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NpoBeaéH 0630p NUTepaTypPHbIX AaHHbIX MO OCHOBHbIM labopaTopHbIM BUOMapKEPam NOBPEXKAEHNA MO3ra Npu caxapHom auabete (CA) I v Il Tunos.
PaccmoTpeHbl Helipocneumduyeckune 6enku: 6enok S-100, Helipocneumnduyeckas 3HOMA3a, MKUabHbIA GUBPUANAPHDIA KUCAbI BeN0K, OCHOBHOM
6en10K MUennHa 1 HelipoTpoduyeckuii GakTop ronoBHoro mosra (FM), Kak cneuudnyeckme Mapkepbl LepebpanbHoii ancoyHKumm npu CA. CaenaH
AKLEHT Ha NPOBOCNANMUTENbHbIX UMTOKMHAX (IL-1, IL-6, dakTOp HEKpo3a onyxonu-a, C-peakTUBHbIA BeNOK), Kak Ha nabopaTopHbix BUOMapKEpax, no-
BbILIEHME KOTOPbIX XapaKTepusyeT NoBpexaeHne Mo3roBoi TkaHu npu CA | v Il TunoB. BbicokMe KOHLEHTPaLWKU aMMOKMHOB — BOCNAAUTENbHbIX
MEAMATOPOB XMPOBOI TKAHU — ABNAIOTCA AOCTOBEPHbIM NaboPaTOPHLIM NpU3HAKoM nospexaeHus M npu faHHOWM 3HAOKPUHONATUKM. KoHEeUYHble
NPOAYKTbI IIMKUPOBaHUs, KaK NaToreHHble MeTabonunTbl okcuaatTneHoro ctpecca (OC), 0bHapyKuBaeMble B BbICOKMX KOHLEHTPALIMAX B KPOBU NpU Aun-
abeTe, MOTYT CNYKUTb MHAMKATOPaMU KOTHUTUBHOTO AeduumTa Ha doHe CL 3a CUET 06HaAPYKEHMA UX BbICOKMX KOHLEEHTPALWMIA B KpOBW. MOBbIWEHWE
ayTOAHTUTEN K HEKOTOPbIM MO3rOBbIM HelpopeLenTopam (opamuH, FyTamaT) MoryT ABAATLCA cneuuduyeckumm 1abopaTopHbiMU BUOMapKEpamu
nospexaenuna 'M npu CA, | Tna. HeobxoAnm AanbHewwmniA NOUCK U pa3paboTka HOBbIX N1abopaToOpHbIX BUOMapPKEPOB MO3rOBOM AUCHYHKLIMM C Lie-
NblO YNYYILEeHUA AMArHOCTUKM LiepebpanbHOM HeAO0CTAaTOYHOCTU NPU AaHHOM 3a60neBaHuUu.
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This review outlines the literature data on the main laboratory biomarkers of brain damage in diabetes mellitus (DM) type | and Il. Neurospecific
proteins: S-100 protein, neurospecific enolase, glial fibrillar acidic protein, myelin basic protein, and brain-derived neurotrophic factor (BDNF) are
considered specific markers of cerebral dysfunction in DM. Emphasis is placed on pro-inflammatory cytokines (IL-1, IL-6, tumor necrosis factor-a,
C-reactive protein), as blood biomarkers, the increase of which indicates brain damage in DM type | and Il. High concentrations of adipokines,
inflammatory mediators of adipose tissue, are a reliable laboratory sign of brain damage in this endocrinopathy. Advanced glycation end products
(AGEs), as pathogenic metabolites of oxidative stress (0S), detected in blood in high concentration, can act as indicators of cognitive deficit in DM.
Increased concentration of autoantibodies to some neuroreceptors (dopamine, glutamate) may serve as specific laboratory biomarkers of brain
damage in DM type I. Further searches of new laboratory biomarkers of brain dysfunction are needed in order to improve the diagnosis of cerebral
insufficiency in DM.
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BBEAEHUE INTRODUCTION

Cl ABnAeTCcA OAHUM M3 CaMbIX PACNPOCTPAHEHHBIX XPOHMYe- DM is one of the most common chronic diseases [1, 2]. Data
CKux 3abonesanuit [1, 2]. OaHHble «MexayHapogHoi ¢denepaumn  from the International Diabetes Federation show that the prev-
AvabeTa» NoKasbIBalOT, YTO pacnpocTpaHéHHocTb CA 1 HapyweHHoi  alence of DM and impaired glucose tolerance could reach 8.0%
TONEePaHTHOCTU K [/H0KO3e MoeT goctuib 8,0% 1 10,1% k 2035 rogy,  and 10.1% respectively by 2035, gaining epidemic proportions
NpWHAB MacwTab HacToawer anmaemuu [1]. CornacHo coBpemeHHbim  [1]. According to modern concepts, DM is a chronic disease char-
npeacrasneHuam, CL1 aBnseTca XxpoHn4Yecknm 3abonesaHnem, gis Ko-  acterized by an increase in glucose levels and insufficient produc-
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TOPOTO XapaKTepPHO NOBbILLEHWNE YPOBHA MIOKO3bl U HEAOCTATOYHOCTb
BblPabOTKM MK AencTBMA UHCYAMHA [3]. Og4HMMM U3 pacnpocTpaHEH-
HbIX Gopm ZaHHOro 3abonesaHua asastotca CL, |l TNa, Ha KoTopblit
npuxoautca okono 90% Bcex caydaes, u CA | TMNA, KOTOPbIN AnarHo-
cTMpyeTcA ToNbKo B 10% M B OCHOBHOM XapaKTepeH A/1A AETCKOro U
MOZPOCTKOBOrO BO3pacTos [3].

Mo xopy TeveHna CA, 1 v Il TMNOB AOCTaTOYHO YACTO PA3BMBAKOTCA
pa3nMyHble AMabeTUYECKUE OCNOKHEHUS, B TOM Yncie U AMCyHKLMA
LieHTpanbHOM HepaHoM cuctembl (LLHC), B nepsyto ouepeap, 3a CHET
nopaxenusa M [2, 3]. C[l 4OCTAaTOYHO A3BHO M3BECTEH KaK BaXKHbIN
TPUITEP CHUMKEHWA KOTHUTUBHBIX QYHKLMIA U Pa3BUTUA AeMeHLMM (TO
€CTb, MO CYTH, KaK HEMOCPeaCTBEHHbIV daKkTop nospexaeHus FM) [4].
Mo cpaBHEeHMIO CO 340POBLIMM B3POCAbIMM A06pPOBOAbLAMK, Y Na-
LIMEHTOB C JaHHOW 3HAOKPUHOMNATUEN PUCK PasBUTUA 60Me3HN Anb-
ureiimepa nosbiweH Ha 39%, a PUCK Pa3BUTUA UHBIX GOPM AeMEHLUU
— Ha 47% [5]. B nuTepaType MHOrokpaTHO coobLianock 06 u3meHe-
HUW YPOBHA LiepebpanbHbIX MeTaboNUTOB M MOBPEXAEHUMN MO3TOBbIX
CTPYKTYp Yy nauvenToB ¢ C [6]. OfHaKO KOTHUTHBHbIE HapyLLIeHWs,
BbI3BaHHble C[l, 4acTO HEJOOLEHMBAKOT U He AMArHOCTUPYIOT, YTO
NPUBOAMUT K TOMY, YTO OFPOMHOE KOJIMYECTBO NALMEHTOB C AaHHbIM
3aboneBaHMeM CTpPagaeT OT KOTHUTUBHOM AUCOYHKLMM U UMeeT pe3-
KOe CHWXEHMe KayecTBa u3HM [1]. Takum 0bpasom, amMarHocTvka
ancdyHkumm ™, ceasaHHoi ¢ C, ¥ u3yyeHne NepcnekTUBHbIX Ja-
60paTopHbIX BUOMapKépoB nospekaeHns MM, ocobeHHO Ha paHHel
CTaguu AaHHOro 3aboneBaHuA, ABNAIOTCA aKTyalbHbIM HanpaBAeHU-
€M COBPEMEHHOM 3HAoKpuUHonormm [1].

JlabopaTopHble mapKépbl noBpexaeHua M

BrMoMapKép onpeaenseTca Kak «xapaKTepucTuka (6uonornye-
CKMIA NPU3HaK), KOTOPas 06bEKTUBHO M3MEPAETCA U OLIEHWMBAETCA KaK
WHAMKATOP HOPManbHbIX BUONOrMYECKMX NPOLLECCOB, a TaKkKe naTo-
dv3nonornyecknx NpoLeccos Unm GapmakonorMyeckux peakLmii Ha
TepaneBTUYecKoe BMelaTenbctso» [7]. Uccneposanua nabopatop-
HbIX BOMaPKEPOB A4/ ANArHOCTMKM Pa3/IMUHbIX MopaskeHuit M npu
pa3nunyHoit LepebpanbHoI NaTonorMmn BeayTcs yxe bonee 25 neT, Ho,
K COXaseHuIo, B HacToALLee BpemA uaeanbHbl Gomapkép B Kaye-
cTBE CneumdUIecKkoro mapképa nopaskeHns Mo3roBoro BeLLecTBa, Tak
1 He HaiiaeH [8]. Kpome 3Toro, paccmaTpvBaemble Hamu cneumduye-
CKMe MapKEpbl MOTYT YKa3blBaTb Ha NOBPEXAEHUE APYrUX OPraHOB U
cvctem. Hanpumep, BbICOKME KOHLEHTPALMW aAUNOKMHOB, MOTYT YKa-
3bIBaTb Ha GYHKLMOHANbHYIO HEAOCTAaTOYHOCTb He TONbKO B TM, HO 1 B
neyeHu, NoAKeNYA0UHOM XKenese U MblLeYHOM TKaHu [9]. A mapKépbl
OC v BOCMANeHWA CEerofHA UCMNOMb3YTCA NPU AMArHOCTUKE MHOMUX
NaTONIOrMYECKUX COCTOAHUM, NOMUMO AncdyHKumm LHC [10].

CorniacHo Bcem uaeanbHbIM MapameTpam, 1abopaTopHbIi byo-
MapKEP NOBPEXAEHMA MO3roBOM TKaHWU 06A3aTENbHO AOMKEH UMETb
CNeflytoLLye XapaKTePUCTUKM: BbICOKYHO YyBCTBUTENbHOCTb U BbICOKYHO
cneunmdUYHOCTL B OTHOLLEHUM NOBPEXAEHUA CTPYKTYp [M; faHHbIN
OGMOMapKEpP [OMKEH BbICBODOKAATHCA WMCK/IOUUTENBHO B C/IyYasnXx
HeobpaTUMbIX NOBPEXAEHUN LepebpanbHbiX HEMPOHOB M OOHapy-
KMBATbCA B KPOBM WU LepebpoCnnHaNbHOM KUAKOCTU B TeueHue
KOPOTKOTO nepuofa BPeMeHW, CeAylolero 3a NoBpeXaeHnem, a
TaKKe KOpPennpoBaThb C TAXKECTbIO NoBpexaeHna MM u ap. [8]. Cywe-
ctByeT ye 6onee 30 pazHOObpasHbIX cneuuduyeckmx N1abopaTopHbIX
61MoMapKEpoB, KoTopble MOryT XapakTepu3osaTb nospexaeHune MM,
MHOIMe U3 KOTOPbIX MOTYT 6bITb MPUMEHEHBI A7 OLEHKW MO3rOBOM
avcoyHkumm npu C4 1 v 1l Tunos [7]. BmecTe ¢ Tem, crepyeT nogyep-
KHYTb HecneundrnyHoCTb nccnesyemblx GUOMapKEPOB, B CBA3N C TEM,
YTO OHM XapaKTePHbI ANA NoBpeXAeHWA TM pasnnMyHoro reHesa (Heil-
ponereHepaTvBHble 3a60/1€BaHMA, YePENHO-MO3r0BasA TPaBMa, dHLe-
danutbl), a He Tonbko g CA [11]. OgHaKo, ¢ y4ETOM OrpaHUYEHHOTO

tion or action of insulin [3]. One of the most common forms of
this disease is DM type Il, which accounts for about 90% of all
cases, and DM type |, which is diagnosed in only 10% and is main-
ly common in childhood and adolescence [3].

DM type | and Il cause various complications, including dys-
function of the central nervous system (CNS), primarily due to
brain damage [2, 3]. DM has long been known as an important
trigger for cognitive deficits, the development of dementia, and
an immediate factor of brain lesions [4]. Compared with healthy
adult volunteers, patients with this endocrinopathy have a 39%
increased risk of Alzheimer's disease, and a 47% increased risk
of developing other forms of dementia [5]. Changes in the level
of cerebral metabolites and lesions of the brain structures in pa-
tients with DM have been repeatedly reported in the literature
[6]. However, cognitive impairment caused by DM is often under-
estimated and underdiagnosed, which leads to cognitive dysfunc-
tion and a sharp decrease in quality of life in a huge number of
patients with this disease [1]. Thus, the diagnosis of brain dys-
function associated with DM and the study of promising laborato-
ry biomarkers of brain damage, especially at an early stage of this
disease, are important areas of modern endocrinology [1].

Blood markers of brain damage

A biomarker is defined as “a characteristic (biological trait)
that is objectively measured and evaluated as an indicator of
normal biological or pathophysiological processes, as well as
pharmacological responses to a therapeutic intervention” [7].
Searches for laboratory biomarkers for diagnosing various brain
lesions in cerebral pathologies have been carried out for more
than 25 years, but, unfortunately, at present, an ideal biomark-
er as a specific indicator of brain damage has not been identified
[8]. In addition, the specific markers under consideration may in-
dicate damage to other organs and systems. For example, high
concentrations of adipokines may indicate a functional deficiency
not only in the brain, but also in the liver, pancreas, and muscle
tissue [9]. Markers of OS and inflammation are now used in the
diagnosis of many pathological conditions, in addition to CNS dys-
function [10].

An ideal laboratory biomarker of brain damage must nec-
essarily possess the following features: high sensitivity and spec-
ificity pertaining to damage to brain structures; release only in
cases of irreversible damage to brain neurons, detection in blood
or cerebrospinal fluid for a short period of time after the lesion,
and correlation with the severity of brain damage. [8]. So far
more than 30 different specific laboratory biomarkers have been
identified that can characterize brain damage, many of which can
be used to assess brain dysfunction in DM type | and Il [7]. At
the same time, these markers are associated not only with DM,
but with brain lesions of different origins, such as neurodegener-
ative diseases, brain injury, and encephalitis, which makes them
non-specific [11]. However, given the limited scope of this litera-
ture review, we consider only the most promising and significant
evidence-based laboratory biomarkers of brain damage in DM.

Morphological
damage in DM
Studies of DM type | in children revealed a close relation-
ship between chronic hyperglycemia and brain disorders [12].
Chronic hyperglycemia causes increased penetration of glucose
into the brain and an increase in intra- and extracellular glucose
concentrations in the midbrain and corpus striatum, which leads

changes and mechanism of brain
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06bEMa AaHHOro IMTepaTypHOro 0630pa, Mbl PACCMOTPUM TONbKO Ca-
Mble NepCrneKkTMBHbIE U OCHOBHbIE M3 N1abopaTopHbIX BUOMapKEPOB,
KOTOPbIE MMEIOT CYLLECTBEHHYIO [jOKa3aTenbHyto 6a3y B pamkax no-
spexaeHna M npm C/.

Mopdonoruyeckme MU3meHeHUA U MeXaHU3IM

nospexaeHusa mosra npu Cj

WccneposaHua B geTckom Bo3pacte npu CA | TMna obHapyxu-
NIV TECHYIO B3aMMOCBA3b MEX/Y XPOHWYECKON rMneprinkemuen u
HapyweHuamu cTpykTypbl I'M [12]. XpoHuueckas runeprimkemus Bbl-
3bIBAaE€T NOBbILIEHHOE NPOHWKHOBEHWME [H0KO3bI B M 1 yBeAnueHue
BHYTPU- U BHEKNETOYHOMN KOHLIEHTPALIMM [/IOKO3bI B CPESHEM Mo3re
W MOMI0CAaTOM Tesle, YTO NMPUBOAUT K HEMPOHANbHOW [IIOKO30TOKCHY-
HOCTW Yepes MpoLeccbl MUTOXOHAPWanbHoW aucdyHkummn n OC (To
€CTb NPOUCXOANT NEPBUYHOE NOBPEKAEHWNE HEVPOHOB U INA/bHbIX
KNEeTOK Ha (oHe XpoHWYeckol runepravkemun) [13]. TMpusoaaTca
[laHHble O CTPYKTYPHbIX M3MeHeHUAX B 6enom u cepom Belectse MM
(ocobeHHO B N06HBIX 40N1AX) NO AAHHBIM MarHUTHO-PE30HAHCHOW TO-
morpadum y aeteit u nogpocTtkos npu CA | Tuna [14].

Mpw CA4 Il Tuna reHe3 mopdonorMyecknx MsmeHeHun 'M gpyrow
W, B NEPBYIO 04epesb, CBA3aH C BTOPMYHbBIM NOBPEXAEHUEM, KOTOpOE
0bycnosneHo MuKpoaHruonatueit [15]. CTpyKTypHble M3MEHEHUS B
M npwv CA 1l TMNa, B OCHOBHOM, NPEACTaBAEHbI yMEHbLUEHNEM 06 BE-
Ma 6enoro Belectsa 6o/blMxX nonywapuii [16]. C4, Il Tuna, KoTopbii
yalle BCTPEYaeTCa y ML, CTapLueit BO3PacTHOM rpynmbl, KaK Npasumio,
COYeTaeTCA C apTepuanbHO TMNepToOHUEN, KOTOpasa U NPUBOANT K No-
paeHuto 6enoro BELLECTBa, YTO M IEKUT B OCHOBE Pa3BMBatoLLErocs
KOrHWTUBHOrO AedumumTa [17].

Heitpocneuyunduueckne 6enku
benok S-1008B

K HacToAwemy BpemeHu BblaeneHo 6onee 20 pasnuyHbIX
MoHoMepoB Henka S-100 [18]. OcHosHble dpopmbl besnka S-100 sB-
NATCA AUMEPaMM, COCTOALMMU U3 cybbeguHuy, «A» (S-100A) u
«B» (S-100B) [18]. MmeHHO Benok S-100B npoayumpyetcs npeu-
MyLLeCTBEHHO acTpountamu M 1 ABAAETCA MapKEPOM aKTWBaLMK
acTpornvm, onocpegyowmm cBov 3ddeKTbl B3aMMoAencTBmemM ¢
peLenTopamu KOHEUYHbIX NPOAYKTOB IMUKO3UIMPOBAHUA U XapaKTe-
peH ana nospexpeHna M [18]. MosbiweHne ypoBHA 6enka S-100B
B KpOBM y naumeHTos ¢ C[l paccMaTpMBaeTCs KaK pesynsTaT passu-
TS PEAKTMBHOTO 11M03a M MOBPEXKAEHMA MO3TOBOM TKaHM Ha GpoHe
MOBbILEHHON MPOHMLAEMOCTU remaTosHuedannyeckoro bapbepa,
BbI3BaHHbIX XPOHWYECKOW FMNeprivkeMmen u LepebpanbHOW M-
nokcueit [19]. Npu nosbiweHnn Henka S-100B npoucxoant Mmmy-
HO/IOTUYECKMI1 OTBET B BUAE U3MEHEHUA YPOBHEN crieuuduyeckmx
ayTtoaHTuTen (AAT) K Hemy (Kak npaBuno, ux nosbiweHune) [20]. Tak,
B 3KCMEPMMEHTaX Ha MKMUBOTHbIX NOKa3aHO NoBbleHne ypoBHA AAT
K 6enky S-100B npum CA4 Il Tuna [21]. B gpyrux paboTtax nokasaHo yse-
nunyermne AAT K 6enky S-100B y aeTeit UMEHHO C TAXKENbIM TeYEHU-
em CA | Tna Ha ¢oHe aMabeTnyeckoro Ketoaumaosa u oTéka M,
YTO MOATBEPKAAIOT AaHHbIE O TOM, YTO MOBbILIEHHOE COAEPNKaHWe
AAT K 6enKy S-100B aBnseTca KpUTEPUEM NOBPEXKAEHUSA MO3roBoM
TKaHu [20]. Jpyrumu aBTopamu NpPoLEMOHCTPUPOBAHO, YTO MOBbI-
weHne 6enka S-100B ABNAETCA KPUTEPUEM UMEHHO XPOHWUYECKOTO
CA | Tvna, Ha doHe aAnabeTMyecKoro KeToaLma03a, KOTopbii Bbi3bl-
BaeT nopaxeHune M v rubenb HeitpoHoB [22]. MoKa3aHoO, YTO paH-
Hee onpeaeneHne n KOHTPOAb ypoBHsA S-100B no3BoAOT BbIABUTDL U
NoATBEPAUTL HaNNuMe NOBPEXAEHUI MO3ra Ha paHHEl cTagum 3a-
60neBaHWA, KOraa eLé BO3MOXKHO ycrnelwHoe eyeHne uepebpanb-
HOM HegOCTaTOYHOCTU Ha PpoHe CA [23].
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to glucose neurotoxicity through mitochondrial dysfunction and
OS. Thus, primary damage to neurons and glial cells develops on
the background of chronic hyperglycemia [13]. According to RMI
data, children and adolescents with DM type | exhibit structural
changes in the white and gray matter of the brain, especially in
the frontal lobes [14].

In DM type Il the mechanism of cerebral lesions is a second-
ary damage caused by microangiopathy [15]. Structural changes
in the brain in DM type Il mainly include a reduced volume of the
white matter of the large hemispheres [16]. DM type II, which is
more common in elderly people, is usually combined with arterial
hypertension, which causes damage to the white matter, underly-
ing the developing cognitive deficit [17].

Neurospecific proteins
S-1008B protein

Currently, more than 20 different monomers of the S-100
protein have been isolated [18]. The main forms of the S-100
protein are dimers consisting of subunits "A" (S-100A) and "B"
(S-100B) [18]. It is the S-100B protein that is produced mainly
by cerebral astrocytes and is considered a marker of astroglia
activation, mediating its effects by interaction with glycosylation
end-product receptors, and indicating brain damage [18]. An in-
crease in the blood level of the S-100B protein in patients with
DM is considered a result of reactive gliosis and brain damage on
the background of increased permeability of the blood-brain bar-
rier (BBB) caused by chronic hyperglycemia and cerebral hypoxia
[19]. With an increase in the S-100B protein, an immunological
response is manifested by the change (commonly, an increase)
in the levels of specific autoantibodies (AAT) to it [20]. Thus, in
experimental animals with DM type Il, an increase in the level of
AAT to the S-100B was discovered [21]. Other studies have shown
an increase in AAT to the S-100B protein in children, particularly
with severe DM type | on the background of diabetic ketoacidosis
and cerebral edema, which confirms the association of increased
level of AAT to the S-100B protein and brain damage [20]. Other
authors have demonstrated that an increase in the S-100B pro-
tein is a criterion for chronic DM type | on the background of
diabetic ketoacidosis, which causes brain damage and neuronal
death [22]. It has been shown that early detection and control
of S-100B levels make it possible to diagnose brain damage at an
early stage of the disease when successful treatment of DM-asso-
ciated cerebral insufficiency is still possible [23].

Neuron-specific enolase (NSE)

NSE is a specific glycolytic enzyme found in neurons and
neuroendocrine cells, and its physiological role is to regulate the
growth and development of nerve cells [24]. It has been shown
that the levels of NSE in blood serum and cerebrospinal fluid pos-
itively correlate with neuronal damage, which can reliably indi-
cate the degree of brain damage [24, 25]. A randomized clinical
trial (RCT) showed that NSE is elevated in diabetic ketoacidosis in
children with DM type | and correlates with the severity of hyper-
glycemia and cognitive impairment [26].

On the other hand, there is evidence that elevated levels
of NSE may also indicate early brain damage in elderly patients
with arterial hypertension and without DM [27]. Given that arte-
rial hypertension is the main cause of cognitive impairment, the
diagnostic value of this marker is of little importance, especially in
a cohort of elderly patients with DM type II.
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HelipoHcneyuguyeckasa aHonaza (HC3)

HC3 — 310 cneupydUYeckUin rUKOANTUYECKUIA GEPMEHT, KOTO-
pbI HAXOAWTCA B HEMPOHaX U HEMPO3HAOKPUHHDIX KAETKaX, U ero
dv3monornyeckan posb 3aKN0YaeTca B perynauum pocta U passutma
HepBHbIX KNeToK [24]. MNMokaszaHo, 4To yposHM HCI B CbIBOPOTKE Kpo-
BM M LepebpocnmHanbHOM XKUAKOCTU NONOKUTENBHO KOPPENUPYIOT C
nopayKeHnem HEMPOHOB, YTO MOMKET AOCTOBEPHO CBUAETENbCTBOBATL
0 cTeneHu nopaxenus M [24, 25]. B gaHHOM paHAOMMU3MPOBAHHOM
KNMHMYecKoM uccneposaHumn (PKM) nokasaHo, uyto HCI nosbileHa
npu AnabeTnyeckom Ketoaumaose y geteit ¢ I 1 Tuna v koppenmpyet
C TAKECTbIO TMMNEPTNIMKEMMMU U KOTHUTUBHBIX HapyLweHui [26].

C Apyroit CTOpOHbI, NPUBOAATCA [aHHble, YTO MOBbILWEHHbIE
ypoBHM HCI MOryT TaKe yKasbiBaTb Ha paHHee nospexaeHve M
Y MOXMAbIX NALMEHTOB C apTepuUanbHON runepToHuen u 6es CA [27].
C y4éTom TOro, YTO apTepuanbHas rMNepToHUA ABAAETCA OCHOBHOM
MPUYMHON KOTHUTUBHbIX HapYLUEHWUM, AMArHOCTUYeCKas LEeHHOCTb
[aHHOro MapKképa umeeT Hebo/bLIOE 3Ha4YeHNe, 0COBEHHO B KOTopTe
BO3pacTHbIX nayunenTos ¢ CA Il Tmna.

MuanvHell pubpunnapHell Kucaell 6enok (FTOKbE)

TOKB ABNSeTcA OCHOBHOM MPOMENKYTOUHBIM GUIAMEHTOM B
3pesiblX acTPOLMTaX M NPOTOTUNOM aHTUreHa B anddepeHumpytowwei
HepBHOM TKaHu [28]. Moka3aHo, 4to C, n3meHseT BbipaboTKy OKB,
KOTOPbIVi ABNAETCA MAPKEPOM PeakTMBHOrO acTpoumTosa [29]. Kpome
TOro, y naumeHToB smbo ¢ C4 | Tuna, cambo ¢ CA4 Il TMNa goctatouHo
aKTMBHO 3Kkcnpeccupytotca AAT K TOKB, KoTopble COXpaHAKOTCA B TeYe-
HWE MHOIUX /IET, YTO ABNAETCA MAPKEPOM XPOHUYECKOTO NOBPEXKAE-
HuA TM [28, 30]. OfHaKO ¢ Y4ETOM HanMUMA Y BO3PACTHLIX NALMEHTOB
¢ CO Il TMNa conyTcTBylOLLE apTepunanbHOM rTMNEPTOHMUM U Helpode-
reHepaTuBHbIX 3ab0/1eBaHMii, KOTOPbIE ABASAKOTCA CYyLLECTBEHHbIMMU
TpUrrepaMm BO3HMKHOBEHWA KOTHUTUBHBIX HapyleHui, ponb FPKB
B AMArHoCcTuKe uepebpanbHoi AMcyHKUMM Y AAHHOTO KOHTUHIEHTa
MaLMEHTOB MOKET BbITb TOJIbKO AOMONHUTEILHOW.

OcHosHol b6enok muenuHa (O6M)

OBM — 370 cneuuduyHbIN ANA ONUTOAEHAPOLMUTOB BENOK, KOTO-
pbiit Heobxoamm ana mopdoreHesa ONUrOAEHAPOLMTOB Ha NO3LHMX
cTaamax anoddepeHUMPOBKM KNETOK [31]. B akcnepumeHTanbHbIX MO-
aenax ¢ C[l Ha XMBOTHbIX NMOKa3aHo nosbiweHne OBM v cHuKeHne
€ro KOHUEeHTpauuu yepes 3 mecaua nocne neyenns [32]. Cuutaetcs,
4TO NoBbIWEHHble YpoBHWU OBM y *KMBOTHbIX ¢ CL, MoryT ObITb CBA3a-
Hbl C MOTEPEel KOMMNEHCATOPHbIX PeakLuil B 0MFOAEHAPOLMTAX, YTO
roBopuT o nospexaeHun MM [33]. B apyrom PKW 6bina BbiABneHa
NONOXKMTENbHAA KOPPENALMOHHAA CBA3b MEXAY BbICOKMMM 3Haue-
Huamn OBM ¢ yposHem HbAlc, 1 mvkemun HaTowak (p<0,05) 1 Kor-
HUTUBHBIM AeduumTom y naumentos C/l | TMna B geTckom Bo3pacTe,
4TO YKa3blBAET Ha BOB/IEYEHHOCTb JAaHHOrO BOMapKEpa B MpoLecch
nospexaeHua 'M [34].

Helipompoguyeckuli pakmop 20108H020 M0O32Q
(HOrm)

HOIM sBNsieTcA BaKHbIM YNEHOM CEMENCTBA HelpoTpoduHo-
BbIX GAKTOPOB POCTa AN1A NOAAEPHKaHNUA GYHKLMI 0OYYEHMA 1 NAMATH,
PETYNVPYA BbIXKMBAEMOCTb HEPBHbIX KNETOK, CUHANTUYECKYIO MAacTny-
HOCTb M UX nponndepaumtio [1, 35]. HOIMM, Kak oguH 13 BasKHEMLIMX
HelpoTpoduueckux GakTopos, B OCHOBHOM, SKCMPECCUPYETCA B TKAHAX
M, Npy 3TOM OH TaKKe MOXET bbiTb 0OHAPYKEH B KPOBM, YTO Aefa-
€T €ro BaKHbIM J1aboPaTOPHbIM BUOMAPKEPOM ANA AUATHOCTUKM NO-
BPEXKAEHMA MO3roBOW TKaHM [1]. MokasaHo, 4to ypoBHM HOTM B Kpo-

Glial fibrillar acidic protein (GFAP)

GFAP is the main intermediate filament in mature astro-
cytes and an antigen prototype in the differentiating nervous tis-
sue [28]. It has been shown that DM changes the production of
GFAP, which is a marker of reactive astrocytosis [29]. In addition,
anti-GFAP AATs are actively expressed in patients with DM type |
or Il, persisting for many years and indicating chronic brain dam-
age [28, 30]. However, taking into account concomitant arterial
hypertension and neurodegenerative diseases in elderly patients
with DM type Il, which are significant triggers of cognitive impair-
ment, the role of GFAP in the diagnosis of cerebral dysfunction in
this group of patients can only be supplementary.

Myelin basic protein (MBP)

MBP is an oligodendrocyte-specific protein that is required
for oligodendrocyte morphogenesis at late stages of cell differ-
entiation [31]. Animal models of DM have shown an increase in
MBP and a decrease in its concentration 3 months after treat-
ment [32]. It is believed that increased levels of MBP in animals
with DM may be associated with the loss of compensatory reac-
tions in oligodendrocytes, which indicates brain damage [33]. In
another RCT, a positive correlation was found between high val-
ues of MBP with the level of HbAlc, fasting glycemia (p<0.05),
and cognitive deficit in children with DM type |, which demon-
strates the involvement of this biomarker in brain damage [34].

Brain-derived neurotrophic factor (BDNF)

BDNF is an important member of the family of neurotroph-
ic growth factors for maintaining learning ability and memory
by regulating the survival of nerve cells, synaptic plasticity, and
proliferation [1, 35]. BDNF, as one of the most important neuro-
trophic factors, is mainly expressed in the brain, while it can also
be detected in the blood, which makes it an important laborato-
ry biomarker for diagnosing brain damage [1]. It was shown that
the levels of BDNF in the blood of patients with DM type | were
significantly lower than in healthy volunteers [36]. A significant
decrease in the level of BDNF in the blood serum was associat-
ed with impaired cognitive function and positively correlated
with a memory and attention deficit in patients with DM type I
(p<0.001) [37]. On the other hand, it was found that serum levels
of BDNF were significantly reduced in patients with DM type I
with concomitant dementia and Alzheimer's disease, which indi-
cates a supplementary role of this biomarker in the diagnosis of
DM-associated brain damage with concomitant neurodegenera-
tive diseases which also cause a cerebral lesion [38].

Inflammatory biomarkers

Inflammatory response on the background of insulin defi-
ciency (DM type 1) or insulin resistance (DM type Il) is enhanced
by the expression of several pro-inflammatory cytokines, such as
interleukins IL-1, IL-6 and tumor necrosis factor-a (TNF-a) [39].
Activation and secretion of numerous pro-inflammatory medi-
ators can contribute to changes in the synthesis of many neu-
rotransmitters, such as serotonin, and dopamine, as well as to
an increase in the BBB permeability, and a decrease in cerebral
blood flow, which leads to damage to neurons and their prema-
ture death [40]. An association between inflammation and ac-
celerated cognitive decline in patients with DM type | and Il has
been repeatedly reported [35]. Certain RCTs have confirmed an
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BY naupeHToB ¢ CA | Tuna 6biM 3HaUMTENbHO HUXKE, YEM Y 340POBbIX
[06posonbLeB [36]. 3HaUMTENbHOE CHUMKEHME YpoBHA HPTM B cbiBo-
pOTKE KpOBM DObl1I0 CBA3AHO C HAapyLUEHWEM KOTHUTMBHOW QYHKLMM U
NONOXKUTENbHO KOPPEAUPOBA/IO CO CHUMKEHUEM NAMATU U BHUMAHUA Y
nauuenTos ¢ CA Il Tuna (p<0,001) [37]. C apyroi cTopoHbl, 6bi1o 06-
HapyeHo, 4To ypoBHM HOTM B cblIBOpPOTKE KpoBwW Gblin [OCTOBEPHO
CHUKeHb! y naupenTos ¢ C/1 Il Tuna ¢ conyTeTaytoLLei AemeHupmei u 6o-
Ne3Hbto AnbLreiMepa, YTO YKa3blBaeT Ha BTOPOCTENEHHYIO PO/ib AaH-
HOro 6MoMapKépa B AMarHocTUKe nospexaeHua MM, B cBA3W € Tem, YTo
conyTcTByIOLME HelipoaereHepaTMBHble 3aboneBaHua, camu no cebe
MOTYT BbI3bIBaTb NOBPEKAEHNA MO3roBOM TKaHu [38].

BocnanutenbHble 6MoMmapKépbl

BocnanutenbHas peakums Ha doHe geduumta (CA | TMNa) nam
PE3UCTEHTHOCTU K MHCyuHy (CA Il TMRa) ycuamnBaeTca 3a CYET IKC-
Npeccuy HECKOMbKMX MPOBOCMANUTENbHBIX LIMTOKUHOB, TakUX Kak
MHTepneikuHbl IL-1, IL-6 1 dakTop Hekposa onyxonu-a (PHO-a) [39].
AKTMBALMA W CEKPeLya MHOFOYMCNEHHbIX NPOBOCMANUTENbHBIX Me-
[MaTOpPOB MOTYT CNocobCTBOBAaTb U3MEHEHUAM B CUHTE3€ MHOMUX
HeMpPOTPAHCMUTTEPOB, TaKUX KaK CEPOTOHMH, AodpaMuH, a Takke
NOBbILEHUIO MPOHULIAEMOCTM remaTosHLedanmyeckoro bapbepa,
CHWXEHWIO MO3rOBOTO KPOBOTOKA, YTO MPUBOAMT K MOBPEXAEHUIO
HEMPOHOB U UX NpexaespemeHHo rmbenu [40]. MHorokpaTtHo co-
06Lanock 0 CBA3N MeX Ay BOCNANEHUEM U YCKOPEHHbBIM CHUXEHWUEM
KOTHUTUBHOM GyHKUMM y naumeHTos ¢ CA, | v Il Tunos [35]. Onpege-
nénHble PKU, noareepamnn ceAsb Mexay NOBbILLEHMEM MPOBOCMA-
NUTENbHBIX BUOMapKEpoB 1 nospexaeHem M y naupeHnTtos ¢ CA.
Hanpumep, Marioni RE et al (2010) noka3sanu, 4To Takue 61omapKEpbI
BOCManeHua, Kak IL-6 n ®HO-a KoppennpoBanu Co CHUMKEHUEM KOT-
HUTUBHOW GYHKUMM y naumeHToB ¢ CA Il Tuna [41]. Gorska-Ciebiada
M et al (2015) Takxke 3apuKcMpoBanu bonee BbICOKUE YPOBHU Map-
Képos BocnaneHua (IL-6 n PHO-a) y naumenTos ¢ CA Il Tuna Ha doHe
CHUKeHUS QYHKLUM NamaTh U BHUMaHUA [42]. C-peakTuBHbIN 6enok
CYMTAETCA HAZEKHbIM 1abOPATOPHLIM BUOMAPKEPOM BOCMANEHNS U
nospexaeHnsa M, ocobeHHo Ha paHHuX cTagmax CL, Koraa KOrHUTUB-
HafA AUCOYHKLMA BbIPAXKeHa HEAO0CTATOYHO CUIbHO, YTO MOXKET BbiTb
0COBEHHO Ba)KHbIM B PaHHEN AMarHOCTVKe LepebpanbHbiX HapyLle-
HWi Ha GpoHe aaHHoro 3abonesaHus [43].

AAVNOKUHDI

AOMNOKWHBI NPeaCcTaBAAoT cobolit meamaTopsl, BbICBObOKAA-
eMble M3 KMPOBOW TKaHW, KOTopble BKAOYAlOT fentuH, PHO-a, IL-6,
AAMMNOHEKTMH, afMNCcUH U daKTop pocTa aHAoTenunsa cocygos [35].
AJMMNOKMHbI Y4aCTBYHOT B MaToreHese nospexaeHus MM, cnocobetays
aHrmMoreHesy, BOCNaneHuto, NpoaMdepaLmm KNeToK U Pe3UCTEHTHOCTU
K MHCYAMHy [44, 45]. MoKa3aHo, YTO NOBbILEHHbIE YPOBHM NeNTMHA
B CbIBOPOTKE KPOBM 6bInn €BA3aHbI € 60N1€e HU3KUMU KOTHUTUBHBIMU
CNocobHOCTAMM, 0COBEHHO Y MOXMAbIX NaumeHToB ¢ CA, Il Tvna [46].
WccneposaHue Garcia-Casares N et al (2016) nokasano, 4to HU3KUIA
YPOBeHb aAMNOHEKTMHA CBA3aH C HapyLleHWemM MeTabon3ma rtoKo-
3bl U yMeHblUeHWeM 06bEMma ceporo Bellectsa y nauuentos ¢ CA I
Tvna (p<0,001). TakKe NPOAEMOHCTPMPOBAHA NONOKUTENbHAA KOppe-
NALMOHHAA CBA3b MEX/Y BbICOKMM YPOBHEM NIENTUHA U HU3KUMU KOT-
HUTUBHbIMKM cnocobHocTaMmM y 1057 nauuenTos ¢ CA Il Tuna (p<0,02)
[47]. Takum 06pa3om, aAMONKMHBI MOFYT ObITb LLEeHHbIMM NabopaTop-
HbIMW BMOMapKEPaMM KOFHUTMBHBIX HapYLUEHWI, 0COBEHHO 3a CYET
onpeaeneHuns ypoBHeN aAUNoOHEKTMHA U nenTuHa [1].

Buomapképbl OC

OC MOMKeT 1rpaTb KNOYEBYHO POAb B LiepebpasibHbIX OCI0KHe-
Huax CL 13-3a HapylweHUa HepOoHaNbHOW Nepeaayn CUrHanoB WUH-
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association between elevated pro-inflammatory biomarkers and
brain damage in patients with DM. For example, Marioni RE et
al (2010) showed that inflammatory biomarkers such as IL-6 and
TNF-a correlated with cognitive decline in patients with DM type
Il [41]. Gorska-Ciebiada M et al (2015) also demonstrated high-
er levels of inflammatory markers (IL-6 and TNF-a) in patients
with DM type Il on the background of compromised memory
and attention [42]. CRP is considered to be a reliable laboratory
biomarker of brain inflammation and damage, especially in the
early stages of DM, when cognitive dysfunction is not sufficiently
pronounced, which may be especially important in the early diag-
nosis of cerebral disorders in DM [43].

Adipokines

Adipokines are mediators released from adipose tissue,
which include leptin, TNF-a, IL-6, adiponectin, adipsin, and vas-
cular endothelial growth factor [35]. Adipokines are involved in
the pathogenesis of brain damage by promoting angiogenesis,
inflammation, cell proliferation, and insulin resistance [44, 45].
Elevated serum leptin levels have been shown to be associated
with lower cognitive abilities, especially in elderly patients with
DM type Il [46]. A study by Garcia-Casares N et al (2016) showed
that low levels of adiponectin are associated with impaired glu-
cose metabolism and decreased gray matter volume in patients
with DM type Il (p<0.001). A positive correlation between high
levels of leptin and low cognitive abilities in 1057 patients with
DM type Il was also demonstrated (p<0.02) [47]. Thus, adipokines
can be valuable laboratory biomarkers of cognitive impairment,
especially adiponectin and leptin [1].

Biomarkers of OS

0OS may play a key role in cerebral complications of DM due
to impaired neuronal insulin signaling, activation of AGEs, and
protein kinase C, which leads to aggravated brain inflammation
and neurodegeneration [48]. AGEs may play a key role in the for-
mation and accumulation of neurotoxic B-amyloid in the brain
not only in patients with Alzheimer's disease but also in DM pa-
tients [49]. It has been shown that AGEs naturally accumulate
with age, but their deposition is especially enhanced in hypergly-
cemia and OS, which is typical for patients with DM type Il [50].
RCT involving 167 patients with DM type Il, showed that serum
levels of AGEs were elevated in patients with clinical cognitive
dysfunction as a manifestation of brain damage [51].

Biomarkers of brain neuroreceptors

Dysfunction of the main cerebral neuroreceptors can lead
to cognitive deficits and be an important factor in brain damage
[52]. An increase in the concentration of AAT to glutamatergic
and dopamine neuroreceptors may indicate the activation of the
glutamatergic and dopaminergic systems as manifestations of OS
and excitotoxicity processes that may underlie brain damage [53].
Data are presented on the increase in AAT to glutamatergic and
dopamine receptors in children with a chronic course of DM type
I, which may be specific markers of brain damage in this group
of patients on the background of OS and excitotoxicity processes
[54].

CONCLUSION

CNS dysfunction is an important clinical complication of DM
type | and I, which is often underestimated in clinical practice,
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CYNMHa, aKTMBALMM KOHEYHbIX NPOAYKTOB rnKupoBaHua (KIMT), ak-
TMBaLMM NPOTENHKMHA3bl C, YTO NPUBOAUT K YCUAEHUIO BOCNANeHNA
M 1 HelipogereHepaumm [48]. KM moryT urpaTb KAloYeByo pob B
06pa3oBaHNUM 1 HAKOM/IEHWUM HEMPOTOKCMYecKoro B-amunonaa 8 MM
He TONBKO Y NaLUMEHTOB ¢ 60/1e3HbI0 ANbLireiiMepa, HO U Y NaLMeHTOB
¢ C/3, [49]. NokasaHo, uto KNI ectecTBeHHbIM 06Pa3oM HaKanAMBaloT-
CA C BO3PACTOM, OZLHAKO WX OT/IOMeHWe 0COBEHHO YCUAMBAETCA NpK
runepravkemun n OC, 1 3T0 XxapakTepHo Ana naumeHTos ¢ CA Il Tuna
[50]. PKW, Kyna Bownu 167 naumeHTos ¢ CA Il TMna, nokasano, Yto
ypoBHM KM B CbIBOPOTKE KPOBM 6blIM MOBbILLEHBI UMEHHO Y MaLUeH-
TOB, KOTOPbIE UMENWN KNUHUYECKYH KOTHUTUBHYH AUCOYHKLMIO, KaK
NposABAEHUs NOBpPeXAeHWe mo3ra [51].

BuomapKépbl MO3roBbix HeiipopeLenTopos

OnchyHKUMA OCHOBHbLIX HeilpopeuenTopoB M moxeT npu-
BOAWTb K KOTHUTMBHOMY AedULUTY U ABNATLCA BaXKHbIM (aKTOpPOM
nopaxeHua M [52]. MoBblweHWe KoHUeHTpauumn AAT K riyTamatep-
rMYeckMM 1 AoGaMMHOBLIM HeMpopeLenTopam MOXKeT CBUAETeNb-
CTBOBaTb 00 aKTMBaLMKM [NyTamaTeprMyeckon u podamuHepruye-
CKOM cuctem, Kak npoasneHna OC v NpoLLeccoB IKCAUTOKCUUHOCTH,
KOTOpble MOryT NeaTb B 0CHoBe nopaxeHus M [53]. Mpusoaatca
JaHHble 0 nosblweHnn AAT K rayTamaTepruyeckum v JoGammHOBbIM
peuenTtopam y geteit ¢ C4, | Tna Ha GoHe XPOHMYECKOTO TEUYEHMS, KO-
TOpble MOTYT ABNATLCA CNeuudUUecKMMU MapKEPaMm NoBpeXAEeHNA
M y A@aHHOTO KOHTMHIEHTa NauueHToB Ha ¢oHe npoueccoB OC 1 3k-
CaWTOKCMYHOCTK [54].

3AKNIOYEHUE

OuncdyHkuma LHC aBnsetca BaKHbIM KNMHUYECKUM OC/IOMKHE-
Huem CA | n |l TMNOB, KOTOPaA Ha NPaKTUKe YacTo HeaooLEeHWNBaET-
A, 32 CYET yero nopaxeHus MM ocTatoTca cnabo AMarHoCTMpyeMbim
KNAMHWYECKMM NPOABAEHUEM AaHHOW 3HAOKpUHONaTUu. CywectsyeTt
60/blLOE KONMYECTBO PA3/IMYHLIX N1abOPATOPHBIX CcneuudrUyeckmx
6romapképos nopaxeHua 'M npu C[l, ogHako naeanbHoro bromap-
KEpa 10 CUX MOop TaK U He HallaeHo. OfHaKo, CyLLECTBYIOLLMI apceHan
NabopaTopHbIX GOMApPKEPOB C BbICOKOW CTENEHbIO A0Ka3aTeNbHOCTU
MOeET AnarHocTuposaTb nopaxenuna 'M npu CA 1 v Il Tunos, Kotopble
Ha NpaKTWKe NPOABAAIOTCA KOTHUTUBHBIM AedpuumnTom 1 popmuposa-
HUEM AEMEHTHbIX COCTOAHUI. C y4ETOM TOro GakTa, YTo Yy BO3PACTHbIX
nauvenTos ¢ CA Il Tuna 3abonesaHwue yacTo npoTekaeT Ha GoHe conyT-
CTBYIOLLEN NATONOTMM (TMNEPTOHMYECKasn BonesHb, HeilpoaereHepa-
TUBHble 3ab0/1eBaHWMA), KOTOPbIE Camu MO cebe ABAAITCA MOLLHbIMU
Tpurrepamu nospexaeHns M n GopmMpoBaHMA KOTHUTUBHOM AuC-
bYHKUMM, ponb HEKOTOpbIX BMOMapKEPOB (Hanpumep, HelpocneLl-
ndnyecknx 6esKoB), MOKeT BblTb TONBKO AOMONHUTENbHOW, HO He
onpeaenstoLen.

MaKcumanbHo paHHee onpeaeneHue cneuuduyeckux Guomap-
KépoB nospexaeHna M no xogy TeyeHWA JaHHOro 3aboneBaHuA
MO3BONUT YAYULINTb AUATHOCTUKY LiepebpanbHbIX HapyLLeHU 1 pac-
CMOTpPETb BOMPOChI O NOAKIYEHNM LiepebponpoTEKTOPHOM Tepanum
C LeNbi0 YMEHbLUIEHMA KNMHUYECKMX NposBaeHuin aucdyHkumm LIHC u
YNYYLLEHUA KaueCTBa XMU3HW NaLMEHTOB.

due to which brain lesions remain a poorly diagnosed clinical
manifestation of this endocrinopathy. There are many laboratory
biomarkers of brain damage in DM, but the ideal biomarker has
not yet been found. However, the existing arsenal of laboratory
biomarkers with a high degree of evidence can diagnose brain
lesions in DM type | and Il, which are manifested by cognitive
deficits and dementia. Elderly patients with DM type Il often have
comorbidities (hypertension, neurodegenerative diseases), which
are powerful triggers for brain damage and cognitive dysfunction,
therefore the role of some biomarkers (for example, neurospecif-
ic proteins), can only be accessory, but not decisive.

The earliest possible detection of specific biomarkers of
brain damage in DM will improve the diagnosis of cerebral disor-
ders and consider the use of cerebral protection therapy in order
to reduce the clinical manifestations of CNS dysfunction and im-
prove the quality of life of patients.
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