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Abstract

Context: Congenital hypopituitarism is a syndrome which is associated with single or mul-
tiple pituitary hormone deficiencies. Mutations in a number of developmental genes have been 
linked to combined pituitary hormone deficiencies, the most common being mutation in the 
pituitary homeobox protein prophet of the Pit 1 gene (PROP1). PROP1 exhibits DNA-binding 
and transcriptional activities. On magnetic resonance imaging, most patients with PROP1 
mutation have a hypoplastic pituitary gland. Occasionally, transient pituitary enlargement 
before definite involution is reported. Kallmann syndrome (KS) is a human developmental 
genetic disorder which is a clinically (isolated hypogonadotropic hypogonadism-IHH) and 
genetically heterogeneous disease. Routine neuroimaging in classical IHH is thought to be of 
limited clinical value and normal anatomy of the hypothalamic-pituitary region is often reported. 
For neither disorder are there many reports on imaging during adulthood. Nor are there any 
guidelines concerning long-term imaging follow-up in patients with developmental pituitary 
disorders. Objective: Our aim was to present unusual endocrine and imaging abnormalities 
which developed in adulthood in two patients with developmental pituitary disorders. Cases: 
We report a female with combined pituitary hormone deficiencies (GH, TSH, gonadotropin 
and ACTH), except for prolactin, as a consequence of PROP1 mutation, and a male with KS 
(anosmia and IHH) due to Kal 2 gene (fibroblast growth factor receptor 1- FGFR1) mutation, 
both of whom in adulthood presented with prolactinomas. CONCLUSION: Both patients with 
developmental gene mutations, after long-term correction of their sex steroid status, developed 
prolactinomas. Although the exact mechanism of pituitary tumorigenesis is not known, we 
speculate that sex steroids may have facilitated prolactinoma development from the prolactin 
cell pool which underwent uncontrolled proliferation in the setting of a developmental disorder.
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Introduction

A number of genes have been implicated in the 
etiology of hypopituitarism, in particular mutations 
in genes encoding for transcription factors involved in 
pituitary development (Figure 1).1,2 Several transcrip-
tion factors are involved in the early stages of pituitary 
development (SOX2, SOX3, HESX1, OTX2, LHX3, 
LHX4) and abnormalities in these processes are as-
sociated with syndrome disorders (midline defects, 
septo-optic dysplasia, agenesis of septum pellucidum 
and hypopituitarism). The expression of Prophet of 
the Pit 1 gene (PROP1) leads to the ontogenesis 
and differentiation of somatotrophs, thyrotrophs, 
lactotrophs, gonadotrophs and adrenocorticotrophs.3 
PROP1 mutations cause GH, PRL, TSH deficiency 

in addition to reduced gonadotrophins and ACTH, 
all resulting from severe reduction of the specific 
pituitary cell population.4,5 Controversy exists as to 
the timing and extent of adrenal insufficiency, while 
it remains unclear whether hypocorticism is a typical 
feature of PROP1 mutation. Published data show 
that patients with PROP1 mutation develop at least 
partial secondary adrenal insufficiency, with a gradual 
decline of the pituitary adrenal axis function which 
usually occurs at a mean age of 18 years.6,7 Thus, 
PROP1 mutation is the most common genetic cause 
of combined pituitary hormone deficiency (CPHD). 
The data regarding the pituitary size in humans with 
PROP1 inactivating mutations are not consistent. On 
imaging, in most patients with congenital hypopitui-

Figure 1. Schematic representation of the developmental cascade of genes implicated in human pituitary development with particular 
reference to pituitary cell differentiation (reproduced with permission from Kelberman D et al. Endocrine Reviews 2009; 30: 790-
829; Copyright 2009, The Endocrine Society).
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Case 1

A 28-year old female with congenital hypopi-
tuitarism due to PROP 1 mutation had combined 
pituitary hormonal deficiencies (GH, gonadotropin, 
thyrotropin and ACTH deficiencies), except for high 
levels of prolactin. She first presented to us at age 19 
because of absence of sexual development and with 
primary amenorrhea. She was born full-term follow-
ing uncomplicated pregnancy, labor and delivery and 
grew relatively well. On physical examination she 
was 166cm tall growing along the 25th percentile as 
indicated by the growth chart (Figure 2a). She was 
obese with a body mass index (BMI) 31 kg/m2. We 
diagnosed congenital hypopituitarism with CPHD 
(hyposomatotropism, hypogonadism, hypocorticism, 
hypothyroidism), except for normal prolactin levels. 
Genetic analysis confirmed a homozygous c.150delA 
mutation in exon 2 of the PROP1 gene (Pediatric 
Department, Athens University Medical School, 
Aghia Sophia Children’s Hospital, Greece and in 
the Laboratoire de Biologie Moléculaire, Hôpital 
de la Conception, Marseille, France). Pituitary MRI 
scan was reported normal. Bone mineral density at 
the lumbar spine was low, Z score was -3.3. For her 
congenital hypopituitarism she was given replacing 
regiments of hydrocortisone, L-thyroxine and gonadal 
steroids except for GH. During the following years 
she continued growing without GH replacement 
therapy, reaching a final height of 177 cm at age 22, 
outgrowing her mother’s height of 170 cm (Table 
1, Figures 2a,b; after obtaining informed consent 
from both the Ethics Committee, the patient and her 
mother). Bone mineral density improved to Z score 
equal to – 1 SD. At age 27 she experienced severe 
headache and irregular menstrual cycles while on sex 
steroid replacement therapy and her gynecologist 
requested prolactin measurement. Prolactin levels 
were high 5554 mU/l, compatible with a prolactinoma. 
Macroprolactin was excluded. On MRI (1.5 Tesla) a 
pituitary microadenoma was reported. Sex steroids 
were discontinued. Bromocriptine therapy (7.5 mg/
day) suppressed prolactin to very low levels. Due 
to bromocriptine intolerance she was switched to 
quinagolide. She did not tolerate quinagolide either. 
Prolactin levels remained high 4950 mU/l and 5200 
mU/L. Repeat MRI (3 Tesla) after two years con-
firmed the presence of pituitary microadenoma with 

tarism due to PROP1 mutation, the pituitary gland is 
hypoplastic, though occasionally transient pituitary 
enlargement is found.2,5 Voutetakis et al reported 
an enlarged pituitary gland in five out of 15 patients 
with PROP1 mutation.8 The same authors have fur-
ther shown pituitary size fluctuation in a long-term 
follow-up magnetic resonance imaging (MRI), but 
this was only until the age of 19 years.9

Recent investigations into the genetics of iso-
lated hypogonadotropic hypogonadism (IHH) have 
brought new insights and new questions. Kallman 
syndrome (KS) is a human developmental genetic 
disorder characterized by anosmia due to absent 
olfactory bulbs and IHH. KS is clinically and ge-
netically a heterogeneous disease.10 Different sets of 
genes have been implicated in KS (KAL1, FGFR1, 
FGF8, PROKR2, PROK2). Disrupted fibroblast 
growth factor receptor 1 (FGFR1) signalling has 
been linked to the etiology of 10% of patients with 
KS and this gene has been designated as the Kal-2 
gene. To date, a significant number of point muta-
tions and deletions of the FGFR1 gene found in 
KS cases have been reported.11,12 A wide spectrum 
of olfactory and reproductive phenotypes has been 
reported.12-14 Patients from the same family sharing 
an identical mutation may present with classical KS, 
isolated hypoosmia without hypogonadism and with 
normosomic IHH. IHH may not be a permanent 
disorder, as evidenced by reversal to normal activity 
of the hypothalamic-pituitary-gonadal axis after dis-
continuation of treatment.15 Routine neuroimaging in 
classical isolated gonadotropin deficiency is thought 
to be of limited clinical value and normal anatomy of 
the hypothalamic-pituitary region is often reported.16

A recently published report suggests the existence 
of a genetic overlap in KS and CPHD and septo-optic 
dysplasia.17 Mutations in genes FGFR1, FGF8 and 
PROKR2 have been found in seven patients with 
CPHD and septo-optic dysplasia. This suggests a 
genetic overlap between syndromes affecting the 
development of the anterior midline in the human 
forebrain.17 Here we report two patients with develop-
mental hypothalamic-pituitary disorders, a female with 
congenital hypopituitarism due to PROP1 mutation 
and a male with KS due to loss of function FGFR1 
mutation, both of whom in adulthood presented with 
peculiar pituitary tumors-prolactinomas.
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Figure 2. a) Growth chart of patient with congenital hypopituitarism due to PROP1 mutation (growth without growth hormone), b) 
the patient and her mother.

Figure 3. MRI scan (3 Tesla) of the sellar region of patient with congenital hypopituitarism due to PROP1 mutation who developed 
microprolactinoma with hemorrhage.



Table 1. Auxological and hormonal test results

Age (yrs) 19 21 22 27 29

Body height (cm) 166 174 177 177 177

Body weight (kg) 79 90 95 96 106

BMI (kg/m2) 31.0 30.1 30.7 31.4 36.2

Z score(L2-L4) -3.3 -1.4 -0.1 -1.0

FT4 (pmol/l) 7.5 3.6 7.4

TT4 (nmol/l) 50.0 65.2 46.0

TSH (mU/l) 0.25 3.5 0.15 0.15 1.2

Cortisol (nmol/l) 52.0 72.0 78.0 33.0 44.0

PRL (mU/l) 299 148 770 5554 5200

FSH (mU/l) 0.5 2.0 1.0 2.5 1.1

LH (mU/l) 0.2 1.0 0.8 1.0 1.4

Estradiol (pmol/l) / 17.2 / 13.6

ACTH (ng/ml) 24 12.0 13.3

IGF 1 (ng/ml) 15.0 26.0 33.5 52.0 42.0

GH peak during 
ITT (mU/l)

0.7

GH peak during
arginine+GHRH 
test (mU/l)

0.2
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history of delayed puberty and his mother had breast 
cancer. He felt well until age 38 when he developed 
headache and was treated by an ENT specialist for 
sinusitis. During the next four years he lost libido and 
pubic and axillary hair. He was cold intolerant, lost 
appetite, was tired and reported decreased muscular 
strength. Suddenly, at age 42, he experienced severe 
headache and diplopia, felt extremely unwell and 
began vomiting. Computed tomography of the brain 
(CT) revealed a large sellar mass, while pituitary MRI 
scan showed a large intra- and suprasellar mass with 
tumor apoplexy (Figure 4). The patient was referred 
to us for urgent correction of hypopituitarism. Hy-
popituitarism was confirmed except for extremely 
high levels of prolactin (40.000 mU/L; Table 2). We 
diagnosed a macroprolactinoma with apoplexy and 
hypopituitarism. Treatment with dopamine agonist 
bromocriptine (15mg/day) was initiated together with 
another hormone replacement therapy (hydrocorti-
sone and L-thyroxine). The patient clinically improved 
and prolactin levels normalized after six months of 
therapy (Table 2, Figure 5a; after obtaining informed 
consent from the Ethics Committee and the patient). 
His hypothalamo-pituitary-adrenal axis recovered, 
while hypothyroidism, hypogonadism and hyposo-
matotropism persisted. Testosterone replacement 
was then introduced. The MRI scan of the pituitary 
after six months of bromocriptine therapy showed 
shrinkage of the pituitary macroadenoma (Figure 
5b). He remains on L-thyroxine and testosterone 
replacement therapy. His younger brother with IHH 
was being treated with testosterone and appears 
healthy. Genetic analysis for hypogonadotropic hy-
pogonadism routinely performed in the laboratory 
of Dr. Tüttelmann (Institute of Human Genetics, 
Münster, Germany) revealed a novel heterozygous 
c.570G>A mutation in the fibroblast growth factor 
receptor-1 (FGFR1) gene in our patient and his 
brother (both parents died and were not tested for 
the FGFR1 mutation).

Discussion

The abovementioned two patients had develop-
mental pituitary gene mutations clinically presented 
in adulthood with hyperprolactinemia, which was 
due to the development of prolactinoma. The fe-
male patient had congenital hypopituitarism due to 

intra-tumoral hemorrhage (Figure 3). A TRH stimula-
tion test was performed at age 30 years and prolactin 
did not respond to TRH (prolactin during TRH test: 
4452, 4812 and 4579 mU/l). Clinical characteristics 
as well as auxological and hormonal measurement 
during the 10-year follow-up are shown in Table 1.

Case 2

A male patient, 42 years old, presented with severe 
headache, vomiting, diplopia, hypopituitarism and a 
large pituitary tumor with apoplexy. He was referred 
to us for urgent hormonal assessment and replacement 
prior to surgery. Unexpectedly, past medical history 
revealed that at age 22 he had been diagnosed with 
anosmic isolated hypogonadotropic hypogonadism 
KS. His prolactin level was normal. No cryptorchid-
ism and/or microphallus were reported at birth. Upon 
successful treatment with GnRH pulsatile therapy 
for two years he fathered a child at age 25 yrs. In his 
family history his younger brother also had isolated 
hypogonadotropic hypogonadism, his father had a 



Table 2. Hormonal analyses before treatment of macroprolactinoma, after 6, 12, 18 and 24 months of therapy with bromocriptine

Analysis (reference values) Before therapy

Bromocriptine therapy (15mg/d)

6 months 12 months 18 months 24 months

FT4 (7-18 ng/l) 5.3 6.0 13.8 14.4 9.2

TSH (0.5-5.0 mU/l) 1.38 0.64 0.15 0.15 0.32

Cortisol (131-642 nmol/l) 86.9 317 337 401 543

Testosterone (8.2-34.8 nmol/l) 0.08 1.2 0.75 1.0 1.2

FSH (1-9 IU/l) 2.3 0.6 2.1 3.6 1.7

LH (1-5 IU/l) 1.0 0.7 1.2 1.8 1.1

IGF-I (75-212 ng/ml) 53.5 67.5 68 107 67.3

Prolactin (90-370mU/l) 40.000 438 297 208 165
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PROP1 mutation and developed a microprolactinoma. 
The male patient had KS due to FGFR1 mutation 
and developed a macroprolactinoma with apoplexy. 
Interestingly, the sex-related difference in the size 
of prolactinomas in our two patients was similar to 
sporadic prolactinomas in adults, in whom females 
present more frequently with microprolactinomas, 
whereas in males macroprolactinomas are much 
more frequent.18

The case of our female patient with congenital 
hypopituitarism due to PROP1 is unusual for two rea-
sons. First, despite severe growth hormone deficiency 

caused by mutation of transcriptional factor PROP1, 
our patient achieved normal final height (177 cm) and 
even outgrew her mother. We and others have previ-
ously suggested that other factors may be involved in 
growth, such as insulin, leptin, ghrelin, all of which 
were elevated in our patient who was obese.19,20 Lazar 
et al described the growth pattern and final height of 
five patients with idiopathic CPHD who maintained 
normal growth despite persistent GH deficiency 
throughout the growth period.21 These patients did 
not have hyperprolactinemia or hyperinsulinism. 
Other GH dependent metabolic parameters in our 

Figure 4. MRI scan of the sellar region of patient with Kallmann syndrome due to FGFR1 gene mutation who developed macrop-
rolactinoma with apoplexy.
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patient were affected by the lack of GH action. She 
had increased adipose tissue mass, central obesity 
and decreased bone mineral density. Similarly, there 
are reports of the dissociation between the growth-
promoting and metabolic effects of GH in patients with 
“growth without GH” syndrome.22 We hypothesize 
that our inability to replace her lacking endogenous 
estrogens during development resulted in delayed 
epiphyseal fusion, thus facilitating height gain well 
into adulthood. This is also the case in patients with 
aromatase deficiency in whom the epiphyseal plate 
fails to fuse with growth persisting into adulthood.23 
Normal height in a PROP1 gene mutation patient 
with combined pituitary hormone deficiency is rare 
but has been reported.24,25 Growth without growth 
hormone is a well-described phenomenon in a num-
ber of conditions, which is due to pathology in the 
hypothalamo-pituitary region, such as in hypothalamic 
tumors and craniopharyngioma and in patients with 
septo-optical dysplasia.26

It is of interest that during the 10-year follow-
up during which she was on hormone replacement 
therapy, our patient developed additional endocrine 
and neuroradiological abnormalities, i.e. hyperpro-
lactinemia and, on MRI, a pituitary mass. To our 

knowledge, this is the first reported case of a patient 
with congenital hypopituitarism due to PROP1 mu-
tation who over time developed hyperprolactinemia 
associated with a possible microprolactinoma. PROP1 
transcriptional factor is implicated in differentiation of 
somatotropes, lactotropes, thyrotropes, corticotropes 
and gonadotropes and thus is usually associated with 
low prolactin levels. However, in some studies normal 
baseline PRL levels have been reported. Vallette-
Kasic et al 2001 reported normal baseline prolactin 
levels in eight of nine patients with PROP1 mutation, 
while in other studies normal prolactin levels were less 
frequent.8,27,28 Lactotroph function may be maintained 
longer even when other deficiencies develop.6 During 
the longitudinal follow-up of patients with PROP1 
mutations (from 3-33 years) Bottner et al registered 
progressive decline of anterior pituitary function.6 
In our patient, unexpectedly, at age 27 years, after 
almost ten years of replacement with thyroxine, hy-
drocortisone and sex steroids, a 10-fold increase in 
prolactin levels occurred. MRI revealed the presence 
of a pituitary microadenoma. Pituitary hypoplasia is 
most frequently observed by MRI; however, various 
degrees of pituitary enlargement have been seen in 
one third of patients with PROP1 mutations.29 There 
are only three reports of patients with PROP1 muta-

Figure 5. a) The patient, b) MRI scan of the sellar region of patient with Kallmann syndrome due to FGFR1 gene mutation and 
macroprolactinoma after six months of bromocriptine therapy showing shrinkage of the pituitary macroadenoma.



196	 M. Doknic ET AL

tion who were operated on because of the sellar mass 
lesion.7,29,30 We reported a female at age 22 years 
with familial PROP1 mutation who presented in 
adulthood with a large sellar and suprasellar mass.7 
Similarly to the report by Parks et al, the histology 
in our patient revealed an eosinophilic, colloid-like 
mass and necrotic acellular debris.7,30 In another two 
operated patients with PROP1 mutation the histology 
report suggested that pituitary enlargement may be 
cystic hyperplasia of the intermediate pituitary lobe.29 
Voutetakis et al reported pituitary MRI in fifteen 
patients with PROP1 gene mutations, of whom five 
patients had pituitary enlargement, and suggested 
that the pituitary enlargement most likely originated 
from the intermediate lobe due to absence of physi-
ological regression of the intermediate pituitary lobe 
during organogenesis.8 However, in our patient the 
MRI (3 Tesla) did not suggest a cyst-like lesion, 
which is commonly encountered. The MRI report 
was compatible with a pituitary microadenoma. MEN 
I genotyping was negative. Furthermore, after TRH 
stimulation test, no response of prolactin levels was 
found, suggesting autonomous prolactin secretion 
from the pituitary.

Our second patient, with KS, harbored a FGFR1 
mutation. His hypogonadism was successfully re-
versed following hormone replacement treatment 
for several years but he finally developed a state 
of emergency because of pituitary tumor apoplexy 
which was shown to be due to macroprolactinoma. 
To our knowledge, this has never been reported. In 
male patients, prolactin secreting tumors occur at 
a similar frequency throughout the entire lifespan. 
The majority of functioning pituitary adenomas be-
come symptomatic between the 3rd and 4th decade of 
life. However, pituitary incidentalomas are clinically 
nonfunctioning pituitary adenomas, are asympto-
matic and are detected as incidental findings on 
brain magnetic resonance imaging.31 Only a few 
reports exist describing magnetic resonance imaging 
of the pituitary in IHH. After analyzing the pituitary 
by magnetic resonance images in 120 male patients 
with IHH, Bolu et al found that 18% of patients had 
incidental pituitary microadenoma.32 They concluded 
that the incidence of pituitary adenoma in patients 
with IHH is higher than in the healthy population 

and that these patients need a close follow-up since 
these pituitary lesions may play a role in the course 
of the disease. Our patient with KS came to medical 
attention for a life-threatening complication (pitui-
tary tumor apoplexy) despite becoming symptomatic 
several years prior to diagnosis.

Recently it has been reported that mutation in 
the early developmental transcription factor, such 
as SOX2, is associated with slowly progressing hy-
pothalamo-pituitary tumor.33 On MRI it appeared as 
a cystic tumor with suprasellar extension. The non-
progressive nature of these pituitary lesions suggests 
that they have an embryological origin. Furthermore, 
Gaston-Massuet et al report craniopharygiomas 
in mice that overexpress beta catenin in pituitary 
progenitors during embryogenesis.34 Unlike these 
tumors that are of embryological origin, our patients 
developed well differentiated pituitary adenoma-
prolactinomas. Molecular mechanisms underlying 
pituitary tumorigenesis are largely unknown despite 
a considerable body of information which has been 
derived from experimental models. One possibility 
might be the susceptibility to develop tumors in the 
setting of maldevelopment, similar to the development 
of testicular tumors in cases with testis dysplasia.35 As 
for the etiology of prolactinomas, it has been known 
for many years that chronic treatment with estrogens 
leads to the development of pituitary tumors in rats 
and mice and can contribute to the development of 
prolactinomas in humans.36 It does so via induction 
of the pituitary tumor transforming factor (PTTG) 
which has been shown to be tumorigenic by regulat-
ing basic fibroblast growth factor (bFGF) secretion.37 
Increasing evidence suggests that signals implicated 
in pituitary development may be relevant to pituitary 
tumorigenesis, in particular the fibroblast growth fac-
tor (FGF) family.37 FGFR2 has a tumor suppressive 
role. FGFR2 can be epigenetically silenced in the 
pituitary by estrogen treatment (it enhances histone 
acetylation and diminishes methylation). Estradiol 
treatment in experimental conditions induces ex-
pression of the normally silent melanoma-associated 
antigen A3 (MAGE A3) and MAGE A3 is overex-
pressed in pituitary tumors.38 Thus, epigenetically 
mediated gene dysregulation is implicated in pituitary 
tumorigenesis.39,40
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Prolactinomas in men tend to exhibit a more 
aggressive course.18 It has been suggested that al-
though men have lower estrogen levels, as expected, 
compared to women, their tumors express more 
estrogen receptors than those in women, this mak-
ing them more vulnerable to the biological effect of 
the latter.41 Curiously, our two patients developed 
prolactinomas long after they had corrected their sex 
steroid status. We do not have any clue regarding the 
possible mechanism involved in their tumorigenesis, 
but we could tentatively speculate that sex steroids 
may have facilitated the development of the prolac-
tinoma from the prolactin cell pool which underwent 
uncontrolled proliferation.

Another possible explanation accounting for the 
risk in developing pituitary adenoma could be the as-
sociation with the occurrence of tumors in the families 
of both patients. The patient with PROP1 mutation 
had in her family the occurrence of breast cancer, 
melanoma and lung cancers, while the mother of 
the patient with KS suffered from breast cancer. The 
incidence and familial risks in pituitary adenoma and 
associated tumors has been reported in the Swedish 
Multigeneration Cancer Registry.42

In conclusion, the adult endocrinologist should be 
aware that patients with congenital pituitary disorders 
may acquire a pituitary tumor later in adulthood. 
There is a need for continual endocrine and, if indi-
cated, neuroradiological monitoring of these patients.
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