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Summary

Disease characteristics. PROP]-related combined pituitary hormone deficiency (CPHD) is
associated with deficiencies of growth hormone (GH); thyroid-stimulating hormone (TSH);
the two gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone (FSH);
prolactin (PrL); and occasionally adrenocorticotrophic hormone (ACTH). Most affected
individuals are ascertained because of growth failure and failure to thrive starting in infancy
or early childhood (range: ~9 months to ~8 years). Hypothyroidism is usually mild and occurs
in later infancy and childhood. Affected individuals can have absent or delayed and incomplete
secondary sexual development with infertility. Males usually have a small penis and small
testes. Some females experience menarche, but subsequently require hormone replacement
therapy. ACTH deficiency is less common and, when present, usually occurs in adolescence
or adulthood.

Diagnosis/testing. Testing for deficient secretion of GH, TSH, LH, FSH, PrL, and ACTH
establishes the diagnosis of CPHD; PROP] is the only gene associated with PROP[-related
CPHD. Targeted mutation analysis for the common recurring deletion in which three AG
repeats are reduced to two repeats is available clinically. This mutation accounts for 55% of
familial cases of CPHD and 12% of nonfamilial cases of CPHD.

Management. GH deficiency is treated with injection of biosynthetic growth hormone from
the time of diagnosis until approximately 17 years of age or longer. TSH deficiency is treated
by thyroid hormone replacement in the form of L-thyroxine. Infants with micropenis are treated
with testosterone. Hormone replacement to induce secondary sex characteristics can be
initiated in males at 12 to 13 years with monthly injections of testosterone enanthate and in
females at 11 to 12 years with conjugated estrogens or ethinyl estradiol and later by cycling
with estrogen and progesterone. Children with untreated growth hormone deficiency receive
sex hormone replacement in lower doses at a later age. Fertility in both sexes is possible with
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administration of gonadotropins. Management of ACTH deficiency is treated with oral
hydrocortisone.

Genetic counseling. PROP]-related CPHD is inherited in an autosomal recessive manner.
At conception, the sibs of an affected individual have a 25% chance of being affected, a 50%
chance of being asymptomatic carriers, and a 25% chance of being unaffected and not carriers.
Once an at-risk sib is known to be unaffected, the chance of his/her being a carrier is 2/3.
Prenatal testing for pregnancies at 25% risk for PROP-related CPHD is possible when both
disease-causing PROP mutations are known.
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Diagnosis
Clinical Diagnosis

PROP]-related combined pituitary hormone deficiency (CPHD) is associated with deficiencies
of growth hormone (GH); thyroid-stimulating hormone (TSH); the two gonadotropins,
luteinizing hormone (LH) and follicle-stimulating hormone (FSH); prolactin (PrL); and
occasionally adrenocorticotrophic hormone (ACTH).

Affected individuals are usually ascertained because of short stature; diagnosis requires the
presence of GH deficiency and at least one other pituitary hormone deficiency (Wu 1998) and/
or identification of two PROP] mutations.

Growth hormone (GH) deficiency is suspected in children with the following features:
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Neonatal hypoglycemia
and/or

Proportionate short stature and delayed bone maturation (in the absence of an inherited
bone dysplasia or chronic disease) with the following growth patterns [Rosenfeld

1996]:

g Severe short stature with height more than three standard deviations (SD)
g below the mean for age
Py
o or
D ™ Moderate short stature with height two to three SD below the mean for age
g and growth deceleration with height velocity less than 25th percentile for

age

or

Severe growth deceleration with height velocity less than 5th percentile for
age

Thyroid-stimulating hormone (TSH) deficiency is suspected in children with growth failure,
poor weight gain, and delayed bone maturation. Infants with congenital hypothyroidism rarely
have signs in the first month of life. Signs and symptoms that may be apparent later are large
posterior fontanelle (more than one centimeter in diameter), jaundice that lasts for more than
one week after birth, macroglossia, hoarse cry, distended abdomen, umbilical hernia, and
hypotonia.
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Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) deficiency is suspected
in the following:

Newborn males with micropenis (stretched penile length less than 2.5 cm in a term
infant) without hypospadias with or without cryptorchidism

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Adolescent males with onset of puberty after age 14 years or cessation of secondary
sexual development

Adolescent females with lack of breast development or menses by age 14 years

Prolactin (PrL) deficiency is suspected in females with impaired lactation.

Adrenocorticotrophic hormone (ACTH) deficiency is suspected in children with persistent
weakness, fever, abdominal pain, anorexia, and weight loss. Signs of acute ACTH deficiency
include acute hypotension, dehydration, and shock accompanied by hyponatremia,
hyperkalemia, and hypoglycemia.

Testing concomitantly for deficiency secretion of GH, TSH, LH, FSH, PrL, and ACTH should
be done for diagnosis and management [Phillips 1995, Rimoin & Phillips 1997].

Deficiencies of all pituitary hormones may be assessed simultaneously using the triple test
(exogenous GnRH [gonadotropin-releasing hormone], TRH [thyrotropin-releasing hormone],
and insulin-induced hypoglycemia). GnRH should increase FSH and LH. TRH should increase
TSH and PrL. Hypoglycemia (with a blood sugar less than 40 mg/dL or half the baseline value)
should result in an increase in the stress hormones prolactin, growth hormone, and cortisol.

Growth hormone (GH) deficiency. Even in the appropriate clinical setting, the diagnosis of
GH deficiency remains problematic because of the difficulty in measuring physiologic GH
secretion. Provocative tests of GH secretion are widely used in the diagnosis of GH deficiency,
although they are associated with a high false-positive rate. Stimuli include exercise, arginine,
L-Dopa, clonidine, insulin, insulin-arginine, glucagon, and propranolol. A peak serum
concentration of GH greater than 7-10 ng/mL on one test rules out the diagnosis of GH
deficiency.

Confirmatory study: serum concentration of GH less than 7-10 ng/dL on two
provocative tests

Thyroid-stimulating hormone (TSH) deficiency

Low serum T4 concentration 1.0 pg/dL below normal for age with a low serum TSH
concentration (normal: 0.1 mU/L to 4.5-5.5 mU/L)

Confirmatory study: subnormal increase in serum concentration of TSH 30 minutes
after infusion of TRH

Note: All newborn screening programs for congenital hypothyroidism screen for
elevated TSH; only those programs that also use initial T4 measurements detect infants
with low TSH.

Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) deficiency

Low serum concentrations of LH, FSH, and low serum testosterone concentration in
males or low serum estradiol concentration [and/or the lack of a progestin-induced
withdrawal bleeding] in females 14 years of age or older

Confirmatory study: subnormal increase in serum concentration of LH and FSH
following infusion of GnRH in an individual 14 years of age or older

Note: No absolute cutoff values have been established.

Prolactin (PrL) deficiency

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Very low or undetectable baseline prolactin
Confirmatory study: absent response to TRH stimulation

Adrenocorticotrophic hormone (ACTH) deficiency

Low serum concentration of sodium and glucose and elevated serum concentration
of potassium in an acutely ill individual

Serum ACTH concentration that is inappropriately low in the face of a low serum
concentration of cortisol (Note: The blood for the ACTH assay needs to be collected
properly on ice and sent to the laboratory expeditiously.)

Normal renin-aldosterone axis

Confirmatory study: subnormal increase in serum ACTH concentration in response
to CRH (corticotropin releasing hormone) suggests a pituitary etiology of ACTH
deficiency. Insulin-induced hypoglycemia may also be used, but a subnormal
response could indicate a hypothalamic or a pituitary cause.

Molecular Genetic Testing

GeneReviews designates a molecular genetic test as clinically available only if the test is listed
in the GeneTests Laboratory Directory by either a US CLIA-licensed laboratory or a non-US
clinical laboratory. GeneTests does not verify laboratory-submitted information or warrant
any aspect of a laboratory's licensure or performance. Clinicians must communicate directly
with the laboratories to verify information.—ED.

Molecular Genetic Testing—Gene. PROP] is the only gene associated with PROPI-
related CPHD.
Molecular genetic testing: Clinical uses

Confirmatory diagnostic testing

Carrier testing

Prenatal diagnosis

Molecular genetic testing: Clinical method

Targeted mutation analysis. The common recurring deletion in which three AG repeats are
reduced to two repeats (301-302delAG) accounts for 55% of alleles in familial cases and 12%
of alleles in simplex cases (i.e., single occurrence in a family) of CPHD.

Sequence analysis. The mutation detection rate varies by study suggesting either bias in
ascertainment in some studies or variation in the frequency of PROPI mutations between
populations of different ethnic origins.

In several international centers (UK, India, and Poland), PROPI mutations were
identified in only 1-2% of individuals representing simplex cases of CPHD and almost
30% of familial cases [Turton et al 2005].

No PROPI mutations were identified in ten simplex cases and 12 familial cases of
CPHD in the UK [Rainbow et al 2005].

No PROPI mutations were identified in 32 unrelated CPHD probands from Austrailia
[McLennan et al 2003] or 27 children with CPHD from 26 families from the West
Midlands, UK [Rainbow et al 2005].

Table 1 summarizes molecular genetic testing for this disorder.

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Table 1. Molecular Genetic Testing of PROPI-Related Combined Pituitary Hormone Deficiency

Test Method Mutations Detected Mutation Detection Rate ! | Test Availability

Familial 55% 2

Targeted mutation analysis | 301-302delAG Simplex 0-12% 3 Clinical

Sequence analysis PROPI sequence alterations | ~0-25%

1. These rates indicate ranges
2. Familial: More than one affected family member
3. Simplex: Single occurrence in a family
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Interpretation of test results. For issues to consider in interpretation of sequence analysis
results, click here.

Genetically Related Disorders

No other phenotypes are associated with mutations in PROP].

Note: There is no evidence that individuals with isolated deficiency of gonadotropins
(hypogonadotropic hypogonadism) have mutations in PROP1 [Park et al 2004], although this
might be presumed to be a milder phenotypic variant than full CPHD.

Clinical Description

Natural History

PROPI gene mutations are associated with deficiencies of growth hormone (GH), thyroid-
stimulating hormone (TSH), gonadotropins (FSH and LH), prolactin (PrL), and
adrenocorticotrophic hormone (ACTH). The secretion of all these pituitary-derived hormones
declines gradually with age; often the order of appearance of hormone deficiency is GH, LH
and FSH, TSH, and ACTH. The degree of hormone deficiency and the age of onset of the
deficiency are variable even within the same family. In a follow up study of nine individuals
with PROPI mutations, all seven who had reached the age of puberty required steroid hormone
replacement therapy. Repeated testing of pituitary function indicated a decline over time; all
individuals developed some degree of adrenal insufficiency [Bottner et al 2004].
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Most affected children have normal birth weight and birth length and an uncomplicated
perinatal period. Growth failure and failure to thrive begin in infancy or early childhood (range:
~9 months to ~8 years). Rarely, hypothyroidism is the presenting finding [Fluck et al 1998].

NEENETET

Individuals with PROPI-related CPHD who have untreated growth hormone deficiency have
proportional short stature (i.e., less than four centimeters difference between length of arm
span and height) with proportionately small hands and feet. Height is usually profoundly
reduced, with SDS scores of more than -3.7 [Bottner et al 2004; Reynaud, Chadli-Chaieb et al
2004].

Affected individuals can have absent or delayed and incomplete secondary sexual development
with infertility.
Males usually have a small penis and small testes.

Some females experience menarche before requiring hormone replacement therapy
[Fluck et al 1998].
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Severe deficiency of GH and insulin-like growth factor 1 (IGF-1) with mild hypothyroidism
and absence of secondary sexual development result in significant growth failure. In one

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Brazilian family with eight affected individuals, adult heights ranged from -5.9 to -9.6 SD
below the mean.

Hypothyroidism is usually mild and occurs in later infancy and childhood. Since it is usually
not congenital or severe, it is not associated with mental deficiency.

It was initially thought that ACTH deficiency was uncommon and, when present, usually
occurred in adolescence or adulthood. However, longer follow-up has shown that some degree
of adrenal failure may occur in most individuals with PROPI mutations [Bottner et al 2004].

An 8° to 20° limitation of extension of the elbows that increases with age has been observed.
Facies are characterized as "immature," with a depressed nasal bridge and relative decrease in
the vertical dimensions of the face.

Obesity is uncommon in childhood and is more common in adulthood.
Hypoglycemia is not usually reported. Intelligence is normal.

On imaging studies, the pituitary may initially appear diffusely enlarged in childhood and then
reduced in size in adolescence or adulthood [Mendonca et al 1999; Riepe et al 2001; Reynaud,
Chadli-Chaieb et al 2004; Tatsumi et al 2004; Voutetakis, Argyropoulou et al 2004; Voutetakis,
Maniati-Christidi et al 2004].

The sella turcica may be normal in size or enlarged, or may appear "empty."

Genotype-Phenotype Correlations

Penetrance

Prevalence

No genotype-phenotype correlations exist.

The clinical phenotype of PROP1 deficiency is variable, even among individuals with the same
mutations. Variation is observed in the onset of pleiotropic features, the age at diagnosis, and
the severity of symptoms resulting from deficiencies of PRL, LH, FSH, GH, or TSH [Fluck et
al 1998].

Anterior pituitary function including adrenal function can deteriorate over time such that
penetrance is age dependent.

The frequency of pituitary dwarfism is estimated to be about 1/4000 in England and the US.
The proportion of individuals with pituitary dwarfism that have CPHD ranges from 43% to
63%, suggesting that the frequency of CPHD is about 1/8000.

Differential Diagnosis

For current information on availability of genetic testing for disorders included in this section,
see GeneTests Laboratory Directory. —ED.

While short stature, delayed growth velocity, and delayed skeletal maturation are all seen with
GH deficiency, none of these symptoms or signs is specific for GH deficiency. Therefore,
affected individuals should be evaluated for other, systemic diseases associated with short
stature before doing provocative tests to document GH deficiency.

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Combined Pituitary Hormone Deficiencies (CPHD)

While many individuals with pituitary dwarfism have a craniopharyngioma or other non-
genetic cause, 7% to 12% of individuals have an affected first-degree relative, suggesting that
many cases are the result of genetic factors [Phillips 1995]. Bottner et al (2004) concluded that
50% of CPHD has a genetic basis and that half of genetic cases are caused by PROP mutations.
Familial CPHD can be inherited in an autosomal recessive, autosomal dominant, or X-linked
recessive manner. To date, the genes PROP1, POUIF1 (formerly PITI), HESXI, LHX3, and
LHX4 have been associated with familial CPHD [Dattani et al 1998; Dattani 2003; Kim et al
2003; McLennan et al 2003; Reynaud, Saveanu et al 2004].
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POUIFI (formerly PITI). Mutations of the POUIFI gene causing CPHD can be inherited
in either an autosomal recessive or autosomal dominant manner. POUIF[ mutations are
associated with deficiencies of growth hormone and prolactin and variable deficiency of the 3
subunit of TSH. Of note, POUIF | is also associated with isolated growth hormone deficiency
[Dattani 2003].

Most affected individuals have normal birth weight and birth length and an uncomplicated
perinatal course. Growth hormone deficiency is usually severe and most individuals have
growth failure in early infancy.

Affected individuals have proportional short stature and distinctive facies characterized by
prominent forehead, marked midface hypoplasia with depressed nasal bridge, deep-set eyes,
and short nose with anteverted nostrils [Aarskog et al 1997]. Hypothyroidism can be congenital
or can be mild and later onset; progressive loss of TSH occurs over time.
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The pituitary usually appears hypoplastic on imaging studies.

HESXI1. HESXI is expressed in the thickened layer of oral ectoderm that gives rise to the
Rathke pouch, the primordium of the anterior pituitary. Down-regulation of HESXI coincides
with the differentiation of pituitary-specific cell types. Dattani et al (1998) found a missense
HESX] mutation (R53C) in the homozygous state in a brother and sister with septo-optic
dysplasia, agenesis of the corpus callosum, and CPHD (OMIM 182230). More recently, other
HESXI mutations have been identified, with both autosomal dominant and autosomal recessive
inheritance [Cohen et al 2003].

NEENETET

Optic nerve hypoplasia and CPHD. Benner et al (1990) reported one of the few familial
occurrences of septo-optic dysplasia: a brother and sister with bilateral optic nerve hypoplasia,
absent septum pellucidum, and partial pituitary insufficiency.

Ataxia and CPHD. Ataxia occurs in several forms of familial hypopituitarism.

Neuhauser & Opitz (1975) reported ataxia and hypogonadism in two brothers and
two sisters of a 15-member consanguineous family. The onset of cerebellar ataxia
was from 12-20 years in three sibs and 33-38 years in one. Hypogonadotropic
hypogonadism caused failure of maturation of secondary sexual characteristics and
infertility.

Bhatia et al (1993) reported an individual with spinocerebellar ataxia, hypogonadism,
and short stature with GH, LHRH, and PrL deficiencies.
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Limber et al (1989) described two families with autosomal recessive spinocerebellar
ataxia, hypogonadotropic hypogonadism, and choroidal dystrophy.

Erdem et al (1994) reported a boy, whose parents were first cousins, with cerebellar
ataxia, hypogonadotropic hypogonadism, and chorioretinopathy.

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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Abnormal sella turcica and CPHD. Ferrier & Stone (1969) described two sisters with severe
growth retardation from infancy, hypoglycemia, deficiencies of GH, TSH, and ACTH, short
stature, and very small sella turcica. Parks et al (1978) described autosomal recessive
hypopituitarism with large sella turcica. Serum concentration of GH was low and basal serum
concentration of TSH was low despite hypothyroidism.

Chromosomal abnormalities and CPHD. A variety of chromosomal anomalies have been
reported in individuals with hypopituitarism including del 18p11 [Boudailliez et al 1983], 8p-,
the balanced translocation X;18 (q22.3; q23) [Larizza et al 1993], and paracentric inversion of
the short arm of chromosome 1 [Siegel et al 1995].
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Isolated Growth Hormone Deficiency
CPHD needs to be differentiated from isolated growth hormone deficiency (IGHD).

IGHD IA and IB are caused by mutations in the GH/ gene and are inherited in an autosomal
recessive manner. In IGHD 1A, deletions, frameshifts, and nonsense mutations lead to GH
deficiency with severe growth failure; affected individuals often develop anti-GH antibodies

®) when given exogenous GH. In IGHD IB, splice site mutations are responsible for low, but
g detectable, levels of GH. Growth failure is less severe than in IGHD 1A, and individuals usually
% respond well to exogenous GH.
(0]
<. IGHD II is caused by mutations in GH/ and inherited in an autosomal dominant manner.
g Splice site or missense mutations have a dominant-negative effect. The clinical severity of
® IGHD II is variable between kindreds. Affected individuals usually respond well to exogenous
GH.
Management

Evaluations at Initial Diagnosis to Establish the Extent of Disease

Because treatment of one hormone deficiency can precipitate symptoms of another hormone
deficiencys, it is important to evaluate each individual newly diagnosed with CPHD for
deficiencies of GH, TSH, PRL, LH, FSH, and ACTH.

Evaluation of LH and FSH production is more relevant in postpubertal individuals,
particularly if sexual development is incomplete or if women display hypoestrogenic
amenorrhea.
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A total T4 assay can be used to evaluate thyroid hormone production.

A .M. cortisol can be used to evaluate adrenal hormone production.

Treatment of Manifestations

Individuals with known deficiencies

Growth hormone. GH deficiency is treated by subcutaneous injection of biosynthetic
(i.e., recombinant) GH. To obtain an optimal outcome, replacement therapy should
be started as soon as the diagnosis of GH deficiency is established. The initial dose
of recombinant GH is based on body weight, but the exact dose and the frequency of
administration vary by protocol. The dose increases with increasing body weight to
a maximum during puberty and is usually discontinued by approximately 17 years of
age [Ranke 1995, Rosen etal 1995]. Some evidence suggests that taking GH for longer
periods of time or even for life may be beneficial.
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Clinical response to exogenous GH usually depends upon the etiology and severity

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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of the GH deficiency, age of onset of growth failure, the time interval between the
onset of growth failure and the onset of GH therapy, duration of replacement therapy,
and the sex of the affected individual [Blethen et al 1997].

LH and FSH

Infants with micropenis are treated with 50 mg testosterone enanthate
intramuscularly every four weeks for a total of three to four doses.

If GH deficiency is present and if the child's growth normalizes before
adolescence, it is appropriate to begin sex steroid replacement to induce
secondary sex characteristics.

In males, this can be initiated at 12 to 13 years with monthly injections of
100 mg testosterone enanthate, gradually increasing by 50 mg every six
months to a dose of 200 to 300 mg per month.

In females, this can be initiated at 11 to 12 years with conjugated estrogens
or ethinyl estradiol, eventually cycling with estrogen and progesterone.

¢ Ifthe child has untreated growth hormone deficiency, the sex
hormone replacement is given in lower doses and started at a
later age to ensure maximal growth before epiphyseal closure.

¢ Usually sex steroids are used to maintain secondary sex
characteristics.

¢ Fertility in both females and males is possible with
administration of gonadotropins [Voutetakis, Sertedaki et al
2004].

TSH. TSH deficiency is treated by thyroid hormone replacement in the form of L-
thyroxine at a dose of approximately 1-3 pg/kg/day given orally once a day. Of note,
thyroid hormone replacement should not be initiated until adrenal function has been
assessed and adrenal insufficiency is treated if present.

ACTH. Long-term management is usually 10-15 mg/M? oral hydrocortisone per 24
hours divided into three doses.

For individuals with GH deficiency, the lowest safe dose of hydrocortisone
is used to avoid interfering with the growth response to growth hormone
therapy.

For minor stress such as fever or minor illness, the dose of hydrocortisone
is doubled or tripled until the illness has resolved.

For major stress, such as surgery or significant illness, hydrocortisone is
increased to 40 to 100 mg/M? and administered parenterally.

For individuals treated with GH, regular follow-up for potential complications,
including aggravation of pre-existing diabetes mellitus, arthralgia, edema, slipped
femoral epiphysis, premature ephyseal closure, and pseudotumor cerebri

Regular follow-up to document normal thyroid function while on thyroid hormone
replacement therapy

Although no protocols for the timing of screening have yet been established,
surveillance is appropriate for the following:

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)



EENETETS)

@)
o)
=
@
Py
)
<.
@
3
(2]

NEENETET

SMaIASYBUS5)

Page 10

LH and FSH production in postpubertal individuals, particularly if sexual
development is incomplete or if women display hypoestrogenic amenorrhea

The development of adrenal failure. Although specific guidelines have not
been established, it is probably reasonable to follow affected individuals at
least yearly or to evaluate them promptly if symptoms of deficiency occur.
Of note, in the study of Bottner et al (2004) that documented decrease of
peak serum cortisol concentration over time most individuals tested two to
four times over 3-20 years.

Testing of Relatives at Risk

If both PROPI1 mutations are identified in a proband, it is appropriate to perform molecular
genetic testing on younger sibs to identify those at risk for multiple pituitary hormone
deficiencies to enable early treatment.

For younger sibs who have not undergone molecular genetic testing, monitoring growth for
evidence of growth failure is appropriate. Of note, affected sibs usually have extreme short
stature because of thyroid and growth hormone deficiency.

Therapies Under Investigation

Other

Search ClinicalTrials.gov for access to information on clinical studies for a wide range of
diseases and conditions.

Because infertility in individuals with PROP-related CPHD is secondary to hypogonadotropic
hypogonadism, appropriate treatment consists of gonadotropin replacement rather than the use
of clomiphene citrate, which requires an intact pituitary gland.

Genetics clinics are a source of information for individuals and families regarding the natural
history, treatment, mode of inheritance, and genetic risks to other family members as well as
information about available consumer-oriented resources. See the GeneTests Clinic
Directory.

Support groups have been established for individuals and families to provide information,
support, and contact with other affected individuals. The Resources section (below) may
include disease-specific and/or umbrella support organizations.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on
the nature, inheritance, and implications of genetic disorders to help them make informed
medical and personal decisions. The following section deals with genetic risk assessment and
the use of family history and genetic testing to clarify genetic status for family members. This
section is not meant to address all personal, cultural, or ethical issues that individuals may
face or to substitute for consultation with a genetics professional. To find a genetics or prenatal
diagnosis clinic, see the GeneTests Clinic Directory.

Mode of Inheritance

PROP]-related combined pituitary hormone deficiency is inherited in an autosomal recessive
manner.

Risk to Family Members

Parents of a proband

GeneReviews: PROPI- Related Combined Pituitary Hormone Deficiency (CPHD)
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The parents of an affected child are obligate heterozygotes and, therefore, carry a
single copy of a disease-causing mutation in the PROPI gene.

Heterozygotes are asymptomatic.

Sibs of a proband

At conception, each sib of an affected individual has a 25% chance of being affected,
a 50% chance of being an asymptomatic carrier, and a 25% chance of being unaffected
and having two normal PROP] alleles.

Once an at-risk sib is known to be unaffected, the chance of his/her being a carrier is
2/3.

EENETETS)

Heterozygotes (carriers) are asymptomatic.
Offspring of a proband
Fertility is reduced in individuals with PROP[-related CPHD.

If an individual with PROPI-related CPHD were fertile, each offspring would be an
obligate heterozygote (carrier) for a disease-causing mutation in the PROPI gene.

Heterozygotes are asymptomatic.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier.

Carrier Detection
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Carrier testing is available on a clinical basis once the disease-causing PROPI mutations are
identified in the proband.

Related Genetic Counseling Issues

Family planning. The optimal time for determination of genetic risk, clarification of carrier
status, and discussion of the availability of prenatal testing is before pregnancy.

DNA banking. DNA banking is the storage of DNA (typically extracted from white blood
cells) for possible future use. Because it is likely that testing methodology and our
understanding of genes, mutations, and diseases will improve in the future, consideration
should be given to banking DNA of affected individuals. DNA banking is particularly relevant
in situations in which the sensitivity of currently available testing is less than 100%. See DNA
Banking for a list of laboratories offering this service.

NEENETET

Prenatal Testing

Prenatal diagnosis for pregnancies at increased risk is possible by analysis of DNA extracted
from fetal cells obtained by amniocentesis usually performed at about 15-18 weeks' gestation
or chorionic villus sampling (CVS) at about 10-12 weeks' gestation. Both disease-causing
alleles of an affected family member must be identified before prenatal testing can be
performed.

Requests for prenatal testing for conditions such as PROP-related combined pituitary
hormone deficiency that do not affect intellect and are associated with a good prognosis with
early treatment are not common. Differences in perspective may exist among medical
professionals and within families regarding the use of prenatal testing, particularly if the testing
is being considered for the purpose of pregnancy termination rather than early diagnosis.
Although most centers would consider decisions about prenatal testing to be the choice of the
parents, careful discussion of these issues is appropriate.
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Note: Gestational age is expressed as menstrual weeks calculated either from the first day of
the last normal menstrual period or by ultrasound measurements.

Preimplantation genetic diagnosis (PGD) may be available for families in which the disease-
causing mutations have been identified in an affected family member in a research or clinical

laboratory. For laboratories offering PGD, see .

Molecular Genetics

Information in the Molecular Genetics tables is current as of initial posting or most recent
update. —ED.
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Table A. Molecular Genetics of PROP1-Related Combined Pituitary Hormone Deficiency

Gene Symbol | Chromosomal Locus | Protein Name

PROPI 5q Homeobox protein prophet of PIT-1

Data are compiled from the following standard references: Gene symbol from HUGO; chromosomal locus, locus name, critical region,
complementation group from OMIM; protein name from Swiss-Prot.

)
g Table B. OMIM Entries for PROP1-Related Combined Pituitary Hormone Deficiency
(0]
T | 601538 ‘ PROPHET OF PIT1, PAIRED-LIKE HOMEODOMAIN TRANSCRIPTION FACTOR; PROP1
(0]
<.
g Table C. Genomic Databases for PROP1-Related Combined Pituitary Hormone Deficiency
e Gene Symbol | Entrez Gene HGMD
PROPI 5626 (MIM No. 601538) | PROP1

For a description of the genomic databases listed, click here.

Normal allelic variants: The PROP! gene contains three exons of 418, 233, and 339 bp and
spans 3.54 kb. Transcripts are 990 nucleotides long. Fourteen SNPs of undetermined frequency
are in the current NCBI SNP database, including three synonymous, three nonsynonymous,
and eight in introns.

Pathologic allelic variants:

Wu et al (1998) reported five families in which CPHD was caused by homozygosity
or compound heterozygosity for inactivating mutations of PROPI; these mutations
result in PROP1 gene products with reduced DNA-binding and transcriptional
activation ability. The other PROPI mutations reported by Wu et al (1998) were a C-
to-T transition in codon 120 that encodes an arginine to cysteine substitution and a
codon 117 C-to-G transversion that encodes a phenylalanine to isoleucine
substitution. The 301-302delAG-marker haplotypes of a closely linked DNA
polymorphism (D5S408) differed in each of the families with CPHD, who were from
different countries, suggesting that the 301-302delAG mutation is a recurring
mutation that may result from DNA slippage repair defects.
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Paracchini et al (2003) described two sibs with compound heterozygosity for R71C/
R71H in the first alpha helix of the PROPI homeodomain (no in vitro analysis was
performed). Both had GH and TSH deficiency and short stature. One sib who was
pubertal age lacked breast development.

SMaIASYBUS5)

Reynaud, Chadli-Chaieb et al (2004) described a homozygous R73Cys mutation in a
large, consanguinous kindred. All 12 individuals studied had complete GH deficiency.
Eleven of 12 had TSH deficiency and eight of ten had ACTH deficiency. Only two
females had spontancous puberty. In vitro studies revealed that the mutant protein
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had 11.5% of transactivation capacity of wild type PROPI and was unable to bind a
high-affinity DNA sequence.

Tatsumi et al (2004) reported the first instance of PROP! mutations causing CPHD
in Japanese individuals. Two sibs presenting with early-onset growth deficiency and
deficiencies of GH, TSH, PRL, and gonadotropins were homozygous for a single base
deletion in codon 53 (157delA). The protein, if translated, predicts the absence of the
DNA binding domain.

Voutetakis, Maniati-Christidi et al (2004) reported compound heterozygosity for the
GA296 deletion and a new nonsense mutation (Q83X) in a neonate with a jaundice
and congenital hypothyroidism.

EENETETS)

Voutetakis, Maniati-Christidi et al (2004) reported 15 individuals (age 2.5-45 years)
with a variety of different PROPI mutations including GA296del/GA296del (7
individuals); GA296del/A150del (2); A150dele/A150del (5) and GA296del/R73H

(1).

Reynaud et al (2005) reported three brothers with hypogonadotropic hypogonadism
as a result of homozygosity for the nonsense mutation W194X causing premature
truncation of the protein in the transactivation domain. The brothers reached normal
adult height but developed GH and TSH deficiencies after age 30 years. In vitro
studies revealed that the transactivation capacity of the protein was 34.4% of wild
type and suggested that the C-terminal end of the protein plays a role in protein-DNA
binding.
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Turton et al (2005) describe considerable phenotypic variability in siblings with
CPHD, suggesting that modifying environmental or genetic factors play a role in
phenotypic expression of disease. In addition, they report mutation 112-124del as a
possible founder mutation from the Indian subcontinent, having identified the
mutation in eight individuals from five different families.

No autosomal dominant PROP/ mutations have been reported to date. (For more information,
see Genomic Databases table above.)

Normal gene product: Homeobox protein prophet of PIT-1 has DNA-binding and
transcriptional activation ability. Expression of homeobox protein prophet of PIT-1 is required
for the ontogenesis of pituitary gonadotropes, somatotropes, lactotropes, and thyrotropes
needed for the normal production of GH, FSH, LH, PrL, and TSH. Two conserved basic regions
(B1 and B2) within the homeodomain are important for localization to the nucleus, DNA
binding, and target gene activation. Missense mutations in these two regions of PROPI result
in CPHD, indicating the importance of these conserved sequences [Guy et al 2004].

NEENETET

Abnormal gene product: Products of mutant PROP] genes have reduced DNA-binding and
transcriptional activation ability.

Resources

GeneReviews provides information about selected national organizations and resources for
the benefit of the reader. GeneReviews is not responsible for information provided by other
organizations. Information that appears in the Resources section of a GeneReview is current
as of initial posting or most recent update of the GeneReview. Search GeneTestsfor this

disorder and select LILESOUITES for the most up-to-date Resources information.—ED.

Human Growth Foundation
997 Glen Cove Avenue, Suite 5
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Glen Head, NY 11545
Phone: 800-451-6434
Fax: 516-671-4055
Email: hgfl @hgfound.org
www.hgfound.org

The MAGIC Foundation

6645 West North Avenue

Oak Park, IL 60302

Phone: 708-383-0808

Fax: 708-383-0899

Email: mary@magicfoundation.org
www.magicfoundation.org
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References

Medical Genetic Searches: A specialized PubMed search designed for clinicians that is located

on the PubMed Clinical Queries page. PubMed

Published Statements and Policies Regarding Genetic Testing

No specific guidelines regarding genetic testing for this disorder have been developed.
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