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ABSTRACT 

Takenouchi-Kosaki syndrome (TKS) is a congenital malformation syndrome characterized by 

severe developmental delay, macrothrombocytopenia, camptodactyly, sensorineural hearing 

loss, and dysmorphic facial features. Recently, a heterozygous de novo mutation 

(p.Tyr64Cys) in the CDC42 gene, which encodes a key small GTP binding protein of the 

Rho-subfamily, was identified in two unrelated patients with TKS. We herein report a third 

patient with TKS who had the same heterozygous CDC42 mutation. The phenotype of the 

patient was very similar to those of the two previously reported patients with TKS; however, 

she also demonstrated novel clinical manifestations, such as congenital hypothyroidism and 

immunological disturbance. Thus, despite the heterozygous mutation of CDC42 (p.Tyr64Cys) 

likely being a hot-spot mutation for TKS, its phenotype may be variable. Further studies and 

the accumulation of patients with CDC42 mutations are needed to clarify the phenotype in 

patients with TKS and the pathophysiological roles of the CDC42 mutation. 

 

Keywords: Takenouchi-Kosaki syndrome, CDC42, immunodeficiency, congenital 

hypothyroidism   
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INTRODUCTION 

Takenouchi-Kosaki syndrome (TKS) is a rare congenital malformation syndrome 

characterized by severe developmental delay, macrothrombocytopenia, camptodactyly, 

sensorineural deafness, and dysmorphic facial features (OMIM 616737).1, 2 Although only 

two unrelated patients with TKS have been reported thus far, both of them were heterozygous 

for the same de novo CDC42 mutation (p.Tyr64Cys). 1, 2 

CDC42 encode a key small GTP binding protein of the Rho-subfamily, which 

regulates signaling pathways that control various cellular functions, including cell 

morphology, migration, endocytosis, and cell cycle progression;3 however, the mechanisms 

underlying the CDC42 mutation leading to the variable phenotype of TKS remain to be 

determined.  

We herein report a third patient with TKS who had exactly the same missense 

mutation in CDC42 reported previously and broader clinical manifestations than the first two 

patients. The present observation strongly suggests that the p.Tyr64Cys variant in CDC42 is a 

hot-spot mutation for TKS that may cause broader phenotype than previously thought. 
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CASE REPORTS 

A Japanese female patient was born to non-consanguineous parents at 35 weeks of gestation. 

During the gestation period, hydrops and pleural effusion had been detected by fetal 

echography, but improved spontaneously toward birth. At birth, her length was 46.3 cm 

(+0.35 standard deviations [SD]), weight 2.34 kg (+0.38 SD), and OFC 31.5 cm (-0.10 SD). 

She had distinctive facial features consisting of midface hypoplasia, low-set ears, synophrys, 

mild ptosis, slender eyes, exotropia, and thin upper lip (Figure 1a). She also had 

camptodactyly of bilateral fingers (Figure 1b), hallux valgus (Figure 1c), sensorineural 

deafness and congenital hypothyroidism detected by a neonatal mass screening. Initially, her 

serum thyroid-stimulating hormone level was 85.61 μIU/mL [normal range: 0.35-4.94] and 

free triiodothyronine level 0.76 ng/dL [0.70-1.48]. The thyroid ultrasonography showed 

adequately located thyroid gland of normal size. She started treatment with levothyroxine 

sodium (10 μg/kg/day) that normalized her thyroid function promptly. She had severe motor 

developmental delay. She held up her head at 4 months, rolled over at 6 months, and walked 

alone at 3 years of age. The brain magnetic resonance imaging examination revealed corpus 

callosum hypoplasia, dysmyelination and enlarged cerebral ventricles (Figure 2a/2b). A 

skeletal survey showed maxillary hypoplasia (Figure 2c) and flexion contracture of the 

proximal interphalangeal joints except for thumbs (Figure 2d). 

She often developed bacterial lower respiratory tract infections that sometimes needed 
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hospitalization. An immunological examination revealed low serum immunoglobulin levels 

(IgG 527 mg/dL [870-1700], IgM 107.0 mg/dL [35-220], and IgA 64 mg/dL [110-410]) at 4 

years of age. The hypogammagloburinemia has been persistent. Repeated vaccination against 

measles, rubella, and varicella-zoster viruses failed to induce antibodies to the respective 

viruses. A lymphocyte subset analysis revealed CD4+T-lymphopenia (140/mm3, 25.3%) and 

B-lymphopenia (37/mm3, 6.6%).    

She was found to have thrombocytopenia (95,000/µL) at 2 years and 6 months of age 

with a normal hemoglobin concentration and a normal white blood cell count by a routine 

blood examination. Platelet counts have been around 100,000 /μL thus far. Bone marrow 

aspiration demonstrated normal nucleated cell counts and the absence of abnormal cells. A 

peripheral blood smear revealed enlarged platelets (Figure 1d). The results of a platelet 

aggregation test and bleeding time were within the normal ranges.  

On the last examination at 12 years of age, she was 141.8 cm (-1.65 SD) tall and 

weighed 32.5 kg (-1.31 SD). She had severe intellectual disability (total IQ 42), but could 

communicate with simple words and did not have any autistic and behavioral problems. She 

needs daily special care from her parents and has attended to a special-needs school.  

 

MOLECULAR STUDIES 

This study was approved by the Institutional Review Board at Nagasaki University Graduate 



                6 
 
 

 6

School of Biomedical Sciences. After obtaining written informed consent, leukocyte genomic 

DNA was obtained from the patient and her parents. Firstly, we performed trio whole-exome 

sequencing for the family; however, no candidate mutations were detected after the mutation 

annotation process. Subsequently, we performed PCR direct sequencing for the coding exons 

and their flanking splice sites in CDC42, because her phenotype was very similar to those of 

previously reported patients with TKS. The primer sequences are available on request. The 

direct capillary sequencing identified a de novo heterozygous mutation in exon 5 of CDC42 

(c.191A>G, p.Tyr64Cys) (NM_001039802.1) in the patient. 

 

DISCUSSION 

We herein report the third patient with TKS. The CDC42 missense mutation was the same as 

those identified in the two previously reported unrelated patients. Because a part of CDC42 

including the mutation site lies within the segmentally duplicated region 

(http://genome.ucsc.edu/), whole-exome sequencing screening may fail to detect mutations in 

CDC42 after the mutation annotation process which automatically excludes the mutations in 

the segmental duplications. 

The amino acid tyrosine at position 64 in Cdc42 represents the phosphorylation 

target for the epidermal growth factor-dependent activation of Cdc42, which regulates 

downstream signal transduction.4 Although the pathological mechanism of the mutant protein 
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remains unknown, the p.Tyr64Cys in CDC42 is likely a hot-spot mutation leading to the 

various manifestations of TKS. 

The clinical findings in the previously reported and present patients with TKS 

highlight several interesting findings. First, hydrops and pleural effusion were observed in her 

fetal stage. Since lymphedema is a feature shared with the two previously reported patients, 

the development of the fetal hydrops in the present patient may be associated with 

lymphedema in fetus. Second, although macrothrombocytopenia is a pathognomonic 

manifestations for TKS, the absence of a bleeding tendency, normal platelet aggregation 

ability, and normal bleeding time in the patient indicate that the phenotype is clinically 

insignificant. Third, our patient presented with congenital hypothyroidism as a novel 

phenotype for TKS. In this regard, Cdc42 could be required for epithelial polarity and 

organization in the endoderm as well as apical constriction in the thyroid bud, and outgrowth 

of the thyroid buds is severely curtailed in Cdc42-deficient mouse embryo. 5 These findings 

suggest that thyroid dysfunction may be associated with CDC42 mutation. Futhermore, the 

primary vaccine failures along with hypogammaglobulinemia, B-lymphopenia, and 

CD4+T-lyphopenia in the present patient may also be associated with the CDC42 mutation 

for the following reasons: CDC42 directly binds to a GTPase-binding domain of 

Wiskott-Aldrich syndrome protein, the defect of which leads to immunodeficiency associated 

with abnormal immunoglobulin levels and T-cell dysfunction.6 In addition, Cdc42 plays an 
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important role in B-cell motility and filopodia formation as well as the development and 

maturation of B-cell lineage.7.8.9 Deletion of Cdc42 in mice leads to reduction of mature 

B-cell populations and production of antigen-specific IgM, IgG1 and IgG3.10 

 In conclusion, we present a third patient with TKS. The heterozygous mutation of 

CDC42 (p.Tyr64Cys) is likely a hot-spot mutation for TKS. Further studies and the 

accumulation of patients with CDC42 mutations are needed to clarify the phenotype in 

patients with TKS and the pathophysiologic roles of the CDC42 mutation. 
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TITLES AND LEGENDS TO FIGURES  

Figure 1. Clinical phenotype of the patient  

(a) Facial feature observed in her infancy. (b, c) Camptodactyly of hands (b) and hallux 

valgus (c) at the age of 11 years. (d) A peripheral blood smear showing a giant platelet 

(arrow). 

 

Figure 2. Magnetic resonance imaging and X-ray examinations 

T1-weighted horizontal (a) and T2-weighted sagittal (b) views of the brain show corpus 

callosum hypoplasia and enlarged cerebral ventricles with cerebral aqueduct stenosis (white 

arrow).  (c) Maxillary hypoplasia and (d) flexion contracture of the proximal interphalangeal 

joints except for the thumb. 
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