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Abstract

Background: Joubert syndrome is a genetically diverse ciliopathy defined by the
presence of cerebellar vermis hypoplasia and the characteristic molar tooth sign on
neuroimaging, often with neurological impairment. Pathogenic CSPP1 variants are
identified in 3% of cases of Joubert syndrome. While some ciliopathies have been
associated with metabolic dysfunction, this has not been described in cases of CSPP1-
Joubert syndrome.

Case Description: We describe a 16-year-old Honduran mestiza female who has
CSPP1-related Joubert syndrome and presented with insulin resistance, early-onset
diabetes, dyslipidaemia, and metabolic dysfunction-associated steatotic liver disease.
Importantly, she did not have the typical neurological manifestations of Joubert
syndrome. Cerebellar magnetic resonance imaging demonstrated cerebellar vermis
hypoplasia, which supported the diagnosis. Genetic testing identified a pathogenic
heterozygous CSPP1 variant (c.3052C>T, p. GIn1018), supporting the diagnosis of
CSPP1-related Joubert syndrome.

Conclusion: The case adds to the phenotypic spectrum of CSPP1-related Joubert
syndrome, highlighting the possibility of a role for CSPP1 in metabolic homeostasis.

Further investigations are required to ascertain if mutations in CSPP1 contribute to
metabolic dysfunction through ciliary or centrosomal-related mechanisms.
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Background

Joubert syndrome is a disorder with a
genetic basis that manifests in cerebellar
vermis hypoplasia and the characteristic
‘molar tooth sign” on neurocimaging,
frequently with motor dysfunction and
cognitive impairment. early-onset diabetes,
dyslipidaemia, and metabolic dysfunction-
associated  steatotic liver  disease
(MASLD), in the absence of neurological
features classically associated with JS.
This case further broadens the phenotypic
spectrum of CSPP1-related JS with
implications pertaining to the potential role
of CSPP1 in metabolic regulation.[1]

Case Presentation

We present the case of a 16-year-old
Honduran girl of mestizo background, born
to non-consanguineous parents. She is the
youngest of three siblings born to a 31-
year-old mother and a 41-year-old father.
Her pregnancy was unremarkable and was
not exposed to teratogenic
drugs/infections/radiation. She was born
via an uncomplicated spontaneous vaginal
delivery with a birth weight of 1.81 kg.
There were no delays with developmental
milestones. At 2 years of age, she began to
lose fat progressively. Menarche occurred
at age 11 years. Menstrual cycles were
irregular, with menstrual bleeding lasting up
to 15 days. Family history was significant
for maternal hypertension and total
thyroidectomy for hypothyroidism. Her
father had hypertension and passed away
at age 57 with lung cancer. In addition,
second-degree maternal relatives had a
history of diabetes and hypertension. She
was previously evaluated by paediatric
cardiology due to high Blood pressure. It
was measured to be hypertensive (150/95
mmHg), and transthoracic
echocardiography showed moderate left
ventricular hypertrophy with a left
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Pathogenic  Variants in  CPLANEA1,
CC2D2A, AHIM1, CEP290, and TMEM6&7
account for approximately 6-9% of JS
cases, while CSPP1 wvariants are
responsible for about 3% of JS cases,
which include kidney and liver disease,
retinal dystrophy, chorioretinal colobomas,
occipital encephalocele, and polydactyly,
reflecting its broad clinical spectrum. We
describe the case of a 16-year-old female
patient with a novel pathogenic CSPP1
variant (c.3052C > T, p. GIn1018) who
exhibited metabolic dysfunction [2],[3]

ventricular end-diastolic diameter of 42 mm
and a left ventricular ejection fraction of
59.1%. The patient was evaluated for
secondary causes of her hypertension.
Sodium was 131 mEg/L, potassium was
4.1 mEqg/L, and chloride was 99 mEq/L on
serum electrolytes. Serum  calcium
measured 9.5 mg/dL, and phosphorus was
3.9mg/dL. Parathyroid hormone level was
17.7 pg/mL, and 24-h urinary cortisol was
37.57 pg/24 h. All these values were within
normal limits, and the renal Doppler
ultrasound was normal. The patient was
started on amlodipine for the management
of hypertension. The thyroid Doppler
ultrasound showed a normal thyroid. Due
to suspected thyroid dysfunction, she was
referred to paediatric endocrinology for
further evaluation. On clinical examination,
the patient exhibited prominent supraorbital
ridges, generalized lipoatrophy, and
acanthosis nigricans at the neck, axillae,
wrist, and groin (Fig. 1).

Further investigation revealed fasting blood
glucose of 268 mg/dL, glycosylated
haemoglobin (HbA1c) of 12.1%, fasting
insulin levels of 78.4 pU/mL, C-peptide
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which were 5.37 ng/mL, serum creatinine
of 0.6 mg/dL, and an estimated glomerular
filtration rate (eGFR) of 106 mL/min/1.73
m2  Lipid profile was significant for
triglycerides of 459 mg/dL, total cholesterol
of 237 mg/dL, high density lipoprotein
(HDL) levels of 39 mg/dL, and low density
lipoprotein (LDL) of 99 mg/dL. Liver
function  tests showed  aspartate

aminotransferase (AST) of 58 U/L and
alanine aminotransferase (ALT) of 117 U/L.
Total bilirubin was 0.80 mg/dL (direct
bilirubin - 0.18 mg/dL; indirect bilirubin -
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0.62 mg/dL). Hepatitis B surface antigen
testing was negative. These laboratory
findings, along with follow-up data, are
summarized in Table 1. She was started on
insulin therapy (18 units) immediately.
Fenofibrate (160 mg daily) and omega-3
supplementation were added to treatment.
Management of her diabetes and
dyslipidaemia followed the American
Diabetes Association Standards of Medical
Care in Diabetes and the American College
of Cardiology guidelines.

Fig. 1: Clinical features of a patient with Joubert syndrome associated with a novel CSPP1
variant; (A) generalized lipoatrophy, (B) acanthosis nigricans in the axilla, (C) acanthosis

nigricans on the wrist.

At the 1-month follow-up visit, insulin
therapy was adjusted with the initiation of
insulin at 7-7-6units before meals. Fasting
blood glucose was 266 mg/dL, and HbA1c
was 11%. Lipid profile showed total
cholesterol of 277 mg/dL and triglycerides
of 298 mg/dL. Liver function tests
demonstrated AST at 66 U/L and ALT at
109 U/L. Serum creatinine was 0.5 mg/dL,
with an eGFRm2. of 128 mlL/min/1.73.
Leptin level was 2.1 ng/ml. Metformin was

initiated at 500 mg twice a day. Vitamin E
was added to the regimen, omega-3
supplementation was continued, and
combined lipid-lowering therapy with
rosuvastatin and fenofibrate was initiated.

During the subsequent appointment, there
was an additional increase in insulin
therapy to 30 units, part insulin at 10-10-10
units before meals, plus daily metformin
1000 mg. Lipid-lowering therapy was
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modified to atorvastatin/fenofibrate (20/160
mg) because of elevated triglycerides (855
mg/dL) and total cholesterol (304 mg/dL).
Both  vitamin E and omega-3
supplementation were continued due to
consistently elevated AST (155 U/L) and
ALT (228 U/L). Magnetic resonance
imaging (MRI) of the brain confirmed
cerebellar vermis hypoplasia, which is
consistent with JS (Fig. 2). Ophthalmologic

Fig. 2 Brain magnetic resonance imaging
findings; (A) axial T1-weighted magnetic

resonance imaging showing no evidence of the

classic “molar tooth sign,” (B) sagittal T1-
weighted magnetic resonance imaging
demonstrating cerebellar vermis hypoplasia
(white arrow)
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evaluation demonstrated bilateral
astigmatism and myopia in the left eye.
Imaging findings are summarized in Table
2. Due to failing to achieve glycaemic
control, insulin therapy transitioned to a
combination of insulin glargine-lixisenatide
with an initial dose of 23 units and
increased to 30 units later. As part of insulin
adjusted to 8-8-7 units before meals.

Table 1: Summary of initial and follow-up laboratory findings in a patient with

CSPP1-related Joubert syndrome

Parameter Initial evaluation First follow-up Second follow-
up
Electrolytes Na: 131/K: 4.1/Cl: - -
99 (mEg/L)
Calcium and Ca: 9.5/P: 3.9 - -
phosphorus (mg/dL)
Endocrine PTH: 17.7 (pg/mL); | - -
evaluation 24 h urinary cortisol:
37.57
(Hg/24 h)

Renal function

Creatinine: 0.6
(mg/dL); eGFR: 106
(mL/

min/1.73 m2)

Creatinine: 0.5
(mg/dL); eGFR: 128
(mL/

min/1.73 m2)

Thyroid function

Free T4: 1.0 (ng/dL);

TSH: 0.575 (mIU/L)

Autoimmune thyroid
markers

Negative

Glucose metabolism

FG: 268 (mg/dL);
HbA1c: 12.1%;
insulin: 78.4
(HU/mL); C-peptide:
5.37 (ng/mL)

FG: 266 (mg/dL);
HbA1c: 11%

Lipid profile TC: 237/TG: TC: 277/TG: 298 TC: 304/TG: 855
459/HDL: 39/LDL: | (mg/dL) (mg/dL)
99 (mg/dL)
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Liver function AST: 58/ALT: 117 AST: 66/ALT: 109 AST: 155/ALT: 228

(U/L) (U/L) (U/L)
Bilirubin’s Total: 0.80/direct: - -

0.18/indirect: 0.62

(mg/dL)
Hepatitis screening HBsAg: negative - -
Leptin - 2.1 (ng/mL) -
Autoantibodies - GAD-65 and islet -
(diabetes) cell antibodies:

negative

PTH parathyroid hormone, eGFR estimated glomerular filtration rate, T4 thyroxine, TSH
thyroid-stimulating hormone, FG fasting glucose, HbA1c glycosylated haemoglobin, TC total
cholesterol, TG triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, AST
aspartate aminotransferase, ALT alahine aminotransferase, HBsAg hepatitis B surface
antigen

Table 2: Summary of imaging findings in a patient with CSPP1-related Joubert
syndrome

Imaging study Findings

Transthoracic echocardiography | Moderate left ventricular hypertrophy; LVEF of 59.1%

Abdominal USG Hepatomegaly with diffuse increased echogenicity;
Kidneys normal

Thyroid Doppler USG Normal thyroid size and shape with diffuse
heterogeneous echogenicity

Brain MRI Hypoplasia of the cerebellar vermis

Renal Doppler USG No evidence of renal artery stenosis or abnormalities

Discussion and Conclusion

We present a case of a 16-year-old girl with a new pathogenic CSPP1 variant (c.3052C > T,
p. GIn1018), who has metabolic dysfunction defined by insulin resistance, early onset of
diabetes, dyslipidaemia, and MASLD. Although brain MRI results indicated hypoplasia of the
cerebellar vermis, she had no neurological symptoms or developmental delay, which is
atypical of CSPP1-related JS and is typically characterized by a heterogeneous phenotype
and novel CSPP1 cases represent only about 9% of purely neurological Langdon-Down
cases.

Additionally, mutations in CSPP1 have been associated with optic atrophy, nystagmus,
oculomotor apraxia, and ptosis, the last of which is found in 51% of patients with JS with
CSPP1 variants Genotype-phenotype correlation in CSPP1 and other ciliopathies continues
to be difficult, like with RPGRIP1L, MKS1, CPLANE1, CEP290 and TMEM231, where shared
variants may also lead to clinically divergent phenotypes [4].
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The disturbance of the functions has been associated with JS and the Jeune asphyxiating
thoracic dystrophy; however, its effects on metabolic homeostasis have never been described.
Since other ciliopathies, such as Alstrom syndrome, display insulin resistance and
dyslipidaemia, perhaps CSPP1 could also be involved in metabolism-related pathways [5].

In our case, only a single heterozygous pathogenic variant in CSPP1 was identified, without
detection of a second pathogenic allele. While this finding raises the possibility of a mild or
atypical manifestation within JS, we acknowledge that cryptic second hits, such as copy
number variants or deep intronic mutations, could not be ruled out. The patients were initially
identified to have only one pathogenic heterozygous variant; a second cryptic mutation has
been found in around 54% of cases after focused re-evaluation of the exome sequencing data.
[6]. Previous studies have shown that individuals with two or more second-degree relatives
affected by type 2 diabetes have an approximately 1.36-fold increased risk compared with
those without such a family history [7]

A new meta-analysis shows that compared to individuals bom at or over 2.5 kg, those bom
at less than 2.5 kg have an approximate 45% higher risk of developing type 2 diabetes, with
a stronger association in females. [8]

This case adds to the phenotypic continuum of CSPP1-related Joubert syndrome, which
raises the possibility of CSPP1's role in metabolic homeostasis. More work is needed to
determine whether mutations in CSPP1 contribute to metabolic dysfunction through either
ciliary or acentrosomal-related mechanisms, though these provide two interesting avenues
to approach the study of metabolic dysregulation in this case.
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