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What is the sex of the baby?

• Genetic: XX, XY or other
• Gonadal: Testes, ovaries, ovotestes, 

other
• Phenotypic: Male genitalia, female 

genitalia, ambiguous genitalia
• Gender identity: the gender felt by the 

individual to be most accurate
• Gender role: gender typical behaviours



SEX Determination

– Gonads
– Internal genital structures
– External genital structures

• All develop from bi-potential 
embryonic tissues



• Determination and differentiation depend 
on the regulated expression and 
interaction of specific genes and their 
gene products



• Sex determination: 
– Sex chromosome to gonadal differentiation
– Sex determination sets the stage for sex 

differentiation

• Sex differentiation:
– Sex-specific response of tissues to hormones 

produced by the gonads



The Players

Y
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Figure 2-2. A G-banded Y chromosome with location of important Y-linked genes. The Y chromosome is divided on the basis of meiotic pairing into the most distal segment, termed the pseudoautosomal region, which pairs with a similar distal segment on Xp, and the sex-specific region, which does not pair to Y. Recombination across this pairing segment between X and Y is frequent enough so that genetic loci segregate as in autosomes. The homology of this region between X and Y is verified by the identification of MIC2 and granulocyte-macrophage colony-stimulating factor (GM-CSF) receptor genes. MIC2 encodes a cell surface molecule in T-cell adhesion. GM-CSF encodes the receptor for GM-CSF. The Y pseudoautosomal region is demarcated proximally by an Alu repeat sequence on the Y chromosome. A 35-kb region immediately adjacent to the pseudoautosomal boundary contains a gene termed SRY (sex-determining region Y) []. This gene encodes a testis-specific transcript which shows homology with the HMG domain nuclear high-mobility group (HMG) proteins. Proximal to SRY is another gene putatively involved in sex determination. This gene is termed ZFY [] and is thought to bind the DNA in a sequence-specific manner to regulate transcription []. Between SRY and ZFY is the gene RPS4Y, which is believed to prevent the stigmata of Turner's syndrome []. MIC2—a cell-surface antigen recognized by monoclonal antibody 12E7; RPS4Y—ribosomal protein S4; ZFY—zinc finger Y. (Adapted from Grumbach and Conte [].)
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Figure 2-3. A G-banded X chromosome. Genes on the X chromosome have a critical influence on sex determination in both the female and male. X has a pseudoautosomal region on its distal short arm homologous to that on Y and an X-specific region. The X pseudoautosomal region also carries two genes—MIC2 and granulocyte-macrophage colony-stimulating factor (GM-CSF). Immediately proximal to the boundary of the pseudoautosomal region are loci for red cell antigen Xg, steroid sulfatase (STS) [], and the ZFX (zinc finger X) gene, which all escape X inactivation. The long arm of X harbors the gene for androgen receptor, the putative X inactivation center (XIC). MIC2—gene for a cell-surface antigen recognized by monoclonal antibody 12E7. (Adapted from Grumbach and Conte [].)
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Figure 2-7. A, Cascade of genes involved in human sex determination. The genes WT1, SF1, SRY, SOX9 and the DSS locus are placed at a position of putative function in the sex determination pathway. Gene WT1 (Wilms' tumor 1), is a tumor suppressor gene mutated in patients with familial Wilms' tumor. A subset of patients with WT1 mutations are found to have Wilms' tumor in association with Denys-Drash syndrome (DDS), the predominant features of which are renal failure, as well as genital and gonadal abnormalities including sex reversal. This suggests an important role of the WT1 gene in gonadal development []. In support of this role, knockout mice lacking the WT1 gene exhibit gonadal agenesis []. Gene SF1 (steroidogenic factor 1) acts as a key regulator of enzymes involved in steroid production. Studies in developing mice show SF1 expression in the male and female urogenital ridge. Expression continues until overt gonadal developmental divergence. Knockout mice lacking SF1 failed to develop adrenals and exhibited abnormal gonadal development at the stage where sexual dimorphism becomes manifest. There is evidence that SRY and SF1 interacting together bind to a regulatory region of the m&#252;llerian inhibiting substances (MIS-RE) in order to initiate the production of MIS, which is specifically expressed in developing Sertoli cells. Gene SOX9 is a proposed mediator of testicular development. This gene maps to chromosome 17 and contains an SRY-like high-mobility group (HMG) box and is associated with the skeletal malformation syndrome camptomelic dysplasia (CD). Sex-reversed XY CD patients exhibit a wide range of gonadal abnormalities []. However, analysis of XY females without SRY mutations or skeletal abnormalities failed to identify any SOX9 mutations []. Gene DAX1 is a proposed mediator of ovarian development. Some individuals with 46,XY gonadal dysgenesis have duplications of Xp21 []. The dose-sensitive sex reversal (DSS) locus of Xp21 spans over 165 kb in the Xp21.2 region. Studies of DNA from individuals with duplication in this region and from individuals with adrenal hypoplasia congenita have led to the isolation of an X-linked gene referred to as DAX1 []. An increased dosage of DAX1 or DSS overrides the SRY signal so that gonadal development is channeled down to ovarian development. Although the SRY gene proves to be pivotal in inducing the bipotential gonad to differentiate as a testis, the molecular interactions of isolated genes are not clear. The other genes both upstream and downstream to SRY in the sex determination pathway are also critical to the other developmental processes: WT1 in kidney formation, SF1 in adrenal gland development, and SOX9 in bone morphogenesis. (A adapted from Schafer and Goodfellow [].) B, Two classifications for patients with abnormalities of sexual differentiation. CAH—congenital adrenal hyperplasia.



Primordial germ cells
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Figure 1-24. Migration of primordial germ cells. At 24 days after fertilization, primordial germ cells are recognized in the endodermal layer of the yolk sac. Either through migration or differential growth, the primordial germ cells go from the hindgut epithelium, through the dorsal mesentery to the early gonad. A, Side view of embryo. B, Cross section showing migration through mesentery into the gonad.



Primordial germ cells
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Figure 1-24. Migration of primordial germ cells. At 24 days after fertilization, primordial germ cells are recognized in the endodermal layer of the yolk sac. Either through migration or differential growth, the primordial germ cells go from the hindgut epithelium, through the dorsal mesentery to the early gonad. A, Side view of embryo. B, Cross section showing migration through mesentery into the gonad.



Gonadal differentiation
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Figure 1-25. Gonadal differentiation. The indifferent gonad begins to show differentiation into the ovary or testes during the sixth week. The testes develop primitive sex cords that differentiate into seminiferous tubules (outer portion) and rete testis (inner portion). The mesonephric (wolffian) ducts join the rete testes through efferent ductules. At 8 weeks, the Leydig cells develop and secrete testosterone. In the ovary, the primordial germ cells remain in the cortical areas. Oogonia increase in number by mitosis until the 16th week when meiosis begins. Meiosis continues in the ovary until after birth. During this time, a layer of follicular cells surrounds each oocyte to become primordial follicles.
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Syndromes of Dysgenesis during the Development of 
the Urogenital Ridge.

NEJM 350;4 january 22, 2004
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Syndromes of Dysgenesis during the Development of the Urogenital Ridge.Mutations in various genes can lead to a variety of syndromes of dysgenesis involving the müllerian or wolffian ducts, gonads, kidneys, and adrenal glands as a result of a deficiency or excess of the proteins shown. DAX1 denotes the gene for duplicated in adrenal hypoplasia congenita on the X chromosome 1; Emx2 the empty spericles homeobox gene 2; GATA-4 the gene encoding a protein that binds to a GATA DNA sequence; HOXA homeobox protein; Lim1 a homeobox gene important for limb development; Lhx9 a lim homeobox family member;PAX2 paired box homeotic gene; SF-1 the gene for steroidogenic factor 1; SRY sex-determining region of the Y chromosome; SOX9 SRY homeobox 9; Wnt-4 a protein that induces the development of the müllerian mesenchyme; and WT1 Wilms’ tumor-suppressor gene 1.



Disorders of Differentiation

NEJM 350;4 january 22, 2004
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Figure 4. Functional Abnormalities of the Synthesis and Action of Hormones.After the gonads have formed, reduced hormonal activity or signaling of specific receptors can lead to functional abnormalities of the reproductive tract, including persistent müllerian duct syndrome; male pseudohermaphroditism, causing undervirilization; and müllerian agenesis.After adrenal development, reduced enzymatic activity can result in female pseudohermaphroditism with excessive virilization. HSD denotes hydroxysteroid dehydrogenase, MIS müllerian inhibiting substance, MISRII müllerian inhibiting substance type II receptor, SF-1 the gene for steroidogenic factor 1, SRY the gene for the sex-determining region of the Y chromosome, SOX9 the gene for SRY homeobox 9, and AR androgen receptors.



Genitalia 7 weeks Indifferent stage



Female external genitalia development
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Figure 1-36. Development of the female external genitalia.In the female dihydrotestosterone levels are lower, and the genital tubercle fails to grow as the male. The urogenital membrane breaks down and remains open to form the vagina. The urogenital folds become the labia minora, and the genital tubercle bends to form the clitoris. 



Male sexual differentiation
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Figure 1-30. Male sexual differentiation. Algorithm for the development of male internal and external genitalia. If the SRY gene is present, Leydig cells will secrete testosterone, which stimulates the growth of the vas deferens, epididymis, and seminal vesicles. 5à-Reductase metabolizes the testosterone to dihydrotestosterone, which stimulates growth of the penis, scrotum, and prostate. Sertoli cells secrete m&#252;llerian inhibiting substance, which results in degeneration of the paramesonephric ducts.



Development of male external genitalia
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Figure 1-35. Development of the male external genitalia. A, Indifferent stage. B, Through the metabolism of testosterone to dihydrotestosterone, the genital tubercle grows. The urogenital membrane breaks down along the shaft of the developing penis, which allows excretion of urine. Through further development, the urogenital folds fuse, as the genital tubercle elongates to form the shaft and glands of the penis. A small region of the urethra evaginates to allow final placement of the urethra at the end of the penis.



Development of male external genitalia
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Figure 1-35. Development of the male external genitalia. A, Indifferent stage. B, Through the metabolism of testosterone to dihydrotestosterone, the genital tubercle grows. The urogenital membrane breaks down along the shaft of the developing penis, which allows excretion of urine. Through further development, the urogenital folds fuse, as the genital tubercle elongates to form the shaft and glands of the penis. A small region of the urethra evaginates to allow final placement of the urethra at the end of the penis.



Classification of Genital Ambiguity
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Classification of Genital Ambiguity

Gonadal
Dysgenesis

Pure Gonadal Dysgenesis
Partial Testicular Dysgenesis
Mixed Gonadal Dysgenesis



Gonadal dysgenesis

• Spectrum of disorders leading to 
maldevelopment of the gonads
– 46XY pure gonadal dysgenesis
– Multiple cell lines including a monosomy X 

mixed gonadal dysgenesis-most often 
45,X/46,XY

– True hermaphrodite often 46,XX/46,XY
– 46,XX males, 46,XY females



XO/XY/XXY mixed/asymmetric
gonadal dysgenesis



16y old female, short stature and sexual infantilism 
46,XY asymmetric gonadal dysgenesis
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Figure 2-15. Operative findings in a case of 46,XY asymmetric gonadal dysgenesis []. This 16-year-old female presented with short stature, sexual infantilism, and an endocrine profile consistent with primary ovarian failure, with a 46,XY leukocyte karyotype on 50 cells. Laparotomy revealed evidence of asymmetric gonadal dysgenesis. A, Left small intra-abdominal testis accompanied by a "spermatic cord" that extended to the internal ring. The latter structure was found histologically to be a rudimentary m&#252;llerian duct along with a well-developed epididymis and vas deferens. B, Right streak gonad accompanied by a well-formed fallopian tube. Cytogenetic study of skin, left testis, and right streak gonad revealed nonmosaic 46,XY constitution. The gonadal phenotype seems to suggest that the minimal 45,X cell line is undetectable.



14y old female 

45,X/46,XY

Short stature 
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Figure 2-9. Spectrum of phenotypes of subjects with the deletion syndrome 45,X/46,XY. A, A 14-year-old female with 45,X/46,XY, short stature, and no other stigmata of Turner's syndrome. Only bilateral streak gonads are evident with normal female external genitalia. B, A 15-year-old female with 45,X/46,X,idic(Y)/47,XY,+idic(Y), short stature, horseshoe kidney, and clitoromegaly. She was found during the laparotomy to have a right streak gonad and a left immature testis. C, A 2-month-old female with 45,X/46,XY frank sexual ambiguity: clitoromegaly, right scrotal gonad, and left empty labioscrotal pouch. During endoscopy it was found that the vagina entered the urogenital sinus distally.
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Figure 2-9. Spectrum of phenotypes of subjects with the deletion syndrome 45,X/46,XY. A, A 14-year-old female with 45,X/46,XY, short stature, and no other stigmata of Turner's syndrome. Only bilateral streak gonads are evident with normal female external genitalia. B, A 15-year-old female with 45,X/46,X,idic(Y)/47,XY,+idic(Y), short stature, horseshoe kidney, and clitoromegaly. She was found during the laparotomy to have a right streak gonad and a left immature testis. C, A 2-month-old female with 45,X/46,XY frank sexual ambiguity: clitoromegaly, right scrotal gonad, and left empty labioscrotal pouch. During endoscopy it was found that the vagina entered the urogenital sinus distally.
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Figure 2-9. Spectrum of phenotypes of subjects with the deletion syndrome 45,X/46,XY. A, A 14-year-old female with 45,X/46,XY, short stature, and no other stigmata of Turner's syndrome. Only bilateral streak gonads are evident with normal female external genitalia. B, A 15-year-old female with 45,X/46,X,idic(Y)/47,XY,+idic(Y), short stature, horseshoe kidney, and clitoromegaly. She was found during the laparotomy to have a right streak gonad and a left immature testis. C, A 2-month-old female with 45,X/46,XY frank sexual ambiguity: clitoromegaly, right scrotal gonad, and left empty labioscrotal pouch. During endoscopy it was found that the vagina entered the urogenital sinus distally.



Gonadectomy and reduction clitoroplasty
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Figure 2-34. Gonadectomy and reduction clitoroplasty in a small child with unilateral scrotal gonad and enlarged genital tubercle after decision of female sex assignment. The 2-month-old child seen in &lt;A HREF="javascript:void(0)" onClick="window.open('figure_show.asp?fid=AGY0101-02-009A','figures','width=500,height=400,resizable=yes,scrollbars=yes')"&gt;this image&lt;/a&gt; with the diagnosis of 45,X/46,XY gonadal dysgenesis was assigned to the female sex. She was found to have a cervix and a vagina entering the urogenital sinus distally. A, The right gonad was dissected and exteriorized from the right labioscrotal pouch, ready to be excised. B, The dorsal neurovascular bundles were isolated, being kept together in the strip of Buck's fascia which was incised bilaterally and dissected from the corporal shaft. The shaft was excised and the glans was sutured to the base of the shaft. C, The appearance of the child's external genitalia on the postoperative examination at 4 weeks. The child was scheduled to have laparotomy for removal of the left gonad the following year.



Gonadectomy and reduction clitoroplasty
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Figure 2-34. Gonadectomy and reduction clitoroplasty in a small child with unilateral scrotal gonad and enlarged genital tubercle after decision of female sex assignment. The 2-month-old child seen in &lt;A HREF="javascript:void(0)" onClick="window.open('figure_show.asp?fid=AGY0101-02-009A','figures','width=500,height=400,resizable=yes,scrollbars=yes')"&gt;this image&lt;/a&gt; with the diagnosis of 45,X/46,XY gonadal dysgenesis was assigned to the female sex. She was found to have a cervix and a vagina entering the urogenital sinus distally. A, The right gonad was dissected and exteriorized from the right labioscrotal pouch, ready to be excised. B, The dorsal neurovascular bundles were isolated, being kept together in the strip of Buck's fascia which was incised bilaterally and dissected from the corporal shaft. The shaft was excised and the glans was sutured to the base of the shaft. C, The appearance of the child's external genitalia on the postoperative examination at 4 weeks. The child was scheduled to have laparotomy for removal of the left gonad the following year.



Gonadectomy and reduction clitoroplasty
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Figure 2-34. Gonadectomy and reduction clitoroplasty in a small child with unilateral scrotal gonad and enlarged genital tubercle after decision of female sex assignment. The 2-month-old child seen in &lt;A HREF="javascript:void(0)" onClick="window.open('figure_show.asp?fid=AGY0101-02-009A','figures','width=500,height=400,resizable=yes,scrollbars=yes')"&gt;this image&lt;/a&gt; with the diagnosis of 45,X/46,XY gonadal dysgenesis was assigned to the female sex. She was found to have a cervix and a vagina entering the urogenital sinus distally. A, The right gonad was dissected and exteriorized from the right labioscrotal pouch, ready to be excised. B, The dorsal neurovascular bundles were isolated, being kept together in the strip of Buck's fascia which was incised bilaterally and dissected from the corporal shaft. The shaft was excised and the glans was sutured to the base of the shaft. C, The appearance of the child's external genitalia on the postoperative examination at 4 weeks. The child was scheduled to have laparotomy for removal of the left gonad the following year.



46,XY Gonadal dysgenesis
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Figure 2-17. 46,XY gonadal dysgenesis with calcified gonoblastoma suggested on plain film of the abdomen and confirmed by operative and histologic findings. This 19-year-old female presented with normal stature, sexual infantilism, and an endocrine profile consistent with primary ovarian failure and a 46,XY karyotype. A, Normal female phenotype and absence of sexual development. B, A floccular calcification visualized on anteroposterior film of the pelvis in the region of the right gonad suggestive of gonadoblastoma. C, Surgical specimen revealed bilateral gonadal tumors, the right tumor being larger and more extensively calcified than the left one. The tumors proved microscopically to be calcified gonadoblastomas. D, Salient features of deletion syndromes with Y cell lines, typically 45,X/46,XY gonadal dysgenesis.



46,XY gonadal dysgenesis 
with calcified gonoblastoma
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Figure 2-17. 46,XY gonadal dysgenesis with calcified gonoblastoma suggested on plain film of the abdomen and confirmed by operative and histologic findings. This 19-year-old female presented with normal stature, sexual infantilism, and an endocrine profile consistent with primary ovarian failure and a 46,XY karyotype. A, Normal female phenotype and absence of sexual development. B, A floccular calcification visualized on anteroposterior film of the pelvis in the region of the right gonad suggestive of gonadoblastoma. C, Surgical specimen revealed bilateral gonadal tumors, the right tumor being larger and more extensively calcified than the left one. The tumors proved microscopically to be calcified gonadoblastomas. D, Salient features of deletion syndromes with Y cell lines, typically 45,X/46,XY gonadal dysgenesis.



Salient features of the empty pelvis/agonadia/vanishing testes 
syndrome

C. Salient Features of the Empty Pelvis/Agonadia/Vanishing Testes Syndrome
Karyotype: 46, XY
Inheritance: Sporadic; possibly autosomal recessive in familial cases
Gonads: Absent (CT, laparoscopy)
Habitus: Sexual infantilism at puberty
Hormone profile: ? plasma FSH and LH, and minimal testosterone
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Figure 2-18. Pedigree of a family with gonadal dysgenesis and vertical transmission (A). The 22-year-old proband (E. S.) presented for primary amenorrhea with normal stature, endocrine profile consistent with primary ovarian failure, and a 46,XY karyotype. She was found to have unilateral gonadoblastoma and contralateral dysgerminoma. She has one aunt with absent sexual development who developed at age 32 gonadoblastoma, dysgerminoma, and choriocarcinoma and subsequently died of metastatic disease. Several other members of that generation, and one member of her generation also had absent sexual development []. Salient features of two 46,XY karyotypes are presented: Swyer's syndrome (B) and the empty pelvis/agonadia/vanishing testes syndrome (C) []. CT—computed tomography; FSH—follicle-stimulating hormone; HMG—high-mobility group; LH—luteinizing hormone.
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True Hermaphroditism/ Ovotesticular DSD
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Figure 2-29. Young child with true hermaphroditism. A, Two-month-old child with frank sexual ambiguity: enlarged genital tubercle, a gonad in the left labioscrotal pouch, unfused labioscrotal pouches and a single opening under the enlarged genital tubercle. B, Endoscopic evaluation before gonadectomy revealed the vaginal opening into the distal urogenital sinus. The gonad proved histologically to be an ovotestis. C, True hermaphroditism. FSH—follicle-stimulating hormone; LH—luteinizing hormone [],[].
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Genitogram in a true hermaphrodite with a male type urethracommunicating via a urogenital sinus with the vagina and uterus.



True hermaphroditism
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Figure 2-29. Young child with true hermaphroditism. A, Two-month-old child with frank sexual ambiguity: enlarged genital tubercle, a gonad in the left labioscrotal pouch, unfused labioscrotal pouches and a single opening under the enlarged genital tubercle. B, Endoscopic evaluation before gonadectomy revealed the vaginal opening into the distal urogenital sinus. The gonad proved histologically to be an ovotestis. C, True hermaphroditism. FSH—follicle-stimulating hormone; LH—luteinizing hormone [],[].
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Undervirilized male
Male Pseudohermaphrodite

Absent Uterus
46,XY



Spectrum of Undervirilization



Testosterone block in male sex determination
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Figure 2-20. Testosterone block in male sex detirmination. Diagram representing normal male sex determination and differentiation and consequences of an enzymatic block in biosynthesis of testosterone resulting in male pseudohermaphroditism. DHT—dehydrotestosterone; hCG—human chorionic gonadotropin; LH—luteinizing hormone; TDF—testis-determining factor. (Adapted from Grumbach and Conte [].)



Enzymatic defects in biosynthetic pathway for testosterone
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Figure 2-21. Enzymatic defects in biosynthetic pathway for testosterone. All five of the enzymatic defects cause male pseudohermaphroditism in affected males. Even though all blocks affect both gonadal and adrenal steroidogenesis, those at steps 1, 2, and 3 are associated with major abnormalities in biosynthesis of glucocorticoids and mineralocorticoids. DHEA—dehydroepiandrosterone; 3ß-HSD—3ß-hydroxysteroid dehydrogenase; 17ß-HSD—17ß-hydroxysteroid dehydrogenase. (Adapted from Grumbach and Conte [].)



Salient features in Androgenic 
steroid disorders

P450scc 3bHSD 17OH 17 bHSD
Karyotype XY XY XY XY
Inheritance AR AR AR AR
Gonads TESTES TESTES TESTES TESTES
Wolfian ¯ NL NL NL
Mullerian ABSENT ABSENT ABSENT ABSENT
Genitalia

Habitus Adrenal
Insufficiency

Adrenal
Insufficiency

Hypertension



Male pseudohermaphroditism from 5a-reductase deficiency
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Figure 2-22. Male pseudohermaphroditism resulting from 5à-reductase deficiency. DHT-dihydrotestosterone; hCG—human chorionic gonadotropin; LH—luteinizing hormone; TDF—testis-determining factor. (Adapted from Grumbach and Conte [].)



5a-Reductase deficiency

• AR Mutation in 5aR2 gene
• Impaired conversion of T to DHT in target 

tissues
• Impaired development of penis, scrotum, 

urethra and prostate
• At birth, ambiguous genitalia with 

hypospadic phallus and blind vaginal pouch, 
normal testes

• At puberty virilize without gynaecomastia



46,XY karyotype with 5a-reductase deficiency

Prepubertal “girl” Post-pubertal boy
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Figure 2-24. A case of 46,XY karyotype with 5à-reductase deficiency. A, A prepubertal 46,XY child with 5à-reductase deficiency who was raised as a female. B, A postpubertal male with 5à-reductase deficiency who has virilized and changed gender role. C, Basic features of 5à-reductase deficiency. D, Salient features of 5à-reductase deficiency [],[]. DHT—dihydrotestosterone; hCG—human chorionic gonadotropin; T—testosterone. (Parts A-C adapted from Grumbach and Conte []; Part D adapted from Griffin and Wilson [].)



Complete androgen insensitivity
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Figure 5-37. Complete androgen insensitivity (CAIS). This syndrome was previously referred to as the testicular feminizing syndrome. The disorder is linked to inactivating mutations in the androgen receptor gene located on the long arm of the X chromosome. The phenotype is that of a normal female with complete breast development, scant pubic hair, and a blind vagina with no m&#252;llerian system. Serum testosterone levels are in the male range (high range), and the karyotype is 46,XY. The risk of malignant transformation of the gonad is approximately 10%, and gonadectomy should be performed after full breast development is achieved.
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Gcnitogram in a child \~itia complete alndrogen insensiti~itx~,5 ndromc (M ale pscudohcrmaphroditislaa) demonstrates a short, blind'-ended xagina ",~ith no cer',ical impression. Ultrasound had demon-~,tr~tcd no Mullcrian >,tructures.



Male pseudohermaphroditism from androgen resistance
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Figure 2-25. Male pseudohermaphroditism resulting from complete or partial androgen resistance. DHT—dihydrotestosterone; hCG—human chorionic gonadotropin; LH—luteinizing hormone; TDF—testis-determining factor. (Adapted from Grumbach and Conte [].)



Persistent Mullerian duct syndrome
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Figure 2-28. A, Pathogenesis of the persistent m&#252;llerian duct syndrome. B, Salient features of persistent m&#252;llerian duct syndrome (hernia uteri inguinale) [],[]. AMH—antim&#252;llerian hormone; DHT—dihydrotestosterone; hCG—human chorionic gonadotropin; LH—luteinizing hormone; TDF—testis-determining factor. (Part A adapted from Grumbach and Conte [].)



Persistent Mullerian Duct Syndrome
(Hernia uteri inguinale)

• 46 XY
• Male genitalia
• Undescended 

testes
• X-linked recessive
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Congenital Adrenal Hyperplasia



Basics

• 21-OH def  (CYP21)  95% of cases
– Salt-wasting
– Simple virilizing
– Non-classic (late onset)

• 11-OH (CYP11)
• 3b-HSD



Congenital Adrenal Hyperplasia
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Figure 6-9. Adrenal steroidogenesis. The adrenal cortex synthesizes and secretes aldosterone from the zona glomerulosa, cortisol from the zona fasciculata, and adrenal androgens from the zona reticularis. Aldosterone secretion is regulated by serum sodium through the renin-angiotensin system and serum potassium. The hypothalamic-pituitary-adrenal axis governs cortisol secretion through negative feedback inhibition. Low cortisol concentrations increase secretion of corticotropin releasing factor and adrenocorticotropic hormone (ACTH). The chronic effect of ACTH stimulation on the adrenal cortex is to maintain transcription of steroidogenic enzymes. Acutely, ACTH promotes cortisol secretion. At adrenarche, the adrenal pubertal maturation, adrenal androgen secretion increases, but is apparently not subject to regulation. During adult life, considerable quantities of dehydroepiandrosterone sulfate (DHEAS) are secreted by the adrenal gland. Cholesterol is taken up by the adrenal cell where it undergoes conversion to pregnenolone. Steroidogenic acute regulatory protein (StAR) enhances cholesterol transport across the outer mitochondrial membrane. (Lin et al. [].) Cholesterol side chain cleavage (CYP11A) converts cholesterol to pregnenolone. One enzyme, 17à-hydroxylase/17,20-lyase (CYP17), is capable of converting pregnenolone to 17-hydroxypregnenolone to dehydroepiandrosterone (DHEA) and of converting progesterone to 17-hydroxyprogesterone to androstenedione. The δ5 steroids, ie, pregnenolone, 17-hydroxypregnenolone, and DHEA, are converted to the δ4 steroids, progesterone, 17-hydroxyprogesterone, and androstenedione, respectively, by 3ß-hydroxysteroid dehydrogenase (3ß-HSD2). Progesterone and 17-hydroxyprogesterone, respectively, are converted to deoxycorticosterone and 11-deoxycortisol by 21-hydroxylase (CYP21). In the glomerulosa, aldosterone synthase (CYP11B2) converts deoxycorticosterone to aldosterone. In the zona fasciculata, 11ß-hydroxylase (CYP11B1) converts 11-deoxycortisol to cortisol. Adrenal androgens are synthesized in the zona reticularis.



CAH- 21-OH deficiency



Spectrum of Masculinization 
of female external genitalia
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Figure 2-32. Spectrum of masculinization of the female external genitalia owing to prenatal exposure to androgens. While the urethral and vaginal canals open separately on the extreme left panel, the vagina enters the urethra at a very high level from the external urethral sphincter on the extreme right panel. In the latter case, a perineal pull-through vaginoplasty is required. There is enlargement of the genital tubercle in all four situations. (Adapted from Grumbach and Conte [].)



Spectrum of virilization CAH
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21-Hydroxylase (P-450c21) deficiency

18y old gender identity concern

Presenter
Presentation Notes
Figure 2-30. A, An adolescent with untreated congenital adrenal hyperplasia due to 21-hydroxylase block. This 18-year-old female presented for absent pubertal development and gender identity concern. History of adrenarche at age of 6, no growth spurt, no thelarche. Patient is shorter than the other seven sibs. Negative family history of neonatal deaths or sexual ambiguity. Full-body photograph shows short stature, masculine body habitus, mild male body hair distribution, and absent breast development. B, Enlarged clitoris measuring 4 cm, single urogenital opening, and unfused empty labioscrotal pouches. Before treatment, urinary 17-ketosteroids (17 KS) were 81 mg/24 h; 17-hydroxycorticosteroids, 3.5 mg/24 h; pregnanetriol, 25 mg/24 h; testosterone, 329.8 ng/dL; follicle-stimulating hormone (FSH), less than 3.1 mIU/mL; and luteinizing hormone, less than 0.9 mIU/mL. After dexamethasone suppression, urinary 17-KS were 5.3 mg/24 h; pregnanetriol, 1.6 mg/24 h; and testosterone, 81.9 ng/dL. Patient started menarche 3 months after treatment with cortisone acetate 37.5 mg daily and has had regular menses. C, Basic features of 21-hydroxylase (P-450c21) deficiency. D, Salient features of a 21-hydroxylase deficiency in 46,XX females. E, Molecular aspects of 21-hydroxylase deficiency []. F, Therapy for 21-hydroxylase deficiency. ACTH—adrenocorticotropic hormone; CAH—congenital adrenal hyperplasia; IM—intramuscular; IV—intravenous; 17-OHP—17-hydroxyprogesterone. (Part C adapted from Chantilis and Bradshaw []; Part D adapted from Grumbach and Conte [].)



The Incidence of Intersexuality in children 
with Cryptorchidism and Hypospadius

Martin Kaefer et al, The Journal of Urology 1999

• Cryptorchidism
– 1/30 full-term
– 1/120 1 year olds

• Hypospadius 1/300
• Children with hypospadius and

cryptorchidism have a 27% incidence of 
intersexuality

• Both are due to inadequate androgen 
action



Cryptorchid testes

• Palpable
• Non-palpable



Hypospadius
• Hypospadius

– Anterior 
• Glanular
• Coronal

– Mid 
• distal penile
• proximal mid shaft 

– Posterior
• Penoscrotal
• Scrotal
• Perineal

Presenter
Presentation Notes
Figure 1. Classes of hypospadias by location of the meatus. (A) Anterior, on the inferior surface of the glans penis. (B) Coronal, in the balanopenile furrow. (C) Distal, on the distal third of the shaft. (D) Penoscrotal, at the base of the shaft in front of the scrotum. (E) Scrotal, on the scrotum or between the genital swellings. (F) Perineal, behind the scrotum or genital swellings. Classification of HypospadiasHypospadias is classified depending on the location of the urethral opening (meatus) (Figure 1) (3). Anterior hypospadias is described as glandular (meatus on the inferior surface of the glans penis; Figure 1A), coronal (meatus in the balanopenile furrow; Figure 1B), or distal (in the distal third of the shaft; Figure 1C). Middle hypospadias is along the middle third of the penile shaft. Posterior hypospadias extends through the proximal third of the penile shaft to the perineum and is described as posterior penile (at the base of the shaft), penoscrotal (at the base of the shaft in front of the scrotum; Figure 1D), scrotal (on the scrotum or between the genital swellings; Figure 1E), or perineal (behind the scrotum or behind the genital swellings; Figure 1F). Chordee or penile curvature is a downward curvature of the penis that typically accompanies the more severe forms of hypospadias. Standard classification of hypospadias does not take into account the associated penile curvature. A patient with severe curvature and an anterior urethral meatus may in fact require a more extensive surgery to correct both the curvature and the abnormal urethra. 



UDT
N=2105

Hypospadius
N-1057

79

Unilateral
N=44

(Intersex 30%)

Bilateral
N=35

P
N=26

(Intersex 15%)

NP
N=18

(Intersex 50%)

MGD    =6
TH       = 3
5aR     = 2
47XXY = 2

P -Bilat
N=18

(Intersex 16%)

NP-Bilat
N=8

(Intersex 32%)

P + NP
N=9

(Intersex 55%)

MGD    =5
TH       = 2
PAIS = 3
Vanish testes = 1



Meatal Position

Meatal position Intersex
anterior (33%) 8%

mid (26%) 5%

Posterior (41%) 65%







Ambiguous Genitalia

What to do?



• Call for help
• Karyotype
• Urgent electrolytes
• 17-OHP, DHEAS, androstenedione, 

testosterone, DHT
• US
• Genitogram
• HCG stimulation
• ACTH stimulation test
• MIS
• Call for help



Management

• Specialist team
– Paediatrician (endocrinologist)
– Surgeon
– Genetics
– Parents



Issues

• Sex assignment
• Surgery

– Y/N
– Timing

• Follow-up
• Disclosure



Tying it all together
To prevent this



Tying it all together

• Team decision
• Based upon all the facts
• Parental wishes
• Adult sexual function

– The brain is the most important sex organ
• Reproductive capacity
• Gender identity
• Physical characteristics and potential for 

growth/function



Questions?





Target DNA bending
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Presentation Notes
Figure 2-5. Target DNA bending induced by SRY protein. The high-mobility group (HMG) box of the SRY protein induces bending in linear target DNA, thus allowing binding and interaction of other transcription factors. Testicular differentiation depends on the exact shape of the bend. (Adapted from Wolfe [].)



X-Y recombination during paternal meiosis
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Figure 2-6. X-Y recombination during paternal meiosis. The SRY gene has been localized to 8 kb proximal to the pseudoautosomal boundary on the short arm of the Y chromosome. Normal recombination between the pseudoautosomal regions of Xp and Yp occurs during male meiosis and results in normal XY male and XX female offspring. If abnormal recombination outside the pseudoautosomal region occurs, the SRY gene can be transferred to the X chromosome, producing an SRY-negative Y chromosome, and resulting in an XY female and an SRY-positive X chromosome, resulting in an XX male. (Adapted from Simpson and Rebar [].)



Undifferentiated sexual system
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Figure 1-27. The undifferentiated sexual system at 44 to 48 days of gestation. The paramesonephric duct (m&#252;llerian duct) develops next to the mesonephric duct at 44 to 48 days. If a testis develops and secretes testosterone, the mesonephric (wolffian) duct increases in size to become the epididymis, vas deferens, and prostate. A glycoprotein secreted from the Sertoli cells known as m&#252;llerian inhibiting substance (MIS), results in m&#252;llerian (paramesonephric) duct regression. If a testis does not develop, the mesonephric duct does not grow and eventually degenerates, whereas the paramesonephric duct proliferates and the fallopian tube, uterus, and upper third of the vagina develop.



Classifications for patients with abnormalities of sexual 
differentiation

B. Two Classifications for Patients with Abnormalities of Sexual Differentiation
Original Classification New Classification
Male pseudohermaphroditism 1. Deletion syndromes with Y cell lines (45,X/46,XY)*

2. 46,XY
 a. Gonadal dysgenesis (Swyer's syndrome)
 b. Empty pelvis: agonadia*

 c. Enzyme deficiencies
 Enzyme deficiencies affecting both adrenals and testes* (variants of
CAH)
  —Cholesterol side-chain cleavage (P-450scc) deficiency
  —3ß-hydroxysteroid dehydrogenase (3ß-HSD) deficiency
  —17à-hydroxylase (P-450c17) deficiency
 Enzyme defects primarily affecting the testes*

  —P-450c17 hydroxylase/17,20-lyase deficiency
  —17ß-hydroxysteroid dehydrogenase (17-HSD) or 17ß-kerasteroid
reductase deficiency
 5à-reductase deficiency
 d. Androgen insensitivity or resistance
 Complete*

 Incomplete*

 e. Defects in synthesis, secretion, or response to AMH: persistent
müllerian duct syndrome
 f. Nonendocrine/nonsex chromosome defects*

 g. 46,XY true hermaphroditism*

3. 46,XX/46,XY true hermaphroditism*

4. 46,XX
True hermaphroditism
Female pseudohermaphroditism  a. 46,XX true hermaphroditism*

 b. 46,XX sex reversed male
 c. Congenital adrenal hyperplasia
 21-hydroxylase deficiency forms*

 11ß-hydroxylase deficiency*

 3ß-ol-dehydrogenase deficiency*

 d. Aromatase (placental) deficiency
 e. Maternal androgen
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Figure 2-7. A, Cascade of genes involved in human sex determination. The genes WT1, SF1, SRY, SOX9 and the DSS locus are placed at a position of putative function in the sex determination pathway. Gene WT1 (Wilms' tumor 1), is a tumor suppressor gene mutated in patients with familial Wilms' tumor. A subset of patients with WT1 mutations are found to have Wilms' tumor in association with Denys-Drash syndrome (DDS), the predominant features of which are renal failure, as well as genital and gonadal abnormalities including sex reversal. This suggests an important role of the WT1 gene in gonadal development []. In support of this role, knockout mice lacking the WT1 gene exhibit gonadal agenesis []. Gene SF1 (steroidogenic factor 1) acts as a key regulator of enzymes involved in steroid production. Studies in developing mice show SF1 expression in the male and female urogenital ridge. Expression continues until overt gonadal developmental divergence. Knockout mice lacking SF1 failed to develop adrenals and exhibited abnormal gonadal development at the stage where sexual dimorphism becomes manifest. There is evidence that SRY and SF1 interacting together bind to a regulatory region of the m&#252;llerian inhibiting substances (MIS-RE) in order to initiate the production of MIS, which is specifically expressed in developing Sertoli cells. Gene SOX9 is a proposed mediator of testicular development. This gene maps to chromosome 17 and contains an SRY-like high-mobility group (HMG) box and is associated with the skeletal malformation syndrome camptomelic dysplasia (CD). Sex-reversed XY CD patients exhibit a wide range of gonadal abnormalities []. However, analysis of XY females without SRY mutations or skeletal abnormalities failed to identify any SOX9 mutations []. Gene DAX1 is a proposed mediator of ovarian development. Some individuals with 46,XY gonadal dysgenesis have duplications of Xp21 []. The dose-sensitive sex reversal (DSS) locus of Xp21 spans over 165 kb in the Xp21.2 region. Studies of DNA from individuals with duplication in this region and from individuals with adrenal hypoplasia congenita have led to the isolation of an X-linked gene referred to as DAX1 []. An increased dosage of DAX1 or DSS overrides the SRY signal so that gonadal development is channeled down to ovarian development. Although the SRY gene proves to be pivotal in inducing the bipotential gonad to differentiate as a testis, the molecular interactions of isolated genes are not clear. The other genes both upstream and downstream to SRY in the sex determination pathway are also critical to the other developmental processes: WT1 in kidney formation, SF1 in adrenal gland development, and SOX9 in bone morphogenesis. (A adapted from Schafer and Goodfellow [].) B, Two classifications for patients with abnormalities of sexual differentiation. CAH—congenital adrenal hyperplasia.



Cervix
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Figure 2-11. Demonstration of the cervix by vaginoscopy. It is important to demonstrate the cervix and to visualize the location of the vaginal opening into the urogenital sinus to ascertain whether the vagina enters the urethra distal or proximal to the external urethral sphincter.



Detection of Y chromosome by Q banding
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Figure 2-12. Detection of the Y chromosome by Q banding. The Y chromosome can be cytogenetically identified only by its fluorescent Yq12. This fluorescent portion of Y is indicated by the arrow. The chromosomal fragment on the extreme right is the Y chromosome with deletion of the fluorescent portion. It could not be identified by conventional cytogenetic techniques.



Y variants
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Figure 2-13. The five different Y variants. Variant B was fluorescent, but was abnormal by its morphology and location on the Y chromosome (pseudoisocentric Y). The variants C, D, and E were nonfluorescent and were unable to be identified as Y derived. (From Tho and Behzadian []; with permission.)



Y DNA probes

Presenter
Presentation Notes
Figure 2-14. Y DNA probes. A Y 97 or DYZ3 probe is Y centromere-specific and consistently identifies Y-derived nonfluorescent fragments. Most of the minute nonfluorescent chromosomal fragments that are Y-derived hybridized with all the Y-specific probes, which are represented on this Y map. (Adapted from Tho and coworkers [].)



Female genital duct system
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Figure 1-28. Development of the female genital duct system. A and B, The paramesonephric ducts fuse medially and anteriorly to the mesonephric ducts, which degenerate. The fused paramesonephric ducts develop into the uterus (10th week) and vagina. The vaginal plate hollows to form the lower vagina and fuses with joined paramesonephric ducts at the level of the hymen.



Molecular aspects of 21-hydroxylase (P-450c21) deficiency

E. Molecular Aspects of 21-Hydroxylase Deficiency
Activate gene CYP21B and pseudogene CYP21A are located in tandem duplication on chromosome 6 and with 98% homology.
Each gene is 3.3 kb long and has 10 exons.
The two genes are flanked in tandem by the C4A and C4B genes which encode the fourth component of complement.
Salt wasting form
1. Homozygous large deletion of CYP21B and C4B loci: 20% to 25% of classic form.
2. Homozygous large gene conversion resulting from transfer to CYP21B of deleterious mutations normally present in CYP21A pseudogene: 10%.
3. Compound heterozygous harboring, for example, a large deletion on one chromosome 6 and a large gene conversion or a nonsense mutation
on the other chromosome 6.
4. The most frequent point mutation is the single base pair change from A to G at the end of intron 2 leading to premature truncation of intron 2
and an mRNA splicing defect preventing synthesis of an active protein.
Single virilizing form
1. Mutation involving change from isoleucine to asparagine. This mutation weakens the association of the enzyme with the endoplasmic reticulum
and results in reduction of enzyme activity to about 1% of normal.
2. The A to G point mutation in intron 2 is also associated with the simple virilizing form.
Nonclassic form
1. Valine to leucine mutation at position 281 results in the abnormal localization of the mutant enzyme and in the microsome enzyme activity is
reduced by 20% to 50% for the substrates progesterone and 17-OHP. Adequate aldosterone production along with excessive androgen lead to
variable degrees of hirsutism or virilization.
2. Proline to leucine mutation at position 30 also leads to improper orientation of the enzyme in the membrane of the microsome. This mutation
appears to be associated with more severe biochemical changes as well as androgen excess.
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Figure 2-30. A, An adolescent with untreated congenital adrenal hyperplasia due to 21-hydroxylase block. This 18-year-old female presented for absent pubertal development and gender identity concern. History of adrenarche at age of 6, no growth spurt, no thelarche. Patient is shorter than the other seven sibs. Negative family history of neonatal deaths or sexual ambiguity. Full-body photograph shows short stature, masculine body habitus, mild male body hair distribution, and absent breast development. B, Enlarged clitoris measuring 4 cm, single urogenital opening, and unfused empty labioscrotal pouches. Before treatment, urinary 17-ketosteroids (17 KS) were 81 mg/24 h; 17-hydroxycorticosteroids, 3.5 mg/24 h; pregnanetriol, 25 mg/24 h; testosterone, 329.8 ng/dL; follicle-stimulating hormone (FSH), less than 3.1 mIU/mL; and luteinizing hormone, less than 0.9 mIU/mL. After dexamethasone suppression, urinary 17-KS were 5.3 mg/24 h; pregnanetriol, 1.6 mg/24 h; and testosterone, 81.9 ng/dL. Patient started menarche 3 months after treatment with cortisone acetate 37.5 mg daily and has had regular menses. C, Basic features of 21-hydroxylase (P-450c21) deficiency. D, Salient features of a 21-hydroxylase deficiency in 46,XX females. E, Molecular aspects of 21-hydroxylase deficiency []. F, Therapy for 21-hydroxylase deficiency. ACTH—adrenocorticotropic hormone; CAH—congenital adrenal hyperplasia; IM—intramuscular; IV—intravenous; 17-OHP—17-hydroxyprogesterone. (Part C adapted from Chantilis and Bradshaw []; Part D adapted from Grumbach and Conte [].)



Basic features of 3&beta, -hydroxysteroid dehydrogenase 
deficiency

D. Basic Features of 3ß-HSD Deficiency
3ß-HSD Two forms of 3ß-HSD Deficiency
Single protein with both dehydrogenase and isomerase activities,
localized in the endoplasmic reticulum of the cells of the adrenal cortex,
ovary, testis, and placenta.

1. Classic 3ß-HSD deficiency with complete block of 3ß-HSD activity
leading to deficient production of glucocorticoids, mineralocorticoids and
gonadal steroids.
Inability to produce cortisol results in:

Responsible for conversion of ß5-3ß-hydroxysteroids (pregnenolone,
17-hydroxypregnenolone, and DHEA) into ß4-3ß-ketosteroids
(progesterone, 17-hydroxyprogesterone, and androstenedione).

 —Increased ACTH secretion and adrenal hyperplasia.

 —Males present with ambiguous genitalia owing to insufficient
production of androgens.

Required for synthesis of cortisol, mineralocorticoids, and gonadal
steroids.

 —Glucocorticoid and mineralocorticoid deficiencies occur, resulting in
adrenal insufficiency ?  classification into 3ß-HSD/salt wasting and 3ß-
HSD/salt conserving.
2. Nonclassic 3ß-HSD with partial block, late onset, no salt wasting, no
genital ambiguity.
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Figure 2-19. Principal pathways of steroidogenesis. A, P-450scc, a mitochondrial cytochrome P-450 enzyme catalyzes 20à-hydroxylation, 22-hydroxylation and removal of the C20-22 carbon bond converting cholesterol to pregnenolone. 3ß-hydroxysteroid dehydrogenase (3ß-HSD), a non-P-450 endoplasmic reticulum enzyme, catalyzes both 3ß-hydroxysteroid dehydrogenation and ß5-&gt;ß4 isomerase activity. 21-Hydroxylation of progesterone and 17-hydroxyprogesterone (17-OH) is catalyzed by the endoplasmic reticulum enzyme P-450c21. Mitochondrial P-450c11 catalyzes three distinguishable reactions: 11ß-hydroxylation, 18-hydroxylation, and 18-methyloxidation resulting in formation of corticosterone, cortisol, and aldosterone. P-450c17 in the endoplasmic reticulum mediates both 17-hydroxylation and 17, 20 lyase action. 17ß-Hydroxysteroid dehydrogenase (17ß-HSD) is found principally in the gonad and converts androstenedione to testosterone and estrone to estradiol. 5à-Reductase, a non-P-450 microsomal enzyme catalyzes the reduction of testosterone to dihydrotestosterone (DHT) in the urogenital sinus, prostate, genital tubercle, and urogenital folds and swellings. P-450 aromatase, an endoplasmic reticulum enzyme, mediates aromatization of androstenedione, testosterone, and 16à-hydroxydehydroepiandrosterone sulfate after conversion to 16à-hydroxyandrostenedione into estrone, estradiol and estriol, respectively. B, Basic features of P-450scc deficiency in 46,XY male. C, Salient features of P-450scc deficiency in 46,XY male: congenital lipoid adrenal hyperplasia [],[]. D, Basic features of 3ß-HSD deficiency. E, Salient features of 3ß-HSD deficiency in 46,XY males [],[]. ACTH—adrenocorticotropic hormone; DHEA—dehydroepiandrosterone; FSH—follicle-stimulating hormone; hCG—human chorionic gonadotropin; LH—luteinizing hormone. (Adapted from Chantilis and Bradshaw [] and Grumbach and Conte [].)



Horseshoe kidney
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Figure 2-16. Intravenous pyelogram demonstrating a horseshoe kidney. Cardiovascular renal anomalies are frequent in gonadal dysgenesis owing to sex chromosome aneuploidy.



Basic features of P-450SCC (cholesterol side-chain cleavage) 
deficiency in 46,XY male

B. Basic Features of P-450SCC (Cholesterol Side-Chain Cleavage) Deficiency in 46,XY Male
Cholesterol side-chain cleavage enzyme (P-450SCC or 20, 22-desmolase) is a mitochondrial P-450 enzyme.
Catalyses the initial reaction in the steroidogenic pathway in the gonads and adrenals.
Cleaves a 6-carbon side-chain for cholesterol to form pregnenolone, a C21 steroid.
This reaction is rate-limiting
 Regulated by ACTH and angiotensin II in the adrenals
 Regulated by gonadotropins in the gonads
In P-450SCC deficiency, inability to metabolize cholesterol in the adrenals leads to cholesterol ester deposition resulting in enlarged, yellow, foamy
adrenal glands: lipoid adrenal hyperplasia.
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Figure 2-19. Principal pathways of steroidogenesis. A, P-450scc, a mitochondrial cytochrome P-450 enzyme catalyzes 20à-hydroxylation, 22-hydroxylation and removal of the C20-22 carbon bond converting cholesterol to pregnenolone. 3ß-hydroxysteroid dehydrogenase (3ß-HSD), a non-P-450 endoplasmic reticulum enzyme, catalyzes both 3ß-hydroxysteroid dehydrogenation and ß5-&gt;ß4 isomerase activity. 21-Hydroxylation of progesterone and 17-hydroxyprogesterone (17-OH) is catalyzed by the endoplasmic reticulum enzyme P-450c21. Mitochondrial P-450c11 catalyzes three distinguishable reactions: 11ß-hydroxylation, 18-hydroxylation, and 18-methyloxidation resulting in formation of corticosterone, cortisol, and aldosterone. P-450c17 in the endoplasmic reticulum mediates both 17-hydroxylation and 17, 20 lyase action. 17ß-Hydroxysteroid dehydrogenase (17ß-HSD) is found principally in the gonad and converts androstenedione to testosterone and estrone to estradiol. 5à-Reductase, a non-P-450 microsomal enzyme catalyzes the reduction of testosterone to dihydrotestosterone (DHT) in the urogenital sinus, prostate, genital tubercle, and urogenital folds and swellings. P-450 aromatase, an endoplasmic reticulum enzyme, mediates aromatization of androstenedione, testosterone, and 16à-hydroxydehydroepiandrosterone sulfate after conversion to 16à-hydroxyandrostenedione into estrone, estradiol and estriol, respectively. B, Basic features of P-450scc deficiency in 46,XY male. C, Salient features of P-450scc deficiency in 46,XY male: congenital lipoid adrenal hyperplasia [],[]. D, Basic features of 3ß-HSD deficiency. E, Salient features of 3ß-HSD deficiency in 46,XY males [],[]. ACTH—adrenocorticotropic hormone; DHEA—dehydroepiandrosterone; FSH—follicle-stimulating hormone; hCG—human chorionic gonadotropin; LH—luteinizing hormone. (Adapted from Chantilis and Bradshaw [] and Grumbach and Conte [].)



Salient features of congenital lipoid adrenal hyperplasia

C. Salient Features of P-450SCC (Cholesterol Side-Chain Cleavage) Deficiency in 46,XY Male:
Congenital Lipoid Adrenal Hyperplasia
Karyotype: 46,XY
Inheritance: Autosomal recessive
Genitalia: Female ?  ambiguous
Wolffian duct derivatives: Absent ?  hypoplastic
Müllerian duct derivatives: Absent
Gonads: Testes
Habitus: Severe adrenal insufficiency in infancy, little or no virilization at puberty
Hormone profile: ? or absent glucocorticoids, mineralocorticoids, and gonadal steroids in

plasma and urine
? plasma LH and FSH

Molecular genetics: CYP11A1, single gene localized to chromosome 15q23-24, 9 exons, 8
introns
No mutations found
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Figure 2-19. Principal pathways of steroidogenesis. A, P-450scc, a mitochondrial cytochrome P-450 enzyme catalyzes 20à-hydroxylation, 22-hydroxylation and removal of the C20-22 carbon bond converting cholesterol to pregnenolone. 3ß-hydroxysteroid dehydrogenase (3ß-HSD), a non-P-450 endoplasmic reticulum enzyme, catalyzes both 3ß-hydroxysteroid dehydrogenation and ß5-&gt;ß4 isomerase activity. 21-Hydroxylation of progesterone and 17-hydroxyprogesterone (17-OH) is catalyzed by the endoplasmic reticulum enzyme P-450c21. Mitochondrial P-450c11 catalyzes three distinguishable reactions: 11ß-hydroxylation, 18-hydroxylation, and 18-methyloxidation resulting in formation of corticosterone, cortisol, and aldosterone. P-450c17 in the endoplasmic reticulum mediates both 17-hydroxylation and 17, 20 lyase action. 17ß-Hydroxysteroid dehydrogenase (17ß-HSD) is found principally in the gonad and converts androstenedione to testosterone and estrone to estradiol. 5à-Reductase, a non-P-450 microsomal enzyme catalyzes the reduction of testosterone to dihydrotestosterone (DHT) in the urogenital sinus, prostate, genital tubercle, and urogenital folds and swellings. P-450 aromatase, an endoplasmic reticulum enzyme, mediates aromatization of androstenedione, testosterone, and 16à-hydroxydehydroepiandrosterone sulfate after conversion to 16à-hydroxyandrostenedione into estrone, estradiol and estriol, respectively. B, Basic features of P-450scc deficiency in 46,XY male. C, Salient features of P-450scc deficiency in 46,XY male: congenital lipoid adrenal hyperplasia [],[]. D, Basic features of 3ß-HSD deficiency. E, Salient features of 3ß-HSD deficiency in 46,XY males [],[]. ACTH—adrenocorticotropic hormone; DHEA—dehydroepiandrosterone; FSH—follicle-stimulating hormone; hCG—human chorionic gonadotropin; LH—luteinizing hormone. (Adapted from Chantilis and Bradshaw [] and Grumbach and Conte [].)



Salient features of 3&beta, -hydroxysteroid dehydrogenase 
deficiency in 46,XY males

E. Salient Features of 3ß-HSD Deficiency in 46,XY Males
Karyotype: 46,XY
Inheritance: Autosomal recessive
Genitalia: Almost normal female to male with degrees of hypospadias
Wolffian duct derivatives: Normal
Müllerian duct derivatives: Absent
Gonads: Testes
Habitus: Severe adrenal insufficiency in infancy; poor virilization at puberty with

gynecomastia. Mild form: no mineralocorticoid deficiency, premature
adrenarch ?  mild virilization

Hormone profile: ? concentrations of δ5C21 and C19 steroids (eg, 17-
hydroxypregnenolone, DHEA, and their sulfates) in urine and plasma
? ratio of δ5/δ4 steroids
? 17-hydroxypregnenolone and DHEA response to ACTH and/or hCG

Molecular genetics: 17-hydroxypregnenolone and DHEA suppressible by dexamethasone
Two isoenzymes 3ß-HSD type I and type II
 Type I expressed in placenta and skin
 Type II expressed in adrenal, ovary, and testis
Genes: localized to chromosome 1q11-13, with 93% homology
Mutation reported in fourth exon of type II gene, codon 171 converting
tryptophan to stop codon leading to formation of a truncated
nonfunctional enzyme
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Figure 2-19. Principal pathways of steroidogenesis. A, P-450scc, a mitochondrial cytochrome P-450 enzyme catalyzes 20à-hydroxylation, 22-hydroxylation and removal of the C20-22 carbon bond converting cholesterol to pregnenolone. 3ß-hydroxysteroid dehydrogenase (3ß-HSD), a non-P-450 endoplasmic reticulum enzyme, catalyzes both 3ß-hydroxysteroid dehydrogenation and ß5-&gt;ß4 isomerase activity. 21-Hydroxylation of progesterone and 17-hydroxyprogesterone (17-OH) is catalyzed by the endoplasmic reticulum enzyme P-450c21. Mitochondrial P-450c11 catalyzes three distinguishable reactions: 11ß-hydroxylation, 18-hydroxylation, and 18-methyloxidation resulting in formation of corticosterone, cortisol, and aldosterone. P-450c17 in the endoplasmic reticulum mediates both 17-hydroxylation and 17, 20 lyase action. 17ß-Hydroxysteroid dehydrogenase (17ß-HSD) is found principally in the gonad and converts androstenedione to testosterone and estrone to estradiol. 5à-Reductase, a non-P-450 microsomal enzyme catalyzes the reduction of testosterone to dihydrotestosterone (DHT) in the urogenital sinus, prostate, genital tubercle, and urogenital folds and swellings. P-450 aromatase, an endoplasmic reticulum enzyme, mediates aromatization of androstenedione, testosterone, and 16à-hydroxydehydroepiandrosterone sulfate after conversion to 16à-hydroxyandrostenedione into estrone, estradiol and estriol, respectively. B, Basic features of P-450scc deficiency in 46,XY male. C, Salient features of P-450scc deficiency in 46,XY male: congenital lipoid adrenal hyperplasia [],[]. D, Basic features of 3ß-HSD deficiency. E, Salient features of 3ß-HSD deficiency in 46,XY males [],[]. ACTH—adrenocorticotropic hormone; DHEA—dehydroepiandrosterone; FSH—follicle-stimulating hormone; hCG—human chorionic gonadotropin; LH—luteinizing hormone. (Adapted from Chantilis and Bradshaw [] and Grumbach and Conte [].)



Features of androgen resistance or insensitivity

B. Basic Features of Androgen Resistance or Androgen Insensitivity
Testosterone and its reduced metabolite DHT effect their action in androgen-sensitive target cells by binding to androgen receptor.
Androgen receptor is a member of a family of regulatory proteins which include all steroid receptors, and receptor for thyroid hormone, vitamin D,
and retinoic acid. These receptors contain (1) NH2-terminal region involved in transcription activation; (2) cysteine-rich DNA binding with two zinc
fingers that bind to specific androgen response elements in target genes and; (3) COOH-terminal ligand binding domain for testosterone and DHT.
Androgen response may be completely or partially blocked in 46,XY males, resulting in absent or partial development of Wolffian ducts and absent
or partial development of male external genitalia during fetal development. Because testes produce AMH, müllerian ducts regress leading to
absent female internal genital structures.
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Figure 2-27. A case of complete androgen resistance. A, An 18-year-old patient with Tanner IV breast development, absent pubic and axillary hair, a blind vaginal pouch and 46,XY karyotype. The syndrome of complete androgen resistance in this case is the result of androgen receptor defect for androgens. B, Basic features of androgen resistance or androgen insensitivity. C, Salient features of complete androgen resistance or complete androgen insensitivity. D, Salient features of partial androgen resistance or partial androgen insensitivity. AMH—antim&#252;llerian hormone; DHT—dihydrotestosterone; FSH—follicle-stimulating hormone; LH—luteinizing hormone. (Part A from Reindollar and McDonough []; with permission; Part B adapted from Grumbach and Conte []; Parts C and D adapted from Griffin and Wilson [].)
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The undifferentiated sexual system at 44 to 48 days of gestation. The paramesonephric duct (m&#252;llerian duct) develops next to the mesonephric duct at 44 to 48 days. If a testis develops and secretes testosterone, the mesonephric (wolffian) duct increases in size to become the epididymis, vas deferens, and prostate. A glycoprotein secreted from the Sertoli cells known as m&#252;llerian inhibiting substance (MIS), results in m&#252;llerian (paramesonephric) duct regression. If a testis does not develop, the mesonephric duct does not grow and eventually degenerates, whereas the paramesonephric duct proliferates and the fallopian tube, uterus, and upper third of the vagina develop.
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Figure 2-27. A case of complete androgen resistance. A, An 18-year-old patient with Tanner IV breast development, absent pubic and axillary hair, a blind vaginal pouch and 46,XY karyotype. The syndrome of complete androgen resistance in this case is the result of androgen receptor defect for androgens. B, Basic features of androgen resistance or androgen insensitivity. C, Salient features of complete androgen resistance or complete androgen insensitivity. D, Salient features of partial androgen resistance or partial androgen insensitivity. AMH—antim&#252;llerian hormone; DHT—dihydrotestosterone; FSH—follicle-stimulating hormone; LH—luteinizing hormone. (Part A from Reindollar and McDonough []; with permission; Part B adapted from Grumbach and Conte []; Parts C and D adapted from Griffin and Wilson [].)



46,XX “sex-reversed male”
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Figure 2-31. A, A patient diagnosed as having 46,XX karyotype with congenital adrenal hyperplasia after several failures of surgical treatment for hypospadias. This 40-year-old man with normal health, normal marital sexual function, and five failed attempts at surgical treatment for hypospadias was found to have a male body habitus, short stature, relatively normal penis, incompletely fused empty labioscrotal pouches, 46,XX karyotype, presence of a uterus on genitogram, and an endocrine profile consistent with 21-hydroxylase deficiency. He underwent laparotomy and the uterus, both tubes, and ovaries were removed. B, 46,XX sex reversed male [],[]. FSH—follicle-stimulating hormone; LH—luteinizing hormone.



46,XX karyotype reversed male

B. 46,XX Sex Reversed Male
Karyotype: 46,XX
Inheritance: Sporadic

Rare kindred including both XX males and XX t rue hermaphrodites
Genitalia: Male

Hypospadias (10%)
Wolffian duct derivatives: Normal
Müllerian duct derivatives: Absent
Gonads: Testes
Habitus: Normal male, slightly shorter than normal males. Few develop

gynecomastia at puberty, owing to hypogonadism; those born with
hypospadias tend to develop gynecomastia at puberty. All have
azoospermia.

Hormone profile: Testosterone normal or decreased FSH; LH normal or low
Molecular genetics: 90% result from transfer of SRY from Y to X during paternal meiosis

10% result from mutation of X-linked or autosomal genes involved in
gonadal determination
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Figure 2-31. A, A patient diagnosed as having 46,XX karyotype with congenital adrenal hyperplasia after several failures of surgical treatment for hypospadias. This 40-year-old man with normal health, normal marital sexual function, and five failed attempts at surgical treatment for hypospadias was found to have a male body habitus, short stature, relatively normal penis, incompletely fused empty labioscrotal pouches, 46,XX karyotype, presence of a uterus on genitogram, and an endocrine profile consistent with 21-hydroxylase deficiency. He underwent laparotomy and the uterus, both tubes, and ovaries were removed. B, 46,XX sex reversed male [],[]. FSH—follicle-stimulating hormone; LH—luteinizing hormone.
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