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ABSTRACT

Rheumatoid arthritis (RA) and Sjögren’s syndrome (SS) are chronic, autoimmune diseases characterized by loss 
of mobility, pain, and inflammation around the major joints and dysfunctional exocrine glands, respectively. In the 
present study, the microarray gene expression data in the whole blood of RA (Accession No. GSE93272) and SS 
patients (Accession No. GSE84844) were used in the identification of differentially expressed genes (DEGs) and 
pathways involved in RA and SS using computational approaches. DEGs associated with fold change (Log2FC±1.0) 
were found in 206 genes in RA and 138 genes in SS. Between both the datasets, 46 genes were expressed commonly 
in both RA and SS. The Log2FC filtered DEGs were further used for comparative gene expression analysis, gene 
ontology, and pathway enrichment analysis. The investigations revealed crucial genes and pathways that are involved 
in both RA and SS pathophysiology and deeper analysis of these pathways gives an insight into the progression and 
involvement of both diseases.

1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, autoimmune disease 
characterized by swelling and pain in the peripheral synovial 
joints and a gradual loss of mobility. Due to RA being a common 
debilitating disease around the world, the global incidence of RA is 
approximately 1% of the total population [1]. The development and 
progression of RA has not been fully uncovered yet, and therapeutic 
monitoring, early diagnosis, and prognostic estimation remain at the 
core of RA research. In a few individuals with a more serious variation 
of RA, there could be involvement of major organ systems such as 
the heart and lungs [2,3]. The normal functioning of the immune 
system requires it to maintain a balance between the identification 
and elimination of foreign antigen and developing tolerance 
against self-antigens. A loss of tolerance leads to the development 
of autoimmune diseases. This complex process is largely due to 
environmental factors exerting an effect on the immunology of a 
susceptible individual [4].

Sjögren’s syndrome (SS) is also a chronic, autoimmune disease that 
affects up to 3% of the population. This disease is characterized by dry 
mouth (xerostomia) and dry eyes (keratitis sicca) due to dysfunctional 
exocrine glands [5]. The prevalence of autoimmune diseases is much 
higher in women than in men [6]. Researchers have noticed over the 
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years that SS and RA have various overlapping pathophysiological 
markers but the mechanism of the development of these diseases is 
still not fully understood [7]. In some patients suffering from severe 
RA, development of sicca symptoms is common although they are 
milder. This milder, overlapping SS seen in RA patients is secondary 
SS and causes a much worse outcome for the patients [8]. Due to the 
dual nature of SS and RA, many research groups in recent years have 
attempted identification of biomarkers unique to SS or RA or even 
common between them [9]. The symptoms of both diseases overlap 
in serious cases of RA, with SS and other autoimmune diseases 
developing along with RA.

Joint inflammation in RA is due to the mobilization of immune cells 
which lead to a release of chemokines and pro-inflammatory cytokines 
in the synovial area. The gene expression analysis of RA involves the 
study of joint synovial tissues and peripheral blood of RA patients. 
A large number of gene profiling studies have already been done on 
RA [10-13]. These have been reported by microarray platforms and 
have given rise to many differentially expressed genes (DEGs). These 
DEGs are involved in the disease by affecting the biological processes, 
pathways, and molecular functions. Progression of the field of medical 
biotechnology has led to an increase in the knowledge of molecular 
and cellular pathways that are involved in disease pathology [14]. 
Microarray has greatly aided in the present times for diagnosis and 
treatment [15].

The gene expression omnibus (GEO) is an immense database housing 
large gene expression data generated from large-scale experiments 
such as microarray and NGS for all types of tissue, diseases, species, 
and cells [16]. Using these data and combining them with various 
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other bioinformatic tools, a comprehensive expression profile of 
any condition or disease can be generated without performing an 
actual experiment and solve the present disadvantages [17]. After the 
identification of pathways and their role in the pathophysiology of 
RA, identification of biomarkers can be carried out, used for targeted 
diagnosis, prognosis, and drug targeting [18]. In this study, gene 
microarray analysis of the whole blood of RA patients was carried out 
alongside a cohort of SS. This analysis is useful for evaluating genetic 
susceptibility in a cohort of RA and SS patients. The purpose of this 
work was to identify crucial genes and pathways that are involved in 
the pathophysiology of RA.

2. MATERIALS AND METHODS

2.1. Data Retrieval
The microarray gene expression data in the whole blood of RA and SS 
patients were searched using a keyword “Rheumatoid Arthritis” and 
“Sjogren’s Syndrome” in the GEO database [19]. The hits obtained 
were further screened using following criteria: (a) Only datasets derived 
from whole blood were included and (b) the datasets containing the 
whole blood transcriptomic information from both diseased and healthy 
cohorts. By restricting the entry type (series), study type (expression 
profiling by array), and tissue sources (Homo sapiens), 5386 search 
hits that were not related to the purpose of this study were excluded 
from the study. After filtering, gene expression profiles of accession 
no. GSE93272 for RA and GSE84844 for SS were selected [13,20]. 
For further analyses, platform and series matrix file(s) of both the 
microarray datasets (Accession No. GSE93272 and GSE84844) were 
retrieved from NCBI-GEO.

2.2. Identification of DEGs
GEO2R was used to retrieve the complete list of genes with their 
corresponding log2 fold change and P-values. DEGs were identified 
from these lists based on log2 fold change cutoff of 1.0 and P ≤ 0.05. 
Benjamini and Hochberg FDR cutoff of 0.05 was used for multiple 
testing corrections. Venn diagram was generated using Venny 2.1 
drawing tool to identify commonly expressed genes between both 
groups and genes unique to RA or SS [21]. Using the DEGs, gene 
ontology (GO) and comparative gene expression analysis between 
the three groups, that is, healthy volunteers, RA, and SS patients were 
performed. The normalized expression values using Z scores of each 
group were obtained, and subsequently, heatmap of the common genes 
was generated using HemI tool [22].

2.3. GO and Pathway Enrichment Analysis
Database for Annotation, Visualization, and Integrated Discovery 
(DAVID) is a web accessible program that helps in rapid annotation 
and summarization for GO and pathway analysis data [23]. 
DAVID consists of four main modules: Annotation tool, GoCharts, 
KeggCharts, and DomainCharts. These modules are used to mine data 
accordingly and help in faster annotation. DAVID was used to generate 
unique ENTREZ IDs for all gene symbols to prevent duplication 
of data. Functional enrichment analysis of DEGs was performed 
to identify the associated GO terms. Protein Analysis Through 
Evolutionary Relationships (PANTHER) database is designed to 
facilitate high throughput analysis by classifying proteins according 
to family and sub-family, molecular function, biological processes, 
and pathways [24]. The website allows users to browse and query 
gene functions, and further to analyze large-scale experiments with 
relevant statistical data. For pathway analysis, DEGs were processed 

using Pathview web server [25]. Log2FC of gene expression is coded 
into the KEGG graph, rendered as colors to show low high or low 
expression. The Reactome database was used for in-depth analysis 
of the pathways [26]. Reactome is an open-source curated database 
of human pathways and reactions. Pathway annotations are cross-
referenced to proteins, small molecules, genes, and primary text 
mining of an array of sources.

3. RESULTS AND DISCUSSION

3.1. Identification of DEGs
In the present study, microarray expression data of both diseased and 
healthy whole blood were obtained from the GEO database. In the 
accession no. GSE93272, the gene expression data were obtained 
from 45 drug-naïve RA patients and 35 healthy controls [13], whereas 
accession no. GSE84844 consisted of 30 primary SS and 30 healthy 
controls [20]. The DEGs identified were further filtered with the fold 
change in gene expression. Filtered DEGs of SS and RA datasets 
obtained after applying fold change were used to generate Venn 
diagram using Venny 2.1 [Figure 1]. It was observed that out of 206 
genes in RA, 160 genes were unique whereas in SS, 92 genes out of 
138 genes were found to be unique. Between both the datasets, only 
46 genes are expressed commonly in both RA and SS [Table 1]. 
The expression values of the common DEGs were used to generate 
heatmap using HemI tool [Figure 2]. Comparative gene expression 
analysis between SS and RA showed up-and-down regulation of 
genes. Expression of three genes, that is, C-type lectin domain 
family 4 member D (CLEC4D), lymphocyte antigen 96 (LY96), and 
BCL2-related protein A1 (BCL2A1), was highly upregulated in RA. 
Three of the most downregulated genes in RA were BMP2-inducible 
kinase (BMP2K), MS4A4A, and cytochrome c oxidase subunit 7B 
(COX7B). The expression of COX7B gene in both RA and SS was 
downregulated. In case of SS, the expression of MS4A4A gene was 
upregulated whereas in RA, its expression was downregulated. Further 
analysis of these significantly upregulated genes could help us gain an 
insight into the progression of RA.

CLEC4D is a member of the C-type lectin domain superfamily. It 
is associated with diverse functions in the cell-like cell adhesion, 
signaling and plays a role in inflammation and immune responses. 
A gene expression analysis of human pancreas tissues revealed 
that CLEC4D was downregulated in Type 1 diabetes [27]. In 

Figure 1: Venn diagram showing the number of genes expressed uniquely in 
RA and SS datasets as well as the genes that are commonly expressed in both 

RA and SS datasets.
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osteoarthritis (OA), CLEC4D was identified as a major miRNA target 
that suggests its critical role in OA pathogenesis and was suggested 
as major influencer in OA progression [28]. This gene could be 
explored as an indicator for RA. The role of CLEC4D, as a C-type 
lectin, has been widely discussed and its activity is tightly regulated 
since it is a useful indicator of cell state. Various C-type lectins have 
been discussed because of their role in maintaining homeostasis 
of microbiota. They form a network of important proteins that 
are involved in many functions of the cell [29]. A study has also 
revealed the connection between disease states of tuberculosis 
and RA, involving many common genes and proteins [30]. The 
progression of RA leads to the development of tuberculosis among 
immune-compromised patients. LY96 is associated with toll-like 
receptor 4 on the lipid membrane of cells and initiates a response 
against lipopolysaccharides (LPSs). LY96 gene liaises with TLR4 
in the innate immune response to bacterial LPS [31]. LY96 has been 
shown to be upregulated in patients with RA [32]. The involvement of 
TLR ligands’ signaling suggests a connection that results in persistent 
inflammation and joint destruction early on in the disease. The high 
upregulation of LY96 gene suggests a key role in RA progression. 
In the search for putative biomarkers for RA, LY96 seems to be 
a high return target for deeper analysis. LY96 overexpression was 
also reported in SS as a pro-inflammatory gene on ocular surfaces. 
LY96 gene is activated in the conjunctiva of SS patients finally 
leading to keratoconjunctivitis sicca symptoms [33]. Many cancers 
have also shown evidence of high LY96 expression such as thyroid 
carcinomas, glioblastomas, and Wilms’ tumor [34-36]. BCL2A1 
encodes a member of the BCL2 protein family. This gene is involved 
in crucial cellular activities such as maintenance of homeostasis, 
programmed cell death, and tumorigenesis [37]. It is also responsible 
for reduction in the levels of pro-apoptotic cytochrome c to block 
the activation of caspase. Control of cell fate is determined by the 
regulated induction of apoptotic markers [38]. Out of all the roles 
played by BCL2A1, the function of this gene that is most studied is 
its role in the inflammation cascade. Interaction of BCL2A1 with 
pro-inflammatory cytokines such as IL-1 and TNFα. BCL2A1 
overexpression has been studied to be a factor in reduction of pro-
apoptotic markers to keep a check on inflammation [39]. From the 
irrefutable evidence gained from the study of BCL2A1, focusing on 
this genes’ role in severe autoimmune diseases like RA could help 
in further development of an outcome that could aid in alleviation 
of pain and inflammation that is so closely associated with these 
diseases. BCL2A1 activation solely rests on the checks and balances 
of cell death and differentiation.

COX7B is one of the decisive genes playing a role in oxidative 
phosphorylation. It acts as the terminal part of the mitochondrial 
electron transport chain (ETC) that eventually drives oxidative 
phosphorylation. Significant downregulation of COX7B gene was 
observed in both SS and RA genes. Downregulation of the genes 
of the ETC could point to further severe outcomes of the disease. 
However, this could also point to the fact that diseases like RA could 
have a better outcome with drugs that specifically target the ETC. It 
has been reported that downregulation of ETC genes points toward 
a dysfunction in the redox balance of the energy production [40]. 
A few studies have shown evidence of the role of COX7B gene in 
cardiac contraction and further in cardiomyopathy in adults as well as 
pediatric cases [11,41]. This gene needs to be studied in depth with the 
other genes of Complex IV of oxidative phosphorylation to arrive at 
a stronger and more conclusive role of the genes of ETC in diseases 
such as RA and SS.

Table 1: Expression of common genes in rheumatoid arthritis and Sjögren’s 
syndrome patients.

S. No. Probe_ID Gene symbol ENTREZ 
gene ID

RA_Exp SS_
Exp

1. 1552772_at CLEC4D 338339 1.929 1.265

2. 206584_at LY96 23643 1.706 1.147

3. 204774_at EVI2A 2123 1.645 1.237

4. 205681_at BCL2A1 597 1.586 1.119

5. 219334_s_at NABP1 64859 1.500 0.978

6. 209732_at CLEC2B 9976 1.472 0.423

7. 222465_at RSL24D1 51187 1.396 0.823

8. 231600_at CLEC12B 387837 1.388 1.001

9. 232383_at TFEC 22797 1.386 1.310

10. 218351_at COMMD8 54951 1.313 1.094

11. 235740_at MCTP1 79772 1.309 0.964

12. 204286_s_at PMAIP1 5366 1.300 0.988

13. 224587_at SUB1 10923 1.294 0.869

14. 1552398_a_at CLEC12A 160364 1.291 1.144

15. 218589_at LPAR6 10161 1.263 1.260

16. 225541_at RPL22L1 200916 1.253 1.316

17. 202635_s_at POLR2K 5440 1.207 1.298

18. 205841_at JAK2 3717 1.200 1.132

19. 219421_at TTC33 23548 1.129 1.023

20. 204170_s_at CKS2 1164 1.129 1.489

21. 239647_at CHST13 166012 1.125 0.953

22. 224786_at SCOC 60592 1.121 1.217

23. 238439_at ANKRD22 118932 1.112 0.850

24. 222139_at ERV3-2 57612 1.106 1.337

25. 232035_at HIST1H4H 8365 1.080 0.579

26. 218085_at CHMP5 51510 1.054 1.053

27. 219691_at SAMD9 54809 1.044 1.303

28. 202467_s_at COPS2 9318 1.033 1.002

29. 221193_s_at ZCCHC10 54819 1.025 0.749

30. 209707_at PIGK 10026 1.024 1.124

31. 217388_s_at KYNU 8942 1.010 1.003

32. 206025_s_at TNFAIP6 7130 0.995 1.132

33. 203504_s_at ABCA1 19 0.989 1.033

34. 201568_at UQCRQ 27089 0.988 0.985

35. 225439_at NUDCD1 84955 0.988 1.203

36. 209795_at CD69 969 0.984 1.173

37. 225312_at COMMD6 170622 0.979 0.978

38. 213941_x_at RPS7 6201 0.975 0.881

39. 218728_s_at CNIH4 29097 0.945 1.058

40. 226686_at CISD2 493856 0.899 0.787

41. 213846_at COX7C 1350 0.878 1.085

42. 204112_s_at HNMT 3176 0.710 0.263

43. 209276_s_at GLRX 2745 0.665 1.029

44. 226853_at BMP2K 55589 0.513 0.674

45. 1555728_a_at MS4A4A 51338 0.258 1.687

46. 202110_at COX7B 1349 0.220 0.298
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BMP2K is a crucial gene involved in skeletal development and 
growth. BMP stands for bone morphogenic proteins and BMP2K acts 
as a putative regulatory gene involved in osteoblast differentiation. 
It was proposed as a novel biomarker for gallbladder cancer; since 
it was identified as a clathrin-coated vesicle-associated protein in the 
progression of gallbladder cancer [42]. Extensive mapping of this 
gene has not been done in autoimmune diseases but it shows immense 
potential in the tumor microenvironment.

The MS4A4A is the membrane spanning 4-domains A4A protein. In 
RA, its expression was downregulated while in SS, it is upregulated. 
The MS4A4A gene has been reported to present some unique expression 
patterns in hematopoietic and non-lymphoid tissues. It is selectively 
expressed by macrophage lineage cells and exists as a plasma 
membrane tetraspan molecule. Human MS4A4A is coexpressed with 
M2/M2 like molecules that are present on infiltrating macrophages 
from synovial tissue that shows inflammation. It has been shown that 
MS4A4A can act as a practical target for in-depth analysis in the search 
for RA biomarkers. This finding would need to be validated in with 
healthy controls versus RA [43]. Conversely, among genes that show 
differential expression in SS, MS4A4A showed the highest change in 
expression and has been reported to be associated with mesenchymal 
stem cell expression with T helper cells. A significant upregulation was 
reported in MS4A4A gene expression [44]. Expression of MS4A4A in 
mesenchymal stem cells or even with T- and B-cell differentiation 
can lead us to strong evidence of this gene in various altered immune 
system pathways in diseases.

3.2. GO Analysis
The DEGs unique to RA and SS were submitted separately to DAVID 
for gene function augmentation analysis to identify the most significant 
GO categories and pathways. The genes common to both diseases 
were also used to identify pathways most crucial to their function. This 
helped us gain more insight into the cellular localization, molecular 
and biological function of the proteins, as well as the pathways 
involved in RA and SS. After processing the gene lists on PANTHER, 
graphs were generated using the data obtained depicting the role of the 
genes in various biological processes, cellular components, molecular 
functions, protein class, and pathways. After processing the genes 
unique to RA [Figure 3], it was found that a significant number of genes 
were involved in catalytic activities like hydrolase activity and binding 
activities like nucleic acid binding. When biological processes were 
analyzed, the genes were mostly involved in cellular macromolecule 
and biosynthetic metabolic processes, cellular regulation of metabolic 

processes, and cellular processes like DNA-dependent transcription. 
Among cellular components, RA unique genes were found to be 
part of intracellular organelles primarily the mitochondrial nuclear 
lumen. Among the protein classes for RA genes, most were involved 
as metabolite interconversion enzymes such as oxidoreductase and 
hydrolase and were also involved as protein-modifying enzymes 
such as serine proteases. They were also involved in EGF receptor 
signaling pathways primarily expressed with epidermal growth factor, 
CCKR signaling pathways, inflammation mediated by chemokines, 
and cytokine signaling expressed with cyclooxygenase, phospholipase 
A2, and Rho proteins. In SS, unique genes were processed through 
PANTHER and graphs were generated from the data obtained 
[Figure 4]. On analyzing the molecular functions, the genes unique 
to SS were found to be most involved in catalytic activities such as 
peptidase activity and protein kinase activity. Cellular processes 
like protein modification by small proteins and metabolic processes 
like metabolism of organic macromolecules were the key biological 
processes that these SS genes were involved. The majority of SS genes 
in the cellular component were involved in part of the nuclear lumen as 
well as nucleotide excision repair complex. On further analysis, some 
key pathways that SS genes are involved in are apoptosis signaling 
pathway, gonadotropin-releasing hormone receptor pathway, and 
inflammation mediated by chemokine and cytokine signaling pathway 
involved with interleukin 2 and beta-arrestin proteins. The common 
genes between SS and RA were analyzed and revealed that most of 
the genes were involved in binding activities such as GTPase binding, 
kinase binding, phosphatase binding, and protease binding [Figure 5]. 
Catalytic activity involvement of these genes was limited to hydrolase 
and peptidase activity.

3.3. Pathway Enrichment Analysis
Processing the DEGs indicated that genes of two major pathways were 
highly expressed in RA [Figure 6a]. The arachidonic acid metabolism 
was affected due to the change in expression of three core enzymes, 
namely, leukotriene-B4-20-monooxygenease (CYP4F2 or CYP4F3) 
(Enzyme nomenclature: 1.14.14.94), prostaglandin endoperoxide 
synthase (Enzyme nomenclature: 1.14.99.1), and phospholipase 
A2 (Enzyme nomenclature: 3.1.1.4). Eicosanoids are autocrine and 
paracrine signaling molecules that modulate physiological processes 
including pain, fever, inflammation, blood clot formation, smooth 
muscle contraction and relaxation, and the release of gastric acid. 
The second pathway most affected by DEGs was pantothenate and 
coenzyme A biosynthesis. Branched chain amino acid transaminase 

Figure 2: Heatmap showing differential expression genes that are commonly expressed between RA and SS cohorts. Comparative gene expression analysis 
between SS and RA showed up-and-down regulation of genes.
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(Enzyme nomenclature: 2.6.1.42) is affected, as shown in Figure 6b. 
The involvement of the arachidonic acid pathway in RA largely 
manifests in patients as chronic inflammation. Eicosanoids are 
synthesized in humans primarily from arachidonic acid (all-cis 
5,8,11,14-eicosatetraenoic acid) [45] released from membrane 
phospholipids. Once released, arachidonic acid is acted on by 
prostaglandin G/H synthases (PTGS, also known as cyclooxygenases 
[COX]) to form prostaglandins and thromboxanes, by arachidonate 
lipoxygenases (ALOX) to form leukotrienes, epoxygenases 
(cytochrome P450s and epoxide hydrolase) to form epoxides such as 
15-eicosatetraenoic acids, and omega-hydrolases (cytochrome P450s) 
to form hydroxyeicosatetraenoic acids [41]. Levels of free arachidonic 
acid in the cell are normally very low so the rate of synthesis of 
eicosanoids is determined primarily by the activity of phospholipase 
A2, which mediates phospholipid cleavage to generate free arachidonic 
acid. Phospholipase A2 also acts on phosphotidylethanolamine, choline 
plasmalogen, and phosphatides removing the fatty acid attached to the 
2nd position. Pantothenate or Vitamin B5 acts as precursor of coenzyme 
A, one of the five coenzymes of the citric acid cycle. Dysregulation of 
the citric acid cycle affects the mitochondrial ETC. Alteration in the 
expression of tricarboxylic acid cycle has been implicated toward the 
progression of autoimmune diseases [46].

In the present study, the genes that were found to be unique to SS were 
also processed through Pathview [Figure 7]. The major pathway that 
was found to be involved was the RIG-1-LIKE receptor signaling 
pathway. The genes associated with the pathway are known to play a 

key role in sensing viral RNA to modulate antiviral immunity. Innate 
immunity and inflammation are triggered on detection of self-RNA 
in the cytoplasm. This receptor signaling pathway is also involved in 
signal crosstalk between innate immune components and other factors 
that can impart a stronger immune response [47]. The continuous 
production of Type 1 interferons (IFNs) against self-antigens leads 
to the advancement of autoimmune disorders. It is this development 
that steadily progresses to severe outcomes of autoimmune diseases 
eventually leading to the downstream activation of pain and 
inflammation pathways [48]. From the diagram, it is evident that 
interferon regulatory factor 7 (IRF7) is upregulated. It is a critical 
transcription factor in the innate immune response. IRF7 is known to 
play a role in the transcriptional activation of virus-inducible genes. 
Overexpression of this gene leads to an increase in viral replication. 
IRF7 overexpression has a direct role to pay in IFN signaling as well. 
Type I IFNs typically recruit JAK1 and TYK2 proteins to transduce 
their signals to STAT1 and 2; in combination with IFN-regulatory 
factor 9 (IRF9), these proteins form the heterotrimeric complex 
IFN-stimulated gene factor 3 (ISGF3). Type I IFNs are composed 
of various genes including IFN alpha (IFNA), beta (IFNB), omega, 
epsilon, and kappa. The IFNA/B stimulation of the IFNA receptor 
complex leads to the formation of two transcriptional activator 
complexes: IFNA-activated factor (AAF), which is a homodimer of 
STAT1 and ISGF3, which comprises STAT1, STAT2, and a member 
of the IRF family, IRF9/P48. AAF mediates activation of the IRF-
1 gene by binding to GAS (IFNG-activated site), whereas ISGF3 

Figure 3: Gene ontology analysis of genes that are unique to RA. Analysis consists of genes involved in molecular function, biological processes, cellular 
components, protein classes, and pathways.
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Figure 4: Gene ontology analysis of genes that are unique to SS. Analysis consists of genes involved in molecular function, biological processes, cellular 
components, protein classes, and pathways.

Figure 5: Gene ontology analysis of genes that are common between RA and SS. Analysis consists of genes involved in molecular function, biological processes, 
cellular components, protein classes, and pathways.
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activates several IFN-inducible genes including IRF3 and IRF7, as 
evident from the diagram. The ISG-encoded proteins include direct 
effectors which inhibit viral infection through diverse mechanisms 
as well as factors that promote adaptive immune responses [49]. 
ISG15 also conjugates some viral proteins, inhibiting viral budding 
and release. TRAF3 acts as a scaffold for the assembly of a 

signaling complex composed of IKK epsilon/TBK1, leading to the 
activation of transcription factors IRF3/IRF7. TRAF6 is crucial for 
both RIG-I- and MDA5-mediated antiviral responses. The absence 
of TRAF6 resulted in enhanced viral replication and a significant 
reduction in the production of type I IFNs and IL6 after infection 
with RNA virus. The continuous production of type 1 IFN against 

Figure 6: (a) Pathview analysis showing the expression of DEGs of RA in various pathways. Two major pathways affected are the arachidonic acid metabolism 
pathway and the pantothenate and coenzyme A biosynthesis pathway. Arachidonic acid metabolism is mainly involved in the pain mechanism directly leading to 
dysregulation in its breakdown. (b) Pathview analysis showing the expression of DEGs of RA in various pathways. Pantothenate and coenzyme A biosynthesis 

pathway involvement lead to a dysregulation of the production of L-valine and L-isoleucine.

a

b
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self-antigens leads to the advancement of autoimmune disorders. 
It is the development that steadily progresses to severe outcomes 
of autoimmune diseases eventually leading to the downstream 
activation of pain and inflammation pathways.

The common genes between RA and SS were processed and revealed 
four pathways most affected by the expression of these genes [Figure 7]. 
Glycolysis or gluconeogenesis is most affected by the enzymes 
involved. Phosphoglucomutase or glucose phosphomutase (Enzyme 
nomenclature: 5.4.2.2) activity is achieved at maximum level only in the 
presence of α-D-glucose-1,6-bisphosphate [Supplementary Figure 1]. 
The eventual dysregulation of glyceraldehyde-3-phosphate eventually 
leads to an imbalance in the production of bisphosphoglycerate 
mutase (Enzyme nomenclature: 5.4.2.4), thereby affecting the 
pentose phosphate pathway as well as the citric acid cycle. Oxidative 
phosphorylation is another pathway showing the involvement of the 
common genes between RA and SS. Cytochrome c reductase (Enzyme 
nomenclature:7.1.1.8) in conjunction with ubiquinol was upregulated. 
It is a part of the ETC present on the mitochondrial surface of all 
aerobic eukaryotes. The enzyme extrudes either two or four protons 
into the non-cytoplasmic compartment from the cytoplasm, depending 
on the physiological conditions. Cytochrome P450 4F22 (CYP4F22) 
[Supplementary Figure 2] is converted to 20-hydroxylate trioxilin A3 
(TrXA3), an intermediary metabolite from the 12(R)-lipoxygenase 
pathway. This pathway is implicated in proliferative skin diseases. 
Upregulation of QCR8 gene which encodes the Ubiquinol-Cytochrome 
C Reductase Complex III Subunit 8 is a part of the mitochondrial 
respiratory chain. The respiratory chain contains three multi-subunit 
complexes that cooperate to transfer electrons derived from NADH and 
succinate to molecular oxygen, creating an electrochemical gradient 
over the inner membrane that drives transmembrane transport and 
the ATP synthase. COX7B and COX7C are both highly differentially 
regulated during oxidative phosphorylation. These genes are involved 
in catalyzing the electron transfer from reduced cytochrome c to oxygen. 
It is a heteromeric complex consisting of three catalytic subunits that 
are encoded by mitochondrial genes and numerous structural subunits 

encoded by nuclear genes. COX7B has a direct involvement in cardiac 
muscle contraction.

The 60S ribosomal protein L24e encoded by the gene RPL24 and 60s 
ribosomal protein L22 encoded by gene RPL22 are both located in the 
cytoplasm and involved in mRNA translation during viral infection 
[Supplementary Figure 3]. RPL24 dysregulation directly causes 
immunodeficiency 60. Immunodeficiency 60 is a dominant autosomal 
primary immunologic disorder characterized by inflammatory bowel 
disease and recurrent sinus infections. This happens due to dysregulation 
of the innate immune system, leading to a decrease in T-reg cells and 
overall weakened lymphocyte maturation. The methionine residue that 
initiates the downstream processing of RPL22 is post-translationally 
removed. The protein can bind specifically to Epstein–Barr virus-
encoded RNAs 1 and 2. As shown in various genes encoding ribosomal 
proteins, there exist multiple pseudogenes of both RPL24 and RPL22. 
RPS7 (small ribosomal subunit protein ES7) encodes a protein that is a 
component of the 40S subunit of ribosomes. RPL24 interacts with DBA8 
protein which is involved in the progression of Diamond-Blackfan 
anemia. This protein is phosphorylated by NEK6 and deubiquitinated 
by DESI2 that further lead to its stabilization. The dysregulation of 
the genes involved commonly between RA and SS also has a crucial 
role to play in cardiac muscle contraction. Cardiac muscle contraction 
[Supplementary Figure 4] is seen when the sodium-calcium exchanger 
(NCX) is underexpressed, leading to a direct outcome on the contractility 
of cardiac tissue. Altered expression and regulation of this gene distorts 
the Ca2+ homeostasis finally leading to arrhythmia and heart failure.

The expression of the arachidonic acid metabolism pathway as well 
as the RIG-1-like receptor signaling pathway helps us in visualizing 
the wide area from which the autoimmune microenvironment starts to 
take shape. Starting from the continuous recognition of self-antigens 
and mounting an attack against them, to sustenance of the downstream 
pain pathways that are characteristic of RA and SS progression, it 
would be prudent to assume that targeted biomarkers for RA and SS 
can be studied within these crucial pathways. Activation or blocking 
of central genes or even modulation of their functions could help 

Figure 7: Pathview analysis showing the expression of DEGs of SS in various pathways. From the diagram, it is seen that the genes upregulated in SS are 
involved in viral gene expression and also play an important role in innate immunity as well as inflammation.
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in further validating the importance of these signaling pathways. 
Investigations into the activation of IFNs and into the mechanism 
of IFNN overproduction could help us in screening drugs against 
the same. Different patients of autoimmune diseases have different 
manifestations of the disease; hence, a detailed picture of molecular 
phenotypes of these genes and proteins could help in discovery of 
personalized biomarker targeting for each patient.

4. CONCLUSION

This study was done to identify key genes and pathways that play a role 
in RA and SS. In the pursuit of the identification of genes and proteins 
that may help in better and deeper comprehension of the diseases, 
some genes were found with high expression to most likely play a 
role in RA and SS. Through stringent screening by bioinformatics’ 
tools, it was understood that some genes such as CLEC4D, LY96, 
MS4A4A, and BCL2A1 may play a crucial role in the pathogenesis 
of RA and in the future could guide targeted therapy and act as a 
diagnostic biomarker platform. Pathways such as the arachidonic acid 
pathway and RIG-1-like receptor pathway were important in further 
analysis of the mechanism of the action of these diseases. Even in 
SS, some of the highly downregulated genes may play a role in the 
pathophysiology of the disease as most of the downregulated genes 
were also involved in other autoimmune diseases. These results may 
contribute to an improvement in our understanding of these two crucial 
autoimmune diseases and also provide an insight into the molecular 
events associated with RA. These findings need to be confirmed by 
other studies for further research.
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SUPPLEMENTARY FIGURES

Supplementary Figure 1: Pathview analysis showing the expression of common genes expressed in both RA and SS in various pathways. Involvement of the 
glycolysis/gluconeogenesis enzymes leads to an impairment of the pyruvate cycle and directly leads to overexpression of the pentose phosphate cycle.
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Supplementary Figure 2: Pathview analysis showing the expression of common genes expressed in both RA and SS in various pathways. Involvement of the 
oxidative phosphorylation dysregulation leads to an impairment of the cellular respiration and further downstream complications leading to disease and formation 

of reactive oxygen species.
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Supplementary Figure 3: Pathview analysis showing the expression of common genes expressed in both RA and SS in various pathways. Involvement of the 
upregulated ribosomal proteins is associated with viral translations, immunodeficiencies, and immune system dysregulation.
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Supplementary Figure 4: Pathview analysis showing the expression of common genes expressed in both RA and SS in various pathways. Involvement of the 
upregulated ribosomal proteins is associated with viral translation, immunodeficiencies, and immune system dysregulation.


