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Abstract: Joubert syndrome (JS) is a heterogeneously inherited, rare, autosomal recessive disorder
characterised by neonatal breathing dysregulation, developmental delay, hypotonia, abnormal eye
movements and a distinctive cerebellar and brainstem malformation called the molar tooth sign (MTS).
Patients with JS may develop hypothalamic-pituitary dysfunction, leading to growth hormone
deficiency, hypothyroidism, adrenal insufficiency and hypogonadism. This review summarizes the
screening, diagnosis, and management of these conditions in JS.
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1. Introduction

Joubert syndrome (JS) is a rare, autosomal recessive disorder, caused by the affected structure or
function of primary cilia, which are highly specialised sensory organelles essential for cellular signal
transduction. They are critical for signal transduction processes essential in the development of the
nervous system, kidney tissue, retina, and bile ducts [1-3].

This subcellular sensory organelle is present in the structure of nearly all cell types; therefore, its
defects lead to different pathologies. The patients’ phenotype and course of the disease can greatly
vary depending on the type of mutation and expression.

Clinical suspicion of JS may be set in an early stage of life, in which the circumstances
of hypotonia is accompanied by episodic tachypnoea and/or apnea with abnormal eye movements [3,4].

Radiologically, molar tooth sign (MTS), which is a hallmark feature of JS, is revealed on axial
views from cranial magnetic resonance imaging (MRI) alongside cerebellar vermis aplasia’hypoplasia,
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thick and horizontally oriented superior cerebellar peduncles, and often deepened interpeduncular
fossa, which taken together, confirm the diagnosis of JS [4] (Figure 1).

Anatomical malformations, including hypoplasia and midline cleft of the cerebellar vermis, lead
to various abnormalities of the central nervous system (CNS) [5,6]. To date, both pituitary agenesis
and pituitary aplasia have been reported in patients with JS [7-9].

Figure 1. Axial brain MRI presenting JS cardinal feature: molar tooth sign (MTS)
characterized by elongated, thickened, superior cerebellar peduncles, vermian hypoplasia
and abnormal deep interpeduncular fossa.

Pituitary aplasia and dysplasia may occur as a part of brain malformations leading to several
endocrinopathies, including growth hormone deficiency (GHD), central adrenal insufficiency (CAl),
central hypothyroidism (CH), hypogonadotropic hypogonadism (HH) and poor bone mineral density
(BMD). To date, an imbalance of pituitary hormones was reported in various studies concerning
JS [3,4,10-20]. This paper reviews the literature related to hypothalamic-pituitary dysfunction in JS,
with an emphasis on diagnosis and treatment.

2. Methodology

We performed a literature review regarding the presence of endocrine manifestations in patients
with JS. The diagnosis of the main disease was made based on clinical presentation, typical MRI
features and, if possible, molecular identification. We searched for MEDLINE via the PubMed
database between 1975 and October 2023. The search criteria used in the Medical Subject Headings
(MeSH) were as follows: “Joubert syndrome” [All fields] AND “endocrine”, “pituitary”,
“panhypopituitarism”, “adrenal”, *“adrenal insufficiency”, “growth hormone”, “growth hormone

deficiency”, “hypothyroidism”, “micropenis” or “microphallus”. The term *“Joubert syndrome” was

AIMS Medical Science Volume 10, Issue 4, 343-352.



345

present in 998 papers, and searched associations were found in 18 publications. We analysed the
original papers, case reports and literature reviews in English. 19 papers included presentations of both
JS and endocrine disorders.

3. Endocrine manifestations

The main endocrine abnormalities present in individuals with JS and detailed in the following
paragraphs include the following: GHD, central hypothyroidism, CAl, micropenis, and HH [4,18,21,22].
The possibility of a diagnosis may vary depending on the age of the patient, starting with new-borns
and going up to adulthood.

4. Neonatal period

Multiple pituitary insufficiency may be diagnosed as early as in the neonatal period, in the case
of hypoglycemia, failure to thrive, or micropenis [23,24]. When it comes to hypoglycemia, it’s
symptoms in neonates vary and may range from non-specific symptoms such as poor feeding,
sleepiness, and jitteriness to lethargy, seizures, apnea and comas [25].

4.1. Central adrenal insufficiency

The diagnostic pathways concerning dysfunction of the hypothalamic-pituitary-adrenal axis
include the assessment of cortisol and adrenocorticotropic hormone (ACTH), typically by the use of a
low-dose (1 mcg) synthetic ACTH stimulation test. CAl was detected by decreased values 30 and 60
minutes after injection of the corticotropin analogue. In neonates, pituitary function and the response
of adrenal glands may be evaluated during hypoglycemia (plasma glucose under 50 mg/dl);
significantly lowered levels of ACTH and cortisol confirmed CAI [26,27]. Random levels of cortisol
did not have a diagnostic value as the diurnal rhythm of cortisol starts in 6—12 months [27]. Disorders
of mineralocorticoid, salt and aldosterone balance are absent as their synthesis is under the control of
the renin-angiotensin system [26].

Replacement treatment involves a chronic intake of oral doses of 15 mg/m? hydrocortisone,
adjusted with clinical follow-up, and monitoring growth rate, weight gain and blood pressure.

In the case of acute adrenal insufficiency, an immediate intravenous hydrocortisone (HC)
administration is crucial. The standard dose for newborns starts at 50 mg/m? HC, and progressed to a
maintenance dose of 50-100 mg/m? HC daily.

4.2. Growth hormone deficiency

GHD is the most common endocrine disorder in JS and is found to be another cause of
hypoglycemia in neonates. In normal subjects, low glucose leads to a rise in levels of GH and cortisol.
Once a peak of GH is absent, GHD can be diagnosed, followed by the confirmation of low insulin-like
growth factor type 1 (IGF-1) levels. The evaluation of blood samples during sleep is pointless, as the
entrainment of GH secretion does not occur until after three months of age [28].

GHD does not affect birth weight and length [23]. Children with confirmed GHD require early
recombinant human growth hormone (rhGH) treatment, which are administered by daily subcutaneous
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injections. Doses are adjusted stepwise, and are controlled by IGF-1 and insulin-like growth factor
binding protein-3 (IGFBP-3) concentration.

4.3. Central hypothyroidism

All neonates with symptoms or signs of hypoglycaemia must also be checked for central
hypothyroidism. In affected individuals, the TSH, fT4 and fT3 levels are all lowered due to insufficient
stimulation by the pituitary of the thyroid gland. Apart from lowered glucose levels, patients are mostly
asymptomatic. Early replacement treatment with levothyroxine helps maintain the best
neurodevelopmental prognosis.

4.4. Hypogonadotropic hypogonadism

Endocrine findings in male newborns with JS include micropenises and cryptorchidism [18].
Minipuberty, which is a postnatal transient activation of the hypothalamic-pituitary-gonadal (HPG)-
axis, enables the evaluation of gonadal function in infants suspected of hypogonadism. A physiological
peak of luteinizing hormone (LH) and follicle stimulating hormone (FSH) resulting in increased levels of
sex hormones is present in healthy infants between 14 days of life and the end of the third month of life.

In the case of lowered LH, FSH and testosterone levels, special attention should be given to proper
genital exams so as to determine appropriate therapeutics [4]. Then, in case of low testosterone and
micropenises, low doses of testosterone (25 mg) administered intramuscularly may positively correlate
with penile growth/elongation. Niceta et al. reported the benefits of topical administration of 2.5%
dihydrotestosterone gel [11].

5. Childhood
5.1. Growth hormone deficiency

When it comes to the diagnosis of GHD during childhood, systematic measurements and growth
monitoring with standard charts are fundamental [4]. Laboratory testing should be considered in the
case of clinical suspicion of growth disturbances. Endocrine evaluation is based on IGF-1 and IGFBP-
3 serum level, stimulation tests for growth hormone and the assessment of bone age advancement [15].
Once a patient begins rhGH treatment, an emphasis should be placed on orthopaedic control for the
presence of scoliosis.

Stephen et al. suggested an association between compound heterozygous mutations of KIAA0753
in JS siblings and GHD [15]. Expression of this protein may be responsible for the formation and
functioning of the pituitary gland, as Hammarsjo et al. reports the presence of two JS patients with
small pituitary glands and the KIAA0753 mutation [29].

5.2. Puberty

A study conducted by Bachman et al. claims a possibility of either precocious or delayed
puberty [4]. Nevertheless, Parisi et al. reported a typical onset of pubertal development in both
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sexes [3]. In unclear cases of puberty, luteinizing hormone-releasing hormone (LHRH) stimulation
with the use of tests may be crucial.

5.3. Obesity

A closer look has been taken on obesity due to gene linkage to syndromes known for excessed
weight. The presence of CCDC28B, which is a ciliopathy related gene, is a feature of another ciliary
disorder, Bardet-Biedl syndrome (BBS), which has been also confirmed in JS [3]. Another gene,
INPP5E may be a cause of both JS and a syndrome characterised by obesity, namely MORM (mental
retardation, obesity, retinal dystrophy, and micropenis) [30-32].

GHD is an independent risk factor for additional weight as GH does regulate body composition.
GHD results in an increased fat percentage and reduced fat-free mass, leading to abdominal obesity [33].

5.4. Other

In Healthcare recommendations for Joubert syndrome Bachman et al. does not clearly state about
increased frequency of diabetes mellitus (DM), hypothyroidism, polycystic ovarian syndrome, ovarian
failure in JS [4], though makes it vital to evaluate pubertal development and thyroid function.

6. Cases

A list of previous case reports that mention endocrine disorders in JS patients is provided in Table 1.

Akcan et al. reported an endocrine evaluation of a 13-day old JS newborn with hypoglycemia and
a micropenis. CNS imaging revealed pituitary agenesis, and GHD was confirmed based on low levels
of GH in stimulating tests and decreased levels of IGF-1 and IGFBP-3. Additionally, both basal and
stimulated gonadotropins (short time human chorionic gonadotropin test) were dropped [16].

Lee et al. analysed JS affected families with the CEP41 mutation: at least one endocrine disorder
was present in four out of the eight presented cases, namely GHD, micropenises, hypoplastic scrotums
and ambiguous genitalia [12].

Niceta et al. reported a patient born with a micropenis, cryptorchidism, and pituitary malformation
(small anterior pituitary, ectopic posterior pituitary), thus presenting with transient hypoglycemia and
GHD. Gonadotropin evaluation of an LHRH test at six months revealed a blunted gonadotropin
response [11].

Sanders et al. examined three children from a Saudi Arabian family, all with mutation in
KIAA0556, two of whom had endocrine comorbidities [9].

An endocrine assessment of two siblings with a mutation in KIAAQ753, performed by Stephen et
al. showed that both had GHD and responded well to rhGH therapy. Brain imaging proved an ectopic
posterior pituitary gland in the first patient and a small pituitary gland and absent pituitary stalk at
second [15].

As analysed by Van de Weghe el at, a single individual out of 11 patients with the ARMC9
mutation showed GHD and a micropenis [13].

The presence of a micropenis in JS patient was also described in a case report by Asian et al.;
however, the authors do not mention diagnostic pathways concerning pituitary function [34].
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Table 1. The summary of endocrine manifestations in JS mentioned in literature.

Author Sex Gene Hypoglycaemia GHD  IGF-1 Micropenis Additional MRI Treatment
information
Akcan [16] M Not known + + Low + - - rhGH
Lee [12] M CEP 41 - + NA + - - NA
Lee [12] M CEP 41 - + - + - - NA
Lee [12] M CEP 41 - - - + - - NA
Lee [12] M CEP 41 - - - + Ambiguous genitalia, - NA
hypoplastic scrotum
Niceta [11] M KIF7 + + Low + - - rhGH
KIAA0556 2.5% DHT
Sanders [9] F KIAA0556 - + - - Hypothyroidism Hypoplastic pituitary  rhGH
Sanders [9] M KIAAO556 - + - + Panhypopituitarism - rhGH
Stephen [15] M KIAAO753 - + Low - - Ectopic posterior rhGH
pituitary gland
Stephen [15] F KIAAO753 - + Low - - Small pituitary gland, rhGH
absent pituitary stalk
Uzunhan [35] M KATNIP - + NA - Hypothyroidism Ectopic NA
Undescended testicles neurohypophysis
Van de M ARMC9 - + + - - -
Weghe [13]
Vilboux [17] F CELSR2 - + Low - - - -
Wolf [7] M RPGRIP1L - + - - Hypothyroidism Pituitary agenesis rhGH
Adrenal insufficiency HC
Thyroxine

Note: M: Male; F: Female; GHD: Growth hormone deficiency; IGF-1: Insulin-like growth factor 1; rhGH: Recombinant human growth hormone; DHT:
Dihydrotestosterone; HC: Hydrocortisone; NA: Not admitted.

AIMS Medical Science
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Vilboux et al. described a girl with JS and biallelic mutations in CELSR2, severe growth
retardation, GHD and an IGF-1 deficiency (serum level lower than -2SD). Apart from that, she had
normal thyroid function, no clinical signs of adrenal insufficiency and no structural anomaly of the
pituitary gland on brain MRI [17].

In the publication of Wolf et al., a single male patient with the RPGRIP1L mutation presented
pituitary insufficiency due to pituitary agenesis. He required hormonal replacement therapy consisting
of rhGH, hydrocortisone and thyroxine [7].

The case of a mutation in the KATNIP gene diagnosed with GHD, CH and undescended testicles
was described by Uzunhan et al. [35]. The patients” MRI revealed ectopic neurohypophysis.

Sumathipala et al. [36] also described ectopic neurohypophysis in a patient with biallelic variants
in KIAA0586, though this patient had a normal endocrine profile.

There is an interesting report by Graber [37] describing a JS girl with congenital hypothyroidism
due to thyroid dysplasia. It emphasizes the validity of the distinction between primary and secondary
hypothyroidism in patients with developmental delay and hypotonia.

Among reports on large study groups, Bachman-Ganescu et al. reported the prevalence of
endocrine manifestations based on 440 JS affected individuals: 5 cases (0.9%) of panhypopituitarism,
4 cases (0.8%) of hypothyroidism, 10 males (1.9%) with micropenises and 11 (2.1%) with other
endocrine features (i.e., Hashimoto’s disease, insulin dependent diabetes mellitus, unknown type
diabetes, ovarian failure, polycystic ovarian syndrome, GHD, elevated parathyroid hormone and
absence of pituitary spot, premature puberty and borderline diabetes) [22].

7. Conclusions

Joubert syndrome is a multisystem disorder with a variable presentation. Our goal was to
emphasise the role of endocrine system disorders and to raise awareness. Considering cases that have
already been reported, it is crucial to analyse the image of the pituitary gland on MRI. The onset of
endocrine symptoms may range from infancy to adulthood; therefore, it is important and fundamental
to survey for disturbances during this period for early recognition. Awareness of hypoglycaemia and
its connection with pituitary dysfunction and the need to assess hormonal balance should be priority.
Prompt recognition of GHD, hypothyroidism or adrenal insufficiency should lead to hormone
replacement as required, though the treatment for JS is symptomatic and supportive.
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