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3ana rmBaemble BOMNPOCHI

Hosoctn 06 nurmburopax PCSK9
AnbTepHaTUBHbLIN NyTb Bo3aencTBua Ha PCSK9 — nHrmburtop cuHtesa PCSK9

PyKkoBoactBa (PekomeHpgauun) EBponeickoro Kapguonoruueckoro Obuiecrsa
(coBmecTHO ¢ apyrumu Obuecteamm) no NMpodunaktuke CC3 u Aucamnuagemmam
OTHOWeHue K reHeTn4yeCcromy CKpMHUHry BbiCOKOrIo CC PUCKa B nNonynaunu

MpunoxKeHUa reHeTUYECKOro TeCTMpoBaHUA B NpodUNaKTUKe aTepocKkieposa

HekoTopble BONPOCbl ANAarHOCTUKM CEMENHOWN TMNEPXONECTEPUHEMNN,
OUEHKU ee TAXKeCTM!.

OueHKa PUCKa BO3SHUMKHOBEHUA aTEPOCKAEPOTNHECKOTO 3aboneBaHus.

OueHKa 3pPeKToB ANNUTENBHOM SKCNO3MNLMU K HEKOTOPbIM PpaKToOpam,
B YaCTHOCTU HU3KUM UM BbICOKMM YPOBHAM INMNA0B




“Amgen obbasnfAeT, YTo PenaTta (380/10KyMmab) 3HaUMMO YMEHbLLINA

PUCK cepaevyHO-COoCYyAUCTbIX cobbiTni B uccnegosaHum FOURIER”
Amgen Announces Repatha® (Evolocumab) Significantly Reduced The Risk Of Cardiovascular Events In FOURIER Outcomes Study

JeTtanbHble pe3ynbratbl OyayT npeacrasneHbl Ha 66-1U eXXeroaHOM Hay4HOU ceccumn
AmepuKaHckon Konnernm Kapaunonoros (ACC)

Feb. 2, 2017 -- Amgen today announced that the FOURIER trial evaluating whether Repatha®
(evolocumab) reduces the risk of CV events in patients with clinically evident atherosclerotic CVD
met its primary composite endpoint (cepaeyHo-cocyancraa cmeptb, UM, MHCYAbT, rocnuTan3aums
n3-3a HC, nam KkopoHapHas peBackyaspusaums) and the key secondary composite endpoint

(cepaeyHo-cocyamcTan cmepTb, HedaTanbHble UM 1 MHCYAbT).
He Habnatloganocb HOBbIX Npobnem ¢ 6e3onacHOCTbIO.

EBBINGHAUS — nccnepoBaHue KOrHUTUBHOM PYHKLMK, BbINONIHEHHOE Ha naumeHTax FOURIER,
TOX€e AOCTUINO CBOEN NepPBUYHON KOHEYHOM TOYKU, NOKa3as, YTo Penarta He ycTynuAa naauebo

(6b1n He xy»Ke nnauebo - was non-inferior to placebo) no aecTrBMIO Ha KOrHUTUBHYIO PYHKUUIO

The EBBINGHAUS cognitive function trial conducted in FOURIER patients also achieved its primary endpoint, demonstrating that Repatha
was non-inferior to placebo for the effect on cognitive function.

http://www.amgen.com/media/news-releases/2017/02/amgen-announces-repatha-evolocumab-
significantly-reduced-the-risk-of-cardiovascular-events-in-fourier-outcomes-study/




«Evolocumab Scores in Long-Awaited FOURIER Outcomes Trial»

«JB0OJIOKYMab BbIUrpbIBaeT B AaBHO OXKMaaemom ncnoitaHmm FOURIER Outcomes»
http://www.medscape.com/viewarticle/875364

03/02/2017
TUNMYHaA peaKuUA Ha 3TO U3BecCTUe.
«TpebyeTca nposaBnaTb 6aaropasymmne, NOKa Mbl HE CMOXKEM 03HAKOMUTbLCA
C MePBUYHbLIMU AAHHbIMM 3TUX nccnegoBaHnU. Kpome Toro, BaXKHO OTMETUTD,
4YTO Mbl BCTYNUAMU B 3py MeAUNLMUHbI, OCHOBAHHOW Ha CTOMMOCTHU (B03MOMHO
U makoe mosikoeaHue mepmuHa value based medicine), nostomy
NOTEHUWANbHbIE NEKAPCTBA AOIXKHbI JOKa3aTb CBOK LLEHHOCTb
(30 PeKTMBHOCTb B CO4ETAaHMM CO CTOMMOCTbIO) ANA PbIHKaY.

“ ... prudence is required till we are able to review the primary data of these trials. It is also important to note that we have entered
an era of value-based medicine—thus, potential drugs need to prove their value (efficacy combined with cost) for market potential.”

J. Berger
umT. no Wendling P «Evolocumab Scores in Long-Awaited FOURIER Outcomes Trial: Top-line Results»
http://www.medscape.com/viewarticle/875364



http://www.medscape.com/viewarticle/875364

YposHu XC JTIHN <25 mr/an (0.65 mmonb/n) Ha nedeHnmn annpokymabom:
accoummpoBaHHble paKTOpPbI, 3KCNo3muma n 6esonacHocTb (1)

XC JIHM, pocTUrHyTbIN ONnTenbHOCTb 3KCNO3numn
Ha IeYEeHUN aNNPOKYMabom K XC JIHM <25 mr/pn (0.65 mmonb/n)
MepguaHa
43.3 Hep.
<25 mr/an

Hepenwu akcno3snuuu

Robinson JG et al. J Am Coll Cardiol 2017; 69: 471



YposHu XC THN <25 mr/an (<0.65 mmonb/n) Ha neveHnn annpokymabom:

accoummpoBaHHble paKTOpPbl, 3KCNO3nuUma n b6esonacHocTb (2)

daKTopbl, accoummnpoBaHHble ¢ XC JIHM <25 mr/an
(<0.65 mmonb/n)

HebnaronpuaTtHble cobbiTmA

*bonee HU3KMe ncxoaHblie XC/AHM wn Jin(a)
*bonee BbICOKME Tpurnmuepunabl, bonee HM3KknM XC/HI
*My»KCcKon non u 6onblmnii Bo3pacT c bonee HM3KMM MMT
*OTCyTCTBME reTepo3nrotHon cememnHom MXC
*Hannyme cepae4yHoO-cocyamcToro 3aboneBaHms
*Hannumne anabeta tmna 2 n 6onee Bbicokoro HbAlc
*[Tpuém annpokymaba B go3se 150 mr/2 Hepenu

npu ncxogHom XC JIHM <160 mr/an (<4.14 mmonb/n)

*B uesnom oanMHaKoBas YacTtoTa HebaronpPUATHbLIX
cobbITUI, BKAKOYAA HEBPOJIOTMYECKUE N HENPO-
KOFHUTMBHbIE Y NALUEHTOB,

pocturwmx XC IHN <25 n 225 mr/an.

*bos1ee BbICOKAA YacCcToTa KaTappaKT Ha XCJ/THI <25,
yem 225 mr/an (2.6% n 0.8%), xoTa pasHULbI
MeXKay obLer rpynnomn aampokymaba

N KOHTPOJIbHOM He bbINo

Robinson JG et al. J Am Coll Cardiol 2017: 69: 471

[laHHble 0 6e30MacHOCTU AO0BONbHO AJIUTENIbHOIO CYLLLECTBOBAHUA C O4eHb HM3KMM YCJTHI,
KpalHe nHTepecHbl camu no cebe, HeE3aBUCUMO OT AanbHeULLEN cyabbbl NEKAPCTBA,
BO Bpema NpMéma KOToOpOoro 3ToT YpoBeHb Obln AOCTUTHYT.




Amgen BblUTPbIBAET 3aMNPET Ha NPOAaXXn XoNneCtepmnHOBOIro J1eKapCrBa CaHO(I)VI
6 aHBapAa 2017/ r. 0:46 MSK. https://www.bloomberg.com/news

Amgen Inc. won a court ruling blocking rivals Sanofi and Regeneron Pharmaceuticals Inc.
from selling their cholesterol-lowering drug Praluent in the U.S.
because it infringes Amgen’s patents covering a rival treatment.
U.S. OKpyxHoM cyaba Sue Robinson B Delaware ordered Sanofi & Regeneron ocraHoBUTDb
npopaku lNpanyeHTta Ha 12 nerT, B CBA3M C HapyweHnem nateHToB Amgen Ha Penarta.

Larry Hand L. Jan 10, 2017. http://www.medscape.com/

the court finds itself between a rock and a hard place (cya owyTnn ceba mexay monotom u
HaKoBa/IbHeM), ie, T.K. being a patent holder and a verdict winner should be a meaningful factor
in the balancing test, but taking an independently developed, helpful drug off the market

does not benefit the public (yctpaHeHMe ¢ pbiHKa camocToAaTenbHO pa3paboTraHHOro, nosnes3Horo
npenapata He NPUHECET Noab3y obLwecTBy).

... the court will delay its imposition for 30 days to allow defendants the opportunity to appeal

and request expedited review of this ruling by the Federal Circuit and/or to encourage the parties
to reach an appropriate business solution




Pfizer Discontinues Global Development of Bococizumab, Its Investigational PCSK9 Inhibitor

Ndainsep npekpallaeT pa3sutme boKkouusymaba
Tuesday, November 1, 2016 - 6:30am EDT

3aBepLUMB LWECTb NCCNEeA0BAHUN CHUXKEHUA YPOBHEN INNNA0B HBOoKoumMaymabom
MNdan3ep Habaogan NPOABAEHMNA KAMHUYECKOTro npoduns,
BK/IlOYalOLWmMe HenpeasmnaeHHoe ocnabneHmne cHuxenuna XC JIHM co BpemeHem,
a TaKKe 6osee BbICOKMN YPOBEHb MMMYHOTE€HHOCTU
" BONIbLLYIO YaCTOTY peaKkUMin B MECTE UHBEKL NN,
4yem 370 ObI/I0 NOKAa3aHO C APYrMMM areHTamMu 3TOro Knacca

With the completion of six bococizumab lipid-lowering studies, Pfizer has observed an emerging clinical profile that includes
an unanticipated attenuation of low-density lipoprotein cholesterol (LDL-C) lowering over time, as well as a higher level
of immunogenicity and higher rate of injection-site reactions with bococizumab than shown with the other agents in this class.

http://www.pfizer.com/news/press-release/press-release-detail/pfizer_discontinues_global_development_of bococizumab _its_investigational pcsk9 _inhibitor



ESC/EAS Task Force consensus on PCSK9 inhibitors — 10/2016
HeoTBe4yeHHble BOMPOCHbI O JieHeHnu VIHI‘MGMTOpaMM KOHBepPTa3bl NponpoTenHa naa3mbl

cybTMan3uH/KekecmH tuna 9 (PCSK9)

3aABneHne paboyei rpynnol
Esponeickux ObuwiecTts
Kapanonorunyeckoro

N No ATepocKkneposy

06 MHrMbnTOpPax NponpoTenH
CyOTUNU3NH/KEKCHH
KoHBepTa3bl TMMNa 9 (PCSK9):
NpaKTU4YeCcKoe pyKoBOACTBO
MO MCNONb30BaAHMIO

Y NAUUEHTOB C O4EHb BbICOKUM
cepaevyHO-CoCYyAUCTbIM PUCKOM

BanaHue Ha perpeccupoBaHue — NPorpeccupoBaHue GLAGOV
aTepPOCK/IepOTUUECKOI BNALWKKU, U Ha e€ U Ha cTabUNbHOCTb
BanaHue Ha cepAeUYHO-COCYAUCTbIE UCXOAbI Oxupa-

HOTCA Ha
AonroBpemeHHasa 6e30nacHOCTb, } ACC
BK/1I0YAsA HEMPOKOrHUTUBHbIE U UMMYHOreHHble 3ddeKTbl] 2017

?

?

|

Ecnu octaHeTtca Tonbko Repatha, ctommocTb moxeT Bospactu |



[laumeHTbl C aH-
rmorpaduyeckomn
KOpOHapHoW b6o-
NIe3Hbl0. DBONO-
Kymab (n=484),
nnauebo (n=484)
76 Hepenb.
CpeaHuni XCJTHM
NCXOOHbIN

92.5 mr/an

(2.4 mmonb/n),
Ha NeYeHnn
3BOJIOKYMab —
36.6 mr/an

(0.95 mmonb/n),
nnauebo -

93.0 mr/an

(2 .41 mmonb/n)

* MaumeHTbl 06eunx rpynn NpoAoNKanm NPUHUMATL CTaTUH

GLAGOV. OTHoWweHMe mexay AoCTUrHYTbIM yposHem XC JIHT
N NU3AMEHeHMeM NpoLeHTHoro obbéma atepomsl (Percent Atheroma Volume - PAV)

MeTtopn —
cepumnHas
BHYTPU-
cocyaucTas

N3meHeHunsa ynbtpa-
coHorpadua

NPOLUEHTHOro (IVUS)
obbéma
aTepoMbl,
%
| | XC JIHN
0.52 MMONb/N 2.6

9B0N0OKYMab BbI3Ban perpeccuio 6aawkm (no PAV)
y 6bonbluen nonm naumeHTos, 4em nnauebo —64.3% vs. 47.3% (p<0.001)*

Nicholls SJ et al. JAMA. Published online November 15, 2016.



ALN-PCS, manasa nurepdpepupyrowan PHK (siRNA), HanpasneHHasa Ha PCSK9 mRNA
U MHrMbupytowan cuutes PCSK9

Manasa nHrepdepupytowana PHK,

B3ammogaencTeya ¢ matpmyHom PHK JHN
(MPHK) uenesoro reHa, npnsoauT
K eé gerpagaumu (B npouecce JIHNP
PHK-nHTeppepeHunm),
npenoTepallan TpaHcaAaumio MPHK AHTN-PCSK9
Ha pnbocomax B KOANPYEMBIN MOHOK/IOHa/IbHble
eto 6enok aHTUTena
Bukuneous https.//ru.wikipedia.org/ TpaH3UTOpPHO
H610KMPYIOT CBA3bIBAHUE
PCSK9
c JIHI peuentopom
(JIHMP)n
UHrmbutopbl cMHTE3a Cutires
PESKS i
OnntenbHo 610KMpytOT
cnHTe3 PCSK9 un Bce ALN-PCS

BHYTPUKAETOUYHbIE
N BHEKNETOYHbIE
dyHKumnm PCSK9

Agpo

Fitzgerald K et al, AHA 2015. Circulation 2015; 132, 23: 2275, abstr 23226 Fitzgerald K et al, Lancet 2014; 383: 600



ORION-1 MHOroLEHTPOBOE paHAOMN3NPOBAHHOE KOHTPO/IMPOBAHHOE UCTIbITAHME
NHKAM3MpaHa ana Bblibopa A03bl (dose-finding trial)

Llenb - nonbop no3bl ana ¢asbi lll

MNepBUYHAA KOHEYHAA TOUYKA
%% n3meHeHun yposHA XC/THI
OT ucxogHoro K 180 aHto
BropuyHaa KOHEYHaA TO4YKaA

YpoBHu XCJTHIT (1 apyrnx nMnnaHbIx
napameTpos) Ha AeHb 90

N3meHeHuna yposHeun XC/THIM n PCSK9
CO BpeMeHeM

be3zonacHOCTb M NepeHOCUMOCTb

Kputepuu BkrnroveHna — soicokul CC puck
u roswsiwieHHs1U XC JTHI

Boapact =218 nert

C arepockrnepotnyeckum CC3 (ASCVD)
- XCINHIM >70 mg/dL

[lepBryHasA npodunakTmka
npw BblicokoM pucke - XCJTHI >100

TI" <400 mg/dL
eGFR 230 mL/min
CTtaTnH B MaKC. NepeHoCUMon 1o3e

CtabunbHasg runonmnmgemMmyeckast
Tepanua =30 gHeun

497 patients followed to 90 days, 189 patients followed to 180 days
ORION-1. Ray KK et al, on behalf of the ORION-1 investigators. AHA Sci Sess. 2016




Mean percent change (¥95% CI)

9¢pdeKTUBHOCTb OAHOM A03bl UHKAU3MPaHa A0 90-cyT

p-value for all comparisons to placebo <0.0001 20 p-value for all comparisons to placebo <0.0001
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Days from first injection

=e=Placebo (N=124) 100mg (N=59) 200mg (N=121) =e=300mg (N=120) =e=500mg (N=64)

ORION-1. Ray KK et al, on behalf of the ORION-1 investigators. AHA Sci Sess. 2016



OpaHa v ase Ao3bl 300 Mr MHKAM3UPaHa Vs nnauebo ao 180 cyr.
N3meHeHUA yposHA XCJTHI

N3meHeHne B % (+95% CI)
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CyT nocne nepBoi UHbEKLUMU

=e=P|acebo (N=22) ===300mg (N=21) ===Placebo (N=23) ===300mg (N=28)

Available data as of 25 Oct 2016

ORION-1. Ray KK et al, on behalf of the ORION-1 investigators




ORION-1 BbiBOAb!
Inclisiran: BeLL,ecTBo, rotoBoe K UcnbitaHmam ¢a3bil |l

* Inclisiran nHrmbupyet cnHTes PCSK9 PHK 1 3HaynTenbHo cHuxKaet JIHIM XC
* OgHa go3a 300 mr — cpeaHee cHUXKeHue JIHI XC 51%

* [1se no3bl 300 mr - cpeaHee cHUXKeHue JIHIM XC 57%
* Inclisiran xopolwo nepeHocunca 6e3 cylwecTBeHHbIX Npobaem ¢ 6e30NacHOCTbIO
* [loaTBepXOAEH NOTEHUMAN A03UPOBaAaHNA 2 nan 3 pasa B roa

e Pesynbratbl ORION-1 noaaepXMBatOT Ha4aNo UcnbITaHUN Pa3bl

ORION-1. Ray KK et al, on behalf of the ORION-1 investigators




KomnaHnua The Medicines coobLuaeT 0 NoN0KUTENBbHbIX pe3ybTaTax NPOMEKYTOYHOro

aHa/n3a OCYLLECTBIAEMOro UccnegoBaHuAa MHKAn3npaHa 8/01/2017
Interim Analysis in Ongoing ORION-1 Phase 2 Study of Inclisiran (formerly, PCSK9si)

... aHanm3 gaHHbix 180 aHen HabntoaeHus Bcex 501 naumeHToB B nccneaosanHnm 2-n pasbl ORION-1
NOKa3as, YTo MHKAN3NpPaAH — 1-1 B Knacce nHrimbmutopos cnHtesa PCSK9 —
NPOAEMOHCTPUPOBAJ 3HaYMMmoe U gamtenbHoe cHuxkeHune XCJIHIT,
NOATBEPKAAA BO3SMOMKHOCTD ... PEXXMMA A03UPOBaHMA B BUAE 2 UM 3 UHBEKLUN B roa,.

NHKNM3npaH XopoLlo NepeHocnncs, He bbino cywecTBeHHbIX Npobaem 6e3onacHOCTW.
He 6b1210 NOBbIWEHMS NeYEHOYHbIX GEPMEHTOB, HEMPOMNATUUN, NN U3MEHEHUNA GYHKL MU MOYEK.
Peakuun B mecte MHBbEKUUIN BbiNn HeYacTbiMMK, €1abo nnm ymepeHHO BblparKeHHbIMU, NPEXoAALLUMU.

Uunumnauma uccnegosarma ORION-3. ... ORION-3, oTKpbITOe nccnegosaHue

C aKTUBHbIM CPeACTBOM CpaBHeHMUA (3BONOKYMabom) ana naumeHToB, 3akaHumsatowmx ORION-1.
B ORION-3 6yayTt nponsBeaeHbl oueHKa 3pPeKTUBHOCTU, 6€30NaCHOCTU, U MEPEHOCUMOCTHU
ONIUTENBHOMO MPUMEHEHMA MHKNN3UPAHA; U3MepeHbl 3PPEKTbl NeYeHUns, BKAoYasa CPpaBHEHME

,D,EIZCTBMFI SBOI'IOKYMa6aHa U MUHKNIN3UPAHA, a TaKXKe NepernroyeHna C 3Bon0|<ylv\a6a Ha UHK/TU3NPAH
Ha KIMHN4YEeCKUe ... KOHeYHble TOYKMU.

http://www.themedicinescompany.com/investors/news/medicines-company-announces-positive-top-line-results-day-180-interim-analysis




PykoBoactea Esponeickoro Kapamnonormyeckoro Obuwectsa (EKO - ESC) 2016

Dyslipidaemias 2016 (Management of) - Aucannuagemumm (neueHue)

ESC Clinical Practice Guidelines
Eur Heart J (2016); 37: 2999-3058

Endorsed (0a06peHbl) by cardiac societies *:

Austrian Society of Cardiology , Association of Cardiologists of Bosnia & Herzegovina , Bulgarian Society of Cardiology , Belgian Society of Cardiology, British Cardiovascular Society , Croatian Cardiac
Society, Danish Society of Cardiology , Estonian Society of Cardiology , Finnish Cardiac Society, French Society of Cardiology , German Cardiac Society , Georgian Society of Cardiology , Hellenic
Cardiological Society , Hungarian Society of Cardiology, Israel Heart Society, Italian Federation of Cardiology , Kyrgyz Society of Cardiology, Lithuanian Society of Cardiology , Luxembourg Society of

Cardiology , Maltese Cardiac Society , Polish Cardiac Society, Portuguese Society of Cardiology , RUSSlan SOClety Of Ca rd|0|0gy* , Cardiology Society of Serbia, Slovak
Society of Cardiology, Spanish Society of Cardiology , Swedish Society of Cardiology, Turkish Society of Cardiology

CVD Prevention in Clinical Practice (European Guidelines on) — MpeaynpexaeHune (npodunaktuka) CC3

ESC Clinical Practice Guidelines
Eur Heart J (2016); 37: 2315-2381

Endorsed (oa06peHbl) by cardiac societies*:

Austrian Society of Cardiology , Association of Cardiologists of Bosnia & Herzegovina, Belgian Society of Cardiology, British Cardiovascular Society, Bulgarian Society of Cardiology, Croatian Cardiac
Society, Czech Society of Cardiology , Egyptian Society of Cardiology , Estonian Society of Cardiology, Finnish Cardiac Society, French Society of Cardiology , Georgian Society of Cardiology , German
Cardiac Society, Hellenic Cardiological Society , Hungarian Society of Cardiology, Israel Heart Society, Italian Federation of Cardiology , Kyrgyz Society of Cardiology, Lithuanian Society of Cardiology,
Luxembourg Society of Cardiology , Maltese Cardiac Society, Polish Cardiac Society , Portuguese Society of Cardiology , Russian SOCiEty of Card |0|0gy* , San Marino Society of
Cardiology, Cardiology Society of Serbia, Slovak Society of Cardiology, Spanish Society of Cardiology , Swedish Society of Cardiology, Turkish Society of Cardiology

http://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/

*Trakmoska mepmuHa endorsed Poccutickum Kapduonozuyeckum O6wecmeom (Russian Society of Cardiology)
He u3secmHa




OTHOLEeHMe K reHeTUYeCKOMY CKPUHUHIY BbICOKOIO cepae4yHO-COCyanCTOro pucka
B 0bwen nonynauum B pekomeHaaumax ESC

CVD Prevention in Clinical Practice (European Guidelines on) — ESC Clinical Practice Guidelines
Eur Heart J (2016); 37: 2315-2381

This paragraph will focus
on genetic screening for high CV risk
in the general population.

Family history/(epi)genetics

Key messages

*Family history of premature CVD in first-degree relatives,
before 55 years of age in men

and 65 years of age in women, increases the risk of CVD.

*Several genetic markers are associated
with an increased risk of CVD,
but their use in clinical practice
is not recommended

CemeinHas nctopus/(anmn)reHeTmKa

KnroyeBble NON0OXKeHUA

CemenHas ucrtopua npexkaespemeHHoro CC3
Y POACTBEHHMKOB MNEPBOro NOKONAEHUA A0 55 nety my*umH
n 65 nety XKeHwmH ysennumeaet puck CC3

HecKoNbKO reHeTU4YeCKUX MapKepos

accoummnpoBaHbl € yBenmyeHHbim puckom CC3,

HO UX UCNONb30BaHUE B KIMHUYECKOWU NPaKTUKe
He peKomeHAayeTcA




[TpUNOXKEHNA reHeTUYECKOro TECTUPOBAHMUA
B NPpOPUNaKTUKE aTEPOCKNEepOo3a

AunarHoctuKa 6onee peaKknx TMNOB AUCAUNUAEMUMN, OL,EHKA UX TAXKECTHU,
BO3MOXHO n ana 6onee anpdepeHUUpPOBaAHHOIO NeyeHuUs
(B yacTHOCTH, OTHOCUTCA K CEMENHOI rMNepXonecTepuHemMmnm)

OueHKa p1CKa BO3SHUKHOBEHMS aTepOCKAepoTnyeckoro 3abonesaHus

OueHKa 3pPeKToB ANUTENBHOM 3KCNO3NLMU K HEKOTOPbIM PaKTopam,
OTYaCTM CypporaT paHAOMM3NPOBAHHbIX UCNbITAHMIA AENCTBUA 3TUX PAKTOPOB




Defining severe familial hypercholesterolaemia and the On peageneHune TAMXKENOW
implications for clinical management: a consensus CeMeﬁ HOI\;1 runepxosiecrepu HemMumu (rXC),

statement from the International Atherosclerosis Society

Severe Familial Hypercholesterolemia Panel npuaoxeHune K KTIMHM4eCKoMy s1e4eHuto
s s CBA3b MEM,AY BblPaXXeHHOCTbIO rmnepxosiectTeHeMmMn U obycnosmsLuen eé mytaumen

M John Chapman, Joep C De
Ann S Jackson, Pedro Mata, Patrick M Moriarty, Frederick ] Raal, Khalid Al-Rasadi, Kausik K Ray, Zelijke Reiner, Eric ] G Sijbrands,
Shizuya Yamashita, on behalf of the International Atherosclerosis Society Severe Familial Hypercholesterolemia Panel
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* Compound heterozygosity — coctaBHas reTepo3nMroTHOCTb — * LDLRAP1 — reH, koaupytowmii LDL receptor adaptor protein 1. LDLRAP1

HaZin4Me B O4HOM JIOKYCe ABYX aNnenen ¢ pasHbiMU MyTaumamu.  Tpebyetca ana appexkTmsHoro sHgoumtosa JIHM peuentopa (Bmecrte ¢ JIHM).
http://www.uniprot.org/uniprot/Q55W96



Onpepenexune
TAXKENON CEMENHOW rMnepxonectepuHemMmiy,
NPUIOXKEHUE K KITMHMUYECKOMY JIEYEHMUIO

NaeHTUPUKaumMa NPpMYNHHOIO BapmaHTa reHa He CyWeCcTBEHHA HU ANA ANarHo3a,
HW ANA NPUHATUA PELLEHUN NPU IEYEHUMU, T.K. U ANA TOFO U ApYyroro uenecoobpasHee
pyKkosoocmeosamoeca kKoHuyeHmpauyuel XC J/IHI, a He ceHomurnom.

HeobxoaMMOCTb B arpeccMBHOM ie4eHnu - adpepese AMNonpoTenHoOB, NIOMUTaNNAE,

MmunomepceHe, nHrimbmposanmnm PCSK9 — 3asucum om KoHueHnmpauyuu XC/1HI,
a He om MoseKynAapHo20 OUA2HO3a.

Hanpumep, HoOCuTenb ABYX reHeTU4YeCcKmnx BapmaHTos ¢ Konmndectsom XCJ1HI B Kposwu
B ANaNa30He, XapaKTeEPHOM A4 NAUMEHTOB C reTepo3nUroTHOW rMnepxosecTepuHeEMmMEN,
MOKET ObITb NeYEH KaK reTepo3mroTHbIM, HECMOTPSA Ha TO,

4YTO MONEKYNAPHO Y HErO TOMO3UroTHOe 3aboneBaHme.
N HaobOopOoT, Y HEKOTOPbIX NALUMEHTOB TOJIbKO C OAHOMN BbIABNEHHOU reTEPO3UTOTHOM
MmyTaumen KoHueHTpauma XC/THIM moxKeT cooTBETCTBOBATb FOMO3MUTOTHOMY peHOoTUNYy.

“... identification of a causative gene variant is not essential for either diagnosis or treatment decisions, since these are guided more appropriately by LDL concentration and not by genotype”.
“The need for aggressive treatment—eg, lipoprotein apheresis, lomitapide, mipomersen, or PCSK9 inhibition—in such people depends on the LDL CH concentration
and not the molecular diagnosis. For instance, a carrier of two genetic variants who has an amount of LDL CH in blood in the range of that for patients with heterozygous familial
hypercholesterolaemia could be treated as a heterozygote, even though molecularly they have homozygous disease. Conversely, some patients with only one heterozygous mutation detected
might present with LDLCH concentrations consistent with the homozygous phenotype@.

Santos RD et al, on behalf of the 1AS Severe Familial Hypercholesterolemia Panel. Lancet Diabetes-Endocrinol. 2016; 4: 850




[TpUNOXKEHNA reHeTUYECKOro TECTUPOBAHMUA
B NPpOPUNaKTUKE aTEPOCKNEepOo3a

[narHocTuka bonee pegkmx TMNOB ANCAUNUAEMMIN, OLUEHKA UX TAKECTH,
BO3MOKHO U1 ans 6bonee andpPpepeHUMpoOBaAHHOIO IeYEHUS
(B 4aCTHOCTM, OTHOCUTCA K CEMENHOM rmnepxonectepmHemmnm)

OueHKa pucka BO3HMKHOBEHUA aTepocKiepoTuieckoro 3abonesaHus

OueHKa 3dPeKToB ANUTENBHOM SKCNO3NLMU K HEKOTOPbIM PpaKTopam,
OTYaCTM CypporaT paHAOMM3NPOBAHHbIX UCNbITAHMI AENCTBUA 3TUX PAKTOPOB




BocnpounssengHHble NOKYCbl, 3HA4YUMO aCCOUUUPOBaHHbIE C KOpOHapHOVI 6onesHblo

npu obuereHoMHbIX uccnenosaHmax accoumaumim (GWAS) K Havany 2016 (1)
Replicated Genome-Wide Significant Loci for CAD

©
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McPherson R, Tybjaerg-Hansen A. Circ Res. 2016; 118:564




BocnpounsseaEéHHble NOKYCbl, 3Ha4MMO acCCOLIMMPOBAHHbIE C KOPOHAPHOW BonesHbIo

npu obLL.ereHoOMHbIX uccneaoBaHuAx accoumaumin (GWAS) (2)

@©
2 BAMKaNLLNIA Bo3moxHaa pyHKLmA Beaywui ou
< reH oTHocAwWwancA K KbC OHI (SNP) OR

McPherson R, Tybjaerg-Hansen A. Circ Res. 2016 ;118:564



BocnponsBeaéHHble I0KYCbl, 3HaYMMO aCCoOLMMPOBaHHbIE C KOPOHAPHOW BONE3HbIO
B 0OLLEereHOMHbIX nccneaoBaHuAx accoumauniv (GWAS)

OTHolweHuA waHcos - Odds ratios

1.13 1.07 1.14 1.07 1.10
1.08 1.06 1.08 1.06 1.05
1.11 1.07 1.08 1.05 1.08
1.05 1.06 1.06 1.07 1.03
1.08 1.06 1.04 1.04 1.05
1.09 1.03 121 1.12* 1.04
1.07 1.10 1.08 1.04 1.06
1.05 1.05 1.07 1.05
1.06 1.06 1.08 1.07 1.08
1.03 1.06 1.06 1.04 110
1.14 1.42 — 1.07 1.08 0.67*
1.03 1.04 1.07 112
1.08 1.20 |«

McPherson R, Tybjaerg-Hansen A. Circ Res 2016; 118:564



BocnpousseaéHHble IOKYCbl, 3HaYMMO aCCOLIMMPOBAHHbIE C KOPOHapHOM BonesHbIo
B 06LLLEereHOMHbIX UcciegoBaHusax accoumaumin (GWAS)

BapMaHTbI C HanbonbLWMM OTHOLLEHNEM LLIAHCOB

©
=

o
>

BAanxKanwmmn
reH

Bo3morKHaa pyHKUuUA,
oTHocAwWwaacAa K KbC

Beayuinm
OHI (SNP)

oLl
OR
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Genetics of Coronary Artery Disease

leHeTMKa 3a60neBaHMA KOPOHAPHbIX apTepui
R.McPherson, A.Tybjaerg-Hansen

NccnepoBaHua npmsenn K bonee WMPOKOMY NOHUMAHUIO reHeTUYecKon apxntekTypbl KBC
N NPOAEMOHCTPUPOBANN, YTO OHA NMPOUCXOAUT U3 KYMYAATUBHOIO 3P PeKTa
MHOeCTBEeHHbIX OObIUHbIX anneneu,
WHAWUBUAYANBHO C MaIOUN BbIpaXXeHHOCTbIO 3dPeKTa,
a He OT peAKnX BapmaHTos ¢ 6oabwmnm adpdpektom Ha puck KBC.

... AOCTUIHYT TOJIbKO OrPaHUYEHHbI Nporpecc B NOHMMaHUN GyHKLUM HOBbIX JIOKYCOB,
60/1bLUMHCTBO N3 KOTOPbIX HAXOA4ATCA B HEKOAUPYIOLWMX 061aCTAX reHoMma.

Circ Res. 2016; 118:564




[eHOMHOe npeackasaHue (NPorHo3npoBaHMe) PUCKA
MPW CNOXKHbIX 3a60N1EBaAHUAX YEIOBEKA U €r0 KIMHUYECKOE NPUMEHEHUE
(Abraham G, Inouye M., 2015)

«CHa4ana mogenu npeackasaHua pucka 6asmposanmch
Ha Hebonbwom ymcne OHIM (SNPs), 06bI4HO Ha Tex, YTo BbIN MAEHTUDULMPOBAHDI
KaK 3Ha4YMMble (nocToBepPHbIE) B 0OLLIEreHOMHbIX nccaeaoBaHmnax accounaumm (GWAS).

OAaHaKo nocneayolime nccieaoBaHUA NOKasanm, YTo NPeanKTUBHAA CNOCOOHOCTb
MOXeT ObITb CYLLECTBEHHO U HAAEXKHO YBEeNNYEHA BKAtoYeHuem B moaenb Bcex OHIM (SNIPs),
BK/IOYAsA He AOCTUrImMe obwereHOMHOro Nopora 3HaYMMOCTU (J0CTOBEPHOCTH)»

Initially, risk prediction models were based on small numbers of SNPs, typically those identified as genome-wide significant.
However, subsequent studies have shown that predictive ability can be robustly and reliably increased by considering all SNPs
in the model, including those that did not reach the genome-wide significance threshold.

Abraham G, Inouye M. Genomic risk prediction of complex human disease and its clinical application.
Current Opinion in Genetics & Development 2015; 33: 10




[eHOMHOe npeackasaHue (NporHo3npoBaHMe) KopoHapHoi 6bonesnu cepaua (KBC)

Genomic prediction of coronary heart disease
Abraham G ... Shunkert H ... Samani N ... et al, 2016

ObuiereHoMHble nccneaoBaHmsa accoumaumm (genome-wide association studies - GWAS)
NAEHTUOULUMPOBANU 56 reHeETUYECKUX IOKYCOB, accoummpoBaHHbIx ¢ KbBC
c obulereHomHoOM aoctoBepHOCTbO (genome-wide significance).

NccnepoBaHua npeacKasyrowen cCuabl OAHOHYKNEOTUAHbIX NOANMOPPU3IMOB

(single nucleotide polymorphisms - SNPs) B HEKOTOPbIX U3 3TUX NOKYCOB UHANBUAYA/IbHO

MAN B KOMBMHAUMKM NOKa3aan TONbKO HeEDBONbLIOE yaydlleHMe npeackasaHua pucka KBC,
BEPOATHO NMOTOMY, YTO BMECTe 3TU BapuaHTbl 0b6bscHAIT meHee 20% HacneayemocTtm KBC.

KaK noKa3aHo HeaaBHO 414 APYIMX XapaKTEePUCTUK, TaKMUX Kak pocT nu UMT,
6onblian yacTb HEOH6BACHEHHOM HacneayemMoCTU cnpATaHa cpeau Tbicady OHM (SNPs),

He AOCTUrwKnX obLereHoMHOM 3HAYMMOCTH (AOCTOBEPHOCTU
B 0OLLEereHOMHbIX nccnegoBaHuax accoumaummn — GWAS).

Abraham G et al. Eur Heart J Advance Access Sep 21, 2016




[eHOMHOe npeackasaHue (NporHo3npoBaHMe) KopoHapHok 6one3nun cepaua (KBC - CHD)

Genomic prediction of coronary heart disease
Abraham G ... Shunkert H ... Samani N ... et al, 2016

Mbl co3aanu genetic risk score (GRS) 13 49 310 OHIM (SNPs) - 49K GRS
OCHOBbIBasACb Ha meTa-aHanm3e ceA3n ¢ KBC no aaHHbim KoHcopumnyma CARDIOGRAMplusC4D
3aTem He3aBMCUMO TECTUPOBANU €ro, UCNONb3YA NATb NPOCNEKTUBHbBLIX NONYAALMOHHbIX KOropT:
Tpu FINRISK, Bcero n=12 676, c Bo3HMKHOBeHnem 757 cobbitnin KBC;
nse Framingham Heart Study (FHS), sBcero n=3406, c Bo3HMKHOBeHUeM 587 cobbiTnin KBC.

Wellcome Trust Case/Control Consortium Coronary Artery Disease dataset
(WTCCC-CAD) (1,926 cases and 2,938 controls)
MIGen case/control dataset (Harps subset) (531 cases and 488 controls)

Association of CHD Risk in a Genome-wide Old-versus-young Setting’
(ARGOS) familial hypercholesterolemia study

CARDIoGRAMplusC4D (Coronary ARtery Disease Genome wide Replication and Meta-analysis (CARDIOGRAM)
plus The Coronary Artery Disease (C4D) Genetics consortium represents a collaborative effort to combine data
from multiple large scale genetic studies to identify risk loci for CAD and MI.

CARDIOGRAMPplusC4D tested associations of 79,128 SNPs in 63,746 CHD cases and 130,681 controls

Abraham G et al. Eur Heart J 2016 37: 3267. Advance Access Sep 21, 2016




[eHOMHOe npeacKka3aHue KopoHapHoi 6onesHun cepaua

Accoumaumnsa 49K GRS c BosHnkKHoseHuem KBC (incident CHD)
B NATU uccnepoBaHuax (Ha 1 ctaHaapTHoe oTknoHeHne GRS)

Integration of the GRS with the Framingham Risk Score or ACC/AHA13 scores improved the 10 years risk, particularly for individuals 260 years.
NHTerpaumna GRS ¢ Framingham Risk Score nnm ACC/AHA13 score
yyywmna oueHky 10 netHero pucka, ocobeHHo y any 60 net n ctaplie

Abraham G et al. Eur Heart J 2016 37: 3267. Advance Access Sep 21, 2016




[eHOMHOe npeackasaHue (NporHo3npoBaHMe) KopoHapHou 6bonesnu cepaua (KBC)

Genomic prediction of coronary heart disease
Abraham G ... Shunkert H ... Samani N ... et al, 2016

3T pe3ynbTaThbl, ecam byayT noaTBepPXKAeHbI B Ad/IbHEULLNX UCCNEe[0BaHUAX
U Ha Pa3/ZIMYHbIX NONyAAaAUuMUAX, NnpeanosaratoT UsSMeHeHue
cywecTtBytowen bonee 40 net ctpaternm ckpuHmHra KbC.
T.e., onpeaeneHne reHOMHOIO PMCKA Ha paHHEeW CTagmMmM CO CKPUHUHTOM
B 6bos1ee No3aHUN Nepmnoa *KU3HU TPAANLMOHHbBIX KTMHUYECKUX OLEHOK pUCKa (risk scores)
AN AONONHEHNA GOHOBOrO reHOMHOIO PUCKaA.
OCHOBbIBAsACb HAa paHHEN cTpaTUUKALMN TEHOMHOIO PUCKA, InLa € 6os1ee BbICOKMM PUCKOM
MOTYT NONYYUTb NOb3Y OT PaHHEro obpaLleHns K HYTPULMOHUCTAM, PEXUMOB YNParKHEHUH,
NPOrpamm npekpaweHna KypeHua, namn paHHero NpuMeHeHMA IeKapCcTBeHHbIX BMeLLaTeNbCTB
(Tepanuu ctaTMHamm, cpeacTtBamm, CHUKarowmmm Afl) ¢ uenbto MMHUMKU3aUum pmucka KbC.

Our results, if validated in further studies and across different populations, suggest a potential paradigmatic shift in the current CHD screening strategy which has existed for over

40 years— namely determination of genomic risk at an early stage with screening later in life through traditional clinical risk scores to complement background genomic risk.
Based on early genomic risk stratification, individuals at higher risk may benefit from earlier engagement with nutritionists, exercise regimes, smoking cessation programs or be
initiated early on medical interventions such as statin therapy or blood pressure lowering medications to minimize future CHD risk.

Abraham G et al. Eur Heart J 2016 37: 3267. Advance Access Sep 21, 2016




BKkAtoYeHMe OLeHKM reHeTUYECKOro PUCKa B ODLLIYIO OLIEHKY PUCKa

KopoHapHou bonesHu cepaua (KBC)
Incorporating a Genetic Risk Score Into Coronary Heart Disease Risk Estimates

MauuneHTbl (N=203, 45—65 neT) c npomexkyTouHbIiM (intermediate, 5-20%) puckom KBC, He Ha cTaTMHaX,
C/ly4anHbIM 0bpa3om pacnpegeneHbl K nonydyeHmio nHpopmaumm o 10-tn netHem pucke KbC
PaccYMTaHHOM MO CTaHAAPTHOM WwKane (PCLU),
uaun PCLL B coueTaHum € OLeHKOMN reHeTnYecKoro pucka (PCLL+).

MNaymentbl PCLU+ ctpatudumnumposaHbl no PCLL
Ha MMeoLWMX BbICOKUM nnu cpeaHunin/Huskmm pmnck KBC.

NHpopmaLunto coobLLan reHeTUK-KOHCYNbTaHT,
3aTeM NPMHMMANOCH ObLLee C BpaYOM pelleHne o Tepanuu.

Pernctpupyemsble napametpbl: XC JIHIT yepe3 6 mec, dusnyeckaa akTUBHOCTb, AMETA, MPUEM CTAaTUHOB

Kullo 1J et al. Circulation 2016; 133:1181




SPpdeKT UHPOPMUPOBAHUA NALUEHTOB
O pe3ynbTaTax BKAOYEHUA OLLEHKM reHETUYECKOrO PUCKa
B 00OLLYIO OLLEHKY p1CKa KopoHapHon 6onesnn cepaua (KBC)

[1pUém CTaTUHOB

CTaTUHbI (n’ %) [lo 3 mecAaua 6 mecAaues

PCLU

PCLU+ | ]] | ]]

PCLLU+ HM3KNI

PCLL+cpeaH/Bbic [ ]:| [ ]:|
10-tn netHnm puck KbC, paccumMTaHHbIN:

PCLLl - no ctanHpaapTHou wkane (PCLL),
PCLLU+ - PCLU B coueTaHnm C OLEHKOW reHEeTUYECKOro PUCKa

Kullo 1J et al. Circulation 2016; 133:1181




3PPeKT UHPOPMUPOBaAHMA NALIMEHTOB
O pe3ynbTaTax BKAOYEHWNA OLLEHKM reHETUYECKOrO PMCKa
B 00OLLYIO OLLEHKY p1CKa KopoHapHou 6one3Hu cepaua (KBC)

YposeHb XC JIHI
=
=
=
=
— PCLU PCLU
-
- PCLU+ HU3KUM
=
(@) PCLLU+
> Cp/BblCOKUIA
PCLU+

Kullo 1J et al. Circulation 2016; 133:1181



Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary Disease
[eHeTn4YeCcKuu PUCK, NpunBepxXeHHOCTb 340Pp0OBOMY o6pa3y XU3HU N KOPOHapHad bonesHb

[MoACYET reHeTUYECKOro PUCKa - aHanu3 Ao 50 oaHOHYKNeoTuAHbIX noammopdumnamos (OHIM — SNP),
NOCTOBEPHO acCOLMMPOBAHHbIX C 3aboneBaHMEM KOPOHAPHbIX apTeEPUM B NpeaLecTBOBaBLUNX
nccnegoBaHuax obwereHoMmHbIX accoumaumm (GWAS), B TPEX NPOCMNEKTUBHbIX KOFrOpTax.

KoropTta N yY4aCTHUKOB
Puck Atepockneposa B ObwmHax (Atherosclerosis Risk in Communities - ARIC) 7184
3a0poBbe KeHckoro reHoma (Women’s Genome Health Study - WGHS) 21222
NccnepoBanua Aunetbl n Paka B Manbmé (Malmo Diet and Cancer Study - MDCS) 22389
OueHka 1 - oTCYyTCTBUE KYpPEHMA B HaCToALLee BpemA

MPUBEPKEHHOCTU | 5 _ orcyTCTBUE OMUPEHUS

K 34,0p0OBOMY
obpasy

YKU3HU 4 - 3q0poBas AMeTa

3 - perynapHas pusnyecKas akTUBHOCTb

Khera AV et al. N Engl J Med 2016; 375:2349



YacToTbl KOPOHAPHbIX
cobbITNA B 3aBMCUMOCTHU
OT FEHETUYECKOro PUCKA,
N PUCKa, 06yCNOBNEHHOTO
0b6pa3soM KU3HM.

Coronary Events Rates, According to Genetic and
Lifestyle Risk in the Prospective Cohorts

Genetic Risk,

Adherence to a Healthy Lifestyle,
and Coronary Disease

Khera AV et al.

N Engl J Med 2016;

375:2349
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YacToTa KOpoHapHbIx cobbiTi 3a 10 neT B NPOCNEKTUBHbIX KOropTax.
3aBMCMMOCTb OT 06pasa }KU3HU U reHETUHECKOro PUCKa

CTaHOapTU30BaHHAA YacToTa
KOPOHapPHbIX cobbiTni 3a 10 net

(%)

Huskmnin  Mpomexy- Bbico
TOYHbIN

[eHeTU4YecKMn pUCK

Ob6pas }KU3HU
BnaronpuATHbIN  [TpOMEXKYTOUHbIN

CTaHAapTM30BaHHasA YacToTa
KOPOHapHbIX cobbiTMit 3a 10 net (%)

KN

Huskmin  Mpomexy- Bbicokmin

TOYHbIN
[eHeTUYECKUIN PUCK

HebnaronpuatHbIn

CTaHOapTM30BaHHaA YacToTa
KOpOHapHbIX cobbiThin 3a 10 net (%)

Huskum

TOYHbIN
[eHeTUYEeCKNI PUCK

Khera AV et al. N Engl J Med 2016; 375:2349
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[@HeTUYECKNIN PUCK,
NPUBEPKEHHOCTb 340P0BOMY 06pa3y KMU3HU U KOPOHaApHaa BonesHb

1. Hacneayemble BapmaHTbl AHK 1 dakTopbl 06pasa *MU3HM BHOCAT HE3aBUCMMblE BK1aAbl
B NpepacnonoXKeHHOCTb K 3a601eBaHMNI0 KOPOHaPHbIX apTepuii. MoaTseprKaaeTcs, YTo
reHeTU4YecKkme BapuaHTbl, UAEHTUOULMPYEMbIE C POXKAEHUSA, BJINAIOT Ha KOPOHAPHbIN PUCK.

2.380po0Bbl 06pa3 }KU3HM acCOLUUPYETCA C OA4UHAKOBbIM OTHOCUTENbHbIM
CHUXXEHUEM YacTOoTbl COBbITUM B KaXKA0M CTpaTe reHeTUYEeCKoro pucka.
ABCONIOTHOE CHUMXKEHME PUCKA, 0OYC/I0BNEHHOE NPUBEPHKEHHOCTBHIO
K 340p0oBOMY 06pa3y *KM3HU, Hanbonbllee NPU BbICOKOM rEHETUYECKOM PUCKE.

3. MayneHTbl MOoryT NpmMpaBHMBATb OLLEHKY PUCKA, OCHOBaHHYIO Ha [HK,
K npegonpenenéHHoCT, HEBO3MOXKHOCTM YAYyYLWNTb nucxoabl. Ho 3T pesynbrathbl
CBMAETENbCTBYIOT, UTO PaKTOpPbl 06pasa KnsHn moryt mogmnpuumnpoBaTtb PUCK
He3aBUCMMO OT NPOoPUNA reHeTUYEeCKOro pMCcKa NnaymeHTa.

Khera AV et al. N Engl J Med 2016; 375:2349




[TpUNOXKEHNA reHeTUYECKOro TECTUPOBAHMUA
B NPpOPUNaKTUKE aTEPOCKNEepOo3a

OueHka PUCKa BO3SHUKHOBEHUA aTEPOCKNIEPOTUHECKOTO 3aboneBaHus

* OueHKa adpPpeKToB 4NNTENIBHOU IKCNO3ULUU K HEKOTOPbIM daKTopam,

OTYACTU CYpPpPOraT PpaHAOMMU3NPOBAHHDbIX UCNbITAHUWN AeUCTBUA 3TUX PaKTOpOB




Variation in PCSK9 and HMGCR and Risk of Cardiovascular Disease and Diabetes
Bapuauum B [reHax] PCSK9 u HMGCR
N PUCK cepaeyHO-cocyancToro 3abonesanma n aAnabeta

112772 yyacTHuKa (14120 ¢ cepaeyHO-cocyaucTbimu cobbitmamm n 10635 c guabetom)
13 14 NnpocneKTUBHbIX NCCNeA0BaHUM (KOFOPTHbLIX MU CNY4al-KOHTPOb),
MHAMBUAYA/IbHbIE AaHHble KOTOPbIX MMenuchb B base AaHHbIX NPOrpaMmmbl
[eHoTMNoB 1 ®eHoTUNoB HaunoHanbHOro UeHTPa buoTexHonornyeckom nHpopmauuu.

. MCNOJIb30BaHbl reHeTUYECKMe MHAEKCDI (genetic scores),
cocToAlMe U3 He3aBUCMMO HacneayembiX BAPUAHTOB B reHax, Koaupyrouwmx PCSK9
U 3-TMAPOKCU MeTUArnyTapmun KodH3smm A peayktasy (HMGCR - muLLeHb CTaTUHOB),
4yTOObI C/ly4alHbIM 0H6pa3om pacnpesennTb y4aCTHUKOB
B rPynmnbl B COOTBETCTBMM C YUUC/IOM YHAC/NeA0BaHHbIX MU cHuKatowmnx XC/THM annenem.

CpasHeHO BanaHmne 6onee HM3Koro XCJ/IHI, obycnhosneHHoro BapuaHtamm B PCSK9 u HMGCR,
Ha PUCK cepae4yHO-CoCyaAnCTbIX CObbITUN U AnabeTa.

The study included 112,772 participants (with 14,12 0 cardiovascular events and 10,635 cases of diabetes) from 14 prospective cohort or case—control studies ... for whom individual
participant-level data were available as part of the Database of Genotypes and Phenotypes program of the National Center for Biotechnology Information. We used genetic scores
consisting of independently inherited variants in the genes encoding PCSK9 and 3-hydroxy-3-methylglutaryl-coenzyme A reductase (the target of statins) as instruments to randomly
assign participants to groups according to the number of LDL cholesterol-lowering alleles that they had inherited. We compared the effects of lower LDL cholesterol levels that were
mediated by variants in PCSK9, HMGCR, or both on the risk of cardiovascular events and the risk of diabetes.

Ference BA et al. N Engl J Med 2016;375:2144




Bapuaumu 8 [reHax] PCSK9 n HMGCR, accouumnpoBaHHble ¢ bonee Hu3kmum XC/THI
N PUCK cepae4yHOo-cocyaucToro 3abonesaHums n gmabera

Pa3sHunua no XCJ1HTI
vs 0ba nHaekca (scores)
MeHbLUue meanaHbl (mr/an)

O6a scores Bbille meanaHbl

OTHoweHue waHcos ana UM
u cmeptn ot KbC (95%41)

PCSK9 score Bbilwe meaunaHbl
HMGCR score Bbille meauaHbl

HaTypanbHbI Iorapndm OTHOLLIEHUSA LLIAHCOB

OTHoLeHMe WaHcoB Anabera
(95%0M)

O6a scores Bbiwe MmeanaHbl

PCSK9 score Bbille meaunaHbl
HMGCR score Bbille meaunaHbl

HaTtypanbHbin norapndm OoTHOLWEHUA LIAHCOB

Ference BA et al. N Engl J Med 2016; 375: 2144




Variation in PCSK9 and HMGCR and Risk of Cardiovascular Disease and Diabetes
Bapuaunm B [reHax] PCSK9 u HMGCR, accoupmpoBaHHblie ¢ bonee Hu3kmum XC/HIM,
1 PUCK cepaevHo-cocyancToro 3abonesanma n anabera

... Mbl 0OHapyXnnun, yto BapmaHTbl B PCSK9 n HMGCR accoumnmnpoBaHbl
C NpubAN3NTENBHO OANHAKOBbLIM 3PPEKTOM Ha PUCK CEPAEYHO-COCYANCTbIX COOLITUN
N o4eHb 6IM3KNM 3P PeKTOM Ha pUCK AnabeTta Ha eanHULY CHUXKeHUA ypoBHA XC/THI.
37K 3PpPEeKTbl HE3aBUCUMbI U aAJNKTUBHDI.

... we found that variants in PCSK9 and HMGCR were associated with approximately the same effects on the risk of cardiovascular events
and very similar effects on the risk of diabetes per unit decrease in the LDL cholesterol level. We also found that these effects were independent

and additive.

To, uto BapmaHTbl B PCSK9 n HMGCR accounmnpoBaHbl C 04eHb 6aM3KUMUK 3pdeKTamm
Ha pUCK aAnabeta Ha eamHULy cHUXeHuA yposHA XC/THI, noapa3symeBaer,
47O MHIMBbUTOPLI PCSK9 moryT Tak)Ke ysenmnuntb pUCK BHOBb BO3HUKLLEro aAnabera.

... finding that variants in PCSK9 and HMGCR were associated with very similar effects on the risk of diabetes per unit decrease associated with very similar effects
on the risk of diabetes per unit decrease in the LDL cholesterol level implies that, like statins, PCSK9 inhibitors may also increase the risk of new-onset diabetes.

Ference BA et al. N Engl J Med 2016;375:2144-53
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ba3bl AaHHDbIX,
UCNO/b30BaHHbIE ANA BbINOJIHEHUA PaboTbl

/ Mcnonb3oBaHo ans cospaHuna Genetic score

GLGC - Global Lipids Genetic Consortium

DIAGRAM - Diabetes Genetics Replication
and Meta-analysis

CARIoGRAMPplusC4D - Coronary Artery Disease
Genome-wide Replication and
Meta-analysis plus Coronary Artery
Disease Genetics
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Crosshair Plot of a 1-SD Increase in Lipids and Risk of Coronary Artery Disease (CAD) and Diabetes
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Knrouesble Nos1oXKeHUsA

B 3TOoM aHa/nM3e, OCHOBAaHHOM Ha MEHEeNeBCKOM paHA0MMU3aLLUN,

6onee Bbicokme yposHU XC JIMH u TI Ha NpoTAXKEHUUN }KU3HU
accouMMpoBaHbl C 6osiee BbICOKMM PUCKOM 3ab0n1eBaHNA KOPOHAPHbIX apTEPUA.

B T0 e Bpems, 6onee Bbicokue yposHu XC/THM, XCNBM, n TI
accoUMMPOBaHbI C YMEHbLUEHHbIM PUCKOM auabera.

T.0. 6onee HU3KMe ypoBHM XC/THIM n TT moryt yBennuunTtb puck amabera.

B KAMHUYECKNX NCAbITAHNAX MOANDULMPYIOLLUX NNNUABI areHTOB
cneayeT TWwaTebHO MOHUTOPUPOBATb BO3HUKHOBEHME AnabeTa.

In this mendelian randomization analysis, a lifelong higher low-density lipoprotein cholesterol (LDL-C) and triglyceride (TG) levels was found to be
associated with higher risk of coronary artery disease. In contrast, higher levels of all 3 lipid traits (LDL-C, high-density lipoprotein cholesterol, and

TGs) was associated with a reduced risk of diabetes. Lower LDL-C and TG levels may increase risk of diabetes;
clinical trials of lipid-modifying agents should carefully monitor for the incidence of diabetes.

White J et al. JAMA Cardiol 2016; 1(6): 692




KommeHTtapui Saleheen D, Rader DJ, Voight BF. k pe3ynbtatam J.White n coasrT.
Disentangling the causal association of plasma lipid traits and type 2 diabetes using human genetics

PacnyTbiBaHME NPUYMHHOMN accoLMaLmm XapaKTEPUCTUK INNNO0B NAa3Mbl
n omabeta tvna 2 (OT2) c ncnonb3oBaHUEM rEHETUKM YENOBEKA
Xota | «[aHHble aTOro nccnegosaHma ob accoumaumm reHeTu4ecKn obyCcNoBAEHHbIX YPOBHEN TPUTNNLEPULOB

n T2 Hanbonee KOHTPaA NMHTYUTUBHbI» [MPOTUBOPEYAT UHTYUTUBHO OXKUAAEMOMY].
The findings on the association of genetically mediated levels of triglycerides and diabetes from this study are the most counterintuitive

Tem | «White n coaBT. NnpeaoCcTaBAAOT CBMAETENBCTBA TOFO, YTO NMOBbILWEHHbIE YPOBHU TPUFNLEPUAOB
He NUrPatoT NPUYMHHYIO 3aLUTHYIO POAb B pa3BUTMKN AnabeTa TMna 2».

MEHEE White et al provide evidence that elevated TG levels have a causally protective role in the development of T2D

«Ecnuv 31O UICTUHHO, NocneacTBMa (NPUIOKEHNA) 3TOro 3HAYUTEIbHbI, BK/IHOYAs BO3SMOMKHOCTb,
4YTO BMeELUATeNIbCTBA, HAaNpaB/AeHHble HAa CHUXXeHune ypoBHeu TI, moryT napaaoKcaZibHO YBeAU4nTb puck OT2.
[MpoBeAeHO HECKO/IbKO KPYMHbIX KIMHUYECKMUX UCNbITaHUW CHUXKeHuA TT, npexkae Bcero ¢ pubpatamu.
B 3TMX nccneaoBaHUAX K HACTOALLLEMY BPEMEHU HET NpeanonoxKeHna ob ysenmvyeHmnm pucka AT2
Y Y4AaCTHMKOB, PaHAOMMU3NPOBAHHbIX K aKTUBHOMY J1Ie4EeHUIO.
YunTtbiBas Bpemsa, Kotopoe notpeboBasnoch, YTOObI BbIABUTb CBA3b MeEXAY Tepanuen cTaTuHaMm
N MOBbILLIEHHbIM pUCKOM aAnabeTa (npmnbaunsutenopHo 20 net),
byneT BarKHO TLLATE/IbHO MOHUTOPMPOBATb UCXOAbI B 3TUX NCCAEA0BAHUAXY.

If true, the implications of this are substantial, including the potential that intervention to reduce TG levels could paradoxically increase the risk for T2D. That said, there have been a
number of large TG-lowering clinical trials to date, primarily with fibrates, and in those studies, there is currently no suggestion of increased T2D risk in those participants randomized to
active treatment. Given the time it took to uncover the association between statin therapy and increased risk for T2D (approximately 20 years), it will be important to monitor outcomes for

these trials carefully.

JAMA Cardiology 2016 Sep 1; 1(6):631. Published online August 3, 2016




