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Figure 412-5 Follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) are increased during the neonatal years but go
through a period of childhood quiescence before increasing again
during puberty. Gonadotropin levels are cyclic during the reproductive years and increase dramatically with the loss of negative feedback
that accompanies menopause.
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with KISS1 in KNDy neurons that project to GnRH neurons. This
system is intimately involved with estrogen negative feedback regulation of GnRH secretion.
Ovarian Steroids
Ovarian steroid-producing cells do not store hormones but produce
them in response to LH and FSH during the normal menstrual cycle.
The sequence of steps and the enzymes involved in the synthesis of steroid hormones are similar in the ovary, adrenal, and testis. However,
the enzymes required to catalyze specific steps are compartmentalized
and may not be abundant or even present in all cell types. Within
the developing ovarian follicle, estrogen synthesis from cholesterol
requires close integration between theca and granulosa cells—sometimes called the two-cell model for steroidogenesis (Fig. 412-6). FSH
receptors are confined to the granulosa cells, whereas LH receptors
are restricted to the theca cells until the late stages of follicular development, when they are also found on granulosa cells. The theca cells
surrounding the follicle are highly vascularized and use cholesterol,
derived primarily from circulating lipoproteins, as the starting point
for the synthesis of androstenedione and testosterone under the control of LH. Androstenedione and testosterone are transferred across
the basal lamina to the granulosa cells, which receive no direct blood
supply. The mural granulosa cells are particularly rich in aromatase
and, under the control of FSH, produce estradiol, the primary steroid
secreted from the follicular phase ovary and the most potent estrogen.
Theca cell–produced androstenedione and, to a lesser extent, testosterone are also secreted into peripheral blood, where they can be
converted to dihydrotestosterone in skin and to estrogens in adipose
tissue. The hilar interstitial cells of the ovary are functionally similar
to Leydig cells and are also capable of secreting androgens. Although
stromal cells proliferate in response to androgens (as in polycystic
ovarian syndrome [PCOS]), they do not secrete androgens.
Development of the rich capillary network following rupture of the
follicle at the time of ovulation makes it possible for large molecules
such as low-density lipoprotein (LDL) to reach the luteinized granulosa and theca lutein cells. As in the follicle, both cell types are required
for steroidogenesis in the corpus luteum. The large luteinized granulosa cells are the main source of progesterone production, whereas the
smaller theca lutein cells produce 17-hydroxyprogesterone, a substrate
for aromatization to estradiol by the luteinized granulosa cells. LH
is critical for normal structure and function of the corpus luteum.
Because LH and human chorionic gonadotropin (hCG) bind to a
common receptor, the role of LH in support of the corpus luteum can
be replaced by hCG in the first 10 weeks after conception, and hCG is
commonly used for luteal phase support in the treatment of infertility.
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pulsatile GnRH secretion induces pituitary gonadotropin production.
In the early stages of puberty, LH and FSH secretion are apparent only
during sleep, but as puberty develops, pulsatile gonadotropin secretion
occurs throughout the day and night.
The mechanisms responsible for the childhood quiescence and
pubertal reactivation of the reproductive axis remain incompletely
understood. GnRH neurons in the hypothalamus respond to both
excitatory and inhibitory factors. Increased sensitivity to the inhibitory
influence of gonadal steroids has long been implicated in the inhibition of GnRH secretion during childhood but has not been definitively
established in the human. Metabolic signals, such as adipocyte-derived
leptin, play a permissive role in reproductive function (Chap. 415e).
Studies of patients with isolated GnRH deficiency reveal that mutations in the G protein–coupled receptor 54 (GPR54) gene (now known
as KISS1R) preclude the onset of puberty. The ligand for this receptor,
metastin, is derived from the parent peptide, kisspeptin-1 (KISS1),
and is a powerful stimulant for GnRH release. A potential role for
kisspeptin in the onset of puberty has been suggested by upregulation
of KISS1 and KISS1R transcripts in the hypothalamus at the time of
puberty. TAC3 and dynorphin (Dyn), which appear to play an inhibitory rather than stimulatory role in GnRH control, are co-expressed
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Figure 412-4 Establishment of a functional gonadotropinreleasing hormone (GnRH) system requires the participation of a
number of genes that are essential for development and migration
of GnRH neurons from the olfactory placode to the hypothalamus in
addition to genes involved in the functional control of GnRH secretion
and action.
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Figure 412-6 Estrogen production in the ovary requires the cooperative function of the theca and granulosa cells under the control of
luteinizing hormone (LH) and follicle-stimulating hormone (FSH). HSD,
hydroxysteroid dehydrogenase; OHP, hydroxyprogesterone.
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