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In mammals, testis and ovary are critical organs producing gametes, which give life to the next 

generation by producing sperm or oocytes. Mammalian sex is determined based on sex 

chromosome constitution (i.e., XY or XX) at the time of fertilization. In most mammals, 

including humans and mice, both XY and XX embryos develop equally in a non-sexually 

dimorphic fashion until the early organogenic stage, leading to the formation of long and narrow 

gonadal primordia along the mesonephric region of the posterior trunk (Fig. 1A). Such 

bipotential gonads develop into either testes or ovaries in the presence or absence of Sry, Sex-

determining region Y gene, at the critical time window during 11.0 days post coitum (11.0 dpc) 

–11.5 dpc in mice (see reviews by Kashimada and Koopman 2010; Harikae et al. 2013a; Larney 

et al. 2014; Fig. 1B). After gonadal sex determination, the differentiating gonadal somatic cells 

produce various sex-dimorphic signaling factors for the maintenance of each sex of the 

supporting cells and simultaneously secrete testis- or ovary-specific hormones that affect the 

sexually dimorphic development of the intra- and extra-reproductive organs during the late fetal 

and peri- and postnatal stages. Such sexually dimorphic hormonal secretion from the gonads 

results in the sexual maturation of the adult male or female.  

Vertebrate sex determination is called “one tissue, two fate” (Brennan and Capel, 2004) 

because one of two organs, testis or ovary, develops from a bipotential gonad. Therefore, cell 

linages consisting of testis or ovary, such as germ cells, supporting cells, steroidogenic cells, 

and so on, have counterparts originated from the same precursors in undifferentiated gonads. 

Briefly, both mammalian testes and ovaries consist of the same cell linages, germ cells (i.e., 

spermatogenic cells and oocytes) and supporting cells (i.e., Sertoli cells and granulosa cells) 

inside a tubular or follicular structure, which is surrounded by steroidogenic cells (i.e., Leydig 

cells and internal theca cells) and myoid cells in the interstitial regions (Fig. 1C). In Sertoli cell 

differentiation of mouse XY gonads, SRY is transiently activated in only supporting cells and 
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upregulates SOX9 (SRY-related HMG-box 9), leading to male-specific gene expressions (e.g., 

Sox8, Fgf9 [fibroblast growth factor 9], Gdnf [glial cell-line derived neurotrophic factor], and 

Amh [anti-Müllerian hormone]). Differentiating pre-Sertoli cells play a central role in the male 

sex determination of the other cell lineages, such as germ cells, interstitial steroidogenic cells, 

and vascular patterns (Svingen and Koopman, 2013). Testis cords, tubular structures of germ 

and Sertoli cells packed within basal lamina, are formed in XY gonads at fetal stage (Harikae 

et al., 2013a). After birth, the testis cords develop into seminiferous tubules where 

spermatogenesis proceeds continuously. In the absence of SRY, most XX supporting cells lose 

SRY-dependent SOX9 inducibility (SDSI; Hiramatsu et al., 2009; Harikae et al., 2013b) and 

express Foxl2 (forkhead box L2), becoming pre-granulosa cells which cause female sex 

differentiation in the other cell lineages. However, a subpopulation of the pre-granulosa cells 

near the mesonephric tissue maintains SDSI throughout fetal and early postnatal stages, even 

after they come to be FOXL2-positive at fetal stage. In XX gonads, ovigerous cords consisting 

of germ cell cysts and pre-granulosa cells are formed at fetal stage (Pepling, 2006; Hummitzsch 

et al., 2013; Suzuki et al., 2015). After birth, these cysts break down into each primordial follicle 

consisting of an oocyte and a single layer of flat pre-granulosa cells. Some of these primordial 

follicles develop into AMH-positive primary, secondary, or antral follicles in the medullary 

region of ovaries, as initial round of folliculogenesis (Mork et al., 2012; Shinomura et al., 2014; 

Suzuki et al., 2015). The subpopulation of the pre-granulosa cells with SDSI contributes to the 

initial round of folliculogenesis by secondary follicle stage (Harikae et al., 2013b). In contrast, 

other dormant primordial follicles in the cortex region are recruited and activated in the cyclical 

and selective manners, which subsequently results in the consecutive waves of the cyclical 

follicular activation. Little is known about the biological significance of first wave of 
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folliculogenesis, partly because there are only a few models to analyze first wave follicles 

(Mork et al., 2012; Shinomura et al., 2014; Zheng et al., 2014). 

Another feature of mammalian sex determining process is that the sex 

determination/differentiation of the fetal gonads proceeds inside the mother’s womb (i.e., in an 

estrogen-rich environment) through the placenta. Such an estrogen-dominant environment may 

lead to the low sensitivity to estrogens in most parts of the sex-determination process, at least 

during the fetal stages of mammals. In fact, steroidogenic cell differentiation and hormone 

production occurred after birth in XX gonads (Honda et al., 2007; Young et al., 2010; Liu et al., 

2015; Miyabayashi et al., 2015). And estrogen receptor (Esr) 1/2 double-null females showed 

their phenotype of ovotestis formation only after birth (Couse et al., 1999; Dupont et al., 2003). 

In contrast, male hormones, such as AMHs and androgens, produced in embryonic testes have 

the dominant regulation in Müllerian duct degeneration and masculinization of brain and 

external reproductive organ in fetal stage (Behringer et al., 1994; Geissler et al., 1994; Hu et al., 

2002; Sato et al., 2004; O'Shaughnessy et al., 2011).  

DSD (disorders of sex-development) is defined as “congenital conditions in which the 

development of chromosomal, gonadal, or anatomical sex is atypical” (Hughes et al., 2006; 

Bashamboo and McElreavery, 2015). This definition includes errors of primary sex 

determination, such as 46,XY complete or partial gonadal dysgenesis (CGD, PGD), 46,XX 

testicular DSD, and 46,XX ovotesticular DSD. Some cases of 46,XX testicular/ovotesticular 

DSD could be explained by the translocation of SRY to the X chromosome or an autosome, 

overexpression of pro-tests genes including SOX family genes, or failure of pro-ovarian/anti-

testis genes (Grinspon and Rey, 2016), but other cases couldn’t be explained by the mechanism 

related with such genes. Some cases of the virilization of the XX fetus were the result of 

excessive androgen action during intrauterine development, resulting from virilizing tumors 
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and congenital adrenal hyperplasia in humans (Grinspon and Rey, 2016). Such fetal disorders 

involving excess androgen permit proper ovarian differentiation, but in some cases, lead to 

prevalent hyperandrogenic infertility of polycystic ovary syndrome accompanied by excess 

AMH (Abbotte and Bacha, 2013). Moreover, freemartin syndrome causes infertility in a female 

cattle twin born with a male twin (Marcum, 1974; Padula, 2005). Since the female bovine fetus 

shares a blood supply with the male fetus, some circulating factors derived from the male twin 

(e.g., testosterone and AMH) may cause masculinization of the genital organs of the female 

twin, including testis-like structures with SOX9-positive Sertoli-like cells in some severe cases 

(Harikae et al., 2012), but this molecular mechanism remains unknown. Similar to such 

freemartin ovaries, the fetal mouse ovarian grafts under the kidney capsule of adult male mice 

undergo a partial sex-reversal showing the ectopic formation of the testis cord-like structures, 

together with the follicular degeneration and subsequent ectopic appearance of SOX9-positive 

Sertoli-like cells (Taketo et al., 1984; Taketo and Merchant-Larios, 1986; Morais da Silva et 

al., 1996; Harikae et al., 2013b; Fig. 2). These findings suggest that a switch from a maternal-

to-paternal environment induces a partial masculinization of the fetal ovaries even in normal 

wild-type genotype. However, the contribution of paternal environment of host male mice to 

such masculinization of fetal ovaries hasn’t been examined in detail. With the ovarian grafting 

experiment into the male nude mice, Harikae (2013) showed the transition of sex determination-

related genes in such a partial masculinization of granulosa cells in the first wave of 

folliculogenesis. However, among these altered sex determination-related genes, it is still 

unclear what genes contribute to the follicular degeneration, tubular structure formation, and 

ectopic SOX9-positive Sertoli cell-like cell appearance in the partial masculinization in the 

ovarian grafts under the paternal environment. 
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In this study, I tried to reveal the mechanism of the differentiation and masculinization of 

XX supporting cells by analysis of XO mouse ovaries and mouse ovarian grafts into male nude 

mice. In chapter 1, I did histological analysis on XO postnatal ovaries to reveal the granulosa 

cell differentiation in the first wave of folliculogenesis. In chapter 2, in order to reveal to what 

extent the grafted ovaries re-acquire the sexual bipotency, I induced ectopic SRY in grafted 

ovaries in an Sry-inducible system and examined the upregulated genes. In chapter 3, in order 

to examine the contribution of male host environment to this masculinization including the 

ectopic appearance of SOX9-positive Sertoli-like cells, we transplanted fetal mouse ovaries into 

healthy male, healthy female, or castrated male host mice with or without silicon tubes 

containing testosterone. In chapter 4, I examined the temporal changes of Sertoli cell-specific 

transcription/nuclear factors in grafted fetal ovaries during the partial masculinizing process. I 

also identified the spatiotemporal expression patterns of Sox8 in the ovarian grafts and 

examined the roles of donor-derived Sox8 and Amh action in such masculinizing processes 

including follicle degeneration and ectopic appearance of SOX9-positive Sertoli cell-like cells. 
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Figure 1 of General Introduction: Gonadal sex differentiation and its principle structure 

in mammals 

(A, B) Schematic representation showing mouse embryo with the genital ridges extended along 

the anteroposterior axis of the posterior trunk (A), and male and female gonads before and after 

sex determination at 10.5 dpc and 13.5 dpc (B). The dissecting microscopic images of the testis 

and ovary at 13.5 dpc are also shown in the right-hand side (note testis cords [in future 

seminiferous tubules] in the testis). (C) Schematic representation and HE-stained images 

showing the seminiferous tubule and ovarian follicle at the postnatal and adult stages. In both 

testis and ovary, gonadal supporting cells (i.e., Sertoli and granulosa cells) and germ cells are 

tightly packed within the basal lamina layer, which forms the seminiferous epithelium or 

ovarian follicle. Steroidogenic cells (i.e., Leydig cells and theca cells) and myoid cells are 

located in the interstitium. 
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Figure 2 of General Introduction: Sex differentiation and partial masculinization in 

mouse supporting cells  

In sex determination of mammalian XY supporting cells, during 11.0–12.0 dpc, SRY promotes 

SOX9 expression in a male-specific manner, leading to pre-Sertoli cell differentiation. In pre-

Sertoli cells, SOX9 induces various testis-specific factors, such as Fgf9, Gdnf, Amh, and Sox8, 

leading to Sertoli cell differentiation and testis formation. In XX supporting cell differentiation, 

pre-granulosa cells maintain SDSI until 11.5 dpc. After that stage, a subpopulation of most pre-

granulosa cells rapidly loses this ability by 12.0 dpc and comes to express Foxl2. However, 

another subpopulation of the pre-granulosa cells near the mesonephric tissue maintains SDSI 

throughout fetal and early postnatal stages, even after they come to be FOXL2-positive at fetal 

stage. After birth, both FOXL2-positive subpopulations contribute to the initial round of 

folliculogenesis together with AMH expression, but SDSI is lost in the later population by the 

secondary follicle stage. 

Ovarian transplants into male mice show a partial masculinization. Granulosa cells in grafted 

ovaries re-acquire SDSI by day 10 post-transplantation. In the masculinizing process, Sox9 

expression is detected in the grafted ovaries by day 20 post-transplantation. 
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In sex determination of mammalian XY supporting cells, SRY promotes SOX9 expression 

during 11.0–12.0 dpc, leading to pre-Sertoli cell differentiation. Around the same stage, 

expressions of potential SRY target genes, such as Zfp532, Lmo4, and Mamld1, are upregulated 

in a male-specific manner (chapter 2). In pre-Sertoli cells, SOX9 induces various testis-specific 

factors, such as Fgf9, Gdnf, and Amh, leading to Sertoli cell differentiation and testis formation. 

Egr1/2, Nr4a1/2, Zc3h12c, and other transcription factors also show Sertoli cell-specific 

upregulation during 12.5 dpc (chpter 4).  

In XX supporting cell differentiation, pre-granulosa cells are divided into two subpopulations. 

Almost all pre-granulosa cells maintain SDSI until 11.5 dpc (Hiramatsu et al., 2009; Harikae et 

al., 2013b). After that stage, a first subpopulation of most pre-granulosa cells rapidly loses this 

ability by 12.0 dpc and comes to express Foxl2. However, a second subpopulation of the pre-

granulosa cells near the mesonephric tissue maintains SDSI throughout fetal and early postnatal 

stages, after they come to be FOXL2-positive at fetal stage (Harikae et al., 2013b). After birth, 

both FOXL2-positive subpopulations contribute to the initial round of folliculogenesis together 

with AMH expression, but SDSI in the second subpopulation is lost by the secondary follicle 

stage. In chapter 1, by means of XO mice, I show the SDSI is maintained in first wave granulosa 

cells in an oocyte-independent manner but AMH expression may be regulated in oocyte growth-

dependent mechanism. 

Ovarian transplants into male mice show a partial masculinization. Granulosa cells in grafted 

ovaries re-acquire sexual bipotency, not only SDSI but also SRY-dependent inducibility of Fgf9, 

Gdnf, and potential SRY target genes, by day 10 post-transplantation (chapter 2). Harikae et al. 

(2013b) showed a considerable number of ovarian granulosa cells in not only the ovarian 

medullary region but also throughout the ovarian parenchyma gradually re-acquire the SDSI on 

days 7 and 10 post-transplantation. Therefore, these data indicate that during the partial 
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masculinization, almost all granulosa cells in the first and second subpopulations can require or 

maintain the sexual bipotency evaluated by monitoring SDSI and the inducibilitiy of other 

testicular genes. 

I show that Sox8 and Amh are positively involved in the survival of follicles in the ovarian 

grafts in the male mice in chapter 4. Throughout the ovarian parenchyma, the both signals of 

Sox8 and Amh are detected in follicles in wild-type grafted ovaries and degenerating follicle are 

observed in Sox8-null and Amh-null transplants. Therefore, during the partial masculinizing 

process, Sox8 and Amh modulate follicular degeneration and tubular structure formation in 

granulosa cells in both first and second subpopulations.  

In chapter 3, I reveal that testosterone derived from male host may be involved in the 

appearance of SOX9-positive Sertoli cell-like cells in the ovarian explants grafted into male 

host mice. However, the number of SOX9-positive cells is relatively small compared with 

SDSI-positive granulosa cells (Harikae et al., 2013b), and they are detected in the medullary 

region in grafted ovaries into healthy male and castrated male mice with testosterone. So, these 

results indicate that although granulosa cell in the first subpopulation in the whole ovarian 

parenchyma could re-acquire sexual bipotency during the partial masculinization but they don’t 

become SOX9-positive cell, sexually bipotential granulosa cells in the second subpopulation in 

the medullary region become SOX9-positive Sertoli cell-like cells. These sexually bipotential 

granulosa cells may be involved in the ovotestis formation in the ovarian centromedullary 

region in some transgenic mouse lines (Couse et al., 1999; Dupont et al., 2003, Schmidt et al., 

2004; Uda et al., 2004; Ottolenghi et al., 2007, Chassot et al., 2008; Maatouk et al., 2013). In 

addition, upregulated Sertoli cell-specific transcription/nuclear factors, including Egr1/2, 

Nr4a1/2, and Zc3h12c, in the ovarian transplants and other SOX/TGF-beta family genes may 
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be involved in the follicular degeneration and tubular structure formation in the two 

subpopulations, or the upregulation of Sox9 in the second subpopulation. 

Sex determination mechanism has high variety in the animal kingdom, and in fact, Sry is 

found only in mammals, with the exception of monotremes, the Ryukyu spiny rat, etc. (Wallis 

et al., 2007; Kuroiwa et al., 2010; Cortez et al., 2014; Graves, 2016). In mammalian testis 

determination, SRY on Y chromosome activates SOX9 in supporting cells, leading to Sertoli 

cell differentiation at fetal stage in mother’s womb, estrogen-rich environment. In contrast, 

many other vertebrates without SRY determine their sex at fetal stages in their eggs, self-

produced hormone-rich environment. Gonadal differentiation to testis occurs in Ar-null male 

mice, even though they show spermatogenic arrest and developmental failure of adult Leydig 

cells (O’Shaughnessy et al., 2002; De Gendt et al., 2004). Therefore, the mammalian-specific 

SRY-dependent and male hormone-independent testis determination mechanism may have 

been acquired evolutionally to enable testis formation in estrogen-rich maternal environment. 

Among other vertebrates including frog and chicken, hormone sex determination is conserved 

mechanism and many cases of hormone-dependent sex reversal are reported (Villalpando and 

Merchant-Larios, 1990; Crews et al., 1991; Elbrecht and Smith, 1992; Shibata et al., 2002; 

Ohtani et al., 2003; Leet et al, 2011; Piprek et al., 2012). Therefore, the SRY-independent and 

testosterone/paternal environment-dependent partial masculinization in the grafted mouse 

ovaries may use male hormone-dependent testis determination pathways conserved among 

other vertebrates.  

The present study indicated that oocyte growth induces AMH expression in granulosa cell 

differentiation (chapter 1) and AMH serves as a survival factor for follicle growth (Visser et al., 

2007; chapter 4), possibly in a positive-feedback manner. This is consistent with the findings 

that the ovarian mouse grafts show AMH-positive follicular degeneration, oocyte loss, and 
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subsequent tubular structure formation with loss of AMH expression in the partial 

masculinization (Harikae et al., 2013b; chapter 3, 4). In medaka, germ cells are required for the 

ovarian formation and granulosa cell maintenance, and germ cell-deficient medaka develops as 

male irrespective of genetic sex (Kurokawa et al., 2007; Nishimura and Tanaka, 2014). 

Therefore, it is indicated that the germ cell-dependent sex determination mechanism of other 

vertebrates is potentially conserved even in mammals, and oocyte loss contributes to tubular 

structure formation and Sertoli cell-like cell appearance in the partial masculinization of grafted 

mouse ovaries into male mice. 

In addition, the partial masculinization in mice, as well as testis determination in some other 

vertebrates, shows the onsets of Amh expression prior to Sox9 expression (Westerm et al., 1999; 

Oréal et al., 2002; Yao and Capel, 2005; Klüver et al., 2007), but in contrast, SOX9 upregulates 

Sox8 and Amh in mammalian testis determination (De Santa Barbara et al., 1998; Schepers et 

al., 2003). Therefore, the partial masculinization including the follicular degeneration and 

tubular structure formation relative with Sox8 and Amh and the subsequent testosterone-

dependent ectopic appearance of SOX9-positive Sertoli cell-like cells in mouse grafted ovaries 

might use the common and conserved molecular pathway among the male sex determination 

process of other vertebrates. Further studies about other Sox genes, TGF-family members, 

and Sertoli cell-specific genes encoding transcription/nuclear factors upregulated in ovarian 

grafts, including Egr1/2, Nr4a1/2, and Zc3h12c (Table 4-4), will reveal the critical gene for the 

partial masculinization including the ectopic appearance of SOX9-positive Sertoli cells in 

mammals, and the genes playing a role in sex determination in other vertebrates.  

In humans, fetal disorders involving excess androgen lead to prevalent hyperandrogenic 

infertility of polycystic ovary syndrome in some cases but their mechanism hasn’t understood 

completely (Abbotte and Bacha, 2013). Also in cattle, “freemartin” syndrome female cattle 
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born twin to a male shows infertility and the disease causes a severe impact on the livestock 

industry. The present studies give the knowledge about the maintenance of sexual bipotency 

and the differentiation in granulosa cell in first wave of folliculogensis in XO mice, and reveal 

the molecular mechanisms of the partial masculinization including sexual bipotency re-

acquisition, follicular degeneration, tubular structure formation, and ectopic SOX9-positive 

Sertoli-like cell appearance in ovarian grafts in male nude mice. These data with the both mouse 

models may help elucidate the infertility and masculinization of mammalian fetal ovaries 

caused by in utero exposure to inadequate hormonal conditions, as in the case of human 

polycystic ovary syndrome and freemartin syndrome in mixed-sex cattle twins. 
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Figure of General Discussion

In sex determination of mammalian XY supporting cells (blue bar in “Sertoli cells”), during 

11.0–12.0 dpc, SRY promotes SOX9 expression, together with expressions of potential SRY 

target genes such as Zfp532, Lmo4, and Mamld1, in a male-specific manner, leading to pre-

Sertoli cell differentiation (chapter 2). In pre-Sertoli cells, SOX9 induces various testis-specific 

factors, such as Fgf9, Gdnf, and Amh, leading to Sertoli cell differentiation and testis formation. 

Egr1/2, Nr4a1/2, Zc3h12c, and other transcription factors show Sertoli cell-specific 

upregulation during 12.5 dpc (chapter 4). In XX supporting cell differentiation, pre-granulosa 

cells maintain SDSI until 11.5 dpc. After that stage, a subpopulation of most pre-granulosa cells 

rapidly loses this ability by 12.0 dpc and comes to express Foxl2 (upper red bar in “Granulosa 

cells”). However, another subpopulation of the pre-granulosa cells near the mesonephric tissue 

maintains SDSI throughout fetal and early postnatal stages, after they come to be FOXL2-

positive at fetal stage (lower orange bar in “Granulosa cells”). After birth, both FOXL2-positive 

subpopulations contribute to the initial round of folliculogenesis together with oocyte-

dependent AMH expression (chapter 1), but SDSI in the latter subpopulation is lost by the 

secondary follicle stage. 

Ovarian transplants into male mice show a partial masculinization (bars in “Sertoli-like 

cells”). Granulosa cells in both subpopulations in grafted ovaries re-acquire sexual bipotency, 

not only SDSI but also SRY-dependent inducibility of Fgf9, Gdnf, and potential SRY target 

genes, by day 10 post-transplantation (chapter 2). Together with expression of Sox8, Amh, and 

other transcription factors, grafted ovaries show follicular degeneration and tubular structure 

formation (chapter 4). In the masculinizing process, host-derived testosterone-dependent Sox9 

and Gdnf expression are detected in the medullary region by day 20 post-transplantation 

(chapter 3), indicating that sexually bipotential pre-granulosa cells in the medullary region in 
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fetal XX gonads transdifferentiate into Sertoli cell-like cells (lower blue bar in “Sertoli-like 

cells”). 

 



ACKNOWLEDGEMENTS 

124 

 

Acknowledgements 

 

I want to offer my great appreciation to Drs. Masamichi Kurohmaru, Yoshiakira Kanai 

(Department of Veterinary Anatomy, The University of Tokyo, Japan), Masami Kanai-Azuma, 

Yoshikazu Hirate, Hinako M. Takase, and Hitomi Suzuki (Department of Experimental Animal 

Model for Human Disease, Center for Experimental Animal, Tokyo Medical and Dental 

University, Japan) for giving me good environment for research, many important advices and 

supports. I want to also offer my appreciation to Dr. Naoki Tsunekawa (Department of 

Bioscience in Daily Life, Nihon University) for his not only research advices but also many 

private supports. 

 

I am also greatly thankful to my seniors, Dr. Kyoko Harikae (Daiichi Sankyo Company, 

Japan), Dr. Yoshimi Aiyama (Yakult Honsha Company, Japan), and Mai Shinomura (Tokyo 

Metropolitan Police Department) for not only giving me research advices and teaching me 

many experimental techniques but also encouraging me whenever I faced difficult situations in 

my life. Furthermore, I am deeply grateful for Dr. Yoshiko Kuroda, Dr. Hiroki Higashiyama, 

Dr. Hiroyuki Sumitomo, Yuki Uchiyama, and Itsuko Yagihashi for their technical and 

secretarial assistances and Yohichiro Mori for technical assistance of microarray. As colleagues 

and friends in Department of Veterinary Anatomy, I want to thank you to Ryuto Hiramatsu, 

Hiromi Kanezashi, Ayako Tomita, Aya Uchida, and Maho Takano. I would like to give special 

thanks to Dr. Tsutomu Sekizaki, Dr. Masayoshi Kuwahara, Dr. Kazuyuki Uchida, Dr. Tomohiro 

Yonezawa, Dr. Wataru Fujii, Dr. Sakura Arai, Tomoki Motegi, Masumi Yoshida, and Mari 

Tohya at University of Tokyo.  



ACKNOWLEDGEMENTS 

   125 

  

 

Especially, I want to express my most appreciation to Mayu Nakaguchi and her thoughtful 

parents. Without their contributions, I couldn’t have completed my thesis. 

 

Lastly, I would deeply thank my parents, Yasuhiko Miura and Hiroko Miura, and my brother, 

Takuto Miura, in my hometown. 

 

I wish to give great thanks to all who are involved but I can’t refer to here. 

 

 

December, 2016 

Kento Miura, D.V.M. 



REFERENCES 

126 

 

 

 

 

 

 

 

 

 

 

 

References 

 

 

 

  



REFERENCES 

   127 

  

1. Abbott, D.H., Bacha, F., 2013. Ontogeny of polycystic ovary syndrome and insulin 

resistance in utero and early childhood. Fertil Steril 100, 2-11. 

2. Abel, M.H., Wootton, A.N., Wilkins, V., Huhtaniemi, I., Knight, P.G., Charlton, H.M., 2000. 

The effect of a null mutation in the follicle-stimulating hormone receptor gene on mouse 

reproduction. Endocrinology 141, 1795-1803. 

3. Aiyama, Y., Tsunekawa, N., Kishi, K., Kawasumi, M., Suzuki, H., Kanai-Azuma, M., 

Kurohmaru, M., Kanai, Y., 2015. A Niche for GFRalpha1-Positive Spermatogonia in the 

Terminal Segments of the Seminiferous Tubules in Hamster Testes. Stem Cells 33, 2811-

2824. 

4. Albrecht, K.H., Eicher, E.M., 2001. Evidence that Sry is expressed in pre-Sertoli cells and 

Sertoli and granulosa cells have a common precursor. Dev Biol 240, 92-107. 

5. Archambeault, D.R., Tomaszewski, J., Childs, A.J., Anderson, R.A., Yao, H.H., 2011. 

Testicular somatic cells, not gonocytes, are the major source of functional activin A during 

testis morphogenesis. Endocrinology 152, 4358-4367. 

6. Archambeault, D.R., Yao, H.H., 2010. Activin A, a product of fetal Leydig cells, is a unique 

paracrine regulator of Sertoli cell proliferation and fetal testis cord expansion. Proc Natl 

Acad Sci U S A 107, 10526-10531. 

7. Axell, A.M., MacLean, H.E., Plant, D.R., Harcourt, L.J., Davis, J.A., Jimenez, M., 

Handelsman, D.J., Lynch, G.S., Zajac, J.D., 2006. Continuous testosterone administration 

prevents skeletal muscle atrophy and enhances resistance to fatigue in orchidectomized 

male mice. Am J Physiol Endocrinol Metab 291, E506-516. 

8. Barrionuevo, F., Georg, I., Scherthan, H., Lecureuil, C., Guillou, F., Wegner, M., Scherer, 

G., 2009. Testis cord differentiation after the sex determination stage is independent of 

Sox9 but fails in the combined absence of Sox9 and Sox8. Dev Biol 327, 301-312. 

9. Barrionuevo, F.J., Hurtado, A., Kim, G.J., Real, F.M., Bakkali, M., Kopp, J.L., Sander, M., 

Scherer, G., Burgos, M., Jimenez, R., 2016. Sox9 and Sox8 protect the adult testis from 

male-to-female genetic reprogramming and complete degeneration. Elife 5. 

10. Bashamboo, A., McElreavey, K., 2015. Human sex-determination and disorders of sex-

development (DSD). Semin Cell Dev Biol 45, 77-83. 

11. Behringer, R.R., Cate, R.L., Froelick, G.J., Palmiter, R.D., Brinster, R.L., 1990. Abnormal 

sexual development in transgenic mice chronically expressing mullerian inhibiting 

substance. Nature 345, 167-170. 

12. Behringer, R.R., Finegold, M.J., Cate, R.L., 1994. Mullerian-inhibiting substance function 

during mammalian sexual development. Cell 79, 415-425. 

13. Berletch, J.B., Yang, F., Xu, J., Carrel, L., Disteche, C.M., 2011. Genes that escape from X 

inactivation. Hum Genet 130, 237-245. 

14. Bogdanova, N., Siebers, U., Kelsch, R., Markoff, A., Ropke, A., Exeler, R., Tsokas, J., 

Wieacker, P., 2010. Blood chimerism in a girl with Down syndrome and possible freemartin 

effect leading to aplasia of the Mullerian derivatives. Hum Reprod 25, 1339-1343. 

15. Bouma, G.J., Hudson, Q.J., Washburn, L.L., Eicher, E.M., 2010. New candidate genes 

identified for controlling mouse gonadal sex determination and the early stages of 

granulosa and Sertoli cell differentiation. Biol Reprod 82, 380-389. 

16. Bowles, J., Feng, C.W., Knight, D., Smith, C.A., Roeszler, K.N., Bagheri-Fam, S., Harley, 

V.R., Sinclair, A.H., Koopman, P., 2009. Male-specific expression of Aldh1a1 in mouse 

and chicken fetal testes: implications for retinoid balance in gonad development. Dev Dyn 

238, 2073-2080. 

17. Bowles, J., Knight, D., Smith, C., Wilhelm, D., Richman, J., Mamiya, S., Yashiro, K., 



REFERENCES 

   128 

  

Chawengsaksophak, K., Wilson, M.J., Rossant, J., Hamada, H., Koopman, P., 2006. 

Retinoid signaling determines germ cell fate in mice. Science 312, 596-600. 

18. Bradford, S.T., Hiramatsu, R., Maddugoda, M.P., Bernard, P., Chaboissier, M.C., Sinclair, 

A., Schedl, A., Harley, V., Kanai, Y., Koopman, P., Wilhelm, D., 2009. The cerebellin 4 

precursor gene is a direct target of SRY and SOX9 in mice. Biol Reprod 80, 1178-1188. 

19. Brennan, J., Capel, B., 2004. One tissue, two fates: molecular genetic events that underlie 

testis versus ovary development. Nat Rev Genet 5, 509-521. 

20. Bullejos, M., Koopman, P., 2001. Spatially dynamic expression of Sry in mouse genital 

ridges. Dev Dyn 221, 201-205. 

21. Burgoyne, P.S., Baker, T.G., 1981. Oocyte depletion in XO mice and their XX sibs from 

12 to 200 days post partum. J Reprod Fertil 61, 207-212. 

22. Burgoyne, P.S., Baker, T.G., 1985. Perinatal oocyte loss in XO mice and its implications 

for the aetiology of gonadal dysgenesis in XO women. J Reprod Fertil 75, 633-645. 

23. Cabianca, G., Rota, A., Cozzi, B., Ballarin, C., 2007. Expression of AMH in female fetal 

intersex gonads in the bovine. Anat Histol Embryol 36, 24-26. 

24. Carletti, M.Z., Christenson, L.K., 2009. Rapid effects of LH on gene expression in the 

mural granulosa cells of mouse periovulatory follicles. Reproduction 137, 843-855. 

25. Carre, G.A., Greenfield, A., 2014. Characterising novel pathways in testis determination 

using mouse genetics. Sex Dev 8, 199-207. 

26. Carrel, L., Willard, H.F., 2005. X-inactivation profile reveals extensive variability in X-

linked gene expression in females. Nature 434, 400-404. 

27. Carter, J.H., Lefebvre, J.M., Wiest, D.L., Tourtellotte, W.G., 2007. Redundant role for early 

growth response transcriptional regulators in thymocyte differentiation and survival. J 

Immunol 178, 6796-6805. 

28. Chaboissier, M.C., Kobayashi, A., Vidal, V.I., Lutzkendorf, S., van de Kant, H.J., Wegner, 

M., de Rooij, D.G., Behringer, R.R., Schedl, A., 2004. Functional analysis of Sox8 and 

Sox9 during sex determination in the mouse. Development 131, 1891-1901. 

29. Chang, C., Chen, Y.T., Yeh, S.D., Xu, Q., Wang, R.S., Guillou, F., Lardy, H., Yeh, S., 2004. 

Infertility with defective spermatogenesis and hypotestosteronemia in male mice lacking 

the androgen receptor in Sertoli cells. Proc Natl Acad Sci U S A 101, 6876-6881. 

30. Chassot, A.A., Gillot, I., Chaboissier, M.C., 2014. R-spondin1, WNT4, and the CTNNB1 

signaling pathway: strict control over ovarian differentiation. Reproduction 148, R97-110. 

31. Chassot, A.A., Ranc, F., Gregoire, E.P., Roepers-Gajadien, H.L., Taketo, M.M., Camerino, 

G., de Rooij, D.G., Schedl, A., Chaboissier, M.C., 2008. Activation of beta-catenin 

signaling by Rspo1 controls differentiation of the mammalian ovary. Hum Mol Genet 17, 

1264-1277. 

32. Colvin, J.S., Green, R.P., Schmahl, J., Capel, B., Ornitz, D.M., 2001. Male-to-female sex 

reversal in mice lacking fibroblast growth factor 9. Cell 104, 875-889. 

33. Cortez, D., Marin, R., Toledo-Flores, D., Froidevaux, L., Liechti, A., Waters, P.D., Grutzner, 

F., Kaessmann, H., 2014. Origins and functional evolution of Y chromosomes across 

mammals. Nature 508, 488-493. 

34. Couse, J.F., Hewitt, S.C., Bunch, D.O., Sar, M., Walker, V.R., Davis, B.J., Korach, K.S., 

1999. Postnatal sex reversal of the ovaries in mice lacking estrogen receptors alpha and 

beta. Science 286, 2328-2331. 

35. Crews, D., Bull, J.J., Wibbels, T., 1991. Estrogen and sex reversal in turtles: a dose-

dependent phenomenon. Gen Comp Endocrinol 81, 357-364. 

36. Dai, A., Yan, G., He, Q., Jiang, Y., Zhang, Q., Fang, T., Ding, L., Sun, J., Sun, H., Hu, Y., 



REFERENCES 

   129 

  

2012. Orphan nuclear receptor Nur77 regulates androgen receptor gene expression in 

mouse ovary. PLoS One 7, e39950. 

37. De Gendt, K., Swinnen, J.V., Saunders, P.T., Schoonjans, L., Dewerchin, M., Devos, A., 

Tan, K., Atanassova, N., Claessens, F., Lecureuil, C., Heyns, W., Carmeliet, P., Guillou, F., 

Sharpe, R.M., Verhoeven, G., 2004. A Sertoli cell-selective knockout of the androgen 

receptor causes spermatogenic arrest in meiosis. Proc Natl Acad Sci U S A 101, 1327-1332. 

38. De Santa Barbara, P., Bonneaud, N., Boizet, B., Desclozeaux, M., Moniot, B., Sudbeck, P., 

Scherer, G., Poulat, F., Berta, P., 1998. Direct interaction of SRY-related protein SOX9 and 

steroidogenic factor 1 regulates transcription of the human anti-Mullerian hormone gene. 

Mol Cell Biol 18, 6653-6665. 

39. Di Carlo, A.D., Travia, G., De Felici, M., 2000. The meiotic specific synaptonemal 

complex protein SCP3 is expressed by female and male primordial germ cells of the mouse 

embryo. Int J Dev Biol 44, 241-244. 

40. Dierich, A., Sairam, M.R., Monaco, L., Fimia, G.M., Gansmuller, A., LeMeur, M., 

Sassone-Corsi, P., 1998. Impairing follicle-stimulating hormone (FSH) signaling in vivo: 

targeted disruption of the FSH receptor leads to aberrant gametogenesis and hormonal 

imbalance. Proc Natl Acad Sci U S A 95, 13612-13617. 

41. Ding, L.J., Yan, G.J., Ge, Q.Y., Yu, F., Zhao, X., Diao, Z.Y., Wang, Z.Q., Yang, Z.Z., Sun, 

H.X., Hu, Y.L., 2011. FSH acts on the proliferation of type A spermatogonia via Nur77 that 

increases GDNF expression in the Sertoli cells. FEBS Lett 585, 2437-2444. 

42. Dong, J., Albertini, D.F., Nishimori, K., Kumar, T.R., Lu, N., Matzuk, M.M., 1996. Growth 

differentiation factor-9 is required during early ovarian folliculogenesis. Nature 383, 531-

535. 

43. Dupont, S., Dennefeld, C., Krust, A., Chambon, P., Mark, M., 2003. Expression of Sox9 in 

granulosa cells lacking the estrogen receptors, ERalpha and ERbeta. Dev Dyn 226, 103-

106. 

44. Durlinger, A.L., Kramer, P., Karels, B., de Jong, F.H., Uilenbroek, J.T., Grootegoed, J.A., 

Themmen, A.P., 1999. Control of primordial follicle recruitment by anti-Mullerian 

hormone in the mouse ovary. Endocrinology 140, 5789-5796. 

45. Edson, M.A., Nagaraja, A.K., Matzuk, M.M., 2009. The mammalian ovary from genesis 

to revelation. Endocr Rev 30, 624-712. 

46. Elbrecht, A., Smith, R.G., 1992. Aromatase enzyme activity and sex determination in 

chickens. Science 255, 467-470. 

47. Elvin, J.A., Yan, C., Wang, P., Nishimori, K., Matzuk, M.M., 1999. Molecular 

characterization of the follicle defects in the growth differentiation factor 9-deficient ovary. 

Mol Endocrinol 13, 1018-1034. 

48. Figueiredo, A.F., Franca, L.R., Hess, R.A., Costa, G.M., 2016. Sertoli cells are capable of 

proliferation into adulthood in the transition region between the seminiferous tubules and 

the rete testis in Wistar rats. Cell Cycle 15, 2486-2496. 

49. French, J.A., Frye, B., Cavanaugh, J., Ren, D., Mustoe, A.C., Rapaport, L., Mickelberg, J., 

2016. Gene changes may minimize masculinizing and defeminizing influences of exposure 

to male cotwins in female callitrichine primates. Biol Sex Differ 7, 28. 

50. Garcia-Ortiz, J.E., Pelosi, E., Omari, S., Nedorezov, T., Piao, Y., Karmazin, J., Uda, M., 

Cao, A., Cole, S.W., Forabosco, A., Schlessinger, D., Ottolenghi, C., 2009. Foxl2 functions 

in sex determination and histogenesis throughout mouse ovary development. BMC Dev 

Biol 9, 36. 

51. Geissler, W.M., Davis, D.L., Wu, L., Bradshaw, K.D., Patel, S., Mendonca, B.B., Elliston, 



REFERENCES 

   130 

  

K.O., Wilson, J.D., Russell, D.W., Andersson, S., 1994. Male pseudohermaphroditism 

caused by mutations of testicular 17 beta-hydroxysteroid dehydrogenase 3. Nat Genet 7, 

34-39. 

52. Georg, I., Barrionuevo, F., Wiech, T., Scherer, G., 2012. Sox9 and Sox8 are required for 

basal lamina integrity of testis cords and for suppression of FOXL2 during embryonic testis 

development in mice. Biol Reprod 87, 99. 

53. Golden, J.P., DeMaro, J.A., Osborne, P.A., Milbrandt, J., Johnson, E.M., Jr., 1999. 

Expression of neurturin, GDNF, and GDNF family-receptor mRNA in the developing and 

mature mouse. Exp Neurol 158, 504-528. 

54. Graves, J.A., 2016. Did sex chromosome turnover promote divergence of the major 

mammal groups?: De novo sex chromosomes and drastic rearrangements may have posed 

reproductive barriers between monotremes, marsupials and placental mammals. Bioessays 

38, 734-743. 

55. Grinspon, R.P., Rey, R.A., 2016. Disorders of Sex Development with Testicular 

Differentiation in SRY-Negative 46,XX Individuals: Clinical and Genetic Aspects. Sex 

Dev 10, 1-11. 

56. Halm, S., Rocha, A., Miura, T., Prat, F., Zanuy, S., 2007. Anti-Mullerian hormone 

(AMH/AMH) in the European sea bass: its gene structure, regulatory elements, and the 

expression of alternatively-spliced isoforms. Gene 388, 148-158. 

57. Harikae, K., 2013. Studies on the mechanism of the mammalian sex determination with 

XX masculinized gonads. PhD thesis, The University of Tokyo, Japan. 

58. Harikae, K., Miura, K., Kanai, Y., 2013a. Early gonadogenesis in mammals: significance 

of long and narrow gonadal structure. Dev Dyn 242, 330-338. 

59. Harikae, K., Miura, K., Shinomura, M., Matoba, S., Hiramatsu, R., Tsunekawa, N., Kanai-

Azuma, M., Kurohmaru, M., Morohashi, K., Kanai, Y., 2013b. Heterogeneity in sexual 

bipotentiality and plasticity of granulosa cells in developing mouse ovaries. J Cell Sci 126, 

2834-2844. 

60. Harikae, K., Tsunekawa, N., Hiramatsu, R., Toda, S., Kurohmaru, M., Kanai, Y., 2012. 

Evidence for almost complete sex-reversal in bovine freemartin gonads: formation of 

seminiferous tubule-like structures and transdifferentiation into typical testicular cell types. 

J Reprod Dev 58, 654-660. 

61. Hashimoto, M., Takemoto, T., 2015. Electroporation enables the efficient mRNA delivery 

into the mouse zygotes and facilitates CRISPR/Cas9-based genome editing. Sci Rep 5, 

11315. 

62. Hasky, N., Uri-Belapolsky, S., Goldberg, K., Miller, I., Grossman, H., Stemmer, S.M., Ben-

Aharon, I., Shalgi, R., 2015. Gonadotrophin-releasing hormone agonists for fertility 

preservation: unraveling the enigma? Hum Reprod 30, 1089-1101. 

63. Hellmich, H.L., Kos, L., Cho, E.S., Mahon, K.A., Zimmer, A., 1996. Embryonic expression 

of glial cell-line derived neurotrophic factor (GDNF) suggests multiple developmental 

roles in neural differentiation and epithelial-mesenchymal interactions. Mech Dev 54, 95-

105. 

64. Hiramatsu, R., Harikae, K., Tsunekawa, N., Kurohmaru, M., Matsuo, I., Kanai, Y., 2010. 

FGF signaling directs a center-to-pole expansion of tubulogenesis in mouse testis 

differentiation. Development 137, 303-312. 

65. Hiramatsu, R., Matoba, S., Kanai-Azuma, M., Tsunekawa, N., Katoh-Fukui, Y., 

Kurohmaru, M., Morohashi, K., Wilhelm, D., Koopman, P., Kanai, Y., 2009. A critical time 

window of Sry action in gonadal sex determination in mice. Development 136, 129-138. 



REFERENCES 

   131 

  

66. Hirshfield, A.N., 1992. Heterogeneity of cell populations that contribute to the formation 

of primordial follicles in rats. Biol Reprod 47, 466-472. 

67. Hirshfield, A.N., DeSanti, A.M., 1995. Patterns of ovarian cell proliferation in rats during 

the embryonic period and the first three weeks postpartum. Biol Reprod 53, 1208-1221. 

68. Holdcraft, R.W., Braun, R.E., 2004. Androgen receptor function is required in Sertoli cells 

for the terminal differentiation of haploid spermatids. Development 131, 459-467. 

69. Honda, A., Hirose, M., Hara, K., Matoba, S., Inoue, K., Miki, H., Hiura, H., Kanatsu-

Shinohara, M., Kanai, Y., Kono, T., Shinohara, T., Ogura, A., 2007. Isolation, 

characterization, and in vitro and in vivo differentiation of putative thecal stem cells. Proc 

Natl Acad Sci U S A 104, 12389-12394. 

70. Hu, M.C., Hsu, N.C., El Hadj, N.B., Pai, C.I., Chu, H.P., Wang, C.K., Chung, B.C., 2002. 

Steroid deficiency syndromes in mice with targeted disruption of Cyp11a1. Mol Endocrinol 

16, 1943-1950. 

71. Hughes, I.A., Houk, C., Ahmed, S.F., Lee, P.A., Group, L.C., Group, E.C., 2006. Consensus 

statement on management of intersex disorders. Arch Dis Child 91, 554-563. 

72. Huhtaniemi, I., 2015. A short evolutionary history of FSH-stimulated spermatogenesis. 

Hormones (Athens) 14, 468-478. 

73. Hummitzsch, K., Irving-Rodgers, H.F., Hatzirodos, N., Bonner, W., Sabatier, L., Reinhardt, 

D.P., Sado, Y., Ninomiya, Y., Wilhelm, D., Rodgers, R.J., 2013. A new model of 

development of the mammalian ovary and follicles. PLoS One 8, e55578. 

74. Irizarry, R.A., Hobbs, B., Collin, F., Beazer-Barclay, Y.D., Antonellis, K.J., Scherf, U., 

Speed, T.P., 2003. Exploration, normalization, and summaries of high density 

oligonucleotide array probe level data. Biostatistics 4, 249-264. 

75. Jiang, X., Zhang, H., Yin, S., Zhang, Y., Yang, W., Zheng, W., Wang, L., Wang, Z., Bukhari, 

I., Cooke, H.J., Iqbal, F., Shi, Q., 2014. Specific deficiency of Plzf paralog, Zbtb20, in 

Sertoli cells does not affect spermatogenesis and fertility in mice. Sci Rep 4, 7062. 

76. Juneau, C., Dupont, E., Luu-The, V., Labrie, F., Pelletier, G., 1993. Ontogenesis of 3 beta-

hydroxysteroid dehydrogenase delta 5-delta 4 isomerase in the rat ovary as studied by 

immunocytochemistry and in situ hybridization. Biol Reprod 48, 226-234. 

77. Kanai, Y., Hiramatsu, R., Matoba, S., Kidokoro, T., 2005. From SRY to SOX9: mammalian 

testis differentiation. J Biochem 138, 13-19. 

78. Kaneko, H., Kikuchi, K., Nakai, M., Noguchi, J., 2008. Endocrine status and development 

of porcine testicular tissues in host mice. J Reprod Dev 54, 480-485. 

79. Kaneko, H., Kikuchi, K., Noguchi, J., Ozawa, M., Ohnuma, K., Maedomari, N., 

Kashiwazaki, N., 2006. Effects of gonadotrophin treatments on meiotic and developmental 

competence of oocytes in porcine primordial follicles following xenografting to nude mice. 

Reproduction 131, 279-288. 

80. Kashimada, K., Koopman, P., 2010. Sry: the master switch in mammalian sex 

determination. Development 137, 3921-3930. 

81. Kidokoro, T., Matoba, S., Hiramatsu, R., Fujisawa, M., Kanai-Azuma, M., Taya, C., 

Kurohmaru, M., Kawakami, H., Hayashi, Y., Kanai, Y., Yonekawa, H., 2005. Influence on 

spatiotemporal patterns of a male-specific Sox9 activation by ectopic Sry expression during 

early phases of testis differentiation in mice. Dev Biol 278, 511-525. 

82. Kim, Y., Kobayashi, A., Sekido, R., DiNapoli, L., Brennan, J., Chaboissier, M.C., Poulat, 

F., Behringer, R.R., Lovell-Badge, R., Capel, B., 2006. Fgf9 and Wnt4 act as antagonistic 

signals to regulate mammalian sex determination. PLoS Biol 4, e187. 

83. Kluver, N., Pfennig, F., Pala, I., Storch, K., Schlieder, M., Froschauer, A., Gutzeit, H.O., 



REFERENCES 

   132 

  

Schartl, M., 2007. Differential expression of anti-Mullerian hormone (amh) and anti-

Mullerian hormone receptor type II (amhrII) in the teleost medaka. Dev Dyn 236, 271-281. 

84. Kulibin, A.Y., Malolina, E.A., 2016. Only a small population of adult Sertoli cells actively 

proliferates in culture. Reproduction 152, 271-281. 

85. Kumar, T.R., Wang, Y., Lu, N., Matzuk, M.M., 1997. Follicle stimulating hormone is 

required for ovarian follicle maturation but not male fertility. Nat Genet 15, 201-204. 

86. Kuroiwa, A., Ishiguchi, Y., Yamada, F., Shintaro, A., Matsuda, Y., 2010. The process of a 

Y-loss event in an XO/XO mammal, the Ryukyu spiny rat. Chromosoma 119, 519-526. 

87. Kurokawa, H., Saito, D., Nakamura, S., Katoh-Fukui, Y., Ohta, K., Baba, T., Morohashi, 

K., Tanaka, M., 2007. Germ cells are essential for sexual dimorphism in the medaka gonad. 

Proc Natl Acad Sci U S A 104, 16958-16963. 

88. Lambeth, L.S., Morris, K., Ayers, K.L., Wise, T.G., O'Neil, T., Wilson, S., Cao, Y., Sinclair, 

A.H., Cutting, A.D., Doran, T.J., Smith, C.A., 2016. Overexpression of Anti-Mullerian 

Hormone Disrupts Gonadal Sex Differentiation, Blocks Sex Hormone Synthesis, and 

Supports Cell Autonomous Sex Development in the Chicken. Endocrinology 157, 1258-

1275. 

89. Larney, C., Bailey, T.L., Koopman, P., 2014. Switching on sex: transcriptional regulation 

of the testis-determining gene Sry. Development 141, 2195-2205. 

90. Lecureuil, C., Fontaine, I., Crepieux, P., Guillou, F., 2002. Sertoli and granulosa cell-

specific Cre recombinase activity in transgenic mice. Genesis 33, 114-118. 

91. Leet, J.K., Gall, H.E., Sepulveda, M.S., 2011. A review of studies on androgen and estrogen 

exposure in fish early life stages: effects on gene and hormonal control of sexual 

differentiation. J Appl Toxicol 31, 379-398. 

92. Lei, L., Spradling, A.C., 2013. Mouse primordial germ cells produce cysts that partially 

fragment prior to meiosis. Development 140, 2075-2081. 

93. Lei, N., Heckert, L.L., 2002. Sp1 and Egr1 regulate transcription of the Dmrt1 gene in 

Sertoli cells. Biol Reprod 66, 675-684. 

94. Li, Y., Zheng, M., Lau, Y.F., 2014. The sex-determining factors SRY and SOX9 regulate 

similar target genes and promote testis cord formation during testicular differentiation. Cell 

Rep 8, 723-733. 

95. Liu, C., Peng, J., Matzuk, M.M., Yao, H.H., 2015. Lineage specification of ovarian theca 

cells requires multicellular interactions via oocyte and granulosa cells. Nat Commun 6, 

6934. 

96. Lydon, J.P., Demayo, F.J., Funk, C.R., Mani, S.K., Hughes, A.R., Montgomery, C.A., 

Shyamala, G., Conneely, O.M., Omalley, B.W., 1995. Mice Lacking Progesterone-

Receptor Exhibit Pleiotropic Reproductive Abnormalities. Gene Dev 9, 2266-2278. 

97. Maatouk, D.M., DiNapoli, L., Alvers, A., Parker, K.L., Taketo, M.M., Capel, B., 2008. 

Stabilization of beta-catenin in XY gonads causes male-to-female sex-reversal. Hum Mol 

Genet 17, 2949-2955. 

98. Maatouk, D.M., Mork, L., Chassot, A.A., Chaboissier, M.C., Capel, B., 2013. Disruption 

of mitotic arrest precedes precocious differentiation and transdifferentiation of 

pregranulosa cells in the perinatal Wnt4 mutant ovary. Dev Biol 383, 295-306. 

99. Mahadevaiah, S.K., Lovell-Badge, R., Burgoyne, P.S., 1993. Tdy-negative XY, XXY and 

XYY female mice: breeding data and synaptonemal complex analysis. J Reprod Fertil 97, 

151-160. 

100. Marcum, J.B., 1974. The freemartin syndrome. Anim Breed Abstr 42, 227-242. 

101. McClive, P.J., Sinclair, A.H., 2003. Type II and type IX collagen transcript isoforms are 



REFERENCES 

   133 

  

expressed during mouse testis development. Biol Reprod 68, 1742-1747. 

102. Meng, X., Lindahl, M., Hyvonen, M.E., Parvinen, M., de Rooij, D.G., Hess, M.W., 

Raatikainen-Ahokas, A., Sainio, K., Rauvala, H., Lakso, M., Pichel, J.G., Westphal, H., 

Saarma, M., Sariola, H., 2000. Regulation of cell fate decision of undifferentiated 

spermatogonia by GDNF. Science 287, 1489-1493. 

103. Miles, D.C., Wakeling, S.I., Stringer, J.M., van den Bergen, J.A., Wilhelm, D., Sinclair, 

A.H., Western, P.S., 2013. Signaling through the TGF beta-activin receptors ALK4/5/7 

regulates testis formation and male germ cell development. PLoS One 8, e54606. 

104. Miyabayashi, K., Tokunaga, K., Otake, H., Baba, T., Shima, Y., Morohashi, K., 2015. 

Heterogeneity of ovarian theca and interstitial gland cells in mice. PLoS One 10, e0128352. 

105. Miyado, M., Nakamura, M., Miyado, K., Morohashi, K., Sano, S., Nagata, E., Fukami, M., 

Ogata, T., 2012. Mamld1 deficiency significantly reduces mRNA expression levels of 

multiple genes expressed in mouse fetal Leydig cells but permits normal genital and 

reproductive development. Endocrinology 153, 6033-6040. 

106. Morais da Silva, S., Hacker, A., Harley, V., Goodfellow, P., Swain, A., Lovell-Badge, R., 

1996. Sox9 expression during gonadal development implies a conserved role for the gene 

in testis differentiation in mammals and birds. Nat Genet 14, 62-68. 

107. Mork, L., Maatouk, D.M., McMahon, J.A., Guo, J.J., Zhang, P., McMahon, A.P., Capel, B., 

2012. Temporal differences in granulosa cell specification in the ovary reflect distinct 

follicle fates in mice. Biol Reprod 86, 37. 

108. Mulac-Jericevic, B., Mullinax, R.A., DeMayo, F.J., Lydon, L.P., Conneely, O.M., 2000. 

Subgroup of reproductive functions of progesterone mediated by progesterone receptor-B 

isoform. Science 289, 1751-1754. 

109. Munger, S.C., Natarajan, A., Looger, L.L., Ohler, U., Capel, B., 2013. Fine time course 

expression analysis identifies cascades of activation and repression and maps a putative 

regulator of mammalian sex determination. PLoS Genet 9, e1003630. 

110. Munsterberg, A., Lovell-Badge, R., 1991. Expression of the mouse anti-mullerian hormone 

gene suggests a role in both male and female sexual differentiation. Development 113, 613-

624. 

111. Nicol, B., Yao, H.H., 2015. Gonadal Identity in the Absence of Pro-Testis Factor SOX9 

and Pro-Ovary Factor Beta-Catenin in Mice. Biol Reprod. 

112. Nishimura, T., Tanaka, M., 2014. Gonadal development in fish. Sex Dev 8, 252-261. 

113. O'Bryan, M.K., Takada, S., Kennedy, C.L., Scott, G., Harada, S., Ray, M.K., Dai, Q., 

Wilhelm, D., de Kretser, D.M., Eddy, E.M., Koopman, P., Mishina, Y., 2008. Sox8 is a 

critical regulator of adult Sertoli cell function and male fertility. Dev Biol 316, 359-370. 

114. Ogata, T., Laporte, J., Fukami, M., 2009. MAMLD1 (CXorf6): a new gene involved in 

hypospadias. Horm Res 71, 245-252. 

115. O'Hara, L., Curley, M., Tedim Ferreira, M., Cruickshanks, L., Milne, L., Smith, L.B., 2015. 

Pituitary androgen receptor signalling regulates prolactin but not gonadotrophins in the 

male mouse. PLoS One 10, e0121657. 

116. Ohtani, H., Miura, I., Ichikawa, Y., 2003. Role of aromatase and androgen receptor 

expression in gonadal sex differentiation of ZW/ZZ-type frogs, Rana rugosa. Comp 

Biochem Physiol C Toxicol Pharmacol 134, 215-225. 

117. Oreal, E., Mazaud, S., Picard, J.Y., Magre, S., Carre-Eusebe, D., 2002. Different patterns 

of anti-Mullerian hormone expression, as related to DMRT1, SF-1, WT1, GATA-4, Wnt-4, 

and Lhx9 expression, in the chick differentiating gonads. Dev Dyn 225, 221-232. 

118. O'Shaughnessy, P.J., Fowler, P.A., 2011. Endocrinology of the mammalian fetal testis. 



REFERENCES 

   134 

  

Reproduction 141, 37-46. 

119. O'Shaughnessy, P.J., Johnston, H., Willerton, L., Baker, P.J., 2002. Failure of normal adult 

Leydig cell development in androgen-receptor-deficient mice. J Cell Sci 115, 3491-3496. 

120. Ottolenghi, C., Pelosi, E., Tran, J., Colombino, M., Douglass, E., Nedorezov, T., Cao, A., 

Forabosco, A., Schlessinger, D., 2007. Loss of Wnt4 and Foxl2 leads to female-to-male sex 

reversal extending to germ cells. Hum Mol Genet 16, 2795-2804. 

121. Padula, A.M., 2005. The freemartin syndrome: an update. Anim Reprod Sci 87, 93-109. 

122. Pepling, M.E., 2006. From primordial germ cell to primordial follicle: mammalian female 

germ cell development. Genesis 44, 622-632. 

123. Perera, E.M., Martin, H., Seeherunvong, T., Kos, L., Hughes, I.A., Hawkins, J.R., 

Berkovitz, G.D., 2001. Tescalcin, a novel gene encoding a putative EF-hand Ca(2+)-

binding protein, Col9a3, and renin are expressed in the mouse testis during the early stages 

of gonadal differentiation. Endocrinology 142, 455-463. 

124. Piprek, R.P., Pecio, A., Kubiak, J.Z., Szymura, J.M., 2012. Differential effects of 

testosterone and 17beta-estradiol on gonadal development in five anuran species. 

Reproduction 144, 257-267. 

125. Polanco, J.C., Wilhelm, D., Davidson, T.L., Knight, D., Koopman, P., 2010. Sox10 gain-

of-function causes XX sex reversal in mice: implications for human 22q-linked disorders 

of sex development. Hum Mol Genet 19, 506-516. 

126. Prizant, H., Gleicher, N., Sen, A., 2014. Androgen actions in the ovary: balance is key. J 

Endocrinol 222, R141-151. 

127. Probst, F.J., Cooper, M.L., Cheung, S.W., Justice, M.J., 2008. Genotype, phenotype, and 

karyotype correlation in the XO mouse model of Turner Syndrome. J Hered 99, 512-517. 

128. Raznahan, A., Probst, F., Palmert, M.R., Giedd, J.N., Lerch, J.P., 2013. High resolution 

whole brain imaging of anatomical variation in XO, XX, and XY mice. Neuroimage 83, 

962-968. 

129. Ross, A.J., Tilman, C., Yao, H., MacLaughlin, D., Capel, B., 2003. AMH induces 

mesonephric cell migration in XX gonads. Mol Cell Endocrinol 211, 1-7. 

130. Salmon, N.A., Handyside, A.H., Joyce, I.M., 2005. Expression of Sox8, Sf1, Gata4, Wt1, 

Dax1, and Fog2 in the mouse ovarian follicle: implications for the regulation of Amh 

expression. Mol Reprod Dev 70, 271-277. 

131. Sato, T., Matsumoto, T., Kawano, H., Watanabe, T., Uematsu, Y., Sekine, K., Fukuda, T., 

Aihara, K., Krust, A., Yamada, T., Nakamichi, Y., Yamamoto, Y., Nakamura, T., Yoshimura, 

K., Yoshizawa, T., Metzger, D., Chambon, P., Kato, S., 2004. Brain masculinization 

requires androgen receptor function. Proc Natl Acad Sci U S A 101, 1673-1678. 

132. Schepers, G., Wilson, M., Wilhelm, D., Koopman, P., 2003. SOX8 is expressed during 

testis differentiation in mice and synergizes with SF1 to activate the Amh promoter in vitro. 

J Biol Chem 278, 28101-28108. 

133. Schepers, G.E., Bullejos, M., Hosking, B.M., Koopman, P., 2000. Cloning and 

characterisation of the Sry-related transcription factor gene Sox8. Nucleic Acids Res 28, 

1473-1480. 

134. Schmahl, J., Kim, Y., Colvin, J.S., Ornitz, D.M., Capel, B., 2004. Fgf9 induces proliferation 

and nuclear localization of FGFR2 in Sertoli precursors during male sex determination. 

Development 131, 3627-3636. 

135. Schmidt, D., Ovitt, C.E., Anlag, K., Fehsenfeld, S., Gredsted, L., Treier, A.C., Treier, M., 

2004. The murine winged-helix transcription factor Foxl2 is required for granulosa cell 

differentiation and ovary maintenance. Development 131, 933-942. 



REFERENCES 

   135 

  

136. Sekido, R., Bar, I., Narvaez, V., Penny, G., Lovell-Badge, R., 2004. SOX9 is up-regulated 

by the transient expression of SRY specifically in Sertoli cell precursors. Dev Biol 274, 

271-279. 

137. Sekido, R., Lovell-Badge, R., 2008. Sex determination involves synergistic action of SRY 

and SF1 on a specific Sox9 enhancer. Nature 453, 930-934. 

138. Sekido, R., Lovell-Badge, R., 2013. Genetic control of testis development. Sex Dev 7, 21-

32. 

139. Sen, A., Hammes, S.R., 2010. Granulosa cell-specific androgen receptors are critical 

regulators of ovarian development and function. Mol Endocrinol 24, 1393-1403. 

140. Shibata, K., Takase, M., Nakamura, M., 2002. The Dmrt1 expression in sex-reversed 

gonads of amphibians. Gen Comp Endocrinol 127, 232-241. 

141. Shinomura, M., Kishi, K., Tomita, A., Kawasumi, M., Kanezashi, H., Kuroda, Y., 

Tsunekawa, N., Ozawa, A., Aiyama, Y., Yoneda, A., Suzuki, H., Saito, M., Picard, J.Y., 

Kohno, K., Kurohmaru, M., Kanai-Azuma, M., Kanai, Y., 2014. A novel Amh-Treck 

transgenic mouse line allows toxin-dependent loss of supporting cells in gonads. 

Reproduction 148, H1-9. 

142. Sugimoto, M., Abe, K., 2007. X chromosome reactivation initiates in nascent primordial 

germ cells in mice. PLoS Genet 3, e116. 

143. Suzuki, H., Kanai-Azuma, M., Kanai, Y., 2015. From Sex Determination to Initial 

Folliculogenesis in Mammalian Ovaries: Morphogenetic Waves along the Anteroposterior 

and Dorsoventral Axes. Sex Dev. 

144. Svingen, T., Koopman, P., 2013. Building the mammalian testis: origins, differentiation, 

and assembly of the component cell populations. Genes Dev 27, 2409-2426. 

145. Sybert, V.P., McCauley, E., 2004. Turner's syndrome. N Engl J Med 351, 1227-1238. 

146. Takada, S., Koopman, P., 2003. Origin and possible roles of the <i>Sox8</i> transcription 

factor gene during sexual development. Cytogenetic and Genome Research 101, 212-218. 

147. Takeo, T., Nakagata, N., 2015. Superovulation using the combined administration of 

inhibin antiserum and equine chorionic gonadotropin increases the number of ovulated 

oocytes in C57BL/6 female mice. PLoS One 10, e0128330. 

148. Taketo, T., Merchant-Larios, H., 1986. Gonadal sex reversal of fetal mouse ovaries 

following transplantation into adult mice. Prog Clin Biol Res 217A, 171-174. 

149. Taketo, T., Merchant-Larios, H., Koide, S.S., 1984. Induction of testicular differentiation 

in the fetal mouse ovary by transplantation into adult male mice. Proc Soc Exp Biol Med 

176, 148-153. 

150. Tanaka, T., Kanatsu-Shinohara, M., Lei, Z., Rao, C.V., Shinohara, T., 2016. The Luteinizing 

Hormone-Testosterone Pathway Regulates Mouse Spermatogonial Stem Cell Self-

Renewal by Suppressing WNT5A Expression in Sertoli Cells. Stem Cell Reports 7, 279-

291. 

151. Thiel, G., Cibelli, G., 2002. Regulation of life and death by the zinc finger transcription 

factor Egr-1. J Cell Physiol 193, 287-292. 

152. Tremblay, J.J., Robert, N.M., 2005. Role of nuclear receptors in INSL3 gene transcription 

in Leydig cells. Ann N Y Acad Sci 1061, 183-189. 

153. Tremblay, M.A., Mendoza-Villarroel, R.E., Robert, N.M., Bergeron, F., Tremblay, J.J., 

2016. KLF6 cooperates with NUR77 and SF1 to activate the human INSL3 promoter in 

mouse MA-10 leydig cells. J Mol Endocrinol 56, 163-173. 

154. Uchida, A., Kishi, K., Aiyama, Y., Miura, K., Takase, H.M., Suzuki, H., Kanai-Azuma, M., 

Iwamori, T., Kurohmaru, M., Tsunekawa, N., Kanai, Y., 2016. In vivo dynamics of 



REFERENCES 

   136 

  

GFRalpha1-positive spermatogonia stimulated by GDNF signals using a bead 

transplantation assay. Biochem Biophys Res Commun 476, 546-552. 

155. Uda, M., Ottolenghi, C., Crisponi, L., Garcia, J.E., Deiana, M., Kimber, W., Forabosco, A., 

Cao, A., Schlessinger, D., Pilia, G., 2004. Foxl2 disruption causes mouse ovarian failure 

by pervasive blockage of follicle development. Hum Mol Genet 13, 1171-1181. 

156. Vigier, B., Forest, M.G., Eychenne, B., Bezard, J., Garrigou, O., Robel, P., Josso, N., 1989. 

Anti-Mullerian hormone produces endocrine sex reversal of fetal ovaries. Proc Natl Acad 

Sci U S A 86, 3684-3688. 

157. Vigier, B., Tran, D., Legeai, L., Bezard, J., Josso, N., 1984. Origin of anti-Mullerian 

hormone in bovine freemartin fetuses. J Reprod Fertil 70, 473-479. 

158. Vigier, B., Watrin, F., Magre, S., Tran, D., Josso, N., 1987. Purified bovine AMH induces 

a characteristic freemartin effect in fetal rat prospective ovaries exposed to it in vitro. 

Development 100, 43-55. 

159. Villalpando, I., Merchant-Larios, H., 1990. Determination of the sensitive stages for 

gonadal sex-reversal in Xenopus laevis tadpoles. Int J Dev Biol 34, 281-285. 

160. Visser, J.A., Durlinger, A.L., Peters, I.J., van den Heuvel, E.R., Rose, U.M., Kramer, P., de 

Jong, F.H., Themmen, A.P., 2007. Increased oocyte degeneration and follicular atresia 

during the estrous cycle in anti-Mullerian hormone null mice. Endocrinology 148, 2301-

2308. 

161. Wallis, M.C., Waters, P.D., Delbridge, M.L., Kirby, P.J., Pask, A.J., Grutzner, F., Rens, W., 

Ferguson-Smith, M.A., Graves, J.A., 2007. Sex determination in platypus and echidna: 

autosomal location of SOX3 confirms the absence of SRY from monotremes. Chromosome 

Res 15, 949-959. 

162. Walters, K.A., Allan, C.M., Handelsman, D.J., 2008. Androgen actions and the ovary. Biol 

Reprod 78, 380-389. 

163. Wang, F., Flanagan, J., Su, N., Wang, L.C., Bui, S., Nielson, A., Wu, X., Vo, H.T., Ma, X.J., 

Luo, Y., 2012. RNAscope: a novel in situ RNA analysis platform for formalin-fixed, 

paraffin-embedded tissues. J Mol Diagn 14, 22-29. 

164. Western, P.S., Harry, J.L., Graves, J.A., Sinclair, A.H., 1999. Temperature-dependent sex 

determination: upregulation of SOX9 expression after commitment to male development. 

Dev Dyn 214, 171-177. 

165. Windley, S.P., Wilhelm, D., 2015. Signaling Pathways Involved in Mammalian Sex 

Determination and Gonad Development. Sex Dev 9, 297-315. 

166. Wu, Q., Kanata, K., Saba, R., Deng, C.X., Hamada, H., Saga, Y., 2013. Nodal/activin 

signaling promotes male germ cell fate and suppresses female programming in somatic 

cells. Development 140, 291-300. 

167. Yang, F., Babak, T., Shendure, J., Disteche, C.M., 2010. Global survey of escape from X 

inactivation by RNA-sequencing in mouse. Genome Res 20, 614-622. 

168. Yao, H.H., Capel, B., 2005. Temperature, genes, and sex: a comparative view of sex 

determination in Trachemys scripta and Mus musculus. J Biochem 138, 5-12. 

169. Young, J.M., McNeilly, A.S., 2010. Theca: the forgotten cell of the ovarian follicle. 

Reproduction 140, 489-504. 

170. Yuan, S., Wen, J., Cheng, J., Shen, W., Zhou, S., Yan, W., Shen, L., Luo, A., Wang, S., 2016. 

Age-associated up-regulation of EGR1 promotes granulosa cell apoptosis during follicle 

atresia in mice through the NF-kappaB pathway. Cell Cycle, 1-11. 

171. Zheng, W., Zhang, H., Gorre, N., Risal, S., Shen, Y., Liu, K., 2014. Two classes of ovarian 

primordial follicles exhibit distinct developmental dynamics and physiological functions. 



REFERENCES 

   137 

  

Hum Mol Genet 23, 920-928. 


	170305_三浦健人_本文
	170305_三浦健人_要約2
	170305_三浦健人_本文
	三浦健人_要約_差し替え用
	161214_三浦健人_要約-3(公開できないページ)
	161214_三浦健人_要約-5
	161214_三浦健人_要約-3(公開できないページ)
	161214_三浦健人_要約-4
	161214_三浦健人_要約-3(公開できないページ)
	三浦健人_本文 - コピー





