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Abstract 

Trigeminal neuralgia is a debilitaGng neuropathic pain disorder characterized by recurrent, 
brief, electric shock-like facial pain. Although caffeine is widely consumed and has neuroin-
flammatory modulaGon ability, its potenGal molecular associaGon with trigeminal neuralgia 
remains unclear. This study aimed to invesGgate potenGal molecular pathways linking caf-
feine exposure to trigeminal neuralgia-related biological processes. Compound-disease da-
tasets were obtained from CTD database. Gene-gene interacGon network was constructed 
with GeneMANIA. GO and KEGG pathway enrichment analysis were performed using DAVID 
bioinformaGcs (p-value set to 0.05; FDR-correcGon applied). Cell-type specific gene-expres-
sion were assessed using single-cell data from HPA server. Eight overlapping genes —FOS, 
GFAP, GRIN1, IL1B, MAPK1, MAPK3, MAPK9, and TNF— were recognized in caffeine-trigemi-
nal neuralgia datasets. Gene-gene interacGon network showed predominance predicted and 
physical interacGon. Biological processes, cellular components, molecular funcGons, and 
pathway enrichment analysis were obtained. HPA analysis demonstrated gene expression 
across vascular and immune cell populaGons. Molecular overlaps, biological frameworks and 
pathways, showed potenGal trigeminal sensiGzaGon through neuroinflammaGon, glial re-
sponse, MAPK signaling, immune-cell interacGon and neural excitability. These findings pro-
vide computaGonal evidence of potenGal molecular links between caffeine and mechanism 
underlying trigeminal neuralgia. 
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Introduc)on 
Trigeminal neuralgia (TN), formerly known as 
"c douloureux, is a chronic pain disorder char-
acterized by recurrent, brief, electric shock-like 
episodes affecGng structures innervated by the 
trigeminal nerve [1]. The trigeminal nerve sup-
plies innervaGon of the forehead, cheek, and 
lower jaw; TN is predominantly unilateral and 
may involve one or more of its divisions [2]. TN 
has mulGfactorial pathophysiology involving 
geneGc, anatomical, and neurophysiological 
factors that promote neuronal 

hyperexcitability, central sensiGzaGon, and 
neural plasGcity. Neurovascular compression 
and focal demyelinaGon of the trigeminal root 
are well-established common eGological fac-
tors in trigeminal neuralgia, while the specific 
modulaGon of disease development remains 
incompletely understood [1,3,4]. 
Caffeine is one of the most widely consumed 
substances worldwide, approximately 80% of 
the global populaGon [5]. Caffeine is known for 
its beneficial effect including decreased cardio-
vascular disease and diabetes risk with maxi-
mum recommendaGon of 400-600mg/day [6]. 

However, caffeine exposure has also been im-
plicated in the onset or exacerbaGon of specific 
pain disorders, including migraine and caf-
feine-withdrawal headache [7]. Chronic caf-
feine intake may modulate pathophysiological 
processes relevant to neurological disorder, in-
cluding neuroinflammaGon, based on the ex-
perimental models. It suggests a potenGal role 
in neural pain processing mechanism [8].  
A recent study invesGgated the associaGon be-
tween oral caffeine intake and trigeminal neu-
ralgia (TN). However, experimental factors 
such as co-exposure to other substances, may 
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have influenced the findings, leaving both the 
potenGal associaGon and its underlying mech-
anism remain insufficiently elucidated [7]. 
Therefore, this study aimed to invesGgate the 
potenGal molecular pathways linking the caf-
feine and TN-related biological mechanisms 
through the idenGficaGon of altered gene and 
protein expression, funcGonal enrichment and 
cell specific associaGon. 
 
Material and Methods 
ComparaGve Toxicogenomics Database (CTD, 
hhp://CTD.mdibl.org) is a literature-based re-
source that provides informaGon about the as-
sociaGon between chemical compound, gene 
product, disease and environmental exposure 
publicly [9].  In CTD database, the gene interac-
Gon includes the increase and decrease of pro-
tein acGvity, mRNA expression, and protein ex-
pression. Gene interacGons quanGficaGon was 
based on the published literature curaGon us-
ing a hierarchical interacGon type vocabulary 
which characterizes general biochemical, regu-
latory, and physical chemical-genes/protein in-
teracGons. CTD was used to disclose the infor-
maGon about the caffeine and trigeminal neu-
ralgia associaGon. The caffeine-TN related 
genes were retrieved from the disease data 
cards. The report of chemical-disease-gene 
analysis was collected in July 2026. 
Subsequent interacGons analysis among re-
lated genes was conducted through Gene-
MANIA online (hhps://genemania.org) server. 
GeneMANIA website was used to create hy-
pothesis or predicGon of the gene list, gene 
funcGon, and prioriGzed genes for funcGonal 
test [10]. The informaGon about predicted net-
works, physical interacGons, co-expression, 
shared protein domains, pathway and geneGc 
informaGon were retrieved. The Homo sapiens 
was chosen as the idenGfied species. 
GO and KEGG funcGonal annotaGon pathway 
enrichment analysis were performed in DAVID 
BioinformaGcs website (hhps://davidbioinfor-
maGcs.nih.gov/) in order to explore the molec-
ular and biological funcGons [11]. The biologi-
cal process, molecular funcGon and cellular 
component analyses were conducted; FDR 
(False Discovery Rate) correcGon and p<0.05 
were chosen for the analysis. The retrieved 
data were subsequently visualized using Scien-
Gfic and Research plot tool (SRplot; 
hhp://www.bioinformaGcs.com.cn/srplot). 
SRplot was chosen to comprehensively visual-
ize most influenced biological process, molec-
ular funcGon, cellular component and pathway 
enrichment [12].  
The evaluaGon of potenGal Gssue-specific ef-
fects were performed using human gene ex-
pression diagrams from the Human Protein At-
las (HPA) website (hhps://www.proteinat-
las.org/) [13,14]. The single cell type-

vasculature was chosen to idenGfy the caffeine 
effect related to trigeminal neuralgia. The se-
lected genes were the caffeine-induced upreg-
ulated genes in the development of TN. The 
values of averaged raw gene counts across all 
cells within a cluster were normalized using 
Trimmed Mean of M-values (TMM) normaliza-
Gon, referred to as normalized counts per mil-
lion (nCPM). The nCPM of each cell was visual-
ized using SRplot. 
 
Results 
Trigeminal neuralgia was chosen among sev-
eral disease cards in mouth disease category of 
CTD database. There were eight caffeine-TN 
overlapping genes obtained. Those are FOS 
(Fos proto-oncogene, AP-1 transcripGon factor 
subunit), GFAP (glial fibrillary acidic protein), 
GRIN1 (glutamate ionotropic receptor NMDA 
type subunit 1), IL1B (interleukin 1 beta), 
MAPK1 (mitogen-acGvated protein kinase 1), 
MAPK3 (mitogen-acGvated protein kinase 3), 
MAPK9 (mitogen-acGvated protein kinase 9), 
and TNF (tumor necrosis factor). 
Caffeine was shown to increase MAPK1, 
MAPK3 and TNF protein acGvity (Table 1). Ad-
diGonally, caffeine was shown increased mRNA 
expression of FOS and TNF as well as decreased 
mRNA expression of GRIN1 and IL1B. There 
was an increased level of protein expression in 
FOS, GFPAP, MAPK1, MAPK3 and TNF. 
Type of the network construcGon and genes in-
teracGons were determined using Gene-
MANIA. Caffeine-TN intersected genes were 
loaded into the GeneMANIA web plug-in, re-
sulGng a link network (Figure 1). The result 
showed a predominance of predicted and 
physical interacGons, indicaGng that those 
genes are predicted to interact when their 
orthologs are known to interact in another or-
ganism, and linked when their encoded protein 
interacGons had been idenGfied in protein-pro-
tein interacGon studies. AddiGonally, the fol-
lowing interacGons obtained were co-expres-
sion (24.99%), shared protein domains 
(5.31%), pathway (0.78%), and geneGc interac-
Gons (0.05%). 
GO and KEGG funcGonal annotaGon pathway 
enrichment analysis were performed with the 
selecGon of Homo sapiens annotaGon. Result 
of the analysis showed involvement of 86 bio-
logical process terms, including posiGve regula-
Gon of neuroinflammatory response, Berg-
mann glial cell differenGaGon, response to eth-
anol, posiGve regulaGon of macrophage de-
rived foam cell differenGaGon, and posiGve 
regulaGon of glial cell proliferaGon. There were 
9 cellular component terms, including pseudo-
podium, cytosol, plasma membrane, caveola, 
and ciliary Gp. There were 11 molecular func-
Gon terms including MAP kinase acGvity, iden-
Gcal protein binding protein serine kinase 

acGvity, protein serine/threonine kinase acGv-
ity, and protein kinase acGvity (Figure 2).  
The result of KEGG pathway enrichment analy-
sis showed that the most common terms were 
related to Pertussis, IL-17 signaling pathway, 
Chagas disease, Toll-like receptor signaling 
pathway, TNF signaling pathway, Yersinia in-
fecGon, Osteoclast differenGaGon, Pathogenic 
Escherichia coli infecGon, Lipid and atheroscle-
rosis, and Leishmaniasis (Figure 3). Further dis-
cussion would focus on three main pathways 
which were the IL-17 signaling pathway, Toll-
like receptor signaling pathway, and TNF sig-
naling pathway that related to inflammaGon 
process. 
The potenGal Gssue-specific effects for the sin-
gle cell-vasculature through caffeine-TN re-
lated genes normalized counts per million 
(nCPM) analysis are presented in Figure 4. 
These results showed potenGal affected single 
cell of the vasculature in the development of 
trigeminal neuralgia including Schwann cell, 
vascular endothelial cell, vascular smooth mus-
cle cell, mast cell, neutrophil, monocyte, mac-
rophage, T-cell, and NK-cell due to the upregu-
lated caffeine-induced genes. 
	
Discussion 
The pathophysiology of trigeminal neuralgia in-
volves complex network-level dysfuncGons 
that amplify, integrate, and sustain nocicepGve 
signaling across mulGple brain regions. Rather 
than following a linear pathway, TN pain in-
volves interconnected parallel circuits, ascend-
ing facilitaGon, descending modulaGon, and 
posiGve-feedback mechanisms [15].  
TN is a disorder which related to neuronal hy-
perexcitability, neuroinflammatory, glial, and 
signaling mechanisms [3,15,16]. This suggests 
convergence among neuronal, glial, intracellu-
lar signaling, and inflammatory mechanisms ra-
ther than independent causal effects of all 
eight genes in our findings. 
Recent study disclosed a connecGon between 
c-Fos expression and trigeminal pain-state ac-
GvaGon [17]. In animal models, c-Fos expres-
sion marks trigeminal pain-related neuronal 
acGvaGon, however it does not establish FOS 
as a primary causal mediator [18]. Glial fibril-
lary acidic protein (GFAP) encodes one of the 
major intermediate filament proteins of ma-
ture astrocytes. GFAP is widely used as a 
marker to idenGfy and disGnguish astrocytes 
from other glial cell types during development 
and is also regarded as an important biomarker 
of neuroinflammatory condiGons [19].  Recent 
studies indicate that GFAP-marked satellite 
glial cell acGvaGon in the trigeminal ganglion is 
associated with trigeminal neuropathic pain. 
Nerve injury increases GFAP expression, while 
reducing TN-associated pain also decreases 
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GFAP, supporGng a link between satellite glial 
cell acGvaGon, inflammaGon, and neuropathic 
pain [20,21].  
Our findings showed increased MAPK1/MAPK3 
acGvity and protein expression, with MAPK9 
also appearing in the overlapping-gene set. Re-
cent studies implicate MAPK signaling in TN-re-
lated inflammaGon and neuropathic pain, with 
increased ERK1/2, p38, and JNK acGvity and re-
duced pain following pathway inhibiGon 
[22,23]. Moreover, phosphoproteomic evi-
dence idenGfied MAPK signaling, as a shared 
mechanism in trigeminal neuropathic pain 
[24]. 
TNF showed increase at mRNA, protein and ac-
Gvity levels. The producGon of the pro-inflam-
matory cytokine TNF-α is increased by various 
cell types, including astrocytes and microglia, 
in response to stress, injury, or inflammatory 
condiGons [25].  Recent review showed TN pa-
Gents’ elevated TNF-α, which may contribute 
to glial acGvaGon and neuroinflammaGon [22]. 
Experimental evidence further indicates that 
macrophage-derived TNF-α enhances neu-
ronal excitability, sustaining neuroinflamma-
Gon and mechanical allodynia [26] .  
The result of pathway enrichment analysis 
showed that TNF, IL-17, and Toll-like receptor 
signaling pathways were plausibly associated 
with trigeminal neuralgia through inflamma-
tory and immune mechanisms. In contrast, en-
richment of infecGon-related pathways should 
not be interpreted as direct evidence that 
these infecGons cause TN. They may appear in 
enrichment analyses for KEGG pathways share 
inflammatory or innate-immune genes. TNF 
and Toll-like receptor signaling have relaGvely 
strong evidence linking them to trigeminal 
neuropathic pain through inflammatory and 
neuronal sensiGzaGon mechanisms [22,27,28]. 
In addiGon, IL-17 signaling is biologically plau-
sible yet has more limited direct evidence in 
TN. However, it is known for its involvement in 
the nerve injury pathological development 
[29–31]. 
The HPA results further indicated that caffeine-
associated genes are expressed in vascular and 
immune cell populaGons, as descripGve ex-
pression data, suggesGng that interacGons 
among neural, vascular, and immune compart-
ments may be relevant to the proposed mech-
anism. Directly relevant to our cell list, latest 
study demonstrated that macrophages in the 
trigeminal ganglion contribute to TN by releas-
ing TNF-α and increasing neuronal excitability, 
establishing a neuron–macrophage feedback 
loop [26] .  
The increased expression or acGvity of in-
duced-overlapped genes, altogether with the 
idenGficaGon of related pathways, provided a 
biologically coherent framework in which caf-
feine-associated molecular modulaGon could 

potenGally influence mechanisms involved in 
trigeminal sensiGzaGon. This interpretaGon is 
consistent with recent TN studies demonstrat-
ing important roles for satellite glial cells, mac-
rophages, inflammatory cytokines, MAPK sig-
naling, and neuron–immune interacGons in the 
iniGaGon and maintenance of trigeminal neu-
ropathic pain. 
Nevertheless, these findings should be inter-
preted as a mechanisGc hypothesis rather than 
evidence of causality. In parGcular, the compu-
taGonal analyses do not establish that caffeine 
directly acGvates these pathways in trigeminal 
Gssue, nor do they demonstrate that caffeine 
produces neurovascular compression or di-
rectly induces TN. The bioinformaGc-based 
analyses of biological response also may be 
context, cell, or Gme-dependent and requires 
experimental validaGon. Accordingly, the pre-
sent study supports the hypothesis that caf-
feine may modulate molecular pathways capa-
ble of altering trigeminal neuronal-glial-im-
mune signaling and potenGally lowering the 
threshold for pain ahacks in suscepGble indi-
viduals, rather than establishing caffeine as a 
direct cause of trigeminal neuralgia. Further 
studies employing in vitro or in vivo approaches 
are warranted to elucidate the dosage and 
Gme-dependent effects of caffeine on trigemi-
nal neuralgia. 
	
Conclusion 
BioinformaGc analysis revealed eight overlap-
ping genes between caffeine and trigeminal 
neuralgia. Increased FOS and TNF mRNA ex-
pression; as well as MAPK1, MAPK3, TNF acGv-
ity; and FOS, GFAP, MAPK1, MAPK3 and TNF 
protein expression emphasized potenGal bio-
logical process related to pathophysiology of 
trigeminal neuralgia. Overlapped genes were 
connected predominantly through predicted 
physical interacGons. These findings suggest 
that caffeine may modulate molecular path-
ways involving neuroinflammaGon, glial re-
sponse, MAPK signaling, and neural excitability 
based on the computaGonal-based analysis.  
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Figure 1. Gene-gene interacGon network. 
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Figure 2. Gene Ontology (GO) analysis including biological process (BP), cellular components (CC), and molecular funcGon (MF). 
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Figure 3. Kyoto Encyclopedia of Genes and Genomes (KEGG) top 10 pathways enrichment analysis.  



  PotenGal Molecular Pathway Linking Caffeine Exposure to Trigeminal Neuralgia 

Vol 14, No 3 (2026)    DOI 10.5195/d3000/2026.1605 

	 	

 
Figure 4. Single cell-vasculature effect due to upregulated caffeine-induced genes. FOS (A). GFAP (B). MAPK3 (C). MAPK1 (D). TNF (E). 
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Table 1. The interacGon between caffeine and annotated genes. 

Gene Protein AcGvity mRNA Expression Protein Expression 
FOS / + + 
GFAP / / + 
GRIN1 / - / 
IL1B / - / 
MAPK1 + / + 
MAPK3 + / + 
MAPK9 - / / 
TNF + + + 

+ increase; - decrease. 
 
 
 

 


