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LICJK TAY BEJIKM KAK BUOMAPKEPBI BOJIE3HU AJIbLITEMMEPA

Aunoraumsi: [lanHas 0030pHas CTaThs JaeT OOHOBJICHHYIO HMH(MOPMAIMIO O HAyYHBIX
HCCIIE/IOBAHMSIX M pa3paboTKax CIMHHOMO3TOBOMH JKHAKOCTH (JIMKBOpa) OMoMapkepa Juist 00Jie3H
Ambrretivepa (BA) ¢ akiieHTOM Ha ANArHOCTHYECKUX TPHIIOMKEHIUSIX.

Abstract: This review article provides an update on the scientific research and development of a
cerebrospinal fluid (liquor) biomarker for Alzheimer's disease (AD) with a focus on diagnostic
applications.
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B 1993 romy Obut ormyOmmkoBaH TiepBblii Meton MDA Ui KONMMUECTBEHHOM OIICHKH Tay B
HCXK [21]. Dot Merox DA Ob10 OCHOBaH Ha KOMOWHAIIMM MOHOKJIOHAJIBHOTO aHTH - Tay
AHTHTEJIA B COUETAHNH C TOJIMKJIOHAIBHBIM aHTH - Tay aHTHCBIBOPOTKHU B (hopmarte conBryal21].
UYepes 1Ba roza ObLT OIMyONnMKOBaH repBblil coHmBUY - DA MeTon, OCHOBAHHBIA TONBKO HA
MOHOKJIOHAJIFHBIX aHTUTEI, M3BECTHRIX Kak «Innogenetics» mm «INNOTEST» anamuz [22].9tot
AHAJIN3 OCHOBAH Ha FICCIIEJIOBAHHE CPEAHEH 001aCTH MOHOKIIOHABHBIX AHTUTEI, PACIIO3HAIONHX
BCE IIecTh M30()OpM Tay, HE3aBHCUMO OT COCTOSHUS (hOC(OPHIIPOBAHMS U, CIENOBATENHHO,
TIOJTY 4T SIPJTBIK B KadecTBe «obmeroy tay (T - Tay) anamsa [22]. 3ametHoe yBenmmuenue B LICK
T - Tay ObUIO OOHAPYIKEHO Y OONBHBIX C JAeMeHIMel BA, Hax0XkIeHHe KOTOPOro ¢ TeX Top ObLIO
BOCIIPOHM3BE/ICHO B COTHSIX PalOT, M TaKKe C HCIIOJIB30BAHHEM HECKOJBKO IpYrux (opmarto
anamza [23].

Bekope, T - Tay Obul TpeVIoKEH B KadecTBE «MapKEPOB» COCTOSHUS, OTPAKAIOIIMX
WHTEHCHBHOCTh HEWpOJICTeHEpAlMi WM TSDKECTH OCTPOrO  TIOBPEXKICHUSI HEWpOHOB [24].
JleiictBuTenbHO, mOcne OCTporo moBpeskaeHust romoBHoro mosra,8 LICXK T - Ttay ypoBHH
SIBIISIIOTCSL TMHAMUYECKAMHU M YBEIIMYMBAIOTCSI B TEUCHHE HECKOJNBKUX IHEH I0Ciie TPaBMBbIL, a
3aTeM OCTAIOTCS MOBBIIICHHBIMU B TEUEHHWE HECKOJBKUX HEIENb 10 HopMmammarmu [25,26], a
TaKKe MPU XPOHUUECKHUX HEHPOJIETeHEPATUBHBIX PAacCTPOHCTB, Bbicokue ypoBHU B LICK T - tay
BCTPEYAOTCS TIPY PACCTPONCTBAX ¢ HarOoJee HHTEHCHBHON HeHpoaereHeparye, 0COOCHHO TpH
6onesnn Kpeiirudensara - Skoba, rae yporu B 10 - 20 pa3 Bbiue, yem npu BA [27, 28]. B
criektpe BA, Boie LICK, T - Tay u P - Tay npenckaspiBaror Gosee ObICTpoe MporpeccupoBaHie
KmHAYeckoro 3adomnesanys [29,30 - 32], momnepxuBast B LIC)K T - Tay B kauecTBe Griomapkepa
JUTSI KTHTEHCHBHOCTH HEHPO/IeTeHEePAIIUH.
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HenaBuo Obun paszpabortan I1OT st BU3yanu3almu Tay MartojlioOrMH HEMOCPEACTBEHHO Y
natpieHToB. B 2016 rozy B IBYX HCCIICIOBAHHAX M3ydalach B3aUMOCBSI3b MOy O€lKaMu Tay,
m3mepenHbiMi B LICOK u B Tay - omioxkenusix, oreHnBaeMbIx [19T - ckaHupoBaHHeM, 1 ObLIO
nipojieMoHcTprpoBaHo, uto 6uomapkepbl B LICXK u [13T - Tay nokasbiBaroT criadble MI00ATbHBIC
xopperstiwn [33,34].0mH0 MccnenoBaHus Y 3M0POBBIX MOXKHIIBIX FICCIEAyEeMbIX YCTAHOBHIIO, UTO
001I1ast KOPTUKAIBHAS Tay - JIUTaH]] CBS3bIBaHIS KoppermpyeT HezHaunTenbHO ¢ LICXK P - Tay, Ho
He ¢ T - tay [33], B To Bpemst kak koppessiimu Obumn crbHee ¢ Tay [I9T SUVRS B MeuanbHbIx
BHCOYHBIX CTPYKTYpax, OONacTH, KOTOpbIC,KAK W3BECTHO, OyOyT 3aTpOHYTHI TpH BA.
Koagpdrmentsr kopperstimu Mexay onomapkepom LICXK n obmmmvu nokazaresnsivu tay [19T
cuJIbHEE, KOIIa OHU BKIIIOUAIOT 00a JIeMEHTa yIIpaByieHust naueHTos ¢ A [35], no - Bunumomy,
13 - 32 OOJIBIION pa3HULIBI Kak B 00oux ypoBHsx Tay B LICXK u ynepikaHus Tay - JMrag Mexmy
KOHTpOJIEM M mnaieHtamu ¢ bA.HenaBHee MccrieoBaHMe, MCCIENYIOMIEE OTHOLICHUS MEXKITY
yposasimu Tay B LICJK, MPT - mepamu atpoduu 1 Tay 19T nokasam, 4To B TO BpeMsI KaK Tay
II9T xoppemmpyer co crenensto arpoduy Ha MPT n TSDKECTBIO KOTHUTHBHBIX HApyIICHHUH,
HCXK T - tay u P - Tay ObUIM TECHO B3aMMOCBSI3aHBI, C BBICOKUM YPOBHEM B JIOKITMHUYECKOM
cramun BA, mecmorps Ha HopMameHele Tay I[IOT - ckammpoBanmsa[36]. Otm naHHEBIE
noaTBepkaatoT KoHuerno, 9to LICXK, T - tay u P - Tay B OCHOBHOM SIBIIIOTCS| OHOMapKepaMu
«OOIE3HEHHOTO COCTOSIHHSD), HEHPOJETeHEPAaTHBHOIO M Tay (HocOpUIMPOBAHOTO COCTOSTHHS,
COOTBETCTBEHHO, M YBEIMUMBAIOTCS TAlOKe B OOJIee PaHHMX CTaIMsX 3a001CBAHILLIPEKIE YEM
Tay arperarsl MOryT ObITh onpenenensl Ha II9T ckanuposanue. B ommuue ot storo, Tay I19T
SIBIIACTCSE OMOMAPKEPOM «CTa[MK 3a00JIEBaHNsD, KOPPEIMPYIOIME CO CTajiiel aTpouu Mo3ra u
TSDKECTBIO KOTHUTHUBHBIX HApYIIICHUH.

Baxxno otmeruTth, YTO TpU HCCIENOBAHWM, APYTHX HEWpOIETeHEpPAaTUBHBIX PacCTPONCTB
(TIporpeccupyOLIMiA HaTbsACPHBIN Tapainy, KOpTHKoOa3aibHas JereHeparms u Frontotemporal
nemennusi), LICXK Ttay Oenku u tay [19T ob6a mokasamu BbICOKYH U pEpeHIMaIbHO
JIMarHOCTHYECKYFO LEHHOCTB[35]. DT0 TOBOPUT O TOM, YTO KaK BaXHO pa3paboTarh
crierdugeckne GHOMapKepbl He TOJBKO YIS Tay TATOJIOTHH TpH 00J1e3HN AJtblireiiMepa.

3a mocnemane 20 neT HaOMOmAeTCs OrPOMHOE KOMMYECTBO MCCIIENOBAHUM MO JKHAKOCTHBIM
Ouomapkepam Jitst 6ose3nn Aubirreiivepa. OcHoBHble Gnomapkepbl A LICXK T - tay, P - tay u
AB42 (1 cootHomenne AB42 / 40) ObLTH OLCHEHBI B COTHSX KIMHMYECKHMX HEHPOXHMUYECKUX
UCCIIEZIOBAHNN C BBICOKMMH PE3yJIbTaTaMHM, ITOKa3bIBAIOIIMMH BBICOKYIO JHArHOCTHYECKYIO
TOYHOCTb IpH 00s1e3HN AJblLireiivepa. DTy OMOMapKepbl MPOLUIY Tal CTaHIaPTU3ALUHY, & HOBbIE
BEPCUU AHAIM30B HA IOJHOCTHIO ABTOMATU3UPOBAHHBIX MHCTPYMEHTAX JEMOHCTPHUPYIOT
OTIMYHYIO AHAIUTHYECKYIO IPOU3BOAUTENbHOCTh. OCHOBHBIE OHOMapkepel BA — ceromms
SIBJIAIOTCA YaCTblO JIMArHOCTHYCCKUX KPUTEPUEB MCCICAOBAaHUSA, W MbI NPESABUIANM 60.]'[66
IIMPOKOE HCIIOB30BAHHUE ATUX IUArHOCTHYECKHUX TECTOB B OOBIMHON KIMHUYECKOH MpaKTHKE.
Habop OuomapkepoB BA B IICXK Obu1 pacimvpeH HOBBIME OHOMAapKEpamH, OTPaXKAFOIIAME
JIOTIOJIHUTEIIbHBIC aCTIeKThl MaToNorMi bBA, Takue Kak CHHanTHyeckas TUCPYHKIWS. Mer
npeaycMaTpuBaeM JalbHeiliee pasBUTHE M TPOBEPKY aHAIN30B, OTPAKAIONIMX Jpyrue
MIATOJIOTHH, PACMPOCTPAHEHHBIX TPH BO3PACTHBIX HEHpOJEreHepaTUBHBIX —PAcCTPONCTBAX,
BKJTIOYAs JIEMEHIMIO C TeNblaMi JIeBH, JOCTHTalonMX CTaJMH KIMHUYECKOrO NPHMEHEHHUS B
Ommxaiitme rogpl, Tak yro LIC)K Guomapkepb! MOryT OBITH YacThblO IEPCOHATM3UPOBAHHOIO
TO/IX0/1a MEAULIMHBI ISl YITyHIICHUS OLICHKH MAlleHTOB C KOTHUTUBHBIMU HApYIICHUSIMH.

235



Jlureparypa:

1.Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP (2013) The global prevalence
of dementia: A systematic review and metaanalysis. Alzheimers Dement 9, 63 - 75.€62.

2 Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, Hall K, Hasegawa K,
Hendrie H, Huang Y, Jorm A, Mathers C, Menezes PR, Rimmer E, Scazufca M (2005).Global
prevalence of dementia: A Delphi consensus study. Lancet 366, 2112 -2117.

3.Bateman RJ, Xiong C, Benzinger TL, Fagan AM, Goate A, Fox NC, Marcus DS, Cairns NJ,
Xie X, Blazey TM, Holtzman DM, Santacruz A, Buckles V, Oliver A, Moulder K, Aisen PS,
Ghetti B, Klunk WE, McDade E, Martins RN, Masters CL, Mayeux R, Ringman JM, Rossor MN,
Schofield PR, Sperling RA, Salloway S, Morris JC (2012) Clinical and biomarker changes in
dominantly inherited Alzheimer’s disease. N Engl J Med 367, 795 - 804.

4Jack CR Jr, Knopman DS, Jagust WJ, Shaw LM, Aisen PS, Weiner MW, Petersen RC,
Trojanowski JQ (2010) Hypo - thetical model of dynamic biomarkers of the Alzheimer’s
pathological cascade. Lancet Neurol 9, 119 - 128.

5.Sheinerman KS, Umansky SR (2013) Circulating cell - free microRNA as biomarkers for
screening, diagnosis and mon - itoring of neurodegenerative diseases and other neurologic
pathologies. Front Cell Neurosci 7, 150.

6.Bekris LM, Lutz F, Montine TJ, Yu CE, Tsuang D, Peskind ER, Leverenz JB (2013)
MicroRNA in Alzheimer’s disease:An exploratory study in brain, cerebrospinal fluid and plasma.
Biomarkers 18, 455 - 466.

7.Seubert P, Vigo - Pelfrey C, Esch F, Lee M, Dovey H, Davis D, et al. Isolation and
quantification of soluble Alzheimer's beta - peptide from biological fluids. Nature.
1992;359(6393):325 - 7.

8 Nakamura T, Shoji M, Harigaya Y, Watanabe M, Hosoda K, Cheung TT, et al. Amyloid beta
protein levels in cerebrospinal fluid are elevated in early - onset Alzheimer's disease. Ann Neurol.
1994;36(6):903 - 11.

9.Iwatsubo T, Odaka A, Suzuki N, Mizusawa H, Nukina N, Thara Y. Visualization of A beta
42(43) and A beta 40 in senile plaques with end - specific A beta monoclonals: evidence that an
initially deposited species is A beta 42(43). Neuron. 1994;13(1):45 - 53.

10.Motter R, Vigo - Pelfrey C, Kholodenko D, Barbour R, Johnson - Wood K, Galasko D, et al.
Reduction of beta - amyloid peptide42 in the cerebrospinal fluid of patients with Alzheimer's
disease. Annals of neurology. 1995;38(4):643 - 8.

11.0Isson B, Lautner R, Andreasson U, Ohrfelt A, Portelius E, Bjerke M, et al. CSF and blood
biomarkers for the diagnosis of Alzheimer's disease: a systematic review and meta - analysis.
Lancet neurology. 2016;15(7):673 - 84.

12.D, Blennow K, White LR, Launer LJ. CSF Abeta 42 levels correlate with amyloid -
neuropathology in a population - based autopsy study. Neurology. 2003;60(4):652 - 6.

13.Fagan AM, Mintun MA, Mach RH, Lee SY, Dence CS, Shah AR, et al. Inverse relation
between in vivo amyloid imaging load and cerebrospinal fluid Abeta42 in humans. Annals of
neurology. 2006;59(3):512 - 9.

14.Palmqvist S, Zetterberg H, Blennow K, Vestberg S, Andreasson U, Brooks DJ, et al.
Accuracy of brain amyloid detection in clinical practice using cerebrospinal fluid beta - amyloid 42:
a cross - validation study against amyloid positron emission tomography. JAMA Neurol.
2014;71(10):1282 - 9.

236



15.Blennow K, Mattsson N, Scholl M, Hansson O, Zetterberg H. Amyloid biomarkers in
Alzheimer's disease. Trends in pharmacological sciences. 2015;36(5):297 - 309

16.Palmgqvist S, Mattsson N, Hansson O, Alzheimer's Disease Neuroimaging 1. Cerebrospinal
fluid analysis detects cerebral amyloid - beta accumulation earlier than positron emission
tomography. Brain. 2016;139(Pt 4):1226 - 36.

17.Shoji M, Matsubara E, Kanai M, Watanabe M, Nakamura T, Tomidokoro Y, et al.
Combination assay of CSF tau, A beta 1 - 40 and A beta 1 - 42(43) as a biochemical marker of
Alzheimer's disease. J Neurol Sci. 1998;158(2):134 - 40.

18 Hansson O, Zetterberg H, Buchhave P, Andreasson U, Londos E, Minthon L, et al.
Prediction of Alzheimer's disease using the CSF Abeta42 / Abeta40 ratio in patients with mild
cognitive impairment. Dementia and geriatric cognitive disorders. 2007;23(5):316 - 20.

19.Palmqvist S, Zetterberg H, Blennow K, Vestberg S, Andreasson U, Brooks DJ, et al.
Accuracy of brain amyloid detection in clinical practice using cerebrospinal fluid beta - amyloid 42:
a cross - validation study against amyloid positron emission tomography. JAMA Neurol.
2014;71(10):1282 - 9.

20.Janelidze S, Zetterberg H, Mattsson N, Palmqvist S, Vanderstichele H, Lindberg O, et al.
CSF Abeta42 / Abeta40 and Abeta42 / Abeta38 ratios: better diagnostic markers of Alzheimer
disease. Ann Clin Transl Neurol. 2016;3(3):154 - 65.

21. Vandermeeren M, Mercken M, Vanmechelen E, Six J, van de Voorde A, Martin JJ, et al.
Detection of tau proteins in normal and Alzheimer's disease cerebrospinal fluid with a sensitive
sandwich enzyme - linked immunosorbent assay. Journal of neurochemistry. 1993;61(5):1828 - 34.

22. Blennow K, Wallin A, Agren H, Spenger C, Siegfried J, Vanmechelen E. Tau protein in
cerebrospinal fluid: a biochemical marker for axonal degeneration in Alzheimer disease? Molecular
and chemical neuropathology / sponsored by the International Society for Neurochemistry and the
World Federation of Neurology and research groups on neurochemistry and cerebrospinal
fluid.1995;26(3):231 - 45.

23. Olsson B, Lautner R, Andreasson U, Ohrfelt A, Portelius E, Bjerke M, et al. CSF and blood
biomarkers for the diagnosis of Alzheimer's disease: a systematic review and meta - analysis.
Lancet neurology. 2016;15(7):673 - 84.

24 Blennow K, Hampel H. CSF markers for incipient Alzheimer's disease. Lancet neurology.
2003;2(10):605 - 13.

25. Hesse C, Rosengren L, Andreasen N, Davidsson P, Vanderstichele H, Vanmechelen E, et al.
Transient increase in total tau but not phospho - tau in human cerebrospinal fluid after acute stroke.
Neurosci Lett. 2001;297(3):187 - 90.

26.Zetterberg H, Hietala MA, Jonsson M, Andreasen N, Styrud E, Karlsson I, et al
Neurochemical aftermath of amateur boxing. Arch Neurol. 2006;63(9):1277 - 80.

27. Riemenschneider M, Wagenpfeil S, Vanderstichele H, Otto M, Wiltfang J, Kretzschmar H,
et al. Phospho - tau / total tau ratio in cerebrospinal fluid discriminates Creutzfeldt - Jakob disease
from other dementias. Mol Psychiatry. 2003;8(3):343 - 7.

28.Skillback T, Rosen C, Asztely F, Mattsson N, Blennow K, Zetterberg H. Diagnostic
performance of cerebrospinal fluid total tau and phosphorylated tau in Creutzfeldt - Jakob disease:
results from the Swedish Mortality Registry. JAMA Neurol. 2014;71(4):476 - 83.

29.Hansson O, Seibyl J, Stomrud E, Zetterberg H, Trojanowski JQ, Bittner T, et al. CSF
biomarkers of Alzheimer's disease concord with amyloid - beta PET and predict clinical

237



progression: A study of fully automated immunoassays in BioFINDER and ADNI cohorts.
Alzheimers Dement. 2018.

30.Wallin AK, Blennow K, Zetterberg H, Londos E, Minthon L, Hansson O. CSF biomarkers
predict a more malignant outcome in Alzheimer disease. Neurology. 2010;74(19):1531 - 7.

31.Buchhave P, Minthon L, Zetterberg H, Wallin AK, Blennow K, Hansson O. Cerebrospinal
fluid levels of beta - amyloid 1 - 42, but not of tau, are fully changed already 5 to 10 years before
the onset of Alzheimer dementia. Archives of general psychiatry. 2012;69(1):98 - 106.

32 Hertze J, Minthon L, Zetterberg H, Vanmechelen E, Blennow K, Hansson O. Evaluation of
CSF biomarkers as predictors of Alzheimer's disease: a clinical follow - up study of 4.7 years. J
Alzheimers Dis. 2010;21(4):1119 - 28.

33. Chhatwal JP, Schultz AP, Marshall GA, Boot B, Gomez - Isla T, Dumurgier J, et al.
Temporal T807 binding correlates with CSF tau and phospho - tau in normal elderly. Neurology.
2016;87(9):920 - 6.

34.Gordon BA, Friedrichsen K, Brier M, Blazey T, Su Y, Christensen J, et al. The relationship
between cerebrospinal fluid markers of Alzheimer pathology and positron emission tomography
tau imaging. Brain. 2016;139(Pt 8):2249 - 60.

35.La Joie R, Bejanin A, Fagan AM, Ayakta N, Baker SL, Bourakova V, et al. Associations
between [(18)F]AV1451 tau PET and CSF measures of tau pathology in a clinical sample.
Neurology. 2018;90(4):e282 - €90.

© I'aticuna JI1.O., ITasnos B.H.

YK 614
I'ounsieBa 3.1, AbaiixanoBa JI.M.
Crynentku CeBepo - KaBkasckoii rocyaapCTBEHHOM akageMut, ropos1 Yepkecck.
Hayunsnii pyxoBogurens: Y3aenos Mapar bopucosud, kaHz. MeI. HayK.

AHAJIM3 KAYECTBA KU3HU ITALHUEHTOB
MOCJIE KAPANOXUPYPITMYECKUX BMEIIATEJIBCTB

Aunomayua: B oannoli cmamve paccmampusaemcs: ypoeers Kavwecmed JHCU3HU, CEA3AHHO20
€O 300p0BbeM U CUMNIMOMO8 NOCIMPABMamu4ecko2o cmpeccosozo paccmpoticmea (IITCP) y
NAYUeHmos nocie KapOUOXUpypeusecKux onepayutl, a makdice CEA3aHHbIX ¢ HUMU (PAKmopos
pucka. [locmmpasmamuueckoe cmpeccogoe paccmpoticmeo (IITCP) npucymcmeyem npumepHo y
10 % nacenenust nocie KapOUOXUPypeUHECKUx onepayutl, no HeKOMopPwiM OaHHbIM docmuzarom 38
% . Humencusnas mepanus, ucnye 60 6pems cOObIMUsA, BOCHPUHUMAEMAS Yepo3d MHCUSHU,
BbICOKULL YPOBEHb PUCKA U COYUATNLHAS USOTAYUSA = BCE INO MOJICEN COCOOCMBOBAMb PA3GUMUIO
TITCP. Hayuenmoi ¢ IITCP noodsepoicerivl 0OCIONCHEHUSIM NOCTIe ONEPayUlL, GKIIOYAsl pusuyeckue,
ncuxonocudeckue npoonemMbl, NOGLIUEHHYIO 3A001e6aeMOCHb U CMEPMHOCHb, GIUAIOWUE HA
Kayecmeo HcusHu 1 O1azononyyue.

This article examines the level of quality of life associated with health and symptoms of post -
traumatic stress disorder (PTSD) in patients after cardiac surgery, as well as associated risk
factors. Post - traumatic stress disorder (PTSD) is present in about 10 % of the population after
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