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Case Report

Clinical and Molecular Landscape of Weiss—Kruszka Syndrome: A Case Report and Literatuie Review
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What is already known on this topic?

Weiss-Kruszka syndrome (WSKA; OMIM#618619) is a rare condition with multiple congenital anomalies:

What this study adds?
This study describes a patient with WSKA from Northern China caused by a novel de novo_splicing variant in the ZNF462 gene and reviews and analyzes reported cases to demonstrate the clinical and molecular

landscape of WSKA and improve the clinical diagnosis and management of this rare syfidrome.

Abstract

Weiss—Kruszka syndrome (WSKA; OMIM#618619) is a rare condition with multiple congenital anomalies. This study describes a patient with WSKA from Northern China. The patient was a 9-year-9-month-old boy
presenting with growth retardation (growth velocity: 3—4 cm/year at school age), delayed motor and speech development, and eating difficulty. The patient’s weight was 22 kg (<3rd centile), and his height was 125.6 cm
(<3rd centile) at the first visit. He had craniofacial anomalies characterized by heavily arched eyebrows, mild bilateral ptosis, inner epicanthal folds, uneven teeth, macrodontia of the upper central incisors, and low-set
ears. A transverse palmar crease was observed on the right palm. The serum insulin-like growth factor-1 level was 73.1 ng/mL (normal range: 74-388 ng/mL). His bone age was 9-10 years. Cranial magnetic resonance
imaging results revealed a small pituitary gland. Trio whole-exome sequencing was performed because of the patient’s nonspecific dysmorphic features and a phenotype indistinguishable from many other inherited
disorders with growth retardation. A de novo splicing variant, c.6833-2A > T, was identified in the ZNF'462 gene (NM_021224). Recombinant human growth hormone therapy was started (dose, 0.15 IU/kg/day) and
administered as daily subcutaneous injections. His growth velocity increased (5 cm/6 months). This case has been added to the limited number of publications reporting WSKA. This study also examined the genotypic
and phenotypic landscape of WKSA, providing clinical and genetic data to support the haploinsufficiency of the ZNF462 gene, as postulated by previous studies.
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Introduction

Weiss—Kruszka syndrome (WSKA; OMIM#618619) is a rare genetic condition characterized by multiple congenital anomalies. Typical features include mild global developmental delay, ptosis, and distinctive
dysmorphic craniofacial abnormalities, such as metopic ridging or synostosis, and a triangular-shaped forehead with0r without autistic fcatures. Brain imaging may reveal abnormalities in the corpus callosum; however,
developmental delays may present as global, motor, or speech delays. Additional features may include ear anomalies. feeding difficulties, or congenital heart defects (1,2).

The syndrome is inherited in an autosomal dominant manner, demonstrating complete penetrance but variable expressivity within and across affected families. The syndrome is linked to a heterozygous pathogenic
variant in the zinc finger protein 462 gene (ZNF462, MIM#617371) and deletion of the 9q31.2 chromosome region involving ZNF462 (3). To date, only 30 affected individuals from 28 families have been described, no
genotype—phenotype correlations have been identified (2-10), and the underlying mechanisms remain unclear. With the increasing number of cases worldwide, the original phenotype has expanded, including several
complications, such as complete growth hormone deficiency associated with empty sella syndrome (7), Kallmann syndrome (8), and oncological diseases (10).

This study describes a patient with WSKA from Northern China caused by a novel de novo splicing variant in the ZNF462 gene and reviews and analyzes previously reported cases to demonstrate the clinical and
molecular landscape of WSKA and improve the clinical diagnosis and management of thistare syndrome.

Case presentation

The patient was a 9-year-9-month-old boy admitted to the Department of Endecrinclogy and Metabolism at Beijing Children’s Hospital (Beijing, China) for evaluation of growth retardation (growth velocity (GV) 3—4
cm/year, which is below the normal range for his age (GV 5-7cm))< He was the second child of healthy, non-consanguineous Chinese parents with no previous abortions and a well-controlled, echographically normal
pregnancy. The family had no history of congenital malformations; short staturesintellectual disability, autism spectrum disorder, and other genetic disorders. The first child of this family was a healthy boy without any
growth or developmental issues, but he died in an accidenf at 15 years of age. The patient was born at full term via vaginal delivery, with a birth weight of 3.25 kg and a length of 50 cm. No postnatal problems, such as
microphallus, cryptorchidism, hypoglycemia, prolonged jaundice, or hypotonia, were reported. He had no history of trauma or chronic illnesses. According to his parents, he could sit and walk unassisted at 8§ months
and 18 months of age, respectively; however, his language development was delayed when he was young. His teeth began to fall out at § years of age. He was a picky eater and ate little food but had normal daily
activities and sleep duration. No additional congenital anomalies, such as congenital heart defects, optic nerve hypoplasia, papilledema, or hearing impairment, were reported. The patient had no mild hypotonia or other
neurological symptoms, e.g., headache or visual disturbances.

Physical examination: The patient weighed 22 kg (< 3rd centile, -1.87SD), and his height was 125.6 cm (< 3rd centile, -2.21 SD) at the first visit. The heights of his father and mother were 172 and 162 cm, respectively,
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giving a mid-parental height of 173.5 £ 5 cm. His height was -2.27 standard deviation (SD) below the expected range, falling short of the target family height. He had craniofacial anomalies characterized by heavily
arched eyebrows, mild bilateral ptosis, inner epicanthal folds, uneven teeth, macrodontia of the upper central incisors, and low-set ears. A transverse palmar creasé was obscrved o hiis right palm. His pubertal stage was
assessed as Tanner Stage 1 for external genitalia development (testis volume, 2 mL) and pubic hair.

Laboratory and imaging analyses: Laboratory test results for routine blood and urine, liver and kidney function, and electrolyte levels were within the iormal range. The thyroid hormone level was normal. Plasma
adrenocorticotropic hormone and serum cortisol levels were normal. His hormone levels were as follows: basal luteinizing hormone, 0.3 mIU/mL; basal semim follicle-stimulating hormone, 0.5 mIU/mL; testosterone, <
20 ng/mL; estradiol, <20 pg/mL; human chorionic gonadotropin, < 0.1 mIU/mL; which were consistent with prepubertal status. Serum insuliri-like growth factor (IGF)-1 and IGF binding protein-3 levels were 73.1
ng/mL (normal range: 74-388 ng/mL) and 2.69 ug/mL (normal range: 1.8-7.1 pg/mL), respectively. The bone age was 9—10 years, aligning with his chronological age. Electrocardiography revealed sinus rhythm. The
Chinese Wechsler Intelligence Scale for children indicated a verbal intelligence quotient score of 68 and a performance intelligence quotient score of 63. Abdominal ultrasonography showed normal liver, bile, pancreas,
spleen, and kidneys. Cranial magnetic resonance imaging (MRI) results indicated a small pituitary gland.

Genetic analysis: Trio whole-exome sequencing was performed because of the nonspecific dysmorphic features in the patient and a phenotype indistinguishable from many other inherited disorders with growth
retardation. Genomic DNA samples were extracted from the peripheral blood of the patient and his parents and sent t0 a qualified domestic company for commercial sequencing (MyGenostics, Beijing, China). A de
novo splicing variant, c.6833-2A > T, was identified in the ZNF462 gene (NM_021224). The variant was identified in heterozygosis in the patient but was absent in his parents. According to the ACMG variant
classification guidelines (11), the variant should be classified as likely pathogenic. It is a splicing variant in‘a gene where the 10ss of function is a known disease mechanism, and it removes a portion of the protein (<
10%), which has not been established as crucial to its function (PVS1_moderate). The variant is absent in parents (de novo mutation ), and there is no family history (PS2); moreover, the variant does not exist in general
population databases (ClinVar, EXAC, gnomAD, 1000 G) (PM2).

Treatment and follow-up: Recombinant human growth hormone (thGH) therapy was started at a dose of 0.15 [U/kg/day and administered as daily subcutaneous injections. His parents were lost to follow-up owing to
geographical reasons; however, information obtained via telephone follow-up indicated that his.growth vélocity was faster than before (5 cm/6 months). No adverse events, e.g. headaches, were reported.

Discussion

WSKA is a rare disorder caused by mutations in the ZNF462 gene or deletion ot the 9p31.2 ¢hromosome region involving the ZNF462 gene. The worldwide prevalence of WSKA is unknown, with only 30 affected
individuals currently described (2-10) and only one reported case among the Chinese Han population (9). The number of patients with WSKA reported may be far lower than those harboring ZNF462 gene variation,
which may be due to limited awareness of the disease among healthicare providers. the variability in disease phenotypes, and the mild presentation in some patients.

This study described a patient with WSKA from Northern China, preserting with-a novel de novo splicing variant in the ZNF462 gene. This case adds to the limited number of reported cases of WSKA, and previously
reported cases in the literature were also reviewed and analyzed. All enrolled patients harbored ZNF'462 variants or deletion in the 9931.2 chromosome region involving ZNF462, exhibiting a broad spectrum of
phenotypes. The most prevalent phenotypes included developmental delay and craniofacial abnormalities (Tablel). Other phenotypes included autism spectrum disorders, feeding issues, brain abnormalities, congenital
heart diseases, and limb anomalies, consistent with the phenotypes of previously documented patients (1,2,9). Clinical analyses of the individuals were heterogeneous, and not all individuals underwent comprehensive
evaluation, e.g., brain and heart imaging; thus, these phenotype frequencies may be underestimated. Given the prevalence of developmental delay, corpus callosum anomalies, congenital heart defects, and hearing loss,
a comprehensive multidisciplinary evaluation is recomniended for individuals with loss-of-function variants in the ZNF462 gene. Such an assessment should include growth and developmental evaluation, physical
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imaging, and consultation with a clinical geneticist and genetic counselor. As more patients undergo thorough longitudinal studies, future recommendations for targeted management may emerge.

Our patient presented with typical craniofacial features previously reported in individuals with WSKA, including heavily arched eyebrows, mild bilateral ptosis, ifiner epicanthal folds, low-set ears, transverse palmar
crease, developmental delay, and feeding difficulties. However, growth retardation was the chief complaint of this patient. Among the 19 reported cases with available height parameters, six cases (approximately 31.5 %)
had height/length below the third percentile of the same age and sex, and nine (approximately 47.3 %) had below the tenth percentile. Growth retardatiofs may become apparent with age. Presently, few reports describe
adult patients with WSKA, leaving the long-term height prognosis unclear. One paper presented the case of a Korean boy with molecularly confirmed WSKA and primary empty sella syndrome associated with growth
hormone deficiency (7). In the present case, the patient had a lower IGF-1 level and smaller pituitary volume, which may be associated with hipothalamic-pituitary dysfunction. Further studies are required to identify
the exact mechanisms of growth retardation, especially assessing GH by stimulation test.

The formal diagnostic criteria for WKSA have not yet been established. WKSA should be suspected in individuals with suggestive clinical and brain MRI findings. Diagnosis is confirmed by identifying a heterozygous
pathogenic variant in ZNF462 or deletion of 9p31.2 involving ZNF462 or, rarely, chromosome rearrangements that disrupt ZNF#62 (1). ZNF462 is a C2H2-type zinc finger transcription factor with 23 zinc finger
domains, making DNA binding a likely function (12). ZNF462 is essential for embryonic development in multiple species, is involved in ¢chromatin remodeling, and binds H3K9me3, making it a chromatin reader
involved in heterochromatin modifications (13). ZNF262 is also necessary for cell division during the cleavage stage(14), helps maintain chromatin structure in pluripotent cells (15), and interacts with the
heterochromatin protein 1o (HP1a) (13). As hallmarks of heterochromatin, HPla and H3K9me3 are key to gene silencing, repetitive DNA transcription, and genome integrity (16-18), further emphasizing the role of
ZNF462 in chromatin remodeling. WKSA occurs via a presumed loss-of-function mechanism, inherited in.4n autosomal dominiant manner, with most pathogenic variants reported in exon 3. However, the molecular
mechanism underlying this associated phenotype remains unknown. Most cases (95 %) occur because of de novo mutations in ZNF462, and only 5 % of individuals diagnosed with WKSA have an affected parent, with
parental germline mosaicism reported in only one family (2). No genotype—phenotype correlations have been identified because familial cases show highly variable expressivity in the phenotypic manifestations, making
genetic counseling crucial for understanding disease etiology, recurrence risk, and family planning, including prenatal and preimplantation genetic testing. However, because of intrafamilial clinical variability,
molecular genetic test results cannot accurately predict clinical findings.

The treatment of WKSA is primarily symptomatic and involves comprehensive clinical multidisciplifiary therapy. Only one case report has discussed the effectiveness of growth hormone therapy for short stature (3). In
the present study, thGH replacement was initiated at a dose of 0.23 mg/kg/wetk and was gradually increased to 0.3 mg/kg/week. After 2 years of treatment, an improvement in height velocity (8 cm/year) was observed,
with the height standard deviation score (SDS) increasing from -3.49 SDS 1o =1.15 SDS. The patient was also treated with thGH; however, its effectiveness could not be determined owing to the short duration of the
treatment. Further study of the molecular mechanisms involving ZN/46.2 may open new avenues for targeted therapy.

In conclusion, this study reports the genotypic and phenotypic characteristics of WKSA, providing additional clinical and genetic evidence to support the haploinsufficiency of the ZNF462 gene, as proposed by earlier
studies. The novel variants and phenotypes observed in otir patient enhance the understanding of the clinical features, genetic characteristics, diagnostic protocols, and genetic counseling for WSKA.
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Table 1. Clinical features of patients with Weiss—Kruszka syndromé¢.

Items 0 (%)

Sex (F/M) 20/11
Developmental delay 24/31 (77.4)
Autism spectrum disorder 10/31 (32.2)
Craniofacial features

Ptosis 27/31 (87.1)
Down slanted palpebral fissures 15/31 (48.4)
Cupid’s bow 15/31 (48.4)
Arched eyebrows 15/31 (48.4)
Epicanthal folds 14/31 (45.1)




Short upturned nose 12/31 (38.7)
Ears/hearing 17/31 (54.8)
Feeding issues 14/31 (45.1)
Congenital heart disease 8/31(25.8)
Limb anomalies 7/31(22.5)
Craniosynostosis/metopic ridging 10/31 (32.2)
Brain abnormalities 9/31 (29.0)

M, male; F, female.




Supplementary Table 1. Clinical features of the current and other patients with Weiss—Kruszka syndrome

No. Sex Ag  Variant ACMG Inheritan ~ Height at DD AS _ Craniofacial features Ears/ Feedi CHD Limb Cranio  Brain
[PMID e classificatio  ce last exam D Ptosi  Downslant  Cupid”  Arched Epicanth ~ Shoit hearin _<ng anomalies synosto  abnormaliti
1 n (Yoile) S ed s Bow eyebrow  al folds upturne g issues sis es
palpebral s d /Metop
fissures nose ic
ridging
Pl M 1 NM 021224.6 LP Maternal®  NA Motor/ _ + _ + + + _ Low- + NA Fifth finger _
[31361 yr :exon3:¢.2590 speech set clinodactyl
404] 4 C>T y
mo  (p.Arg864*)
P2 M 10 NM 0212246 P De novo Normal Motor/ + + + + i3 + + B + NA NA _ _
[31361 yr :exon3:c.2542 speech
404] del
(p.Cys848Valf
s*66)
P3 M 6 NM 0212246 P De novo NA Motor/ _ _ _ ) _ _ + Inner + Bicuspid  NA _ _
[31361 yr :exon3:c.831 speech ear aortic
404] 834del malfor valve;
(p-Arg277Serf mation VSD
$*26)
P4 M 2 NM_021224.6 P De novo —2.33SD  Speech _ + _ + _ + _ Small/l  + NA NA + NA
[31361 yr :exon6:c.6214 ow-set
404] 7 _6215del(p.Hi
mo  s2072Tyrfs*8)
PS5 F 14 NM 021224.6 LP Paternal*  NA IEP/ + < B + + -~ Hearin NA NA + NA
[31361 yr :exon3:c.763C special g loss
404] >T education
(p.Arg255%)
P6 F 7 NM_021224.6  VUS De novo < 1%ile Early y + + + + + + Horizo + VSD Prominent +
[31361 mo  :exonll:c.705 interventi ntal creases on
404] 7-2A>G on for crus hands and
DD helix feet
P7 M 13 NM_021224.6 P De novo NA Cognitive — + _ _ + + _ _ Promi  _ NA NA + NA
[31361 yr :exon9:c.6794 impairmie nent
405] dup nt ears/ea
(p-Tyr2265%) r pits/
hearin
g loss
P8 M 2 NM_021224.6 P Dé novo NA Speech + + _ _ _ _ _ _ NA NA _ +
[31361 yr :exon3:c.882d
406] up

(p.Ser295GInf




s*64)

P9 M 15 NM_021224.6 P De novo 75%ile Global _ Low- + NA NA
[31361 yr :exon3:c.4165 set
404] C>T
(p.GIn1389%)
P10 M 8 NM_021224.6 LP Unknown  3%ile Motor/Sp NA Mildly + NA NA
[31361 yr :exon3:c.1234 eech; IEP cupped
404] _1235insAA ears
(p-Ser412%*)
P11 F 2 NM_021224.6 P De novo NA _ NA NA + NA NA
[31361 yr :exon6:c.6214
404] 5 _6215del(p.Hi
mo  s2072Tyrfs*8)
P12 M 9 NM_021224.6 P De novo NA Motor + _ _ NA NA
[31361 mo  :exon3:c.2049
404] dup
(p.Pro684Serfs
*14)
P13 M 8 NM_021224.6 P De novo 5yr25- _ _ _ NA Fifth finger
[31361 yr :exon8:c.6631 50%ile clinodactyl
404] 7 del y
mo  (p.Arg2211Gl
yfs*59)
P14 F 8 NM 021224.6 LP Mother NA Cognitive B B + NA NA
[31361 yr :exon3:¢.2695 negative impairme
404] G>T Father nt
(p.Glu899*) unknown
P15 F 2 NM_021224.6 P Paternal®  75%ile _ _ _ NA NA NA
[28513 yr :exon3:c.3787
610] C>T
(p.Argl263*)
P16 F 4 NM_021224.6 P Paternal®  50%ile ~ + B NA NA NA
285136 yr :exon3:c.3787
10] C>T
(p-Argl263*)
P17 M 34 NM_021224.6 P Maternal ~ 10%ile _ _ _ NA NA NA
[28513 yr :exon3:¢.3787 *
610] C>T
(p.Argl263*)
P18 M 2 NM_021224.6 P De novo 27%ile Speech + Left + NA Single
[2,3] yr :exon3:¢.2979 overfol palmar
_2980delinsA ded ear crease; fifth
(p-Val994Trpfs finger
*147) clinodactyl




P19 1 NM_021224.6 P De novo 34%ile Motor/sp  + Low- . D-TGA NA Ventriculo
[31361 yr :exon3:c.4263 eech set megaly
404] 7 del
mo  (p.Glul422Ser
fs*6)
P20 5 Chr9:2.(10894 P De novo 97%ile _ NA NA NA NA +
[2,3] yr 0763-
110561397)del
(hgl19)
P21 15 Chr9:g.(10846 P De novo NA Motor/Int ~ + NA NA VSD NA
[2,3] yr 4368- ellectual
110362345)del
(hg19)
P22 9 NM 0212246 P De novo 25%ile Motor/sp  + -~ NA NA NA _
[28513 yr :exon3:c.5145 eech
610] del
(p.Tyr1716Thr
fs*28)
P23 [4] 5 t(2;9) P De novo 5%ile Intellectu  + Low- + VSD: left  Single +
yr (P24;q32) al set ventricul ~ palmar
involving disability /hearin ar crease;
ZNF462, g loss hypertrop  hypoplastic
ASXL2 hy fingernails
P24 [5] 24 t(9;13) P De novo 3%ile Intellectu  + Low- + NA Small +
yr (q31.2;922.1) al set hands and
involving disability feet;
ZNF462, proximally
KLFI2 placed
thumbs
P25 3 NM_021224.6 P De novo 4%ile Global + NA + Ventricul  _ NA
[35198 yr :exon3:¢.3306 ar
003] 4 dup hypertrop
mo  (p.GInl1103Thr hy
fs*10)
P26 16 NM_021224.6 LP Mother < 3%ile Global B _ _ _ +
[35198 yr :exon3:c.4185 negative
003] 9 del Father
mo  (p.Metl396%) unknown
P27 [8] 17 Chr9:g(10833 P De novo NA MildDD  + Low- NA Muscular +
yr 1353- set/He VSD
7 110707332)del aring
mo  (hgl9) loss
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P28 M 8 NM 0212246 P Paternal® NA DD + Hearin PDA

[35198 mo  :exon8:c.6431 g loss
003] C>A
(p-Ser2144*)
P29 M 31 NM_021224.6 P De novo NA _ _ + _ _ _ _ y Hearin  _ _ _ _ NA
[35198 yr :exon8:c.6431 g loss
003] C>A
(p.Ser2144*)
P30 F 4 Chr9:g.(10839 P De novo 0-1SD Motor NA + + + + R -~ Ears/ _ _ _ _ _
[10] yr 9883- hearin
113591075)del g
(hgl9)
P31 M 9 NM _021224.6 LP De novo < 3%ile Global B + _ B i + B Low- + NA Single _ +
yr :exonl10:c.683 set palmar
9 3-2A>T crease
mo  (Splicing)
Overall 24/31 10/ 27/3 15/31 15/31 15/31 14/31 12/31 17/31 1431 8/31 7/31 10/31 9/31
31 1

M, male; F, female; P, pathogenic; LP, likely pathogenic; VUS, Uncertain; DD, developmental delay; ASD,autism spectium disorder; CHD, congenital heart disease; NA, data not available; IEP, individualized
education program; VSD, ventricular septal defect; PDA, patent ductus arteriosus; D-TGA, D-transposition of the great arteries; #, phenotypic information of his mother/father was not described in the literature; &, the

father had a pointed forehead and mild left ptosis; *, the mother had bilateral ptosis; $, this patient was the child of patient 29
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