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KOPCETKIMTEPI MEH MIETENIIK IEPEKTEPre CaIbICTRIPMANIBI TAIAay JKacalabl. 3epTTEY HOTIIKECIHIE MEKTEI
OKYIIBUTAPHI apachIiHAa MHUOIUSHBIH Tapaily JACHreii pecCMU CTATUCTHKA MOJIMETTEPIHCH JKOFaphl €KEHJIIT],
COHJali-aKk Kepyai TY3eTy KYpalJapbIMEH KaMTaMachl3 €TUTy JCHIeHiHIH TOMEHIIrl aHbIKTanabl. Epre
JIMarHOCTHKAHBIH HETIi3r Macenenepl peTiHae CKPUHHUHITIK TeKCepyJepIiH JKETKINIKCI3 YHBIMAACTHIPBLUTYEI
JKOHE MEKTEN MEAWIIMHA KbI3METKEpJIepiHe TYCETiH JKYKTEMEHIH >KOFapbl OONybl alKbIHIANIBL. AJBIHFaH
HOTIDKETIep TpO(HMIAKTUKANBIK ic-IIapajap J>KYWECIH JKeTUINipy, ara-aHajap MEH IeJarorTapIblH
aKnapaTTaHABIPBUIYBIH apTTHIPY, COHIai-aK Oanangap/aa MUOMUSHBI €pTe aHBIKTAay MEH OHBIH YACYiH Oasynary
OOMBIHIIA XYW TACIII eHT13y KaXETTUIITiH pacTaiabl.

Tytiinoi ce30ep: MUOTIHNS, aKKOMOIAIINSA, KOPY OTKIPIITi, 9KpaH yaKbITHI, TPOPUIAKTHAKA.

Childhood myopia: challenges, diagnosis, and management strategies
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Abstract

This article examines current issues related to the prevalence of myopia among school-aged children, as well
as the features of its early diagnosis and prevention in the context of increasing visual load. The author
conducted a comprehensive analysis of risk factors contributing to the development of myopia, including
screen time exposure, educational workload, reduced time spent outdoors, and genetic predisposition. The
study employed a multilevel approach, including questionnaires administered to primary, middle, and high
school students in Almaty city and Zhetysu region, as well as preventive examinations aimed at the early
detection of refractive errors. To obtain objective data, descriptive statistical methods and comparative analysis
of official statistical indicators of the Republic of Kazakhstan and foreign countries were used. The results
revealed a high prevalence of myopia among schoolchildren, exceeding official statistical data, as well as a
low rate of adequate vision correction. The main challenges in early diagnosis were identified, including
insufficient organization of screening examinations and the high workload of school medical personnel. The
findings confirm the need to improve preventive strategies, increase awareness among parents and teachers,
and implement a systematic approach to early detection and slowing the progression of myopia in children.
Keywords: myopia, accommodation, visual acuity, screen time, prevention.
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Abstract

Juvenile idiopathic arthritis (JIA) comprises a heterogeneous group of chronic inflammatory joint disorders in
children under 16, often resulting in disability, growth impairment, and systemic complications. Achieving
clinical remission on medication (CRM) is a key treatment goal in JIA. However, transcriptomic data indicate
that drug-induced remission may not restore immunological normalcy, necessitating biomarkers to identify
this state and predict long-term stability. To identify hub genes and signaling pathways characterizing the
persistent immune imbalance in the granulocyte transcriptome of patients with polyarticular JIA in CRM.
Transcriptomic data from granulocytes (GSE41831) of patients with polyarticular JIA in CRM on combination
therapy (methotrexate and etanercept) and healthy children were analyzed. Differentially expressed genes
(DEGs) were identified using GEO2R with thresholds of adjusted p-value < 0.05 and |Log FC| > 0.5.
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Functional enrichment analysis was performed using Enrichr through Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG), and Reactome databases. A protein—protein interaction (PPI)
network was constructed using STRING and visualized in Cytoscape, with hub genes identified via the
CytoHubba plugin with the maximal clique centrality (MCC) algorithm. The expression of top hub genes was
statistically validated. A total of 232 DEGs were identified from 54,675 analyzed genes, of which 99 were
downregulated and 133 upregulated. Functional enrichment analysis clustered into two major functional
categories: reorganization of the actin cytoskeleton and dysregulation of amino acid metabolism alongside pro-
inflammatory signalingro These processes align with the activated state of granulocytes, indicating persistent
cellular activity even during clinical remission. The PPI network comprised 126 nodes and 498 edges. The
MCC algorithm identified 10 hub genes, among which HSP90ABI and HSP90AA1 were the most prominent,
suggesting they act as key regulators of the observed molecular imbalance. Despite achieving clinical
remission, patients with polyarticular JIA exhibit a persistent, activated transcriptomic profile in their
granulocytes. The elevated expression of HSP90ABI and HSP90AAI indicates persistent cellular stress and
may represent these genes as candidate biomarkers for subclinical immune imbalance and potential therapeutic
targets to achieve deeper remission. The results obtained lay the foundation for further research aimed at
translating fundamental discoveries into clinical practice.

Keywords: juvenile idiopathic arthritis, signaling pathways, hub genes, bioinformatics analysis, remission on
medication.

Inrtoduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous group of chronic inflammatory joint diseases in
children and the most common rheumatic disorder in the pediatric population [Zaripova L.N. et al.,
2021]. Among its subtypes, the polyarticular form, characterized by involvement of five or more
joints, involves a complex pathogenesis engaging both innate and adaptive immunity [Zaripova L.N.
et al., 2021]. Despite significant therapeutic advances, including disease-modifying anti-rheumatic
drugs (DMARDs) like methotrexate (MTX) and biologic agents, achieving sustained remission
remains challenging. A substantial proportion of patients experience an incomplete response, drug
resistance, or significant adverse events. Notably, MTX intolerance, manifesting as nausea, vomiting,
and behavioral symptoms, affects up to 73% of patients and is a leading cause of poor treatment
adherence [Wibrand C. et al., 2024]. This clinical challenge underscores the need for a deeper
understanding of the molecular underpinnings of JIA to develop more personalized and effective
therapeutic strategies.

Achieving clinical remission on medication (CRM) is a primary goal in JIA management. However,
accumulating evidence suggests that CRM is not equivalent to full restoration of immunological
homeostasis. The transcriptomic study by Jiang K. et al. (2013), based on dataset GSE41831,
convincingly demonstrated that patients with polyarticular JIA in remission on either MTX
monotherapy or MTX combined with a TNF-a inhibitor (etanercept) still show significant deviations
in peripheral blood gene expression profiles compared with healthy children [Jiang K. et al., 2013].
This indicates a persistent subclinical immune imbalance that may underlie the risk of flare and
determine long-term outcomes. Consequently, identifying the specific molecular mechanisms and
regulatory hub genes that sustain this state of "controlled inflammation" remains a critical and
insufficiently explored challenge.

In this context, granulocytes (neutrophils) are of particular interest. As primary effector cells of innate
immunity, they play a pivotal role in initiating and sustaining inflammation in arthritis, with growing
evidence implicating their active participation in JIA pathogenesis [Zaripova L.N. et al., 2021].
Recent studies further indicate that neutrophils in JIA exist in a state of chronic "priming" or
heightened readiness. Their abnormal activity, reflected by sustained elevated levels of specific
granular proteins such as HNL and MPO, persists despite effective drug suppression of clinical
activity and correlates with low-grade inflammatory activity [Backlund M. et al., 2021]. Notably, in
the work by Jiang K. et al. (2013), the most pronounced transcriptomic deviations from normal were
found precisely in the granulocytes of patients who achieved CRM on the MTX and etanercept
combination [Jiang K. et al., 2013]. This makes a targeted analysis of the granulocyte transcriptome
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in this clinical state especially relevant for identifying molecular determinants of the persistent
imbalance.

Modern bioinformatics approaches offer a powerful and objective toolkit for this task. Big data
analysis methods, including identification of differentially expressed genes (DEGs), functional
enrichment of biological pathways (GO, KEGG, Reactome), and construction of protein-protein
interaction (PPI) networks followed by hub gene identification, enable the systematic discovery of
key molecular patterns associated with pathological states [Nagaraj K. et al., 2018]. Applying these
methods to well-characterized public datasets like GSE41831 represents a valuable hypothesis-
generating strategy. Applying an independent, modern bioinformatics pipeline to re-analyze this data
offers an opportunity not only to verify earlier findings but also to potentially discover new regulatory
networks and key genes associated with "remission without normalization." Our re-analysis provides
a complementary methodological perspective. It should be noted that in Kazakhstan, bioinformatics
analysis for identifying key genes and signaling pathways has already been successfully applied to
the study of other conditions. An example is the work by Abilbayeva A.A. et al., where a similar
methodological pipeline (GEO2R, Enrichr, STRING, Cytoscape) was used to identify hub genes and
pathogenic pathways in bronchopulmonary dysplasia in preterm neonates [Abilbayeva A.A. et al.,
2025]. The present study continues this methodological line, adapting a proven approach to
investigate the molecular basis of juvenile idiopathic arthritis, thereby highlighting the versatility and
reproducibility of this bioinformatics method.

This study hypothesized that a comprehensive bioinformatics re-analysis of granulocyte
transcriptomic data from patients with polyarticular JIA who achieved CRM on combined MTX and
etanercept therapy would identify specific hub genes and signaling pathways characterizing the
persistent immune imbalance in this state. Accordingly, the objective of this study was to identify
these key hub genes and signaling pathways associated with persistent immune imbalance in the
granulocyte transcriptome of such patients through comprehensive bioinformatics analysis.

Materials and Methods
Data collection and cohort characterization

Transcriptomic data associated with JIA were obtained from the publicly accessible Gene Expression
Omnibus (GEO) database of the National Center for Biotechnology Information (NCBI). The dataset
GSE41831, generated on the GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 Array),
was selected for analysis. The primary study associated with this dataset [Jiang K. et al., 2013] aimed
at the genomic characterization of remission in JIA and included samples of peripheral blood
mononuclear cells (PBMCs) and granulocytes from patients who achieved clinical remission on
therapy.

For this secondary analysis, we purposefully selected a subset of samples. Only granulocyte
(neutrophil) samples were included. The study group consisted of 12 patients with the polyarticular
(rheumatoid factor-negative) subtype of JIA who were in a state of CRM on background combination
therapy with MTX and a tumor necrosis factor-a inhibitor (etanercept). The control group comprised
13 samples from healthy children.

Identification of Differentially Expressed Genes (DEGs)

The GSE41831 data were processed using the GEO2R web application, which performs analysis
based on R software to identify differentially expressed genes between sample groups. P-values were
adjusted using the Benjamini-Hochberg method, and the threshold criteria for DEG selection were an
adjusted p-value < 0.05 and an absolute log fold change [logFC| > 0.5. GEO2R provided visual outputs
including volcano plots, UMAP, box plots, and Venn diagrams. The primary analysis identified 300
differentially expressed probes. After conversion to gene symbols and filtering out non-coding and
non-annotated transcripts, a final working set of 232 unique DEGs was formed and used for all
subsequent analyses.
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Gene Ontology and pathway enrichment analysis

To elucidate the biological functions and molecular mechanisms, a comprehensive enrichment
analysis of the DEGs was performed. Gene Ontology (GO) enrichment analysis characterized the
associated molecular functions, biological processes, and cellular components. Pathway analysis
using the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Reactome databases
complemented the picture by identifying key metabolic and signaling pathways. This analysis was
conducted using the bioinformatics platform Enrichr, with result visualization performed using its
built-in tools.

Protein-Protein Interaction (PPI) network analysis and hub gene identification

The online tool STRING was used to analyze and predict interactions between proteins encoded by
the identified DEGs. The analysis of the 232 DEGs was performed with a minimum required
interaction confidence threshold of 0.4. The resulting network was exported and visualized in
Cytoscape (version 3.10.3). The CytoHubba plugin was used to identify the most significant network
nodes (hub genes). Analysis was conducted using the Maximal Clique Centrality (MCC) algorithm,
which was selected for final ranking based on its results. Consequently, the top 10 hub genes were
identified, among which HSP90AB1 and HSP90AAI demonstrated the highest significance.

Statistical validation of key hub gene expression

For independent statistical verification of the expression of the key hub genes HSP90ABI and
HSP90AA1, an additional analysis was performed based on raw expression data from the GSE41831
dataset using IBM SPSS Statistics software (version 29). Data normality was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. The non-parametric Mann-Whitney U test was applied
to compare the main and control groups. The level of statistical significance was set at p <0.05. Based
on the analysis results, box plots were constructed to visually represent the distribution of expression
levels for these genes.

Results
Sample data information

To assess data distribution and identify differences between the group of patients with polyarticular
JIA in CRM and the control group, the GSE41831 dataset was analyzed. Visual inspection of box
plots confirmed adequate data normalization. UM AP analysis results showed that samples from the
patient and healthy control groups formed clearly separable clusters on a two-dimensional plot,
indicating profound transcriptomic differences between the groups that persist even in a state of
clinical remission (Figure 1).
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Figure 1. Gene set assessment. A box-and-whisker plot with samples on the horizontal axis and
log2-transformed gene expression values on the vertical axis. UMAP analysis performed for the two
groups
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DEG analysis

Analysis using GEO2R identified 232 DEGs out of 54,675 analyzed genes. Among these, 99 genes
were downregulated, and 133 were upregulated. A volcano plot clearly illustrates the distribution of
DEGs according to the degree of expression change and statistical significance (Figure 2).
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Figure 2. Results of differential gene expression analysis. A volcano plot illustrating gene
expression in the two groups. The horizontal axis represents log2FC values, and the vertical axis
represents -log10 (adjusted p-value) values. Upregulated genes are highlighted in red,
downregulated genes in blue, and genes that do not meet the significance criteria
(p <0.05 and |Log FC| > 1)) are shown in black

Pathway enrichment analysis

To identify biological functions and signaling pathways associated with the identified DEGs, a
comprehensive functional enrichment analysis was performed using the Enrichr platform. The
analysis was conducted separately for genes with upregulated and downregulated expression.

GO enrichment analysis for upregulated genes identified 1057 significant annotations in the
Biological Process (BP) category, 110 in the Cellular Component (CC) category, and 216 in the
Molecular Function (MF) category. Among the most significant biological processes were those
related to the regulation of response to external and biotic stimuli, cytoskeleton reorganization, and
defense response. Enriched cellular component terms were associated with the actin cytoskeleton and
specific neutrophil granules, while molecular function terms included JUN kinase binding and ATP
binding.

For downregulated genes, GO analysis revealed 733 significant BP annotations, 112 CC annotations,
and 145 MF annotations. Enriched biological processes were linked to the regulation of
lamellipodium morphogenesis and mitochondrial membrane permeability (Figure 3).

KEGG pathway analysis identified 135 significant pathways for upregulated genes and 158 for
downregulated genes (Figure 4). The most significant pathways for upregulated genes included the
NOD-like receptor (NLR) signaling pathway, necroptosis, and Th17 cell differentiation, while for
downregulated genes, they included platelet activation, the insulin signaling pathway, and epidermal
growth factor receptor (ERBB) signaling pathways.

39



East West. Eurasian Scientific and Methodological Journal (2026) Ne 2(10) June

99 down regulated genes

GO Results of Upregulated Genes

Fositive Regulation of Lamelipodium Morphogenesis IG0:2000184)

+ g of Mt Dutier Naribeins Parsatilization by in Apagtotic Soning Py (60:1901038)
Pusitive Reguiation of Mitochondrial Membrane Prermeabibty (GO-0035754)

Posithvn Regulation of Peotiin Kinasa Activity [G0-0045862)
Regulation of LamelipcSum Morphogenesis 1G0.2000392)
Lytic Viscuole (GE-000K13)

Box C/D ANP Comglex (GO-5170043)

Box D Methylation Guide snoRNF Complex (GO10031428)
Vesiche (GO-0031902)

Zymegen Granue (GO.0042538)
................................
Histine HEK1E Acetyltansferase Acthity 1GO-0068T2)
Histone HAKS AcetyRransferase Activity [GO-C083953)
Histone HAKE AcetyRianslerase Activity |G0-0043996)

Sufuric Ester Hydrosase Actiity [G0:0008484)

0.0 0.5

10 L5
Enrichment Scare {-log1diad). p-valuel)

133 upregulated genes

GO Results of Downregulated Genes

Reguéation of Response to Biotic Stimulus (GO.0002831)

Ragalation of Responie to External Stimslus [GO:0032101)

© wanizes
Rasgalution of Dl Responsa (GO-003147)
Positive Regulation of Netic Oside Bosynthetic Process (GO0045429)
Axonal Growth Cone (GOI044195)
Acin Filaran (GO-0005684 1
Trtiary Granue (GO:0070820)
Ficolin-1-Bich Granule [GO:6101002)
Actin Cytoskeleton (GO.0015629)
N Kinase Binding (GE-0008433)
ATP Binding GO-0005524)
Hstone Descetylase Binding (GOD0AZNIS
Aderyl Risonucleotie Bindng |GC:0032559)
w

-
Disordered Demain Specfic Binding (GO009TT18) gl
-

m
000 025 050 075 100 125 150 175 200
Enrichment Score {-log10ad). p-valuel}

Figure 3. Graphical representation of Gene Ontology (GO) enrichment analysis. The top five genes
associated with each GO category (BP — Biological Process; CC — Cellular Component;
MF — Molecular Function) for the downregulated and upregulated gene sets
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Figure 4. Graphical representation of KEGG pathway enrichment analysis. The 10 most
significantly enriched KEGG pathways for the downregulated and upregulated gene sets

Reactome pathway analysis identified 496 significant pathways for upregulated genes and 459 for
downregulated genes (Figure 5). For the upregulated group, pathways such as branched-chain amino
acid metabolism, inflammasome function, and innate immune system activation were prominent. For
the downregulated group, pathways involving intracellular signaling mediated by AKT,
erythropoietin, and integrins were highlighted.
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Figure 5. Graphical representation of Reactome pathway enrichment analysis. The 10 most
significantly enriched Reactome pathways for the downregulated and upregulated gene sets
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PPI network construction and hub gene identification

To study functional relationships among the 232 identified DEGs, a molecular interaction network
was constructed using the STRING database. The resulting network consisted of 126 nodes and 498
edges (Fig. 6). Application of the MCC algorithm identified 10 key hub genes likely to play central
roles in the observed pathological processes: HSP90ABI, HSP90AAI, SRC, ATM, FOXOI,
RPS6KB2, SNRNP70, RBM25, HNRNPU, EZR. Particular attention in this study is given to the genes
HSPY90ABI and HSP90AAI, whose products are key participants in the protein-protein interactions
(highlighted in red in Figure 6).

Figure 6. PPI network analysis and hub gene identification. PPI network analysis based on the
STRING database. The ten hub genes identified using the MCC ranking method

Statistical validation of key hub gene expression

The statistical significance of the differential expression of the two main hub genes, HSP90AB1 and
HSP90AAI, was independently confirmed based on raw data using the non-parametric Mann-
Whitney U test. The expression level of both genes was significantly higher in the patient group
compared to the control group (for HSP90ABI p < 0.001, for HSP90AAI p = 0.004). The distribution
of expression levels is presented in Figure 7 (box plots).
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Figure 7. A box-and-whisker plot demonstrating the expression levels of the identified hub genes
between the case and control groups

Discussion

Achieving CRM remains a primary, yet not always definitive, goal in treating polyarticular JIA. The
pioneering study by Jiang K. et al. established a fundamental paradox. The state of CRM is not
equivalent to restored immunological homeostasis and is characterized by significant, persistent
deviations in the peripheral blood transcriptome, which are most pronounced in granulocytes [Jiang
K. et al., 2013]. This phenomenon of "remission without normalization" creates a necessity to
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understand the molecular basis of the persistent immune imbalance that may determine the risk of
flare. The present study aims to provide an in-depth characterization of this imbalance through
comprehensive bioinformatics analysis of the GSE41831 dataset, with a focus on the granulocyte
transcriptome [Nagaraj K. et al., 2018].

Our targeted selection of granulocytes as the object of analysis is based on their recognized key role
in JIA pathogenesis as primary effectors of innate immunity [Zaripova L.N. et al., 2021]. This choice
is further supported by data indicating the greatest magnitude of transcriptomic abnormalities
precisely in this cellular population in patients who achieved CRM on combination therapy [Jiang K.
et al., 2013]. The relevance of this approach has received direct experimental support. It has been
shown that neutrophils in JIA exist in a state of chronic "priming," manifested by persistently elevated
levels of specific granular proteins regardless of drug suppression of clinical activity [Backlund M.
et al., 2021]. Thus, analysis of the granulocyte transcriptome allows for deciphering the molecular
mechanisms of this activated state.

The conducted analysis identified 232 DEGs in the granulocytes of patients in CRM. Detailed
enrichment analysis of biological processes revealed important directions of imbalance characteristic
of both upregulated and downregulated expression. Among upregulated genes, the most significant
processes were the regulation of response to biotic and external stimuli, regulation of defense
response, and positive regulation of nitric oxide (NO) biosynthesis. These data align with a state of
chronic granulocyte "priming," where cells maintain heightened readiness to respond to pathogens
and stress. Furthermore, NO production may sustain a pro-inflammatory background even in the
absence of overt clinical activity. In the group of downregulated genes, dominant processes were
related to the positive regulation of lamellipodium morphogenesis and mitochondrial membrane
permeability involved in apoptotic signaling. This may reflect complex adaptive changes, such as
suppression of excessive mobility and modulation of apoptosis. These changes are possibly aimed at
preventing excessive tissue destruction or may result from prolonged exposure to anti-inflammatory
therapy. Together with the activation of cytoskeleton reorganization pathways, this points to a
profound restructuring of fundamental cellular programs in granulocytes upon achieving clinical
remission.

Clustering of these genes via functional enrichment indicated two primary processes. The first is the
reorganization of the actin cytoskeleton, and the second is the dysregulation of amino acid
metabolism, particularly of branched-chain amino acids (BCAAs). The revealed activation of
cytoskeleton-related pathways holds key biological significance, considering the central role of a
dynamic actin scaffold in executing primary neutrophil functions. These functions include
phagocytosis, chemotaxis, and the formation of pro-inflammatory extracellular traps [Mylvaganam
S.etal., 2021]. This allows the observed transcriptomic changes to be viewed as a molecular correlate
of a primed, rapidly activatable cell phenotype. Concurrent dysregulation of metabolic pathways,
especially of BCAAs, is consistent with the modern paradigm of immunometabolism. According to
this paradigm, metabolic reprogramming is not merely a consequence but an active regulator of
immune cell functional state [Yahsi B., Gunaydin G., 2022]. Dysregulation of BCAA metabolism is
considered an important mechanism of immunometabolic remodeling. BCAA signaling via mTOR
can modulate immune cell functions and help maintain granulocyte "priming" during chronic
inflammation [Mansoori S. et al., 2025]. Our results, obtained via an independent analytical pipeline,
thus not only confirm the conclusion of Jiang K. et al. regarding profound transcriptomic imbalance
in remission [Jiang K. et al., 2013] but also specify it by pointing to potential cell-biological
mechanisms.

The most significant result was the identification via network analysis of HSP9OAB1 and HSP90OAA1
as key hub genes, whose elevated expression was statistically confirmed. The role of HSP90 as a
master regulator of cellular proteostasis and stress response is well-known. However, contemporary
data reveal its exceptional complexity under pathological conditions [Chiosis G. et al., 2023]. In
chronic inflammation, HSP90 can undergo structural changes, forming stable oligomeric complexes
(epichaperomes). These complexes function not as classic chaperones but as pathological molecular
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scaffolds that stabilize activated states of signaling pathways [Chiosis G. et al., 2023]. We propose
that elevated HSP90 expression in the granulocytes of JIA patients may reflect the formation of such
dysfunctional complexes, contributing to the maintenance of persistent priming. This hypothesis finds
support in data from other arthritides. In rheumatoid arthritis, shifts in the expression of several HSP
family members have been identified, correlating with enhanced NF-xB and JAK-STAT signaling
and chronic inflammatory activity [Fouani M. et al., 2023]. At the same time, contemporary
systematic reviews emphasize the dual role of HSPs. On one hand, they maintain proteostasis and
cell survival. On the other hand, they participate in the activation of inflammatory cascades and
intercellular signaling [Zhao B. et al., 2025]. Experimental data directly confirm the therapeutic
potential of targeting HSP90 in inflammation. Selective blockade of HSP90 ATPase leads to the
dissociation of the HSP90—COX-2 complex and ubiquitin-mediated degradation of COX-2. This is
accompanied by reduced production of pro-inflammatory cytokines [Wang W. et al., 2024], proving
that "Targeting HSP90 is a viable strategy to inhibit inflammation" [Wang W. et al., 2024].
Furthermore, an understanding of the role of HSPs in the neuro-immune axis in chronic inflammation
is emerging [Fouani M. et al., 2025].

The clinical significance of our findings becomes particularly evident in the context of current
challenges in JIA therapy. The high prevalence of intolerance to methotrexate, a key anchor drug, is
a serious limitation for long-term disease control [Wibrand C. et al., 2024]. Furthermore, JIA is a
disease with high heterogeneity in clinical outcomes. A significant proportion of patients experience
long-term problems and functional limitations. This underscores the need to develop methods for
molecular monitoring and risk stratification during remission [Ramos F.O. et al., 2024]. The
identification of HSP90 as a potential mediator of sustained immune imbalance opens new
perspectives. Modern developments in HSP90 inhibitors demonstrate that selective targeting of
isoforms or pathological epichaperomes can reduce toxicity and selectively suppress pathological
signaling complexes [Liang X. et al., 2024]. This makes the strategy of modulating HSP90 promising
for achieving deeper immunological remission in JIA. The identified granulocyte transcriptomic
profile, particularly the expression level of HSPOOAB1 and HSP90AA1, could serve as a basis for
developing a biomarker panel. Such an approach aligns with the general rheumatology trend
advocating the use of multiparameter panels. These panels combine serological markers, molecular
signatures, and imaging data for risk stratification and therapy personalization [Sahin D. et al., 2024].
The practical feasibility of such strategies is already proven. Biomarker-stratified approaches to
therapy selection are implementable and can improve outcomes in chronic inflammatory diseases
[Noor N.M. et al., 2024]. Our data are also consistent with the results of large-scale studies where
neutrophil activation is defined as a key process common to various molecular subtypes of JIA [Baek
[.W. et al., 2025]. Additionally, transcriptomic analysis of neutrophils in rheumatoid arthritis reveals
complex regulatory networks, including miRNAs linked to disease severity [Alarcon M.F. et al.,
2025]. This highlights the commonality of mechanisms across related diseases.

The present study has several limitations. First, its retrospective design, based on secondary analysis
of the publicly available GSE41831 dataset, does not allow for the establishment of causal
relationships. Second, the exclusive focus on granulocytes, while justified, does not provide a
complete picture of the immune imbalance, which likely involves other cellular populations. An
important methodological limitation is the incompleteness of clinical and demographic data in the
original dataset. Variables such as precise age, sex, disease duration before remission, and comorbid
conditions of the patients could have modulated the transcriptomic profile.

Furthermore, the relatively small sample size necessitates caution in interpreting the results. It
requires confirmation of the identified signatures, particularly the role of HSP9OAB1 and HSP90OAA 1
genes, in larger independent cohorts. Finally, the bioinformatics analysis based on microarray data
reflects changes at the mRNA level. This is important but not conclusive proof of functional changes
at the protein level. Thus, further validation in independent clinical cohorts is necessary to confirm
and deepen the obtained results.
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Conclusion

Conducted bioinformatics analysis supports the notion that clinical remission on medication in
patients with polyarticular JIA does not necessarily reflect a restoration of immunological
homeostasis. A persistent molecular imbalance is evident in the granulocytes of patients in CRM,
represented by 232 DEGs, with dominant signatures of cytoskeletal remodeling and disturbances in
amino acid metabolism. HSP90ABI and HSP90AAI emerged as key hub genes and potential
regulators of persistent granulocyte priming. Their elevated expression was statistically confirmed.
These genes represent promising candidates for further proteomic and prospective validation as
markers of subclinical activity and possible therapeutic targets. Our data lay the groundwork for
subsequent research aimed at translating molecular signatures of remission into clinical tools for risk
stratification and personalized management of patients with JIA.
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BbuonndopMaTHKaAJIBIK Tajl1ay apKbLIbl PEMUCCHS CATHICHIHAAFBI I0BEHWIb/Ii HANONATHSIBIK apTPUT
Ke3iHjeri reHiep-KOHIEHTPATOPJIAP MeH CUTHAJIBIK KOJAAPAbI AHBIKTAY

* |5 E Cetimxan, 'A.A.A6unv6aesa
IC K. Acgpenouapoe amvinoazul Kazax ynmmuix meouyuna ynueepcumemi (Anmamot, Kazaxcman)

Anoamna

IOBenmnbai uanonarusieik aptput (FOMA) 16 xacka aeiiinri Oamanapjia Ke3JeCeTiH CO3bUIMAIbl KaOBIHY
OyBIH aypyJIapbIHBIH T€TePOTeH Il TOOBI, OJIap KUl MYTeIeKTIKKe, OCY/IiH TeXeTyiHe KoHe JKYHeli acCKbIHyIapFa
okeneni. MemukaMeHTO31b! Teparnys GOHBIH/IA KIIMHUKAIBIK PeMUCCHsFa Koa xkeTKizy FOUA emueyniH Herisri
MakcaThl OObI TaObUIAABI. AJaiijia, TPAaHCKPUITOMIIBIK ICPEKTEP MOPUIIK-HHIYKIMUIAHFAaH PEMHUCCHS
MMMYHOJIOTHSJIBIK HOPMAHBIH KajlblHA KelyiH OimmipMeyl MYyMKiH €KeHIH KepceTemi, OyJ OChl KYWmi
allKpIHIAy KOHE Y3aKMep3iMIli TYpPaKTBUIBIKTHI OOJDKay VINiH OuoMapkepriepiai i37ey KaKeTTUTriH
TybIHAATAABl. 3ePTTCYAIH 0acThl MaKCaTbl — MEAMKAMEHTO3]IbI eMJICy KE3iHJC PEMHCCHUS JKarIaibIHIarbl
nonuaptukyysipinel  FOMA  Gap manueHTTepiH TPaHyJOLUTTEp TPAHCKPUITOMBIHAAFBI TEPCUCTCHTTI
MMMYHJIBIK TEHTE€PIMCI3MIIKTI CUTIATTAUTHIH TE€HAEP-KOHIIEHTPATOpIap MEH CUTHAIBIK YKOJNJAPIBl AHBIKTAY.
Oun yuriH KoMOMHAIMSIIAaHFaH Tepanus (METOTpeKcaT )KoHe dTaHeplenT) (GoHBIHIA PEMUCCHSFa KOJI KETKI3TeH
nonuapTukyspiasl FOMA Oap maumeHTTep MeH cay OananapiblH TIpaHYJIOLWTTEPiHIH TPaHCKPUIITOMJBIK
nepekrepi (GSE41831) ranmangsl. uddepenmmanaer sxcnpeccustianarein reHaep (DEG) GEO2R
KYpallbIHBIH KeMeTiMeH Tty3eriireH p-value < 0,05 »xome |Log FC| > 0,5 mekti MoHIEpiMeH
uneHTudukanusianapl. OyHKIMoHamabl OaibiTy Tajnaysl Enrichr margopmaceinna Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) xoHe Reactome mepexkopnapbiH maiifagaHa OTHIPHII
opeIHIANIEL. AKyB3-akys3 e3apa apekerrecy (PPI) skemici STRING aepekkopbIHBIH KOMETIMEH KYPBUIBIIL,
Cytoscape OarmapnamachiHAa Bu3yanuzauusuianabl. [enaep-konuentparopiaap CytoHubba nnaruHi apKpuibl
MaKCUMaJIIbI OPTATBIKTHUIBIK KUK (MCC) anropuT™iH KOJIaHbIN ACHTU(DUKAIUUTAHbL. JKeTeKII reHep-
KOHIICHTPATOPIIAP/IBIH KCIIPECCHSICHI CTATHCTUKANBIK TYp/e pacTtanabl. Tanganrad 54 675 rendid imineH 232
DEG wunenTu(UKaIMIIAHAB, OHBIH 99-bI TOMEHACTUITeH jkoHe 133-1 )KOFaphLIaThbUIFAH SKCIIPECCUsFa He
Oonnpl. DyHKIMOHANAKI OalbITY Tanaaybl €Ki Heri3ri (YHKIMOHAIABI KAaTeTOPHUSHBI OOJIN KepceTyre
MYMKIHIK Oep/li: akTHH/II IUTOCKENETTiH PEeOpraHU3alHsACHl JKoHe KAOBIHYIBIK CHTHAIIBI KOJIMEH Karap
AMUHKBIIIKBUIIAPE METAa0ONMM3MIHIH JeperyIsIusachl. byl ynepicrep TpaHyIOUUTTEpAIH OelceHAipiiareH
KyHiHe coliKec Kejei, Oy KIMHUKAIBIK PEMUCCHUS KaFIaibIH/Ia J1a IEPCUCTEHTTI )KaCyIaJIbIK OSJICCHIUTIKTI
kepcereni. PPI sxemici 126 tyitin mMen 498 sxwuekti Kamteinel. MCC anroputminiH kemerimeH 10 res-
KOHIIEHTPATOP aHbIKTaNbI, odapabiy iminge HSPOOAB1 sxone HSPOOAA1 eH MaHBI3/IbI OOJIBII IIBIKTHI, OYIT
oJap/blH OaliKaiFraH MOJISKY/IAJIbIK TEHIePIMCI3MIKTIH HETI3rl peTTeylIiiepl peTiHAeri peiiiH Oopkayra
MYMKIiHJIK Oepei. KiIMHUKaNbIK peMUCCHsIFa KOJI )KETKI3TeHIHEe KapamacTaH, noinuapTukysapisl FOMA Gap
MAIUEHTTEP/IE TPAHYJIOUUTTEPE MEePCUCTEHTTI OENCEHMIPIIreH TPAaHCKPUIITOMABIK NPOQWIb CaKTajlalbl.
HSP90AB1 xone HSP9OAA 1 rennepiHiH »KOFapblIaThUIFaH SKCIPECCHUSICH CAKTaIaThIH )KaCyIIaJIbIK CTPECCTI
TIQJICTIICH I JKOHE OChI TeHIEPl CYOKIIMHUKAJIBIK MIMMYHJIBIK TEHIePIMCI3IIKTIH KaHIUAATThl OMOMapKepiepi
JKOHE TEPEHIPeK pPEeMHUCCHsIFa KOJ JKETKi3y VIIIH oJeyeTTi TepaleBTIK HbICaHajap pPeTiHIEe KapacThIpyFa
MYMKIHIIK Oeperi. AJBIHFAH HOTHXKEIEp ONIaH apFbl KIWHUKAIBIK ToxipuOere OarbITTanmraH Oacka na
3epTTeysepre Heri3 0ojia ajaabl.

Tyuin ce30ep: IOBCHWIbAI WIAMONATUSIIBIK apTPHUT, CHUTHAIIBI KOJIJAap, TeHAeP-KOHIICHTparopIiap,
OroMHGOPMAIUSIIBIK aHAIHN3, MEANKAMEHTO3/IbI TEPAITUs HET131H/IETT PEMUICCHSL.

HUnenTudukanus reHOB-KOHUEHTPATOPOB U CUTHAJBLHBIX MyTel MPH I0BEHHJIbHOM HINONATHYECKOM
apTpuTe B CTAJANH PEMHCCHHU ¢ TOMOLILIO OMOMH(OPMATHYECKOTO0 aHAJIHM3a

* 5 E Cetimxan, 'A.A.A6urv6aesa
! Kazaxcxuil nayuonansmuiii meouyunckutl yuueepcumem umenu C.J. Acpenouspoea (Anmamet, Kazaxcman)

Annomayus
IOBenwpHBIN nanonaruueckuii aprput (FOMA) npencraisier co00il reTeporeHHyo rpyniy XpOHUYeCKUX
BOCIMAINTENHHBIX 3a00JIEBaHUI CyCTaBOB y JieTeil B Bo3pacTe A0 16 JieT, KOTOpbIE YacTo MPHUBOAAT K
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WHBAJIUAN3AIUY, 3aJI€PKKE POCTa M CUCTEMHBIM OCJIOKHEHMAM. J[OCTHKEHHE KIMHUYECKOW peMHCCUHM Ha
(hoHE METUKAMEHTO3HOW Tepalny SIBIISIeTCS KioueBoil menbto JiedeHuss FOMA. OnHako TpaHCKPHUITOMHBIC
JaHHBIC CBHUJCTENBCTBYIOT O TOM, YTO JIEKAPCTBEHHO-MHIYLUHPOBAaHHAs DPEMHUCCHUS MOXKET HE O3HA4yaTh
BOCCTAaHOBJICHUS] HMMYHOJIOTHYECKOI HOPMBI, 4TO 00yCIIaBIMBaeT HEOOXOAMMOCTD TIOMCKa OMOMapKepOB AJIs
UACHTU(PUKALUHI 3TOTO0 COCTOSHUS U IPOTHO3UPOBAHMS AOJITOCPOYHOM cTabunbHOCTH. Llenp nccnenoBanus —
UACHTU(QULIUPOBATh T'€HBI-KOHIIEHTPATOPhl M CHUTHAJIbHBIC IYTH, XapaKTepU3YIOLIME IE€PCUCTHUPYIOIINI
WMMYHHBII aucOajaHc B TPaHCKPHUIITOME TPaHYJIOLWTOB y MAlUEHTOB C MOMMAPTUKYIApHBIM FOUA B
COCTOSHMM PEMHCCHM INPH MEJUKAMEHTO3HOM JiedeHuH. Jlng storo ObUIM  IpOaHANIH3MPOBAHbI
TpaHCKpHUNTOMHBIE HaHHbIe TpanynonnuToB (GSE41831) mamuentos ¢ mommaptukyasipabiM FOMA, mocturmmx
pemuccun Ha (OHE KOMOMHUPOBAHHOW Tepamuu (METOTpEeKCaT M JTaHEepUeNnT), W 3I0pPOBBIX JETEH.
Huddepenumansuo sxcnpeccupyemsie rensl (DEG) Obun maeHTHGUIUPOBaHBI ¢ MOMOIIBI0 UHCTPYMEHTA
GEO2R ¢ mnoporoBbIMH 3Ha4eHHUSIMH CKOppekTrpoBaHHOTO p-ypoBHS < 0,05 u |[Log FC| > 0,5. AnHanms
($yHKIMOHAIBHOTO Oo0oraieHus ObUT BhINoHEeH B Targopme Enrichr ¢ ucnonszoBannem 6a3 ganasix Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) u Reactome. CeTh 0eltoK-0€1KOBBIX
B3ammoneiicteuii (PPI) Opmta moctpoena c¢ momompio 0aszbl maHHBIX STRING u Bm3yanmsmpoBana B
mporpamme Cytoscape. [eHbI-KOHIIEHTpaTOphl wHiaeHTH(HUIHpoBad ¢ momomsio TuarmHa CytoHubba,
WCIIONb3ys aJTOPUTM MaKCUMallbHON KiukoBoil neHTpanbHocTH (MCC). Dkenpeccuss BeAyHIMX TeHOB-
KOHIIGHTPAaTOPOB OBLTA CTaTUCTHUYECKH NOATBepxkIeHa. V3 54 675 mpoaHanM3WpOBaHHBIX TEHOB OBLIO
uneatudunuposano 232 DEG, u3 xoTopeix 99 obmagany moHmkeHHONH u 133 — MOBBIIIIEHHOMN AKCIIPECCUEH.
Ananuz q)YHKHI/IOHaIH)HOFO O6OFaH1€HI/I$I IIO3BOJINJI BBIACJINTH ABE OCHOBHBIC (I)YHK]_[I/IOHEUIBHBIC KaTeropuu:
peopraHu3aiusi aKTHHOBOTO IIUTOCKENeTa W JCperyisnusi MeTa0oinM3Ma aMUHOKHCIOT Hapsangy
MIPOBOCIIANIUTENBHBIM CUTHAIMHIOM. JlaHHBIE MpPOLECCHI COOTBETCTBYIOT AKTUBHUPOBAHHOMY COCTOSHHIO
rpanyjlIonuTOB, 4YTO YKa3bIBA€T HA MNCPCUCTUPYIOUIYIO KICTOYHYIO AKTUBHOCTL [JaX€ B COCTOAHUH
kiuHu4eckoit pemuccuu. Cers PPI Brirouana 126 y3moB u 498 pedep. C nomonipio anroputmMa MCC ObutH
uaeHTuguuupoBansl 10 TI'€HOB-KOHLEHTPATOPOB, CpEeIM KOTOPHIX Hauboiee 3HAaYMMbIMH OKa3aJluCh
HSP90AB1 u HSP90AAI1, 4To mO3BONSET MPEANONOKUTh WX POJb B KaueCTBE KIIFOUEBBIX PETYISTOPOB
HaOnromaeMoro MoJiekyisipHoro aucOananca. HecMoTpss Ha JoOCTH)KEHHE KIMHUYECKOH PEMHUCCHH, Y
MAIMEHTOB ¢ MONUapTUKYIIpHbIM IOMA B rpanynonurax coxpaHseTcs NepCUCTUPYIOMNN aKTUBUPOBAHHBIN
TpaHCKpHUNITOMHBIH ipod k. [loBeimenHas sxcnpeccust reHoB HSPO9OAB1 1 HSP9OAA1 cBuneTensCTBYET 0
COXpaHSAIOUIEMCSl KJIETOYHOM CTpecce M MO3BOJSET paccMarpvBaTh 3TH TE€HBl B KaueCTBE KaHIUIATHBIX
OrOMapKePOB CYOKIIMHUYECKOTO MMMYHHOTO IMCOaIaHCca M TIOTECHIIMABLHBIX TEPANICBTHUSCKUX MUIIICHEH JIJIs
JOCTIbKEHHA Oonee rryOokoi pemuccuu. [lomydeHHble pe3ynsTaThl 3aKIaAbIBalOT OCHOBY s AaJbHEUIINX
HCCIIEIOBAaHUIl, HAIIPABJICHHBIX HA TPAHCISIUUIO (PYyHIAMEHTAIBHBIX OTKPHITUI B KIIMHUYECKYIO IPAKTUKY.
Kniouesvie cnosa: 1OBEHWIBHBI WAMONATHYCCKHUI apTPHUT, CHUTHAJbHBIE ITyTH, T'€Hbl KOHIIEHTPATOPHI,
OnonH(OpMaTHUECKUIl aHAIIN3, PEMHUCCHS IPH METUKAMEHTO3HOM JICUCHHH.
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Annomayus

B coBpemenHOM Mupe mpobiieMa JIaKTa3HOW HEIOCTATOYHOCTH MPHOOpEeTaeT Bce OONbIIyio ocTpoTy. Ilo
nanaeiM BO3, 6osee 65% B3pocinoro HaceneHusl MUpa CTPaJaroT pa3inIHbIMUA (POpMaMH HENEPEHOCUMOCTH
JaKkTo3bl. BenepcTBue 3TOr0 MWJUIMOHBI JHOAEH BBIHYKJAEHBI HCKIIOYATh M3 CBOErO PAIlMOHA MOJIOYHBIE
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