
Centrioles: Guardians of 
Cellular Inheritance and 
Fertility
This presentation explores the critical role of centrioles in cellular 
division, reproduction, and embryonic development. We'll 
examine how these microscopic cellular organelles function as the 
architects of life, from their structure and function to their crucial 
role in human reproduction and fertility.

by Fertility Guidance Technologies



Understanding Centrioles: Cellular Precision Machinery

Centrioles are evolutionarily conserved organelles with highly ordered microtubule 
structures that play essential roles in cellular organization and division. These 
remarkable structures:

• Exist as orthogonally arranged pairs within centrosomes

• Measure approximately 500 nm in length and 200 nm in diameter

• Contain nine triplets of microtubules arranged in a cartwheel pattern

• Function as microtubule organizing centers (MTOCs)

• Guide mitotic spindle assembly during cell division

• Ensure accurate chromosomal segregation

• Are critical for maintaining genomic integrity across generations

The intricate architecture of centrioles allows them to function with nanometer-scale 
precision, orchestrating complex cellular events with remarkable accuracy.

The canonical structure of a centriole reveals nine triplet microtubules arranged in a 
cylindrical formation. This highly conserved architecture has remained largely 
unchanged throughout evolutionary history, underscoring its fundamental 
importance to eukaryotic cell function.



The Centrosome: More Than Just a Scaffold

1

Centrosome Structure

The centrosome consists of two centrioles surrounded by a dense 
matrix called pericentriolar material (PCM). The older centriole 
(mother) often displays appendages absent in the newer 
(daughter) centriole. These appendages anchor microtubules and 
facilitate cellular positioning.
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Protein Composition

The PCM is enriched with hundreds of proteins, most notably γ-
tubulin, which forms ring complexes (γ-TuRCs) that serve as 
templates for microtubule nucleation. Other key proteins include 
pericentrin, ninein, and CEP proteins that scaffold the PCM 
architecture.
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Cell Cycle Regulation

Centrosomes duplicate once per cell cycle, during S phase, in 
coordination with DNA replication. This precise timing is 
regulated by kinases like PLK1, CDK1, and Aurora A, ensuring that 
cells enter mitosis with exactly two centrosomes.
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Functional Significance

Beyond spindle organization, centrosomes establish cell polarity, 
direct cytoskeletal organization, coordinate intracellular 
trafficking, and serve as signaling hubs. In specialized cells, the 
mother centriole can also function as a basal body for cilium 
formation.

The centrosome functions as the primary microtubule organizing center in animal cells, coordinating cell division, migration, and organization. 
Its intricate composition allows it to integrate multiple cellular signals and translate them into structural responses.



Mature Human Oocytes: The Curious Absence of Centrioles

The Acentriolar Phenomenon

Unlike virtually all other cell types, mature human oocytes lack centrioles entirely. 
This remarkable exception to cellular organization represents an evolutionary 
adaptation specific to oogenesis:

• Pre-pubertal oocytes initially contain centrioles during early development

• Centrioles are systematically eliminated during oocyte maturation

• Elimination occurs through processes including extrusion, degradation, and 
inactivation

• This phenomenon is conserved across many species including humans, mice, 
and other mammals

• Despite lacking centrioles, oocytes retain many centrosomal and PCM proteins

• These proteins remain dispersed throughout the oocyte cytoplasm

The absence of centrioles in mature oocytes represents one of the most significant 
asymmetries in gametogenesis between males and females.

A mature human oocyte arrested at metaphase II of meiosis. Note the acentriolar 
spindle organization and the absence of focused microtubule organizing centers. 
This unique arrangement allows the oocyte to complete meiosis without canonical 
centrosomes.



Centriolar Elimination During Oogenesis
1Primary Oocyte Stage

Young oocytes initially contain functional centrioles that 
organize the microtubule network. During early oocyte 

development, centrioles maintain their canonical structure 
and function.

2 Meiotic Prophase I

As oocytes enter meiotic prophase I and form primordial 
follicles, centriolar proteins begin to disperse. The PCM 
gradually loses its cohesive organization, though some 
centrosomal proteins remain localized near the nucleus.

3Growing Oocyte Phase

During the growth phase, centrioles undergo structural 
degradation. Regulatory proteins such as PLK1 and Aurora A 
kinases are implicated in this controlled elimination process. 

The microtubule organizing function begins to shift from 
centrosomal to chromatin-mediated pathways.

4 Mature Oocyte

By maturation, oocytes have completely eliminated 
centrioles while retaining dispersed PCM proteins. The 
meiotic spindle forms through chromatin-driven 
microtubule nucleation, allowing chromosome segregation 
without canonical centrosomes.

Despite retaining numerous centriolar and PCM proteins, mature oocytes do not assemble functional centrioles. Studies suggest this 
elimination relies on canonical centrosome regulators such as PLK1 and proteasomal degradation pathways. The absence of maternal 
centrioles means zygotic centrioles must be entirely paternally derived, creating a fundamental asymmetry in parental contribution to the 
embryo.



Sperm: Carriers of the Centrosomal Legacy

Spermatozoa contribute not only paternal DNA but also the centrioles required 
for organizing the first mitotic spindle in the zygote. The male gamete carries a 
specialized centrosomal package:

One canonical proximal centriole located at the sperm neck junction

One atypical distal centriole with species-specific adaptations
• Reduced PCM content compared to somatic cells
• Specialized centrosomal proteins that remain dormant until fertilization

• Molecular adaptations that protect centrioles during spermiogenesis
• Structural modifications that link centrioles to the sperm nuclear envelope

The sperm centrosome undergoes extensive remodeling during 
spermatogenesis, transforming from a conventional MTOC into a specialized 
organelle optimized for fertilization and early embryonic development.

Cross-sectional view of human spermatozoon showing the specialized centriolar 
apparatus. The proximal centriole (near the nucleus) and the distal centriole 
(connected to the axoneme) perform distinct functions during fertilization and 
early embryogenesis.



From Sperm Tail to Zygote Pole: Dual Roles of Centrioles

Sperm Motility Function

The distal centriole serves as the 
organizing center for the axoneme, the 
core structure of the sperm flagellum. It 
templates the characteristic 9+2 
microtubule arrangement that powers 
sperm motility through coordinated dynein 
activity.In humans, this centriole displays 
specialized structural modifications that 
enhance mechanical stability during the 
vigorous movements required for 
fertilization.

Fertilization Transition

Upon fertilization, the sperm centrioles 
undergo rapid remodeling. The proximal 
centriole recruits maternal PCM proteins 
and expands its microtubule-organizing 
capacity, while the distal centriole may 
degenerate or contribute to the second 
centrosome.This transition from motility function to 
division organizing center occurs within 
hours of sperm-egg fusion.

Zygotic Division Role

The remodeled proximal centriole becomes 
the primary MTOC of the zygote. It 
nucleates the sperm aster that draws male 
and female pronuclei together and later 
organizes the mitotic spindle for the first 
cleavage division.This transformation establishes the 
centrosomal inheritance pattern for all 
subsequent cell divisions in the developing 
embryo.

The functional duality of sperm centrioles represents one of the most remarkable examples of organelle repurposing in biology. A structure 
initially specialized for motility transforms into the organizational hub for embryonic development, highlighting the extraordinary plasticity of 
centrosomal organization during the transition from gamete to embryo.



Fertilization: The Central Role of the Centrosome
Upon sperm entry into the oocyte, a cascade of centrosome-mediated events unfolds that is essential for successful fertilization:

1Centrosome Incorporation

After the sperm penetrates the oocyte, its proximal centriole 
is carried into the egg cytoplasm. The centriole remains 

closely associated with the sperm nucleus as it undergoes 
decondensation to form the male pronucleus.

2 Centrosome Activation

The paternal centriole rapidly recruits maternal PCM 
proteins, including γ-tubulin, pericentrin, and other 
centrosomal components. This recruitment expands the 
PCM volume and dramatically increases its microtubule 
nucleation capacity.

3Sperm Aster Formation

The activated centrosome organizes microtubules into a 
radial array called the sperm aster. This structure extends 
throughout the oocyte cytoplasm, creating tracks for the 

movement of cellular components and organelles.
4 Pronuclear Migration

Microtubules of the sperm aster facilitate the migration of 
the female pronucleus toward the male pronucleus, 
enabling their apposition and eventual fusion. This process 
depends on dynein motors that move along the aster 
microtubules.

5Centrosome Duplication

Prior to the first cleavage division, the centrosome 
duplicates to form two MTOCs that will establish the poles of 

the first mitotic spindle. This duplication requires specific 
regulatory proteins and occurs in coordination with DNA 

replication.



γ-Tubulin and Microtubule Nucleation

The Master Regulator of Microtubule Assembly

γ-Tubulin is a specialized member of the tubulin family that plays a central role in microtubule 
organization during fertilization and embryonic development:

• Concentrated in the PCM of centrosomes

• Does not polymerize with α- and β-tubulin into microtubules

• Forms large multiprotein complexes called γ-Tubulin Ring Complexes (γ-TuRCs)

• γ-TuRCs serve as templates for microtubule nucleation

• Maternal γ-tubulin is recruited to the sperm centrosome after fertilization

• Essential for sperm aster formation and pronuclear migration

• Regulates microtubule density and distribution during early cleavage

• Mutations in γ-tubulin cause severe developmental defects and embryonic lethality

Molecular model of a γ-Tubulin Ring Complex (γ-TuRC) showing how it templates the nucleation of a 
microtubule. The γ-tubulin molecules (colored subunits) arrange in a ring-like structure that mirrors the 
arrangement of β-tubulin in a microtubule, providing a nucleation site for α/β-tubulin dimers to begin 
polymerization.



Tubulin Isoforms and Centrosomal Assembly

α-Tubulin

Forms heterodimers with β-tubulin that polymerize into microtubules. 
Multiple α-tubulin isotypes exist with tissue-specific expression 
patterns. Post-translational modifications of α-tubulin, including 
acetylation and detyrosination, regulate microtubule stability and 
function during fertilization and early cleavage.

β-Tubulin

Partners with α-tubulin in microtubule formation. Different β-tubulin 
isotypes confer specific properties to microtubules. The sperm-specific 
β-tubulin found in the flagellum undergoes selective degradation after 
fertilization, while maternal β-tubulin incorporates into the sperm aster 
microtubules.

δ-Tubulin

Associated with centrioles and basal bodies. Essential for maintaining 
the ninefold symmetry of centrioles. Plays specific roles during 
spermatogenesis, particularly in forming the distal centriole and sperm 
axoneme. Its role in fertilized eggs remains poorly understood but 
likely contributes to centriole integrity.

ε-Tubulin

Critical for centriole duplication and PCM organization. Localizes to the 
subdistal appendages of mature centrioles. Required for centrosome 
maturation during the fertilization process. Mutations in ε-tubulin can 
impair centrosome duplication in the zygote, leading to monopolar 
spindles and developmental arrest.

The tubulin superfamily represents a diverse group of proteins that play specialized roles in centrosome structure and function. While α- and β-tubulins are 
the primary structural components of microtubules, the less abundant tubulin isoforms (γ, δ, ε) perform critical regulatory functions in centrosome 
assembly, centriole duplication, and microtubule organization during fertilization and early embryonic development.

Recent proteomic analyses have identified additional tubulin-like proteins associated with centrosomes, suggesting even greater complexity in the 
regulation of centrosomal function during the transition from gamete to embryo. Understanding the specific contributions of each tubulin isoform may 
provide insights into centrosome-related fertility disorders.



Structural Scaffolds: Pericentrin and Centrin

Pericentrin: The Centrosomal Architect

Pericentrin is a large coiled-coil protein that serves as a 
major structural component of the PCM:

• Forms a lattice-like scaffold that anchors γ-tubulin 
complexes

• Extends radially from the centriole surface into the PCM
• Interacts with numerous centrosomal proteins including 

AKAP450, CDK5RAP2, and calmodulin
• Undergoes dramatic expansion during centrosome 

maturation
• Essential for organizing flagella and cilia
• Recruited to the sperm centrosome shortly after fertilization
• Mutations cause microcephalic primordial dwarfism and 

fertility issues

Centrin: The Calcium-Sensitive Regulator

Centrin is a small calcium-binding protein of the EF-hand 
family that localizes to centrioles:

• Concentrated in the distal lumen of centrioles
• Forms part of the cartwheel structure in nascent centrioles
• Contributes to centriole duplication and stability
• Responds to calcium fluctuations during fertilization
• May play a transitional role during sperm centriole 

conversion in the zygote
• Four mammalian isoforms (Centrin 1-4) with tissue-

specific expression
• Centrin-2 is ubiquitous, while Centrin-1 is enriched in 

male germ cells



Egg Activation and Cortical Reaction
1Sperm-Egg Fusion

When the sperm fuses with the oocyte plasma membrane, it triggers 
a series of calcium-dependent signaling events. The sperm delivers 

not only genetic material but also a phospholipase C zeta (PLCζ) that 
initiates calcium release from intracellular stores.

2 Calcium Oscillations

PLCζ hydrolyzes PIP2 to produce IP3, which binds to receptors on the 
endoplasmic reticulum, causing calcium release. This initiates a wave 
of calcium oscillations that propagate across the oocyte, activating 
numerous calcium-dependent enzymes and signaling pathways.

3Meiotic Resumption

The calcium surge activates calmodulin-dependent protein kinase II 
(CaMKII), which leads to the degradation of cyclin B and inactivation 
of maturation promoting factor (MPF). This allows the oocyte to exit 
meiotic arrest and complete the second meiotic division, extruding 

the second polar body.

4 Cortical Granule Exocytosis

Calcium elevation triggers the exocytosis of cortical granules, which 
release enzymes that modify the zona pellucida. This "cortical 
reaction" prevents additional sperm from penetrating the oocyte 
(polyspermy block) and creates space for embryonic development.

5Centrosomal Remodeling

Simultaneously, calcium signals initiate the recruitment and 
remodeling of sperm-derived centrosomal material. Maternal PCM 
proteins are mobilized to the sperm centriole, and the centrosome 

begins its transformation into an active MTOC capable of supporting 
embryonic development.

The coordination between egg activation events and centrosomal remodeling is critical for successful fertilization. Calcium oscillations serve as the master 
regulator of this process, synchronizing multiple cellular events including cortical granule exocytosis, meiotic resumption, and centrosome activation.



Mitotic Spindle Assembly in the Zygote

After pronuclear fusion, the sperm-derived centrosome orchestrates the assembly of the first 
mitotic spindle through a precisely choreographed sequence of events:

Centrosome Duplication: The single paternal centrosome duplicates to form two MTOCs that will 
establish the spindle poles

Nuclear Envelope Breakdown: The nuclear membranes surrounding the pronuclei disassemble, 
allowing access to chromosomes

Spindle Microtubule Assembly: The duplicated centrosomes nucleate microtubules that extend 
toward chromosomes

Chromosome Capture: Kinetochores on chromosomes attach to microtubules from opposite poles

Metaphase Alignment: Chromosomes align at the metaphase plate through balanced tension

Chromosome Segregation: Sister chromatids separate and move toward opposite poles

Cytokinesis: The cell membrane constricts between separated chromosomes

Formation of Two Blastomeres: The zygote divides into two daughter cells, each with a complete 
set of chromosomes

The first mitotic division of a human zygote. Note the centrosomes at each spindle pole (derived 
from the paternally-contributed centrioles) organizing the microtubule network that captures and 
segregates chromosomes. This bipolar spindle ensures equal distribution of genetic material to 
the first two blastomeres.



Centrosomal Dysfunction and Fertilization Failure

Defective Aster Formation

Sperm with abnormal centrioles often fail to form proper sperm asters 
after fertilization. The microtubule network remains disorganized, 
preventing normal pronuclear migration and apposition. This results 
in fertilization failure despite successful sperm penetration and DNA 
decondensation.

Electron microscopy studies have revealed structural abnormalities in 
sperm centrioles from infertile men, including missing microtubule 
triplets, displaced cartwheel structures, and abnormal appendages.

Impaired Pronuclear Fusion

When sperm aster formation is suboptimal, the female pronucleus 
may not efficiently migrate toward the male pronucleus. This leads to 
delayed or failed pronuclear fusion, preventing the integration of 
maternal and paternal genomes required for normal development.

Time-lapse imaging of human zygotes has demonstrated that 
pronuclear migration defects strongly correlate with subsequent 
developmental arrest, highlighting the critical importance of this 
centrosome-dependent process.

Compromised Spindle Integrity

Defective centrosomes can organize abnormal mitotic spindles with 
misaligned or unstable microtubules. These compromised spindles 
lead to chromosome missegregation during the first cleavage division, 
resulting in aneuploid blastomeres with imbalanced chromosome 
numbers.Immunofluorescence studies of arrested human embryos frequently 
reveal multipolar spindles, spindles with unfocused poles, or 
monopolar spindles—all indicative of centrosomal dysfunction.

Clinical Manifestations

Centrosomal defects contribute significantly to unexplained male 
infertility, particularly in cases with normal sperm count and motility 
but poor fertilization rates. Even with assisted reproductive 
technologies like ICSI, centrosome-related defects can cause 
embryonic arrest during early cleavage stages.

Men with poor sperm morphology, particularly those with abnormal 
sperm head-neck attachments or tail abnormalities, often have 
underlying centrosomal defects that impact embryonic development 
potential.



Tripolar and Tetrapolar Spindles: A Dangerous Error

Causes of Multipolar Spindles

Multipolar spindles represent a serious error in centrosome regulation that can occur through several 
mechanisms:

Supernumerary Centrosomes: Extra centrosomes from abnormal duplication or from polyspermy 
(fertilization by multiple sperm)

Centrosome Fragmentation: Splitting of PCM material into multiple disorganized MTOCs

Failed Cytokinesis: Incomplete cell division leading to tetraploid cells with four centrosomes

De novo Centrosome Formation: Abnormal assembly of centrosome-like structures without proper 
centrioles

Maternal Centrosome Retention: Failure to eliminate maternal centrioles during oogenesis

These abnormalities occur in approximately 12-15% of human zygotes and contribute significantly to 
early embryonic wastage.

Fluorescence microscopy image of a tripolar spindle in a human embryonic cell. Three centrosomes 
(bright spots at the spindle poles) organize microtubules (green) that extend toward chromosomes 
(blue). This abnormal configuration causes chaotic chromosome segregation and typically leads to 
developmental arrest or severely abnormal development.



Zygotic Checkpoints and Embryonic Arrest
1 Limited Early Checkpoint Function

Unlike somatic cells, early embryos 
have attenuated cell cycle checkpoints. 
The spindle assembly checkpoint 
(SAC), which normally prevents 
anaphase until all chromosomes are 
properly attached to the spindle, 
functions weakly during the first few 
cleavage divisions. This permits 
abnormal spindle configurations to 
proceed through mitosis without 
correction.The relaxed checkpoint control may 
represent an evolutionary compromise 
that favors rapid cell division at the 
expense of genomic integrity during 
early development.

2 Developmental Timing of Arrest

Centrosomal defects can cause 
developmental arrest at specific 
stages: immediately after fertilization 
(due to aster formation failure), during 
the first cleavage (due to spindle 
defects), or at the 4-8 cell stage (when 
embryonic genome activation occurs). 
Severe defects cause immediate 
arrest, while milder abnormalities may 
allow limited development before the 
cumulative effects of chromosomal 
imbalances halt progression.

The 8-cell stage represents a critical 
checkpoint when the embryonic 
genome becomes fully activated and 
more stringent quality control 
mechanisms engage.

3 Emergence of Functional 
Checkpoints

Functional cell cycle checkpoints 
emerge gradually during 
preimplantation development. By the 
blastocyst stage (day 5-6), embryos 
have established more robust 
checkpoint mechanisms that can 
detect and respond to spindle 
abnormalities. This transition 
coincides with cellular differentiation 
and the establishment of the first 
lineage decisions between inner cell 
mass and trophectoderm.The activation of p53-dependent 
pathways around this time enables 
more effective elimination of 
chromosomally abnormal cells 
through apoptosis.



Centrosomal Imbalance and Embryo Mosaicism

Understanding Embryonic Mosaicism

Embryonic mosaicism—the presence of cells with different chromosomal complements within a single 
embryo—frequently results from centrosomal dysfunction:

• Affects approximately 20-40% of human preimplantation embryos
• Often originates from spindle defects in early cleavage divisions
• Can involve complex mixtures of normal, aneuploid, and polyploid cells
• More common in embryos from older mothers or fathers with poor sperm quality
• Associated with reduced implantation rates and increased miscarriage risk
• May be compatible with normal development if abnormal cells are eliminated or restricted to 

extraembryonic tissues

The developmental fate of mosaic embryos depends on several factors including the specific 
chromosomes affected, the proportion of abnormal cells, and the timing and location of the initial 
error.

Schematic representation of a mosaic human embryo at the 8-cell stage. Different colors represent 
blastomeres with distinct chromosomal compositions resulting from abnormal segregation during 
earlier divisions. This mosaicism can affect development potential depending on which cells contribute 
to the inner cell mass versus the trophectoderm.



The ART Paradox: ICSI and Centriole Quality

1

ICSI Bypasses Natural Selection

Intracytoplasmic sperm injection (ICSI) was 
developed to overcome severe male factor 
infertility by directly injecting a single 
sperm into an oocyte. While this technique 
bypasses barriers to natural fertilization, it 
also circumvents the natural selection 
processes that might prevent sperm with 
defective centrosomes from participating 
in fertilization.

Studies have shown that sperm selected 
for ICSI based solely on minimal motility or 
morphology may carry centrosomal 
defects that would have prevented natural 
fertilization but are not detected during 
the selection process.

2

Technical Success vs. Developmental 
Potential

ICSI can achieve high rates of technical 
fertilization (presence of two pronuclei) 
even with severely compromised sperm. 
However, if the sperm centrosome is 
defective, subsequent development may 
fail despite successful pronuclear 
formation. This creates a "fertilization-
development gap" where embryos show 
initial signs of fertilization but lack the 
centrosomal machinery needed for normal 
cleavage.This phenomenon helps explain why 
fertilization rates with ICSI can be high (70-
80%) while blastocyst development rates 
remain much lower (30-50%), particularly 
in cases of severe male factor infertility.

3

Clinical Implications

The centrosomal contribution to embryo 
development has important clinical 
implications for assisted reproduction. In 
cases of unexplained fertilization failure or 
recurrent early embryonic arrest despite 
ICSI, centrosomal dysfunction should be 
considered as a potential cause. 
Unfortunately, current clinical embryology 
lacks standardized methods to evaluate 
sperm centrosome function.

Some specialized fertility centers have 
begun implementing experimental assays 
such as heterologous ICSI (injection of 
human sperm into animal oocytes) to 
assess sperm centrosome-organizing 
ability before clinical treatment.



Microscopy Insights: Visualizing Centrosomal Defects

Advanced Imaging Technologies

Modern microscopy techniques have revolutionized our understanding of centrosomal function in 
fertilization and early development:

Immunofluorescence Microscopy: Using antibodies against tubulin, γ-tubulin, pericentrin, and other 
centrosomal proteins to visualize spindle organization

Super-Resolution Microscopy: Techniques like STORM and PALM that break the diffraction limit to reveal 
nanoscale centrosome structure

Electron Tomography: 3D reconstruction of centriole ultrastructure at molecular resolution

Live-Cell Imaging: Real-time visualization of centrosome dynamics during fertilization and cleavage

Fluorescent Protein Fusions: Tagging centrosomal proteins to track their behavior in living embryos

Light Sheet Microscopy: Gentle imaging of delicate embryos with minimal photodamage

These technologies have revealed previously undetectable abnormalities in centrosome structure and 
function that contribute to reproductive failure.

Comparative imaging of centrosomal abnormalities in human embryos. Panel A shows normal bipolar 
spindle organization with focused centrosomes at each pole. Panels B-D show various abnormalities 
including fragmented centrosomes, multipolar spindles, and monopolar configurations. These defects result 
in chromosomal missegregation and typically lead to developmental arrest.



Future Frontiers: Centrosomal Proteomics in Reproduction

From orchestrating the first mitotic spindle to ensuring genomic integrity across generations, centrioles play indispensable roles in human reproduction. Their dysfunction represents a hidden but 
potent factor in early embryonic loss and infertility. As our understanding of centrosomal biology deepens, new diagnostic and therapeutic approaches are emerging that may revolutionize the 
treatment of centrosome-related reproductive disorders.

The future of reproductive medicine will likely include a deeper appreciation for these tiny cellular structures that serve as the molecular architects of early human life. By integrating centrosomal biology 
into clinical practice, we may unlock new solutions for patients currently facing the challenges of unexplained infertility and recurrent embryonic failure.

Comprehensive Centrosome Mapping

Advanced proteomic approaches are beginning 
to catalogue the complete protein composition 

of sperm centrosomes. Mass spectrometry-
based techniques have identified over 100 

centrosomal proteins with potential roles in 
fertilization and early development. This 

comprehensive mapping may reveal novel 
biomarkers of centrosome function.

Genetic Screening

Next-generation sequencing of genes encoding 
centrosomal proteins may identify mutations 

associated with specific forms of infertility. 
Several centrosomal gene variants have already 

been linked to male infertility syndromes. 
Developing targeted genetic panels could 
improve diagnosis of centrosome-related 

reproductive disorders.

Functional Centrosome Assays

Development of clinical tests to evaluate sperm 
centrosome function before ICSI. These could 

include heterologous systems using animal 
oocytes or cell-free assays that measure 

microtubule-organizing capacity. Standardized 
functional testing could significantly improve 

sperm selection for assisted reproduction.

Therapeutic Interventions

Emerging approaches to correct or compensate 
for centrosomal defects include 

supplementation with centrosomal proteins, 
manipulation of centrosome-regulating 

pathways, and potentially artificial 
centrosomes. These interventions could 

represent breakthrough treatments for specific 
forms of currently untreatable infertility.
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