
 Identification of drug targets and their candidate
 drugs in multiple sclerosis and bipolar disorder via
systems biology approach

1. Faculty of Mathematics and Computer Science, Department of Applied Mathematics, Shahid Bahonar University, Kerman, Iran
2. Department of Oncology School of Medicine, Kerman University of Medical Sciences, Kerman, Iran
3. Department of Pharmaceutical Biotechnology, Faculty of Pharmacy, Kerman University of Medical Sciences, Kerman, Iran
4. Bahonar Bioinformatics Lab (BBL), Kerman, Iran 
5. Department of Artificial Intelligence, School of Advanced Technologies in Medicine, Tehran University of Medical Sciences, Tehran, Iran

* Corresponding author: Ali Kazemipour, ali.kazemi@uk.ac.ir
Received 20 September 2025; Revised from 15 June 2026; Accepted 22 July 2026

Citation: Shamshiri S, Shamshiri S, Kalantari-Khandani B, Niazi MJ, Ziaastani Z, Kazemipour A. Identification of drug targets and their candidate drugs in mul-
tiple sclerosis and bipolar disorder via systems biology approach. Physiology and Pharmacology 2026; 30: 283-295. http://dx.doi.org/10.22034/phypha.30.3.283

ABSTRACTABSTRACT
Keywords:
Multiple sclerosis 
Bipolar disorder 
PPI network 
Drug target identification
Systems biology

Shahang Shamshiri 
1,4, Shahedeh Shamshiri 

1,4, Behjat Kalantari-Khandani 
2, Mohammad-Javad Niazi 

3,4, Zahra 
Ziaastani 

4,5, Ali Kazemipour 
1,4*

Introduction: Multiple sclerosis (MS) is an autoimmune disease characterized by 
demyelination of the central nervous system. Bipolar Disorder (BD) is a complex psychiatric 
condition. Patients with MS have a significantly elevated risk of developing BD. The present 
study aimed to investigate the shared genetic mechanisms between MS-BD using systems 
biology approaches.
Methods: We constructed a protein-protein interaction (PPI) network of the overlapping 
MS-BD genes using the STRING database and identified functional modules and hub genes 
with Cytoscape. Gene ontology and pathway enrichment analyses of the modules and hub 
genes were performed using g:Profiler. Potential drug targets among these genes were further 
explored using DGIdb.
Results: A total of 206 genes associated with MS and 201 genes associated with BD were 
retrieved from the NCBI, of which 55 genes were common to both diseases. PPI network 
analysis revealed ten functional modules. Ten hub genes—TNF, IL6, IL1B, TLR4, AKT1, 
BCL2, IFNG, APP, NFKB1, and mTOR—were identified as central players in both conditions. 
TNF and IL-6 showed upregulated expression in MS-BD and emerged as promising drug 
targets. The enriched KEGG pathways included tuberculosis, HIF-1 signaling, AGE-RAGE 
signaling in diabetic complications, and the Toll-like receptor signaling pathway.
Conclusion: Our findings highlight the shared biological processes and gene expression 
patterns between MS-BD. These results suggest that MS-BD may involve common underlying 
mechanisms, which could provide opportunities for repurposing existing drugs and developing 
combined therapeutic strategies. Such insights may ultimately improve prevention and 
treatment approaches for MS-BD, as well as related comorbidities.
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Multiple sclerosis (MS) is an autoimmune disease in 
which the immune system mistakenly attacks the my-
elin sheath of the central nervous system (Mora and 
Chapouly 2023). Therefore, it can damage the nerve fii-
bers. This attack damages the nerve fibers and disrupts 
signal transmission, leading to a wide range of symp-
toms including fatigue, visual disturbances, eye pain, 
muscle weakness, numbness or tingling in the limbs, 
memory impairment, and bladder dysfunction. More-
over, patients with MS have a higher risk of developing 
depression and anxiety disorders (Marcus 2022). MS 
is a multifactorial disease, influenced by both genetic 
and environmental factors (Goodin et al., 2023). Fur�-
thermore, studies show that some of these well-known 
factors play a role in the progression of MS, such as vi-
tamin D, Epstein-Barr virus (EBV) infection, smoking, 
exposure to passive smoking, oxidative stress (OS), and 
obesity  (Lutfullin et al., 2023; Vasić et al., 2023; Vong 
et al., 2023). However, these factors do not fully explain 
the etiology of MS, and other potential causes remain to 
be elucidated (Fymat 2023).

The  prevalence and incidence of MS have been ris-
ing in both developed and developing countries (Vit�-
turi et al., 2022). It is estimated that approximately 2.8 
million people worldwide are living with MS (Kokas 
et al., 2023), with an overall prevalence of 35.9 cases 
per 100,000 individuals. The average age of diagnosis is 

32 years (Walton et al., 2020). Furthermore, women are 
two to three times more likely than men to develop MS 
(Younger 2023).

Twin studies play a crucial role in disentangling the 
interplay between genetic and environmental factors 
that contribute to variability in disease liability. Re-
search suggests that MS develops when environmental 
factors influence specific genetic susceptibilities (Wau�-
bant et al., 2019). Twin studies have demonstrated high 
concordance in some monozygotic (MZ) pairs, in which 
both individuals developed the disease (Kinnunen et al., 
1987). Other studies of monozygotic and dizygotic (DZ) 
twins have further underscored the substantial genetic 
contribution to MS etiology (Ebers et al., 1986). Overall 
the genetic component of MS susceptibility is estimat-
ed to account for approximately 50% of the risk (Bal�-
cerac and Louapre 2022). In addition, a Swedish study 
reported that genetic factors contribute significantly to 
MS susceptibility, with heritability estimates ranging 
between 35% and 75% (Boles et al., 2023). 

Bipolar disorder (BD) is a complex mental health con-
dition influenced by both genetic and environmental fac-
tors (Robinson and Bergen 2021). It is associated with 
numerous adverse outcomes, including elevated suicide 
risk, sleep disturbances, and impairments in psychologi-
cal functioning, such as diminished self-esteem (Rantala 
et al., 2021). The disorder is characterized by alternating 
episodes of emotional highs (mania or hypomania) and 
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Graphical Abstract: Graphical Abstract: This study presents the workflow for constructing a protein-protein interaction (PPI) network, identifying critical 
shared genes between multiple sclerosis (MS) and bipolar disorder (BD), and performing functional enrichment analysis to discover 
potential drug targets. Then the related diseases and the FDA-approved drugs were identified and proposed for multiple sclerosis, bipolar 
disorder, and their underlying diseases.
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emotional lows (depression)  (McIntyre et al., 2020).
According to diagnostic interview data from the Na-

tional Comorbidity Survey Replication (NCS-R), the 
prevalence of bipolar disorder among U.S. adults aged 
18 years or older is estimated at 2.8%. In the same sur-
vey, the prevalence was nearly identical between women 
(2.8%) and men (2.9%). Moreover, an estimated 4.4% 
of U.S. adults are expected to experience BD at some 
point during their lifetime. Sex-specific models, adjust-
ed for age, sex, left-handedness, and data censoring, re-
vealed a heritability estimate of 60.4% for BD. Despite 
the significantly higher prevalence in females (62.2% of 
cases versus 37.8% in males, p < 0.001), no significant 
sex-based differences were observed in BD heritability 
or sex-specific genetic effects. Overall, heritability es-
timates for BD range from 60% to 85%, underscoring 
the substantial contributions of both genetic and envi-
ronmental factors to its development (Johansson et al., 
2019; Kasyanov et al., 2020).

Furthermore, under the assumption of comparable 
environmental conditions for monozygotic (MZ) and 
dizygotic (DZ) twins, studies demonstrate higher con-
cordance rates in MZ twins, highlighting the genetic 
contribution to bipolar disorder (BD). Nevertheless, the 
imperfect concordance observed even among MZ twins 
underscores the important role of environmental influ-
ences in modulating genetic effects. Overall, research 
on BD consistently shows stronger concordance in MZ 
twins than in DZ twins, supporting the substantial genet-
ic basis of the disorder (Kasyanov et al., 2020).

Genetic studies, including genome-wide association 
studies (GWAS), have provided important insights into 
the genetic architecture of bipolar disorder (BD). These 
studies have identified numerous genetic variants as-
sociated with the disorder, although each variant indi-
vidually confers only a small effect size. Furthermore, 
GWAS have enabled the development of advanced an-
alytical methods for genes and biological pathways, as 
well as the estimation of genetic correlations between 
BD and other traits (Fabbri 2021). As previously noted, 
environmental factors also play a substantial role in trig-
gering BD, including stress, trauma, maternal smoking 
during pregnancy, and substance abuse (Aldinger and 
Schulze 2017; Lalli et al., 2021; Menculini et al., 2020; 
Rantala et al., 2021).

In recent years, debates have emerged regarding the 
genetic interplay between multiple sclerosis and mental 

disorders. Patients with MS are approximately twice as 
likely to develop mental health conditions compared to 
the general population (Vesic et al., 2023).

 The pooled prevalence of bipolar disorder (BD) in in-
dividuals with MS is estimated at 2.95% (95% CI: 2.12–
4.09%), with regional variations showing a higher rate 
in the Americas than in Europe. A more detailed analysis 
of MS and BD together revealed an 8.4% prevalence of 
BD in MS patients. Notably, gender-related patterns in 
the MS population indicated a higher prevalence of BD 
in females (7.03%) compared to males (5.64%) (Joseph 
et al., 2021b). Recent studies have further confirmed a 
link between manic and depressive episodes and sys-
temic inflammation involving immune system dysreg-
ulation (Muneer 2016). As previously noted, mania and 
depression represent the core features of BD, while MS 
is fundamentally an autoimmune disorder. 

Scientists have extensively investigated potential links 
between multiple sclerosis (MS) and various psychiatric 
disorders (Liu et al., 2024; Ziaastani et al., 2024). Indi�-
viduals with MS are at an elevated risk of developing 
bipolar spectrum disorders.This association underpins 
the focus of the present study, which aims to identify 
shared genes and key metabolic pathways between MS 
and BD (Carta et al., 2014). 

Therefore, the present study employs a systems biolo-
gy approach to investigate the shared genetic and molec-
ular associations between multiple sclerosis (MS) and 
bipolar disorder (BD). Specifically, this study aims to: 
(1) identify genes shared between the two diseases and 
construct a protein–protein interaction (PPI) network; 
(2) identify hub genes and functional modules within 
the network; (3) characterize the biological processes 
and pathways potentially shared by the two disorders; 
and (4) explore potential drug–gene interactions involv-
ing prioritized hub genes. Through these analyses, we 
aim to provide further insights into the molecular basis 
of MS–BD comorbidity and identify potential targets 
for future therapeutic investigation.

Materials and methods
Data collection 
We conducted a systematic search in January 2023 

using the NCBI Gene database to identify genes asso-
ciated with multiple sclerosis (MS) and bipolar disorder 
(BD) (Jin et al., 2024). The search strategy employed 
the following keywords and synonyms: (“Multiple 
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Sclerosis” OR “MS” OR “Disseminated Sclerosis”) 
AND (“Bipolar Disorder” OR “Bipolar Depression” 
OR “Manic-Depressive Disorder” OR “Manic Depres-
sive Illness”). The search was restricted to “Organism: 
Homo sapiens.”

After retrieving the initial gene lists from the NCBI 
Gene database, the lists for multiple sclerosis (MS) and 
bipolar disorder (BD) were compared. Overlapping 
genes were identified by intersecting the two lists based 
on official gene symbols using Venny 2.1 software.

The protein-protein interaction network analysis
A protein-protein interaction (PPI) network was con-

structed for the shared genes between multiple sclero-
sis (MS) and bipolar disorder (BD) using the STRING 
database (version 12) (Szklarczyk et al., 2023). This 
database integrates protein interactions based on ho-
mology, co-expression, gene neighborhood, and exper-
imental evidence. The resulting network was visualized 
and analyzed using Cytoscape software (version 3.10.1) 
(Franz et al., 2023). The MCODE plugin was employed 
to detect functional modules with the following param-
eters: degree cutoff = 2, node score cutoff = 0.2, k-core 
= 2, and maximum depth = 100. Additionally, the Cy-
toHubba plugin was applied using the Maximal Clique 
Centrality (MCC) algorithm to identify the top 10 hub 
genes in the PPI network. The MCC algorithm prioritiz-
es nodes based on the density of their local cliques and 
overall connectivity within the network.

Functional enrichment analysis
Functional enrichment analysis was performed using 

WebGestalt and g:Profiler to annotate the shared genes 
between MS and BD. These tools were utilized to iden-
tify Gene Ontology (GO) terms in three categories: 
Biological Processes (BP), Molecular Functions (MF), 
and Cellular Components (CC). Additionally, KEGG 
(Kyoto Encyclopedia of Genes and Genomes) pathway 
enrichment analysis was conducted to identify signifi-
cantly enriched metabolic and signaling pathways.

Drug-Hub Gene Interaction Network 
Expression patterns of the identified hub genes in MS 

and BD were assessed through a comprehensive litera-
ture review. Due to the unavailability of large, matched 
transcriptomic datasets containing samples from both 
diseases, we relied on previously validated gene expres-
sion data reported in the literature. FDA-approved drugs 
targeting the prioritized hub genes were then retrieved 
from the DrugBank and DGIdb databases.  Drug-gene 
interactions for the hub genes were retrieved from the 
Drug-Gene Interaction Database (DGIdb v5.0). To en-
sure clinical relevance and translational potential, only 
FDA-approved drugs were selected. Queries were per-
formed using the following interaction types as filters: 
inhibitor, antagonist, antibody, agonist, modulator, and 
binder.

Result
Analysis of MS-BD Interaction Network 

FIGURE 1.FIGURE 1. The overlapping in MS-BD genes.
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TABLE 1: TABLE 1: Functional modules identified in the MS-BD PPI network. 

 Modules Nodes 

count

Node’s name Modules figure

M1 84  IFNB1, FAS, CCR2, NFKB1, NCAM1, BCL2, IFNG,
 CD274, IL17A, SPP1, IL2, MMP2, CCL5, SIRT1,
 MYD88, CCR5, TNFSF10, LEP, BCL2L1, PPARG,
IL7, BDNF, SERPINE1, CXCR5, IL10, MMP9, AP-
 P,FOXP3, IL18, NGF, TIMP1, MTOR, TNFSF13B,
 TLR2, FGF2, HMOX1, IDO1, CXCL8, CREB1,
 PDCD1, ICAM1, CD40, ACE, CD40LG, IL6R, CD4,
  CTNNB1,  NFE2L2, FCGR3A, CXCL12, IGF1,
 KIT, IL1A, STAT1, EGFR,I L2RA, TLR9, TP53,
 CD276, AGT, AKT1, ADIPOQ, CTLA4, STAT3,
FCGR2A, HAVCR2, TBX21, CXCR4, CRP, TN-
 FRSF1A, HMGB1, ESR1, EDN1, MAPK3, APOE,
 TNF, CXCL10, CD44, NOS3, TLR3, IL7R, CD86,
LGALS3, IL4

M2 41  IRF8, TNFRSF1B, MAPK14, MET, CD5, CDC42,
 RHOA, IL1RN, IL1B, MYC, NOD2, EZH2, CCL2,
 NOTCH1, LCN2, TYK2, PTK2, NLRP3, CDH2,
 ACE2, FOXO3, VWF, SOD2, VCAM1, HLA-A,
 TGFB1, KDR, RPS6KB1, ITGB1, RELA, MAPK1,
 CAV1, NOS2, AGER, SYK, MIF, HSP90AA1, IL6,
MUC1, TLR4, GSK3B

M3 14  NR3C1, CREBBP, SOD1, BRCA1, TERT, FYN,
 HSPA5, LOC102723407, HLA-DRB1, AR, PIK3R1,
XBP1, APOB, PPARGC1A

M4 7  SLC6A4, ZNF804A, MTHFR, DRD2, DRD4,
DAOA, TCF4

M5 5 HLA-B, HLA-C, HLA-E, HLA-G, HLA-DRA

M6 5 TENM4, TRANK1, NT5C2, SYNE1, CSMD1

M7 7  COMT, CACNA1C, CYP2D6, HTR2A, ALDH2,
GSTM1, CNR1

A total of 206 genes associated with MS and 201 genes 
associated with BD were retrieved from the NCBI Gene 
database, of which 55 genes were found to be shared 
between the two diseases (Fig. 1). The complete lists 
of MS genes, BD genes, and the overlapping genes are 
provided in Supplementary Tables S1, S2, and S3, re-
spectively. The PPI network was constructed using the 

STRING database and consisted of 330 nodes and 8403 
edges.

Module Identification and GO Enrichment Analysis
The PPI network was further analyzed using the 

MCODE plug-in to identify functional modules. Ten 
modules (M1-M10) were detected, as detailed in Table 
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1.
Functional enrichment of these modules includ-

ed Gene Ontology terms (Biological Processes (BP), 
Molecular Functions (MF), and Cellular Components 
(CC)), obtained using the Webgestalt and g:Profiler web 
servers. Results related to the biological process of each 
module have been provided in Table 2. 

Hub Genes Analysis 
The top 10 hub genes were identified using the Cy-

toHubba plugin in Cytoscape. These hub genes were 
Tumor Necrosis Factor (TNF), Interleukin 6 (IL6), In-

terleukin 1 Beta (IL1B), Toll-like Receptor 4 (TLR4), 
AKT Serine/Threonine Kinase 1 (AKT1), B-cell Lym-
phoma 2 (BCL2), Interferon Gamma (IFNG), Amyloid 
Precursor Protein (APP), Nuclear Factor Kappa B Sub-
unit 1 (NFKB1), and Mechanistic Target of Rapamycin 
Kinase (MTOR). The interaction network constructed 
from these hub genes comprised 84 edges, with their 
ranking order presented in Figure 2.

Hub Genes Enrichment
GO enrichment of hub genes was performed using g:-

profiler (FDR<0.05), as shown in Table 3 and Fig. 3. 

Continuation of Table 1:Continuation of Table 1:

 Modules Nodes 
count Node’s name Modules figure

M8 3 S100B, NTRK2, SNCA

M9 3 PRKN, MAPT, HTT

M10 8  TPH2, HNRNPC, C9orf72, YWHAG, HTR1A,
FMR1, SLC6A3, FTO

TABLE 2: TABLE 2: GO analysis of functional modules.

Module 	 GO ID Biological Process (BP)	 FDR

M1 GO:0006955 Immune Response < 2.2e-16

M2 GO:0006955 Immune Response < 2.2e-16

M3 GO:0071459 Cellular Response to Endogenous Stimulus 5.6429e-7

M4 GO:0032225 Regulation of Synaptic Transmission, Dopaminergic < 0.00023054

M5 GO:0060333 Interferon-Gamma-Mediated Signaling Pathway 	 0.00048503

M6 GO:2000543 Positive Regulation of Gastrulation 1

M7 GO:0009410 Response to Xenobiotic Stimulus 	 0.024543

M8 GO:0060291 Long-Term Synaptic Potentiation 	 0.00089691

M9 GO:0010821 Regulation of Mitochondrion Organization 0.0078087

M10 GO:0042428 Serotonin Metabolic Process 	 0.031930
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This analysis shows the roles of hub genes in BP and 
functional pathways.

Drug-Gene Interaction Network
Analysis of hub gene expression revealed significant 

upregulation of TNF and IL-6 in patients with MS and 
BD compared to healthy controls (Darrau et al., 2024; 
Fresegna et al., 2020; Stampanoni Bassi et al., 2020; Xu 
et al., 2024). These two genes, which are central to mod�-
ules M1 and M2 in the PPI network (Table 1), were pri-

oritized as potential therapeutic targets due to their crit-
ical roles in inflammatory and immune pathways (Table 
3). FDA-approved drugs targeting TNF and IL-6 were 
subsequently identified from the DrugBank and DGIdb 
databases (Table 4). 

These drugs, proposed for potential drug repurposing 
in MS and BD, require further clinical validation. The 
triple gene-disease-drug interaction network is shown in 
Fig.4 .

               )a

                                                                   

FIGURE 2.FIGURE 2. MS-BD hub genes interaction network (2a) and their ranking list (2b).

TABLE 3: TABLE 3: GO terms of 10 hub genes.

GO ID GO term Description Number of genes  FDR

GO:0010001 BP glial cell differentiation 8 2.491×10-11

GO:0002684 BP positive regulation of immune system processes 10 1.143×10-10

GO:0080134 BP regulation of response to stress 10 1.272×10-9

GO:0006954 BP inflammatory response 9 2.531×10-9

GO:0002682 BP regulation of immune system process 10 4.272×10-9

GO:0006952 BP defense response 10 2.334×10-8

GO:0065009 BP regulation of molecular function 10 2.441×10-8

GO:0048584 BP positive regulation of response to stimulus 10 2.555×10-7

GO:0050776 BP regulation of immune response 8 4.570×10-7

GO:0008219 BP cell death 10 6.736×10-7
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FIGURE 3.FIGURE 3. GO bar chart related to hub genes via Webgestalt.

TABLE 4:TABLE 4: FDA-Approved Drugs Targeting TNF and IL6 Genes.

Target genes FDA-approved drugs

IL6 Siltuximab and Tocilizumab

TNF Infliximab, Adalimumab, Certolizumab pegol, Golimumab, Etanercept, and Pomalidomide

FIGURE 4.FIGURE 4. The triple network of Gene-Disease-Drug. Yellow points represent target hub genes, green points represent the disease, and 
pink points represent the candidate drug.
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Discussion
The present study demonstrates a substantial molecu-

lar overlap between multiple sclerosis (MS) and bipolar 
disorder (BD). By intersecting 206 MS-associated genes 
with 201 BD-associated genes retrieved from the NCBI 
Gene database, we identified 55 shared genes, highlight-
ing significant genetic convergence between the two dis-
eases (Fig. 1; Supplementary Tables S1–S3). The pro-
tein-protein interaction (PPI) network constructed using 
the STRING database contained 330 nodes and 8,403 
edges. This highly interconnected network suggests a 
complex molecular landscape that may contribute to the 
observed clinical comorbidity between MS and BD (Jo�-
seph et al., 2021a; Meier et al., 2020).

Module analysis with the MCODE plugin in Cyto-
scape uncovered ten functional modules (M1–M10) 
within the PPI network (Table 1). Notably, the two larg-
est modules (M1 and M2) were strongly enriched for 
immune response pathways (GO:0006955, FDR < 2.2e-
16; Table 2). These modules highlight key inflammato-
ry mediators and further emphasize the pivotal role of 
immune dysregulation in the shared pathophysiology of 
MS and BD.

Subsequent hub gene analysis using CytoHubba 
plugin in Cytoscape prioritized 10 central genes—TNF, 
IL6, IL1B, TLR4, AKT1, BCL2, IFNG, APP, NFKB1, 
and mTOR—as key nodes in the network (Fig. 2). These 
hub genes are predominantly involved in inflammato-
ry cascades, immune regulation, neuronal survival, and 
apoptosis. This molecular profile provides a plausi-
ble explanation for the frequent comorbidity observed 
between multiple sclerosis (MS) and bipolar disorder 
(BD). For instance, TNF and IL6, which serve as critical 
regulators of inflammation and neuronal integrity, are 
significantly upregulated in patients with both diseases 
compared to healthy controls (Brietzke and Kapczinski 
2008; Gonzalez Caldito 2023; Vadodaria et al., 2021). 

Overexpression of these hub genes is likely to sustain 
a chronic neuroinflammatory environment that exacer-
bates disease progression and mood instability in both 
conditions. Similarly, elevated IL1B levels have been 
implicated in primary progressive multiple sclerosis 
(MS) and in structural brain changes associated with 
bipolar disorder (BD), suggesting its potential role as a 
common driver of neurodegeneration (Li et al., 2021; 
Strenn et al., 2021). TLR4 appears to exert a context-de�-
pendent role, acting as a risk factor in MS while poten-

tially exerting protective effects against certain psy-
chotic features in BD (Aflouk et al., 2024; Asadzadeh 
Manjili et al., 2020).

Collectively, perturbations in AKT1, BCL2, IFNG, 
APP, NFKB1, and MTOR converge on several critical 
pathways, including immune-mediated demyelination, 
amyloid processing, and metabolic dysregulation (Cor�-
rêa-Velloso et al., 2018; Gehrmann et al., 1995; Javed 
and Reder, 2006; Luczynski et al., 2019; Machado-Viei�-
ra et al., 2015; Oktelik et al., 2021). In particular, NFKB1 
plays a central role in the NF-κB signaling pathway in 
MS, whereas MTOR has been implicated as a potential 
diagnostic and therapeutic marker in both MS and BD 
(Akbarian et al., 2020; Fazia et al., 2020; Park et al., 
2022).

Gene Ontology (GO) enrichment analysis of the hub 
genes (Table 3, Fig. 3) further supports these findings, 
revealing highly significant enrichment in biological 
processes such as glial cell differentiation, positive 
regulation of immune system processes, inflammatory 
response, and cell death. In MS, reactive gliosis and 
glial-mediated inflammation are well-established con-
tributors to demyelination and axonal damage. In BD, 
emerging evidence indicates that miRNA dysregulation 
impairs glial support for synaptic plasticity and axon 
guidance (Bame et al., 2020; Healy et al., 2022). Collec�-
tively, these observations suggest that glial dysfunction 
may represent a critical mechanistic link bridging the 
neuroinflammatory and neurodegenerative components 
of both disorders (Rodríguez Murúa et al., 2022; Roman 
et al., 2021).

The NFKB1 gene plays a central role in the NF-κB 
signaling pathway in MS, while MTOR has been pro-
posed as a potential diagnostic and therapeutic marker 
in both MS and BD (Akbarian et al., 2020; Fazia et al., 
2020; Park et al., 2022).

These findings underscore the critical importance of 
hub genes in the shared pathophysiology of the two dis-
orders.

From a translational perspective, the gene-disease-
drug interaction network provides particularly promis-
ing insights. Because TNF and IL6 play important roles 
and are significantly upregulated in the key modules, 
several FDA-approved biologics emerge as strong can-
didates for drug repurposing (Table 4; Fig. 4). These in-
clude IL-6 inhibitors (e.g., tocilizumab and siltuximab) 
and TNF inhibitors (e.g., infliximab, adalimumab, and 
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etanercept). Repurposing these agents could simultane-
ously target neuroinflammation and mood dysregulation 
in patients with comorbid MS and BD. Nevertheless, 
their efficacy and safety in this specific population re-
quire further validation through well-designed clinical 
trials.

This integrative network analysis provides compelling 
evidence for shared genetic, immune, and inflammatory 
mechanisms underlying multiple sclerosis and bipolar 
disorder. By identifying overlapping genes, functional 
modules, hub genes, and potential druggable targets, the 
present study enhances our understanding of the molec-
ular basis of their comorbidity and highlights promising 
avenues for improved screening, early intervention, and 
novel therapeutic strategies. Future prospective studies 
and well-designed clinical trials are warranted to vali-
date these findings and ultimately improve clinical out-
comes for patients affected by both conditions.

Conclusion 
This study elucidates key shared molecular pathways 

and hub genes (TNF, IL6, IL1B, TLR4, AKT1, BCL2, 
IFNG, APP, NFKB1, and MTOR) between multiple 
sclerosis (MS) and bipolar disorder (BD), highlighting 
their potential as both biomarkers and therapeutic tar-
gets. FDA-approved drugs targeting TNF and IL6, such 
as infliximab, siltuximab, and tocilizumab, represent 
promising candidates for drug repurposing in the man-
agement of both conditions. Furthermore, the overlap 
of these genes with other disorders, including Alzhei-
mer’s disease and inflammatory bowel disease, suggests 
broader therapeutic implications across immune-medi-
ated and neurodegenerative conditions. Nevertheless, 
these findings warrant validation through future pro-
spective studies and clinical trials to confirm the effica-
cy and safety of the proposed drugs and to develop in-
tegrated treatment strategies for patients with MS, BD, 
and related comorbidities.
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