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Normal function of the gonadotrophs requires both anatomic
and functional integrity of the hypothalamic—pituitary axis.
Excessive secretion of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and/or their corresponding sub-
units may occur as a result of gonadotroph cell adenoma.
This seemingly uncommon condition is gaining increasing
attention because it appears to represent a significant per-
centage of all null cell (nonsecreting) pituitary adenomas.
This unique clinical entity of a gonadotropin-secreting pitui-
tary adenoma and the molecular basis for its pathogenesis
are discussed at the beginning of this chapter.

Primary (pituitary) or secondary (hypothalamic) gonado-
tropin deficiency may occur as a result of numerous disor-
ders involving the pituitary—hypothalamic unit and the CNS.
These anatomic, biochemical, and functional derangements
are listed in Table 1 and are discussed in this chapter. Pri-
mary gonadotropin deficiency is most commonly a result of
pituitary infarction or a large pituitary adenoma and there-
fore i1s commonly associated with other pituitary hormone
defects. Secondary pituitary insufficiency, including gona-
dotropin deficiency, is also mostly associated with other
pituitary hormone deficiencies. An exception is isolated go-
nadotropin deficiency, which may result from mutant gonad-
otropins or, more commonly, is associated with anosmia, as
described half a century ago by Kallmann and associates.
The pathogenesis of the syndrome, failure of gonadotropin-
releasing hormone (GnRH) neurons to migrate into the hypo-
thalamus, has only recently been described.

During the last decade, the rapidly expanding field of
molecular biology and genetics has allowed us to understand
better the molecular and genetic basis of increasing numbers
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of endocrine disorders, including those resulting in altered
gonadotropin secretion. To keep up with contemporary mo-
lecular endocrinology, a brief description of the structure of
the gonadotropins and the genes encoding them as well as
of the regulation of gonadotropin gene expression and secre-
tion is provided. Finally, this chapter also presents a sum-
mary of the current knowledge of the molecular and genetic
basis for some old or newly described disorders of the go-
nadotrophs (e.g., hypogonadism caused by LH-B gene muta-
tion).

GONADOTROPH CELL ADENOMA

Gonadotropin-secreting pituitary adenomas are probably an
underdiagnosed clinical entity, mainly because their clinical
and hormonal manifestations are often minimal. Commonly,
these tumors are erroneously diagnosed as null cell (nonse-
creting) pituitary adenomas, especially when the tumor oc-
curs in the postmenopausal patient, in whom elevated gona-
dotropin levels are normally expected. Recent studies have
shown, however, that most of these null cell adenomas se-
crete LH, FSH, and/or o subunit in vitro. Small quantities
of other hormones [thyroid-stimulating hormone (TSH),
growth hormone (GH), prolactin, and corticotropin] are also
secreted. Based on morphologic characteristics, null cell ad-
enomas can be differentiated from pure gonadotroph cell
adenomas, although their histologic and ultrastructural fea-
tures are indistinguishable in some cases. As much as 25%
of autopsies of persons who were not suspected of having
pituitary disease revealed pituitary adenomas, many of
which were gonadotroph adenomas. The first reports de-
scribing this distinct clinical entity were published less than
20 years ago (1,2). By now, it is clear that these tumors
account for a significant number of all pituitary adenomas
in men and women (3).
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DEFINITIONS

¢DNA—complementary DNA sequence to a given
mRNA molecule that codes for production of a specific pro-
tein.

Dynamic testing—diagnostic tests in which use is
made of the pattern of hormonal secretion to a given
stimulus.

Monoclonal cells—a cell line derived from a single cell.
Pituitary adenomas are believed to arise from a single cell
that underwent a tumorigenic transformation.

Null cell pituitary adenoma—in the frame of a func-
tional classification of pituitary adenomas, these tumors ap-
parently do not secrete any hormonal product.

Etiology

As the cause of gonadotroph adenoma is not known, possible
mechanisms have been suggested for the tumoral transfor-
mation of the gonadotropin-secreting cells. Longstanding
primary hypogonadism may give rise to pituitary enlarge-
ment (4), mimicking the clinical and hormonal manifesta-
tions of gonadotroph adenoma (elevated FSH and low testos-
terone levels). Clearly, these conditions are different clinical
entities. Patients with gonadotroph adenoma have a history
of normal puberty and fertility and normal sexual habitus.
It has also been suggested that nonsecreting pituitary adeno-
mas physically suppress LH-secreting cells, leaving FSH-
secreting cells intact. This explanation seems unlikely be-
cause it is clear that these tumors secrete supranormal
amounts of FSH both in vive and in vitro (5).
Hypothalamic-releasing hormones are known to possess
pituitary growth-promoting properties. Disordered hypotha-
lamic GnRH secretion may therefore lead to unrestrained
gonadotroph cell hyperplasia. Pituitary tissue surrounding
the adenoma is not hyperplastic, however, suggesting no
hypothalamic stimulation of gonadotroph cell growth. It is
evident now that gonadotroph cell adenomas are comparable
to other pituitary adenomas and may arise de novo as a clonal
expansion of genomically altered cells independent of hypo-
thalamic influence. The clonal composition of pituitary ade-

noma has been studied with restriction fragment—length
polymorphism analysis and has been found to be monoclonal
in nature (6,7), whereas normal pituitary tissue or mixed
hormonal adenomas are polyclonal. It seems unlikely, there-
fore, that hypothalamic hormones play a role in promoting
the growth of these tumors. Rather, functional pituitary ade-
nomas, like most human neoplasias, originate from a single
cell line that has undergone a somatic mutation, giving rise
to abnormal expansion (8). This etiology, somatic cell muta-
tion, is further supported by the following observations:

1. Hormone secretion is autonomous and independent of
hypothalamic control.

2. The adenomas are surrounded by normal pituitary tissue,
suggesting normal hypothalamic function.

3. Surgical removal of the adenomas results in prompt endo-
crinologic cure.

Signs and Symptoms

The typical clinical presentation is of a middle-age man with
normal gonadal function complaining of visual impairments,
cranial nerve palsies, nausea, and headaches. According to
clinical reports the majority of patients are men, probably
reflecting the difficulty in diagnosing a gonadotropin-secret-
ing adenoma in a postmenopausal woman. Lack of clinical

Table 1. Etiologies of Gonadotropin Deficiency

PRIMARY PITUITARY LESIONS
Pituitary adenomas and other tumors

syndrome)
Pituitary infarction (Sheehan’s
syndrome, pituitary apoplexy, sickle
cell anemia)

HYPOTHALAMIC-PITUITARY LESIONS
Isolated GnRH deficiency (Kallmann’s

Extrapituitary: craniopharyngioma, glioma,
meningioma, germinoma, endodermal
sinus tumor, midline dermoid cyst and

OTHER

Systemic diseases (renal failure,
cirrhosis, p-thalassemia)
Psychiatric disorders (anxiety,
pseudocyesis, anorexia nervosa)

teratoma, metastatic tumors

After pituitary surgery or radiation
therapy
Empty sella syndrome

tuberculosis)

Granulomas (sarcoidosis, histiocytosis X,

Infections (basal meningoencephalitis,

Functional states (exercise,
simple weight loss, obesity)

Eutopic and ectopic hCG

syphilis) secretion (gestational
trophoblastic disease,
nontrophoblastic tumors)
Lymphocytic hypophysitis Vascular malformations, head trauma, Aging

irradiation
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manifestations duc to excessive hormonal production ex-
plains the fact that by the time of diagnosis the tumors attain
large volumes, causing extrasellar compression ol adjacent
structures (3). The distinction between a gonadotroph cell
adenoma and a nonsecreting adenoma may not be possible
clinically or endocrinologically and may require electron mi-
croscopic or immunocytochemical studies of excised tumor.

Although, as discussed earlier, it is generally accepted
that these tumors arise spontaneously, clinical association
with hypogonadism has been reported. Nicolis et al (9) de-
scribed a 62-year-old man with gonadotroph adenoma 35
years after castration. Similarly, Kovacs et al (10) reported
a 57-year-old woman with longstanding hypogonadism sec-
ondary to irradiation of the ovaries who was found to have
a gonadotroph adenoma. Given the monoclonal nature of
these tumors, the association with primary hypogonadism in
these cases seems to be coincidental.

Constant stimulation of the seminiferous tubules by high
FSH levels can cause palpable testicular enlargement (11)
followed by the necessary diagnostic evaluation to rule out
gonadotroph adenoma. Inhibin levels are usually elevated,
reflecting the autonomous nature of FSH secretion.

Incidence

The incidence of gonadotroph adenomas is not known with
certainty and varies according to the diagnostic criteria used
by different investigators. In a series of 139 men with un-
treated macroadenomas, 24% had gonadotroph cell adeno-
mas, 17% had elevated blood FSH levels either alone or in
combination with its subunits, and 7% had hypersecretion
of only the o subunit (3). In surgical specimens, gonadotroph
cell adenomas were present in 3.5% to 8.0% of cases
(8,11-14).

In recent years, immunohistochemical, ultrastructural,
and molecular biology techniques have been used to show
clearly that, in a significant number of patients who were
considered to have nonsecreting pituitary macroadenomas,
the tumors were of gonadotroph origin. A major difficulty
lies in the diagnosis of gonadotroph adenoma in postmeno-
pausal women because high levels of gonadotropins are nor-
mal in this group of patients. /i vivo study using a thyrotro-
pin-releasing hormone (TRH) stimulation test (15; discussed
later) has shown that, of 16 patients who had nonsecreting
pituitary adenomas, in 11 the tumor arose from gonadotroph
cells. Moreover, in vitro studies confirm that ncarly all ap-
parently nonsecreting adenomas secrete some combination
of the gonadotropins or their subunits (16,17). Similarly,
nearly 80% of such adenomas were found 1o have mRNA
for the specific B subunit of the gonadotropins (18). Oligonu-
cleotide DNA probes complementary for the mRNA encod-
ing the hormone subunits represent the technique used in
demonstrating tumoral FSH or LH production in a resected
tumor and for identifying a nonsecreting tumor as a gonado-
troph cell adenoma. The close relationship between null cell
adenomas and gonadotroph adenomas with respect to gene

expression of glycoprotein hormones is now well established
(19). In fact, because of the morphologic and biologic simi-
larities between null cell adenomas and gonadotroph cell
adenomas, it is possible that the former are actually a variant
of gonadotroph cell adenoma. Because nearly 40% of all
pituitary adenomas are considered nonsecreting (3), this
seemingly rare condition of gonadotroph cell adenoma ap-
pears to represent a significant percentage of all pituitary
adenomas.

Pathology

Onroutine light microscopy specimens, gonadotroph adeno-
mas are chromophobic or slightly acidophilic and, like most
other pituitary adenomas, have the same light microscopic
appearance. A more accurate evaluation requires immunocy-
tologic studies and electron microscopy. Immunospecific
stains with antisera to FSH, LH, and their subunits will corre-
spond to the glycoprotein secreted by the tumor in vivo.

Using electron microscopy, Kontogeorgos et al. (14)
studied 145 gonadotroph adenomas. The tumors that were
removed from men had uncharacteristic features similar to
those of null cell adenomas. In contrast, tumors of female
patients had a diagnostic marker characterized as honey-
comb Golgi, which is a distinctive vesicular dilation of the
Golgi complex (Figs. 1 and 2). The investigators speculated
that this sex-related dichotomy may reflect differences in
the final processing of hormones, including their packaging
into secretory granules.

Diagnosis

Diagnosis of a pituitary adenoma relies on imaging of the
pituitary anatomy, which can be accomplished by high-reso-
lution computed tomography (CT), particularly if thin cuts
are used. Combining CT with magnetic resonance imaging
improves small tumor imaging, yielding more information
regarding the tumor itself as well as its local effect on sur-
rounding tissues.

Elevated levels of intact FSH are found in nearly all pa-
tients with gonadotroph adenoma. In normal subjects the
concentration of free o and B subunits is low. In a patient
with gonadotroph adenoma, in addition to intact dimers, free
subunit concentrations may be high as well. To avoid cross-
reactivity with its subunits in regular radioimmunoassays,
the nature of the FSH molecule secreted was studied using
techniques such as gel filtration chromatography and column
isoelectric focusing (20) and was found to be normal. Simi-
larly, the granulosa cell aromatase biocassay was used to
show that the FSH secreted by the tumors is biologically
active (21). Hypersecretion of intact I.H is less frequent, and
again to avoid cross-reactivity with the free subunits gel
filtration chromatography is needed for precise identification
of the secreted glycoproteins. When intact ILH is secreted,
elevated testosterone levels are seen. In the majority of the
patients, however, intact LH is not hypersecreted, and the
testosterone levels are normal or subnormal. In these cases
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FIG. 1. Gonadotroph adenoma, male type, featuring prominent, slightly dilated rough endoplasmic
reticulum, well-developed Golgi complex with regular features, and small secretory granules, < 7700.
(From ref. 14.)

FIG. 2. Gonadotroph adenoma in a woman containing honeycomb Golgi complexes, the diagnostic
marker of the female type tumor. Note the difference in granularity between the nuclear poles and
cytoplasmic process (upper right), x7700. (From ref. 14.)
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FIG. 3. Responses of serum FSH, LH, LH-B, and « subunit to the intravenous administration of 400
pg of TRH in 16 women with nonsecreting pituitary adenomas. Eleven women with nonsecreting
adenomas had significant LH-B responses to TRH, 4 had significant LH and a-subunit responses, and

3 had significant FSH responses. (From ref. 15.)

administration of human chorionic gonadotropin (hCG) will
cause a significant rise in testosterone levels, establishing the
diagnosis of secondary hypogonadism. Diagnostic difficulty
may also arise in cases with subnormal testosterone and high
levels of LH due to hypersecretion of the biologically inac-
tive subunit. An erroneous diagnosis of primary hypogonad-
ism can be avoided if a history of headache and visual im-
pairment suggests a pituitary lesion.

Diagnostic stimulation tests with TRH can be helpful be-
cause the majority of patients with gonadotroph adenoma
will secrete FSH, LH, or their subunits after such stimulation
(15,16) (Fig. 3). This preoperative diagnostic test will iden-
tify approximately 80% of patients with gonadotroph cell
adenoma by demonstrating elevated levels of LH, FSH, or
any combination of their subunits. This response to TRH is
not found in normal subjects and is presently the best clinical
evidence that a tumor is a gonadotroph cell adenoma. The
mechanism by which adenoma cells acquire TRH receptors
is not known. Mild elevation of prolactin, which may be
noted in non-prolactin-secreting pituitary adenoma, may also
lead to erroneous preoperative diagnosis of a gonadotroph
adenoma as a prolactinoma (22). Women with prolactinomas
have an intact reserve capacity of the gonadotrophs and often
will demonstrate an enhanced response to GnRH (23). The

precise diagnosis of a pituitary t'mor as a gonadotroph cell
adenoma is clinically important for future use of the glyco-
protein secreted in excess as a reliable tumor marker and for
possible medical approaches to therapy.

Treatment

Surgery and adjuvant radiation therapy are necessary to con-
trol tumor growth and expansion. In most cases, gonadotroph
adenomas are first recognized by visual disturbances. By
then, the tumors are so large that immediate surgery is neces-
sary to restore normal vision. Transsphenoid surgery im-
proves vision in most patients and corrects hormone-related
signs and symptoms.

Medical treatment has been suggested in an attempt to
control hormonal hypersecretion pharmacologically (Table
2). Dopamine agonists (bromocriptine and CV 205-502)
have been reported to reduce hormonal secretion and to de-
crease tumor volume in both LH- and FSH-secreting tumors
(24-26). The effect is neither consistent nor predictable, but
some gonadotroph adenomas are extremely sensitive to do-
pamine agonist therapy (27,28), resulting in sustained
suppression of the gonadotropin levels and tumor volume
reduction (Fig. 4).



Table 2. Treatment of Gonadotroph Cell Adenoma

SURGERY MEDICAL TREATMENT
Transsphenoid Dopamine agonists
excision (bromocriptine) (24-26)

Somatostatin analog (octreotide
acetate) (29-31)

GnRH antagonist (36)

Adjuvant radiation

Somatostatin receptors have been identified on the cell
membranes of clinically nonfunctioning pituitary adenomas,
most of which secrete LH, FSH, and their separate subunits.
The presence of these receptors opens a new therapeutic
possibility: treatment with a somatostatin synthetic analog
(octreotide acetate) that inhibits gonadotropin secretion in
vitro and in vivo. Preliminary clinical experience with this
agent is encouraging (29-31), but tumor volume reduction
and correction of visual field abnormalities are not predict-
able and do not always parallel serum hormone levels (32).
This mode of therapy warrants further clinical evaluation to
define the subset of patients who may benefit maximally
from it.

GnRH agonists and antagonists have also been used to
inhibit gonadotroph adenomas. The effect of GnRH agonist
is unpredictable. Although successful outcome has been re-
ported (33), it appears that the typical response to GnRH is
stimulation of gonadotropin release from the tumor (34,35),
reflecting a defective GnRH desensitization mechanism by
the tumor (GnRH receptor downregulation). Another possi-

FSH U/
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bility is that the tumor cells lose their GnRH receptors, but
the fact that they respond to GnRH antagonist makes this
explanation unlikely. /n vitro, Asa et al (17) demonstrated
that all but 3 of 53 null cell adenomas showed marked and
persistent increases in the release of LH, FSH, and a subunit
in response to GnRH in short- and long-duration experi-
ments, suggesting, that although the desensitization mecha-
nism may be defective, the GnRH receptors are functionally
intact.

Given the stimulatory effect of GnRH on gonadotroph
adenomas, a GnRH antagonist is the natural choice to inhibit
hormone secretion. Preliminary experience with GnRH an-
tagonist seems to be promising because in one study a signif-
icant decrease in FSH levels was achieved after 7 days of
GnRH antagonist administration in four of five patients with
gonadotroph adenomas (36) (Fig. 5). The response to a sin-
gle-dose treatment was poor and did not predict the response
to repetitive administration. It is expected that the introduc-
tion of new, potent GnRH antagonists with minimal hista-
mine-releasing properties (37) will lead to their clinical ap-
plication in patients with gonadotropin-secreting adenomas.

Prognosis

Although surgery corrects vision and hormonal abnormali-
ties in most patients, as much as 20% of these tumors recur
after surgical treatment (38). Persistent symptoms require
adjuvant radiation therapy, which in itself does not prevent
recurrence and is associated with significant morbidity (nau-
sea, casy fatiguability, and hypopituitarism). Because the
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FIG 4. Serum FSH levels during treatment with long-acting bromocriptine (Parlodel-LAR). Each intra-
muscular administration is indicated by an arrow. (From ref. 28.)
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effect of the different medial approaches is not fully eluci-
dated, their prognostic impact must await further clinical
experience. Given their mechanism of action, positive pre-
liminary clinical results, and future development, however,
it seems likely that their use will improve prognosis.

GONADOTROPIN DEFICIENCY

Intact function of the gonadotrophs requires anatomic and
functional integrity of the hypothalamic—pituitary unit. Al-
tered gonadotropin secretion, manifesting as either a mono-
hormonal or multihormonal defect, can be traced to anatomic
and biochemical derangement in a given region of the hypo-
thalamic—pituitary axis. In addition, systemic diseases, psy-
choneuroendocrine disorders, or functional states can also
affect gonadotropin secretion by the gonadotrophs through
alterations of CNS—hypothalamic interaction (Table 1).

Primary Pituitary Lesions

Primary pituitary insufficiency, including gonadotropin defi-
ciency, may occur as a result of a large pituitary adenoma,
therapeutic hypophysectomy, pituitary infarction, and auto-
immune or granulomatous disease affecting the pituitary
gland.

Pituitary Adenomas

Adenohypophyseal cells of all types can form adenomatous
lesions. Hypersecretion of all five pituitary trophic hormones
and their corresponding subunits has been reported. Pituitary
adenomas may produce local endocrine and neurologic ef-

FIG. 5. Serum FSH concentrations of five patients with
gonadotroph adenomas for the 3 days before and 7 days
during subcutaneous administration of a GnRH antagonist
(Nal-Glu GnRH, 5 mg per 12 hours). (From ref. 36.)

fects as well as systemic metabolic complications as a result
of hormonal hypersecretion. A detailed discussion of disor-
ders of the somatotropic and thyrotropic axis, hyperprolacti-
nemic states, and their relevance to reproductive dysfunc-
tions is presented elsewhere in this book.

About 20% of pituitary adenomas are not associated with
any clinical or biochemical evidence of pituitary hormone
hypersecretion (3). Recent studies employing immunohisto-
chemistry, electron microscopy, cell cultures, and molecular
biology technologies suggest that these apparently null cell
{nonsecreting) adenomas are capable of hormone, most often
gonadotropin biosynthesis. Because the capacity of hormone
production by the adenoma cells may be limited, circulating
hormone levels in such patients are often low and are not
associated with clinical evidence of hypersecretion. Conse-
quently, these tumors are large when discovered and com-
monly are associated with visual disturbances, such as bi-
temporal hemianopsia secondary to suprasellar extension
and chiasmatic compression. Variable degrees of hypopitu-
itarism secondary to the destructing effect of adjacent func-
tional adenohypophyseal cells by the progressive growth of
the adenoma are also common. The somatotrophs and the
gonadotrophs appear to be the most sensitive. Amenorrhea
occurs in approximately 50% of women with null cell ade-
noma. Hypogonadotropic hypogonadism should always
warrant consideration of a pituitary tumor.

Pituitary Infarction (Sheehan’s Syndrome)

Infarction and necrosis of the pituitary constitute a rare con-
dition. Their occurrence secondary to postpartum hemor-



rhage and shock was described by Sheehan and Murdoch in
1938 (39). Although Sheehan’s syndrome is still the most
common cause of panhypopituitarism in women of child-
bearing age, the number of patients with this syndrome
seems to be decreasing because of advances in peripartum
care. Pituitary infarction can also occur in association with
a pituitary tumor, lymphocytic hypophysitis, and diabetes
and in patients with homozygous sickle cell anemia (40).

During pregnancy the anterior pituitary gland almost dou-
bles in size, primarily as a result of hypertrophy of the lacto-
trophs. The hypertrophied gland is susceptible to ischemia
because the oxygen supply is dependent not only on an intact
arterial blood supply but also on the low-pressure portal vein
system. This explains the relative vulnerability of the gland
to hypotension resulting from peripartum hemorrhage and
shock (41). Arterial spasm and intravascular coagulation
have also been suggested as the pathophysiologic basis for
the ischemic insult. Because of improved maternal care dur-
ing labor and delivery and prompt recognition and modern
treatment of intrapartum and postpartum hemorrhage, the
classic clinical presentation of Sheechan’s syndrome is rare.

The classic panhypopituitarism is characterized by failure
of puerperal lactation, breast involution, loss of axillary and
pubic hair, amenorrhea, and thyroid and adrenal insuffi-
ciency. A direct correlation between the severity of the post-
partum hemorrhage and the occurrence of Sheehan’s syn-
drome does not always exist. This may complicate the diag-
nosis and lead to delayed treatment. Furthermore, 70% of
the pituitary gland may be destroyed before hypopituitarism
is clinically apparent. Failure to establish the diagnosis and
to institute replacement therapy promptly may have later
consequences. Late-onset myxedema and adrenal insuffi-
ciency resulting in death have been reported. Most cases,
however, present with partial or atypical hypopituitarism in-
volving the loss of only a single trophic hormone. GH seems
to be the most vulnerable hormone; secretory impairment of
the gonadotrophs is less frequent (42). Thus the divergent
response to GnRH stimulation is predictable (43).

In a review of pituitary function in patients with pituitary
infarction due to various causes, GH deficiency appeared to
occur in 88% of patients, hypogonadism in 85%, corticotro-
pin deficiency in 66%, and hypothyroidism due to TSH defi-
ciency in 42% (44). The neurohypophysis is usually in-
volved in Sheehan’s syndrome, and plasma vasopressin re-
sponse to osmotic stimulus is frequently impaired, but overt
diabetes insipidus is uncommon in these patients.

Spontaneous subsequent pregnancy depends on the extent
of the primary injury. Lesser degrees of pituitary destruction
may be associated with atypical clinical presentations and
variable degrees of pituitary insufficiency. Under these cir-
cumstances, gonadotropin secretion as well as fertility may
be preserved. With modern replacement therapy pregnancy
is likely, even if the endocrine capacity of the gonadotrophs
is lacking.
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Hypopituitarism and Pregnancy

Many cases of successful pregnancy in women diagnosed
as having Sheehan’s syndrome have been reported. Early
diagnosis with subsequent replacement of the deficient hor-
mone is essential. In a study involving 39 patients with Shee-
han’s syndrome, the perinatal outcomes were good in those
patients with proper replacement therapy, resulting in 87%
live births and 13% spontaneous abortions (45). Failure to
establish the diagnosis of hypopituitarism may have lethal
consequences for both the mother and the fetus.

Occasionally, the diagnosis of hypopituitarism is made
for the first time during pregnancy. The diagnosis of hypopi-
tuiarism is difficult to establish during pregnancy because
symptoms of nausea, vomiting, fatigue, and weakness are
common in normal pregnancy. Moreover, the physiologic
changes that normally occur during pregnancy make the in-
terpretation of hormonal tests more difficult. Maintenance
of normal adrenal and thyroid function is of primary concern.
Extensive diagnostic testing of all pituitary hormones is usu-
ally unnecessary, and in some cases not recommended, dur-
ing pregnancy. Hypoadrenalism is suspected when hypoten-
sion, symptomatic hypoglycemia, or unexplained nausea,
vomiting, or abdominal pain is noted. Hypoglycemia may
occur because of a combination of corticotropin and GH
deficiency superimposed on the often observed pregnancy-
induced hypoglycemia. Dynamic tests of pituitary cortico-
tropin reserve are usually not recommended during preg-
nancy because of the confounding changes in pituitary re-
sponsiveness to corticotropin and the possibility of harmful
effects of insulin-induced hypoglycemia and metyrapone
testing on the fetus. Assessment of hypoadrenalism in preg-
nancy is further complicated by the occurrence of elevated
levels of plasma cortisol in normal pregnancy. Plasma levels
of cortisol in patients suspected of having hypopituitarism
should be compared with those of normal pregnant women.

The diagnosis of hypothyroidism secondary to deficient
pituitary TSH secretion is suspected whenever serum levels
of thyroid hormone are low and serum TSH levels are low
or normal. The changes in the pituitary—thyroid axis that
normally occur during pregnancy should be taken into ac-
count when thyroid function is being assessed during preg-
nancy.

During pregnancy and the puerperium, the patient should
be closely observed for evidence of inadequate or excessive
corticosteroids or the need for thyroid hormone replacement.
Corticosteroid dosage need not be higher than in the non-
pregnant state except during times of stress, such as labor,
delivery, systemic illness, or a surgical procedure. Stressful
complications should be recognized and treated promptly,
especially when associated with conditions that might lead
to shock, such as blood loss or sepsis.

Although rare, spontaneous pituitary necrosis and hypo-
pituitarism in relation to delivery, hemorrhage, or hypoten-
sion may occur in pregnant diabetic patients (46,47). The
cause is unknown. The unique susceptibility of the pregnant
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diabetic patient, however, is probably related to the combina-
tion of diabetic vascular changes and the general susceptibil-
ity of the anterior pituitary gland to ischemia during preg-
nancy. Pituitary infarction is about 10 times more common
in diabetics than in the general population. Tt is manifested
by severe, deep midline headaches and vomiting lasting 1
to 10 days followed by decreasing insulin requirements and
the development of hypoglycemia. Early recognition and
management of this syndrome are critical (47).

Pituitary Apoplexy

Pituitary apoplexy is the sudden enlargement of a pituitary
tumor related to infarction, necrosis, and hemorrhage within
the tumor; it results in rapid expansion of the lesion and
acute compression of adjacent structures (48,49). Pituitary
apoplexy may occur spontaneously in a number of pituitary
tumors (most commonly in silent tumors) or during preg-
nancy in patients with prolactinomas. Dynamic tests of ante-
rior pituitary function, TRH, GnRH, insulin, or glucagon can
be the trigger for the apoplectic episode (50). This is an
uncommon but life-threatening disorder that requires prompt
recognition and treatment to avoid visual or neurologic im-
pairment or death. The event is usually characterized by the
sudden onset of an excruciating retroorbital or retrofrontal
headache with nausea and vomiting. Patients may lose con-
sciousness shortly after the appearance of the first symptoms
and may deteriorate rapidly. Compression on the optic chi-
asm and the cranial nerves (third, fourth, fifth, and sixth)
results in visual field defects, impaired visual acuity, diplo-
pia, and ophthalmoplegia. Major destruction of the anterior
pituitary gland may result in life-threatening pituitary insuf-
ficiency. Rapid suprasellar expansion may lead to hypotha-
lamic aberrations, including abnormalities in thermal regula-
tion and disorders of the satiety center.

Partial destruction of the pituitary gland may result in
various degrees of hypopituitarism. Transient dysfunction
of the neurohypophysis may result in temporary diabetes
insipidus in patients recovering from pitu itary apoplexy (49).
Plain films of the skull usually reveal enlargement of the
pituitary fossa with erosion of the sella turcica. A CT scan
of the sellar and parasellar regions may reveal increased
attenuation corresponding to hemorrhage within the tumor
(51). An arteriogram is recommended when there is diffi-
culty in distinguishing pituitary apoplexy from a ruptured
aneurysm.

The treatment of pituitary apoplexy includes high-dose
corticosteroid therapy to provide coverage for imminent,
acute hypocortisolism and to alleviate intracranial swelling.
Vigorous supportive measures should be initiated without
delay. Early transsphenoid surgical decompression is advo-
cated in most cases. Conservative management may be con-
sidered in patients who retain consciousness and experience
no further visual or neurologic deterioration. Rapid worsen-
ing of visual acuity resulting from acute compression of the
optic chiasm is an absolute indication for surgery.

Empty Sella Syndrome

In its primary or idiopathic form, this syndrome is character-
ized by intrasellar herniation of the subarachnoid space
through an incomplete diaphragmatic sella. Elevation of
CSF pressure in the setting of benign intracranial hyperten-
sion probably predisposes to the development of empty sella
syndrome. The pituitary fossa becomes filled with CSF, and
the pituitary gland is flattened or displaced. In its secondary
form, empty sella syndrome results from infarction of a pitui-
tary tumor, surgery, or irradiation therapy in the sellar re-
gion.

The syndrome is clinically important because the pres-
ence of an enlarged sella requires further evaluation to ex-
clude a pituitary tumor (52). Among 75 patients presenting
with a radiographically enlarged sella turcica and no visual
symptoms, empty sella syndrome was diagnosed in 25, em-
phasizing the relative frequency of the syndrome (53).

The presenting symptoms of patients with empty sella
syndrome are usually nonspecific, and headache is the most
common complaint. Primary empty sella syndrome is typi-
cally found in middle-age women. Many patients are evalu-
ated because of sellar enlargement seen on skull films ob-
tained after incidental trauma. On plain films the sella turcica
is usually enlarged symmetrically without cortical bone ero-
sion, giving a balloonlike appearance. Lateral plain films
usually reveal a double floor. A CT scan is needed to confirm
the diagnosis. Radiologic studies with intrathecal contrast
media might be needed in patients with visual symptoms to
demonstrate the intrasellar herniation of the optic chiasm,
Although most patients with primary empty sella syndrome
lack evidence of endocrine abnormalities, some have signs
of pituitary hormone abnormalities such as amenorrhea-
galactorrhea and acromegaly (52). In the latter instances, the
hypersecretion of prolactin and GH is likely to be due to the
presence of microadenomas. Rarely, patients may manifest
spontaneous CSF rhinorrhea, sinusitis, and papilledema,
usually in association with benign intracranial hypertension.
Patients with primary empty sella syndrome without associ-
ated abnormalities can conceive and sustain pregnancy to
term.

Lymphocytic Hypophysitis

Lymphocytic hypophysitis is a rare autoimmune disease in-
volving extensive lymphocyte and plasma cell infiltration of
the anterior pituitary; it is most associated with pregnancy
and the puerperium. It presents as a mass lesion of the sella
turcica and clinically mimics a pituitary adenoma. Patients
may present during pregnancy or in the postpartum period
with signs and symptoms of pituitary insufficiency or with
visual or neurologic abnormalities related to suprasellar ex-
pansion of the lesion. Only 39 cases have been reported to
date (54,55). Most cases have been associated with multi-
glandular endocrine autoimmune phenomena such as Hashi-
moto’s thyroiditis, parathyroiditis, pernicious anemia, and
diabetes mellitus. In all cases, the diagnosis was made in



women with apparent pituitary tumors who were found to
have lymphocytic hypophysitis on biopsy. Light micro-
scopic findings showed extensive infiltration of lymphocytes
and plasma cells in the anterior pituitary. Ultrastructural fea-
tures resembled those seen in autoimmune thyroiditis. Ex-
perimental hypophysitis with similar histologic features can
be produced in pregnant rats by injecting homogenates of
whole anterior pituitary glands.

The detection of organ-specific antimitochondrial and
antinuclear antibodies gives further support to the concept
of an endocrine autoimmune phenomenon. Lymphocytic hy-
pophysitis should be considered in the differential diagnosis
of a pituitary adenoma during and after pregnancy. Defini-
tive diagnosis is only possible by histopathologic examina-
tion of pituitary biopsy material. Surgery is indicated only
in patients with visual or neurologic abnormalities secondary
to suprasellar expansion of the lesion.

Evaluation and Treatment of Hypopituitarism

Dynamic testing designed to evaluate pituitary secretory re-
serve should be performed whenever partial or complete hy-
popituitarism is suspected because normal hormone levels
in the basal state do not exclude the diagnosis. Furthermore,
the institution of replacement therapy in the absence of docu-
mented hormonal deficiency is unjustified. The results ob-
tained from such testing should be interpreted with caution,
with consideration being given to the clinical presentation
of the patient and the fact that patients with hypopituitarism
may respond normally to provocative stimuli (56).

Thorough testing of the pituitary—adrenal, pituitary—
thyroid, and pituitary—gonadal axes ordinarily requires sev-
eral dynamic tests on several separate days (57). The cost
of these tests can be reduced by using a combined injection
of several stimulatory agents; this results in neither impair-
ment of reliability nor increased risk to the patient. For exam-
ple, a sequential stimulation test consisting of insulin-in-
duced hypoglycemia (intravenous insulin, 0.2 U/kg), during
which GH, prolactin, and cortisol are measured, followed 2
hours later by GnRH and TRH (intravenous GnRH, 150 p.g
-+ TRH, 500 wg) stimulation, during which LH, FSH, TSH,
and prolactin are measured, has been used successfully in
diagnosing pituitary insufficiency in patients with Sheehan’s
syndrome (58). Patients with pituitary insufficiency failed
to develop a normal increase in serum GH, prolactin, and
cortisol after insulin-induced hypoglycemia and showed a
blunted LH, FSH, and TSH response.

More recently, combined anterior pituitary function tests
using four hypothalamic-releasing hormones [GnRH, corti-
cotropin-releasing factor (CRF), GH-releasing hormone, and
TRH] have been used in normal subjects and in patients
studied after pituitary surgery (59,60). Combined adminis-
tration of these hormones caused no apparent inhibition or
synergism of individual hormonal responses in 26 normal
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subjects (14 men and 12 women (59) (Fig. 6). In another
study, however, the plasma TSH and prolactin responses
were significantly higher after the combined test in 10 nor-
mal men (60). In 8 patients studied after surgery for pituitary
adenoma, combined administration of insulin, TRH, and
GnRH provided results comparable to those obtained after
separate administration of these agents (60). To increase the
cost effectiveness of the combined tests, Sheldon et al. (59)
proposed a shortened schedule for assaying hormone level
(Table 3), reducing the total number of assays from 70 to
23 and the time from 120 to 90 minutes. Cohen et al. (60)
suggested adding a later sampling at 120 minutes for patients
with disease of hypothalamic origin, in whom the responses
to GnRH, TRH, and CRF might be delayed.

The treatment of hypopituitarism consists of replacing
the deficient hormones of the end-organ glands. Documenta-
tion of overt hypoadrenalism requires maintenance doses of
cortisol given as cortisone acetate (20 to 25 mg in the morn-
ing and 10.0 to 12.5 mg in the evening) or an equivalent
dose of a synthetic corticosteroid (eg, dexamethasone, 0.5
mg). Milder degrees of pituitary hypofunction usually do
not require routine replacement therapy except during times
of stress. Deficient pituitary corticotropin reserve is charac-
terized by the secretion of sufficient corticotropin to main-
tain normal basal levels of cortisol but insufficient cortico-
tropin to maintain normal cortisol response to stress- and
insulin-induced hypoglycemia.

Normal thyroid function in patients with pituitary hypo-
thyroidism is maintained with L-thyroxine (0.1 to 0.2 mg/
day). These patients exhibit low levels of serum thyroid hor-
mones with low or normal TSH levels.

Pituitary deficiency of gonadotropins (FSH and LH) re-
sults in hypogonadotropic hypogonadism and hypoestro-
genism. Estrogen replacement therapy is recommended for
these patients. When fertility is desired, treatment with exog-
enous gonadotropins is needed to induce ovulation and to
achieve pregnancy in most patients with Sheehan’s syn-
drome. During pregnancy, replacement therapy with gluco-
corticoids and thyroxine results in favorable outcomes. If
fever, infection, or a surgical procedure occurs during preg-
nancy, larger doses of corticosteroids may be required.

Hypothalamic—Pituitary Lesions

Hypothalamic lesions, either congenital [isolated gonadotro-
pin deficiency (Kallmann’s syndrome]) or acquired, may
cause various degrees of hypopituitarism. Hypothalamic
etiologies of hypopituitarism are listed in Table 1. These
include suprasellar tumors (craniopharyngioma, glioma,
meningioma, germinoma, endodermal sinus tumor, or meta-
static tumors), granulomas [sarcoidosis or Hand-Schiiller-
Christian disease (histiocytosis X)], infections (basal menin-
goencephalitis, syphilis, or tuberculosis), vascular malfor-
mation, postirradiation damage, and head trauma. The clini-
cal features suggesting hypothalamic etiology of hypopitu-
itarism include moderate hyperprolactinemia resulting from
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FIG, 6. Mean plasma or serum levels { = standard error) of seven immunoreactive IR} hormones at
defined intervals after the administration of four hypothalamic-releasing hormones in 26 normal
subjects (14 men, 12 women). *P - 0.05, ** P -2 0.01 (compared with baseline vatues). The releasing
hormones were administered as sequential 20-second intravenous infusions in the following order
and doses: ovine corticotropin-releasing hormene, 1 ug/kg; GnRH, 100 jg; human GH-releasing hor-
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Table 3. Recommended Schedule for Assaying Plasma Hormone Levels During Combined Anterior Pituitary Function
Testing (TRH, GnRH, CRF)

TIME AFTER INFUSION {MINUTES)

PLASMA/SERUM - . — TOTAL
HORMONE ASSAYED 0 10 15 30 45 60 90 ASSAYS
Corticotropin X X x X 4
Corlisol A X X 3

I-'5H X X X A

L1 b X X 3

TS X X X 3
Proluctin X X X 3

GH X A X X 4
Total assiys 7 2 3 2 4 4 1 23

Cowmmmn emdt 0



loss of prolactin-inhibiting factors, the presence of diabetes
insipidus, visual disturbances, obesity, somnolence, and psy-
chiatric disturbances. The degree of impairment of pituitary
function depends on the extent of hypothalamic or pituitary
stalk involvement.

Isolated gonadotropin deficiency as a clinical entity hosts
a number of distinct conditions. The ability to delineate the
molecular basis of gonadotropin-deficient states will proba-
bly add more specific conditions to the list.

Kallmann et al. (61) described in 1944 a rare (frequency
is about 1 in 10,000 males and 1 in 50,000 females) syn-
drome of hypogonadotropic hypogonadism associated with
anosmia that is transmitted by several modes of inheritance:
autosomal dominant with variable penetrance, autosomal re-
cessive, or X linked (62). This is currently the most common
presentation of isolated gonadotropin deficiency. The patho-
genesis of the syndrome has been clearly demonstrated in
several species, including the human fetus. GnRH neurons
of olfactory epithelial origin fail to migrate into the hypothal-
amus (63). In the male the clinical presentation ranges from
complete failure of gonadotropin secretion and sexual infan-
tilism to incomplete forms of GnRH deficiency leading to
isolated LH deficiency with normal FSH levels. In these
cases, normal spermatogenesis in the face of androgen defi-
ciency was described as the fertile eunuch syndrome. In the
female, primary amenorrhea with immature ovaries is com-
mon. Ovarian biopsy specimens from untreated women have
shown that follicular development past the primordial stage
is rare (64). As in male patients, the clinical presentation
ranges from absent secondary sex features to nearly normal
breast development (65). Other pituitary endocrine axes (eg,
prolactin, TSH, and GH) are normal (66).

Non-endocrine-associated symptoms include cleft lip,
cleft palate, cardiac abnormalities, renal aplasia, cryptorchi-
dism, skeletal anomalies, obesity, and bleeding disorders
(67). Detailed clinical and laboratory studies have been pre-
sented by Lieblich and coworkers (68). Neurologic features
that have been described in these patients include mirror
movements, cerebellar ataxia, seizures, mental retardation,
suprasellar Rathke’s pouch cyst, right cerebral hemiatrophy,
retinitis pigmentosa (69), and visual-spatial attention abnor-
malities (70). These associated abnormalities suggest that
the anatomic location of the lesion is not limited to the hypo-
thalamus and the olfactory bulbs and tracts but involves mid-
line CNS structures, including the corpus callosum and cere-
bellar vermis.

Numerous descriptions of isolated gonadotropin defi-
ciency states that are not necessarily associated with anosmia
have been published. Rabin et al (71) described a 22-year-
old patient with normal olfactory acuity and isolated FSH
deficiency. Current molecular biology technology allowed
precise diagnosis of a mutant LH molecule as a basis for a
deficient LH state with elevated serum LH, and a variant
form of LH was detected in a healthy woman with deficient
serum LH. The molecular basis of these states is discussed
later in this chapter.
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FIG. 7. Acute responses of LH and FSH to the first (left panel)
and last (right panel) injections of GnRH (25 ng/kg intrave-
nously every 2 hours for 4 days) in patients with no evidence
of GnRH secretion. (From ref. 73.)

The gonadotroph responsiveness to exogenous GnRH re-
flects the heterogenous nature of these syndromes and ranges
from complete failure of LH and FSH secretion to monohor-
monal deficiency (71) and a normal rise in LH and FSH. It
should be emphasized that patients with hypothalamic hypo-
gonadism do not respond readily to exogenous GnRH with
raised levels of gonadotropins. A prolonged pulsatile expo-
sure to GnRH is required for the gonadotrophs to recover
from endogenous GnRH deprivation. In one study, 7 days
of GnRH treatment were needed before a distinction between
a primary pituitary lesion and hypothalamic disease on the
basis of response to 250 pg GnRH was possible (72). There
is a clear correlation between the pattern of hormone re-
sponse to pulsatile GnRH therapy and the magnitude of the
underlying GnRH secretory defect (73) (Figs. 7 and 8). The
extent of GnRH neuron migrational failure determines the
degree of the endocrine deficiency. Even if LH levels in
these patients are low, a subunit is present in the serum.
Because in one study o subunit remained detectable even
after L-thyroxine blocked TSH secretion, the gonadotrophs
are a probable source of the a subunit (74). A concomitant
significant secretion of « subunit from the thyrotrophs in
euthyroid patients with hypogonadotropic hypogonadism
has been demonstrated (75). Lack of a pulsatile pattern of
secretion in these patients suggests that, although LH-3 se-
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FIG. 8. Acute responses of LH and FSH to the first (left panel)
and last (right panel) injections of GnRH (25 ng/kg intrave-
nously every 2 hours for 4 days) in patients with partial idio-
pathic gonadotropin deficiency. (From ref. 73.)

cretion is GnRH dependent, other factors besides GnRH reg-
ulate «-subunit gene expression in the gonadotrophs. The
pulsatility of a-subunit secretion is restored after administra-
tion of pulsatile GnRH. When a sensitive monoclonal assay
was used to detect LH-«, a 100% concordance between
pulses of the intact LH and the subunit was demonstrated.
The use of this assay was proposed in GnRH-deficient pa-
tients because after administration of GnRH the level of free
subunit rises more quickly and sharply than that of either
LH-B or FSH (76).

In addition to deficient GnRH secretion, patients with
idiopathic hypogonadotropic hypogonadism may have de-
fective Sertoli and Leydig cell function. In one study, when
pulsatile exogenous GnRH was administered for a period of
time sufficient to raise gonadotropin levels to the midnormal
range, inhibin and testosterone levels did not rise to the same
extent (77).

After space-occupying lesions of the pituitary hypotha-
lamic system are excluded, replacement therapy can be ad-
ministered. The distinction of isolated gonadotropin defi-
ciency from delayed puberty is not readily made in cases
where characteristic congenital anomalies are lacking. Of
the many tests offered [basal levels of testosterone, gonado-
tropin and prolactin levels, or responses to GnRH (78)], the
prolactin response to TRH was the best discriminant and

identified 9 of 10 subjects with isolated gonadotropin defi-
ciency (79). These patients had a subnormal increase in pro-
lactin after TRH. The effect of timing of replacement therapy
in puberty is controversial, but data reported recently by
Dickerman et al (80) suggest that patients achieve normal
final height irrespective of the timing of initiation of sex
hormone therapy.

When fertility becomes the main concern, exogenous
gonadotropin in a female patient can readily induce ovula-
tion. Pulsatile administration of GnRH is a successful alter-
native. Coexistence of gonadotropin deficiency and ovarian
failure, however, has been documented in a patient who
failed to respond to exogenous GnRH (10 wg GnRH per
90-minute pulse increasing over 21 days to 30 pg per pulse)
or to gonadotropins (81).

In male patients, gonadotropins will in most cases suc-
cessfully stimulate spermatogenesis. Prior androgen treat-
ment does not adversely influence this response. Initial tes-
ticular size (reflecting partial or complete gonadotropin defi-
ciency) may predict the response to hCG therapy without
additional FSH. If a patient fails to restore spermatogenesis,
however, long-term subcutaneous GnRH has been reported
to result in fertility (82—84). To test whether an initial treat-
ment with GnRH would be advantageous in these patients
because of its more physiologic action, Liu et al (85) pro-
spectively evaluated two groups of patients for 2 years. Five
patients received pulsatile GnRH in doses of 143 to 174 ng/
kg every 2 hours, and 11 were treated with hCG (2000 IU)
and human menopausal gonadotropin (HMG, 75 IU FSH
and 75 TU LH) three times a week. The groups did not differ
in the following outcome measures: testicular growth, onset
of sperm production, sperm quality, and estradiol concentra-
tion. The GnRH-treated group had lower total and free tes-
tosterone and lower FSH levels. It is therefore suggested
that GnRH is not superior to hCG and HMG as the first line
of therapy.

A related syndrome has been reported (86,87) in which
patients with cerebellar ataxia and hypogonadotropic hypo-
gonadism failed to respond with a rise in gonadotropin to
repeated stimulation with GnRH, implying that hypogonad-
ism in these patients is secondary to a defect in production
or release of gonadotropins by the pituitary itself rather than
to a hypothalamic lesion. Similarly, patients with hypo-
gonadotropic hypogonadism associated with congenital ad-
renal hypoplasia fail to respond to GnRH administration with
elevated gonadotropins, suggesting abnormal pituitary tunc-
tion (88).

Systemic Disorders and Gonadotropin
Deficiency

Severe illness can affect pituitary—hypothalamic unit func-
tion, causing a decrease in gonadotropin secretion as well
as blunted or absent response to GnRH. In severely ill post-
menopausal women, mean levels of LH and FSH are signifi-
cantly suppressed irrespective of weight loss (89). The hypo-



thalamus is involved in the neurologic process that deter-
mines mood, emotion, and behavior. It is therefore not
surprising that psychologic disturbances are expressed in al-
tered GnRH secretion and subsequent impaired gonadotro-
pin secretion. .

By abnormal secretion of GnRH resulting in altered fre-
quency and amplitude of LH pulses, emotional stress and
anxiety can cause secondary amenorrhea (90). The mecha-
nism for abnormal secretion of GnRH at the hypothalamus
level is probably unbalanced neuronal activity with in-
creased dopaminergic and B-endorphin neuronal activity re-
sulting in suppression of GnRH neuronal effect (91).

Pseudocyesis is another example of a condition in which
a psychogenic disturbance, expressed chemically at the hy-
pothalamus level, leads to an altered gonadotropin secretion
pattern. High basal levels and increased pulsatility of LH
with normal FSH levels have been reported (92). In this
condition, too, abnormal opioid dopamine activity has been
postulated as the mechanism for impaired gonadotropin se-
cretion (93).

Hypothalamic dysfunction is also postulated as the mech-
anism of decreased gonadotropin levels in anorexia nervosa
(94). Although such a dysfunction is predicted in the face
of extreme weight reduction, gonadotropin secretion abnor-
malities are found in patients of normal weight with bulimia
nervosa. This syndrome is characterized by periods of exces-
sive eating alternating with caloric restriction. When patients
with this syndrome who reported amenorrhea were studied,
a decreased LH pulsatile secretion was found associated with
increased cortisol concentrations (95).

Intensive exercise, especially in women with low body
weight, may cause amenorrhea due to abnormal GnRH se-
cretion, leading to fow levels of gonadotropins, estradiol, and
progesterone. Increased activity of 3-endorphin secretion at
the hypothalamic level is the proposed mechanism because
pituitary response to exogenous GnRH is normal (96).

Extreme changes in body weight, either weight loss or
obesity, may cause gonadotropin secretion abnormalities. In
the case of simple weight loss, the hormonal profile is similar
to that in anorexia nervosa, and GnRH dysfunction has been
implicated as the cause for a pubertal LH pulse pattern (97).
The significance of eating disorders and exercise as causes
of hypothalamic disorders is discussed in other chapters in
this book.

Renal failure may cause abnormal hypothalamus-gonado-
troph system abnormalities in male and female patients. In
men, primary testicular failure is also present because testos-
terone levels remain low after hCG administration. In addi-
tion, LH levels are inappropriately low for the testicular fail-
ure. Loss of or abnormal LH pulsatility and exaggerated LH
response to exogenous GnRH suggest a combined hypothal-
amus and pituitary dysfunction. The gonadotropin profile in
female patients is similar, showing loss of the midcycle LH
surge. In both sexes dialysis fails to restore a normal gonado-
tropin secretion pattern, but successful renal transplant often
does.
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A similar hypothalamic—pitaitary dysfunction has been
described in patients with cirrhosis, primary testicular fail-
ure, and inappropriately low levels of gonadotropins. Iron
deposition in patients with hemochromatosis may cause pi-
tuitary destruction with hypogonadotropic hypogonadism
(98). Similarly, gonadotroph iron deposition in (B-thalas-
semia patients due to multiple blood transfusions may result
in low LH and FSH levels and reduced response to GnRH.
These patients have normal basal serum cortisol, thyroxine,
and prolactin as well as normal responses of GH and TSH
to stimulation by insulin-induced hypoglycemia and TRH,
respectively, suggesting a selective destruction of the go-
nadotrophs, Once the damage is established, chelation ther-
apy fails to restore normal gonadotropin secretion.

Granulomatous diseases (sarcoidosis, histiocytosis, X and
tuberculosis) involving the hypothalamic—pituitary system
may result in hypogonadotropic hypogonadism.

Aging in healthy men is considered to cause a primary
decrease in testicular function. This conclusion is based on
decreased response to hCG, morphologic studies demon-
strating a decreased number of Leydig cells, and increased
basal immuno-LH levels. Deconvolution analysis of pulsa-
tile patterns of LH release, however, have shown that the
LH secretory burst amplitude decreases, that burst duration
and frequency increase, and that basal LH secretory rates
increase (99). It was suggested that age does not decrease
the gonadotroph sensitivity to GnRH but rather influences
the hypothalamus, causing a decrease in the amount of
GnRH released with each pulse (100).

In healthy women, early menopause is characterized by
an increase in gonadotropin levels associated with the grad-
val decline in estrogen secretion from the ovaries. A study
of 680 postmenopausal women showed that this increase
was followed by a gradual decrease of LH, FSH, and o
subunit from the age of 55 to 75 years (101). The effect is
independent of sex steroid or sex hormone—binding globulin
concentrations. Because aging has no effect on prolactin se-
cretion, a general decline in pituitary function is unlikely.
Hence a direct effect of aging on the hypothalamic—pituitary
GnRH-gonadotropin system is suggested.

MOLECULAR ENDOCRINOLOGY AND
DISORDERS OF THE GONADOTROPHS

Recent advances in molecular biology technology have
made it possible to study the structure of the gonadotropins
and the genes that regulate their synthesis and secretion.
This section provides an overview of these technologies and
describes how they have shed a new light on the molecular
basis of diseases involving the endocrine function of the
gonadotrophs.

Structure of the Gonadotropins and the Genes
Encoding Them

The two glycoprotein molecules, LH and FSH, as well as
the placentally derived chorionic gonadotropin share a com-
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mon « subunit. Their specific biologic activity is determined
by different 8 subunits. Although the  subunits share con-
siderable amino acid sequences, their specificity is mainly
determined by three-dimensional structure and by carbohy-
drate chains that are attached to specific sites. Modulation
of these segments causes attenuation of their bioactivity. For
example, desialation of hCG and FSH results in rapid in vivo
clearance (102). GnRH influences the acidity of the secreted
hormones and their bioactivity. Clearly, this nonuniformity
of molecular structure is hormonally regulated to serve a
specific biologic activity (103).

The gonadotropins are compact globular glycosylated
proteins; their molecular weights are 28,000, 29,000, and
37,000 for LH, FSH, and hCG, respectively. The a and 8
subunits of the gonadotropins are each encoded by a single
gene (104). The gene for the o subunit is located on chromo-
some 7, and that for the B subunit is on chromosome 19.
The hCG B subunit, which is synthesized by the syncytiotro-
phoblast, is encoded by several genes located also on chro-
mosome 19 (105). Although the two genes for LH and hCG
are nearly identical, they have different transcriptional start
sites, reflecting the different factors that may regulate these
genes (106,107) (Fig. 9).

The o gene contains four exons and three introns (108).
Human variants of the gene differ not in their exons but in
their intron A. The case for chorionic gonadotropin B is more
complicated because seven genes have been identified, and
only three of them can be translated into mRNA that will
yield a 3 subunit.

The GnRH receptor plays a key role in reproduction. Pul-
satile GnRH, released from the hypothalamus in low concen-
trations, is trophic to the receptor, whereas high concentra-
tions cause downregulation and diminished biologic effect.
A PCR-based strategy was used to identify the mouse GnRH

human CGRB gene

human FSHB gene

amino acid position with respect to the first
amino acid of the mature apoprotein. The
pair of horizontal arrows in the diagram
of the « gene denotes the position of the
directly repeated cyclic AMP regulatory ele-
ment (CRE). In the diagram of the FSH-B
gene, the hatched region represents the
extended 5’-untranslated region produced
by alternative splicing that occurs in 35%
of transcripts. The solid arrow indicates a
polyadenylation site utilized by 20% of the
transcripts. (From ref. 107.)

receptor cDNA (109). A functional 1.3-kb cDNA was iso-
lated that encodes a predicted 327—amino acid receptor pro-
tein demonstrating seven stretches of highly hydrophobic
amino acids. Compared with other G protein—coupled recep-
tors, the GnRH receptor has an unusual structure that is be-
lieved to serve its proposed mechanism of action. A gonado-
troph cell line (aT3-1) obtained by tumorigenesis in
transgenic mice was used for characterization of the GnRH
receptor (110). Although this cell line does not express the
{3 subunit and hence does not secrete gonadotropins, it does
express the a-subunit gene and its product. This latter
expression is GnRH inducible. Receptor activity is linked
via a G protein (Gq) and a second messenger (inositol 1,4,5-
triphosphate) associated with a rise in intracellular calcium.

Regulation of Gonadotropin Gene Expression
and Secretion

Although the o subunits secreted by gonadotrophs, thyro-
trophs, and the placenta are identical, on the molecular level
each cell demonstrates a unique DNA sequence that me-
diates selective transcription of its a-subunit gene. The se-
quence between — 500 and — 200 is important for pituitary
expression, and two regions have been found to be cell spe-
cific for gonadotroph expression: —445 to —438 and — 337
to —330 (111).

On the hormonal level, gonadotropin secretion is regu-
lated by a number of factors. Pulsatile secretion of GnRH
stimulates gonadotropin secretion in a parallel pulsatile fash-
ion. Classically, the end organ—derived sex steroids exert
negative feedback on gonadotropin secretion, but the well-
orchestrated mechanism of ovulation depends on paradoxic
positive feedback of estrogen on LH secretion. Inhibin, ac-
tivin, and follistatin are also regulatory peptides secreted by
the gonads.



Estradiol negatively regulates pituitary subunit mRNA,;
postovariectomy high levels of mRNA for the gonadotropin
subunits can be suppressed to normal levels by exogenous
estradiol replacement (112). The site on which estradiol ex-
erts its feedback is controversial. Experimental evidence
suggests that the negative effect on gonadotropin subunit
mRNA synthesis in vivo is mediated via the hypothalamus
(113,114). Estrogen was reported to increase the number of
GnRH receptors on the gonadotrophs and to angment their
gonadotropin stores (115). In contrast, other investigators
have shown, using ovariectomized rats treated with estradiol
to induce an LH surge, that GnRH concentrations increase
in the median eminence (116). In GnRH-deficient mice, es-
tradiol administration did not increase mRNA levels for LH
(117), indicating that, at least in this animal, estradiol does
not exert its effect directly on the pituitary in the absence
of GnRH. This GnRH self-priming effect of estrogen in the
human was suggested by the observation that estrogen in-
creased LH release in postmenopausal women who were
given serial injections of fixed doses of GnRH (118). With-
out this priming effect, repetitive GnRH stimuli cause recep-
tor downregulation and decreased gonadotropin release.

How and where progesterone affects the gonadotropins
is not clear. Progesterone was demonstrated to affect the
pulse frequency of LH secretion. A slower pulse frequency
is caused by progesterone during the luteal phase of the cycle
(119). Conflicting data were presented by different investi-
gators on how progesterone affects subunit mRNA, probably
reflecting the fact that its biologic effect is less pronounced
compared with that of estrogen. The direct effect of proges-
terone at the pituitary level in women was demonstrated in
patients with isolated GnRH deficiency (Kallmann’s syn-
drome) given constant-frequency GnRH pulses and exoge-
nous estradiol to keep plasma estradiol levels fixed (120).
Under these conditions, progesterone caused a significant
increase in both mean plasma LH level and LH pulse ampli-
tude. This stimulatory effect is probably not at the de novo
LH synthesis level but rather on the releasable LH pool in the
gonadotrophs. FSH levels were not affected by progesterone.

Androgens also modulate subunit mRNA levels. In the
castrated male rat, mRNA for LH subunits is significantly
increased (by up to a factor of 8), whereas mRNA for FSH
subunits is only moderately elevated (112). As expected,
testosterone replacement in these rats restores subunit
mRNA to intact levels. Testosterone, when given to male
rats in the absence of endogenous GnRH action, selectively
increases FSH-[3 concentrations.

Clearly, sex steroids play different roles in gonadotrophin
regulation in male and female rats. When castrated male rats
were given estradiol, a reduction in LH- and FSH-f but
not & mRNA was found. In the ovariectomized female rat,
testosterone reduced all three subunit mRNA, although FSH-
[ remained higher than in intact animals (121).

GnRH has the unique capability of increasing the respon-
siveness of the gonadotroph to itself. The mechanism of this
priming effect is unknown, but it is blocked by protein kinase
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C inhibitors (122) without altering initial gonadotropin re-
lease. GnRH modulates LH secretion by the gonadotrophs
by controlling LH-3 mRNA levels. Levels of LH-a mRNA
are less tightly controlled, explaining the fact that a-subunit
levels can be paradoxically high in patients treated with
GnRH agonists.

The gonadal peptides that have been characterized, in-
hibin, activin, and follistatin, have also been shown to affect
FSH secretion by regulating mRNA for FSH-3 (123). Recent
data suggest that, in addition to inhibin, another nonsteroidal
factor that is found in bovine follicular fluid can suppress
pituitary FSH secretion (124). Insulin is another hormonal
peptide that modulates gonadotropin release; in an in vitro
experiment using rat anterior pituitary cells, the addition of
insulin to the serum-free medium resulted in a significant
increase in both basal and maximal (GnRH-stimulated) re-
lease of LH and FSH (125).

The paracrine and autocrine interactions within the ante-
rior pituitary have been reviewed (126). The gonadotrophs
are involved in two paracrine systems: angiotensin II, whose
physiologic role as a paracrine factor is not clear, and activin.
Follistatin, originally discovered in ovarian follicular fluid,
is secreted in the anterior pituitary. It decreases FSH secre-
tion and gene expression and FSH response to GnRH. In
addition, follistatin serves as an activin-binding protein,
which is an alternative way of modulating FSH expression.
Other factors capable of a paracrine effect on the gonado-
trophs include interleukin-6 and endothelin, which increase
LH and FSH secretion, and galanine, which is produced
mainly by the lactotrophs and stimulates LH secretion.

Molecular Biology of Disorders of the
Gonadotrophs

Molecular biology techniques can pinpoint the exact molec-
ular expression of a disease state. Weiss et al. (127) described
an infertile man whose low testosterone and elevated LH
levels suggested primary hypogonadism. Because testoster-
one secretion in response to exogenous LH or hCG was
normal, however, a defect in the B subunit was suspected.
PCR amplification of a peripheral blood leukocyte—derived
DNA identified a single base substitution in the LH-B gene.
This mutation caused substitution of arginine for glutamine
in amino acid 54 of the LH-B subunit (Fig. 10). The mutant
LH molecule lost its ability to bind to the target organ recep-
tor (Fig. 11). The glutamine in position 54 seems to be cru-
cial because it is conserved in all 3 subunits of the glycopro-
teins (128). Although this substitution did not change its
immunoreactivity, the mutant LH was rendered biologically
inactive. This interesting example illustrates the inherent
weakness in using immunoassays as a test to reflect bioactiv-
ity. The clinical significance of the described mutation is
unclear, as is the question of measuring bioactivity of hor-
mones in certain cases. Because most cases of male infertil-
ity remain unexplained, one may speculate that at least some
of them are the result of similar mutations. Even so, it is
not known how common are such mutations as a cause of
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hypergonadotrophic hypogonadism that can be corrected
simply by hCG stimulation.

In contrast, Pettersson et al (129) described a 31-year-
old healthy woman, a mother of two children, whose serum
LH was undetectable when measured by monoclonal-based
immunometric assays. Given her regular ovulatory 28-day
menstrual cycle and previous pregnancies, clearly she had
a normal serum LH bioactivity. Interestingly, her family
analyses suggested an autosomal dominant inheritance of
a variant form of LH with normal bioactivity but minimal
immunologic activity with the antibodies that were tested.
Again, divergent bioactivity and immunoactivity should be
suspected in the face of clinically inappropriate levels of
gonadotropins.
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FIG. 10. Arrangement of the LH-B/chorionic gona-
dotropin  gene cluster on chromosome 19 and the
structure of the LH-B gene and the mutation in
codon 54 that eliminates LH ability to bind to its
receptor. There are six chorionic gonadotropin 3
genes and pseudogenes (dark arrows) and a single
LH-B gene (open arrow) in the gene cluster, which
spans approximately 52 kb. The diagram of the LH-
B gene structure also shows the strategy for PCR
amplification. The three exons are indicated by
boxes; the signal peptide sequence is black, and
the mature LHB peptide sequence is hatched. The

121 positions of the boundaries of the LH-B coding se-

i
4‘5

quence are shown above the exons. The sites of
action of the PCR primers are indicated by arrows
" (A, B, C, and D). The location of the mutation at
B amino acid 54 (substitution of arginine for gluta-
mine) is indicated. The location of an oligonucleo-
tide probe that distinguishes LH-B and chorionic
gonadotropin B sequences is denoted by a bar

above exon 3. (From ref. 127.)

Kallmann’s syndrome is probably caused by an em-
bryonal migrational defect of neurons in the CNS. The chro-
mosomal walking technique was used to detect a deleted
gene in patients with Kallmann’s syndrome (130). This gene
is responsible for synthesis of proteins involved in neural
cell adhesion and cell growth, giving a genetic explanation
for the unique pathophysiology of the syndrome.

GnRH gene structure in families with pubertal disorders
(familial central precocious puberty and idiopathic hypo-
gonadotropic hypogonadism) was studied, and structural ab-
normalities were found by means of DNA sequencing of
PCR products. The nucleotide sequence coding for the
GnRH prohormone was found to code for serine instead of
tryptophan in the — 8 position (Fig. 12). This polymorphism

FIG. 11. Receptor-binding activity of the mutant LH ex-
pressed in Chinese hamster ovary cells. Mutant LH is
undectectable in the radioreceptor assay (RRA); by ra-
dioimmunoassay (RIA) the level is elevated compared
with control. Chinese hamster ovary cells were
transfected with LH expression vectors containing the
LH-« and LH-p genes. LH activity in media from stable
cell lines expressing either the normal LH-B (control) or
the mutant LH-p (proband) gene was measured by RIA
and RRA. Values are means + standard deviations.
(From ref. 127.)



1 2 3 4
I
TCG TGG
TCG TGG
5 6
I
TCG TCG
TCG TGG
1 2 3
it o
TCG TCG TCG
TGG TCG TCG

DISORDERS OF THE PITUITARY GONADOTROPH / 1297

3 4 10 1
TCG TCG
TGG TGG

o w0
TGG TCG TGG TCG TCG
TGG TGG TGG TGG TGG

TCG
TGG

FIG. 12. Polymorphism in the nucleotide sequence in a family with familial central precocious puberty
(A) and a family with idiopathic hypogonadotropic hypogonadism (B). The nucleotide sequence at
the site of polymorphism is shown beneath the symboi for each family member. Family members
were considered homozygous at this site if the same sequence was observed in at least five separate

PCR products. (From ref. 131.)

in itself does not explain the pubertal disorders because the
GnRH molecule was intact, but it indicates that GnRH gene
abnormalities in the signal sequence may be factors in the
etiology of pubertal disorders (131).

PCR and allele-specific oligonucleotides were used to
analyze 86 pituitary tumors (of which 1 was LH-FSH secret-
ing and 33 were nonfunctioning) for the presence of muta-
tions (132). Mutations in the « subunit of the G protein
stimulating adenylate cyclase could be identified in some of
these tumors, suggesting a role for these mutations in the
pathogenesis of these tumors. Similarly, DNA from aggres-
sive hypersecretory pituitary adenomas was tested and found
to have allele loss on different chromosomes (133), suggest-

ing that loss of heterozygosity at multiple alleles may serve
as a marker for aggressive pituitary tumors.

CONCLUSION

It is expected that molecular biology techniques will have
significant ramifications in future routine clinical reproduc-
tive endocrinology practice. For example, in the investiga-
tion of infertility, and especially male infertility, the exact
diagnosis at the molecular level will be reached, enabling
us to abandon empiric treatments in favor of a more specific
approach for each indication.

MAJOR TAKE HOME POINTS

Altered gonadotropin secretion, presented as either a mono-
hormonal or multihormonal defect, usually can be traced to
anatomic and functional derangement in a given region of
the hypothalamic—pituitary axis. Excessive secretion of
gonadotropins and their subunits may occur as a result of
gonadotroph cell adenoma. This tumor appears to represent
a significant percentage of all pituitary adenomas. Because
of the morphologic and biologic similarities between null
cell (nonsecreting) adenomas and gonadotroph cell ade-
noma, it is possible that null cell adenoma is actually a var-
iant of gonadotroph adenoma.

Primary (pituitary) gonadotropin deficiency is most com-
monly a result of pituitary infarction and is usually associ-
ated with other pituitary hormone deficiencies. Secondary

(hypothalamic) gonadotropin deficiency also coincides most
of the time with other hormonal derangements. An exception
is isolated gonadotropin deficiency (Kallmann’s syndrome).
Its pathogenesis, failure of GnRH neurons to migrate into
the hypothalamus, has recently been defined.

Recent molecular biology techniques enable us to expand
our knowledge and understanding of the molecular and ge-
netic basis for several endocrine disorders affecting the nor-
mal function of the gonadotrophs. Two such newly described
clinical entities are male hypogonadism caused by LH gene
mutation and an anomalous LH variant in a healthy woman
lacking LH immunoreactivity but with normal LH bioac-
tivity.
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With respect to primary gonadotroph disorders, future devel-
opments will delineate their specific molecular pathogenesis.
This trend applies both to hypersecretion states ( gonadotroph
cell adenoma) and to deficiency disorders. Specifically, so-
matic cell mutations giving rise to adenomas will be eluci-
dated. Diverse mutations rendering the gonadotropins inac-
tive will be defined with specific reference to idiopathic in-
fertility, where normal serum LH may reflect a biologically
deficient hormone.

Medical treatment of hypogonadotropic and hypergona-
dotropic states will make use of recombinant LH and FSH,
probably with attenuated half-lives for maximal therapeutic
flexibility. Ongoing efforts will yield side effect—free and
potent GnRH antagonists that, among other indications, will
be used for treatment of gonadotroph cell adenomas.
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