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Abstract
Background  Weiss-Kruszka syndrome (WSKA) is a rare autosomal dominant syndrome characterized by multiple 
congenital anomalies caused by variants in the zinc finger protein 462 gene (ZNF462). About 40 cases of Weiss-
Kruszka syndrome have been reported worldwide, and the aim of this study was to investigate the genetic causes of 
three patients from two Weiss-Kruszka syndrome family pedigrees with the aim of accumulating more data on the 
disease.

Objective  To explore the clinical and genetic characteristics of two pedigrees with Weiss–Kruszka syndrome.

Methods  The clinical data and family history of patients and family members of two pedigrees with Weiss–Kruszka 
syndrome were collected, and the pathogenic genes of the patients were analysed by whole-exon sequencing. 
Suspicious variants were verified by Sanger sequencing verification and bioinformatics prediction.

Results  Proband 1 has developmental delay, autistic behaviour, and abnormal electroencephalogram results. WES 
revealed a classical heterozygous c.6696–2 A > C splice variant of the ZNF462 gene, which was detected in neither 
parent. This position was conserved, and the variant was predicted to be deleterious. Minigene assays revealed 
that three types of aberrantly spliced mRNAs were produced. MRI of proband 2 suggested dysplasia of the corpus 
callosum with the formation of hemispheric cleft cysts, with a teardrop-like appearance in the lateral ventricle. WES 
revealed that a heterozygous c.4891 C > T:p. The Glu1631Ter nonsense variant of the ZNF462 gene was inherited from 
her mother. According to the guidelines of the American Society of Medical Genetics and combined with its clinical 
manifestations, c.6696–2 A > C and c.4891 C > T:p. Glu1631Ter was determined to be a possible pathogenic variant.

Conclusion  The c.6696-2 A>C and c.4891C > T:p.Glu1631Ter of the ZNF462 gene likely underlies Weiss–Kruszka 
syndrome in children (foetus), which enriches the variant spectrum of Chinese patients with Weiss–Kruszka syndrome 
and provides a basis for prenatal diagnosis and genetic counselling.
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Introduction
Weiss–Kruszka syndrome (WSKA) is a rare autosomal 
dominant syndrome characterized by multiple con-
genital anomalies resulting from a variant zinc finger 
protein 462 gene (ZNF462). The clinical characteristics 
of individuals with WSKA include a short nose with 
supination, downward-sloping blepharosphene, ptosis, 
atypical head shape, epidermal folds, arched eyebrows, 
and a minor developmental delay. Other clinical phe-
notypes that may be observed include hypotonia and 
feeding difficulties in approximately 50% of cases, pre-
natal elevation or closure of cranial sutures in 38% of 
cases, hypoplasia of the corpus callosum on brain imag-
ing in 24% of cases, and structural heart defects in 21% 
of cases. Minor limb abnormalities are less common, 
occurring in approximately 25% of cases [1]. Importantly, 
the majority (approximately 95%) of WSKA cases are de 
novo, meaning that they occur spontaneously and are 
not inherited from parents. However, a small percentage 
of cases are familial and exhibit significant heterogene-
ity [2]. Currently, approximately 40 cases of WSKA have 
been reported worldwide, highlighting the rarity of this 
syndrome. Notably, only two Weiss–Kruszka syndrome 
families have been reported in China [3, 4]. Given the 
scarcity of cases and limited understanding of WSKA, 
the aim of this study was to investigate the genetic causes 
underlying the clinical manifestations of autism with 
EEG abnormalities and foetal hypoplasia of the corpus 
callosum in two specific family pedigrees.

Methods
Sample Collection
The relevant clinical data of the probands, including 
medical history and family history, were collected. Five 
millilitres of venous blood was extracted from the patient 
and parents, 0.5 mg of foetal medial thigh muscle tissue 
was clipped, and DNA was extracted for whole-exome 
sequencing via the QIAamp DNA Blood Mini Kit (Qia-
gen, Germany).

Trio whole-exome sequencing analysis
Whole-exome sequencing analysis High-throughput 
sequencing (Nova seq6000, Illumina, USA) was per-
formed after hybridization capture and enrichment 
of whole-exome DNA using the Nano-WES probe 
(Twist Bioscience, USA), and the quality standards of 
the sequencing data were as follows: average sequenc-
ing depth of 100×~150×, quality of the data table of 
Q20 ≥ 85% and Q30 ≥ 80%. The raw sequencing data were 
compared with human reference gene sequences, and 
GATK and VarScan software were used to identify and 
annotate the variants. The 1000 Genomes ​(​​​h​t​t​p​:​/​/​g​n​o​m​
a​d​-​s​g​.​o​r​g​​​​​)​, dbSNP ​(​​​h​t​​t​p​:​​/​/​w​w​​w​.​​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​S​N​P​/​​​​​)​, 
gnomAD (http://gnomad-sg.org/), HGMD (https:/​/www.

hg​md.cf.a​c.uk​/ac/validate.php), ​C​l​i​n​V​a​r (https:/​/www.nc​
bi.nlm.​nih.​gov/clinvar/) and other databases were used to 
screen for possible pathogenic variants.

Sanger sequencing and family analysis
Sanger sequencing was performed to validate the DNA 
of the affected and family members, and primers were 
designed for the heterozygous missense variant site in the 
ZNF462 gene using Premier 5.0 software (Table  1). The 
PCR products were purified and subjected to sequencing 
via PCR with bigdyeTerinatorv3.1 and finally sequenced 
on an ABI-3500DX.

Predicting splicing disruptions
Two visualization software packages, the Human Splic-
ing Finder (HSF) v3.0 ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​g​e​n​o​m​n​i​s​.​c​o​m​/​a​c​c​
e​s​s​h​s​f ​​​​​) (Desmet et al., 2009) and Splicing AI ​(​​​h​t​​t​p​s​​:​/​/​s​​p​
l​​i​c​e​a​i​l​o​o​k​u​p​.​b​r​o​a​d​i​n​s​t​i​t​u​t​e​.​o​r​g​/​​​​​)​, were employed for the 
online analysis of splice variant harmfulness. These soft-
ware packages were utilized specifically to predict splice 
variants and assess the potential strength of new/cryptic 
splicing sites in the ZNF462 gene variant.

Minigene
Two vector models, pcMINI and pcMINI-N, were utilized 
to construct a minigene (NM_021224.6:c.6696–2 A > C). 
The pcMINI-wt/mut sequence was amplified via PCR 
using the primers pcMINI-F and pcMINI-R. Similarly, 
the pcMINI-N-wt/mut sequence was amplified using the 
primers pcMINI-N-F and pcMINI-N-R. Following ampli-
fication, the wild-type and mutant minigene sequences 
were separately inserted into the pcMINI and pcMINI-
N vectors. In total, four recombinant vectors were then 
transfected into the HeLa and 293T cell lines. After 48 h 
of transfection, a total of eight samples were collected for 
RNA extraction. The specific sequences of primers used 
can be found in Table 2. For further information on the 
minigene vector construction strategy, please refer to the 
Supplementary Material (Table S2).

Table 1  Primer sequences for Sanger sequencing
Variation Position Primer Sequence(5’→3’)
c.6696–2 A > C F: ​G​C​A​C​T​T​G​G​A​C​A​T​A​T​A​T​A​A​C​G​G​G​T

R: ​T​A​G​A​G​G​C​A​G​A​G​A​G​G​A​C​A​G​C​G
c.4891 C > T F: ​G​T​G​A​C​C​G​C​T​G​A​G​G​A​C​T​T​T

R: ​C​T​C​G​G​A​C​A​T​T​A​T​T​G​T​G​C​T​T​G

Table 2  Minigene primer sequences for Sanger sequencing
Variation Position Primer Sequence(5’→3’)
pcMINI-F ACTTAAGCTTatgagtgggctttggggtggccggtt
pcMINI-R ​T​A​G​A​A​G​G​C​A​C​A​G​T​C​G​A​G​G
pcMINI-N-F ​C​T​A​G​A​G​A​A​C​C​C​A​C​T​G​C​T​T​A​C
pcMINI-N-R GCCCTCTAGActggtcattccggctc

http://gnomad-sg.org
http://gnomad-sg.org
http://www.ncbi.nlm.nih.gov/SNP/
http://gnomad-sg.org/
https://www.hgmd.cf.ac.uk/ac/validate.php
https://www.hgmd.cf.ac.uk/ac/validate.php
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.genomnis.com/accesshsf
https://www.genomnis.com/accesshsf
https://spliceailookup.broadinstitute.org/
https://spliceailookup.broadinstitute.org/


Page 3 of 10Han et al. BMC Medical Genomics          (2024) 17:261 

Results
Clinical reports
The proband in Family 1 (Fig.  1A) is a 6-year-old male 
child who presented with developmental delay and 
speech and communication disorders and was clinically 
diagnosed with Asperger syndrome (AS). The chromo-
some copy number of the proband is arr(1–22)x2,(XY)
x1. Physical examination revealed facial manifestations 

of ptosis, whereas hearing and MRI findings were within 
normal ranges. Electroencephalogram (EEG) results 
demonstrated the presence of multiple low–moderate 
amplitude spikes and slow spikes in the right central and 
faithful temporal regions, as well as in the left occipital 
and mesial temporal regions, with left–right asynchrony. 
The spikes were more pronounced on the right side. EEG 
power analysis revealed increased δ power (Fig. 2). There 

Fig. 2  EEG of Proband 1. The results revealed that in the right central and thick temporal regions, the left occipital and middle temporal regions had many 
low– to medium-amplitude spines, spines and slow waves, the left and right sides were out of sync, and the right side was on. The EEG power changed 
with increasing δ power

 

Fig. 1  Pedigree of two Weiss–Kruszka syndromes. A Family tree of pedigree 1. B Family tree of Pedigree 2

 



Page 4 of 10Han et al. BMC Medical Genomics          (2024) 17:261 

was no family history, the parents were nonconsanguine-
ous, and the phenotype was not abnormal.

In Family 2 (Fig.  1B), a 37-year-old woman referred 
to a prenatal centre underwent an ultrasound examina-
tion, which revealed the absence of the corpus callosum 
in the foetus. Prior to this pregnancy, the woman had 
undergone two induced abortions with her ex-husband. 
This current pregnancy is her fourth, and she already has 
a daughter from her previous marriage, who displayed 
no obvious abnormalities without genetic testing. This 
pregnancy is progressing naturally, with no abnormali-
ties detected in the foetal neck’s transparent layer via 
ultrasound examination (NT). Furthermore, noninva-
sive prenatal testing (NIPT) revealed a low-risk profile 
and the absence of any predisposing conditions, such as 
diabetes or hypertension, during pregnancy. However, 
at the 24-week mark, a three-dimensional ultrasound 
of the foetus unexpectedly indicated the presence of a 
development that had not been anticipated earlier. How-
ever, ultrasound at 24+ 5 weeks of pregnancy revealed no 
clear septum in the foetus at 24 + 5 weeks of gestation 
(Fig. 3A). Further imaging via MRI confirmed the agen-
esis of the corpus callosum (Fig.  3B), as well as dilated 
bilateral ventricles that were parallel in alignment. Addi-
tionally, the posterior part of the bilateral ventricles had a 
rounded teardrop shape, and the third ventricle appeared 
enlarged, with the upper table located in a saccadic posi-
tion between the bilateral ventricles (Fig. 3C). Foetal car-
diac ultrasound revealed no abnormalities. The current 
husband of the pregnant woman has no biological ties 
to her, and she presents with ptosis, a noticeable facial 
manifestation. However, her auditory functions and MRI 
scan results revealed no abnormalities. Furthermore, her 
echocardiography examination was unremarkable, indi-
cating no issues with her heart’s structure or function. 
Following genetic counselling, the mother made the deci-
sion to terminate the pregnancy at 25+ 1 weeks. With the 
consent of the family, foetal medial thigh muscle tissue 

and peripheral blood samples from the parents were col-
lected for whole-exome sequencing analysis to investi-
gate the family’s genetic line.

Sequencing and microarray results
The results of exome sequencing revealed that Proband 
1 presented a de novo variant, c.6696–2  A > C, in the 
ZNF462 gene, specifically, a classic splice site variant. 
This particular variant, which is not found in the gno-
mAD database (PM2_Supporting), may have implica-
tions for mRNA splicing and protein function (PVS1). 
Furthermore, Sanger sequencing results indicated that 
the parents of Proband 1 had wild-type sequences (PM6), 
suggesting that the variant is likely a de novo variant 
(Fig. 4A). Based on the ACMG standards and guidelines, 
this variant was assessed as pathogenic. For Proband 2, 
the chromosome copy number of this pregnancy was 
arr(1–22)x2,(XY)x1. Exome sequencing revealed a het-
erozygous nonsense variant, c.4891  C > T:p. Glu1631Ter 
on the ZNF462 gene. This variant replaces base 4891 of 
the cDNA from a C to a T, causing codon 1631 to change 
from encoding glutamine to a termination codon. Con-
sequently, this alteration may lead to protein truncation 
or degradation via nonsense-mediated mRNA decay, 
ultimately affecting protein function (PVS1). Like in Pro-
band 1, this variant is not reported in the gnomAD data-
base (PM2_Supporting). Sanger sequencing revealed that 
Proband 2 was inherited from her mother, whereas her 
father had the wild type (Fig. 4B). In accordance with the 
applicable ACMG standards and guidelines, this variant 
was assessed as a possible pathogenic variant.

Bioinformatics predictions
According to the SpliceAI prediction tools, the variant 
c.6696–2  A > C was determined to be deleterious and 
potentially capable of inducing abnormal splicing. This 
finding is supported by Table 3. Additionally, the analy-
sis conducted via HSF predictions indicated that the 

Fig. 3  Proband 2 ultrasound and MRI findings. A Ultrasound revealed an intracranial hyaline septal cavity defect. B MRI image suggestive of a foetal 
corpus callosum defect. C MRI suggested interhemispheric fissure cysts
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c.6696–2 A > C variant could disrupt the wild-type donor 
site and potentially give rise to new variable splice sites. 
These results are summarized in Table 4.

Minigene experiment
Minigene in vitro assays revealed that the variant 
c.6696–2  A > C affects the normal splicing of gene 

mRNA, and the results were consistent between the two 
sets of vectors, pcMINI and pcMINI-N. Three types of 
aberrant splicing exist after the variant: ① the intron 8 
right side lagging 116 bp; ② the exon 9 left side deletion 
of 26 bp; ③ and exon 9 jumping (Figs. 5 and 6).

The right side of intron 8 retains 116  bp 
in the cDNA representation as c.6695_. 
6 6 9 6 i n s C C C C A C A A G C A G G A G A G C C G -
CACTTGGACATATATAACGGGTTTGCCAGCAG-
GAAATGTGAAAATGCAATGATCCCTGGTTACAC-
GCATCACCTCTCCTCCCAAACTCTCTCCTCG 
p. Lys2232Asnfs*13. ② Exon 9 had a 26  bp deletion in 
cDNA: c.6696_6721del p.Lys2232Asnfs*31. ③ Exon 9 
jumps in the cDNA representation: c.6696_6832del 
p.Ser2233Argfs*7.

Discussion
Weiss–Kruszka syndrome is a rare genetic disorder that 
was initially documented by Ramocki [5]. Most indi-
viduals with WKSA exhibit distinct facial characteris-
tics, with ptosis being the most prevalent clinical feature, 
which is observed in approximately 84% of cases. Other 
facial abnormalities commonly observed include down-
ward-sloping blepharophimosis, arched eyebrows, a 
medial canthus, and a short arched nose. Furthermore, 

Table 3  Functional prediction of the variant via SpliceAI
Variant Gene △Type △Score Position
NM_021224.6(Z
NF462):c.6696–
2 A > C

ZNF462 Acceptor Loss 0.96 2 bp
Donor Loss 0.48 138 bp
Acceptor Gain 0.20 -114 bp
Donor Gain / /

Table 4  Human splicing finder v3.0 predicted the c.6696–2 A > C 
variant of the ZNF462 gene
HSF algorithm HSF matrix
position Chr9:106974125
Sequence Reference ​A​C​T​C​T​C​T​C​C​T​A​G​A​T
Sequence variant ​A​C​T​C​T​C​T​C​C​T​C​G​A​T
Score Reference 81.22
Score variant 53.35
Delta -34.35%
Results Site Donor Broken
Abbreviations: HSF, human splicing finder

Fig. 4  Sanger sequencing results for two family pedigrees. Genetic testing revealed that Proband 1 had a de novo variant in the NM_021224.6:c.6696–2 A > C 
ZNF462 variant and that the parents carried the wild-type gene. B Genetic testing revealed that the NM_021224.6:c.4891 C > T:p.Glu1631Ter ZNF462 vari-
ant in Proband 2 was inherited from the mother. The father carried the wild-type gene
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approximately 75% of patients experience mild devel-
opmental delays, with speech delays being the most fre-
quently reported, which affect approximately 42% of 
individuals. Approximately one-third of WKSA patients 
also receive a diagnosis of autism spectrum disorder. 
Other clinical features of WKSA include cardiovascular 
abnormalities in 21% of cases, hearing loss or outer ear 
abnormalities in 51% of cases, feeding difficulties in 45% 
of cases, and abnormal development of the corpus callo-
sum in 28% of cases [3, 6, 7]. According to data from the 
PubMed database, no more than 40 cases of individuals 

with WKSA have been reported as of January 2024. In 
China, only three cases of WKSA have been reported, all 
of which are from two family lines. These three patients 
also exhibit facial characteristics such as ptosis, arched 
eyebrows, and a short-arched nose. Moreover, Zhou et 
al. documented the case of a male child with WKSA who 
displayed clinical signs of attention deficit hyperactivity 
disorder and complete growth hormone deficiency [4]. 
A recent groundbreaking study conducted by Constan-
tinou et al. proposed a potential link between WSKA 
and the autoimmune condition known as systemic lupus 

Fig. 5  pcMINI vector construction for the gene ZNF462 c.6696–2 A > C. Minigene construction strategy. B Agarose gel electrophoresis revealed the pres-
ence of a single band corresponding to the wild type, and three distinct bands corresponding to the mutants b, c, and d. C Splice variant sequencing 
results in HeLa and 293T cells, with a wild type in the splice band, b: Intron8 right side lagging 116 bp, c: Exon 9 left side deletion of 26 bp, and d: Exon 9 
jumping. Red * indicates the position of the variant
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erythematosus (SLE), underscoring the paramount 
importance of exploring the role of chromatin remodel-
ling in the intricate pathogenesis of not only SLE but also 
a broad spectrum of autoimmune and autoinflammatory 
disorders [8]. Additionally, Zhao et al. reported the case 
of a a male child with WKSA who inherited the condition 
from his father and was born with an arterial conduit 
arterial ductus arteriosus. Both the child and his father 
were hearing impaired [3].

The WES results suggested that the heterozygous clas-
sical splice site variant c.6696–2  A > C in the ZNF462 
gene, which was suggested to be de novo by Sanger 
sequencing, was located in intron 8, the 23rd C2H2 zinc-
finger construct, which may affect the shear position of 
the mRNA, and the function of the next four zinc-finger 
structural domains may be affected. We used predictive 
software programs to analyse the variant, which revealed 
that the wild-type donor site may be disrupted, leading 
to a premature termination codon. The in vitro minigene 

Fig. 6  pcMINI-N vector construction in the ZNF462 gene c.6696–2 A > C. A Minigene construction strategy. B Agarose gel electrophoresis revealed the 
presence of a single band corresponding to the wild type and three distinct bands corresponding to the mutants b, c, and d. C Splice variant sequencing 
results in HeLa and 293T cells, with a wild type in the splice band, b: Intron8 right side lagging 116 bp, c: Exon9 left side deletion of 26 bp, and d: Exon9 
jumping. Red * indicates the position of the variant
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experiment confirmed this prediction; after cloning and 
sequencing, the splicing variant produced three mRNA 
products that may result in truncated proteins. The WES 
results suggested that Proband 2 had a heterozygous 
nonsense variant, c.4891 C > T: p.Q1631*, in the ZNF462 
gene, which was inherited from the mother. This muta-
tion leads to a change in codon 1631 from a glutamine 
to a stop codon and may result in protein truncation or 
nonsense-mediated mRNA degradation; neither variant 
has been reported. As of January 2023, the HGMD data-
base contains 39 missense/nonsense variants and 2 splice 
variants in the ZNF462 gene, approximately 80% of which 
are located in exon 3 ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​h​g​m​d​.​c​f​.​a​c​.​u​k​/​a​c​/​a​l​l​.​p​
h​p​​​​​)​. The ZNF462 gene is located on chromosome 9q31.2, 
consists of 13 exons, encodes 2506 amino acids, has 27 
C2H2 zinc finger structures, and is involved in the tran-
scriptional regulation and chromosomal remodelling of 
zinc finger proteins by binding to DNA molecules. Zinc 
finger proteins are highly conserved in most mammals, 
are localized in the nucleus, play important roles in verte-
brate models of embryonic development, and are widely 
expressed in a variety of human tissues [9–11]. The gene 
was first identified in a patient with a reciprocal translo-
cation t(2;9)(p24;q32), where chromosomal rearrange-
ments resulted in disruption of the genes ZNF462 and 
ASXL2 [5]. Eberl et al. found that the ZNF462 protein 
is involved in heterochromatin formation and modifica-
tion by binding to HP1α and H3K9me3 in histone pep-
tides from mouse brain, kidney, and testis tissues [12]. 
Yelagandula et al. suggested that aberrant activation of 
lineage nonspecific genes in the neuronal lineage under-
lies ZNF462-associated neurodevelopmental pathology 
[13]. Masse et al. reported disruption of the pericentric 
structural domain and redistribution of the HP1α pro-
tein in ZNF462 knockout pluripotent mouse cells and 
that ZNF462 contributes to the maintenance of hetero-
chromatin in pluripotent cells [14]. Zhou et al. reported 
via gene ontology enrichment analysis that the protein 
ZNF462 and its interacting proteins ASXL2, VPS13B, 
and VAX1 may form a protein complex important for 
development, and they suggested that the interaction of 
the gene ZNF462 with paired genes may be related to 
the pathogenic mechanism of Weiss–Kruszka syndrome 
[4]. Wang et al. reported that ZNF462 -/- mice undergo 
prenatal death, and compared with wild-type ZNF462 
+/- mice, ZNF462 +/- mice exhibit reduced ZNF462 
expression, postnatal brain developmental delay and 
anxiety-like behaviour with excessive self-grooming [15].

Proband 1 in this study was clinically diagnosed with 
Asperger syndrome (AS), a genetic disorder character-
ized by verbal communication disorders, motor devel-
opmental delay, and ptosis. These symptoms align with 
the clinical phenotype of Weiss–Kruszka syndrome. An 
electroencephalogram (EEG) was performed on Proband 

1, revealing multiple low–moderate amplitude spikes, 
spikes, and slow waves in regions such as the right central 
and faithful temporal regions and the left occipital and 
mesial temporal regions. These abnormalities occurred 
paroxysmally and exhibited left‒right asynchrony. Addi-
tionally, increased δ-power was observed in the electro-
encephalographic power. Notably, the presence of EEG 
abnormalities in WSKA patients has not been reported 
previously. Kruszka conducted a comprehensive review 
of 24 patients with WSKA and reported that 33% (8/24) 
of them were diagnosed with autism spectrum disor-
ders [1]. However, no records concerning EEG abnor-
malities were mentioned in these cases. A male child was 
reported to have a transcoding variant in the ZNF462 
gene. He presented clinically with delayed speech and 
motor development and experienced four dysarthria sei-
zures at the age of 7 years. However, no abnormalities 
were observed in his EEG or MRI results [2]. EEG abnor-
malities are considered one of the neurobiological causes 
of autism, with studies indicating that 30–80% of children 
with autism spectrum disorder (ASD) exhibit concur-
rent EEG abnormalities [16]. In a Chinese study, EEG 
was conducted on 35 children with ASD, 6.3% (4/35) 
of whom displayed slow wave activity in the EEG back-
ground, whereas the remaining children did not show 
any specific changes [17]. Proband 1 was clinically diag-
nosed with ASD, and the syndrome belongs to the ASD 
subtype. EEG objectively reflects the brain function of 
children with ASD to some extent. These findings enrich 
the clinical phenotype of WSKA, but more case data 
are needed to further support these findings. Proband 2 
underwent cranial MRI, which revealed hypoplasia of the 
corpus callosum. Sanger sequencing revealed that this 
variant was inherited from the mother, who, interestingly, 
was not found to have abnormalities on brain MRI or 
cardiac ultrasound. The mother showed only a peculiar 
facial appearance with droopy eyelids and no auditory 
abnormalities. Families afflicted with WKSA syndrome 
who have reported instances of genetic variation from 
their parents are scarce, with only two comprehensive 
sets of family data available to date. Zhao et al. reported 
the case of a boy with WKSA who inherited the disor-
der from his father and was born with ductus arteriosus. 
Both the child and his father were hearing impaired [3]. 
Another study identified six family pedigrees of Weiss–
Kruszka syndrome, one of which included 4 generations 
consisting of 5 patients, including a 2-year-old sister, 
father, grandmother, and great grandfather. Only the 
2-year-old sister exhibited agenesis of the corpus callo-
sum, whereas the other patients had normal cranial MRI 
results [2]. This consistency with the findings reported in 
this study for Family 2 implies potential phenotypic het-
erogeneity at identical loci of variation among patients 
with Weiss–Kruszka syndrome. Therefore, we conducted 

https://www.hgmd.cf.ac.uk/ac/all.php
https://www.hgmd.cf.ac.uk/ac/all.php
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a follow-up with the grandparents of Proband 2. Based 
on the family’s account, the pre-witness’s grandparents 
exhibited no apparent abnormalities. Unfortunately, the 
family declined to undergo Sanger sequencing, a valida-
tion process that could have provided us with more intri-
cate genetic insights. Nevertheless, analysing the existing 
clinical data and genetic findings reveals profound phe-
notypic heterogeneity within Family 2 regarding WKSA. 
However, given the scarcity of reported cases, a more 
comprehensive understanding of WKSA phenotypic 
diversity necessitates additional data support. Further-
more, in this study, both Proband 1 and Proband 2 car-
ried different variant of the ZNF462 gene. Interestingly, 
they both manifested different types of neurological 
abnormalities clinically. These findings suggest the pos-
sible involvement of the ZNF462 gene in transcriptional 
regulation during embryogenesis, which affects neural 
crest migration and brain development. Therefore, the 
findings should be interpreted with caution.

Nonetheless, several potential limitations of our study 
should be noted. First, the presence of significant clinical 
phenotypic heterogeneity in family 2 is rare in previous 
reports, the heterozygosity for ZNF462 gene has been 
reported in only 1 family in the past [2], which has been 
mentioned in the Discussion. Unfortunately we were 
unable to obtain genetic information from the grandpar-
ents of the proband 2, which hinders further research on 
the heterogeneity of hereditary WSKA. Second, we only 
functionally validated the variant in the ZNF462 gene 
c.6696–2 A > C in proband 1 at the cellular level, demon-
strating that the shear variant did affect RNA expression, 
but did not functionally validate the variant at the protein 
levels, so more research is needed to determine whether 
the shear compilation affects protein expression.

In summary, our study identified the presence of 
ZNF462 gene variants as a possible causative agent of 
Weiss-Kruszka syndrome in two affected probands by 
using whole exome sequencing (WES). This study not 
only enriches the spectrum of ZNF462 gene variants, but 
also provides an important basis for accurate diagnosis 
and genetic counseling for the two families affected by 
this rare genetic disorder.
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