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Abstract 

Background Joubert syndrome (JS) is a rare genetically heterogeneous primary ciliopathy characterized 
by a pathognomonic cerebellar and brainstem malformation, the “molar tooth sign”, and variable organ involvement 
(such as eye, kidney, liver, and skeleton). Here, we present a case of JS in a Chinese boy.

Case presentation An 11-year-old Chinese boy presented with neonatal asphyxiation and hypoxia, strabismus, 
subsequent developmental delay, ataxia and end-stage kidney disease (ESKD). Routine blood tests showed severe 
anemia, increasing blood urea nitrogen and creatinine, elevated parathyroid hormone, hypocalcemia, hypokalemia 
and metabolic acidosis. Urine tests showed mild proteinuria. Ultrasound showed two small kidneys. Brain magnetic 
resonance imaging (MRI) showed dysplasia of the cerebellar vermis and extension of the upper cerebellar feet 
with the “molar tooth sign”. Genetic analysis showed novel compound heterozygous mutations in the RPGRIP1L gene 
[p.L447fs*7(p.Leu447fsTer7) and p.G908V (p.Gly908Val)].

Conclusion In the present study, we identified novel compound heterozygous mutations in the RPGRIP1L gene 
in a Chinese boy. The clinical and genetic findings of this study will expand the understanding of JS.
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Background
Joubert syndrome (JS; OMIM PS213300) is a rare con-
genital neurodevelopmental primary ciliopathy. Its 
population-based prevalence reaches 1.7 per 100,000 in 
patients ranging from 0 ~ 19 years of age [1]. It is typically 

characterized by a pathognomonic malformation of the 
midbrain–hindbrain junction called the “molar tooth 
sign” (MTS). The common manifestations include hypo-
tonia, abnormal eye movements, developmental delay 
and episodic breathing dysregulation during early child-
hood, cerebellar ataxia and cognitive impairment [2]. 
Two-thirds of individuals with JS present with variable 
involvement of other organs, including retinal dystrophy, 
renal disease, ocular colobomas, occipital encephalocele, 
hepatic fibrosis, polydactyly, oral hamartomas, and endo-
crine abnormalities at different ages and with variable 
severity [3].

Here, we present a case of JS in a Chinese boy with a 
novel compound heterozygous RPGRIP1L (retinitis 
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pigmentosa GTPase regulator interacting protein 1-like 
gene, NM_015272) gene mutation.

Case presentation
An 11-year-old Chinese boy was referred to our hospi-
tal with complaints of weight loss greater than 5 kg over 
six months, accompanied by pallor, fatigue, poor appe-
tite and lower limb twitching at night. He was the first 
child of healthy parents and was delivered vaginally at 
full term, with a birth weight of 3.7 kg. Asphyxiation and 
hypoxia occurred at birth. His developmental milestones 
were delayed, and he was diagnosed with cerebral palsy, 
hydrocephalus and strabismus of the left eye. Surgery was 
performed to resolve tongue tie and slurred speech at age 
3. The patient had undergone language rehabilitation 
treatment for 3 years. There was no family history. Physi-
cal examination revealed normotension, cachexia with 
height 154 cm and weight 25 kg, slow reaction, dysarthria 
and unsteady gait without nystagmus or hand tremor.

The boy underwent detailed examinations after admit-
tance to our department. Routine blood tests showed 
severe anemia (hemoglobin 56 g/L). Urine tests showed 
mild proteinuria; the 24-h urinary protein quantifica-
tion was 0.61 g (24.4 mg/kg). Renal function tests showed 
increased blood urea nitrogen (67.8  mmol/L) and cre-
atinine (746.70  μmol/L), and the estimated glomerular 
filtration rate (eGFR) was 7.53  ml/(min•1.73  m2). Blood 
tests showed significantly elevated parathyroid hormone 
(PTH) (1073.00  pg/ml), hypocalcemia (0.49  mmol/L), 
hypokalemia (2.99  mmol/L), and metabolic acidosis. 
Antinuclear antibody (ANA) was positive (1:320), while 
other autoantibodies were negative. The level of com-
plement 3 was low (0.63  g/L), and the level of comple-
ment 4 was normal. The results of liver function, thyroid 
function, carcinoembryonic antigen, alpha-fetoprotein, 

hemoglobin A1c, blood glucose, thyroid ultrasound, 
abdominal ultrasound and cardiac ultrasound and chest 
CT were normal. Ophthalmic examination indicated 
myopia in both eyes and a leopard pattern under the fun-
dus. Hearing was normal in both ears. Renal ultrasound 
showed two small kidneys. Brain magnetic resonance 
imaging (MRI) showed dysplasia of the cerebellar vermis 
and extension of the upper cerebellar feet with an MTS 
(Fig. 1).

DNA was obtained from peripheral blood from the 
patient and his parents and submitted for trio whole-
exome sequencing (trioWES) to Chigene Co., Ltd. 
Genetic analysis showed novel compound heterozygous 
mutations in the RPGRIP1L gene [c.1334_c.1335insT 
(p.L447fs*7) and c.2723G > T (p.G908V)]. His parents 
were heterozygous carriers and did not present any symp-
toms. Gene sequencing revealed that the father carried 
the c.1334_c.1335insT variant, and the mother carried 
the c.2723G > T variant. According to the American Col-
lege of Medical Genetics and Genomics (ACMG) crite-
ria, the c.1334_c.1335insT variant of the RPGRIP1L gene 
was classified as a likely pathogenic variant (PVS1 + PM2) 
because this loss-of-function (LOF) variant could lead to 
a possible loss of gene function, and the c.2723G > T vari-
ant was classified as a variant of uncertain significance 
(PM2 + PM3 + PP3). Both conservation prediction plots 
and predicted three-dimensional models predicted that 
the substitution of amino acids (p.G908V) in the mutated 
protein would lead to a change in function and eventually 
result in disease (Fig. 2).

The boy was given supportive treatment, including 
polysaccharide iron complex, calcium, calcium carbonate 
D3, sodium bicarbonate and human erythropoietin injec-
tion. Kidney transplantation was performed 3  months 
later.

Fig. 1 Brain MRI showed classic findings of Joubert syndrome. A shows extension of the upper cerebellar feet with the “molar tooth sign” (arrow); 
(B) shows a thickened upper cerebellar foot almost perpendicular to the brainstem (arrow)
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Discussion
We reported a Chinese boy with JS who presented with 
neonatal asphyxiation and hypoxia, cerebral palsy, stra-
bismus, subsequent developmental delay, ataxia and 
end-stage kidney stage (ESKD). Brain imaging showed 
dysplasia of the cerebellar vermis and extension of the 
upper cerebellar feet with an MTS. This case was caused 
by a novel compound heterozygous mutation of the 
RPGRIP1L gene.

The diagnosis of JS is based on three primary crite-
ria: (1) the MTS on MRI, (2) hypotonia in infancy and 
(3) developmental delay or intellectual disability [4]. 
The most common involvement of JS is neurological 
involvement,such as development lag, intellectual disabil-
ity, dystonia, abnormal eye movements, ataxia, abnormal 
respiratory rhythm, and the second is renal involvement, 
such as ESKD, hematuria, albuminuria, diffuse renal 
disease, renal cystic lesions, enhanced echogenicity in 
parenchyma. Therefore combining ultrasound with MRI, 
urine test could improve an earlier diagnosis of JS. The 
patient was diagnosed as Joubert syndrome (JS) defi-
nitely according to the clinical manifestations and related 
examinations. Genetic analysis showed novel compound 
heterozygous mutations in the RPGRIP1L gene. The two 
new sites was regarded as a likely pathogenic variant and 
a variant of uncertain significance respectively, according 
to ACMG criteria. RPGRIP1L has been reported to be 
closely related to renal damage of JS in the past.Therefore, 
the boy was diagnosed with JS with an RPGRIP1L muta-
tion. However, it was a pity that functional testing was 
not done to verify the compound heterozygous mutation.

JS is classified into eight different phenotypic sub-
groups: pure JS, JS with ocular involvement, JS with renal 
involvement, JS with oculorenal involvement, JS with 
hepatic involvement, JS with orofaciodigital involvement, 

JS with acrocallosal features and JS with Jeune asphyxiat-
ing thoracic dystrophy, according to the presence of asso-
ciated extra-central nervous system (CNS) features [5]. 
Our patient presented with strabismus and ESKD, so he 
was regarded as JS with oculorenal involvement.

JS is characterized by extreme genetic heterogeneity, 
with more than 40 causative genes, all of which encode 
proteins responsible for the formation or functioning of 
the primary cilium [6]. JS is mainly inherited in an auto-
somal recessive fashion, although there is an X-linked 
recessive form caused by pathogenic variants in the 
OFD1 gene [7] and an autosomal dominant form caused 
by truncating or splice-site variants in the SUFU gene [8]. 
CEP290, NPHP1, AHI1, OFD1, RPGRIP1L, CC2D2A, 
TMEM67, TMEM216, TMEM138, and TMEM237 have 
been reported to be associated with kidney disease. The 
RPGRIP1L gene, also known as the NPHP8 gene, which 
is one of the genes that causes nephronophthisis (NPHP, 
MIM 256100), deserves special mention. It is located at 
16q12.2 and encodes a protein (RPGRIP1L) that localizes 
to the basal bodies and transition zone of primary cilia. 
It is essential for the function of primary cilia and plays 
an important role in fundamental embryonic develop-
ment, including the development of the retina, nervous 
system, kidneys, bile ducts, and limbs [9]. RPGRIP1L is 
required for normal brain development and kidney func-
tion. Previous reports have shown that RPGRIP1L gene 
mutation is associated with cerebellar vermis hypoplasia, 
intellectual disability/development delay, NPHP, and ocu-
lar motor apraxia (OMA) in JS patients [10]. A clear gen-
otype–phenotype correlation seems to exist in the case 
of RPGRIP1L, with only one truncating mutation or a 
homozygous missense mutation causing NPHP, whereas 
homozygous truncating mutations cause JS-related dis-
orders [11].

Fig. 2 Identification and characterization of RPGRIP1L variants. A Sanger sequencing confirmed the compound heterozygous mutation 
of the RPGRIP1L gene of the proband inherited from the father and mother. B Conservation prediction plots of c.2723G > T (p.G908V). C Predicted 
three-dimensional models of wild-type and mutant (p.G908V) RPGRIP1L
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NPHP constitutes the most frequent genetic cause of 
ESKD in children and young adults. Up to 25–30% of 
JS individuals develop renal disease, mainly presenting 
as juvenile NPHP, which may remain asymptomatic for 
several years [12]. Wolf MT et al. studied a cohort of 56 
patients from central Europe and the United States with 
NPHP and identified four different mutations in the 
RPGRIP1L gene in five different families [13]. Takagi Y 
reported 11 patients with JS and ESKD who underwent 
renal replacement therapy and found that one patient 
carried mutations in the RPGRIP1L gene [14]. Ying L 
reported 17 Chinese children with JS and discovered 
that 3 of 6 cases complicated with ESKD had compound 
heterozygous mutations in the RPGRIP1L gene [15].

In this study, the patient was misdiagnosed until 
he presented with weight loss, severe anemia, mild 
proteinuria, elevated parathyroid hormone (PTH), 
hypocalcemia, hypokalemia, and metabolic acido-
sis secondary to ESKD at the age of 11. The reasons 
for misdiagnosis mainly included family neglect and 
unawareness of JS. The disease is a rare genetic devel-
opmental disorder. An estimated incidence of JS is 
1/100,000 to 1/8000. Many people, even many doctors 
do not know or even hear of the disease. However, with 
the rapid development of medical technology and gene 
detection methods in recent years, the detection rate 
of JS is increasing year by year. We should pay more 
attention to neurological and kidney involvement, and 
gene detection should be suggested for those suspected 
patients. This kind of genotype–phenotype correlation 
may help to guide individualized management in JS 
patients.

Conclusion
The present study identified a novel compound het-
erozygous mutation, p.L447fs*7 (p.Leu447fsTer7) and 
p.G908V (p.Gly908Val), in the RPGRIP1L gene in a 
Chinese boy. The clinical and genetic findings of this 
study will expand the understanding of JS.

Acknowledgements
We thank the patient’s parents for providing permission to share the patient’s 
information.

Authors’ contributions
Qian Li conceptualized and designed the study, drafted the initial manuscript, 
and reviewed and revised the manuscript. Qianying Liu, Suwen Liu and 
Lichun Yu collected data. Zhenle Yang, Cong Wang and Jing Wang reviewed 
and revised the manuscript. Shuzhen Sun coordinated and supervised data 
collection, and critically reviewed the manuscript for important intellectual 
content. All authors approved the final manuscript as submitted and agree to 
be accountable for all aspects of the work.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The original contributions presented in the study are included in the article, 
and further inquiries can be directed to the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate
The Medical Ethics Committee of Shandong Provincial Hospital has confirmed 
that no further ethical approval is required for the publication of a case report. 
The parents provided written consent for all genetic studies performed in 
relation to this case.

Consent for publication
The patient’s parents gave informed consent to publication and signed 
informed consent for publication of identifying information/images in an 
online open-access publication.

Competing interests
The authors declare no competing interests.

Received: 3 February 2023   Accepted: 10 November 2023

References
 1. Nuovo S, Bacigalupo I, Ginevrino M, Battini R, Bertini E, Borgatti R, Casella 

A, Micalizzi A, Nardella M, Romaniello R, Serpieri V, Zanni G, Valente EM, 
Vanacore N. JS Italian study group age and sex prevalence estimate of 
Joubert syndrome in Italy. Neurology. 2020;94(8):e797–801. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 008996.

 2. Romani M, Micalizzi A, Valente EM. Joubert syndrome: congenital cer-
ebellar ataxia with the molar tooth. Lancet Neurol. 2013;12(9):894–905. 
https:// doi. org/ 10. 1016/ S1474- 4422(13) 70136-4.

 3. Bachmann-Gagescu R, Dempsey JC, Phelps IG, O’Roak BJ, Knutzen DM, 
Rue TC, Ishak GE, Isabella CR, Gorden N, Adkins J, Boyle EA, Lacy de N, 
O’Day D, Alswaid A, Ramadevi AR, Lingappa L, Lourenço C, Martorell L, 
Garcia-Cazorla À, Ozyürek H, Haliloğlu G, Tuysuz B, Topçu M. University of 
Washington Center for Mendelian Genomics; Chance P, Parisi MA, Glass 
IA, Shendure J, Doherty D. Joubert syndrome: a model for untangling 
recessive disorders with extreme genetic heterogeneity. J Med Genet. 
2015;52(8):514–22. https:// doi. org/ 10. 1136/ jmedg enet- 2015- 103087.

 4. Shamsudheen MP, Das U, Taduri G, Guditi S, Karthik R, Thakur R. A Case 
of Joubert Syndrome with Chronic Kidney Disease. Indian J Nephrol. 
2021;31(1):61–3. https:// doi. org/ 10. 4103/ ijn. IJN_ 287_ 19.

 5. Gana S, Serpieri V, Valente EM. Genotype-phenotype correlates in 
Joubert syndrome: a review. Am J Med Genet C Semin Med Genet. 
2022;190(1):72–88. https:// doi. org/ 10. 1002/ ajmg.c. 31963.

 6. Reiter JF, Leroux MR. Genes and molecular pathways underpinning 
ciliopathies. Nat Rev Mol Cell Biol. 2017;18(9):533–47. https:// doi. org/ 10. 
1038/ nrm. 2017. 60.

 7. Coene KL, Roepman R, Doherty D, Afroze B, Kroes HY, Letteboer SJ, Ngu 
LH, Budny B, van Wijk E, Gorden NT, Azhimi M, Thauvin-Robinet C, Velt-
man JA, Boink M, Kleefstra T, Cremers FP, van Bokhoven H, de Brouwer AP. 
OFD1 is mutated in X-linked Joubert syndrome and interacts with LCA5-
encoded lebercilin. Am J Hum Genet. 2009;85(4):465–81. https:// doi. org/ 
10. 1016/j. ajhg. 2009. 09. 002.

 8. Serpieri V, D’Abrusco F, Dempsey JC, Cheng YH, Arrigoni F, Baker J, Bat-
tini R, Bertini ES, Borgatti R, Christman AK, Curry C, D’Arrigo S, Fluss J, 
Freilinger M, Gana S, Ishak GE, Leuzzi V, Loucks H, Manti F, Mendelsohn 
N, Merlini L, Miller CV, Muhammad A, Nuovo S, Romaniello R, Schmidt 
W, Signorini S, Siliquini S, Szczałuba K, Vasco G, Wilson M, Zanni G, 
Boltshauser E, Doherty D, Valente EM; University of Washington Center for 
Mendelian Genomics (UW-CMG) group. SUFU haploinsufficiency causes 
a recognisable neurodevelopmental phenotype at the mild end of the 
Joubert syndrome spectrum. J Med Genet. 2022 Sep;59(9):888–894. 
https:// doi. org/ 10. 1136/ jmedg enet- 2021- 108114.

https://doi.org/10.1212/WNL.0000000000008996
https://doi.org/10.1212/WNL.0000000000008996
https://doi.org/10.1016/S1474-4422(13)70136-4
https://doi.org/10.1136/jmedgenet-2015-103087
https://doi.org/10.4103/ijn.IJN_287_19
https://doi.org/10.1002/ajmg.c.31963
https://doi.org/10.1038/nrm.2017.60
https://doi.org/10.1038/nrm.2017.60
https://doi.org/10.1016/j.ajhg.2009.09.002
https://doi.org/10.1016/j.ajhg.2009.09.002
https://doi.org/10.1136/jmedgenet-2021-108114


Page 5 of 5Li et al. BMC Pediatrics          (2023) 23:590  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 9. Sun S, Chen L, Li N, Wang X. Homozygosity for a novel missense variant 
of RPGRIP1L causing Joubert syndrome with renal defects in a family of 
Chinese descent. Clin Nephrol. 2021;96(4):243–50. https:// doi. org/ 10. 
5414/ CN110 539.

 10. Harris PC. Genetic complexity in Joubert syndrome and related disorders. 
Kidney Int. 2007;72(12):1421–3. https:// doi. org/ 10. 1038/ sj. ki. 50025 77.

 11. Delous M, Baala L, Salomon R, Laclef C, Vierkotten J, Tory K, Golzio 
C, Lacoste T, Besse L, Ozilou C, Moutkine I, Hellman NE, Anselme I, 
Silbermann F, Vesque C, Gerhardt C, Rattenberry E, Wolf MT, Gubler MC, 
Martinovic J, Encha-Razavi F, Boddaert N, Gonzales M, Macher MA, Nivet 
H, Champion G, Berthélémé JP, Niaudet P, McDonald F, Hildebrandt F, 
Johnson CA, Vekemans M, Antignac C, Rüther U, Schneider-Maunoury 
S, Attié-Bitach T, Saunier S. The ciliary gene RPGRIP1L is mutated in 
cerebello-oculo-renal syndrome (Joubert syndrome type B) and Meckel 
syndrome. Nat Genet. 2007;39(7):875–81. https:// doi. org/ 10. 1038/ 
ng2039.

 12. Nuovo S, Fuiano L, Micalizzi A, Battini R, Bertini E, Borgatti R, Caridi 
G, D’Arrigo S, Fazzi E, Fischetto R, Ghiggeri GM, Giordano L, Leuzzi V, 
Romaniello R, Signorini S, Stringini G, Zanni G, Romani M, Valente EM, 
Emma F. Impaired urinary concentration ability is a sensitive predictor of 
renal disease progression in Joubert syndrome. Nephrol Dial Transplant. 
2020;35(7):1195–202. https:// doi. org/ 10. 1093/ ndt/ gfy333.

 13. Wolf MT, Saunier S, O’Toole JF, Wanner N, Groshong T, Attanasio M, 
Salomon R, Stallmach T, Sayer JA, Waldherr R, Griebel M, Oh J, Neuhaus TJ, 
Josefiak U, Antignac C, Otto EA, Hildebrandt F. Mutational analysis of the 
RPGRIP1L gene in patients with Joubert syndrome and nephronophthi-
sis. Kidney Int. 2007;72(12):1520–6. https:// doi. org/ 10. 1038/ sj. ki. 50026 30.

 14. Takagi Y, Miura K, Yabuuchi T, Kaneko N, Ishizuka K, Takei M, Yajima C, 
Ikeuchi Y, Kobayashi Y, Takizawa T, Hisano M, Tsurusaki Y, Matsumoto N, 
Hattori M. Any modality of renal replacement therapy can be a treatment 
option for Joubert syndrome. Sci Rep. 2021;11(1):462. https:// doi. org/ 10. 
1038/ s41598- 020- 80712-4.

 15. Ying L, Hui W, Fu Q, Nan Z, Yeping J, Lan M. Attention to renal involve-
ment: report of 17 Joubert syndrome cases in children of a single 
center in China. BMC Pediatr. 2022;22(1):433. https:// doi. org/ 10. 1186/ 
s12887- 022- 03496-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.5414/CN110539
https://doi.org/10.5414/CN110539
https://doi.org/10.1038/sj.ki.5002577
https://doi.org/10.1038/ng2039
https://doi.org/10.1038/ng2039
https://doi.org/10.1093/ndt/gfy333
https://doi.org/10.1038/sj.ki.5002630
https://doi.org/10.1038/s41598-020-80712-4
https://doi.org/10.1038/s41598-020-80712-4
https://doi.org/10.1186/s12887-022-03496-8
https://doi.org/10.1186/s12887-022-03496-8

	A novel mutation of the RPGRIP1L gene in a Chinese boy with Joubert syndrome with oculorenal involvement
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


