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ABSTRACT

pituitary-specific transcription factor Pit-l/GHF-1 is responsible for pituitary development and expression of
somatotrophs and lactotrophs as well as hormonal regulation of the prolactin (PRL) and thyrotropin (TSH) ß
genes by thyrotropin-releasing hormone (TRH) and cyclic adenosine monophosphate (cAMP). Pit-1 gene mutations result in complete growth hormone (GH) and PRL deficiencies and variable degrees of TSH deficiency, producing the clinical syndrome of combined pituitary hormone deficiency (CPHD). Several cases of mutations in
the Pit-1 gene have been reported; the most common one is a sporadic mutation altering an arginine (R) to a
tryptophan (W) in codon 271, in one alíele of the Pit-1 gene. We describe a case of a 38-year-old woman, born
to consanguineous parents, presenting with growth failure and hypothyroidism. Growth failure was noted from
early infancy, whereas hypothyroidism was only apparent from adolescence. She had almost undetectable GH
and PRL levels and an inappropriate low TSH for very low triiodothyronine (T3) and thyroxine (T4) levels, while
the remaining pituitary evaluation was normal. The pituitary gland was hypoplastic by magnetic resonance imaging. A point mutation in exon 6, monoallelic, causing a C to T substitution that changes amino acid 271 from
Arg (R) to Trp (W) was identified. Children with Pit 1 mutations and delayed onset of hypothyroidism may be
initially diagnosed as isolated GH deficiency.
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thyroidstimulating hormone-ß (TSH/3) genes. It plays a major role
in differentiation, proliferation and hormonal production
of somatotrophs and lactotrophs (1-5). During development, Pit-1 gene expression precedes GH and PRL gene

expression in these cells (2). Pit-1 is important for hormonal regulation of the TSH ß gene by thyrotropin-releasing hormone (TRH) and cyclic adenosine monophosphate (cAMP) (6,7) but it is not limiting for cell-specific
expression of this gene in thyrotrophs (8). Moreover, a thy-

rotroph-specific

variant of Pit-1

TSH/3 promoter stimulation (9).

and 5 introns (11,12). The protein contains 291 amino
acids and comprises three main functional domains: POUhomeo, POU-specific, and transactivation domains (3-5).
Human Pit-1 mutations leading to a syndrome of combined
pituitary hormone deficiency (CPHD) have been described,
including dwarfism due to complete GH deficiency, PR, deficiency, and variable degrees of TSH deficiency (13-23).
We describe the case of a 38-year-old woman with
CPHD, in whom analysis of the Pit-1 gene revealed a point
mutation in codon 271. The delayed onset of hypothyroidism in patients with such mutations suggest that some
individuals initially identified as isolated GH deficiency
may have Pit-1 gene mutations.
ons

(Pit-1 T) is required for

Mutations of the Pit-1 gene have been found in dwarf
mouse strains displaying hypoplasia of GH, PRL, and TSHsecreting cells, demonstrating the importance of Pit-1 for anterior pituitary development (10). In humans, the Pit-1 gene
locus is assigned to chromosome 3p, and it contains 6 ex-

MATERIALS AND METHODS

Endocrinólogical and neuroradiological investigations
GH was measured by immunoradiometric assay (Bioclone Australia Pty Ltd, Marrickville, Australia), with intra- and interassay coefficients of variation of 1.4% and
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at 5 mIU/L. The sensitivity of the as0.2
mUI/mL (mlU/mL X 0.5 ng/mL).
than
less
say
IGF-I (Insulin-Like Growth Factor-I) and IGFBP-3 (InsulinLike Growth Factor Binding Protein-3) were measured by
radioimmunoassay. TSH was measured by immunoradiometric assay (magnetic solid phase; MAIAclone kit, Rome,
Italy), with intra-assay coefficient of variation of 3.1% at
1.16 pAU/mL, and interassay coefficient of variation of
3.2% at 1.13 /ulU/mL. The detection limit of the assay was
between 0.02 and 0.04 pAU/mL (/xIU/mL mIU/L). Total
thyroxine (T4) was measured by solid-phase radioimmunoassay (Coat-A-Count kit, Los Angeles, CA), with intra-assay coefficient of variation of 3.8% at 2.4 /u-g/dL, and
interassay coefficient of variation of 14.5% at 2.3 ¿ig/dL
(/Ag/dL X 12.87 nmol/L). Total triiodothyronine (T3)
was measured by solid-phase radioimmunoassay (Coat-ACount kit), with intra-assay coefficient of variation of
8.9% at 56 ng/dL, and interassay coefficient of variation
of 10.0% at 59 ng/dL (ng/dL X 0.01536 nmol/L). PRL
was measured by IRMA (magnetic solid phase; MAIAclone), with intra-assay coefficient of variation of 3.2% at
6.2 ng/mL, and interassay coefficient of variation of 6.0%
at 6.7 ng/mL. The detection limit of the assay was 0.3
ng/mL (ng/mL pgIL). Luteinizing hormone (LH) was
measured by IRMA (magnetic solid phase; MAIAclone kit),
with intra-assay coefficient of variation of 10% at 1.1
mlU/mL, and interassay coefficient of variation of 12.5
mlU/mL at 1.2 mlU/mL (mlU/mL IU/L). Follicle-stimuling hormone (FSH) was measured by IRMA (magnetic
solid phase; MAIAclone kit), with intra-assay coefficient
of variation of 3.5% at 5.42 mlU/mL, and interassay coefficient of variation of 5.4% at 4.98 mlU/mL (mlU/mL
IU/L). Cortisol was measured by radioimmunoassay (CoatA-Coünt kit), with intra- and interassay coefficients of
variation of 2.5% and 6.3%, respectively, at 5/j.g/dL
(/u-g/dL X 27.59 nmol/L). Insulin was measured by solidphase radioimmunoassay (Coat-A-Count kit), with intraand interassay coefficients of variation of 6.0% and
10.0%, respectively, at 16 pAU/mL (pAU/mL X 7.175
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A TRH test

IU/kg, intravenously) hypo-

(200 p.g, intravenously) was performed with

of TSH and PRL.
were measured in response to luteinizing
hormone-releasing hormone (LHRH) (100 pg, intravenous, Relisorm® L, Serono, Mexico) and cortisol was determined in response to insulin-induced hypoglycemia.
An overnight dexamethasone suppression test (1 mg,
orally, at midnight) with measurement of cortisol was performed to exclude Cushing's syndrome. An oral glucose
tolerance test (glucose 75 g) with measurement of glucose
and insulin was also performed.
The sellar region was scanned by magnetic resonance
measurements

LH and FSH

imaging (MRI).

analysis of the Pit-1 gene
polymerase chain reaction (PCR)

Genomic
The

plify

exons

was

5 and 6 from the Pit-1 gene.

used

to am-

Oligonucleotide

primer pairs (16) amplified regions that included each exon

and exon-intron boundaries. The PCR products were purified using gel purification kits (Qiagen, Inc, Chatsworth,
CA). Two sequencing reactions were performed with Ap-

plied Biosystems Incorporated's Dye Terminator Taq FS
kits. The Sequencer Program (Gene Codes Corporation,
Ann Arbor, MI) was used to compare the sequencing with
the Genebank sequence.

RESULTS
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=

pmol/L).
The plasma GH response was studied with two provocative tests: clonidine stimulation (4 /u-g/kg, orally) and in-

A 38-year-old woman seen by the Endocrine Unit of the
Clinical Hospital of the Federal University of Parana since
1971, because of growth failure and hypothyroidism was
studied.
She was born to consanguineous parents of normal
stature. A normal vertex delivery at full-term gestation occurred at home, without major complications. There were
no birth records, but according to her mother, she was
rather small. Growth failure was noted from early infancy
and height was more severely affected than weight. Psy-

Table 1. Stimulation Tests
Substance assayed and
baseline reference values

Test
TRH stimulation

TSH

T4
T3
PRL

Clonidine stimulation
Insulin-induced hypoglycemia
Insulin 0.1 U/kg

Insulin 0.15

U/kg

GnRH stimulation

GH
GH
Cortisol
Glucose
GH
Cortisol
Glucose
LH
FSH

(0.43-3.8 mU/L)
(57.91-160.87 nmol/L)
(1.23-3.07 nmol/L)
(2.7-26 pgIL)
(B' < 2.5 ¿ig/L)

(/¿g/L)

(138-690 nmol/L)
(3.9-6.1 mmol/L)

(/xg/L)

(nmol/L)
(nmmol/L)
(1.8-13.4 UI/L)
(3.0-12.0 UI/L)

Time (min)
0

20

1.96
1.54
0.22
0.15
0.065

0.01
751.55
6.68
0.165
866.33
6.5
5.12
9.39

30

40

2.29

2.00

0.38

0.50
0.01

0.01
731.96
4.95
0.065
632.36
4.5
9.07
10.44

60

12.05
9.98

0.015
749.90
4.29
0.02
713.48
3.17
13.60
11.94

90

120

0.045

0.03
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chomotor development proceeded normally. Learning capacity was good. All 11 siblings have normal growth and

development.

At 11 years and 7 months she was first seen by the Pédiatrie Endocrinology Unit. Height was 88 cm (44 cm below the third percentile) and weight was 15.5 kg.
At 16 years of age, she complained of abundant and irregular menses and constipation. Menarche occurred when
she was 13 years old. Height was 111.5 cm and weight
was 32.5 kg. She had clinical features of total GH deficiency (marked frontal bossing and a retracted nasal
bridge) and hypothyroidism (infiltrated and dry skin, dry
hair). Investigation revealed central hypothyroidism and
levothyroxine (LT4) therapy was started. Follow-up and
treatment were

FIG. 1.

The patient at 37 years of age.

Large ears and a small

plethoric face, with frontal bossing, and
bridge can be noticed.

FIG. 2.

Pituitary

MRI

a

retracted nasal

irregular.

At 33 years of age, after a long period without followup, she complained of weight gain, dry skin, coldness,
memory deficits, and irregular periods. She had discontinued LT4 intake for 2 years. Height was 119 cm, weight
was 47.5 kg and body mass index (BMI) was 33 kg/m2.
She was extremely hypothyroid; total T4 was 3.86 nmol/L
(normal, 58,0 to 161,0 nmol/L), total T3 was 0.74 nmol/L
(normal, 1.23 to 3.07 nmol/L) and TSH was 0.36 mU/L
(normal, 0.43 to 3.8 mU/L). LT4 therapy was reinitiated.
At 35 years of age, a low GH level was observed, which
did not rise after a provocative test with clonidine (Table
1). At 38 years of age, PRL was measured for the first time,
with low levels of 0.21 and 0.42 pgIL on two separate occasions. LT4 therapy was interrupted and she was admitted for investigation. She had many complaints and noticeable depression. Height was 119 cm, weight was 52 kg

revealing anterior pituitary hypoplasia,

as

indicated

by

the arrowhead.
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and BMI was 36.7 kg/m2. On examination, she had skin and
hair dryness, a plethoric face and central obesity (Fig. 1). Total and low-density lipoprotein (LDL) cholesterol levels were
high (9.97 and 7.08 mmol/L, respectively) but serum triglycérides were normal. Other tests were unremarkable. The
chest x-ray was normal and the electrocardiogram showed
repolarization abnormalities on the superior anterolateral
wall. A dual-energy-x-ray absorptiometry scan revealed
50.8% of total body fat, a normal bone mineral density
(BMD) of the lumbar spine, but a decreased BMD of the
femoral neck. An MRI revealed pituitary hypoplasia (Fig. 2).
Endocrinological evaluation with insulin-induced hypoglycemia and TRH showed low baseline levels and absence
of response of GH, TSH, and PRL (Table 1). IGF-1 level was
low (0.09 U/mL, normal for age and sex 0.45 to 2.20 U/mL),
as well as IGFBP-3 level (0.20 mg/L, normal 2.28 to 5.25
mg/L). Morning cortisol levels were high (more than 700
nmol/L) (Table 1), but suppressed to 40 nmol/L with 1 mg
overnight dexamethasone. An oral glucose tolerance test did
not show glucose intolerance according to guidelines set by
the National Diabetes Data Group, but fasting insulin level
was in the upper limit of normal.
The PCR was used to amplify genomic DNA fragments
from the fifth and sixth exons of the Pit-1 gene, which encode the POU-homeo domain. Sequencing revealed a C to
T mutation of codon 271, exon 6, in one alíele of the gene,
altering the predicted amino acid from an Arg (R) to a trp

(W) (R271W) (Fig. 3).

B

267

268

269

270

DISCUSSION

The R271W mutation in the Pit-1 gene has been described in several unrelated patients of different ethnic
backgrounds (15-20). They have variable degrees of
CPHD, which may reflect age-related differences. All patients have GH deficiency and central hypothyroidism.
However, whereas the older patients have complete TSH
deficiency (15,19,20), the younger patients have detectable
TSH levels with TSH responsive to TRH stimulation
(16-18). The younger patients also have normal anterior
pituitaries on MRI (17,18), whereas the older patients have
hypoplastic pituitary glands (15,16,20). It is possible that
pituitary hypoplasia develops progressively, with Pit-1 being responsible for anterior pituitary cell survival (18). The
absence of the thyrotrophs at a later age would also explain the differences in TSH responses to TRH observed
in these patients. In the neonatal period, when the thyrotrophs are present but not under normal regulation, they
might be able to secrete normal amounts of basal TSH, but
without appropriate response to provocative stimuli. Later
in life, when the thyrotrophs have atrophieds, the TSH response would become deficient (18). In addition, during
adulthood, there is a superimposed age-related decrease in
the TSH response. Analyses of wild-type and Pit-1-defective mice have revealed that two distinct thyrotroph populations arise during development in these species. The first
cell population is independent of Pit-1. It appears on em-

271

272

273

274

Codon

CAG AGA GAA AAA CGG GTG AAA ACA
Gin Arg Glu Lys Arg Val
Lys Thr

Wild

CAG AGA GAA AAA TGG GTG AAA ACA
Gin Arg Glu Lys Trp Val Lys Thr

Mutant

Type

A: Automated DNA sequencing of the Pit-1 gene. An arrow denotes the C to T mutation (N means C/T). B: Amino
acid sequence from the 3'-end of the POU-homeodomain of Pit-1 and distal amino acids (residues 267-274) is illustrated, noting the mutation in the patient.

FIG. 3.
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bryonic day 12 in the developing pituitary and disappears
around the time of birth. The second population arises after the initial expression of Pit-1, and these thyrotrophs
persist in adulthood (24). Whether such thyrotroph cell
subpopulations also exist in humans is currently unknown.
The observation of patients bearing Pit-1 gene mutations
with delayed appearance of TSH deficiency is in agreement
with the hypothesis of the presence of two distinct thyrotroph populations in humans. In contrast to what has
been shown in rodents, the putative Pit-1-independent thyrotroph cell population could indeed remain functional several years after birth, disappearing with advancing age (21).
The patient presented in this report was investigated when
she was already 38 years old and had a hypoplastic pituitary gland and absence of TSH response to TRH, both
findings compatible with her age and the duration of Pit1

deficiency.

The Pit-1 mutation is sporadic in the majority of the cases,
occurring in one alíele of the gene. Mutant Pit-1 bearing the
R271W mutation binds normally to DNA but there is decreased transactivation of the GH or PRL promoters, consistent with the clinical findings of GH and PRL deficiencies. The mutant protein works as a dominant inhibitor of
transcription, forming dimers with the wild-type protein that
results in complexes that do not activate transcription
(15,18). TSH/3 gene, however, has a lower affinity for Pit1, and this transcription factor appears to be less important
for cell-specific expression of this gene in the anterior pituitary. The major functions of Pit-1 in the thyrotroph are to
mediate hormonal responses to TRH, acting through the
protein kinase-C pathway and to other neuropeptides acting through the protein kinase-A pathway (6,7,25). The
presence of normal basal levels of TSH, but abnormal TRHstimulated TSH secretion in patients with the R271W mutation is clinical evidence for this regulatory function (18).
In our patient, despite the fact that her parents were consanguineous, the mutation was monoallelic and her parents
and siblings were of normal stature, suggesting a sporadic
de novo mutation. Molecular studies of other members of
the family are being performed.
Pit-1 gene mutations may represent a more frequent
cause of anterior pituitary hormone deficiency than previously recognized. Often, PRL determination, which is a
clue to the diagnosis, is not done, and thyroid function
is variable, with deficiency manifesting only after GH replacement therapy or with advancing age. Therefore, in
some children with complete GH deficiency, the diagnosis may have been overlooked (21). The R271W is the
most frequent mutation found in these cases, and it has
been described in at least five unrelated cases of CPHD,
whereas the others are isolated descriptions or shared by
the same kindred (autosomal recessive inheritance) (3).
Molecular studies of Pit-1 gene, concentrating at codon
271, a "hot spot" for mutations (18), probably will elucidate many cases of CPHD and apparent isolated GH

deficiency.

ACKNOWLEDGMENTS
The authors wish to thank Dr. Gislaine Custodio Pifor laboratory assistance.

ovezan

303

REFERENCES
1. Theill LE, Karin M 1993 Transcriptional control of GH expression and anterior pituitary development. Endocr Rev
14:670-689.

2.

Mangalam HJ, Albert VR, Ingraham HA, Kapiloff M, Wilson L, Nelson C, Elsholtz H, Rosenfeld MG 1989 A pituitary
POU domain protein, PIT-1, activates both growth hormone
and prolactin promoters transcriptionally. Genes Dev

3:946-958.
3. Cohen LE, Wondisford FE, Radovick S 1996 Role of Pit-1 in
the gene expression of growth hormone, prolactin, and thyrotropin. Endocrinol Metab Clin North Am 25:523-540.
4. Pfäffle RW, Parks JS, Brown MR, Heimann G 1993 Pit-1 and
pituitary function. J Pediatr Endocrinol 6:229-233.
5. Parks JS, Pfäffle RW, Brown MR, Abdul-Latif H, Meacham
LR 1995 Growth hormone deficiency. In: Weintraub BD (ed)
Molecular Endocrinology: Basic Concepts and Clinical Correlations. Raven Press, New York, pp 473—490.
6. Steinfelder HJ, Häuser P, Nakayama Y, Radovick S, McClaskey JH, Taylor T, Weintraub BD, Wondisford FE 1991
Thyrotropin-releasing hormone regulation of human TSH ß

expression: Role of a pituitary-specific transcription factor
(Pit-l/GHF-1) and potential interaction with a thyroid hormone-inhibitory element. Proc Nati Acad Sei USA 88:3130-

3134.
7. Steinfelder

8.

HJ, Radovick S, Mroczynski MA, Hauser P, McClaskey JH, Weintraub BD, Wondisford FE 1992 Role of a
pituitary-specific transcription factor (Pit-l/GHF-1) or a
closely related protein in cAMP regulation of human thyrotropin-/S subunit gene expression. J Clin Invest 89:409^-19.
Gordon DF, Haugen BR, Sarapura VD, Nelson AR, Wood
WM, Ridgway EC 1993 Analysis of Pit-1 in regulating mouse
TSH ß promoter activity in thyrotropes. Mol Cell Endocrinol
96:75-84.

Haugen BR, Wood WM, Gordon DF, Ridgway

EC 1993 A
variant of Pit-1 transactivates the thyrotropin ß promoter. J Biol Chem 268:20818-20824.
10. Li S, Crenshaw EB 3 rd, Rawson EJ, Simmons DM, Swanson LW, Rosenfeld MG 1990 Dwarf locus mutants lacking
three pituitary cell types result from mutations in the POUdomain gene Pit-1. Nature 347:528-533.
11. Ohta K, Nobukuni Y, Mitsubuchi H, Ohta T, Tohma T,
Jinno Y, Endo F, Matsuda I 1992 Characterization of the
gene encoding human pituitary-specific transcription factor,
Pit-1. Gene 122:387-388.
12. Raskin S, Cogan JD, Summar ML, Moreno A, Krishnamani
MRS, Phillips III JA 1996 Genetic mapping of the human pituitary-specific transcriptional factor gene and its analysis in
familial panhypopituitary dwarfism. Hum Genet 98:703705.
13. Tatsumi K, Miyai K, Notomi T, Kaibe K, Amino N, Mizuno
Y, Kohno H 1992 Cretinism with combined hormone deficiency caused by a mutation in the PIT-1 gene. Nat Genet
1:56-58.
14. Pfäffle RW, DiMattia GE, Parks JS, Brown MR, Wit JM,
Jansen M, Van der Nat H, Van den Brande JL, Rosenfeld
MG, Ingraham HA 1992 Mutation of the POU-specific domain of Pit-1 and hypopituitarism without pituitary hypoplasia. Science 257:1118-1121.
15. Radovick S, Nations M, Du Y, Berg LA, Weintraub BD,
Wondisford FE 1992 A mutation in the POU-homeodomain
of Pit-1 responsible for combined pituitary hormone deficiency. Science 257:1115-1118.
16. Ohta K, Nobukuni Y, Mitsubuchi H, Fujimoto S, et al 1992
9.

thyrotrope-specific

304

17.

18.

19.

20.

21.

MARTINELI ET AL.
Mutations in the Pit-1 gene in children with combined pituitary hormone deficiency. Biochem Biophys Res Commun
189:851-855.
Okamoto N, Wada Y, Ida S, et al 1994 Monoallelic expression of normal mRNA in the Pit-1 mutation hétérozygotes
with normal phenotype and biallelic expression in the abnormal phenotype. Hum Mol Genet 3:1565-1568.
Cohen LE, Wondisford FE, Salvatoni A, Maghnie M,
Brucker-Davis F, Weintraub BD, Radovick S 1995 A "hot
spot" in the Pit-1 gene responsible for combined pituitary
hormone deficiency: clinical and molecular correlates. J Clin
Endocrinol Metab 80:679-684.
Irie Y, Tatsumi K, Kusuda S, Kawawaki H, Boyages SC, Nose
O, Ichiba Y, Katsumata N, Amino N 1995 Screening for PIT1 abnormality by PCR direct sequencing method. Thyroid
5:207-211.
de Zegher F, Pemasetti F, Vanhole C, Devlieger H, Van den
Berghe G, Martial JA 1995 The prenatal role of thyroid hormone evidenced by fetomaternal Pit-1 deficiency. J Clin Endocrinol Metab 80:3127-3130.
Pellegrini-Bouiller I, Bélicar P, Barlier A, Gunz G, Charvet JP,
Jaquet P, Brue T, Vialletes B, Enjalbert A 1996 A new mutation of the gene encoding the transcription factor Pit-1 is
responsible for combined pituitary hormone deficiency. J Clin
Endocrinol Metab 81:2790-2796.

22. Cohen LE, Wondisford FE, Radovick S 1994 A novel
mutation in the phosphorylation consensus sequence of the
Pit-1 gene in a patient with dysregulation of prolactin and
thyrotropin secretion [abstract 6]. Endocrine Society, Program and Abstracts, 76th annual meeting, Anahein, CA, p.
202.
23. Irie Y, Tatsumi K, Ogawa M, Kamijo T, Preeyasombat C,
Suprasongsing C, Amino N 1995 A novel E250X mutation
of the Pit-1 gene in a patient with combined pituitary hormone deficiency. J Endocrinol 42:351-354.
24. Lin SC, Li S, Drolet DW, Rosenfeld MG 1994 Pituitary ontogeny of the Snell dwarf mouse reveals Pit-1-independent
and Pit-1-dependent origins of the thyrotrope. Development
120:515-522.
25. Steinfelder HJ, Radovick S, Wondisford FE 1992 Hormonal
regulation of the thyrotropin beta-subunit gene by phosphorylation of the pituitary-specific transcription factor Pit-1.
Proc Nati Acad Sei USA 89:5942-5945.

Address

reprint requests
Hans

Rua

to:

Graf

Solimöes, 1184

Curitiba-Paraná

Brazil
80810-070

