embryonal carcinomas, teratomas, and choriocarcinomas may arise in
the parasellar region and produce hCG. These germ cell tumors present with precocious puberty, diabetes insipidus, visual field defects, and
thirst disorders. Many patients are GH-deficient with short stature.
PITUITARY ADENOMAS AND HYPERSECRETION SYNDROMES
Pituitary adenomas are the most common cause of pituitary hormone
hypersecretion and hyposecretion syndromes in adults. They account
for ~15% of all intracranial neoplasms and have been identified with a
population prevalence of ~80/100,000. At autopsy, up to one-quarter
of all pituitary glands harbor an unsuspected microadenoma (<10 mm
diameter). Similarly, pituitary imaging detects small clinically inapparent pituitary lesions in at least 10% of individuals.

Genetic Syndromes Associated with Pituitary Tumors Several familial syndromes are associated with pituitary tumors, and the genetic mechanisms for some of them have been unraveled (Table 403-4).
Multiple endocrine neoplasia (MEN) 1 is an autosomal dominant
syndrome characterized primarily by a genetic predisposition to parathyroid, pancreatic islet, and pituitary adenomas (Chap. 408). MEN1 is
caused by inactivating germline mutations in MENIN, a constitutively
expressed tumor-suppressor gene located on chromosome 11q13.

Table 403-3 Classification of Pituitary Adenomasa
Adenoma Cell
Origin
Lactotrope
Gonadotrope
Somatotrope
Corticotrope
Mixed growth hormone
and prolactin cell
Other plurihormonal cell
Acidophil stem cell

Hormone
Product
PRL
FSH, LH, subunits
GH
ACTH
GH, PRL

Mammosomatotrope

PRL, GH

Thyrotrope
Null cell
Oncocytoma

TSH
None
None

Any
PRL, GH

Clinical
Syndrome
Hypogonadism, galactorrhea
Silent or hypogonadism
Acromegaly/gigantism
Cushing’s disease
Acromegaly, hypogonadism,
galactorrhea
Mixed
Hypogonadism, galactorrhea,
acromegaly
Hypogonadism, galactorrhea,
acromegaly
Thyrotoxicosis
Pituitary failure
Pituitary failure

Table 403-4 Familial Pituitary Tumor Syndromes
Multiple endocrine
neoplasia 1 (MEN 1)

Gene Mutated
MEN1
(11q13)

Multiple endocrine
neoplasia 4 (MEN 4)

CDKNIB
(12p13)

Carney complex

PRKAR1A
(17q23-24)

Familial pituitary
adenomas

AIP
(11q13.3)

Hormone-secreting tumors are listed in decreasing order of frequency. All tumors may
cause local pressure effects, including visual disturbances, cranial nerve palsy, and headache.

a

Note: For abbreviations, see text.
Source: Adapted from S Melmed, in JL Jameson (ed): Principles of Molecular Medicine.
Totowa, NJ, Humana Press, 1998.
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Clinical Features
Hyperparathyroidism
Pancreatic neuroendocrine
tumors
Foregut carcinoids
Adrenal adenomas
Skin lesions
Pituitary adenomas (40%)
Hyperparathyroidism
Pituitary adenomas
Other tumors
Pituitary hyperplasia and
adenomas (10%)
Atrial myxomas
Schwannomas
Adrenal hyperplasia
Lentigines
Acromegaly/gigantism (~15%
of afflicted families)
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Pathogenesis Pituitary adenomas are benign neoplasms that arise
from one of the five anterior pituitary cell types. The clinical and biochemical phenotypes of pituitary adenomas depend on the cell type
from which they are derived. Thus, tumors arising from lactotrope
(PRL), somatotrope (GH), corticotrope (ACTH), thyrotrope (TSH), or
gonadotrope (LH, FSH) cells hypersecrete their respective hormones
(Table 403-3). Plurihormonal tumors express various combinations of
GH, PRL, TSH, ACTH, or the glycoprotein hormone α or β subunits.
They may be diagnosed by careful immunocytochemistry or may
manifest as clinical syndromes that combine features of these hormonal hypersecretory syndromes. Morphologically, these tumors may
arise from a single polysecreting cell type or include cells with mixed
function within the same tumor.
Hormonally active tumors are characterized by autonomous
hormone secretion with diminished feedback responsiveness to physiologic inhibitory pathways. Hormone production does not always correlate with tumor size. Small hormone-secreting adenomas may cause
significant clinical perturbations, whereas larger adenomas that produce less hormone may be clinically silent and remain undiagnosed (if
no central compressive effects occur). About one-third of all adenomas
are clinically nonfunctioning and produce no distinct clinical hypersecretory syndrome. Most of them arise from gonadotrope cells and
may secrete small amounts of α- and β-glycoprotein hormone subunits
or, very rarely, intact circulating gonadotropins. True pituitary carcinomas with documented extracranial metastases are exceedingly rare.
Almost all pituitary adenomas are monoclonal in origin, implying
the acquisition of one or more somatic mutations that confer a selective growth advantage. Consistent with their clonal origin, complete
surgical resection of small pituitary adenomas usually cures hormone

hypersecretion. Nevertheless, hypothalamic hormones such as GHRH 2265
and CRH also enhance mitotic activity of their respective pituitary target cells in addition to their role in pituitary hormone regulation. Thus,
patients who harbor rare abdominal or chest tumors that elaborate
ectopic GHRH or CRH may present with somatotrope or corticotrope
hyperplasia with GH or ACTH hypersecretion.
Several etiologic genetic events have been implicated in the development of pituitary tumors. The pathogenesis of sporadic forms of acromegaly has been particularly informative as a model of tumorigenesis. GHRH,
after binding to its G protein–coupled somatotrope receptor, uses cyclic
adenosine monophosphate (AMP) as a second messenger to stimulate GH
secretion and somatotrope proliferation. A subset (~35%) of GH-secreting
pituitary tumors contains sporadic mutations in Gsα (Arg 201 → Cys or
His; Gln 227 → Arg). These mutations attenuate intrinsic GTPase activity,
resulting in constitutive elevation of cyclic AMP, Pit-1 induction, and activation of cyclic AMP response element binding protein (CREB), thereby
promoting somatotrope cell proliferation and GH secretion.
Characteristic loss of heterozygosity (LOH) in various chromosomes has been documented in large or invasive macroadenomas,
suggesting the presence of putative tumor suppressor genes at these
loci in up to 20% of sporadic pituitary tumors, including GH-, PRL-,
and ACTH-producing adenomas and some nonfunctioning tumors.
Lineage-specific cell cycle disruptions with elevated levels of CDK
inhibitors are present in most of these adenomas.
Compelling evidence also favors growth factor promotion of pituitary
tumor proliferation. Basic fibroblast growth factor (bFGF) is abundant
in the pituitary and stimulates pituitary cell mitogenesis, whereas epithelial growth factor (EGF) receptor signaling induces both hormone
synthesis and cell proliferation. Other factors involved in initiation and
promotion of pituitary tumors include loss of negative-feedback inhibition (as seen with primary hypothyroidism or hypogonadism) and
estrogen-mediated or paracrine angiogenesis. Growth characteristics
and neoplastic behavior also may be influenced by several activated
oncogenes, including RAS and pituitary tumor transforming gene
(PTTG), or inactivation of growth suppressor genes, including MEG3.
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