Contents

Contributors xv
Preface xvii

Genetic Control of Testis Determination
V. R. Harley

I. Introduction 1
II. SRY, a New Candidate for the Testis Determining Factor 3
A. Mapping the Human Y Chromosome 3
B. ZFY 4
C. Discovery of SRY 5
D. Direct Evidence that SRY Is TDF 6
E. SRY in True Hermaphrodites 10
I1I. Biochemical Properties of SRY 10
A. SRY Is an “HMG Box"" Protein with Sequence- and Structure-
Specific DNA Binding Activity 10
B. DNA Binding Activity of Recombinant SRY from XY Females 13
C. Possible SRY Function in Vivo 13
IV. Perspectives and Conclusions 14
References 16

2

Cell Biology of Testicular Development

Lauri J. Pelliniemi, Kim Frojdman, & Jorma Paranko

[. Introduction 21
[I. Pregonadal Placode 22



vl Contents

A. Surface Epithelial Cells 22
B. Mesenchymal Cells 22
C. Primordial Germ Cells 22
[II. Gonadal Ridge and Indifferent Gonad 24
A. Surface Epithelial Cells 24
B. Mesenchymal Cells 25
C. Primordial Germ Cells 25
D. Vascular Endothelial Cells 27
E. Gonadal Blastema and Somatic Cord Cells 27
IV. Testis 29
A. Tunica Albuginea 29
B. Testicular Cords 31
C. Interstitum 39
V. Basement Membranes and Extracellular Matrix 46
A. Gonadal Ridge 46
B. Indifferent Gonad and Testis 47
VI. Regulatory Mechanisms 48
A. Initiation of Gonadal Differentiation 48
B. Regulation of Gonadal Sex Differentiation 49
C. Regulation of Sertoli Cell Proliferation 50
D. Regulation of Germ Cells 51
E. Inhibition of Spermatogonial Meiosis 52
F. Endocrine and Paracrine Regulatory Relationships 52
G. Other Genetic Factors Related to Testicular Differentiation 53

References 54

3

Nuclear Morphogenesis during Spermiogenesis
Marvin L. Meistrich

I. Introduction 67
II. Spermiogenesis 68
I11. Principles of Nuclear Shape Determination 71
IV. Elements Possibly Involved in Spermatid Nuclear Shaping 72
A. DNA and Chromosome Structure 72
B. Chromosomal Proteins 74
C. Nuclear Matrix 77
D. Perinuclear Theca 78
E. Manchette and Nuclear Ring 79
F. Subacrosomal Actin 81
G. Sertoli Cell Structures 82
V. Specific Forces Required in Spermatid Nuclear Shaping 84



Contents  VIi

VI. Testing the Roles of Elements in Shaping 88
References 92

4

Hormonal Control of Spermatogenesis
Gerhard F. Weinbauer & Eberhard Nieschlag

I. Introduction 99
II. Organization and Kinetics of Spermatogenesis 100
I11. Initiation of Spermatogenesis by Testosterone 102
A. Rodents 102
B. Nonhuman Primates and Men 103
V. Maintenance and Reinitiation of Spermatogenesis by
Testosterone 104
A. Rodents 104
B. Nonhuman Primates and Men 107
V. Intratesticular Testosterone and Spermatogenesis 108
VI. Initiation of Spermatogenesis by FSH 111
A. Rodents 111
B. Nonhuman Primates and Men 112
VII. Maintenance and Reinitiation of Spermatogenesis by FSH 112
A. Rodents 112
B. Nonhuman Primates and Men 114
. Hormonal Control of Male Fertility for Contraception 117
. Intratesticular Targets of Testosterone and FSH 118
. Collaborative Effects of Testosterone and FSH
on Spermatogenesis 121
XI. Nongonadotropic Hormones and Spermatogenesis 124
XII. Is the Duration of Spermatogenesis under Hormonal Control? 126
XIII. Summary and Concluding Thoughts 129
References 130

<
= 52 =

Patterns of Expression and Potential Functions of
Proto-oncogenes during Mammalian
Spermatogenesis

Martin A. Winer & Debra J. Wolgemuth

I. Introduction 143
II. Proto-oncogenes Known to Be Expressed in the Mouse Testis 144
A. Proto-oncogenes that Might Play a Role in Fetal Development of

the Testis 144



Vili  Contents

I11.

IV.

S <

Proto-oncogenes that Could Be Implicated in Meiosis 155
Proto-oncogenes that Could Regulate Spermiogenesis 159

m YN w

of the Testis 161
F. Is There Any Evidence that Proto-oncogenes Might Function in
the Mature Sperm, Particularly during Fertilization? 165

. Expression of Proto-oncogene-Related Genes in the Testis 166
IV.

Summary and Future Directions 167
References 168

6

Gene Expression during Spermatogenesis
E. M. Eddy, Jeffrey E. Welch, & Deborah A. O’Brien

. Introduction 181
. Regulation of Gene Expression in Spermatogenic Cells 182

A. Transcription Factors 182

B. Spermatogenic Cell-Specific Promoter Regions 191

C. Translational Regulation 195
Transgenic Mice 200

A. Spermatogenic Cell-Specific Genes 200

B. Genes Expressed in Somatic and Germ Cells 203

C. Expressed Transgenes that Affect Fertility 205

D. Insertional Mutations that Affect Fertility 208
Genomic Imprinting and Gene Methylation 210

A. Imprinting of Endogenous Genes 210

B. Imprinting of Transgenes 212

C. Methylation of Transgenes 213

D. Methylation of Endogenous Genes 213

. Chromosomal Location of Spermatogenic Cell-Specific Genes 215
. Conclusions 216

References 218

7

Molecular Basis of Signaling in Spermatozoa
Daniel M. Hardy & David L. Garbers

. Introduction 233
. Motility Regulation 234

Proto-oncogenes that Might Be Important in Stem Cell Stages 148

Expression of Cellular Oncogenes in Nongerminal Compartments



Contents

A. Sea Urchins 234
B. Mammals 243
III. Acrosome Reaction 249
A. Sea Urchins 249
B. Mammals 252
IV. Summary 259
References 259

Paracrine Mechanisms in Testicular Control
B. Jégou & R. M. Sharpe

[. Introduction 271

II. Germ Cell-Sertoli Cell Cross Talk 271
A. Anatomical Devices 271
B. Functional Interactions 272

I1. Peritubular—Seminiferous Epithelium Cross Talk 284

IV. Sertoli Cell-Leydig Cell Cross Talk 286
A. Regulation of Leydig Cell Numbers 287
B. Modulation of Leydig Cell Function by Sertoli Cells 291
C. Mediators of Sertoli Cell-Leydig Cell Interactions 293

V. Conclusions 293

References 295

9

Molecular Biology of Iron Transport in the Testis
Steven R. Sylvester & Michael D. Griswold

I. Introduction 311
I1. Model of Testicular Iron Transport 312
[1I. Transferrin 314
A. Transferrin Protein Structure 314
B. Transferrin Gene Structure 314
C. Regulation of Transferrin Expression 315
[V. Transferrin Receptor 316
A. Transferrin Receptor Protein Structure 316
B. Transferrin Receptor Gene Structure 317
C. Regulation of Transferrin Receptor Expression 317
V. Ferritin 318
A. Ferritin Protein Structure 318

ix




X Contents

B. Ferritin Gene Structure 318
C. Regulation of Ferritin Expression 318
VI. Hemiferrin 319
A. Discovery of Hemiferrin 319
B. Evidence that Hemiferrin cDNA Is Translated 319
C. Potential for Hemiferrin Iron Binding 320
D. Other Structural Considerations of Hemiferrin 320
VII. Stage-Related Expression of Iron Transport Components 321
VIIL. Summary 323
References 323

Molecular Biology of Testicular Steroid Secretion
Peter F. Hall

I. Biosynthesis of Testosterone 328
A. Substrate 328
B. Pathway 328
C. Arrangement in the Cell 329
D. Steroidogenic Cytochromes P450 330
E. Individual Enzymes 337
II. Steroidogenic Membranes 343
A. Inner Mitochondrial Membrane 343
B. Smooth Endoplasmic Reticulum 344
III. Regulation of Testicular Steroidogenesis 348
A. Introduction 348
B. Site of Action of cAMP in the Steroidogenic Pathway 349
C. Mechanism of Action of cAMP 351
IV. Summary and Conclusions 369
References 370

Hormonal Control Mechanisms of Leydig Cells
lipo Huhtaniemi
I. Introduction 383

II. Ontogeny of Tropic Regulation of Leydig Cells 384
A. Acquisition of LH Responsiveness 384



e o

e T

T e

Contents  XI

B. Induction of Steroidogenesis with Respect to LH
Responsiveness 386

C. Possible Inducers of Leydig Cell Differentiation 386
[1I. Molecular Aspects of LH Receptor Function 388

A. Structure of the LH Receptor Gene 388

B. Multiple LH Receptor mRNA Species 390

C. Regulation of LH Receptor Gene Expression 390

D. Structure - Function Relationships of the LH Receptor 391
IV. Signal Transduction Systems Involved in LH Action in Leydig Cells 391
.cAMP 391
. Calcium 393
. Phosphoinositides and Protein Kinase C 394
. CI” Channels 395
. ¢cGMP and Tyrosine Kinase 396
Mechanisms Involved in Ligand-Induced Refractoriness
to LH Action 396
V. Effects of Hormones Other than LH on Leydig Cells 397
Prolactin 399
Growth Hormone 399
Insulin 400
Posterior Pituitary Hormones 400
Atrial Natriuretic Peptide 401
Steroid Hormones 401
. Circulating LH Inhibitors 401
VI. Conclusions 402

References 403

mmONom P

Om=00=>

Growth Factors in the Control of Testicular Function

David M. Robertson, Gail P. Risbridger, Mark Hedger,
& Robert |. McLachlan

I. Introduction 411
II. Role of Growth Factors in the Development and Function

of Leydig Cells 412
A. Development of Fetal Leydig Cells 413
B. Development of Adult Leydig Cells 414
I1I. Growth Factors and Interactions between the Testis
and Immune System 416
A. Intratesticular Inmune Responses 416
B. Testis— Lymphocyte Interactions 417




Xii Contents

C. Testis—Macrophage Interactions 419

D. Physiological Significance 421
IV. Role of Growth Factors in Sertoli Cell Development and Function 421
V. Growth Factors in the Control of Spermatogenesis 425

A. Activin 426

B. Interleukin I 427

C. Insulin-like Growth Factor1 428

D. Other Growth Factors 428

References 428

13

Vascular Controls in Testicular Physiology
Anders Bergh & Jan-Erik Damber

I. Introduction 439
1. Functional Anatomy of the Testicular Vasculature 440
A. Arteries 440
B. Capillaries and Local Variations 441
C. Veins 442
D. Pampiniform Plexus 443
E. Lymph Vessels 443
F. Vascular Innervation 444
I11. Testicular Blood Flow 444
A. Catecholamines and Acetylcholine 445
B. Serotonin, Histamine, Prostaglandins, Kallikrein, and
Adenosine 446
C. Luteinizing Hormone/Human Chorionic Gonadotrophin 447
D. Luteinizing Hormone Releasing Hormone 448
E. Arginine Vasopressin 448
IV. Testicular Microcirculation 448
A. Testicular Microvessels— General Aspects of Structure and
Function 448
B. Precapillary Control of Microcirculation — Vasomotion 451
C. Postcapillary Control of Vascular Permeability 453
D. Development and Seasonal Variations 455
E. Microcirculation and the Local Inmune Environment 455
V. Local Cellular Control of the Testicular Vasculature 456
A. Leydig Cells 456
B. Seminiferous Tubules 458
C. Testicular Mast Cells 460
D. Testicular Macrophages 460



Contents  Xili

VI. Testicular Pathophysiology and Microcirculation 460
VII. Concluding Remarks 461
References 462

Index 469




