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Established Facts

• Bi-allelic TUBGCP4 mutations have been related to a new autosomal recessive syndrome.
• This syndrome is characterized by autosomal recessive microcephaly with chorioretinopathy and  

global developmental delay/intellectual disability.
• To our knowledge, only 5 caseswith TUBGCP4 mutations have been reported worldwide.
• All of these were caused by compound heterozygous TUBGCP4 variants.
• No formal developmental/intellectual assessments have been performed.

Novel Insights

• We report a 5-year-old boy with a homozygous mutation in TUBGCP4.
• He presented with autism and ectasia of the optic nerve sheaths, but not microcephaly with chorio-

retinopathy or global developmental delay/intellectual disability.
• This new case widens the clinical spectrum of this new syndrome.
• TUBGCP4 mutations may underlie neurodevelopmental disorders without some clinical manifesta-

tions previously reported.

DOI: 10.1159/000519365
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Abstract
Bi-allelic mutations in the TUBGCP4 gene have been recently 
associated with autosomal recessive microcephaly with cho-
rioretinopathy. However, little is known about the geno-
type-phenotype characteristics of this disorder. Here, we de-
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scribe a 5-year-old male patient with autism and a normal 
occipitofrontal circumference. No retinal abnormalities were 
observed. Brain MRI revealed the presence of enlarged 
sheaths of both tortuous optic nerves; both eyes had shorter 
axial lengths. Whole-exome sequencing in trio revealed syn-
onymous TUBGCP4 variants in homozygous state: c.1746G>T; 
p.Leu582=. This synonymous variant has been previously 
described and probably leads to skipping of exon 16 of  
TUBGCP4. These results broaden the clinical spectrum of this 
new syndrome and suggest that TUBGCP4 bi-allelic muta-
tions may underlie complex neurodevelopmental disorders.

© 2021 S. Karger AG, Basel

Introduction

Microtubules are polarized polymers of tubulin that 
are involved in a wide range of cellular processes includ-
ing cell structure, intracellular transport, organelle po-
sitioning, cell division, cell-cell signaling, and cell motil-
ity [Farache et al., 2018; Rossello et al., 2018; Tovey and 
Conduit, 2018]. In humans, there are 5 known tubulin 
isoforms: α-tubulin, β-tubulin, γ-tubulin, δ-tubulin, 
and ε-tubulin. In eukaryotes, the α-tubulin and β-tubulin 
families participate in the microtubules assembling, and 
2 main complexes containing γ-tubulin – the γ-tubulin 
small complex or γ-TuSC, and the γ-tubulin ring com-
plex or γ-TuRC – are necessary for microtubule nucle-
ation [Farache et al., 2018; Rossello et al., 2018; Tovey 
and Conduit, 2018]. The γ-TuRC is a complex resulting 
from the assembly of γ-tubulin with γ-tubulin complex 
proteins GCP2, GCP3, GCP4, GCP5, and GCP6 (encod-
ed by TUBGCP2, TUBGCP3, TUBGCP4, TUBGCP5, 
and TUBGCP6). Infrequent bi-allelic mutations in some 
of these genes cause microcephaly without clear struc-
tural brain anomalies [Puffenberger et al., 2012; 
Scheidecker et al., 2015; Mitani et al., 2019; Da Palma et 
al., 2020].

In 2015, Scheidecker et al. [2015] reported 4 children 
with microcephaly and chorioretinopathy caused by 
compound heterozygous TUBGCP4 (tubulin-gamma 
complex-associated protein 4) mutations. After this ini-
tial report, only one more case with bi-allelic TUBGCP4 
mutations and the same phenotype has been published 
[Da Palma et al., 2020]. Interestingly, all reported cases 
had different truncating mutations but shared the same 
synonymous variant (c.1746G>T; p.Leu582=); this previ-
ously published pathogenic variant generates a new cryp-
tic splice site that produces exon 16 skipping [Scheideck-
er et al., 2015].

Here, we present a 5-year-old Spanish boy with au-
tism, with homozygous TUBGCP4 variants, and without 
microcephaly or chorioretinal dysplasia.

Clinical Report

Clinical Features of the Patients and Previous Diagnostic Studies
A 5-year-old male, the second child from nonconsanguineous 

healthy parents of Spanish origin, was referred to our clinic. Par-
tum occurred via uncomplicated vaginal delivery after 40 weeks of 
pregnancy. Apgar scores were 9-10 at 1 and 5 min, respectively. 
Birth weight was 2,890 g (15th centile), length 51 cm (80th centile), 
and OFD 33.5 cm (20th centile). OFD was 46,5 (60th centile) and 
49 (65th centile) at the age of 1 and 2 years, respectively. Family 
history was not relevant; his parents and his brother were healthy.

He walked unsupported at 12 months; the first bisyllabic words 
occurred at 28 months. At the age of 5 years, no advances were 
observed in verbal and nonverbal communication abilities; echo-
lalia, neologisms, a stereotyped and idiosyncratic language associ-
ated with hyperkinetic behavior was associated with minimal eye 
contact and tendency to play alone.

At the age of 3 years, a neuropsychological assessment to mea-
sure intellectual functioning and development, as well as language 
abilities, was conducted. Specifically, the following tests and scales 
were used: the Leiter Internation Performance Scale, the Merrill 
Palmer-Revised scale of development (MP-R), the Peabody Pic-
ture Vocabulary Test (PPVT), the Reynell Developmental Lan-
guage Scales (RDLS), the Autism Diagnostic Interview-Revised 
(ADI-R), the Autism Diagnostic Observation Scale (ADOS), and 
the Vineland Adaptive Behavior Scales (VABS). Notably, Leiter 
scale revealed the presence of an IQ of 100 (50th centile) and Cog-
nitive Index of MP-R was 80 (normal; below average); verbal skills 
were severely compromised, not being possible to assess them with 
PPVT or RDLS. VABS total score was 73 (communication, daily 
living skills, social skills and motor skills scores were 66, 83, 65, and 
93, respectively), according to his clinical communication and so-

Fig. 1. Axial and coronal fast spin echo T2-weighted planes. Dila-
tion of the subarachnoid space (arrows) surrounding both optic 
nerves with enlarged sheaths. Absence of hyperintensities in the 
optic nerve.
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cial problems. ADI-R and ADOS algorithm scores were 18 and 21, 
meeting the criteria for autism spectrum disorder on both instru-
ments.

The clinical examination disclosed a weight of 19.8 kg (70th 
centile), a height of 111 cm (60th centile), and an OFD of 52 cm 
(80th centile), without dysmorphic features. Observation of the 
patient revealed verbal and nonverbal communication deficits, 
echolalia, neologisms, a stereotyped and idiosyncratic language as-
sociated with hyperkinetic behavior.

Routine laboratory screening including thyroid function and 
neurometabolic tests were within the normal range. Sleep video-
EEG test and auditory evoked potentials displayed normal results. 
The ophthalmologic studies performed by 2 different ophthalmol-
ogists displayed no retinal anomalies. Brain 1.5T MRI did not re-
veal any significant structural brain malformations; however, the 
presence of a clear dilation of the subarachnoid space around both 
optic nerves was observed, as well as a significant tortuosity of the 
optic nerves (Fig. 1, 2). These alterations were associated with a 
smaller size of the orbit and eye size; to objectify this finding, the 
axial lengths of the patient’s eyes were measured, as well as the 
axial length of both eyes in other 6 boys of the same age. The mea-
surement was taken from the retina-choroid complex to the ante-
rior surface of the cornea. The axial length of both eyes of the pa-
tient was 20.2 mm versus 23.5 mm measured in the control group.

Previous genetic studies (karyotype, CGH-arrays) did not show 
anomalies. Whole-exome trio analysis was performed; it revealed 
synonymous TUBGCP4 variants in homozygous state: c.1746G>T; 
p.Leu582= . The variant was confirmed by Sanger sequencing. 
DANN score was 0.80 and the Combined Annotation-Dependent 
Depletion (CADD) score of the variant was 13.92 [Rentzsch et al., 
2019]. This variant was not found in international databases in 
homozygosis.

Discussion

We describe a new case with autism and microph-
thalmia, associated with homozygous TUBGCP4 muta-
tions Five cases with microcephaly and chorioretinopa-
thy caused by compound heterozygous TUBGCP4 vari-
ants have been previously reported (Table 1); multiple 
punched-out lesions, sometimes associated with cho-
rioretinal folds, were observed in fundus examination 
in all cases in their first years of life [Scheidecker et al., 
2015; Da Palma et al., 2020]. All of them suffered devel-
opmental delay and/or learning disabilities; no formal 

cognitive evaluations have been reported in these cases. 
Patients with microcephaly and chorioretinopathy may 
also show microphthalmia, intellectual disability, brain 
malformations, short stature and/or dysmorphic fea-
tures [Jones et al., 2014; Mears et al., 2015; Scheidecker 
et al., 2015; Balikova et al., 2016; Da Palma et al., 2020; 
Shurygina et al., 2020]. Interestingly, all reported indi-
viduals had been previously referred to specialized cen-
ters for genetic eye diseases because of chorioretinopa-
thy associated with congenital microcephaly; this co-
hort selection might itself be an important problem to 
assess the whole clinical spectrum of this new autoso-
mal recessive disorder.

More than 200 missense TUBGCP4 variants at a fre-
quency of <0.1% have been registered in international da-
tabases in the control population [Karczewski et al., 
2020]. The pLI [Lek et al., 2016] and the haploinsufficien-
cy scores [Huang et al., 2010] of TUBGCP4 are 0.0 and 
13.88, respectively, and the Z score for missense mutation 
is 2.58 [Karczewski et al., 2020]. These data support the 
deleterious effect only of biallelic variants as demonstrat-
ed in all the cases reported so far. These 5 individuals had 
a nonsense or frameshift mutation, but all shared the 
same synonymous variant (c.1746G>T; p.Leu582=), lo-
cated in C-terminal domain [Guillet et al., 2011]. Accord-
ing to reported studies, all truncated variants are expected 
to lead to a new reading frame ending in a stop codon, 
and mRNA transcripts with these premature stop codons 
would be eliminated by nonsense-mediated mRNA de-
cay. In relation to the synonymous variant, this is present 
in healthy controls with a frequency of 0.0003 [Karcze-
wski et al., 2020] and was present in our patient in homo-
zygous state. Scheidecker et al. [2015] demonstrated that 
this variant generates a new cryptic splice site than in-
duces exon 16 skipping, contributing to a residual pro-
duction of non-spliced cDNA containing exon 16, and 
therefore to decreased levels of gamma-tubulin complex 
protein-4 (GCP4), abnormal microtubule organization, 
and altered cell morphology. These anomalies suggest 
that the synonymous variant may be the only one to be 
expressed [Scheidecker et al., 2015].

Fig. 2. Sagittal T1-weighted planes. Tortu-
osity of optic nerves: increased curvature of 
the nerve (arrows) with deviation within 
the axial plane.
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This group used the zebrafish model to demonstrate 
the role of GCP4 in embryogenic development; the trans-
lation block of its mRNA was associated with a smaller 
head and eyes in these embryos. However, 25% of the em-
bryos did not show a reduced size of the head and eyes. A 
similar finding is observed in patients with tubulinopa-
thies, where 25% of the affected cases do not show micro-
cephaly [Bahi-Buisson and Cavallin, 2021]. This pheno-
typic variability might explain the absence of microceph-
aly in our case. However, we could demonstrate the 
presence of associated ophthalmologic abnormalities, not 
only related to the size of the ocular globes, but also in the 
structure of both optic nerves.

The presence of autism, ectasia of the optic nerve 
sheaths, without associated microcephaly or chorioreti-
nopathy, widens the phenotypic variability of this new 
autosomal recessive syndrome. The presence of biallelic 
TUBGCP4 mutations may underlie severe neurodevelop-
mental disorders, autism or intellectual disability, with-
out the presence of other typical manifestations so far, 
such as microcephaly or chorioretinal dysplasia. Never-
theless, chorioretinopathy may appear at anolder age and 
should be monitored regularly in these cases. The selec-
tion of the cases reported to date could have determined 
the true clinical dimension of this syndrome.
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