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Lienb uccnefoBaHmUA: OLEHKa YPOBHA MapKEPOB paspyLieHUA SHAOTENNANBHOTO IIMKOKanukea (3TK) B cbiBOpOTKe KPOBM Y fieTel ¢ caxapHbIM Auna-
6etom (CA) | TUNa B 3aBMCMMOCTUN OT Ha/ZIMUUA UM OTCYTCTBUA AUABETUYECKUX OCNONKHEHWI ANA BbIABNEHUA BbIPAXKEHHOCTU 3HAOTENUANBHON AUC-
dyHKumn (30).

Matepuan u metogpbl: o6cnegosaHo 60 geTeit M NoAPOCTKOB (MeamnaHa Bo3pacTa 7 [3; 16] neT), 30 13 KOTOPbIX COCTaBW/IM OCHOBHYIO rpynny (NauueH-
7ol ¢ CLL I Tvna; OT), apyrve 30 ycI0BHO 340P0BbIX AETel BOWIM B KOHTPOAbHYO rpynny (KI). B 3aBUCMMOCTM OT OTCYTCTBUA UM HaAWUuusa AnabeTuye-
CKUX OC/IOXKHEHUI (Helpo-, peTuHo-, HedponaTusa) nauueHTbl U3 OF 6bin passaeneHbl Ha ABE NOATPYNMbl: 6e3 0cNoKHeHUH (N=16) 1 C OCNOKHEHUAMM
(n=14). Y Bcex feTell B CbIBOPOTKE KPOBU METOAOM MMMYHODEPMEHTHOrO aHanusa onpegeneHbl Mapképbl paspylwenns IMK: cuHaekan-1 (CAK1),
cuHAeKaH-4 (CAK4), sHgokaH-1 (3K1), renapuH cynbdat (IC), aHrunoatnH-1 (AN1) u ruanypoHoBas kuciota (IK).

Pe3ynbratbl: NokasaHo, 4To 4 13 6 nccnenyembix nokasatenei paspywenus 31 (CAK4, I'C, AN1 u IK) y naumeHTos 13 O 6b111 NOBbILWEHDBI B CbIBOPOT-
Ke KpoBM No cpaBHeHuto ¢ aetbmu u3 KI. KoHueHTpauma CAKL v 3K1y naumeHTos ¢ C, | TMna He MMena CTaTUCTUYECKM 3HAYMMbIX OTAIMYMIA OT rpynnbl
KOHTpONA. BbiABNEHO MaKkcumanbHoe cogepikanune CAK1, CAK4, IC v K B cbiBOpoTKe KpoBM y naumeHTos ¢ CA, | TMna npu Hanuumm y Hux avabetu-
YECKUX OCNOXKHEHUI. CTaTUCTUYECKM 3HAYMMbIX Pa3/IMUMiA B MOBbILWEHWUW KOHUeHTpaumu IK1 u AM1 npu HaaWumMmn UAKM OTCYTCTBUM AMabeTUUYeCKUX
0CNI0XKHEHUI y aeTeit 13 OF No cpaBHEHMIO C YCNOBHO 3L0POBbIMU AeTbMU 0OHAPYKEHO He bblio.

3akntoueHume: BbicoKkoe cogepKanune CAK4, I'C, AN1 n TK B cbiBOpOTKe KpoBM y AeTewt ¢ CA, | Tuna cemuaeTenbcTayeT o paspywernn MK n /1. MosbiweH-
Hble KoHueHTpauun CAK1, COK4, TC v K moryT cnyutb 1abopaTopHbIMU KPUTEPUAMM HANNYMA ANABETUYECKUX OCTIOKHEHWIA.

KntoueBble cnosa: caxapHeili duabem | muna, demu u nodpocmxu, 3HOomMenuanbHas OUCYHKYUA, 2UKOKAAUKC, OuabemuyecKue OC/I0HHEHUS.
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Objective: To assess the serum levels of markers of endothelial glycocalyx (EG) degradation in children with type 1 diabetes mellitus (T1IDM), depending
on the presence or absence of diabetic complications, in order to determine the severity of endothelial dysfunction (ED).

Methods: A total of 60 children and adolescents were examined (median age 7 [3; 16] years), 30 of whom formed the main group (patients with TLDM;
MG), while the other 30 were included in the control group (CG). Depending on the presence or absence of diabetic complications (neuro-, retinopathy,
and nephropathy), patients from the MG were divided into two subgroups: those without complications (n=16) and those with complications (n=14). In all
children, serum markers of EG degradation were determined by enzyme-linked immunosorbent assay: syndecan-1 (SDC1), syndecan-4 (SDC4), endocan-1
(EC1), heparan sulfate (HS), angiopoietin-1 (AP1), and hyaluronic acid (HA).

Results: Four out of six studied markers of EGL degradation — SDC4, HS, AP1, and HA — were elevated in the serum of patients with MG compared with
children in the CG. The concentrations of SDC1 and EC1 in patients with TIDM did not differ significantly from those in the control group. The highest
serum levels of SDC1, SDC4, HS, and HA were found in patients with TLDM who had diabetic complications. No statistically significant differences were
found in the increase in EC1 and AP1 concentrations between children with diabetic complications and apparently healthy children.

Conclusion: High serum levels of SDC4, HS, AP1, and HA in children with TIDM indicate EG degradation and ED. Elevated concentrations of SDC1, SDC4,
HS, and HA may serve as laboratory criteria for the presence of diabetic complications.
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BBEOEHUE

Ha cerogHAWwHWIt feHb caxapHblii avabet (CL) nopaskaeT oKono
537 munnnoHoB Yenosek no scemy mupy (10% Hacenenws) [1]. Aan-
Hoe 3ab60/s1eBaHNe XapaKTEPU3YETCA NOBbILLEHHbBIM YPOBHEM [/IHOKO3bl
B KPOBM (rvneprinkemueit), Koraa Noaxenyao4uHan »enesa Bbipaba-
TbIBaET HEAOCTAaTOYHO MHCY/IMHA HA GOHE paspyLUEeHUA MHCYANH-NPO-
ayumpytowmx B-knetok (C4 | TMNa) MAM BO3HMKAIOWEN PE3UCTEHT-
HOCTU K MHCYZIMHY NpW ero HopmanbHoi cekpeumn (CA Il Tuna) [1].
CA | TMna Hanbonee YacTo AebOTUPYET B AETCKOM U NOAPOCTKOBOM
BO3pacTax, ABNAACL OLHON U3 PACNPOCTPAHEHHbIX SHAOKPUHOMATUM
B [aHHOM BO3pacTHoW rpynne [2]. ExerogHo 3abonesaemocTtb C[,
| TMna y peTeit yBennumeaetca Ha 3-5%, npuyém HanbonbLumnii poct
HabnogaeTca cpeam aeteit maaguwero sospacta (<5 net) [3]. JaHHoe
3aboneBaHMe UMEET BbICOKMI NPOLEHT MHBANUAM3ALMU U CMEPTHO-
CTW, B NEPBYIO OYepesb, 3a CYET BO3HUKHOBEHMA XPOHUYECKMX Anabe-
TUYECKUX OCNOXKHEHMM [3]. K MakpococyancTbiM anabeTnyeckum oc-
NOXKHEHWAM OTHOCAT KapZMOMMONaTHIO, aTEPOCKNEPO3 U CEPLEYHYIO
HeZ0CTaTOYHOCTb, K MMUKPOCOCYAUCTBIM — AMabeTnyeckyto Hedppo-,
peTuHo- 1 Heiponatuio (1, 4, 5].

MocKonbKy Ha GOHE MaKpPO- U MUKPOCOCYAMUCTbIX OC/OKHEHMI
NMPOUCXOAMT MOBPEKAEHME KPOBEHOCHbIX COCYA0B, 3TO NPUBOAUT K
Pa3BUTUIO 3HAOTENMANbHOW AMCOYHKUMM (D), KOTopas Ha AaHHbIN
MOMEHT PAaCcCMaTPUBAETCA KaK BaXKHbIM U HAAEKHbIV NPeanKTOp pas-
BUTMA COCYAMCTbIX AMaBETUUECKUX OCNOKHEHUM [5-7]. B 35% cnydaes
3, dopmmpyeTcA y NaLMEHTOB AETCKOrO BO3pacTa B TeUEHUe NepBbIX
HECKO/IbKUX /IET OT Havyana 3abonesaHua CA | Tuna, 3agonro o noss-
NIEHUA KIMHUYECKMX MUKPO- UM MaKPOCOCYAUCTbIX OCIOXKHEHU [6].
OpHako natoreHes 3 npu C | Tvna ocTaérca HeQOCTaTOYHO M3YYeH-
HbiM [4]. Mpeanonaraetcs, 4to B ocHoBe 3/, npu C NeXUT HapyLue-
HWe GYyHKLMM 3HAOTENMANBHOTO IIMKOKanukea (3MK) u ero nocnepy-
tollee paspyLieHue [8].

3K, npeAacTaBnsAowmMiAi cobon rMapPaTMPOBaHHYO NMOAMAHWOH-
HYl0 TeneBylo MemBpaHy, MOKPbLIBAIOLLYIO MOBEPXHOCTb 3HAOTENU-
A/IbHbIX KNETOK, ABAAETCA KNOYEBbIM 3NEMEHTOM, OMNpPeAenAtoLwmMm
MPOHULAEMOCTb M 31aCTUYHOCTb COCYAMCTOro aHaoTtenwa [7, 9]. B
cocTaB 3K BXOAAT MMKO3aMMHOIIMKaAHBI (B YaCTHOCTU rManypoHaH),
TIMKONPOTEUHBI M NpoTeornkaHbl [9]. MHTepec K poan 3K Bo3poc
B NnocnesHee roapl, NOCKONbKY CTaNo M3BECTHO O €ro BaXKHOCTU A/1A
COXpaHeHUsa 3HAOTeNManbHoro bapbepa B cocyaucToi cterke [10].
Wccneposanma no MK nokasanu, 4To MHOMME OCTPbIE M XPOHUYECKUE
3ab0n1eBaHNA NPUBOAAT K €70 PA3PYLLEHUIO UM AerpPafalnm, 4To Cno-
coberayeT passuTuio 3/, [10]. Hanpumep, npu cencuce gerpagauma
3K aKkTUBMpPYETCA Pas/IMYHbIMM BOCMANUTENBbHBIMU MEAMATOPAMM, 33
CYET YEero NPOUCXOAMT BbIOPOC B KPOBOTOK OCHOBHbIX NPOAYKTOB €ro
pa3pywenus [11]. Taknum 0b6pasom, BblAeneHNe KOMNOHEHTOB Aerpa-
Jaunm 3K B KPOBb MOMET CNYKWUTb NabopaTopHbIM KpuTepuem 3L,
[7].

CuHaekaHbl (COK), aHaoKaHbl (3K), renapuH cynbdat (IC), aH-
rMnoaTuHbl (AN) 1 ruanypoHoBas Kucnota (TK) ABAATCA OCHOBHbIMM
KomnoHeHTamu 3K, 1 UX NOBbILWEHHbIE KOHLEHTPALMM B CbIBOPOTKE
KPOBW OTPAKatoT ero akTMBHOE paspyLueHue [9].

COK cny:KaT OCHOBHbIMM MNpoTeornMkaHamu B 3K, rnasHoi
bYHKUMEN KOTOpbIX ABNAETCA KOHTPO/b NPOLECcCOB BocnaneHus [1,
9]. COK1 — Hambonee M3BECTHbIM NPEACTaBUTENb 3TOMO K/Acca, KC-
npeccupyeTcs B aHA0TENMANbHBIX KNeTKax cocynoB [9, 12]. KoHueH-
Tpauna COK1 B CbIBOPOTKE KPOBWM 4aCTO MCMO/b3YETCA B KayecTse
6romapképa aerpagaummn 3K, NOCKONbKY ero BHEKNETOUHbIN JOMEH
CMbIBAETCA KPOBbIO C SHAOTENNABHOW NOBEPXHOCTM NPK NOBPEXAE-
HWM ITK Ha GOHe pasMYHbIX NAaTONOTMYECKUX coCTOAHMIM [12]. COK3 n
CAK4 TakKe ABNAIOTCA BaXKHbIMW KOMNOHeHTamu 3K, npu 3TOm 3Kc-
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INTRODUCTION

Today, diabetes mellitus (DM) affects approximately 537
million people worldwide, accounting for 10% of the population
[1]. This disease is characterized by elevated blood glucose lev-
els — hyperglycemia — when the pancreas produces insufficient
insulin due to destruction of insulin-producing B-cells in type 1
DM (T1DM), or when insulin resistance develops despite nor-
mal insulin secretion in type 2 DM (T2DM) [1]. TIDM most com-
monly manifests in childhood and adolescence and is one of the
common endocrinopathies in this age group [2]. Each year, the
incidence of TIDM in children increases by 3-5%, with the great-
est rise observed among younger children under 5 years of age
[3]. This disease is associated with high rates of disability and
mortality, primarily due to the development of chronic diabetic
complications [3]. Macrovascular diabetic complications include
cardiomyopathy, atherosclerosis, and heart failure, whereas mi-
crovascular complications include diabetic nephropathy, retinop-
athy, and neuropathy [1, 4, 5].

Since macro- and microvascular complications are accom-
panied by vascular damage, this leads to endothelial dysfunction
(ED), which is currently regarded as an important and reliable pre-
dictor of vascular diabetic complications [5-7]. In 35% of cases, ED
develops in pediatric patients during the first few years after the
onset of TIDM, long before the appearance of clinical micro- or
macrovascular complications [6]. However, the pathogenesis of
ED in TIDM remains insufficiently studied [4]. It is assumed that
ED in DM is based on dysfunction of the endothelial glycocalyx
(EG) and its subsequent degradation [8].

The EG, a hydrated, polyanionic, gel-like membrane cover-
ing the surface of endothelial cells, is a key determinant of the
permeability and elasticity of the vascular endothelium [7, 9].
The EG consists of glycosaminoglycans, particularly hyaluronan,
as well as glycoproteins and proteoglycans [9]. Interest in the
role of the EG has increased in recent years, as its importance
in maintaining the endothelial barrier in the vascular wall has
become evident [10]. Studies of the EG have shown that many
acute and chronic diseases lead to its destruction or degrada-
tion, thereby contributing to the development of ED [10]. For
example, in sepsis, EG degradation is activated by various in-
flammatory mediators, resulting in the release of its main deg-
radation products into the bloodstream [11]. Thus, the release
of EG degradation components into the blood may serve as a
laboratory criterion of ED [7].

Syndecans (SDCs), endocans (ECs), heparan sulfate (HS), an-
giopoietins (APs), and hyaluronic acid (HA) are the main compo-
nents of the EG, and their elevated serum concentrations reflect
its active degradation [9].

SDCs are the main proteoglycans in the EG, whose principal
function is the control of inflammatory processes [1, 9]. SDC1, the
best-known representative of this class, is expressed in vascular
endothelial cells [9, 12]. Serum SDC1 concentration is often used
as a biomarker of EG degradation, since its extracellular domain
is shed from the endothelial surface into the bloodstream when
the EG is damaged in various pathological conditions [12]. SDC3
and SDC4 are also important components of the EG, while SDC4
expression increases markedly in response to inflammatory pro-
cesses [7, 13].

EC1 is a soluble dermatan sulfate proteoglycan secret-
ed and expressed predominantly by vascular endothelial cells,
which can be detected in serum and blood plasma. It regulates
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npeccna CAK4 3ameTHO yBeIMYMBaeTCA B OTBET HA BOCNA/IUTE/IbHbIE
npoueccsl (7, 13].

K1 npepctaBnaeT coboli PacTBOPUMbIA AepmaTaHcynbdaT-
HbI/i NPOTEOIIMKAH, CEKPETUPYEMBIA M IKCMIPECCUPYEMbIN Npenmy-
LLECTBEHHO COCYAMCTbIMM 3HAOTENMANBbHBIMU KAETKaMM, KOTOPbIN
MOMKET OblTb 0OHAPYKEH B CbIBOPOTKE M CbIBOPOTKE KpoBU. OH pery-
NMPYET aKTMBALMIO, MPOHWULAEMOCTb U Nponudepaumio sHA0TENMUA
COCYANCTOW CTEHKM [5].

'C — nonncaxapua, KOTopbIi 0BHapYKMBAETCA NPAKTUYECKU BO
BCEX HAO0TE/IMANbHbIX KNETKax, HO Yalle B MPUKPENNEHHbIX K Naa3-
MaTHyeckoin membpaHe. OH y4acTBYOT B Pa3BUTUM M MUMPaLMM 3N-
TENMANIbHBIX KNETOK, A TaKKE PErYMPYIOT YPOBEHb LIUTOKMHOB, XEMO-
KMHOB, GaKTOPOB POCTa U PasnYHbIX pepmeHToB [14].

A, KaK 0AMH 13 GaKTOPOB POCTa IHAOTENNSA, MOLYAMNPYHOT POCT
1 pa3BMTME HOBbIX COCYZ0B BO BPEMsA aHIMOreHesa 1 npoLecca Boc-
nanexun [15]. AM1 paccmMaTpMBAETCA KaK aHTMOTEHHbIW LIUTOKUH Ha
NOBEPXHOCTU SHAOTENNANBHBIX KNETOK, KOTOPbIN KOHTPOAUPYET Me-
XaHu3mbl aytodocdopuanposarus [16]. OH NpPoAEMOHCTPMPOBan
CBOK CMOCOBHOCTb B MOAAEPHAHUM BbIXKMBAHUA 3SMUTENNANBHbIX
Knetok [15].

K cBA3aHa ¢ noaaeprKaHMem KNHOUEBbIX CTPYKTYPHbIX U GyHK-
LMOHANbHbIX XapakTtepucTuk 3N [17]. TK — rMKo3aMUHOIIMKaH U
NoAMMeEpP BHEKIETOYHOT0 MaTpMKca, BbIOBPOC KOTOPOro B KPOBOTOK
YBE/IMYMBAETCA B OTBET Ha NPOBOCMANNTENbHbBIE LUTOKUHBI U rUnepr-
Nnkemmio [18].

MpoBeaeHVe paHHel AMArHOCTUKM W MPEBEHTUBHOTO Jfleve-
HWA NO3BOMIAET CHU3UTb PUCK PA3BUTUA AMAOETUYECKUX COCYAMUCTbIX
ocnoKHeHui C, | TMna, YTo MOXKET NPUBECTU K YNYULIEHUIO UCXOAA
3abonesaHuna [5]. B cBeTe BbICOKOM PacnpOCTPAHEHHOCTU AaHHOW
3HIOKPMHONATUWN, PAHHAA AMArHOCTMKA NPU Hel KpaiiHe BaKHa, uTo
NOATANKMBAET K UCCIEA0BAHMAM MO BbIABIEHMIO HOBbIX MAapKEPOB I/,
npu C4 | Tuna [5]. OfHaKo, HECMOTPSA Ha 6O/bLLYIO ANArHOCTUYECKYID
LIeHHOCTb OnpeaeneHns Mapkeépos aerpagauum 3K ¢ uenbto obHapy-
eHua I[1, uccnepoBaHmin No AaHHON npobnematuke B8 obnactv C/, |
TWMNa B AETCKOM M MOLPOCTKOBOM BO3PacTe HeAOCTaTOYHO.

LENb UCCNEQOBAHUA

OueHKa ypoBHA MapKépoB paspyLueHmns 3K B CbiIBOPOTKE KpOBM
y aeteit ¢ C 1 TMna B 3aBUCMMOCTY OT HA/IMYMA MW OTCYTCTBUSA Anabe-
TUYECKUX OCNIONKHEHWI AN1A BbIABIEHWA BbIPAXKEHHOCTM I/,

MATEPUAN U METOADbI

Pabota npoBeaeHa B pamKax OTKPbITOrO KOHTPOJIbHOTO UcC/ie-
[l0BaHWA Ha 6ase CTaBPOMONbCKOW AETCKOM rOpoACKOW 60/bHULbI
um. I.K. duaunnckoro. B nccneposaHue 66110 BRAOYEHO 60 aeTent v
NoApPOCTKOB, MeAyaHa BO3pacTa KOTopbIx coctasuna 7 [3; 16] net, u3
Hux 17 aesoyek v 13 manbunkos. 30 fieTei BOLAW B OCHOBHY!O rpynny
(CA 1 Tvna, OT), a 30 Apyrux AeTeld COCTaBUAM KOHTPOJIbHYIO rpynny
(ycnosHo 3g0posble aetu, Kr). MaunenTbl n3 O 6blAM rocnuTanmnsm-
pOBaHbl B 3HAOKPUHONOTMYECKOe OTAeNeHUe CTalpoHapa B NaaHo-
BOM MOPAAKE C LIeNIblo KOPPEKLMM [03bl UCMIONb3YEMOro UHCYIMHA.
MeapaHa Npoao/IKUTENBHOCTM 3a60/1€BAHMA Y NALMEHTOB COCTaBUA
5,5 [3,5-7,5] ner.

Kputepuu BKatoueHus B OI: Hannume [ob6POBOLHOMO MHPOP-
MMPOBAHHOTO COINACKA PoAUTENEeN AeTei UK UX 3aKOHHbIX NPeacTa-
BuTenen; anarHos CA | tuna 8 ctagum cybkomneHcaumuy 3abonesanus;
Bo3pacT getelt 3-17 ner.

Kputepun HeBKNOYEHUA: OTKA3 OT y4acTUA B UCCIEL0BaHUM CO
CTOPOHbI POAMUTENEN WU UX 3aKOHHBIX NPEACTaBUTENEN; HAaIUME Jto-

activation, permeability, and proliferation of the vascular wall
endothelium [5].

HS is a polysaccharide found in virtually all endothelial cells,
but is more commonly associated with the plasma membrane. It
is involved in the development and migration of epithelial cells
and also regulates cytokine, chemokine, growth factor, and en-
zyme levels [14].

APs, as endothelial growth factors, modulate the growth
and development of new vessels during angiogenesis and inflam-
mation [15]. AP1 is regarded as an angiogenic cytokine expressed
on endothelial cell surfaces that controls autophosphorylation
mechanisms [16]. It has demonstrated its ability to maintain epi-
thelial cell survival [15].

HA is associated with the maintenance of key structural and
functional characteristics of the EG [17]. HA is a glycosaminogly-
can and an extracellular matrix polymer whose release into the
bloodstream increases in response to proinflammatory cytokines
and hyperglycemia [18].

Early diagnosis and preventive treatment make it possible
to reduce the risk of developing diabetic vascular complications
of T1DM, which may improve disease outcomes [5]. In view of
the high prevalence of this endocrinopathy, early diagnosis is ex-
tremely important, which encourages research aimed at identi-
fying new markers of ED in TIDM [5]. However, despite the con-
siderable diagnostic value of identifying EG degradation markers
for detecting ED, there are few studies on this topic in the field of
T1DM in childhood and adolescence.

PURPOSE OF THE STUDY

To assess the serum levels of markers of EG degradation in
children with TIDM, depending on the presence or absence of
diabetic complications, in order to determine the severity of ED.

METHODS

The work was carried out as part of an open controlled study
at Children's City Clinical Hospital named after G.K. Filippsky. The
study included 60 children and adolescents, with a median age of
7 [3; 16] years, including 17 girls and 13 boys. Thirty children with
T1DM were included in the main group (MG), while the other 30
children formed the control group (apparently healthy children,
CG). Patients with TIDM were admitted to the hospital's endo-
crinology department on a scheduled basis to adjust insulin dos-
es. The median disease duration in the patients was 5.5 [3.5; 7.5]
years.

The inclusion criteria for the MG were as follows: voluntary
informed consent from parents or their legal representatives; a
diagnosis of TIDM at the stage of disease subcompensation; and
children aged 3-17 years.

The non-inclusion criteria were refusal by parents or their le-
gal representatives to participate in the study and the presence of
any acute or chronic concomitant pathology that could cause ED.

Subsequently, patients with TIDM were divided into two
subgroups: those without chronic diabetic complications (sub-
group 1, n=14) and those with diabetic complications (subgroup
2, n=16). In subgroup 2, the distribution of complications was
as follows: diabetic retinopathy (n=7), diabetic polyneuropathy
(n=4), and diabetic nephropathy (n=5).

The CG included children undergoing scheduled preventive
medical examinations at one of the city's outpatient clinics who
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601 OCTPOW MM XPOHUYECKOW COMYTCTBYHOLLEW MaTON0rMK, KoTopas
MOeT BbI3blBaTb I/.

[Janee naupenTsl ¢ CL | TMNa Bblav pasaeneHbl Ha 2 NOArpynnbl:
HE UMEHOLLMX XPOHUYECKUX AMabETUYECKUX OCNIOKHEHMIA (Nogrpynna
1, n=14) 1 umetowWwpmx AnabeTnyeckue OCNOXKHEHUA (moarpynna 2,
n=16), B KOTOPOW pacnpeaeseHne No OC/OKHEHWUAM COCTaBU/IO: Au-
abeTnyeckan petuHonatusa (n=7), gnabeTnyeckas nonvHelponaTus
(n=4) v pnabetnyeckas Hedponatma (n=5).

B Kl 6b11 BK/IOUEHbI AT, NPOXOAMBLUME NAAHOBYHO AWCNAH-
Cepv3aLmio B OLHOW U3 TOPOACKMX MOMMKANHMK (YCNOBHO 340p0Bble
netu). x meamaHa BospacTa coctasuna 8 [4; 17] net, u3 Hux 16 aeso-
4yeKk 1 14 ManbymKoB.

Kputepuu Bktouenun B KI: otcytctBMe ntobbix OCTPbIX MM
XPOHWMYECKMUX COMYTCTBYIOLMX XPOHWUYECKMX 3aboneBaHUi; BO3pacT
netein 3-17 ner.

Kputepuu HeBKAlOUEHMA: BO3PACT NaLMEHTOB Maaalwe 3 ner;
0TKa3 poauTeneil Uam 3aKoHHbIX NPeACTaBUTeNel OT y4acTuA B UcCie-
[0BaHUW.

3abop CbIBOPOTKM KPOBM ANA ONpeAeneHus KOHLEeHTpauuu
nccnegyemblix mapképos gerpagauum 3K ocywectenanca 8 09:00,
B nnaHosom nopagke. Cbop nepudepnyeckoir BeHO3HON KpoBu
MPOBOAMCA METOLOM PYTUHHOMN BEHemnyHKuuKW. JlabopaTopHoe uc-
cneposaHvie 6bi10 BbiNoHeHO Ha 6ase 000 «LeHTp KAMHWUYECKON
dapmakonornn u dapmarorepanum» (r. CraBpononb, pyKoBoauTeNb
—npodeccop B.A. BatypuH). Onpeaenexne cogepxanna CAK1, CAK4,
K1, A1, FCn K B cbIBOPOTKE KPOBM OCYLLECTBAANOCH C MCMO/Ib30Ba-
HUeM meToga UMMyHObepMeHTHOro aHanusa [19].

dTnyeckoe 3anBneHue. MccnegosaHue NPOBOAWAOCH C OfO-
OpeHus JI0KaNbHOrO 3TMYECKOro KomwuteTa CTaBpOMO/bCKOrO rocy-
[APCTBEHHOTO MEAMLMHCKOro yHuBepcuteta (npotokon Ne 131 ot
19.12.2024 roga). Poautenn uan 3akoHHble NPeACTaBUTENU AeTei
[Janu nucbMeHHoe MHGOPMMPOBAHHOE COrNacKe Ha yyacTue B Uccne-
[0BaHUW.

CraTucTMueckuii aHanus. [InAa CTaTUCTMYECKOro aHanusa wc-
nonb3oBasaca naket nporpamm Microsoft Excel, «Statistica 10.0».
HopmanbHOCTb pacnpefeneHns oLeHMBanach C NOMOLLbIo TecTa La-
nupo-Yunka. C y4éTom OTCYTCTBMA HOPMAJIbHOTO pacnpeaeneHua sce
[laHHble 6blM NpeacTaBieHbl B BUAE MeyaHbl U MEKKBAPTU/IbHOTO
pasmaxa — Me [Q1; Q3]. MexrpynnoBble NapHble CPaBHEHWS OCY-
wectenamcb no U-kputeputo MaHHa-YUTHU. KpuTuueckuii yposeHb
3HAYMMOCTM NPU NPOBEPKE CTaTUCTUYECKMUX TMMNOTE3 NPUHMMANCA 33
p<0,05. Mpu MHOKECTBEHHOM CPAaBHEHWU MPUMEHANCA KpPUTEPUIA
Kpackena-Yonnuca. Mpu BbINonHEHWMU post-hoc aHanusa no kpwute-
puto MaHHa-YUTHM co cTeneHsamu ceoboapbl 2 (df=2), yposeHb cTaTn-
CTMYECKOW 3HaUMMOCTM NPUHUMANCA NPKU 3HadeHnn p<0,017 (3a cuér
nonpasku boHdeppoHw).

PE3YNbTATbI

MpoBeAEHHbIV aHaNU3 cofepKaHna MapKEpoB Aerpagaumm MK
B CbIBOPOTKE KPOBM MeKAy naumeHTamum OF u KT nokasan, 4o yeTbipe
U3 LWEeCTU UCCNEAYEMbIX NOKa3aTenel Oblaiv NOBbILWEHbI Y NALMEHTOB
c¢CA | Tuna (tabn. 1).

Kak BuaHO v3 Tabn. 1, no TakMm nokasatenam, kak CAK4, IC,
AM1 n TK nonyyeHbl CTaTUCTUYECKM 3HAUYMMBble pasnnuma mexay Or
1 KT, 4TO yKa3bIBAET Ha HaMYME BbIPANKEHHDBIX HAPYLIEHUA GYHKLMK
sHAoTenus y aeten OF.

Ha BTOpOM 3Tane vccnegoBaHWA, Nocae pasfeneHua rpynnbl
naumeHTtos ¢ C/1 | TMna B 3aBMCMMOCTM OT OTCYTCTBMA UAU HaAU4MA
Y HUX AMabeTUYECKMX OCNIOKHEHUI Ha ABe MOATPYNMbl, TakKe bbliun
BbISIB/IEHbI CTAaTUCTUUYECKM 3HAUYMMbIE OT/IMYMA B COAEPKAHUM MCCae-
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were considered apparently healthy. Their median age was 8 [4;
17] years, including 16 girls and 14 boys.

The inclusion criteria in the CG were the absence of any
acute or chronic concomitant diseases and children aged 3-17
years.

The non-inclusion criteria were patients younger than 3
years of age and refusal of parents or legal representatives to par-
ticipate in the study.

Blood serum samples for the determination of the studied
EG degradation markers were collected at 09:00 on a scheduled
basis. Peripheral venous blood was collected by routine veni-
puncture. The laboratory study was conducted at the Center for
Clinical Pharmacology and Pharmacotherapy LLC in Stavropol,
headed by Professor V.A. Baturin. Serum levels of SDC1, SDC4,
EC1, AP1, HS, and HA were determined using an enzyme-linked
immunosorbent assay [19].

Ethics statement. The study was conducted with the ap-
proval of the Local Ethics Committee of Stavropol State Medical
University, Protocol No. 131 dated December 19, 2024. The par-
ents or legal representatives of the children provided written in-
formed consent for participation in the study.

Statistical analysis. Statistical analysis was performed using
Microsoft Excel and Statistica 10.0 software. Normality of distri-
bution was assessed using the Shapiro-Wilk test. Given the ab-
sence of normal distribution, all data were presented as the me-
dian and interquartile range (Me [Q1; Q3]). Intergroup pairwise
comparisons were performed using the Mann-Whitney U test.
The critical significance level for testing statistical hypotheses
was set at p<0.05. For multiple comparisons, the Kruskal-Wallis
test was used. When post-hoc analysis was performed using the
Mann-Whitney test with 2 degrees of freedom (df=2), statistical
significance was accepted at p<0.017 due to the Bonferroni cor-
rection.

RESULTS

The analysis of serum levels of EG degradation markers in
patients from the MG and CG showed that four of the six studied
parameters were elevated in patients with TIDM (Table 1).

As shown in Table 1, statistically significant differences were
observed between the MG and CG for SDC4, HS, AP1, and HA,
indicating pronounced impairment of endothelial function in chil-
dren with MG.

At the second stage of the study, after dividing the patients
with TIDM into two subgroups based on the presence or absence
of diabetic complications, statistically significant differences were
also observed in the serum levels of the studied EG degradation
markers. Thus, according to the Kruskal-Wallis test, a statistically
significant difference was observed between the three groups of
children in median serum levels of SDC1, SDC4, HS, and HA (Ta-
ble 2). Subsequent pairwise comparison of medians using the
Mann-Whitney U test revealed statistically significant differences
in serum SDC1 levels between subgroup 1 and the CG (p=0.022).
The highest SDC4 concentration was observed in patients with
diabetic complications compared with apparently healthy chil-
dren (p=0.038). HS medians in the MG differed from those in the
CG toward higher values, both in patients with diabetic compli-
cations (p<0.001) and in those without complications (p=0.014).
Pairwise comparisons did not reveal statistically significant differ-
ences in the increase in EC1 and AP1 concentrations between pa-
tients with MG and those with CG.
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Tabauya 1 [Tokazamenu uccnedyembix Mapképos 3/ 6
ceisopomeke Kposu y demeli OF u KI, Me [Q1; Q3]

Table 1 Levels of the studied ED markers in the blood
serum of children from the MG and CG, Me [Q1; Q3]

CAK1, Hr/mn
SDC1, ng/mL

ggg: :gr;m 3.49 [1.11; 5.29]
;(s: ;;//'::L 58.53 [54.74; 67.47)
I?g::ll :gmjl 0.07 [0.07; 0.14]
:211,' :gr;'\r:i 2.64 [2.34; 2.79]
Hr/I:: :Z/m 548.6 [374.3; 756.1]

0.65 [0.43; 0.86]

0.59 [0.36; 0.78] >0.05
2.63 [1.03; 4.03] =0.005
30.16 [19.98; 53.62] <0.001
0.08 [0.07; 0.10] >0.05
2.23[1.19; 2.61] =0.009
262.35 [170.1; 391.5] <0.001

NpumeyaHue: p — CTaTUCTUYECKAA 3HAUMMOCTb Pa3/IMUMIA NOKasaTenel Mexay rpynnamu (no Kputepuio MaHHa-YUTHK)
Note: p indicates the statistical significance of differences in parameters between the groups according to the Mann-Whitney U test

[yembIX NMoKasaTenel paspyweruns MK B CbIBOPOTKE KpoBW. TaK, No
Kputepuio Kpackena-Yonnuca, bbiia 3aduKCMpoBaHa CTaTUCTUYECKU
3HaUYMMas PasHULLA MEXAY TPEMSA CPAaBHUBAEMbIMM rpynnamu aeTen
no meamaHam CAK1, CAIK4, IC u K B cbiBOpOTKe Kposu (Taba. 2). Mo-
cnepytollee nonapHoe cpaBHeHMEe MegmaH no Kputeputo MaHHa-Y-
WTHU BbIABUIO CTAaTUCTUYECKM 3HAUMMbIE PA3/IMUMA B COLEPHKAHUM
C[K1 B cbiBOpOTKE KpoBu mexay nogrpynnoi 1 v Kr (p=0,022). Mak-
CMMasbHaA KoHUeHTpauma no CAK4 6bina oTmeyeHa y NaLMEHTOB C
[AMaBETUYECKMMM OCNONKHEHWUAMM MO CPABHEHMIO C YCIIOBHO 340p0-
BbIMM AeTbMM (p=0,038). MeamaHbl IC umenn otamyma ot Kl B cTopo-
HY YBE/IMYEHUSA, KaK Y NALMEHTOB C ANABETUYECKUMM OCNOKHEHUAMM
(p<0,001), Tak 1 6e3 Hux (p=0,014). MonapHoe cpaBHeHWe He BbIABU-
10 CTAaTUCTUYECKM 3HAYUMBbIX OTIMYMIA B MOBBILIEHUN KOHLIEHTPALLMK
9K1 v A1y naumeHTos Ol no cpaBHeHuto ¢ K.

Tabauya 2 lokazamenu uccredyembix Mapképos 311 8 cbiBopomke
Kposu y nayueHmos ¢ C/I | muna npu omcymcmeuu unu
Hanuyuu ouabemuyeckux ocnoxcHeHudl, Me [Q1; Q3]

DiscussIiON

The results obtained are generally consistent with those of
other studies; however, in those studies, the markers were an-
alyzed by other authors using preclinical models or in cohorts
of adult patients with TIDM and T2DM. Thus, a statistically sig-
nificant increase in serum concentrations of SDC1 and SDC4
was shown in rats with diabetic retinopathy [20]. Another study
demonstrated an increase in serum SDC1 concentration in pa-
tients with albuminuria associated with diabetic nephropathy in
T2DM [12]. In our case, SDC1 and SDC4 were also elevated in chil-
dren with TIDM in the presence of diabetic complications.

On the other hand, a meta-analysis of 24 randomized con-
trolled trials found that serum EC levels were significantly higher

Table 2 Levels of the studied ED markers in the blood
serum of patients with TIDM depending on the absence
or presence of diabetic complications, Me [Q1; Q3]

Kr p
CG, n=30 (df=2)

CAOK1, Hr/mn

1.10[0.85; 1.23]

0.59 [0.36; 0.78]

0.81[0.58; 0.99] . p.= 0.003 =0.004
SDC1, ng/mL p,=0.029 b= 0.021
_ 2.63 [1.03; 4.03]
e rm 2.88 [1.03; 4.03] 345 1105 4031 b= 0.023 s
e P75 p.= 0.038
_ 30.16 [19.98; 53.62]
Hrg "r//“r"n"L 56.55 [53.96; 62.62] 87.33 [Gfg’g'o $°8'83] p.=0.014 <0.001
» P8 P,= p,<0.001
LS Ll 0.07 [0.071; 0.074] 0.14 [0.09; 0.27] 0.08 [0.07; 0.1] >0.05
St/ .07 [0.071; 0. 14[0.09; 0. .080.07; 0. :
AN1, Hr/mn . . .
APL ng/mL 1.81[1.27; 2.60] 2.67 [2.34; 3.90] 2.23[1.19; 2.61] >0.05
[ 407.0 [285.2; 635.2] 262.35 [170.1; 391.5]
g 124.7 [88.7; 387.6] p,<0.001 p,=0.002 <0.001
B p,<0.001

MprmeyaHua: p — CTaTUCTUYECKAA 3HAUMMOCTb Pa3NNUMIA NOKasaTenein mexay Bcemu (Tpems) rpynnamu (no kputepuio Kpackena-Yonnuca); post-hoc: p: — cratuctuyeckas
3Ha4YMMOCTb pasnwmﬁ n0Ka3aTenel7| MO OTHOWEHUIO K TaKOBbIM B nogrpynne 1} P2 — CTaTUCTUYECKAA 3HAYMMOCTb paanwmﬁ nonasaTeneﬁ MO OTHOLWEHUIO K TaKOBbIM B
noarpynne 2 (post-hoc no kputepuio MaHHa-YuTHU; cornacHo nonpaske boHdepporu a=0,017)

Notes: p indicates the statistical significance of differences in parameters among all three groups according to the Kruskal-Wallis test; post-hoc: p. indicates the statistical
significance of differences in parameters compared with those in subgroup 1; pz indicates the statistical significance of differences in parameters compared with those in
subgroup 2, according to the Mann-Whitney U test post-hoc; in accordance with the Bonferroni correction, a=0.017
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OBCYXAEHUE

MonyyeHHble pesynbTaTbl, B LLEJIOM, COMNACYOTCA C AaHHbIMU
[PYIVX UCCNeflOBaHWI, OAHAKO aHasM3 MapKEpoB NPOBOAUACA ApY-
TMMM @BTOPaMM Ha SOKNMHUYECKMX MOLENAX UM B KOTOPTE B3POC/IbIX
naumeHTos ¢ CA | v Il Tunos.. TaK, 66110 NOKa3aHO CTaTUCTUYECKM 3Ha-
ynumoe yeennyerue KoHueHTtpauum CAK1 n C1K4 B CbiBOPOTKE KPOBU
Y KpbIC ¢ anabetnyeckon petrHonatuent [20]. B apyroit pabote npo-
[EeMOHCTPMPOBAHO NoBbleHne KoHueHTpauun CAK1 B cbiBOpOTKe
KPOBM Yy NALMEHTOB C abbyMUHYpUen Ha GpoHe anabeTnyeckon Hed-
ponatum npu CA Il Tuna [12]. B Hawem cnyyae y getert CA, | Tuna ¢
npv HaAUYMK anmabeTndecknx ocnoxkHernin CAK1 v CAKA Takske bblav
MOBbILIEHbI.

C ppyroit cTopoHbl, meTa-aHanu3 (24 PKWM) nokasan, 4to ypoBHU
3K B CbIBOPOTKE KPOBYM ObISIM 3HAUMTEBHO Bbllle y NauueHTos ¢ C/,
Mo CpaBHeHUIO € KoHTponem. bonee Bbicokme yposHU K bbinn 3ape-
TUCTPUPOBAHbI MPU XPOHUYECKMX OCNOXKHeHUAX CL1, Takux Kak anabe-
TWYecKas peTMHonaTtua, Hegponatva u nepudepryeckan HeBponaTUa
[5]. OpHako B Halem uccnefoBaHUM CTAaTUCTUYECKM 3HAUMMOTO Mo-
BbllweHuna K1 BbiABNEHO He 6bln0. TakKe Kak 1 He 6bl10 0bHapyxe-
Ho nosblweHus AMN1y aeteit n nogpocTkos ¢ CA | TMNa, HeCcMoTps Ha
TO YTO 3apybexHbIMM aBTOPaMMU NPUBOAATCA AaHHble, YTO BbICOKME
KoHUeHTpauuu AMN1 moryT BbiTb cCambiM paHHUM GUOMapPKEPOM Mo-
TEHLMaNbHOTO MPOrpeccMpoBaHMA  auabeTudeckort Hedponatuu,
cBAzaHHoM ¢ C/ [16]. Mo apyrum AaHHbIM, AM1 MOXKET NoBbILATb
aKcnpeccuio 6eNKoB MEKKNETOUHOTO COeAMHEHUA B IMUTENNANbHbIX
KneTKax y Kpbic ¢ C1, yto noaaepxmsaet cTpykTypy 3K [15].

Yposuu I'C u TK'y geteit n nogpoctkos ¢ C4, | Tna 6b111 NoBbI-
LEHbI, YTO COBMAZAET C AaHHbIMU APYTMX aBTOPOB, KOTOPbIE YKa3bl-
BalOT Ha TO, YTO BbICOKME KOHLeHTpaLwmu I'C cnocobcTayoT pa3suTmuio
Anabetunyeckoit Hedpo- 1 petuHonatum npv CA, [14]. Mo HeKoTopbIM
[aHHbIM, Y KpbIC C AnabeTnyeckol HedponaTuen n anbbymmHypuen
nosbiweHne TC ABNAETCA MaPKEPOM MPOrpeccMpoBaHna NoYeYHOM
HepocTaToyHocTv [21].

YCTaHOBNEHO, 4YTO, KOHUeHTpauma K nosbieHa CbIBOPOTKE
KpoBu y B3pocabix naumeHTos ¢ CA Il [22] u | TMNa no cpaBHeHUto ¢
KOHTPO/IbHOM rpynnoii [23]. AHanornyHble pesynbTaTbl bblav nonyye-
Hbl B 3KCMEPUMEHTAX Ha XKMBOTHbIX CL [24], rae 6biiv 06HapyKeHbl
BbICOKME KOHLeHTpauum MK B ycnoBMAX rMneprinkemuu npu avabe-
Thyeckon Hepponatum [25].

3AKNIOYEHUE

MpoBenéHHOE nccnefoBaHMeE NOKA3ano, YTO BbICOKME KOHLEH-
Tpaummn COK4, TC, AN1 1 I'K B cbiBOpoTKe KpoBK y AeTel ¢ CA, | Tmna
MOTYT PaCCMaTPUBATLCA B KauecTBe IabopaTopHbIX KpUTEpUEB aerpa-
naummn MK n Hannuma 3. NosblweHne 3HayeHuin CAK1, CAK4, TC u
l'K, cKopee Bcero, ABNAETCA CBMAETENbCTBOM HaIMYMA AMabETUHECKUX
0C/10KHeHW. O4HAKO BbIBOAbI MPOBEAEHHOIO UCCNEA0BAHMA UMEIOT
npeaBapuTENbHbIV XapaKTep, B CBA3M C YeM HEOBXOAMMbI AOMONHU-
TeNbHble UCCNeA0BaHMA B aHHOM 061acTy.

in patients with DM than in controls. Higher EC levels were re-
corded in chronic DM complications, such as diabetic retinopa-
thy, nephropathy, and peripheral neuropathy [5]. However, in
our study, no statistically significant increase in EC1 was found.
Likewise, no increase in AP1 was detected in children and ado-
lescents with T1DM, despite reports from foreign authors indicat-
ing that high AP1 concentrations may be the earliest biomarker
of potential progression of DM-associated diabetic nephropathy
[16]. According to other data, AP1 may increase the expression of
intercellular junction proteins in epithelial cells in rats with DM,
thereby maintaining the structure of the EG [15].

HS and HA levels were elevated in children and adolescents
with TIDM, which is consistent with data from other authors indi-
cating that high HS concentrations contribute to the development
of diabetic nephropathy and retinopathy in DM [14]. According
to some data, in rats with diabetic nephropathy and albuminuria,
increased HS is a marker of progression of renal failure [21].

It has been established that serum HA concentration is in-
creased in adult patients with T2DM [22] and in those with TIDM
compared with the control group [23]. Similar results were ob-
tained in animal experiments on DM [24], where high HA concen-
trations were found under hyperglycemic conditions in diabetic
nephropathy [25].

CONCLUSION

The study showed that elevated serum concentrations of
SDC4, HS, AP1, and HA in children with TIDM may serve as lab-
oratory criteria for EG degradation and the presence of ED. In-
creased levels of SDC1, SDC4, HS, and HA are likely indicative of
diabetic complications. However, the conclusions of the present
study are preliminary; therefore, further research in this field is
required.
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