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leTtepo3urotrHan CIrXC flomo3urotHaa CIr'XC

[narHocTMpoBaHo 1:313 1:300000 [narHocTMpoBaHO
<10% ~30 MUNINNOHOB ~ 30 ThiCAY <%
- XC JIHM >5 mmonb/n y B3pochbIX, XC NHM >10 mmonb/n "
T >4 mMmonb/n y geten TT;

ee LDLR, APOB, PCSK9, LDLRAP1 QQ

KcaHTOMBbI, nMnounpgHasn Ayra poroBumubl

Manudectauus CC3 NBC, nHdapkT mrnokapaa,
i . aopTalbHbIN CTEHO3, MaHnudecTaums CC3

B 30-60 neT nepnudepuyecKnin aTepocknepos B AeTCTBE

Mach F et al. Eur Heart J. 2020;41:111-188; Kyxapuyk B.B. u coaem. Au/l. 2020;1:7-44; Cuchel M et al. Eur Heart J. 2023; ehad197;
Beheshti SO et al. J Am Coll Cardiol. 2020;75:2553-2566.



PacnpoctpaHeHHocTu CI'XC B Poccunckon ®epepavuumn (OCCE-PD)

2017-2019 roabl

n=18142
11 pernoHoB P® PacnpocTpaHeHHOCTb
reTepo3nroTHOu cemMenHou
o rmnepxonecrepuHemMun - 1 Ha 173

(95% CI: 1:208-1:145)

B Poccuum 6onee
* 840000 nauueHToB ¢ CI'XC

* *

Meuwkos A.H. u dp. PauuoHarnbHas chapmakomeparnusi 8 kapouorioauu. 2020;16:24-32.
Meshkov AN et al. J Pers Med. 2021;11:464.



MaHnudectauna CC3 npu CI'XC

Iz FeteposurotHaa CI'XC 15 F’omo3urotHaa CIrXC
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. bes Tepanun . basoBasa Tepanua + LDLR-peuenTtop-3aBucumas
I BbicokonHTEHCHBHast MOHOTepanus cTaTuHamm Tepanus

basoBas Tepanua + LDLR-peuentop-3aBmucumas
Tepanua + LDLR-peuenTop-He3aBncumasa Tepanus

Brandts J, Ray KK. J Am Coll Cardiol. 2021;78:1831-1843.
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AdbdhekTuBHOCTU rMnonunuaemmyeckoun tepanumu npu Crxc
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basoBas LDLR-peuenTop- LDLR-peuenTtop- basoBas Tepanus +
TEPANNA 3aBUCUMaA Tepanna He3aBUCUMaA Tepanud peuenTop-3aBuCuMasn tepanud
Fomo3urotHas CI'XC FeteposurotHaa CIrXC

Brandts J, Ray KK. J Am Coll Cardiol. 2021;78:1831-1843.



KpMTepvm AL OC TN Crxc FNonnanackue Kputepumn anarHoctuku reCrxc

CemMenHbIN aHaMHe3

PoacteeHHuk ¢ paHHen BC vnn ap. cocyn. sabonesaHnem nnu ¢ XC 1
JIHI >95-1 npou.

PoacTtBeHHUK ¢ KCaHTOMaMU/NUNongHOM oyron porosuubl nn getm ¢ XC 2

Kputepun EAS ansa anarHoctuku roCIrXc JIHI >95-1 npoL,
UcTopuna 3aboneBaHus
KMIMHNWYECKUE KPUTEPUM PanHusas MBC 2
XC JIHI >10 mmonb/n 6e3 MMT PaHHee pa3BuTMe aTepoCcKNepoTUYECKOro nopaxkeHmsi CocyaoB 1
KoxHble nnu MosbiweHne XC NHM y ®dusnkanbHoe obcrnengoBaHue
CYXOXWIbHbIE winm obounx poauTtenewu, KcaHToMbl CyXoxXunuia 6
KCaHTOMbl B BO3pacTe COOTBETCTBYIOLLIEE
w0 re f6TepOBUIoTHON CIXC JlnnongHaa gyra porosuubl B Bo3pacTe 8o 45 net 4
FrEHETUYECKUE KPUTEPUM XC NHM >8.5 MMonb/n 3
[MaToreHHble NN BEPOATHO NaTOreHHbIe BapuaHTbl B reHax ’_
LDLR, APOB, PCSK9 1nn LDLRAP1 XC JIHIT6,5-8,5 mmonk/n >
(rOMO3UroTHbIE//KOMMayH, reTepo3nUroTHbIE) XC JIHI 5,0-6,4 mmonb/n 3
XC J1HIT 4,0—4,9 mmornb/n 1
BapuaHThbl B reHax LDLR, APOB, PCSK9, LDLRAP1 8
OwnarHo3 CI'XC
OnpeneneHHbIn >8 6annos
BepoaTHbIN 6—8 6annoB
Bo3moXxHbIN 3-5 6annoB

Marina Cuchel et al. EHJ. 2023;44(25):2277-229 Umans-Eckenhausen M.A. et al. Lancet. 2001;357:165-168.
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Cutocteponemus (durtocreponemus)

+ Pepkoe HapyweHne nunuaHoro obmeHa (1:200000)
«  AyTOCOMHO-PELEeCCUBHbIN NyTb HAcneaoBaHUS
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bnoxmmua cutocrtepornemMmumn

B 1974 rony Bhattacharyya n Conner onucanu HoBoe

HapyLleHne HaKoNneHnsa NUNUAOoOB y ABYX CECTep C
CYXOXMUINbHbIMU N TYOEPO3HbIMU KCAHTOMaMU U
NOBbILLIEHHbIM YPOBHEM (PUTOCTEPONIOB, CUTOCTEPONA,

KamMnecTeposia hn CtTurMmacteporia KpoBu

[ pegnoxXeHo Ha3BaHMe CUTOCTepoOoneMus

Bhattacharyya AK, Connor WE. J Clin Invest. 1974;53(4):1033-43.

B-Sitosterolemia and Xanthomatosis

A NEWLY DESCRIBED LIPID STORACE DISEASE

IN TWO SISTERS

Asprng K. Baarracuanyya and Winnianm E. Convon

From the Clinical Research Center and the Department of Internal Medicine,
University of lowa College of Medicine, lowa City, lowa 52240

ApsTrRACT Although the usual diet may contain
150-250 mg of plant stercls, chiefly B-sitosterol, only
trace amounts of these sterols have heretofore been
found in human or animal blood and tissues. 'We now
report elevated plant sterol levels in the blood and
tissues of two sisters with extensive tendon xanthomas
but normal plasma cholesterol levels, Besides. g-sito-
sterolemia and xanthomatosis, no other physical, men-
tal, or biochemical abnormalities were detected.
Repeatedly, the plasmas of the two sisters have con-
tained 27.1 and 17.7 mg/100 ml of B-sitosterol, 9.7 and
82 mg/100 ml of campesterol, and 0.5 and 0.5 mg/100
ml of stigmasterol, respectively, These plant sterols
constituted 15.6 and 1139 of the total plasma sterols,
Some 60% of the plasma B-sitosterol and campesterol
was esterified; the measurable stigmasterol was en-
tirely unesterified. The transport of the plasma B-sito-
sterol and campesterol was largely in low density lipo-
proteins (76 and B39, respectively). High density
lipoproteins carried the remainder. Plant sterols were
barely detectable in the very low density lipoprotein
fraction. Only trace amounts of stigmasterol could be
detected in the low density and high density lipopro-
tein fractions. The plant sterol content of the red bload
cells averaged 12-13 mg/100 ml packed cells or about
13% of the total sterols. Two tendon xanthoma biop-
sies with the usual high concentration of cholesterol
had 36.7 and 4.0 mg of plant stercls/g dry wt, of which
257 and 2.9 mg were B-sitosterol, entirely in the free
form. Plant sterols were also found in adipose tissue

This work was presented in part at the 65th Annual
Meeting of the American Society for Clinical Investiga-
tion, Atlantic City, N. J, 30 April 1973 (J. Clin. Invest,
52, %a).

Received for publication 24 Seplember 1973 and in re-
vired form 26 November 1973,

(0.2 mg/g wet wt) and in skin sorface lipids (3.2
mg/g of lipid).

The intestinal absorption of f-sitosterol in both the
patients, measured by two techniques, indicated greatly
increased absorption of this sterol (about 24 and 289
in the patients L. H. and R. H., respectively, normal
absorption being < 595). We suggest that increased
absorption of #-sitosterol must be considered as ome
cause of this disease.

The reason for the extensive xanthomatosis in thess
two patients remains unknown. Perhaps in some way
plant sterols initiated the development of xanthomas
with otherwise normal plasma cholesterol levels. Qlini-
cal atherosclerosis has not yet occurred. The occur-
rence of p-sitosterolemia in these two sisters with un-
affected parents suggests an inherited recessive trait.

INTRODUCTION

High concentrations of plant sterols in the blood and
tissues of man and animals have not been previously
reported. These sterols are usuvally found only in the
lipids of plants and thus are particularly plentiful in
vegetable oils, nuts, and other vegetable products,
Structurally, the three plant sterols—g-sitosterol, campe-
sterol, and stigmasterol—resemble cholesteral except
for minor differences in their side chains (Fig. 1).
B-sitosterol and stigmasterol, both Cas sterols, have an
ethyl group at the C-24 position; stigmasterol, in addi-
tion, has a double bond at the C-22 position. Campe-
sterol, a Cm sterol, has a methyl group at the C-24
position,

Plant sterols are habitually consumed by man in the
usual diet. A typical American diet may contain up
to 250 mg of these sterols/day (1). B-Sitosterol is the
predominant plant sterol, with campesterol the next

The Journal of Clinical Investigation Volume 53 April 1874-1033-1043 1033



XonecTtepuH VS cTepornbl

CutocTepon Hanbonee
pacnpoCcTpaHeHHbIN
f : = ' ‘ ‘ : , pacTUTEmNbHbLINA CTEPOT

e o
XonectepuH

Cturmactepon

OObIYHBIE OMOXMMHYECKHUE METO/IbI HE MO3BOMIAIOT JU(DEPESHIIMPOBATH X0JISCTEPUH OT CTEPOJIOB,
PEKOMEH/IOBaHO MPUMEHEHHE Ta30BOM MIIM BBICOKOA((PEKTUBHOM KUJIKOCTHOM XpoMaTorpapuu

Patel SB. J Clin Lipidol. 2008;2(2):S11-9.



NMOTPEBJIEHUE BCACbIBAHUE OKCKPELMUA

200-500 Mr xonecrtepuHa 50% xonectepuHa C xenybto
200-400 mMr cTeponos >% cTeponoB N3 XKKT

Hopma

CutocTteponemus

200-500 Mr xonecTtepuHa
200-400 mr cTtepornoB

MeHee 50% xornectepuHa C Xenyblo
[o 60 % cTtepornoB N3 XKKT

CTtepornbl KOHKYPEHTHO MHIMOMPYIOT
abcopbuunto xonectepuHa

Asmopckuu cnaud



KnnHu4yeckue nposiBneHMs CUTOCTEpPONieMnmn

BeccMmMnTOMHOE TeYeHue

y KcaHTOMBI
(C rmnepxonecrtepmHemMmen nnn 6ea)
'MnepxonectepuHemus PaHHue aTepocknepotudyeckue CC3
emaTonorn4yeckune HapyLieHuUs ApTpanruu

Yoo EG. Ann Pediatr Endocrinol Metab. 2016;21(1):7-14.



KnnHuyecku nposiBneHus

Mnockne, Ty6epo3Hble, CyXOXNUIbHble KCAHTOMBI,
KcaHTena3mbl

B EIE Dt Lipids Health Dis. 2022;21(1):100. Tada H et al. J Atheroscler Thromb. 2018;25(9):783-789.



Cutoctepomua n atepocknepos

/ CUTOCTEPONEMMA
} T

datanbHbIN PanHaa UBC Ge3 OTCYTCTBME KITMHUKA BO
NHAAPKT Y NOBLILLEHUS] YPOBHS ny B3POCIIOM BO3pacTe
MWokapaa B S et XC JMHIM

 [loBblLLEHHOE HaKoMeHne CTeporioB Npu
CUTOCTEPONEMUN MOXKET YCKOPUTL 0bpasoBaHue
MEHUCTbIX KIEeTOoK

« PacTtutenbHble cTepornbl, No-BMaANMOMY, obnaaatoT
boree cuUnbHbIM LUTOTOKCUYECKUM OENCTBUEM, YEM
XONnecTepuH

« OpgHako pasnn4yHble pacTUTENbHbIE CTEPOSbI
NPOAEMOHCTPMPOBANM NPOTUBOMOMNOXKHbIE pe3ynbTaThl
B OTHOLLEHUN CEeKpeLnn BocnanmuTenbHbIX LLUTOKMHOB

Othman Ra et al. Atherosclerosis. 2013;231(2):291-9.
Miettinen TA. Atherosclerosis. 2014;234(1):162-8.
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CutocTteponemus: onbIT Kutas

NMposaBneHus:
* roBblleHne cTteponos (5/5)

n=60
55 geten n 5 B3pocCnbIx
NMposBneHus:
* nosblweHne cteponos (100%)
* runepxonectepuHemms (98%)

* KcaHTOMbI (93%)

* rematonorundeckue HapyweHus (30%)
« aptpanrun (24%)

« cnneHomeranusa (11%)

« atepocknepos (10%)

* arepockrepos (5/5)

* KCaHTOMblI (4/5)

e remarosiorndyeckue HapyweHus (3/5)
* aptpanrusa (3/5)

» cnneHomeranua (3/5)

* rmnepxonectepmnHemms (3/5)

Xia Y et al. J Clin Lipidol. 2022;16(1):40-51.



[emaTonoruyeckme HapyLleHUs MPU CUTOCTEpPONeMnmn

CNHAA CTpPESIKA. MaKpOTpOMGOLI,I/IT
KpaCHa4d CTperika. CTOoMatouunuT

Gulen H et al. Pediatr Int. 2021,63(4):472-473.

FemaTonornyeckue nposiBreHus

. [emonnTnyeckasi aHeMmsa CoO CTOMaToOLUTO30M
. MakpoTpombouunToneHns

. CnneHomeranus

. AHOMarsIbHOE KPOBOTEYEHME

MexaHunam

* BHegpeHune cteporioB B MeMOpaHbl KNeToK
KPOBU ABIISIETCS Hanbornee BEpOSATHOM
NPUYNHON N3MEHEHNS NX aHOMaSTbHOW
MOPAOSIOrMn N PYyHKUUN y NaumMeHToB C
CUTOCTEpPONEMUNEN

« CTeporbl NOBbIWAKT XXECTKOCTb MeMOpaH
9PUTPOLINTOB N TPOMBOLMTOB, N3MEHSIS UX
pasmep, KonnmyecTtBo U PYHKLNIO

Escola-Gil JC et al. Curr Atheroscler Rep. 2014;16(7):424.



ApTpanrum npm cutTocTeporemMum

HakomnsieHre pacTUTENIbBHBIX CTEPOJIOB B UMMYHHBIX
KJIETKAX y MalMeHTOB C CHTOCTEPOJIEMUEN MOAYIUPYET
MMMYHHYI CUCTEMY

Togo M et al. Clin Chim Acta. (2009) 401:165-9.



[narHocTuka cutocrtepornemMumu

AnoHcKne Kputepum

KnnHnyeckue n posABIIeHUA.

Noka3aHuA K aHanNu3y pacTUTenbHbIX CTEPUHOB:

* KOXHbl€ TN CYXOXWUJIbHbl€ KCaHTOMBbI, .

* paHHAa uwemmnyeckaa bonesHb cepaua (My>XYuHbl <45
neT, XXeHwWwwuHbl <55 ner)

JlabopaTtopHble AaHHbIe:

* CUTOCTEPUH B CbiBOpOTKE = 1 mr/gn (10 mkr/mn) .
OudbchbepeHunanbHbLIU AUarHoas:

* wucknountb CI'XC

IaHHble reHeTN4YeCcKoro aHanusa:

* [OMO3uroTHble/kKOMNayHa-reTepo3nroTHble BapuaHTbl B
reHax ABCG5 nnm ABCGS8

OnpepgeneHHbIN anarHos: cootBetcTByeT A-1, B-1,Cun D
BeposaTHbIn: cootBeTcTBYeT A-1, B-11n C
Bo3mMoxHbIN: cooTBeTcTBYET A-1, A-2 1 B-1

Tada H et al. J Atheroscler Thromb. 2021;28(8):791-801.

HOPMOXOJ1eCTePUHOBbLIE KCAHTOMBbI

pe3Koe CHMWKEHNEe YPOBHS XOrecTepuHa B OTBET
Ha aunety u/vnu IMT (a3eTumno, CXKK)

perpeccusi KCaHToM, NPU coxpaHeHune
rmnepxonecTtepuHeMmm

CHWXEHHbIWN OTBET Ha Tepanm CtatTuHaMu

HeoObACHUMas reMoninTu4eckasl aHeMusi ¢
MakKpoTpomMbouunToneHneu

Yoo EG. Ann Pediatr Endocrinol Metab. 2016;21(1):7-14.



Cutocteponemusa nmutupyet CIrXcC

B anoHckom nccrnegoBaHuu, BkntoymsLlem 487

nauneHToB C KnnHun4yecknm ganarHo3om CIXC:

y 0,6% BepudunumpoBaH anarHo3 CUTOCTEPONIEMUN
(Ho He CI'XC)

y 4% BbISIBIEHO COYETAHME BapnaHTOB B OO4HOM U3
kKaHoHu4Yeckunx reHos CI'XC n ABCG5 nnm ABCGS8
(3TV NauMeHTbl UMenNn 3Ha4YrMmo bornee BbICOKME
ypoBHM XC J1HI1, yem npn moHoreHHon CI'XC)

B eBponenckom ncecrnegosaHumn, sknovmsLuem 3031
nauneHTa ¢ KnuHmyeckum gmardosom CI XC:

y 2,4% 6b1nn obHapy>XeHbl reTepo3nroTHbIe
BapuaHTbl B reHax ABCG5 nnn ABCG8 (Ho He B
KaHOHMYecknx reHax CI'XC)

Takxke OblfIo 0OHaPYXeHO, YTO CoYeETaHNE
BapuaHToB B reHax LDLR n ABCGS nnn ABCGS8
He ObINO CBA3aHO CO 3Ha4YUTESNTbHO Bonee BbICOKUM
ypoBHeM XC J1HIT

[MpencTaBneHHbIe UccneaoBaHus npeanonaratoT, YTo BapuaHThl B reHax ABCG5/8 moryT
cnocobcTBoBaTh MMUTaunm n yeyrybneHmio goeHotmna CIrXC, Ho Heobxoanmo aanbHenlee

n3yvyeHue

Tada H et al. Circ J. 2019 Aug 23;83(9):1917-1924.

Reeskamp LF et al. J Clin Lipidol. 2020;14(2):207-217.e7.



TepaneBTHU4YecKkue noaxoabl

Tepanus CHMXeHuUA
cTeponos, %
OueTta ¢ HU3KUM coaepKaHNeM CTeposioB Ao 30%

OepaHudyeHue opexos, ceMeyek, 0luBOK, agoKaoo,
pacmumeribHbIX Macersi, MapaapuHa, MOJITFOCKO8, MOPCKUX
gooopocrsiel U wokosrnada

93eTMUNOD 0o 50%

Yoo EG. Ann Pediatr Endocrinol Metab. 2016;21(1):7-14.



Adpepes nmnonporenaoB Npu CUTOCTEpPOSIEeMUN

My>xumHa 1980 r.p.
»Kanobbl Ha kcaHTOMAaTO3 U apTpanrum

Adepe3 nunonporenaon

onn 1,5;1

(1 p/Hen) , 2,9r 3,5n 4n
. P CXKK Q3eTMMmn6
(11 TR o dink thhl\lﬂmlm | il |
= il OXC po u nocne npoueaypesl | i
;- A L
gl Il WWWH [W | ll\HIilﬁ[ﬂHl
(@) “ : f v 1 g

CuTocTepon 4o v nocne npoueaypbl

(G

1997 rog 2001 2005 2009

P

2016

B a

&

U/ an ‘LI'OdNe.LOO.IMQ

- 20

AC COHHbIX apTepuu

NpaBag OCA o
Jlesag OCA "

onm

08

KM, mm

.+ [NpaBaa OCA |[KUM c 1,3 0o 0,6 mm
INleBass OCA | ¢ 1,2 0o 0,6 mm

-
2003 2008 2009 2003 2012 2013 2014 2016
23 roga 36 net

Adbepes J11 B TedueHune 20 ner:
e oTcyTtcTBme HA

* pemMuccus apTpanrmm

* perpeccus KcaHTomMaTo3a

« perpeccusa yronuweHma KM
« otcytcTBne ACC3

Sakuma N et al. Ann Intern Med. 2017;167(12):896-899.



3aKknr4yeHue

1) Ons noctaHOBKM AMarHo3a CUTOCTEporeMnm Heobxoaumo K
onpeneneHne ypoBHSA CUTOCTEPONOB B KPOBW, Tak U NpoBeaeHune
reHeTUYECKOro TeCTMPOBaHUA?

2) lNpenapart Bblbopa — 33eTUMMD. CTaTUHbI M Apyrne Knacchl
Ha3Ha4yarTCsa NpU MOSABEHNN aTEPOCKITEPOTUYECKUX NIMEHEHUN
ansa nogaepxaHusa uenesoro ypoBHA XC JIHI

3) B Poccum BaHO NpoOBOAUTb CKPUHWMHI Ha HacneacTBEHHble
HapyLLUEeHUs NUNUOHOrO OoOMeHa Yy)Ke MO JOCTMXKEHUN B3POCIIOro
BO3pacTta, B B Cly4yae OTArOWEHHOW HacneacTBEHHOCTU — B
[IETCKOM BO3pacTe
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Cnacnoo 3a BHumMmaHue!
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