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Learning Objectives 

• Describe Spermatogenesis and Sertoli Cell 
Function

• List the Spermatogenesis Phases 
• Describe the function and structure of 

epididymus

Learning Objectives



Topics to be covered

• Spermatogenesis
• Sertoli Cell function
• Sperm motility and structure
• Function and structure of epididymus
• Semen and seminal plasma
• Fertilization

– Capacitation, zona pellucida interaction, syngamy
• ICSI
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Motivation

“You were born a winner, a warrior, one who 
defied the odds by surviving the most gruesome 
battle of them all - the race to the egg. And now 
that you are a giant, why do you even doubt 
victory against smaller numbers and wider 
margins?” 

― Suzy Kassem, Rise Up and Salute the Sun



SPERMATOGENESIS



Spermatogenesis - Anatomy



Spermatogenesis - Anatomy



Spermatogenesis - Anatomy

OVAM – Seminiferous Tubule

Presenter Notes
Presentation Notes
-Histology remains important for understanding even if it does not exist commonly or at all on the test



Testes in Health & Reproduction

• Exocrine
– Spermatogenesis
– Involves the Sertoli cells and seminiferous 

epithelium

• Endocrine
– Steroidogenesis
– Involves Leydig cells and interstitial compartment



Hormonal Production and Feedback

Testosterone
Inhibin B



Gametogenesis: The oocyte

Goodman AL, Hodgen GD: Recent Prog Horm Res 39:1-73, 1983

Presenter Notes
Presentation Notes
This curve is a familiar one – the female gamete pool is fixed and diminishes over time.



Spermatogenesis

• In honor of Dr. Brooks Keel…

• The male
– Produces 2 trillion sperm
– Ejaculates 700 billion sperm
– Ejaculates 7 liters of semen

Presenter Notes
Presentation Notes
As opposed to the male. This slide is in honor of Dr. Brooks Keel who has previously covered this material.



Spermatogenesis

FSH

Testosterone

Testosterone

Goal: Know/understand the cells and phases

2C/2N

4C/2N

2C/1N

1C/1N

1C/1N

2x

2x

Presenter Notes
Presentation Notes
Meiosis I is reduction divisionN=ploidy, number of chromosomesC=DNA copy number, number of chromatids



Spermatogenesis Phases

• Proliferation
– Spermatogonia give rise to spermatocytes
– Spermatogonia regenerate
– FSH dependent process

• Meiotic Phase
– Spermatocytes undergo maturation division
– Reduce chromosome number by ½
– Testosterone dependent process

• Spermiogenic Phase
– Spermatids mature into spermatozoa
– Testosterone dependent process



Spermatogonial Proliferation Phase

Recent Progress in Hormone Research 57(1):149-79 · 2002

Presenter Notes
Presentation Notes
-There are three subtypes of spermatogonia, type A pale (Ap) and A dark (Ad) spermatogonia and type B spermatogonia. -Ad = reserve cells-Ap = stem cells-Type B = differentiated/committed



Meiotic Phase

2n/2c

2n/4c

1n/2c

1n/1c

Presenter Notes
Presentation Notes
Type B divide by mitosis to yield primary spermatocytes1o then go through preleptotene, leptotene, zygotene and pacytene of 1st phase of meiosis Following a short diplotene stage, 1o divide to give rise to 2o spermatocytes (short lived)2o spermatocytes then divide to yield haploid spermatids ( X or Y)



Spermiogenesis Phase

Junqueira and Carneiro, Basic Histology, 11th ed. 2005.

Presenter Notes
Presentation Notes
Spermiogenesis is the final stage of spermatogenesissees the maturation of spermatids into mature, motile spermatozoa. 



Spermiogenesis Phase

• Golgi and acrosomal 
vesicle fusion

• Centriole migration

• Histone  protamine
• Nuclear condensation

Presenter Notes
Presentation Notes
Phases of spermiogenesisGolgi Phase – vesicles from Golgi fuse into acrosomal vesicle. Centrioles migrate to other side of nucleus and initiate flagellum development.Cap Phase – Acrosomal vesicle spreads to form a cap over the nucleus. Acrosomal Phase – nuclear condensation with protamine replacement of histone proteins. Maturation Phase – mitochondria arrange themselves around attachment zone of flagellum. Residual body shed and mature sperm released (spermiation).



Summary: Seminiferous Epithelium

Spermatogonia initiate a new cycle every ~16 days with 4 cycles (4 X 16 = 64 days)
Another 10 days is required for movement to epididymis (total of 74 days)

Presenter Notes
Presentation Notes
Depicts germ cell composition, frequency (%), and the duration in days for each stage of the seminiferous epithelium cycle. Roman numerals indicate the spermatogenic cycle. A, Type A spermatogonia; B, type B spermatogonia; Pl, preleptotene spermatocytes; L, leptotene; Z, zygotene; P, pachytene; D, diplotene; II, secondary spermatocytes; R, round spermatids; E, elongate spermatids. Sperm migration through epididymis ~16 days



SERTOLI CELLS



Sertoli Cell Function

Image: Junqueira and Carneiro, Basic Histology, 11th ed. 2005.

Presenter Notes
Presentation Notes
Polarity: Basal vs. adluminalBasal (tight junctions)Adluminal (cytoplasmic bridges)



Sertoli Cell Roles: Support

• Support and nutrition for 
developing germ cells

• Gateway for substances 
from capillaries to germ 
cells



Sertoli Cell Roles: Spermiation

• Spermiation
– Phagocytosis of degenerating germ cells and 

residual body
– Dependent on FSH and Testosterone

DeKrester and Kerr 1994

Presenter Notes
Presentation Notes
Phagocytic activity becomes more pronounced following germinal epithelium damage.Phagocytosis of residual bodies may initiate new cycle of spermatogenesis.



Sertoli Cell Roles: Endocrine

Presenter Notes
Presentation Notes
Inhibin – specifically INHIBIN B in the testes inhibits release of FSH from pituitary.



Sertoli Cell Roles: Blood Testis Barrier

Adluminal

Basal

Presenter Notes
Presentation Notes
Forms during puberty.Divides testis into basal and adluminal compartment.Basal compartment is accessible to blood-borne components; adluminal is not.Barrier created by tight junctions between adjacent Sertoli cells.



Spermatogonia and Chemotherapy or 
Radiotherapy

Presenter Notes
Presentation Notes
Understanding where chemotherapy impact spermatogenesis demonstrates your understanding of normal physiology



STRUCTURE AND MOTILITY



Structure and Motility



Axoneme

Presenter Notes
Presentation Notes
Axoneme consists of 9 doublet microtubules surrounding a pair of singlets, called the 9 + 2 configurationEach axoneme doublet is composed of 2 subfibers, A and BSubfiber A contains two dynein arms that extend toward subfiber BThe central singlets are surrounded by a central sheathRadial spokes extend from the central sheath to subfiber A



Microtubule Motility

Presenter Notes
Presentation Notes
Sperm subfibers “walk” using the dynein arms extending from Subfiber A to Subfiber B of adjacent tubule.



Primary Ciliary Dyskinesia

• Kartagener syndrome (situs inversus, chronic 
sinusitis, and bronchiectasis)

• Autosomal recessive

Leigh. Genetics in Medicine. 2009

Presenter Notes
Presentation Notes
Triad: situs inversus, chronic sinusitis, and bronchiectasis. Only 50% have situs inversusElectron micrographs of nasal cilia from patients with primary ciliary dyskinesia (PCD) illustrating dynein defects. 



EPIDIDYMIS



Epididymis Anatomy

Mescher, Junqueira’s Basic Histology, 12th Ed.

Presenter Notes
Presentation Notes
Caput, corpora, cauda



Epididymis Function

• Sperm migration (10-16 days)
• Maturation of sperm and acquisition of 

motility
• Sperm storage (cauda) and release
• Phagocytosis of aged sperm

Presenter Notes
Presentation Notes
Sperm migration through epididymis takes about 10-16 days. Plus time for spermatogenesis (~74 days) = ~90 days for mature sperm to appear in ejaculate.Insult to testis today, not seen until 3 months later.



SEMINAL PLASMA AND SEMEN



Seminal Plasma and Semen

Nature Reviews Urology, 2014

Presenter Notes
Presentation Notes
Male reproductive system contributions to seminal plasma, and methods to collect enriched fluids.Seminal Plasma - secretions from the sex accessory glands.Semen - combination of seminal plasma and sperm.



Seminal Vesicles and CBAVD

Lack:
1. Sperm
2. Fructose

Presenter Notes
Presentation Notes
Note: Seminal vesicles and vas deferens (aka ductus deferens) are derived from the same embryonic source.



Seminal Vesicles and CBAVD

• 1-2% of infertile men have congenital bilateral 
absence of the vas deferens

• Most have mutation in the cystic fibrosis 
transmembrane conductance regulator (CFTR)

• May or may not have other findings 
(respiratory or pancreatic)



Pampiniform Plexus

Presenter Notes
Presentation Notes
Pampiniform plexus serves to cool incoming blood = heat exchange from artery to venous plexusDrainage differs in anterior and posterior plexus



FERTILIZATION



Fertilization

Presenter Notes
Presentation Notes
Series of events:-Deposition of sperm in vagina-Ovulation and oviductal collection of oocyte-Capacitation of sperm



Capacitation
• Removal of sterols and non-covalently bound 

epididymal/seminal glycoproteins
• Increased membrane fluidity and Ca2+ 

permeability

Nature Struc Molec Biol, 2005



Capacitation: Testicular ACE

• Angiotensin I converting enzyme (ACE) cleaves 
glycosylphosphatidylinositol (GPI)-anchored 
proteins

Nature Med, 2005

Presenter Notes
Presentation Notes
ACE cleaves the GPI-anchored proteins at the mannose-mannose linkage. 



Capacitation and Hyperactivation

• Increased Ca2+, HCO3-, and cAMP; increased pH

Darszon, Physio Reviews, 2011

Presenter Notes
Presentation Notes
Ion fluxes during mammalian sperm hyperactivation and capacitation.Increased Ca2+ and pH leads to increased glycolysis and hyperactivationIncreased cAMP activates PKA and tyrosine kinase which leads to capacitation for the acrosome reaction



Hyperactivated Motility Purpose

• Effectiveness of motility 
depends on fluid viscosity

• Allows for 
– Movement in viscoelastic 

fluids in female genital tract, 
– Detachment from isthmic 

reservoir
– Penetration of cumulus 

matrix

Darszon, Physio Reviews, 2011

Presenter Notes
Presentation Notes
Activated spermatozoa advance showing a symmetric flagellar bend,Hyperactivated spermatozoa tumble in one place and do not advance efficiently due to an asymmetric flagellar beating pattern.



Acrosome Reaction: Overview
• Requires capacitated sperm
• Initiated with sperm membrane 

binding to ZP3
• Acrosome reaction allows tight 

binding to ZP2
• Enzymes from the acrosomal 

vesicle digest through the zona 
pellucida
– Hyaluronidase, neurominidase-like 

factor, cumulus-dispersing factor, 
and acrosin (protease)

• Allows for the equatorial 
segment fusion with oolema

Presenter Notes
Presentation Notes
zona pellucida (ZP) is composed of three glycoproteins — ZP1, ZP2 and ZP3. 



Acrosome Reaction: Ca2+ and ZP3

Presenter Notes
Presentation Notes
ZP3 linked to g-proteins which lead to changespH and then Ca2+ then acrosomal emzymesActivation of PLC and IP3 which leads to Ca2+ influx



Relationship of ZP Binding Proteins

Presenter Notes
Presentation Notes
Relationship between ZP3, ZP2, and ZP1Scanning EM of sperm head binding



Changes in ZP Binding Proteins

Pre-Fertilization Post-Fertilization
ZP2c and ZP3f

Inner acrosomal membrane binding

Presenter Notes
Presentation Notes
Sperm bind to N-glycans on ZP3,  acrosome reaction. Acrosome-reacted sperm bind to ZP2 via their exposed inner acrosomal membranesImmediately after fertilization, cortical granules release a ZP2-specific protease and other enzymes into the perivitelline space. This cortical granule protease clips ZP2  (ZP2c) that no longer supports the binding of acrosome-reacted sperm. ZP3 dissociates from ZP2c,  (ZP3f) that lacks sperm receptor and acrosome-inducing activity. Neither acrosome intact nor acrosome-reacted sperm can bind to ZP3f or ZP2c



Sperm and Oocyte Fusion

• Interaction of sperm IZUMO1 and oocyte JUNO
• JUNO rapidly shed into perivitelline space after reaction

Aydin et al, Nature, 2016

Presenter Notes
Presentation Notes
The acrosome reaction causes relocalization of IZUMO1 to the sperm equatorial segment. a, IZUMO1 adopts a monomeric boomerang conformation on the surface of the sperm membrane. b, Upon binding to the JUNO egg receptor, IZUMO1 undergoes a conformational change.C,D,E  ??? f, The merger of the egg and sperm membranes will require the apposition of the two bilayers to initiate formation of a hemifusion stalk and fusion pore. g, Following fusion, JUNO is rapidly shed into extracellular vesicles from the fertilized oocyte. Within 30–40 min, JUNO is weakly or barely detectable h, IZUMO1 binds JUNO tightly and rapidly and once shed, JUNO is able to bind exposed IZUMO1 on incoming acrosomal-reacted sperm in the perivitelline space to act as a ‘sperm-sink’ to block polyspermy.



Juno Role in Blocking Polyspermy

• Juno becomes 
undetectable after 
fertilization

• Seen on oolema in 
unfertilized oocyte and 
in perivitelline space 
after fertilization

• Oocyte fertilized via ICSI 
and parthenodes retain 
Juno staining

Bianchi et al, Nature 2014



Block to Polyspermy: 
Membrane Depolarization

Presenter Notes
Presentation Notes
Fast block polyspermy involves Na+ diffusion into oocyte from extracellular space and membrane depolarizationSlow block polyspermy involves Ca2+ release causing cortical reaction (cortical granule release)



Cortical Reaction

• Membrane fusion induces rise in Ca2+ stimulating 
cortical granules to release contents and fast block 
to polyspermy

ZP3/ZP2

IZUMO1/JUNO



Syngamy

Presenter Notes
Presentation Notes
the fusion of two cells, or of their nuclei, in reproduction



Intracytoplasmic Sperm Injection (ICSI)

Presenter Notes
Presentation Notes
Single sperm selected in media containing PVP (Polyvinylpyrrolidone)Immobilized by pressing tail between microneedle and dish bottom.Aspirated tail first.Mature oocyte held steady with holding pipette. Polar body at 12:00, or 6:00 (some debate about which is best). Injection at 3:00.Rupture of oolemma by slight suction.Inject sperm with minimal volume of media. Pipette carefully withdrawn.



Injection Point for ICSI

• Position polar body at 12 or 6 o’clock and injection 
point is at the 3 o’clock position



Fertilization Results

• Monospermic dygenic (3PN) 
and single pronucleate (1PN) 
oocytes may occur more 
frequently with ICSI

• With conventional 
fertilization 1PN may be 
asynchronous PN 
development

• With ICSI this is due to failure 
of sperm to decondense fully 
and form PN

Presenter Notes
Presentation Notes
A: 2PN: NormalB: 1PN: Abnormal activation without sperm and extrusion of 2nd PB (parthenode)C: 1PN: Incomplete meiosis II or degenerated PBD: 1PN: Diploid PB and haploid PB, or assymetric PN activationE: 3PN: PolyspermyF: 3PN: Failure of second polar body extrusionG: 2PN: fused PN with 2 PB



Take Home

• Understanding the fundamental anatomy and 
physiology is the basis for being able to 
answer questions on male factor infertility
– Sperm maturation
– Sperm transport
– Fertilization

• Know commonly tested pathologies 
(azospermia, CBAVD, normal and abnormal 
fertilization, male HPG axis, etc.)



Good Luck!
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