TABLE 408-5 HPT-JT Screening Guidelines
Tumora
Parathyroid
Ossifying jaw fibroma
Renal
Uterine

Test
Serum Ca, PTH
Panoramic jaw x-ray with neck
shieldingc
Abdominal MRIc,d
Ultrasound (transvaginal or
transabdominal) and additional
imaging ± D&C if indicatede

Frequencyb
6–12 months
5 years
5 years
Annual

Screening for most common HPT-JT–associated tumors is considered. Assessment for
other reported tumor types may be indicated (e.g., pancreatic, thyroid, testicular
tumors). bFrequency of repeating test after baseline tests performed. cX-rays and imaging
involving ionizing radiation should ideally be avoided to minimize risk of generating subsequent mutations. dUltrasound scan recommended if MRI unavailable. eSuch selective
pelvic imaging should be considered after obtaining a detailed menstrual history.
a

Abbreviations: Ca, calcium; D&C, dilatation and curettage; HPT-JT, hyperparathyroidismjaw tumor syndrome; MRI, magnetic resonance imaging; PTH, parathyroid hormone.
Source: Reproduced from PJ Newey et al: Hum Mutat 31:295, 2010.

Genetics and Screening The VHL gene, which is located on chromosome 3p26-p25, is widely expressed in human tissues and
encodes a 213–amino acid protein (pVHL) (Table 408-2). A
wide variety of germline VHL mutations have been identified. VHL
acts as a tumor-suppressor gene. A correlation appears to exist
between the type of mutation and the clinical phenotype; large deletions and protein-truncating mutations are associated with a low incidence of pheochromocytomas, whereas some missense mutations in
VHL patients are associated with pheochromocytoma (referred to as
VHL type 2C). Other missense mutations may be associated with
hemangioblastomas and RCC but not pheochromocytoma (referred to
as VHL type 1), whereas distinct missense mutations are associated
with hemangioblastomas, RCC, and pheochromocytoma (VHL type
2B). VHL type 2A, which refers to the occurrence of hemangioblastomas and pheochromocytoma without RCC, is associated with rare
missense mutations. The basis for these complex genotype-phenotype
relationships remains to be elucidated. One major function of pVHL,
which is also referred to as elongin, is to downregulate the expression
of vascular endothelial growth factor (VEGF) and other hypoxiainducible mRNAs. Thus, pVHL, in complex with other proteins, regulates the expression of hypoxia-inducible factors (HIF-1 and HIF-2)
such that loss of functional pVHL leads to a stabilization of the HIF
protein complexes, resulting in VEGF overexpression and tumor
angiogenesis. Screening for the development of pheochromocytomas
and pancreatic islet cell tumors is as described earlier for MEN 2 and
MEN 1, respectively (Tables 408-3 and 408-4).
NEUROFIBROMATOSIS
Clinical Manifestations Neurofibromatosis type 1 (NF1), which is also
referred to as von Recklinghausen’s disease, is an autosomal dominant
disorder characterized by the following manifestations: neurologic
(e.g., peripheral and spinal neurofibromas); ophthalmologic (e.g., optic
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Genetics and Screening The NF1 gene, which is located on chromosome 17q11.2 and acts as a tumor suppressor, consists of 60
exons that span more than 350 kb of genomic DNA (Table 408-2).
Mutations in NF1 are of diverse types and are scattered throughout the
exons. The NF1 gene product is the protein neurofibromin, which has
homologies to the p120GAP (GTPase activating protein) and acts on
p21ras by converting the active GTP bound form to its inactive GDP
form. Mutations of NF1 impair this downregulation of the p21ras signaling pathways, which in turn results in abnormal cell proliferation.
Screening for the development of pheochromocytomas and carcinoid
tumors is as described earlier for MEN 2 and MEN 1, respectively
(Tables 408-3 and 408-4).
CARNEY COMPLEX
Clinical Manifestations Carney complex (CNC) is an autosomal dominant disorder characterized by spotty skin pigmentation (usually of
the face, labia, and conjunctiva), myxomas (usually of the eyelids and
heart, but also the tongue, palate, breast, and skin), psammomatous
melanotic schwannomas (usually of the sympathetic nerve chain and
upper gastrointestinal tract), and endocrine tumors that involve the
adrenals, Sertoli cells, somatotropes, thyroid, and ovary. Cushing’s
syndrome, the result of primary pigmented nodular adrenal disease
(PPNAD), is the most common endocrine manifestation of CNC and
may occur in one-third of patients. Patients with CNC and Cushing’s
syndrome often have an atypical appearance by being thin (as opposed
to having truncal obesity). In addition, they may have short stature,
muscle and skin wasting, and osteoporosis. These patients often have
levels of urinary free cortisol that are normal or increased only marginally. Cortisol production may fluctuate periodically with days or weeks
of hypercortisolism; this pattern is referred to as “periodic Cushing’s
syndrome.” Patients with Cushing’s syndrome usually have loss of the
circadian rhythm of cortisol production. Acromegaly, the result of a
somatotrope tumor, affects ~10% of patients with CNC. Testicular
tumors may also occur in one-third of patients with CNC. These may
either be large-cell calcifying Sertoli cell tumors, adrenocortical rests,
or Leydig cell tumors. The Sertoli cell tumors occasionally may be
estrogen-secreting and lead to precocious puberty or gynecomastia.
Some patients with CNC have been reported to develop thyroid follicular tumors, ovarian cysts, or breast duct adenomas.
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by compressing adjacent structures and/or increasing intracranial
pressure. In the CNS, the cerebellum and spinal cord are the most
frequently involved sites. The renal abnormalities consist of cysts and
carcinomas, and the lifetime risk of a renal cell carcinoma (RCC) in
VHL is 70%. The endocrine tumors in VHL consist of pheochromocytomas and pancreatic islet cell tumors. The clinical presentation
of pheochromocytoma in VHL disease is similar to that in sporadic
cases, except there is a higher frequency of bilateral or multiple tumors,
which may involve extra-adrenal sites in VHL disease. The most frequent pancreatic lesions in VHL are multiple cyst-adenomas, which
rarely cause clinical disease. However, nonsecreting pancreatic islet
cell tumors occur in <10% of VHL patients, who are usually asymptomatic. The pancreatic tumors in these patients are often detected
by regular screening using abdominal imaging. Pheochromocytomas
should be investigated and treated as described earlier for MEN 2. The
pancreatic islet cell tumors frequently become malignant, and early
surgery is recommended.

gliomas and iris hamartomas such as Lisch nodules); dermatologic 2343
(e.g., café au lait macules); skeletal (e.g., scoliosis, macrocephaly, short
stature, and pseudoarthrosis); vascular (e.g., stenoses of renal and intracranial arteries); and endocrine (e.g., pheochromocytoma, carcinoid
tumors, and precocious puberty). Neurofibromatosis type 2 (NF2)
is also an autosomal dominant disorder but is characterized by the
development of bilateral vestibular schwannomas (acoustic neuromas)
that lead to deafness, tinnitus, or vertigo. Some patients with NF2 also
develop meningiomas, spinal schwannomas, peripheral nerve neurofibromas, and café au lait macules. Endocrine abnormalities are not
found in NF2 and are associated solely with NF1. Pheochromocytomas,
carcinoid tumors, and precocious puberty occur in about 1% of patients
with NF1, and growth hormone deficiency has been also reported. The
features of pheochromocytomas in NF1 are similar to those in nonNF1 patients, with 90% of tumors being located within the adrenal
medulla and the remaining 10% at an extra-adrenal location, which
often involves the para-aortic region. Primary carcinoid tumors are
often periampullary and may also occur in the ileum but rarely in the
pancreas, thyroid, or lungs. Hepatic metastases are associated with
symptoms of the carcinoid syndrome, which include flushing, diarrhea,
bronchoconstriction, and tricuspid valve disease. Precocious puberty is
usually associated with the extension of an optic glioma into the hypothalamus with resultant early activation of gonadotropin-releasing hormone secretion. Growth hormone deficiency has also been observed in
some NF1 patients, who may or may not have optic chiasmal gliomas,
but it is important to note that short stature is frequent in the absence
of growth hormone deficiency in patients with NF1. The investigation
and treatment for tumors are similar to those undertaken for each
respective tumor type in non-NF1 patients.
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