
Mutations in the Ca2+- Sensing Receptor Gene Cause Autosomal Dominant and Sporadic

Hypoparathryoidism
The 7-transmembrane, G-protein-associated, Ca2+-sensing sary to administer an agent that lowers urine calcium excre-
receptor gene is present on chromosome 3q. Abnormalities tion (a thiazide).

in this gene have been associated with familial hypocalciuric
hypercalcemia, neonatal severe hyperparathyroidism, and Baron J, et al. Hum Mol Genet 1996;5:601-606.

autosomal dominant hypocalcemia of varying severity. Baron ---

et al have identified 3 mutations in this receptor: Gln681 His
(first extracellular loop) and Ala116Thr (amino terminal, ex-
tracellular domain) in 2 different families with autosomal
dominant hypocalcemia and Phe806Ser (sixth transmembrane
domain) in a third patient but with sporadic hypocalcemia.
Symptoms varied from muscle cramping to neonatal seizures.
All had hypercalciuria despite hypocalcemia, reflecting the
role of the Ca2+-sensing receptor in the modulation of renal
calcium excretion. The authors point out that conventional
treatment of this disorder with calcitriol with or without supple-
mental calcium may increase urinary calcium excretion. Thus,
for optimal treatment of this disorder it may also be neces-

Editor's 

comment: The reader is referred to Dr. Shenker's
al1icle, Activating Mutations in G Protein-Coupled Signaling
Pathways As a Cause of Endocrine Disease (GGH 1996;12[3]:33-38). 

These subjects are closely related. The reader also
may wish to read a comprehensive review by Pearce and Brownconcerning 

defects of the Ca2+-sensing receptor (J Clin Endo-crinol 
Metab 1996;81[6]:2030-2035).

The current repol1 is of interest because of the severity ofthe 
hypocalcemic symptoms in some of these patients. Inprevious 

subjects, hypocalcemia has been modest and thepatients 
often mildly symptomatic or asymptomatic.

Allen 

W. Root, MD

Protein Turnover During Puberty in Normal C:

Arslanian and Kalhan performed leucine turnover studies in
20 prepubertal Tanner I and 21 pubertal Tanner II through
IV nondiabetic children and adolescents. The aim of their study
was to determine whether the insulin resistance of puberty
involves protein metabolism. Leucine flux, oxidation, and
nonoxidative disposal were measured during a primed con-
stant infusion of [1_13C] leucine at baseline and during a
stepwise hyperinsulinemic (10 and 40 mU/m2/min) euglycemic
clamp. Indirect calorimetry was performed as well. Breath
samples were collected every 5 minutes for the analysis of
C13 enrichment in the expired CO2, and continuous indirect
calorimetry by ventilated hood system was used to measure
CO2 production and energy expenditure. During the hyper-
insulinemic-euglycemic periods, the glucose was clamped at
approximately 100 mg/dL, and arterial blood was sampled
every 10 to 15 minutes for determination of isotopic enrich-
ment of plasma ketoisocaproate, amino acids, and insulin.

Fasting plasma glucose and insulin concentrations were
similar in both groups, as were leucine and other branched-
chain amino acids. Whole body leucine flux, an indicator of
proteolysis, was lower in the pubertal versus prepubertal sub-
jects. Similarly, leucine oxidation was lower in pubertal than
prepubertal subjects, while non oxidative leucine disposal (an
indicator of protein synthesis) did not differ between the 2
groups. There were no gender-related differences in leucine
kinetics. Resting energy expenditure correlated positively with
leucine turnover, oxidation, and nonoxidative disposal.

IGF-1 correlated negatively with whole body leucine flux
and nonoxidative disposal. Fasting insulin correlated nega-
tively with leucine oxidation but not with leucine flux and
non oxidative leucine disposal.
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During the hyperinsulinemic-euglycemic clamp, leucine flux
was suppressed from baseline and the suppression was sig-
nificantly lower in pubertal than in nonpubertal subjects.

The authors conclude that whole body proteolysis is approxi-
mately 12% lower in pubertal adolescents compared with pre-
pubertal children, and protein oxidation is 24% lower; however,
protein synthesis is similar. They state that this is the first
study to demonstrate changes in protein turnover during
puberty compared with prepuberty. Protein turnover explained
24% of the variability in resting metabolic rate in these chil-
dren. They note that the positive correlations between rest-
ing energy expenditure and leucine kinetics support the notion
that protein turnover is a significant regulator of resting meta-
bolic rate. They also note the inverse relationship between
IGF-1levels and leucine turnover, ie, the higher the IGF-11evel
the lower the rate of proteolysis. In addition, studies with
the hyperinsulinemic clamp show that pubertal adolescents
demonstrate lower levels of proteolysis suppression.

Arslanian SA, Kalhan SC. Am J Physiol1996;270:E79-E84.

Editor's comment: This is an important and carefully conducted
study that significantly advances the understanding of some
factors associated with growth during adolescence. The data
suggest that (1) puberty is characterized by reduced protein
breakdown; (2) pubertal elevations in IGF-1 may playa role
in suppressing postabsorptive proteolysis; (3) approximately
20% of resting energy expenditure can be attributed to pro-
tein turnover; and (4) during puberty, whole body proteoly-
sis is resistant to suppression by insulin. They carefully point
out how their data differ from those collected by others.



Importantly, the authors point out that this study was done
in the postabsorptive state and, therefore, conclusions with
regard to postprandial metabolism cannot be extrapolated from
their data. It is hoped that such data will be forthcoming,
although such studies are significantly more complex to perform
and their data are significantly more complex to analyze.

Arslanian and Kalhan have substantially increased our knowl-
edge with regard to the events that contribute to growth during
adolescence.

William L. Clarke, MD

Morphogenesis and Tumors "Patched" Togeth

Discoveries related to rare genetic syndromes also may provide
insight into common diseases. A case in point is the recent
delineation of the molecular defect in Gorlin syndrome, or
nevoid basal cell carcinoma syndrome (NBCCS). A predis-
position to basal cell carcinoma, medulloblastoma, and ovarian
fibroma occurs in this autosomal dominant condition, as do
diverse malformations involving the ribs, craniofacial struc-
tures, digits, and spine. Many of these manifestations reflect
localized overgrowth. The underlying defect turns out to be
in a gene called patched (PTC), which was studied first in fruit
flies as an important developmental control gene. A similar
defect may be involved in the most common human cancer,
basal cell carcinoma of the skin.

Two teams connected NBCCS to PTC. Johnson et ar started
with their work on the fly gene. When they cloned and mapped
human fTC, they discovered that it resided very close to or where
NBCCS had been mapped. Subsequent analysis in 2 families
with NBCCS revealed PTC mutations. One was a 9-bp inser-
tion; the other was an 11-bp deletion. They also found a point
mutation in a basal cell carcinoma not associated with NBCCS.

Hahn and colleagues2 used positional cloning to identify
PTC as the NBCCS gene. Mutations predicted to inactivate
PTC were found in 6 unrelated NBCCS patients and in tu-
mors from 2 non-NBCCS patients.

Both papers,1,2 as well as related editorials,3,4 discussed the
PTC gene product's normal function and its possible role in
the pathogenesis of NBCCS and sporadic basal cell carcinoma.
In flies, and presumably in humans, PTC encodes a trans-
membrane glycoprotein that acts as an antagonist in the
Hedgehog signaling pathway; it influences the effects of a
number of growth factors and morphogens, such as mem-
bers of the transforming growth factor-~ and BMP families,
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on early embryologic development. Given the inactivating
nature of the mutations and the occurrence of tumors in
NBCCS, PTC must also function as a tumor suppressor gene.

Hahn et al2 and Shil03 speculated that 3 sets of features in
NBCCS can be explained by a 2-step mechanism. The first
step is the inherited mutation that causes constitutional loss
of function at one PTC allele, haploinsufficiency; the second
step is a sporadic mutation that leads to loss of function at
the second allele. They postulated that symmetrical defects,
such as craniofacial and overgrowth defects, result from dis-
ruption of dosage-sensitive pathways involving PTC during
early development. Manifestations that are found in random
clusters, ie, rib and spine malformations, may reflect sporadic
mutations at the second allele in progenitor cells that con-
tribute populations of cells to relevant tissues. Such tissues
would be mosaic with regard to PTC alleles. Finally, loss of
function at the second allele in adulthood leads to basal cell
carcinoma and other tumors.

1. Johnson RL, et al. Science 1996; 272:1668-1671.
2. Hahn H, et al. Cell 1996; 85:841-851.
3. Shilo B-Z. Nature 1996; 382:115-116.
4. Pennisi E. Science 1996; 272:1583-1584.

Editor's comment: The authors of all of these reports acknowl-
edge that precisely how PTC acts to influence the Hedgehog
signaling pathway and how this pathway works in humans
is poorly understood. Nevertheless, it seems clear that PTC
influences the proliferation and perhaps survival of cells during
development, growth, and carcinogenesis given the clinical
manifestations of NBCCS.

William A. Horton MD


