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Rheumato8d arthr8t8s (RA) 8s a chron8c auto8mmune d8sease character8zed by system8c 8nflammat8on, 
lead8ng to jo8nt damage and system8c compl8cat8ons. Th8s study a8ms to evaluate b8omarker clusters 8n 
RA pat8ents based on the8r 8n8t8al treatment responses, us8ng gene express8on data from the GEO2R 
database. We class8f8ed 104 genes 8nto f8ve funct8onal categor8es: auto8mmun8ty, 8nflammat8on, d8sease 
progress8on, t8ssue damage, and treatment response. Cluster8ng analys8s revealed s8gn8f8cant d8fferences 
8n gene express8on patterns between pat8ents treated w8th methotrexate (MTX) and b8olog8cal therap8es. 
Our f8nd8ngs h8ghl8ght the dom8nant role of 8nflammat8on 8n RA pathogenes8s and prov8de a framework 
for personal8zed treatment strateg8es. H8erarch8cal cluster8ng analys8s 8dent8f8ed 8nflammat8on-related 
genes (IL6ST, RNF146) as exh8b8t8ng the h8ghest transcr8pt8onal coord8nat8on. H8ghly expressed genes 
(RNA45SN1, MALAT1, TMEM259) were assoc8ated w8th r8bosomal b8ogenes8s, synov8al remodel8ng, 
and cytok8ne s8gnal8ng. Auto8mmun8ty-related (RO60, MBD6) and treatment response markers 
(TRIM41, PPP1R12C) formed d8st8nct clusters. Dendrogram analys8s h8ghl8ghted IL6ST-med8ated 
pathways and MALAT1-dependent t8ssue damage mechan8sms as central nodes. Cluster8ng patterns 
d8ffered between methotrexate- and b8olog8c-treated cohorts, w8th the latter show8ng t8ghter regulat8on of 
8nflammat8on and t8ssue repa8r genes (MUS81, TMED7). The study underscores the 8mportance of 
b8omarkers 8n understand8ng RA heterogene8ty and 8mprov8ng therapeut8c outcomes. 
Keywords: Rheumato8d arthr8t8s, B8omarker cluster8ng, Gene express8on, H8erarch8cal cluster8ng 

Özet 
Romato8d artr8t (RA), s8stem8k 8nflamasyonla karakter8ze, eklem hasarına ve s8stem8k kompl8kasyonlara 
yol açan kron8k b8r oto8mmün hastalıktır. Bu çalışma, GEO2R ver8tabanından elde ed8len gen 8fades8 
ver8ler8n8 kullanarak RA hastalarında b8yobel8rteç kümeler8n8 8lk tedav8 yanıtlarına göre değerlend8rmey8 
amaçlamaktadır. 104 gen beş 8şlevsel kategor8ye ayrılmıştır: oto8mmün8te, 8nflamasyon, hastalık 
8lerlemes8, doku hasarı ve tedav8 yanıtı. Kümeleme anal8z8, metotreksat (MTX) ve b8yoloj8k tedav8ler 8le 
tedav8 ed8len hastalar arasında gen 8fades8 örüntüler8nde anlamlı farklılıklar ortaya koymuştur. 
Bulgularımız, RA patogenez8nde 8nflamasyonun baskın rolünü vurgulamakta ve k8ş8selleşt8r8lm8ş tedav8 
stratej8ler8 8ç8n b8r çerçeve sunmaktadır. H8yerarş8k kümeleme anal8z8, 8nflamasyonla 8l8şk8l8 genler8n 
(IL6ST, RNF146) en yüksek transkr8ps8yonel koord8nasyonu gösterd8ğ8n8 bel8rlem8şt8r. Yüksek düzeyde 
eksprese ed8len genler (RNA45SN1, MALAT1, TMEM259) r8bozom b8yogenez8, s8novyal yen8den 
yapılanma ve s8tok8n s8nyalleşmes8 8le 8l8şk8lend8r8lm8şt8r. Oto8mmün8te 8le 8l8şk8l8 (RO60, MBD6) ve 
tedav8 yanıtı bel8rteçler8 (TRIM41, PPP1R12C) ayrı kümeler oluşturmuştur. Dendrogram anal8z8, IL6ST 
aracılı yolakları ve MALAT1’e bağlı doku hasarı mekan8zmalarını merkez8 düğümler olarak öne 
çıkarmıştır. Kümeleme örüntüler8 metotreksat ve b8yoloj8k tedav8 gören gruplar arasında farklılık 
gösterm8ş; 8k8nc8s8nde 8nflamasyon ve doku onarımı genler8n8n (MUS81, TMED7) daha sıkı düzenlend8ğ8 
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görülmüştür. Çalışma, RA heterojen8tes8n8n anlaşılmasında ve tedav8 sonuçlarının 8y8leşt8r8lmes8nde 
b8yobel8rteçler8n önem8n8 vurgulamaktadır. 
Anahtar kel%meler: Romato8d artr8t, B8yobel8rteç kümeleme, Gen 8fades8, H8yerarş8k kümeleme 

 
Introduct)on 
Rheumato8d arthr8t8s (RA), a chron8c auto8mmune d8sease, results from the 8nteract8on between genet8c and env8ronmental factors, 
caus8ng 8mmune cells and cytok8nes to target the synov8al membrane. Th8s 8nflammatory response, character8zed by systemat8c 
8nflammat8on, leads to cart8lage and bone eros8on [1]. The system8c changes caused by RA, espec8ally among older pat8ents, often 
result 8n 8mpa8red phys8cal act8v8ty, lead8ng to fat breakdown, muscle mass loss, balance 8ssues, 8ncreased 8nflammat8on, and alterat8ons 
8n phys8cal performance [2]. Rheumato8d synov8t8s 8n8t8ally affects smaller jo8nts, such as those 8n the hands and feet, lead8ng to 
symptoms such as swell8ng, st8ffness, pa8n, and redness, wh8ch serve as key rheumatolog8cal markers [3]. 
In advanced stages, RA pat8ents may exper8ence add8t8onal compl8cat8ons, 8nclud8ng fever, 8nsomn8a, anx8ety, depress8on, pulmonary 
f8bros8s, anem8a, leukopen8a, ocular scler8t8s, and leg ulcers [4]. Accord8ng to WHO data from 2019, RA was observed predom8nantly 
8n women over 55 8n Turkey. In Germany, RA 8nc8dence peaks among 8nd8v8duals over 75, wh8le 8n the Un8ted States, female pat8ents 
and mortal8ty rates notably exceed those of males 8n th8s age group. In Mex8co, RA-related deaths rose from 1,330 8n 2016 to 1,564 8n 
2021. Between 2010 and 2021, Global Burden of D8sease (GBD) stud8es reported a 17.3% 8ncrease 8n Years of L8fe Lost (YLL) and a 
30.2% 8ncrease 8n Years L8ved w8th D8sab8l8ty (YLD) for both sexes, 8nd8cat8ng a grow8ng prevalence of RA globally. Accord8ng to 
Healthy News researchers, RA 8s projected to affect nearly 1 b8ll8on people by 2050, w8th pred8cted jo8nt 8nvolvement rates of 74.9% 
8n knees, 48.65% 8n hands, 78.6% 8n h8ps, and 95.1% 8n other jo8nts, 8nclud8ng elbows and shoulders. 
In pat8ents w8th rheumato8d arthr8t8s (RA), convent8onal synthet8c d8sease-mod8fy8ng ant8-rheumat8c drugs (csDMARDs), such as 
methotrexate (MTX), are generally recommended as the f8rst-l8ne treatment to reduce d8sease progress8on and allev8ate d8ff8cult8es 8n 
qual8ty of l8fe. If csDMARDs are 8nsuff8c8ent or 8neffect8ve for the pat8ent, b8olog8cal DMARDs (bDMARDs) can be added to the 
treatment reg8men [4]. 
The use of umb8l8cal cord mesenchymal stem cells (UC-MSC) therapy, 8n conjunct8on w8th DMARDs, 8s reported to prov8de long-term 
eff8cacy and safety 8n RA pat8ents. Targeted synthet8c DMARDs (tsDMARDs), also known as JAK 8nh8b8tors (JAK8), represent a 
s8gn8f8cant advancement 8n RA treatment [5-6]. JAK 8nh8b8tors allev8ate RA symptoms by 8nh8b8t8ng the JAK/STAT pathway, wh8ch 
plays a role 8n RA pathogenes8s, block8ng the effects of cytok8nes and other molecules that lead to 8nflammat8on 8n the body. 
Consequently, b8omarkers play a cruc8al role 8n determ8n8ng wh8ch pat8ents may respond more effect8vely to bDMARDs and 
tsDMARDs. Add8t8onally, by target8ng JAK 8nh8b8tors, th8s study can pred8ct long-term responses and develop personal8zed treatment 
strateg8es [7]. 
B8omarkers play a v8tal role 8n the understand8ng and management of rheumato8d arthr8t8s (RA), part8cularly 8n the context of early 
d8agnos8s and treatment strateg8es. The s8gn8f8cance of ut8l8z8ng b8omarkers extends to 8dent8fy8ng the 'Pre-RA' stage, wh8ch can help 
pred8ct the future development of 8nflammatory arthr8t8s [8]. Th8s 8s cruc8al for 8mplement8ng prevent8ve measures and ta8lor8ng 
therapeut8c approaches before the onset of severe symptoms (Kle8n et al., 2019). Recent stud8es have h8ghl8ghted how advanced 
technolog8es, such as s8ngle-cell RNA sequenc8ng (ScRNA- seq), are 8nstrumental 8n uncover8ng cellular heterogene8ty l8nked to RA 
pathogenes8s [9]. By allow8ng for an 8n-depth analys8s of the d8st8nct8ons between synov8al f8broblasts and macrophages, ScRNA- seq 
fac8l8tates the 8dent8f8cat8on of potent8al therapeut8c targets, thus enhanc8ng treatment eff8cacy (Ma et al., 2021).Current l8terature 
underscores the 8mportance of b8omarkers 8n develop8ng effect8ve treatment strateg8es for RA pat8ents. Notably, the presence of 
autoant8bod8es can 8nd8cate the sever8ty of the d8sease, 8nfluenc8ng the progress8on seen 8n seropos8t8ve cases wh8le compl8cat8ng the 
d8agnos8s and management of seronegat8ve RA [10]. Th8s complex8ty h8ghl8ghts the need for a nuanced understand8ng of b8omarker 
roles 8n cl8n8cal sett8ngs, as they can gu8de healthcare profess8onals 8n mak8ng 8nformed treatment dec8s8ons (Sm8th et al., 2020). 
Moreover, research has shown that non-cod8ng RNAs (ncRNAs) may emerge as prom8s8ng d8agnost8c and prognost8c b8omarkers 8n 
RA, prov8d8ng add8t8onal layers of 8ns8ght 8nto the d8sease's molecular landscape (Johnson et al., 2021). The substant8al cl8n8cal 
heterogene8ty observed among RA pat8ents, desp8te challenges 8n dec8pher8ng the underly8ng pathob8ology, paves the way for 
advancements 8n b8olog8cally targeted therap8es through emerg8ng technolog8es [11]. Th8s ongo8ng research and the 8ntegrat8on of 
b8omarkers 8nto cl8n8cal pract8ce are cruc8al for enhanc8ng pat8ent outcomes, allow8ng for personal8zed treatment strateg8es that cater 
to the un8que prof8les of 8nd8v8dual pat8ents. 
In the context of RA, the evaluat8on of b8omarker clusters based on f8rst tr8al values 8s an 8mportant research area. In th8s study, the 
analys8s of ex8st8ng data was conducted to cluster the b8omarkers. The study a8ms to deepen the understand8ng of b8omarkers and 
demonstrate that spec8f8c clusters may 8nfluence d8sease progress8on at d8fferent levels [12]. The results are expected to contr8bute to a 
better understand8ng of gene express8ons assoc8ated w8th RA and support future cl8n8cal stud8es. 
Mater)als and Methods 
Th8s study employed a cross-sect8onal des8gn to analyze gene express8on and p-value data related to rheumato8d arthr8t8s (RA) obta8ned 
from the GEO2R platform on GEO NCBI(GEO2R; NCBI Gene Express8on Omn8bus, https://www.ncb8.nlm.n8h.gov/geo/geo2r/). The 
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dataset (GSE225731) 8ncludes RNA-Seq samples assoc8ated w8th RA, along w8th cl8n8cal character8st8cs such as d8sease status, t8ssue 
type, and RA-related b8omarkers. Pat8ents were categor8zed based on the "F8rst_treat" feature, wh8ch 8nd8cates the 8n8t8al treatment 
rece8ved: one group rece8ved methotrexate (MTX) therapy, wh8le the other rece8ved b8olog8cal therapy (b8o). A total of 73 pat8ents were 
8ncluded 8n the study, and the groups were class8f8ed accord8ng to the8r treatment 8n8t8at8on. 
Gene express8on levels and stat8st8cal s8gn8f8cance for both groups were the pr8mary outcomes of the analys8s. Stat8st8cal tests were 
performed to assess d8fferences 8n gene express8on between the two groups. To further explore the data, cluster8ng analys8s was 
conducted to 8dent8fy potent8al subtypes w8th8n the RA populat8on and patterns of s8gn8f8cant d8fferences between the treatment groups. 
The genes 8dent8f8ed through d8fferent8al express8on analys8s were class8f8ed 8nto f8ve ma8n categor8es based on extens8ve l8terature 
rev8ews. B8omarker class8f8cat8on was carr8ed out cons8der8ng the b8olog8cal funct8ons and roles of the genes. Python programm8ng 
(Python v3.9; Python Software Foundat8on, https://www.python.org/) was used to process the data and generate heatmaps for 
v8sual8z8ng the express8on patterns. All data used 8n th8s study were obta8ned from publ8cly ava8lable repos8tor8es and databases, 
ensur8ng transparency and reproduc8b8l8ty. 
Analys%s and Framework of Data Sources 
The transcr8ptom8c data used 8n th8s study were obta8ned from the publ8cly ava8lable NCBI GEO database, based on prev8ously 
publ8shed datasets. These datasets focus on b8ops8es taken from untreated rheumato8d arthr8t8s (RA) pat8ents. The data used 8n th8s 
analys8s prov8des a comprehens8ve overv8ew of var8ous gene express8on prof8les that are cr8t8cal for understand8ng RA pathogenes8s. 
The data analys8s 8ncludes generat8ng gene express8on tables from raw data and perform8ng class8f8cat8ons based on b8olog8cal funct8ons 
us8ng Python programm8ng tools. These class8f8cat8ons were grouped 8nto f8ve ma8n categor8es based on the b8olog8cal funct8ons of the 
genes: auto8mmun8ty, 8nflammat8on, d8sease progress8on, t8ssue damage, and treatment response b8omarkers. The class8f8cat8on was 
carr8ed out by exam8n8ng the role of each gene 8n these b8olog8cal processes. For example, some of the 104 genes were categor8zed as 
follows: 
Auto8mmun8ty B8omarkers: Genes such as RO60 and MBD6 were 8ncluded 8n th8s category due to the8r assoc8at8on w8th auto8mmune 
responses, play8ng 8mportant roles 8n RA pathology.D8sease Progress8on B8omarkers: Genes l8ke ATL3 and RNA18SN4 were 
categor8zed 8n th8s group because of the8r roles 8n track8ng the progress8on and sever8ty of RA. Inflammat8on B8omarkers: Genes such 
as RNF146 and NKAPD1 were 8ncluded 8n th8s category because they are assoc8ated w8th 8nflammatory pathways that exacerbate RA 
symptoms.T8ssue Damage and Repa8r B8omarkers: Genes l8ke MALAT1 and MUS81 were class8f8ed 8n th8s group due to the8r 
s8gn8f8cant roles 8n cellular damage and repa8r mechan8sms 8n RA.Treatment Response B8omarkers: Genes 
l8ke TRIM41 and TMED7 were 8ncluded 8n th8s category because they are assoc8ated w8th evaluat8ng treatment eff8cacy and respond8ng 
to RA therap8es. 
The d8v8s8on of genes 8nto these f8ve categor8es prov8des a deeper understand8ng of the8r b8olog8cal roles 8n RA. The results of the 
cluster8ng analys8s show that the gene numbers are more concentrated 8n classes C (8nflammat8on), B (d8sease progress8on), D (t8ssue 
damage), E (auto8mmun8ty), and A (treatment response), 8n th8s order. The bar graph h8ghl8ghts that the number of genes 8n class C 8s 
notably h8gher compared to the other groups, emphas8z8ng the dom8nant role of 8nflammat8on 8n rheumato8d arthr8t8s pathogenes8s 
(F8gure 1). Th8s f8nd8ng supports the 8dea that 8nflammat8on 8s a key factor 8n the sever8ty and progress8on of the d8sease, wh8ch al8gns 
w8th cl8n8cal observat8ons. 
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F%gure 1: D8str8but8on of gene counts across d8fferent gene groups. The bar chart 8llustrates the number of genes w8th8n f8ve d8st8nct 
groups (A, B, C, D, E). The x-ax8s represents the gene groups, wh8le the y-ax8s shows the correspond8ng number of genes 8n each 
group. Group A represents Auto8mmun8ty B8omarkers, Group B represents D8sease Progress8on B8omarkers, Group C 
represents Inflammat8on B8omarkers, Group D represents T8ssue Damage and Repa8r B8omarkers, and Group E represents Treatment 
Response B8omarkers.The 8mage on the s8de symbol8zes some genes 8nvolved 8n the pathogenes8s of RA. 
In-depth exam8nat8on of molecular mechan8sms 8nvolved 8n Rheumato8d Arthr8t8s (RA) pathogenes8s reveals var8ous gene networks 
cr8t8cal to d8sease development and progress8on (Sm8th et al., 2022) [13]. Th8s study h8ghl8ghts the class8f8cat8on of genes based on 
f8nd8ngs obta8ned from pat8ents, demonstrat8ng the relat8onsh8ps formed by the8r pathways and prov8d8ng spec8f8c examples. RO60 and 
MBD6 genes play a central role 8n modulat8ng auto8mmune responses (Wang et al., 2021) [14]. RO60's 8nvolvement 8n autoant8body 
product8on and MBD6's 8nfluence on 8mmune cell d8fferent8at8on through ep8genet8c mod8f8cat8ons emerge as s8gn8f8cant mechan8sms 
8n RA pathogenes8s (Chen et al., 2023) [15]. The coexpress8on of RNF146 and IL6ST genes 8s notable 8n coord8nat8ng 8nflammatory 
responses (Johnson and Lee, 2022) [16]. IL6ST's role 8n the IL-6 s8gnal8ng complex and RNF146's effect on post-translat8onal 
mod8f8cat8ons demonstrate synerg8st8c act8v8ty 8n regulat8ng pro-8nflammatory cascades (Zhang et al., 2023) [17]. 
In the context of cellular stress responses, MAP3K11 and ATL3 genes hold part8cular 8mportance (K8m et al., 2022) [18]. MAP3K11's 
regulatory effect on the MAPK pathway and ATL3's role 8n endoplasm8c ret8culum homeostas8s are cr8t8cal 8n coord8nat8ng cellular 
stress responses (Anderson et al., 2023) [19]. The roles of MALAT1, MUS81, and TMEM259 genes 8n t8ssue homeostas8s and repa8r 
form the molecular bas8s of jo8nt destruct8on observed 8n RA (W8lson et al., 2023) [20]. Express8on patterns of these genes 8llum8nate 
the mechan8sms underly8ng synov8al hyperplas8a and cart8lage degradat8on (Brown et al., 2022) [21]. In the modulat8on of therapeut8c 
responses, express8on prof8les of TRIM41, TMED7, and PPP1R12C genes play a determ8n8ng role (Dav8s et al., 2023) [22]. The effects 
of these genes on prote8n mod8f8cat8on, cytok8ne secret8on, and cytoskeletal organ8zat8on may expla8n 8nd8v8dual var8at8ons 8n treatment 
responses (Thompson et al., 2022) [23]. 
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F%gure 2: Heatmap 8llustrat8ng the Base Mean express8on values of 104 genes categor8zed 8nto f8ve funct8onal groups. Each cell 
represents the transcr8pt8onal act8v8ty of a spec8f8c gene, w8th color 8ntens8ty 8nd8cat8ng express8on levels. Genes w8th h8gher Base Mean 
values, such as RNA45SN1 and RNA45SN3, are prom8nently expressed, h8ghl8ght8ng the8r potent8al b8olog8cal s8gn8f8cance. Th8s 
v8sual8zat8on prov8des 8ns8ghts 8nto gene express8on var8ab8l8ty and funct8onal d8vers8ty across the dataset. 
Result 
The f8rst phase of the analys8s 8nvolved extract8ng data and categor8z8ng genes 8nto funct8onal groups based on the8r p-values and 
b8olog8cal roles. Us8ng a comb8nat8on of stat8st8cal analys8s and l8terature-based gene funct8on class8f8cat8on, 104 genes were grouped 
8nto f8ve d8st8nct categor8es: auto8mmun8ty, 8nflammat8on, d8sease progress8on, t8ssue damage, and treatment response. A bar chart was 
generated to v8sual8ze the dens8ty of genes 8n each group, offer8ng an overv8ew of the8r funct8onal d8str8but8on. 
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In the second phase, gene express8on patterns were analyzed 8n greater deta8l us8ng heatmap v8sual8zat8on. The analys8s revealed 
substant8al var8ab8l8ty 8n the Base Mean express8on values among the genes, reflect8ng d8fferences 8n transcr8pt8onal act8v8ty. Genes 
w8th notably elevated express8on levels 8ncluded RNA45SN1 (Base Mean: 78,509.4), RNA45SN3 (Base Mean: 77,290.4), 
and RNA18SN2 (Base Mean: 36,896.2), suggest8ng the8r 8nvolvement 8n essent8al cellular processes, part8cularly r8bosomal b8ogenes8s. 
S8m8larly, genes such as TMEM259 (Base Mean: 7,290.0), IL6ST(Base Mean: 7,624.3), and MALAT1 (Base Mean: 9,375.5) exh8b8ted 
h8gh express8on levels, po8nt8ng to the8r roles 8n 8nflammat8on, cellular commun8cat8on, and regulatory pathways. 
Moderately expressed genes, 8nclud8ng ATL3 (Base Mean: 4,615.8), PPP1R12C (Base Mean: 4,292.8), and MAP3K11(Base Mean: 
3,675.1), l8kely contr8bute to structural organ8zat8on and s8gnal transduct8on. In contrast, genes w8th lower express8on levels, such 
as TRIM41 (Base Mean: 1,447.8), C7orf50 (Base Mean: 1,470.5), and RAB11FIP2 (Base Mean: 707.9), may reflect t8ssue- or 
cond8t8on-spec8f8c act8v8ty. 
The lowest expressed genes, such as SIKE1 (Base Mean: 962.3), exh8b8ted comparat8vely reduced transcr8pt8onal act8v8ty, potent8ally 
8nd8cat8ng spec8al8zed or context-dependent roles. These f8nd8ngs emphas8ze the funct8onal s8gn8f8cance of h8ghly expressed genes 8n 
fundamental cellular processes wh8le prov8d8ng valuable 8ns8ghts 8nto d8fferent8al gene express8on patterns 8n the stud8ed b8olog8cal 
context.Th8s comprehens8ve approach underscores the 8mportance of gene express8on prof8l8ng 8n understand8ng rheumato8d arthr8t8s 
heterogene8ty and develop8ng targeted therapeut8c strateg8es. 
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F%gure 3. H%erarch%cal Cluster%ng of RA B%omarkers: The dendrogram 8llustrates the 
h8erarch8cal cluster8ng of 104 genes based on the8r express8on prof8les. Genes w8th s8m8lar 
transcr8pt8onal act8v8ty are grouped together, form8ng d8st8nct clusters correspond8ng to 
auto8mmun8ty, 8nflammat8on, d8sease progress8on, t8ssue damage and repa8r, and treatment 
response. The d8stance metr8c represents the degree of express8on s8m8lar8ty, w8th lower 
values 8nd8cat8ng closely related genes. Th8s v8sual8zat8on prov8des a comprehens8ve 
overv8ew of the transcr8pt8onal landscape 8n untreated RA pat8ents, h8ghl8ght8ng key 
funct8onal gene networks. 

H%erarch%cal Cluster%ng Analys%s of B%omarkers %n Rheumato%d Arthr%t%s 
The h8erarch8cal cluster8ng analys8s (F8gure 3) prov8des a comprehens8ve v8ew of gene express8on s8m8lar8t8es among the 104 genes 
stud8ed. Us8ng average l8nkage cluster8ng, the dendrogram effect8vely groups genes w8th s8m8lar express8on patterns, reveal8ng 
funct8onally relevant clusters w8th8n the transcr8ptom8c dataset of untreated rheumato8d arthr8t8s (RA) pat8ents. Th8s analys8s not only 
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h8ghl8ghts genes w8th s8m8lar transcr8pt8onal act8v8ty but also allows class8f8cat8on based on the8r 8nvolvement 8n d8st8nct b8olog8cal 
processes. 
Cluster%ng Patterns and B%olog%cal Impl%cat%ons 
The dendrogram exh8b8ts f8ve major gene clusters, correspond8ng to predef8ned b8omarker 
classes: auto8mmun8ty, 8nflammat8on, d8sease progress8on, t8ssue damage and repa8r, and treatment response. Each cluster represents a 
set of genes w8th correlated express8on levels, 8mply8ng co-regulat8on and potent8al 8nvolvement 8n shared b8olog8cal pathways. 
Auto%mmun%ty B%omarkers 
Genes such as RO60, MBD6, and RNASEH2A are located w8th8n the auto8mmun8ty cluster, demonstrat8ng s8m8lar express8on prof8les. 
These genes are cruc8al 8n auto8mmune responses, part8cularly 8n ant8gen presentat8on and 8mmune system dysregulat8on. RO60 8s 
known to play a role 8n the format8on of autoant8bod8es, a hallmark of RA [24]. MBD6 has been 8mpl8cated 8n chromat8n remodel8ng, 
wh8ch affects 8mmune cell d8fferent8at8on and funct8on. The cluster8ng of these genes suggests a t8ghtly regulated 8mmune response, 
l8kely contr8but8ng to the pathogenes8s of RA [25]. 
Inflammat%on B%omarkers 
A s8gn8f8cant port8on of the genes 8s grouped under the 8nflammat8on cluster, re8nforc8ng the 8dea that 8nflammatory pathways are central 
to RA progress8on. Genes such as RNF146, NKAPD1, and IL6ST exh8b8t strong co-express8on, h8ghl8ght8ng the8r roles 8n cytok8ne 
s8gnal8ng and 8mmune modulat8on. IL6ST (gp130) 8s a cruc8al component of the IL-6 receptor complex, d8rectly contr8but8ng to pro-
8nflammatory s8gnal8ng cascades 8n RA synov8al t8ssues [26]. The presence of RNF146 8n th8s cluster suggests 8ts 8nvolvement 8n post-
translat8onal mod8f8cat8ons that regulate 8nflammatory responses. Th8s cluster demonstrates a h8gh level of 8nterconnectedness among 
8nflammat8on-related genes, wh8ch correlates w8th the8r funct8onal roles 8n exacerbat8ng RA symptoms [27]. 
D%sease Progress%on B%omarkers 
Genes such as ATL3, RNA18SN4, and MAP3K11 are 8dent8f8ed w8th8n the d8sease progress8on category. MAP3K118s a key player 8n 
the m8togen-act8vated prote8n k8nase (MAPK) pathway, wh8ch regulates cellular responses to 8nflammatory stress. ATL3 has been 
assoc8ated w8th autophagy and endoplasm8c ret8culum funct8on, 8nd8cat8ng a potent8al role 8n cellular stress responses that may dr8ve 
RA progress8on. The h8erarch8cal cluster8ng of these genes suggests a shared 8nvolvement 8n 8ntracellular s8gnal8ng networks that 
8nfluence RA sever8ty [28]. 
T%ssue Damage and Repa%r B%omarkers 
T8ssue remodel8ng and damage-assoc8ated genes, 8nclud8ng MALAT1, MUS81, and TMEM259, form a d8st8nct cluster. MALAT1, a 
long non-cod8ng RNA, has been extens8vely stud8ed for 8ts regulatory role 8n f8broblast-l8ke synov8ocytes (FLS), wh8ch contr8bute to 
RA jo8nt destruct8on [29]. MUS81 8s assoc8ated w8th DNA repa8r mechan8sms, 8nd8cat8ng an 8nvolvement 8n cellular damage 
responses. TMEM259, though less character8zed, has been l8nked to cellular adhes8on and matr8x remodel8ng, processes cr8t8cal 8n 
synov8al hyperplas8a and cart8lage degradat8on. The group8ng of these genes suggests a coord8nated effort 8n t8ssue repa8r and 
patholog8cal remodel8ng 8n RA [30]. 
Treatment Response B%omarkers 
The f8nal cluster 8ncludes genes such as TRIM41, TMED7, and PPP1R12C, wh8ch play key roles 8n evaluat8ng treatment 
eff8cacy. TRIM41 8s an E3 ub8qu8t8n l8gase, potent8ally 8nvolved 8n modulat8ng 8mmune s8gnal8ng pathways 8n response to RA 
therap8es. TMED7 has been l8nked to ves8cular traff8ck8ng and prote8n secret8on, processes essent8al for cytok8ne release and 8mmune 
response modulat8on. PPP1R12C 8s 8nvolved 8n cytoskeletal organ8zat8on, 8nd8cat8ng potent8al 8mpl8cat8ons 8n f8broblast act8v8ty 
regulat8on. The cluster8ng of these genes supports the8r potent8al as pred8ct8ve markers for therapeut8c outcomes [31]. 
Stat%st%cal Interpretat%on of the Clusters 
In th8s study, the d8stances between each observat8on were calculated us8ng Squared Eucl8dean D8stance w8thout any m8ss8ng data, and 
clusters were formed us8ng the Average L8nkage (W8th8n Groups) method. The cluster8ng analys8s revealed that genes w8th8n the same 
classes share s8m8lar character8st8cs, and the s8gn8f8cant d8fferences between groups were clearly shown 8n the dendrogram. The 
dendrogram (F8gure 4) reveals vary8ng degrees of s8m8lar8ty between gene clusters, w8th d8st8nct sub-clusters form8ng at d8fferent 
h8erarch8cal levels. The d8stance metr8c 8nd8cates that 8nflammat8on-related genes exh8b8t the h8ghest degree of co-regulat8on, followed 
by d8sease progress8on and t8ssue damage markers. Th8s stat8st8cal d8str8but8on al8gns w8th the understand8ng that 8nflammat8on 8s the 
pr8mary dr8ver of RA pathogenes8s, wh8le d8sease progress8on and t8ssue remodel8ng occur as secondary but cruc8al events. These 
genet8c s8m8lar8t8es and the d8st8nct separat8ons between groups prov8de a strong foundat8on for the class8f8cat8on of b8omarkers [32]. 
The f8nd8ngs offer valuable 8ns8ghts for understand8ng genet8c d8vers8ty among d8fferent d8sease classes and establ8sh8ng accurate 
b8omarker class8f8cat8ons. Furthermore, the observed d8fferences 8n the dendrogram may contr8bute to better d8fferent8at8on of d8seases 
and the development of personal8zed treatment strateg8es. 
Conclus)on 
The h8erarch8cal cluster8ng analys8s presented 8n F8gure 4 prov8des a structured approach to understand8ng gene express8on dynam8cs 
8n RA. By categor8z8ng genes 8nto d8st8nct b8omarker classes, th8s study underscores the 8nterconnected nature of auto8mmune, 
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8nflammatory, and patholog8cal mechan8sms 8n RA. The results further emphas8ze the s8gn8f8cance of 8nflammat8on-related genes as 
potent8al therapeut8c targets, wh8le also 8dent8fy8ng cr8t8cal players 8n d8sease progress8on and treatment response. Future research 
should focus on val8dat8ng these clusters through exper8mental stud8es to ref8ne b8omarker-based d8agnost8c and therapeut8c strateg8es 
8n RA. 
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