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BeegeHue: cuHapom Anbnopta (CA) — 3To HacnencTBeHHas HedponaTvs, XxapaKTepU3yoLasnca NporpeccupyioLleil NoYeYHol Heao0CTaTOYHOCTbIO,
HENPOCEHCOPHOM TYroyXoCTbo U BPOXKAEHHBIMU OPTaNbMONOTMYECKUMU NaTonorvamu. OcHoBoi passuTua CA cnyaT myTauuu B reHax (COL4AS,
COL4A4, COL4A3), Koanpyowwmx CTPYKTypy KonnareHa |V tuna. [jo HefaBHEro BPEMEHM CUMTANOCh, YTO pa3suTne CA MPOMCXOAMT MO HEUMMYHHOMY
MeXaH13My, OAHAKO COBPEMEHHbIe UCCNIeA0BaHNUA NOATBEPANIN yHacTUE UMMYHHbIX GaKTOPOB B NaToreHese 3abonesaHuA. UMMyHHbIN gncbanaHc
npwm CA cnocobcTayeT pa3BuTHio HeGPOTUUECKOTO CMHAPOMA 33 CYET HapacTaloLLLEN MPOTEUHYPUM, YTO, B CBOLO OYepesb, YyCKOPAET NporpeccMpoBaHmne
6onesHu.

Llenb nccnepoBaHuUA: M3yunTb YPOBHU MHTEpAENKKNHaA-2 (M/1-2), KomnoHeHToB kKomniemeHTa C3 1 C4, a TakxKe aHTUTeHCBA3bIBAOWMX IMMPOLMTOB
(ACN) y peteit c CA 1 OLEHWUTb UX B3aUMOCBA3b C KNMHUYECKUM TeueHem 3aboneBaHusA U YacToTol MHOEKLMOHHbIX 3abonesaHuii (U3).

Matepuan un metogbl: o6cnegosaro 30 aeteit ¢ gnarHozom CA: 14 —tonbKo ¢ CA, 16 — ¢ CA + HedpoTuyeckum cuHapomom (HC), a Takxke 25 340p0BbIX
ZeTeli B Bo3pacTe oT 3 fo 18 net. AC/1 onpefensnmcb po3eTo4YHbIM METOL0M, KoMnaemeHTbl C3 u C4 — MeTog0M MMMYHHOW Typbugumetpum, U1-2 —
meTosom MPA. CTaTUCTUYECKMIA aHaNN3 KaTeropuasibHbIX NepeMeHHbIX 6bl NPOBEAEH C MCMOb30BaHNEM TOYHOIO TecTa Puwepa. KonnmyecTseHHble
ZaHHble (M+SD) aHan“3MpoBannch C MOMOLLbI OAHOPAKTOPHOMO AWUCNEepCUOHHOro aHanmsa (One-way ANOVA) v Tecta Tukey HSD. B3avmocsssu
MEXAy nepemeHHbIMM OLEHMBAICh C MOMOLLbIO TecTa Koppenauum MNupcoHa.

Pe3ynbTaTbl: aHa/M3 AaHHbIX NPOAEeMOHCTpUpoBas, 4to B rpynnax CA+HC v CA yposHM IL-2 u AC/1 6biam 3HauUTENbHO Bbiwe, a C3, C4 Bbin HUkKe
(p<0,001). KoppenaunoHHbIi aHanus B rpynne geteit ¢ CA BbIABUA CTaTUCTMYECKM 3Hauumyto (p=0,01) obpaTHyto cpeaHtoto ceasb mexay M/1-2 n
CK®. B 10 Ke Bpems, KOPPEeNaLMOHHbIV aHau3 B rpynne Aetei ¢ KoMOUMHMpPoBaHHbIM CA+HC BbIsBUA CTaTUCTUYECKM 3HaUUMyto (p=0,01) obpaTHyto
CUNBHYIO €BA3b mexKay U/T-2 n CKd. B rpynne CA+HC BbIfBAEHO, YTO NOKa3aTeNN BUOMAPKEPOB CUABHO KOPPESUPYIOT C YUCIOM CYYaEB Pa3/IUYHbIX
113 (OPBW, 6pOHXMT, NHEBMOHUs, CTPENTOAEPMUA) B TeYeHMe roda. Tak, YUCI0 CyYaeB pasinyHbIX M3 B TeueHWe rofa NoaoKUTENbHO KoppenpyeTt
¢ KonmyectBom UJ/1-2 U MOYEBMHbI B KPOBM M OTPULIATENBHO — ¢ C3-KOMMNOHEHTOM KOMM/IEMEHTa.

3aKntoyeHue: MMMyHoNornYeckne pasanuma mexay rpynnamu CA n CA+HC, Takme Kak nosbiweHHble ypoBHU UJ1-2, ACJT 1 CHUXKEHHbIe KOHLIeHTpa-
umn komnnemeHTos C3 u C4, accouumpoBaHbl C TAXKECTbIO TeYEHMA CMHAPOMA. [1oly4eHHble AaHHbIe MO3BONAIOT PAaCCMATPMBaTh UMMYHONOTUYECKME
MapKEépbl KaK noTeHuuanbHble broMapKepbl ANA oueHKK nporpeccvposaHua CA. HactosAllee vccnefoBaHue Briepsble NPOAEMOHCTPUPOBAIO CBA3b
UMMYHHOM AMCOYHKLMM C YacTOTON MHEKLMOHHBIX 3aboneBaHunin npu CA.

KnioueBble cnoBa: cuHOpom Anbrnopma, uHmepnelkuH-2, aHMU2eHC8A3bI8aroWUEe AUMBOUUMSbI, UMMYHHbIU ducbanaHc, ckopocms Kaybo4ykosoli
unempayuu, KomnaemeHm.
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Background: Alport syndrome (AS) is an inherited nephropathy characterized by progressive renal failure, sensorineural hearing loss, and congenital
ophthalmological abnormalities. AS is caused by mutations in the COL4A5, COL4A4, and COL4A3 genes encoding the structure of type IV collagen. Until
recently, AS was thought to develop through non-immune mechanisms; however, recent studies have confirmed the involvement of immune factors in
its pathogenesis. Immune imbalance in AS may contribute to the development of nephrotic syndrome through increasing proteinuria, which, in turn,
accelerates disease progression.

Objective: To investigate the levels of interleukin-2 (IL-2), complement components C3 and C4, and antigen-binding lymphocytes (ABLs) in children with
AS and to assess their associations with the clinical course of the disease and the frequency of infectious diseases.

Methods: A total of 30 children diagnosed with AS were examined: 14 had AS alone, and 16 had AS combined with nephrotic syndrome (AS+NS). The
control group consisted of 25 healthy children aged 3-18 years. ABLs were determined using the rosette formation assay, complement components C3
and C4 — by immunoturbidimetry, and IL-2 — by enzyme-linked immunosorbent assay (ELISA). Categorical variables were analyzed using Fisher’s exact
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test. Quantitative data (M+SD) were analyzed using one-way analysis of variance (one-way ANOVA) followed by Tukey’s HSD test. Associations between
variables were assessed using Pearson’s correlation analysis.

Results: Data analysis demonstrated that IL-2 and ABL levels were significantly higher, whereas C3 and C4 levels were lower, in both the AS+NS and AS
groups (p<0.001). Correlation analysis in children with AS revealed a statistically significant (p=0.01) moderate inverse correlation between IL-2 levels and
glomerular filtration rate (GFR). In the AS+NS group, a statistically significant (p=0.01) strong inverse correlation between IL-2 and GFR was observed. In the
AS+NS group, biomarker levels were strongly correlated with the annual number of various infectious episodes, including acute respiratory viral infections,
bronchitis, pneumonia, and streptoderma. Specifically, the annual number of infectious episodes positively correlated with IL-2 levels and blood urea
concentrations and negatively correlated with complement component C3 levels.

Conclusion: Immunological differences between the AS and AS+NS groups, including elevated IL-2 and ABL levels and reduced concentrations of
complement components C3 and C4, were associated with disease severity. These findings suggest that immunological markers serve as potential
biomarkers for assessing AS progression. This study is the first to demonstrate an association between immune dysfunction and the frequency of infectious
diseases in patients with AS.

Keywords: Alport syndrome, interleukin-2, antigen-binding lymphocytes, inmune imbalance, glomerular filtration rate, complement.
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BBEAEHMUE

CuHapom AnbnopTa (CA) — aTo HacneacTBeHHoe 3aboneBaHue
rnoyek, CBA3aHHOE C MyTauMAMM B CTPYKType KonnareHa IV Tuna,
cocToALLero u3 Tpéx a-uenei. Lenn a3, a4 n a5 KoanpyroTtca reHa-
mn COL4A3, COL4A4 n COL4A5 cooTBETCTBEHHO. JTa CTPYKTypa KoA-
NareHa NpUCyTCTBYeT B NMOYEYHbIX KaHa/bLAX, CeTYaTKe, COCYANUCTOM
060/104Ke 71a3a ¥ BHYTpeHHeM yxe. Eé HapyLlueHve NpuBOAKUT K Helt-
POCEHCOPHOW TYroyxocTu, MUOMUM UK NepeaHeMYy NEHTUKOHYCY,
a TaKXKe K XPOHMYECKOM MoveyHoi HepoctaTodHocTu [1-6]. PaHee
cymTanocb, 4to CA pa3BMBAETCA UCKNIOUYUTENBHO MO HEMMMYHHOMY
MexaHWU3My BCAeLCTBME HapyLIeHWA CTPYKTypbl KonnareHa IV tuna.
OpHako nocnegHue UccnefoBaHWA Mokasanu, yto B natoreHese CA
NPUHUMAIOT y4acTUe UMMYHHbIE KNeTKM [6, 7].

NopobHo apyrum rnomepynonatnam, CA MOXET pa3BMBaTbCA
C Yy4aCTMeM WMMYHHbIX MexaHW3MOB. B uacTHOCTW, nocnefHwe
McCnefoBaHMA YKa3blBAKOT Ha JIOKaNbHYIO aKTUBALMIO NMPOBOCMAM-
TEeNbHbIX LIMTOKMHOB, TakKUX Kak U/1-6 n U/1-11, a Takke Ha MHOUNb-
Tpauuio TKaHu nouyek T-niumdouputamn (CD3* 1 CD4*), M KOMNOHEHTa-
mn komnaemeHTa C3 n C4. 3T UMMYHOBOCMANUTE/IbHbIE MPOLLECChI
CMOCOBCTBYIOT BbIPAXKEHHON MPOTEMHYPUM W MPOFPECCUPOBAHMIO
rOMepynockneposa [6-11]. AHanornyHble naToreHeTUYECKMe Mexa-
HU3Mbl OMWCAHbl U MPU APYrUX [IOMEPYNAPHBIX 3aboneBaHusX,
B YaCTHOCTM MPW CUCTEMHOM KPaCHOM BONYaHKE, YTO NO3BONSAET
MCNOb30BaTb faHHbIe UCCNEA0BAHMA KaK aHANOMMI0 419 NOHUMaHWA
nartoreHesa CA.

XoTa ypoBeHb UHTepneliknHa-2 (U1-2) u ero BanAHWE Ha Teve-
HWe rnomepynoHedpuTta 6biAM paHee usyyeHsl [10], ponb UN-2 B
pa3suTuK CA 1 CBA3aHHbIE C HUM UMMYHHbIE U3MEHEHUA A0 CUX NOP
Hefl0CTaTOYHO WCCNeaoBaHbl. B HacToswel paboTte cpaBHUBANUCH
MMMYHOIOTMYeckne napameTpbl y aeteit ¢ CA n CA+HedpoTUyeckum
cuHapomom (HC), a TakKe OLEHMBANOCh UX BAMAHME Ha (YHKLMIO
NoYeK 1 BOCMPUMMUMBOCTb K MHbeKLmAaM. Takoi noaxos, no3sonsert
rnyBKe NOHATb 3HaUEHMe UMMYHHOW cucTeMbl B naToreHese CA.

LLENb UCCNEQOBAHUA

M3yuntb yposHu W/1-2, komnoHeHTOB KomnaemeHTa C3 n C4,
a TaK¥Ke aHTUreHcBAsbiBatowmx aumooumtos (ACN) y aeteit ¢ CA u
OLLEHWTb MX B3aMMOCBA3b C KAMHUYECKUM TeyeHnem 3aboneBaHuA 1
4acTOTOM MHPEKLMOHHbIX 3ab0neBaHuii (U13).

INTRODUCTION

Alport syndrome (AS) is an inherited kidney disease caused
by mutations that affect the structure of type IV collagen, which
consists of three a chains. The a3, a4, and a5 chains are encod-
ed by the COL4A3, COL4A4, and COL4A5 genes, respectively. This
collagen structure is present in the renal tubules, retina, choroid,
and inner ear. Its disruption leads to sensorineural hearing loss,
myopia or anterior lenticonus, and chronic kidney failure [1-6]. AS
was previously believed to develop exclusively through non-im-
mune mechanisms resulting from abnormalities in type IV colla-
gen structure. However, recent studies have demonstrated that
immune cells are involved in the pathogenesis of AS [6, 7].

Like other glomerulopathies, AS may develop through im-
mune mechanisms. In particular, recent studies indicate local
activation of pro-inflammatory cytokines, such as IL-6 and IL-11,
as well as infiltration of renal tissue by T lymphocytes (CD3* and
CD4*) and complement components C3 and C4. These immu-
noinflammatory processes contribute to pronounced proteinuria
and the progression of glomerulosclerosis [6-11]. Similar patho-
genetic mechanisms have also been described in other glomeru-
lar diseases, particularly systemic lupus erythematosus, allowing
findings from these studies to be used by analogy to improve un-
derstanding of AS pathogenesis.

Although interleukin-2 (IL-2) levels and their effects on the
course of glomerulonephritis have previously been investigated
[10], the role of IL-2 in the development of AS and the associ-
ated immunological alterations remains insufficiently studied. In
the present study, immunological parameters were compared
between children with AS and those with AS combined with ne-
phrotic syndrome (AS+NS), and their associations with renal func-
tion and susceptibility to infections were assessed. This approach
may deepen understanding of the immune system's role in AS
pathogenesis.

PURPOSE OF THE STUDY

To investigate the levels of IL-2, complement components
C3 and C4, and antigen-binding lymphocytes (ABLs) in children
with AS and to assess their associations with the clinical course of
the disease and the frequency of infectious diseases.

697



Boltaboeva M et al Immunological alterations in Alport syndrome

AVICENNA BULLETIN
Vol 28 * No 3 * 2026

MATEPUAN U METOAbI

WccneposaHue 6bino NpoBefeHO Ha 6ase HedpPoOsOrMyYeckoro
oTzeneHnA AHAMKAHCKOro 061aCTHOrO MHOrONPOdUIbHOTO AETCKOMO
MeAWLMHCKOro LeHTpa 3a nepunog, 2023-2024 ropos. B uccneposaHve
6b1nm BKAtoYeHbl 30 geTeit: y 14 U3 Hux umen mecto Tosbko CA, ay 16
— B coyeTaHum CA ¢ HC (CA+HC). Bo3pacT y4acTHUKOB cOCTaBAAN OT 3
[0 18 net. inarHo3 ycTaHaBAMBAACA COBMECTHO C Bpadyamu-Hedpono-
ramun u reHeTkamun. KOHTPO/IbHYIO rpynny coctaBuan 25 340p0BbIX
[leTell cOOTBETCTBYIOLLEro Bo3pacTa. PacnpeseneHve no reHaepHoOMy
NpW3HaKy 06cnef0BaHHbIX NPeCcTaBNeHo B Taba. 1.

Kak BuaHo 13 1abn. 1, 8 obuert rpynne 60nbHbix CA (M301MpoBaH-
HeA CA 1 CA+HC) cTaTUCTUCTMYECKM 3HAaUMMO 60/bLiEe BbIN0 Ma/IbYMKOB.

Y BCex y4aCTHUKOB onpeaenanvcs yposeHb WU/1-2 metogom nm-
MyHObepMeHTHOro aHanmsa (M®A), kKomnoHeHTbl KomniemeHTos C3
n C4 — MeTof0oM UMMYHHOM TypbuaumeTpun, a AC/1 — po3eToUHbIM
meToaoM. CKopocTb Knyboukosovi dunstpauum (CKP) paccunTbi-
Banacb no dopmyne LWeapua.

dTuyeckMe nonoxenua. MccnepgosaHne 6bino  ofo6peHO
3TUYECKMM  KOMMUTETOM AHAMMKAHCKOTO TrOCYAapCTBEHHOMO  Me-
OMUMHCKOTO MHcTMTyTa (npotokon Ne 2/14 ot 06.01.2023). Uk-
dopMmMpoBaHHOe cornacMe Ha yyacTue [neTell B WCCAef0BaHWM
6bI10 NOMYYEHO OT POAMUTENEN WM 3aKOHHbIX MpeacTaBuUTENel B
COOTBETCTBUM C XeNIbCUHKCKOMN AeKnapaumei.

CratucTueckas obpaboTtka nposoaunacb B nporpamme SPSS
Bepcun 27. CpaBHEHME KaTeropuaabHbIX MepemMeHHbIX NPOBOANIOCH
C UCMONb30BaHWEM TOYHOro Kputepua Puwepa. KonmyectseHHble
[aHHble, NpeAcTaBneHHble Kak M+SD, aHann3npoBaanCh C MOMOLLLbIO
0AHODAKTOPHOIO AMCNEPCMOHHOTO aHanm3a (One-way ANOVA) ¢ no-
cneayrowmm tectom Tukey HSD ans mexrpynnoBbix cpaBHeHUI. Ans
MapHbIX CPaBHEeHW Ucnonb3oBaH t-kputepuii CTblofeHTa AnA Hesa-
BUCMMbIX Tpynn. s OLEHKM B3aUMOCBA3EH Mexay nepemeHHbIMU
npoBesEéH KOPPEeNALMOHHbIA aHanu3 no MupcoHy. CraTucTUyecku
3HaYMMble Pa3NNYNA CYNTANNCL NPK YPOBHE 3HaYMmocTH p<0,05.

PE3YNbTATDI

PesynbTaTbl MCCeA0BaHUA BUOMAPKEPOB B rpynnax NpescTas-
NieHbl B Tabn. 2.

Kak BuaHo u3 1abn. 2, 8 rpynnax CA+HC u CA yposHu IL-2 u AC/
6b1M 3HaYMTENbHO Bbilwe, a C3, C4 6bin HUxe (p<0,001).

KoppenaumoHHbit aHanms B rpynne geteit ¢ CA BblABWA CTaTh-
CTMYecKM 3Haunmyto (p=0,01) 0bpaTHyto cpeaHtow cBA3b mexKay UJ/1-2
n CK® (puc. 1).

Tabauya 1 PacnpedeneHue 0bcnedo8aHHbIx demeli no nony
8 3a8uUcUMOCmU om 2pynn uccnedosaHus (n=55)

METHODS

The study was conducted at the Nephrology Department of
the Andijan Regional Multidisciplinary Children’s Medical Center
during 2023-2024. A total of 30 children were included: 14 had
isolated AS, while 16 had AS combined with nephrotic syndrome
(AS+NS). The participants were aged 3-18 years. The diagnosis
was established jointly by nephrologists and geneticists. The con-
trol group consisted of 25 healthy children of comparable age. Ta-
ble 1 presents the sex distribution of the participants.

As shown in Table 1, boys were statistically significantly
more prevalent in the overall group of patients with AS, including
both isolated AS and AS+NS.

In all participants, IL-2 levels were determined by en-
zyme-linked immunosorbent assay (ELISA), complement compo-
nents C3 and C4 by immunoturbidimetry, and ABLs by the rosette
formation assay. Glomerular filtration rate (GFR) was calculated
using the Schwartz formula.

Ethical considerations. The study was approved by the Eth-
ics Committee of the Andijan State Medical Institute (Protocol
No. 2/14 dated January 6, 2023). Informed consent for the partic-
ipation of children in the study was obtained from their parents
or legal guardians in accordance with the Declaration of Helsinki.

Statistical analysis. Statistical analysis was performed us-
ing SPSS version 27. Categorical variables were compared using
Fisher’s exact test. Quantitative data, presented as mean + stan-
dard deviation (M£SD), were analyzed using one-way analysis of
variance (one-way ANOVA), followed by Tukey’s HSD test for in-
tergroup comparisons. The independent-samples Student’s t-test
was used for pairwise comparisons. Associations between vari-
ables were assessed using Pearson’s correlation analysis. Differ-
ences were considered statistically significant at p<0.05.

RESULTS

The results of the biomarker analysis across the study
groups are presented in Table 2.

As shown in Table 2, IL-2 and ABL levels were significantly
higher in the AS+NS and AS groups, whereas C3 and C4 levels
were lower (p<0.001).

Correlation analysis in children with AS revealed a statisti-
cally significant moderate inverse correlation between IL-2 levels
and GFR (p=0.01) (Fig. 1).

Table 1 Sex distribution of the examined children according to study group (n=55)

PacnpepgeneHue no nony
Sex distribution

Manbumku (n=37) [esouku (n=18) Bcero (n=55) p
Boys (n=37) Girls (n=18) Total (n=55)
n % % n %
CA
AS 11 30 17 14 25 >0.05
CA+HC
AS+NS 14 38 11 16 29 >0.05
Bcero (CA n CA+HC) _
Total (AS and AS+NS) 25 68 28 30 >4 =0.009
3A0pOBbIE ACTH 12 32 13 72 25 46 =0.009

Healthy children

MpumeyaHue: p — CTaTUCTUYECKAA 3HAUUMOCTb PA3INUUIA MEXLY ManbuMKaMu U eBOYKaMM (M0 TOYHOMY Kputepuio duliepa)
Note: p — statistical significance of differences between boys and girls (Fisher’s exact test)
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Tabnuya 2 CpasHUMesbHAA XaPAKMePUCMUKA CpeOHUX 3Ha4YeHU( Table 2 Comparative characteristics of mean IL-2,
W/1-2, komnnemerHmos C3, C4 u AC/Ty 06cnedo8aHHbIX complement C3 and C4, and ABL values in the examined
demeli no epynnam (M=SD) children by study group (M#SD)
Fpynnbl uccnegosaHus
Study groups
MNMokasartenun cA CZ\ ch B 3 p
Parameter * AopoBbIE (df=2)
SA SA+NS Healthy
(n=14) (n=16) (n=25)
WN-2, nr/mn 2.77+0.19
+
IL-2, pg/mL 18.5+0.81 24;763'(?16 p,<0.001 <0.001
P,<t p,<0.001
ACJl nérkue, % 0.96+0.02
+
Lung-specific ABLs, % 0.54£0.04 p,<0.001
ACJ1 noyku, % 0.7910.05
+
Kidney-specific ABLs, % 0.48£0.05 p,<0.001
C3,r/n 1.82+0.18
+
c3,g/L 1.65+0.03 1.4360615 p,<0.01 <0.001
Py<5- p,<0.001
Ca4, r/n 0.40%0.05
+
C4, g/L 0.29+0.03 Olfo_(())(?f p,<0.001 <0.001
P,<t p,<0.001

NprmeyaHus: p — CTAaTUCTUYECKAnA 3HAYMMOCTb PA3aNYMIA NOKa3aTenei Mexay Bcemu rpynnamu (no kputeputo One-way ANOVA); post-hoc: pr — cTatucTuyeckan 3Haum-
MOCTb Pa3Nnunii Nokasateneit Mo CPaBHEHMIO C TaKOBLIMU B rpynne AeTel C U3011poBaHHbIM CA; p2 — CTaTUCTMYECKas 3HAYMMOCTb Pa3/IMuMil NoKasaTenei No CPaBHEHNIO
C TakoBbIMM B rpynne Aeteit ¢ kom6uHMpoBaHHbIM CA+HC (post-hoc no kputepuio Tukey HSD); ps — cTaTMcTUUeCKan 3HAUMMOCTb Pa3nYMiA NOKa3aTenei no CPaBHeHMIo C
TaKoBbIMY B rpynne AeTeit ¢ u3oamnposaHHbIM CA (Mo kputepuio CTbloaeHTa)

Notes: p - statistical significance of differences among all groups according to one-way ANOVA; post hoc: p: — statistical significance of differences compared with the
isolated AS group; p: — statistical significance of differences compared with the AS+NS group (Tukey HSD post hoc test); ps — statistical significance of differences compared
with the isolated AS group (Student’s t-test)

B 10 *Ke Bpems, KOpPENALMOHHbIN aHaNM3 B Fpynne AeTel ¢ KoM- At the same time, correlation analysis in the AS+NS group
6uHupoBaHHbIM CA+HC BbisiBUA cTaTUCTUYecKM 3Hauumyto (p=0,01)  revealed a statistically significant strong inverse correlation be-
06paTHyto CUbHYIO CBA3b MexKay U-2 n CK (puc. 2). tween IL-2 levels and GFR (p=0.01) (Fig. 2).

B rpynne CA+HC BbifiBNeHO, YTO MOKasaTenn GuMomapKEépos In the AS+NS group, biomarker levels were strongly correlat-
CWIbHO KOPPEIMPYIOT C YNCIIOM ClyyaeBs pasinyHblx M3 (OPBU, 6poH-  ed with the annual number of various infectious diseases (acute
XUT, MTHEBMOHMUS, CTpENTOAEPMUA) B TeUeHue roaa (Taba. 3). respiratory viral infections, bronchitis, pneumonia, and strepto-

YCTaHOB/EHO, YTO KOJIMYECTBO C/ly4aeB pasnnyHbix U3 B TedeHne  derma) (Table 3).
roZia NoNOXKUTENIbHO KOPPEMPYET C Konnyectsom U1-2 1 MoueBUHbI The annual number of infectious disease episodes correlat-
B KPOBW M OTPMLATENBHO — C C3-KOMMOHEHTOM KOMMIEMEHTA. ed positively with IL-2 levels and blood urea concentrations and

negatively with complement component C3 levels.
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Puc. 1 KoagppuuueHm roppenauuu MupcoHa mexcdy yposHamu U/1-2 u Puc. 2 KoagppuuueHm Koppenauuu MupcoHa mexody yposHamu N/1-2 u

CK® 6 epynne CA (n=14) CK® 6 epynne CA+HC (n=16)
Fig. 1 Pearson’s correlation coefficient between IL-2 levels and GFR in Fig. 2 Pearson’s correlation coefficient between IL-2 levels and GFR in
the AS group (n=14) the AS+NS group (n=16)
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Tabauya 3 BuipaxeHHOCMb KOPPEAAUUU MeXcdy pasnuvHsIMu

bUOMapPKEPaMU U Yucaom cry4aes M3 8 meueHue e00a 8 epynne CA+HC

WN-2 n konnyectso U3 B ropg,

IL-2 and annual number of infectious disease episodes
MoueBUnHa KpoBu 1 Konnyectso U3 B rop,

Blood urea and annual number of infectious disease episodes

Complement C3 and annual number of infectious disease episodes

OBCYXAEHUE

CornacHo pesynbTaTam Hallero uccnegoBaHums, 4015 MabYMKOB
cpeay naumeHToB ¢ CA 6bi1a 3HaUMTENbHO Bbille MO CPAaBHEHUIO C
[EeBOYKaMM, YTO COracyeTcs € paHee onyb6AMKOBaHHbIMM LaHHbI-
MK [6]. 3To noaTBEPKAAET X-CLEnNeHHbIM XapaKTep Hacaef0BaHuA
3aboneBaHua. Kpome Toro, y getelt ¢ CA 6bian BbiBAEHbI MOBbILLEH-
Hble ypoBHM AC/1 KaK B NEFrOYHOMN, TaK M B NOYEYHOWM TKaHW. POCT 3TuX
noKasaTesiell ConpoBOXKAaNnca 6onee BbIPaKEHHbIMU KAUHUYECKUMU
NposBAeHNAMM 3aD0NEBaHNS, YTO YKa3bIBAET HAa BO3MOMKHYIO CBf3b
MEXKIY CTENEHbI0 MMMYHOAKTUBALMM U TAXKECTbIO KNMHUYECKOM Kap-
TUHBI.

CnepyeTt OTMETUTb, YTO B HACTOALLEE BPEMA CYLLECTBYET Kpain-
He OrpaH1YeHHOE KOIMYeCcTBO PaboT, NOCBALLEHHBIX M3YYEHUIO CBA3N
mexay yposHamu AC/T U kKnnHuYeckum TeyeHnem CA. C aTol Tou-
KM 3peHMA, NOSYYeHHble HaMMU pe3y/bTaTbl BHOCAT OnpesenéHHbIv
BKN1a4, B MOHMMaHWe natoreHesa 3aboseBaHus.

CA obnagaeT cnefyoWwyMu MMMYHONOTUYECKMMU OCOBEH-
HOCTAMM: MHOMAbTPAUMA T-niMmbouMTaMM NOMEPYNAPHON TKaHM,
TMCTONATONOTMYECKAA ANCPETYNALMA CUCTEMbI KOMMIEMEHTA, a TaKKe
MyTaLLMA B CTPYKTYpe KoanareHa IV Tuna, B pesynstaTe KOTOPOW M3me-
HEHHaA CTPYKTypa Ko/sareHa NposABAAEeT CBOMCTBA HEOAHTUrEHa. 3TO
NPUBOAUT K MECTHOW aKTMBALMW MMMYHHOMN CUCTEMbI, BCAEACTBUE
yero nospexxpatotca 6asanbHas MembpaHa OMepya U NMOAOLMTI,
YTO B MTOTe BbI3bIBAET CKAEPO3nNpoBaHMEe HedpoHOB. [aHHble cBese-
HMA Ha NATOrEHETUYECKOM YPOBHE CBUAETENLCTBYIOT O KOMMIEKCHOM
Y4acTUM KaK ryMOpPasbHOro, TaK U KAETOYHOrO 3BEHbEB MMMYHHOM
cuctembl [12-14].

PaHee B Hay4yHOMN IMTEPATYPE OTMEYANOCH, YTO JIOKA/IbHOE HaKOo-
N/JIeHNEe KOMMOHEHTOB KOMMNAemeHTa, ocobeHHo C3 u C4, ycunmsaeT
CKNepoTUYECKME M3MEHEHNA B Kyboukax [10]. B Hawem uccnenosa-
HUM TaK:Ke Obl/ BbIABNEH NOBbILWEHHbIV YpoBeHb W/1-2 y NauMeHToB ¢
CA 1 CA+HC. 310 noaTBepKAaeT aKTUBHYIO PO/b LLUTOKMHOB B Pa3Bu-
M BocnaneHusa n Gubposa noyeyHol TkaHu npu CA [6, 11].

Ha monekynapHom ypoBHe natoreHe3 CA CBA3aH ¢ MyTaLMAMMU
B a3-a5 uenax KonnareHa IV Tvna, CMHTE3NPYEMOro MogoUMTaMM.
I™n uenu dopmupyloT BasanbHyto membpaHy Kayboukos (EMK) B
NOCTHaTanbHOM nepuoge. Jedpuunt mam nonHoe OTCYTCTBME XOTA
6bl OAHOW M3 3TVX Lienei NPUBOAUT K XMMUUYECKOM U MeXaHUYecKom
HecTabunbHocTM BMK, 4TO KAMHMYECKM NPOoABAAETCA MPorpeccupy-
fOLLLEN NPOTENHYPUEN, NEHTUKOHYCOM U AUCTPOdUEN ceTyaTku. NHK-
LMaLua MoMepyasapHOro NOBPEXKAEHNA NPOUCXOAUT 33 CHET aKTMBa-
UMM Me3aHTUa/bHbIX, SHAOTENMANbHBbIX M NOAOLMTAPHBIX K/IETOK,
YTO 3anyCKaeT BbIPabOTKY IKCTPALLENNIONAPHOTO MaTPMKCa Nog, Aer-
CTBMEM LIMTOKMHOB M CMNOCOOCTBYET nmepepacTsaxeHuto GasanbHow
MeMbpaHbl Mo BHYTPEHHUM AasneHvem [15, 16].

B pamKax Hallero MCCnefoBaHMA TaKXkKe YCTaHOBNEHa OTpu-
uaTtesibHas Koppenaumsa mexay yposHem WU/1-2 n CKP, yto yKasbiBaeT
Ha BO3MOHOE NPOrHOCTUYECKOE 3HaYeHue MJ1-2 npu OLLEHKe TAKECTH
TeyeHus 3abonesaHus. Kpome Toro, aetn ¢ CA MMenn BbICOKYHO BOC-
NPUUMUMBOCTDb K U3, 4TO, BEPOATHO, CBA3AHO C Pa3BUTUEM BTOPUYHO-
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Table 3 Strength of correlations between various biomarkers and the
annual number of infectious disease episodes in the AS+NS group

r-3HauyeHue p-3HayeHue
r-value p-value
+0.57 <0.01
+0.52 <0.05
-0.44 <0.05

DISCUSSION

Our results show that the proportion of boys among pa-
tients with AS was significantly higher than that of girls, consis-
tent with previously published data [6]. This finding supports the
disease's X-linked inheritance pattern. In addition, children with
AS had increased levels of ABLs specific to both lung and kidney
tissues. Higher ABL levels were associated with more pronounced
clinical manifestations, suggesting a possible link between the de-
gree of immune activation and clinical severity.

At present, few studies investigate the relationship between
ABL levels and the clinical course of AS. From this perspective,
our findings contribute to a better understanding of the disease's
pathogenesis.

AS is characterized by several immunological features, in-
cluding T-lymphocyte infiltration of glomerular tissue, histopatho-
logical dysregulation of the complement system, and mutations
affecting type IV collagen structure, resulting in an altered colla-
gen structure that may exhibit neoantigenic properties. This may
lead to local activation of the immune system, with subsequent
damage to the glomerular basement membrane and podocytes,
ultimately resulting in nephron sclerosis. These findings indicate
the complex involvement of both humoral and cellular compo-
nents of the immune system in AS pathogenesis [12-14].

Previous studies have reported that local accumulation of
complement components, particularly C3 and C4, enhances scle-
rotic changes in the glomeruli [10]. In our study, elevated IL-2 lev-
els were also observed in patients with AS and AS+NS. This finding
supports the active role of cytokines in the development of in-
flammation and renal fibrosis in AS [6, 11].

At the molecular level, AS pathogenesis is associated with
mutations affecting the a3-a5 chains of type IV collagen synthe-
sized by podocytes. These chains form the glomerular basement
membrane (GBM) during the postnatal period. Deficiency or com-
plete absence of at least one of these chains results in chemical
and mechanical instability of the GBM, which clinically manifests
as progressive proteinuria, lenticonus, and retinal dystrophy.
Glomerular injury begins with activation of mesangial, endothe-
lial, and podocyte cells, which stimulates extracellular matrix
production under the influence of cytokines and contributes to
overstretching of the basement membrane under intraglomerular
pressure [15, 16].

Our study also demonstrated an inverse correlation between
IL-2 levels and GFR, suggesting a possible prognostic role of IL-2 in
assessing disease severity. In addition, children with AS showed
increased susceptibility to infectious diseases, which is likely asso-
ciated with the development of secondary immunodeficiency in
the setting of persistent proteinuria, particularly in patients with
nephrotic syndrome [16]. These infections may further aggravate
the patient’s condition by increasing proteinuria and hematuria.
Our study also confirmed these associations.
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ro UMMyHoZedMUMTa Ha GpOHE YCTOMYMBOM NPOTEUHYPUMN — OCOBEHHO
Y NaLMeHTOB ¢ HepPOTUYECKMM CUHAPOMOM [16]. Bo3HMKatoLMe npu
3TOM MHOEKLMU AOMOSHUTENbHO YXYALWAOT COCTOSHWE MaLMeHTa,
YCUAMBAA NPOTEUHYPUIO U TEMATYpUto. 3TN 3aKOHOMEPHOCTU Obian
NOATBEPKAEHbI M B HALIEM UCCNEL0BAHNM.

OrpaHuyeHus wuccnepoBanHusa. OrpaHUYEHUAMM HacToALle-
ro UCCNeA0BaHWA ABMAIOTCA OTHOCUTENbHO Hebosbluas BbibopKa u
KOPOTKMIA Nepuos, HabngeHUs, YTo MOMKeT orpaHuunBatb 0606-
LEeHMe MONYYEHHbIX pesynsTaToB. B byayuiem Tpebytotca bonee
MacLTabHble U MPOAOMIKUTENbHbBIE UCCNEA0BAHMA C yYacTUeM 60/b-
LLIETo YMC/Ia MALLMEHTOB.

3AKNIOYEHUE

MonyyeHHble faHHble CBUAETENBCTBYIOT O TOM, YTO UMMYHHbI
avcbanaHc y geteit ¢ CA cnocobeTeyeT b6osee TAKENOMY TEYEHUIO
3aboneBaHuA 1 NoBbiWeHHOM YactoTe U3. UccnesoBaHWe nNokasano,
4yTo nosbiweHne ypoBHA WJ/1-2 U CHUKEHMEe KOMMOHEHTOB KOM-
nnemeHTa C3 1 C4 YETKO accouMmMpPOBaHbl C TAXKENBIM KAMHUYECKUM
TeyeHvem 6one3Hu, cHKeHnem CKD 1 yacTbimm ann3oaamm HGEK-
umi. Kpome Toro, nosbiweHne yposHa ACJ1 B IErKMX M NOYKax npu
CA NOAYEPKMBAET BAXKHYIO PO/ib MMMYHHbIX KJETOK B MmaToreHese
3aboneBaHuMA. Takum 06pa3om, peryasapHbIN UMMYHONOMMYECKUIA MO-
HUTOPUHT NaLmeHToB ¢ CA MOXKET CroCoBCTBOBATL CHUXKEHMHO YaCTOTbI
MHQEKLMOHHBIX OCNOXHEHUM U 3aMefsIeHUI0 MPOrpeccMpoBaHuA
3aboneBaHuA. ITO OTKPbIBAET MepCrneKTuBbl AA pPa3paboTku K
BHEAPEHMA UMMYHOMOZYAMPYIOLLEel Tepanuu B byayLiem.

Study limitations. The limitations of the present study in-
clude the relatively small sample size and short follow-up period,
which may restrict the generalizability of the findings. Future larg-
er, longer-term studies with more patients are needed.

CONCLUSION

The findings indicate that immune imbalance in children
with AS contributes to a more severe disease course and an in-
creased frequency of infectious diseases. The study demon-
strated that elevated IL-2 levels and reduced concentrations
of complement components C3 and C4 were clearly associated
with a more severe clinical course, decreased GFR, and frequent
infectious episodes. In addition, increased levels of lung- and
kidney-specific ABLs in AS highlight the important role of im-
mune cells in disease pathogenesis. Thus, regular immunological
monitoring of patients with AS may help reduce the frequency
of infectious complications and slow disease progression. These
findings may also provide a basis for the future development and
implementation of immunomodulatory therapeutic approaches.
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