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Abstract

Introduction. Rheumatoid arthritis (RA) is a chronic autoimmune condition marked by continuous inflammation of
the synovial membrane, gradual joint damage and involvement of internal organs. Its relapsing-remitting course leads
to joint deformation, disability and impaired quality of life. The Institute for Health Metrics and Evaluation estimated the
global prevalence of RA to exceed 18 million cases in 2019. Given the multifactorial nature of RA, increasing attention
is being directed to the role of genetic predisposition, autoantibody formation and cytokine dysregulation in disease
onset and progression. Understanding these elements is essential for developing tools for early diagnosis and therapy.

Objective. To analyze current achievements in genetic mutations, autoantibodies, and cytokine profiles involved in
RA pathogenesis and assess their potential for early diagnosis of this disease.

Search Strategy. A systematic review was conducted using PubMed and Google Scholar databases. The search
included full text articles in English, prioritizing peer-reviewed research, systematic review and meta-analysis. Search
terms included “rheumatoid arthritis”, “genetic mutations”, “autoantibodies”, “cytokine production”. Inclusion criteria:
studies focusing on human subjects, evaluating the role of genetic variants, cytokines or autoantibodies in RA
pathogenesis. Exclusion criteria: abstracts without full text, animal studies.

Results. From 1990 to 2024, 33,908 publications on RA were identified, with 4,080 meeting the criteria. The findings
highlight that RA has a multifactorial pathogenesis with a complex genetic background involving both HLA and non-HLA
genes such as HLA-DRB1, STAT4, PADI4 and PTPN22. These gene alterations contribute to T-cell activation, increased
cytokine production, including IL-6, TNF-a and IL-17, and subsequent osteoclast-mediated joint destruction.
Autoantibodies such as rheumatoid factor and anti-citrullinated protein antibodies are considered as key diagnostic
biomarkers, often detectable years before the clinical onset of symptoms. Environmental triggers like smoking induce
the formation of autoantibodies, activation of the complement system and sustained synovial inflammation. Together,
these mechanisms underline the diagnostic and prognostic relevance of genetic, cytokine and autoantibody profiling in
RA and support the development of diagnostic and therapeutic approaches.

Conclusion. Genetic susceptibility, cytokine dysregulation and autoantibody production act synergistically in
rheumatoid arthritis, causing joint damage and systemic complications. Emerging biomarkers for RA show considerable
promise in improving early diagnosis, prognosis, and personalized treatment approaches. While several candidates
demonstrate strong potential, further validation and standardization are necessary before widespread clinical
implementation. Continued research will be essential to translate these findings into routine practice.
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Beepenne. PesmatougHbiii apTput (PA) — 3TO XpOHWYECKOEe ayTOMMMYyHHOE COCTOSHWE, XapakTepuayloieecs
NPOJOIKUTENbHBIM BOCTIANEHUEM CMHOBMANbHOM MeMOpaHbl, MOCTENeHHbIM PaspyLLEHMEM CYCTBOB C BOBIIEYEHWEM B
NpoLecc BHYTPEHHUX OpraHoB. PeLieAnBMPYIOLLMIA XapakTep TeYeHUs NpUBOAMT K AedhopMaLii CycTaBoB, ¢ nocrneaytoLLei
WHBaNWAmu3aumein 1 CHKEHMeM kayecTBa XWsHu naumentoB. Ha 2019 rog, cormacHo otyety MHCTUTYTa n3mepeHus
nokasatenem U OUEHKW COCTOSHWS 300pOBbS, pacnpocTpaHeHHocTb PA  npesbiwaer 6onee 18  mwnnoHos
3aperecTpUpOBaHHbIX CITy4aes no MUPY. YunuTbiBas MynbTudakTopuansHyto npupogy PA, Bce Bonblue BHUMaHWS yaenseTcs
pONM TEHETUYECKON MPEeOpacnonoXEeHHOCTH, 00pasoBaHWI0 ayToaHTUTEN W HAPYLLEHWIO PEerynauuu LMTOKUHOB B
BO3HMKHOBEHWM 11 Mpopecc1poBaHii 3abonesanus. MoHMaHne 3Tux hakTopos HeobXoANMO 15 pa3paboTkv MHCTPYMEHTOB
paHHemn AnMarHoCTVKK 1 NOCIEeLyIoLLero nevyeHus.

Llenb nccnepoBanus. MpoaHanu3npoBaTb COBPEMEHHbIE JOCTUXKEHNS B 0BNacTi M3y4YeHUS FEeHETUYECKUX MyTaLuil,
ayTOaHTUTEN M LUTOKMHOB, Y4aCTBYIOLLMX B natoreHese PA 1 OLEHUTL WX NOTEHLMan Ans paHHern AuarHoCTUkW 3aboneBanms.

Crparerusi noucka. Cucrematuyeckuin 063op nuTepatypbl Obin NPoBedeH ¢ Ucnonb3oBaHWeM 6a3 gaHHbix PubMed 1
Google Scholar. TMouck Bkntoyan MOMHOTEKCTOBbIE MyONMKaLMM Ha aHIMMIACKOM, B MEPBYID OYepedb WCCHemoBaHus,
onybrnvkoBaHHble B peLieH3vpyeMblx XypHanax, cucTemaTinyeckme 0b63opbl 1 MeTa-aHanmusbl. B nowck Obinu BKMOYEHbI
TEPMUHbI «PEBMATOMAHBIA apTPUTY, «TEHETUYECKME MyTauuuy, «ayToaHTUTena», «MpoAyKUMs LMTOKMHOB». Kpumepuu
8K/TIOYEHUST COCTaBMSANM MCCMEeJOBaHUS C y4acTUeM 04N, OLEHWBalWMe pofb BApUAHTOB TEHETUYECKUX MyTaLuid,
LMTOKWHOB 1 CMEKTP ayToaHTUTEN npu peBMaToMaHOM apTpute. Kpumepuu UCKMOYeHus: Teancbl 6e3 momHoro Tekcra,
ucernenoBaHns Ha KUBOTHBIX.

Pesynbtatbl. C 1990 no 2024 rog 6bino BbisieneHo 33 908 nybnukaumin o PA, u3 kotopbix 4080 cootBeTcTBOBanu
kpuTepuam. Wccnenosanns noguépkueato, 4to PA uMeeT MynbTudakTopuanbHblil NaToreHes €O CrIOKHBIM FeHeTUHECKUM
thoHoM, BKMtovatLmm kak HLA, Tak u He-HLA reHbl, Takue kak HLA-DRB1, STAT4, PADI4 n PTPN22. 311 reHeTudeckue
W3MEHeHUs CnocobCTBYIOT aKTUBaLuMW T-KNeToK, MOBbIWEHHOW BbipaboTke LMTOKMHOB, BkMoyas IL-6, TNF-a u IL-17, u
nocneayloLemMy paspyLLEHNIO CyCTaBOB OCTeOKIIacTaMu. AyToaHTUTena, Takue kak peeMaTouaHblit haktop (P®) n aHTUTENa
K LMTPYNAMHMpoBaHHbIM Benkam (ALLIM) cuuTatoTcs kmioueBbIMW AuarHocTUYeckumn Guomapkepamu, KOTOpble 4acTo
OBHapyXM1BAKOTCA 33 HECKONbKO NET 40 NOSIBNEHUS KMWUHUYECKUX CUMNTOMOB. PakTopbl OKpyXatowwen Cpedbl, Takue Kak
KypeHue, BbI3bIBAKOT LIUTPYNMHMPOBaHNE, CnocobCTBys 06pa3oBaHns ayToaHTUTEN, akTUBaLWUN CUCTEMbI KOMMIMMEHTA U
YCTOMYMBOMY BOCMANEHUI0 CUHOBWaNbHOM 060M04KA. B COBOKYMHOCTM 3T MexaHU3Mbl MOAYEPKMBAIOT ONarHOCTUYECKYIO W
MPOrHOCTUYECKYID 3HAYMMOCTb OMpefeneHus reHoB, LMTOKUHOB M ayToaHTuTen npu PA n cnocobeteyioT paspaboTke
AVArHOCTUYECKUX W TepaneBTUYECKUX NOAXOM0B.

3akntoyeHue. eHeTYeckas NpeapacrnonoXeHHOCTb, AUCPEryNALNS LMTOKUHOB 1 NPOAYKLMA ayTOAHTUTEN LENCTBYIOT
CUHEpreTUYeck! Npu peBMATOMAHOM apTpwuTe, Bbi3blBasi MOBPEXAEHWE CYCTaBOB M CUCTEMHble OCMOXHEHWs. HoBble
Bromapkepbl PEBMATOMAHOMO apTpuTa AEMOHCTPUPYIOT 3HAUMTENbHbIA MOTEHUMAn B YNyYlEHWN PaHHER AMAarHOCTUKA,
NporHo3a M NepcoHanuaupoBaHHbIX NOAXOLOB K neveHunto. HecMoTps Ha BbICOKYHO MEpCreKkTMBHOCTL psfa KaHauaaTos,
HeobxoauMa AanbHellas Banuaauus 1 cTaHAapTM3aUmus nepeq Ux LUMPOKUM KIMHUYECKUM npuMeHeHreM. Mpogonxerne
ucernenoBaHUin UMEET KNKYEBOE 3HAYEHWE A1 BHEAPEHUS 3TUX HAXOLOK B KIMHNYECKYIO NPaKTUKY.

Knrouesnble crioga: peemamoudHbIi apmpum, 2eHbl, aHmumena, YUMOKUHb!
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Kipicne. Peavatouarsl aptput (PA) — Byn 6ybiHOapabiH, CUHOBMANbALI MeMOPaHaChIHbIH, y3ak, Mep3imMai KabbIHYbIMEH, iLLKi
ar3anapgblH, by3binbICbIHbIH, BipTiHAEN KOChINYbIMEH CUNaTTanaTbiH y3ak MepaiMai ayToMMMyHAbI aypy. AFbIMHBIH, KaiiTanaHaTbIH
cunatbl OybiHAapabIH, AedopMaLmsiCbiHa, KeMiH MyredekTikke XaHe eMip canacblHblH, TemeHgeyiHe akenedi. [eHcaynbik,
KepCeTKILUTEPIH erLuey xsHe Baranay MHCTUTYTbIHbIH, ecebi 6oMbiHIa 2019 Xbinbl PA-TbiH, Tapanybl Oykin anem 6oiibiHiLa 18
MUITIMOHHaH acagbl. PA-TbiH, MynbTW(aKTOPNbIK, CAMATbIH eckepe OTbIpbIN, aypydblH, naiga 6onmybl MeH AamybiHAaFbl
reHeTUKanblk, OeniMainikTiH, ayToaHTWAEHeNepAiH, XaHe UMTOKMHAEPiH peTTenyiHi 6yabinybiHa kebipek keHin GeniHeai. byn
thakToprapabl TyCiHY epTe AMarHOCTMKA XoHe KeniHr eMaey KyparnaapbiH Xacay yLliH eTe MaHbI3abl.

3epTTeyain, Makcatbl: PA natoreHesiHe KaTbiCaTbiH reHeTVKanbIK, MyTaLunanapabl, ayToaHTWAEHENEPAi KaHEe LMTOKMHAEPA
3epTTeyaiH 3amaHayv XeTICTIKTepiH Tangan, onapablH aypyabl €pTe AnarHocTUkanayaarbl aneyeTiH baranay.

opictep. daebuettepre xyieni wony PubMed xoHe Google Scholar aepekkopnapbiHbiH, keMeriMeH Xyprisingi. 13gey
aFblMLWbIH TiNHAEr TONbIK MaTiHG| 6ackinbiMAAPaAb!, €H, anabIMEH peLieH3usaNaHFaH 3epTTeynepai, Xyieni Wonynapabl aHe MeTa-
Tangaynapabl KamTblgbl. [3geyre "peBmatouaThl apTpuT", "reHeTUKanbIk, MyTauusanap”, "aytoaHTuaeHenep”, "UMTOKMH eHAipici"
TEPMUHAEPI  KOMAaHbINAbl.  [pikmey mananmapb! PEBMATOMATbl  apTpuTTeri  MyTauwsnapObiH, LMTOKWHOEPAH, XoHe
ayTOaHTUAEHENEPAiH, TeHETUKAMbIK HyCKanapbiHbiH, peniH OaranaiTblH  adampapra KaTbiCTbl 3epTTeynepdi  Kypagbl.
EckepinmelimiH mananmap: TONbIK M3TIHCI3 TE3UCTEP, XaHyaprapaa XyprisinreH 3epTreynep.

Hamkenep. 1990 xbingaH 2024 xbinFa geniH PA Typanbl 33 908 BackinbiM aHbikTangpl, oHbiH, 4080-i agam 3epTreynepi
Hemece Xyieni wonynap TanantapelHa caiikec kengi. 3eptreynep PA-ToiH, HLA xaHe HLA emec rengep HLA-DRB1, STAT4,
PADI4, PTPN22 cusikTbl Kypaeni reHeTukanbIk doHbl 6ap, ken haktopribl natoreHesi 6ap ekeHiH atan kepceTesi. byn reHeTkansIk,
e3repictep T-kacywanapabl Gencexgipin, IL-6, TNF-a xsHe IL-17 uuToKkuHOepiH kebeiTin, HaTwkeciHae OCTeoKnacTTap
OybiHpapabIH, OyabinybiHa biknan eteqi. PeBvatouarsl daktop (P®) koHe LMTPYNIMHOEHTEH akybl3fa KapChl aHTWAEHENep
(ALLM) knuHukanbik, 6enrinep naiga Gonmaii, BipHelue xbin GypbiH Ke3neceTiH Heriari avarHocTukanbik, Gruomapkepnep bonbin
caHanagbl. Temeki Lery cuskTbl KopllaraH opTa dhaktoprapbl LMTPYNAMHALMAHLI Tyablpadbl, ayToaHTWAEHenepdiH, nanda
BonybiHa, KOMMIMMEHT XyMeCiHiH, 6enceHaipinyiHe xaHe CMHOBMANbObl KabbIKTbIH, TypakThl KabbiHybIHA biknan etedi. byn
MexaHuamaepgin, Gipiryi PA-Te renaepai, UMTOKMHAEPi KaHe ayToaHTMEeHeNep i aHbIKTayablH, AUarHOCTUKarbIK, aHe Gomkamapl
MaHbI30bISbIFbIH KepceTesi, AMarHOCTUKanbIK XaHe eMaik TaCinaepai JaMbITyFa biknan eTeqi.

KopbITbIHAbI. [eHeTukanbik, GedimMainik, LUMTOKMHAEPAiH, PeTTenyiHiH, Oy3bibiChl XaHE ayToaHTWOeHenepaiH, eHmipici
peBMaTONATHl apTpuT kesiHae OGipnecin acep etin, GyblHoapabiH, 3axkbIMOANybiHA XaHe XKylenik ackpiHynapra okenepi.
PeBmatonaTbl apTpuTTiH, XaHa Ouomapkepnepi epTe AuarHocTuka, Bormkam xacay XoHe Xeke GarbiTTanFaH em TacinaepiH
KETINgipyae ynkeH aneyeTke ve. MeHeTukanblk GeriMainik, LUTOKMHAEPAiH, peTTenyiHiH, Oy3binbIChbl XaHe ayToaHTUAEHeNepmiH,
eHaipici peBMaTOMATLI apTpUT KesiHae bipnecin acep eTin, OybIHAAPAbIH, 3aKbIMAAMNybIHA XaHE XYMENiK acKblHyNnapFa aKenegi.
PeBvaTonarsl apTpuTTiH, XaHa buomapkepriepi epTe auarHoCTUkaHbl, HomKkamabl XaHe eMaeyaiH, XekeneHaipinreH TacinaepiH
XakcapTyda awTapnbikTaii aneyetTi kepceTedi. bipkatap kaHawpatTap kofapbl nepcnektveanbl OorFaHbIMeH, onapgbl
KMHWKanbIK, Taxipubene kewiHeH konpaHbac OypbiH, OfaH opi BanMpauusnay XeHe CTaHAAPTTAy KaXeT. 3epTTeynepmi
KarracTblpy HaTUXENepai KMHUKambIK, Taxipubere exridyain, kinTi 6onbin Tabbinage!.

Tylindi ce3dep: pesmamoudmel apmpum, 2eHOep, aHmMudeHenep, YUMmoKuHAep
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Introduction

Rheumatoid arthritis (RA) is a long-term autoimmune
disease characterized by the gradual development of
inflammation in the joints, which can lead to cartilage
degradation, bone erosion, and reduced mobility. Initially,
only a few joints may be affected, usually small joints of the
hand and wrist, but over time, the chronic inflammatory
process causes the formation of rheumatoid nodules,
vasculiis, and various other conditions, including
cardiovascular, pulmonary, neurological, gastrointestinal,
renal, and hematological problems [15]. Although the cause
of RA is still unknown, research has shown that both genetic
and environmental factors play a role in its occurrence.

The prevalence of RA differs depending on gender,
ranging from 0.4% to 1.3% of the population. At the same
time, the incidence is higher in women compared to men, and
there is a growing trend among individuals over the age of
60. RA is a highly prevalent chronic inflammatory disease
that affects millions worldwide, leading to joint pain, stiffness,
and disability [56].

Like other autoimmune disorders, RAA is likely to be the
result of a complex interplay between genetic and
environmental factors. To begin with, individuals with genetic
predisposition develop self-reactive T and B cells. Then, an
initial event such as a viral or bacterial infection or tissue
damage triggers the activation of antigen-presenting cells
(APCs), which in turn activates these self-reactive
lymphocytes. This process disrupts immune tolerance and
leads to tissue and organ damage. Therefore, RA develops
in individuals with a genetic predisposition due to a
combination of genetic, epigenetic, and environmental
factors, with an initial event playing a crucial role [38]. Due to
remarkable advances in the pharmaceutical industry,
innovative  therapeutic ~ approaches are becoming
increasingly available. However, the challenge of discovering
curative treatments persists, largely due to a limited
understanding of the molecular mechanisms that regulate

the behavior of antibodies, genes, and cytokines. The
cornerstone of effective therapy is early diagnosis and the
implementation of optimized pharmacological and non-
pharmacological treatments, combined with regular
assessment of therapeutic efficacy and safety. This
necessitates a comprehensive diagnostic approach at the
earliest stage, including not only immunological evaluation
but also genetic analyses. Early and accurate diagnosis
coupled with timely intervention, significantly improves
disease outcomes and minimizes the risk of complications.

Aim. To analyze current achievements in genetic
mutations, autoantibodies and cytokine profiles involved in
RA pathogenesis and assess their potential for early
diagnosis of this disease.

Search  Strategy. Potential genetic mutations,
autoantibodies, and cytokines implicated in autoimmune
aggression during RA were identified through a systematic
review of biomedical literature and comparison with genetic
panels offered by leading global manufacturers. The literature
search was conducted using the PubMed and Google Scholar
platiorms, employing a combination of targeted keywords,
including  ‘rheumatoid  arthritis”,  “genetic  mutations”,
“autoantibodies”, “cytokine production”, “sequencing”, “NGS”
and “exome.” The review included full-text English publications
that focused on the prevalence of genetic variations,
autoantibodies, and cytokine profiles associated with
autoimmune diseases. Articles were screened for relevance,
and studies providing detailed information on these parameters
were prioritized. Exclusion criteria included literature reviews,
abstracts, and other forms of limited publications. Peer-reviewed
studies, systematic reviews, and meta-analyses were prioritized
for inclusion. Additionally, the lon AmpliSeq™ Designer gene
repository was used to identify disease-associated genes
relevant to RA pathogenesis. This approach ensured a
comprehensive and evidence-based selection of molecular
targets for further analysis. A schematic search strategy is
shown in Figure 1.

Searching articles on platforms Pubhded database. Google Scholar
(n=33208)

]

EBeview the title and abstract to eliminate papers for duplication and exchade
other languages than English

!

Exclude criteria: literafure reviews, absiracts and other forms= of =mall
publications: bias

!

Full-text articles assessed for eligibality

|

Dietailed review of papers (m=4020)

-Clinical trials

-Systemic reviews meta-analysis
-Fiandomized Comirolled Trial

-Casze-control
-Clinical case

-Clinical gindelines

l

Group literature for common topics

/

[

Figure 1. Search strategy (n — number of articles).
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Results

The literature search covering the years 1990-2024
yielded 33,908 publications. After applying predefined
inclusion criteria - human studies, original investigations, and
systematic reviews - a total of 4,080 articles were included in
the final analysis.

The importance of antibodies in RA

In contemporary diagnostic procedures, the presence of
antibodies such as rheumatoid factor (RF) and antibodies to
anticitrullinated proteins (ACPA) serves as a diagnostic tool
for rheumatoid arthritis [28]. Novel autoantibodies targeting
post-translationally modified proteins—such as
carbamylated or acetylated epitopes—are increasingly used
to improve diagnostic sensitivity and specificity. Anti-
carbamylated protein antibodies (anti-CarP) can also serve
as biomarkers, helping stratify patients based on serological
profile. This enables the prediction of the disease
progression and the selection of the most suitable treatment
approach [57].

Additional autoantibodies reported in RA include anti—
acetylated vimentin, anti-PAD4, anti-PTX3, and antibodies to
DUSP11, although their clinical utility requires further
validation [5, 30, 31, 57]. These autoantibodies can be
identified primarily in the blood and synovial fluid of individuals
with RA years before symptom onset [20]. Upon clinical
manifestation of the disease, a broad spectrum of
autoantibody isotypes is typically detected. This suggests that,
in individuals genetically or environmentally predisposed to
RA, specific immunological processes are initiated well in
advance of symptom onset, leading to the early production of
autoantibodies. The detection of these autoantibodies may
serve as a valuable predictive tool for identifying individuals at
elevated risk of developing RA.

Cytokines involved in the develo

The key serological markers in RA are RF and ACPA.
Beyond their diagnostic utility, these autoantibodies are also
instrumental in predicting disease progression and
therapeutic outcomes. ACPAs and RF contribute to
pathogenesis by forming immune complexes with
citrullinated  proteins, which  subsequently  activate
macrophages and stimulate the release of pro-inflammatory
cytokines. This cytokine-driven inflammatory cascade plays
a central role in the initiation and progression of RA.

The cytokines signature

The role of cytokines in the development of RA has been
actively studied for many years. Scientific research has
confirmed their significant involvement in both the
pathogenesis of the disease and its relationship with other
systemic disorders.

In the affected joint, infilrating immune cells in the
synovium produce a range of pro-inflammatory cytokines,
which are key mediators of cellular differentiation,
inflammation, immune pathology, and immune response
[32]. Tumor necrosis factor-alpha (TNF-a), mainly secreted
by synovial macrophages, B-cells, and NK-cells, is a key
driver of inflammatory process [38]. The significance of IL-
17A produced by Th17 cells is also emphasized, as it
promotes secretion of pro-inflammatory cytokines such as IL-
6, IL-8, and GM-CSF, contributing to bone erosion, cartilage
damage, and the neoangiogenesis in patients with RA [33].
Additionally, Interleukin 1 has been linked to interstitial lung
damage [41], while interleukin 17 has been associated with
atherosclerosis [61].

Cytokines could be effective targets for early diagnosis
and treatment of RA with targeted biologic therapies. Biologic
agents that inhibit TNF-a or block the IL-6 receptor have
substantially improved clinical outcomes in RA. Detailed
cytokine characteristics are summarized in Table 1.

Table 1.

ment of rheumatoid arthritis.

N Cytokine
abbreviation

Cytokine
name

Summary
(role, mechanism of working, findings)

Reference

1 2

3

4

5

1 |TNF-a

tumor necrosis
factor alpha

TNF-a is involved in the development and advancement of rheumatoid arthritis
(RA) by controlling the growth and development of lymphocytes, promoting the
growth of synovial cells, releasing metalloproteinases and cytokines, and
inhibiting the function of regulatory T cells.

[1,27]

2 |IL-6

interleukin-6

A distinctive feature of IL-6 is its dual signaling process, known as classical and
trans-signaling. In classical IL-6 signaling, IL-6 binds to the membrane-bound form
of the IL-6-specific receptor a subunit (IL-6Ray), causing it to interact with the signal-
transducing gp130 receptor subunit through the membrane-bound IL-6 receptor.
Trans-signaling occurs through the soluble IL-6 receptor. In this case, IL-6 binds to
the soluble form of the receptor, which then interacts with the gp130 subunit
through the membrane.

[54]

3 |IL-7

interleukin-7

IL-7 enhances the differentiation of Th1 cells in RA and increases the secretion of
interferon gamma (IFNy). This process can directly stimulate the expression of the
myeloid interleukin-7 receptor (IL-7R), which can exacerbate the inflammatory and
erosive effects of IL-7 on joints. Additionally, IL-7 promotes angiogenesis in joints
by increasing the production of pro-angiogenic factors by macrophages and
endothelial cells in RA.

[45]

4 (IL-17

interleukin-17

IL-17 includes several subtypes, such as IL-17A, IL-178B, IL-17C, IL-17D, IL-
25, and IL-17F. Patients with RA often have an increased level of IL-17 in their
synovial tissues, which suggests that this cytokine may play a role in the
inflammatory processes that occur in the joints.

[61]
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Continuation of Table 1.

3

4

5

IL-21

interleukin-21

IL-21 has a complex impact on the immune system and plays a crucial role in
B-cell function, including responsiveness, proliferation, plasma differentiation,
and antibody production. As a result, the effects of IL-21 on B cells may
contribute to the development of autoimmune diseases.

[8]

IL-1a

interleukin-1 a

The production of IL-1a results in the immune and inflammatory response.
Elevated IL-1a correlated with extra-articular manifestations - particularly -
interstitial lung disease (ILD) associated with RA.

[41, 48]

IL-23

interleukin-23

IL-23 is predominantly produced by macrophages and dendritic cells that are
activated and located in peripheral tissues, including skin, intestinal mucosa,
joints, and lungs.

[51]

IL-1B

interleukin-1f3

The level of IL-1B was substantially elevated in individuals with rheumatoid
arthritis.

[37]

IL-18

interleukin-18

The levels of IL-18 and TNF-a in individuals with RA can be used as reliable
indicators of disease progression. IL-18 plays a crucial role in the development
and maintenance of inflammatory joint conditions.

[49, 60]

10

IL-33

interleukin-33

In RA IL-33 plays a critical role in the development of the disease. It influences
the behavior of several types of immune cells, such as circulating monocytes,
tissue macrophages, synovial fibroblasts, mast cells, dendritic cells,
neutrophils, T cells, B cells, and endothelial cells.

[39]

1

GM-CSF

Granulocyte-
macrophage
colony-
stimulating
factor

GM-CSF is a small cytokine that plays a crucial role in stimulating the growth
and development of myeloid cells derived from bone marrow stem cells.

3]

12

IL-2

interleukin-2

IL-2 plays a fundamental role in maintaining cartilage damage and severe joint
destruction by unregulated activation of the immune system.

[35]

13

IL-12p40

Interleukin-12
subunit beta

The Bulgarian RA patients had a significant increase in the blood levels of both
IL-12p40 and IL-23 in patients with RA.

[42]

14

IL-17A

Interleukin-
17A

15

IL-17F

Interleukin-17F

They stimulate movement, activation of the gene responsible to produce
chemokines, and the ability of synovial membrane cells to penetrate into other
tissues. These processes contribute to the transition of the disease into a
chronic form, preventing death of synovial cells and increasing production of
enzymes that destroy cartilage tissue.

[22]

16

IL-3

Interleukin-3

IL-3 controls growth of Th17 cells by inhibiting the activation of STAT3.

[50]

17

IL-4

Interleukin-4

The research revealed that the 1L-4-590 T gene variant is linked to an
increased risk of developing RA in individuals of Spanish and Chinese descent.

[26]

18

IL-1

Interleukin-1

It plays a role in the development of RA.

IL-1, primarily produced by activated macrophages, is one of the earliest
cytokines involved in the inflammatory cascade of RA. Beyond promoting
synovial inflammation, IL-1 enhances the expression of adhesion molecules,
facilitates leukocyte recruitment, and stimulates fibroblast-like synoviocytes to
produce matrix metalloproteinases, thereby accelerating cartilage
degradation. IL-1 also drives osteoclast differentiation through RANKL-
mediated pathways, contributing directly to bone erosion. Elevated IL-1 levels
correlate with disease activity, radiographic progression, and extra-articular
manifestations - particularly ILD.

[6]

19

IL-10

Interleukin-10

IL-10 is a versatile anti-inflammatory cytokine produced by various types of
immune cells, including macrophages, regulatory T cells, B cells, and mast
cells. Decrease in IL-10 levels triggers a severe inflammation response in RA
greatly accelerating the progression of the disease.

[10]

20

IL-8

interleukin-8

IL-8 is a powerful chemoattractant that plays a central role in attracting
neutrophils to the synovial fluid. IL-8 is activated by TNF-a, IL-1B, and IL-6 and
binds to the CXCR1 and CXCR2 receptors on neutrophils, causing their
migration and activation. IL-8 is also involved in angiogenesis by promoting the
formation of new blood vessels in the synovial membrane, which supports
chronic inflammation. Additionally, it stimulates the release of TNF-a and IL-6
creating a vicious cycle of inflammation

[17]
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The relevance of genes in RA

Numerous epidemiological investigations have been
carried out to identify the elements that make individuals
more susceptible to RA, with a particular emphasis on
genetic factors. In 2007, the first genomic association studies
(GWAS) initiated the investigation of genetic variants in RA
[46] . Herein, we analyzed 2,280 articles and identified 32
genes that may predispose to the disease and 12 associated
with RA activity. A crucial genetic link in RA is the major
histocompatibility complex, particularly the HLA-DR
molecule. Variations in the HLA-DRB1 gene containing the
shared epitope sequence are linked to an increased
likelihood of developing RA and its severe manifestations
[16]. In addition to HLA genes, attention has also been
focused on non-HLA gene variations like STAT4, PADI4, and
TRAF6 that influence the risk of developing rheumatoid
arthritis [18, 21, 44]. The genetic profile of the patient can
also determine the clinical manifestation of RA, including the
presence of rheumatoid factor and antibody-mediated

cellular cytotoxicity, as well as the speed at which erosive
changes occurs in the joints [32, 46].

Active RA is marked by a distinct molecular profile
characterized by upregulation of genes involved in
inflammation and immune regulation. During disease flares,
genes encoding pro-inflammatory mediators show increased
expression, reflecting heightened immune activation. Genes
participating in intracellular signaling cascades, particularly
those associated with the JAK-STAT pathway (STAT1), are
also elevated, underscoring their role in perpetuating
cytokine-driven inflammation. The immune response is
further intensified by enhanced expression of co-stimulatory
molecules such as CD40, indicating active antigen
presentation. Collectively, these genetic signatures mirror
the pathological mechanisms underlying active RA and may
aid in identifying disease activity and guiding targeted
therapeutic approaches. Table 2 provides complete
information about the genes involved in RA including genes
increased during active disease.

Table 2.

The genetic factors involved in the development of rheumatoid arthritis: a review of recent findings.

N Gene Gene Summary Reference
abbreviation name (role, mechanism of working, findings)
1 2 3 4 5

Significant genes associated with susceptibility to the development of RA

1 |AFF3 ALF Transcription The AFF3 gene is located at 2q11.2 locus and encodes a protein  |[2]

Elongation Factor 3 consisting of 1,227 amino acids. This gene is predominantly
expressed in lymphoid tissues and is linked to their development.
However, low levels of expression have also been observed in
other tissues such as the brain and lungs.

2 |FCGR2A Fc Gamma Receptor lla  |The FCGR2A and FCGR3A genes variations have been [36]
discovered to be associated with RA in individuals of European
descent, but not in those of Asian ancestry.

3 |IL2/1L21 Interleukin 2 / Interleukin 21 ggselllt_)i/rlTl]_sr:t %?rFl{e:'are potential contributors to the [40]

4 |IRAK1 Interleukin 1 Receptor IRAK1 serves as a pivotal controller of the inflammatory [23]

Associated Kinase 1 environment in joints which depends on IL-1 and represents a
promising therapeutic target for inflammatory arthritis.

5 |PIP4K2C Phosphatidylinositol-5- | These are hereditary features that increase the likelihood of ~ |[58]

Phosphate 4-Kinase Type |developing rheumatoid arthritis.
2 Gamma
6 |SPRED2 Sprouty Related EVH1 The SPRED2 gene plays a role in controlling the inflammatory |[47]
Domain Containing 2 process, white blood cells infiltration, and local chemokines
synthesis.

7 |IL2RA Interleukin 2 Receptor The IL2RA gene is located on the shorter segment of [64]

Subunit Alpha chromosome 10 (10q15-q14), also known as CD25. This
gene is highly expressed in CD4+CD25+ regulatory T cells
and plays a critical role in maintaining immune balance and
suppressing autoimmune responses.

8 |ARID5B AT-Rich Interaction The variant in the intron of the ARID5B gene, which is [563]

Domain 5B associated with an increased risk of RA, may lead to elevated
levels of IL-6 production.

9 |TRAF6 TNF Receptor Associated Thg study revealed a Iink between.a §pecific TRAFG gene [21]

Factor 6 variant and low bone mineral density in patients with RA.

10 |CD28 CD28 Molecule CD28 and CTLA-4 are crucial in controlling the stimulatory and [[19]
inhibitory signals in T cells.

11 |GATA3 GATA Binding Protein 3  |GATA3 is directly involved in the process of differentiation and {[59]
work of Th17 cells.

12 |IL2RB Interleukin 2 Receptor As is known, variations in the IL-2RA and IL-2RB genes can  |66]

Subunit Beta affect the predisposition to RA among Europeans.
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Continuation of Table 2.

1 2 3 4 5
13 |IRF8 Interferon Regulatory IRF8, a member of the IRF family, is produced by various |[59]
Factor 8 cells, such as B cells, dendritic cells, macrophages, and
activated T cells. Its role in regulating innate and adaptive
immune responses has been demonstrated.
14 |RBPJ Recombination Signal RBPJ may play a role in controlling the activation of T cells, the |[11]
Binding Protein for differentiation of lymphocytes and mononuclear cells, and
Immunoglobulin Kappa J |regulating cell-to-cell adhesion.
Region
15 |PRKCQ Protein Kinase C Theta  |They are directly involved in the process of differentiation and {[59]
the work of Th17 cells.
16 |CCL21 C-C Motif Chemokine The monokines activated by CCL21 can transform naive T [55]
Ligand 21 cells into Th17, which contributes to the development of
osteoclasts in RA.
17 |IL6ST Interleukin 6 Cytokine The IL6/IL6ST signaling pathway is a crucial factor in the [4]
Family Signal Transducer |development of RA.
19 INFKBIL1 NFKB Inhibitor Like 1 NFKBIL1 contributes to the development of RA, at least in part, |[12]
by influencing the activity of dendritic cells.
20 |IKZF3 IKAROS Family Zinc Engaged in the process of differentiation and operation of Th17[59]
Finger 3 cells.
21 |PTPRC Protein Tyrosine The existence of LGALS9, PTPRC, and CD44 in platelets [65]
Phosphatase Receptor  |could potentially serve as a diagnostic marker for RA.
Type C
22 |RUNX1 RUNX Family Engaged in the process of differentiation and operations of [59]
Transcription Factor 1 Th17 cells.
23 TNF Receptor TNFSF14 is part of the tumor necrosis factor family and serves {[29]
TNFRSF14 Superfamily Member 14 |as messenger for TR2 and lymphotoxin (LT)-B.
24 |CCR5 C-C Motif Chemokine The CCR5 receptor and its ligands play a crucial role in the [43]
Receptor 5 development of RA and systemic lupus erythematosus.
25 |ARG1 Arginase 1 ARG1 produces enzyme arginase, which is a key component of the {[62]
urea cycle in liver cells. Arginine metabolism has been shown to play
a critical role in both innate and adaptive immune responses.
26 |[TYMS Thymidylate Synthetase [TYMS is a gene that encodes thymidylate synthase, an enzyme  |[62]
that catalyzes the methylation of deoxyuridine monophosphate to
form thymidine monophosphate (dTMP). dTMP is crucial for DNA
repair and replication and its deficiency leads to damage to DNA.
Therefore, TYMS is targeted by some medications, such as
methotrexate used to treat RA to inhibit cell proliferation.
27 |SORT1 Sortilin 1 SORT1 is a gene producing the protein sortilin involved in [62]
intracellular transport processes.
28 |OLFM4 Olfactomedin 4 The gene OLFM4 produces olfactomedin 4, which has been  |[62]
demonstrated to play a role in various cellular processes,
including the innate immune system and the inflammatory
response.
29 |BIRC5 Baculoviral Inhibitor of BIRCS plays a key role in pulmonary fibrosis. [62]
Apoptosis Repeat
Containing 5
30 [MS4A4A Membrane Spanning 4-  |MS4A4A is a gene that produces a tetraspan surface protein, [62]
Domains A4A which is primarily expressed in white blood cells, particularly
macrophages. This protein is essential for activating the immune
system's inflammatory response when it detects an infection.
31 |CLEC12A C-type Lectin Domain CLEC12A is a gene that codes for a member of the C-type [62]
Family 12 Member A lectin domain family 12. In addition to its functions in cell
adhesion and intercellular communication, CLEC12A is
expressed in alveolar macrophages. It has been implicated in
the development of fibrotic lung diseases.
32 |STAT4 Signal Transducer and ~ |STAT4 is a regulatory protein that participates in the signaling {[18]

Activator of Transcription
4

cascades of cytokines and T-cell subsets development.
Numerous investigations have shown a correlation between
variations in STAT4 and autoimmune disorders.
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Continuation of Table 2.

1 2 3 4 5
33 |STAT3 Signal Transducer and  |STAT3 is involved in a pathway that regulates Th17 cell [26]
Activator of Transcription |differentiation. Increased activity of STAT3 in T-cells leads to
3 suppression of Treg cells and stimulation of inflammation.
STAT3 also affects the inhibition of the expression of FOXP3,
which is main transcription factor for Treg cells. Recent studies
have shown that suppression of FOX3 in RA disrupts the
function of Treg cell, contributing to autoimmune responses.
34 |STATG6 Signal Transducer and  |STAT®G is a dominant transcription factor for Th2 cell differentiation, |[34]
Activator of Transcription |activated when IL-4 binds to its receptor. It promotes the
6 expression of genes associated with Th2 differentiation. Disruption
of the STAT6 pathway in RA can impair Th2 cell function and
result in expand inflammation through Th1 and Th17 cells. Recent
research confirms that disturbances in STAT6 lead to decreased
Th2 activation and worsening inflammatory responses.
Genes increased during active disease
1 |CD2 CD2 Molecule The synovial area of joints in individuals with RA exhibits an  |[14]
elevated level of co-stimulatory molecules.
2 |TRAF1 TNF Receptor Associated |TRAF1 is a member of the TRAF protein family that can [25]
Factor 1 transmit a signal by interacting with various protein kinases
and adapter proteins for different receptors in the TNF
superfamily, including TNF-a.
3 |TAGAP T Cell Activation The TAGAP protein activates Rho GTPases in T cells, is [52]
RhoGTPase Activating  |involved in various autoimmune diseases, including RA, and is
Protein closely linked to the development of Th17 cells.
4 |CD40 CD40 Molecule CDA40 is a marker of stimulatory activation that plays a role in  [[29]
driving pathogenic processes through the CD40/CD40L
pathway, contributing to the persistence of chronic
inflammation in RA.
5 |PADI4 Peptidyl Arginine The process of citrullination is facilitated by the enzyme [44]
Deiminyase 4 peptidyl arginine deiminase 4 (PAD4), which is encoded by the
PADI4 gene. Elevated PAD4 activity contributes to RA
development and progression.
6 |HLA-DR15 Major Histocompatibility | The HLA-DR15 haplotype (DRB1/DRB5) is associated witha  {[63]
(DRB1/DRB5) |Complex, Class Il, DR Beta |higher likelihood of developing active disease in ACPA-positive
1/ Major Histocompatibility ~ |RA patients in a large sample of untreated individuals.
Complex, Class Il, DR Beta 5
7 |STAT1 Signal Transducer and They control the inflammatory process in the synovial 9
Activator of Transcription 1 |membrane mainly by acting on cytokines.
8 |miR-146 MicroRNA 146 In the blood of patients with RA, the levels of miR-146, miR-  |[7]
9 |miR-155 MicroRNA 155 155, and miR-16 are elevated, particularly during active [7]
10 |miR-16 MicroRNA 16 disease periods. 7
11 |miR-346 MicroRNA 346 miR-346 inhibits the IL-18 response in RA fibroblasts. [7]
12 |CTLA4 Cytotoxic T-lymphocyte- |The CTLA4 gene contributes to the progression of RA in [13]
associated Protein 4 patients with ACPA compared to those without ACPA.
Discussion clinically manifest RA [5, 30, 31, 57]. These findings support

The results underscore the intricate and multifaceted
nature of RA, emphasizing the interdependent roles of
genetic susceptibility, autoantibody production, and cytokine-
driven inflammation. Autoantibodies such as RF and ACPA,
have emerged as crucial serological markers for RA [28].
Their presence, often detectable years before the onset of
clinical symptoms, emphasizes their significance in early
diagnosis and assessment of disease risk. They are
important early markers of rheumatoid arthritis in the pre-RA
stage. The production of anti-CarP and anti-PAD4
autoantibodies provides additional diagnostic and prognostic
value, as well as sheds light on the molecular mechanisms
driving the transition from asymptomatic autoimmunity to

199

the idea that immune dysregulation precedes the
development of symptomatic RA, opening a window for early
intervention therapy.

The synovial tissue and immune cells in the bloodstream
of individuals with RA produce pro-inflammatory cytokines,
which contribute to the development of systemic
inflammation. The study supports the importance of
cytokines, such as TNF-q, IL-6, and IL-17, in maintaining joint
inflammation and causing systemic complications [1, 22, 27,
38, 54]. It confirms their involvement in both synovial
inflammation and systemic manifestations, such as interstitial
lung disease and atherosclerosis [22, 54]. A higher level of
IL-4 has been found in the synovial fluid of early-stage RA
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compared to established RA. This suggests that IL-4 could
be a useful diagnostic biomarker for early RA patients [24].
This finding emphasizes the dual role of cytokines as
potential targets for controlling disease and preventing
comorbidities. Development of cytokine-blocking therapies
leads to more personalized approaches for managing the
various clinical manifestations of rheumatoid arthritis.

The analysis of genetic data has revealed significant
correlations between certain HLA and non-HLA genes and
susceptibility to rheumatoid arthritis. Variations in the HLA-DRB1
gene, particularly those encoding the shared epitope sequence,
are strongly associated with an increased risk and severity of the
disease [63]. In addition to HLA, other genes such as STAT4,
PADI4, and TRAF6 have been linked to immune dysfunction,
inflammation, and joint damage [18, 21, 44].

There is a lot of evidence in scientific papers that
autoantibodies, genetic changes, and cytokines play a vital role
in the development of RA. The incorporation of immunological
indicators into diagnostic and prognostic frameworks offers great
potential for enhancing early identification, and prevention of RA.
This study highlights the potential of these molecular and
immunological markers as valuable diagnostic tools and reliable
predictors of disease severity and outcome. By elucidating these
interconnected pathways, this research opens up opportunities
for more accurate diagnostic approaches and personalized
treatment plans, ultimately improving the management of RA.
These findings highlight the importance of incorporating genetic
profiling into the diagnosis and prognosis of RA, thereby paving
the way for identifying vital selections of autoantibodies and
immune biomarkers that can be used in an immunogenic panel
for RA, representing a promising approach to early diagnosis
and personalized treatment strategies. Ongoing research
continues to validate and expand these panels through multi-
omics approaches and cohort studies.

Conclusion

Genetic factors, cytokines, and autoantibodies play a
vital role in the development of rheumatoid arthritis. Studies
have shown that specific genetic variations can disrupt the
regulation of the immune system, leading to the formation of
various autoantibodies, which serve as important biomarkers
for the disease. Increased cytokines involved in inflammatory
processes indicate the activity of the immune response. A
deeper understanding of these interactions offers new
perspectives for personalized early detection and timely
management of RA, helping to prevent the progression of this
chronic condition, which can result in significant disability.

Prospects for further research

The future endeavors should thoroughly examine the
complex interplay between genetic mutations, cytokine-
mediated processes, and the formation of autoantibodies in the
development of RA, encompassing the exploration of distinctive
genetic and immunological characteristics of autoimmune
diseases in the local Kazakh population. Ongoing research will
verify the effectiveness of the immunogenic panel in a clinical
context and evaluate its usefulness for patient classification,
prognostic assessment, and as a means of uncovering genetic
profiles for autoimmune diseases.
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