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PE3HOME

Bsepenue. lemocniepos — NatoNornieckoe COCTOSHWE, CONPOBOXAAIOLLEE NATONOTUN NEYEHU, NIETKUX U ApYrux opraHos. [onmnenTtuaHbIn
npenapar J1aeHHeK Cnoco6CTBYeT ANMMUHALMMN U3OLITOYHBIX OTIIOXKEHMI XKeNe3a B TKaHAX.

Lenp. neHTMchukaLms B COCTaBe npenaparta NenTuAoB, Y4acTBYIOLUMX B PErynsunn roMeocTasa Xenesa, yCTpaHeHUn remMocnaeposa u
runepceppuUTUHEMUU.

Marepuansi n meTogsl. IcCnef0BaHINe NENTAHOIO COCTABA Npenapara G UCnob30BaHNem ruépULHOA MaCC-CIEKTPOMETPUN 11 COBPEMEHHBIX
METO/10B aHanuaa 60MbLLIMX faHHbIX, OCHOBAHHbIX Ha TOMOMOrVNYECKO TEOPUN PAcTO3HABAHWS.

Pe3ynbTatel. B cocTase npenapata WAeHTUULMPOBaHLI 19 NenTUAO0B, NOTEHLMANLHO BaXHbIX ANS PErynupoBKW rOMEocTasa Xenesa.
Perynupys ypoBHW renuuauHa, OCHOBHOTO TOPMOHA TOMEOCTas3a )Kenesa,  CHMKAsg CUHTE3 (DeppuTMHA, a TaKXKe nposBNsa
NPOTUBOBOCMANUTENbHbIE U UMMYHOMOJYNNPYIOLLME 3ChEKTbI, 3T NENTi/bl CNOCOGCTBYIOT YCTPAHEHNIO HapYLLIEHUI A 06MeHa Xenesa.

3akntoyenne. \neHTNOULNPOBAHHBIE NENTUAbI NO3BOMNAN ONMCATb MOMEKYSAPHbLIE MEXaHWU3Mbl YCTPAHEHNSA neperpy3kn TKaHeii Xeneaom,
3BECTHbIE 13 IKCMEPUMEHTANTBHbBIX U KIIMHUYECKUX UCCREA0BAHNA paccmMaTpyuBaemMoro noaunenTUAHOro npenapara.

KNHO4EBbIE CJIOBA

lomeocTas xenesa, nentuipl, JTaeHHeK, reMocuaepos, reMoxpomaTos, HoBas KopoHaBupycHas uHdekums, COVID-19.

Cratbs noctynuna: 20.11.2020 r.; B gopa6oranHom Bupe: 10.12.2020 r.; npuHsaTa K neyatu: 23.12.2020 r.

KoHdhnukT uHTepecos

ABTOpbI 3aBNAOT 06 OTCYTCTBUM HEOOXOAMMOCTN PACKPLITUA (DMHAHCOBON NOAJEPXKKU UM KOH(DIINKTA UHTEPECOB B OTHOLLEHUM JAHHO
ny6nukauuu.
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Peptides contained in the composition of Laennec that contribute to the treatment of
hyperferritinemia and iron overload disorders
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SUMMARY

Introduction. Hemosiderosis is a pathologic condition that accompanies liver, lung, and other organ diseases. Polypeptide-containing drug
Laennec contributes to the elimination of excessive iron deposits in tissues.

Aim. The study was aimed to identify peptides contained in the composition of the drug that take part in the regulation of iron homeostasis
and correction of hemosiderosis and hyperferritinemia.

Materials and Methods. The study of the drug composition was conducted with hybrid mass-spectrometry and modern methods of analysis
of Big Data based on the topological approach to recognition.

Results. The preparation contains 19 peptides that are potentially important for the regulation of iron homeostasis. These peptides help to
treat the disorders of iron metabolism by regulating the levels of the main hormone of iron homeostasis hepcidin by reducing the synthesis
of ferritin and by exhibiting anti-inflammatory and immunomodulatory effects.

Conclusion. The identified peptides allowed the authors to describe the molecular mechanisms of the iron overload elimination that are known
from experimental and clinical studies of the analyzed polypeptide drug.
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Y10 yxe u3BECTHO 06 3Toil TEMe? What is already known about this subject?

P HapylweHns o06MeHa >Kefiesa  COMPOBOXAAOT — 3a60NEBaHUS  MEYEHM, » Iron metabolism disorders accompany liver diseases, neurodegenerative
HepoJereHepaTMBHbIE Matonoriy, 6ONe3HN CYCTaBOB U NMErkuX (BKIHOYas pathologies, diseases of the joints and lungs (including COVID-19 infec-
vHGbekumto  COVID-19). Temocuaepo3 TKaHeid  CTUMYNMPYET  passuUTve tion). Hemosiderosis of tissues stimulates the development of chronic
XPOHMYECKOro BOCMANEHMs, Bbi3blBasi rMOeNb MAapeHXUMATO3HOW TKaHW W inflammation causing the death of parenchymal tissue and its replace-
3ameLLieHue ee prubpoTUHECKON ment by fibrotic tissue

» TapretHblx npenaparos  Ans » There are no targeted drugs for the treatment of hemosiderosis so-called
thapmakonornyeckoe CupoTcTBO) pharmacological orphanhood

Jle4eHnsa remocuaeposa Her (T.H.

» MonunenTugHblid npenapar JlaeHHeK TOPMO3UT pasBUTUE reMOCUAEP03a,
HO MOJIEKYNISIPHbIE MEXaHN3MbI Je/iCTBUS Npenapara He U3yyeHbl

Y10 HOBOrO faeT cTaTba?

» B coctase npenapata MAEHTUULMPOBaHbI 19 NOTEHUMANbHO BAXKHbIX Ans
PEerynupoBKM roMeocTasa Xenesa nentupos, KOTOPble MOXHO PasAeninTb Ha
TpW rpynnbl: 1) NenTuabI-Xenatopbl MOHOB JKene3a; 2) rOPMOHO-NIOA06HbIE
nenTuabl reMopuH, CNIMHOPMUH 1 3) NENTULbI-UHTMBUTOPbI CNeLNUECKIX
TapretHbix 6enkoB TMPRSS6, FURIN, FKBP1A, CUL1, SKP1

» Perynupys ypoBHM renuuanHa, 0CHOBHOrO rOPMOHA FOMe0CTa3a Xenesa,
CHWXas CUHTE3 (heppuTWHA, MNpOSBNSS MPOTMBOBOCMANMTENbHbIE W
MMMYHOMOAYNMpytoWme  3pGeKTbl, 3TW  MenTuAbl  CNOCOBCTBYIOT
YCTPAHEHWNIO HAPYLLEHWA 06MeHa Xenesa

> The polypeptide drug Laennec inhibits the development of hemosiderosis
but the molecular mechanisms of the drug's action are understudied

What are the new findings?

» The preparation contains 19 peptides that are potentially important for the
regulation of iron homeostasis that can be divided into three groups: 1)
peptides-chelators of iron ions; 2) hormone-like peptides hemorphin,
spinorphin, and 3) peptides-inhibitors of specific target proteins TM-
PRSS6, FURIN, FKBP1A, CUL1, SKP1

» These peptides help to treat the disorders of iron metabolism by regulating
the levels of the main hormone of iron homeostasis hepcidin by reducing
the synthesis of ferritin and by exhibiting anti-inflammatory and immuno-
modulatory effects
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OpI/IFI/IHaJIbHLIe CTaTbH

(ApNRO3RORONIRY

OCHOBHbIE MOMEHTbI

Kak aTo MOXeT noBnMATbL Ha KNMHUYECKYHO NPaKTUKY B 0603pumom Gyaywem?

> MonekynApHble MexaHu3Mbl YCTPaHeHUs Meperpyski TKaHeid JKenesom
BaXHbl AN 060CHOBAHHOTO NpUMeHeHWs npenapara JlaeHHek npw
TeMocKaepo3e 1 ApYrux 60Ne3HAX NeperpysKku XXenesom

> PeaynbTatbl KIMHUYECKUX HAOMIONEHWIA Y NALUMEHTOB C HEanKorosibHoM
XKWPOBOW  6OJE3HbI0  MeYeHW, remoxpomato3oM UM BUPYCHbIMK
nHdekumsamu  (Bknioqas COVID-19) nopTeepxpanT 3dekTnBHOCTL
1CM0Nb30BaHNA Npenapara JTaeHHeK Ans eYeHns reMocuiepo3a neveHn
1 runepeppuTMHEMnm

BBEJIEHWE / INTRODUCTION

B HOpMe neYeHb ABNAETCS AENO, B KOTOPOM XKENe30 COXpaHAeTcs
B (popMe MA0THO YNAaKOBAHHbIX (DEPPUTUHOBLIX TrpaHyn. 3Tu
rpaHynbl, CHOPMUPOBAHHbIE CyObeANHMLAMMN Befika DeppuTuHa,
UCKIOYaT HENoCPeCTBEHHbI KOHTAKT WOHOB >enesa ¢
OKUCNAIOWNMN areHTamu. B T0 ke Bpems cnefyer 0Tnv4atb
(huU3nonornyeckoe AenOHMpoBaHNe Xenesa B BuLe eppuTUHOBLIX
rpaHyn OT Natonornyeckoro npouecca remocupeposa —
M36bITOYHOrO  OTNIOXEHUS  remocuiepuHa  (TEMHO-XEeNToro
MUTMEHTa HAa OCHOBE OKCWMAA )Xenesa) B TKaHAX OpraHusma.

lemocmiepo3  CTUMyNUpYeT  XPOHWYECKOe  BOCManeHWe u
MPOOKCUAAHTHbIE peakuuMn W, Kak pesynbrar, @uOpo3 u
noBpexnaeHns napeHxumbl [1].  Ype3MepHOe  HakonneHue

reMoCuJepuHa B TKaHAX CYLIECTBEHHO 3aMefnseT NpoLecc ux
pereHepauuu, nNpoBOLUPYSA pa3BUTME LUPPO3a MEYEHU, T.H.
«KeNle3HOro  cepaua»  (accouMMpoBaHHOrO C  CepreyHon
HeL0CTaTO4HOCTLIO), apTpuTa u 1.4 [2]. Nemocuaepos asnseTcs
[OCTaTOYHO THXKENbIM MOPAXEHWEM OPraHoB (Me4YeHw, Mo3ra,
Nerkux n Ap.), 0CO6EHHO NPUHWMAs BO BHUMAHWE OTCYTCTBUE
crneumanbHbIX NpenapaTos AN AMMMUHALMN TeMOCULEPUHA.

lemocuaepo3 n Apyrue HapylleHus o6meHa xene3a 0CO6EHHO
aKTyanbHbl MpU HOBOW KOPOHABMPYCHOW wWHekuun GCOVID-19,
KOTOpas, KaK N3BECTHO, ACCOLMUPOBAHA HE TONbKO C HAPYLLEHUAMN
[bIXaTeNbHOM CUCTEMbI, HO W C MOJIMOPraHHoW natonorven. [Ons
COVID-19 B psage CO0O6LIEHMA NPOAEMOHCTPUPOBAHO MOBbLILIEHME
ypoBHeil MapkepoB ancdyHkuuu nevenn ACT, AJT, 6unupy6buna [1],
HapyLLUeHUs NPonNsA CBEPTHIBAEMOCTU KPOBU, PE3K0Oe MOBbILIEHNE
KOHLEHTpauwnii mapkepos Bocnanenus U1-1B, NJ1-6, C-peakTuBHOro
6enka, ®HO-a, WNDOH-y, cepputuHa n ap. 3T OCNOXKHEHUS
accounmMpoBaHbl ¢ TsXenbiM TedeHnem COVID-19, UNTOKMHOBbIM
LUTOPMOM W BLICOKUM PUCKOM NieTanbHoro ucxopa [3].

B yacTHocTW, runepteppuUTUHEMUS  ABNAETCH  BAXKHLIM
MPOrHOCTUYECKUM MapKepoM COCTOsAHMA nauueHTos ¢ COVID-19.
@eppuTUH — He TONIbKO GENOoK-NepeHoCHMK Xenesa, Ho 1 6efok
0CTpO# pasbl BocnaneHuns. MoBbILLEHHbIE YPOBHU DepPUTUHA NPK
COVID-19 moryT 6bITb 06YCNOBAEHbI LUTONN30M 3PUTPOLUTOB U
JPpYrux hOPMEHHbIX 3NIEMEHTOB KPOBU, @ TaKXXe (DOPMUPOBAHUEM
LIMTOKMHOBOrO WTopmMa [4]. Takum 06pa3om, PeppuTuH aBnseTcs
CBOEro poja «BOMHbIM MapKepoM», TaK KaK NOBbILLEHWNE YPOBHEN
(heppuTMHA MOXET YKa3biBaTb W HA BOCNAIEHME, U HA HapYLLeHNe
romeocTasa xenesa.

MopyepkHeM, 4TO runNepteppuTUHEMUA WU Apyrue HapyLleHus
obmeHa xenesa XapakTepuaylrcs CBOEro poaa
«(PapMaKkonorm4eckum CUPOTCTBOM», TaK KaK He CyLleCTBYeT
3PP EKTUBHbIX 1 6€30MACHBIX CXEM JIEYEHUS 3TUX NATONIOMNYECKNX
COCTOSIHMA. [ePCNEKTMBHBIM  HAMpPaBIIEHNEM  JIEYEHNS  3TUX
naTonoruit ABNAETCA UCNONb30BaHWe NONUNENTULHOrO Npenapara
JlaeHHek (ATX AO5BA TpenapaTbl Ans nedyeHus 3aboneBaHui
MeyeHun), KOTOPbI NPOABASET KOMMMEKC renatonpoTeKTOPHbIX,
NPOTUBOBUPYCHbBIX, MPOTUBOBOCNANUTENIbHLIX U PEreHepaTopHbIX
CBOWCTB [5]. B akcnepumeHTe M B KIWHWYECKOW NpPaKTUKe
NOKa3aHo, 4TO npenapar YCTPaHseT XPOHMYECKYK neperpysky

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

» Molecular mechanisms of eliminating tissue iron overload are important
for the reasonable use of the polypeptide drug Laennec in patients with
hemosiderosis and other diseases of iron overload

» The results of clinical observations of patients with non-alcoholic fatty
liver disease, hemochromatosis, and viral infections (including COVID-19)
confirm the effectiveness of using Laennec for the treatment of liver he-
mosiderosis and hyperferritinemia

XKENne3oM, CHKAET NOBPEXAEeHUs renatoumToB U NpeaoTBpalLaeTt
opmupoBaHue remocuaepos3a B nevyeHu, B MO3re v B APYrux
opraHax. lpumeHeHue npenapara cnoco6CTBOBANO CHUXEHUIO
runep@eppuTHEMUN Yy NALWEHTOB CO CPELHUM U TSXKENbIM
TeyeHnem GOVID-19 [6].

B HacToALlel pa6oTe npeAcTaBeHbl pesynbrarhl
CUCTEMATUYECKOr0 UCCNe0BAHNA NENTUAHOMO COCTaBa npenapara
C LUeNbI0 YCTAHOBJIEHN MONEKYNAPHbIX MEXaHU3MOB BO3JeACTBUA
Ha rOMeoCTa3 )enesa, B T.4. HA YCTpaHeHue remocupeposa u
runepgepputuHemun. lMcecnegosaHne  6b1I0  NPOBEAEHO C
1CNoNb30BaHNEM OLHOM M3 NepefoBbIX TEXHONOMMA COBPEMEHHOM
NpoTEOMUKU (TMBPUIHON MACC-CNEKTPOMETPUN) U COBPEMEHHBIX
MEeTOJ0B aHanusa 60NblnX AaHHbIX (wWww.bigdata-mining.ru).

Uenp - wpeHTUdMKauua B cocTaBe npenapaTta JlaeHHek
nenTWAOB, Y4acCTBYIOLMX B PpErynauuM romeoctasa >enesa,
YCTPaHEHUM remocuaeposa u runepgepputuHemMun.

MATEPWUAIbI U METO/1bl / MATERIALS AND METHODS

Mpouecc 9KCMEPUMEHTANbHOTO WCCNEA0BAHUA NEenTULHOMO
cocTaBa npenapata COCTOAN W3 4eTbipeX OCHOBHbIX 3TamnoB:
0YMCTKM npenapaTta (OTAeNeHUe nUNUAOB, 06eCcconNMBaHue),
Xpomartorpadonyeckoro pasfeneHus NenTuaoB U onpefeneHus
macc-cnekTpa nentTuAHoOW pakuum n de novo cekBeHUpOBaHMA
nenTUaoB.

Ouyuctka npenapata

OuymcTKa npenaparta cocTosna B 0TAeNEHNN NMNUAHON hpakunm
1 06ecconnBaHnm. [ns 04UCTKM NpenapaTa OT IMNUAHON cppakLmu
ucnonb3oBancad MoauuumpoBaHHbil  MeTon bpokepxodda-
JaycoHa-Xwo6wepa [7]. CHayana npoBOAWUIM MSATKOE LeNo4Hoe
aesauunupoBaHue hoconnnuaos, Nocnea0BaTeNnbHO NPUNUBANK
MeTaHon, rekcaH u Bopy (1:4:4, v/v), nepemewwmBanu W
ueHtpudyrmposann 1 muH. npun 1000 g, cynepHartaHT cnusanu,
BbICYLLMBANN OT XIopoghopma.

O6ecconuBaHme NenTUAHOK CHpakUUM MPOBOAUNIM HA MUHU-
KOJIOHKE MpX MOMOLIM LEHTPUAYrnpoBaHns. B MUHN-KONOHKY
0,75x4,5 cm (“Raining Instrument”, CLUA) Hanusanu 2 mn
cepapekca G-10 (“Pharmacia”, LUBeums), [eKaHTUPOBAHHOIO B
cmecu wmetaHon: Bopa (85:15, wv/v). [llocne npouedypbl
o6ecconunBaHnsa notepu 6enka coctasnanu He 6onee 35%.

Xpomatorpathuyeckoe pa3fieneHue nenTuaos

MenTuabl B COCTaBe BbIAENEHHON NenTUAHOW dpakunuu
pas3gensnncb C  MCMONb30BAHMEM MapanfienbHOi  CUCTEMbI
Xxpomarorpadpuyeckoro pasgenenus nentugos Dionex Ultimate
3000 RSLCnano-system ("Thermo Fisher Scientific", CLUA).
Wcenenyemble 06pasubl nenTUAHON hpakymn B
XpomaTorpauyeckyto «KonoHKy-nosyLwky» Acclaim PepMap (2
CM, BHYTPeHHWiA puametrp — 75 mkm, C18, 3 pm, 100 A,
npon3soAacTeo ("Thermo Fisher Scientific', CLLA)) co ckopocTbio 2
MKN/MUH. B coyeTanun ¢ 0,1% pacTBopoM MypaBbUHOW KUCIOTbI B
BOZE.
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Macc-cnekTpomMeTpus ¢
nenTuaos

napannenbHon MAeHTUhUKaLmen

Macc-cnektpometpuyeckun (MC) aHanus ocylecTsnanm ¢
ncnonb3oBaHnem macc-cnektpomerpa Q-Exactive ("Thermo Fisher
Scientific", CLUA). bbin ncnonb30BaH HAH0A3PO30bHbIA UCTOYHUK
noHoB “Flex” ¢ HanpsxxeHneM noHn3auum 1800 V 1 Temnepatypoil
kanunnapa 200°C. [aHHble Mmacc-cnekTpa cobupanucb B
COOTBETCTBMM C KonuyectBoM Wumewowerocs B MG kamepe
KONMWYecTBOM  MenTWAa-npekypcopa, 3aTem  MpOBOAMNACH
anccounauus, BbidBaHHas ctonkHoseHnem (CID). Mpu npoBeneHnm
npoueaypbl CID wmccnegyemble MOHbI MENTUAOB YCKOPAOTCS B
3NIeKTPOCTATMYECKOM NOfle W CTanKWBAKOTCA C HEeATpaNnbHbIMU
yactuuamu (aproH). lMony4yaemble (OparMeHTbl aHanU3UpylTCs
nocpefcTBOM TaHAEMHOA MacC-CMeKTPOMETPUM, B pe3ynbrarte
yero nonyyaercs CID-macc-cnekTp MONeKynsipHbIX (hparmMeHTOB
nenTunaa.

De novo cekBeHMpOBaHWe NENTMA0B

De novo cekBeHUpOBaHME NeNTMA0B NPOBOANIOCH HA OCHOBAHUM
AaHHbix  CID  [8]. [Ona  nomyyeHMs  aMUHOKWUCIIOTHbIX
nocneoBaTeSIbHOCTe NeNTUA0B HAMK Bbis1 pa3paboTaH KOMNNEKC
nporpamm DNVSEQP, OCHOBaHHbLIi Ha MNPUMEHEHUNU Teopuu
Tononoruyeckoro, metpuyeckoro [9,10], kombuHatopHoro [11]
NOAX0LOB K aHanusy «60onblWnX AaHHbiX» [12,13] n Ha Teopun
aHanusa xemorpados [14,15]. [lporpaMMmHbIA NaKeT NPUMEHSNCA
paHee [nf aHanu3a nNenTWAHbIX NpenapatoB W nokasan
COOTBETCTBUME MEXAY pesynbraTtamu de novo CEKBEHUPOBAHUA U
pesynbTaToB NpUMeHeHUs CTaHAAPTHbIX npouenyp
CEeKBEHMpOBaHMA nenTugos [8].

PE3YJIbTATbI U ObCYXXAEHUE / RESULTS AND
DISCUSSION

B xone nccnenoBanus 6bin n3y4eH coctaB 06pasLoB NenTUAHON
hpakumn JlaeHHeKa NpuU Pas3NMYHbIX YCNOBUAX IKCMEPUMEHTA;
BCero O6biN0 NPOBEAEHO CEMb NapansiefibHbiX MNPOTEOMHbIX
aKcnepumMeHToB. AeHTUdMUMPOBAHHbIE NENTUAbI, BaXKHble NS
perynnpoBkM romeocTasa »efe3a U YpoBHeW (PeppuTuMHa,
npueefeHbl B Tabauue 1. 3T NenTuabl MOXHO Pas3fenuTb Ha Tpu
rpynnbl: 1) Xxenatopbl MOHOB >Xene3a; 2) FOPMOHO-MOA06HbIE
nenTuabl; 3) NenTUAbI-MHTUOUTOPLI CNELUPUYECKUX TapreTHbIX
6enKoB.

Xenatopbl UOHOB Xenesa

B coctaBe npenapata uaeHTUULWPOBAHbI HE MeEHee Cemu
nenTuAHbIX  (PparmMeHTOB, KoTopble MOryT  ABNATHCA
cneuu@uyHbIMIN XenaTopamn WOHOB Xenesa. XenatuposaHue, T0
eCTb CBAI3bIBAHWE MOHOB Xenesa, U WX yaaneHue W3 pacTeopa
ABNAETCA OLHUM W3 MOAXOA0B K CHUXEHUID U36bITOYHbIX
KOHLEHTPALWA MOHHOTO XXene3a, HaboAaeMblX Npu neperpyske
)Kene3om (Hanpumep, npu reMoxpomarose). BaKHo 0TMETUTb, 4TO
CneuncnyHOCTb XenaTupytowero OeMCTBMA 06CYXAAeMbIX HUXE
nenTuaos 06YCNOBNEHA TEM, YTO HEMOCPELCTBEHHO 3TW NENTUAbI
SBNAOTCA  KOMMNOHEHTAMW  )Ke/e30-CBA3bIBAOWMX  CANTOB
COOTBETCTBYHLLUNX 6EIKOB NPOTEOMa Yesi0BeKa.

Hanpumep, nentua VTLDGGL cooTBeTcTByeT mnenTuaHoMy
thparmenTy 79-85 VTLDAGL 6enka cepoTpaHceppuHa, B KOTOPOM
octatok D-82 B3aumoiencTBYyeT C XXene3om B NPOCTPAHCTBEHHON
CTPYKTYype cepoTpaHcdeppuHa. Xenatopom Kenesa Takke
asnsetcd U nentua VTLDGG, coOTBETCTBYWLWMA NENTUAHbIM
(pparmentam  76-81 VTLDGG  naktoTpaHc(eppuHa u
MenaHoTpaHCceppuHa, B KOTOPbIX 0CTaToK D-79 cneumduyecku
B3aWMOojeicTByeT ¢ xenesom [16].

Opyrumn npumepamu nenTULOB-XeNaTOPoOB WMOHOB XXenesa,
WAEHTU(ULMPOBAHHbIX B COCTaBe npenapara, ABAAOTCA NenTupg

PAGAPQV (cooTsetcTByeT hparmeHty 1244-1251 PAGAPHQV
NN3NH-CNeLnMUYecKoin AeMeTunasbl), nenTua VCTNLG
(cooTBetcTByeT pparmeHTy 216-221 VCTHLG untoxpoma b-c1) un
nentug ALHAQY (cootseTcTByeT (pparmeHTy 314-319 ALHALY
meTannopenyktasbl STEAP3).

3ameTum, 4TO Mccnedyemblid npenapat CoOLepXWUT CnepoBble
KonuyecTtsa xenesa (12+3 MKr/kr) [17], 4T0 COOTBETCTBYET BCErO
0,3 HMonb xenesa B 1 mn npenapata. [03TOMy MOXHO CAenathb
BbIBOJl, 4TO MEPEYMCNEHHbIE Bbile MNENTUAbI-XENaTopbl He
«HarpyXeHbl» MOHAMW >enesa B COCTaBe npenapara u,
CNefoBaTenbHO, MOTYT BbIMOMHATL CBOYM XeNaTupyowme yHKLMN
MpW BBEJEHUN B OPraHn3M.

MenTuaHble hparMeHTbl, y4acTBYOWME B PErYNALUM FOMEOCTa-
3a Xenesa

B cocTtase npenaparta HailLeHbl HECKONbKO FOPMOHO-MOLO6HbIX
NenTUAHLIX (PParMeHTOB, KOTOPble Y4aCTBYIOT B Perynsuuu
romeocrasa Xesie3a. 3T NenTuAbl COOTBETCTBYIOT PasfinyHbIM
(bparmeHTam nocCnej0oBaTeNIbHOCTU remornobuHa. Hanpumep,
nentug VVYPWTE cooTBetctByeT nentuay VVYPWTQ 34-40 6eta-
cyobeamHuubl remornobuHa, a nentmg VVYPWT - dparmeHty
VVYPWT 34-39 Toro »e 6enka. [lenTuaHblii dparmeHt
remornobuHa 33-42 HasbiBaetcad  «LVV-remopuH-7», a
nenTuaHblin pparmeHT 33—39 Ha3bIBAETCA «CNUHOPEUH».

[eMopUHbl U CNMHOP(UHBI — 3HAOTEHHbIE OMUOMHbIE
nenTuibl,  OKa3blBaOWNWE  AHTMHOLMLENTUBHOE  AEACTBME,
perynupytowme ALl 4epe3  WHrMOMPOBAHWE  AHTMOTEH3MH-
npespawatpowero dgepmenta (AM®), a TakKxke npossAfOLLME
KOMMNJIEKC MPOTMBOBOCMANUTESNIbHbLIX, aHTUNPONNM(EPATUBHBLIX U
UMMYyHOMOZYNupyoLwnx apdekTos [18]. CHMXeHne KOHLeHTpaLum
LVV-remoptuHa-7 B CbIBOPOTKE KPOBW aCCOLMUPOBAHO C
nporpeccuen 0xupeuusa. FeMOPMUHbI U CNUHOPMUHLI TaKXe
BOB/IEYEHbI B PErynauMi0 romeoctasa xenesa. [pu yyacTtum
peuentopa CD163+ makpocharu nepepabaTbiBalOT TeMOBOE
XKeneso U3 CTaperwnx 3puUTPOLUTOB W M3 BHEKJIETOYHOrO
remMornobuHa u3 paspyLlleHHbIX 3PUTPOLUTOB, napaniensbHo
cuHTesmpya LVV-remopdmn-7 [19], KoTOpbIA YCKOPSAET npouecc
nepepaboTkn remornobuHa.

MHrubuTopbl M akTMBATOPbI TAPreTHbIX 6NKoB

B coctase npenapata 6bl1M MAEHTUULMPOBAHLI NENTUAbI-
WHIMOUTOPBI U NENTUAbI-aKTUBATOPbI CNELUMUYECKUX TAPreTHbIX
6e/1IKOB, BOXHbIX ANA perynsuum romeocrasa xxenesa (tabn. 2).
MopgynupoBaHue  akTWBHOCTM  3TUX  TapreTHbIX  6Genkos
CNOCO6BCTBYET, B YACTHOCTMW, MOBBIWEHWUIO YPOBHEH renumamnHa
(OCHOBHOrO rOPMOHA rOME0CTa3a Xenesa) U CHIKEHUIO CMHTE3a
(hepputuHa.

AHanu3 nHgopmaumn o TapreTHolx 6enkax (cMm. Tabn. 2), Ha
aKTUBHOCTb KOTOPbIX BO3LENCTBYIOT NeNTMAblI Npenapara, ykasan

Ha HECKONbKO B3aMMOCBSI3AHHbIX MEXaHU3MOB PEerynsummn
romeoctasa >enesa. [lpexae BCero, cnegyer YnoMAHYTb
NOBbILEHNE YPOBHEA TrenuuanHa W CHUWXEHWEe YPOBHei
theppuTnHa.
Fenumaunu

MenTna renunanH cBA3bIBaeT 660K FEMOMNOPTIH Ha MeMOpaHax
9HTEPOLNTOB, Makpoaros 1 renatouMToB. KOMNNEKC «renumanH
= reMONOpPTUH» BCACbIBAETCH BHYTPb KIETKM, 4TO MPUBOANT K
COKpALLEHNID 3KCNOpPTa Xene3a U3 KNeToK W, CnefoBaTenbHO, K
6ofiee HW3KOMY YPOBHIO »efe3a B nnasme KPOBW. YpPOBHM
renuuanHa, perynupyembie reMoOBEIMHOM, UMMYHOMUAKHOM U
pAAOM NpPOTeas, MOBbILIAKTCS NPU NEPErpy3ke Xenesom (B CBA3N
C He06X0ANMOCTbI YBEIMYMBATL BbIBEAEHME XEene3a U3 TKaHel)
1, HA060pOT, CHMXAKTCA npu geduuute xenesa [20] (c uenblo
COXPAHEHMS Xene3a B OpraHn3me).
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OpI/IFI/IHaJIbeIC cTaTbn

(ApNRO3RORONIRY

Tabnuua 1. NMenTtugbl npenapata JlagHHek, acCOLMMPOBAHHbIE C PErYIMPOBKOIA FOME0CTasa Xenesa.
Table 1. Peptides contained in the composition of Laennec associated with the regulation of iron homeostasis.

MM / (dparmeHT 6enka
Mentng / npoteoma / Ten / benok npoteoma / Ponb nentupa /
Molecular . - ;
mass Peptide Fragment of a Gen Proteome protein Role of peptide
protein proteome
690.68 PAGAPQV PAGAPHQV KDM3A Tinauk-cneuncpneckas Xenatop Fe3+
JemeTunasa 3A
562.317 VCTNLG VCTHLG UQCRFST Huroxpow b-ct, Xenarop Fe3+
MUTOXOHAPUANbHBbIi
570.34 ALHAQY ALHALY STEAP3 MetannopegykTtasa STEAP3 Xenatop Fe3+
561.779 NEGLPV HEGLPV PLOD2 MpokosnareH-nu3k-2- Xenarop Fe3+
oKcornyTapar 5-AuoKcureHasa
445.76 VTLDGG ITLDGG MELTF MenaHoTpaHcdeppuH Xenatop Fe3+
445.76 VTLDGG VTLDGG LTF J1akTOTpaHcteppuH Xenarop Fe3+
445.76 VTLDGGL VTLDAGL TF CepoTpaHccheppuH Xenarop Fe3+
508.81 VVYPWTE VWYPWTQ HBB beta-cyonegnHuua [emopchmH - nepepaboTka
remornobuHa remMoBOro Xenesa
598.316 VWYPWT VWYPWT HBB bera-cyGLeantuua FemopchutH
remorno6uHa
506.811 NLTVLSLP NLTILSLP CCNF Lluknun-FOS WHrnéuposaxme CUL1
598.809 VYPFGE VYSFGE TMPRSS6 TpaHcmem6paHHas cepuHoBas MHrnémposaxne cuHTe3a
npoTteasa pacteopumoro HFE2
557 36 VAALNS IAALNS TMPRSS6 TpaHcmem6paHHas cepuHoBas MHrnémposanue cuHTe3a
nporteasa pacteopumoro HFE2
556.28 SLLOLTG SLLOITG MED1 TP2HCKDUNUMOHKbIA MEAMATOP | »\ ooy i beuienTopa RXRA
PHK-nonumepasol-1
Peuentop anba,
572.33 LELDSSD LELDDSD PPARA aKTVBApyeMEIA AxTusauys RXRA
nponudeparopamu
NepoKCMCOM
750.84 GAGLPL GSGLPL TGFBR1 TGF-6eTa peuenTtop-1 NHruéuposarne FKBP1A
615.814 LPLLVQ LPLLVQ TGFBR1 TGF-6eTa peuentop-1 WNHruéuposanne FKBP1A
506.811 NLTVLSLP NLTILSLP CCNF Lluknun-FOS WHrnéuposanue SKP1 n CUL1
5078 MVGSVV MVGGWY APP Benok-npeaLwecTBeHHNK WNHru6upoBanme ramma-
amunonaa A4 cekperasbl
623.8 SLEHEP SLEDEP ADGRG6 G'ﬁe”"“a‘;eriin"p'ﬁ A WHru6uposanue dypua

Tpnmeyarme. MM — MonexynsipHas Macca nentuja (BanbToH). benku yropsao4eHbl o TDeM rpynnam (Xenatops! OHOB XXeNe3a, ropMOHO-M0A06HbIE NenTUAbI, NEMTUAbI-MHNOUTOPbI TAPreTHbIX
06/1K0B). [1p1BEAEHBI AMVHOKUCTIOTHBIE [10CIEA0BATENIbHOCTY NENTUAOB, 3aKOANPOBAHHbIE B 00LLENpUuHATOM 20-6yKBEHHOM (hopmate. HazBaHws TapreTHbIX OETIKOB BbiLEEHbI XNPHBIM LLPUGD-
TOM ¥ pacLunghpoBaHbl B Tabnmue 2.
Note. MM — molecular mass of a peptide (Dalton). Proteins are divided into two groups (peptides-chelators of iron ions; hormone-like peptides, and peptides-inhibitors of specific target proteins).
Amino acid sequences of peptides are coded in a generally-accepted 20-letter coding format. Names of target proteins are presented in bold and described in Table 2.

Tabnuua 2. TapreTHble 6eNKKM NPOTEOMA YeN0BEKa, Y4aCTBYHOLLME B FOMEOCTA3e Xenesa u Mogynupyemble nenTuaamu npenapara.
Table 2. Target proteins of human proteome associated with iron hemostasis and modulated with the peptides contained in the drug.

len / Gen benok / Protein Ponb 6enka / Role of protein
CULT Kynnuk-1 Perynupyet pacnag xene3o-perynatopHoix 6enkos IRP, cuHTe3 depputuHa u
TpaHceppuHa
HFE2 lemotoBenuH (6e10K reMoxpomarosa-2) MoaaBsnseT aKCnpeccuto renyuanHa
MenTmann-nponun uuc-TpaHc-m3omepasa
FKBP1A FKBP1A (ummyHochnnun FKBP12) [MoaaBsnseT aKCnpeccuto renyuanHa
RXRA Peuentop petuHongos RXR-anbga CHWXAET OKUCNUTENbHBIA CTPECC, PErynnpyeT CMHTE3 (hepponopTiHa 1 hepputnHa
SKP1 CDK2-accouumnpoBaHnHblit 6enok p19skpl | Perynupyet nerpazaumio )eneso-perynsropHoix 6enkos IRP
KIAA0253 | Famma-cekpeTtasa CuHTe3 6enka-npefwecTBeHHMka amunonaa A4 (APP) npu 6onesuu Anbureiimepa
FURIN OypuH CWHTE3 pacTBOPUMOro reMooBeHa

GAPMAKOIKOHOMMUKA. CospemenHas ®dapmakoakoHomika n ®apmakoanuaemuonoris. 2020; Tom 13, Ned

417

www.pharmacoeconomics.ru

HOaHHana UHTEepHeT-Bepcusa ctatbm 6bina ckayaHa ¢ cauTa http://www.pharmacoeconomics.ru. He npegHa3Ha4YeHo AN UCNOoJIb30BaHUA B KOMMEepP4YeCKUX uensax.

UnHcbopmaumio 0 penpuHTaX MOXHO MONYy4YMUTb B peaakumm. Ten.: +7 (495) 649-54-95; an. nouta: info@irbis-1.ru


http://www.pharmacoeconomics.ru
http://www.pharmacoeconomics.ru
http://www.pharmacoeconomics.ru
http://www.pharmacoeconomics.ru
http://www.pharmacoeconomics.ru
mailto:info@irbis-1.ru
mailto:info@irbis-1.ru
mailto:info@irbis-1.ru
mailto:info@irbis-1.ru

Original articles

Frmakoekononika

IHTEpeCcHO 0TMETUTb, YTO renuuAnNH KOHTPONUpPYeT MeTabonusm
XKenesa npu pereHepaumn Ne4eHu: SKCNPEecCUs reHa renuyuauHa
JOCTUraeT nNWKa B NEPBOHAYaNbHYK CTaAMK  pereHepauum
NapeHxuMbl, HENOCPEACTBEHHO MOCMEe NOBPEeXAALLero BO3-
JencTBuA. 3atem HabnLaeTcs NOCTOSHHOE CHUXEHME YPOBHEN
aKcnpeccunm renuuanHa [0 3aBEpLUEHUs pereHepauum, 4To
CNoCcO6CTBYET JOCTATOYHBIM «0CTABKAM» XKeNle3a B NeYeHb Ans ee
BocCTaHoBneHns [21].

Mentnabl VYPFGE (cooTsetcTyeT chparmeHty VYSFGE 140-145
cepuHoBoii npoteasbl TMPRSS6) n nentug VAALNS (cooTBeTcTBYET
nentugy IAALNS 212-217 cepunoBoit npoteassl TMPRSS6)
B3aMMOJENCTBYIOT C remotoBesiuHom (6enok HFE2) u, kpome Toro,
HENOCPEACTBEHHO WHrMOMPYIOT cepuHoByl npoTeady TMPRSS6
[22]. AHanoruyHo, nentug SLEHEP cnoco6cTByeT MHrMOMPOBaHMIO
npoTeasbl Noj HasBaHuem (ypuH. VHrnéuposaHue npoteas
TMPRSS6 © dypuHa BaXHO AN TOPMOXEHWUS KOHBEPCUM
MEMOpPaHHO-CBA3AHHOr0  reMOKBENNHA B PACTBOPUMBINA
reMOKBENH.

[emoroBenuH  (6enok-2 remoxpomaro3a, red HFE2) -
MeMOpaHHbI 6enoK renaToumToB, KOTOPbIA, ABNAACL OOHUM U3
CEHCOPOB KOHLEHTpauWii Xenesa B KPOBWU, PErynupyer ypoBHM
renuuanHa Yepes curHanbHblil kackag BMP/SMAD. Oeneuunn rexHa
HFE2 B akcnepuMmeHTe W BpPOX[JEHHble MyTauum 3TOr0 rea
accouumpoBaHbl ¢ (hOPMUPOBAHMEM  T.H.  «HOBEHWUbHOI0
remMoxpomarosa» (Um «remoxpomarosa 2-ro tuna») [23]. lMoatromy
AKTMBHOCTb MeMOpPaHHON (hOPMbl FeMOOBENINHA NPUHLNUNNANBHO
Ba)XHa [19 NOBbILLEHNA YPOBHER renungmnHa.

B TO XXe BpeMf T.H. «paCTBOPWUMbIA» FEMOIOBESIMH, Ha060pOT,
NnoAaBnseT 3KCMPEecCU0 reHa renuuauHa [24], aHTaroHu3upys
a(PeKTbl MeMO6paHHO (hOPMbl FEMOIOBESIMHA B CUTHANbHOM
kackage BMP/SMAD [25]. [llpeo6pa3oBaHue MemMOPAHHOMO
reMoloBeNnNHa B PACTBOPUMBIA OCYLLECTBAAETCH (DYPUHOM K
TMPRSS6 [26,27], koTOpble, TEM CaMbiM, UHFMOUPYIOT nepefavy
curHanos no kackagy BMP/SMAD [28]. Takum o6pa3om, nentuabl
NaenHeka VYPFGE, VAALNS u SLEHEP, uHrn6upys tpaHccopmanmuto
mMeMOpaHHO (hopMbl TemOl0BeNIHA B PacTBOPUMYKD  hopmy,
CMOCO6CTBYIOT NOBbILEHUIO YPOBHEN renuuanHa.

Korga ypoBeHb renuuauMHa B KPOBW BbICOK, B KULLEYHUKE
CHWKAETCA BCAaCbiBaHWE >Kenesa, a KOHLEHTpauus >xenesa B
CbIBOPOTKE KPOBU MajfaeT BCMEACTBME KOHTPONMPYEMOro 3axBarta
Xenesa Mmakpoparamu w renarouutamMu  Ans  OCYLIECTBNEHUS
manonornyeckux  OYHKUWMIA  3TUX  KNeTok. Hao6opoTt, npu
reMoxpomaro3e HabNoJATCA  aHOMANbHO  HU3KME  YPOBHM
renumanHa, 470 COMPOBOXLAETCHA HEO0OblYalHbIM MOBbILIEHNEM
BCACbIBAHUS XKene3a B KULIEYHUKE U PE3KUM YBESIMYEHUEM OTTOKA
XKenesa M3 BHYTPUKIETOYHOro feno (B BuAe (DepputuHa)
nocpesCcTBOM MOBbILUEHUSA aKTUBHOCTY 6enKka pepponopTuHa. Takum
o6pasom, nentuabl VYPFGE, VAALNS wn SLEHEP 6yayt
cnoco6CTBOBATb  MOBBLILEHUIO  3KCMpeccuu  renuuauHa  u,
COOTBETCTBEHHO, CHVXKEHMIO MEPerpy3kin KIeToK U TKaHem XXene3om.

Jkcnpeccusa renunanHa akTUBUPYETCA Yepe3 CUTHANbHBIA NyTb
BMP/SMAD Takxe ¥ nocpeacTBOM WHrU6UpoBaHMs 6GenKOBOro
komnnekca mTOR/FKBP12 [29]. MenTuabl GAGLPL (cooTBeTcTByeT
(bparmenty GSGLPL 190-195 TGF-6eta peuentopa) u LPLLVQ
(cooTBetcTByeT cpparmenTy LPLLVQ 193-198 TGF-6eTa peuenTopa)
y4acTBYIOT B CBA3biBaHUM 6enka FKBP12 (ummyHodmnuu) [30].
Moatomy wuHrubuposanume 6enka FKBP12 atumu nentuaamm
COOTBETCTBYET NOBLILUEHWUIO YPOBHEN renuunanHa.

MenTuabl, MHTUOUPYIOLWLNE YOUKBUTUHAMTA3Y

CHuXeHne ypoBHeil (heppuTHA OCYLLECTBASETCSA NOCPEACTBOM
MHrM6MpPOBaHMA nentTugamm 6enKoBOro Komnekca
youkeutuHnurassl  SKP1-CUL1-RBX1-FBXL5, perynupytoLiero
pacnag >xeneso-perynatopHbix 6enkos IRP1 u IRP2. IRP-6enku
CBA3bIBAIOTCA C T.H. XeNe30-4yBCTBUTESIbHbIMYU 3nieMeHTamMu PHK

(IRE) B MPHK dhepputuHa n B MPHK peuentopa TpaHcdeppuHa.
CsasbiBanue IRP-6enkoB ¢ anemeHTamu IRE B MPHK dhepputuHa
NPUBOAMT K NOAABIIEHWIO CUHTE3a (DeppuTiHa. CBA3biBaHue IRP-
6enkos ¢ MPHK peuenTopa TpaHcqeppuHa MHIMOMpYyeT ferpajaumno
aton MPHK. Komnnekc SKP1-CUL1-RBX1-FBXL5 ctumynupyet
aerpagauuto 6enka IRP2 [31]. Mentua NLTVLSLP cooTsetcTBYET
nentugay NLTILSLP 29-36 6enka uuknuH-FOS, B KOTOPOM (hparMeHT
35-36 LP Bzaumopenctayet ¢ 6enkamm SKP1-CUL1 [32]. MoaTomy
nHrunéuposaHue 6enkos SKP1 n CUL1 nentugom NLTVLSLP 6ynet
TOpMO3NTb  npoteonn3 6enka |IRP2 u, COOTBETCTBEHHO,
MHTM6UPOBaTb CMHTE3 HOBbIX MOJIEKYNT (DePPUTUHA.

MenTuabl, AeACTBYIOLNE HA BUTAMUH A

MenTuabl Npenapata MOryT yCUNNUBaTh CUrHAMbI OT PELEenTopoB
peTUHOMA0B (BUTAMUHA A), 4TO TaKXXe CNOCOOCTBYET HOPpManu3aLmm
romeoctasa enesa. Hanpumep, nentug SLLQLTG cooTBeTcTBYeT
(pparmeHty  SLLQITG  606-612 6enka nojg  HasBaHWUeEM
«TPAHCKPMNUWOHHbIA meanatop PHK-nonumepassl-1». 3ameHa
napbl octatkos «LL» (nenuuH-neniuyunH) B nonoxexun 607-608 Ha
ocTatkn «AA» (anaHuH-anaHuH) YyXyOwaer B3auMofeicTene
(bparmeHta ¢ peuentopom  petuHompos RXRA  [33,34].
AHanornyHbiM  3adpcpekTom  o6nagaet w nentug LELDSSD,
cooTBeTcTBYtOWMiA hparmenTy LELDDSD 368-374 peuentopa,
akTuBmMpyemoro nponudepatopamm nepokcucom [35]. 06a
nenTuaa ABNATCA NOTEHUWANbHBIMU KO-aKTUBaTOpamu (T0 eCTb
COBMECTHbIMU aKTUBaTOpamMu) peuentopa peTuHonaos RXRA.

AkTuBaums peuentopa RXRA ocnabnfet neperpysky neyeHu
XKEe30M U CHWXAET OKWUCIUTENbHbIA CTPECC, BbI3BAHHBIN
136bITKOM CBOOGOAHbIX MOHOB »enesa [36]. 3t addhekTbl
PeTUHOMAO0B  OCYWECTBAAKTCA  MOCPEACTBOM  MOAYNsLMN
3KCMpeccun TeHOB, BOBJIEYEHHbIX B TOMEOCTa3  >enesa
(TpaHcnopTep-1  [BYXBANEHTHbIX  METannos, AYyOLeHanbHbINA
uutoxpom B, depponopTtuH-1, cepputuH n gp.). Ha doHe
jeduumta ButammHa A yposeHb MPHK depputuHa B neveHu
nosbiwaercd [37]. Oecpuunt ButamuHa A ycunusaet peduunt
)Kenesa 3a cHeT ycusieHns akcnpeccun 6enka IRP2, HapywatoLero
3KCMPecCcuio reHoB hepputHA 1 peuenTopa TpaHcdeppuna [38].
COOTBETCTBEHHO, YCWSleHME aKTWBAUMM peLenTopa PeTUHOMOB
nentupgamn SLLQLTG w LELDSSD 6ypet cnoco6¢cTBOBATH U
CHVDKEHNIO CMHTE32 (DepPPUTUHA, U CHUKEHUID Neperpys3kn TKaHen
Kesesom.

MenTuabl, MHrMGUpYIOLIME raMmMa-CeKpeTasy

OfHMM 13 NHTEPECHbIX PE3YNbTaTOB HACTOALLEr0 MCCNeJ0BaHUA
ABNAETCA 06HApyXeHue B npenapate NenTULOB, MHIUOBUPYIOLLNX
M30bITOYHYI0 AKTUBHOCTb raMMma-CeKperasbl, Y4acTBYIOLed B
CUHTE3e amuiongHoro 6enka A4 npu 6one3Hn Anbureiimepa.
Hanpumep, nentug MVGSVV cooTsetctByeT doparmeHty MVGGVV
706-711 6enka A4, B KoTtopom calt 711-712 npetepnesaer
npoTeonn3 ramMmma-cekpetason. Tak kak B nentuge MVGSVV Het
AMUHOKWUCNOTHOrO 0CTaTKa, COOTBETCTBYOLLEro ocTatky 712
6enka-npeawecTseHHnka amunonga A4, to nentug MVGSVV ¢
BbICOKO/i  BEPOATHOCTbIO ~ ABASIETCA  MHTMOUTOPOM  ramma-
CeKpeTasbl.

NHrnbuposaHne ramma-cekpertasbl nentugom MVGSVV moxert
Cnoco6CcTBOBATL 3aMeANeHMo nporpeccun 60ne3Hn AnbLreimepa,
KoTopas, Kak W3BECTHO, accouuupoBaHa C (DOPMUPOBAHUEM
OTNOXEHUA anlOMUHUA U remocupgepuHa B Mosre. XKeneso
YBENUYMBAET AKTUBHOCTb ramMMa-CeKpeTasbl B MO3re 4epes
MOBbIWEHUE YpoBHe epputnHa [39], TeM cambiM NOBbILLAS
OT/IOXKEHUS AaMUITOMIHOIO 6enKa 1 BOCNaneHune B PasHbIX y4acTkax
mMO3ra.

Takum o6pasom, nenTuabl npenapara JlaeHHexk,
MAEHTU(ULNPOBAHHbIE B Pe3ynbTaTe HACTOALLEr0 UCCIeA0BaHMS,
CNOCO6CTBYIOT KOMMNEKCHOW perynaumu romeocrasa >xenesa,
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PUCYHOK 1. KNMHMYECKIE NPUMEPbI: CHUXKEeHNE (heppuTUHA B AMHAMUKE NeYeHNs NONMNenTAHbIM Npenapatom JTagHHeK y NauMeHTOB ¢ XPOHUYECKUM BUPYCHbIM renatutom G (XBIC),

HeanKoroNbHoM Xuposoii 6onesHbio nevenn (HAXKBI) n remoxpomato3om.

A = MyXYnHbl; b — XeHLUNHbI: yKa3aH 001l PEXVM NPUMEHEHNS MPEnapara. Y naymeHToB ¢ reMoxpomaro3om npenapar npuMEHS/ICS B TeYEHNE JBYX JET.
Figure 1. Clinical exmples: dynamics of a decrease in the level of ferritin during the therapy with Laennec in patients with chronic viral heppatitis C, nonalcoholic fatty liver disease, and hemochromatosis.
A — myxynHbl (men); b — xeHiymHbl (women): general schedule of administration of the drug. Patients with hemochromatosis received the drug for two years.

BK/OYAIOWEA HE TONMbKO CHUXKEHME M3ObITOYHOTO CUHTE3A
heppuTUHa, HO U TOPMOXKEHUE NEPerpy3Ki XKene3oM pasnuyHbIx
TKaHeil. OJKCMepUMEHTamnbHble U KIWUHWUYECKWe WUCCnejoBaHns
noATBEPX AT 3PEKTMBHOCTb UCMONb30BAHMS NONINNENTUAHOTO
npenapara Ans TOPMOXEHUS NeperpysKm Xene3om.

WccnepoBanua aththekTMBHOCTM UcCnegyemoro nonunenTuaHo-
ro npenapara ns ycTpaHeHus HapyweHuin o6meHa xenesa

PaHee B  9KCMEpUMEHTaNbHOM  WUCCNEOBaHUM  MOLENei
XPOHUYECKON Neperpy3knm enesom Yy KpbiC Obinu  OLEHEHbI
adpekTbl npenapata JlaeHHek Ha remocugepos. Mopenu
BOCMPOU3BOANINCH NOCPEACTBOM NPUMEHEHNS Cynbara xenesa
UAW >Kenesa B COCTaBe MNONMMANLTO3HOrO KOMMeKca nyTem
30HAMPOBAHNA B TeYeHUEe [BYX MecAueB. HapyweHnus (yHkunmu
NneYyeHn M novek 6binn 60nee BLIPAXEHbI NMPU MCMNONb30BAHMN
cynbdhara Xesesa W HECKONbKO MeHee — Npu MCNosib30BaHUK
noNUManbTO3HOro KOMMNnekca Ans Bocnpou3sefeHus mogenu. B
cnyyae o06eux Mofesnied neperpyskum HkKenesom nNpuMeHeHue
“ccnesyemMoro  nNonuNenTUAHOrO — npenapara  npuMBOAMNO0 K

CHIDKEHMIO NOBPEXAeHUs renatouuTos, YMEHbLLUEHNO
reMocuzaepo3a nevyeHun, noYek u rofoBHoro mosra [40].

MpenBapuTenbHble pe3ynbTaTbl KNUHUYECKUX HAGMOLEHWIA Y
NauueHToB C HEanKoronbHOW >XWUPOBOW 6ONE3HbID MeYeHu
(HAXBMN, kop K76.0 no MKB-10), XpOHWYECKUM BUMPYCHbIM
renatutom G (XBIC, kog B18.2 no MKB-10), remoxpomaTto3om
(kog E83.1 no MKB-10) noartBepxpawT 3(PdEKTUBHOCTb
ncnonb3oBaHns npenapata JlaeHHek (4 mn B 250 mn 0,9% NaCl
B/B, 2 pasa/Hen., 4 Hefl.; 3aTem 2 mn B/M, 1 pas/Hep., 48 Hepd.) ans
NleYeHns  remMocuaeposa nevyeHu W runepeppuTUHEMUm,
COMPOBOXAANOLMX NEPErpysKy XKenesom.

Y BCex nauMeHTOB, BHe 3aBucumocTi 0T nartonorum (XBIC,
HAXKBI1, remoxpomarto3) npu MCNOb30BaHWUK Npenapara 0TMeye-
HO [OCTOBEPHOE CHUXEHUEe YPOBHei anaHuHTpancdepasbl (AJTT):
B CpeAHem no Bbi6opke (n=42), ot 51+22 Ep/n po 25+18 Eg/n
(p<0,05). BHe 3aBMCMMOCTM OT NaTONOrK, NPUMEHEHNE Npenapa-
Ta TaKXe NPUBOLIUIO0 K CHUXEHUIO MOBBILLEHHbIX YPOBHEN (heppu-
TWHA: B CPEAHEM MO BbIOOPKE, KOHLEHTPALNM (heppuTUHA CHIKA-
nues o1 190+£55 pmo 121£32 mkr/n (p<0,01). Kak BupHo u3

DOAPMAKOIKOHOMUKA. Cc o n daf
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PucyHOK 2. [puMepbl MUCTONOMMYECKOro aHanu3a 61oNTaToB NeveHM NaLUMeHTOB, NONYYaBLUNX TEpanuto JTagHHeKoM.

A — naunenT K., 52 roga, HeasnkorosibHas upoBas 6051e3Hb neyenn (HAXKBI): npumereHmne nonunentugHoro npenapara npuBoANII0 K CHUXKEHUIO XUPOBOI UHGDUILTPALIMN NEYeHN (0Kpacka
remarokcuImHoM/303uHoM, x200) v remocu[eposa neqenn (okpacka «6epanHCKoi nagypwto», x400), 4To cootBeTcTByeT nepexody ot HAXKBIT 3-ii cragun k HAXKBIT 2-ii cTagun.

b —naynent 1 (47 net) n nauynent 2 (42 roga) ¢ remoxpomaro3om. OKpacka Ha remocuaepo3 «6epanHCKoi nagypwio» (x400). 046BUAHO CYILECTBEHHOE CHIXKEHNE reMoCiepo3a.
Figure 2. Examples of histological analysis of liver bioptates obtained from patients that received Laennec therapy.

A — patient K, 52 years old, non-alcoholic fatty liver disease (NAFLD): Laennec therapy resulted in a reduction of fatty liver infiltration (hematoxylin/eosin staining, x200) and liver
hemosiderosis (Berlin blue staining, x400), which corresponded to a shift from Il stage of HAXKBI to Il stage of NAFLD.

b — patient 1 (47 years old) and patient 2 (42 years old) with hemochromatosis. Berlin blue staining for hemosiderosis identification (x400). A significant reduction of hemosiderosis.

NpUMepoB Ha pUcyHke 1, y 60NbLUINHCTBA NALMEHTOB LANUTENbHOE [McTonornyeckoe uccrefnoBaHne 6GMONCUIA NeYeHU, B3ATHIX Y

KypCOBO€ NPUMEHEHWe NONUNenTULHOro npenapara cnoco6CcTBO-  MALMEHTOB C TAXENbIMA NOPAXEHUAMU MEYEHU, YKa3ano Ha

Ba0 CHUXEHWIO YPOBHSA (PeppuTUHA 40 [1ana30Ha HOPMbI. CYLLECTBEHHO CHUXEHME COAEPXaHUsA reMocuiepnuta B bmontarax
2000

—— auwueHnt C, 65 net/

1800 Patient C, 65 years old

—o— T[laymeHt M, 65 net/
Patient M, 65 years old

1600

1400
—o— T[laymneHt b, 63 net/

o 1600
B g
= g
£ E
.?.t’ 1200 — Patient B, 63 years old
E 1000 —— TaueHT K, 39 net/
= ] Patient K, 39 years old
= 800 ]
= E —o— T[laumeHt A, 51 net/
£ 600 - Patient A, 51 years old
=2 |
§' 400 1 —— TlaumeHt A, 57 net/
. — g Patient A, 57 years old
200 1
o+
o 5 Bpems, guu / Time, days 10 a5
600 - —e— [launentka 3, 48 net/
] Patient Z, 48 years old
i —— T[laumenTtka K, 58 net /
500 - Patient K, 58 years old
_B' ] —e— [launeHTka [, 86 net/
Z 400 Patient D, 86 years old
5 MNaunenTtka A, 54 net /
= 300 1 Patient A, 54 years old
E ] —e— [launeHtka [, 70 net/
: 200 _ Patient D, 70 years old
E — —— auvenTka I, 66 net /
= i Patient G, 66 years old
& 100 o y
] ———e—  —— [laumentka P, 59 net/
] Patient R, 59 years old
0 . - - ‘ - - - - : - - - - - )
0 5 10 15— Mauwentka I, 47 net /

Bpems, guu / Time, days Patient L, 47 years old

PucyHok 3. luHamnka ypoBHeii pepputiHa npu nevenun COVID-19 ¢ ucnonb3oBaHmem npenaparta J1aeHHek.
Figure 3. Dynamics of the levels of ferritin in patients with COVID-19 that received Laennec.
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OpI/IFI/IHEU'[beIC CTaTbH

(ApNRO3RORONIRY

B [MHAMMWKE Jle4yeHus npenapatom. Ha pucyHke 2 npuseneHbl
pe3ynbTaTbl MCCNELOBAHUA OGUONTATOB MEYEHW MNALWEHTOB C
pas3nNUYHbLIMK NATONOrMAMU O W NOCRe NEYeHUs: O04YEBUAHO
CYLLECTBEHHOE CHUKEHUE XWUPOBOW MHMUNLTPALUN NEYEHU npu
HAXKBIT n otnoxeHnii remocugepuna npu HAXKBI wn npu
reMoxpomarose.

B cny4ae naumeHTOB C reMOXpOMaTo30M Kypc Jie4eHus BObin eLue
6oniee ANUTENIbHBIM — He MeHee [ABYX net. HacnenCTBEHHbIN
reMoxpomaro3 2-ro Tuna (H0BeHUbHbIA reMoXpomaros) ABnserTca
peLKUM  ayTOCOMHO-PELEcCUBHbIM  3a060N1eBaHNEM, KOTOpPOE
BbI3bIBAETCH MYTALMAMM YNOMUHAEMOr0 PaHee reHa reMoBennHa
(HFE2) n nposBnseTcs, npexze BCero, BbIpaXXeHHbIM HAKOMIeHneM
remocuaepuHa B nevyeHu. Miccnegoanme 6UONCUIA MevyeHn J0 W
nocrne Kypca neyeHus nccneayeMbiM NOAUNENTULHbIM NPenapaTom
yKasano Ha  CYLECTBEHHOE  YCTpaHeHue  remocmpeposa
(cm. puc. 2b).

Mpumenexne npenapara JlaenHek npu COVID-19

MpumeHeHne  npenapaTa  CMocO6CTBOBANO  CHUDKEHUIO
runepgeppuTUHEMUN Y NAUUEHTOB CO CPeAHUM W TSHXKENbIM
TeyeHnem COVID-19. TunepdeppnTuHEMUs Yy NAUMEHTOB C
COVID-19 accoummpoBaHa C ANCKYHKLMEA MNeYEHU M C
MOBbILUEHHbIM PUCKOM «LMTOKWHOBOrO WTOpMa». Y 14 naymeHTos
(Bo3pact — 39-86 neT, WeCTb MYX4YWUH, BOCEMb >XEHLMH) C
3acToiHbIM Te4yeHnem COVID-19 JlaeHHek wucnonb3oBanca B
coctase komnnekcHon Tepanun [41] B/B, kan. (6 mn B 350 mn
0,9% p-pa NaCl nepsbie 3 cyT.; 3atem 6 mn B 250 mn 0,9% p-pa
NaCl) exxegHeBHO, Ne 10. [aumeHTbI B KOHTPONLHOI rpynne (n=14)
nonyyany ToNbKO KOMMIEKCHY Tepanuto, pekoMeHaoBaHHyo M3
P®. MpumeHeHWe npenapata MPUBOAWNIO K MNOMOXMUTENbHON
KITMHNYECKOW [MHAMNKE: CHUXXEHWIO YPOBHeA deppuTuHa (y
MYXYUH Ha 282 MKr/n, y xeHWwuH Ha 80 mkr/n; p=0,039 (puc. 3));
YBENNYEHUNI0 OKCUTEHALNM KPOBMW 10 AMana3oHa )M3nonornyeckon
Hopmbl (p=0,0029); cHuXeHWo 06bema NoBPeXAeHNa Nerkux no
naHHbim KT (B cpegHem Ha 10%; p=0,0027); noBbIWEHMIO
OTHOCUTENbHOrO cofepxaHusa numountoB (Ha 8%; p=0,04),
HOpManu3auum Mapkepos AucyHkumm nevenm (ACT, AJT),
KpeaTuHuHa, a Takxe cuctonuyeckoro Afl (p<0,05). Bce naumneHTsl,

bnarogaphocTtu

Xpomarorpacgu4eckoe pasfesieHne W Macc-CneKTPOMEeTpUHecKuit
aHanu3 nenTuLoB NPOBOAMAN C UCNOSIb30BaHMEM 060pyaoBaHus LIKIT
«[Tpoteom yenoseka» 8 IBMX.
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https://doi.org/10.17749/2313-7347.132.

4.Tpomosa 0.A., TopwwH W.K0., LWanosanosa t0.0., Kypuep M.A., HYyyanut
A.T. COVID-19 n xene3oaeduumTHas aHemMusi: B3aWMOCBSA3M NaToreHesa

noJiyyaBLUKe npenapar, BbI340POBENN B Te4eHne 3—15 fHei nocne
Hayana npuMeHeHWs npenapata W ObiAN  BbINUCAHLI  C
oTpuuatenbHeim MLUP-TecTom Ha Bupyc SARS-CoV-2 [6].

Takum o06pa3oM, NpUMeEHeHUe NonMNenTULHOrO npenapara
CMOCO6CTBYET YCTPAHEHUIO TEMOCUAEP03a M rnnepteppuTUHEMUM.
3ameTum, 4T0 Heo64yMaHHOE HA3HA4YeHME HEeOpPraHUYecKmx
npenapatoB enesa nauueHtam ¢ XOA [42] He TONbKO He
CNOCOGCTBYET NIEYEHWIO AHEMUW, HO W  YCUNUBAET  YXKe
CYLLECTBYIOLLME NOPAXKEHNSA MEYEHU, CBA3AHHBIE C TeMOCUAEPO30M
(kaK 970 6bIN0 NOKa3aHO B IKCMEPUMEHTANIbHbLIX UCCEA0BaAHUAX
[40]). CHwmxeHue neperpyskum >Kene3oM TakKe BaXHO Ang
HopMmanuaauun remoctasa [43].

3AKNNKO4EHWE / CONCLUSION

HapyweHus o6MeHa )Xenesa CONPOBOXAAIOT 3a60/eBaHUs
neyYeHn, HemposereHepaTnBHbIe NaTonornu, 60Me3HN CycTaBos W
nerkux (Bknwoy4as uugekunio COVID-19). 3Tum natonoruam B Toi
WIN WMHOW Mepe MpUCYLLe He MpOCTO W36LITOYHOE HaKoMneHue
Kene3a B KNeTkax, a remocupepo3 — TO eCTb 6OyKBanbHOE
«MIPONNTbIBAHNE» TKaHEeR remMoCUAEPUHOM, KOTOPbI COCTOMT U3
MENKOAMCNEPCHBIX U HEPACTBOPUMbIX B BOLE OKCUAOB XXenesa.
[emocuaepo3 TKaHeidl CTUMYNUPYeT pPas3BUTUE XPOHWUYECKOTO
BOCMANIeHWA, BbI3blBAA TrU6GEb MNAPEHXUMATO3HOW TKaHW W
3amelleHne ee ubpoTuyeckon. B HacToAwenm pabote
WAEHTUNULMPOBAHLI NenTUAbl B COCTaBe npenaparta JlaeHHek,
NOTEHUNANbHO BAXHbIE ANA HOpManu3auuu pacnpegeneHus
XKenesa B TKaHAX. MaeHTMduUUWUpPOBaHHbIE NENTUAbl MOXHO
pas3fenutb Ha Tpu rpynnbl: 1) nenTuabli-Xenatopbl MOHOB Xenesa;
2) TOpPMOHO-NOA06HbIE NenTuAbl reMopUH, CNUHOPGUH K
3) nenTuAbl-MHTUOGMTOPLI CneundnUYeckux TapreTHblX 6enkos
TMPRSS6, FURIN, FKBP1A, CUL1, SKP1. NgeHTuduunpoBaHHble
nenTuabl CNOCO6CTBYIOT YCTPAHEHWIO NEPErpysku TKaHe Xenezom
NOCPeACTBOM perynsuuu ypoBHeW renuuamHa u depputuHa.
JKcnepuMeHTanbHble " KIMHUYeCKMe nceneaoBaHmus
NOATBEPXXAAIOT NEPCMNEeKTUBHOCTL UCMONb30BAHWSA Npenapara ans
NIeYeHNs NAUWeHTOB C Meperpyskoil Xenesom U B T.H. C
reMocuaepo3om.
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