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OUR RECRUITED COHORT (FROM 2003)

▪  600 Joubert Syndrome (JS) 

▪  670 other Cerebellar and 
Brainstem Congenital Defects 
(CBCDs) 

▪ Clinical questionnaire,  brain MRI,           
biological samples

In a subset of patients:

▪ neuropsychological 
assessment (++JS)

▪ DTI-tractography

▪ ≥18 months follow-up (up 
to 50%)

▪ genetic studies
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JOUBERT SYNDROME

DIAGNOSIS based on 
NEUROIMAGING

MOLECULAR DIAGNOSIS

• prognostic value

• prenatal diagnosis
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>40 known GENES

proteins of the 
primary cilium or its

apparatus

(Shh, Wnt, PDGFα)

JBTS locus Gene Prevalent JS phenotypes

JBTS1 9q34 INPP5E JS±retina; (JS+fegato)

JBTS2 11q12 TMEM216 JS± rene; (JS+fegato, OFDVI)
JBTS3 6q23 AHI1 JS±retina (JS+rene)
JBTS4 2q13 NPHP1 JS+ rene
JBTS5 12q21 CEP290 JS+retina+ rene
JBTS6 8q22 TMEM67 JS+ fegato (JS+rene)
JBTS7 16q12 RPGRIP1L JS+ rene; (JS+ fegato)
JBTS8 3q11 ARL13B JS
JBTS9 4p15 CC2D2A JS±retina

JBTS10 Xp22 OFD1 Fenotipo variabile
JBTS11* 2q24 TTC21B --
JBTS12 15q26 KIF7 JS, (OFDVI)
JBTS13 12q24 TCTN1 JS±retina
JBTS14 2q33 TMEM237 JS+ rene
JBTS15 7q32 CEP41 JS
JBTS16 11q12 TMEM138 Fenotipo variabile
JBTS17 5p13 C5Orf42 JS±retina±caratteristiche OFD
JBTS18 10q24 TCTN3 JS± caratteristiche OFD
JBTS19 16q12 ZNF423 JS+ rene
JBTS20 16q23 TMEM231 JS+retina+ rene
JBTS24 12q24 TCTN2 JS
JBTS21 8q13 CSPP1 JS
JBTS22 2q37 PDE6D JS+ rene +retina

JBTS 1q42 EXOC8 JS
JBTS28 17q22 MKS1 JS±retina
JBTS27 17p11 B9D1 JS
JBTS34 19q13 B9D2 JS
JBTS25 1p36 CEP104 JS
JBTS29 17p13 TMEM107 JS+retina
JBTS26 16p12 KIAA0556 JS
JBTS33 13q21 PIBF1 JS
JBTS§ 11q13 C2CD3 JS+OFD
JBTS§ 1p36 NPHP4 JS+ rene

JBTS31 5q23 CEP120 JS
JBTS23 14q23 KIAA0586 JS
JBTS32 10q24 SUFU JS+SHH-related disorders
JBTS§ 2p15 TMEM17 JS+OFD
JBTS§ 12q21 POC1B JS
JBTS§ 17p13 KIAA0753 JS+OFD

JBTS30 2q37 ARMC9 JS
1p13.3 CELSR2 JS

JBTS35 10q24.32 ARL3 JS
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✓ 447 JS screened probands

0

20

40

60

80

100

%
 O

F 
D

IF
FE

R
EN

T
K

IN
D

S 
O

F 
V

A
R

IA
N

TS

truncating missense splicing CNV in-frame del/dup

JS GENETIC LANDSCAPE ✓ biallelic or XL variants in 257 (59%) 

CAUSATIVE VARIANTS 

(2nd heterozygous variant
missed by sequencing)

Custom HIGH-RESOLUTION  aCGH
focused on JS genes (CNVs)

• 37 unrelated JS patients

• exon-disruptive CNVs represent the 2nd HET 

variant in 6 patients (16%)

• Genes: CEP290, NPHP1, KIAA0586, AHI1, 
CPLANE1

single HET 
variant
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➢ 46 Italian centers

➢ overall, age- and sex-specific 
prevalence estimates

➢ JS in Italy on October 8, 2018 
(60,483,973 inhabitants, Istat)

➢ neuroradiologically confirmed 
diagnosis of JS

Nuovo S et al., 2020PAEDIATRIC AGE: 1.70 per 100,000
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25-30 % of JS patients

NEPHRONOPHTHISIS
➢ progressive tubular atrophy, interstitial 

fibrosis

➢ small corticomedullary cysts

➢ progression in CKD

CYSTIC DYSPLASTIC KIDNEYS

asymptomatic for years, lack of 
BIOMARKER

Dempsey JC S et al., 2017

93 patients (76 families) JS

FOLLOW-UP (60 subjects)

➢ initial normal eGFR

➢ DURATION (median): 9 [1-14] years

RENAL

➢ serum/urine electrolytes

➢ polyuria yes/no

➢ kidney US

< 800 mOsm/Kg H20

➢ DDAVP test  (MINIRIN) 

➢ basal urine osmolality
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RENAL FUNCTION: FOLLOW-UP 

DL50: 
749 mOsm/Kg 

H2O DL75: 
596 mOsm/Kg 

H2O 

DL50: probability of adverse 
renal outcome >50%

DL75: probability of adverse 
renal outcome >75%

Nuovo S et al., 2018

CHRONIC KIDNEY DISEASE 
IN JS PATIENTS: 29%

CANDIDATE BIOMARKER
(URINE OSMOLALITY) FOR 
EARLY RECOGNITION OF 

RENAL DISEASE
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JS-WES APPROACH

De Mori et al., 2017

macrocephaly/macrosomy/hypertelorism/polydactyly/ 
frontal bossing/depressed nasal bridge/ PMD/ID mild molar tooth ± polymicrogyria

WES SUFU p.Ile406Thr; p.His176Arg 

Conditional KO: polydactyly, cerebellar hypoplasia

REPRESSOR OF SHH SIGNALING

De Mori et al., 2017
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PONTOCEREBELLAR HYPOPLASIA 13 SUBTYPES, over 21 GENES

✓ 63 screened probands

✓ biallelic or XL variants in 46 (73%) 

DRAGONFLY BUTTERFLY

CASK PCH males 4/25 (16%) 

Arg28* (mosaic) ex9_ex10 del

• microcephaly
• PCH
• ID 
• variable seizures
• deafness
• butterfly/dragonfly

• often lethal
• PCH
• psychomotor delay
• microcephaly
• cortical atrophy
• seizures

mosaic LoF, severe miss hemiz LoF

A307S
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CLUSTER ANALYSIS

*
*

EXOSC3 phenotypic cluster

OR: 13.3

OR: 8.9

OR: 10.3

OR: 8.4

OR: 4.6
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TUB-CEREBELLUM ➢ 28 patients mutated in 
TUBA1A, TUBB2B or 
TUBB3

➢ 24 children (age 5m-11y)

➢ 4 adults (age 22-25y)

➢ focus on CEREBELLUM 
(MRI)

CEREBELLAR anomalies in 24/28 (86%)

DYSPLASIA  in 19/28 (68%)

TUBB2B

TUBB3

“TUBULIN-RELATED CEREBELLAR 
DYSPLASIA”

➢ CORTICAL ± VERMIS DYSPLASIA

➢ PREVALENT UNILATERAL PATTERN (RIGHT > > LEFT)

➢ OFTEN IN THE POSTERO-SUPERIOR HEMISPHERIC 
REGION

➢ REGULAR ASPECT OF THE CEREBELLAR CORTEX (NO 
CYSTS, THICKENING OF THE CEREBELLAR FOLIA OR 

SIGNAL ALTERATIONS)Romaniello et al., 2017

TUBA1A
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TUB-BRAINSTEM

➢ 15 patients mutated in TUBA1A-TUBB2B-TUBB3

➢ median age 1.25y (1m-31y)

➢ focus on BRAINSTEM (MRI, DTI)

ASYMMETRY

(80%)

pons

pons + medulla oblongata and/or 
mesencephalon

crossed between medulla and pons

BRAINSTEM malformation in 14/15 (93%)

ANTERIOR CLEFT (40%)

SHORT/SMALL PONS (67%)

IRREGULAR PONTO-MESENCEPHALIC 
JUNCTION (33%) 

SHORT/ASYMMETRIC MCPS (47%)

altered organisation of
WHITE MATTER TRACTS

Cortico-spinal tract (CST)

Transverse Pontine Fibers (TPF)

(1) THINNING/ATROPHY OF CST
(2) ABNORMAL COURSE OF CST
(3) THINNING/THICKENING OF TPF
(4) IRREGULAR COURSE OF TPF
(5) COMBINED

“CROSSED ASYMMETRY” PATTERN

Arrigoni et al., 2018
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TUB-WES APPROACH

➢ commissure agenesis/hypoplasia

➢ hypodysplastic-counterclockwise 
rotated cerebellar vermis

➢ dysplastic brainstem

➢ enlarged  4th ventricle

➢ horizontalized SCPs

➢ dysplastic internal capsule 

WES analysis: c. 1013G>A
(p.Cys338Tyr) in TTL

DECREASED LEVELS OF TTL mutant protein 
and HIGHER DETYROSINATED TUBULIN 

EXPRESSION
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TUB-WES APPROACH

RECESSIVELY INHERITED TUBULINOPATHY-LIKE DISORDER, CAUSED 
BY BIALLELIC LOSS OF FUNCTION MUTATIONS IN THE TTL GENE

BOTH TTL MUTANTS ARE ENZYMATICALLY INACTIVE INCREASED AXONAL LENGTH
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NPCA-SPTBN2

➢ CEREBELLAR SYNDROME WITH GAIT ATAXIA AND 
DYSARTHRIA

➢ MRI: GLOBAL CEREBELLAR HYPOPLASIA WITH 
ENLARGED INTERFOLIAL SPACES

➢ 2-YEAR-OLD GIRL
➢ GENERALIZED HYPOTONIA, GLOBAL 

DEVELOPMENTAL DELAY, ALTERNATING 
ESOTROPIA

Nuovo S et al., 2018

SCA5 “R480W-phenotype” SCAR14

Reference 2 2 2 3 4 8, 9, present study 6 1 5 7

Genetic variant
c.1592_1630del 

p.E532_M544del

c.1886_1900del

p.L629_R634 delinsW

c.758T>C 

p.L253P

c.1415 C>T 

p.T472M

c.2608_2610del 

p.E870del
c.1438C>T p.R480W c.6375-1G>C

c.2864_2868del 

p.T955Sfs*120

c.1881C>A 

p.C627X

c.1572C>

T

p.R414C

Inheritance het AD het de novo hom AR

Exon 12 14 7 12 14 12 splice site 16 14 2

Domain 3rd SPEC 3rd SPEC CH 2nd SPEC 6th SPEC 2nd SPEC PH 6th SPEC 3rd SPEC 1st SPEC

N. of affected 90 6 12 3 5 3 9 3 3 2

Mean age of 

onset (years)
45 27 33 45 53 congenital congenital

Cerebellar 

syndrome
+ + + + + + + + + +

Abnormal ocular 

movements
- + + - - + - - + +

Hypotonia - - - - - 2/3 + - 1/3 +

Pyramidal signs 4/90 5/6 - - 1/5 1/3 - + - -

Tremor - - 7/12 - - 1/3 3/9 - - -

Focal dystonia - 1/6 - - - - - - - -

Facial myokymia - 4/6 - - - 1/3 - - - -

Bulbar 

dysfunction
2/90 - - - 1/5 - - - - -

DD/ID - - - - - + + + + +

Behavioral 

problems
- - - - - - 8/8c - - -

Cerebellar 

atrophy
+ + + + + +a + NA 2/3e +

Clinical

progression
+ + + + + 1/2b +d no no no

SPTBN2 c.I1438C>T; 
p.Arg480Trp
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