TOM9

12

HepsHo-Mblweynbie 5O JTE3HU
Jlexuuu u 0630pbi

HacneacmaeHHblill mpaHCMupemuHoBblil aMuUnouao3

T.A. Anan'- 2, A.B. IToaskos!

'OIBHY «Meduko-2enemuueckuii Hayunblii uenmp umenu akaoemurxa H.II. bouxosa» Munobpnayxu Poccuu;
Poccus, 115522 Mockea, Mockeopeuve, 1;
2OI'bOY BO «Poccuiickuii HAUUOHANbHYLIL UCCaed08amenbcKull MeouyuHckui ynueepcumem umenu H. U. Iupoeosa»
Mun3zdpasa Poccuu; Poccus, 117997 Mockea, Ocmposumsatnosa, 1

Konmarxmor: Adsn Tacyu Asemukosna tagui.adyan@yandex.ru

[Ipedcmasnen 0630p aumepamypoi N0 HACACOCMBEHHOMY MPAHCMUPEMUHOBOMY AMUAOUOO3Y: ONUCAHBL CIMPYKMYPA U CHeKMp MYymayuil
eena TTR, cmpykmypa u ynkyuu beaka mpaHcmupemuna, 0xXapaKmepu308aHbl OCHO8Hble KAUHUYECKUe NPOSEAeHUs MPAHCMUPEMUHO-
6020 amuaoudosa, oocysicoersl 60npochl dup@epeHyUanbHoOl OUAZHOCMUKU, PACCMOMPEHA UCMOPUSL PACKPOCMPAHeHUs 3a001e6aHus cpedu
DA3AUMHBIX SMHUYECKUX ePYNN, 0aHbl C8e0eHUs 0 COBPEMEHHBIX 803MONICHOCIAX NAMO2EHEMUHECK020 U IMUOA0UHECK020 AeUeHUs 3a00-
Ne8aHUS.

Karoueevie caosa: cen TTR, TTP-CAII, nacaedcmeenHblii amuaoudos, mpancmupemut, ROAUHeUponamus

Jlaa yumuposanusa: Adan T.A., Ioaskos A.B. Hacnredcmeennwiii mpancmupemurossiii amunoudos. Hepeno-moiuieunvie 6oae3nu 2019;
9(4):12—25.

DOI: 10.17650/2222-8721-2019-9-4-12-25

Hereditary transthyretin amyloidosis

T.A. Adyan’?, A.V. Polyakov’
'Research Centre for Medical Genetics named after academician N. P. Bochkov, Ministry of Education and Science of the Russian
Federation; 1 Moskvorech’e St., Moscow 115522, Russia;
2 Pirogov Russian National Research Medical University, Ministry of Health of Russia; 1 Ostrovityanova St., Moscow 117997, Russia

Hereditary transthyretin amyloidosis is described in this review, including the TTR gene structure and mutation spectrum, the transthyretin
protein structure and functions, the main clinical manifestations of transthyretin amyloidosis. Also the problems of differential diagnosis are
discussed, the history of the spread of the disease among various ethnic groups is examined, information is provided on the current possibili-

ties of pathogenetic and etiological treatment of the disease.

Key words: TTR gene, TTR-FAP, hereditary amyloidosis, transthyretin, polyneuropathy

For citation: Adyan T.A., Polyakov A.V. Hereditary transthyretin amyloidosis. Nervno-Myshechnye Bolezni = Neuromuscular Diseases

2019;9(4):12—25.

BsepeHue

Amuionao3 — HapyleHue 0eJIKOBOro oOMeHa, COrpo-
BOXKIaroIIIeecsT 00pa30BaHMEM B TKAHSIX CITEIM(DUIECKOTO
0EIIKOBO-TIOIMCAXapUIHOTO KOMIUIeKca (aMuitonaa) hu-
OpUJLISIPHON CTPYKTYPBbI, XapaKTEPU3YIOLIETOCST BBICOKOM
YIOPSAOUYEHHOCTBIO PUOPUILT TOMIUHOM 5—10 HM 6J1aro-
Japst OOWINIO B-CKITanyaTor KOH(OpMALIMY BO BTOPUYHOM
CTPYKTYype OCHOBHOTIO OenKa-amMuiongoodpaszoBates [1].
Paznuyaror aMunona03 JoKaabHbli (MCTOYHUK MPOAYKLIMKA
aMuJIoMIa pacrnosaraeTcss B caMoil mopak€eHHOUW TKaHM)
U CUCTEMHBII (0Opa3oBaHME aMUIOMAA B TKAHSIX O0YCJIOB-
JIEHO MOCTYIIJIEHUEM OeJIKa-TMpealecTBeHHMKA aMUIoU1a
C TIpUTeKalollei KpoBbio) [1]; mepBUYHbBIN (MaronaTUye-
CKWU U aCCOLIMMPOBAHHBINM C MHOXECTBEHHOU MUETIOMOM
" IpyruMu B-mmmdorurapHeIMU reMo0J1acTO3aMM), BTO-
PUYHEBIN (pa3BUBaeTcsa Ha (DOHE OCHOBHOTO 3a00JIeBaHMS,

Yalre BOCIIAJUTEIFHOTO) M HACISACTBCHHBIN (00YCIOBIICH
MyTallieil B TeHe, KOMUPYIOIIEeM COOTBETCTBYIOIIMIT Oc-
J10K). CoBpeMeHHasI KilacCH(bUKAIINsI aMUIOUI03a ITOCTPO-
€Ha 10 IPUHIINIY CIIeMN(MUIHOCTA OCHOBHOTO (pHOPMII-
JISIPHOTO OeJIKa-TIpeAIIeCTBEHHKA aMILIONIA.

CeroHs BBISIBJIEHO 60Jiblie 36 OeIKOB-IIPE/IIIECTBEH -
HUKOB aMWJIOWIA MPHW pa3HBIX aMIIOUI03aX Y YeI0OBeKa
[2], cpenn KOTOPBIX BRIAEISIOT He MeHee 10 HacencTBeH-
HbIX opM (Tab. 1). CymmapHast 4acToTa BCeX TUIIOB aMH-
Jionpo3a oneHuBaetcs kak 47,/100 toic. [3]. YacToTa BeTpe-
YaeMOCTH HaCJIeICTBEHHBIX (DOPM TTI00ATBHO COCTABIISICT
1 Ha 1 MJIH B TOJI, HO MOXET OBITh BeCbMa BapuadeIbHOMI
B OHIEMUYHBIX peTUOHax [4].

Cpenu rmepeIrcIIeHHBIX HACIESACTBEHHBIX (hOPM camast
yacTasi — TpPaHCTUPETUHOBBIN aMUIIONA03 (OT axes. Amy-
loidosis transthyretin, ATTR): ¢aranpHOEe cUCTeMHOE
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Tabmua 1. Hacaedcmeennvie ghopmel amunoudoza

Table 1. Hereditary forms of amyloidosis

Genetic type*

AMYLOIDOSIS, HEREDITARY, TRANSTHYRETIN-
RELATED (# 105210) **

AMYLOIDOSIS, 3 OR MORE TYPES (#105200)
AMYLOIDOSIS, RENAL (#105200)
AMYLOIDOSIS, FAMILIAL VISCERAL (#105200)
?AMYLOIDOSIS, FAMILIAL VISCERAL (#105200)

AMYLOIDOSIS, FINNISH TYPE (#105120)

CEREBRAL AMYLOID ANGIOPATHY, DUTCH, ITALIAN,
IOWA, FLEMISH, ARCTIC VARIANTS (# 605714)

CEREBRAL AMYLOID ANGIOPATHY (# 105150)

CEREBRAL AMYLOID ANGIOPATHY, PRNP-RELATED,
INCLUDED (#137440)

CEREBRAL AMYLOID ANGIOPATHY, ITM2B-RELATED,
1 (Dementia, familial British) (# 176500)
CEREBRAL AMYLOID ANGIOPATHY, ITM2B-RELATED,
2 (Dementia, familial Danish) (# 117300)

AApoCII amyloidosis [5]

AApoCIII amyloidosis [6]

Renal Amyloidosis Associated
'With Apolipoprotein A-II Variant [7]

Inheritance Gene (locus) Protein

i TTR (18q12.1) Transthyretin
" APOAI(11g233)  Apolipoprotein Al
e LYZ(12q15) Lysozyme
o FGA (4931.3) Fibrinogen
1/:;,1[)[ B2M (15g21.1) Beta-2-microglobulin
i GSN (9433.2) Gelsolin

f}g APP (21q21.3) I;";gﬁggir %i?t?ﬁl
‘:’g CST3 (20p11.21) Cystatin C

" PRNP (20p13) Prion protein
‘/:‘ID[ ITM2B (13q14.2) In‘e%fr f(i)ltgilrelfggrane
i APOC2(19q1332)  Apolipoprotein C I1
ﬁ'g APOC3 (11g23.3) Apolipoprotein C I11
ﬁ'g APOA2 (1g23.3) Apolipoprotein A-I1

* Hazeanus eenemuuecKux 6apuUanmos Hacae0CmeeHHbIX popm amuioudo3a u 6eaKo8bix npooyKmoe coomaemcmeayouux eeHo8 npueo-
damces coenacto 6aze OMIM [8]. **Cambiit yacmoiii eenemuueckuil 6apUaHm HaAcAe0CMEEHH020 AMUAOUA03A — MPAHCIMUPEMUHOBBLLL.

Ilpumenanue. Al — aymocomuo-0omuHaHmHulil.

*Names of genetic variants of hereditary amyloidosis forms and protein products of the corresponding genes are given according to the OMIM database [§].

**The most common genetic variant of hereditary amyloidosis is transthyretin.

Note. AD — autosomal-dominant.

nporpeccupyioliee 3aboieBaHue, MTPOSIBISIONIEECS Mpe-
UMYILECTBEHHO TSKEJI0M IMOJIMHENPOIIaTUE, BETeTaTUB-
Ho1 mucyHKUMEH 1 mopaxkeHneM cepama. CMepTh Ha-
crymaeT B TeuyeHue 7—12 jer ot mebiora OOJIe3HU
P OTCYTCTBUM alcKBaTHOTO JiedeHUsI [9].

Hapsiny ¢ HacnenctBeHHbIM ceMeliHbIM AT TR Bbiae-
JISTIOT CIIOPAANIecKyio (hopMy CTapIeCKOTO (CEHWIBHOTO)
cuctemHoro ATTR, mpuunHO#t KOTOPOTO SIBISIOTCS OTIIO-
xkeHus TpanctupeTnHa (TTP) mukoro tTuma [10], mpenmy-
IIECTBEHHO JIOKAIU3YIOIIMecs B cepale. JlaHHbIi BapuaHT
ropaxaer Jiojeil B ocHoBHOM cTapiue 60 jet [11]. B or1-
Jymyue ot cemeitHoro AT TR ceHUIIbHBIN CUCTEMHBI aMU-
JIONJ03 CUUTAETCS PACIPOCTPAHEHHBIM 3a00JIeBAaHUEM,
CBSI3aHHBIM CO CTapPEHUEM, TIOCKOJIbKY OTJIOXEHUST aMUJIO-
Ma JMKOro TUIIA B cepale BcTpevalotes y 12—25 % moneit

crapire 80 set [11]. CnemyeT OTMETUTD, YTO OTJIOXKEHUS
TTP BcTpeyaloTcst He TOJIBKO B CE€pALe, HO U BO MHOTUX
JIPYTUX OpraHax: aopTe, JIETKUX, XETYA0YHO-KUIIEYHOM
TpakTe, TIeYeHU, TIOYKAX Y COSAMHUTETbHOM TKaH!. CUHIPOM
KaphnaJlbHOTO KaHajia — OJHO M3 HauboJsiee pacrnpocTpa-
HEHHBIX MPOSBIEHUN CEHWJIBHOIO CEMEMHOr0 aMmujo-
WU103a, KOTOPOE YacTO MPEALIECTBYET CEPACYHBIM CUMIITO-
mam [11].

Ucropnuecku cemeitabiit ATTR cumranca peakum
9HIEMUYHBIM 3a00J1eBaHueM. COBEpIIIEHCTBOBAHWE TMAT -
HOCTUKU, BKJTIOYAsi TEHETUYECKUE U UMMYHOTUCTOXUMMU -
YECKME METOJbI, MO3BOJIMIIO BBISIBUTh 3HAUUTEJIBHO OOJIb-
1ree 9rciio naueHToB ¢ cemeitHbiM AT TR 1o Bcemy mupy
[11]. Takum obpazom, peasibHast yactota ATTR okazanach
BBILIE. YUUTBHIBASI BBICOKYIO JIETAJIBHOCTD 3a00JIEBAHUS
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1 HAJIM4YMUE COBPEMEHHBIX BO3MOXHOCTEH JICYCHMA, OYC-
BUIHA HEOOXOAMMOCTb IMOBBIILIEHUST I/IHd)OpMI/IpOBaHHOCTI/I
1 HACTOPOXKEHHOCTU Bpaqeﬁ pa3IMYHbIX CIIELMAIBHOCTEN
B OTHOILIEHUX TAHHOW ITaTOJOTHUH.

len TTR: cmpykmypa, cnekmp mymauuii

MonexynsspHO-TeHeTUIeCcKasl IpUYHA HACJICICTBeH -
Horo ATTR — myraumu rena TTR (18ql12.1) [12—14].
Crpykrypa reHa T7TR xopomro n3ydena [12, 13, 15]. Ten
KJIOHMpOBaH B 1984—1985 rr. [15, 16], uMeeT MIMHY OKOJIO
7 THIC. Iap HYKJICOTUIOB M COCTOMT U3 4 5K30HOB.

DK30H | KomMpyeT CUTHAIBHBIN Ten Ty 13 20 aMIHO-
KHCJIOT ¥ 3 MEPBBIX aMMHOKHCIIOTHBIX OCTAaTKa 3PEJIOro
Oenka. DK30H 2 KOIMPYeT aMUHOKHUCIOTHBIE OCTaTKU
4—47, 3x30H 3 — 4792, 5x30H 4 — 93—127[15, 16]. Ucro-
pPUYECKN HyMepalnio aMMHOKHUCIIOT BeJIu 0e3 ydeTa mep-
BbIX 20 aMUHOKHUCIIOT, KOAMPYIOIINX CUTHAIBHBIN TTETITUI,
HauMHas ¢ MepBOil aMMHOKHUCIIOTH B 3pesioM Oeske. Om-
HaKOo TI0 TIpaBUJIaM COBPEMEHHOI HOMEHKIIaTYphl, OCHOBAaH-
HBIM Ha MeXXnyHapomHbIx pekoMeHmanmsx HGVS (Human
Genome Variation Society) [17], HyMepaIrnio aMITHOKHICIIOT
B OCJIKe BEAyT CTPOTrO HAYMHAsI ¢ aMUHOKHUCIIOTHI, COOT-
BETCTBYIOIIEH ITEpBOMY CTapTOBOMY KOIOHY. B mutepary-
pe 111 HauboJiee M3BeCTHBIX MyTauuii B reHe 7TR, Hanpu-
mep Val30Met, Vall22lle, Ile84Ser, Aspl18Gly, mmpoko
HCITOJIB3YIOT TPaaUIIMOHHBIE Ha3BaHUS (COBpPEMEHHAS
3aIMCh YKa3aHHBIX MyTallMid OydeT ciemyromias: p. Val-
50Met, p. Val142lle, p. Ile104Ser, p. Asp38Gly cooTBeTcT-
BeHHO). CrienianvcraM HeOOXOANMO YUUTHIBATh UCTOPU -
YeCKy10 0COOEHHOCTh HOMEHKJIATyphl MyTaluii B reHe 71TR
BO M30eKaHWE ITyTAHUIIBI.

B nacrosammit MomeHT o faHHbM 0a3sl HGMD B re-
He TTR ormcano 162 marorenHbix BapuanTa [18]. [Tomas-
JisTroliee GONBITMHCTBO M3 HUX (98 %) — 3TO pasiuyHble
MUCCEHC-BapHUaHTBI B Pe3yJIbTaTe OTHOHYKICOTUIHBIX
3ameH. Kpome Toro, omnucana 1 uHcepius 6 HyKJI€OTUIOB
(c.212_217dupAGTCTG, p.(Glu71_Ser72dup)), 1 TpexHy-
KieotuaHas aenenus (c.424 426delGTC, p.(Vall42del)),
MIPUBOISIIAS K TTOTepe aMUHOKHCIOTHI BaJUH B TOJIO-
KeHuu 142, n 4 HeOOJIbIIE MHCEPIIMOHHO / IeJICITMOHHBIC
MyTaluy, 00yCIOBINBAIOIINE CIMHUYHBIC aMUHOKHCIIOT-
Hble 3aMeHH (¢.142_143delGTinsTC, p.(Val48Ser); ¢.220
221delGAinsCT, p.(Glu74Leu); ¢.220 221delGAinsTT,
p.(Glu74Leu); c.265_266del TAinsAT, p.(Tyr891le)). Eciu
YUUTBIBaTh 0COOCHHOCTD CTICKTPa M XapaKTepa pacrpee-
JeHuss Mytauuii B reHe TTR, HanOojee oNTUMalbHBIM
MOJICKYISIPHO-TEeHETUICCKIM METOIOM aHaJI3a TaHHOTO
TeHa SIBJISIETCS TIPSIMOe CeKBeHMpoBaHMe o CeHrepy Bcex
KOIMPYIOIINX YYaCTKOB M 00JIacTell SK30H-MHTPOHHBIX
COeIMHEHUI TeHa.

BonpImMHCTBO M3BECTHBIX MyTALIViA BBISIBJICHBI B €M -
HUYHBIX CITy9asix/CeMbsIX, JTUIITb HECKOJIBKO 13 HIX UMEIOT
IIUPOKOE pacmpocTpaHeHne Bo BceM mupe [3]. Tak, mo-
MUWHUPYIOIIEH TOBCEMECTHO MyTalueil sseisieTcst Val30Met
(p.Val50Met, ¢.148G>A), onucanHas B 1980 1. 1 sBJIsTIO-
11asicsl CeroiHs Haubosee U3ydeHHbIM BapuaHToM reHa 7TR

[19]. Ha ee mosmto npuxonurcest mpakrrdecku 100 % ciydaes
3a00JIeBaHMST B SHACMUIHBIX PETHOHAX U IO IOJOBUHBI
1 60Jiee — BO MHOTHX €BPOITEHCKIX CTpaHax (Tadi. 2).

Ta6muua 2. Yacmoma mymayuii eena TTR 6 pasznvix cmpanax

Table 2. TTR gene mutation frequency in different countries

Crpana MyTranus* Yacrora, %
Val30Met 99
IMopryranus [3]
Portugal [3] Val28Met 0,8
Arg50 1 Pro52 0,2
Val30Met 95
Isemus [3] .
Sweden [3] His88Arg 2
Ala45Ser 0,5
Val30Met 72—100
Wlenerzren ] Val22Leu 15
Spain [3]
E89K 9
Kurp [3] Val30Met 100
yprus [3]
Bpazunus [24] .
Brazil [24] Val30Met 90—96
Val30Met 51
(HeHIEeMUY. PETUOHDI)
Val30Met (nonendemic regions)
Anonus [20] Val30Met 10,6
Japan (PHOEMUY. PETUOHBI)
Val30Met (endemic regions)
Jpyrue Mmytauuu 38,5
Other mutations
Val30Met 63
Dpannys [3]
France [3] Ser77Tyr 12
Ser77Phe 6
Tepmanms [3] Val30Met 40—60
Germany [3] Val20lle 8-22
Val30Met 30
Hunepnaugsr [3]
Netherlands [3] Val7lAla 25
Tyr114Cys 20
Val30Met 35
Wramist [3] Glu89Gln 25
taly [3]
Phe64Leu 15
Glu89GIn 31
Typuus [3] Gly47Glu 25
Turkey [3]
Val30Met u GlyS3Glu | Kaxaad
each one
Glu89GIn 81
Iz ] Val30Met 10
Bulgaria [3]
Ser77Phe 7
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Oxonuanue mabauypt 2
The end of table 2

Crpana Myranusa® Yacrora, %
Thr60Ala 47
E%J}uxo@maﬂuﬂ Val30Met 14
Great Britain [25 6
V1221 n E89K “‘g  RaKTias
each one
CIIIA [26] Thr60Ala 24
TMPENMYIIECT-
(Tpeumneymec Val30Met 15
HaceJIeHne)
USA [26] Val1221le 10
(predominantly
white population) Ser77Tyr 5
Poccist Val30Met ~59
(cobcTBEHHbIE
JAHHbIE) Phe33Leu -9
Russia 1_16}07%‘1 ~9
(own data) Jpyrue MyTaiu ~23

Other mutations

* Hazeanus mymauuii npusedervl coeaacho mpaouyuoHHoll
HoMenKaamype.

*The most common TTR gene mutations in different regions.
Mutations are given according to traditional nomenclature.

Ecmu B [Toptyranuu u [lIBetru Val30Met mpaktuue-
CKM €OIWHCTBEHHBIN BBISIBISIEMbII BapUaHT, TO B SITToHNN
CIIEKTp MyTallnii boyee pa3HooOpa3eH. MMHTepecHBIE pe-
3yJIBTaThl MOJIYYEHBl B XOJ€ HENAaBHETO MCCIENOBAHUS
T. Yamashita u coast. B 2017 1. [20]. B SImonnuu manyeHTHI
¢ ATTR V30M B He3HIEeMUYHBIX PeTHOHAX W MAIIACHTHI
c He-V30M ATTR B sHIeMHUYHBIX pETMOHAX BCTPEYAIOTCS
ropaso 4aiie, YeM paHee IIpearonaraioch (cM. Tadm. 2).

Hau6onpmras ajurebHas 9aCTOTa BCTPEYaeMOCTH 3a-
pervcrpupoBaHa mig BapuaHTa Vall22lle, pencraBieH-
Horo y 3—3,9 % adpoamepuxaHiieB u 6ojee yeM y 5 %
MpeacTaBUTeNell HEKOTOPBIX MOMynsIuii 3amagHoil Ad-
PUKY (HM OIVH IPYTOi1 TTaTOTeHHBIN BapraHT 771 R He mMe-
€T TaKolt BEICOKOI yacToThl). [1pn 3ToM yacToTta Vall22lle
B AMepuKe cpeay 0e10ro HaCeIeHUST M ICTIAHOTOBOPSITITNX
coctasiser 0,44 1 0,0 % coorBeTcTBeHHO [21, 22].

OGpaniaeT Ha cebs1 BHUMaHUE CITEKTp MyTanuii B boi-
rapuu: 3aech foMmuHUpyeT BapuanT Glu89Gin, obycioB-
nuBatoiunii 10 80 % ciyuyaeB 3a00sieBaHKs (IIpUMeYaTe b~
HO, YTO Ha JOJII0 JAHHOTO BapHaHTa IIPUXOIUTCS OKOJIO
Tpetu ciaydaeB B Utamuu (25 %) v Typuuu (31 %)).

B BenukoOputaHuu HauOosbllIee pacpocTpaHeHUe
nosiyurna myrauust Thr60Ala (47 %), KkoTopast OTHOCH-
TeJIbHO YacTO BeTpevaeTcs U B AMepuke (24 %) 1o cpaB-
HEHMIO C APYTUMU CTpaHaMU (HaHHas 3aKOHOMEPHOCTH
JIETKO OOBSICHSIETCSI ICTOPMYCCKIMM COOBITUSIMU, CBSI3aH-
HBIMU C KOJIOHU3aIMel AMEpUKI aHTIJIMIaHAMM ).

B Poccum 1o maHHBIM MOJIEKYJISIPHO-TEHETHYIECKOTO
aHamm3a 22 HepoACTBeHHBIX mNpobaHmoB ¢ ATTR

W3 pa3INIHBIX pernoHoB PD, mpoBeneHHOTO B 1ab0paTo-
puu JHK-mnarnoctnku ®I'BHY «Meanko-reHeTMuecKuii
Hay4yHBbI LIeHTp uMeHu akanemuka H.I1. boukoBa», ycra-
HOBJIEHO, 4TO B 59 % (13 GOJIbHBIX) IPUUMHOW GOJIE3HU
sBwtack mytaumsa Val30Met (aHATOTUYHO OOJIBIIMHCTBY
€BPOMEMCKUX CTpaH); MO 2 pa3a BCTPETWJINCHh BapUaHT
Phe33Leu (9 %), paHee onMcaHHbBIIA y IALXEHTOB C MOJIb-
ckuMu KopHsimu [23], u BapuanT 1le107Val (9 %); onHo-
KpaTHO BBISBJICHBI MAaTOTeHHBIC BapUaHTBHI Ser23Asn,
Ala25Thr, Ala81Val, Glu92Lys, Thr40Asn.

Knuxuka. leHo-theHomunu4ecKue Koppenauuu

B Hacrosiee BpeMst BBIIEISIOT 3 KIIMHAYECKUX (e-
Hotuta HaciaenctBeHHoro ATTR: ATTR-amunougHag
Helipomnatusi, ATTR-amunoungHast KapaguoMuonaTusi
u ATTR-nenToMeHMHIeaabHbIM aMUIONU103 LIEHTPATbHOMN
HEpBHOW CHCTEMBI.

Campblii pacIIpocTpaHeHHBI (PeHOTHUIT — TPAHCTUPETH -
HOBasI ceMeitHast amtonaHast moiHeiiporatyst (TTP-CAI).
Iepsorii cryyait TTP-CAIT 6b11 ormcan B 1952 1. C. Andra-
de [27]. IIpsiMast CBsI3b JAHHOTO 3a00JIEBAaHUS C OEJIKOM
TTP (panee mpeanboyMuH) OblIa ycTaHOBJIeHA B 1978 1.
P.P. Costa u coaBr. [28]. [To3nHee OMoXUMHU4YeCcKHe Uccie-
IOBaHMS ITOKAa3ajM, YTO aMIUIOMIHBIC OTIOXCHUS TP
TTP-CAII cBg3aHbI ¢ EIMHUYHBIMYI aMUHOKUCIOTHBIMA
3ameHamu B 6enke TTP [19, 29].

OcHOBHBIM KiIMHMYeckuM npossiaenneM TTP-CAIT
SIBJISIETCST TMCTaJbHAsI BOCXOMSIIAS TIPOTPECCUPYIONIAsT
CEHCOMOTOpHasI oJIMHeponaTusi. B 1edtoTe 00BIYHO 110-
paxaroTcsl TOHKHME BOJIOKHA IeprdeprnIecKnx HEpBOB
C TIOTepeil TeMITepaTypHOl 1 O0JIEBOI YYBCTBUTEIHHOCTHI
B HOTaxX W pa3BUTHEM HEHPOMAaTUIECKOTO OOJIEBOTO CMH-
npoma. [To Mepe TIporpeccupoBaHus 3a00JIeBaHUS B TIATO-
JIOTMYECKUU TIPOIIECC BOBJIEKAIOTCSI TOJICTHIC MUCTMHU3M-
POBaHHBIEC BOJIOKHA HEPBOB, YTO KIIMHIYIECKU TIPOSIBIISIETCS
HapyIIeHHeM TIyOOKOM YyBCTBUTEIILHOCTY U IBUTATEIb-
HBIMU paccTpoiictBamu [9]. B manmpHelIIeM BoBIeKaeTCs
BereTaTMBHAS HepBHAsI CCTEMa C pa3BUTHEM OPTOCTATH-
YeCKO# TUITOTEH3MHU, Ta30BBIX HAPYIIICHUI, IMITOTCHITNH,
KEJIYIOUHO-KUIIEYHBIX PACCTPOMCTB, 00YCIOBICHHBIX
TTopaXkeHNeM MHTpaMypaIbHBIX CITICTCHUI, OJTy>KIaroIIe-
TO HepBa M aBTOHOMHBIX TaHTIneB [30].

B HEKOTOPBIX ClTydasx BereTaTUBHBIC HAPYIIICHUS MO-
I'YT OBITH TIEPBLIMU TIpU3HaKaMu 3a6oseBanms [31]. OpTo-
cTaTi4ecKas TUIIOTEH3MS, 3aII0PhI, YePEAYIOIINECs C -
apeeif, MPUCTYIBI TOIIHOTHI M PBOTHI, 3adepxkKKa
OITOPOXKHEHMS KeJIyIKa, SPeKTWJIbHAS TUCHYHKITNS, aH-
THIPO3, 3aIePKKa MOYH WA HelepXKaHNe MOYH XapaKTep-
Hbel g TTP-CAIT [31]. BeretatuBHBIE paccTpoOiicTBa
Hapsay ¢ MoTepeil YyBCTBUTEILHOCTH MOTYT IIPUBOIUTH
K TTOSIBJICHUIO TPO(PUISCKUX 3B HAa HIDKHMX KOHETHOCTSIX
[31]. YacTo BereTaTMBHAsI HeipomaTHs CYyIIECTBEHHO BIIH-
sIeT Ha Ka4eCTBO XN3HU OOJIBHOTO.

[Ipu oT/IOXXKEHNH aMUJIOMIA B CBSI30YHOM ariapare
¢ KoMIIpeccuel nmeprudeprnIecKX HEPBOB Pa3BUBACTCS
CUHAPOM KapnajabHOro KaHana. B psiie ciydyaeB 3T0 MOXET
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O6bITh nepBbIM nposBieHneM TTP-CAII [9, 32—35]. Dt
W3MEHEHHST 0COOCHHO BBIPAXKEHBI Y OOJBHBIX C OIpeie-
neHabIMu MyTtaumsamu 1TTR: p.Leu78His, p.Leu78Arg,
p.Lys90Asn, p.Ile104Ser, p.Ile127Val, p. Tyr134His [32—35].
OrmmcaHBl TaKXKe CIyJad ITopaXkeH!s CTEKJIOBUIHOTO TeJla
B 1e0r0TE 3a00eBaHMs [36].

OnHakKo B clIydasgx ceMeHWHOI aMUJIOMIHON IT0JIM-
HEHPOITaTUH 10 Mepe MPOTrPeCcCUpPOBaHUS 3a00JIeBaHUS
BO3MOXKHO MOpaXkeH!e He TOJIBKO MeprhepuIecKOil HEpB-
HOM CHCTEeMBI, HO 1 ceplia (peCTPUKTUBHAS KapIHOMUO-
MaTHsl), ITOYeK (IIPOTEUHYPUS C ITOCTICAYIONIAM pa3BUTHEM
IMOYEYHOUN HEIOCTATOTYHOCTH ), I1a3 (IIOMyTHEHUE CTEKII0-
BHIHOTO TeJIa, BTOPUYHASI IJIAyKOMa), a TAKKE IIEHTPAITBHOM
HEpBHOW CHCTeMBbI (KOTHUTHUBHBIC HAPYIICHUS, UIIIEMH-
YeCKUU MJIN TeMOPpParndecKii MHCYIIBT, SIMICITUICCKIEC
MpUIanKu, ruapouedanus) [37].

Broinessror 4 craguun TTP-CAIT:

* 0 — 6eccummnToMHAs (CYOKIIMHIYECKAsT);

* | — u3MeHeHNsT KacaroTCs TOIbKO HOT, UMEIOTCSI MH-
HUMAJIbHBIE HApYLICHUS XOAbOBI, MTOMOJHUTEIbHAS
orropa He TpeOyeTcs;

* II — cragmst mporpeccupoBaHMS HEMPOTIATUH C BOBJIC-
YeHHEeM PYK, IMallieHTy TpeOyeTcsl ITOMOIIb (OIopa
Ha TPOCTh WJIN KOCTHLIB);

* 11— BBIpaKeHHBII HEBPOJOTUUECKUI Ae(PULINT, OOJTb-
HOI HE CIIOCOOEH CaMOCTOSITEIbHO IIEPEIBUTATHC,
IMPUKOBAH K ITOCTEJIN YUIM MHBAJIMTHOMY Kpeciy [38].
CeHCOMOTOpHAS U BereTaTUBHASI HEHPOIaTHsI MOTYT

nporpeccuponath B TeueHne 10—20 net. Yacto hopmupy-
IOTCSI pa3HbIe TUIIBI HAPYIIIEHUS CePICYHOI IIPOBOIUMOCTH.
Ha mo3nHeit craguy 3a601eBaHAS pa3BUBACTCS KaXCKCHS.
IMaumeHTH 0OBIYHO YMHUPAIOT OT CepAeYHOM, TTOYCTHOM
HEIOCTaTOYHOCTH YUTH MH(EKIINH.

TTP-CAIIl — 3aboneBaHue C MO3THUM AeOIOTOM,
XapaKTePHOU 0COOCHHOCTBIO KOTOPOTO SIBJISIIOTCST Bapy-
abeNbHBIN Bo3pacT Hadana (amana3oH ot 20 go 70 mer),
a TaKXe HEeIOoJIHAS IICHETPAaHTHOCTD, 3aBUCSIIIAE OT 3T-
HUYECKOTO IMPOUCXOXICHUS U Treorpad@uIeckKoro pe-
TMOHA.

Bo3spacT Hauana 3a00eBaHUS CHJIBHO Pa3IMIacTCsI
Jake B 3THUYECKW UICHTUYHBIX ITOMYJISIIIUASIX ¢ OTHUM
U TeM 3Xe MaToreHHbIM BapuaHTtoM — TTR. Cpenn mamnu-
€HTOB-HOCHUTeNIell HanboJiee yacToil myramuu Val30Met
BBIICIISTIOT paHHee (mo 50 yet) m mo3aHee (Trocie S0 yer)
HavaJio 3a00JIeBaHVs: TSI JINII SITTOHCKOTO TIPOVICXOXKICHUST
¢ BapuaHTOM Val30Met, KoTOopble CBSI3aHBI C 2 KPYITHBIMU
SHIEMMYECKUMHU odaramu (mepeBHs Ogawa 1 ropos Arao),
CpemHMIA BO3pacT Havasia 3aboeBanust cocrapiser 40,1 +
12,8 roma (mmamna3on 22—74 rona) [34]. st il SIToOHCKOTO
npoucxoxaeHus ¢ Val30Met, KoTopble He CBSI3aHBI C 2 KpyTI-
HBIMM SHACMUIECKIMHA OYaraMu, CpeIHUI BO3pacT Havyajia
3a00JieBaHMsI 3HAYUTEIbHO Oostee mo3aHuii (62,7 + 6,6 ro-
na) (mmarmason 52—80 set) [39]. HJ1st TUIT MOPTYTraIbCKOTO
MPOUCXOXIEeHU ¢ BapuaHToM Val30Met cpemHumit Bo3pacT
Hauajia 3aboeBaHms coctasiser 33,5 + 9,4 roxa (auama-
30H 17—78 ner). Jms1 il mBeacKoro, GpaHITy3CKOTO WIN

OPUTAHCKOTO TPOMCXOXICHMS CPeIHUI BO3pacT Hadajia
HaMHOTO 00JIee TTO3MHMIA, YeM Y JIUII ITTOHCKOTO WM ITOP-
TYTaJIbCKOTO TIpoucxoxaeHus [40].

Ilokazana OGosiee BbIcOKast IeHeTpaHTHOCTb TTR
IUIST OOJIBHBIX U3 SHICMUYHBIX PETMOHOB 110 CPaBHEHUIO
¢ OOILHBIMU U3 IPpYTUX perrnoHoB [39]. HaunGombinas 1me-
HeTpaHTHOCTb oTMeueHa B [lopryranuu u Sinonun. B ITop-
TYTaJIuM pUCK 3a00JIeBaHus y JIUII ¢ BapuaHToM Val30Met
oueHuBaercs B 80 % B Bospacte 50 et 1 91 % B Bo3pacte
70 net, Torga Kak puck y ¢hpaHIy3CKUX TeTepO3UTOT CO-
crasisieT 14 % B Bospacre 50 et 1 50 % B Bo3pacte 70 et
[40]. B LlIBeru neHeTpaHTHOCTL HAMHOTO HIXe: 1,7 %
K 30 rogam, 5 % x 40 romam, 11 % x 50 romam, 22 %
K 60 rogam, 36 % k 70 rogaMm, 52 % x 80 rogam u 69 %
K Bo3pacty 90 ser [40]. Takke B 3TOM permoHe s 3a00-
JIeBaHUS XapaKTepHO 0oJiee MIATKOE TeUCHUE Y MEIJICHHOE
ImporpeccupoBanme, 4eMm B [TopTryranum n Slmonmnu.

PazmaHple TMIIOTE3bI BRIABUHYTHI C IIEJTBIO OOBSICHE -
HUS HabIomaeMoil (PeHOTUITNIECKON TeTepOTeHHOCTH
Hocwurenieii Val30Met (B TOM 9mCIIe BIUSHIE TeHOB-MOIM-
(bUKaTOPOB, POAUTEIBCKOE ITPOUCXOXKICHNE MYTAIUH,
TeHICPHBIN 3(DhEKT, BKIIAT HEKOANPYIOIINX PEry/ISITOPHBIX
BapMaHTOB, MOHOAJICJIbHAS 3KCIIPEeCCHs TeHa, BHEIITHIE
daxTopsl) [41—43]. OgHAKO TOYHOM ITPUYNHBI TAKOTO SIB-
JICHUsI TIOKa He YCTaHOBJICHO.

OrmmcaHBI TAKKe ClTydan OOJbHBIX, SIBIISIIOIIMXCS TO-
MO3UTOTHBIMM MO NaToreHHomy BapuaHty 17R. Hanbosb-
1IIee YKMCJIO TaKUX OOJNILHBIX ¢ BapraHToM Val30Met: kak
MUHUMYM 19 nHIMBHIYyMOB U3 14 cemeii; KpoMme TOTO,
M3BECTHO 8 TOMO3UTOT IO APYruM MyTausim: 5 — Val122lle,
1 — Leu58His, 1 — Phe64Leu n 1 — Ile68Leu [40].

[MpuMedaTeTbHO, YTO HEKOTOPBIE TOMO3UTOTHI IO Ba-
puanty Val30Met ocTatorcst 6eccuMnToMHBIMU [40].

Jlst matoreHHBIX BapuaHTOB 171 R 11oka3zaHa reHo-ge-
HOTHITYECKast KOPPEIISIIIHSL.

BbonbimmHcTBO onmcaHHbIx MyTauuii 77TR 00yca0oBIu-
BalOT CaMBbIi YaCThIii HEMpOMmaTHYeCKUii (heHOTUTI, B TOM
Yyucie HanboJiee XOpolLlIo 3ydeHHbI BapuaHT Val30Met,
OITHAKO M3BECTECH PSII MyTalIiA, aCCOLIMMPOBAHHBIX ¢ O0JIee
penKuMu (PeHOTUTIAMU: KapaUOJIOrMIecKuM — p.Asp38Asn,
p.Val40lle, p.Pro44Ser, p.Ala65Thr, p.Ala65Ser, p.His76Arg,
p.Gly77Arg, p.lle88Leu, p.Alal01Thr, p.Alal01Val,
p.His108Arg, p.Glul12Lys, p.Argl23Ser, p.Leul31Met
n p.Vall42lle [31, 32, 36], JTeNTOMEHUHTUAIBHBIM —
p.Leu32Pro, p.Asp38Gly, p.Ala45Thr, p.Val50Gly, p.Ala56Pro,
p.Gly73Glu, p.Gly73Ala, p.Phe84Ser, p.yr89His u p.Tyr-
134Cys [40], mpu KOoTOpBIX TTeprdeprdecKast 1 BereTaTuB-
Has HEHMpOoMmaTUM OTCYTCTBYIOT MM CJ1a00 BBIpaxKeHBI,
a Takxke ¢ atunmyHbIMU (peHotunamu ATTR. ITokazano,
YTO KpaliHe AecTabuau3upyronie BapuanTel 17R nHay-
LIMPYIOT JISNTOMEHUHTUAJIBHBIN aMuionnos [44, 45].

Crenmpuieckrie KIIMHIIECKIE 0COOEHHOCTH BBISIBIIC-
HBI B TTOITYJISIIUSIX ¢ HEOOIBITMMA SHACMUIECKIMU OJara-
Mu ¢ peakumu mytarsima TTR. Bapuant A97S (p. 1175),
pacrpocTpaHeHHBIN B TaitBaHe, MOXKET ITPOSIBISITHCS OBICT-
PBIM YXyIIICHIEM CUMITTOMOB M AJTbOYMIUHOIINTOIOTMUECKOM
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IHUccoLMaleil 0e3 oTBeTa Ha UMMYHOMOIYIUPYIOITYIO
tepanuio [46]. Bapuant G47A (p.G67A), sHIEeMUYHbBII
B MekcuKe, CBsSI3aH ¢ XapaKTePHBIM TICEBIOCKIIEpOAepMa-
TO3HBIM TTOpaXXeHUEM PYK; IPyTHe paclpoCTpaHCHHBIC
MyTaluu B 3Toi obmact, S52P (p.S72P) u S50A (p.S70A),
WMEIOT TEHACHIINIO TIPOTPECCUPOBATh OBICTPEE M UMEIOT
XYM TPOTHO3 B OTHOIIIEHUHM cepatia [47].

benok mpancmupemun: namorexse3 mpaicmupemuHoBoro

amunouposa

TpaHCTUPETHH SBISETCS TUITMYHBIM aMAJIONIOTEHHBIM
OeslKoM yeJsioBeKa. [lepBoHauanbHO HAHHBINM OEI0K ObLI
Ha3BaH <«IIPEATbOYMWH» WU «THPOKCUHCBSI3BIBAIOIINIA
npeanbOyMuH», TaK KaK UMeJ OJIU3KYI0 C aJlbOyMUHOM
3IIEKTPOGOPETUIECKYI0 aKTUBHOCTh IIPA CTAaHIAPTHOM
s5ekTpodopese 6enkoB [48]. OgHako B manbHelIeM ObI-
JIO TIOKA3aHO, YTO HMKAKOM CTPYKTYPHOI CXOXECTH yKa-
3aHHBIC OCJIKM He MMCIOT M, BO M30eXaHWe ITyTaHUIIBI
C IPOATLOYMUHOM U IPYTUMU «ITPEATBOYMUHAMMY , TIPE-
JIOKEHO HOBOE Ha3BaHUE OeJIKa — TpaHCTUPETHH [49].

OcHoBHag (pusnonornyeckas GyHkuus 6eaka TTP
3aKJIF0YAETCS B TPAHCIIOPTE TOPMOHA IMIUTOBUIHOM XXeJe-
3 TUpOKCHHA (T4) 1 KoMITIeKca peTHHOJICBSI3bIBAIOIIETO
0esika ¢ peTMHOJIOM (0TClo/la Ha3BaHuWe Oejika: transports
thyroxine and retinol). B mocnenHue romp! mpoko oocyx-
JaeTCs MPOTeONTHYecKast akTuBHOCTH TTP B oTHOIIIEHUM
HECKOJIBKMX CyOCTpaToB (amoJumorpoTerH Al, Heitpo-
nentun Y, AB-TIENTUA) U POJIb B HEKOTOPHIX (hYHKITUSIX
HEPBHOIT CUCTEMBI (Cpeay N3ydeHHBIX Ha Monelsix null-TTR
MBIIIIECH CIemyIoNIe MPOIECCHl: MMOBEACHNE, TIO3HAHNUE,
aMHUIVpOBaHUE HelipoIlenTraa, HeliporeHes3, pereHeparmst
HEPBOB, POCT aKCOHOB M MeTabonm3M 6ernka 14-3-3() [50].

TpaHcTupeTnH SIBISETCS BBICOKOKOHCEPBATUBHBIM
0eIKOM, BBISIBJICH Y HECKOJIBKUX BUIOB ITO3BOHOYHBIX.
HenaBHo nocnenoBareibHOCTU, ToMosiornuHbie TTP, us-
BecTHbIe Kak TTP-nmogo6Hble 6e1Kr, ObLTIM OOHAPYKEHbI
y Oaxkrtepuit, HeMaron u pacteHuil. Tak, TTP-nogo6Hbie
oenku 6aktepuii Escherichia coli m Caenorhabditis elegans
00pasytoT romoTeTpamepsbl, Takue Kak TTP, xoTs 6e3 crio-
cobHocTH cBsI3bIBaTh T4 [50].

benok nmeer MmonexkynsipHyto Maccy 55 kK1 u mpencras-
JIsIeT coboii romoreTrpamep. [lepBuuHasT cTpyKTypa Oeaka
mpencTaBieHa 147 aMMHOKMCIOTAMU, OOHAKO KaxKmast
cyobennuniia TTP o6pa3oBaHa 13 127 aMMHOKWCIIOTHBIX
OCTaTKOB (He BKJto4as 20-aMITHOKUCIOTHBIN CUTHAJILHBII
TIETITU), B KOTOPOI MPeodIaaaroT y9acTKy ¢ B-CKiIamdaToil
crpykrypoii [51]. MU3BecTHO, yTO HU3KMI ypoBeHb pH cro-
cobctByet auccouuaunu TTP Ha MoHOMephl. Bronoruue-
ckuii nepuon noiypacnana TTP y moneit cocTaBiisieT OKoJIo
2—3 gHeit. KaTabonmm3M 0eJiKa ITIpOUCXOAUT MPENMYIIECT-
BEHHO B TTICYCHN.

TpaHCTUPETHH COOEPKUTCS B CHIBOPOTKE KpoBH (3,6—
7,2 MKM) 1 cTTHHOMO3T0BOM kuakoct (0,04—040 Mxm)
[11], 95 % 6enka TTP cuHTe3upyeTcs: KJIETKAMU TeUYEeHU
U CEKpETUPYeTCs B KPOBEHOCHOE PYCJIO, MEHBIIIAsI 9acTh —
B COCYIVCTOM CILICTEHUH TOJIOBHOTO MO3Ta ¥ IINTMEHTHOM

snuTenuu cetyatku rina3a. TTP, cunte3aupyemsblii B co-
CYIHMCTOM CIUICTeHUH, CEKPETUPYETCS B OCHOBHOM B CITH-
HOMO3TOBYIO XUIKOCTb M HE TOTAIaeT B CBIBOPOTKY KPO-
BU, Ipu 3TOM o0Opa3syeT g0 25 % 6elKOBOro cocTaBa
CITMHHOMO3TOBOM XuaKoctu. DKcrpeccust TTP naunHa-
eTcsl B MPOIeCCe SMOPMUOHATBHOTO PAa3BUTHS U TIPOIOJI-
JKaeTcs B TeUeHUe Beeil xKu3Hu. YpoeHb TTP B chIBOpOT-
Ke MEHSIeTCS B TCUCHME XXU3HU: OH TTOHIKEH Y 300POBBIX
HOBOPOXICHHBIX IO CPAaBHEHMIO CO B3POCIBIMM 1 HAUM-
HaeT cHmXaTtbes mmocite 50 et [50].

DKCIepUMEHTHI Ha MBIIIAX ¢ BEIKIIOYEHHBIM T€HOM
TTR noka3any HopMaJabHOE Pa3BUTHE T1J10[Ia, HOPMAJIbHYIO
MIPOIOKUTEILHOCTD XXU3HU, (DePTIIIBHOCTD 1 KU3HECITO-
COOHOCTh, OTHAKO HAOJIONATI0Ch CHIDKCHIE YPOBHSI PETH -
HOJIa, KOMIUTEKCa pETUHOJICBSI3BIBAIOIIECTO OEJIKa C PeTH -
HOJIOM (0K0J10 95 %) M rOpMOHA LIUTOBUIHOM KeIe3bl
(1Ha 50 %) B CHIBOPOTKE Y TaKuX XKMBOTHBIX [50, 52]. Ha oc-
HOBaHUU 3TUX JAHHBIX MOXHO IIPEAITIONIOXUTE, 9T0 TTP
HE SIBIISICTCS XXMU3HEHHO HEOOXOMMMBIM OEJIKOM, CKOpee
pe3epBHBIM [11]. [Tpu 3TOM 3HAYMTETBHOI OKa3a/Iach pOJib
TTP nnsa HepBHOM cucteMbl: null- TTR XUBOTHBIE OTJINYA-
JINCh MMPU3HAKAMU IETTPECCUBHOIO MOBENECHNS, TOBBILLIEH-
HOI IBUTATEIbHOM aKTUBHOCTbBIO 1 O€CITOKOMCTBOM, YXY/I-
IIeHWEeM TT03HABaTeJIbHO CITOCOOHOCTH IT0 CPaBHEHUIO
¢ oJHOMOMeTHUKaMM aukoro tvmna [53]. Bbeuto mokasaHo,
yto orcyrcTtBre TTP 3amemsier pereHepaiio HepBOB [54].

HNsmenenne ypoBHs TTP m/wim moBBIIIEHWE €TO
OKUCJICHMST OITMCAHO TIPY PA3IMYHBIX HEBPOJOTMIECKIX
MaToJIOTUSIX YyenaoBeka: cuHapoM IuiienHa—bappe, ppoH-
TOTeMITIOpaJIbHAsI IeMEHIINSI, 00KOBOI aMHOTPOMUICCKIIA
ckiepo3 u 6oie3nb [NapkuHcoHa [55—58]. 3HaunMas Heli-
poripotekTuBHas pojib TTP MHorokparHo omnucaHa
npu umemuu [59] u 6onesuun Anpureiimepa [60]. Tak,
SMHUICMHOIOTTIECKOE MCCIIeIOBAHNE TIOKA3aJI0, YTO TeTEePO-
3UTOTHI 110 BapraHTy T119M, TIOBBIIIIAOIIEMY CTaOMIBHOCTD
oenka TTP, umenu MoHWXKEHHBIN PUCK LIEpeOPOBACKYIISIP-
HOM ITaTOJIOTUM W MOBBIIMICHHYIO MPOIOJIKUTEILHOCTD
KM3HM 110 CPAaBHEHUIO C HEHOCUTEISIMUA TAHHOTO BapraH-
ta [61].

HectabunbHOCTE TeTpaMepoB SIBIISIETCSI OCHOBHOM
npuunHoii pa3zButust ATTR. B kuHeTnueckux ucciaegona-
HUSIX TT0Ka3aHO M3MeHEeHUe KOH(popManun Oejka B pe-
3yJIbTaTe aMuionaoreHou myraiuu 7'TR, 4To BeneT K auc-
CoLlMallMd TEeTpaMepOB Ha CJIabOCTPYKTYpUPOBAHHbIE
CyOBEIMHUIIBI, KOTOPBIE MOTYT 3aTeM COOMPAThCS B aMU-
JIOUIHBIE (DMOPUILTHI ITyTeM CIIOHTAHHOM MOJIMMEepH3allin
6e3 3aTpatsl 3Hepruu [11]. [TokazaHo, 4TO BCe TTaTOreHHbIE
mytauuu TTR o0yclOBAMBAIOT SHEPTETUUECKU MEHEE
ycToitunBoe cocrosiHue 0eka, yeM TTP nukoro tuma [62].
MHuorue BapuanTthl 7TR, Kak U3BECTHO, HE SIBJISTIOTCSI aMU -
JIOUJOTEHHBIMM, & HEKOTOPbIE U3 HUX UMEIOT TPAHCITOAAB-
JITFOIIUT (CYTIpeCCOpHBI) 3(pheKT: HaXomsICh B KOMITAyH/I-
TE€TEPO3UTOTHOM COCTOSTHMHM C ITAaTOTEHHOW MyTalueit
CnocoOCTBYIOT HeoObIYaiHOM ycToitunBocT TTP K auc-
coumanuy terpaMmepa. Cpenn HUX TOOPOKAadYeCTBEHHBIS
BapuaHTHI Thrl119Met u Argl 04His, opmmpyromume 6oee
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cTtabubHbINM BapuaHT T TP nmo cpaBHEHUIO C AMKWAM TUTIOM,
YTO WUTIOCTPUPYIOT in vitro uccnenoBanus [11, 44, 63].

BoipaxkxeHHOCTb 3a60J1eBaHUsI HE MOXET ObITh CIIPO-
THO3MPOBaHA TOJIEKO Ha OCHOBAaHMU SHEPIeTHUECKMX ITa-
pPaMeTpPOB HEIPABMIILHOI YITAKOBKM OeliKa, 0COOCHHO
B CJIydae HaMMeHee CTaOMIbHBIX MyTaHTHBIX opM. He-
KOTOpBIE 0c000 HeCcTaOMIbHBIE (DOPMBI, OOYCIOBICHHBIC
TaKuMHU MyTauussMu, Kak Aspl8Gly u Ala25Thr, comep-
JKaTcs B CBIBOPOTKE KPOBM B OYEHb HU3KMX KOHIIEHTPAIIN-
sIX, 9YTO, BOBMOXKHO, CBSI3aHO C TIPOIIecCaMU BHYTPUKIIETOU -
HOT'O KOHTPOJISI Ka4ecTBa (3aaepKKa B SHIOIIa3MAaTHIECKOM
PETUKYIIyME M IeTpamalus B IpOoTeocoMax KpaliHe HecTa-
OMJIBbHBIX BApUaHTOB). B pesynbraTe HabMI0OaI0TCSI OYCHD
HHU3Kasl CBIBOPOTOYHASI KOHIICHTPAIIUSI TaKUX OCIKOB M,
COOTBETCTBEHHO, CIa00BBIPAKEHHBIC KITMHUIECKIE TTPO-
siBJIieHMST. TakuM 00pa3oM, KJICTOYHAsT CUCTeMa KOHTPOJIS
KadyecTBa 3allUIIAeT OPraHU3M OT TSDKEJI0TO aMUJIOMI03a
3a CYeT CHIKeHUST KOHIICHT AN aMAJIONIOTCHHBIX TTPe-
IecTBeHHNKOB. Hammame KOHTpOIISI KauecTBa OOBSICHSIET
OTHOCHTEJIbHYIO KOHCEPBAaTUBHOCTh BCEX MYTAlIMiA, OITH-
CaHHBIX y 00IbHBIX HacieacTBeHHBIM ATTR. Ot mytaumm
MIPEICTaBICHBl B MOMABISIONIEM OOJBITMHCTBE CIIyJdacB
(Kak paHee 0TMEYajIoCh, OKOJIO 96 %) eAMHUYHBIMU aMU-
HOKUCJIIOTHBIMU 3aMEHaMHU WA eIUHUIHBIMU aMHHO-
KHACIIOTHBIMU AenelnsiMu, Ho He Lof-Bapmantamu (loss
of function) — KpyITHBIMU IeICITUSIMY / MTHCEPIIUSIMU, MY-
TallUSMU CABUTA paMKH, MyTaIlMsSIMA caiiTa CIUTaiicHTa
WM HOHceHC-MyTauusmu [11, 33, 45, 62].

Crout otMeTnTh, uto Lof-BapuanTsl B rene 77TR, of-
HaKo, BcTpevaroTes (1o JaHHBIM 0a3bl gnomAD), B KOoTopoii
cBezieHa MHMOPMAIIS 1o ceKBeHUpoBaHMIO 6oJ1ee 120 ThIC.
9K30MOB 1 15 ThIC. reHOMOB [64]). Tak, omnucaHbl BapyuaH-
ol p.Lys29Ter, p.Argdl1SerfsTer46, p.Val40ProfsTer50,
p.His51ArgfsTer7, p. Tyr125Ter, p.Glu147Ter. Bee, 3a uckimo-
YeHWEM MOCIEIHETO, BCTPETWINCH OMTHOKPATHO, M HY OIWH
W3 3THX BapMAHTOB HE OMMCAH B INTEpaType y OOJIHHOTO
¢ ATTR. BunuMo, Takoii TUIT «TS3KeTbIX» MyTaIuii, 00yc-
JIOBJIMBAIOIINX CePhe3HBIC CTPYKTYPHBIC HapyIIIeHUS Oell-
Ka WJIN €r0 OTCYTCTBHE, TIPEIISITCTBYET COOpPKE TeTpaMepa
M3 TTIOMOOHBIX MOHOMEPOB. Bo3MOXKHO, OymeT cripaBemjinB
BBIBOJI, UYTO YeM MeHBIIe 3(P(hEeKT MyTalli Ha CTPYKTYPY
1 KOH(pOpMAaLIMIo 0eJ1Ka, TeM 00JIbIlle BEPOSITHOCTS JIJIsT Oe-
KOBO#1 CyObeIMHUIIBI BEKUTH B TIPOLIECCE BHYTPUKIICTOU-
HOTO KOHTPOJIS U TTOIIACTh B KPOBEHOCHOE PYCIIO.

Hawub6onee marorennsiii Bapuant T7TR (Leu55Pro),
JMIEMOHCTPUPYIOIINI caMoe paHHee Hadaio 3a001eBaHus,
SIBJIIETCSI HamboJIee AeCTaOMIM3NPOBAaHHBIM BapHAHTOM,
KOTOPHII MOXKET CEKPETUPOBATHCS HA YPOBHSX, COTIOCTA-
BUMBIX C TUKMM TUTIOM, €Ba M30erast Jerpagaliiii B SH-
JIOIIa3MaTUYeCcKoM peTukynyme. Bapuanter TTR, KoTOpbie
MPEUMYILIECTBEHHO MHAYLUPYIOT aMUIOUI03 LIEHTPAJTbHOMI
HEPBHOM CHUCTEMBI, SIBJISIIOTCS HaMMEHee CTaOMIbHBIMU
BapraHTaMu. COCYINCTOE CIICTEHHE CEKPETUPYET BHICO-
KozaecTadbvIm3npoBaHHbIe BapuaHThl 77TR 6onee apdek-
THUBHO, YeM TIeYeHOYHBIEC KJIETKH, 9TO, KaK IPEIIToaracTcs,
00yCIOBIIMBACT M30MpaTeIbHOE OTIIOXECHUE aMIIOMIA

B LIEHTPAJIbHOI HEPBHOM CUCTEME (JIENTOMEHUHIeaIbHbII
amuiionnos) [44, 45].

Pacnpocmpanensocmb. 3thdhekm ocHoBamens

CeromHs 3BECTHO, YTO 3a00JIeBaHIE PACIIPOCTPaHE-
HO TTOBCEMECTHO, OJHAKO MMEET OTHOCUTEIIFHO PEIKYIO
YacTOTY BCTPEYaeMOCTH, KOTOpask K TOMY K¢ BeCchbMa Ba-
puabenpHa B pa3TuyHbIX cTpaHax. B Espomne u CILA (mst
eBpOIIeOUTHOTO HacejeHus1) B cpenHeM yactota ATTR
oneHuBaeTcs Kak 1 Ha 100 Teic. [40]. MHaye KapTHHA BbI-
TJISIIAT B 9HAEMUYIHBIX CTpaHax, B YKciie KOTOphIx [TopTy-
ranus, lIBeuus, AnoHus, roe camMoii 4yacTo MyTaldei
apisgetcsa Val30Met, o0ycioBIMBaooiast IpakKTU4ecKy BCe
clrydau 3a00J1eBaHMS B TIEPBBIX ABYX cTpaHax [3] (mpume-
YaTeJIbHO, YTO B HEOHACMUUYHBIX PETHOHAX SHACMUYHBIX
CTpaH CIIeKTp MyTaluii bonee BapruadeseH [24]). Pacripo-
CTpaHEHHOCTh B HEKOTOPHIX paiioHax Ha ceBepe [lopryra-
nuu (ITosya-ae-Bap3un u Buna-ay-KoHau) oueHuBaeTcs
B 151/100 TBIC. XXUTeneit (4acToTa caydaeB, OOYCIOBIICH-
HBIX BapruaHToM Val30Met, cocrasister 1 Ha 538); B ceBep-
Hoit [lIBeruu — 104/100 TBIC. XUTEEH (YaCTOTA TETEPO-
3UTOTHOIO HOCHUTeIbCcTBa MyTauuu Val30Met — 1,5 %);
B Amonnm — 1,5/100 ThIC. (OTMe9aeTCsl HAKOIIJICHHE 3a-
6oneBaHus B 2 mipedpexkrypax: Arao City in Kumamoto
Prefecture u Ogawa Village in Nagano Prefecture); Takcke
uMmeroTcs nanHbie i Kunpa — 3,72/100 Teic. [65]. Peru-
OHBI C TIOBHIIIIEHHO YaCTOTO BCTPEYAEMOCTH OITMCAHBI
B Mcmanuu, B yacTHOCTY Ha baneapckux ocTpoBax: ImoKa-
3aTeIb pacpoCTpaHeHHOCTH Bapbupyet oT 5/100 ThIC.
Ha ocTpoBe Maiiopka g0 1/100 TeIc. Ha ocTpoBe MeHOpKa
[65]. TTP-CAII onucaH u B Apyrux pernoHax Mcnanum,
OTHAKO YHCJIO MAIMEHTOB B 3TUX paifOHaX HEBEIUKO.

IIpoucxoxnenne myraunu Val30Met 1 ee HepaBHO-
MEpHOE pacIpOCTpaHEeHNE CPEO Pa3TMIHbIX TOMYISIINIA
ocrarorcs HesicHbIMH [66]. [TepBoHayanbHO OBLTIO BBICKA-
3aHO MPEATIOIOKEHIE, 9YTO MyTAIIUS ITPOM30IILIA OT OTHO-
ro ocHoBatess1 B [TopTyrammm u pacpocTpaHIIaCh ITO BCe-
My Mupy, Bkmodast EBpomny, Smonuto, KOxHyio AMepuky
n AdpuKy, B pe3ybTraTte psma UCTOPUISCKUX COOBITHIA,
cBs3aHHbIX ¢ [lopryranueit (Coutinho, 1989). OxHako
IaJbHEHIINEe NCCAeAOBAHMS TTOJMMOPGHBIX MapKepOB
TOKAa3aJIA HAJTNINE HECKOIBKIX TaIIOTUITOB, aCCOITUUPO-
BaHHBIX ¢ Val30Met, B pa3IMIHBIX STHUYECKUX TPYIIaX,
YTO CBHIETEIBCTBYET O MHOXKECTBE OCHOBATeICH, He3aBH -
CHMO BO3HUMKIIHNX B KaXKI0i rpymie [66].

H. Ohmori u coasr. (2004), mpoaHaM3upoBaB 00pa3-
el [JIHK Val30Met-60bHBIX 113 5 peroHOB (2 B SmoHnmu,
octpoBa Maitopka (Mcnanus), [Topryrammu n IBemmm)
Ha cueruieHHble ¢ reHoM TTR, 4 — SNP u 5 — mukpoca-
TEeJJIMTHBIX MapKepa, ycTaHOBWIM, 4To Val30Met nmeer
obuiee mpoucxoxaeHue misi [Hopryranum nu Ucnanuu,
IMopryranuu u dnonuu, Ho He mis Benuu. Takxke aB-
TOPBI MPEANONOXUIN, uTo Val30Met M3HavaIbHO TIPO-
un3onuia B EBporie 1 Obli1a 3aHeceHa B SITTOHUIO MOPTYTraib-
cKUMU ToprosuamMu B XVI B., aKTUBHO TOPTOBaBIINMU
BO Bcex o0macTsix Kiocio (ocTpoB, Ha KOTOPOM pacIioNIOKeH
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Kymamoro) mo nauyana XVII B., korna SlmoHmst crama 3a-
KPBITOM CTpaHoii. Jlajee MyTaHTHBIH aJuIe]Ib pacIpoCTpa-
Hucs Ha Harano u apyrue oomactu Amonun [67].

C. Zaros u coasnT. (2008) Takke MPUILIA K BBIBOLY
0 Pa3IMYHBIX OCHOBATEJISIX TSI TTOPTYTAIBCKIX 1 IIIBEICKIX
Hocurelieit mytauuu Val30Met 1, Kpome TOro, moKasaiun
IMOPTYTAIbCKOE MTPOMCXOXICHNE Opa3sMIbCKOM MyTally
Val30Met [66]. ABTOpaMu ObUT YCTAHOBJIEH BO3PACT BO3-
HUKHOBEHMS M3ydaeMoil myrauuu — 750 u 650 ner mis
Iopryranuu n bpasuimu cooTBeTCTBEHHO U 375 neT myis
[IBeruu. O1ieHKa BO3pacTa MIPOMCXOXKICHIS OCHOBATEIS
COOTBETCTBYET COBPEMEHHBIM 3HAHUSM HUCTOPUICCKHX
coObITHI, cBa3bIBatomX [Topryranuio n bpaswimio [66].

E1te omHYM TTOATBEpKIeHUEM HE3aBUCHMOTO MHOTO-
KpaTHOTo npoucxoxaeHust myraiuu Val30Met B EBpomne
sBisieTcst padora A. lorio u coaBr. (2014) [68], moka3biBa-
oIIIast HAJIMIKME CBOESTO OCHOBATEIIS VTSI MTAJIbSTHCKOM T10-
IMyJISIIAH, 6oJiee IPeBHETO IO IIPOMCXOXKICHUIO TI0 CPaB-
HEHMIO C TTOPTYTaIbCKUM. YCTaHOBJICHO, 4yTo B MTammu
Val30Met Bo3Huki1a okoso 850—900 et Ha3an [68].

Hanuuune HeckolbKMUX ocHoBaTesneit mis Val30Met,
CBUIETEIBCTBYIONINX O HE3aBUCUMOM ITPOUCXOXKICHUN
STOM MYTalLIMM B Pa3IMIHBIX CTPaHaX, B HEKOTOPOM CTETICHU
00BICHSIET (PeHOTUTINYECKYIO reTeporeHHOCTh TTP-CAIT:
BapHaOeIbHBIIN BO3pacT Havyala 3a00JIeBaHMsI, BapraOeiIb-
HYIO HEITOJTHYIO TTEHeTPAHTHOCTb M CTETICHD IIPOSIBIICHUS
KIMHIYIECKUX CUMITTOMOB B Pa3TMIHBIX HOITYJISTIUSIX. Pac-
TyIIIee YHCIIO TOKA3aTeIbCTB YKa3bIBaeT HA TO, YTO HEKOIM -
pyIOIIe BapHaHTBI UTPAIOT KITIOYEBYIO POJIb B PETY/ISIINN
TeHOMa YeJI0OBeKa He TOJBKO C TOUYKM 3PEHUS SKCITPECCUN
TeHOB M TPAHCKPUIILMK OejIKa, HO TaKKe M B pETryINpOBa-
HUY MOJIEKYJISIPHBIX TTyTel. OmHaKO OHY JIUIIIb TeHeTUYIe-
cKue (DaKTOPHI He MO3BOJISIIOT B IIOJTHOI Mepe 000CHOBATH
denorunmueckyio rereporeHHocTh TTP-CAII, a B ocobeH-
HOCTH BHyTpHceMeliHy0. Tak, BOIpoC 0 TUCKOPIAaHTHOCTH
kmHndeckux npossinennii TTP-CAII cpeny map MOHO3M-
TOTHBIX OJIM3HEIIOB OCTAETCSI OTKPHITHIM M 3aCTaBIISICT

3ayMaTbCAd O HAJIMYMUN HETCHETUYCCKUX CbaKTOpOB, B 4acT-
HOCTHU SITMICHETUYCCKUX 1 BHCITHECPCIOBbIX.

DOuddrepenyuanbias guarHocmuxa

TTP-CAII — penkoe 3a6oyieBaHNe ¢ HECTIELTM(PUIHBI-
MU CUMITOMaMu. B HEsHAEMUUHBIX CTpaHax CpeaHUN
WHTEPBaI BPEMEHU 10 TOCTAHOBKM BEPHOIO JMarHosa
MOXET COCTaBUTH OT 2 0 5 jieT. B HEeKOTOPBIX Cirydastx
Jlaxke Y MOJIHOCTbIO 00CIeI0BAaHHbIX MALMEHTOB BO3HUKA-
0T TPYIHOCTH ITpY BepuUKaLu nuardosa [69]. 3agepxka
MOCTaHOBKM BEPHOIO AMarHo3a Juiiaer 00JbHOTO TOTO
CaMOTO «TePaIeBTUYECKOT0 OKHA», KOTIa MOTJIa ObI OBITH
MaKCUMaJIbHO 3 (DeKTUBHA CYIIeCTBYIONIAS Ha CETOMHSIIII-
HUI OeHb maToreHeTndyeckas Tepanud [70]. I[IpuHumasg
BO BHMMAaHUe BblllI€yKa3aHHbIE 0COOEHHOCTHU, HEOOXOIU -
MO YBEJIMYUTh HACTOPOXEHHOCTb Bpaueil B OTHOLLIEHUU
MPOTrpecCcCUpyolIeil MIMONMAaTUYECKON NOJIMHERpONaTHH,
0COOEHHO Pe3NCTEHTHOM K CTaHAAPTHBIM METOAAM Tepa-
nuu. XapakTepHble TPU3HAKK, KOTOPbIE MOTYT MOMOYb
nneatudunnposatb TTP-CAIl, — ceMeifHBIII aHaMHe3
¥ MYJIBTUCUCTEMHOCTh TTopaxkeHus1. CiemoBaTeIbHO, BaXK-
HO TIOJyYUTh TOJHYIO UCTOPUIO 0OJIE3HU C MOAPOOHBIM
OINMCaHMEM CUMIITOMOB CUCTEMHOTIO 3a00J1€BaHMs, a TaK-
K€ MOJIHYIO 1 TToApoOHYI0 ucToputo cembu [71]. Hanuuue
nporpeccupylouieil nepupepuiyeckoin CEeHCOPHO-MOTOP-
HOM MOJIMHEWPOIIATAM 1 110 KpaliHell Mepe OHOTO U3 CJIe-
JIYIOIIVX TTPU3HAKOB MOXET CBUIeTeNbCcTBOBaTL 0 TTP-CAIT:
ceMeiHasi UICTOpHUSl HEMpOTNaTUM, PaHHSs BereTaTMBHas
JUC(hYHKINA, TOPaXeHUe cepaua, Auapes, 3arop, 4epe-
NyIollIMecs AMU30/bl 3amopa U AMapeu, HEOObSICHUMOE
CHUKEHME MAcCChl Tejla, CUHIPOM KapIaJlbHOro KaHaia,
MoYyeyHasi HEAOCTATOYHOCTb WM MOMYTHEHUE CTEKJIOBU/I-
Horo Tefa. [lepeurcieHHbIe CUMIOTOMBI IPUHSITO HA3bIBATh
«kpacHbIMH (aramu» TTP-CAII (cM. puCcyHOK).

Heiiponatus siBnsieTcst BaXKHOM 0COOEHHOCTBIO HECKOJTb-
KHX TUITOB CUCTEMHOTO aMWJIOMI03a U, KPOME MOAABJISTIOLLIAX
ciiyyaeB HacneactBeHHoro ATTR, wacto HabGmomaeTcst

CemelnHbI aHamHe3 / Family history

f |

BeretatuBHas Helrponatua / Autonomic neuropathy

MopaxeHue XKT / Gl complaints

HeobbacHumas noteps Beca / Unexplained weight loss

Mporpeccupytowasn

CMMMETPUYHaA CEHCOMOTOPHasA
Henponatua / Progressive
symmetric sensory-motor

neuropathy

>1 13 cnegyowmx
Kputepuies /
>1 of the following

lMnepTpodua Mmokappaa, apUTMUK, HapyLIEHWEe BHYTPCEPAEUYHOM
npoBoAMMOCTU, Kapanomuonatus / Cardiac hypertrophy, arrhythmias,
cardiac conduction disorder, cardiomyopathy

[1ByCTOPOHHUIA CMHAPOM KapnasnbHOro KaHasna /
Bilateral carpal tunnel syndrome

MopaeHwne nouek / Renal abnormalities |

\

lMomyTHeHune cTeknoBugHoro Tena / Vitreous opacities |

«Kpacnvie gpraeu» mpancmupemurnosoii cemeiinoti amunoudroi noauneiponamuu (no Conceiago A. ¢ coagm. (2016) [72] ¢ modugpurxayusmu)
«Red-flag» symptom clusters in transthyretin familial amyloid polyneuropathy (according to Conceiago A. et al. (2016) [ 72] with modifications)
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y TIAIIMEHTOB C HACIeACTBeHHBIM ApoAl-aMIIonao3oMm (TUIT
Iowa), o6yciopineHHbIM Gly26Arg-MyTaleii, TAKKE SIBISET-
cd BaXHOW OCOOEHHOCTBHIO HacienctBeHHOro AGel-
amwmitonno3a (puackuit tum) [73]. Oognako TTP-CAII
BpsiA I OyIeT OIMMOOYHO IMPUHUMATHCS 33 YKa3aHHBIC
dopmMBI aMUIIONI03a, TIOCKOJIBKY OHA UMEIOT HEKOTOPBIC
OTJIMIUTEIIFHBIC XapaKTePUCTUKMA.

OCHOBHBIMU KJIMHUYECKUMU TTPOSTBIIEHUSIMU ApoAl-
aMIUIONIO3Aa SBJISIOTCS aMUAJIOMI03 TIOUEK (TIPeUMYIIIeCT-
BEHHOE OTJIOKEHUE aMUJIOUIA B KPOBEHOCHBIX COCyAax
1 MEOY/UIIPHBIX CTPYKTYpax) M a30TeMUs, Jallle BCETO
cayXarrast IpudHOM JIeTaIbHOTO Mcxoaa. [IpoTenHypust
OYCeHb OIpaHWYEHHA, IPAKTUIECKA HE pa3BUBAETCS He-
dpoTrdecKuit CHHAPOM B OTJIMYME OT AA-aMHJIONIO3a
n AL-ammionno3a, mpu KOTOPBIX HEPACTBOPUMEBIE (U~
OpWILTBI OTKJIAABIBAIOTCS B KITyOOoUKax rmouek [73]. Ipyrue
OpraHbl TAaKKe MOTYT OBITh BOBJICUCHBI: TIeYeHbD, CEIe3¢HKA
u nHoraa cepaie. OmmcaHo okoyo 70 MyTaluii B TeHE
APOA1 (18], Ho mutb Gly26Arg — eIMHCTBEHHBII BAPUAHT,
IIpY KOTOPOM pa3BUBAeTCsS HEHPOIATHS, TP 3TOM IIpa-
KTUYeCKU naeHTnuHag TakoBoii mipu ATTR [18, 74]. He-
CMOTPS Ha TSKEIYI0 HEHPOIIaTUIO, CMEPTh OOBIYHO CBSI-
3aHa C MOYEYHOU HENOCTATOYHOCTBIO.

Heiipormatug npu AGel-amuionnose neGIOTHUPYET
B cpeaHeM Bo3pacTe (mpubiausuTenbHo B 40 JeT)
KaK IIpOrpecCcUpyIoniast HeiipoImaTus YepeTHbIX HEPBOB,
1 TOpa3mo MOo3Xe MOXET MPUCOCANHUTHCS Mepudepu-
yeckKasl Heiiponartusi, 3aTparuBaioiiass KOHe4YHOCTH [75].
[lepBrIit xe cUMIITOM 00JIE3HU — pelleTdaTast INCTPO-
¢usg porosunsl B Bo3pacte 20—30 jeT — TUNUUYEH
st AGel-amuiongosa, 9To aejlaeT TMAarHOCTUKY JaH-
HOT'O COCTOSIHMSI OTHOCHUTEIBHO mnpocToit [76]. Boib-
IIMHCTBO MOCTPAIaBIINX JIUIL IIPOUCXOMSAT U3 FOr0-3a-
magHo PWHISHINM, XapaKTepHBIC MyTallid B TeHE
GSN — Aspl187Asn u Aspl187Tyr. bonbIIMHCTBO TTaLv-
€HTOB reTepO3UTOTHBI IT0 MYTAIIMA ¥ UMEIOT CKPOMHOE
BOBJICUCHUE BHYTPEHHUX OPTaHOB, B OCHOBHOM C COCY-
IUCTHIMU TIPOSIBIICHUSIMH; TOMO3UTOTHI MOTYT UMETh
TSKEJI0€e CUCTeMHOE 3a00JIeBaHIe C TTIOYCTHOM HeIoCTa-
TOYHOCTBIO [73].

OueHb penkas U MeHee OBICTPO IPOTPECCHPYIOMIAsT
HacJIeICTBECHHAs HelpomaTusi, cBsI3aHHas ¢ truncation-
MyTalldsSIMU B TeHE IIPUOHHOTO OeIKa, MOXET OJTM3KO UMH-
tupoBaTh TTP-CAII [77] n gomKHa yYUTHIBATHCS TPU
InddepeHIMaNBEHON TNAaTHOCTHUKE.

Camas yacras mpyuIrHa aMIIOMIHO HEUPOITaTUN —
TIepBUIHBIN IMMYHOTI00YIMHOBEIN AL-aMmionnos, mpu
KOTOPOM 0K0J10 20 % GOJIbHBIX UMEIOT IIepUdepUIECKYIO
MOJUHENPOIIATUIO U €111e O0JIblIee YMCIIO — CUHIPOM Kap-
najxbHOoro KaHauna [73]. TakKe xapakTepHbI BeTeTaTUBHAS
HeliponaTus, KaApANOMHUOIIATHS 1 TTOYeYHAsT HEIOCTaTOd-
HOCTb. AL-aMUJTONIO03 — CITOpaguIecKoe HeHACICICTBEH-
Hoe 3a00JieBaHue [73], 3HAUNTEIHHO CXOXKee IO KIIMHUYe-
ckoii cumrnrtomatuke ¢ ATTR, uTo BhI3BIBaeT OOJbIINE
TPYAHOCTHU B nrddepeHIIMATbHON TnarHocTuke. B Takmx
CITyJasiX MCIIOIb3YIOTCSI BCIIOMOTATeIbHBIC METOMBI: M-

MYHOTHCTOXMMHMIECKOE MCCICIOBaHNE I MAacC-CIIEeKT-
pOMeTpHsI OMOIITaTa NCCIIEMYyeMOM TKaH!, TIOJIOKUTETbHBIN
CBIBOPOTOYHBII 1/ MOYEBOI MOHOKJTOHAJIBHBIN OEJIOK,
OoTpHUIAaTeJbHAsI CHUHTUTpadus MHUOKapma ¢ TexXHe-
uuii-99m-nupodocdarom.

Cpenn HeaMUJIOUIOTCHHBIX HEHPOITaTHii, KOTOPBIE
cJIemyeT YIUTHIBATh ITpU T bepeHIINATBHON TUarHOCTH -
ke TTP-CAII, MOXHO BBIIEJINTH CJIEAYIOLINEe HAaCIeICT-
BEHHBIC Y HEHACJICICTBEHHBIE COCTOSTHUS.

HacneacTsennbie COCTOSIHUSA, CONPOBOKAAIOIIMECS Held-
pomarueii: HacieacTBeHHas Helipornatus [lapko—Mapu—
Tyra (6onee 80 reHOB CBSI3aHO C 3TOI maTojiormeit) [78],
60e3Hb Padbpu, obycIoBIeHHasT MyTalusiMu reHa GLA
¢ X-CIIeIUIEHHBIM TUIIOM HaciefoBaHMSI [79], pasmdHbIe
MUWTOXOHApUAIbHEIE 00s1e3HM [80].

HenacneacTBeHHble COCTOSHMS, CONPOBOKIAIOIIUECS
HeifponaTueii: XpOHMIECKasl BOCITAJIUTEIbHAS IEMUETHH -
supyrommas moauHeiiponatus (XBAIT) — mHanboiee pac-
MMPOCTPpAaHEHHBIN OIMMOOYHBIM AWArHO3 Y MAIUeHTOB
c ATTR. Y 18 13 90 yui ¢ HacnenctBeHHBIM ATTR 6e3 ce-
MEHHOro aHaMHe3a olnbouyHo guarHoctupoBaHa XBJII1
[40]. Cnenyet yuuthiBaTh, uTo 11 XBJIIT HexapakTepHa
Kapmaromuonatust. CepaedHblii capkonmo3, cuHapoM Kpoy—
®yxkaca (oH xe POEMS-cuHapom), nnadbeTnaeckast Heii-
poTaTHsI TaKKe MOTYT COIIPOBOXKIATHCS ITOJIMHEpoIa-
Ttuei [40].

Kapnouonornueckuii penorun ATTR cnenyer nudde-
PEHIIMPOBATH C HACICICTBEHHBIMU TUIIEPTPOPUIECCKUMU
KapInOMHUOIIATHSIMU, CBI3aHHBIMU CO MHOXKECTBOM JIPYTHX
TeHOB, HACJIEAYeMBIX OOBIYHO IT0 ayTOCOMHO-TOMWHAHT-
HOMY TUITY, ¥ JUISI HUX HeXapaKTepHBI MeprudepraecKast
¥ BereTaTUBHas HeliporaTud [81].

JleyeHue

Jonroe Bpemst ATTR cuntancst HeuzaeunMbIM 3a00-
JneBaHneM. Jlo HACTyIUIEHUS 3pbl papMakKoTeparnuu,
B 1990-X romax, craHmapTOM JICYeHUST JAHHOTO 3a00JICBaHNS
SBJISITIACh OPTOTONMYECKAs TpaHCIUTaHTaLus reueHu [70].
DPpdexTUBHOCTH METOIA 3aKITIOYAETCS B 3aMeIleHUH KJTe-
TOK MEeYEeHU C MyTAaHTHBIM F€HOTUIIOM Ha KJIETKU C TeHO-
TUTIOM JVUKOTO TUTIA, T. €. UCKIIIOUeHe OCHOBHOTO MCTOY-
HUKa CMHTe3a MyTaHTHOTO HecTabmibHoro oenka. [Tocie
YCIICIITHOM TPaHCIIAHTAILINY TTIEYSHN HEWPOIIaTHsI 1 TIopa-
JKeHHEe OpraHOB OOBIYHO HE MEHSIOTCS, a B HEKOTOPHBIX
ciyJasix 00J1e3Hb MOXeET Mporpeccuponarth [82]. [TokasaHo,
YTO O0IIAsT S-JIETHSSI BBLKMBAEMOCTh COCTABIISIET IPUOJIH-
sutenabHo 100 % mrg mammenToB ¢ Val30Met myraumeit
u 59 % nast manueHToB ¢ He-Val30Met-myTtanueit [82].
OCHOBHBIMHU MMPUYMHAMM TTOCTONIEPATUBHOI CMEPTHOCTH
SIBJISIIOTCSL CEPAEYHO-COCYIUCThIE COObITUsI (29 %) U cernTu-
uemust (26 %) [83]. OmHako TpaHCILIAHTALMS IeYeHU
He TIpeoTBpalIaeT IMPOrpecCUpoOBaHNE KapaAUOIOTHIECKIX
pPacCTPOMCTB, TaK KaK aMWJIOUIHBIE OTJIOXEHUS MOTYT
yBeauunBaThes 3a caer TTP mukoro tmma (HEKOTOPBIM
namyeHTaM ¢ He-Val30Met-myTaumeil 1 KapauoMuona-
TUEW MOXET OBITh PEKOMEHIOBaHA KOMOUHUPOBaHHAS
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TpaHCIUIaHTaLMs edeHu u cepaua) [82, 84]. [opaxeHue
IJ1a3 ¥ IIEHTPaJIbHOI HEPBHOM CUCTEMBI TAKKE YACTO TIPO-
IpeccupyeT U/Wind pa3BUBACTCS ITOCIC TPaHCIIAaHTALINN
IeYeHU, TTOCKOJBKY IPOIOJIKACTCS JIOKAJBHBI CUHTE3
MyTaHTHOTO TTP B smmTennm ceT4aTKM M COCYIMCTOM
CIUIETEHUU MO3Ta.

ITo pe3ynbrataM MupoBOro perucrpa TpaHCIIaHTa-
mun (n = 2044), 20-71eTHSIS BEDKMBAeMOCTD ITAIlMEHTOB
¢ TTP-CAII cocraBuna 55,3 % [70]. Ilepecanka nedyeHu
s¢dexTrBHA, HO UMeeT OOJIBIION IIepedeHb OTPAaHNICHUH,
a TaKKe pa3HyI0 BBDKMBAEMOCTD IIPU Pa3HBIX MyTaIIUSIX.

CeromHs CcymiecTByeT maToreHeThudecKast (hapMako-
tepanust ATTR, HanpaBinenHast Ha ctabuwim3anuio TTP-
TeTpaMepoB IIPU MTOMOIIM 2 M3BECTHHIX IIPEeNapaToB —
mrdnynusana u Tapamuauca [11].

JndayHn3am — HeCTepOMIHBIN MTPOTUBOBOCITATINTEITb-
HBIA TIpernapar, KOTOPbI, B3aUMOJECUCTBYS C y4acTKaMu
cBs3biBanus T4 Ha TTP, 3amemiisieT CKOpOCTb aMUJIONIO-
reHes3a, MpemoTBpalas JUCCOIUAIINI0, HeTIpaBUIbHBIN
donauHr u coopky Terpamepa TTP gukoro u MyraHTHOTO
tunioB [11, 70]. IIpemapaT He pa3pellleH K MTPUMEHEHUIO
npu TTP-CAII B cBsI3U ¢ Haau4MeM HeXelaTeJIbHBIX
3(hHEKTOB CO CTOPOHBI XKeJIyIOYHO-KUAIIIEYHOTO TPaKTa
y 57 % naLueHTOB, HECMOTPSI Ha TO YTO OIMCAH ITOJIOXK-
tenbHBIN oTBeT Ha | 1 11 ctagusx 6one3nu [70]. Uccneno-
BaHUS 0 TOOOYHBIX 3 eKTax nudIIyHN3aIa B OTHOIICHUN
Pa3IMIHBIX CUCTEM OPTaHOB M 0€30ITaCHOCTH IIPUMEHEHMS
IIPOIOJIKAIOTCS.

Tadamummc (ToproBoe Ha3zBaHue Vyndagel) — Tydimii
B CBOEM KJIacce Tperapart, 3aMeISTIOIINIA TTPOrpecCH-
poBanue TTP-ammronmoreHesa ImyTeM CEJICKTUBHOIO
CBSI3bIBAHUSI C TUPOKCUHCBS3bIBaIOMIMM cailtom TTP
U ctabunuzauuu Tetpamepa TTP Kak aukoro, Tak u My-
TaHTHOTO TUTOB [70]. Db hEeKTUBHOCTH MperapaTa J0Ka-
3aHa Kak 111 Mytaiuu Val30Met, Tak u 11s1 He-Val30Met-
myTtauuii [85, 86]. Cpeau malreHTOB C pAHHUM HA4aaoM
3a00seBaHus (Bo3pact <50 yreT) TacdhaMuaNC CHU3MI PUCK
CMEPTHOCTH TI0 CPAaBHEHUIO C PUCKOM JIJIST HEJICUSHBIX JIULIT
Ha 91 %, cpeau ULl ¢ MO3AHUM HAvajloM 3a0oJieBaHMUs
(=50 nter) — na 82 % [86].

Ha ocHoBaHMM pe3yIbTaTOB KIIMHUYECKUX MCCIIEI0-
BaHwmit Tadbamuauc O0bu1 omoopeH B 2011 . EBporeiickum
areHTCTBOM IT0 KOHTPOJIIO 3a JIEKAPCTBEHHBIMM IIpeTapa-
tamu (European Medicines Agency, EMA) s neueHus
panneii cragum (ctamus 1) TTP-CAIT u B 2013 1. — YmipaB-
JICHWEM JIEKaPCTBEHHBIX CPEACTB M MEAUIIMHCKIX U3ICITHIA
Amonun (Japanes Pharmaceuticals and Medical Devices
Agency) urs 1edeHus 60bHBIX 001X ctanmii TTP-CAIT
[11]. B Poccum nipenapat 3apervctpuponat B 2017 . B e-
JIOM Ha CEeTOMHSIITHUI TeHb IIperapaT 0I00peH IS JIeue-
Husg ATTR 6onee yem B 40 cTpaHax.

Hecnoco6HOCT TpaHCIDIAaHTAIIAM TTEYCHU M CYIIECT-
BYIOIIMX HU3KOMOJIEKYJISIPHBIX CTA0MIIN3aTOPOB OCTAHOBUTD
nporpeccupoBaHue HaciaeacTBeHHOro ATTR cnoco6cerBo-
BaJia pa3pabOTKe TeHHOU Tepanuy I CHIDKECHUS /TIpe-
KkpaiieHus nponykuuu 6enaka TTP [11]. I[Tockonbky TTP

SIBJIICTCST HECYIIECTBEHHBIM TTePEHOCYMKOM THPOKCHHA
W BUTaMHMHA A, €eT0 OTCYTCTBHE HE BBI3BIBACT Ie(UINTA
YKa3aHHBIX COSAMHEHUI, 9TO JAeJIacT JaHHOE 3a00JIeBaHMe
WIeaTbHBIM KaHINIATOM IUISI Pa3pabOTKM TeHHOTO caii-
neHcuHra [11].

AHTUCMEBICIIOBBIEC OJTUTOHYKJICOTHIBI — KOPOTKIE CUH-
TETUICCKHUE OTHOIICIIOYCUHBIC TTOCICI0BATEIbHOCTH HYK-
JICOTUIOB, pa3paboTaHHBIC IS TIOAABICHMS SKCIIPECCUN
1LIeJIEBOTO OejTKa 3a CUeT CEJICKTMBHOTO CBSI3BIBAHUS C €TI0
MPHK [87]. UnroTepcen (Tegsedi) mpencrasisier coboit
XUMUIEeCKI MOIV(DHUITMPOBAHHBII aHTUCMBICIIOBOI OJIUTO-
HYKJICOTHJI, KOTOPBIi THTHOMPYET ITeYCHOUHYIO IPOIYKIIIO
TpaHcTupeTuHa. B mione 2018 . nHOTEpCEH OBLT 0IOOPEH
EMA 1151 ¥ICITONTB30BaHMS Y B3POCIIBIX C TIOIMHEpOIIaTheit
I u II cragnii [88]. [To3xke, B okta6pe 2018 ., YipaBneHne
110 CAaHUTAPHOMY HaI30py 3a KaYeCTBOM ITHMIIEBEIX IIPO-
nyktoB 1 MennkaMeHToB (Food and Drug Administration,
FDA) n MunnctepcTBo 3npaBooxpaHeHnsT KaHamasl Takke
OIOOPIIIH €TO MPUMEHEHHE TS JISUCHUST TIOJTMHEHPOITaTUI
HacjaeacTtBeHHOTo TTP-ommocpenoBaHHOTO aMWIIONIO3a
y B3pocabix B CIIHA n Kanane [88, 89]. MnotepceH cBsi-
3bIBaeTCs ¢ 3’-HeTpacnupyeMbiM yuyactkoM MPHK 7TR,
CrocoOCTBYs ero nerpagauuu rnof aeicreuem PHK-a3el H,
a CMHTEe3 MyTaHTHOro 1 AuKoro tunos TTP 6nokupyercst
[90]. B kimuHMYECKUX UCcCIeqoBaHUAX | as3sl ¢ yaacTueM
3IIOPOBBIX JOOPOBOJIBIICB HAOTIONAIOCH CHIDKEHIE YPOBHST
oenka TTP B mna3Me KpoBM, y MHOTUX 3TOT IOKAa3aTeslb
npessiiian 80 % [90]. B uerom oTMedeHa Xopolias nepe-
HOCcUMOCTh Tipemnapata. OmHako, Kak npeayrnpexmaeT FDA,
IperapaT MOXeT BBI3BIBAaTh YMEHBIIEHWE KOJIMYECTBA
TPOMOOITUTOB, YTO CITOCOOHO ITPUBECTHU K BHE3AITHOI 1 He-
MpeacKa3yeMoil TPOMOOLIMTOIICHNH, a TAKXKe K TIIOMepY-
JIOHe(PUTY M, KaK CICACTBHE, ITOTPeOOBaTh NMMYHOIC-
IIPECCUBHOTO JICYCHMS 1 TIPUBECTU K AUATN33aBUCUMOMI
MMOYEYHOI HegocTaToOYHOCTH [89].

E1tie omHMM 1TOIX0mOM TeHHOTO CaliJIeHCUHTA SIBJISICT-
cs1 ucnonb3oBanre MUPHK (Mansix mHTEphEprpyOmImx
PHK), xoTophie mpencTaBisioT co00it IBYXIIEITIOYSTHEIE
moutekyinsl PHK mmmHoit 21—-23 nmapbel ocHoBaHuii. CBsI-
3bIBasICh C LieeBoii KomruieMeHTapHoii MPHK, onu crio-
COOCTBYIOT ee AeTrpagalliyl IIPY ITOMOIIIN IIMTOILIa3MAaTH-
yeckoro komrutekca Dicer/RISC [89].

IMatucupan (ALN-TTRO02, Onpattro) — mpemnapar
2-TO TIOKOJICHUSI, COCTOSIINI U3 JTUTTMIHBIX HAHOYACTHIL
st noctaBku MuPHK, koTopas peanunsyer cBou CBOCTBa
ITyTeM CBS3bIBAaHMSI ¢ KOHCEPBATHUBHOM ITOCIICIOBATEILHO-
cthio Ha 3’-koHue MPHK TTR, Biussa TakuM obpazom
Ha 3kcrpeccuio TTP qukoro u myraHntHoro TutoB. [Tatu-
cupan ogoopeH FDA 10 aBrycra 2018 . [89].

Knunuueckue nccnenoBanus I ¢asbl mokaszanu pe-
3yJIBTAaThl OTHOKPATHOTO BHYTPMBEHHOTO BBeneHuss ALN-
TTRO2: yepes 7 nHeit ypoBeHb TTP B KpoBU yMeHbITUIICS
B cpeaHeM Ha 82,3—86,8 %. Y yacTu yuacTHUKOB Ha0JII0-
JaNuCh cllabble M CpelHMe peakluu Ha uHbekuuu [11].
B III ¢aze uccaegoBaHuii maTucupaH IMPOTUB TIaLe60
HeOJIaroNpUsSITHBIE COOBITHSI, KOTOPBIE IIPOMCXOIVIIH JaIlle
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y HAIIMEHTOB C TATHCUPAHOM, BKITIOYAJIH TTeprdepUIecKIiA
OTeK M peaKlMu, CBI3aHHbIe ¢ MHPy3ueit [91].

OO6cyxmaeTcsT OlleHKa JOJITOCPOYHOTO COBMECTHOTO
HCTIOJIF30BAaHMS TIPEITapaTOB ISt JOCTUKCHMS CHHEPTUd-
Horo 3¢ dexra myreM KOMOMHAIINY TePaIIeBTUUECKIX MO-
JIEKyJ1, KOTOpBIE HaIleJICHBI HAa Pa3IMIHbIC TOYKM KacKama
TpaHCTUPETUHOBOTO amuiongo3a [40].

Eie onHa koHuenmus B ooaactu tepanuu T TP-amu-
JIONI03a — pa3pylleHNe HEPaCTBOPUMBIX aMUJIOMIHBIX
¢uopwmn [40]: mponomxkaetcs 111 paza nsyueHuss KomoM-
HUPOBAHHON Tepanny TOKCULIMKINHA — aHTUOMOTHKA,
KOTOPHIi pa3pyiraeT amusionaHble puoprmisl TTP, ¢ Ta-
ypoypcone3okcuxoieBoit kucioroir (TUDCA), XemraHoi
KHCIIOTO, KOTOpasi YMEeHbIIaeT He(UOPUIIISIPHBIC arpe-
ratel TTP; B ase I HaxoasTCa KITMHUYECKHE UCTIBITAHUS
KOMOMHMPOBAHHOH Tepanuy miridesap (MaleHbKasi MOJIe-
KyJa, KOTOpasi UCTOILAET LIMPKYIMPYIOLIMIA ChIBOPOTOUHBIN
komrmoHeHT P ammtonna, SAP) coBMecTHO ¢ dezamizumab
(arTH-SAP-aHTHTEN0); B ha3e | BemyTcst KMMHUIECKHE

ucteiTanusg PRX004 — anTtuTena, mpeqHa3Hau€eHHOTO TS
TapreTHOM OYMCTKY IMaTOreHHBIX, HEMTPaBUIILHO CBEPHYTHIX
dopm 6enka TTP, ooHapyxxuBaeMbIx Tpu ATTR, He Biusas
Ha HATUBHYIO WJIM HOPMAaJIBHYIO TeTpaMepHYIo (hopmy Oen-
Ka [40].

3aknioyexue

B cratbe npencTaBieH 0030p TUTEPATYPHI, OTPaxKalo-
Ui COBPEMEHHOE TTPeACTaBIeHNE O Pa3TNYHBIX aCITEKTaX
TTP-amunonago3a — rerTeporeHHOro 3a00eBaHUsI CO MHO-
XKECTBOM Pa3IMUHBIX KpaiiHe HeCNeUM(UUHBIX CUMII-
TOMOB, OOYCJIOBJIMBAIOIIMX OOJIbIIINE TUAaTHOCTUYECKUE
Mpo0JIeMbl. AKTYaJJbHOCTh M BaXKHOCTb CBOEBpPEMEHHOI
nnarHoctky TTP-amunonmo3a HeCOMHEHHBI, TTOCKOJTb-
Ky pa3paboTraHbl 3¢ (GeKTUBHbIE METOALI ITaTOTeHETUYEe-
CKOi 1 aTHOJIormYecKoii Teparmu. [ToaTroMy HEOOXOIUMO
MOBBIIIEHNE YPOBHS MH(GOPMUPOBAHHOCTA M HACTOPO-
JKEHHOCTHU Bpadeil pa3IMYHBIX CIIEIMATbHOCTEN B OTHO-
IIEHUU TaHHOTO XXMU3HEYIPOoXalollero 3ad00oieBaHusI.
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