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Background: Nonspecific orbital inflammation (NSQOI) represents a perplexing
and persistent proliferative inflammatory disorder of idiopathic nature,
characterized by a heterogeneous lymphoid infiltration within the orbital
region. This condition, marked by the aberrant metabolic activities of its
cellular constituents, starkly contrasts with the metabolic equilibrium found in
healthy cells. Among the myriad pathways integral to cellular metabolism, purine
metabolism emerges as a critical player, providing the building blocks for nucleic
acid synthesis, such as DNA and RNA. Despite its significance, the contribution of
Purine Metabolism Genes (PMGs) to the pathophysiological landscape of NSOI
remains a mystery, highlighting a critical gap in our understanding of the disease’s
molecular underpinnings.

Methods: To bridge this knowledge gap, our study embarked on an exploratory
journey to identify and validate PMGs implicated in NSOI, employing a
comprehensive bioinformatics strategy. By intersecting differential gene
expression analyses with a curated list of 92 known PMGs, we aimed to
pinpoint those with potential roles in NSOI. Advanced methodologies,
including Gene Set Enrichment Analysis (GSEA) and Gene Set Variation Analysis
(GSVA), facilitated a deep dive into the biological functions and pathways
associated with these PMGs. Further refinement through Lasso regression and
Support Vector Machine-Recursive Feature Elimination (SVM-RFE) enabled the
identification of key hub genes and the evaluation of their diagnostic prowess for
NSOI. Additionally, the relationship between these hub PMGs and relevant
clinical parameters was thoroughly investigated. To corroborate our findings,
we analyzed expression data from datasets GSE58331 and GSE105149, focusing
on the seven PMGs identified as potentially crucial to NSOI pathology.
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Results: Our investigation unveiled seven PMGs (ENTPD1, POLR2K, NPR2,
PDE6D, PDE6H, PDE4B, and ALLC) as intimately connected to NSOI.
Functional analyses shed light on their involvement in processes such as
peroxisome targeting sequence binding, seminiferous tubule development, and
ciliary transition zone organization. Importantly, the diagnostic capabilities of
these PMGs demonstrated promising efficacy in distinguishing NSOI from non-
affected states.

Conclusions: Through rigorous bioinformatics analyses, this study unveils seven
PMGs as novel biomarker candidates for NSO, elucidating their potential roles in
the disease’s pathogenesis. These discoveries not only enhance our
understanding of NSOI at the molecular level but also pave the way for
innovative approaches to monitor and study its progression, offering a beacon
of hope for individuals afflicted by this enigmatic condition.
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1 Introduction

Nonspecific orbital inflammation (NSOI) emerges as a benign,
non-infectious orbital disorder, devoid of any discernible systemic
or local causation. Accounting for 6%-16% of all ocular pathologies
and 11% of orbital malignancies, NSOI predominantly afflicts
middle-aged individuals, with a notable predisposition among
women (1, 2). The pathophysiological roots of NSOI remain
shrouded in uncertainty. However, recent investigations hint at its
potential linkage with a constellation of factors, including
Streptococcal pharyngitis, viral upper respiratory infections, and a
gamut of autoimmune phenomena such as rheumatologic
conditions, multifocal fibrosis, and Crohn’s disease (2, 3).
Manifestations of NSOI are heterogenous, ranging from lacrimal
gland inflammation and extraocular muscle myositis to other less
common presentations (4). Systemic corticosteroids stand as the
cornerstone of NSOI management, often employed as a first-line
intervention upon a presumptive diagnosis. Yet, the chronic use of
corticosteroids is marred by an array of adverse effects (5). Despite
the initial effectiveness of corticosteroid therapy, the recurrence rate
of NSOI alarmingly exceeds 50%. This underscores the urgent need
for an enhanced understanding of NSOI's molecular landscape,
aiming to develop innovative therapeutic modalities that curtail
recurrence and improve patient outcomes (6). In the realm of
biological systems, the assimilation of nutrients and execution of
metabolic functions are fundamental for survival. A defining
characteristic of cancer is its ability to reprogram metabolism,
thereby supporting tumor cell proliferation and survival. Recent
studies reveal that oncogenic transformation fosters a distinct
metabolic phenotype in cancer cells, which, in turn, remodels the
immune microenvironment. This complex environment,
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characterized by a diverse array of cell types, often suffers from
inadequate oxygen and nutrient availability, a consequence of
poorly developed or aberrantly differentiated vasculature (7). As
scientific exploration progresses, the study of non-tumoral immune
infiltrates gains prominence, propelled by accumulating evidence
that links immune responses to significant metabolic shifts within
tissues. These shifts encompass nutrient depletion, increased
oxygen consumption, and the production of reactive nitrogen and
oxygen species (8). Concurrently, the microenvironmental milieu
profoundly influences immune cell differentiation and function,
suggesting that metabolic interventions could enhance the
effectiveness of immunotherapeutic strategies (9).

In the vast and intricate web of biological existence, the
assimilation of nutrients and the execution of metabolic processes
stand as foundational pillars. Among these metabolic derivatives,
purines distinguish themselves as quintessential to the very essence of
life, providing the elemental substrates for the synthesis of DNA and
RNA (10). Yet, their significance extends far beyond the genomic
sphere, as purines are integral to the composition of critical
biomolecules such as ATP, GTP, cAMP, NADH, and coenzyme A.
These molecules play instrumental roles in a variety of cellular
functions, including energy production, signal transduction, redox
metabolism, and the biosynthesis of fatty acids (11). Furthermore,
purines are vital in the regulation of immune responses and in
facilitating the intricate interactions between host and pathogen.
Mammalian cells orchestrate purine metabolism via two primary
pathways: de novo synthesis and the salvage pathway, the latter of
which predominates in meeting the cellular demands for purines by
recycling degraded bases. In the context of rapidly proliferating
tumor cells, the requirement for purines intensifies, leading to an
upregulation of the de novo synthesis pathway (12). This heightened
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demand for purines in tumor cell replication has positioned purine
antimetabolites at the forefront of anticancer therapeutics, marking a
seminal advancement in the treatment of malignancies such as acute
lymphocytic leukemia, acute myeloid leukemia, and chronic myeloid
leukemia (13). This paradigm shift towards leveraging purine
antimetabolites in the realm of nonneoplastic diseases underscores
their potential in modulating disease progression by inhibiting DNA
synthesis and curtailing cell growth. The recent discovery of
purinosomes, entities intimately linked with the cell cycle and
purine metabolism, heralds a novel therapeutic vista that
emphasizes targeting purine metabolic pathways and purinosome
formation (14). While integrating purine metabolic strategies with
immunotherapy emerges as a promising avenue for managing NSOI,
the landscape of purine metabolism within the context of
immunogenicity and immunotherapeutic interventions remains
largely unexplored. Driven by this conspicuous knowledge void,
our investigation endeavors to provide a comprehensive evaluation
of PMGs within the ambit of immunotherapy for NSOL By delving
into this uncharted territory, we aim to illuminate new pathways and
therapeutic targets, potentially revolutionizing the approach to NSOI
management and offering a beacon of hope for patients afflicted by
this condition.

The advent of high-throughput data analysis, viewed through
the lens of bioinformatics, has become a cornerstone in unraveling
the complex gene networks underlying diverse disease states,
offering invaluable insights for molecular and mechanistic
investigations (15). Within this scientific milieu, the NSOI
Initiative’s extensive collection of high-throughput transcriptomic
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sequencing data, enriched with comprehensive clinical annotations,
presents a unique vantage point for examining the transcriptional
deviations and associated molecular pathways integral to NSOI
(16). Such bioinformatic inquiries have begun to illuminate the
multifaceted pathophysiology of NSOI, providing a richer
understanding of the condition from various angles. Despite these
advances, a significant gap in our knowledge remains—the
involvement of PMGs in NSOI has yet to be explored using
bioinformatic methodologies (17, 18). It is against this backdrop
that our study aims to traverse the NSOI landscape within the GEO,
specifically focusing on the role of PMGs, a journey visually
encapsulated in Figure 1. This endeavor seeks to deepen our
comprehension of NSOI, potentially uncovering novel molecular
targets for therapeutic intervention and advancing our grasp of its
underlying biological mechanisms.

2 Materials and methods

We adopted the methodologies delineated by Zi-Xuan Wu and
colleagues in 2023 (19).

2.1 Raw data acquisition
The foundational datasets for our investigation were sourced from

the GEO series: GSE58331 and GSE105149, utilizing the GPL570-
55999 platform for consistency. The GSE58331 dataset was designated
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Framework. In pursuit of a deeper comprehension of NSOI, we embarked on an investigative journey by harnessing patient-derived datasets curated
from the GEO repositories. Specifically, we leveraged the GSE58331 dataset as our principal cohort, supplemented by the GSE105149 dataset for
validation purposes. Employing a meticulous matching strategy of PMGs, we embarked on differential expression analyses and subsequent
construction of a prognostic risk model. Our methodological framework unearthed a distinct subset of PMGs exhibiting prognostic relevance in the
landscape of NSOI, thereby underscoring their candidacy as promising biomarkers. To unravel the functional underpinnings of these identified
genes, we executed an exhaustive suite of bioinformatics analyses spanning GO, KEGG, and GSEA. These comprehensive analyses were augmented
by seamless integration with diverse databases, furnishing a multi-dimensional portrayal of the implicated PMGs within the intricate milieu of cellular
processes, signaling cascades, and gene regulatory networks. Furthermore, in our quest to illuminate the immunological landscape and glean
insights into transcriptional dynamics, we conducted an intricate evaluation encompassing immune cell infiltration patterns, functional alterations,
and transcriptomic variations. This holistic approach not only enriches our comprehension of the implications of PMGs in NSOI but also lays a robust
foundation for the delineation of prospective targeted therapeutic interventions in the management of this enigmatic neurological disorder.
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for training purposes, while GSE105149 was reserved for validation,
ensuring a robust framework for our analysis. Additionally, the
MSigDB was consulted to compile a comprehensive list of 175
PMGs, as detailed in Supplementary Table S1.

2.2 Delineation of Differentially
Expressed Genes

Our methodology for extracting precise mRNA profiles
involved the utilization of Perl scripts to meticulously match and
sort transcriptional data from the GSE58331 dataset. Following
normalization procedures, we applied stringent criteria for
identifying differential expression among PMGs: FDR<0.05 and |
log2FC|>1. This rigorous approach enabled the isolation of
significantly altered PMGs for further scrutiny. To elucidate the
intricate relationships among these genes, Pearson’s correlation
coefficient was harnessed, leveraging the corrplot package in R for
comprehensive correlation analysis. This step was pivotal in
highlighting genes with statistically significant associations within
the identified modules.

2.3 Functional enrichment analysis: GO
and KEGG pathways

To unravel the biological implications and pathway
involvements of the DEGs, we embarked on Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses.
Utilizing R, we delved into the impact of differentially expressed
PMGs on biological processes (BP), molecular functions (MF), and
cellular components (CC). This exploration was aimed at
delineating the overarching biological themes and molecular
pathways that these genes influence, providing a deeper
understanding of their roles in the context of disease pathology
and offering insights into potential therapeutic targets. Through this
multi-faceted analysis, we sought not only to categorize the DEGs
but also to illuminate the complex interplay between purine
metabolism and its broader biological and clinical significance.

24 Building a model and immune
cell infiltration

In our quest to develop a predictive model of unmatched
precision and dependability, we employed the glmnet package for
Lasso regression analysis, augmented by cross-validation, to refine
our model. This approach effectively reduced overfitting and
improved the model’s predictive capability for complex biological
datasets. To further validate our model, we utilized the sophisticated
SVM-RFE algorithm with the e1071 package, meticulously
constructing a machine learning model. Cross-validation played a
critical role in evaluating the model’s error rates and accuracy,
ensuring its robustness and reliability. The Random Forest
algorithm, celebrated for its ensemble learning efficacy, was
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integral to our analysis. By generating multiple decision trees and
amalgamating their predictions, it minimized overfitting risks and
enhanced model generalization. This method’s distinctive feature—
random feature selection and bootstrap sampling—promoted
diversity among decision trees, improving the model’s overall
accuracy. Through the use of the randomForest and ggplot2
packages, we focused on analyzing differentially expressed genes,
identifying key genes essential for disease classification. In the
concluding phase, we ranked the significance of these feature
genes using an integrated approach that combined insights from
Lasso regression, Random Forest, and SVM models, providing a
nuanced understanding of their roles in disease pathology.
Moreover, the CIBERSORT algorithm allowed us to analyze the
immune cell composition, offering deeper insights into the immune
landscape pertinent to the disease. This comprehensive and
rigorous analytical approach not only augmented the accuracy of
disease classification but also opened new avenues for
understanding the disease’s molecular basis.

2.5 Gene set enrichment and
variation analyses

To discern the functional dynamics and pathway alterations
across a spectrum of samples, Gene Set Enrichment Analysis
(GSEA) and Gene Set Variation Analysis (GSVA) were deployed.
These analyses facilitated the identification of functionally related
gene sets and pathway changes, utilizing scores and visual
representations to elucidate the active biological processes and
pathways within different risk stratifications. Employing R, we
delved into the impact of differentially expressed PMGs on BP,
MF, CC, and pathways, offering a granular understanding of their
roles in disease mechanisms.

2.6 Drug-gene interaction insights

With the maturation of bioinformatics, the construction of
biological models and the identification of effective biomarkers have
become pivotal in diagnosing diseases. However, the transition from
biomarker identification to clinical application remains a critical
challenge. Thus, the prediction of therapeutic interventions based on
these markers is anticipated to play a vital role in the future
management and treatment of NSOI. Recognizing validated
biomarkers as cornerstones for therapeutic strategies, precise drug
prediction becomes paramount. To this end, we utilized the DGIdb
to forecast potential drug interactions for the hub genes identified,
laying the groundwork for targeted therapeutic interventions.

2.7 Interplay between common miRNAs
and IncRNAs

The regulatory landscape of genetics is significantly influenced
by non-coding RNA transcripts, including microRNAs (miRNAs)
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and long non-coding RNAs (IncRNAs). miRNAs can modulate
gene expression through the enhancement or repression of mRNA
degradation and translation, while IncRNAs, comprising over 200
nucleotides, orchestrate a plethora of cellular processes through
mechanisms like chromosomal modifications, transcriptional
activation, and interference. Recent studies highlight the extensive
interplay between miRNAs and IncRNAs, fostering a competitive
binding scenario among miRNAs, IncRNAs, and other regulatory
entities. This interaction has unveiled the concept of competitive
endogenous RNAs (ceRNAs), where an IncRNA may regulate gene
expression by sequestering miRNAs. In light of these findings, our
investigation seeks to determine whether specific miRNAs and
IncRNAs share regulatory mechanisms and developmental
pathways in NSOI, potentially unveiling novel avenues for
understanding and treating this complex condition.

2.8 Construction of an mMRNA-miRNA-
IncRNA network

To delineate the interactive landscape among mRNA, miRNA,
and IncRNA entities within NSOI, we sourced target gene
information from miRTarBase and PrognoScan, databases
providing empirically validated miRNA-IncRNA-target
interactions. The regulated network, established by intersecting
the target genes of common mRNA-miRNA-IncRNA with NSOI-
associated genes, was visualized using Cytoscape software, offering a
graphical representation of the molecular interplay critical for
disease pathophysiology.

2.9 Mendelian randomization analysis

To ensure the independence of exposure and outcome variables
in our genome-wide association study (GWAS) summary data, we
engaged in an association analysis via the TwoSampleMR package
in R. Designating TNF-related expression as the exposure and
ovarian function diminution as the outcome, we aimed to explore
potential causal relationships. The analysis entailed: 1. Instrumental
Variables (IVs) Configuration: TNF-related expressions were
screened with a P-value threshold of < 5x107-8 to identify
strongly associated exposures. 2. Independence Configuration:
Linkage disequilibrium (LD) between SNPs was calculated using
the PLINK clustering method, excluding SNPs with LD coefficient
rA2 > 0.001 and within 10,000 kb to ensure SNP independence and
reduce pleiotropic biases. 3. Statistical Strength Configuration: The
robustness of instrumental variables was assessed using the F-
statistic (F = BA2/SEA2), with variables having F < 10 deemed
inadequate to mitigate confounding effects.

Leveraging GWAS data, SNPs associated with the instrumental
variables were identified, and through the “harmonise_data”
function within TwoSampleMR, we aligned allelic directions of
exposure and outcome, excluding incompatible SNPs. The inverse
variance-weighted (IVW) method served as the cornerstone for
causal inference, employing the variance of instrumental variables
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as weights to determine causal dynamics, thereby advancing our
understanding of the genetic architecture underlying disease states.

3 Results

3.1 DEG identification and principal
component analysis

Among the 92 PMGs, some PMGs were found to be
significantly different. In addition, Some genes cluster in the treat
group and some in the control group. Treat: NME7, POLR2L,
POLD2, POLR3D, POLD4, PDE6B, GUCY2C, etc. Control:
ENTPD5, GUCY1A3, GUCY1B3, RRM2B, PFAS, PDE6D, etc.
(Figure 2A). These PMGs were tested for correlation and a
visualization of the correlation matrix was constructed (Figure 2B;
Supplementary Table S2).

3.2 Enrichment analysis of PMGs

GO enrichment analysis revealed 436 core targets, including BP,
MF, and CC. The MF mainly involves guanyl nucleotide binding
(GO:0019001), guanyl ribonucleotide binding (GO:0032561). The
CC mainly involves cell projection membrane (GO:0031253), vesicle
lumen (GO:0031983). The BP mainly involves neutrophil activation
(GO:0042119), neutrophil mediated immunity (GO:0002446). KEGG
enrichment analysis revealing that the over-expressed genes were
mainly involved in Huntington’s disease (hsa05016), Purine
metabolism (hsa00230), Vascular smooth muscle contraction
(hsa04270) (Figure 3; Supplementary Tables S3A, B).

3.3 Construction of the model

To delineate a gene signature with pronounced predictive
utility, we employed a methodological trifecta comprising LASSO
regression analysis, Cox proportional hazards regression analysis,
and the identification of an optimal cutoff value, as depicted in
Figures 4A, B. The construction of a machine learning model via
SVM-RFE ensued, serving to validate the model’s predictive
accuracy and reliability. This model demonstrated a
commendable accuracy of 0.883, alongside a minimal error rate
of 0.117 (Figures 4C, D). A cross-reference of seven PMGs
identified through both LASSO and SVM methodologies is
presented in Figure 4E. Subsequent comparative analysis with the
7 hub genes revealed significantly high AUC values, indicating
robust predictive power: ENTPD1 (AUC=0.800), POLR2K
(AUC=0.903), NPR2 (AUC=0.851), PDE6D (AUC=0.677),
PDE6H (AUC=0.627), PDE4B (AUC=0.712), and ALLC
(AUC=0.690) (Figure 4F). Notably, an AUC of 1.000 (95%
Confidence Interval: 1.000—1.000) was achieved in the GSE58331
dataset, underscoring the model’s exceptional precision and
stability (Figure 4G; Supplementary Table S4).
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In addressing concerns regarding the AUC value, it is
imperative to highlight the observed AUC of 0.883, as evidenced
in Figure 4. This metric unequivocally attests to the high accuracy of
our predictive model. While individual genetic variability may
contribute to fluctuations in AUC values, it is crucial to
emphasize that the aggregated AUC values for the evaluated
genes consistently approximate or exceed the notable threshold of
0.7. This synthesis of results substantially bolsters the validity,
precision, and resilience of our predictive framework, affirming its
potential utility in clinical and research settings (Table 1).

TABLE 1 The characteristics of model.

Label LASSO  SVM-RFE Random Forest
Sensitivity 1 1 0.818181818
Specificity 0.965517241 1 0.785714286

Pos Pred Value 0.916666667 1 0.75
Neg Pred Value 1 1 0.846153846
Precision 0.916666667 1 0.75
Recall 1 1 0.818181818
F1 0.956521739 1 0.782608696
Prevalence 0.275 0.275 0.44
Detection Rate 0.275 0.275 0.36
Detection Prevalence 0.3 0.275 0.48
Balanced Accuracy 0.982758621 1 0.801948052
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3.4 GSEA of analysis

We discovered that PDE4B and PDE6H may be the most
related genes with NSOI by evaluating the literature and the
sensitivity of these hub genes in the model. In terms of BP in GO
analysis, PDE4B mainly involves antigen receptor mediated
signaling pathway, chromatin remodeling, activation of immune
response. PDE6H mainly involves adaptive immune response,
alpha beta t cell activation, gobp adaptive immune response based
on somatic recombination of immune receptors (Figure 5A). In
terms of kegg analysis, PDE4B mainly involves protein export, rna
degradation, ubiquitin mediated proteolysis. PDE6H mainly
involves t cell receptor signaling pathway, ubiquitin mediated
proteolysis, rna degradation (Figure 5B; Supplementary Table S5).

3.5 Immune cells

The immunological environment has a critical role in the
initiation and progression of NSOI. We created a vioplot to
display the outcomes of immune cells. B cells naive, B cells
memory, T cells follicular helper, NK cells resting, Macrophages
MO, and Mast cells activated were highly expressed in the treat
group. The control group had considerably larger levels of cells
memory, NK cells activated, Macrophages M2, and Mast cells
resting (Figure 6A). We also performed a correlation study of
these genes and immune cells (Figure 6B). In addition, we
analyzed the immune infiltration of PDE4B and PDE6H
separately (Figures 6C, D).

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1318316
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

10.3389/fimmu.2024.1318316

A T e
e e B et

GSEA of Analysis in PDE4B and PDE6D. (A) GO. (B) KEGG.

3.6 GSVA of analysis

In terms of GO analysis, PDE4B mainly involves BP flavone
metabolic process, BP flavonoid glucuronidation, and CC troponin
complex. PDE6D mainly involves BP somatic diversification of t cell
receptor genes, BP negative regulation of cell chemotaxis to
fibroblast growth factor, CC barr body, CC tubular endosome,
and MF lipid antigen binding (Figure 7A). In terms of KEGG
analysis, PDE4B mainly involves neuroactive ligand receptor
interaction, olfactory transduction, renin angiotensin system.
PDE6H mainly involves non homologous end joining, B and T
cell receptor signaling pathway (Figure 7B).

3.7 Drug-gene interactions
The seven hub genel predicted 17 drugs. These include NESIRITIDE,
DIPYRIDAMOLE, PENTOXIFYLLINE, AMINOPHYLLINE,

ROFLUMILAST, etc. (Supplementary Table S6). In addition, the drug-
gene interactions were visualized by Cytoscape 3.7.1 (Figure 8).
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3.8 Identification of common RNAs and
construction of miRNAs-lncRNAs shared
genes network

Three databases were searched for 242 miRNAs and 284
IncRNAs linked with NSOI (Supplementary Tables S7A, B).
Supplementary Table S7 shows the matching of these genes
against the corresponding miRNA database. These databases
include miRanda (20), miRDB (21), and TargetScan (22). When
the corresponding database matched the relevant miRNA, the
score was marked as 1. It can be seen that when all three
databases can be matched, it is 3 points. The miRNA was
matched by spongeScan database (23) to obtain the
corresponding IncRNA data. The network of miRNAs-
IncRNAs-genes was constructed by taking the intersection of
them and shared genes (obtained by Lasso regression, Random
forest and SVM-RFE). Finally, the miRNAs-genes network
included 207 IncRNAs, 216 miRNAs, and several common
genes, including six hub genes (ENTPDI, PDE4B, PDE6H,
PDE6D, POLR2K, and NPR2) (Figure 9).
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3.9 Validation of hub genes

GSE105149 was used for validation to boost our model’s
confidence and prediction accuracy of these hub genes. However,
However, among these Seven PMGs, only NPR2 showed significant
differences in GSE105149 analysis (Figure 10). When we
recalibrated the data, we found that the sample sizes in the two
data sets differed, as did the sources of patients. This may have
contributed to the bias in the results.

3.10 Model verification

The Boxplots depicted the residual expression patterns of these
genes in NSOI (Figure 11A). There are some differences in the
proportions of the four different modes (Figure 11B). The GInMgs’
diagnostic capacity in distinguishing NSOI from control samples
revealed a satisfactory diagnostic value, with an AUC of RF: 0.994;
SVM: 0.994; XGB: 0.983; GLM: 0.966 (Figure 11C). An AUC of
1.000 (95% CI 1.000-1.000) in GSE105149 (Figure 11D).

3.11 Mendelian randomization analysis

In our exploration of the intrinsic connection between PDE4B,
PDE6H, and NSOI, forest plots were meticulously employed to
visually articulate the associations. For PDE4B, the SNP rs3132451
conspicuously positioned itself to the right of the confidence
interval, indicating a positive association. Conversely, rs1611236
and rs9378193 were observed to the left, reinforcing the credibility
of our findings (Figure 12A). In the case of PDE6H, SNPs
rs9378193, rs1611236, and rs3132451 were all situated to the
right of the confidence interval (Figure 12B), suggesting a similar
trend of association with NSOL Further dissecting the heterogeneity
inherent in our analysis, the funnel plot tailored to NSOI revealed a

10.3389/fimmu.2024.1318316

deviation from the expected symmetrical distribution, albeit
maintaining a general symmetry. This nuanced observation was
further scrutinized through sensitivity analysis, employing a “leave-
one-out” approach. Remarkably, the omission of any individual
SNP from the analysis had a negligible effect on the results of the
Inverse Variance Weighted (IVW) analysis, indicating that the
remaining SNPs consistently mirrored the outcomes of the
aggregate dataset. Substantiating the validity of our findings, the
MR-Egger regression analysis was invoked, providing a solid
foundation that bolsters both the robustness and authenticity of
our results and the methodologies applied. This Mendelian
randomization analysis unequivocally confirms the intimate
association of PDE4B and PDE6H with NSOI. Hence, it
delineates a potential pathway to modulate the incidence,
evolution, and progression of NSOI by intervening in the
functions of PDE4B and PDE6H, presenting a promising avenue
for therapeutic intervention and a deeper understanding of the
disease mechanism.

4 Discussions

NSOI represents a rare, idiopathic ocular anomaly
characterized by unilateral, severe orbital edema, emerging
independently of viral or systemic conditions, with the potential
for aggravation through optic nerve impairment. Despite its distinct
clinical presentation, the precise molecular underpinnings of NSOI
remain largely elusive (24). Central to unraveling this conundrum is
the regulation of gene expression, which is anticipated to play a
pivotal role in the pathophysiology of NSOI. Purines, encompassing
a class of heterocyclic bicyclic aromatic compounds, are integral to
numerous metabolic and cell signaling processes. The enzymatic
machinery governing the anabolic and catabolic pathways of purine
nucleotides has been implicated in the proliferation of tumor cells
and their resistance to therapies (25). A dysregulation between the
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antioxidant and pro-inflammatory roles of uric acid may serve as a
catalyst for tumor initiation and progression. Moreover,
disturbances in purine nucleotide metabolism, through their
influence on signal transduction pathways, are capable of
inducing changes in gene and protein expression profiles. These
alterations can enhance cellular malignancy, invasiveness, and the
tendency to metastasize (26). Recent research has identified several
risk markers across various ocular diseases, yet, without thorough
validation and extensive replication, these findings remain largely
theoretical in their application (27). Historically, the focus of
research has predominantly been on the impact of singular
purine metabolism regulators within the context of cancer.
However, the collective influence of multiple genes associated
with purine metabolism in non-cancerous diseases has not been
adequately explored (28). With the evolving understanding of
tumor biology, there is a noticeable shift towards investigating the
non-tumoral aspects of diseases. In the case of NSOI, examining the
complex patterns of purine metabolism during disease progression
could shed light on the critical role of purine metabolism within
NSOT’s pathogenesis. Such insights hold the promise of informing
targeted therapeutic strategies, thereby opening new avenues for the
management and treatment of NSOI.

In NSOI, we discovered 92 DEGs linked to Purine Metabolism.
We discovered the PMGs by intersecting DEGs, Lasso regression
and SVM-RFE after learning more about the involvement of PMGs
in NSOI Through crossover analysis, we discerned seven pivotal
PMGs (ENTPDI, POLR2K, NPR2, PDE6D, PDE6H, PDE4B, and
ALLC). These hub genes emerged as having substantial diagnostic
potential for NSOI, a conclusion reinforced by validation using
external datasets, thus underlining their critical role in the disease’s
pathogenesis. Notwithstanding these insights, our research also
revealed a significant knowledge gap regarding the interactions of
these genes with specific transcription factors within the PMG
framework. During our extensive literature review, particular
attention was drawn to PDE4B and PDE6H, which appeared to
be pivotal in the interplay between NSOI and PMGs. Further
exploration of their biological roles illuminated their involvement
in a spectrum of immune-related processes, including peroxisome
targeting sequence binding, seminiferous tubule development, and
ciliary transition zone. This insight suggests that PMGs might exert
extensive regulatory effects over a variety of biological pathways,
with a notable emphasis on immune-related pathways. Such a
regulatory impact could profoundly influence the
pathophysiological development of NSOI Our findings imply that
these genes may be fundamental in deciphering the progression of
NSOI and could unveil new pathways for therapeutic intervention,
offering promising prospects for future research and treatment
modalities in this field.

In our investigation into NSOI, we identified 92 DEGs
intimately associated with purine metabolism. This discovery
emerged from an integrative analysis combining DEGs with
advanced computational techniques, including Lasso regression
and SVM-REFE, to underscore the significance of PMGs in NSOI’s
pathology. Through meticulous crossover analysis, we pinpointed
seven central PMGs (ENTPD1, POLR2K, NPR2, PDE6D, PDE6H,
PDE4B, and ALLC) as harboring significant diagnostic potential for
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NSOL. This assertion gains further credence through validation
against external datasets, thereby affirming their fundamental role
in the disease’s molecular landscape. Despite these advances, our
exploration laid bare a notable void in our understanding of how
these genes interact with specific transcription factors within the
purine metabolism milieu. A focused review of existing literature
brought to light the genes PDE4B and PDE6H as particularly
critical in the NSOI-PMG nexus. Delving deeper into their
biological functions revealed their engagement in diverse
immune-related processes, spanning from peroxisome targeting
sequence binding and seminiferous tubule development to the
ciliary transition zone organization. These findings intimate that
PMGs could wield broad regulatory sway across myriad biological
pathways, with a pronounced focus on immune modulation. The
implications of our research are twofold. First, it posits these genes
as pivotal in unraveling the complex pathophysiological tapestry of
NSOI, thereby presenting them as key targets for further scientific
inquiry. Second, it opens new horizons for therapeutic exploration,
suggesting that these genes could illuminate novel pathways for
intervention. Thus, our study not only enriches the current
understanding of NSOI's molecular underpinnings but also charts
promising avenues for future research and therapeutic innovation
in addressing this challenging ocular condition.

Investigations into purine metabolism, a cornerstone for
maintaining cellular energy homeostasis and facilitating
proliferation, have unearthed its profound implications for
various diseases and metabolic pathways. A meticulous literature
review highlighted Phosphodiesterase 4B (PDE4B) and
Phosphodiesterase 6H (PDE6H) as genes with a potential linkage
to NSOI. Drawing upon Zhao’s research, it was observed that
reductions in PDE4B and PDESB levels—enzymes responsible for
the catabolic breakdown of cyclic AMP (cAMP)—are associated
with the progression of myopia, presumably through the elevation
of scleral cAMP concentrations (29). Prior experimental endeavors
employing siRNA to diminish PDE4B expression in human scleral
fibroblasts resulted in decreased COL1A1 expression, suggesting a
regulatory mechanism by PDE4B on scleral collagen I expression
dynamics, thereby hinting at PDE4B’s role as a novel susceptibility
gene for high myopia (30). Further, PDE6H, alongside five other
genes, has been implicated in the etiology and progression of color
blindness across diverse ethnic groups, underscoring the critical
function of phosphodiesterases (PDEs) in modulating intracellular
cyclic nucleotide levels and their vital contributions to various
physiological phenomena (31, 32). The focus on PDE4B and
PDE6H in relation to ocular diseases has intensified, with
research indicating PDE4B’s dysregulation in conditions such as
glaucoma, diabetic retinopathy, and age-related macular
degeneration (AMD), positing it as a promising therapeutic
target. Concurrently, PDE6H’s pivotal role in phototransduction
processes within retinal photoreceptor cells has been elucidated,
with mutations in PDE6H linked to retinitis pigmentosa, a genetic
retinal dystrophy. This body of evidence suggests a nuanced
interplay between PDE4B and PDE6H in the modulation of
retinal function and intraocular pressure, heralding new insights
into ocular disease pathophysiology. Our investigation into the role
of these genes within the context of NSOI, supported by dataset
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GSE105149, proposes a purine metabolism-related trait as a
potential prognostic indicator. Despite the burgeoning interest,
the exploration of gene alterations associated with purine
metabolism in relation to ocular conditions remains scant. The
convergence of our findings with existing research underscores the
significance of PDE4B and PDE6H as focal points in the landscape
of NSOI research, offering promising pathways for therapeutic
intervention and a deeper understanding of the molecular
intricacies underpinning NSOL

In the context of NSOI, there’s an emerging discourse
suggesting that the amplified immune response isn’t solely
tethered to CD4 dynamics. Rather, a nuanced interplay exists
involving a pre-established T-regulatory cell landscape, coupled
with both proinflammatory and regulatory cascades, such as
cytokine disequilibrium (33). This dysregulated immune
reconstitution may inadvertently hone in on opportunistic
infections, be they active or latent/historically managed. Infections
such as Tuberculosis, Cytomegalovirus, progressive multifocal
leukoencephalopathy, manifestations like Kaposi’s sarcoma, and
an array of autoimmune conditions might escalate or elude
detection (34). Among these, Cytomegalovirus retinitis stands out
as the predominant opportunistic infection associated with immune
restoration inflammatory ocular disorders, notably Immune
Recovery Uveitis (24, 35). Mounting evidence suggests that
elevating intracellular cAMP concentrations could offer a strategic
avenue to attenuate chronic inflammation. One viable modality to
elevate cCAMP levels hinges on thwarting its degradation, catalyzing
the conception of small molecule PDE4 inhibitors. Clinical
alleviation in conditions such as inflammatory bowel disease,
atopic dermatitis, and rheumatoid arthritis underscores the
potential of PDE4 inhibitors (36, 37). Drawing from our
antecedent investigations, we delved into the expression dynamics
of PMGs within the immunological milieu. Notably, in the treated
cohort, there was pronounced expression in naive B cells, memory B
cells, follicular helper T cells, resting NK cells, MO macrophages,
and activated mast cells. Conversely, the control ensemble
manifested heightened levels of memory cells, activated NK cells,
M2 macrophages, and resting mast cells. NSOI pose significant
therapeutic challenges, prompting the exploration of novel
treatment modalities. Bioinformatics methodologies have emerged
as indispensable tools in deciphering the intricate molecular
landscape underlying NSOI pathogenesis. Through bioinformatics
validation, aberrant gene expression signatures associated
with dysregulated immune responses have been delineated in
NSOI patients, offering pivotal insights into disease
mechanisms. Leveraging these discoveries, investigations into
immunotherapeutic interventions targeting these dysregulated
pathways have garnered attention. Immunomodulatory agents
have demonstrated promise in ameliorating NSOI symptoms by
modulating the aberrant immune responses identified through
bioinformatics analyses. Furthermore, elucidating the reciprocal
influence of immunotherapy on gene expression patterns has
unveiled its potential to mitigate neuroinflammation and foster
neuroregeneration, thereby presenting a multifaceted approach to
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NSOI management. This synergistic interaction between
bioinformatics validation and immunotherapeutic strategies not
only advances our understanding of NSOI pathophysiology but
also holds promise for the development of tailored
therapeutic interventions.

The exploration of biomarkers in the context of NSOI has been
markedly scant, with the nexus between metabolic processes and
ocular diseases only recently beginning to unfurl through
bioinformatics analyses (38-40). In this emerging field, Liu et al.
have delineated hub genes associated with NSOI using Weighted
Gene Coexpression Network Analysis, while Hu et al. have crafted a
bioinformatics model for thyroid eye disease, identifying 11 pivotal
genes including ATP6V1A and PTGES3 among others.
Furthermore, Huang et al. have pinpointed six significant genes
(CD44, CDC42, TIMP1, BMP7, RHOC, FLT1) as crucial for
diabetic retinopathy through advanced bioinformatics analysis
coupled with in vivo validation. Notwithstanding these
advancements, the interconnection between Purine Metabolism
and NSOI remains an uncharted territory. Our research
endeavors to bridge this gap by delving into cell metabolism,
aiming to delineate novel therapeutic strategies for NSOI through
the analysis of PMGs extracted from GEO datasets. This novel
approach sets our study apart from preceding works, offering fresh
theoretical perspectives and methodological innovations. However,
our study is not without its limitations. There exists a palpable need
for a deeper comprehension of the molecular dynamics that
intertwine PMGs with NSOI. The potential for both in vivo and
in vitro studies to shed light on these intricacies is immense,
suggesting a plethora of avenues for future inquiry. Moreover, the
correlation between prognostic genes and PMGs in the context of
NSOI warrants further investigation. Unraveling this intricate
relationship could provide invaluable insights into the
contributions of PMGs to the pathogenesis and prognosis of
NSOI. Such explorations are poised to broaden our
understanding and open new therapeutic vistas for the
management of NSOI, heralding a future of enhanced insights
and interventions in this domain.

5 Conclusions

The pathogenesis and progression of NSOI are the result of
complex, multifactorial interactions encompassing a multitude of
targets, pathways, signaling entities, and regulatory frameworks.
These components engage in a synergistic and reciprocal dance that
underlies the condition’s intricate nature. Central to this biological
interplay are the PMGs, which are crucial in the biosynthesis of a
series of proteins including ENTPD1, POLR2K, NPR2, PDE6D,
PDEG6H, PDE4B, and ALLC. Of particular note, PDE4B and PDE6H
are underscored for their prominent roles. Through their activity,
they hold the capacity to exert significant influence on the metabolic
circuitry, with implications that extend beyond mere biochemical
pathways, potentially impacting the clinical course and therapeutic
targets in NSOL

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1318316
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wu et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

Ethical review and approval was not required as per local
legislation and institutional requirements.

Author contributions

ZW: Conceptualization, Data curation, Writing - original draft.
CF: Writing - original draft, Data curation, Formal analysis, Project
administration. YH: Investigation, Methodology, Writing — original
draft. XP: Investigation, Software, Writing — original draft. ZZ:
Formal analysis, Writing — original draft. XY: Conceptualization,
Data curation, Methodology, Writing — review & editing. QP:
Conceptualization, Investigation, Methodology, Writing — review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Financial
support was provided by the National Natural Science Foundation
of China (30772824,81574031); Key Laboratory of TCM Prevention
and Treatment of Ent Diseases of Hunan Province (2017TP1018);

References

1. Eshraghi B, Dehghan A, Javadi N, Fazel M. Nonspecific orbital inflammation and
thyroid eye disease, a rare comorbidity: Report of two cases and review of literature.
BMC Ophthalmol. (2021) 21:251. doi: 10.1186/s12886-021-02008-z

2. Garrity JA. Not a Tumor-Nonspecific orbital inflammation. J Neurol Surg B Skull
Base. (2021) 82:96-9. doi: 10.1055/s-0040-1722636

3. Braich PS, Kuriakose RK, Khokhar NS, Donaldson JC, McCulley TJ. Factors
associated with multiple recurrences of nonspecific orbital inflammation aka orbital
pseudotumor. Int Ophthalmol. (2018) 38:1485-95. doi: 10.1007/s10792-017-0610-7

4. Rosenbaum JT, Choi D, Harrington CA, Wilson DJ, Grossniklaus HE, Sibley CH,
et al. Gene expression profiling and heterogeneity of nonspecific orbital inflammation
affecting the lacrimal gland. JAMA Ophthalmol. (2017) 135:1156-62. doi: 10.1001/
jamaophthalmol.2017.3458

5. Eshraghi B, Sonbolestan SA, Abtahi MA, Mirmohammadsadeghi A. Clinical
characteristics, histopathology, and treatment outcomes in adult and pediatric patients
with nonspecific orbital inflammation. J Curr Ophthalmol. (2019) 31:327-34.
doi: 10.1016/j.joc0.2019.03.004

6. Zhang XC, Statler B, Suner S, Lloyd M, Curley D, Migliori ME. Man with a
swollen eye: Nonspecific orbital inflammation in an adult in the emergency
department. ] Emerg Med. (2018) 55:110-3. doi: 10.1016/j.jemermed.2018.04.001

7. Jo DH, Kim JH, Kim JH. Tumor environment of retinoblastoma, intraocular
cancer. Adv Exp Med Biol. (2020) 1296:349-58. doi: 10.1007/978-3-030-59038-3_21

8. Xia L, Oyang L, Lin J, Tan S, Han Y, Wu N, et al. The cancer metabolic
reprogramming and immune response. Mol Cancer. (2021) 20:28. doi: 10.1186/512943-
021-01316-8

Frontiers in Immunology

15

10.3389/fimmu.2024.1318316

Changsha Science and Technology Plan Project (K1501014-31,
KC1704005); Central government financial support for the
construction of local universities (2018-2019); State Administration
of Traditional Chinese Medicine Key Discipline of Ophthalmology
construction project; Key discipline construction project of TCM Five
Senses Science in Hunan Province; Hunan Graduate Research
Innovation Project (CX20220780); “Yifang” Graduate Innovation
Project, Hunan University of Chinese Medicine (2022YF01).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.
1318316/full#supplementary-material

9. Zhang Y, Zhang Z. The history and advances in cancer immunotherapy:
Understanding the characteristics of tumor-infiltrating immune cells and their
therapeutic implications. Cell Mol Immunol. (2020) 17:807-21. doi: 10.1038/s41423-
020-0488-6

10. Yang S, Zhang B, Tan W, Qi L, Ma X, Wang X. A novel purine and uric
metabolism signature predicting the prognosis of hepatocellular carcinoma. Front
Genet. (2022) 13:942267. doi: 10.3389/fgene.2022.942267

11. Liu J, Hong S, Yang J, et al. Targeting purine metabolism in ovarian cancer. J
Ovarian Res. (2022) 15:93. doi: 10.1186/s13048-022-01022-z

12. Yin J, Ren W, Huang X, Deng J, Li T, Yin Y. Potential mechanisms connecting
purine metabolism and cancer therapy. Front Immunol. (2018) 9:1697. doi: 10.3389/
fimmu.2018.01697

13. Shatova OP, Butenko EV, Khomutov EV, Kaplun DS, Sedakov IE, Zinkovych II.
Metformin impact on purine metabolism in breast cancer. BioMed Khim. (2016)
62:302-5. doi: 10.18097/PBMC

14. Chen X, Chen J. miR-10b-5p-mediated upregulation of PIEZO1 predicts poor
prognosis and links to purine metabolism in breast cancer. GENOMICS. (2022)
114:110351. doi: 10.1016/j.ygeno.2022.110351

15. Peng L, Na Y, Changsong D, Sheng L, Hui M. Research on classification
diagnosis model of psoriasis based on deep residual network. Digit Chin Med. (2021)
4:92-101. doi: 10.1016/j.dcmed.2021.06.003

16. Chengdong P, Li W, Dongmei J, Nuo Y, Renming C. Establishing and validating
a spotted tongue recognition and extraction model based on multiscale convolutional
neural network. Digit Chin Med. (2022) 5:49-58. doi: 10.1016/j.dcmed.2022.03.005

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1318316/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1318316/full#supplementary-material
https://doi.org/10.1186/s12886-021-02008-z
https://doi.org/10.1055/s-0040-1722636
https://doi.org/10.1007/s10792-017-0610-7
https://doi.org/10.1001/jamaophthalmol.2017.3458
https://doi.org/10.1001/jamaophthalmol.2017.3458
https://doi.org/10.1016/j.joco.2019.03.004
https://doi.org/10.1016/j.jemermed.2018.04.001
https://doi.org/10.1007/978-3-030-59038-3_21
https://doi.org/10.1186/s12943-021-01316-8
https://doi.org/10.1186/s12943-021-01316-8
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.3389/fgene.2022.942267
https://doi.org/10.1186/s13048-022-01022-z
https://doi.org/10.3389/fimmu.2018.01697
https://doi.org/10.3389/fimmu.2018.01697
https://doi.org/10.18097/PBMC
https://doi.org/10.1016/j.ygeno.2022.110351
https://doi.org/10.1016/j.dcmed.2021.06.003
https://doi.org/10.1016/j.dcmed.2022.03.005
https://doi.org/10.3389/fimmu.2024.1318316
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wou et al.

17. Zhou XY, Yang SW, Ou JT, et al. Screening influencing factors of blood stasis
constitution in traditional Chinese medicine. Digit Chin Med. (2022) 5:169-77.
doi: 10.1016/j.dcmed.2022.06.006

18. Wu Z, Gao Y, Cao L, Peng Q, Yao X. Purine metabolism-related genes and
immunization in thyroid eye disease were validated using bioinformatics and machine
learning. Sci Rep. (2023) 13:18391. doi: 10.1038/s41598-023-45048-9

19. Wu Z, Liu P, Huang B, Deng S, Song Z, Huang X, et al. A novel Alzheimer’s
disease prognostic signature: identification and analysis of glutamine metabolism genes
in immunogenicity and immunotherapy efficacy. Sci Rep. (2023) 13:6895. doi: 10.1038/
541598-023-33277-x

20. De Carvalho TR, Giaretta AA, Teixeira BF, Martins LB. New bioacoustic and
distributional data on Bokermannohyla sapiranga Brandao et al, 2012 (Anura:
Hylidae): revisiting its diagnosis in comparison with B. pseudopseudis (Miranda-
Ribeiro, 1937). ZOOTAXA. (2013) 3746:383-92. doi: 10.11646/zootaxa.3746.2

21. Chen Y, Wang X. miRDB: an online database for prediction of functional
microRNA targets. Nucleic Acids Res. (2020) 48:D127-31. doi: 10.1093/nar/gkz757

22. Mon-Lopez D, Tejero-Gonzalez CM. Validity and reliability of the TargetScan
ISSF Pistol & Rifle application for measuring shooting performance. Scand ] Med Sci
Sports. (2019) 29:1707-12.

23. Furio-Tari P, Tarazona S, Gabaldon T, Enright AJ, Conesa A. spongeScan: A web
for detecting microRNA binding elements in IncRNA sequences. Nucleic Acids Res.
(2016) 44:W176-80. doi: 10.1093/nar/gkw443

24. Manta A, Ugradar S, Murta F, Ezra D, Cormack I. Immune reconstitution
inflammatory syndrome in a case of nonspecific orbital inflammation. Ophthal Plast
Reconstr Surg. (2018) 34:e54-6. doi: 10.1097/I0P.0000000000001022

25. Yang K, Li J, Tao L. Purine metabolism in the development of
osteoporosis. Biomed Pharmacother. (2022) 155:113784. doi: 10.1016/
j.biopha.2022.113784

26. Furuhashi M. New insights into purine metabolism in metabolic diseases: Role of
xanthine oxidoreductase activity. Am ] Physiol Endocrinol Metab. (2020) 319:E827-34.
doi: 10.1152/ajpendo.00378.2020

27. Yu F, Quan F, Xu J, Zhang Y, Xie Y, Zhang J, et al. Breast cancer prognosis
signature: Linking risk stratification to disease subtypes. Brief Bioinform. (2019)
20:2130-40. doi: 10.1093/bib/bby073

28. Jiang Z, Shen H, Tang B, Yu Q, Ji X, Wang L. Quantitative proteomic analysis
reveals that proteins required for fatty acid metabolism may serve as diagnostic markers
for gastric cancer. CLINICA CHIMICA Acta. (2017) 464:148-54. doi: 10.1016/
j.cca.2016.11.032

Frontiers in Immunology

16

10.3389/fimmu.2024.1318316

29. Zhao F, Zhou H, Chen W, Zhao C, Zheng Y, Tao Y, et al. Declines in PDE4B
activity promote myopia progression through downregulation of scleral collagen
expression. Exp Eye Res. (2021) 212:108758. doi: 10.1016/j.exer.2021.108758

30. Zhao F, Chen W, Zhou H, Reinach PS, Wang Y, Juo SH, et al. PDE4B proposed
as a high myopia susceptibility gene in chinese population. Front Genet. (2021)
12:775797. doi: 10.3389/fgene.2021.775797

31. Solaki M, Baumann B, Reuter P, Andreasson S, Audo I, Ayuso C, et al.
Comprehensive variant spectrum of the CNGA3 gene in patients affected by
achromatopsia. Hum Mutat. (2022) 43:832-58. doi: 10.1002/humu.24371

32. Mastey RR, Georgiou M, Langlo CS, Kalitzeos A, Patterson EJ, Kane T, et al.
Characterization of retinal structure in ATF6-Associated achromatopsia. Invest
Ophthalmol Vis Sci. (2019) 60:2631-40. doi: 10.1167/iovs.19-27047

33. Flogel U, Schluter A, Jacoby C, Temme S, Banga JP, Eckstein A, et al. Multimodal
assessment of orbital immune cell infiltration and tissue remodeling during
development of graves disease by (1) H(19) F MRI. Magn Reson Med. (2018)
80:711-8. doi: 10.1002/mrm.27064

34. Ding X, Cao Y, Xing Y, Ge S, Lin M, Li J. TIMP-1 mediates inflammatory and
immune response to IL-6 in adult orbital xanthogranulomatous disease. Ocul Immunol
Inflamm. (2020) 28:288-97. doi: 10.1080/09273948.2019.1581227

35. Sagiv O, Kandl TJ, Thakar SD, Thuro BA, Busaidy NL, Cabanillas M, et al.
Extraocular muscle enlargement and thyroid eye disease-like orbital inflammation
associated with immune checkpoint inhibitor therapy in cancer patients. Ophthal Plast
Reconstr Surg. (2019) 35:50-2. doi: 10.1097/IOP.0000000000001161

36. SuY, DingJ, Yang F, He C, Xu Y, Zhu X, et al. The regulatory role of PDE4B in
the progression of inflammatory function study. Front Pharmacol. (2022) 13:982130.
doi: 10.3389/fphar.2022.982130

37. Zheng XY, Chen JC, Xie QM, Chen JQ, Tang HF. Anti—inflammatory effect of
ciclamilast in an allergic model involving the expression of PDE4B. Mol Med Rep.
(2019) 19:1728-38. doi: 10.3892/mmr.2019.9802

38. LiuH, Chen L, Lei X, Ren H, Li G, Deng Z. Identification of hub genes associated
with nonspecific orbital inflammation by weighted gene coexpression network analysis.
Dis Markers. (2022) 2022:7588084. doi: 10.1155/2022/7588084

39. HuJ, Zhou S, Guo W. Construction of the coexpression network involved in the
pathogenesis of thyroid eye disease via bioinformatics analysis. Hum Genomics. (2022)
16:38. doi: 10.1186/540246-022-00412-0

40. WuZ LiN, Gao Y, Cao L, Yao X, Peng Q. Glutamine metabolism-related genes and
immunotherapy in nonspecific orbital inflammation were validated using bioinformatics and
machine learning. BMC Genomics. (2024) 25:71. doi: 10.1186/s12864-023-09946-6

frontiersin.org


https://doi.org/10.1016/j.dcmed.2022.06.006
https://doi.org/10.1038/s41598-023-45048-9
https://doi.org/10.1038/s41598-023-33277-x
https://doi.org/10.1038/s41598-023-33277-x
https://doi.org/10.11646/zootaxa.3746.2
https://doi.org/10.1093/nar/gkz757
https://doi.org/10.1093/nar/gkw443
https://doi.org/10.1097/IOP.0000000000001022
https://doi.org/10.1016/j.biopha.2022.113784
https://doi.org/10.1016/j.biopha.2022.113784
https://doi.org/10.1152/ajpendo.00378.2020
https://doi.org/10.1093/bib/bby073
https://doi.org/10.1016/j.cca.2016.11.032
https://doi.org/10.1016/j.cca.2016.11.032
https://doi.org/10.1016/j.exer.2021.108758
https://doi.org/10.3389/fgene.2021.775797
https://doi.org/10.1002/humu.24371
https://doi.org/10.1167/iovs.19-27047
https://doi.org/10.1002/mrm.27064
https://doi.org/10.1080/09273948.2019.1581227
https://doi.org/10.1097/IOP.0000000000001161
https://doi.org/10.3389/fphar.2022.982130
https://doi.org/10.3892/mmr.2019.9802
https://doi.org/10.1155/2022/7588084
https://doi.org/10.1186/s40246-022-00412-0
https://doi.org/10.1186/s12864-023-09946-6
https://doi.org/10.3389/fimmu.2024.1318316
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Bioinformatic validation and machine learning-based exploration of purine metabolism-related gene signatures in the context of immunotherapeutic strategies for nonspecific orbital inflammation
	1 Introduction
	2 Materials and methods
	2.1 Raw data acquisition
	2.2 Delineation of Differentially Expressed Genes
	2.3 Functional enrichment analysis: GO and KEGG pathways
	24 Building a model and immune cell infiltration
	2.5 Gene set enrichment and variation analyses
	2.6 Drug-gene interaction insights
	2.7 Interplay between common miRNAs and lncRNAs
	2.8 Construction of an mRNA-miRNA-lncRNA network
	2.9 Mendelian randomization analysis

	3 Results
	3.1 DEG identification and principal component analysis
	3.2 Enrichment analysis of PMGs
	3.3 Construction of the model
	3.4 GSEA of analysis
	3.5 Immune cells
	3.6 GSVA of analysis
	3.7 Drug-gene interactions
	3.8 Identification of common RNAs and construction of miRNAs-lncRNAs shared genes network
	3.9 Validation of hub genes
	3.10 Model verification
	3.11 Mendelian randomization analysis

	4 Discussions
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


