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Abstract
Objective: Varicocele is a common cause of male infertility, affecting a substantial proportion of infertile men. Recent 
studies have employed transcriptomic analysis to identify candidate genes that may be implicated in the pathogenesis 
of this condition. Accordingly, this study sought to leverage rat gene expression profiling, along with protein-protein 
interaction networks, to identify key regulatory genes, related pathways, and potentially effective drugs for the treatment 
of varicocele.
Materials and Methods: In this in-silico study, differentially expressed genes (DEGs) from the testicular tissue of 3 rats 
were screened using the edgeR package in R software and the results were compared to 3 rats in the control group. 
Data was obtained from GSE139447. Setting a -1<LogFC>1 and P<0.05 as cutoff points for statistical significance, 
up and down-regulated genes were identified. Based on Cytoscape plugins, protein-protein interaction (PPI) networks 
were drawn, and hub genes were highlighted. ShinyGO was used for pathway enrichment. Finally, effective drugs were 
identified from the drug database.   
Results: Among the 1277 DEGs in this study, 677 genes were up-regulated while 600 genes were down-regulated in rats with 
varicocele compared to the control group. Using protein-protein interaction networks, we identified the top five up-regulated 
genes and the top five down-regulated genes. Enrichment analysis showed that the up-regulated genes were associated with 
the cell division cycle pathway, while the down-regulated genes were linked to the ribosome pathway. Notably, our findings 
suggested that dexamethasone may be a promising therapeutic option for individuals with varicocele.  
Conclusion: The current investigation indicates that in varicocele the cell division cycle pathway is up-regulated while 
the ribosome pathway is down-regulated compared to controls. Based on these findings, dexamethasone could be 
considered a future candidate drug for the treatment of individuals with varicocele.
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Introduction 
Varicocele occurs in around 15 to 20% of all males 

and is reported in about 40% of infertile males. It is 
characterized by the abnormal enlargement of veins 
within the scrotum’s pampiniform plexus which serve 
to drain oxygen-depleted blood from the testicles. 
Varicocele is commonly observed in the left testis and 
typically arises during or after puberty, likely owing 
to rapid testicular growth and the consequent need for 
increased blood supply (1). While varicocele typically 
does not severely impede blood flow, some individuals 
may experience venous backflow within the network 
of veins, leading to the development of varicocele and 
consequent male infertility. Interestingly, varicocele 

is also prevalent in fertile individuals, thus making the 
question of varicocelectomy a highly debated topic in the 
field of andrology, pertaining to when, why, and in whom 
surgical intervention should be undertaken (2).

In order to resolve these uncertainties, a comprehensive 
investigation into the factors that underlie varicocele 
is required. To this end, multiple studies have been 
conducted, with the majority of researchers suggesting 
that reactive oxygen species (ROS), resulting from 
increased testicular temperature, serve as the primary 
contributing factor. Given the role of ROS in the 
development of varicocele-induced male infertility, a 
growing number of researchers have explored the use of 
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antioxidants as a potential therapeutic strategy to enhance 
fertility outcomes in affected males (3). However, recent 
studies suggest that it may not be "oxidative stress" but 
rather "reductive stress" that leads to increased ROS in 
the sperm of individuals with varicocele (4). To deepen 
our understanding of the etiology of varicocele, numerous 
research groups have taken advantage of an animal model 
of varicocele to evaluate the molecular and cellular 
mechanisms involved (5). 

Members of our research team recently conducted a 
comprehensive review varicocele and oxidative stress with 
new insight to both human and animal studies in which we 
summarized the findings of numerous investigations into 
the mechanisms underlying varicocele-related infertility. 
Our review highlighted several cellular mechanisms that 
may contribute to the pathophysiology of varicocele, 
including ionic imbalance, hypoxia, hyperthermia, and 
impaired blood flow, all of which may ultimately result in 
severe, chronic oxidative and nitrosamine stress (5). 

Despite extensive studies at the cellular and molecular 
levels, limited transcriptomic and proteomic analyses 
have been conducted in the field of varicocele. No single 
gene or single nucleotide polymorphism (SNP) directly 
associated with varicocele has been identified thus far to 
fully explain its common etiology. To gain a comprehensive 
understanding, researchers need to expand their focus to 
include transcriptomic and epigenetic analyses. 

Our aim in this study was to find epigenetic regulatory 
mechanisms underlying varicocele by integrating the 
transcriptome and miRNA profiles of testicular tissue 
from rats with induced varicocele. Such identification 
of dysregulated gene expression patterns may contribute 
to the development of effective treatment strategies (6). 
Specifically, in this study, we analyzed the GSE139447 
dataset, including control, varicocele, and treated 
varicocele groups. Our aim was to investigate differential 
gene expression in samples from varicocele and treated 
varicocele groups compared to controls. We constructed 
protein-protein interaction (PPI) networks to identify 
hub genes with significant interactions. Enrichment 
analysis using rat databases showed that cell division and 
ribosome pathways were prominently affected among 
the up-regulated and down-regulated genes respectively. 
Based on findings from these analyses, we utilized drug 
databases to identify candidate drugs for the treatment of 
varicocele.   

Materials and Methods 
Data collection and differential gene expression 
analysis

In this in silico analysis, we utilized RNA-Seq data 
obtained from an experimental study conducted at the 
Department of Human Anatomy and Histology and 
Embryology at Fujian Medical University in China. The 
dataset (GSE139447) consisted of nine rat testis tissues, 
including three samples from left varicocele testes, three 
normal samples and three varicocele treated with 300 

mg/kg Morinda officinalis polysaccharide (MOP). As in 
the study by Zhang et al. (7), the rats used in this study 
were 67weekold SpragueDawley rats, weighing 200 ± 10 
g. Varicocele was induced by partial ligation of the left 
renal vein. The time post-analysis was 12 weeks, which 
is equivalent to chronic human varicocele commonly 
occurring on the left side. 

RNA from the GSE139447 data set was extracted from 
the left testis using Trizol reagent and the quantity and 
quality of RNA was checked using nanodrop. The total 
RNA from each sample was used to prepare the RNA 
sequencing library. Random primed was used for first 
strand cDNA synthesis. This was followed by adaptor 
ligation and PCR amplification (7). .

The GSE139447 normalized files, determined using 
Illumina HiSeq 4000 (Rattus norvegicus), were obtained 
directly from the Gene Expression Omnibus database. 
By utilizing the “edgeR” package in R software and by 
considering the counts per million (CPM) criterion (CPM 
less than 10 in 70% of samples), genes with low expression 
and close to zero were removed from the normalized data. 
A boxplot was used to measure the quality control of the 
normalized data. Differential expression analysis was then 
performed to compare differences between varicocele 
samples and normal samples. Genes with a P<0.05 and 
|logFC|≥1 and |logFC|<-1 were defined as candidate 
genes. Volcano plots indicated differentially expressed 
genes (DEGs) using the "ggplot2" package in R software. 
A volcano plot is a type of scatterplot in which each point 
on the graph represents a gene. The log2-fold differences 
between the groups are plotted on the x-axis and the P 
value differences are plotted on the y-axis. The horizontal 
dashed line represents the significance threshold specified 
in the analysis.

Protein-protein interaction network and module 
analysis

One of the best tools for detecting PPI, is the Search 
Tool for the Retrieval of Interacting Genes (STRING), 
which is an online tool for recognizing and assessing PPI. 
The Cytoscape 3.9.1 application was used to establish a 
PPI network among the selected genes using the STRING 
plugin. Subsequently, the Molecular Complex Detection 
(MCODE) plugin was used to cluster the PPI network 
based on the following criteria: degree cutoff=2, node 
score cutoff=0.2, k-core=2, and max depth=100. Finally, 
we employed the CytoHubba plugin in Cytoscape to 
identify hub genes using 11 topological analysis methods 
for ranking nodes in the PPI network. In our study, 
hub genes were classified based on the maximal clique 
centrality (MCC) method. The MCC method was chosen 
because it captures essential proteins in both high-degree 
and low-degree regions, making it more effective than 
other methods.

Enrichment analysis 
Pathway enrichment analysis helps researchers gain 
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mechanistic insight into gene lists generated from genome-
scale (omics) experiments. ShinyGO, developed based on 
different R/Bioconductor packages, is a graphical web 
application that shows the functional acuteness of a set of 
genes. In this study, three enrichment databases including 
GO (molecular function, biological process, cellular 
component), KEGG, and Reactome were used for the 
identification of gene-related pathways via the ShinyGO 
(http://bioinformatics.sdstate.edu/go/) application. For 
the enrichment analysis, we set P<0.05 as the cutoff for 
statistical significance.

Drug discovery
Drug discovery can be described as the process of 

recognizing chemical entities that have the potential 
to become therapeutic agents. Several drug databases 
have been developed to introduce the drugs and explain 
the influence of the drugs on patients, and on the role of 
key genes in different diseases. To determine drugs that 
could target our selected genes, we made use of some of 
these drug databases including DTC, TdgClinicalTrial, 
GuideToPharmacology, ChemblInteractions and NCI. 
The GSE139447 dataset consisted of three treated samples 
with Morinda officinalis polysaccharide MOP and three 
untreated samples. We used this study to evaluate the 
influence of MOP on the expression levels of key candidate 

genes in rat varicocele samples (7). Thus, differential 
expression analysis was performed between three varicocele 
samples treated with MOP and three varicocele samples, as 
control, using the "edgeR" package. P<0.05 were considered 
sufficient to determine that the effectiveness of the drug on 
the genes was significant.

Statistics
All the analyses were performed using packages in R 

language 4.1.1 and Bioconductor packages in R software. 
GraphPadPrisme9 (Dotmatics, USA) was used for 
constructing the plots and performing the t test analyses. 
Cytoscape software (version 4.1, The Institute of Systems 
Biology, USA) was used to draw and categorize the data 
obtained. It is worth noting that the Limma package used 
the moderated t test.

Results
Indicating differentially expressed genes

Differential expression analysis showed a total of 1,277 
different genes (P<0.05, |log2FC|≥ 1, |log2FC|< -1), 
of which expression of 677 different genes were up-
regulated and expression of 600 different genes was 
down-regulated (Fig.1, Table S1, See Supplementary 
Online Information at www.celljournal.org). 

Fig.1: Differentially expressed genes in varicocele compared to normal samples. The expression level of differentially expressed genes (DEGs) was 
visualized using a volcano plot where the red dots represent the up-regulated genes and the down-regulated genes. Blue dots represent genes that not 
meet our criteria. The yellow line indicates P value and LogFC cutoffs. The LogFC>1, <-1 and P<0.05 was considered the cut point for statistical significance.

http://bioinformatics.sdstate.edu/go/
https://www.celljournal.org/jufile?ar_sfile=3958711
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PPI network and generelated clustering module 
construction

To explore potential interconnections among the 
identified DEGs, we constructed PPI networks separately 
for up- and down-regulated genes based on the STRING 
database. Our analysis revealed that the up-regulated 
network consisted of 281 nodes and 710 edges, while the 
down-regulated network contained 181 nodes and 777 
edges (Fig.2A, B). We selected the top modules for up- 

and down-regulated networks based on the highest MCODE 
score (Table S2, See Supplementary Online Information at 
www.celljournal.org). The top 5 genes among 30 cluster-
related genes with the highest MCC score were designated 
as the top hub genes for the up-regulated network (BUB1, 
SMC4, CENPE, KIF11, and ASPM) and the down-regulated 
network (RPL11, RPS15, RPS19, RPS55, and RPS2) (Fig.3A, 
B, Table S3, See Supplementary Online Information at www.
celljournal.org). 

Fig.2: Protein-protein interaction networks. A. Up-regulated and B. Down-regulated genes.

Fig.3: Identification of top hub genes using the Cytohubaa plugin in Cytoscape. A. Top hub up-regulated and B. Down-regulated genes. Darker colors 
represent higher Cytohubba scores.   
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Enrichment analysis for top hub genes
We utilized the ShinyGO online tool to perform 

functional annotation and pathway enrichment analysis 
of the top hub genes. To identify pathways related to 
selected genes with an adjusted P<0.05, KEGG, GO 
Biological Process, GO Molecular Function, GO Cellular 
Component, and Reactome datasets were used. The three 
top terms in each database for up- and down-regulated 
genes were highlighted based on the P value (Fig.4A-I). 
For up-regulated genes, the top KEGG pathways included 
the Cell cycle, oocyte meiosis, and progesterone-mediated 
oocyte maturation. The top GO Biological Process terms 
included nuclear division, organelle fission, and mitotic 
nuclear division. The top GO molecular function terms 
included microtubule motor activity, cytoskeletal motor 
activity, and ATP binding. The top GO Cellular Component 
terms included the chromosome, centromeric region, 
and mitotic spindle. Additionally, the top Reactome 

pathways were kinesins, COPI-dependent Golgi-to-ER 
retrograde traffic, and Golgi-to-ER retrograde transport. 
For down-regulated genes, the top pathways related to 
the GO Biological Process were translation, peptide 
biosynthesis, and peptide metabolism. The top GO 
Molecular Function terms included structural components 
of ribosomes, structural molecule activity proteins, and 
ubiquitin-protein transferase inhibitor activity. The top 
GO Cellular Component terms included ribosomes, 
small ribosomal subunits, and ribosomal subunits. The 
top Reactome pathways were l13a-mediated translational 
silencing of ceruloplasmin expression, SRP-dependent 
co-translational protein targeting to membranes, and 
eukaryotic translation initiation. Notably, the down-
regulated genes were not significantly enriched in the 
KEGG pathway (Fig.4A-I). Therefore, our investigation 
showed that most varicocele-related pathways were 
involved in cell division and ribosomal pathways.

Fig.4: Enrichment analysis based on top hub up- and down-regulated genes. A. Dot plots represent top up-regulated genes in five selected pathways 
including KEGG, B. GEO biological process, C. Molecular function, D. Cellular component and E. Reactome datasets. F. Down-regulated genes include 
biological processes, G. Molecular function, H. Cellular component, and I. Reactome datasets. A P<0.05 was used to denote statistical significance.

A B C

D E F

G H I



Cell J, Vol 25, No 10, October 2023 732

Analysis of Cell Division and Ribosomal Pathways

 Identification of suitable drugs 
Recognizing drugs that could change the expression 

level of key genes with altered expression in varicocele 
could reduce the severity of this disease. Based on the 
Drug Gene Interaction Database (DGIdb) and the score 
obtained, drugs that could affect the expression level of 
candidate genes in varicocele patients were identified. The 
GSE139447 study was used to evaluate the effect of MOP 
on our candidate genes (Materials and Methods). Our results 
showed that among the up-regulated candidate genes, the 
expression levels of BUB1, SMC4, CENP-E, ASPM, were 
up-regulated by the effect of the MOP drug on varicocele 
samples, while the expression level of KIF11 was not 
changed significantly. In addition, the expression of RPS5 

and RPL11 were up-regulated significantly by the effect of 
MOP on varicocele samples, while the expression of RPS19 
was down-regulated significantly, and the expression of 
RPS2 and RPS15 were not significantly changed (Fig.5A-J). 
Our results indicated that the expression level of KIF11 was 
lowered by some drugs like DIMETHYLENASTRON, 
CHEMBL392369, CHEMBL409102, ISPINESIB, AZD-
4877, and LITRONESIB, some of which have been reported 
to have inhibitory roles. Furthermore, our results showed 
that the expression level of RPS19 could be increased by 
DEXAMETHASONE (Table 1). Therefore, our outcomes 
suggested that MOP could have strong effects on the 
master genes in varicocele and could potentially impede its 
progression.

Fig.5: The effect of Morinda officinalis polysaccharide (MOP) on the expression levels of candidate genes. A-E. The effect of MOP drug on the expression 
levels of up-regulated and F-J. Down-regulated genes using the normalized count from the GSE139447 study. The Limma moderate t test was used to 
evaluate the degree of significance with the cutoff for statistical significance set at P<0.05, *; P<0.05, **; P≤0.01, and ns; P>0.05.

A B DC

E GF

H JI



Cell J, Vol 25, No 10, October 2023733

Nasr-Esfahani et al.

Table1: List of drugs effective on the candidate genes based on approved databases

Drug name Score Database PMIDs GENE Specific action

DIMETHYLENASTRON 12.73 DTC 20138511 KIF11 Inhibitor 

CHEMBL392369 12.73 DTC 19167222 KIF11 Inhibitor

CHEMBL409102 12.73 DTC 21344920 KIF11 Inhibitor 

ISPINESIB 12.73 TdgClinicalTrial NA KIF11 Inhibitor 

AZD-4877 12.73 GuideToPharmacology NA KIF11 Inhibitor 

LITRONESIB 6.37 ChemblInteractions NA KIF11 Inhibitor 

DEXAMETHASONE  5.89 NCI 15755903 RPS19 Stimulatory

NA; Not available. 

Discussion
Varicocele is recognized as the primary and most 

remediable cause of male infertility. Nevertheless, 
some varicocele-affected men can procreate without 
intervention. This apparent contrast in fertility outcomes 
between varicocele-afflicted men who father at least one 
child and those who are infertile has remained a largely 
unresolved issue in the field of andrology (8). While 
obtaining semen and especially testicular biopsy from 
varicocele patients who have fathered a child can be 
challenging, animal models offer an alternative approach 
to deepen our understanding of the underlying causes 
of varicocele. The rat model has been widely utilized to 
explore the cellular and molecular mechanisms underlying 
varicocele and to advance our comprehension of this 
condition. Nevertheless, there is still potential for a more 
comprehensive approach (5). 

In this study we utilized the transcriptomic profile 
of GSE139447 to investigate differentially expressed 
genes. Our analysis found 1,277 differentially expressed 
genes, including 677 up-regulated genes and 600 down-
regulated genes. To identify key genes, we constructed 
PPI networks and obtained several modules. Using the 
cytohubba plugin, we identified the hub genes for the up- 
and down-regulated genes. The top five up-regulated hub 
genes were BUB1, SMC4, CENPE, KIF11, and ASPM, 
all of which are related to the cell division cycle. The top 
down-regulated genes were RPL11, RPS15, RPS19, RPS5, 
and RPS2, which are all involved in ribosomal pathways. 

The findings of this study showed that all five of the 
top hub genes were intricately linked to the mechanism 
of cell division. It can be comprehended that even slight 
fluctuations in temperature can disrupt the organization of 
microtubules, which can ultimately lead to severe cellular 
consequences (9). These genes include:

BUB1 is a key protein mediating spindle-checkpoint 
activation and plays a key role in the inhibition of the 
anaphase-promoting complex/cyclosome (APC/C). 
Therefore, it is not surprising that a SNP in this gene 

predisposes humans to disease or affects drug response. 
In addition, BUB1 plays a central role in centromere 
cohesion and spindle assembly checkpoint (SAC). In 
human oocytes, the activity BUB1 decreases with age 
while concomitantly the inter-kinetochore distances of 
bivalent chromosomes strongly increase with age (10). 
The consequence of this is aberrant sister chromatid 
separation in meiosis I, leading to aneuploidy (10, 11). 
Therefore, up-regulation of BUB1 could be considered 
as a compensatory mechanism to overcome the heat-
induced spindle-checkpoint aberrations in varicocele. 

SMC4 one of the other up-regulated hub genes identified 
in this study, is another component of cohesion within 
multi-unit protein complexes (12). These complexes are 
involved in the maintenance of the chromosome family 
and are associated with "spermatoproteasomes" (13, 
14). In this regard, the miRNAs related to SMC4 have 
been shown to be differentially expressed between fertile 
and infertile males with abnormal semen parameters. 
Therefore, up-regulation of this gene is possibly another 
compensatory approach to reduce anomalies in mitotic 
and meiotic divisions by overcoming aberrant protein 
degradation. 

The precise regulation of protein homeostasis is 
crucial for the proper functioning of specific protein 
groups during different stages of spermatogenesis. The 
inactivation or degradation of these proteins at specific 
stages is necessary for the step-wise progression of 
spermatogenesis. This process involves unique protein 
degradation events that are facilitated by testis-associated 
proteasome isoforms, known as “spermatoproteasomes”. 
Dysfunctions in these spermatoproteasomes have been 
linked to the pathogenesis of male infertility related to the 
ubiquitin-proteasome system, and may also be associated 
with chromatin defects that contribute to abnormal sperm 
morphology (12, 15, 16). 

CENP-E similar to BUB1, regulates chromosome 
alignment and mediates kinetochore-microtubule 
attachment (17, 18). The specific inhibition of this 
protein significantly disrupts spermatogenesis and 
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can result in the arrest of the cell cycle, chromosome 
misalignment, spindle disorganization, and, ultimately, 
the formation of aneuploid cells. Moreover, the disruption 
of CENP-E function can lead to defects in spermatid 
formation, including impaired sperm head condensation 
and tail formation. For instance, Baccetti et al. (19) 
demonstrated that men with varicocele commonly exhibit 
mean frequencies of disomies and diploidy outside the 
normal range, indicating a severe disturbance in meiotic 
segregation. 

KIF11 is involved in various kinds of spindle dynamics 
including chromosome positioning, centrosome separation, 
and establishing a bipolar spindle during cell mitosis (20). 
Thus, KIF11 plays a crucial role in facilitating the proper 
progression of meiosis during spermatogenesis. Studies 
have shown that exposure to plasticizers can reduce its 
expression in male rat offspring. In addition, during spindle 
formation, its expression is altered in spermatogenesis-
arrested mutant mice. Therefore, it serves as a pre-meiotic 
marker in germ cells and is essential for normal nuclear 
meiotic events (21).

Single-cell transcriptional analysis revealed that KIF11 
is notably overexpressed in spermatogonia and primary 
spermatocytes, as compared to other testicular cells. In 
these cells, the low expression of KIF11, as compared 
to cells with high expression of KIF11, cyclin binding, 
apoptotic processes, toxic substance binding, biological 
adhesion, DNA replication, identical protein binding, 
nuclear outer membrane of the endoplasmic reticulum 
membrane network, and the cell cycle are significantly 
enriched (20). Therefore, it is of note that KIF11 is not only 
required for mitosis and meiosis but also is fundamental 
to a number of other biological functions, such as axonal 
transport in sperm motility.

ASPM is one of the genes involved in the regulation 
and evolution of brain size in primates and its mutation 
is associated with microcephaly and major defects in both 
male and female germlines (22). ASPM plays a central 
role in processes such as mitotic and meiotic spindle 
regulation, ciliary and flagellar function, and is essential 
for proper brain development. Given its critical role 
in these processes, it is not surprising that mutations in 
ASPM can lead to infertility. In the context of varicocele, 
the upregulation of ASPM may serve as a compensatory 
mechanism to improve the process of spermatogenesis

In summary, our analysis identified five up-regulated 
hub genes that are associated with cell division. 
Interestingly, the down-regulation of these genes is 
expected upon the reversal of varicocele, indicating that 
their up-regulation serves as a compensatory mechanism 
to rectify cell division-related disorders in the state of 
varicocele. However, in the long term, lack of recovery 
from varicocele, may possibly lead to a gradual decrease 
in the expression of these genes. The consequence of this 
depletion in these genes could result in reduced sperm 
count and motility, increased sperm abnormalities, and 
germline depletion in both human and rat models. It is 

important to note that the dataset used in this study 
was derived from rats with chronic varicocele, which is 
similar to the chronic condition observed in humans. In 
contrast, the only other available transcriptomic study in 
the literature utilized an acute rat model of varicocele. 
The observed differences between these two studies may 
be attributed to the distinction between the chronic and 
acute models. Although no transcriptomic analyses of 
human varicocele have been conducted yet, it would be 
intriguing to examine how future human studies align 
with the chronic or acute rat model, providing valuable 
insights into the condition in humans.

As stated above, the up-regulation of these genes is 
likely to be related to compensatory mechanisms, and 
to maintain spermatogenesis in surviving seminiferous 
tubules. Therefore, it is worth noting that MOP, which is 
also believed to have anti-inflammatory effects, increased 
the expression of these five up-regulated genes, of which 
4 were significant. Observing that MOP in the state of 
varicocele increases the expression of these compensatory 
genes gives hope for remedying varicocele. Based on data 
presented in Table 1, it was interesting to note that 6 out 
of the 7 predicted drugs targeted KIF11 via inhibitory 
action. Considering that KIF11 is a pre-meiotic marker, 
its reduced expression may also be an alternative way to 
save pre-meiotic cells from entering a defective process 
of spermatogenesis; an hypothesis which needs future 
consideration. 

Four of the top down regulated genes are associated with 
ribosomes, which are macromolecular machines involved 
in protein synthesis and composed of small and large 40S 
and 60S subunits, consisting of four RNA species and 
approximately eighty structurally distinct proteins. The 
"ribosome filter hypothesis" proposes that the specific 
functions of ribosomal proteins may make ribosomes 
selective for mRNA translation in a cell type- or tissue-
specific manner, such as in the testis (23). By doing so, 
it minimizes the energy resources or cost of generating 
misfolded proteins at the earliest stages and occurs 
during ER-stress (24). This has important implications 
considering that seventy percent of cell energy is used for 
protein synthesis. In this analysis, the five down-regulated 
genes are:

RPL11 has been shown to be up-regulated in 
the normozoospermic group, as compared to the 
asthenozoospermic group. Moreover, in men with 
idiopathic infertility, antioxidant supplementation 
has been reported to increase the expression of this 
transcript, indicating its potential therapeutic value in the 
management of male infertility (25).

However, the deficiency of RPL11 has been associated 
with reduced p53 responses and high C-MYC levels 
(RPL11-3). In the case of varicocele, the reduced 
expression of RPL11 may serve as a compensatory 
mechanism to transiently inhibit apoptosis induced by the 
condition. It is important to note that RPL11 is among 
the sperm-intact RNAs delivered to the zygote during 
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fertilization (RPL11-2), and its reduced level may have an 
impact on zygote quality (26). 

RPS15 mutations rewire the translation program 
of primary CLL cells by reducing their translational 
efficiency. In addition, mutations in the C-terminal tail 
of human RPS15 have been shown to induce defective 
translation and impair the late pre-40S maturation step in 
the cytoplasm, the consequence of which could be reduced 
protein synthesis in varicocele (27).

In this regard, transcriptomic assessment of individuals 
with Klinefelter syndrome showed that RPS15 was among 
the hub genes in sperm, with higher expression observed 
in the control group. Interestingly, its expression showed 
a downward trend from SSC cells to sperm, indicating its 
potential role in spermatogenesis in normal individuals 
(28). 

It was interesting to note that the expression of RSP19, 
a ribosomal protein, was reduced when sperm were 
exposed to the stress of both slow and rapid freezing (29, 
30). It was also interesting to note that in an integrative 
network analysis of proteins, nine of the 10 hubs were 
cytoplasmic ribosomal proteins and RPS19 was among 
these 9 hub genes (31). Gur and Breitbart (32) state that, 
despite spermatozoa being relatively transcriptionally 
and translationally silent, some studies have reported the 
existence of de novo protein synthesis under capacitation 
conditions. These proteins may be important for the 
replacement of some degraded proteins during capacitation 
events and their impairment may account for reduced 
motility, actin polymerization, acrosomal reaction, and 
in vitro fertilization. Therefore, low levels of ribosomal 
proteins, like RPS19, occurring in varicocele may account 
for poor-sperm quality. 

RPS5 is another ribosomal protein shown to be down-
regulated in asthenozoospermic and normozoospermic 
men compared to fertile or control groups (33). This 
statement indicates the critical role of ribosomes in 
producing healthy sperm and highlights the association 
between defects in their biogenesis and various diseases. 
It has been suggested that the copy number of ribosomal 
DNA is correlated with gene expression variation 
and mitochondrial DNA abundance in humans. As 
mitochondria have their own translational machinery and 
the down-regulation of ribosomal proteins could affect 
the assembly of ribosomes in mitochondria, it is possible 
that the consequence of reduced RPS15 expression could 
lead to mitochondrial dysfunction in spermatozoa  and, 
thereby, oxidative stress (34). 

RPS2 has also been reported to be down-regulated 
during cryopreservation stress in human sperm (35). 
In addition, Talluri et al. (35) showed the expression 
of RPS2 to be lower in low-fertile vs high-fertile bulls. 
They also concluded that this might be related to the role 
of the ribosomes in mitochondrial biogenesis which also 
accounts for oxidative stress.

Taken together, the analysis of both up-regulated and 

down-regulated hub genes, particularly those involved in 
mitotic and meiotic machinery for the up-regulated genes, 
and ribosomal machinery for the down-regulated genes, 
shows the significance of these biological processes in 
varicocele. However, a search in PubMed and Google 
suggests that these processes have not received much 
attention in the context of varicocele, despite their importance 
as highlighted in this network analysis. On the other hand, 
literature surveys have demonstrated that oxidative-reductive 
imbalance, endoplasmic stress, and altered metabolism are 
central factors in the biological and molecular pathways 
underlying varicocele pathophysiology (5). Differences 
observed through various biological approaches have 
contributed to the observed complexity of the pathophysiology 
of varicocele. However, these differences also provide an 
opportunity for further investigation to determine which 
biological or molecular pathways have a major impact on 
the infertility associated with varicocele. In this regard, a 
comparative study conducted by Xu et al. (36) evaluated the 
proteome profile of testicular tissues in rats with varicocele 
and after varicocelectomy. The study reported significant 
changes in the expression of several proteins, including 
40S ribosomal protein S24, 60S ribosomal protein L38, 
and 60S ribosomal protein L32, which were ranked as 
the top first, fourth, and eighth proteins, respectively, in 
terms of the magnitude of the change in their expression 
in varicocele. This finding further confirms the effect of 
varicocele on protein machinery.

In addition, the study carried by Zhu et al. (37) which 
assessed key genes in varicocele rats via high-throughput 
sequencing and bioinformatics showed that oxidative 
stress-induced cell death and amyotrophic lateral sclerosis 
are the two major pathway involved in varicocele. These 
findings are consistent with the literature on the acute 
model of varicocele (8 weeks after surgery), while the 
data from this study pertains to the chronic model 
of varicocele (12 weeks), which resembles chronic 
varicocele in humans. Additionally, our study may shed 
light on the role of oxidative-reductive stress, ER stress, 
hypoxia, and related mechanisms that may be secondary 
to the altered regulation of these hub genes. Our study is 
the first bioinformatics study of chronic varicocele in a rat 
model. Differences between the two studies are likely to 
be related to difference between the acute vs the chronic 
model. 

Considering the temperature sensitivity of mitotic and 
meiotic spindles, the up-regulation of genes related to the 
meiotic and mitotic machinery to improve the integrity 
of cell division is understandable. However, the altered 
or reduced expression of genes related to ribosomal 
biosynthesis is intriguing and novel, as it evidently 
affects protein biosynthesis. In this regard, it has been 
demonstrated that free ribosomal proteins regulate the 
Mdm2/p53 axis, leading to DNA damage, cell cycle 
arrest, apoptosis, and autophagy. Therefore, reduced 
expression of ribosomal proteins may inhibit the Mdm2/
p53 axis, reducing the ability of the testis to remove 
DNA-damaged cells, and allowing processes like cell 
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cycle arrest, apoptosis, and autophagy to be executed. 
Based on the Drug Gene Interaction Database analysis, 

Dexamethasone is the only predicted drug that targets 
ribosomes. However, it is interesting to note that MOP 
seems to increase the expression of RPS5 and RPS11, 
while decreasing the expression of RPS19. In contrast, 
changes in the expression of RPS15 and RPS2 were 
insignificant (38). 

It is noteworthy that dexamethasone has been 
demonstrated to decrease inflammation-induced oxidative 
and nitrosative stresses in a rat model of varicocele. In their 
study, Khosravanian et al. (39) showed that dexamethasone 
safeguarded testicular endocrine functions and facilitated 
the process of spermatogenesis. However, the effect of 
dexamethasone on ribosomal proteins in the context of 
varicocele remains to be investigated. Despite prior studies 
by Wang et al. (40) on teratozoospermia and by Zhang et 
al. (41) on asthenozoospermia, proposing a connection 
between ribosomal function and male infertility, the role 
and function of ribosomes in varicocele has not been 
explored. This is significant, given that varicocele is a 
well-known and treatable cause of male infertility. In this 
regard, unexpectedly, the second largest family of proteins, 
after the nucleoproteins, identified in the isolated human 
sperm nucleus corresponds to the ribosomal proteins (42). 
In addition, the background literature shows that among 
the ribosomal protein, RPS6 regulates the viability of 
Sertoli cells in blood-testis barrier dynamics in rats, and 
deficiency of Rpl10lin in male mice and humans results 
in infertility (43-45). Collectively, these finding indicate 
that the disruption of ribosome biogenesis should be 
considered as one of the possible causes of male infertility. 
Considering the fact that ribosomal proteins constitute the 
second largest family of proteins in sperm, their reduced 
expression may be related to their abundance rather than 
their functions. This may also be true for other proteins, 
and, taken together, the functional importance of these 
findings requires validation.

Given the highly condensed and transcriptionally inert 
nature of the sperm nucleus, mitochondrial machinery 
is likely to be the sole player in translational processes 
within the sperm. As such, the altered transcription of 
ribosomal proteins may significantly impact mitochondrial 
function, which in turn may partially account for the 
oxidative-reductive stress observed in varicocele. The 
abundance of ribosomal protein in the sperm nucleus is 
not surprising, as it has been reported to be present in the 
cell nuclei of other eukaryotic cell types. The assembly 
of the 40S and 60S ribosomal subunits typically occurs 
in the nucleolar compartment of the nucleus, with later 
maturation events occurring in the nucleoplasm and 
cytoplasm. This suggests that altered ribosomal function 
in the context of varicocele could have implications 
beyond mitochondrial dysfunction, potentially impacting 
nucleolar and cytoplasmic processes as well (46, 47). This 
suggests that the sperm nucleus could potentially serve 
as a reservoir for ribosomal proteins that may play a role 
after fertilization, although further research is needed 

to explore this possibility. Alternatively, it is possible 
that these ribosomal proteins are simply remnants of 
spermatogenic differentiation. 

Conclusion 
Based on the results obtained in this study, it appears 

that cell division and ribosomal pathways are the most 
severely affected in chronic varicocele, and although the 
existing literature partly supports the outcome of this 
study, lab verification remains to be ascertained. The 
difference between this study and the only previous study 
on rat varicocele is likely to be related to the differences 
between the acute vs the chronic model of varicocele; an 
hypothesis which also needs verification. In addition, this 
type of study generates hypotheses for future lab studies 
and testing of candidate drugs, like dexamethasone, to 
remedy the damage induced by varicocele. It is important 
to note that this study was limited to rat models, and 
further research in humans is needed to validate these 
findings.
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