza PDPK1 MoXeT MHrnbupoBaTth-
cs nentuaamu PGAAQS n AVPAGL npenaparta JlaeHHek® (cm. Taén. 1).
®epmeHT PKD1 npoanesaet aktueauuio kuHasel PKC [48], 4T0 ycunu-
BaeT anonto3 aHaoTennountos. ®epmeHT PKD1 noTeHuUmManbHO UHIMK-
6upyetcs nentuaom JlaeHHeka® LNLSSSF. MuTtoreHakTMBUpOBaHHas
KnHaza MAPK14 yeenuyuBaet cBsisbiBaHue aktopa NF-kB ¢ npomo-
TOpamu reHoB [49] n MoXeT nHrubuposarbcs nentugom TPALPG.

/IHrn6upoBaHne ONMCaHHbIX Bbile TapreTHbIX OENKOB COOTBET-
CTBYIOLMMN NENTMAAMU MOXET YCUIMBATLCA APYrUMW nentuaamu
npenapara, KOTOpble WHIUOUPYIOT (DEPMEeHTbl CMHTE3a U MaTy-
paunmn ®HOa. PepmeHT MAPK-akTUBMpOBaHHAsA NPOTEMHKMHA3A
MAPKAPK2 yyacTByeT B BOCNanuTensHOM OTBETE, MOCTTPAHCKPUN-
LIMOHHO PErynupys CUMHTE3 NpoBOCMAaNNTeNbHbIX UMTOKMHOB OHO«
n WN-6 nocpeacteom  ocdopunuposaHns 6enkos ELAVLIT,
HNRNPAO, PABPC1, TTP/ZFP36, cBa3biBatowumx A/U-3neMeHTbl
B MPHK cooTBeTcTBYtOWMX reHoB [50]. MenTtug SlaeHHeka® LEQNVQQ
COOTBETCTBYET ocTaTkam 273-279 LEQEVQQ 6enka ALOX5, B koTO-
pom ocTtatok cepuH-272 cocpopunupyetca MAPKAPK2 [51]. dau-
HbIil NENTUA He COAEPXUT CepuHa 1 NO3TOMy BAAETCS cneunduye-
cKum nuruéutopom MAPKAPK2.

®epmeHT ADAM17, cofepxalimi QU3UHTErPUH W METannonpote-
MHa3HbIN gomeH, paciennser ®HOo [0 3penoii pacTBOPUMOIA hop-
Mbl 3TOr0 NPOBOCNANUTENBHOIO LMTOKNHA. MenTtua NlaeHHeka® VPFTLA
co0TBeTCTBYET ocTaTkam 12-17 VPFVLA B curHanbHom nentuae 6en-
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PucyHok 2. NpocTpaHcTeeHHas CTpykTypa npoteassl ADAM17, koTopas

pacuiennseT (hakTop HeKpo3a onyxonu anbga Ao 3penoit pacTBOPUMOoi hopmbl. CUHUM
LiBETOM BbI/ieIeH NOTEHLMaNbHbIN CAiAT CBA3bIBAHMA NENTUAA Npenapara

JlagHHek® VPFTLA — nHruéutopa ADAM17

Figure 2. Spatial structure of ADAM17 protease that splits tumornecrosis factor alpha to
mature soluble form. Blue color highlights a potential-binding site of peptide VPFTLA
contained in the Laennec® preparation

ka ADAM17, noaTtomy MOXeT BMELUMBATLCS B MPOLECC MaTypauum
ADAM17, Tem cambIM TOpMO39 CUHTE3 3penioro ®HOa (pue. 2).
MomMuMo BO3AENCTBNS HA AKTMBHOCTb CUrHanbHoro nyt ®HOo/
NF-xB, nentuabl npenapata JlagHHek® MOryT BAWSTL Ha aKTUBHOCTb
AHTUTUMOKCAHTHOrO - pakTopa HIFTA  (runokcus-uHayLmpyembli
thaktop 1-anbda). B ycnosusx runokcum taktop HIF1A aktusupyet
TpaHckpunuuto 6onee 40 reHOB (3PUTPOMOSITUH, TPAHCMOPTEPbI Mt0-
KO3bl, [MUKOUTUYECKNE (DEPMEHTLI, (DaKTOpP pocTa 3HAOTENNS COCY-
[0B 11.4p.), CNOCO6CTBYHOLLMX COXPAHEHWIO 1 PEreHepaLnin SHA0TeNns
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Figure 1. Spatial structure of IKBKB kinase (model based in the PDB 4kik file). Blue color highlights a potential
binding site of peptides AYLSSPL, SNPLAL, and LFSPLAL contained in the Laennec® preparation.that are potential
inhibitors of IKBKB kinase

[52]. ®akTop HIF1A perynupyetcq B3aumogencteuem ¢ 6enkom VHL
(chbaktop choH Mmnnens—/lanpay). Mentng JlaeHHeka® FPTLPP coot-
BeTCcTBYET ocTatkam 98-103 YPTLPP 6enka VHL. 3ameHa octaTka Tu-
po3nH-98 B Genke VHL npnBoAWUT K NOTepe B3aMMOAEACTBUS OEKOB
VHL n HIF1A 1, cOOTBETCTBEHHO, CHIDKeHMIO ferpagauun HIFTA [53].
Moatomy nentug FPTLPP, B3aumopgeictsys ¢ HIF1A, npenatcTsy-
eT cBa3biBaHNo dhaktopa HIF1A ¢ uHruéutopHeim 6enikom VHL, yTo
6yaeT cnoco6CTBOBATb YCUEHWIO AKTUBHOCTW AHTUIUMNOKCAHTHOMO
thaktopa HIF1A.

SAKNHOHEHUE / CONCLUSION

OHAO0TeNNoNaTU XapakTepuayeTcss KOMMIEKCHOW naTouanosno-
el U OCNOXHSAET fle4eHne LUMPOKOro CnekTpa 3abonesaHuii, cno-
COOCTBYS (DOPMMPOBAHWIO MONUOPraHHOW naTonorun. YctpaHeHue
ONCCOYHKLMW 3HOOTENNA W ero pereHepaunsi 0COBEHHO aKTyamnbHbl
ans peabunurtauum naumeHTos, nepeHecwmx COVID-19. B Hactos-
Leit paboTe NokasaHo, YTO NeNTUAbI B COCTaBe npenapata JlagHHek®
CroCco6CTBYIOT KOMMIEKCHOMY NaTOreHeTUYecKoMy [eliCcTBUIO NPOTUB
ONCAYHKUMM 3HA0Tenms. B cocTase npenapara WaeHTUHULMPOBAHbI
nenTuabl — MHIMGUTOPBI cneunduyeckux TapreTHbix 6enkos (PRKCZ,
PKB, PKD1, MAPK14, IKKB, PDPK1), KoTopble BOBNE4eHbl B 6bICTPYHO
[1e3aKTUBALMI0 BXHENLIEro MpOBOCNANIUTENIbHOTO TPAHCKPUMLMOH-
Horo ¢haktopa NF-«kB. 3T nenTuabl MOXHO OLEHMBATb Kak OCTPO-
(hasHble, ObICTPOAENCTBYIOLME METab0NUTbI, OCYLLECTBNSAIOLLNE
TOPMOXEHWe BOCManeHus no nytu 6nokuposaHus caktopa NF-kB.
WNurnéuposanne kuHa3 CDK5 u SHC1 nentupamn B cocTase npena-
parta npuBOANT K CHUXKEHMIO anonTo3a 3HAOTeNNoUMToB. Kpome Toro,
nentuabl JlaeHHeka® 6nokupytoT pepmeHTsl MAPKAPK2/3 n ADAM17,
Y4aCTBYIOLLME B CUHTE3E U BbI3PEBAHNM NPOBOCNANIUTENBHOMO (PaKTO-
pa ®HOo.. PereHepaums n noaaepxxka yHKUMN 3HAOTENUS nentuia-
MU npenapata cnoco6cTByeT ynyyweHnto cutesa NO B 3HLOTENMO-
LnTax 1, COOTBETCTBEHHO, HOPMANN3aLMN TOHYCA CTEHOK COCY/L0B.
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