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Normal Reproductive Tract Development





Note: Tape recording was not available for this lecture. Transcription is based on lecture notes, syllabus, and Langman. Let me know if anything requires correction/further clarification. Thanks!





a bit of history





At the turn of the 19th century, chromosomes in the nucleus were first associated with inheritance. 


Sex chromosomes were identified in 1923 in insects and humans. Through experiments with insects, it was found that their sex was determined by dosage of X chromosomes, where XX = Female, XO = Male, and XY = Male. 


Thomas Hunt Morgan of the Columbia Biology Department conducted research demonstrating the existence of X-linked characteristics. 





Not until 1959 were sex chromosomes  associated with sex determination in humans. It was then that the Y chromosome was first associated with male differentiation in humans. Karyotype analysis on Turner's syndrome and Klinefelter syndrome individuals led to this discovery.


	Turner’s syndrome (XO = Female). XO individuals possess external female sexual characteristics. Typical features include a webbed neck, short


 	stature,and broad chest with widely spaced nipples. They have a reproductive tract, but no ovaries. Note that even in the absence of ovaries, the female form


 	can still develop.


	Klinefelter syndrome (XXY).  It occurs in 1/500 males,  is characterized by infertility and some degree of feminization. Unlike in the female, the two Xs are 	compatible with the formation of testes and seminferous tubules. Sterility results from interference with spermatogenesis.





In 1990, specific genes involved in sexual differentiation were identified. Through work with infertility clinic patients,  it was discovered that there are males out there with XX karyotypes. In these individuals, the short arm of the Y chromosome had been transferred to one of the Xs during meiosis in the father. Within this short piece of Y, the gene responsible for sex reversal was discovered in mid 1990s. It has 2 names that are used interchangeably: SRY (sexual reversal Y), and TDF (testes determining factor). This is the major signal transforming a undifferentiated gonad into a male gonad. SRY is a gene that encodes a DNA binding protein containing the HMG(high mobility group) box. Rather than acting as a transcription factor, it alters the architecture of the DNA regions it binds. SRY causes the unraveling of DNA, allowing for easy transcription. 





Not all males contain SRY. Another gene, SOX-9, also plays a role in testes development. If mutated, it can result in sex reversal. Unlike SRY, SOX-9 is located on an autosomal chromosome. It is a gene that is activated downstream of SRY. Sterile XY Females can result from mutations in either SRY or SOX-9. 





the development of the gonads





The mature gonads consists of intermediate mesoderm of the gonadal ridge and the mesonephric tubules, coelomic epithelium of the splanchnic mesoderm, and primordial germ cells (neither ectoderm,mesoderm, nor endoderm). 





Around Day 19, intermediate mesoderm appears (text fig. 5.9). It temporarily connects the paraxial mesoderm with the lateral plate. Eventually, it will give rise to excretory structures and the gonads. The intermediate mesoderm gives rise to the urinary and genital systems, including the kidney systems. 





Dr. Silverman provides a bit of info on the development of the kidney systems to provide perspective on the site of gonadal development. During intrauterine life, the kidney develops via three overlapping kidney systems (text fig. 14.1, 14.2, 14.3) from the intermediate mesoderm. The three systems develop from a cranial to caudal sequence: the pronephros, mesonephros, and metanephros. The metanephros, which develops last, becomes the permanent kidney. The pronephros is nonfunctional, appearing at the beginning of the fourth week and lasting for about a week. Before it disappears, its collecting duct joins with that of the second kidney, the mesonephros (text fig.14.2). Mesonephric tubules appear, joining with the mesonephric (or Wolffian) duct (text fig. 14.3). 





The gonads appear initially as the genital or gonadal ridges, located on the medial side of the mesonephros (text fig. 14.17). At least two different genes are responsible for converting intermediate mesoderm into the gonadal ridges. These genes are WT-1, a secreted signaling molecule, and SF-1, a transcription factor. Both genes must be present in order for the gonads and the kidneys to develop.





Finger-like projections from coelomic and mesonephric epithelia invade the gonadal ridge during the fifth-sixth week of gestation (handout fig. 19.4). Projections from the coelomic epithelia give rise to the primary sex cords (text fig. 14.19). The primary sex cords contain cortical and medullary regions. At about the same time, primordial germ cells also migrate to become associated with the primary sex cords. At this stage, the gonad is known as the bipotential, or the indifferent gonad. 





A bipotential gonad can develop into an ovary or testis. At this point, the presence or absence of SRY in the primary sex cords determines subsequent genital differentiation (handout fig. 19.3). MALES: If SRY is present, cells of the medullary sex cords will differentiate into Sertoli cells. Once Sertoli cells form, the gonad is committed to becoming a testis. Sertoli cells secrete AMH. AMH stimulates intermediate mesoderm to differentiate into Leydig cells, which secrete testosterone.The medullary sex cords also form the testis cords(handout fig. 19.4). At puberty, AMH and testosterone induce the testis cords to become the seminiferous tubules.   FEMALES: In the absence of SRY and AMH, the medullary sex cords become atretic. Ovaries develop in the presence of germ cells and the activation of BOTH X chromosomes during gonadal differentiation. (At any other time, only one X chromosome is activated.) 





For a while, it was believed that the female pathway was a default pathway, since in the absence of TDF the gonad becomes an ovary. Recently, genes have been discovered that challenge this view. DDS, when duplicated in the XY individual, will result in sex reversal to form an XY female. DAX-1 is the specific gene thought to be responsible for this sex reversal. It is located on the X chromosome and one copy is typically expressed in both males and females (in females, one X chromosome is inactive). In some XY females, DAX-1 is duplicated. Having 2 copies may antagonize TDF, leading to sex reversal. Thus, DAX-1 may be involved in induction of the ovary. However, the picture is still unclear.





the migration of primordial germ cells





Primordial germ cells form in the epiblast at the beginning of gastrulation. The cells produce high amounts of alkaline phosphatase. They move from the epiblast to extraembryonic mesoderm. Then they migrate to the base of the allantois and into the yolk sac endoderm. From here, they migrate through the hindgut endoderm, up the dorsal mesentery to the genital ridge (text fig. 14.18, 14.19). The PGCs proliferate during the migration, starting with 50-80 cells and becoming 30,000 by the time they reach the gonadal ridge. As they migrate from the hindgut, they develop long processes, linked to each other in a stream-like fashion.





Stem Cell Factor (SCF) acts on a PGC receptor, ckit. SCF is present along the entire migratory pathway of the PGCs, and is secreted in the gonad. If a mutation in SCF or the ckit receptor exists, the PGCs don't make it out of the yolk sac and are unable to migrate to the gonad.





MALES: AMH causes the germ cells to remain in meiotic arrest until puberty, when they undergo spermatogenesis, developing from spermatogonia into spermatozoa. FEMALES: The primordial germ cells associate with the cortical region of the sex cords and become oogonia. They undergo mitotic divisions, some of them developing into primary oocytes. The primary oocyte together with a surrounding layer of flat epithelial cells is known as the primordial follicle. By the fifth month of prenatal development, the total number of germ cells in the ovary is estimated at around 7 million. By the seventh month, many of the oogonia and primary oocytes have become atretic. Surviving primary oocytes enter prophase of the first meiotic division, where they arrest until puberty. 





TGF-Beta and LIF regulate further mitosis of PGCs in the gonad. In the male, these are primarily inhibited. 





the development of the reproductive ducts





At the end of the seventh week, the gonads have differentiated to either male or female (handout fig.19.3). However, the rest of the reproductive tract is still bipotential (handout fig.19.6). The mesonephros begins to degenerate, but the mesonephric tubules and mesonephric(Wolffian) ducts remain, connected to each other. A second duct system, the paramesonephric (or Mullerian) ducts form as an invagination of the coelomic epithelium on the lateral side of the gonadal ridge. At the end of the eighth week, there are thus two sets of ducts. MALES: With the presence of testosterone, the Wolffian ducts and the mesonephric tubules are maintained. The Wolffian ducts eventually become efferent ductules and the vas deferens. The Mullerian ducts degenerate in the presence of AMH. FEMALES: In the absence of testosterone, the mesonephric tubules and Wolffian ducts degenerate. In the absence of AMH, the Mullerian ducts are retained. These eventually become the uterus, oviducts, and 2/3 of the vagina. 





In an experiment, the gonads were removed before the ducts differentiated. When the ovaries were removed, Wolffian ducts degenerate, but the Mullerian ducts are retained. When the testes were removed, again the Wolffian ducts degenerate, and the Mullerian ducts are retained. This is due to the absence of testosterone and AMH. Again, the female pathway appears to be the default. 





the development of external genitalia





Testosterone is converted to dihydrotestosterone (DHT) viz the enzyme 5-alpha reductase during fetal life. DHT is the key to the differentiation of external genitalia into a penis and scrotum. It also induces prostate formation. If the enzyme is mutated so that it is completely nonfunctional, the female pattern of external genitalia develops. So in this case, even if an infant were born with no penis and external female genitalia, it could still have palpable gonads (testes).     





In the fifth week, cloacal folds develop on both sides of the cloacal membrane(the membrane that breaks down to form the anus opening) (text fig.14.32). Elongation of the cloacal folds and fusion with the urorectal folds gives rise to the the labioscrotal folds, urogenital folds, and genital tubercle. In the male, the urogenital folds becomes the penis shaft, the labioscrotal folds become the scrotum, and the genital tubercle becomes the head of the penis. At the end of the third month, urogenital folds on the caudal end of the cloacal folds fuse to form the penile urethra (text fig.14.33). Hypospadias occurs when fusion of the urogenital folds is incomplete. In the female, the urogenital folds become the labia minora, the labioscrotal folds the labia majora, and the genital tubercle the clitoris.














