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Ribose-5-phosphate isomerase A (RPIA) is a functionally important enzyme of the non-
oxidative branch of the pentose phosphate pathway (PPP), catalysing the reversible
interconversion of ribose-5-phosphate and ribulose-5-phosphate . The PPP contributes
to the generation and interconversion of metabolic intermediates required for nucleotide
biosynthesis and other cellular processes; therefore, alterations in enzymes associated
with this pathway may influence broader aspects of cellular metabolism . RPIA has also
attracted attention in studies investigating metabolic dysregulation and disease-
associated molecular mechanisms .The present study employed an integrated
transcriptomic and protein—protein interaction (PPI) network-based approach to
investigate molecular alterations associated with rpia-1 dysfunction in Caenorhabditis
elegans. RNA-sequencing data obtained from the NCBI Gene Expression Omnibus
were used for gene-expression analysis . The selected genes were subsequently
examined using the STRING database to investigate potential protein—protein
interactions . Network visualisation and analysis were performed using Cytoscape ,
while cytoHubba was used to identify highly ranked and highly connected nodes within
the interaction network .The analysis identified ACT3, ACT1, ACT2, ARX2, and ACT4
as prominent hub genes within the resulting network. The identification of several actin-
associated genes among the highest-ranked nodes suggests a potential association
between rpia-1 dysfunction and alterations in cytoskeletal organisation or related
cellular processes. However, network centrality alone does not establish a causal
biological relationship, and these genes should therefore be regarded as candidate
molecular nodes requiring further experimental validation.Collectively, this study
provides a systems-level framework for investigating molecular alterations associated
with rpia-1 dysfunction in C. elegans. By integrating transcriptomic analysis with PPI
network topology, the study identifies candidate hub genes that may support future
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investigations into the relationship between pentose
phosphate pathway dysfunction and broader cellular network
organisation.

INTRODUCTION

The pentose phosphate pathway (PPP) is an
important component of cellular metabolism that
links carbohydrate utilisation with the generation
and interconversion of metabolic intermediates
required for diverse biosynthetic processes [1,2].
The pathway consists of oxidative and non-
oxidative phases, with the non-oxidative phase
facilitating the reversible rearrangement of sugar
phosphates according to
requirements [1,2]. Ribose-5-phosphate isomerase
(RPI; EC 5.3.1.6) is an important enzyme
associated with this pathway and catalyses the
reversible isomerisation of D-ribose-5-phosphate
and D-ribulose-5-phosphate [1].

Previous research has indicated that altered
expression of ribose-5-phosphate isomerase A
(RPIA) may be associated with broader cellular
signalling and disease-related processes [3]. In

cellular metabolic

Caenorhabditis elegans, the rpia-1 gene is
annotated by the National Center for
Biotechnology Information (NCBI) as encoding a
probable ribose-5-phosphate isomerase [5]. This
annotation provides the basis for investigating the
molecular consequences associated with altered
rpia-1 function in C. elegans.

Alterations in metabolic pathways may have
consequences extending beyond the immediate
biochemical activity of the affected enzyme,
potentially influencing gene-expression patterns
and broader molecular interactions.
Transcriptomic approaches, particularly RNA
sequencing, provide a genome-wide method for
examining changes in gene expression under
different biological conditions [7,8]. Public
repositories such as the NCBI Gene Expression
Omnibus (GEO) provide access to functional
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genomics datasets that can be used for such
analyses [7].

The identification of differentially expressed
genes alone does not necessarily reveal their
functional relationships or indicate which genes
occupy relatively central positions within a
molecular interaction network. Network-based
approaches provide an additional framework for
interpreting complex biological datasets by
representing molecular components and their
interactions as interconnected systems.

The STRING database provides a resource for
investigating known and predicted protein—protein
interactions and can be used to construct
interaction networks for selected gene or protein
sets [9]. Cytoscape provides a
environment for the visualisation and analysis of
biomolecular interaction networks [6].
Furthermore, cytoHubba enables the ranking of
network nodes according to different topological
measures and can be used to identify candidate hub

software

genes for further investigation [4].

The dataset used in the present study, GSE216697,
provides transcriptomic data associated with
ubiquitously and pan-neuronally reduced rpia-1
expression [10].
Functional interpretation of the resulting gene sets
can be supported using resources such as the Gene
Ontology knowledgebase and the Kyoto
Encyclopedia of Genes and Genomes (KEGG)
[11,12].

Previous research has established the fundamental
importance of the actin cytoskeleton in cellular
structure, organisation and movement [13]. The
Arp2/3 complex also plays an important role in the
nucleation and organisation of actin filaments
[14]. These biological processes are relevant to the
interpretation of candidate hub genes associated

in  Caenorhabditis elegans

with actin-related molecular interactions.

The broader metabolic significance of the PPP has
been extensively discussed in relation to cellular
physiology, metabolic regulation and disease [15].
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In C. elegans, reduced rpia-1 expression has also
been investigated in relation to stress responses
and longevity-associated phenotypes [16]. Further
studies have examined the PPP in cancer
metabolism and disease-associated metabolic
regulation [17-20], while additional research has
investigated PPP-associated metabolic processes
in experimental and cellular systems [21-24].
Bioinformatics studies have also demonstrated the
use of RNA sequencing and network-based
approaches for identifying candidate hub genes
and investigating molecular interaction networks
[25-27]. Additional interaction
including BioGRID and earlier versions of
STRING, provide complementary evidence for the
analysis of molecular interaction networks
[28,29]. Statistical differential
expression analysis, including DESeq2, further
support the analysis of RNA-sequencing datasets
[30].

Although rpia-1 is annotated as encoding a

resources,

methods for

probable ribose-5-phosphate isomerase in C.
elegans, the broader transcriptional and
interaction-network alterations associated with
rpia-1 dysfunction require further
characterisation. The present study therefore
employed an integrated bioinformatics approach
combining transcriptomic analysis with protein—
protein interaction network analysis.
Differentially expressed genes were examined
within a PPI network framework, and network-
topological analysis was subsequently used to
identify highly ranked candidate hub genes. This
approach provides a systems-level basis for
prioritising molecular components for further
investigation while recognising that computational
network centrality does not, by itself, establish
biological causality.

Accordingly, the present study aimed to identify
key hub genes associated with rpia-1 dysfunction
in Caenorhabditis elegans through the integration
of transcriptomic and protein—protein interaction
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network analyses. By examining differential gene
expression and network connectivity, the study
sought to characterise candidate molecular nodes
associated with rpia-1 dysfunction and provide a

computational ~ foundation for  subsequent
functional investigation and  experimental
validation.

METHODOLOGY

Acquisition of rpia-1 Knockdown RNA-Seq
Dataset from NCBI GEO

The RNA-sequencing dataset used in the present
study was obtained from the National Center for
Biotechnology Information Gene Expression
Omnibus (NCBI GEO) under the accession
number GSE216697 [9]. The dataset comprised
transcriptomic data from Caenorhabditis elegans
under ubiquitous

knockdown

and pan-neuronal
conditions.

rpia-1
Processed  gene-
expression data were available for downstream
analysis, while raw sequencing data were
accessible through the Sequence Read Archive
(SRA) [9]. NCBI GEO is a public repository for
high-throughput  functional genomics data,
including RNA-sequencing and gene-expression
datasets [10].A total of 12 samples were included,
representing four experimental groups with three
replicates per  group. These
transcriptomic data provided the foundation for the
subsequent differential-expression and network-
based analyses conducted in the present study (

Fig.1).

biological

Preprocessing, Normalisation and Tabulation
of Gene Expression Data

The processed gene-expression data were
imported into Microsoft Excel for initial
organisation,  tabulation and  preliminary

assessment. Genes exhibiting consistently low
expression across the analysed samples were
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excluded to reduce background noise and improve
the interpretability of subsequent analyses. The
remaining organised
according to their respective experimental groups
to facilitate comparisons between control and rpia-

expression data were

1 knockdown samples. Fold-change calculations
were subsequently performed to identify genes
exhibiting altered expression patterns and to
generate a filtered gene set for downstream
network analysis. Appropriate processing and
comparative evaluation of RNA-sequencing data
are important for the identification and
interpretation of transcriptional differences
between experimental conditions [11].

Differential Expression Analysis

Differential-expression analysis was performed by
comparing gene-expression levels between control
and rpia-1 knockdown samples. Fold-change-
based comparisons were used to identify genes
demonstrating altered expression under rpia-1/
knockdown conditions. The resulting filtered gene
set was subsequently selected for downstream
protein—protein  interaction RNA
sequencing enables genome-wide investigation of

analysis.

transcriptional differences between biological
conditions, while differential-expression analysis
provides a framework for identifying genes
associated with specific experimental or genetic
perturbations [11]. In the present study, the
resulting differentially expressed gene set served
as the primary input for subsequent protein—
protein interaction network construction and hub-
gene identification .

Protein—Protein Interaction Network

Construction Using STRING

The filtered gene list was submitted to the
STRING database to construct a protein—protein
interaction (PPI) network. The organism was
specified as Caenorhabditis elegans to ensure that
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the analysis was conducted within the appropriate
species-specific context. A minimum required
interaction score of 0.7 was applied to retain high-
confidence protein associations within the
network. The resulting interaction network was
subsequently downloaded in tab-separated format
for further visualisation and topological analysis.
STRING integrates evidence from experimental

studies, computational predictions, curated
databases, co-expression patterns and other
information sources to establish protein

association networks [12]. Such networks provide
a systems-level framework for investigating
potential functional relationships among proteins
and can support the biological interpretation of
selected gene and protein sets [12].

Graphical Representation of PPI Networks and
Identification of Hub Genes Using Cytoscape
and cytoHubba

The PPI network generated using STRING was
imported Cytoscape  for  graphical
visualisation and network-topological analysis.
Within the network, nodes represented proteins,
whereas edges represented associations between
proteins derived from the STRING interaction
data. Cytoscape provides a computational
environment for the visualisation, integration and

into

analysis of biomolecular interaction networks
[13]. The cytoHubba plugin was subsequently
used to identify highly ranked nodes within the
interaction network. Candidate hub genes were
evaluated using network-topological measures,
including degree, betweenness, closeness and
maximal clique centrality (MCC) [14].Genes
receiving comparatively high rankings across the
applied topological measures were identified as
candidate hub genes and selected for further
functional investigation. Importantly, high
network connectivity was interpreted as an
indicator of topological importance rather than
direct evidence of biological causality. Therefore,
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the identified hub genes were regarded as
candidate molecular components associated with
rpia-1 knockdown that require further biological
and experimental validation.

Functional Enrichment and Pathway Analysis
of rpia-1-Associated Hub Genes

The identified hub genes were subjected to
functional enrichment and pathway analysis to
investigate potentially over-represented biological
functions and pathways associated with the
analysed gene set. Functional interpretation was
performed using the STRING database, which
supports the analysis and enrichment of selected
gene and protein sets [12]. Gene Ontology (GO)
analysis was used to investigate the functional
characteristics of the identified hub genes. The GO
framework provides a standardised system for
describing gene-product attributes across three
principal categories: biological process, molecular
function and cellular component [15]. Pathway
analysis additionally performed using
information from the Kyoto Encyclopedia of
Genes and Genomes (KEGG), which provides a
resource for the systematic representation and

was

interpretation of biological pathways, molecular
interactions and cellular systems [16]. Network
diagrams and other graphical representations were
used to facilitate the interpretation of molecular
relationships and to highlight key nodes within the
interaction network.

RESULTS

Identification of Differentially Expressed
Genes Following rpia-1 Knockdown

The RNA-sequencing dataset GSE216697 was
analysed to investigate gene-expression alterations
associated ~ with knockdown  in
Caenorhabditis elegans. The dataset included
transcriptomic data generated under ubiquitous

rpia-1
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and pan-neuronal 7pia-1 reduction conditions and
contained  biological  replicates for  the
experimental groups [9].Following preprocessing,
organisation and filtering of the gene-expression
data, genes showing altered expression patterns
between the control and rpia-1 knockdown
conditions were selected for downstream analysis.
Differential-expression  analysis provides a
framework for identifying genes whose expression
differs between experimental or biological
conditions [11]. The resulting gene set was
subsequently used for protein—protein interaction
network construction. The analysis demonstrated
that rpia-1 knockdown was associated with
alterations in the expression of multiple genes.
These genes were therefore further examined
using a network-based approach to identify
potentially important molecular components .

Protein—Protein Interaction Network

Construction

The selected genes were submitted to the STRING
database for the construction of a protein—protein
interaction (PPI) network. The analysis was
performed using Caenorhabditis elegans as the
selected organism, with a minimum interaction
confidence score of 0.7 applied to retain high-
confidence protein associations. The resulting

network was exported and imported into
Cytoscape for graphical visualisation and
topological  analysis. = STRING integrates

experimentally determined and computationally
predicted protein associations to facilitate the
investigation of functional relationships within
gene and protein sets [12]. Cytoscape
subsequently enabled visualisation and further
analysis of the resulting interaction network [13].
The PPI network provided the basis for identifying
highly connected nodes that could represent
candidate hub genes within the rpia-/-associated
molecular network (Fig. 2)
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Identification of Candidate Hub Genes

Network-topological analysis performed
using Cytoscape and the cytoHubba plugin. The
analysis identified the following five genes as the
highest-ranking candidate hub genes:ACT3,
ACT1, ACT2, ARX2 and ACT4. The
identification of highly ranked nodes was based on

was

network-topological measures implemented in
cytoHubba, including degree, betweenness,
closeness and maximal clique centrality (MCC)(
Fig. 2.3) [14]. Among the identified candidate hub
genes, ACT3 showed the highest recorded
network score, followed by ACT1, ACT2, ARX2
and ACT4, as presented in Table 1.

Expression Patterns of the Candidate Hub
Genes

The expression analysis showed positive log: fold-
change values for all five leading candidate hub
genes in the analysed rpia-I knockdown
comparison. ACT3 demonstrated the largest
positive expression change, with a recorded log.
fold change of +1.85 and a p-value of 0.002. This
was followed by ACT1, with a log: fold change of
+1.60, and ACT2, with a log. fold change of
+1.55. ARX2 and ACT4 demonstrated log. fold
changes of +1.32 and +1.20, respectively. The
coordinated positive expression changes observed
among these genes suggest that they represent a
prominent component of the molecular response
identified in the analysed rpia-/ knockdown
dataset

Functional Characteristics of the Candidate
Hub Genes

A prominent feature of the hub-gene analysis was
the predominance of genes associated with the
actin cytoskeleton. Four of the five highest-
ranking candidate hub genes—ACT1, ACT2,
ACT3 and ACT4—were associated with actin-
related cellular functions. Actin is a fundamental
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component of the cytoskeleton and plays
important roles in cellular structure, organisation
and movement [17]. Therefore, the identification
of multiple actin-associated genes among the
highest-ranking nodes indicates that cytoskeleton-
associated interactions represented a prominent
feature of the constructed PPI network. The
remaining candidate hub gene, ARX2, is
associated with the Arp2/3 complex, which
contributes to the nucleation and organisation of
actin filaments [18]. The identification of ARX2
together with several actin-associated genes
further supports the prominence of actin-related
molecular interactions within the
However, these findings should be interpreted as
evidence of network association and topological
importance rather than direct biological causality.
The present analysis does not independently
establish that rpia-1 knockdown directly regulates
cytoskeletal organization (Fig.3.) (Fig.5).

network.

DISCUSSION

The present study
alterations associated with rpia-/ knockdown in
Caenorhabditis elegans through the integration of
transcriptomic and protein—protein interaction
(PPI) network analyses. The analysis identified
ACT3, ACTI1, ACT2, ARX2 and ACT4 as the
principal candidate hub genes. The predominance
of actin-associated genes among the highest-
ranking nodes suggests that cytoskeleton-related
molecular interactions were a prominent feature of
the network associated with rpia-1 knockdown.
However, these findings should be interpreted as
computationally derived associations rather than
direct evidence of a causal molecular mechanism.
The rpia-1 gene encodes a probable ribose-5-
phosphate isomerase and is associated with the
non-oxidative branch of the pentose phosphate
pathway  (PPP) [1,2]. Ribose-5-phosphate
isomerase catalyses the reversible interconversion
of ribose-5-phosphate and ribulose-5-phosphate,

investigated molecular
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thereby contributing to cellular metabolic
processes and the generation of metabolic
intermediates [1,2]. More broadly, the PPP is a
central component of cellular metabolism that
contributes to biosynthetic processes and cellular
redox homeostasis [15]. Therefore, perturbation of
rpia-1 may potentially
processes extending beyond its
enzymatic function.

The identification of ACT1, ACT2, ACT3 and
ACT#4 as candidate hub genes is a notable finding.
Actin is a major component of the eukaryotic

cytoskeleton and contributes to cellular structure,

influence molecular
immediate

intracellular organisation, movement and cell
division [13]. The presence of multiple actin-
associated genes among the highest-ranking nodes
therefore indicates that cytoskeleton-associated
interactions were prominent within the PPI
network generated from the rpia-I knockdown
dataset.

In addition, ARX2 was identified as one of the
principal candidate hub genes. ARX2 is associated
with the Arp2/3 complex, which participates in the
nucleation and organisation of actin filaments
[14]. The simultaneous identification of ARX2
together with multiple ACT genes further supports
the observation that actin-related interactions
represent an important characteristic of the
identified network. Nevertheless, this finding
should not be interpreted as proof that rpia-1I
directly regulates the actin cytoskeleton. Instead,
the results identify a potential molecular
association that requires further investigation.

The present findings can also be considered in
relation to previous research investigating altered
RPIA expression. Ribose-5-phosphate isomerase
A has been associated with broader changes in
cellular signalling and disease-related processes,
indicating that altered RPIA activity may have
consequences beyond its direct metabolic
function. In C. elegans, reduced rpia-1 expression
has also been investigated in relation to stress
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responses and longevity-associated phenotypes
[16]. The present analysis extends this area of
investigation by identifying candidate molecular
components within a transcriptomic interaction
network that may be associated with reduced rpia-
1 expression.

Importantly, the identification of ACT3, ACT]I,
ACT2, ARX2 and ACT4 as hub genes does not
establish that these genes are direct regulators of
the biological consequences of rpia-1 knockdown.
Hub-gene identification is based on network
topology and reflects the relative connectivity or
centrality of nodes within the constructed network.
Cytoscape provides a platform for the visualisation
and analysis of biomolecular networks, whereas
cytoHubba enables the identification and ranking
of highly connected nodes using topological
methods . Consequently, a high-ranking hub gene
may represent an important network component
without necessarily functioning as a direct causal
regulator of the phenotype being investigated.

The identification of ACT3 as the highest-ranking
candidate hub gene may nevertheless justify
further investigation. Its prominent network
position, together with its observed expression
change in the analysed dataset, suggests that it may
represent a useful candidate for subsequent
functional studies. However, this interpretation
should remain cautious because network rankings
are influenced by the composition of the input
gene set and the interaction information available
within the wunderlying database. STRING
integrates experimental evidence, computational
predictions, and other
evidence sources to generate protein association
networks [9]. Therefore, network centrality should
be regarded primarily as a method of prioritising
candidates for further investigation rather than as
confirmation of biological function.

The integrated use of transcriptomic and PPI

database annotations

network analysis represents a useful systems-level
strategy for reducing the complexity of large gene-
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expression datasets. RNA sequencing enables the
identification of transcriptional changes across a
large number of genes [8], while PPI analysis
provides an additional framework for examining
potential functional relationships among the
resulting gene products [9]. By combining these
approaches, the present study was able to prioritise
a smaller group of highly connected candidate
genes from the broader set of genes associated
with rpia-1 knockdown.

Several limitations of the present study should be
acknowledged. First, the analysis was based
transcriptomic ~ data  and
computational network methods. Changes in
mRNA expression do not necessarily correspond
directly to changes in protein abundance, protein
activity or cellular phenotype. Second, the PPI
network was constructed using existing interaction
information and predictions available through
STRING [9]. Consequently, the resulting network
may not represent every interaction occurring

primarily  on

specifically under the experimental conditions
associated with rpia-1 knockdown.

A further limitation is that the candidate hub genes
were not experimentally validated in the present
study. Independent approaches, including targeted
gene-expression analysis and protein-level or
functional experiments, would be required to
determine whether ACT3, ACTI1, ACT2, ARX2
and ACT4 contribute directly to the biological
consequences of reduced rpia-I expression.
Functional annotation and pathway analysis using
resources such as Gene Ontology and KEGG can
provide additional biological context, but
enrichment and network analyses alone cannot
establish causality [11,12].

Overall, the present study provides a systems-level
computational framework for investigating
molecular alterations associated with rpia-1/
knockdown in Caenorhabditis elegans. The
identification of ACT3, ACT1, ACT2, ARX2 and
ACT#4 as candidate hub genes indicates that actin-
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and cytoskeleton-associated interactions were
prominent within the resulting PPI network
[13,14]. The broader metabolic importance of the
pentose phosphate pathway provides a plausible
context in which altered rpia-1 function could be
associated with wider cellular changes [15].
However, the present findings identify candidate
molecular associations rather than experimentally
Further experimental
validation will therefore be necessary to establish
the functional significance of these hub genes and
determine whether they contribute directly to the
molecular

confirmed mechanisms.

consequences of rpia-1
dysfunction.The present study investigated
molecular alterations associated with rpia-1
knockdown in Caenorhabditis elegans through the
integration of transcriptomic and protein—protein
interaction (PPI) network analyses. The analysis
identified ACT3, ACT1, ACT2, ARX2 and ACT4
as the principal candidate hub genes. The
predominance of actin-associated genes among the
highest-ranking nodes suggests that cytoskeleton-
related molecular interactions were a prominent
feature of the network associated with rpia-1
knockdown. However, these findings should be
interpreted  as computationally  derived
associations rather than direct evidence of a causal
molecular mechanism.

The rpia-1 gene encodes a probable ribose-5-
phosphate isomerase and is associated with the
non-oxidative branch of the pentose phosphate
pathway (PPP) [1,2]. Ribose-5-phosphate
isomerase catalyses the reversible interconversion
of ribose-5-phosphate and ribulose-5-phosphate,
thereby contributing to cellular metabolic
processes and the generation of metabolic
intermediates [1,2].

Previous studies have indicated that altered ribose-
5-phosphate isomerase A activity or expression
may be associated with broader changes in cellular

signalling and  disease-related  processes,
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suggesting that its biological effects may extend
beyond its immediate metabolic function [3].

The integrated analysis used RNA-sequencing
data to investigate transcriptional alterations
associated  with knockdown. RNA
sequencing provides a genome-wide approach for
examining changes in gene expression between
biological conditions [8]. The transcriptomic
dataset used in the present study was obtained
from the NCBI Gene Expression Omnibus and
provided the basis for the subsequent
computational analyses [9].

The identified genes were subsequently examined

rpia-1

using  protein—protein  interaction network
analysis. Such approaches provide a framework
for investigating potential functional relationships
among gene products and for identifying highly
connected molecular components within complex
biological networks [12].

Cytoscape provides a platform for the visualisation
and analysis of biomolecular interaction networks
[13], whereas cytoHubba enables the identification
and ranking of highly connected nodes using
network-topological methods [14]. Importantly,
the identification of ACT3, ACT1, ACT2, ARX2
and ACT4 as hub genes does not establish that
these genes are direct regulators of the biological
consequences of rpia-1 knockdown. Hub-gene
identification reflects the relative connectivity or
centrality of nodes within the constructed network
and should therefore be interpreted primarily as a
method for prioritising candidate genes for further
investigation.

The broader pentose phosphate pathway is an
important component of cellular metabolism and
contributes to biosynthetic processes and cellular
redox homeostasis [15]. Therefore, perturbation of
rpia-1 may potentially influence molecular
processes extending beyond its immediate
enzymatic function. In C. elegans, reduced rpia-1

expression has also been investigated in relation to
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stress  responses  and
phenotypes [16].

The identification of ACT1, ACT2, ACT3 and
ACT4 as candidate hub genes is a notable finding.

Actin is a major component of the eukaryotic

longevity-associated

cytoskeleton and contributes to cellular structure,
intracellular organisation, movement and cell
division [17]. The presence of multiple actin-
associated genes among the highest-ranking nodes
therefore indicates that cytoskeleton-associated
interactions were prominent within the PPI
network generated from the rpia-I knockdown
dataset.

In addition, ARX2 was identified as one of the
principal candidate hub genes. ARX2 is associated
with the Arp2/3 complex, which participates in the
nucleation and organisation of actin filaments
[18]. The simultaneous identification of ARX2
together with multiple ACT genes further supports
the observation that actin-related interactions
represent an important characteristic of the
identified network. Nevertheless, this finding
should not be interpreted as proof that rpia-/
directly regulates the actin cytoskeleton. Instead,
the results identify a potential molecular
association that requires further investigation.

The identification of ACT3 as the highest-ranking
candidate hub gene may nevertheless justify
further investigation. Its prominent network
position, together with its observed expression
change in the analysed dataset, suggests that it may
represent a useful candidate for subsequent
functional studies. However, this interpretation
should remain cautious because network rankings
are influenced by the composition of the input
gene set and the interaction information available
within the underlying database.

The integrated use of transcriptomic and PPI
network analysis represents a useful systems-level
strategy for reducing the complexity of large gene-
expression datasets. By combining gene-
expression analysis with network connectivity, the
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present study was able to prioritise a smaller group
of highly connected candidate genes from the
broader set of genes associated with rpia-1
knockdown.

Several limitations of the present study should be
acknowledged. First, the analysis was based
primarily on  transcriptomic  data  and
computational network methods. Changes in
mRNA expression do not necessarily correspond
directly to changes in protein abundance, protein
cellular  phenotype.  Second,
computational interaction networks are dependent
on the available interaction data and may not

activity  or

represent every molecular interaction occurring
under the specific experimental
associated with rpia-1 knockdown.
A further limitation is that the candidate hub genes
were not experimentally validated in the present
study. Independent approaches, including targeted
gene-expression analysis and protein-level or
functional experiments, would be required to
determine whether ACT3, ACT1, ACT2, ARX2
and ACT4 contribute directly to the biological
consequences of reduced rpia-1 expression.
Overall, the present study provides a systems-level

conditions

computational framework for investigating
molecular alterations associated with rpia-1/
knockdown in Caenorhabditis elegans. The

identification of ACT3, ACT1, ACT2, ARX2 and
ACT4 as candidate hub genes indicates that actin-
and cytoskeleton-associated interactions were
prominent within the resulting PPI network.
However, the present findings identify candidate
molecular associations rather than experimentally
confirmed mechanisms. Further experimental
validation will therefore be necessary to establish
the functional significance of these hub genes and
determine whether they contribute directly to the
molecular consequences of rpia-1 dysfunction.

CONFLICT OF INTEREST

Authors have no conflicts of interest.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

ACKNOWLEDGEMENT

The authors wish to acknowledge Department of
Biotechnology, St. Bede’s College, Shimla, for
support throughout the completion of this research
work.

REFERENCES

1. Chen, J.,, Wu, H., Zhang, W., & Mu, W.
Ribose-5-phosphate
Characteristics, features, and
applications. Applied Microbiology and
Biotechnology, (2020). 104(15), 6429—-6441.
https://doi.org/10.1007/s00253-020-10735-4

2. Flamholz, A., Noor, E., Bar-Even, A.,
Liebermeister, W., & Milo, R. Database of
thermodynamic properties of the reactions of
glycolysis, the tricarboxylic acid cycle, and

isomerases:
structural

the pentose phosphate pathway. Database,
(2012)., bar(005.
https://doi.org/10.1093/database/bar005

3. Chou, C.-H,, Ribose-5-phosphate
isomerase A overexpression promotes liver
cancer development in transgenic zebrafish
via activation of ERK and [-catenin
pathways. Carcinogenesis, . (2019). 40(3),
461-473.

4. Chin, C.-H., Chen, S.-H., Wu, H.-H., Ho, C.-
W., Ko, M.-T., & Lin, C.-Y. cytoHubba:
Identifying hub objects and sub-networks
from complex interactome. BMC Systems
Biology, &8(Suppl. 4), (2014). S11.
https://doi.org/10.1186/1752-0509-8-S4-S11

5. National  Center for  Biotechnology
Information.

et al.

rpia-1  probable  ribose-5-

phosphate  isomerase  [Caenorhabditis
elegans] (2026). (Gene ID: 175995).

6. Shannon, P., Markiel, A., Ozier, O., et al.
Cytoscape: A software environment for
integrated models of biomolecular interaction
networks. Genome Research, (2003). 13(11),
2498-2504.
https://doi.org/10.1101/gr.1239303

4522 |Page



10.

11.

12.

13.

14.

Dr. Anita Chauhan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 4513-4526 | Research

Barrett, T., Wilhite, S. E., Ledoux, P., et al.
NCBI GEO: Archive for functional genomics
data sets—update. Nucleic Acids Research,
(2013). 41(D1), D991-D99s.
https://doi.org/10.1093/nar/gks1193
Costa-Silva, J., Domingues, D., & Lopes, F.
M. RNA-Seq differential expression analysis:
An extended review and a software tool.
Briefings in Functional Genomics, (2017).
16(5), 293-302.
https://doi.org/10.1093/bfgp/elw002
Szklarczyk, D., Nastou, K. C., Koutrouli, M.,
et al. The STRING database in 2025: Protein
networks with directionality of regulation.
Nucleic Acids Research, (2025). 53(D1),
D730-D737.
https://doi.org/10.1093/nar/gkael113.
National  Center  for  Biotechnology
Information. GSE216697: mRNA-seq of
ubiquitously and pan-neuronally reduced
rpia-1 in Caenorhabditis elegans. Gene
Expression Omnibus. 2023.

The Gene Ontology Consortium. The Gene
Ontology knowledgebase in 2026. Nucleic
Acids Research. 2026;54(D1):D1779-D1792.
doi: 10.1093/nar/gkaf1292.

Kanehisa M, Furumichi M, Sato Y, Matsuura
Y and Ishiguro-Watanabe M. KEGG:
biological systems database as a model of the
real world. Nucleic Acids
2025;53(D1):D672-D677.
10.1093/nar/gkae909.

Pollard TD and Cooper JA. Actin, a central
player in cell shape and movement. Science.
2009;326(5957):1208-1212. doi:
10.1126/science.1175862.

Pollard TD. Regulation of actin filament
assembly by Arp2/3 complex and formins.

Research.
doi:

of  Biophysics  and
2007;36:451-477.

Annual  Review

Biomolecular Structure.
doi:
10.1146/annurev.biophys.35.040405.101936.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

15.

17.

18.

19.

20.

21.

22.

. Chou,

Stincone, A., Prigione, A., Cramer, T. et al.
‘The return of metabolism: biochemistry and
physiology of the pentose phosphate
pathway’, Biological Reviews, (2015) 90(3),
pp. 927-963. doi: 10.1111/brv.12140.

C.-H. ‘Reduced ribose-5-
phosphate isomerase A-1 expression in
specific neurons and time points promotes
longevity in  Caenorhabditis  elegans’,
Antioxidants, (2023) 12(1), 124. doi:
10.3390/antiox12010124.

Patra, K. C., & Hay, N. The pentose phosphate
pathway and cancer. Trends in Biochemical
Sciences, . (2014). 39(8), 347-354. doi:
10.1016/j.tibs.2014.06.005.

Jiang, P., Du, W., & Wu, M. Regulation of the
pentose phosphate pathway in cancer. Protein
& Cell, (2014), 5, 592-602. doi:
10.1007/s13238-014-0082-8.

Ghanem, N., El-Baba, C., Araji, K., El-
Khoury, R., Usta, J., & Darwiche, N. The

et al.

pentose phosphate pathway in cancer:
Regulation and therapeutic opportunities.
Cells, (2021). 10(12), 3476. doi:
10.3390/cells10123476.

TeSlaa, T., Ralser, M., Fan, J., & Rabinowitz,
J. D. The pentose phosphate pathway in health
and disease. Nature Metabolism, (2023). 5(8),
1275-1289. doi: 10.1038/s42255-023-00863-
2.

Coyle, J. P., Johnson, C., Jensen, J., et al.
Variation in pentose phosphate pathway-
associated metabolism dictates cytotoxicity
outcomes  determined by tetrazolium
reduction assays. Scientific Reports, (2023).
13, 8220. doi: 10.1038/s41598-023-35310-5.

Teo, Y. V., et al. Non-oxidative pentose
phosphate pathway controls regulatory T cell
function by integrating metabolism and
epigenetics. Nature Metabolism. (2022). doi:
10.1038/s42255-022-00575-z.

4523 |Page



23.

24.

25.

26.

27.

28.

Dr. Anita Chauhan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 4513-4526 | Research

Hu, J., Liu, N., Song, D., et al. A positive
feedback between cholesterol synthesis and
the pentose phosphate pathway rather than
glycolysis promotes hepatocellular
carcinoma. Oncogene, (2023). 42(39), 2892—
2904. doi: 10.1038/541388-023-02757-9.
Yin, X., et al. mTORCI activation induced
proximal tubular damage via the pentose
phosphate pathway in lupus nephritis. Free
Radical Biology and Medicine. (2022). doi:
10.1016/j.freeradbiomed.2022.07.010.
Wang, Y., et al. Identification of hub genes
and transcription factor regulatory network
for heart failure using RNA-seq data and
robust rank aggregation analysis. Frontiers in
Cardiovascular Medicine (2022)..

Oliveira, J. G., et al. Differential gene
expression analysis by RNA-seq reveals the
importance of actin cytoskeletal proteins in
erythroleukemia cells. Scientific
(2017)..

Zhang, Y., et al. Role of cytoskeleton-related

Reports

proteins in the acrosome reaction of Eriocheir
sinensis spermatozoa. Frontiers in Physiology
(2023)..

Stark, C., Breitkreutz, B.-J., Reguly, T.,
Boucher, L., Breitkreutz, A., & Tyers, M.

29.

30.

BioGRID: A general repository for interaction
datasets. Nucleic  Acids Research,
34(Database issue), (2006). D535-D539. doi:
10.1093/nar/gkj109.

Szklarczyk, D., Gable, A. L., Lyon, D., et al.
STRING vl11: Protein—protein association
networks with increased coverage, supporting
functional discovery in  genome-wide
experimental  datasets.  Nucleic  Acids
Research, (2019 47(D1), D607-D613. doi:
10.1093/nar/gky1131.

Love, M. I, Huber, W., & Anders, S.
Moderated estimation of fold change and
dispersion for RNA-seq data with DESeq?2.
Genome Biology, (2014). 15, 550. doi:

10.1186/513059-014-0550-8.

HOW TO CITE: Tanvi Sharma, Aarti Lagwal, Luvina
Dogra, Dr. Anita Chauhan, Identification Of Hub Genes
Associated with Ribose-5-Phosphate Isomerase A (Rpia)

Dysfunction in Cenorhabditis Elegans:

Insights into

Disease-Relevant Metabolic Networks, Int. J. of Pharm.

Sci.,

2026, Vol 4, Issue 8, 4513-4526,

https://doi.org/10.5281/zenodo0.22129155

Images and Tables:

Table 1. Comparative log: fold-change values of ACT3, ACT1, ACT2, ARX2, and ACT4 identified

following rpia-1 knockdown

Gene Degree/ | Log2 Fold .
Rank Symbol |MCC Score, Change p-value | Functional Role
Cytoskeletal
1 ACT3 12 +1.85 0.002 regulation, stress
response
2 ACTI 11 1160 | 0.004 | Actinfilament
organization
Cytoskeletal
3 ACT2 10 +1.55 0.005 |maintenance, cellular
integrity
Actin nucleation
+ 9
4 ARX2 ? 1.32 0.010 cytoskeletal assembly
5 ACT4 3 +1.20 0015 Structural stability,
stress response

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

4524 |Page



Dr. Anita Chauhan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 4513-4526 | Research

=
<= NCBI

Gene Exprassion Omnibus

TSIOME T SEARCH | STTE AP GEO Publications FAQ. MIAME Emall GEO
NCBI > GEO ~ Accession Display 2 Not logged in | Login (2
Scope: [Se¥ V] [ ~) [Guiex ~] GEO GSE216697 ]

Series GSE216697 Query DataSets for GSE216697
Status Public on Jan 25, 2023
Title mMRNA-seq of and p: y reduce rpia-1 in Caenorhabditis
elegans
Organism Caenorhabditis elegans
i type profiling by high thr
Summary Ribose-5-phosphate isomerase A (RPIA) is a rate-limiting enzyme, which
connects oxldaﬂve phase to non-oxidative phase and mediates redox
in pathway (PPP). Here, we report that
and lly limited of rpia-1 and
in C. " the ily conserved
phenotypcs observed in Drosophila. We first confirmed that both ubiquitous (in
N2) and pan-neuronal (in TU3401) k kd of rpia-1 to

oxidative stress, reduce polyglutamine aggregation, and improve the
deteriorated body bending rate caused by polyclu!amine aggregation. Nex!, we
In

observed that both rpia-1 enhance lifi
rpia-1 knockdown in glutamatergic or cholinergic neurons was suffident to
increase lif Besides the r of the of

NADPH levels, we also identified novel molecular mechanisms that contribute
to the lonoev-ty eflecl Our resul(s showed that rpia-1 reduction was
by of flux, activation of AMPK, and inhibition
of TOR signaling. Importantly, the lif i by rpia-1
required the activation of autophagy and AMPK pathways, and reduced TOR
sig-naling. Moreover, the RNA-seq data from the two longlived rpia-1
knockdown strains supported our experimental findings and reveal potential
downstream targets, which may play key roles in this intervention. Together,
our data disclose the specific spatial and temporal condluons and the
undedvmg molecular mechamsms of rpia-1 b d longevity in
C. These i the of
dicine and the impi of lon-gevity research.

Overall design Three bi (in N2)
day S of adullhood and pan neuronal (in ‘I'U3401) knockdown at day 0 ol
adulthood.

Contributor(s) Shen W, Lu Y, Yuh C, Ching T, Wang C, Wang H

Citation(s) Shen WC, Yuh CH, Lu YT, Lin YH et al. Ribose-5
A-1 Expresslon in Specific Neurons and Time Points Promotes Longevity in
Caenor elegans. (Basel) 2023 Jan 4;12(1).
PMID: 36670987

Submission date  Oct 27, 2022

Last update date Jan 25, 2023

Contact name Wen-Chi Shen

E-mail(s) t22407@om.

Fig.1. Acquisition and preprocessing of the GSE216697 Caenorhabditis elegans rpia-1 knockdown RNA-
sequencing dataset.
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Fig.2. Construction of the protein—protein interaction network using STRING for the selected
differentially expressed genes
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Fig.3. Identification and ranking of candidate hub genes using Cytoscape and the CytoHubba plugin.
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