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Type of Endocrine Disorder
Hyperfunction
Neoplastic
Benign
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Malignant
Ectopic
Multiple endocrine neoplasia (MEN)
Autoimmune
Iatrogenic
Infectious/inflammatory
Activating receptor mutations
Hypofunction
Autoimmune
Iatrogenic
Infectious/inflammatory
Hormone mutations
Enzyme defects
Developmental defects
Nutritional/vitamin deficiency
Hemorrhage/infarction
Hormone Resistance
Receptor mutations
Membrane
Nuclear
Signaling pathway mutations
Postreceptor

Examples

Pituitary adenomas, hyperparathyroidism, autonomous thyroid or adrenal nodules,
pheochromocytoma
Adrenal cancer, medullary thyroid cancer, carcinoid
Ectopic ACTH, SIADH secretion
MEN 1, MEN 2
Graves’ disease
Cushing’s syndrome, hypoglycemia
Subacute thyroiditis
LH, TSH, Ca2+, PTH receptors, Gsα
Hashimoto’s thyroiditis, type 1 diabetes mellitus, Addison’s disease, polyglandular failure
Radiation-induced hypopituitarism, hypothyroidism, surgical
Adrenal insufficiency, hypothalamic sarcoidosis
GH, LHβ, FSHβ, vasopressin
21-Hydroxylase deficiency
Kallmann syndrome, Turner’s syndrome, transcription factors
Vitamin D deficiency, iodine deficiency
Sheehan’s syndrome, adrenal insufficiency

GH, vasopressin, LH, FSH, ACTH, GnRH, GHRH, PTH, leptin, Ca2+
AR, TR, VDR, ER, GR, PPARγ
Albright’s hereditary osteodystrophy
Type 2 diabetes mellitus, leptin resistance

Abbreviations: ACTH, adrenocorticotropic hormone; AR, androgen receptor; ER, estrogen receptor; FSH, follicle-stimulating hormone; GHRH, growth hormone–releasing hormone;
GnRH, gonadotropin-releasing hormone; GR, glucocorticoid receptor; LH, luteinizing hormone; PPAR, peroxisome proliferator activated receptor; PTH, parathyroid hormone; SIADH, syndrome of inappropriate antidiuretic hormone; TR, thyroid hormone receptor; TSH, thyroid-stimulating hormone; VDR, vitamin D receptor.
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leads to loss of function of the normal MEN1 gene (through deletion
or point mutations).
In contrast to inactivation of a tumor-suppressor gene, as occurs
in MEN 1 and most other inherited cancer syndromes, MEN 2 is
caused by activating mutations in a single allele. In this case, activating mutations of the RET protooncogene, which encodes a receptor
tyrosine kinase, leads to thyroid C cell hyperplasia in childhood
before the development of medullary thyroid carcinoma. Elucidation
of this pathogenic mechanism has allowed early genetic screening for
RET mutations in individuals at risk for MEN 2, permitting identification of those who may benefit from prophylactic thyroidectomy
and biochemical screening for pheochromocytoma and hyperparathyroidism.
Mutations that activate hormone receptor signaling have been
identified in several GPCRs. For example, activating mutations of the
luteinizing hormone (LH) receptor cause a dominantly transmitted
form of male-limited precocious puberty, reflecting premature stimulation of testosterone synthesis in Leydig cells (Chap. 411). Activating
mutations in these GPCRs are located predominantly in the transmembrane domains and induce receptor coupling to Gsα even in the
absence of hormone. Consequently, adenylate cyclase is activated, and
cyclic adenosine monophosphate (AMP) levels increase in a manner
that mimics hormone action. A similar phenomenon results from activating mutations in Gsα. When these mutations occur early in development, they cause McCune-Albright syndrome. When they occur only
in somatotropes, the activating Gsα mutations cause GH-secreting
tumors and acromegaly (Chap. 403).
In autoimmune Graves’ disease, antibody interactions with the
thyroid-stimulating hormone (TSH) receptor mimic TSH action,
leading to hormone overproduction (Chap. 405). Analogous to the
effects of activating mutations of the TSH receptor, these stimulating autoantibodies induce conformational changes that release the
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receptor from a constrained state, thereby triggering receptor coupling to G proteins.
CAUSES OF HORMONE DEFICIENCY
Most examples of hormone deficiency states can be attributed to glandular destruction caused by autoimmunity, surgery, infection, inflammation, infarction, hemorrhage, or tumor infiltration (Table 399-1).
Autoimmune damage to the thyroid gland (Hashimoto’s thyroiditis)
and pancreatic islet β cells (type 1 diabetes mellitus) is a prevalent
cause of endocrine disease. Mutations in a number of hormones, hormone receptors, transcription factors, enzymes, and channels can also
lead to hormone deficiencies.
HORMONE RESISTANCE
Most severe hormone resistance syndromes are due to inherited
defects in membrane receptors, nuclear receptors, or the pathways
that transduce receptor signals. These disorders are characterized by
defective hormone action despite the presence of increased hormone
levels. In complete androgen resistance, for example, mutations in
the androgen receptor result in a female phenotypic appearance
in genetic (XY) males, even though LH and testosterone levels are
increased (Chap. 408). In addition to these relatively rare genetic
disorders, more common acquired forms of functional hormone
resistance include insulin resistance in type 2 diabetes mellitus, leptin
resistance in obesity, and GH resistance in catabolic states. The pathogenesis of functional resistance involves receptor downregulation and
postreceptor desensitization of signaling pathways; functional forms
of resistance are generally reversible.
CLINICAL EVALUATION OF ENDOCRINE DISORDERS
Because most glands are relatively inaccessible, the physical examination usually focuses on the manifestations of hormone excess or

2/9/15 6:51 PM

