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Zhu-Tokita-Takenouchi-Kim syndrome (ZTTK 
syndrome) is a  autosomal dominant multisystemic 
disorder characterized by intellectual disability and 
caused by variants in the SON gene.1  

The SON gene, located in the human chromoso-
mal region 21q22.11, consists of 12 exons. It encodes 
the SON protein, an important RNA splicing co-fac-
tor that plays a vital role in the splicing complex.2 The 
SON gene is also involved in the cell cycle, genome 
stability, and centrosome maintenance. SON is in-

volved in pluripotency and survival of embryonic 
stem cells as well as in the alternative splicing of 
other genes involved in epigenetic regulation and 
apoptosis.3 Taking into account the many different 
functions of SON, it is to be expected that pathogenic 
variants in this gene can cause diverse clinical symp-
toms. The syndrome manifests with a range of symp-
toms, including dysmorphic facial features, brain 
malformations, craniosynostosis musculoskeletal ab-
normalities, short stature, eye abnormalities, diges-
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tive system and urogenital system deformities, con-
genital heart disease, enamel hypoplasia, as well as 
skin and nail abnormalities.4  

 CASE REPORT 
A 9-year-old male patient diagnosed with Zhu-
Tokita-Takenouchi-Kim (ZTTK) syndrome was re-
ferred to us for immunological evaluation. The WES 
analysis disclosed a heterozygous de novo pathogenic 
variant (NM_138927.2) C.2849_2850dup (p.Leu951 
Aspfs*2) was detected in the SON gene. The variant 
was also confirmed by Sanger sequencing, and both 
parents did not have the mutation. There is no other 
promising gene involving the immune system. 

He is the second child of a consanguineous 
family. The neurological examination revealed hy-
potonia, neuromotor retardation, speech delay, sen-
sorineural hearing loss, and moderate intellectual 
disability. An ophthalmological examination showed 
myopia and astigmatism. His electroencephalogram 
(EEG) and brain magnetic resonance imaging were 
normal, both performed at the age of seven. 

On physical examination, his weight was 16 kg 
(-4.87 SDS), his height was 115 cm (-3.73 SDS), and 
his head circumference was 50 cm (-2.38 SDS). He 
had facial dysmorphism with a long asymmetric face, 
midface retrusion, smallmouth, broad nasal bridge, 
hypertelorism, epicanthus, strabismus, and low-lying 
ears (Figure 1). The distal phalanges of his fingers 
were short. He had bilateral clinodactyly of the little 
fingers, onychodystrophy of toenails. His fingernails 
were normal. He had no gastrointestinal or urogeni-
tal abnormalities. 

He suffered from recurrent upper respiratory 
tract infections and pneumonia since his infancy. 
Serum immunoglobulin (Ig)G and IgA levels were 
low; however, IgM level was normal. There was no 
antibody response to the hepatitis and tetanus vac-
cines. Lymphocyte subsets were normal, including 
total T cells, T helper cells, T suppressors, B cells and 
NK cells. However, memory B cells were low com-
pared to controls. Lymphocyte proliferation was nor-
mal. The patient’s laboratory data are summarized in 
Table 1. Intravenous immune globulin therapy was 
initiated. Following intravenous immunoglobulin 

(IVIg) treatment, the frequency of infections de-
creased, and growth was accelerated. 

Written consent was obtained from the family to 
publish this case report. Uludağ University Ethics 
Committee number is 2023-22/30, date 31.10.2023. 

 DISCUSSION 
SON is a nuclear protein involved in multiple cellu-
lar processes, including transcription, RNA-splicing, 
and cell cycle regulation. It has an essential role in 
maintaining embryonic stem cell pluripotency. Ab-
normal RNA splicing may impair multi-organ devel-
opment and immune system functions. 

Patients with ZTTK syndrome exhibit dysmor-
phic features and various symptoms owing to many 
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FIGURE 1: Syndromic facial features of our patient.

Patient Normal values 
IgG (g/L) 528 (842-1943) 
IgM (g/L) 71 (54-392) 
IgA (g/L) 46 (62-398) 
CD3% (AC) 67.4% (1179) (65-85%) 
CD4% (AC) 30.3% (530) (29-59%) 
CD8% (AC) 33.9% (593) (19-48%) 
CD19% (AC) 15.3% (267) (7-23%) 
CD19+IgM-IgD-CD27+% (AC) 1% (17) (2.7-29%) 
AntiHbs, Anti tetanus IgG Negative

TABLE 1:  Patient’s laboratory findings.

AC: Absolu count; Ig: Immunoglobulin.
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organ involvement. Facial dysmorphism findings are 
facial asymmetry, midface retrusion, eye, nose, ear, 
and mouth abnormalities.5 Neurological abnormali-
ties are characterized by intellectual disability, hypo-
tonia, seizures, and EEG abnormalities. Brain 
malformations include cortex, cerebral white matter, 
ventricles, cerebellum malformation, or corpus cal-
losum abnormality. Autism is prevalent.6,7 Our pa-
tient had mental retardation, autistic behaviors, and 
visual and hearing impairments, but neither brain 
malformation nor epileptic attacks were detected. 
Musculoskeletal abnormalities are represented by 
short stature, scoliosis, joint hypermobility, and pes 
planus. Our patient showed finger and nail abnor-
malities. Gastrointestinal abnormalities are reported 
in ZTTK patients having feeding difficulties and var-
ious structural abnormalities.8 Compared with our pa-
tient the systematic review of the cases published in 
the literature is given in Table 2. 

Immunodeficiency was not reported in cases 
with ZTTK syndrome until this year; Kylat et al. in-
formed an association of mutations in Foxp3 leading 
to the clinical triad of enteropathy, endocrinopathies, 
and dermatitis provides the definitive diagnosis of 
IPEX syndrome and the SON gene in a patient.9 The 
patient had respiratory insufficiency and failure to 
thrive. An immunologic evaluation included normal 
Ig M, G, E, and A levels but abnormal FOXP3 and 
regulatory T cell panel. He did not have the classic 
findings of Ipex syndrome and died of pneumonia 
and respiratory failure before the anticipated BMT 
at six months of age. Our case has a heterozygous 
de novo pathogenic variant (NM_138927.2) 
C.2849_2850dup (p.Leu951Aspfs*2) in the SON 
gene. The immunological workup revealed hy-
pogammaglobulinemia and antibody production de-

fects. IVIg treatment was effective in reducing in-
fections. 

One of the interacting proteins for the SON gene 
is Smad nuclear-interacting protein 1; required for 
pre-mRNA splicing as a component of spliceosome 
down-regulates nuclear factor-kappa-B (NF-κB) sig-
naling. NF-κB regulates a large array of genes in-
volved in different processes of the immune and 
inflammatory responses. The NF-κB transcription 
factor initiates the expression of genes that drive B 
cell proliferation and differentiation.10 

We suggest that it is important to review the im-
munologicl data of patients with ZTTK syndrome 
and to provide supportive treatments in case of im-
munodeficiency, including prophylactic antibiotics 
or IVIg.  
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