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Abstract

This study reports the first Asian pediatric patient harboring the de novo heterozygous CDC42 variant (c.203G > A, p.Arg68GIn), a globally ultrarare variant
with limited clinical and genetic data. The proband presents with typical manifestations of Takenouchi-Kosaki syndrome (TKS), a rare multisystem
neurodevelopmental disorder, including severe growth retardation, characteristic craniofacial dysmorphism, persistent thrombocytopenia and progressive
sensorineural hearing loss. Recombinant human growth hormone (rhGH) therapy was initiated for the proband. A literature review is performed to further
understand this rare variant and improve its clinical recognition. This case fills the ethnic data gap for the CDC42 p.Arg68GlIn variant, enriches its clinical and
genetic spectrum, and provides evidence for the early clinical identification, individualized management and targeted genetic counseling.

Background

Cell division cycle 42 (CDC42) gene, a vital small GTPase belonging to the Rho family, functions as a central molecular switch in the physiological regulatory
network of the human body[1]. It precisely modulates a series of core cellular life activities through the dynamic cycling between the GTP-bound active and
inactive state, coupled with specific binding and interactions with over 45 downstream effector proteins(2, 3]. The functional homeostasis of CDC42 is
essential for maintaining multiple critical biological processes during embryonic development, including tissue and organ morphogenesis, cell proliferation
and differentiation, cytoskeleton remodeling, cell migration, and apoptosis[4, 5]. Particularly, CDC42 plays an indispensable regulatory role in embryonic
development, morphogenesis, and functional maturation of the nervous system, hematopoietic system, craniofacial skeleton, and multiple vital organs
throughout the body[6].

Pathogenic variants in CDC42 directly alter the amino acid sequence and three-dimensional structure of the encoded protein, disrupting GTP-GDP cycle
homeostasis and binding affinity with downstream effector proteins. These alterations subsequently impair cellular signal transduction, perturbing normal
embryonic tissue and organ development and ultimately resulting in multiple clinical manifestations, including neurodevelopmental abnormalities, growth
retardation, immunodeficiency, and thrombocytopenia[7, 8]. According to differences in variant locations in protein structural domains, distinct functional
impairment mechanisms, and clinical phenotypic characteristics, CDC42 variants can be categorized into three types: Type | includes three variants located in
the CDC42 switch Il domain (p. Tyr64Cys, p. Arg66Gly, and p. Arg68GIn). These variants are predicted to impair GTPase catalytic activity and signal
transmission ability, which may further disturb platelet activation and present with platelet abnormalities primarily[6, 9, 10]. Type Il mainly occurs at the
nucleotide-binding pocket site (Ala159) of CDC42 or adjacent regions (Cys81 and Ser83). These alterations impair GTP-binding affinity and GTP hydrolysis
activity, resulting in constitutive hyperactivity of GTPase[6]. This abnormal activation may disturb the survival, proliferation, actin cytoskeleton remodeling
and migration of neural crest-derived cells, ultimately leading to severe and typical craniofacial malformations[11-13]. Type Ill includes 121T, Y23C and
E171K variants, which locate in amino acid residues critical for the interaction between CDC42 and effector proteins containing the CDC42/Rac-interacting
binding motif. Clinically, this type exhibits phenotypes highly reminiscent of Noonan syndromel6, 7, 14].

To date, no de novo missense variant of CDC42 Type | p.Arg68GIn has been documented in Asian populations. The phenotypic spectrum associated with this
rare variant remains poorly defined and incompletely elucidated.

Takenouchi-Kosaki syndrome (TKS) is a rare congenital multisystem developmental disorder caused by de novo pathogenic CDC42 variants, clinically
characterized by macrothrombocytopenia, distinctive craniofacial dysmorphism, growth retardation, lymphatic abnormalities and variable
neurodevelopmental delays[8].

On this basis, this study reports the first Asian pediatric patient of TKS carrying the de novo CDC42 p.Arg68GIn variant. By correlating genetic characteristics
with multimodal clinical manifestations, our findings enrich the clinical and genetic repository of the CDC42 p.Arg68GIn variant, fill the ethnic data gap and
provide critical references for early clinical recognition, management and targeted genetic counseling.

Case Presentation

The proband was delivered via cesarean section at term, and the mother had gestational hypertension during pregnancy. The patient had a birth weight of
2500 g and a birth length of 50 cm, and was diagnosed with congenital deafness and congenital atrial septal defect (Fig. 1). She presented with significant
developmental delay, including crawling at 1 year of age and independent walking at 2.5 years of age, accompanied by intellectual disability. Her academic
performance and motor skills were markedly impaired. Her elder sister and brother had normal growth and development consistent with typical peers. The
paternal height was 169 cm and the maternal height was 156 cm. The family had no relevant hereditary or chronic disease history. The patient underwent
cochlear implantation at the age of 6 years and 10 months.

She presented to the pediatric department at 11 years of age due to short stature, with a height of 123.7 cm (- 3.47 SD). Her annual growth rate was
unknown. Physical examination revealed characteristic facial dysmorphic features, including hypertelorism, depressed nasal bridge, widened nasal alar, high-
arched palate, micrognathia, malocclusion, and thick lips, as well as low-set ears, slender fingers and camptodactyly. Laboratory tests showed a reduced IGF-
Tlevel of 174.7 ng/mL (- 2.0 SD). Routine blood tests indicated thrombocytopenia, with a platelet count of 88 x 10°/L and a slightly elevated platelet-large cell
ratio (P-LCR). Breast ultrasound indicated normal pubertal development. Brain MRI confirmed a right-sided cochlear implant. ECG revealed sinus arrhythmia.
Spinal X-ray showed mild lumbar dextroscoliosis. No remarkable abnormalities were identified in other examinations, including biochemistry, liver function,
cortisol, corticotropin, tumor markers, fasting insulin, infection screening, and urine analysis.

In the exploration of the genetic etiology underlying the patient’s short stature and developmental deformities, whole-exome sequencing (WES) was
performed. A missense variant within the coding region of the CDC42 gene (c.203G > A, p.Arg68GIn) was prioritized for further analysis, with a REVEL
prediction score of 0.827 (PP3). This missense variant was absent from the large population frequency database gnomAD v2.1.1 (PM2) and was confirmed

Page 2/8



to be de novo via Sanger sequencing. To date, only two individuals harboring this variant have been reported, with clinical phenotypes similar to the proband.
Functional studies have demonstrated that the p.Arg68GIn variant disrupts the switch Il domain of CDC42, causing GTPase activity dysregulation and
impaired effector binding, thereby affecting cell migration, proliferation, and development (PM6+PS3_Supporting)[15]. According to the American College of
Medical Genetics and Genomics (ACMG) criteria[16], this variant was classified as likely pathogenic (PP3 + PM2+PM6+PS3_Supporting).

Two heterozygous variants were identified in the GJB2 gene (c.235del, p.Leu79Cysfs*3; ¢.109G > A, p.Val37lle). These variants were confirmed to be strongly
associated with hearing loss and were categorized as pathogenic variants[15, 17-22].

After thorough exclusion of contraindications and obtaining informed consent from the patient’s guardians, recombinant human growth hormone (rhGH)
therapy was initiated for the proband. Regular follow-up was scheduled to assess growth and developmental outcomes, monitor drug safety, and evaluate
serial platelet counts.

Discussion and conclusions

The present study comprehensively delineate the clinical profiles and genetic molecular characteristics of a pediatric patient affected by TKS, a rare
neurodevelopmental genetic disorder harboring the pathogenic rare missense variant ¢.203G > A (p.Arg68GIn) in the CDC42 gene. To our knowledge, this
case is among the limited number of globally reported individuals carrying this specific variant.

TKS, first described in 2015, may exhibits severe developmental delay, dysmorphic facial features, camptodactyly, sensorineural deafness,
neurodevelopmental delay and multiple hematological abnormalities including macrothrombocytopenia, lymphopenia, anemia and leukopenial[8, 23-25].
Genetically, the CDC42 missense variant (c.191A > G p.Tyr64Cys) represents the most prevalent variant in TKS cohorts, while other Type | variants in CDC42
have only been sporadically documented in clinical practice[8]. The CDC42 variant (c.203G > A, p.Arg68GIn) identified in the proband is classified as a Type |
pathogenic variant, providing a robust genetic foundation for the confirmed TKS diagnosis. Previous research have verified that substitution of Arg68 with
GlIn significantly disrupts the physiological activation-inactivation cycle of the CDC42 GTPase[26]. Such functional aberration may impairs intrinsic GTPase
catalytic activity and further disturbs multiple downstream physiological processes, encompassing hematopoiesis, neurodevelopment, auditory function, and
immune homeostasis[6, 24, 26—28].

Currently, only two cases carrying the identical CDC42 variant (c.203G > A, p.Arg68GIn) have been reported worldwide, with their baseline information and
phenotypic features summarized in Table 1[6, 29]. Comparative analysis reveals that all affected patients present consistent clinical manifestations,
including thrombocytopenia, typical craniofacial and somatic dysmorphic features (broad nasal bridge, low-set ears, flared nostrils and mandibular
prognathism), short stature, and sensorineural hearing loss (Fig. 2). The high phenotypic consistency across affected individuals fully conforms to the typical
clinical manifestations of TKS, demonstrating that the CDC42 p.Arg68GIn variant may confer a genetic predisposition to the canonical TKS clinical
phenotype.
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Table 1

Clinical manifestations and treatment of individuals of CDC42 p.Arg68GIn variant

Reference Patients

Case 1 Male, age
unreported

Martinelli

etal

2018

Case 2 Male, 17
years old

Stubbs et

al.

2021

Case 3 Female, 11
years old

Current

case

Hematological
Manifestations

Macrothrombocytopenia

Chronic
macrothrombocytopenia

Thrombocytopenia

Neurological
Manifestations

Sensorineural
hearing loss,
cognitive deficit.
The brain MRI
revealed mildly
prominent
periventricular
white matter
signal intensities
(predominantly
posteriorly),

ventriculomegaly
and increased
extra-axial
space.

Asymptomatic
external
hydrocephalus,
bilateral
sensorineural
hearing loss

Sensorineural
hearing loss,
weakened
academic
performance.
Cranial MRI was
limited due to
severe artifacts
from the
cochlear
implant.

Growth and Development

Last evaluation at 4 years
old: weight 13 Kg (< 3rd

percentile, -2.4 SD), height 93

cm (< 3rd percentile, -2.29
SD) and

occipitofrontal circumference

49 cm (< 3rd percentile)

Global developmental delay,

short stature

Global developmental delay,
short stature: height 123.7
cm (< 3rd percentile, -3.47
SD)

Other
Manifestations

Hypertrophic
cardiomyopathy,
congenital
pulmonary
emphysema,
OSAS, recurrent
maculopapular
rash,
gastrointestinal
bleeding,
periodic fever,
polyserositis
and
splenomegaly

Recurrent
inguinal hernia,
OSAS,
congenital lobar
emphysema
(left lower
lobectomy was
performed)

Congenital atrial
septal defect

Dysmorphic
Features

Sparse hair
with whorls,
prominent
forehead,
epicanthal
folds, wide
nasal bridge,
flared nostrils
with a broad
nasal tip, long
philtrum, an
under

developed
midface, thick
ears and a
webbed
appearance of
the neck

Biparietal
prominence,
high forehead,
upslanting
palpebral
fissures, low-
set ears with
thick helices, a
long and
smooth
philtrum, a thin
upper lip,
midface
hypoplasia,
and
mandibular
prognathia.
limited
abduction of
the shoulders,
limited
extension of
the elbows,
camptodactyly
of the 5th
digits,
decreased
rotation of the
hips, severe
thoracic
dextroscoliosis
and aleg
length
discrepancy

Hypertelorism,
depressed
nasal bridge,
widened nasal
alar, high
arched palate,
micrognathia,
malocclusion,
thick lips,
lowset ears,
slender
fingers,
camptodactyly,
mild right
lumbar
scoliosis

Therap

Corticc

Surgice
of teths
cord

syndro
periope
Corticc

Short-¢
growth
hormol

Additionally, previously reported cases exhibited heterogeneous and life-threatening multisystem complications beyond typical phenotypic characteristics.
Specifically, one patient presented with hydrocephalus and congenital lobar emphysema, indicating that CDC42 dysfunction may disturb the normal
embryonic development and differentiation of neuroepithelial tissues and pulmonary mesenchyme[29]. Another case presented with necrotizing

enterocolitis, pancytopenia, and hemophagocytic lymphohistiocytosis (HLH)-like manifestations, suggesting this pathogenic variant may trigger excessive
inflammation and phagocytic activation in hematopoietic stem cells and immunocyte[6]. Collectively, these severe multisystem complications underscore

the necessity of long-term standardized systematic monitoring of immune, respiratory, and hematological functions for lifelong clinical follow-up and

personalized management of TKS patients harboring this specific variant.
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With regard to the hematological phenotype of the present proband, the patient exhibited thrombocytopenia accompanied by a mild elevation in the
proportion of large platelets, without any clinical manifestation of spontaneous bleeding. Given that the exact bleeding risk threshold of thrombocytopenia in
TKS remains undefined and no unified clinical consensus has been established, regular dynamic monitoring of platelet count and hemoglobin concentration
is highly recommended during long-term follow-up, with close surveillance for potential occult bleeding events such as mucosal hemorrhage and
gastrointestinal bleeding.

Beyond the pathogenic CDC42 variant, the proband also carried susceptibility variants in the deafness-associated GJB2 gene, indicating that her
sensorineural hearing loss likely arose from the synergistic pathogenic interaction between CDC42 and GJB2 variants[30].

Severe persistent growth retardation constituted the most prominent clinical concern for the proband, whose height was significantly below the age-matched
normal reference range and had induced notable psychological anxiety and low self-esteem. Therefore, timely and targeted clinical intervention for growth
retardation is both medically essential and psychologically necessary. At present, no standardized clinical guidelines or approved therapeutic indications are
available for short stature associated with CDC42 pathogenic variants. In comparison, short stature caused by PTPN117 variants has been well recognized as
a standard indication for rhGH replacement therapy[31]. Notably, both CDC42 and PTPN11 participate in the regulation of the MAPK signaling pathway, which
plays an indispensable regulatory role in skeletal growth and bone development[32-35]. In view of the shared core signaling regulatory mechanism and the
significant psychosocial burden induced by long-term severe short stature in the proband, off-label rhGH treatment was cautiously attempted after thorough
exclusion of all contraindications. Regular follow-up will be continuously conducted to systematically evaluate the growth-promoting efficacy and safety
profile. This exploratory clinical practice is expected to accumulate preliminary real-world clinical evidence for the off-label application of rhGH in pediatric
patients with CDC42-related growth retardation, and provide a practical reference for the standardized clinical management of this type of variant. However,
long-term follow-up data in the future are still required for validation.

In conclusion, this study reports the first Asian patient with TKS harboring the CDC42 p.Arg68GlIn variant. It enriches the Asian genetic spectrum of TKS and
provides valuable evidence for clinical diagnosis, genetic counseling and individualized management of this rare disorder and variant. Further larger-sample
investigations are required to elucidate the underlying mechanisms of genotype-phenotype correlations.
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Figure 1

Echocardiogram revealed congenital atrial septal defect
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Figure 2

Heatmap of clinical manifestations in patients with CDC42 p.Arg68GIn variant (Value 1 indicates the presence of a phenotype, and 0 indicates absence)
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