The Impact of Exogenous TGF1 on Male

Reproductive Function

Leanne Jane McGrath. BSc
Discipline of Obstetrics and Gynaecology
School of Paediatrics and Reproductive Health
Faculty of Health Sciences
The University of Adelaide
South Australia
Australia

Thesis submitted for the total fulfilment for the degree of
Doctor of Philosophy (PhD)

April 2008




For Paul

None of the work presented in this thesis would have been
possible without his generous love, encouragement and

support.

For Aaron

His enduring love and patience throughout all of my

studies is deeply appreciated.

For my Family and Friends

Their ability to highlight the lighter side of this project has
been uplifting.

McGrath ii



TABLE OF CONTENTS

Table Of CONENTS ....cooiiiiiie e e e e eeeeas i
Table Of FIQUIES ... e iX
FaY o] o] SNV =[] o I PRSPPI Xii
Abstracts and Publications arising from this thesis............ccccooiiiiiiiiii e Xiv
Y 013 = o P XV
DECIAratioN .....ccoi i XVii
Fa o] (Lol [=Yo Lo g 0 =T o | O Xviii

Chapter 1: Introduction - The Regulatory Role of TGFB1 in Male

Reproductive FUNCLION ... e e 1
1.1 INTRODUCTION ...ttt ettt ettt et e e s sae e e ssaee e snseeesbeeeennneeeenns 2
1.2 BIOCHEMISTRY OF TGFB ACTIVATION AND SIGNALLING..........ccccevevurennee. 5
1.3 TGFB REGULATION OF BIOLOGICAL SYSTEMS ........coiiieeeeeiee e 8
1.4 REGULATION OF TGFB1 LEVELS AND ACTION ......ooooiiiiiiiieeeeee e, 9

1.4.1 Endogenous Regulators of TGFB1....coooiiiiieeeeeeee e 9
1.4.2 Exogenous Regulators of TGFB1 Levels and Action..........ccccccveeeeeinnneee. 11
1.5 TGFB LEVELS IN BLOOD .......oiiiiie ettt 15
1.6 TGFB EFFECTS ON PHYSIOLOGICAL FUNCTION AND HEALTH ............... 16
1.6.1 TGFB Regulation of Immune Status ...........ccccomiieiieiiiiiiie e, 16
1.6.2 TGFB in Male ReprodUCtion..........ccccooiiiiiiiiiiiiieeeeeeeeeeeeee e 17
1.7 MANIPULATING TGFB LEVELS IN VIVO ...t 25
1.8 CONCLUSION ...ttt et e e ebre e e earea e 26

Chapter 2: Methods .......c..o o 28

2 MICE .. ettt e et et e e et e e e e re e e anareeeannaeeas 29

McGrath iii



2.1.1 ANIMal HUSDANAIY ..o 29

2.1.2 GENOLYPING MICE ...eeiiiiiiiiee ettt e e e e 30
2.2 BLOOD COLLECTION ...ttt e e e e e e e e e e e e e 31
2.2.1 Serum pPreparation.............ci e e e e aae s 32
2.2.2 Plasma Preparation..........ccooooiiiiiii e 32
2.3 SERUM TESTOSTERONE ANALYSIS ... 32
2.4 TGFB CONCENTRATION ANALYSIS ... 32
2.4.1 MOIStUre CONENL .......oeiiieii e e e eeas 33
2.5 PENILE STRUCTURE ...ttt e e e e e e e e e e 33
2.6 CELLULAR PROLIFERATION IN TISSUES ......oooiiiee e 34
2.6.1 Bromodeoxyuridine (BrdU) Incorporation.............cccccccoeeiiiii 34
2.6.2 Superfluous Epidermal CoVering ........cooooveiiiiiiiiieeee e 35
2.7 IMMUNOHISTOCHEMISTRY ... 36
2.7.1 Sample Preparation ..........ooooiiiiiiiieee e 36
2.7.2 F4/80 EPItope ANAIYSIS .....ccoeiiieeieiee ettt 36
2.7.3 Imaging and ANAlYSIS .......oeiiiieiieeiee e 37
2.8 PERITONEAL CELL PHAGOCYTOSIS ....ooiiieeeeee e 37
2.8.1 Apoptotic Thymocyte Preparation ...........cccceeeieerieiiiiciieeee e 37
2.8.2 PhagoCytiC CapaCity.........cccoiiuuiiiiiiiiieee ettt 38
2.8.3 Fluorescence Activated Cell Sorter Analysis (FACS)......ooovveeeiiiiiiiiieeennenn. 38
2.8 4 FACS Data Analysis......ccooeiiieiiiiieee e 39
2.9 GENE EXPRESSION ANALYSIS OF TISSUES ... 40
2.9.1 Primer DeSIgN .. oo 40
2.9.2 Optimisation of RT-PCR Conditions .........ccuvviiiiiieiiiieee e 40
2.9.3 Peritoneal Cell Preparation............ccceoiiiioiiiiiieee e 42

McGrath iv



2.9.4 RNA EXIraction ..o 42
2.9.5 DNA REMOVAL ...ttt 42
2.9.6 Reverse TransCriplion .......cooooeiiiiii i 43

2.9.7 Real - Time Reverse Transcription - Polymerase Chain Reaction (RT -

O o SRR 43
2.10 SURGICAL INSERTION OF MINI-OSMOTIC PUMPS ........cccoiieeeeeee 44
2.11 BEHAVIOURAL STUDIES.......co ettt 45

2.11.1 SIEePiNG SEUAIES ...oooiiiiiie e 45

P I €= o1 e= 1 I €T o o] o 11 oo [ 45

2113 Erectile ACHVILY .....eeeeeieeee e 45

P2 I T /= 4T PR 46
212 UTERINE TRACT FLUSHINGS ..o 48
213 QUANTITATION OF SPERM ... .o 48

2.14 SACRIFICE OF MICE RECEIVING TGFB1 VIA MINI-OSMOTIC PUMPS ....49

2.14.1 SamPle COlECHON .....coeieieiieeee e 49

215 STATISTICAL ANALYSIS ... 49

Secondary Sex Characteristics........ccccuiiiiimiiiiiciiiric e 51
3. T INTRODUCTION . ...ttt ettt et e e s e e e e snneeeas 52
3.2 ANALYSIS OF PENILE STRUCTURE IN TGFB1-/- MICE.........cc.ooiviveeeneen. 56

3.2.1 Gross MOIrPROIOGY ... 56
3.2.2 Spine Density and Spine Length ... 56
3.2.3 SPINE ProtrUSION ......ceiiie ettt e e e e e e e eeeees 60
3.3 EPITHELIAL CELL PROLIFERATION ....ccciitiiiie et 63
3.3.1 Epithelial Cell Proliferation in the Penis.........cccccccooviiiiiiiii e 63
3.3.2 Epithelial Cell Proliferation in Thigh SKin........ccccccooiiiiii e 66

McGrath v



3.3.3 Epithelial Cell Proliferation in the Intestine.............occcci e 66

3.4 REPRODUCTIVE BEHAVIOURS IN TGFB1-/- MICE ... 70
3.4.1 Genital GrOOMING ...cccoiiiiiie ittt e e e e 70
3.4.2 ErecCtile ACHVITY .....oeeiiiiiiiei s 72

3.5 DISCUSSION ...ttt e e e e e e e e et e e e e e nra e e e e annneeas 77
3.5.1 Normal Penile Structure in TGFB1-/- MiC€.....coeeeviiiiiiiiiieee e 77
3.5.2 Altered Spine Distribution and Morphology in TGFB1-/- Mice................... 77
3.5.3 Normal Epithelial Proliferation in TGFB1-/- MiCe ....ccccvvviiiiiieeiiiieeeee. 78
3.5.4 Reduced Genital Grooming Behaviour in TGFB1-/- Mice...........ccccuvvveee.... 79
3.5.5 Reduced Erectile Activity in TGFB1-/- MiC€ .....cccooiiiiiiiiiiiieee e 79

3.6 SUMMARY ..ttt e e e ettt e e e st e e e et e e e e e anee e e e e e anneeeas 80

LeVvels IN VIVO.... e e 81
4.1 INTRODUGTION ...ttt e e e e e e e e e e e e e e e e e nnenees 82
4.2 PERITONEAL CELL GENE EXPRESSION........cccciiiiiieee e 85

4.2.1 Tumor Necrosis Factor Alpha ... 85
4.2.2 Inducible Nitric Oxide Synthase...........ccoeeiiiiiiiiiiiiiec e 85
4.3 PERITONEAL CELL PHAGOCYTOSIS.....ooiii e 86
4.4 MACROPHAGE DENSITY IN THE LIVER ..o 86
4.5 SERUM TESTOSTERONE ....oooiiiiiee et 91
4.6 CIRCULATING TGFB1 CONCENTRATIONS..... .. 92
T IS = U o ST 92
T2 = ] o = S 92
4.7 DISCUSSION ...ttt e e e e e e e e e e e e s s aeeeaeaeeeeennnnnnnes 94
4.7.1 Peritoneal macrophage gene expression.............eceveevviiiiiieieeeneeeeeessiieee 94

McGrath vi



4.7.2 Peritoneal Cell PhagOCytOSIS ........ccoiiuiiiiiiiiiecieiiece e 95

4.7.3 Serum TeStOSterONe..........coooviiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 96
4.7.4 Circulating TGFB1 Concentrations ...........ccoovvvviiiiiiiiiiiiiiieceeeeeeeeeeeeeeeeeee 97
4.8 SUMMARY ...ttt e e e e e e et e e e e e e e s et e e e e e e e e e e e e annnnees 97

Chapter 5: Sources and Routes of Administration for the

Administration of Exogenous TGFB1 ......ccecciiimmicciiiimreecre e 99
5.1 INTRODUCTION .. ...ttt e e s e e e e e e e nees 100
5.2 VARIATION IN SERUM TGFB1 LEVELS OVER TIME ........ccoviiieeeeiieeeee 103
5.3 TGFB IN COLOSTRUM AND MILK......oooiiiiiiieee e 105

5.3. 1 TGFB in BOVINE MilK......ooiiiiiiiiieeeiee e 105
5.3.2 TGFB in Bovine ColoStrum .........oouvuiiiiiiiieieieecceee e 106
5.4 TGFB1 REPLACEMENT IN TGFB1-/- MICE.......cciiiiieeiee e 110
5.4.1 Colostrum Consumption by MiCe.......cccooeiiiiiiiiiiiiiieeee, 110
5.4.2 Recombinant Human Latent TGFB1 Injection in Mice...........cccoccveeeennnee 112
5.5 DISCUSSION ..ottt e e et e e e e e e e e e ane e e e e ennes 114
5.5.1 Altered Serum TGFB1 Levels over TIMe......ccoeveeiveiciiiiiiiiee e 114
5.5.2 Reduced TGF in Milk Following Pasteurisation .............cc..cccooeciivnineenn.. 114
5.5.3 High Levels of TGFB in Colostrum .........c..eeiiiiiiiiieee e 115
5.5.4 TGFpB is Found in the Stomachs of Colostrum Fed Mice......................... 116
5.5.5 TGFpB is Not Found in The Serum of Colostrum Fed Mice........................ 116
5.5.6 Recombinant Human Latent TGFB1 Injection in Mice.............................. 117
5.6 SUMMARY ...ttt et e e et e e e et e e e e e s et e e e ennneeeeeeannneeaeeennnes 117

Chapter 6: Reproductive Impact of Exogenous TGFg1

7o 18 o 1T TE=3 4= 11 Lo o T 118

6.1 INTRODUGCTION ... ..ot 119

McGrath Vi



6.2 SYSTEMIC DELIVERY OF EXOGNEOUS TGFB1 ...ooiiiiiiiiiiiieee e 121

6.2.1 Administration of TGFBT ........oviiiiiieiei e 121
6.2.2 Serum Levels of TGFB 1 ..o 123
6.3 REPRODUCTIVE EFFECTS OF TGFB1 REPLACEMENT .....ooeeiiiiiiiieee. 125
6.3.1 Total Testosterone in Serum ...........coooviiiiiiii e 125
6.3.2 3pB-hydroxysteroid dehydrogenase (HSD3B1) mRNA in Testes............... 127
6.3.3 Transforming Growth Factor 3 Receptor 1 (TBRI) mRNA in Testes ........ 127
SRR ST o= ¢ 1 ¢ O | 129

6.4 EFFECTS OF TGFB1 REPLACEMENT ON BEHAVIOUR DURING

(ST ] N [ ] SRR 130
6.4.1 Wakefulness During Observation Period .............ccccoiiiieiiiciiiicciiieee. 130
6.4.2 Genital GrOOMING ....cooeiiiiieiie e 130
6.4.3 Erectile ACHVILY ......ooeiiiiiiie e 133

6.5 EFFECTS OF TGFB1 REPLACEMENT ON BEHAVIOUR DURING CONTACT

WITH FEMALES ...ttt e e et e e e e e e e e enneeeaeens 135
6.5.1 MOUNTING ..o e e e e e e e e e eeeeeas 135
6.5.2 INtrOMISSIONS ... e e e e e e e e e e e e eeeeeeas 138
6.5.3 EJACUIALIONS ... 143

5.6 DISCUSSION ..ottt e e e e e st e e e e asne e e e e ennes 145
6.6.1 Exogenous TGF(31 was Delivered to the Circulation.....................oooo. 145
6.6.2 TGFB1 and Testicular FUNCHION ........oooii e 146
6.6.3 TGFB1 and Reproductive Behaviours ..........ccccccooviiiiiiiiiiiiie e, 148

6.7 SUMMARY ...ttt e ettt e e e e e e e e e et e e e e e a b e e e e ennseeeeeeansnaeaeeennnes 151

Chapter 7: DiSCUSSION .......ccceeiiiiciirrce e e s s e e e e e 153

7.1 INTRODUCTION. .. ..ttt e e e e e e e e e e e snneeeeeenees 154

McGrath viii



7.2 THE TGFB1-/- MOUSE MODEL.......ooiiiiiiiiiieeeeee e 154

7.2.1 Genetic BaCKgrouNd..........oouiiiiiiiiiiee e 155
7.2.2 Immuno-compromised Background.............ccccceviiiiiiiiiiiinee e 155
7.3 STUDY OUTCOMES ... ..ttt 156
7.3.1 Health Status of the TGFB1/ SCID MIiCe .....oevvvieiiiiiiiiiiiee e 156
7.3.2 Fertility Status of the Male TGFB1 / SCID Mice.......cccccvveveeiiiiiiiiieeeee. 158
7.3.3 Altering Systemic TGFB1 Levels IN VIiVO ... 159
7.4 FUTURE RESEARCH ... 162
7.5 CONCLUSION ..ottt e e et e e e e snne e e e e ennees 163
N a1 ), G N 165
BIBLIOGRAPHY ...t s rr s s s s s s 171
TABLE OF FIGURES

Figure 1-1: Exogenous and endogenous factors that contribute to either circulating or

tissue TGFB bioavailability. ............oooiiie e 3
Figure 1-2. TGFf receptor binding and signalling. ..........cooociiiiiiie e 7
Figure 1-3. Fate of ingested proteins in the gastrointestinal tract.............................. 13
Figure 1-4. Male reproductive parameters affected by TGFB. ..o, 20
Table 2-1 TGFB1 genotyping PriMErS. ... 30
Table 2-2 Primers for real time RT-PCR. ... 41
Figure 3-1. Biochemistry of the erectile response. ..., 55

Figure 3-2 Scanning electron microscopy images of the penis in TGFB1+/+ (A) and

TGFB1-/- (B) Mal@ MICE. ...ooiiiiiiiieeieie et 57
Figure 3-3 Spine density in penile regions (A) and spine density overall (B). ............ 58
Figure 3-4 Spine lengths per penile region (A) and spine lengths overall (B). ........... 59
Figure 3-5 Penile spines in TGFB1+/+ (A) and TGFB1-/- (B, C) mice. ........ccceevennnnee. 61

Figure 3-6 Spine protrusion per penile region (A) and spine protrusion overall (B)...62

Figure 3-7 Image of proliferating cells in the penis skin. ..........ccccciiiiiiiii s 64

McGrath iX



Figure 3-8 Percentage of proliferating cells in each area of the penis (A) and overall
(= SRRSO 65
Figure 3-9 Images of BrdU staining in the skin from the thigh region........................ 67
Figure 3-10 Percentage of proliferating cells in thigh skin (A), percentage of
superfluous epidermal covering (B). ........c.uuviiiiiiiiiiiiieee e 68

Figure 3-11 Image of proliferation within the intestinal tract (A) and percentage of

proliferation per intestinal crypt (B). ....oooooeiiiiiieeee e 69
Figure 3-12 Percent of mice grooming genitals (A) and grooming events per hour (B).
............................................................................................................................ 71
Figure 3-13 Image of mouse displaying erectile activity..........cccccoeeeiiiiiiiiii s 73

Figure 3-14 Percent of TGFB1+/+ and TGFB1-/- mice achieving erections in 1 hour
(A) and frequency of erections per hour (B). .......ccooveeiiiiiiiie e, 74

Figure 3-15 Number of erections achieved by TGFB1+/+ mice, following treatment

with Viagra (A) and apomorphing (B). ......ccooeeeiiiiiiiiiiiiee e 76
Figure 4-1 TNFa mRNA expression (A) and iINOS mRNA expression (B) in
unstimulated peritoneal CellS. ......... ... 87

Figure 4-2 Flow cytometric assay of phagocytosis of CFSE-labelled apoptotic

thymocytes by peritoneal macrophages. ..........ccoovvvvviiiiiiiiiiieiieeeeeeeeeeeeeeeee 88
Figure 4-3 Phagocytic activity of F4/80+ cells (A) and CD11b+ cells (B). .................. 89
Figure 4-4 F4/80 liver macrophages in TGFBR1+/+ mice (A) and TGFB1-/- mice (B);

Percent F4/80 macrophages (C)...couvu e 90
Figure 4-5 Total serum testosterone content in TGFB1+/+ and TGFB1-/-mice.......... 91
Figure 4-6 Serum and plasma TGFB1 concentrations. ...........ccccceeeeeiiiiiiiiiiiiieee e, 93
Table 5-1 TGF concentrations in human and bovine colostrum and milk. ............. 101
Figure 5-1 Circulating TGFB1 in TGFB1+/+ mice over (A) 90 minutes and (B) one

WK . .o 104
Figure 5-2 TGFp isoforms in milk. Total TGFB1 and TGFB2 (A) and latent and active

TGFB1 @nd TGFB2 (((B). .eeeeeeiieieeeiiiiie et 107
Figure 5-3 Correlations between TGFB1 and TGFB2 in milks. ........cccccciiiieereeeennnnns 108
Figure 5-4 TGFf in a commercially available colostrum powder. .............cccoocveeeenn. 109
Figure 5-5 Effect of colostrum feeding in TGFB1-/-mice. ..........coeeeieiiiiii. 111
Figure 5-6 Exogenous TGFB1 in the serum of TGFB1-/- mice over time. ................ 113

Figure 6-1 Timeline of exogenous TGFB1 replacement for assessment of TGF31

delivery and reproductive parameters. ..., 122

McGrath X



Figure 6-2 Serum levels in TGFB1-/- mice treated with exogenous TGFB1............. 124

Figure 6-3 Effect of TGFB1 replacement on total serum testosterone. .................... 126
Figure 6-4 Effect of TGFB1 replacement on HSD3B1 (A) and TGFBRI (B) mRNA

expression iNthe testes. ..., 128
Figure 6-5 Effect of TGFB1 replacement on sperm count. ........ccccccoovviiiiiiieeeeeeenns 129

Figure 6-6 Effect of TGFB1 replacement on the percent of mice grooming genitals (A)
and grooming frequency per hour (B). ......oooooo e 132
Figure 6-7 Effect of TGFB1 replacement on the percent of mice achieving erections in
1 hour (A) and frequency of erections per hour (B). .........cccccoiiiiiiieeiiiiicee 134
Figure 6-8 Effect of TGFB1 replacement on total mounts (A), mount rate (B) and
Lo o = 1= o T YA () TS 137
Figure 6-9 Effect of TGFB1 replacement on total intromissions (A), intromission rate
(B) and intromission [atenCy (C).......coeevieiiiiiiiiiiiieee e 141
Figure 6-10 Combined TGFB1 and testosterone levels compared to copulation
ACHIVILY 1@VEIS. ... 142
Figure 6-11 Effect of TGFB1 replacement on mice achieving ejaculations (A), total

ejaculations (B) and ejaculation latency (C). ........cccceeeiiiiii 144

McGrath Xi



ABBREVIATIONS

OC et Degrees celsius
ANOVA.....cccovveeeee. Analysis of variance

APES ..o 3-aminopropyltriethoxysilane

Bp Base pair

BrdU ... Bromodeoxyuridine

BSA . Bovine serum albumin

cDNA ... Complimentary deoxyribonucleic acid
CFSE....oooeeee Carboxyl fluorescein succinimide ester
CSF-1 .., Colony-stimulating factor-1

O [ Cycle threshold

DAB ... 3,3’-diaminobenzidine

dFUR ... Fluorodeoxyuridine
DMSO.....ccccovvvveeenn. Dimethyl sulphoxide

DNA ..., Deoxyribonucleic acid
dANTPs...ccorii Deoxynucleotide triphosphates

EDTA ... Ethylenediaminetetraacetic acid
ELISA ... Enzyme-linked immunosorbent assay
eNOS.........coe Endothelial nitric oxide synthase
FACS ... Fluorescence activated cell sorter analysis
FSH ... Follicle stimulating hormone

(o [ Grams

HBSS......ccco. Hanks buffered salt solution

hCG ..o, Human chorionic gonadotropin
HSD3B1 ... 3B-hydroxysteroid dehydrogenase-1
IENY oo Interferon gamma

o PSRRI Immunoglobulin

iINOS ... Inducible nitric oxide synthase

U e International unit
KCl.ooooiee, Potassium chloride

kKDa ..o, kilo Dalton

KH2PO4 ................... Potassium di-hydrogen orthphosphate
KD oo Kilogram

LAP ..o, Latency associated peptide

LH Luteinizing hormone

MRNA ..., Messenger ribonucleic acid
ML Millilitre

McGrath

Xii



19T TSR Milligram

Na2HPO4 ................. di-Sodium hydrogen orthophosphate
NaCl.......cccocvvvrrrinnnns Sodium chloride

NaH2PO4 ................. Sodium di-hydrogen phosphate

NCBI ... National Centre for Biotechnology Information
NCE.....cooeeeee. Non contact erections

NMS.....oe, Normal mouse serum

NNOS......ccs Neuronal nitric oxide synthase
NOS....ccooins Nitric oxide synthase

PBS ... Phosphate buffered saline

PCR...oo Polymerase chain reaction

PE . e Phycoerythrin

PFA...., Paraformaldehyde

PMN....cooooiiiieeeeiees Polymorphonuclear neutrophils

PMSG ... Pregnant mare serum gonadotropin

PVP .o Polyvinylpyrrolidone

RCf e Relative centrifugal force

rhLTGFBT................. Recombinant human latent transforming growth factor beta 1
RIA. . Radioimmunoassay

(0] 11 T Revolutions per minute

RPMI.....ovveeeiee, Roswell Park Memorial Institute
RT-PCR....cccvvveeee. Reverse transcription - polymerase chain reaction
5107 | B Severe combined immune deficiency

SDS ..o, Sodium dodecyl sulphate

SEM.....oooeiiiiee, Standard Error of the Mean

TGFBA-/- e Null mice without the TGFB1 gene

TGFB1+H - Heterozygote mice with the TGF1 gene on one allele
TGFR1+H+ .. Wild type mice with the TGFB1 gene on both alleles
TNFa.....co Tumor Necrosis Factor Alpha
TR TGFp receptor 1

VLo Microgram

ML, Microlitre

McGrath Xiii



ABSTRACTS AND PUBLICATIONS ARISING FROM THIS THESIS

ABSTRACTS

L. McGrath, R. Robker, SA Robertson. TGFB1 is not responsible for erection dys-
function TGFB1 null mice. Australian Society for Medical Research. June 2005

L. McGrath, R. Robker, SA Robertson. Influence of exogenous TGFB1 on
reproductive performance in TGFB1 null male mice. Society of Reproductive Biology.
July 2005

PUBLICATIONS

L. McGrath, R. Robker, SA Robertson. Effect of TGFB1 null mutation on structure
and function of the penis in mice (manuscript in preparation).

L. McGrath, R. Robker, SA Robertson. Influence of exogenous TGFB1 replacement
on reproductive performance in TGFB1 null mutant mice (manuscript in preparation).

McGrath Xiv



ABSTRACT

The TGFB family of cytokines are potent signalling molecules that regulate tissue
development, inflammation and immunity. Previous studies in mice with a null
mutation in the Tgfb1 gene (TGFB1-/- mice) implicate a key role for TGFB1 in male
reproductive function. These mice show profound infertility due to an inability to
copulate successfully, associated with reduced testosterone and sperm production.
The focus of this project was to 1) further characterize mechanisms underpinning
reproductive deficiency in male TGFB1-/- mice, 2) identify a reliable physiological
marker of TGFB1 availability in vivo, and 3) to determine whether exogenous TGF31

administration influences TGFB1 availability and restores fertility.

To investigate the causes of unsuccessful copulation by TGFB1-/- mice, penis
morphometry was examined. Penile organ structure, as assessed by scanning
electron microscopy, was comparable between genotypes however a superfluous
epidermal covering that impeded penile spine protrusion was evident in TGFB1-/-
mice. The epidermal covering was not due to increased epithelial cell proliferation, as
measured by Brdu labelling and immunohistology. Behavioural observations of
erectile activity showed that TGFB1-/- mice achieved spontaneous erections albeit at

reduced frequency compared to TGF(1+/+ mice.

The efficacy of exogenous TGFB1 replacement was evaluated by first identifying
measures of in vivo TGFB1 availability and/or function and selecting an effective
route of administration. Serum TGFB1 and testosterone levels were reliable
discriminators of TGFB1 genotype. Gene expression and phagocytic function of
peritoneal macrophages revealed no differences between genotypes. Exogenous
sources of TGFB1 for replacement studies included colostrum, naturally occurring in
breast milk and recombinant human latent TGFB1 (rhLTGFB1). Colostrum did not
increase circulating levels and rhTGFB31 injection caused only transient elevation of
serum levels. Thus mini-osmotic pumps were used to deliver a constant supply of
cytokine to TGFB1-/- mice.

McGrath XV



The fertility status of TGFB1-/- mice receiving exogenous TGFB1 was investigated.
Reproductive behaviour in response to normal receptive female mice was assessed
twice during treatment, on day 7 and day 14. Blood, liver and reproductive tissues
were collected at sacrifice. Circulating TGFB1 was increased in TGFB1 treated
TGFB1-/- mice above TGFB1-/- control levels, although this did not affect circulating
testosterone. Erectile activity and sperm production were unchanged. Videotaping
behaviour with estrous females revealed that the TGFB1+/+ mice successfully
mounted and intromitted, unlike the TGFB1-/- controls. The TGFB1-/- mice receiving
exogenous TGFB1 displayed moderately enhanced mounting and intromission
behaviour although this remained less frequent than in the TGFBR1+/+ controls.
Ejaculation behaviour was not observed in any TGFB1-/- mice regardless of TGF[1
replacement, compared to TGFB1+/+ controls where >90% mice displayed

ejaculated.

Modest improvement in the copulation activity of the TGFB1-/- mice receiving
exogenous TGFB1 suggests that systemic TGFB1 availability can influence
reproductive performance in male TGFB1-/- mice. However since fertility was not
restored, locally produced TGFB1 in the reproductive tract and/or hypothalamic
pituitary axis are also implicated in regulating fertility. These findings advance our
knowledge of the role of the TGFB1 cytokine in male reproductive physiology and
may have relevance for devising new treatments for infertility and erectile dysfunction

in men.
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