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ABSTRACT

Background: Non-obstructive azoospermia is one of the most important causes of
male infertility. Its main characteristic is the frequent absence of sperm in the
semen or a low number of sperm, and it is not fully developed. This study aims to
find key genes in non-obstructive azoospermia patients and their role that may
affect the biomarkers related to spermatogenesis.

Methods: Using transcriptome and sequencing datasets in the gene expression
database (GEO), hub genes related to spermatogenesis were identified. Based on
them, gene functional enrichment analysis (GO), gene and genome enrichment
pathway analysis (KEGG), protein-protein interaction (PPI) network analysis,
cellular analysis, and temporal analysis identified a total of 50 differentially
expressed genes, of which, 5 genes related to spermatogenesis (CDC20, BUBIB,
CCNB1, CCNA2 and PLK1) have been reported, and the expression of these 5 hub
genes was different in each type of sperm cells.

Results: The analysis results of the 5 hub genes showed that these hub genes were
expressed in primary spermatocytes, round spermatids, long spermatids, and sperm
during spermatogenesis. PLK1 expression was at the highest level. During the
differentiation of spermatogonia into primary spermatocytes, CDC20 expression
was nearly undetectable, whereas the expression levels of BUB1B, CCNBI, and
CCNA2 were elevated compared to that of BUBI1B.

Conclusion: The research revealed that these five hub genes exhibit distinct
differences in sperm development and may play a crucial role in the differentiation
of various sperm cells. This result is crucial for elucidating the pathogenic
mechanism of non-obstructive azoospermia and for further research.

How to cite this article: Mahmoudi F.Z, Gholami D, Mohammadian A, Azizi H. Identification of Key Genes in
Patients with Non-Obstructive Azoospermia. J Ardabil Univ Med Sci. 2025;25(3):304-318.
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Extended Abstract

Background: Infertility is estimated to affect
10-15% of individuals of reproductive age
globally, with male factors contributing to
nearly half of these cases. Male infertility can
arise from a wide range of conditions-including
sexual dysfunction, varicocele, genital tract
infections, endocrine disorders, and both
obstructive and non-obstructive azoospermia.
Among these, non-obstructive azoospermia
(NOA) is particularly significant. It affects
roughly 1% of all men and accounts for 10-15%
of infertile males, making it one of the most
important and challenging causes of male
infertility. NOA occurs when the testes fail to
produce sperm effectively. As a result, affected
men have either no sperm in the ejaculate or
only extremely small amounts. At the tissue
level, the seminiferous tubules are often
abnormal: their structure is disrupted,
spermatogenic cells fail to mature properly, and
meiosis does not progress as it should. Recent
research has shown that spermatogenesis in
NOA is not uniformly absent. Instead, it tends
to be patchy and uneven. Even when most
seminiferous  tubules show no sperm
production, small, localized areas of active
spermatogenesis may still exist. This explains
why some NOA patients can still achieve
biological parenthood. When sperm are
successfully retrieved from the testes or
epididymis, intracytoplasmic sperm injection
(ICSI) can enable fertilization. However,
because this technique bypasses many of the
natural selection steps involved in reproduction,
it may increase the likelihood that genetic
abnormalities are passed on. Current
investigations into NOA focus heavily on
chromosomal abnormalities, Y-chromosome
microdeletions, and epigenetic changes. Yet the
gene-expression-level ~ mechanisms  behind
NOA remain poorly understood. High-
throughput technologies, such as
transcriptomics and single-cell sequencing,
generate massive datasets that require
sophisticated bioinformatic analysis. Some
studies have identified possible biomarkers-
including autophagy-related genes and non-
coding RNAs- but these have typically relied on
single-gene approaches rather than
comprehensive regulatory network analysis. In

this study, we used microarray transcriptome
data alongside single-cell RNA-sequencing
datasets from NCBI-GEO to identify
differentially expressed genes (DEGs). We
performed GO and KEGG enrichment analysis,
constructed protein—protein interaction (PPI)
networks, pinpointed key hub genes, annotated
cell clusters, and examined temporal expression
patterns. Together, these analyses were
designed to clarify how specific genes
contribute to normal spermatogenesis and how
their disruption may lead to NOA.

Methods: This study followed all required
ethical guidelines and was approved by the
Ethics Committee of Amol University of
Advanced Technologies (IR.ASMT.REC.1403.010).
We retrieved the GSE45885 dataset via the
GEOQuery package in R (version 4.3.2). To
ensure data integrity, we assessed quality using
PCA and confirmed the uniformity of pre-
normalized expression values with boxplots and
violin plots. Differential gene expression
between Sertoli-cell-only—only samples and
control samples was analyzed using the limma
package, applying thresholds of [fold change| >
1 and adjusted p<0.05. After preprocessing and
quantile normalization, significant DEGs were
analyzed wusing EnrichR for functional
enrichment and visualized with ggplot2.
Protein—protein interactions were evaluated
through StringDB, and Cytoscape was used to
construct the network. We identified the top
five hub genes using the cytoHubba plugin.
Results: GO enrichment analysis of DEGs
revealed strong associations across biological
processes (BP), cellular components (CC), and
molecular functions (MF). Most enriched
categories belonged to BP and CC. Within BP,
the genes were primarily linked to
spermatogenesis, multicellular ~ organism
development, cell differentiation, spermatid
maturation, and sperm motility-biological
activities directly tied to reproductive function.
In the CC category, the genes were enriched in
structures such as microtubules, acrosomal
vesicles, and the nucleus, all of which play
crucial roles in sperm formation and structure.
KEGG pathway analysis further suggested that
these DEGs participate in several signaling
pathways central to spermatogenesis. These
included glycolysis/gluconeogenesis, protein
processing in the endoplasmic reticulum,
carbon metabolism, and cell-cycle regulation.
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Together, the findings reinforce that NOA
disrupts pathways responsible for energy
production, cytoskeletal organization, and
germ-cell development. We selected the
GSE45885 dataset, containing testicular biopsy
samples from NOA patients with Sertoli-cell-
only syndrome and healthy controls, because of
its strong data quality and comprehensive
expression profiles. To ensure reliable
identification of core genes, we assessed key
nodes in the PPI network using five cytoHubba
algorithms: MCC, Degree, Closeness,
Betweenness, and EPC. Only genes that
consistently ranked high across all methods,
PLK1, CDC20, BUBIB, CCNBI, and CCNA2,
were considered final hub genes. This multi-
algorithm approach reduced potential bias
compared with relying on any single centrality
measure. Figure 5 shows the resulting PPI
network, featuring interactions among 50
DEGs. The five overlapping genes were
identified as hub genes and displayed the
largest node sizes and most intense colors,
reflecting their high degree of connectivity.
These genes may represent key regulatory
points in the molecular pathways that go awry
in NOA. Spermatogenesis involves a highly
coordinated sequence of events, mitosis,
meiosis, and spermiogenesis, ultimately
producing mature sperm capable of acquiring
energy and undergoing functional maturation in
the epididymis. Disruption of any of these
stages can lead to NOA and infertility in men.
Recent  attention has  shifted toward
transcriptional regulation, as changes in gene
expression can impact the development of

multiple germ-cell types. Our analysis of the
GSE45885 dataset identified 50 downregulated
DEGs in NOA compared with controls. GO
enrichment revealed that these genes were
concentrated in processes related to sperm
formation and function, including
spermatogenesis, cell differentiation, spermatid
development, sperm motility, and structural
organization. KEGG analysis indicated
involvement in energy metabolism, protein
folding, carbon metabolism, and cell-cycle
pathways- mechanisms essential for chromatin
remodeling, meiotic progression, and the
energy demands of developing germ cells. The
five hub genes- PLKI, CDC20, BUBIB,
CCNBI, and CCNA2- exhibited dynamic
expression patterns in single-cell datasets,
suggesting distinct roles at different stages of
germ-cell development. While these genes are
well-known regulators of cell division, their
specific contributions to human
spermatogenesis are not yet fully understood
and require further experimental validation.
Conclusion: Overall, our findings identify
PLK1, CDC20, BUBIB, CCNBI, and CCNA2
as central regulators of cell-cycle control and
germ-cell differentiation. Altered expression of
these genes may contribute to the impaired
spermatogenesis  characteristic of NOA.
Clinically, these genes show promise as early
diagnostic biomarkers and potential therapeutic
targets. Future research, including in vitro and
in vivo studies, will be essential to confirm their
mechanistic roles and evaluate their potential in
clinical applications.
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