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ObjectivesObjectives

1. Define chromosomal, gonadal, and phenotypic 
sex.

2. Describe the pathway that sperm take from 
testis to urethra.

3. Describe the functions of Leydig and Sertoli3. Describe the functions of Leydig and Sertoli 
cells.

4. Compare and contrast the mouse and human 
prostate (how could these differences 
influence disease risks?) 

5. Describe the embryonic development of the 
prostate

Goals of the male repro tractGoals of the male repro tract
• Transfer male’s genetic material to Oocyte

– Survival of the species (?)

– “Playing field” for natural selection

• Secrete androgens to initiate and maintain S g
male phenotypic sex
– Stimulate sperm production

– Develop and maintain male body habitus

– Male behaviors
• Mating

• Nurturing/protecting mates and offspring

What makes a male?What makes a male?What makes a male?What makes a male?

Chromosomal sexChromosomal sex

• XY vs. XX chromosomes

GonadalGonadal sexsex

Phenotypic sexPhenotypic sex

• Ovaries vs. Testes

• Male vs. Female genitalia and secondary sex 
characteristics

Chromosomal sexChromosomal sex
• Male sex encoded by the 

Y chromosome

– (SRY=testis 
determination gene).

– SRY required for 
conversion of the gonad 
into testis

– Default is otherwise 
female

The biology of infertility: research advances and clinical challenges
Martin M Matzuk & Dolores J Lamb
Nature Medicine 14, 1197 - 1213 (2008) Published online: 6 November 2008
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GonadalGonadal sexsex
• Morphologically defined

• Testis makes two critical hormones

– Mullerian inhibiting factor (MIF)

• Induces regression of mullerian duct (uterine 
anlage)g )

– Testosterone (T)
• Binds to Androgen receptor to activate transcription of 

selected genes

Male phenotypic sexMale phenotypic sex

• Androgen mediated
– Survival and growth of the Wolffian duct into 

epididymis, vas deferens, seminal vesicles.

– Virilization of prostate anlage and external genitalia

– Outside reproductive tract
• Brain 

• Musculoskeletal

• Hair, skin, etc.

• Mediated by Mullerian Inhibitory Factor (MIF)
– Regression of mullerian duct (uterus and oviducts)

Phenotypic sexPhenotypic sex

Defects in MIF or T signaling pathways lead to 
development of female phenotypic sex.

Androgen Insensitivity Syndrome (testicular 
feminization)feminization) 

•XY Male

•Undescended testes 

•Non-functional androgen receptor

•High levels of testosterone

•Peripherally converted to estrogen

Organization of the male Organization of the male 
urogenitalurogenital systemsystem

Plumbing overviewPlumbing overview

Testis to Urethra: The pathway Testis to Urethra: The pathway 

Prostate Ejaculatory Duct
Seminal Vesicle

Urethra

Urethra

Bladder

Testis – epididymis – vas deferens – ejaculatory duct -- urethra
Prostate

Seminal Vesicle

Ductus (vas) deferensPenis

Testis

Epidymis
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TestisTestis

Testis developmentTestis development

• Germ cells migrate from allantois to gonadal (genital) ridge where 
gonads develop

• Cords of cells from intermediate mesoderm (somatic cells) form 
tubules with Sertoli and Leydig cells

Tubule architectureTubule architecture

Seminiferous
Tubules

SpermatogenesisSpermatogenesis

Supporting ActorsSupporting Actors

• Sertoli (sustentacular) cells
– Maintain testis:blood barrier and support 

developing sperm lineage. 
– FSH (stimulus) and Inhibin (response)FSH (stimulus) and Inhibin (response) 

feedback loop with anterior pituitary 

• Leydig (interstitial) cells
– Synthesize and secrete testosterone
– Respond to LH from anterior pituitary
– Stimulate spermatogonia

Histology of the Histology of the 
SeminiferousSeminiferous TubuleTubule

Spermatogonia,
Sertoli CellsSertoli Cells Primary Spermatocytes, Spermatids, Spermatozoa
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SertoliSertoli CellCell

EpididymisEpididymis

•Wolffian duct derivative

•Highly androgen-dependent

•Sperm “school” and recycling 
center

•Highly disease-resistant

•Epidymitis

Vas (Vas (ductusductus) deferens) deferens
• Fallopian tube for men

• Androgen-dependent

• Ciliated tube 
specialized for spermspecialized for sperm 
transport

• Target of “vasectomy” 
and “reversal” 
surgeries 

Seminal VesicleSeminal Vesicle

• Androgen-dependent 
derivative of the 
Wolffian duct

• Makes nutrient-rich 
fluid for spermfluid for sperm 
transport

• Highly disease 
resistant (that’s why 
you’ve likely never 
heard of it)

Lipofuchsin (pigment)

The ProstateThe Prostate

• Walnut sized gland

• Contributes to 
seminal fluid

• Starts to grow in 
40+ year old men

Why study the prostate?Why study the prostate?

• Disease prone
– Benign hyperplasia

– Prostatitis

– Cancer

• Good model systems
– Developmental biology

– Steroid hormone action

– Epithelial-stromal interactions

– Cancer (?)
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EmbryologyEmbryology

4 weeks

Uro-rectal septum

Partitioning of the Partitioning of the CloacaCloaca forms the forms the 
UrogenitalUrogenital sinus and the rectumsinus and the rectum

UGS

Rectum

Cloaca

UrogenitalUrogenital SinusSinus

• Cranial portion forms 
bladder in males and 
females

• In females, caudal ,
portion forms upper part 
of vagina and urethra 

• In males, caudal portion 
forms prostate and 
proximal urethra

Urogenital sinus

Prostate embryologyProstate embryology

Bladder

UGS

Prostate
Buds

UGS

UGS

Mouse embryonic day 17

Depends on testosterone

Androgens act on Androgens act on mesenchymemesenchyme to to 
induce prostate epitheliuminduce prostate epithelium

UGE UGM

Kidney

Prostate

Human prostate: Regional “zones”Human prostate: Regional “zones”

• Transition zone
– Center of gland, 

surrounds urethra

Preferred site for BPH– Preferred site for BPH

• “Central” zone
– Surrounds ejac. duct 

•• Peripheral zonePeripheral zone
– Preferred site for 

carcinoma
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Human Prostate HistologyHuman Prostate Histology

• Abundant stroma
– Smooth muscle
– Nerves
– Blood vessels

E ith li• Epithelium
– Lumenal cells
– Basal cells (putative 

stem cell compartment)
– ?Intermediate cells?
– Neuroendocrine cells 

(rare) 

HUMAN PROSTATE

Prostate HistologyProstate Histology

Basal cells

Lumen

Lumenal
Cells

Stroma

Rodent prostate lobes and Rodent prostate lobes and 
human homologueshuman homologues

• AP: like human 
central zone

• DLP: like human 
peripheral zoneperipheral zone

• VP: like human 
transition zone
– Most androgen 

sensitive

DorsalDorsal

LateralLateralLateralLateral

VentralVentral

LateralLateralLateralLateral

Courtesy of 
Brian Simons

Anterior prostateAnterior prostate

Glands have smooth outer contours and infolded luminal profiles

DorsolateralDorsolateral prostateprostate

Glands have folded inner (luminal) and outer contours
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Ventral prostateVentral prostate

Glands have smooth inner (luminal) and outer contours

Male Genital SystemMale Genital System

m
b

ry
o

lo
g

y
m

b
ry

o
lo

g
y

su
ff

ic
ie

n
t 

fo
r 

m
al

e 
p

h
en

o
ty

p
e

MALE FEMALE

Indifferent stage
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External genitaliaExternal genitalia

ClitorisPenis
Embryologically and physiologically analogous

Both derive from “genital tubercle”

PhallusPhallus

Corpus Spongiosum

Erection physiologyErection physiology

From Lue, TF (2000) NEJM 342:1802
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Biochemistry of erectionBiochemistry of erection

•Peripheral nerves 
stimulate Nitric oxide (NO) 
production
• NO relaxes arterial 
smooth muscle through 
cGMPcGMP
•Sildenafil (Viagra) 
maintains cGMP levels by 
inhibiting cGMP-specific 
PDE5.

From Lue, TF (2000) NEJM 342:1802
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